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BEIR 
BGS 
CAA 
CERCLA 
CES 

cm/s 

COC 
CRARE 
DOD 
DOE 
DOT 
ECAO 
EE/CA 
EIS 
EPA 
ERA 
FEMP 
FFCA 
FMPC 

cm/yr 

FRG a FS 
FS/RA 
GI 
HDPE 
HEAST 
HI 
HQ 
IAWWT 
ICRP 
IRIS 
ISCLT2 
I(d 
kg 
LCDS 
LET 
LOAEL 
LRA 
MAGLC 
MAV 
MCL 
MCLG 

~- ~ - 

MUSLE 

. .  

..-. 

ACRONYMS .. 

Ambient Air Quality Standards 
applicable; relevant, and appropriate-requirements- -- - 
biological effects of ionizing radiation 
below ground surface 
Clean Air Act 
Comprehensive Environmental Response, Compensation, and Liability Act 
cubic feet per second 
centimeter per second 
centimeter per year 
contaminant of concern 
Comprehensive Response Action Risk Evaluation 
U.S. Department of Defense 
U.S. Department of Energy 
U.S. Department of Transportation 
U.S. Environmental Criteria and Assessment Office 
engineering evaluation/cost analysis 
environmental impact statement 
Environmental Protection Agency 
ecological risk assessment 
Fernald Environmental Management Project 
Federal Facility Compliance Agreement 
Feed Materials Production Center 
final remedial goal 
feasibility study 
feasibility studyhisk assessment 
gastrointestinal 
high density polyethylene 
Health Effects Assessment Summary Tables 
hazard index 
hazard quotient 
interim advanced waste water treatment 
International Commission of Radiological Production 
Integrated Risk Information System 
Industrial Source Complex, Long-Term, Version 2 
solid-liquid partitioning coefficient 
kilogram 
leachate collection/detection system 
linear energy transfer 
lowest observed adverse-effect level- - -- 

leading remedial alternative 
maximum allowable ground level concentration 
mass-weighted average 
maximum concentration level 
maximum concentration level goal 
milligram 
miles per hour 
millirem 
mean sea level 
Modified Universal Soil Loss Equation 

~ - 
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- *5O4 ACRONYMS 
(continued) 

NCP 
NCRP 
NEPA 
NESHAPS 
NOAEL 
NPDES 
NRC 
NTS 
NWS 
ODAST 
OEPA 
ORP 
PAH 
PCB 
P W  I 

pci/l 
PPm 
PRG 
PRL 
QA 
RA 
RAG 
RAWPA 
RCRA 
RDA 
RfC 
RED 
RI  
RVFS 
RIQO 
RME 
ROD 
SARA 
sowc 
SSOD 
SWCR 
TBC 
TCLP 
TEF 
TFV 
TSP 
TWA 
UCL 
UMTRA 
UNSCEAR 
USGS 
USLE 
voc 

National Contingency Plan 
National Council on Radiation Protection 
National Environmental Policy Act 
National Emission Standards for Hazardous Air Pollutants 
no observed adverse effect level 
National Pollutant Discharge Elimination System 
Nuclear Regulatory Commission 
Nevada Test Site 
News Weather Service 
One-Dimensional Analytical Solute Transport 
Ohio Environmental Protection Agency 
Office of Radiation Program 
polycyclic aromatic hydrocarbons 
polychlorinated biphenyl 
picocurie per gram 
picocurie per liter 
parts per million 
preliminary remedial goal 
proposed remediation level 
quality assurance 
risk assessment 
Risk Assessment Guidelines for Superfund 
Risk Assessment Work Plan Addendum 
Resource Conservation and Recovery Act 
recommended daily allowance 
reference concentration 
reference dose 
remedial investigation 
remedial investigation/feasibility study 
risk information quality objective 
reasonable maximum exposure 
record of decision 
Superfund Amendment and Reauthorization Act 
Southern Ohio Water Company 
storm sewer outfall ditch 
Site-Wide Characterization Report 
to be considered 
toxicity characteristic leaching procedure 
toxicity equivalency factor 
threshold fraction value 
total suspended particulate 
time-weighted average 
upper confidence limit 
Uranium Mill Tailings Remedial Action 
United Nations Scientific Committee on the Effects of Atomic Radiation 
U.S. Geological Survey 
Universal Soil Loss Equation 
volatile organic compound 
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@ In this document, units of measure are presented with the metric unit first, followed by the 
English 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. - - - - _ _  

EneliSldMetric Euuivalents 
Multiply 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 (OF) -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 (lb) 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 kilometers (km’) 
meters (m) 

sauare miles (mi’) 2.590 
0.9144 

Metric/En&h Equivalents 
Multiply By To Obtain 
centimeters (cm) 0.3937 inches (in.) 
cubic meters (m’) 35.31 cubic Eeet (ft’) 
cubic meters (m’) 1.308 cubic yards (yd3) 
cubic meters (m’) 264.2 gallons (gal) 
degrees Celsius (“C) + 17.78 1.8 degrees Fahrenheit (OF) 
hectares (ha) 2.471 acres 
kilograms (kg) 2.205 pounds (Ib) 
kilograms (kg) 0.001 102 short tons (tons) 
kilometers (km) 0.6214 miles (mi) 
liters (1) 0.2642 gallons (gal) 

~- ---meters-($_- - ~ _ _ _ _ _ _  3.281 - ~ ~~ feet (ft) ~ - _ _  - 

meters (m) 1.094 Yards (Yd) 
metric tons (t) 1.102 
square kilometers (km’) 0.3861 
square meters (m’) 10.76 
square meters (m’) 1.196 square yards (yd’) 

short tons (tons) 
square miles (mi’) 
square feet (ft’) 
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Inhalation of Dusts. Volatiles. and Radon 
._  - ~ - I,. - = Intake from inhalation (pQ) or (mg/kg/day) - _ _  . -  - 

C, = Concentration in air (pCi/m3) or (mg/m3) 
IR = Inhalation rate (m3/hr) 
ET = Exposure time (hr/day) 
EF = Exposure frequency (days@) 
E D  = Exposure duration (yr) 
BW = Body weight (kg) 
AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days&); for 

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

Ingestion of Drinking Water, Food Stuffs 
= Intake from drinking water (pCi) or (mg/kg/day) 

C,,, = Concentration in water (pCi/l) or (mg/l) 
IR = Ingestion rate (Vday) 
EF = Exposure frequency (days@) 
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&); for 

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

Inhalation of Volatiles from Water While Showering 
I, = Intake from inhalation (pCi) or (mg/kg/day) 
C, = Concentration in air (pCi/m3) or (mg/m3) 
IR = Inhalation rate (m3/hr) 
ET = Exposure time (hr/day) 
EF = Exposure frequency (days&) 
ED = Exposure duration (yr) 
BW = Body weight (kg) 

- _ _ _ _  AT = __ AveragingJime (days); for noncarcinogens, AT equals (ED)(,365 days&); for 
carcinogens, AT equals (70-year lifetime)(365 days/yr) 

Dermal Contact with Soil/Sediment and While Bathing or Swimming 
ABw = 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’) 

01.7 
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ET = Exposure time (hr/day) 
E D  = Exposure duration (yr) 
EF = Exposure frequency (days&) 
CF = Conversion factor (1VlOOO cm3) 
BW = Body weight (kg) 
AT = Averaging time (days); for noncarcinogens, AT equals (ED)(365 days&); for 

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

Incidental Ingestion of Soil/Sediment and While Swimming 
I, = 
c, = 
IR = 
CF = 
F I =  
EF = 
ED = 
BW = 
AT = 

Intake from soil or sediment (pCi) or (mg/kg/day) 
Concentration in soil or sediment (pCi/g) or (mg/kg) 
Ingestion rate (g/day) or (mg/day) 
Conversion factor 10-6 kg/mg 
Fraction ingested from contaminated source (unitless) 
Exposure frequency (days&) 
Exposure duration (yr) 
Body weight (kg) 
Averaging time (days); for noncarcinogens, AT equals (ED)(365 days&); for 
carcinogens, AT equals (70-year lifetime)(365 days&) 

External Radiation ExDosure 
D E  = Dose equivalent (mrem) 
DR = Dose equivalent rate (mremlhr) 
EF - Exposure frequency (days&) 
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 o f a  year 
SHi = Building shielding factor for dose equivalent rate reduction indoors (unitless) 
SHo = Building shielding factor for dose equivalent rate reduction outdoors (unitless) 
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K1.0 INTRODUCTION I 

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 

CRARE as an appendix. This CRARE is the first to be prepared, the Operable Unit 4 CRARE. 

2 

3 

4 

5 

6 

7 

for the five operable units. Each operable unit feasibility study (FS) report will include a 

The CRAREs 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 CRAREs 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 LR4  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 consideredpreliminary 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. 

8 

9 

10 

11 

12 

13 

14 

1.5 

16 

17 

18 

19 

20 

21 

The CRAREs for Operable Units 1 through 4 will address human health risk. Ecological risks 22 

~ 
. ___ associated-with Operable Unit-4are addressed-in Appendix-I of this-FS report. -Ecological-risks - --z - - - 

for Operable Units 1 through 3 will be addressed for those operable units in their FS reports 24 

25 

26 

n 

28 

(site-wide baseline ecological risks can be found in the SWCR). A detailed, quantitative 

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 

Ecological Risk Assessment (ERA) will be included in the Operable Unit 5 Remedial 

K-1-1 
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the National Contingency Plan (NCP) and U.S. Environmental Protection Agency (EPA) 

guidance. 

K1.l CRARE OBJECTIVES 

The objective of the CRARE is to estimate, from a site-wide perspective, the risk remaining after 

the FEW has been remediated. This objective and other supporting objectives are depicted in 

Figure K1-1. The figure also presents the iterative nature of the CRARE documents and 

demonstrates the scope of the Operable Unit 4 CRARE, according to the Risk Assessment Work 

Plan Addendum (RAWPA), dated June 1992 (DOE 1992i). The Operable Unit 4 CRARE 

focuses on long-term residual risks after the remedial activities at the site have been completed. 

Short-term risks are 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. Eventually, after the FS and associated risk assessments are completed 

for each subsequent operable unit, the CRAREs may then include a more quantitative treatment 

of short-term transient risks and to some extent provide data to optimize the alternative remedial 

actions and their scheduled implementation. 

Proposed remediation levels (PRLs) will ultimately be developed using an iterative process based 

on future operable unit RUFS 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 CR4RE 

then integrates the information and provides a site-related risk evaluation. 

This Operable Unit 4 CRARE: 

Quantifies operable-unit-specific contributions to site-wide potential public health 
concerns, which include both potential carcinogenic (radiological and chemical) 
and noncarcinogenic effects. 

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

Incorporates operable-unit-specific information from the Operable Unit 4 FS risk 
assessment and sets the protocol €or future operable unit considerations. 
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e- 1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

FEWOU4CRARE.CI/T’JJ.C-4/I 2-14-93 K-1-2 



I 

5 
3 a  
E 2  
t 

0 

(I) 

..... ...... ........ .......... ...... ...... ..... 'i .e ...... 

.E.:. 

...... ..... ...... ..... ..... 

z 
v) 

w , .............. 

P 
a 1; 

I I 
I 

I v 



December 1993 
_ _  _ _  

K1.2 FEMP SITE HISTORY 

Formerly known as the Feed Materials Production Center, the FEMP (Figure K1-2) is a 

contractor-operated federal facility where pure uranium metals were produced for the DOE from 

1951 to 1989. No isotopic separation of uranium in the starting materials was performed. After 

production ceased, plant resources were focused on a cleanup program. In 1991, the FEMP was 

officially closed as a federal production facility, but the environmental studies and cleanup 

activities continued. The FEMP site is located on 425 hectares (1050 acres) in a rural area 

of Hamilton and Butler counties, approximately 29 kilometers (18 miles) northwest of 

Cincinnati, Ohio. 

K1.3 SITE DESCRIPTION 

This section summarizes the regional and site-specific environment of the FEMP, focusing on the 

climate, geology, topography, surface water, hydrology, ecology, land use, and demographics. 

Additional information can be found in Chapter 4 and Appendix I of this FS report. 

K1.3.1 Climate 

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) 

indicated that data obtained from monitoring stations at the airport sufficiently represent local 

climate conditions. 

Winds 

The prevailing winds are generally from the southwest and west-southwest. The average monthly 

wind speeds, based on National Weather Service meteorological data, range from 11 kilometers 

per 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. 
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Precipitation i 

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 

months in 1991 were August and December, with 12.8 and 12.9 centimeters (5.04 and 5.08 inches) 

of rainfall, respectively. 8 

- - . - - - -- - -- -- . - - - - - - - - - ---- . . _- - . . . - -_ - ._ - - - - - - - - - - . - - - - ._ - - - . - - - - _- __ - -_ - 

2 

3 

4 

5 

6 

7 

centimeters (40.1 inches), and the total snowfall was 23.6 centimeters (9.3 inches). The wettest 

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 (757°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. 

K1.3.2 Topographv and Surface Water Hvdrolom 

The site topography and drainage channels are shown in Figure K1-3. 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 -bounda~-of-the-facili~~-Paddys-Run-is-approximately-l4-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 threequarters of a mile from the facility's eastern boundary at its 

closest point. a 
FEwOU4CRARECI/TJ.C4/l2- 14-93 K-1-7 
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1 
- -  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). 

2 

3 

4 

5 

The average discharge for the Great Miami River, based on 55 years of records, is 936 crns 6 

7 

8 

9 

(3305 cfs). The maximum discharge ever recorded for the river occurred on March 26, 1913 and 

was estimated to be 9968.6 crns (352,000 cfs). The 10-year flood discharge has been calculated to 

be 2306.8 crns (81,455 cfs). The minimum daily discharge of 4.4 crns (155 cfs) was recorded on 

September 27, 1941. 10 

K.1.3.3 Geologv and Hvdrologv 

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. 

- - 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

-33- -- - 

24 

25 

26 

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 

27 

28 0 
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shaped 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 to 4.5 meters per day (0.0071 to 14.7 feet per day). Porosities range from 22.1 to 36.7 

percent with a mean of 31 percent (Morris and Johnson 1967). Based on hydrograph analyses, 

the interconnection between perched-water zones is limited, indicating that the movement of 

water and contaminants within and among these units is limited. The till is considered to be 

saturated from the perched water zones down to the top of the glaciotluvial deposit. The upper 

portion of these deposits are unsaturated above the Great Miami Aquifer. Over an extended 

period of time, connections between the perched-water zones and the underlying Great Miami 

Aquifer are possible. 

Water seeping through the clay layer passes through the glacial overburden and collects in the 

underlying aquifer. The Great Miami Aquifer, is about 24.4 meters (80 feet) beneath the FEMP 

and ranges between 38.1 and 53.3 meters (125 and 175 feet) in thickness. Flow in the aquifer is 

to the southeast and south, toward the Great Miami River. 

IC1.3.4 Ecolom 

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

Facemire e t  al. (1990), who provide detailed data on species abundances. Habitats include grazed 

and ungrazed pastures, pine plantations, deciduous woodlands, riparian woodlands, and a 

"reclaimed" flyash pile, which overlaps the inactive flyash pile and South Field. The inactive flyash 

pile and South Field have been colonized by American elm, eastern cottonwood, black locust, 

redbud, and box elder. Herbaceous species are also present. Common mammals include the 

white-tailed deer, eastern cottontail rabbit, coyote, red fox, and several smaller animals such as the 

white-footed mouse, short-tailed shrew, and eastern chipmunk. 

K1.3.5 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 
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Southwest Ohio Water - - Company is - located 2 kilometers (1.25 miles) upstream of the FEMP 
- - . _  - - -  .- - - - -  . -  - _ -  1 

discharge line to the river. 2 

K1.3.6 DemoeraDhics - -  

Scattered residences and several villages, including Femald, 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 comer of the FEMP property boundary. Several 

residences are located off Paddys Run Road, approximately 1.6 kilometers (1 mile) south of 

property boundaries. 11 

K1.4 OPERABLE UNITS 12 

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 K1-4 shows the 

13 

14 

15 

16 

FEMP site as a whole. The five operable units are detailed in Figures K1-5 through K1-9; their 

revised definitions are presented below: 

0 Operable Unit 1: 17 

Waste Pits 1 through 6, the Clearwell, bum 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 K1-5). 

18 

19 

20 

21 

Operable Unit 2: 22 

The active and inactive flyash piles, South Field lime sludge ponds, solid- 

water within the operable unit boundary (Figure K1-6). 

23 

waste-landfill; berms; liners-and associated-contaminated-soiland perched-- __ - __ - -- 24-- - - 

2s 

Operable Unit 3: 26 

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 K1-7). 31 

27 

28 

29 

30 
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0 Operable Unit 4: 
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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 IC1-8). 

0 Operable Unit 5: 

Perched and regional groundwater, surface water, soil not associated with 
other operable units (e.g., hot spots not previously identified). Also, soil 
beneath the Operable Unit 3 (Figure K1-9). 

K1.5 FEMP REMEDIATION 

K1.5.1 Removal Actions 

The RUFS activities at the FEMP have led to the development and implementation of removal 

actions. As defined in the Amended Consent Agreement, removal actions abate, minimize, 

stabilize, mitigate, or eliminate the release or threatened release of hazardous substances, 

pollutants, contaminants, or hazardous constituents at the FEMP. A significant purpose of the 

SWCR and its associated baseline risk assessment is to provide data and risk analyses of the 

effects of any removal actions completed as of March 1993, the publishing date for SWCR data. 

Note that all removal actions will have been completed well before the time period considered by 

the CRARE. 

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 

EvaluatiodCost Analysis (EE/CA), this removal action involved placing bentonite clay over the 

silo residues to reduce radon levels in the silos and to provide protection from releases to the 

environment in the event of silo dome collapse. 

Removal Action 5: K-65 Decant Sump Tank. This removal action was completed in April 1991, 

when approximately 30 cubic meters (8000 gallons) of contaminated water were pumped from the 

K-65 decant sump tank and transferred to the holding tanks in FEMP Plants 2 and 3. 
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Removal Action 8: Inactive Flvash Pile Control. Completed in December 1991, this removal 1 

action restricts access to the inactive flyash pile and South Field. A chain-link bamer and 

warning signs were erected around the perimeter. . 

2 

3 

Ongoinp - Actions 4 

Several additional removal actions are under way and were not considered current conditions at 

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

5 

6 

7 

the time the baseline environment was defined; however, they are included in the CRARE for 

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 1990d), 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: 

0 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 operating acceptance period was successfully 
completed in 1993. 
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0 

Part 2 involves installing a groundwater recovery well system to extract and pump 
groundwater from the South Plume-back to  the EM%’ for monitoringand 
discharging to the Great Miami River, as described in the South Plume EE/CA 
(DOE 1990d). The groundwater recovery well system iscscheduled to be 
operational by late August 1993. A new outfall effluent pipeline is being installed 
that will parallel the existing 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 
(IAWWT) 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: Waste Pit 6 Residues. 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 estjmating~he-off-prop_erty-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 Continuinp 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. e 
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0 Phase I, the implementation of run-on and runoff control measures and the 
installation of underground utilities, is complete. 

1 

2 

0 Phase 11, the installation of a new covered concrete storage pad adjacent to the 
existing Plant 1 storage pad, was completed in December 1992. 

3 

1 

Phase 111 involves activities to upgrade the existing Plant 1 storage pad, including 

surface to minimize contaminant migration to the environment. 
scheduled for completion in early 1995. 

5 

6 

7 
8 

the installation of a polyethylene membrane and epoxy coating over the pad 
Phase In is 

Removal Action 9 Removal of Waste Inventories. This removal action involves the 9 

characterization, over-packaging, and disposition of low-level radioactive waste materials: The 

removal of waste inventories began in February 1993. The FEMP has approval from the DOE to 

dispose of waste at a western test site. 

10 

11 

12 

Removal Action 10: Active Flvash Pile Control. This action is intended to mitigate potential 13 

lb, wind and water erosion at the active flyash disposal area. As an intermediate step, water was 

used during dry weather to reduce fugitive dust emissions. This removal action was completed 1 

in 1992. 16 

Removal Action 12: Safe Shutdown. This removal is intended to ensure the safe and permanent 

shutdown of production facilities, including the removal of uranium and other process or raw 

materials generated in the former production area. Disposition of uranium product and 

recoverable 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 FEW. Appropriate documentation required 

by CERCLA and NEPA, including safety and risk assessments for current safety activities, were 

completed in May 1993. 

Removal Action 13: Plant 1 Ore Silos. This removal action involves the dismantling of the Plant 

1 ore silos and support structures. In 1991, materials from the silos leaked onto a concrete pad. 

Remaining materials in the silos will be removed, containerized, and placed in safe storage 

pending final disposition. The first silo was dismantled in July 1993. 
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- .  - Remova. Action 1,. Contaminated Soils Adiacent to Sewage Treatment Plant Incinerator. This 

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 

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 proposed that additional sampling be conducted north and east of the sewage treatment 

plant to establish the boundaries of contamination. 

Removal Action 15: Scrau Metal Piles. This removal action is intended to eliminate the 

potential threat of material releases (e.g., scrap copper, recoverable ferrous and nonferrous scrap 

metals) to the environment due to wind or rain. Containerization of the scrap metal pile began in 

February 1993. As of May 1993, 16 metric tons (17.5 tons) of nonferrous metal and 316 metric 

tons (348 tons) of ferrous metal had been shipped off site. Containerization of the scrap copper 

pile was completed in March 1993. Nonrecoverable scrap metal is presently being packaged into 

appropriate containers and shipped off site for disposal under Removal Action 9 (Removal of 

Waste Inventories). 

Removal Action 16: Collected Uncontrolled Production Area Runoff - Northeast. This removal 

action will collect stormwater runoff from perimeter areas of the 55-hectare (136-acre) former 

production area which are not presently draining into the stormwater retention basin. 

Removal Action 20: Stabilization of Uranvl Nitrate Inventories. There are approximately 871 

cubic meters (230,000~allons)ofaci&~1an~~i~ate z e d  ini t a n g i n  or near the-Plant 2/3---- 

Refinery. A 1991 inspection revealed that small leaks had developed in the piping system 

associated with the tanks. This removal action is designed to process the uranyl nitrate to a stable 

form. The uranyl nitrate inventory will be neutralized and converted to a solid form that can be 

drummed and properly stored in warehouses. This removal action is expected to be completed in 

- - -___ -- ~- 

early 1994. 0 
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Removal Action 22: Waste Pit Area Improvement. This removal action is intended to reduce the 

potential for wind or water erosion of contaminated materials from access roads and exposed 

surfaces. The south berm of Pit 4 will be stabilized. Drainage ditches along Pits 3, 4, 5, and 6 

will be regraded. Roads between Pits 3, 4, 5, and 6 will be resurfaced. The pit area has been 

reseeded for 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 

liquids and sludges remaining in an out-of-service sump at the Pilot Plant. The stainless steel 

sump will be removed and its associated piping will be disconnected. This removal action is 

scheduled for completion in October 1993. 

Removal Action 25: Nitric Acid Tank Car and Area. This removal action was initiated to 

remove the residual contents of a nitric acid railroad tank car, decontaminate and dispose of the 

tank car, and address potentially contaminated surrounding soils related to the tank car. Activities 

for this removal action began in June 1993. 

Minimum Additive Waste Stabilization. The Minimum Additive Waste Stabilization (MAWS) 

program has been transferred from Operable Unit 1 to Operable Unit 4. The MAWS program 

combines vitrification, water treatment, and soil washing processes to reduce waste volume and 

cost. Soil washing began in June 1993. The melter process to make glass from actual wastes is 

scheduled to be operational in September 1993. 

K.1.5.2 Uudated LRAs 

Because each operable unit has its own RI/F3 plan and schedule, it is imperative that FEMP 

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 estimated from a site-wide perspective, collectively considering the potential residual 

risks from the individual FSs. The CRARE program is designed to achieve this objective. 

Each CRARE will be based on the LRAs from the SWCR, supplemented with the most current 
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reflect the nature and levels of projected site-related risks after remediation at the time the. report 

is prepared. The findings can be used as a tool to identify site components that have the highest 

uncertainty of risk and/or the highest estimated residual risk. This information can be used to 

improve the remedial engineering. 

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 and other, lesser alternatives have not been addressed. 

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. 

IC1.6 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 OC 

the CRAREs 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: 0 
0 4 2 
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O Permanent disposal facilities known as vaults I 

0 Areas where treated soil has been placed 3 

0 Remaining surface soils 4 

- 2  _ _  - -  - - -  _ _  - - .  .- - - .  _ _  - - -  _ -  . .  

0 Capped areas 

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 

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. 

1 

2 

3 

4 

5 

6 

I 

8 

assumes DOE ownership, access control, and maintenance of the FEMP and associated remedial 

The two Future Land Use scenarios describe the FEMP for up to lo00 years after all remedial 

actions are complete: Future Land Use With Federal Ownership assumes continued government 

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. 

9 

10 

11 

12 

13 

0 ownership and land use restrictions, while Future Land Use Without Federal Ownership assumes 

Figure K.1-11 presents the Current Land Use scenario and displays the risks and exposure 14 

IS 

16 

17 

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: 18 

0 Contaminant sources 19 

-- -- - - -_ ------ -~ 
_ _  - _-_ - 

- Secondary-sources-- - __ - - - -- - 
0 Release mechanisms 
0 Transport media 

Exposure points 
Exposure routes 

0 Primary exposed populations (receptors) 
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of these Future Land Use scenarios assume no ongoing treatment activities. The scenario without 

federal ownership assumes a total loss of institutional controls. 

2 

3 

Throughout the conceptual model, terminology for release mechanisms, transport media, exposure 

routes, etc. have used a limited set of technical terms in an effort to keep the model simple. As 

improving its ability to predict future situations. Receptors have been standardized in the model 

4 

5 

6 

7 

8 

each operable unit is examined individually, the pathway model will become more complex, 

to reflect the three C R 4 R E  scenarios (Table Kl-1). 

TABLE K.1-1 

CRAREScENARIOS AND R E ~ R S  

9 

10 

Scenario 
~~ 

T i e  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 lo00 years after 
Federal Ownership remedial actions are 

complete 

Future Land Use 
Without Federal remedial actions are 
Ownership complete 

Up to 1000 years after 

Expanded trespasser 
Off-property resident farm 

Adult 
Youth 
Child 

Adult 
Youth 
Child 

On-property resident farm 

Off-property resident farm 
Adult 
Youth 
Child 

0 4 5  
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 operable unit C M E s  can be added and compared without further work. A more 

detailed discussion of this concept is presented in Section K5.1.4. 
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Current Lond Use: DOE-Owned, with Access Controls, 70 Yeors 
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CAPPED AREAS - Design Sediment Transport 
Exfil tra tion 

-3 Trespassing Child L- Direct Radiation -----) Direct Radiation - Direct Radiation-< Groundskeeper 

c 
Surface and 

Gas Emissions - 

Dust and Soils -r 
Sediment Transport 

Leachate 

Air 
Air 

Trespassing Child ___ 
Groundskeeper 
Off-Property Residents* 

Inhalation 

Surface Soils Trespassing Child 
Surface soils 1-f Fs":;:Pn+< Groundskeeper Direct Radiation 

Ingestion Trespassing Child 

Inhalation 

Surface Water to 

Groundwater Of f  -Property Residents* 
Groundskeeper 

Trespassing Child 
Groundskeeper 
Off-Property Residents* 
Ecology 

Trespassing Child 
Groundskeeper L Direct Radiation- Direct Radiation - Direct Radiation 

L- lnaestion I 

-3 Trespassing Child - Groundwater -e Inhalation Groundskeeper 
Direct Radiation 
Food/Crop Uptake 

- Ecology 
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CONTAMINATION 
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Residents include Farm adult, youth, and child 

FIGURE K . l -  1 1 SITE CONCEPTUAL MODEL. 
CURRENT LAND USE 
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Future Lond Use With Federal Ownership: No Access Controls, Up to 1000 Years 
RELEASE MECHANISM TRANSPORT/EXPOSURE EXPOSURE PATHWAY RECEPTOR RECEPTOR SUMMARY PRIMARY SOURCE REASON FOR RELEASE 

MEDIA 

VAULTS - Design Infiltration/ - 
Exfil t ra tion 

Erosion of Cap 

Exfil tration 
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in Surface and 
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7 Air Direct Radiation 
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-..+ Dust and Soils 
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Incidental Ingestion 
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--c Dust and Soils 
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L 

Air Air t-F 
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-E Surface Water 

lnhala tion 
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Off-Property Residents* 

- - Direct Radiation - Direct Radiation - Direct Radiation Expanded Trespasset 

Off-Property Residents* - lnhala tion Leachate = Groundwater 

Inhalation 

Direct Radiation 

lnciden tal lnges tion 
Food/Crop Uptake 
Dermal Contact 
Direct Radiation 
Incidental Ingestion 

Surface Water - Food/Crop Uptake E Dermal Contact 

Gas Emissions - Air D e p o s i t i o n / C y +  

Dust and Soils 

- Surface Soils 

-L Sediment Transport 

Expanded Trespasser 
--I__ Off-Property 

Ex pa rid e d Trespass e r 
Off-Property Residents* 

I .  . .  - Incidental lnaestiori - I 

RESIDUAL 
. CONTAMINATION 

- - Expanded Trespasser Direct Radiation - Direct Radiation - Direct Radiation 

I Off-Property Residents* 
L Leachate 

Residual Contamination I- in Groundwater - Groundwater - Groundwater 
Direct Radiation - L Residual Contaminated 

. .  Ve g e to t i o n 5 Ecology r47 
Residents include farm adult, youth, and child * 

FIGURE K . l -  12 SITE CONCEPTUAL MODEL, 
FUTURE LAND USE WITH 
FEDERAL OWNERSHIP 
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Future Land Use, Without Federal Ownership: Resident Farm, Up to 1000 Years 
RECEPTOR SUMMARY EXPOSURE PATHWAY RECEPTOR PRIMARY SOURCE REASON FOR RELEASE RELEASE M ECHAN ISM TRAN SPORT/EXPOSURE 

MEDIA 

-=- Gas Emissions - Air 

Incidental In estion 
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.-- Dust and Soils 

3- 
Surface Soils 

Surface Water 
- Sediment Transport 

- On-Property Residents* - -0 Direct Radia tion Direct Radiation - Direct Radiation 
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Direct Radiation 

- Leachate - Groundwater 
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7 Air Direct Ra iation *- Surface soils On-Property Residents* 

Off-Property Residents* 

a Dust and Soils 

- Surface Soils 
Direct Radiation 
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Dermal Contact Off-Property Residents* 
Surface Water -E Food/Crop Qptake 

- Sediment Transport 
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L- Residual Contaminated 
Vegetation * Ecology 

8 Residents include farm adult, youth, and child 
J 

FIGURE K . l -  13 SITE CONCEPTUAL MODEL. 
FUTURE LAND USE WITHOUT 
FEDERAL OWNERSHIP 
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- The pathways-to be considered include soil ingestion, direct radiation, inhalation, exposure to all - - - I -  
/ 

native vegetation, farm crops, invertebrate fEh 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 RUFS 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 

2 

3 

4 

5 

at the FEMP site. 6 

For the purposes of consistency, Table K-1-2 compares the land uses and receptors for the RI, 

slightly from the RI and FS, which are prepared for single operable units. 

7 

8 

9 

FS, and CRARE. Because the CRAREs encompass a site-wide evaluation, they should differ 

K1.7 ORGANIZATION OF THE CRARE 10 

This CRARE is organized as follows for the step-wise progression of detailed information. 11 

0 K-1.0 Introduction: 12 

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. 

0 K-2.0 CRARE Programmatic Approach: 

13 

14 

15 

16 

17- - 

This section describes the development of several factors and assumptions 
that have been employed for the CRARE. Some assumptions have 

18 

19 

20 

21 

22 
23 

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. 
operable units are presented. 

Additionally, the LRAS for Operable Unit 4 and the other 

K3.0 Overview of CRARE Information and Data: 3 

__  - _ _  _ _ _  ____ __ ~ -- -- ~ - -  __ - -- -24-- - 

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. 

FEWU4CRAREC 1 KJ.C3/12- 14-93 K-1-35 
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-K4.0 Contaminants of Concern: . -. . 

The C O G  are developed in this section. The FS risk assessment was used 
to develop Operable Unit 4 COG. 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. 

K5.0 Exposure Scenarios: 

This section defines the components of the exposure scenarios, discusses 
the steps involved in identibng 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. 

K6.0 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. 

K7.0 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. 

K8.0 Quantification of Contaminant Exposure and Intake: 

1 
- 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 
23 

2A 

25 

26 

2? 

28 

29 

- -- -- - - - - --This section contains a description -of the mgthodologyto be employed to 3 

31 

3; 

- - -__ - - - _ _ _ _  - - - - - _ _  
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 3: 
reasonably expected to occur at the site. 
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 32 

If the RME is determined to be 34 

31 

3t 

3; 

c51 
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Risk characterization is the final step in the CRARE process and involves 
combining the information developed in the toxicity and exposure 
assessments. This information is integrated and presented as qualitative 
and quantitative estimates of health risk. This section presents the 
short-term risk and environmental assessment. 

Potential carcinogenic effects are presented as the probability an individual 
will develop cancer over a lifetime of exposure, and are characterized by 
combining estimated intakes and dose-response information. 

1 

0 K10.0 Uncertainties: 10 

This section presents potential for the CRARE to under- or over-predict 
risk via a series of assumptions and numerical models. 

11 

12 

o K11.0 Results Summary: 13 

A summary of site-wide residual risk by receptor is presented for the 
current and future post-remediation scenarios. This section also 
summarizes the allocation of residual human health risk. 

14 

15 

16 

0 K12.0 References: 

Literature cited is presented in this section. 18 
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SECTION K.2.0 

CRARE PROGRAMMATIC APPROACH 



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 

2 

3 

4 

5 

6 

7 

8 

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 K3.0 through K.7.0 should be consulted for a 

detailed description of the CRARE methodology. 

a 

9 

10 

11 

12 

13 

14 ' 

15 

16 

17 

K2.1 ASSUMPTIONS 18 

Throughout the course of the CR4RE development, numerous factors and assumptions have 19 

20 

21 

22 

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 _assump tions_are_specific-to-this_Qperable-Uni t-4-CRARE. -23-. 

Future Site Conditions 

The vault design follows the concept described in the SWCR. 

24 

25 

0 Site soil would be remediated for U-238 to an activity level not exceeding 26 

21 60 pCi/g, based on the expanded trespasser receptors (appears as the 
recreational user in the SWCR Part 111). The value of 60 pCi/g was 
selected as a target clean-up level and is likely to change as FSs for each of 

Q54 28 
29 
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the operable units are completed. A more detailed discussion of the PRG 1 

0 

0 

0. 

0 

0 

0 

selection is presented in Section K3.1 of this CRARE. 

The FEMP property boundaries and operable unit boundaries define the source 
areas for the CRARE analysis. Impacts from non-FEW 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, upgradient 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 lo00 years after remediation, according to the three land use 
scenarios described in Section K1.6. 

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. 

Comuleteness of Data 

0 All hot spots have been identified as a result of sampling to date. 
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1 
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18 

19 

22 

23 

24 

25 
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28 

29 

30 

31 

32 

33 

34 

All COCs considered for Operable Unit 4 are identified in the Operable Unit 4 RI 35 
report (DOE 1993d) and this Fs report. 
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C O O  considered for Operable Units 1, 3, and 5 are identified in Appendix R of 
the SWCR. 

C O O  considered for Operable Unit 2 are identified in the Operable Unit 2 RI  
report (DOE 19928). 

The nature and extent of contamination for Operable Unit 4-are described 
in 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 described by the data contained in the RI/FS database, as of March 
1993. This database may contain nonvalidated data, which may have been 
used in this CRARE as the best available data. 

Physical properties used for groundwater transport modeling were taken 
from the SWCR. It is recognized that these are important parameters and 
current efforts are underway to obtain better and more complete data. 

-. Future Facilitv Management 

0- 

0 

For the Current Land Use scenario, maintenance would be performed on the 
facility and storage areas for 70 years after remediation.. The necessity and 'I- 

duration of this maintenance would be considered in future assessments. 

The government would own the FEMP for up to 1000 years under the Future 
Land Use With Federal Ownership scenario, and therefore will control land use to 
prohibit residences, farms, or any land use other than recreational, but would not 
otherwise control the access. 

Under the Future Land Use Without Federal Ownership scenario the FEMP 
would revert to private ownership and would become a resident farm immediately 
after the remediation is complete. No further maintenance or control would occur 
for the 1000-year evaluation period. 

0 During the 1000-year evaluation period, the surrounding land use would remain 
agricultural per Appendix I of this FS report. 

0 Population density will remain at present levels for the 1000-year .evaluation period 
per Appendix I of this FS report. 

0. For the CRARE, the off-site resident farmer is at the point of maximum exposure - 
on the fenceline - for both air and groundwater COC modeling. Predicting the actual 
location of populations 1000 years into the future is acknowledged to be highly 
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4- 
- -  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. 

Material Containment 

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. 

Containment structures may leak and seep during the period immediately folloiing 
remediation for up to 1000 years after remediation. Anticipated moisture 
infiltration rates through the concrete vaults are presented in Section IC6.1.3.3. 

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. 

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 
taken from the information in the Operable Unit 4 

to remediation activities, are 
FS/RA documen tation. 

1 

2 

3 

- 4  

5 

6 

1 

5 

9 

10 

11 

12 

13 

14 

IS 

1 ,a 
17 

15 

19 

20 

21 

22 

23 

24 

. .  

25'. I 

. ,, 
. .  . . ,  26 

21 .. .,._ . .  
< . ,. 

,-l 25 G .  

29 

30 

FEWOU4CRAl?EW.C4n 2- 14-93 K-2-4 



0. 

0 

0 

0 

0' 

0- 

0 

F E k J - 0 ~ 4 C F t A R E ~ - D W  
December 1993 

This CRARE addresses human health risks. Ecological and environmental related 
risks 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 C O G  (Section K4.0) 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 lo-' or the 
Hazard Index (HI) is less than 0.1, these C O G  are eliminated. 

PRGs and LRAs for Operable Units 1, 2, 3, and 5 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 K3.0, Table K3-1. 

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. 

K2.2 LEADING REMEDIAL ALTERNATIVES 

This section summarizes the LIZ+ 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, Operable 

Unit 2 is collecting new field data during the summer of 1993, and is currently evaluating several 

noncapping alternatives including excavation, treatment, and disposal. Also, Operable Unit 5 has 

initiated a program to 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 CRARE transport modeling and risk assessment. 
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IC2.2.1 Operable Unit 1 1 

Operable Unit 1 includes Waste Pits 1 through 6, the Bum Pit, and the Clearwell. Soil between 

the pits and contaminated soil adjacent to the boundary of Operable Unit 1 are also included, as 

is perched groundwater within the waste pit area. The Bum Pit and Pits 1, 2, 3, and 6 contain 

hazardous constituents and radiological substances. The Clearwell and Pits 4 and 5 contain a 

2 

3 

4 

5 

6 mixture of radiological and hazardous waste. 

The LRA for Operable Unit 1 involves removing and treating waste material from Waste Pits 1 

through 6, the Bum Pit, the Clearwell, and associated contaminated soil to achieve risk-based 

be filled with compacted soil. Remaining waste and contaminated soil in the unit would be 

stabilized and 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 

7 

8 

9 

10 

11 

12 

13 

PRGs. Treated wastes would be disposed of in the on-property vaults. The excavated area would 

assumes continued federal ownership of the land for up to lo00 years after remediation is 

complete. 

IC2.2.2 Ouerable Unit 2 15 

Operable Unit 2 includes the flyash piles and other South Field disposal areas, the lime sludge 16 

ponds, solid-waste landfill, berms, liners, and soil within the operable unit boundary. 

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 runofE/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. 

IC2.2.3 Operable Unit 3 

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 
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treatment facilities, 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 FEW 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 vault, 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 Operable Unit 4 

Operable Unit 4 includes the structures andstored 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 LR4  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 5 of this FS report. . 

These alternatives are identified as 3A1,  3B.1, and 2C. They are the alternatives that compared 

most favorably in the Chapter 5 discussion. 

The off-property disposal described in Alternative 3A 1 includes packaging, loading, and shipping 

the solidified IC-65 material to the low-level radioactive disposal facility at the Nevada Test Site 

(NTS). The existing contaminated material would be removed from Silos 1 and 2 and treated, 
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therefore leaving no residuals and no on-site residual risk associated with the silo contents. Any 

treatment of perched water will be addressed in Operable Unit 5 FS. 

Similarly, under Alternative 3B.1, the stabilized Silo 3 metal oxide material would be packaged, 

loaded, and shipped to the NTS. Again, because the existing contaminated material would be 

removed from Silo 3 and treated, no residuals and therefore no residual risk from silo contents 

would remain. 

Under Alternative 2C, demolition debris from Silos 1 through 4, the decant system, the berms 

surrounding Silos 1 and 2, and the soil removed during remediation would be disposed of in on- 

property vaults located in the northeast section of the FEMP. The vaults would be constructed 

on a reinforced concrete mat. The perimeter of the mat would be bounded by a curb with 

embedded pipes connected to the manholes of the underlying multimedia Leachate 

CollectionDetection System (LCDS) to facilitate the collection of any contaminated leachate 

after final closure. The L C D S  would be composed of alternating composite soil liners and 

drainage layers to minimize the potential release of contaminated leachate to the groundwater 

and the underlying Great Miami Aquifer. 

K2.2.5 ODerable Unit 5 

Operable Unit 5 includes groundwater, surface water, soil, sediments, flora, and fauna not 

included in Operable Units 1 through 4. 

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 

land use assumptions, this alternative assumes continued federal ownership of the land 

1000 years after remediation is complete. 
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K2.3 VAULT DESIGN 1 

As part of the RI/FS process, CERCLA requires that several remedial alternatives be developed 

recommendations of the most appropriate alternatives. Initial Screening of Alternatives reports 

have been prepared for Operable Units 1, 2, 4, and 5 identifylng the remedial alternatives for 

wastes or treated materials would be disposed of in on-property vaults. The following discussion 

alternatives, such as in-situ remediation and off-property disposal, will be identified and possibly 

implemented as part of the RUFS 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. 
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12 

and evaluated. For the FEMP, the RI/FS documentation for each operable unit provides 

each operable unit. In each case, an on-site disposal option has been included, under which some 

describes the major design features of the vaults as they are currently envisioned. Other 

K2.3.1 Vault Descriution 

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 CRAREs. 
- - -  . -  . -  - - -  

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 68,814 cubic meters (90,000 cubic yards) of waste. 
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The floors and roofs of the vaults would be sloped. To facilitate leachate collection and leak 

detection of the 59 vaults, 58 would contain 3 modules each, with 4 cells in each module, for a 

total of 12 cells per vault. One vault would have only two modules and eight cells. Each disposal 

cell would contain a double liner system with leachate collection and leak detection capability. 

The liners selected would be chemically resistant to waste and leachate. 

There are two design concepts for the vaults. The wet vault would accept waste in the form of a 

grout slurry that would solidify in the vault. The dry vault would accept waste in discrete 

containers. The structure of the wet and dry vaults is essentially the same, except that the wet 

vaults have access panels in their roofs through which slurry can be placed. Figure K.2-1 presents 

a typical vault system, showing both wet and dry vaults. 

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 cell along one side of the vault to allow access for placing the containers. A forklift 

would be used to stack waste containers in the cells of the dry vaults. Active disposal cells would 

be ventilated to remove exhaust gases. 

A high-density polyethylene (HDPE) sump and tank system would be used to collect and detect 

leachate. Each cell would have its own leak detection sump. The leachate collection and leak 

detection systems would both have piping that extends to the surface. This piping would provide 

access for instrumentation, pump-out, and cleaning of the tanks, sumps, and pipes. The leak 

detection systems would be routed to the facility support building. When a final cover is placed 

over the vault, manways would be installed from the final grade down to the top of the vault base 

slab surface. 
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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. 

8 

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

centimeters per second. The cover system would have a minimum thickness of 5 .. - less than 

meters (16.4 feet) or have an intruder bamer. 

K2.3.2 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.2.3.3 Stormwater Management - Relating to the Vault 

During remediation and for a 70-year period after remediation, if the Current Land Use scenario 

is implemented (with access controls), stormwater 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 stormwater accumulating in the retention basin. The accumulated water would be pumped to 

a wastewater treatment facility for treatment prior to discharge. Stormwater runoff from closed 
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.a and unregulated areas would be allowed to flow off-property via man-made and natural water i 

courses. Erosion structures would be used, if required. 2 

K2.3.4 RCRA-Tvpe Cap Desim 

The RCRA-type cap would have a 1000-year design life that minimizes the release of 

contaminants to air and groundwater. 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. 

K2.4 CRARE AND MODIFICATION OF PRELIMINARY REMEDIATION GOALS 

The PRGs used as a,starting point in the CRARE were derived in the SWCR (Section 111) 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 EPAs Target Risk Range for remediation of carcinogens is 10" to lo4. 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 I-.: 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. 

_ _  - - K2.5 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 

10 

1 1  

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

FERK)U4CRARE0.C4/l2-14-93 K-2- 13 066 



".Q - m 50 4L- 
EMP-OU4CRARE-4-DRAFT _ _  _ _  

December 1993 

operable unit. The overall technical approach for the Operable Unit 4 CRARE has been 

developed within the context of the RUFS 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. 

I 

0 Groundwater PRGs for radionuclides were developed from a 10" target 
risk level and from applicable, relevant, and appropriate requirements 
(ARARs) and those to be considered (TBC). The ARARsmCs 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 I/year, and using dose 
conversion factors from EPA's Federal Guidance Report (EPA 19888). 

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 €or both the residential 
and recreational scenarios were calculated using both a 10" 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 K3.3). 
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I 
2 

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. 1 

The 6O-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 8 

9 

10 

1 1  

12 

13 

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 EPAs comments on the Operable Unit 2 RI report (DOE 19928)’ 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. 
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K3.0 OVERVIEW OF CRARE INFORMATION AND DATA I 

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. 4 

2 

3 

Data generated as a result of RIFS  activities are considered primary sources in this CRARE 

operations, and non-RWS data related to off-property soil, surface water, sediment, groundwater, 

In general, secondary data were used in the CRARE only when acceptable-quality 

5 

6 

7 

because these are most current and most reliable. Data generated in studies of past site 

etc. are considered secondaq sources. Primary and secondary data were compared for 8 

9 

10 

corroboration. 

primary data were not available. 

K3.1 SITE CONDITIONS AFTER REMEDIATION I 1  

As discussed in Section K2.2, this CRARE assumes that the updated LRA for Operable Unit 4 

(Alternatives 3A1, 3B.1, and 2C from Chapter 5 of this FS report) will be implemented, as well 

of the SWCR (March 1993) and are summarized in Section K2.2 of this CRARE. 

12 

13 

14 

IS 

as the LRAs for Operable Units 1, 2, 3, and 5. The LRAs are described in detail in Section III 

The remedial action for Operable Unit 5 would be the last implemented. Although the Operable 16 

17 

18 

19 

20 

21 

22 

Unit 3 record of decision (ROD) is actually the final ROD, Operable Unit 5 includes site-wide 

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. 

activities to pump and treat groundwater and to excavate, treat, and replace contaminated soil. 

-_ - 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 site 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 

are shown in Figure K.3-1 and described in Section K2.3. According to the LRAs, waste from 

23 
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report), only the northeast vaults would contain structural material, debris, and soil; these vaults 0 
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Operable Units 1, 3, and 5 would be disposed of in the on-property vaults, which would have 

leachate collection systems. In the Current Land Use scenario, the maintenance of these 

collection systems was assumed to continue for 70 years after remediation and to include the 

repair of leaks and the periodic removal and disposal of leachate. Therefore, no release of 

contaminated leachate was assumed for this 70-year period. It should be noted that the need for 

and the duration of this postremediation maintenance period may be further explored in other 

assessments. In the two Future Land Use scenarios, however, it was assumed that no 

maintenance would be performed for up to 1000 years. 

Under the LRAs, all Operable Unit 2 areas, as well as those Operable Unit 1 areas that contain 

residual contaminated soil, would be capped with a RCRA-type surface cap. It was assumed that 

the top layer of the cap may erode, but the cap would retain its integrity for up to 1000 years, and 

substantial leaking and erosion would not occur. 

9 

10 

11 

12 

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 15 

16 

17 

18 

19 

20 

21 

picocuries per gram (pcilg) was assumed to be consistent with the Operable Unit 4 FS proposed 

remediation level. The remediation goals for other COG were assumed to be the PRGs as 

presented in the SWCR. Therefore, at the end of the remediation period, all remediated soil is 

retain its current level of concentration and/or activity. The current characterization information 

suggests that uranium and radium will be the drivers for surface soil remediation. 

assumed to be at the PRGs of the respective contaminants, and the residual soil is assumed to 

The PRG for U-238 was selected based on the expanded trespasser (which is described in detail 

in Section 5.1.4) in the Future Land Use With Federal Ownership scenario. It is recognized that 

22 

23 

24 

25 

26 

the RAWPA states that the initial remedial PRG should be based on an on-property resident 

land use. However, the SWCR indicates that the selection of LRAs for the operable units is 
based on continued government ownership and hence government control of land use, a 

reasonable assumption since the 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 €or an operable unit. The LRA does not represent the pce- 
- 

selection of a remedy and shall be used only for the puruose of estimating and evaluating the risk 

presented by the entire Site durine the FS/Comurehensive Resuonse Action Risk Evaluations for 

Ouerable Units 1-5." The CRARE approach for using LRAs is consistent with this definition. 

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 

- -  - - - - _ _ -  - - - -  _ _ _  -- -- - -. - ~ _ _  - -- - - _._ - -- - _  - 

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 €or the possible on-property resident farm 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 Es, 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 identification 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. 

*%. 
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0 remedial levels for Operable Unit 4. This document has been included in the FS as Attachment 
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the groundwater which present the potential of excess risk due to elevated concentrations will be 

remediated. The start of the CRARE period of evaluation is after &l remedial actions have been 

concluded including groundwater cleanup. The target remediation levels are assumed to be risk 

based. Therefore the reduction of VOC and SVOCs should result in a decrease in overall risk. 

2 

3 

4 

5 

VOCs and semivolatile organic compounds (SVOCs) would be reduced in the groundwater 6 

7 

8 

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. 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. 

It was assumed that groundwater in the Great Miami Aquifer would be remediated to the PRGs 

or lower for all contaminants. The PRG for U-238 in groundwater is 7 pCi/l, based on the 

proposed 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 be the controlling factors of the soil washing process. 

Material that would be removed from the site by the end of FEMP remediation includes the 

contents of Silos 1, 2, and 3 in Operable Unit 4, the structural material in Operable Unit 3 that 

can be decontaminated, and the treated groundwater from Operable Unit 5. 

K3.2 FATE AND TRANSPORT MODELING OF RESIDUAL CONTAMINANTS 

Section K1.6 describes the CRARE Site-Wide Conceptual Model, which was used to establish 

potential sources, pathways, and contaminant receptors. Section K2.1 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. 

13 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
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- K3.2.1 Groundwater and Surface Water Modeling 
. -  

- - _  - - _  

The SWCR (Section 11, 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 RIPS  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 I11 codes were 

used to model transport through the vadose zone and the aquifer, respectively. More detailed 

descriptions of ODAST and SWIFT I11 are presented in Section K6.1. 

' _  

I 

The first step in defining source terms for groundwater numerical modeling is to establish the 

C O O  to be evaluated in the assessment. The selected COCs are presented in Section K4.0. 

Contaminants were considered whose estimated groundwater concentrations (either before or 

10 

I 1  

12 

13 

14 

15 

16 

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 I11 groundwater model if a they did not have high enough concentrations (as either source terms or after the ODAST 

modeling) to represent a carcinogenic risk of lo-' or an HI of 0.1. 

As defined in Section K6.1, the source terms for the various areas of the site are the leachate 17 

18 

19 

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 111 groundwater model. - 

An engineering study of the vaults and capped areas has been completed that estimates leakage 20 

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 

21 

22 

23 

24 

2.5 

26 

- - 
results were-used to estimate the contaminant-concentrations in-the- leachate and-the-n used-%- 

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 27 

28 0 concentration of 60 pCVg and Ra-226 at 5 pCi/g. As previously stated, the other contaminant 

075 
FEWOU4CRAREC3/SSO.C-44/12- 14-93 K-3-7 
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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 modeling was used to estimate leachate concentrations from all contaminated soil, 

and the HELP model was used to estimate infiltration and runoff values for surface soil. 

A simplified analytical approach, the Modified Universal Soils Loss Equation (MUSLE) model, 

was used to estimate runoff and contaminant transport from surface soils to Paddys Run. The 

flow in Paddys Run was used as a source term for groundwater in downstream areas where it 

recharges through coarse sediments. The ODAST model was not used in these areas. 

For all source terms, the total mass of available contaminants was initially estimated for the start 

of the model time frame. As contaminants were transported away or decayed over time, these 

source masses were depleted. If they were exhausted before the end of the 1000 years, the 

source was deleted from that time forward. 

The SWIFT.111 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 flow paths and developed contaminant concentration contours at 

specified times. From this data, specific receptor locations were selected as representative of 

potential risks to on- and off-property residents. Plots of concentration versus time for these 

locations were then developed to estimate the potential risks from groundwater contaminants 

originating at the FEMP. 

K.3.2.2 Site-Wide Air Pathway Analvsis 

The objectives of the air quality impact analysis were to calculate the risk from estimated ground- 

level air contaminant concentrations from the L W .  The ground level air contaminant 

concentrations were then used in the exposure analysis. 

A i r  Emission and Disuersion 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 
, _  

i 
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25 

FERK)U4CRAREC?ISSO.C4n2- 14-93 K-3-8 



a 

December 1993 

emission rates were estimated-using the RAECOM model, which converts Ra-226 soil 

concentrations to Rn-222 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 Suflace Contamination Sites (EPA 198%). 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 L! 

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 K6.2. 

1 

2 

3 

4 

5 

6 

- . .  

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

As indicated in K.3.2.2, various models and methods were used to estimate air contaminant 

emission rates. Radon emissions were calculated using the RAECOM model. The contaminant 

the total suspended particulate emission rate. Contaminants in wind blown soil include 

radionuclides, inorganic compounds, and nonvolatile organic compounds. 

17 

18 

19 

20 

21 

concentrations in surface soil were used to develop suspended contaminant emission rates from 

Contaminant Concentrations 22 

Contaminant soil concentrations for Operable-Units-1 through T w e r e  obtained from various- - - 

FEMP reports, including: 24 

- - - 

23- - 

0 

Remedial Investigation Report for Operable Unit 2 (Draft), October 1992 25 

26 Remedial Investigation Report for Operable Unit 4 (Final), November 1993 

0 Site-wide Characterization Report (Final), March 1993 n 
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The SWCR and the RUFS 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 

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 K3.2.1. 

Meteorological Data 

Six continuous years of meteorological data from the FEMP, from 1987 through 1992, in stability 

array (STAR) format, were used to model air quality impacts. 

ReceDtors 

Air contaminant concentrations were modeled using a receptor grid, a system of fenceline 

receptors, and several discrete receptors. The receptor grid consisted of 900 receptor points 

covering the site and extending approximately 1200 meters (4000 feet) beyond the FEMP 

fenceline in each direction. The grid was used to develop airborne concentration isopleths for the 

FEMP and surrounding area. The maximum on-property impact location was determined from 

modeled results at the receptor grid points. The on-property residential and occupational worker 

exposures were developed from the grid point concentration values. 

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 receptor points. The off-property residential exposure was developed from this maximum 

impact location (the nearest off-property resident is assumed to be at the maximum off-property 

impact location). 

Discrete receptors included the Elda School and Ross High School in Ross, and the Crosby 

Township Elementary School between Fernald and New Haven. These receptors were used to 

determine impacts at sensitive receptors in the surrounding community. 

i 
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K.3.3 EXPOSURE AND INTAKE ASSESSMENT DATA 
- 

1 

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 adverse effects. The exposure assessment involves four stages: 

2 

3 

4 

1. Characterization of the exposure setting 

2. Identification of contaminant migration and receptor exposure pathways 

3. Quantification of exposure 

4. Assessment of co'ntaminant intake doses 

Section K5.1.1 provides a detailed description of the exposure setting up to 1000 years after site 

remediation. Sections K.5.2 and K5.3 characterize and identify the pathways in which site 

residual contaminants could reach human receptors. Section K8.0 contains detailed presentations 

of the intake equations, data values, and sources of data used in the exposure assessment. 

9 

10 

11 

12 

0 "e exposure assessment data in this CRARE were selected according to the following hierarchy 13 

(in descending order of preference): 14 

1. Site-specific data obtained from the site remediation database 15 

2. RI/FS database and other regional and site-specific data from studies that complement 16 

the RIFS  characterization process 17 

3. Generic exposure assessment data from EPA reference documents 18 

4. Generic exposure assessment data from secondary sources, subject to EPA approval. 19 

The parameters used to assess current and future potential contaminant exposures and intake are 

using methods, models, and parameters consistent with the Operable Unit 4 RI  report, with 

exceptions noted below and in the tables. The parameters are based on the descriptions of the 

this CRARE. 25 

20 
- listed-in Tables-K3=1- and K.-3-2.--A receptor's-exposure to residual-contaminants was-quantified - - -21 -- - 

22 

23 

24 exposure pathways and receptor characteristics presented in Sections K5.1., K.5.2, and K.5.3 of 

K-3-11 
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The soil ingestion rate for the RME adult farmer is a site-specific time-weighted average value 

which is consistent with the value in the Operable Unit 4 RI (see Table D.3-12). It is based on 

specific activities performed during the course of the receptor’s lifetime and the relative length of 

time spent in each activity. The first six years of this receptor’s life are spent as a young child 

ingesting 0.2g/day for 350 daystyear (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 daystyear outdoors 

working the land, during which he is assumed to consume 0.48g day/of soil, (a total of 2400g). 

During the remaining 14 years (12 years as an older child and 2 years as an adult), it is assumed 

that the soil ingestion rate is O.lg/day for each of the 350 daystyear spend on site (a total of 490g). 

The total soil ingestion, 45608, divided by 25,550 days (365 days x 70 years) yields a time-weighted 

average intake of 0.18g/day. 

F E R / O U 4 C R A R E , ~ ~ . C - 4 / 1 2 -  14-93 . .. ! .  ., ,.:!..: . ,... .;. 
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TABLE K3-2 
- ._ DERMAL SOIL-~O-kPTION COEFFICIENTS 

USED IN EXPOSURE  MODEL^ 

Soil Absorption Soil Absorption 
COC Coefficient . COC Coefficient 

(unitless) (unitless) 

Inorganics Semivolatile Organics 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Cyanide 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 

1.00 x Di-n-octylphthalate 3.00 x lo-' 
1-00 10-3 Dioxins/Furansb 3.00 x 

PesticidePCBs 

Aroclor-1016b 
Aroclor- 1221b 
Aroclor-1242b 
Aroclor- 1 2Mb 
Aroclor- 1 254b 
Aroclor-1260b 
4,4'-DDT 

1-00 x lo-' 
1.00 x 
1.00 x 
1.00 x lo-' 
1.00 x 

ND 

6.00 x 
6.00 x 
6.00 x 
6.00 x lo-' 
6.00 x lo-' 
6.00 x 
3.00 x lo-' 

1.00 10-3 
1.00 x 
1.00 x 
5.00 x 
1.00 x 
5.00 x lo4 
1-00 x 
1.00 x 

1.00 x 
1.00 10-3 

aExcept where qualified by other footnotes, the values in this table are from the FEMP OU4 RI approved final report. 
b~~~ imf. 
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K4.0 .CONTAMINANTS OF CONCERN 1. 

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 

2 

3 

4 

5 

6 smaller than those of the radioactive constituents. 

K4.1 COMPARISON OF LISTS 
A listing of site-wide C O G  is presented in Appendix R of the SWCR. The list contains potential 

COG, 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 C O G  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 C O G  in this CRARE. Because the C O G  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. 0 

7 

8 

9 

10 

1 1  

12 

13 

14 

K.4.2 COC SELECTION PROCESS 1s 

It was assumed that constituents evaluated in the CRARE are all COG,  since COC selection has 

occurred as part of the RI and FS. The CRARE is a postremediation time frame document. As 
16 

17 

18 

19 

20 

21 

such, total potential C O G  will be reduced to reflect the screening in both the RI and the FS. 

and the environment is precluded. For this CRARE, the new site-wide list was screened three 

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

Further, some contaminants will be removed, treated or contained such that exposure to humans 

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

2. Second screening: 24 

25 
mercury at 20°C (68°F). 26 

Eliminate contaminants with vapor pressures above 10 millimeters (0.4 inches) of 

FERIOU4CRAREC041SO.C-4n2-14-93 K-4- 1 
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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. 

The COC selection process for the CRAREs 'is illustrated in Figure K.4-1. 

IC4.3 INITIAL SCREENING OF 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. 

0 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. 

0 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. 

TABLE K.41 
CONTAMlNANlSEllMINATEDDURINGINITIALSCREENING 

Radionuclides Chemicals 

None 
__ __ 

Alkalinity as CaCO, 
Aluminum 
Ammonia -- 
Boron 
Calcium 
Chloride 
Iron 
Magnesium 
Nitrate 
Oil and grease 
Phosphate 
Phosphorous 

- _ _  

Potassium 
Silicon Sodium - -  - - 

Sulfate 
Sulfide 
Tetrachlorodibenzofuran 
Total dissolved solids 
Total Kjeldahl nitrogen 
Total organic carbon 
Total organic nitrogen 
Total organic halides 
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TABLE IC42 

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

Compound ou1 o u 2  OU3 OU4 OU5 

* -  

Chemical 

1,l-Dichloroethane SUB 
1,l-Dichloroethane 
1,1,l-Trichloroethane SUB 
1,1,2-Trichloro- 1,2,2-trifluoroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
12-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloroethylene 
1,4-Dioxane 
2-Butanone 
2-Chlorophenol 
2-Hexanone 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitrophenol 
2,3,4,6-Tetrachlorophenol 
2,CDimethylphenol 
2,6-Dinitrotoluene 
3-Ni troaniline 
3,3-Dichlorobenzidine 
4-Chloro-3-methylphenol 
4-Chlorophenyl-phenyl ether 
4-Methyl-2-pentanone 
4-methyl phenol 
4-Nitrophenol 

4,6-Dinitro-2-methylphenol 
Acenaphthene 
Acetone 
Anthracene 
Antimony 

4,4-DDT 

&Odor- 10 16 
Aroclor - 1221 
&OClOr- 1242 
Aroclor- 1248 
&Odor-1254 

SUB 

SUB 

SUB 

SUB 
SUB 

SUB 

SUB 

SUB 
SUB 
SUB 

SUB 

SUB 
SUB 
SUB 
SURF,SUB 
SUB 

SUB 
SUB 
SURF,SUB 

SUB 
SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 

SUB 

SUB 

SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 

SUB 
SUB 
SUB 

SURF,SUB 
S URF,S UB 
SURF,SUB 

SURF,SUB 
SURF,SUB 

SUB 
SURF,SUB 

SURF,SUB 

SURF,SUB 
SURF,SUB 

SUB,GW 
GW 
SUB,GW 

GW 

GW 
GW 
SUB,GW 
SUB 

BERM,SURF SUB,GW 
SUB 
SURF,SUB,GW 
SUB 

GW 
GW 
GW 
GW 
GW 

SUB 

SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 

SUB 

SUB 
SURF,SUB 

SUB. 

SURF,SUB,GW 
GW 
SUB,GW 

GW 
SURF SUB 
BERM,SURF SURF,SUB,GW 
SURF S U B  
BERM,SURF SURF,SUB.GW 

SURF,SUB 
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TABLE K.4-2 
(Continued) 

Commund ou1 ou2 OU3 OU4 ou5 
Aroclor-1260 
Arsenic 
Barium 
Benzene 
Benzoic acid 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo( k)fluoranthene 
Benzyl alcohol 
Beryllium 
Beta-BHC 
Bis(2ethylhexyl) phalate 
Bromochloromethane 
Bromodichloromethane a Butylbenzyl phthalate 
Cadmium 
Carbon disulfide 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Chromium 
Chrysene 
Cobalt 
Copper 
Cyanide 
Dibenzofuran 
Dibenzo(a;h)anthracene 
Dibromochloromethane 
Dichlorodifluoromethane 
Diethyl phthalate 
Di-n-butyl phthalate 

_ _  

Di-natyl phthalate 
Ethyl parathion 
Ethylbenzene 

FERK)U4CRARECOQISO.C4/12- 14-93 

SUB 
SUB 

SUB 
SUB 
SUB 
SUB 
SUB 

SUB 

SUB 

SUB 
SUB 
SUB 

SUB 

SUB 

SUB 
SUB 
SUB 
SUB 
SURF,SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 

SUB 

SUB 

SUB 
SUB 
SUB 

SUB 
SUB 

SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 

SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 

SUB 
SUB 

SURF,SUB 
SUB 

SURF,SUB 
SUB 
SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 

SUB 
SURF,SUB 
SUB 

SURF,SUB 

BERM,SURF 
BERM,SURF 

SURF 
SURF 
SURF 
SURF 
SURF 

BERM,SURF 

SUB 
SURF,SUB,GW 
SUB,GW 
GW 
SUB,GW 
SUB 
SUB 
SUB 
SUB 
SUB 
GW 
SUB,GW 

SURF SUB,GW 
GW 
SUB 
GW 

BERM,SURF I GW 
SUB,GW 
GW 

GW 
SUB,GW 

BERM GW 
SUB 
SUB,GW 

BERM,SURF SUB,GW 
BERM,SURF - SURF,SUB,GW 

SUB 
SURF SUB 

SUB 

SUB,GW 
BERM,SURF SUB,GW 

SUB,GW 

0 9 1  
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TABLE IC42 
(Continued) 

Compound ou1 ou2 OU3 OU4 ou5 
Fluoranthene 
Fluorene 
Heptachlor epoxide 
Heptachlorodibenzo-pdioxin 
Heptachlorodibenzofuran 
Indeno( 1,2,3-cd)pyrene 
Isophorone 
Lead 
Malathion 
Manganese 
Mercury 
Methyl parathion 
Methylene chloride 
Molybdenum 
Naphthalene 
Nickel 
N-Nitrosodiethylamine 
N-Nitrosodi-n-propylamine 
N-Nitrosodiphenylamine 
Octachlorodibenzo-pdioxin 
Octachlorodibenzofuran 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Pyridine 
Selenium 
Styrene 
Tetrachloroethene 
Thallium 
Toluene 
Total Xylenes 
Tributyl phosphate 
Trichloroethene 
Trichlorofluoromethane 
Vanadium 
Vinyl acetate 
Vinyl chloride 
Zinc 

SUB 
SUB 

SUB 

SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SURF,SUB 

SUB 

SUB 
SUB 
SUB 
SUB 

SUB 

SUB 

SUB 
SUB 

SUB 

SUB 

SUB 
SUB 

SUB 
SUB 

SUB 
SUB 
SUB 

SUB 

SUB 
SUB 

SUB 
SUB 
SUB 

SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 

SUB 

SUB 
SUB 

SUB 

K-4-6 

SURF,SUB 
SURF,SUB 

SURF,SUB 

S URF,S UB 

SUB 
SURF,SUB 

SURF,SUB 

SURF,SUB 
SURF,SUB 

SUB 
SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 

SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 

SUB 
SURF,SUB 

$69 
~ .,.Lee 

SURF SUB 
SUB 
GW 

SURF SUB 
GW 
SUB 

GW 
SUB,GW 

SURF 
BERM,SURF SUB,GW 

SUB,GW 

S URF,S UB, G W 

BERM,SURF SURF,SUB,GW 
GW 

GW 

GW 
SURF SUB 
BERM,SURF SUB,GW 
SURF SUB 

SUB,GW 

SUB,GW 
BERM,SURF GW 
BERM,SURF SUB,GW 
BERM SUB,GW 

GW 
SUB,GW 
GW 

BERM,SURF SUB,GW 
SUB,GW 
SUB,GW 

BERM,SURF SUB,GW 
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TABLE R4-2 
(Continued) 

Compound ou1 o u 2  OU3 OU4 o u 5  
R a d i O n U d i d e  
Am-241 

CS-137 
Np-237 
Pa-23 1 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
R11-222~ 
Ru-106 
Sr-90 

Tc-99 
Th-228 0 Th-230 ... 
Th-232 
u-234 
u-235 
U-236 
U-238 

SUB 
SURF,SUB 
S URF,S UB 

SURF,S UB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
A 
SURF,SUB 
SURF,SUB 
SURF,SUB 
S URF,S UB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 
SURF,SUB 

SURF SURF,SUB 
SURF,SUB,GW SUB 

SURF,SUB 
SUB,SURF SURF,SUB 
SURF,SUB SURF,SUB 
SURF,SUB SURF,SUB 
SUB,SURF SURF,SUB 
SUB,SURF SURF,SUB 
A A 

SUB,SURF SURF,SUB 
SURF SURF,SUB 
SUB,SURF SURF,SUB 
SUB,SURF SURF,SUB 
SUB,SURF SURF,SUB 
SUB,GW,SURF SURF,SUB 
SUB,SURF,GW SURF,SUB 
SUB,SURF SURF,SUB 
SUB,GW,SURF SURF,SUB 

SURF,SUB 
GW 

SUB 
BERM 

SURF 
SURF 
SURF 

BERM,SURF SURF,SUB,GW 
BERM,SURF SURF,SUB,GW 
A A 

SURF SURF,SUB,GW 
SURF SURF,SUB,GW 
BERM,SURF SURF,SUB,GW 
BERM,SURF SURF,SUB 
BERM,SURF SURF,SUB,GW 
BERM,SURF SURF,SUB,GW 

S URF,S UB , G W 
SURF,SUB,GW 

BERM,SURF SURF.SUB,GW 

aAbbreviations used in this table: 

A = Air 
BERM = Berm fill 
GW = Groundwater 
SUB = Subsurface soil 
SURF = Surfacesoil 

Radon was the only COC detected in on-site air sarn la. However, all surface soil COC exposures through particulate 
_ _  inhalation are evaluated quantitatively in the CRARJ? - . ~- .- - 

FERK~U~CRAREC~~ISO.C-~II  2- 14-93 . .  K-4-7 
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I. *pi,... . . 
K4.4 SECOND SCREENING OF COG: VOLATILE LOSSES i 

This section details the second 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 Games. 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 AirISupefind National Technical 

Guidance Series, Volume ZZI (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 COC screening as applied to each of the operable units is described below. 

K4.4.1 Ouerable Units 1 and 3 

The remaining contaminants €or Operable Units 1 and 3 are presented in Table K4-3. 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. 
_ -  

K4.4.2 Operable Units 2 and 4 

The remaining COCs for Operable Units 2 and 4 are presented in Table K4-4. Further data 

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

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

K4.4.3 Ouerable Unit 5 
Operable Unit 5 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 

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 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 COCs. 
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TABLE IC43 
POTENTIAL COCs FOR OPERABLE UNITS 1 AND 3 (AFI'ER SECOND SCREENING) 

Operable Unit 1 
Radionuclide Chemical Radionuclide Chemical 
Am-241 1,1,2,2-Tetrachloroethane CS-137 1,1,2,2-Tetrachloroethane 

Operable Unit 3 

(3-137 
Np-237 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 

Sr-90 
Ru-106 

Tc-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 
U-238 

2-Hexanone 
2-Methylnaphthalene 
2-Ni trophenol 
2,4-Dimethylphenol 
3,3-Dichlorobenzidine 
4-Chlorophenyl-phenyl ether 
4-Methyl-2-pentanone 
4-Me t hylphenol 

Acenaphthene 
Anthracene 
Antimony 

Aroclor-1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor-1260 
Arsenic 
Barium 
Benzo( a)anthracene 
Benzo( a)pyrene 
Benzo( b) fluoran t hene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 
Beryllium 
Bis(2-ethylhexyl) phthalate 
Cadmium 
Chlorobenzene 
Chromium 
Chrysene 
Cobalt 
Copper 
Cyanide 
Dibenzo(a,h)an thracene 
Dibenzofuran 
Di-n-butyl phthalate 
Di-n-octyl phthalate 

4,4-DDT 

A~OC~OC-1 016 

- 

K-4-9 

Np-237 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
u-234 
U-235 
U-236 
U-238 

2-Hexanone 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
4-Methyl-2-pentanone 
Acenaphthene 
Anthracene 
Antimony 
Aroclor-1221 
Aroclor-1248 
Aroclor- 1254 
Aroclor- 1260 
Arsenic 
Barium 
Benzoic acid 
Benzo(a)anthracene 
Benzo( a) pyrene 
Benzo( b) fluoran t hene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Beryllium 
Be ta-BHC 
Bis(Zethylhexy1) phthalate 
Butylbenzyl phthalate 
Cadmium 
Chlorobenzene 
Chrysene 
Cobalt 
Copper 
Cyanide 
Dibenzofuran 
DiGenzo( a,h)anthracene 
Diethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Ethylbenzene 
Fluoranthene 
Fluorene 

_ _  

(-35 



Ouerable Unit 1 Operable Unit 3 
~ 

Radionuclide Chemical Radionuclide Chemical 
~~~ 

Ethylparathion 
Ethylbenzene 
Fluoranthene 
Fluorene 
Indeno( 1,2,3-cd) pyrene 
Lead 
Malathion . 
Manganese 
Mercury 
Methyl parathion 
Molybdenum 
Naphthalene 
Nickel 
N-Nitrosodip henylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Selenium 
Total xylenes 
Vanadium 
Zinc 

Indeno( 1,2,3-cd) pyrene 
Lead 
Manganese 
Mercury 
Naphthalene 
Nickel 
N-Ni troso-di-n-propylamine 
N-Nitrosodip henylamine 
Phenanthrene 
Phenol 
Pyrene 
Selenium 
Styrene 
Total xylenes 
Tributylphosp hate 
Zinc 

FEWOU4C~CO4lsO.C-4/12- 14-93 K-4- 10 



operable Unit 2 Operable Unit 4 

Radionuclide Chemical Radionuclide Chemical 

CS-137 2-Chlorophenol Pa-23 1 Acenaph t hene 
Np-237 2-Hexanone Pb-210 Anthracene 
Pb-210 2-Me t hylnaph thalene Ra-226 Antimony 
Pu-238 2-Methylphenol Ra-228 Arsenic 
Pu-239 2,4-Dimethylphenol Rn-222 Barium 
Pu-240 4-Chloro-3-methylp hen01 Sr-90 Benzoic acid 
Ra-226 4-Methyl-2-pentanone TC-99 Benzo(a)anthracene 
Ra-228 4-Me t hylphenol Th-228 Benzo (a) pyrene 
Rn-222 4-Ni trophenol 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) 
Th-228 Aroclor- 1242 phthalate 
Th-230 Aroclor-1248 Cadmium 
Th-232 Aroclor-1254 Chromium 
U-234 Aroclor-1260 Copper 

Arsenic Cyanide 
Barium Dibenzo( a,h)anthracene 

Benzo( a)an thracene Fluoranthene 
Benzo (a) pyrene 
Benzo( b) fluoran thene Molybdenum 
Benzo(g,h,i)perylene Nickel 
Benzo( k)fluoranthene Phenanthrene 
Beryllium Phenol 
Bis(2-ethylhexyl) phthalate Pyrene 
Butylbenzyl phthalate Thallium 
Cadmium Total xylenes 
Chloradane Vanadium 
Chlorobenzene Zinc 
Chloromethnae 
Chromium-- 
Chrysene 
Cobalt 
Copper 
Cyanide 

@ U-235 
U-236 
U-238 Benzoic acid Di-n-butyl phthalate 

Indeno( 1,2,3-cd) pyrene 

- ____ 

K-4- 1 1 



~~ 

Operable Unit 2 

Radionuclide Chemical Radionuclide Chemical 

Operable Unit 4 

Dibenzofuran 
Dibenzo (a, h) an t hr acene 
Diethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Ethylbenzene 
Fluoran t hene 
Fluorene 
Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Indeno( 1,2,3-cd) pyrene 
Lead 
Manganese 
Mercury 
Molybdenum 
Naphthalene 
N-Nitrosodiphenylamine 
Octachlorodibenzo furan 
Octachlorodibenzo-p-dioxin 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Selenium 
Styrene 
Thallium 
Total xylenes 
Vanadium 
Zinc 

098 - . -  . .i i .. , -I 
--ll 

.- ~ :;, , :* ''. , 
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POTENTIAL COG FOR OPERABLE UNIT 5 (INCLUDES SUM OF 
COG IN OPERABLE UNITS 1 THROUGH 4, AFTER SECOND SCREENING) 

Radionuclide Chemical 

Am-241 
(3-137 
Np-237 

Pb-210 
PU-238 
PU-239 
PU-240 

Pa-231 

Ra-226 
Ra-228 
Rn-222 

Sr-90 
RU-106 

TC-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 
U-238 

1 ,2-Dichlorobenzene 
1,1,2,2-TetrachIoroethane 
2-Chlorophenol 
2-Hexanone 
2-Me t hylnaph t halene 
2-methyl phenol 
2-Nitrophenol 
2,4-Dimethylphenol 
2,6-Dini tro toluene 
2,3,4,6-Tetrachlorophenol 
3-Nitroaniline 
3,3-Dichlorobenzidine 
4-Chloro-3-methyphenol 
4-Chlorophenyl-phenyl ether 
4-Methyl-2-pentanone 
4-Methylphenol 
4-Nitrophenol 

4,6-Nitro-2-methylphenol 
Acenaphthene 
Anthracene 
Antimony 
Aroclors (1016, 1221, 1242, 

Arsenic 
Barium 
Benzoic acid 
Benzo(a)an t hracene 
Benzo( a) pyrene 
Benzo( b) fluoran t hene 
Benzo(g,h,i)perylene 
Benzo( k)fluoranthene 

4,4-DDT 

1248, 1254, 1260) 

. ,  
-Benzyl-alcohol- 

Beryllium 
Beta-BHC 
Bis(2-ethylhexyl) phthalate 
Butylbenzyl phthalate 
Cadmium 
Chlordane 
Chlorobenzene 
Chloromethane 
Chromium 

Chrysene 
Cobalt 
Copper 
Cyanide 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Ethylparathion 
Ethylbenzene 
Fluoranthene 
Fluorene 
Heptachlor epoxide 
Heptacnlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Indeno( 1,2,3-cd) pyrene 
Isophorone 
Lead 
Malathion 
Manganese 
Mercury 
Methyl parathion 
Molybdenum 
Naphthalene 
Nickel 
N-Nitrosodiethylamine 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Octachlorodibenzo furan 
Octachlorodibenzo-p-dioxin 
Pentachlorophenol 
-Phenanthrene--- 
Phenol 
Pyrene 
Selenium 
Styrene 
Thallium 
Total xylenes 
Tributylphosphate 
Trichlorofluoromethane 
Vanadium 
Zinc 

FEW0 U4CRARECO46O.C-4/12- 14-93 K-4- 13 
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K.4.5 !FINAL SCREENING OF C O G  

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. The 
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: 

Of Organic constituents 

C/C, = e-('nmt 
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 = 100 years (36,500 days) following remediation, and 
C/C, = 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 
C O G  in groundwater only were eliminated from further consideration in the CRARE. Organic 

constituents which were C O G  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 K4-6 
FINAL SCREENING OF ORGANIC CHEMICALS 

. -  

Organic Chemical Half-life (days) Retained or Screened Out 

1,1,2,2-Tetrachloroethane 44 Screened out 
1,2-Dichlorobenzene 180 Screened Out 
2-Chlorophenol No Data Retained 
2-Hexanone 14" Screened out 
2-Methylnaphthalene No Data Retained 
2-Methyphenol 7 Screened out 
2-Nitrophenol 28 Screened out 
2,3,4,6-Tetrachlorophenol 180 Screened out 
2,CDimethylphenol 7 Screened out 
2,6-Dinitrotoluene 180 Screened out 

Screened out 
3,3-Dichlorobenzidine 180 Screened out 
4-Chloro-3-me t hylp henol 14" Screened out 
4-Chlorophenyl-phenyl ether No Data Retained 
4-Methl-2-pentanone 7 Screened out 
4-Met hylp henol - 0.67 Screened out 
4-Nitrophenol ' 1.21 Screened out 
4,4-DDT 5698 Retained 
4,6-Dinitro-2-methylphenol 21 Screened out 
Acenaph thene 102 Screened out 
Anthracene 460 Screened out 
Aroclor 1016 No Data Retained 
Aroclor 1221 No Data Retained 
Aroclor 1242 No Data Retained 
Aroclor 1248 No Data Retained 
Aroclor 1254 No Data Retained 

b 
3-Nitroaniline - 

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 (Zethyithexyl) phthalate 
Butylbenzyl phthalate 
Chlordane 

- - - - - - 

No Data 
7 

680 
530 
610 
650 

_ _ ~  - _ _  

2140 

124 
23 

7 
1386 

b - 

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

~ - 

FEWU4CRARE.C046O.C-4/l2-14-93 K-4- 15 



. .* 

d .  

(Continued) 

FEMP-OU4CRARE-4-DRAIT 
December 1993 

_-_ ~ _ _  e- ~~ 

TABLE I C 4 4  

Organic Chemical Half-life (days) Retained or Screened Out 

Chlorobenzene 
Chloromethane 
Chrysene 
Dibenzo furan 
Dibenzo(a,h) anthracene 
Diethyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Ethyl parathion 
Ethyl benzene 
Fluoranthene 
Fluorene 
Heptachlor epoxide 
Heptachlorodibenzo-p-dioxin 
Heptachlorodibenzofuran 
Indeno( 1,2,3-cd)pyrene 
h o p  horone 
Malathion 
Methyl parathion 
Naphthalene 
N-Nitrosodiethylamine 
N-Nitroso-di-n-propylamine 
N-Nitrosodipheynlamine 
Octachlorodibenzo-p-dioxin 
Octachlorodibenzo furan 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Styrene 
Total xylenes 
Tributylphosphate 
Trichiorofluorome t hane 

150 
0.28 
1000 

28 
940 
56 
23 
28 

227 
10 

440 
60 

552 
No Data 
No Data 

730 
28 

- 7  
360 
48 

180 
180 
34 

No Data 
No Data 

178 
200 

10 
1900 

28 
28 

140d 
360 

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

'Half-life in soil assumed to be twice the value for 2-Butanone. 
bCompounds removed from groundwater during pump and treat operation. not considered in CRARE. 
TIalf-life in soil assumed to be twice the value for 2-Methylphenol. 
dHalf-life in soil assumed to be 10 times i t s  half-life in surface water/sedirnent (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 C O G  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 K4-7 shows the contaminants retained after implementing the final screening process. 

TABLE IC47 

COCS RETAINED AFIER 
FINAL SCREENING FOR ALL OPERABLE uNI?s 

Radionuclide Chemical 

Am-241 
CS-137 
Np-237 
Pa-23 1 
Pb-210 0 Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 

Sr-90 
Ru-106 

TC-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 

2-Chlorop hen01 
2-Methylnaphthalene 
4-Chlorophenyl-phenyl ester 

Ammonia 
Antimony 
Aroclor-1016 
Aroclor- 1221 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

4,4-DDT 

Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

3. !.! 3 
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K5.0 EXPOSURE SCENARIOS 

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 K8.0. 

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. 
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1 
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10 

11 

12 

13 

14 

IS 
16 

These scenarios provide a basis for evaluating the potential exposures in the environment 17 

18 

19 

20 

following the completion of remedial actions. However, their accuracy depends on the ability to 

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

predict site conditions well into the future. It should be recognized that projected land uses, as 

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 

21 

22 

_. - various environmental media, receptors in the local environment,-and a route or mechanism of - 23 

exposure for those receptors. Based on these components, three steps were involved in 24 

developing the exposure scenarios: 25 

1. Characterization of the exposure setting 26 

2. Identification of potential exposure pathways 27 

3. Selection of site-specific exposure pathways to be quantitatively evaluated 28 
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In the development of the exposure scenarios the environmental setting of the FEMP years after 

the completion of remediation was evaluated . The characteristics of the site setting influenced 

the types of transport mechanisms and receptor activities selected. 

1 

2 

3 

K5.1 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 RIs 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 Phvsical 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 RUFS reports and the SWCR. 

Surface Toporrraphv - 

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 HvdroloQ 

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 
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source of exposure, as would newly formed and existing wetlands, ponds, and channel creeks. The 1 

storm water treatment system is a significant feature for the Current Land Use scenario. - 7 

Demographics 

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 I 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). 

Geologv and Hvdroeeoloev 

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. 

~ ._ - 
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24 

Ecological Set t in e, 25 

26 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 

27 

28 
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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 and sedimentation ponds would eventually lead to the emerging wetland becoming a 

recipient drainage area. 

In the Future Land Use scenarios, up to 1000 years after remediation, the deciduous forest 

invasions would have grown to a mature forest. In some areas, roots from trees may invade the 

capped areas and the former footprints of the operable units. The emerging wetlands may be 

fully developed, fluctuating with natural changes in the shallow water table. Contamination would 

be available to vegetation and terrestrial and aquatic species. 

IC5.1.2 Postremediation Sources of Contaminants 

This CRARE evaluates the residual human health risk of five operable units after remediation, 

with the focus on Operable Unit 4. This section focuses on the postremediation sources of 

contaminants and provides a basis for the developing the exposure pathways in Sections K5.2 and 

K5.3 (see Figure KS-1). Sources of contaminants remaining at the FEMP after site remediation 

include: 

0 

0 

0 

0 

0 

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 operable unit during cleanup of the silos, berms, and temporary 
remedial facilities (vaults would have double liners, leachate collection, and 
runon and runoff control). 

Vaults for other operable unit material disposal. 

Capped areas for Operable Units 1 and 2. 

Remediated surface soils. 
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K5.1.3 Land Use 

Because of the uncertainty associated with future sociopolitical activities, three potential exposure 

scenarios have been evaluated. The Current Land Use scenario assumes that the government 

would control the FEMP for up to 70 years after site remediation. Under this assumption, access 

controls at the FEMP would remain in effect. At a minimum, a security fence would surround 

the entire FEMP property and would be regularly patrolled by a security force. Access controls 

are assumed to be effective in restricting intruders’ access and short-term forays. Two Future 

Land Use scenarios (with and without federal ownership) have been evaluated for a period of up 

to 1000 years after remediation without access controls. 

K5.1.4 Potentiallv Exp osed Populations 10 

This section identifies future human populations in the vicinity of the FEMP that could be 

exposed to residual contaminants after the FEMP site is remediated. The locations and lifestyles 

1 1  

12 

13 of these populations have been examined to determine if they might be exposed. 

Critical SubpoDulations 

Regardless of future demographic changes, certain subpopulations are believed to be more 15 

16 

17 

18 

19 

20 

21 

seriously effected by contaminant exposures. The higher risks may occur due to increased 

sensitivity, behavior patterns that can result in higher exposure, and/or current or past exposure 

from other sources. Subpopulations that may be more sensitive to environmental exposure 

include infants, children, elderly people, pregnant and nursing women, and people with chronic 

illnesses. These critical subpopulations (EPA 1992c) are discussed below without specific 

reference to their relative distance from the sources of contaminants at the site. 

0 Schools: 

Potentially critical subpopulations in schools include all students enrolled in 
kindergarten through high school classes. 

Daycare centers and preschools: 

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

22 

23 

24 

25 

26 

n 
28 
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0 Hospitals, nursing homes, and retirement communities: I 

Patients and residents in these institutions are part of the critical 
subpopulations with increased sensitivity to the residual contaminants at 
the remediated FEMP site. 

0 Residential areas with children: 5 

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. 

0 Major industries using chemicals: 9 

Employees working at facilities that use large quantities of chemicals are 
generally considered candidates for a critical subpopulation, because of 
their increased frequency of chemical exposures. 

10 

11 

12 

Locations of Reasonable Maximum ExDosure 

Receptor locations were selected based on the graphical representation of modeled air, soil, and 

13 

14 

IS 

evaluating the RME individual, the locations of highest on- and off-property exposures were 16 

assessed. 17 

water COC concentrations from remediated conditions. In keeping with the philosophy of 

The RME locations were determined by first locating areas on and off the FEMP property which 

were developed using computer modeling, as described in detail in Section K.6.0. Time-weighted 

exposure concentrations at these areas, along with exposure parameters from the Operable Unit 4 

RI report, were then considered to define exposure pathways and to quantify the potential COC 

intake by the receptor. 23 

18 

19 

20 

21 

22 

would receive elevated levels of COCs. The estimated COC concentrations in the environment 

- - ._ - - -  - - - 

The resulting intakes by potential receptors at various locations were then compared, and the 

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

of the RME location. n 

24 

25 

26 pathways and contaminants, the resulting risks and hazard values were considered in the selection 

Due to the multiple sources of C O G ,  the different patterns of COC fate and transport in the 

environment, and the variety of COC release mechanisms at the FEMP, a complex matrix of , 
28 

29 , I 9  
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interdependent effects was found to exist among COCs, exposure pathways, and the resulting 

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: 

1. Groundskeeper 
2. Trespassing child 
3. Off-property resident farm adult 
4. Off-property resident farm youth 
5. Off-property resident farm child 

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: 

1. Expanded trespasser 
2. Off-property resident farm adult 
3. Off-property resident farm youth 
4. Off-property resident farm child 

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: 

1. On-property resident farm adult 
2. On-property resident farm youth 
3. On-property resident farm child 
4. Off-property resident farm adult 
5. Off-property resident farm youth 
6. Off-property resident farm child 

2 

3 
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25 

26 

The following paragraphs provide detailed discussions on the nature of the selected receptors and 

their respective pertinent exposure pathways. 

n 

28 

' I  

FEWOU4CRARECSi5SO.C-44/12-14-93 K - 5 8  



RME Receptors and Exuosure Pathwavs 

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 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-Propertv 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. Pathways 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 

1 - -  
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while wading in Paddys Run. The selected RME location for this receptor is presented in 

Section K6.1.6.2. 

On-ProDertv 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 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 K6.1.6.2. 

Off-ProDertv 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 C O G  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 K6.1.6.2. 

Off-Propertv 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 K6.1.6.2. 

Off-Propem 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 camed by 

clouds of gases, vapors, and dust. The selected RME location of this receptor is presented in 

Section K6.1.6.2. 
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Emanded Tresuasser. 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 expanded trespasser may wander over the entire FEMP site, with the 

1 

2 

3 

4 

5 

6 exception of the RCRA-type caps and vaults. 

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 

7 

8 

9 

10 

11 

12 

13 development for residential, farming, industrial/commercial, and recreational use (e.g., ball fields, 

jogging trails, biking trails). a-  14 

, The expanded trespasser is an individual who visits the property during childhood, then during 1s 

16 

17 

18 

19 

20 

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 

OperatWUnit 4- It was therefore not evaluated. -Such an individual's exposure to C O G  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 

which would preclude this construction activity. 
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drawn since the RCRA-type cap and the disposal vaults are assumed to have specific barriers 
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It was assumed that Paddys Run f s h  are not considered a pathway for chemical or radiological i 

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 RIPS 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 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 Assessment for the Operable Unit 5 RI. 

KS.2 DETAILED CONCEPTUAL, EXPOSURE MODEL 

A detailed conceptual exposure model is presented here which builds upon the CRARE 

Site-Wide Conceptual Model presented in Section K1.6. This model has been developed to 

provide the basis for identifylng and evaluating the potential risk to human health after the 

FEMP is remediated (Figures K5-2 through K.5-4). The key objective of the model is to 

facilitate the analysis of exposure routes and receptors, focus on those pathways and sources that 

drive the potential impacts on human health risk, and screen out other exposure pathways that 

are likely to pose minor risks. 

The model provides a consistent and comprehensive evaluation of the risk to human health by 

creating a framework for identifylng the mechanisms by which human health may be affected by 

the remediated site. The elements necessary to construct a complete exposure pathway, and thus 

develop the conceptual model, are as follows: 

Sources of residual contaminants 
0 Release mechanisms 
0 Transport pathways 
0 Exposure pathways 
0 Receptors 
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The model traces the exposure pathways from the sources through the release mechanisms and 

exposure routes to the affected receptors. The model also indicates which exposure routes are 

camed through the quantitative risk assessment for each receptor under the Current and two 

Future Land Use scenarios. 

K5.2.1 Source of Residual Contaminants 

The remediated FEMP will contain several vaults, capped waste areas, surrounding soil, and 

surface and groundwater contamination. Figure KS-1 lists the sources included in the conceptual 

exposure model (see Sections K2.2 and K2.3 for a detailed description of each). The model 

depicted in Figure K5-2 is based on Figures K.1-9 and K1-10 as presented in Section K1.6. 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 contaminants at the remediated FEMP include leachate from capped areas 

and vaults, as well as residual contaminants in surface soil, surface water (in treatment ponds), 

groundwater, and vegetation. a 
K5.2.2 Release Mechanisms of Contained Wastes and Soils 

Figure K5-1 outlines the five operable units, and identifies the residual on-property COC sources 

following the completion of remedial actions. It is anticipated that once remediation is complete, 

the site will have 59 vaults, 4 capped areas, and 8 operable unit footprints with residual wastes 

that have met the FS PRG objectives and are therefore left at the site (see Figure ICs-1). 

Primary sources of C O G  at the postremediation FEMP can be conceptually divided into those 

that will be enclosed or covered with a cap and those that will not. Capped sources include 

treated waste and waste material that are contained and/or capped at the FEMP. Uncapped 

sources include those wastes and soilthat,-due-to tlieir low-residual contaminant concentrations, - 

were left within the operable unit footprints (Figure K5-1). Several mechanisms could allow 

these latter source contaminants to be accessed directly by a receptor or dispersed and made 

available for transport in the environment. The following paragraphs describe the release 

mechanisms considered in the CRARE conceptual exposure model (Figures K5-2 through K5-4). 

-- - ~ - -  - - - -  _ _ _  _ _ _  _ _  
-_ 
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Failure of On-Propertv Vaults or Capped Structures 

This release mechanism postulates a failure of the disposal structures holding the treated wastes 

or a fracture of the capping materials. Once the integrity of these structures is breached, the 

wastes in or beneath them can be exposed to the environment and subjected to wind erosion, 

surface runoff, and water infiltration (Figures KS-2 through KS-4). Possible forces that can 

induce structural failure include physical impact or natural weathering forces. These forces can 

weaken, damage, and/or destroy the integrity of the structures, thus exposing treated or buried 

materials to the environment. The RCRA-type cap selected for evaluation in this CRARE is 

designed to remain intact for 1000 years. Therefore, during the entire period of the CRARE risk 

modeling, releases of bulk materials from vaults or capped areas and direct exposures to 

contained materials were assumed not to occur. Also during this period, infiltration and leachate 

generation were assumed to occur, but only in small amounts. An analysis of the proposed vault 

design was completed and water infiltration/e~iltration and emission venting was calculated due to 

eventual deterioration. 

. Surface Water Overflow 

While the wastewater is being treated at the FEMP during the first 70 years after remediation is 

complete (as indicated in the Current Use Land scenario), it is possible that surface water runoff 

may carry the waste from the designated treatment areas and make it available for human uptake. 

Specifically, this release mechanism primarily affects water being treated at the wastewater 

treatment plant or contained in the retaining ponds. These collection structures may overflow 

during periods of heavy rainfall. The liquid spilling over the top of the treatment plant or ponds 

can flow overland and contaminate surface soil, sediments, or any water bodies that come in 

contact with the liquid or receive it. 

K5.2.3 Transport Pathwavs 

Contaminated materials from those sources not contained (residual soils and waste materials, 

residual groundwater contamination, contaminated vegetation) may be released from the site 

without the failure of containment structures. Uncontained and contained COCs, if released from 

the vaults or capped areas, can travel by several transport pathways to reach various 

environmental media to which potential receptors may be exposed (Figure KS-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. In addition, gaseous phase contaminants may be released through volatilization or 

radioactive decay (e.g., radon). Transport through the air is expected to be a major pathway for 

contaminants which are present in residual soils and waste materials left on-property after 

2 

3 

4 

5 

remediation. 6 

Surface Water and Sediment Runoff 7 

8 

9 

10 

11 

12 

13 

Surface water transports waste material by conveying dissolved and suspended solids to receptors 

as it flows across the surface of the ground and along any drainage features. It is assumed that no 

wastes in the capped areas or vaults will be exposed to permit surface sediment runoff. COG in 

the surface soils will be subject to transport in surface watedsediment runoff. Runoff can 

transport contaminants to receiving surface water bodies to which receptors may come in contact 

directly (through wading, etc.) or indirectly (through stock or irrigation water). 

Leachinp and Infiltration 

The FEMP has a humid climate with an average annual rainfall of about 102 centimeters (40 

inches). A portion of this water percolates through subsurface soil and recharges the underlying 

aquifer. Percolation would also occur through the waste storage structures as a result of the 

natural weathering process. COG in waste and soil would be dissolved and transported in this 

flow. However, degradation, retardation, and radioactive decay may reduce the concentrations 

that eventually reach the aquifer. Dilution would also occur in the groundwater flow. Eventually, 

the groundwater would complete the pathway with transport to a well from which a receptor can 

take water for home and farm use. 
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. _ _  . 
- - -  K.5.2.4 ExDosure Media- 23 

The transport pathways just discussed would result in the occurrence of site-related contaminants 

in the various exposure media identified in Figures K5-2 through K5-4. The media to which 

source areas by various mechanisms), surface water, sediment, and air. Indirect human exposures 

to contaminants in one or more of these media may occur through the ingestion of crops or 

livestock and related products (meat, milk) which have been exposed to contaminated soil or 

24 
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receptors may be exposed include soil (either in-place residuals or materials transported from 
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water. In the case of on-property residual soil, no intermediate transport mechanism is necessary 1 

2 for on-property receptors; humans may be exposed directly to in-place materials. 

K.5.3 EXPOSURE PATHWAYS 3 

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 

radiation may also occur. On the right-hand side of Figures K.5-2 through K5-4, the various 

medium are evaluated for each of the exposed receptors under the different exposure scenarios. 

4 

5 

6 

7 

8 

9 

chemical contaminants and radionuclides. In the case of radionuclides, external exposures to 

combinations of exposure pathways and exposure media are tabulated. Each pathway and 

Pathways identified as being complete and significant are denoted with an "X," while those not 

expected to result in significant exposures 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 ICs-2 through IC5-4). 

K.5.3.1 A i r  ExDosure 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 IC5-2 through K.5-4). 

19 
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IC5.3.2 Exposure Pathways Attributable to Dermal Contact 

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

23 
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This group of pathways encompasses all of the receptor's activities that would result in direct 

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 KS-2 through K.5-4). As in the air 2 

exposure pathways described in Section K.5.3.1, many dermal contact exposure routes are 

recep tor-specific. 

3 

4 

K5.3.3 Ingestion Exuosure Pathwavs 5 

receptors. Ingestion of substances containing waste can come from direct or indirect routes. For 

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

Direct ingestion of soil, sediment, drinking water, and food are considered plausible for many 6 

7 

8 

9 

example, a receptor may ingest COCs from the aquifer in the drinking water, while wading in 

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 

10 

11 

12 

13 

14 

pathways such as ingestion of contaminated soil, surface water, sediment, groundwater, and crops 

are significant for the receptors investigated in this CRARE (Figure KS-2). 

K5.3.4 Direct Exuosure to Radiation 1s 

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. 

16 
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20 

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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K6.0 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 

2 

3 

4 

5 

6 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 7 

8 media for the FEMP Operable Unit 4 CRARE. Included are discussions of: 

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

9 

10 

0 Fate and transport models used 11 

0 Required data and default parameter values 12 

0 Modeling results 13 

I 

The models were selected based on their appropriateness for a specific application in the CRARE 14 

15 

16 

17 

18 

19 

20 

process and the availability of required input information. In general, these models provided 

estimates of COC concentrations in environmental media (Le., 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 

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

from the anticipated remedial actions for each operable unit. Due to the uncertainties associated 
/ 

--The-SWCR -contains-site-wide-modeling-that-is-similar-to-CRARE-modeling.-~owever,- the- 21-- - 

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 

22 

23 

24 

25 

address the anticipated LRA for each operable unit. a 
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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 IC2.2, 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 IC1-ll), the CRARE models have been grouped by transport medium as presented 

in the RAWPA. Detailed information on the model selection and parameters employed in 

quantifymg fate and transport of contaminants in water are presented in Section K.6.1. This 

includes vadose zone, surface water and groundwater models. Section K6.2 presents the air 

emission and transport models. Section IC6.3 presents modeling methodologies and results for 

the concentrations of residual contaminants in vegetables, meat, and dairy products. 

IC6.1 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 DescriDtion of ADproach 

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 K1.6), two are described here, surface water and groundwater. The key elements 

of these and other pathways are: 

0 Sources of residual contamination 
0 Release mechanisms 
0 Transport pathways 

Exposure pathways 
Receptors 
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This section provides detailed descriptions of the contaminant sources, release mechanisms and I 
. .. 

a 
transport pathways, for both the surface water and the groundwater transport pathways, as well as 

the selection of receptor locations and the development of contaminant concentrations with time 

- 7 

3 

at these locations. 4 

Surface water is an exposure medium because receptors were assumed to be located in Paddys 

the groundwater pathway, since COCs in this surface water were assumed to infiltrate to 

zone was considered to be part of the groundwater pathway because no receptors of vadose zone 

water are identified in the exposure analysis scenarios discussed in Section K.5.0. Although 

perched water is present in the vadose zone beneath some areas of the FEMP, the SWCR (page 

3-18) reports that "these perched water deposits are localized and do not contain water volumes 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Run downstream of the source areas. Surface water in Paddys Run also represents a portion of 

groundwater, and then may be transported in the groundwater to potential receptors. The vadose 

* *  

sufficient to serve as sustained sources of potable water for a farm." 

The source areas of groundwater and surface water contamination projected to remain at the 14 

IS 

16 

17 

18 

19 

20 

FEMP include elements from all operable units. As discussed in Section K2.2, this CRARE 

made the assumption that the updated LRA for Operable Unit 4 would be implemented, 

including Alternative 2C - Silo Demolition, Removal, and On-Property Disposal, for which vaults 

would be constructed in the northeast comer of the FEMP (northeast vaults) to contain structural 

material, debris, and soil. The LRAs for Operable Units 1, 2, 3 and 5 were also assumed to be 

implemented, as discussed in Section K.2.2. When FEMP remediation is complete, the only 

structures planned to remain on the site are the vaults and capped areas, as described in Section 

IC2.3 and Section K.3.1 (Figure K.3-1). In addition, a water treatment facility was assumed to be 

present in the current use scenario. Per the LRAS, waste from Operable Units 1, 3 and 5 would 

be disposed-of in vaults. -The-vaults- in-the-northwest comer of-the FEMP (northwest vaults) --- -- - 

were assumed to contain vitrified waste from Operable Unit 1 and the vitrified COC residues 

from the soil-washing processes for Operable Units 3 and 5. The vaults along the eastern 

boundary of the FEMP (northeast vaults) were assumed to contain Operable Unit 3 waste.. Other 

source areas include the site-wide soil under Operable Unit 5, the residual soils within the 

- - . - - - - - 

- Operable Unit4 boundary, and the capped, areas of Operable Units 1 and 2. 0 
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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 K1.6 

and throughout this CRARE. The FEMP Conceptual Row 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 primary 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 I11 

groundwater model, which had previously been calibrated to simulate the current flow and 

contaminant characteristics at the site. Model calibration is discussed in ASUIT (1990a) and 

IT (1990a). 

Contaminant transport was simulated in the SWIm I11 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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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. 3 

2 

K6.1.2 Screening of COCs 4 

Section K4.0 describes how a site-wide list of potential C O G  was compiled for possible inclusion 

IC4.5) presents the final site-wide list of COCs that was retained after the screenings. 

5 

6 

7 

in the CR4RE and then reduced through three screening procedures. Table K4-10 (Section 

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. C O G  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 
0 

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 C O G  

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 recharge from Paddys Run and the 

storm sewer outfall ditch, which have direct contact with the Great Miami Aquifer, were excluded 

-- -_ 
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FERKIU4CRAREC6A/SSO/cJn 2- 14-93 K-6-7 



EMP-OU4CRARE4DJWFT 
December 1993 

The variables used in the screening step are minimum retardation factor (Rmi,,) in the vadose 

zone, soil thickness (L), seepage velocity (V), and the axial dispersion coefficient (DJ. 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: 

A characteristic dispersion parameter can -also be calculated as: 

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 amve before the mean travel time (t,) because of dispersion. For example, if there is no 

8 

9 

10 

11 

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 (timeh,) with N, varied parametrically. 

The value for M is that value of non-dimensional time selected from the applicable ND 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 ND 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. 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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. ~ . ~ ~ .If Mt, is set at 1000 years, exiting concentratiop prior to 1000 years will be negligible. This can 1 
.. . ~. - 

also be expressed as: 

t, = lOOO/M. 

Since Rmin is defined as: 

2 

(3) 3 

4 

5 (4) Rmin = t, v/L, 

a minimum screening retardation factor, 6 

R, = 1000 x V/ML, ( 5 )  7 

can be defined above which the mean travel time will be in excess of lOOO/M years, and exiting 

concentrations for up to 1000 years will be negligible. The R, was calculated for each COC and 

compared to its Rmin 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 COG. 

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 

17 

18 

-- - ~ _ _  of theretardation factor were-not available to-permit-calculation of-travel times. -However,-the ~ --19 - - - 

COG identified as N D  (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 

20 

21 

22 

additional field data are collected. 23 
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SCREENING OF COG FOR THE GROUNDWATER PATHWAY 

COG ou2 OU3 OU4 NWVault E Vault 
Radionuclides 

Ac-227 NO NO 
Am-241 
(3-137 
Np-237 
Pa-23 1 

. Pb-210 
Pu-238 
P ~-239/240 
Ra-226 
Ra-228 

Sr-90 
Ru- 106 

Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
U-234 
U-235 
U-2351236 
U-238 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Y E S  
NO 
NO 
NO 

YES 
YES 
YES 
Y E S  
Y E S  

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
NO 
NO. 
NO 
YES 
YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
NO 
NO 
NO 

YES 
YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
YES 
NO 
NO 
NO 

YES 
YES 
Y E S  
Y E S  
Y E S  

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
YES 
NO 
NO 
NO 

YES 
Y E S  
YES 
Y E S  
YES 

organics 

2-Chlorophenol YES YES YES YES Y E S  
1,2,3,6,7,8-Hexachlorodibenzo€uran ND ND ND ND ND 

2-Methylnapthalene NO NO NO NO NO 
4-Chlorophenyl-P henylether 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 

(COUtiIlUed) 

cocs ou2 OU3 OU4 N W  Vault E Vault 
Organics (cont) 
Aroclor- 1248 N O  NO NO N O  N O  
Aroclor- 1254 
Aroclor- 1260 
Benzo( a, h) An t hracene 
Cyanide 
Di-n-Octyl Phthalate 
Heptachlorodibenzo furan 
Hep tachlorodibenzo-p-dioxin 
n-Nitrophenylamine 
Octachlorodibenzofuran 

N O  
N O  
N O  
YES 
N O  
N D  
ND 
N D  
ND 

NO 
N O  
N O  
YES 
NO 
ND 
N D  
ND 
ND 

NO 
NO 
NO 
YES 
NO 
ND 
ND 
ND 
ND 

N O  
NO 
N O  
YES 
NO 
ND 
N D  
ND 
ND 

N O  
NO 
NO 

YES 
NO 
ND 
N D  
ND 
N D  

Inorganics 
Ammonia N D  N D  ND N D  N D  
Antimony N O  N O  NO . N O  N O  
Arsenic 
Barium 
.Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 

-__.- - --Thallium.- - _ _  . -. 

Vanadium 
Zinc 

N O  NO N O  NO NO 
N O  NO NO N O  N O  
N O  N O  NO N O  N O  
N O  N O  NO NO NO 
N O  N O  
N O  NO 
N O  NO 
N O  NO 
N O  N O  
N O  NO 
N O  N O  
N O  NO 
N O  NO 

NO NO 
_ _ _ _  NO--- -NO- 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
-NO _ _  

NO NO NO 

N O  
NO 
N O  
N O  
N O  
N O  
NO 
NO 
N O  
NO- - 
N O  
NO 

N O  
NO 
N O  
N O  
NO 
NO 
NO 
N O  
NO 
NO 
NO 
NO 

ND = Not Determined. 
NO = 
YES = 

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 K6-1 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 I11 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 

transported in the same ratios to U-238 as they are present in the source areas. 

abundances of the uranium isotopes at the FEMP are as follows, in decreasing order: 

2 

3 

4 

5 

6 

I 

8 

this CRARE, since it is the most abundant isotope. The other isotopes were assumed to also be 

The relative 

U-238 99.3 percent 9 

U-235 0.685 percent 10 

U-236 9.63 x 10" percent 

U-234 8.96 x 10" percent 

These values were estimated from the uranium isotope distributions found in the RUFS database; 

1 1  

12 

K6.1.3 DescriDtions of Source Terms 

Section K6.1.1 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 5 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. 

14 

15 

16 

17 

18 

19 

20 

K6.1.3.1 COC Masses and Leachate Concentrations 21 

The determination of COC masses, initial concentrations, and the derived leachate concentrations 

for each of the Operable Unit 1, 2, 3, and 5 source areas is described below. The estimation of 

calculation of rainfall runoff as a source term to surface water flow is described in Section K6.1.5. 

2 

23 

24 

25 

infiltration rates as part of the source terms is described in Section K6.1.3.2 and K6.1.3.3. The 

Under Operable Unit 5, the area of potential soil contamination includes the entire FEMP (see 

Section IC3.1, Figure K3-1). The areas for Operable Units 1, 2, and 4 were not included in the n .. * 1 . .  ; 

3 " -  %L"4CRARECbA/C4/12-14-93 K-6- 12 
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CRARE site-wide soils area because they are described separately as sources of COG.  The 
- .. 

1 

vaults were not included because the soils in these areas will be excavated for foundation 2 

3 

1 

5 

construction. Soils within the Operable Unit 3 production area were generally expected to 

contain elevated levels of uranium, unless sampling results show otherwise. Soils outside the 

operable unit or vault boundaries, but within the FEMP, were assumed to have background levels 

contamination. Figure K.6-3 presents the grid squares where elevated levels of uranium are 

believed to be present in the soils. The Main Plant area includes subdivisions for Plant 2/3, Plant 

6, and Plant 9. The forms of uranium and geochemical conditions are different in these three 

subareas than in the remainder of the Main Plant area (Lee and Marsh 1992). For other COCs, 

the Operable Unit 3 area was also assumed to be at background levels unless analytical results 

indicated otherwise. Only C O G  in soils within the FEMP boundary were evaluated for 

of uranium unless analytical results were available to indicate the location and magnitude of 6 

7 

8 

9 

10 

11 

12 

this CRARE. 13 

Data on the concentrations and extent of the COCs in soils were obtained from the RUFS 

database. Plant 2/3, Plant 6, and Plant 9 areas have the deepest vertical extent of soil 

contamination in the Production Area. The estimated vertical extent of U-238 contaminated soil 

is 10 feet in the Plant 2/3, Plant 6, and Plant 9 subareas; and 3 feet for the remaining area. For 

U-238, all concentrations above 60 pCi/g were assigned that value to represent the results of the 

soil-washing remediation of Operable Unit 5. However, the 60-pCVg value may be changed in 

future CRARE documents, depending on the results of treatability tests being conducted for the 

operable Unit 5 soil-washing process in the summer of 1993. The 60-pCVg PRG for U-238 was 

selected from the SWCR. 

0 
14 

1s 

16 

17 

18 

19 

20 

21 

22 

Residual soil concentrations were separately defined for each subarea. Inside the Plant 2/3, Plant 

assumption was made that all of this soil would be washed. The 60-pCVg level was defined as the 

23 

__-- 6, and-Plant-9 subareas-the-majority-of-the soil is higher than the-U-238 PRG, and-therefore the --- 21 ~ - -- 

25 

26 residual U-238 concentration for these three subareas. 
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For the remaining portion of the Main Plant area, plus the west-of-plant and east-of-plant areas, 

only a portion of the soil is higher than the U-238 PRG and will require soil washing. Individual 

concentration values in the database above 60 pCi/g were assigned that value as representing 

washed soil. Concentrations below 60 pCi/g were assumed to remain the same (unwashed soil). 

I 

2 

3 

4 

Data were not available on the effectiveness of the soil washing process for removing COCs other 

soil were reduced by the same fraction the U-238 was reduced, except that if the U-238 reduction 

impact of this assumption, a sensitivity test was run for Sr-90. 

5 

6 

1 

8 

9 

than uranium. However, it is reasonable to assume that other COC concentrations in the washed 

exceeded 50 percent, the other COC reduction was set to 50 percent. In order to evaluate the 

The sensitivity test included an additional simulation of Sr-90 transport with the ODAST and 

SWIFT I11 models. The only change for this simulation was that there were no reductions in 

Sr-90 concentrations for the soil washing assumption. All other aspects of the test.simulation 

were the same as described in this and the following sections. When the sensitivity test results 

were compared to the results developed from the soil washing assumption, the peak groundwater 

concentrations during the test were approximately four times higher than those under the soil 

washing assumption. This represents a reasonable reduction in concentration for the soil washing 

process. Future editions of the CRARE will use the results of soil washing tests as they become 

available to estimate COC source terms, and then this algorithm will not be used. 

.- 
10 

1 1  . 

12 

13 

14 

1s 

16 

17 

18 

A preliminary model screening run was performed at approximately one half of the 60 pCi/g U- 19 

238 PRG. All other contaminant concentrations for this modeling were appropriately scaled rn 

down from their existing soil concentrations consistent with the U-238 reduction predicted to 

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

21 

22 

result from remediation. This screening run showed that the predicted levels of technetium, - - -  u ~- 

cyanide, and 2-chlorophenol in the aquifer would not yield risk results greater than nor an 24 

2.5 

26 

n 

HI greater than 0.1. Since it was demonstrated that a factor of 2 did not cause these COCs to be 

anticipated that including these C O G  would change the final risk estimates resulting from 

above screening levels, these COCs were not included in the final modeling run. It is not 

modeling. 28 
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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 six inches (subsurface results). The zero-to-six inch depth was selected because many 

of the surface soil samples in the database had been collected within that range. The surface soil 

databases were used to estimate COC source locations, soil concentrations, and masses for the 

surface water modeling. The subsurface soil databases were used for the same purposes for the 

vadose zone modeling. For each database the soil concentrations were averaged over depth and 

gridded on the SWIFT transport grid to obtain cell by cell concentrations. If analytical results 

were not available for soils in a cell, then the COC concentrations in that cell were assumed to be 

negligible. The assumption was also made that only 30 percent of the uranium in the untreated 

residual soils would be available for desorption and transport. For the washed soils, only 5 

percent of the remaining uranium was assumed to be available for desorption and transport. 

These assumptions are based on soil washing tests conducted by Oak Ridge National Laboratory. 

They are discussed further 'in Attachment KV. Uranium was the only COC for which reductions 

were made in the available mass for transport because soil washing data were not available for the 

other COG. The process of 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. 

3. Grid the average results over the desired portion of the SWIFT 
solute transport grid. Use the "inverse distance" algorithm of 
SURFER (Golden Software, Inc. 1990). 

4. Take the arithmetic average of the gridded results. 

The leachate concentrations from the averaged soil results were obtained by dividing the soil 

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 assumption that SWIFI' makes). This assumption does not take into account the effects of 

variations in ph, anions, and mineralogical composition on COC partitioning. The lower the flow 

of water, the more accurate is this assumption. Accuracy is also improved by having dilute 

concentrations well below solubility limits. K,, values used for the CRARE modeling are discussed 

gurther in Sections IC6.1.4.1 and K6.1.6.1, and in Attachment ICV. A comprehensive list of K,, 
' 1  
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I 

2 

values for the FEMP appears in the RAWPA, which also describes their derivation. K,, is defined . .  

as the mass of solute on the soil solid per unit mass of solid, divided by the concentration of 
~. 

solute in solution. 3 

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 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 RIPS 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 model was evenly distributed in the lower set of the northwest 

vaults, which are included within the solute transport grid (Figure K.6-2). 

4 

5 

6 

I 

8 

9 

10 

I 1  

< 12 

residues has not been defined at this time. In order to establish a leachate concentration, these 

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 

(MAY TCLP concentration was used for all the Operable Unit 1 material. The MAV TCLP 

was determined by: 

13 

14 

IS 

16 

17 

18 

19 

20 

TCLPM, = (TCLP, x Mass, + TCLP, X Mass, + ....) /(Mass, + Mass, + ....) (6) 21 

- -The masses-of U-238-for each pit were taken from-the SWCRFThe TeLPMav was-used =-the-- - - - - 
22 

23 

24 

25 

26 

27 

__ - - 

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 S W I R  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 

E ,  . 3 .  

4.42 
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area of the lower northwest vaults. Note, however that the depletion characteristics determined 1 

2 from using the complete northwest vaults were maintained. 

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 

than would rainwater. The effect of the second assumption is more uncertain, since the 

3 

4 

5 

6 

7 

8 

conservative since the acidic TCLP leaching solution would probably dissolve more contaminant 

geochemistry of the soil beneath the northwest vaults has not been quantitatively studied. 

The leachate concentrations and masses of C O G  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 K6-2. These source terms were used as 

input to the vadose zone transport modeling described in Section K6.1.4. 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 K6-2, and it is discussed 

further in Section IC6.1.4.1. The input to the surface water transport modeling is listed separately 

in Section K6.1.5. Residual uranium projected to remain in groundwater at the end of 

remediation is discussed in Section IC6.1.6.1. 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 K6.1.2. 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
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K6.1.3.2 Soil and Cauued Areas Infiltration Rates 

Section K2.3.4 describes the type of cap assumed to be constructed over the Operable Unit 1 and 

2 areas. Similar cap designs are now being developed (summer 1993) as part of the Operable 

Unit 1 feasibility study. Numerous HELP model simulations of this design were run by Operable 

Unit 1, and the results for the infiltration rates were very similar. An average value of 0.45 

cm/year (0.177 in./year) was calculated from this data and used for the CRARE capped areas. 

For the site-wide soils, information regarding the major portion of Production Area soils in the 

SWCR was used. The percolation rate of 19.1 cm/year (7.5 in./year) was determined from the 

seepage velocities given in Appendix 0 of the SWCR. This rate was originally developed by 

HELP modeling of surface soils. Operable Unit 5 has made the assumption that the infiltration 

rate through the washed and back-filled soil in localized areas (Le., Plant 2/3, Plant 6, and Plant 9) 

will be reduced by up to one order of magnitude, if determined necessary. This reduction of 

infiltration can be achieved by vegetation, compacting the back-filled soil, and mixing the back- 

filled soil with low permeability materials. Therefore, the infiltration rate for these three areas 

was set at 1.9 cm/year (0.75 in./year) for the uranium transport modeling. This assumption is 

discussed further in Attachment KV. For all other C O G  the rate of 19.1 cm/yr was used 

site-wide. 

IC6.1.3.3 Vault Infiltration Rates 

This section summarizes an investigation of concrete vault degradation, conducted for this 

CRARE, to identify significant design factors and estimate infiltration rates through the vaults. 

Radon gas emissions from the vaults are addressed in Section K6.2.5. A literature review found 

that groundwater flow through concrete vaults has been the subject of a number of research 

efforts, and that a wide range of modeling procedures based on many parameters are available. 

The underlying assumptions, key parameters, and processes that affect permeability are discussed 

in this section. 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: 

Maintenance of the vaults will stop after approximately 70 years. 

6 

1 

8 

11 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Concrete mix will be proportioned to minimize degradation and permeability. 

A geosynthetic membrane will be used that will completely deteriorate after 500 years. 29 
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A perched water table on the top of the vaults will create an average annual 
pressure head of 10 centimeters (3.9 inches). 

1 

2 

Water entering the vaults will equal water exiting the vaults. 3 

Permeability, resistance to degradation, and aging of concrete are directly related to the original 

mix. Mixing properties that affect the pertinent qualities of concrete include: 

4 

5 

0 The water-to-cement ratio 
0 The addition of pozzolanic materials 
0 The addition of superplasticizers 
0 Curing techniques 
0 Prestressing and post-tensioning 

Configuration, layout of the vault, and natural processes are difficult to characterize but very 

important when considering the permeability of the vaults. Factors needing to be considered 
, 1 1  

12 

include: 13 

0. The drainage pattern of the site 
0 The connection details of roofing panels 
0 The infiltration of silts, clay, and other material that may fill the cracks. 
0 Expansive reactions in the concrete that could close up some of the cracks 

14 

15 

16 

17 

Some factors that affect degradation and permeability of the concrete are: 18 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Sulfate attack 
Chloride ions corroding the reinforcing steel 
Alkali-aggrega te reactions 
Alkali-carbonate reactions 
Freezing and thawing effects 
Microbiological attack, salt crystallization, and attack by radiation 
Creep and shrinkage of concrete - - 

Relaxation and stress relief in post-tensioning cables 
Inherent brittleness of low waterkement ratios in impermeable concrete mixes 
Cracking due to impact of placing backfill over vault 
Differential settlement of soil beneath of vaults 

19 

m 
21 

22 
23 

24 

25 

26 

n 
28 

29 

Of all these variables and mechanisms, only a few can actually be modeled. If more information 

regarding the  concrete design and site conditions were available, a better estimate of degradation 

30 

31 

32 rate could be determined. Clifton and Knab (1989) formulated different parameters and 

3 /p"p 
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concluded that concretes with low permeabilities are most likely to achieve service lives of around 

500 years. From the literature gathered at the time of this report, it appears that longer service 

lives are possible, but have not been investigated. The most significant factors from the above 

lists are: 

0 

0 

0. 

0 

0 

0 

0 

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: 

. _ _  - __ - - e 1 
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where 

Kf = permeability, 
b = width, and 
s = crack spacing. 

2 

This relationship assumes that cracks extend through the entire concrete section. However, most 6 

7 

application. 8 

cracking occurs on the tension side of the member, so this equation may be limited in its. 

Walton and Seitz (1991) state that the leakage rate through a well-engineered cover is about 0.5 

centimeters per year, and go further to state that an engineered cover over the vault will only 

improve waste isolation performance if leakage rates can be reduced below 0.1 cm/year (0.04 

in./year). As the concrete vault degrades and permeability increases, the moisture flux rate 

becomes dependent upon cover performance at higher leakage rates. Because the performance 

of the engineered cover is likely to degrade much more rapidly than the underlying concrete vault. 

it is unlikely that the engineered cover will contribute significantly to the waste isolation 

performance of the storage system. If the engineered cover leakage rate is 0.5 cm/year (1.97 

in./year), the cover will be insignificant. A membrane liner in the fill will reduce this cover 

leakage rate. In turn, the concrete leakage rate will also be reduced. 

Typical hydraulic conductivity values of a vault with no cover are given in some of the literature. 

Walton and Seitz (1991) approximate the hydraulic conductivity at 3.2 x 10” to 3.2 x l o s  cm/year 

(1.26 x to 1.26 x 10” in./year) for a vault in good condition. A degraded vault has 

conductivities of 3.2 x 10’ to 3.2 x 10” cm/year (1.26 x 10-I to 1.26 x lo” in./year). Values of 

3.2 x lo4 and-3.2 x 

to represent a vault at 100 years in good condition, and a vault at 500 years in poor condition. 

These preliminary values were based on the extensive research conducted by Walton and Seitz 

(1991) and represent a conservative approach. Site-specific values were not available due to the 

preliminary nature of the design. The effect of cracking was specifically excluded because Walton 

and Seitz (1991) indicate that concrete vaults can be designed to minimize the impact of cracks. 

cm/year (1.26 x lo4 and 1.26 x loe2 in./year) were chosen for this analysis - 
- 
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%. .-\ ' f, Given the hydraulic conductivities, it is necessary to establish the pressure head for perched water 1 

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 

data presented in Walton and Seitz (1991). The equation for one-dimensional flow is (Freeze 

and Cherry 1979): 8 

3 

3 

4 

5 

6 

7 

throughout the year. Under these assumptions, two leakage rates are established according to the 

q = KAhlAl (8) 9 

where 10 

q = leakage (specific discharge), 
K = hydraulic conductivity, 

Ah 
AI 

= difference in head between top and bottom surfaces of vault ceiling, and 
= thickness of vault ceiling. 

1 1  

12 

13 

14 

The thickness of the vault ceiling is not known, so the AWAl term was set to equal the 10 

centimeter assumed head. This is a conservative assumption, since the ceiling thickness would 

probably be in the range of 5 to 50 centimeters (2 to 20 inches). The calculated rates are: 

16 

17 

0 
At time = 100 years, leakage = 0.0032 cm/year (0.0013 in./year) 
At time = 500 years, leakage = 0.32 cm/year (0.13 in./year) 

18 

19 

These rates were then used to estimate the preliminary time-leakage graph for the infiltration rate 

through a concrete vault without a cap, as shown in Figure K.6-4. 

20 

21 

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: 

22 

23 

1. The membrane will exist for 500 years before there is 100 percent flow through it. 24 

2. Flaws are assumed to progress linearly with time and are expressed as (area 
of flaw)/(total area). 

25 
26 
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FIGURE K.6-4 
INFILTRATION RATES THROUGH THE VAULT SYSTEM 

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 
(Yean) to Total Area to Flow without Membrane 

Ratio of Area of Flaws Ratio of Flow with Membrane 

0.00 
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0.00 
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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 also shown in Figure K6-4. Note the minor difference between the flow with the membrane 

and without the membrane. Because of the uncertainties involved in this analysis, the vault 

infiltration rate was set at a constant 1.3 cndyear (0.5 in./year). Studies currently being conducted 

I 

2 

3 

4 

5 

6 by Operable Unit 1 indicate that lower values may be used in future editions of the CRARE. 

K6.1.4 Vadose Zone Modeling 1 

The source terms that are defined for the groundwater pathway, according to the LRAS and 

Operable Unit 4 updated LRA, were used as input to the vadose zone model. The development 

8 

9 

of this model is described in the next section, followed by the model results. 

K6.1.4.1 Vadose Zone Model Development 

A vadose zone is defined as the unsaturated zone above the groundwater table of the aquifer. In 

this zone, the interstices are occupied partially by water and partially by air. At the FEMP, two 

distinct 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, the majority of which are of glaciofluvial origin and consist of small beds 

of highly sorted sands and gravels. These beds are probably the result of small meltwater streams 

that occurred along the ice margin and within the glacier itself. Movement of water and 

contaminants within these units may be limited due to their limited extent and interconnection. 

Overlying the Great Miami Aquifer at the FEMP are approximately 4.6 to 11 meters (15 to 35 

10 

11 

12 

- 
15 

16 

17 

18 

19 

20 

21 

feet) of unsaturated sand and gravel outwash deposits (Layer 2). These deposits are assumed to 

have the same hydraulic characteristics as the underlying saturated material since the deposits are 

the SWCR. 2s 

22 

23 

24 essentially the same. Additional information on the hydrogeology of the FEMP is contained in 

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 
26 

27 

immobilization and retardation of contaminants due to adsorption, precipitation, biodegradation, 
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and radioactive decay. This capacity to prevent or slow the movement of contaminants to the 

aquifer has been evaluated with respect to future risk. 

A one-dimensional analytical model was selected to evaluate the flow in the vadose zone, 

ODAST, Version 2 (Javendel et al., 1984). The model was previously selected for use, as 

discussed in the SWCR, based upon the following factors: 

Analytical methods are the most efficient alternative when data necessary 
for the characterization of the system is sparse and uncertain. 

0 These methods are consistent with approaches used for similar 
radionuclide assessment models such as the flow portions of PRESTO 
(EPA 1987c and other site studies). 

0 The basis of the solution is well documented and the software code has 
been extensively verified. 

ODAST was used for determining the fate and transport of the constituents in the unsaturated 

zone that were retained for study after the screening process of Section K6.1.2. Based on the 

solution originally developed by Ogata and Banks (1961), ODAST calculates the normalized 

concentrations of a given constituent in a uniform flow field from a source having a constant or 

varying concentration in the initial layer. It evaluates the basic one-dimensional analytical solute 

transport equation as a function of seepage velocity, dispersion coefficient, source decay, 

retardation factor, depletion time, and source rate. ODAST has been extensively verified against 

the model STRIPlB (Batu 1989). 

The current use of the ODAST analytical model is being re-evaluated by Operable Unit 5. 

Future editions of the CRARE may include the use of a two or three-dimensional numerical 

model for the vadose zone. The-reason for this potential change would be the inability of- 

analytical models to adequately simulate the complex flow patterns in the vadose zone. 
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The input flow rates and COC concentrations with time to the ODAST model are the source 

under 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 I11 groundwater 

model. These are described in Section K.6.1.5. The vadose zone is thinner and consists primarily 

2.5 

26 

27 

?a 

29 

terms described in Section K.6.1.3. Source terms for the two Operable Unit 4 areas are described 

., . 
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of coarse material in the areas of surface water recharge to groundwater; therefore, it is 

reasonable to assume that the contaminant retardation would be minimal. 

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 I11 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,,pd9 (9) 

where 

R, = retardation factor 
= bulk density 

8 = moisture content 
K,, = soil partitioning coefficient 

Values for both K,, and R, are provided in the SWCR and RAWPA However, Operable Unit 5 

has re-evaluated the available data for I& 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 

ml/g presented in the SWCR for Layer 1. The Layer 2 K,, of 1.4 mug has not been changed. 

Attachment K.?/:.contains a discussion of these changes. The SWCR estimates that the bulk . .  . 
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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 K6-3 lists the specific I& and R, values for the groundwater 

pathway COCs, and also the radioactive decay constants or the biodegradation coefficients. These 

1 

2 

3 

4 are also taken from the SWCR. 

TABLE KC3 

VADOSE ZONE MODEL PAWWETERS 

. .  Radmctm or 
Layer 1 Layer 2 

Rf Kd Rf organic Decay coostant Kd 
COC (wz) Wu=) (ml/g) (uiuess) (day-') 

U-238 
Plants 2t3,6 and 9 16 102 1.4 17.9 4.25 1 0 - l ~  
Main Plant 235 1488 1.4 17.9 4.25 1 0 - l ~  
Remainder of FEMP 16 102 1.4 17.9 4.25 1 0 - l ~  

29.6 6.64 x 10" Sr-90 10 64.6 2.5 
TC-99 .12 1.75 .07 1.80 8.92 x 
2-Chloroohenol 2.7 18.2 1.2 14.3 NA 
Cyanide 

NA = Not Available 

.042 1.27 .018 1.21 

SOURCE (DOE 199%) 

9.5 x lod 

Uranium is present in the perched water within the vadose zone beneath the central portion of 

the FEW. 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 arbitrary standard of 100 times the drinking water standard was selected as the maximum 0 
f 5 G  
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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 K6.1.3) were initiated. 

Section K5.0 describes how exposure scenarios have been developed for this CFURE. Two 

ODAST runs were completed for each COC, to simulate the Current Land Use and both Future 

Land Use 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 1000 years and assumed that all source areas were releasing COCs as 

described in this section. 

K6.1.4.2 Vadose Zone Model Results 

Loading rates to the Great Miami Aquifer were estimated for each COC for the SWIFT cells at 

each source area using ODAST. Attachment KII provides a listing of the mass loading rates for 

U-238 to the Great Miami Aquifer for 1000 years from each waste area. Table K6-4 provides 

summaries of the total mass loading from the vadose zone modeling for the Current and Future 

Land Use scenarios. In the table, the values in the Mass Transport to Groundwater columns are 

generally less than the mass of the COC removed from the source area, because some of the 

COC remains in transit through the vadose zone at the end of the specified time period. 

Figure K6-5 depicts the source depletion rate of U-238 from the soils. In SWCR studies, loading 

rates were found to be sensitive to changes in the leach rate of the waste, thickness of the vadose 

zone, dispersion coefficient, interstitial water velocity, retardation factor, radioactive decay factor, 

biodegradation, and depletion time of the source. The loading rates were used as input for 

SWIFT I11 to model the groundwater movement and solute transport in the Great Miami Aquifer. 

Section K10.3 provides an analysis of the uncertainties related to modeling the 

groundwater pathway. 
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. FIGURE K.6-5 
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. 

Typically, loading rates increase sharply during an initial time period and then stabilize or 

, - . . . . . . 

1 

2 

decrease, depending on the depletion time of the source. For longer depletion times, the source 

1000-year simulation time of the Future Land Use scenarios. 

3 

remains-active-longer-during-the-simulation,-and-may-approach-a-steady-state-condition-within- the - -4 

5 

- K6.1.5 Surface Water Modeling 6 

I 

8 

9 

.. 10 

Surface water modeling was used for two purposes: to define source terms for the SWIFT I11 

groundwater model, and to estimate contaminant concentrations in surface water bodies as an 
exposure medium. Potential exposures for a future recreational use of surface water include 

dermal contact and incidental ingestion. 
3, 60 
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K.6.1.5.1 Surface Water Model Development , 

Surface soil was estimated to be the only source of surface water contamination for this CRARE. 

The vaults were not included as sources because they have been designed with floors recessed 

below ground level and leachate collection systems located beneath the floors. Leachate that. 

contacts the waste will collect in these subsurface systems rather than exit to surface runoff. At 

the end of any maintenance period, the subsurface collection system are expected to develop 

leaks such that all leachate will escape downward to groundwater. The capped areas of Operable 

Units 1 and 2 are expected to maintain the integrity of their caps so that no wastes are exposed to 

surface runoff. Soil erosion, in general, was not estimated in the SWCR to be a major factor 

affecting contaminant transport at the site. 

8 

9 

10 

As discussed in Section IC6.1.3.1, surface soil contaminant concentrations from the RIPS 
database were used to estimate the extent and concentration of the COCs in soil. Surface soil 

11 

12 

13 information from the Operable Unit 4 FS was also used. Only the COCs that passed the 

1- 11* 

screening of Section IC6.1.2 were evaluated for surface water transport. The same soil retention 

effects (characterized by RJ that delay the release of COCs from the vadose zone soils also delay 

the release of the COCs from surface soils to surface water. 

modeling for a wide range of COCs and reported that, with the exception of uranium, 

concentrations in the receiving streams were predicted to be generally very low. 

The SWCR conducted surface water 16 

17 

18 

The SWCR estimates that future surface water concentrations in the Great Miami River are 

below 1 pCiA for all radionuclides except the uranium isotopes. Activity concentrations for 

U-234, U-235/236, and U-238 are estimated at 24, 1.3, and 28 pCi/l, respectively. Modeled 

concentrations for organic compounds range from 4.9 x lo-" to 1.1 x lo4 mg/l and are all below 

usual analytical detection levels. Modeled concentrations for inorganics except uranium range 

from 3.8 x to 1.4 x lo-' 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. 

19 
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After the source terms were identified, potential flow pathways were investigated. A topographic 27 

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 
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- plateau bounded-on the -north and east sides by distinct drainage divides and on a third side by 

Paddys Run, a small 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. I 

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. 
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Stormwater management is not included as an ongoing activity for site-wide soils in the LRAs _ _ _ _ _ _ _ ~  ~ __--__ -____ --22 -__ 

(Section K2.2) after FEMP remediation. However, several stormwater retention structures are 

included in the design of the vaults (Parsons 1992), as discussed in Section IC2.3.3. Field data are 

not available on the percentage of FEMP runoff that recharges to groundwater. The conservative 

23 

24 

3 5 -  

26 

- -  

assumption was made that all COG transported in surface water are recharged to groundwater 

before the surface water reaches the southern boundary of the FEMP. At approximately 

point, per the SWCR, Paddys Run cuts below the water table and no longer recharges to 

groundwater. 
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In the SWCR study of baseline conditions, two models were selected to estimate contaminant 

concentrations in surface water and sediment at the FEW: the Universal Soil Loss Equation 

(USLE) and the MUSLE. Both were obtained from the Superfund Exposure Assessment Manual 

(EPA 1988i) 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 estimate of the average annual runoff at the site. MUSLE, with event- 

specific runoff volume and flow-rate variables, was used to model expected runoff/erosion from 

specific events. Additional models were used to describe contaminant partitioning between soil 

and water in the receiving water body. These partitioning models, also described in the RAWPA, 

estimated the COC concentration in surface water runoff and in the soil carried with the runoff. 

For the CRARE, the MUSLE model was used to estimate surface runoff and contaminant 

loading to Paddys Run and the SSOD on an event-specific basis. The modeling approach and 

parameters used were based on the approach and the data available in the SWCR. Parameters 

included surface area, slope, soil type, vegetation, flow patterns, and flow rates. The K,, values 

presented in Table K6-3 were used in all of the surface water modeling with one exception. The 

original K,, of 1.8 ml/g for U-238 was used for the modeling of surface water as a source term to 

groundwater. This is not a significant variation, since the total peak increase of U-238 in 

groundwater due to surface water as a source is approximately 1 pgjl. 

Because Paddys Run and the SSOD flow intermittently, event-specific concentrations were 

estimated in the SWCR to yield more realistic results of episodic contamination than would an 

average calculated over one or several years. When MUSLE was run for the SWCR using 

average rainfall data from the National Climate Database (NCDB 1992), the model indicated that 

all of the precipitation was retained by the soil with no net runoff predicted. This indicates that 

an average rainfall at the site yields negligible amounts of runoff. Therefore, a more extreme 

rainfall event was used for the SWCR and CRARE modeling to yield any runoff. A 1-year, 24- 

hour storm event (6.35 centimeters or 2.5 inches precipitation) was used to represent a more 

intense rainfall. This is comparable to the measured rainfall at the site for July 1988 of 17.5 

centimeters (6.9 inches) attributed primarily to two storm events ( W C O  1989). One of these 

events was modeled per year to estimate average COC transport at the FEMP. Less frequent, 

more severe events were not modeled in the SWCR or this CRARE. 
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- Section K.5.0 describes how-exposure scenarios have-been developed for this CRARE. Two - -  

MUSLE runs were completed for each COC to simulate the Current Land Use and both Future 

Land Use scenarios. The first run covered a 70-year period and assumed that all stormwater 

discharge to the SSOD was first captured in stormwater retention basins and then treated to 

remove the COG.  The only release of COCs to surface water under this scenario occurs from 

the smaller basins that drain directly to Paddys Run. The second MUSLE run, which addressed 

both Future Land Use scenarios, covered 1000 years and assumed that there was no capture and 

treatment of s tormwa ter. 

- 

K6.1.5.2 Surface Water Model Results 

COC concentrations in surface water predicted to occur under the Current Land Use scenario are 

listed in Table K.6-5. Concentrations predicted to occur under the Future Land Use scenarios 

are listed in Table K.6-6, and the U-238 concentrations are shown on Figure K.6-7. The surface 

water modeling data and results as a source to groundwater are summarized in Table K.6-7. 

U-238 mass loading rates to groundwater are listed in Attachment KV. The locations of the 

surface water recharge to groundwater are shown in Figure K.6-6. Concentrations are the highest 

for all COCs in the first year of the model, and then decline as the surface soil is depleted 

of contaminants. 

TABLE K6-5 
COC CONCENTRATIONS IN PADDYS RUN 

AT THE SOUTH BOUNDARY FOR CURRENT LAND USE SCENARIO 

I- 
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v i r n e  starts when FEMP remediation is complete. 
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1-14 10-5 

1.09 10-5 

1.05 10-5 

1.01 x 10'~ 

9.67 x 10" 
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COC CONCENTRATIONS IN PADDYS RUN AT THE SOUTH BOUNDARY 
FOR FUTURE LAND USE SCENARTOS 

0 
5 

10 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 

460 
480 
500 
520 
540 
560 
580 
600 

9.01 x lo-’ 
N C  

5.93 
4.19 
2.59 10” 
2.00 x 10” 
1.72 x 10” 
1.55 10” 
1.42 x 10” 
1.31 x 10” 
1.21 10” 
1.11 10” 

1.03 x 10-~ 
9.48 x 10“ 
8.75 x 10“ 
8.08 x 10“ 

6.88 x 10“ 
6.35 x 10“ 
5.86 x lo4 
5.41 x 10“ 

7.46 x 10“ 

4.99 x 10“ 
4.61 x 10“ 
4.25 x 10“ 
3.93 x 10“ 

3.35 x 10“ 
3.62 x 10“ 

3.09 x 10“ 
2.85 x 10“ 
2.63 x 10“ 
2.43 x 10“ 
2.24 x 10“ 
2.07 x 10“ 

See footnotes, at end of table. 
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1.04 x lo-’’ 
NC 

8.13 x 
6.38 x 

2.42 x 10‘l2 
1.49 x 

3.93 x 10-l2 

9.18 x 10-l~ 
5.65 10-l~ 

3.48 10-l~ 

2.14 x 10-l~ 

1.32 10-l~ 
8.13 x 10-l~ 

5.01 10-l~ 
3.09 10-l~ 
1.90 10-l~ 
1.17 x 10-l~ 
7.21 x 10-l~ 
4.44 x 10-l~ 
2.73 10-l~ 

1.68 x 10-l~ 
1.04 x 10-l~ 
6.39 x 

N C  

NC 

NC 

N C  

N C  

NC 
NC 

N C  

NC 

NC 

3.5 6 

3.126 x lo-’’ 
NC 

NC 
8.838 x lo-’’ 
2.499 x 

1997 x 10“’ 
5.647 x lo4 

4.514 x loA3 
1.276 x 
3.608 x 

7.065 

1.597 10-55 

1.020 ioa5 
N C  

N C  

NC 

N C  

N C  
N C  

N C  

N C  

N C  

N C  

N C  

NC 

NC 

NC 

N C  

NC 

NC 

NC 

NC 

NC 

K-6-42 

1.760 x 
1.883 x lo-’ 

2.016 x 
2.308 x 

NC 

NC 

NC 

NC 

NC 
NC 

NC 

NC 

N C  

N C  

N C  

NC 

NC 

NC 

NC 

NC 

NC 

N C  

N C  

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

1.688 x 10” 
NC 

NC 

1.655 x 10” 
1.623 x 10” 
1.591 x 
1.560 x 10” 
1.530 x 10” 
1.500 x 10” 
1.471 x lo” 
1.443 10” 
1.415 x 

0 1.387 x lo” 
1.360 x 
1.334 x 
1.308 x 10” 
1.282 x 10” 
1.257 x 

1.209 x lo” 
1.185 x lo” 
1.162 x 
1.140 x 
1.118 x lo” 
1.096 x 
1.075 x 10” 
1.054 x 10” 
1.033 x 10” 
1.013 x 10” 
9.934 x lo4 

9.741 x 10“ 

1.233 10” 

9.551 x lo4 

9.365 x lo4 
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(Continued) 

620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
840 

860 
880 
900 
920 
940 
960 
980 

1000 

1.91 x lo4 
1.76 x 10" 
1.63 x lo4 

1.39 x 10" 
1.28 x lo4 

1.09 x lo4 

1.50 x lo4 

1.18 x lo4 

1.01 x lo4 
9.28 x 10-~  

7.90 x 10-~ 
7.29 x 10-~ 
6.73 x 10-~ 
6.21 x 

5.74 x 10-~ 
5.29 x 10-~ 
4.89 x 

4.51 x 10-~ 
4.16 x 10-~ 

8.56 x lo-' 

NC 

NC 
NC 

NC 
NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 
NC 

NC 

NC 

NC 
NC 

NC 

NC 

NC 

NC 

NC 
NC 

NC 
NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

N C  
N C  

N C  

N C  

NC 

NC 

NC 

NC 

NC 

NC 

NC 
NC 
NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 
NC 

NC 

NC 

NC 

NC 

9.183 x lo4 
9.005 x lo4 
8.830 x 10" 
8.658 x lo4 
8.490 x lo4 
8.324 x 

8.163 x 

8.004 x 10" 

7.696 x 10" 
7.848 x 10" 

7.546 x 10" 
7.399 x lo4 
7.255 x 10" 
7.114 x 10" 
6.976 x lo4 
6.840 x 10" 
6.707 x 
6.577 x 10' 
6.449 x lo4 
6.324 x 10" 

aTime starts when FEMP remediation is complete. 

N C  = Not Calculated 
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FIGURE K.6-7 
SURFACE WATER U-238  CONCENTRATION VS. TIME AT SOUTH BOUNDRY RECEPTOR 

UNDER THE FUTURE IAN0 USE SCENARIO 

TABLE K6-7 
SUMMARY OF SURFACE WATER MODELING RESULTS 

Total Mass Transport to Initial soil Calcuktion 
Drainage Basin Groundwater (mg) Concentration (pug) Method 
U-238 

Paddys Run 
SSOD 

SSOD 

SSOD 
2-Chlorop hen01 

SSOD 
Cyanide 

SSOD 

Sr-90 

TC-99 

5.216 x los 8.194 x IT 
1.078 x 10' 1.693 x 10' Database 

3.484 x 2.350 x Database 

5.464 x io4 1.266 x lo4 Database 

8.550 x lo9 5.130 x 10" Database 

1.714 x lo8 2.259 x lo-' Database 
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- Because of its short half-life of two years, the only potentially significant source of cyanide in 1 

groundwater is surface water transport. Data on the derivation of biodegradation half-lives and 

decay constants are provided in the SWCR. The cyanide being transported down through the 

vadose zone requires more than 30 years to reach the groundwater. However, only 0.003 percent 

of the cyanide would remain after 30 years, due to biodegradation. For 2-chlorophenol, 

surface water. Its much higher (than cyanide) I$ of  2.7 ml/g indicates that it releases slower from 

the soils and will still be present at very low concentrations after 1000 years. The only potentially 

significant source of 2-chlorophenol in groundwater is also surface water transport. However, the 

2 

3 

4 

5 

6 

1 

S 

9 

approximately 90 percent of its mass was included in the surface soil database, for transport by 

surface water concentrations for these two compounds would be diluted by at least one order of 

magnitude in groundwater and as such would not represent a significant risk to receptors. These 

compounds were not, therefore, carried forward into groundwater modeling. 

10 

11 

12 

K6.1.6 Aquifer Modeling 13 

This section describes the prior development of the SWIFT I11 groundwater model as a standard 

approach for the FEMP site. The specific use of the model for this CRARE is also described, as 
14 , 

15 

are the modeling results. 16 

K6.1.6.1 Aquifer Mode1 Develoument 17 

1s 

19 

20 

21 

22 

23 

CRARE groundwater modeling was performed with the previously-calibrated SWIFT groundwater 

nearly optimized performance. All runs were conducted on a Power Box 486/50 MHz PC 

computer with EISA architecture, 128 megabytes of memory, and a 1 gigabyte hard drive. Run 

time for a 1000-year uranium run was approximately 35 hours. The SWIFT I11 model was 

previously calibrated using groundwater elevations obtained during the April 1986 

monitoring period. 24 

flow model for the FEMP. This model uses the SWIFT I11 code, version 2.52, compiled for 

- _  - _ _  - -  - _ _  - _ _  _ _  -- _ _ -  ~- - ~ _ _ _ _  ~ _ _  - - 

The site-wide groundwater modeling program was initiated to define groundwater transport in and 

are presented in two reports (IT 1990a and ASI/IT 1990a). SWIFT I11 is a finite-difference 

computer model of groundwater flow and solute transport. A detailed presentation of the model, 

its development, and the baseline input data was issued as part of the overall modeling report 

25 

26 

2 l  

28 

29 

around the FEMP. The selection, verification, calibration, and results of groundwater modeling 
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prepared under the R I P S  (ASUIT 1990a). Only the most pertinent information is presented 

here. A comprehensive verification study of the SWIFT I11 code has also been completed and a 

report issued (IT 1990a). 

The regional SWIm model covers an area of 74.3 km2 (28.7 mi2), including the FEMP, the 

Southern Ohio Water Company (SOWC) collector wells, and a portion of the Great Miami River. 

The regional model's grid spacing varies between 76 and 610 meters (250 and 2000 feet), and has 

the closest grid spacing in the area of the SOWC collector wells. It was calibrated against field 

data using a steady-state flow condition, and calibration results were incorporated into the SWIFT 
local area model. 

The local model covers a smaller area than the regional model and uses a tighter grid spacing, 

with grid cells 38 meters (125 feet) on a side. The smaller grid was established to include the 

area of the existing uranium plume, and extends from the northern part of the FEMP to 

approximately 460 meters (1500 feet) north of the Great Miami River (Figure K6-2). The grid 

size was selected based on the need to simulate a dispersivity of 30 meters (100 feet) 

longitudinally, which was the preferred value, based on the solute transport calibration for 

uranium and also the literature review (IT 1990a). Using this dispersivity value, the grid size was 

selected to accommodate dispersivity values as low as 19 meters (62.5 feet), or half the distance of 

the local grid area of 38 meters (125 feet). Dispersivity is a constant value related to aquifer 

characteristics and not the solute being modeled. The 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. 

I& values for the COCs are discussed in the SWCR and RAWPA Values listed in Table IC6-3 

for Layer 2 are the same as those used in SWIFT for the Great Miami Aquifer. 

The regional and local models each contain five layers. The two uppermost layers represent the 

upper and lower parts of the upper Great Miami Aquifer that underlies the area. The middle 

layer represents a clay interbed present in the immediate vicinity of the FEMP, and the two 

lowermost layers represent the upper and lower parts of the lower Great Miami Aquifer. In 

regions where the clay interbed is not present, the middle layer has the same characteristics as the 
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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 simulated the U-shaped buried valley that contains the Great Miami Aquifer. 

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 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. 
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10 

1 1  

12 

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 

13 

14 

15 

16 

17 

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. 18 
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The model used varying hydraulic conductivity values for the five layers based on the results of 19 

20 

21 

22 

23 

24 

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 &/day). In addition, a portion of 

the middle layer that underlies the FEMP was assigned 9 x lo5 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 

rate of 15 cm/year (6 idyear) was used. Regions where the Great Miami Aquifer is exposed at 

the surface use 36 cm&ear (14 in./year), with Paddys Run channel being assigned a value of 81 

2s 

26 

27 

28 

zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge 
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cm/year (32 in./year) in the local model to simulate its increased infiltration. The calibrated 

recharge rate of 5 cm/year (2 idyear) 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 I11 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, 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 water standard (7 pCi/l or 20.77 pg/l) at the end of FEMP 

remediation. This area is depicted in Figure K6-8. 

K6.1.6.2 Aquifer Model Results 

Groundwater transport modeling with the SWIFT 111 code was first ryn with U-238 as the COC. 

U-238 was selected because the baseline modeling in the SWCR had identified it as potentially 

the most widespread contaminant in groundwater that represented the greatest risk. Figures 

K6-9 and K6-10 present the projected COC concentration contours at 70 and 1000 years after 

the end of remediation for the Future Land Use scenarios. The initial background concentration 

of U-238 represents the origin of almost all of this COC represented on Figure K.6-9. After this 

initial background of U-238 is dispersed in the groundwater flow, the highest projected 

concentration of U-238 in the groundwater (9.3 ppb) occurs at 1000 years. Figure K6-10 shows 

that the highest concentrations are centered on the East Plant Area soils. 

Comparisons can be made between the uranium contours presented in Figures K6-9 and K6-10, 

and the similar figures for baseline conditions in the SWCR (Figures 0.5-6 through 0.5-10). The 

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

This reflects the effects of remediation planned under the LR4s. Figures K6-11, K6-12 and 

K6-13 depict the concentration contours for U-234, U-235 and U-236 at the same 1000 year 

peak. These figures were developed by applying the abundance ratios of these isotopes to the 

U-238 results, and not by separate modeling. 
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FIGURE K.6-8 
INITIAL CONCENTRATIONS OF U-238 IN AQUIFER AFTER REMEDIATION 
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FIGURE K.6- 10 
U-238 GROUNDWATER CONCENTRATIONS AT 1000 YEARS 
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U-234 GROUNDWATER CONCENTRATIONS AT 1000 YEARS 
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FIGURE K.6- 13 
U-236 GROUNDWATER CONCENTRATIONS AT 1000 YEARS 
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The uranium contour plots were reviewed and receptor locations were selected for both onr and. 

off-property receptors. The process for selecting receptor locations- is described further in 

Section K.5. 1.4. The receptor locations are presented on Figure K6-14. COC concentrations 

with time were then listed at each of the receptor points. Concentrations for two representative 

receptors, as used for the off-site (Receptor B) and on-site (Receptor C) Future Land Use 

Scenarios, are presented in Table K6-8 for U-238. The highest concentration at each receptor is 

underlined. The time of occurrence varies for each because of the movement of the contaminant 

plume in groundwater with time. Figures K.6-15 and K.6-16 are representative graphs of the 

changes in estimated groundwater U-238 concentrations with time for the two off-property 

receptors shown on Figure K.6-14. Section K.8.1 discusses how contaminant concentrations are 

camed forward into the risk assessment calculations. 

Both Sr-90 and Tc-99 did not reach the groundwater in significant concentrations under the 

Current Land Use scenarios. For Sr-90 under the Future Land Use scenarios, the only significant 

source was the surface water runoff. Figures K6-17 and K.6-18 show Sr-90 concentrations in 

groundwater at 20 and 70 years. The 20-year period represents the peak concentration in 

groundwater, with a maximum concentration of 1.98 x 10'" ppb.- This does not represent a 

significant contribution to risk, so Sr-90 was not given further study in this evaluation of the 

groundwater pathway. 

For Tc-99 the only significant source was projected to be the Operable Unit 1 wastes in the 

northwest vaults. Because of the low outflow rate from this structure, the groundwater Tc-99 

concentrations were projected to reach a plateau after about 300 years and essentially do not 

change from then to 1000 years. Figure K.6-19 shows Tc-99 concentrations in groundwater under 

these steady-state conditions. The maximum Tc-99 concentration in the groundwater is 3.1 x lo-' 

ppb. This concentration represents a contribution to risk that k approGmately 2 orders of 

magnitude below the risk associated with uranium in the groundwater. Therefore, Tc-99 was not 

given further study in the evaluation of the groundwater pathway. 

. -  
- 

The estimated contaminant concentrations in groundwater at each receptor point are evaluated 

further in Section K8.0 to quantify the exposure values they represent. The risks represented by 

these and other exposures to the C O G  are then characterized in Section K.9.0. 
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TABLE IC- 

U-238 GROUNDWATER CONCENTRATIONS AT RECEPTOR LOCATIONS 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

340 

360 

380 

400 
- - 420 - - 

440 

460 

480 

500 

- -  

0.0 x 10’ 
8.3 x 

1.3 x 10’ 

1.8 x 10’ 

1.2 x loo 

6.5 x lo-’ 

3.1 x lo-‘ 

1.4 x lo-‘ 

6.1 x 

2.7 x 
1.2 x 10-2 

6.1 10-3 

4.3 x 10-3 

4.6 10-3 

5.9 10-3 

7.4 10-3 

8.4 10-3 

8.8 x 10” 

8.8 x 10” 

8.4 10-3 

8.0 10-3 

7.4 x 10-3 

7.4 10-3 

7.5 x 10-3 

7.9 10” 

.- - 7.6-x lo-?-- ~- __ . 

520 8.3 x 10-3 
.540 8.9 x 10-3 

0.0 x 10’ 

1.7 10-7 

2.2 10-3 

9.4 x 

4.9 x lo-’ 

9.4 x lo-‘ 

1.1 x 10’ 

9.1 x lo-’ 

6.5 x lo-’ 

4.2 x lo-‘ 

2.6 x lo-’ 

1.5 x lo-’ 

8.6 x 
4.8 x loe2 

2.7 x 

1.6 x lo4 

9.9 x 10-3 

7.4 x 10-3 

6.6 x 10” 

6.6 x 10” 

6.8 x 10” 

7.1 x 101- ~ - 
3 

7.3 10-3 

7.5 10-3 

7.6 x 10-3 

7.6 x 10-3 

7.6 x 10-3 

7.6 10-3 
181 

See footnotes at end of table. 
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TAB= K6-8 
. -  (Continued) 

December -1993 ~ 

Time OnSite Receptor C OffSite Receptor B 
or-). ( P m b  ( P m b  

560 9.5 x 10-3 7.7 10-3 

580 1.0 x 7.7 10-3 

600 1.1 x 8.1 10-3 

620 1.1 x 8.9 x 10-~  
640 1.2 x 1.1 x 
660 1.2 x 1.5 x 

680 1.3 x 2.4 x 
700 1.3 x 4.1 x 

720 1.3 x 7.1 x loe2 

740 1.3 x 1.2 x 10-l 

760 1.4 x 1.9 x 10-I 

780 1.5 x 3.0 x lo-' 

800 1.6 x 4.6 x 10-I 

820 1.9 x 6.6 x lo-' 

840 2.4 x 9.2 x 10-I 

860 3.3 x 1.2 x 10' 

880 4.5 x 1.6 x 10' 

900 6.3 x 2.0 x 10' 

920 8.8 x 2.5 x 10' 

940 1.2 x 10-I 2.9 x 10' 

960 1.7 x lo-' 3.4 x 10' 

980 2.2 x 10" 3.9 x 10' 

1000 2.9 x 10-I 4.3 x 10' 

"Time starts when FEMP remediation is complete. 
bAll concentration values have been rounded to two digits. 
'Peak values. 
dReceptor locations are shown on Figure K.6-14. 
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FIGURE K.6- 17 
SR-90 GROUNDWATER CONCENTRATIONS AT 20 YEARS FOR FUTURE LAND USE SCENARIO 
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FIGURE K.6- 18 
SR-90 GROUNDWATER CONCENTRATIONS AT 70 YEARS FOR FUTURE LAND USE SCENARIO 
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K6.2. 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 FEW. 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. 

2. 

Scenarios for the air transport analysis were defined. 

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

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

3. 

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

below that describe them. 

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. 

K6.2.1 Scenarios for A i r  Transport Analvsis 

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. 

r .. . _ .  
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FIGURE K.6-20. SEQUENTIAL BLOCK DIAGRAM OF AIR TRANSPORT ANALYSIS 



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. 

FEMP-OU4CRARE-4-DM 
December 1993 
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K6.2.2 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 K6-21 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 Transuort 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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POlNl 
GRID 

NOTES: 

OU1 RESIDUAL SOIL SOURCE GROUP INCLUDES: WASTPIT1 -WASTPITG 
(WASTE PITS 1 -6) ,  CLEARWEL (CLEARWELL). AND BURNPIT SOURCE 
AREAS. 

OU2 SOLID WASTE LANDFILL SOURCE GROUP IS: SOLIDWST. 

OU2 LIME SLUDGE POND SOURCE GROUP INCLUDES: NLIMEPND (NORTH 
LIME SLUDGE POND) AND SLIMEPND (SOUTH LIME SLUDGE POND) 
SOURCE AREAS. 

OU2 INACTIVE FLYASH PILE SOURCE GROUP IS: INFLYASH. 

OU2 ACTIVE FLYASH PILE SOURCE GROUP IS: ACFLYASH. 

OU2 SOUTH FIELD SOURCE GROUPS ARE: 
- SOUTHFDN (SOUTH FIELD, NORTH END) 
- SOUTHFDM (SOUTH FIELD, MIDDLE) 
- SOUTHFDS (SOUTH FIELD, SOUTH END). 

OU4 RESIDUAL SOIL SOURCE GROUP INCLUDES: NTHSIL04 (SOILS AROUND 
SILOS 3 AND 4) AND STHSIL04 (SOILS AROUND SILOS 1 AND 2) 
SOURCE AREAS. 

OU5 TREATED SOIL SOURCE GROUP INCLUDES: OU3CTRE & OU3CTRW 

OU5 RESIDUAL SOIL SOURCE' GROUP INCLUDES: OU3NENE-OU3SWSW, OU3CTRM 

(PLANTS 2/3. 6, AND 9) 

(FORMER PRODUCTION AREA), SRGLAGON (SURGE LAGOON), AND 
WWPlNClN (WASTEWATER TREATMENT PLANT) SOURCE AREAS. 

OU5 SURFACE SOIL SOURCE GROUP INCLUDES: UNDST001 -UNDSTl57 
(SURFACE SOIL NOT ASSOCIATED WITH O u t  -4) SOURCE AREAS 
(NOT SHOWN). 

SOURCE GROUP FOR OU1 WASTE DISPOSED ON-PROPERN INCLUbtS: 
1 EFOlD4-1 EF1518W (VAULTS CONTAINING OU1 WASTES) SOURCE AREAS. 

SOURCE GROUP FOR OU3 WASTE DISPOSED ON-PROPERN INCLUDCS: 
3EF1920N-3EF2930S (VAULTS CONTAINING OU3 WASTES) SOURCE AREAS. 

SOURCE GROUP FOR OU4 WASTE DISPOSED ON-PROPERN INCLUDES: 
4VAU LTN E - 4VAULTSW (VAULTS CO NTAl N I NG OU4 WASTES) SOURCE AH EAS. 

SOURCE GROUP FOR OU5 WASTE DISPOSED ON-PROPERTY INCLUDES: 
5EF3132N-5EF4445S (VAVLTS CONTAINING OU5 WASTES) SOURCE AREAS. 

SITE PLAN 
CRARE BASE MAP 

400' 0' 400' 800' 

I ; k f  

FIGURE K.6-21 SOURCE LOCATIONS FOR 
AIR DISPERSION MODEL 



a 
K.6.2.4 Particulate Contaminant Emission Rates 1 

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 

2 

3 

1 

5 

micrometers in diameter (PM,,). 6 

IC6.2.4.1 Contaminated Soil Concentrations 7 

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 RIFS  database and data 

presented in the following documents: 

0 
0 

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 

8 

9 

10 

11 

12 

13 

14 

15 

The data presented in the SWCR was used to supplement the data presented in the Operable 

Unit 4 RI  and FS, and the RIPS  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, 

16 ~ 

17 

18 

19 

20 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 

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. 

21 

22 

have been excavated-to a depth greater- than or-equal to 3-meters-(-lO feet) and backfilled with-- - - --23 

24 

25 

Risk-based PRGs for the expanded trespasser were used to set the concentrations of Cs-137, Pb- 26 

2 l  

28 

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 111, pages 2-21 and 2-22) for Ra-226, Ra-228, 
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TABLE K6-9 

ESTIMATED RADIONUCLIDE CONCENTRATIONS (pciig) 
IN SURFACE SOWCOVER SOIL: CURRENT SCENARIO 

OUS Residual: OUS Residual: OU5 Residual: Clean Top Soil' 
SOiiinAreas Rest of Former Remainder of the (on RCRA-Type 

OU4: BeneathPlants Production Area FEMPSurEtce Caps and over 
Radimudide TopSOia W, 6, and 9 surface soil soil disposal vaults) 

Am-241 

(3-137 

Np-237 

Pa-23 1 

Pb-210 

Pu-238 

Pu-239 

Pu-240 

Ra-226 

Ra-228 

Ru-106 

Sr-90 

Tc-99 . 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

U-238 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

NC 

1.00 x loo 

6.96 x lo-' 

2.43 x 10' 

7.00 x 10' 

2.95 x 10' 

1.12 x loo 

1.12 x loo 

5.00 x 10' 

5.00 x 10' 

NC 

5.17 x 10' 

3.80 x lo1 

5.00 x 10' e 

5.00 x 10' 

5.00 x 10' 

1.00 x lo2 

2.66 x 10' 

1.10 x loo 

6.00 x 10' 

NC 

1.00 x 100 

6.96 x lo-' 

2.43 x 10' 

7.00 x 10' 

2.95 x 10' 

1.12 x loo 

1.12 x loo 

1.09 x loo 

1.39 x 10' 

NC 

5.17 x 10' e 

3.80 x 10' e 

1.61 x 10' 

2.40 x 10' 

1.33 x 10' 

5.46 x 10' 

1.45 x 10' 

5.98 x lo-' 

3.27 x 10' ' 

NC 

6.16 x lo-' g 

NC 

NC 

NC 

3.33 x lo-' g 

3.42 x 10" g 

3.42 x lo-' g 

1.14 x 10' 

1.21 x 100 

.NC 

9.05 x lo-' g 

1.34 x 10' g 

2.16 x 10' 

2.11 x 10' 

1-09 x 10' 

8.82 x 10' 

2.34 x lo-' 

9.66 x 
5.28 x 10' 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 0-0° 9 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

NC = Not characterized. 
aAssumes that clean top soil does not contribute to 
air contaminant emissions. 
bFrom SWCR, Part 111, 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. 
dFrom SWCR, Part 111, Table 2-3 (ARAR PRG), March 1993. 
'Assumed from Th-230 and Th-232 PRGs. 

[Based 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 3.36805 pCi/g for 
U-234, U-235, U-236, and U-238, respectively. 
gFrom SWCR, Appendix R. Tables R.5-27 and R.5-28 
(UCLs for Non-OU areas), March 1993. 
hFrom RVFS sample database used for groundwater 
modeling (provided to Fluor Daniel by Parsons, July 1993). 
'From RVFS sample database(provided to Fluor Daniel by 
FERMCO, March 1993). 
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TABLE KG10 

ESTIMATED RADIONUCLIDE CONCENTRATIONS (pciig) 
IN SURFACE SOWCOVER SOIL: T;uTuRE SCENARIOS 

OU5 Residual: OU5 Residual: OU5 Residual: Clean Top Soil' 
SOilinAreas Rest of Former Remainder of the (on R C R A - w  

ou4: BeneathPlants Produdion Area FEMPSurface Capsandover 
R a d i O n U d i d e  surface SOP 2 4 6 ,  and 9 SurfaQsoil Soil disposalvaults) 

Am-241 
CS-137 
Np-237 
Pa-23 1 
Pb-210 
PU-238 
PU-239 
PU-240 
RA-226 
Ra-228 
RU-106 

NC 
2.30 x lo-' a 

NC 
2.53 x lo-' a 

7.00 x 10' 
NC 
NC 
NC 

5.00 x 10" 
2.40 x 10' 

NC 
1.80 x 10" e 

2.40 x 10" e 

Th-228 5.00 x 10" 
Th-230 5.00 x 10' 
Th-232 5.00 x 10" 
U-234 1.21 x 10' 
U-235 2.49 x 10" g 

U-236 2.49 x 10" g 

U-238 1.23 x 10' 

NC 
1.00 x 10" 
6.96 x lo-' 
2.43 x 10" 
7.00 x 10' 
2.95 x 10" 
1.12 x 10' 
1.12 x 10' 
5.00 x 10" e 

5.00 x 10" 
NC 

5.17 x 10" 
3.80 x 10' 
5.00 x 10' 
5.00 x 10" 
5.00 x 10' 

2.66 x 10" j 

6.00 x 10' 

1.00 x lo2 j 

1.10 x 10" j 

NC 
1.00 x 10" 
6.96 x 10" 
2.43 x 10" 
7.00 x 10' 
2.95 x 10' 
1.12 x loo 
1.12 x 10' 

1.09 x 10" 
1.39 x 10" 

5.17 x 10" 
3.80 x 10" 

2.40 x 10' 
1.33 x 10' 
5.46 x 10' i 
1.45 x 10" j 

5.98 x lo-' j 
3.27 x 10' O 

NC 

i.6i x ioo 

NC 

NC 
NC 
NC 

6.16 x 10" 

3.33 x lo-' 
3.42 x lo-' 
3.42 x lo-' 
1.14 x 10" 
1.21 x 10" 

9.05 x lo-' 
1.34 x 10" 
2.16 x 10" 
2.11 x 10" 
1.09 x 10" 
8.82 x 10" j 
2.34 x lo-' ! 
9.66 x j 

5.28 x 10" 

NC 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

NC = Not characterized. 
aFrom OU4 FS Report, Appendix A. Table A.3-9 (Berm Soil), 
June 1993. 
bFrorn SWCR, Part 111, Table 2-3 (risk-based PRG for 
recreational user), March 1993. 
'From SWCR, Part Ill, Table 2-3 (ARAR PRG), March 1993. 
dFrom OU4 FS Report, Appendix A, Table A.3-7 (Surface Soil), 
June 1993. 
%om OU4 FS Report, Appendix A, Table ,4323 (Surface Soil), 
June 1993. 
'Assumed from 31-230 and Th-232 PRGs. 
F r o m  OU4 FS Report, Appendix A, Table A.3-13 (Subsoil), 
June 1993. 
hFrom OU4 RI Report, Appendix D, Table D.2-7 (Surface Soil), 
April 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. 
'Based on uranium concentrations of 0.00896, 0.685, 0.00963, 
and 99.3 wt%, and specific activities of 6.22E09, 2.16E06, 

U-234, U-235, U-236, and U-238 respectively. 
'From SWCR, Appendix R. Tables R.5-27 and R.5-28 
[UCLS for Non-OU 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 RIlFS sample database used for groundwater 
modeling (provided to Fluor Daniel by Parsons, July 1993). 

. 6.34E0307, and 3.36Eos pci/g for -. - .-.- - - - - - -- - 
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TABLE IC611 

ESTIMATED CHEMICAL CONCENTRATIONS (mg/kg) IN SURFACE SOIucovER SOIL: 
CURRENTSCENARIO 

OU5 Residual: OUS Residual: OUS Residual: Clean Top SoP 
OU4: Soil in Areas Rest of Former Remainder of the (on R C R A - W  

Top BeneathPlants ProductionArea FEMPSuhce Capsanduver 
Chemical Soia 21J,6,and9b s m  s o i l b  soil= dispasalvaults) 

2-Chlorophenol 
2-Methyl-napht halene 
4-Chlorop henyl-phenylet her 

Antimony 
Aroclor-1016 
Aroclor-1221 
Aroclor-1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-furan 
Heptachlorodibenzo-p- 
dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzo-furan 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

4,4-DDT 

Copper 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

NC 
2.18 x lo-' 

NC 
NC 

3.11 x 10' 
NC 

8.30 x 
NC 

5.50 x 
2.46 x 10' 
2.80 x 10' 
2.56 x 10' 

2.40 x 10' 
6.90 x 10' 

2.09 x lo1 
1.28 x lo2 

2.31 x lo-' 
NC 
NC 

4.40 x lo2 
8.33 x lo2 
1.30 x 10' 
4.60 x 10' 
5.89 x 10' 

NC 
NC 

3.71 x 10" 
6.83 x lo-' 
3.56 x 10' 

3.61 x io3 

7.55 x 10' 

1.44 x 10' 

3.35 x lo2 

NC 
2.18 x lo-' 

NC 
NC 

3.11 x 10' 
NC 

8.30 x 
NC 

5.50 x 
2.46 x 10' 
2.80 x 10' 
2.56 x 10' 
3.61 io3 
2.40 x 10' 

7.55 x 10' 
6.90 x 10' 

2.09 x 101 
1.28 x lo2 

2.31 x lo-' 
NC 
NC 

4.40 x lo2 
8.33 x Id 
1.30 x 10' 
4.60 x 10' 
5.89 x 10' 

NC 
NC 

3.71 x lo-' 
6.83 x 10" 
3.56 x 10' 

1.44 x 10' 

3.35 x lo2 

NC 
NC 
NC 
NC 

2.73 x 10' 
NC 
NC 
NC 
NC 

1.06 x 10'' 
NC 

7.58 x 10' 
9.44 x 10' 

7.99 x lo-' 
5.11 x 10' 

1.08 x 10' 
2.01 x 10' 

1.79 x 10' 

1.06 x lo-' 
NC 
NC 
NC 

2.97 x 10' 
5.10 x 10' 

NC 

2.92 x 10' 
NC 
NC 
NC 

2.81 x lo-' 
2.45 x 10' 
5.29 x 10' 

4.33 x 10' 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

NC = Not Characterized. 
'Assumes that clean top soil does not contribute to air contaminant emissions. 
bFrom 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. 
'From SWCR, Appendix R, Tables R.541 and R.5-42 (UCLs for Remainder of FEMP), March 1993. 

[-: ;. 
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TABLE IC612 

ESTIMATED CHEMICAL CONCENTRATIONS ( m a )  IN SURFACE SOWCOVER SOIL: 
S SCENARIOS 

OU5 Residual: OU5 Residual: OU5 Resid@ clean Top Soilh 
OU4: SOiinAreas RestofFormer Remainderof (onRCRl-Type 

SurEtce BeaeathPlants ProduaionArea theFEMP Capsandover 
chemical soil 213,6,and$ SllrErCe soil' SUrEice w i g  disposal vaults) 
2-Chlorophenol NC NC NC 0.00 
2-Met hyl-nap ht halene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor-1016 
Aroclor- 1221 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor- 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo- f ran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzo-furan 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 

4,4-DDT 

NC 
NC 
NC 

3.01 x 10" a 

NC 
NC 
NC 
NC 

NC 
3.00 x lo-' 

8.00 x 10' 
8.94 x 10' 
8.66 x lo-' a 

5.68 x 10' a 

1.33 x 10' 
2.38 x 10' 
1.98 x 10' 
6.56 x lo-' e 

NC 
NC 

1.48 x 10' a 

6.65 x lo2 
1.20 x lo-' 

2.84 x 10' 

1.33 x 10' 
3.24 x 10' 

NC 
NC 

5.70 x 10' 
7.10 x lo-' 
2.84 x 10' 

NC 
2.18 x lo-' 

NC 
NC 

3.11 x 10' 
NC 

8.30 x los2 
NC 

5.50 x 

2.80 x 10' 
2.56 x 10' 
3.61 x I d  
2.40 x 10' 
6.90 x 10' 

2.09 x 10' 
1.28 x lo2 

2.31 x 10' 
NC 
NC 

4.40 x lo2 
8.33 x lo2 
1.30 x 10' 
4.60 x 10' 
5.89 x 10' 

NC 
NC 

3.71 x lo-' 
6.83 x lo-' 
3.56 x 10' 

2.46 x loo 

7.55 x 10' 

1.44 x 10' 

2.18 x lo-' 
NC 
NC 

3.11 x 10' 
NC 

8.30 x 
NC 

5.50 x 

2.80 x 10' 
2.56 x 10' 

2.46 x 10' 

3.61 x io3 
2.40x loo 

7.55 x 10' 
6.90 x 10' 

2.09 x 10' 
1.28 x lo2 

2.31 x lo-' 
NC 
NC 

4.40 x lo2 
8.33 x lo2 
1.30 x 10' 
4.60 x 10' 
5.89 x lo1 

NC 
NC 

3.71 x lo-' 
6.83 x lo-' 
3.56 x 10' 

1.44x 10' 

NC 
NC 
NC 

2.73 x 10' 
NC 
NC 
NC 
NC 

1.06 x lo-' 
NC 

7.58 x 10' 

5.11 x 10' 
1.79 x 10' 

9.44 x 10' 

7.99 x lo-' 

1.08 x 10' 
2.01 x 10' 
1.06 x lo-' 

NC 
NC 
NC 

2.97 x 10' 
5.10 x lo2 

NC 

2.92 x 10' 
NC 
NC 
NC 

2.81 x lo-' 
2.45 x 10' 

4.33 x 10' 

5.96 x-10' 3.35 x lo2 - 3.35 x lo2 - -  5.29-x 10'- 
- -  Zinc - -  --  

. -  

F C  = Not Characterized. 
From OU4 RI Report, Appendix D, Table D.2-7 (Surface Soil), April 1993. 

bFrom OU4 FS Report, Appendix A, Table A3-6 (Surface Soil), June 1993. 
'From OU4 RI Report, Appendix D, Table D.2-6 (Berm Soil), April 1993. 
dFrom OU4 FS Report, Appendix A, Table k3-14 (Subsoil), June 1993. 
eFrom OU4 FS Report, Appendix A, Table A3-11 (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. 
gFrom SWCR, Appendix R, Tables R.5-41 and R.5-42 (UCLs for Remainder of FEMP), March 1993. 
hAssumes that clean layers in RCRA-type cap do not contribute to air contaminant emissions. 

a 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00- - - -  - - - 
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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 m) which did not exceed the PRG levels. Hot spot excavation was assumed to be used 

to reduce soil concentrations below these levels. The 95 percent UCL on the mean was 

calculated from RUFS sample data for Ra-226, Ra-228, Th-228, Th-230, Th-232 and U-238 in 

1 

2 

3 

4 

5 

this area. 6 

The risk-based PRG (expanded trespasser) for Pb-210 was also used for the residual soil of 

Operable Unit 4 under the future scenarios. In addition, the 5 pCi/g limits in the SWCR for Ra- 

226, Ra-228, Th-230, and Th-232 were used to set the concentrations of radium and thorium 

isotopes in the residual soil of Operable Unit 4. 

I 

s 

9 

10 

1 1  

12 

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

which did not exceed the PRG levels. As with the former production area, hot spot excavation 

on the mean was calculated from RIPS sample data for Ra-226, Ra-228, Th-228, Th-230, Th-232, 

and U-238 in the surface soil of Operable Unit 5. 

was assumed to be used to reduce soil concentrations below these levels. The 95 percent UCL ::a 
15 

16 

17 

18 

19 

For all areas, the average composition of total uranium on the site was used to estimate 

concentrations of U-234, U-235, and U-236 from the U-238 concentration (60 pCi/g) in treated 

(washed) and untreated soil. The approximate composition is 0.0896, 0.685, 0.0093 and 99.3 

percent (by weight) of U-234, U-235, U-236, and U-238, respectively. Since soil washing is a 

chemical process, the relative abundance of the uranium isotopes will not change. m 

21 

22 

23 

24 

2s 

modeled sources. 26 

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

area or operable unit was used for that area or operable unit. This approach assumed that FEMP 

contamination after remediation will not be worse than currently measured levels. This approach 

is also extremely conservative, because no credit was taken for the effect of soil treatment, and 

the highest values used would not typically represent the average concentration for the 

FER/OU4CRAREC6B/SSO/C-4/12-14-93 z tny K-6-74 
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I 

2 

3 

4 

5 

6 

7 

erosion by wind. 8 

. -  
K.6.2.4.2 Susuended Particulate Emission Estimate 

- -. - 

The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for 

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, and the emission rate is a nonlinear function of the "Threshold Friction Velocity" 

Very fine soils (those with small modal diameters) have low TFVs and high potential for 

(TFV) and the erosion potential of the site, which depends on the particle size distribution of the 

soil. 

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 

9 

10 

1 1  

0.000001 and 0.00003 in.). The mass-mean diameter of the silt fraction, 0.048 mm, was calculated 12 

from (EPA 1992e): 13 

- where 
0 d,, = [0.25(d; +d:du +d1d,2+d,3] In 

dmm = mass mean diameter (mm), 
d, 
dU = upper bound diameter for particle size range (mm). 

= lower bound diameter for particle size range (mm), and 

(10) 14 

15 

16 
11 

18 

The typical 50 percent particle size diameter (D50) is approximately 0.0206 mm (0.00001 in.) for 19 

20 

21 

22 

23 

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 - _ _  canbereprszmed by_t_he-equa_tiw- - - . - __ - - - _ _  - _. - - - __  . -24- _ _  - 

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

-~ - -  

TFV = 
= 

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

FERIOU~CRARE.C~BISSO/C~~~ 2- 14-93 ia:: ;:. , , . , .  .. 
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The calculated TFV is approximately 12.9 cm/s (5 i d 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 the 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 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 id 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: 

Elo = 0.036 x (1-V) x [(U/U,>~] x F(y) 
where 

El0 

PM*O 
V 
U 

ut 

annual average PM,, emission rate per unit area of contaminated 
surface (g/hr/m2), 
particulate matter with a diameter 5 10 meters, 
fraction of soil covered by vegetation, 
mean annual wind speed (m/s), 
TFV at the height of "ut' (m/s), 
0.886 x ut / u, 
1.91 for y < 0.5, 
0.18 x (y' + 12y) x EXP(-f) for y > 2, and 
See Figure 4-3, EPA 1985b, for 0.5 < y < 2. 

1 

2 

3 

5 

6 

10 

11 

12 

15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

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): 

pEwOU4CRARE.C6B/SSO/C-4fl2- 14-93 K-6-76 4 t'9 
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U J I W  = (U0.4) In (Z/Z,) 
where 

Z = anemometer height (m), and 
Z O  = surface roughness height (m). 

The surface at the FEMP will be covered with grass and other vegetation after completion of 

1985b) as Z,, the value of Ut was calculated to be 1.87 m/s (6 ft/s). 

5 

6 

1 

remedial actions. Using an approximated value of 0.03 meters (0.1 feet) for grassland (EPA 

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 speed probability distribution. This method allows for rapid calculation of annual 

PM,, emissions knowing only the mean annual wind speed. 

However, the ISCLT2 model calculates dispersion for six wind speed categories (EPA 1992e). 

The use of a single emission rate for dispersion under all six wind speed categories will 

overestimate the concentrations for low wind speeds and underestimate concentrations at high 

wind speeds. The frequency of wind speeds in the lower wind speed categories is much greater 

than the frequency of wind speeds in the upper wind speed categories. Therefore, using a single 

emission rate for all wind speed categories in ISCLT2 will tend to overestimate the ground level 

PM,, concentrations. Evidence indicates (EPA 1985b) that no substantial fugitive particulate 

emissions occur for wind speeds less than 5 m/s (16.4 ft/s or 12 mph). These wind speeds include 

the lower three wind speed categories analyzed by ISCLT2. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

For this analysis, the unlimited potential emission rate equation previously presented was used to 

calculate PM,, emissions for each of the ISCLT2 wind speed categories. This procedure 
21 

22 

__- --___generates .particulate-emission rates. for- the-lower-wind-speed-categories,.which_is more- - __ -_ =-- 
conservative than simply setting the emissions to zero for these categories. The calculated 24 

emission rates are presented in Table K.6-13. 25 

~- - - ~ - - _ _  

The current and future particulate radionuclide emissions for each of the defined sources are 26 

27 

28 

presented in Tables K.6-14 and K6-15, respectively. The chemical contaminant emissions for each 

of the sources modeled are presented in Tables K.6-16 and K6-17, respectively. The emission 
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rates presented in Tables K6-14 through K6-17 were based on a wind speed of 12.5 m/s (41 ft/s). 1 

Emission rates for lower wind speeds are determined by multiplying the emission rates in these 

tables by the ratio presented in the last column of Table K.6-13. 

2 

3 

TABLE K6-13 

WIND SPEED DEPENDENT PM,, EMlssION R4TES 

ISCLT2 Wind Representative PM,, Emission Ratio of PM,, Emission at Wind Speed 
Speed Category Wind Speed (m/s) Rate (g/s/m2) to PM,, Emission at 125 m/s Wind Speed 

1 1.5 1.13 x 10" 

2 2.5 '6.60 x 10" 

3 4.5 3.98 x lo-' 

4 7.0 1.50 x lo4 

5 9.5 3.75 10-4 

6 12.5 8.54 x lo4 

0.0013 

0.0077 

0.0466 

0.1756 

0.4390 

1 .oOOo 

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 emissions 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 half-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 K6.1) 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 K6-18. The 

RAECOM calculated emission rates are presented in Attachment KIII. 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. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 
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TABLE K6-14 

RADIONUCLIDE EMISSION FLUXES ( p c i d d r n ~  FROM 
SURFACE SOWCOVER SOIL: CURRENT SCENARIW 

OU5 Residual: OU5 Residual: OU5 Residual: Clean Top Soilb 
Soil in Areas Rest of Former Remainder of (on RCRA-'ILpe 

OU4 BeneathPlants ProduaionArea theFEMP Capsandover 
Radionuclide Top Soilb 2,5,6, and 9 Surface Soil Surface Soil disposal vaults) 

Am-241 

CS-137 

Np-237 

Pa-23 1 

Pb-210 

PU-238 

PU-239 

PU-240 

RA-226 

Ra-228 

RU- 1 06 

Sr-90 

TC-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 - ~ -  

U-238 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

- -  .- -. -0.00 

0.00 

~~ 

NC = Not characterized. 

NC 

8.54 x 10" 

5.94 x 10" 

2.08 x 10-3 

2.52 10-3 

5.98 x 

9.56 x lo4 

9.56 x 10" 

4.27 10-3 

4.27 10-3 

4.41 10-3 

4-27 10-3 

4.27 10-3 

4.27 10-3 

2.27 10-3 

NC 

3.25 x 

8.56 x lo-* 

. - . 9.38 x.10.". 

5.12 x 

NC 

8.54 x 10" 

5.94 x 10" 

2.08 10-3 

2.52 10-3 

5.98 x 

9.56 x lo4 

9.56 x 10" 

9.31 x 10" 

1.19 10-3 

4-41 10-3 

3.25 x 10-2 

1.37 10-3 

2.05 10-3 

1-14 10-3 

1.24 x 10-3 

NC 

4.66 x 

5,11-x 10" 

2.79 x 

NC 

5.26 x 10" 

NC 

NC 
NC 

2.84 x 10" 

2.92 x lo4 

2.92 x lo4 

9.74 x 10" 

1-03 10-3 

NC 

7.73 x 10" 

1.15 10-3 

1-84 10-3 

1.80 10-3 

7.53 10-3 

8.25 10-5 

4.51 10-3 

9.31 x 10" 

2.00 x 10" 

- - -  - . .. ~ 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
- - .. - ~. - 

:Based on a PMlO Emission Rate of 8.54 x 10" g/s/m2 for a 125 m/s wind and contaminant concentration in surface soil. 
DASSumes that clean top soil does not contribute to air contaminant emissions. a 
FEIUOU4CRARE.C6B/SSO/C-4n 2- 14-93 
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TABLE K6-15 
RADIONUCLIDE EMISSION FLUXES @Cis/m? FROM 
SURFACE SOIUCOVER SOIL: FUTURE SCENARIOS' 

December 1993 . e- - 

OU5 Residual: OU5 Residual. OU5 Residual: Clean Top Soilb 
Soil in Areas Rest of Former Remainder of (on RCRA-Qpe 

OU4 Beneath Plants Production Area theFEMP Capsandover 
Radionuclide Surface Soil 2/56, and 9 SU&a? Soil Surface Soil disposal vaults) 

Am-241 

CS-137 

Np-237 

Pa-23 1 

Pb-210 

Pu-238 

Pu-239 

Pu-240 

RA-226 

Ra-228 

Ru-106 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

U-238 

NC 

1.96 x 10" 

NC 

2.16 x 

5.98 x 

NC 

NC 

NC 

4.27 10-3 

2-05 10-3 

1-54 x 10-3 

2.05 10-3 

4.27 x 10-3 

4.27 10-3 

4.27 10-3 

2.13 10-3 

2.13 x 10-3 

NC 

1.03 x 

1.05 x 

NC 

8.54 x 10" 

5.94 x 10" 

2.08 10-3 

2.52 10-3 

5.98 x 

9.56 x 10" 

9.56 x lo4 

4.27 x 10-3 

4.27 10" 

4.41 10-3 

4.27 10-3 

4.27 10-3 

4-27 x 10-3 

2-27 10-3 

NC 

3.25 x 

8.56 x 

9.38 x 10" 

5.12 x 

NC 

8.54 x 10" 

5.94 x 10" 

2.08 x 10-3 

2-52 10-3 

5.98 '~ 

9.56 x 10" 

9.56 x lo4 

9.31 x 10" 

1.19 103 

NC 

4.41 x lo3 

3.25 x loe2 

1-37 10-3 

2-05 10-3 

1-14 x 10-3 

1.24 10-3 

4.66 x 

5.11 x 10" 

2.79 x lo2 

NC 

5.26 x 10" 

NC 

NC 

NC 

2.84 x 10" 

2.92 x 10" 

2.92 x 10" 

9.74 x 10" 

1-03 10-3 

NC 

7.73 x 10" 

1-15 10-3 

1-84 10-3 

1-80 10-3 

7.53 10-3 

9.31 x 10" 

2.00 x 10" 

8.25 x lo-' 

4.51 10-3 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

NC = Not characterized. 
aBased on a PMlO Emission Rate of 8.54 x IO4 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 IC616 
CHEMICAL CONTAMINANT EMISSION FLUXES @g/s/m2) FROM 

SURFACE SOWCOVER SOIL: CURRENT SCENARIV 

OU5 Residual: OU5 Residual: OU5 Residual: Clean Top Soilb 
OU4 Soil in Areas Rest of Former Remainder of (on RCRA-Qpe 

To Beneath Plants Production Area the FEMP Caps and over 
Chemical So$ 2/3,6,and9 surface soil Surface Soil disposal vaults) 
2-Chlorophenol 
2-Methyl-naphthalene 
4-Chlorop henyl- 

phenylether 
4,4-DDT 
Antimony 
Aroclor-1016 
Aroclor- 1221 
Aroclor-1242 
Aroclor-1248 
Aroclor- 1254 
Aroclor- 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-furan 
Hep tachlorodibenzo-p- 

dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzo-furan 
Octachlorodibenzo-p- 

dioxin 
S e 1 en i u m 
Thallium 
Vanadium 
Zinc 

Copper 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 - 
0.00 

0.00 
0.00 
0.00 
0.00 

NC 
1.86 x 10“ 

NC 

NC 

NC 

NC 

2.66 x 

7.09 x 10-~ 

4.70 x io5 
2.10 x 10” 
2.39 x 10” 

2.05 10-~ 

2.19 x 
3.08 x 10’ 

5.89 x lo3 
6.45 x lo2 
1.78 x lo2 
1.09 x lo-’ 
1.23 x 
1.97 x 10“ 

NC 
NC 

3.76 x lo-’ 
7.11 x 10-1 
1.11 x 10” 
3.93 x 10” 
5.03 x 

NC 
NC 

3.17 x 10“ 
5.83 x lo4 
3.04 x 
2.86 x 10-1 

NC 
1.86 x 10“ 

NC 

NC 

NC 

NC 

2.66 x 

7.09 x 

2.10 x 10” 
2.39 x 10” 

2.05 x 10” 
5.89 x 

4.70 x 

2.19 x 
3.08 x 10’ 

6.45 x 
1.78 x 
1.09 x 10-1 
1.23 x 
1.97 x 10“ 

NC 
NC 

3.76 x lo-‘ 
7.11 x lo-’ 
1.11 x 10” 
3.93 x 10” 
5.03 x 

- -  NC 
NC 

3.17 x 10“ 
5.83 x 10“ 
3.04 x lo-* 
2.86 x lo-’ 

0 NC = Not characterized. 

NC 
NC 
NC 

NC 

NC 
NC 
NC 
NC 

NC 

6.47 x loe2 
6.82 x lo4 

1.53 x 

1.72 x 

2.33 x 

9.05 x 

8.06 10” 

4.36 x 10” 

9.25 x 10” 

9.05 x 10-~ 
NC 
NC 
NC 

2.54 x 
4.36 x 10-1 

NC 
3.70 x 10” 
2.49 x 

NC - - 

NC 

NC 
2.40 x 10“ 
2.09 x lo-* 
4.52 x 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

aBased on a PMlO 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.6-17 

CHEMICAL CONTAMINANT EMISSION FLUXES @g/s/rn2) FROM 
SURFACE SOILS/COVER SOIL: FUTURE SCENARIOS’ 

OU5 Residual: OU5 Residual: OU5 Residual: clean Top Soilb 
OU4: Soil in Areas Rest of Former Remainder of (on RCRA-Tp 

S u b  BeneathPlants ProductionArea theFEMp Capsandcnrer 
Chemical Soil 2/3,6,and9 Surfacesoil Surfacesoii dispasalvaults) 

2-Chlorop hen01 
2-Met hyl-napht halene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor-1016 
Aroclor-1221 
Aroclor- 1242 
Aroclor-1248 
Aroclor-1254 
Aroclor- 1260 
Arsenic I 

Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-furan 
Heptachlorodibenzo-p- 
dioxin 
Lead 
Manganese 
Mercury 
Molybdenum. 
Nickel 
Octachlorodibenzo-furan 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

4,4-DDT 

Copper 

NC 
NC 
NC 
NC 

2.57 x los2 
NC 
NC 
NC 
NC 

NC 
2.56 x 10-~ 

6.83 x 10” 

4.85 x 10” 

7.63 x 
7.40 x lo4 

2.43 x 
1.14 x 
2.03 x 

5.60 x 10“ 
NC 
NC 

1.69 x 10” 

1.26 x 
5.68 x lo-’ 

1.44 x 
2.77 x 

1.20 x lo4 

N C  
NC 

6.06 x lo4 
2.43 x loe2 
5.09 x 

4.87 x 10-~ 

NC 
1.86 x lo4 

NC 
NC 

NC 

NC 
4.70 x lo-’ 

2.66 x 

7.09 

2.10 x 10-~ 
2.39 x 10” 

2.05 x 10” 
5.89 x 10” 

2.19 x 
3.08 x 10’ 

6.45 x 
l.78 x 
1.09 x lo-’ 
1.23 x loe2 
1.97 x lo4 

N C  
N C  

3.76 x lo-’ 
7.11 x lo-’ 
1.11 x 10” 
3.93 x 10-~  
5.03 x 

NC 
NC 

3.17 x lo4 
5.83 x 10“ 
3.04 x 
2.86 x io-’ 

NC 
1.86 x 10“ 

NC 
NC 

2.66 x 
NC 

7.09 x lo-’ 
NC 

4.70 x lo-’ 
2.10 x 10” 
2.39 10 -~  

2.05 x 10” 
5.89 x 10‘~ 

2.19 x 
3.08 x 10’ 

6.45 x 
1.78 x 

1.23 x lo-* 
1.97 x 10“ 

NC 
NC 

3.76 x lo-‘ 
7.11 x 10” 

1.09 x lo-’ 

1.11 x 10” 
3.93 x 10‘~ 
5.03 x 

NC 
NC 

3.17 x lo4 
5.83 x lo4 
3.04 x 
2.86 x lo-‘ 

NC 
NC 
NC 
NC 

2.33 x lo‘* 
NC 
NC 
N C  
NC 

9.05 x lo-’ 
N C  

8.06 x 10‘~ 

4.36 x 10” 

9.25 x 10” 

6.47 x 
6.82 x lo4 

1.53 x 

1.72 x 
9.05 x 10” 

NC 
NC 
NC 

2.54 x 
4.36 x lo-’ 

NC 
3.70 x 10-~ 
2.49 x 

.NC 
NC 
NC 

2.09 x loe2 
4.52 x 

2.40 x 10“ 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

NC = Not characterized. 
aBased on a PMlO Emission Rate of 8.54 x 10-4 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.tL-18 

Rn-222 FLUXES FROM RAECOM MODEL 

Emission Source 

Ra-226 b - 2 ~  flux @Ci/s/m2) 

@CW Current Future 
Concentration 

OU1 Residual Soil 

OU2 Solid Waste Landfill 

OU2 Lime Sludge Ponds 

OU2 Inactive Flyash Pile 

OU2 Active Flyash Pile 

OU2 South Field (North End) 

OU2 South Field (Middle) 

. OU2 South Field (South End) 

OU4 Residual Soil 

OU5 Soil (Beneath Plants 2/3, 6, 9) 

OU5 Soil (Beneath rest of OU3 areas) 

5.00 

1.03 

17.40 

48.90 

3.88 

60.1 1 

9.12 

146.91 

5.00 

5.00 

1.09 

2.50 x lo4 

5.15 10-5 

8.69 10 -~  

2.44 10-3 

1.94 x lo4 

2.28 x lo3 

3.46 x lo4 

5.57 103 

8.05 x lo-' 

2.14 x 10' 

2.01 x 10" 

3.13 x 

6.44 x 10" 

1.09 x lo-' 

3.06 x lo-' 

2.43 x 

2.80 x lo-' 

4.25 x lo-* 

6.85 x lo-' 

2.14 x 10' 

2.14 x 10' 

2.01 x lo-' 

OU5 Surface Soil (remainder of the FEMP) 1.14 2.10 x lo-' 2.10 x 10" 

OU3 Wastes (in E vaults) 134.00 1.12 10-16 2.67 10-15 

OU4 Wastes (in NE vaults) 37.30 1-95 10-16 4.64 10-15 

OU5 Wastes (in E vaults) 134.00 , 1.12 x 10-l~ 2.67 x 10-l~- 

OU1 Wastes (in NW vaults) 342.00 2.86 x 6.81 x lo-'' 

__-__ - _ _ _ _ _ _ _  - _ _ _ _ _  

a 
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Ic6.2.6 Meteorological Data 1 

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 

2 

3 

'4 

5 

6 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 (a,) during the day and 

the low-level temperature difference (AT) at night. Measurements of a, 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 KIII. A six-year composite joint frequency 

distribution is also presented in Attachment KIII. 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. 

K6.2.7 Receutor 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) 

7 

8 

9 

10 

11 

12 

13 

16 

17 

18 

19 

20 

21 

22 

23 

24 

pattern which extended approximately 1200 meters (4000 feet) beyond the FEMP property. 25 

26 The FEMP coordinate system was used for origin and location. 

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

analysis to identify the maximum off-property receptor. These fenceline receptor locations were 28 

K-6-84 r. ,. "! FER/oU4CdRECbB/sso/c-4/12-14-93 
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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 K6.10. This 

receptor was typically located along the FEMP eastern fenceline. In addition, several discrete 

Elda, Ross High, and Township. 

1 

2 

3 

4 

5 

6 

7 

locations were identified to represent sensitive receptors. These locations included three schools: 

Figure K6-22 shows the layout of the receptor grid considered in the air dispersion modeling. 8 

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

FIGURE K.6-22. RECEPTOR GRIDS FOR AIR DISPERSION MODELING 
3 .(.). 8 
, - - 8  
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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 concentration within 0 to 1.5 meters is negligible. 

R6.2.8 Dispersion Coefficients 

The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on 

a land-use typing procedure to determine whether the characteristics of the area around the 

FEMP are primarily rural or urban. The procedure involved classifying the land use within an 

area circumscribed by a 3 kilometer (1.9 mile) radius about the site. Urban dispersion coefficients 

were recommended for use if land-use types of heavy industrial, light-to-moderate industrial, 

commercial, single-compact residential, and multi-compact residential account for 50 percent or 

more of the area. Otherwise, rural dispersion coefficients were recommended. 

A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 

industrial, commercial, and compact residential land use comprise no more than 10 percent of the 

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. 

1 

5 

6 

7 

8 

9 

10 

11 

12 

15 

16 

K6.2.9 Model Output Processing 17 

The air dispersion modeling analysis was simplified by running the ISCLT2 model, which assumed 

a unit emission rate of 1.0 g/s/m2 or 1.0 pCi/s/m2 for each area source. The source group and plot 

file options of the ISCLT2 program were used to group sources and write the grouped results to 

a plot file. The ISCLT2 source group results were multiplied by the contaminant emission rates 

listed in Tables K6-14 through R6-18 to determine the contaminant-specific annual 

concentrations presented in Section K.6.2.10. Spreadsheets were used to calculate the 

contaminant-specific concentrations from the ISCLT2 model output and emissions data in Tables 

K6-14 through R6-18. 

18 

19 

20 

21 

22 

23 

24 

25 

Y . 
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The 243 area sources were combined into 16 source groups: 1 
- 

1. Operable Unit 1 residual soil (covered with a RCRA-type cap) 7- 

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

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 

10. Operable Unit 5 treated soil beneath Plants 2/3, 6, and 9 

11. Operable Unit 5 residual soil beneath the rest of the former production area 

11 

12 

12. Operable Unit 5 surface soil for remainder of FEMP 13 

e 
13. Operable Unit 1 wastes disposed in on-property vaults 

14. Operable Unit 3 wastes disposed in on-property vaults 

15. Operable Unit 4 wastes disposed in on-property vaults 

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

K6.2.10 Results of Air Disuersion Modeling 

This section presents the modeled air concentration for each contaminant and each scenario. In 

18 

19 

additio-n~th3-modeled-corice~trations-of EWfral radionuclide zrecomp%rcd-tmtie monitored air - __ - - - - - _ _  
20 

21 concentrations from previous years to determine the effectiveness of mitigation measures and to 

identify the magnitude of uncertainties in the analysis. 22 
- ~- - - _  - - - -  - 

. .  
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K6.2.10.1 Current Land Use Scenario 

The modeled maximum annual average radionuclide air concentrations are presented in 

Table K6-19 and chemical concentrations in Table K6-20. 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 trespasser under the current scenario. 

These receptors were assumed to roam or wander over the property and would not stay in one 

localized area. 

Gaseous Rn-222 emissions resulted in the highest activity concentrations of any radionuclide 

analyzed by at least three orders of magnitude. The maximum on-property, fenceline, and 

sensitive receptor concentrations of Rn-222 were modeled at 9.43, 4.02, and 0.334 pCi/m3, 

respectively. Isopleths of current scenario Rn-222 concentrations are shown on Figure K6-23. 

The maximum value is approximately three orders of magnitude below the EPA action level of 

4000 pCi/m3 (4 pCi/l) for indoor radon concentrations. The maximum value is also two orders of 

magnitude below the annual average U.S. residential radon concentration of 1250 pCi/m3 

(Marcinowski and Napolitano 1993). 

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. 
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TABLE IC619 

RADIONUCLIDE CONCENTRATIONS IN AIR @CY&): CURRENT SCXNARIW 

Maximum Maximum Maximum Sensitive 
Radionuclide %-Property Off-Property Receptor 

Am-241 

(3-137 

Np-237 

Pa-23 1 

Pb-210 

Pu-238 

Pu-239 

Pu-240 

Ra-226 

Ru-106 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-236 

U-238 
. -  . _ _  

NC 

7.80 10-5 

3.60 10-5 

3.59 x 10'~ 

7.20 10-5 

7.20 10'~ 

1.25 x lo4 

1.65 x lo4 

1.43 x lo4 

1.59 x lo4 
9.43 x loo 

NC 

3.03 x lo4 

2.00 10-3 

2.09 x lo4 

2.40 x lo4 

1.51 x lo4 

3.60 10-3 

9.60 10-5 

4.00 10-5 

2-16 10-3 
_ _  . .  

NC 

4.60 10-5 

1.60 10-~ 

5-50 10-5 

1.59 10-3 

8-00 10-5 

3.90 10-5 

3.90 10-~  

8-00 10-5 

8.70 10-5 

4.02 x 10' 

NC 

1.52 x lo4 

9.15 x lo4 

1.43 x lo4 

1.49 x lo4 

8.00 10-5 

1.65 10-3 

4.40 10-5 

1.80 x 10-5 
. -  

9.87 x lo4 

NC 

4.10 x 10" 

7.50 io-' 

7.60 10-5 

2.60 x . 

4.70 x 10" 

2.80 x 

2.80 x 10" 

7.00 x 10" 

7.60 x 10" 

3.34 x 10-l 

NC 

9.80 x 

4.60 10-5 

1.20 10-5 

1-30 10-5 

7.00 x 10" 

1.03 x lo4 

2.70 x 10" 

1.10 x 10" 

6.20 x 10-5 

NC = Not characterized. 
aAssumes that Ra-226, Ra-228, Th-230, and Th-232 concentrations in OU3, OU4, and OU5 soil have been reduced to 
5 pCi/g :(from SWCR, Part 111, 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 111, 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 K6-20 
CHEMICAL CONCENTRATIONS IN AIR (pg/m3): CURRENT SCENARIW 

Maximum 
Maximum Maximum Sensitive 

Chemical On-Property Off-Property Receptor 

2-Chlorophenol 
2-Methyl-naphthalene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor 1016 
Aroclor 1221 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

4,4-DDT 

Cobalt 

Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-furan 
Hep tachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

Copper 

NC 

NC 
NC 

NC 
4.23 x 

NC 
2.79 x 10“ 
1.27 x 10“ 

1.10 x lo-’ 

2.79 x 10” 

1.44 x 10“ 
1.69 x 10” 
1.89 x 10-1 
1.61 x 10“ 
5.75 x 10“ 
4.65 103 
i s 2 X  10-3 
7.44 x io5 
7.44 x lo4 
1.18 x 10-~ 

NC 
NC 

2.38 x 
6.52 x 
6.68 x lo-’ 
4.31 x 10“ 

NC 
NC 

4.31 x 10” 

1.94 x 
4.74 x 10-~ 
2.87 x 10” 
1.94.x 

NC 

NC 
NC 

NC 
1.86 x 

NC 
1.27 x 10“ 
6.00 x lo-’ 
6.34 x lo-’ 

8.51 x 
8.46 x lo-’ 
3.72 x 10“ 
2.45 x lo3 
9.30 x 10“ 

3.30 x 10“ 
5.24 x 10“ 

NC 
NC 

4.99 x 10“ 

1.94 x 10” 

9.30 x 10 -~  

3.72 x 10” 

1.12 x 

2.96 x 10’ 
2.96 x 10“ 

NC 
NC 

8.46 x 10“ 
2.62 x lo-’ 

3.86 x lo2 

2.45 x 10” 

1.78 x 10” 
9.64 x 10” 

NC 

NC 
NC 

1.69 x lo4 
NC 

9.30 x lo-’ 
NC 

6.00 x lo-’ 
3.13 x 

7.36 x lo5 

6.43 x 10“ 
3.21 x lo-’ 
1.69 x 

2.37 x 10“ 
1.61 x lo-’ 

NC 
NC - 

6.09 x lo4 

2.37 

3.04 x 10-~ 

4.23 x 10” 

7.53 x 10” 

2.54 x 10-~ 

3.38 x 10” 
1.44 x 10“ 
2.62 x 10-~ 
2.03 x 10“ 

NC 
NC 

4.06 x 
2.11 x 10“ 
1.61 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, OU4, and OU5 soil have been 
reduced to 5 pCi/g (ARAR from SWCR, Part 111, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g 
(risk-based PRG for recreational user from SWCR, Part 111, 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. 2 1.3 
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TABLE K6-21 

AVERAGE ON-PROPERTY CONTAMINANT CONCENTRATIONS IN AIR: 
CURRENTSCENARIO 

Concentration Concentration 

Am-241 NC 2-Chlorophenol NC 
Radionuclide @Ci/m3) Chemical W m ' )  

(3-137 
Np-237 
Pa-23 1 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 

Sr-90 
Ru-106 

Tc-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 
U-238 

4.74 10-5 
1-05 10-5 
3.66 10-5 
1.05 10-3 
6.18 10-5 
3.48 x 10-5 
3.48 10-5 

8.84 10-5 
3.98 x 10-5 

8.07 x lo-' 

NC 
1.25 x lo4 
6.42 x lo4 
1.41 x lo4 
1.50 x lo4 
8-15 x 10-5 
1.33 10-3 
3.55 10-5 
1-47 10-5 
7.99 x lo4 

2-Methyl-naphthalene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor 1016 
Aroclor 1221 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-fran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel - -  ~ 

Octachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 

4,4-DDT 

. _ _  . -  

Zinc 

N C  = Not characterized. *l. . 
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3.29 x 
NC 
NC 

NC 

NC 

1-91 10-3 

1.25 x 

8.29 10-7 
4.25 10-5 
4.22 x 10" 
8.84 x lo4 
5.84 x lo2 
7.84 x 1 0 - ~  
3.74 10-4 
2.09 10-3 

3.00 10-3 
8.87 x lo4 

2.23 x lo4 
3.47 x 

NC 
NC 

3.95 x lo2 
1.97 x lo5 
2.98 x lo4 
2.43-X 10" -- - 

NC 
NC 

5.59 x 10" 
2-52 x 
1-83 x 10-3 
7-85 10-3 

8.20 10-3 

_ .  
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The average monitored fenceline concentrations of Rn-222 were approximately 240, 230, and 310 

pCi/m3 (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. 

1 

2 

3 

4 

Modeled concentrations of U-234 and U-238 typically represented the next-highest radionuclide 

concentrations of U-234 were modeled at 0.0036, 0.0017, and 0.00010 pCi/m3, respectively. The 

maximum on-property, fenceline, and sensitive receptor concentrations of U-238 were 0.0022, 

0.00099, and 0.000062 pCi/m3, respectively. Isopleths of current scenario U-234 and U-238 

concentrations are presented on Figures K6-24 and K6-25, respectively. 

5 

6 

7 

8 

9 

10 

activity concentrations, after Rn-222. The maximum on-property, fenceline, and sensitive receptor 

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 

11 

12 

13 

14 

15 

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 

16 

17 

18 approximately 70 percent; and the surface soil on the remainder of the FEMP accounted for 

approximately 20 percent. 19 

The maximum monitored fenceline concentration of U-234 was approximately 0.0013 pCi/m3 and 

of U-238 approximately 0.0012 pCi/m3 during 1990 (DOE 1991a). Monitored and modeled 

fenceline results for several radionuclides are presented in Table K6-22. These results indicate 

that the modeled concentrations are approximately one order of magnitude higher than 

concentrations currently 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 K10.0 and Kl 1.0 for additional 

discussion of uncertainty. 
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FIGURE K.6-24 
U-234 CONCENTRATION IN AIR FOR CURRENT SCENARIO 
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MODELED AND MONITORED RADIONUCLIDE FENCELINE 
CONCENTRATIONS IN AIR (pCiim3) 

Modeled Current Modeled Future 1990 Monitored 
Radionuclide Scenario Scenarios values 
CS-137 4.60 10-5 4.60 x 10-~ 4 . 9  10-5 
Np-237 
PU-238 
PU-239 
PU-240 
Ra-226 
Ra-228 
Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 
U-238 

SOURCE DOE 1991a 

1.60 10-5 

3.90 10-5 
3.90 10-5 
8.00 1 0 5  
8.70 10-5 

8.00 x lo" 

1.52 x 10" 
9.15 x 10" 
1.43 x 10" 
1.49 x 10" 
8-00 10-5 
1.65 x 10-3 
4.40 x 10-5 
1.80 10-5 
9.87 x 10" 

1.60 x 10-5 
8.00 10-5 
3 .90 .~  10-5 
3.90 10-5 
8.10 10-~  
8-80 10-5 
1.52 10-4 
9.15 x 10" 
1.44 x 10" 
1.50 x lo4 
8.10 10-5 
1-65 x 10-3 
4.40 10-5 
1.90 10-5 
9.89 x 10-~ 

c1.4 x 

<1.1 x 
<1.1 x 
~ 1 . 6  x 10" 

<1.2 x 10" 

<1.2 10-5 
3.8 x 

<1.1 x lo4 
~ 5 . 8  x 10" 

6.9 x 10" 
<5.8 x 10" 

1.3 x 10" 
4.8 x 10" 
1.7 x 
1.2 x 10" 

K6.2.10.2 Future Land Use Scenarios 1 

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 K6-24. The values 

presented are the maximum on-property concentration, maximum off-property (fenceline) 

2 

3 

4 

concentration, and maximum concentration at a sensitive receptor for each contaminant. In 5 

addition to these maximum values, Table K6-25 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 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 K6-23 

RADIONUCLIDE CONCENTRATIONS IN AIR @Cum3): FUTURE SCENAFUOS' 

Maximum Maximum Maximum Sensitive 
Radionuclide On-Property off-Property Receptor 

Am-241 

CS-137 

Np-237 

Pa-23 1 

Pb-210 

Pu-238 

NC NC NC 

7.80 x lo5 4.60 x lo-' 4.10 x 

3.60 x lo-' 1.60 x lo-' 7.50 10-7 

1.66 x 10" 6.00 x 10-5 3.40 x lo6 

3.61 10-3 1.60 10-3 7.70 x lo-' 

1.65 x 10" 8.00 10-5 4.70 x 

Pu-239 7.20 x lo-' 3.90 x lo-' 2.80 x 

Pu-240 7.20 x lo-' 3.90 x lo-' 2.80 x 10" 

Ra-226 1.45 x 10" 8.10 x lo-' 7.20 x 10" 

Ra-228 1.59 x 10" 8-80 x lo-' 7.70 x 

Rn-222 9.59 x 10' 4.12 x 10' 3.48 x 10" 

Ru-106 NC NC NC 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

3.03 x 10" 

2.00 10-3 

2.11 x 10" 

2.42 x lo4 

1.53 x 10" 

3.61 10-3 

1.52 x 10" 

9.15 x 10" 

1.44 x 10" 

1.50 x 10" 

8-10 x 10-5 

1-65 10-3 

4.40 x 10' 

1.90 x lo-' 
.9;89.x -1 0". - -- 

9.90 x 

4.60 10-~ 

1.30 10-5 

1.30 x lo-' 
7.10 x 10" 

1.04 x 10" 

2.80 x 10" 

1.20 x 
6-20.x-10-5--- - 

NC = Not characterized. 
. ~ ~. ~a&umes.that Ra2226, Ra-228, Th-228,-Th-230, and.Th-232~concentrations.in-OU3,-OU4,-and.OU5 soil have-been ~ - - ~  ~ ~ 

reduced to 5 pCiig (From SWCR, Part 111, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g 
(risk-based PRG for recreational user from SWCR, Part 111, 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 IC624 

CHEMICAL, CONCENTRATIONS IN AIR (pg/m3): FUTURE SCENARIOS" 
Maximum 

Maximum Maximum Sensitive 
Chemical On-Property off-Property Receptor 
2-Chlorophenol 
2-Methyl-naphthalene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor 1016 
Aroclor 1221 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-fran 
Hep tachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

4,4-DDT 

NC 
1.10 x lo-' 

NC 
NC 

NC 
4.23 x 

NC 
2.79 x 
1.27 x lo4 

2.79 10-3 

1.44 x 10" 
1-69 10-3 
1.89 x lo-' 
1.61 x 10" 
5.83 x 10" 
4.65 10-3 
1.52 10-3 
7.44 10-3 

1.18 10-5 
7.44 x 10" 

NC 
NC 

2.38 x 
6.54 x 
6.68 x lo-' 
4.31 x 10" 

NC 
NC 

3.55 x lo-' 
4.74 x lo-' 
2-87 10-3 
1.95 x 

4.31 x 10-3 

NC . NC 
4.99 x 10" 

NC 
NC 

1.94 x 10" 
NC 

1.86 x 
NC 

1.27 x 
6.00 x lo-' 
6.34 x lo-' 
9.30 x lo4 
8.51 x lov2 
8.46 x lo-' 
3.72 x 10" 

9.30 x 10" 

3.30 x 10" 
5.33 x 10" 

NC 
NC 

1.12 x lo-2 
3.88 x lo-2 
2.96 x lo-' 
3.04 x 10" 

NC 
NC 

9.30 x 10" 
2.62 x lo-' 

2-45 10-3 

3.72 x 10-3 

2.45 10-3 

1.78 10-3 
9.72 10-3 

2.37 x io-' 
NC 
NC 

1.69 x lo3 
NC 

9.30 x lo-' 
NC 

6.00 x lo-' 
3.13 x 
3.04 x 10" 
7.36 10-5 
4.23 x 10-3 

1.69 10-4 

6.43 x 
3.21 x 10" 

7.61 x lo-' 
2.37 x lo4 
1.61 x lo-' 

NC 
NC 

6.09 x 10" 
3.38 10-3 
1.44 x 10" 
2.62 x 10-5 
2.03 x lo4 

NC 
NC 

5.83 10-7 
2.11 x 10" 

2.62 10-7 

1.61 x 10" 
6.17 x lo4 

KC = Not characterized. 
Assumes that Ra-226, Ra-228. Th-228, Th-230, and Th-232 concentrations in OU3, OU4, and OU5 soil have been 

reduced to 5 pCi/g (ARAR from SWCR, Part 111, Table 2-3); and U-238 concentrations have been reduced to 60 pCi/g 
(risk-based PRG for recreational user from SWCR, Part 111, 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 K6-25 
AVERAGE ON-PROPERTY CONTAMINANT CONCENTRATIONS IN AIR: 

FUTURESCENARIOS 

Concentration 
Radionuclide (pCim3) Chemical 

Am 
CS-137 
Np-237 
Pa-23 1 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-236 
U-238 

NC 
4.75 x 10-5 
1.05 x 10-5 
5-10 105 
1.09 10-3 

3.48 x 10-5 
3.48 x 10-5 

8.97 10-5 

6.18 x 10’ 

8.36 x 10’ 

4.28 x 10’ 
NC 

1-26 10-4 
6.44 x lo4 
1.44 x lo4 
1.53 x lo4 
8.43 10-5 
1-34 x 10-3 
3.69 10-5 
1.61 10-5 
8.06 x lo4 

2-Chlorophenol 
2-Methyl-napht halene 
4-Chlorophenyl-phenylether 

Antimony 
Aroclor 1016 
Aroclor 1221 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzo-furan 
Hep tachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
-Molybdenum- - - - 

Nickel 
Octachlorodibenzofuran 
Octachlorodibenzo-p-dioxin 
Selenium 
Thallium 
Vanadium 
Zinc 

4,4-DDT 

NC 

NC 
NC 

NC 

NC 

3.29 x 

1.93 10” 

1.25 x 

8.29 10-~ 
4.26 10-5 
4.22 10-5 

7.88 10-5 

2.10 10-3 
8.93 10-4 
3.01 10-3 

8.87 x lo4 
5.85 x 

3.77 x lo4 

2.24 x lo4 
3.85 x lo4 

NC 
NC 

3.99 x lo-* 
8.20 10-3 

1.97 10-5 

2.45 10-3 
3 . 0 5 ~  10‘- - - -  - - 

NC 
NC 

8.85 x lo4 
2.55 10-5 
1.84 x 10-3 
7.89 10-3 

NC = Not characterized. 
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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/m3, respectively. Isopleths of Rn-222 concentrations for future scenario are 

shown on Figure K6-26. Again, the maximum value is approximately three orders of magnitude 

below the EPA action level of 4000 pCi/m3 (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/m3, respectively. The 

maximum on-property, fenceline, and sensitive receptor concentrations of U-238 are 0.0022, 

0.00099, and 0.000062 pCi/m3, respectively. Isopleths of U-234 and U-238 concentrations for 

future scenarios are presented on Figures K6-27 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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IC6.3 FARM PRODUCTS FATE MODELING 

This section describes the equations used to estimate exposure to chemicals and radionuclides 

from ingestion of contaminated farm products. 

IC6.3.1 Ingestion of Vegetables 

The equations used to estimate exposure to chemicals and radionuclides via ingestion of 

vegetables irrigated with contaminated water are from the NRC (NRC 1977) and the EPA 

(EPA 1989e). This process involves estimating the concentration of the contaminant on and in 

the plant as a result of foliar deposition and root uptake. The model used to estimate the 

concentration in and on vegetation irrigated with contaminated water is (NRC 1977): 

For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977): 

where 

LEi 

4-i 

Civd 

Ciw 

dd 

4, 
E, 
fd 

P 
'd 

227 
2 . ... < 

effective depletion constant of i* contaminant on the plant surface (hr-'), 
radioactive -or chemical decay constant of i* contaminant (hr-'), from 
Howard 1991, 
dry soil to wet plant (vegetables, forage, and fruit) transfer coefficient of ith, 
contaminant (C,JC,), 
concentration of i* contaminant in plants as a result of deposition of 
contaminated dust on plants (pCi/kg or mgkg), 
concentration of i* contaminant in plants as a result of irrigating plants with 
contaminated water (pCi/kg or mgkg), 
dust deposition rate (pCi/m2/hr or mg/m2/hr), 
irrigation deposition rate (pCi/m2/hr or mg/m2/hr), 
fraction of year plant is irrigated (unitless), 
fraction of year plant is downwind (unitless), 
effective dry surface density of the soil (kg/m'), 
fraction of deposited dust retained on plant surface (unitless), 
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where 

Ciw 

cid 

'd 
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piiDV Qb 504% 
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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/m2), 

. .  

1 

2 

3 

J 

5 
6 

10 

= concentration of i" contaminant in irrigation water (pCi/I or m g ) ,  1 1  

= irrigation rate (I/m2/hr), 12 
= 13 

= deposition velocity for dust (g/m*/hr), Attachment KIII. 14 

concentration of ith contaminant in dust (pCi/g or mg/g), and 

In addition to exposure to contaminated irrigation water and dust, vegetables and.livestock feed 15 

16 0 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 17 

18 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. 

19 

20 

21 

where 22 

c, 
c s  

= concentration of i" contaminant in plants as a result of root uptake from 

concentration of ith contaminant in dry soil at harvest time (pCikg or m a g ) .  

23 

_ _  - - _ _  - - contaminated soil (pCi/kg or mgkg), and - - 2 4  - 

= 25 

The total concentration of contaminants in vegetables (C,) is estimated using the 

following equation: 

26 

21 

c, = c,, + c, + cia (19) 28 
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..L -.. 
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. 

A summary of parameters used in the vegetable, forage, and fruit uptake models is presented in 

Table K6-26. Radioactive or chemical decay constants are presented in Table K6-27. Transfer 

coefficients of contaminants from dry soil to wet plant material are presented in Table K6-28. 

K.6.3.2 Ingestion of Meat and Dairv 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): 

where 

CiA 

FiA 

Cif 
Qt 
CiAW 
Q A W  

JIi 

t iA 
\ 

concentration of i* contaminant in the animal product (pCi/l for milk, pCi/kg 
for beef or mg/l for milk, m@g for beef), 
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, daykg for beef), 
concentration of i* contaminant in forage (pCi/kg or mg/kg), 
consumption rate of contaminated forage by an animal (kg/day), 
concentration of i* contaminant in livestock water (pCi/l or mg/l), 
consumption rate of contaminated water by an animal (l/day), 
decay constant of it” Contaminant (hr-’), and 
delay between harvest of animal product (milk or meat) and consumption (hr). 

Transfer coefficients of contaminants to milk or beef (Fa) are presented in Table K6-28. 
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TABLE K6-26 
SUMMARY OF P- FOR VEGETABLEFORAGE UPTAKE MODELS 

Paramete? Value Units Reference 

Irrigation Rate (I): 

Fraction of Deposited Dust Retained 

Fraction of Water Borne Material Retained 

Effective Depletion Constant of Contaminant on 

Growing Season for Vegetables and 

Growing Season for Forage (tJ: 

Agricultural Yield of Vegetables and 

Agricultural Yield of Forage (Y): 

Fraction of Year Plants are Downwind (fd): 

Fraction of Year Plans are Irrigated (h): 
Period Soil is Exposed to Contaminated 

Period Soil is Exposed to Airborne 

Effective Dry Surface Density of the Soil @): 

Delay between Harvest and Consumption 

Delay between Harvest and Consumption of 

Delay between Harvest and Consumption 

Delay between Milking and Consumption ( t d :  

Delay between Slaughter and Consumption 

on Crops (rd): 

on Crops (r,,,): 

Plant Surface (,IEi): 

Fruit Crops (tee): 

Fruit Crop (Y): 

Water (tbw): 

Emissions ( tM): 

of Vegetables (thv): 

Vegetables and Fruit (the): 

of Forage (th& 

0.081 

0.25 

I/m2/hr 

unit less 

USDA 1970 

NRC 1977 

0.20 unitless NRC 1977 

h i '  0.0021 NRC 1977 

1440 hr NRC 1977 

720 

1.5 

hr 

kg/m2 

NRC 1977 

USDA 1979 

kg/m2 

unitless 

unitless 

hr 

0.8 

M D ~  

1 .O" 

8760 

USDA 1979 
- 
NRC 1977 

Assumed 

8760 hr Assumed 

kg/m2 

hr 

kg/md 

NRC 1977 

150 

24 

720 hr Assumed 

0 hr 

hr 

hr 

.~ 

NRC 1977 

48 
480 

NRC 1977 

NRC 1977 

a See the uncertanty analysis (Section K10.0) for more information on these parameters. 

" The raction of time plants are irrigated is implicitly included in the irrigation rate. To avoid using this parameter twice 
CRARE modeled RME location. 

in,Equation 7-9, fd has been set to 1.0. 
Corresponds to a density of 1.5 g/cm3 and a depth of 10 cm. Moist bulk densities of surface soil range from. 1,4 to 1.55 

. 7 . .  

g/cm3 at the FEMP (USDA 1982). ?34 b 5  

a 
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TABLE K6-27 
CHEn4ICAL AND RADIOACTIVE COC DECAY CONSTANTS 

-Y h Y  
Constant Constant 

Chemical (k-') SoUrCe Radionuclide (hr-') Source 

Antimony 1.00 10-14 a AC-227 8.72 x lo-' a 
Aroclor- 101 6 1.00 x 10-14 a Am-241 183 x lo-' b 
Aroclor- 1221 1.00 10-14 a Cs-137 2.62 x b 
Aroclor-1242 1.00 1 0 4 4  a Np-237 3.70 x lo-" b 
koclor-1248 1.00 10-14 a Pa-231 5.80 x lo-' a 
Aroclor-1254 1.00 10-14 a Pb-210 8.53 x lo-' a 
Aroclor- 1260 1.00 10-14 a PU-238 9.01 x b 
Arsenic 1.00 1 0 4 4  a PU-239 3.28 x b 
Barium 1.00 10-14 a PU-240 1.20 x lo-' b 
Beryllium 1.00 10-14 a Ra-226 9.93 x IO" a 
Cadmium 1.00 10-14 a Ra-228 9.93 x a 
Chromium 1-00 10-14 a Rn-222 NA 
Cobalt 1.00 10-14 a RU-106 9.99 x lo-' b 
Copper , 1.00 10-14 a Sr-90 1.00 x 10' b 
Cyanide 1-00 10-14 a ' Tc-99 1.00 x 10' b 
D-n-octyl phthalate 1.00 x 10-14 a Th-228 9.93 x lo4 a 
Heptachlorodibenzofuran 1.00 x a Th-230 2 . 4 7 ~  lo4 a 
Hep tachlorodibenzo-p- 1.00 x 10-14 a Th-232 1.36 x a 

Lead 1-00 x 10-14 a U-233 4.96 x lo-'' b 
Manganese 1.00 10-14 a U-234 7.77 x a 
Mercury 1.00 10-14 a U-235 2.70 x a 
Molybdenum 1.00 10-14 a U-236 3.38 x lo-'* b 
Nickel 1-00 10-14 a U-238 4.25 x a 
Octachlorodibenzohran 1.00 x a 

dioxin 

Selenium 
Thallium 
Vanadium 
Zinc 
2-Chlorophenol 
2-Methylnaphthalene 
4-Chlorophenyl- p 

p henylet her 
4,4-DDT 

1-00 10-14 

1.00 10-14 
1.00 10-14 
1.00 10-14 
1-00 x 10-14 
1.00 10-14 
1-00 x 10-l4 

1-00 1044 

a 
a a~~~ (1993~1) 

a 
a 

bGrove Engineering (1991) 
NA = Non Applicable 

a 
a 
a 

a 
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In addition to intake from irrigated forage and water, cows may receive a significant intake from i 

soil ingestion 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): 4 

7- 

3 

where 

c s  
Q s  = consumption rate of soil by livestock (kg/day). 

= concentration of contaminant in soil (pCikg or mgkg), and 

Animal Consumution 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 Q A W  Q s  
Feed or Forage' Watef soilb 

Animal (kg wet weifidday) (VdaY) (Wday) 

Milk cow 50 60 0.5 
modified " 25 

Beef cattle 50 50 0.5 
modified" 25 

a(NCR 1977) 
b(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 Srage 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 ai. 

(1984), Till and 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 K6-28. These factors are the ratios of 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
23 

- 

29 

r 35 
' ' FER/OU4CRAREC6B/SSO/C-4/l2-14-93 K-6-112 



1 FEMPIOU4 

the dry-weight 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 

1 

2 

3 

4 

5 

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 6 

i 

8 

9 

coefficient was not readily available, the following regression equations based on the relationship 

coefficients (Travis and Arms 1988): 

between transfer .and the octanol-water partition coefficient (K,) were used to estimate transfer 

10 
11 

12 

Chemical-specific K, values are available from several sources. The major source used for Kw 13 0 values was Hansch and Leo (1979). 14 

Concentrations in the aboveground vegetative part of plants were estimated using the following IS 

16 equation (Baes et al. 1984): 

where 

Civ 
CS = maximum concentration in soil (mg/kg dry wt), and 
Biv(l) 

= concentration of the i* contaminant in vegetation (mg/kg dry wt), 

= 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 K6-29 

CURRENT LAND USE SCENARIO 
FARM PRODUm COC CONCENTRATIONS OF'FSlTE RE!XDENT FARM RECEPTORS 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC (mg/kg) (mglkg) (mg/kg) 

Chemical 

Antimony 
Aroclor- 1016 
Aroclor- 1221 
Aroclor-1242 
Aroclor- 1248 
Aroclor- 1254 
Aroclor-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Hep tachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Selenium 
Thallium 
Vanadium 
Zinc 
2-Chlorophenol 
2-Methylnaphthalene 
4-Chlorophenyl-phenylether 

6.71 x lo4 

5.63 x lo-" 

1.91 x lo-' 

3.11 x 10" 
5.72 x 10" 

7.95 x 10" 

2.19 10-5 
2.48 10-7 

5.94 10-5 
9.46 x 10-~ 

8.09 x 10" 

2.94 x 10'" 
3.19 x lo4 

6.51 x 10" 
5.69 10-5 
1.38 10-5 

4.91 10-5 

1-95 10-7 

1.57 10-5 
3.10 10-3 

1.43 10-9 

6.32 x 10" 

3.27 x 10" 

6.71 10-7 

1.79 x lo-" 

1.95 x lo-' 
1.72 x 
6.29 x 10" 
1.72 10-7 
5.10 10-5 

2.23 x 10-l0 
1.47 x 10" 

5.94 x 10" 
1.42 10-5 

1-01 x lo4 

5.42 x 10" 

2.49 x lo-' 
1.58 x 10" 
8.19 x 10" 

5.19 x lo-' 

4.98 10-5 

1.64 10-7 
1.26 x 10-~ 
3.10 x 10" 

8.03 x 10" 

1.64 x lo4 

8.40 x 10' 

4.68 io4 

6-97 10-5 
3.53 10-3 

3.51 10-5 

7.24 10-5 

1.37 10-5 

2.62 x 10" 
2.38 x 

6.06 x 10" 

2.27 x lo4 

1.96 x lo7 

5.28 x lo4 

1.31 x 10" 

1.99 x lo4 

3.16 x lo' 
2.00 x 10" 
1.54 x 10" 
7.19 x lo4 

3.43 x 10-3 

2.57 10-5 

1-93 x 

4,4-DDT 
231 
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TABLE K6-29 
(Continued) 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC @C@) @cia) @C/kg) 

Radionuclide 

Ac-227 
Am-241 
CS-137 
Np-237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 
Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
U-234 
U-235 
U-236 
U-238 

3.29 10-3 

6-78 x 10-3 
1.34 x 

8.54 x lo-' 
5.50 x 
5.50 x lo-' 
7-01 x 10-5 
4.71 10-5 

1.88 x 10" 
3.14 x 
1.66 x 10" 

5.25 x lo-' 
1.38 x 

3.11 x lo-' 
5.71 10-3 

1.15 10-3 
1.22 10-7 
4.24 10-5 

1.71 x lo4 
1.10 x 
1-10 x 
1.26 x lo4 
1.30 10-4 

7.85 x 
2.28 x 
2.41 x 
2.62 x 
1.38 x 10" 

1.59 x 10' 
4.24 x 
1.75 x 
9.55 x lo-' 

- _ _  __ 

4.01 10-3 

2.07 x 10-3 

4.17 10-3 
2.68 10-3 
2.68 10-3 
6.84 10-3 
7 . 2 ~ ~  10-3 

5.83 x lo4 

5.93 x 

3.38 10-13 
1.47 x 
1.21 x 
1.28 x lo-* 
6.76 10-3 

5.59.x 10' 
1.48 x 100 

6.15 x lo-' 
3.35 x 10' 

%* 
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FARM PRODUCT COC CONCENTRATIONS: OFFSITE RESIDENT FARM RECEPTORS 
FUTURE LAND USE WITH FEDERAL OWNERSHIP 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC (m&) (mg/kg) (mg/kg) 

Chemical 

Antimony 
koclor-1016 
Aroclor- 1221 
Aroclor-1242 
Aroclor- 1248 
koclor -  1254 
Aroclor- 1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzo furan 
Selenium 
Thallium 
Vanadium 
Zinc 
2-Chlorophenol 
2-Methylnaphthalene 
4-Chlorophenyl-phenylether 

Copper 

4,4-DDT 

I 

FER/OU4CRApEC6BWO/C-4/12-14-93 

6.75 x 10" 

5.63 x lo-*' 

1.91 x 
7.96 x 
3.11 x 
5.75 x 
2.21 10-5 
2.50 10-7 

5.99 10-5 
9.49 x 10-~ 

2.95 x 10'" 
3.54 x lo4 

8.14 x 10" 

6.51 x 10" 
5.74 x 10-5 
1.39 10-5 

4.94 10-5 

3.12 1 0 - ~  

1.58 x 10-~ 
' 3.12 x 10-3 

1-30 10-9 

6.43 x 10" 

3.31 x 10" 

9 v 3 9  
K-6- 1 16 

6-75 10-7 

1.79 x lo-" 

1.95 x lo4 
1.72 x 10" 
6.29 x 10" 
1.73 10-7 
5.15 10-5 

2.25 x 10-l0 
-1.48 x 10" 

5.99 x 
1-42 x 

1.12 x lo4 

5.42 x 10" 

2.50 x lo-' 
1.61 x 10" 
8.23 x 10" 

8.32 x lo-' 

5.02 

1.65 
1.27 
3.12 x lo4 

7.27 x lo-'' 

1.65 10-4 

8.40 x lo-' 

4.68 x lo-' 
2.63 x 
2.38 x 
7-01 10" 
3.57 10-3 

3.53 10-5 

7.30 10-5 

1-37 10-5 
2-17 10-7 

6.09 x 

2.28 x lo4 

5.28 x lo4 

1.31 x 10" 
2.61 x lo5 
2.00 x lo4 

3.47 10-3 

5-07 10-7 
2.02 x 10" 
1.55 x lo4 
7.24 x lo4 

1.75 x 10-7 
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TABLE K6-30 
(Continued) 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC @C*) @C*) @C*) 

Radionuclide 

AC-227 
Am-241 
CS-137 
Np-237 
Pa-23 1 
Pb-210 
PU-238 
PU-239 
PU-240 
Ra-226 
Ra-228 0 Rn-222 
RU- 106 
Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
U-233 
U-234 
U-235 
U-236 
U-238 

3.29 10-3 

9.54 10-3 
1.34 x 

8.54 x 
5-50 x lo4 
5-50 x 
7-17 10-5 
4.75 x 10-5 

1.91 x 10" 
3.18 x 
1.70 x 10" 

2.99 10-3 
7.99 10-5 
3.34 10-5 
1.79 i 10-3 

1.15 10-3 
1.22 io-' 
5.96 10-5 

1.71 x 
1.10 x 
1-10 x 
1.29 x lo4 
1.31 x lo4 

7.89 x 1OZ 
2.29 x 
2.44 x 10" 
2.65 x 
1.42 x 

9.12 10-3 

5.47 x 10-3 

2.44 x lo4 
1.02 x lo4 

4-01 x 10" 

2.91 10-3 

4.17 10-3 
2.68 10-3 
2.68 10-3 
7-00 x 10-3 
7.29 10-3 

5.83 x lo4 

6.16 x 

3.40 1043 

1.48 x 10-l2 
1.22 x 
1.29 x lo-* 
6.92 10-3 

3.33 x 10-l 
8.91 10-3 
3.73 10-3 
2.00 x lo-' 

. ', __ 
K-6-117 .. 
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TABLE K6-31 

FARM PRODUCT COC CONCENTRATIONS: OFFSITE RESIDENT FARM RECEPTORS 
FUTURE LAND USE WITHOUT FEDERAL OWNERSHIP 

Meat Daiq Product Vegetable 
Concentrations Concentrations Concentrations 

COC (mg/kg) (mg/kg) (mg/kg) 

Chemical 

Antimony 
Aroclor-1 01 6 
Aroclor- 1221 
Aroclor- 1242 
Aroclor-1248 
Aroclor-12% 
Aroclor-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Selenium 
Thallium 
Vanadium 
Zinc 
2-Chlorop henol 
2-Methylnaphthalene 
4-Chlorophenyl-phenylether 
4,4-DDT 

6.75 x 10" 6.75 10-7 

5.63'x lo-" 1.79 x 10" 

1.91 x lo-' 1.95 x 
7.96 x 10" 1.72 x 10" 
3.11 x 6.29 x 10" 
5.75 x s 1.73 10-7 
2.21 10-5 5-15 10-5 
2.50 10-7 2.25 x 1O-'O 
8.14 x 10" 1.48 x 10" 

5-99 10-5 5.99 x 

2.95 x 10- 
3.54 x 10" 

9.49 1 0 5  1-42 10-5 

1.12 x lo4 

6.51 x 10" 5.42 x 10" 
5.74 10-5 5.02 10-5 
1-39 10-5 2.50 x lo4 
6.43 x 10" 1.61 x 10" 
4.94 10-5 8.23 x 10" 

3 . i ~  x 1 0 - ~  8.32 x 18' 
3.31 x lo4 
1.58 10-5 1.27 

1.65 x 10-~ 

3.12 10-3 3.12 x 10" 

1-30 10-9 7.27 x lo-'' 

1.65 x 10" 

8.40 x lo-' 

4.68 x lo-' 
2.63 x 10" 
2.38 x 
7-01 10-5 
3.57 10-3 

3.53 x 10-5 

7.30 10-5 

1-37 10-5 
2-17 10-7 

6.09 x 

2.28 x 10" 

5.28 x 10" 

1.31 x 10" 
3.47 10-3 

2.61 10-5 

5.07 x 1 0 - ~  
2.02 x 10" 
1.55 x 10" 
7.24 x lo4 

2.00 x 10" 

1-75 10-7 

I 
'. 
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TABLE K-6-31 
(Continued) 
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Meat Dair Product Vegetable 
Concentrations Concentrations Concentrations 

COC @C*) @C*) @Ci/kg) 

Radionuclide 

AC-227 
Am-241 
CS-137 
Np-237 
Pa-23 1 . 
Pb-210 
PU-238 
PU-239 
PU-240 
Ra-226 
Ra-228 @ Rn-222 
RU-106 
Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
U-233 
u-234 
U-235 
U-236 
U-238 

3.29 x 10-3 

9.54 10-3 
1.34 x 10" 

8.54 x 
5.50 x 
5.50 x 
7.17 10-5 
4.75 10-5 

1.91 x 10" 
3.18 x 10" 
1.70 x 10" 

2-99 x 10-3 
7.99 10-5 
3.34 10-5 
1-79 10-3 

1.15 x 10-3 
1.22 10-7 
5.96 10-5 

1.71 x lo-* 
1.10 x 
1.10 x 
1.29 x lo4 
1.31 x lo4 

7.89 x 
2.29 x 
2.44 x 10" 
2.65 x 10" 
1.42 x 10" 

9.12 10-3 

5.47 10-3 

2.44 x lo4 
1.02 x lo4 

4.01 10-3 
5.83 x lo4 
2.91 x 
6.16 x los2 
4-17 10-3 
2.68 10-3 
2.68 10-3 
7.00 10-3 
7.29 10-3 

3.40 10-13 

1.48 x 10-l2 
1.22 x 
1.29 x 
6-92 x 10-3 

3.33 x 10-l 
8.91 x 10-3 
3.73 10-3 
2.00 x 10-l 

FERK)U4CRAREC6BISSOlC-4/12- 14-93 
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TABLE K6-32 

FARM PRODUCT COC CONCENTRATIONS ONSITE RESIDENT FARM RECEPTORS 
FiUTURELANDUSEWITHFEDERALOWNERSHlP 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC (m&) (m&) (mg/kg) 

Chemical 

Antimony 
Aroclor-1016 
Aroclor-1221 
Aroclor-1242 
Aroclor- 1248 
Aroclor- 1254 
koclor-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Di-n-octyl phthalate 
Heptachlorodibenzofuran 
Heptachlorodibenzo-p-dioxin 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Octachlorodibenzofuran 
Selenium 
Thallium 
Vanadium 
Zinc 
2-Chlorophenol 
2-Methylnaphthalene 
4-Chlorophenyl-phenylet her 
4,4-DDT 

3.41 x lo-' 

2.16 10-5 

3.32 x lo4 
6.78 x 
2.25 x 
8.30 x 
1.64 x 10-o 

9.96 x lo-' 
1.49 10-3 

3.41 x 

6.48 x 

2.37 x 10" 
1.47 x 
4.55 x 
2.49 10-3 
3.84 x 10-O 

1.81 x lo-' 
1.34 x 

4.80 x 10" 4.80 x 
1-49 10-7 1.91 x lo4 

5.67 x lo-' 
1.79 x lo4 

1.50 x lo-' 
3.63 x 10-o 

3.97 x lo-' 9.93 x 
9.24 x lo-' 

1.25 x lo-' 
3.18 x 10' 

5.37 x 10-O 9.66 10-3 

1.54 x lo-' 

4-67 x 10-3 1.25 10-3 

6.18 x 4.95 x 10" 
1.22 x 103 1.22 x 

1.31 x 6.54 x lo4 

1.25 x lo4 7.02 10-5 

9.75 x lo-' 

2.70 x 

4.77 x 10" 

1-10 x 10-2 
6.64 x lo-' 
2.06 x lo2 
1.49 x 
3.56 x 10' 

3.20 x lo-' 

1.86 x 10' 

6.93 10-3 

2.48 x lo2 

1.79 10-5 

8.19 x loo 
1.75 x lo2 

4.25 x 10" 
3.05 x lo-' 
2.64 x 100 

4.45 10-3 
1-87 x 10-3 
1.76 x lo-' 
2.43 x lo2 

1.81 x lo-* 
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TABLE K6-32 
(Continued) 

Meat Dairy Product Vegetable 
Concentrations Concentrations Concentrations 

COC @C/kg) @C*) (PC/kg) 

Radionuclide 

AC-227 
Am-241 
(2-137 
Np-237 
Pa-23 1 
Pb-210 
PU-238 
PU-239 
PU-240 
Ra-226 
Ra-228 
Rn-222 

Sr-90 
Tc-99 

RU-106 

Th-228 
Th-230 
Th-232 
U-233 
U-234 
U-235 
U-236 
U-238 

3.37 10-3 

9.59 10-3 
1.42 x 

8.57 x 
5.51 x 
5.51 x 
7-23 10-5 
4.79 10-5 

1.92 x 10" 
3.19 x 10" 
1.71 x 

4.23 x 

4.63 x 10" 
2.53 x 

1-13 10-3 

1-18 10-3 
1.29 x 
6-00 10-5 

1.72 x loa 
1.10 x 
1.10 x loa 
1.30 x lo4 
1.32 x 10" 

1.48 10-24 
1.23 x 
2.45 x 10" 
2.66 x 10" 
1.42 x 

1.30 x 1 0 - I  
3.45 10" 
1-42 10-3 
7.76 x 

4.07 10-3 

2.91 10-3 

4.17 x 10-3 
2.68 10-3 
2.68 10-3 
7.03 10-3 
7.32 10-3 

5.86 x 10- 

6.16 x 

5.85 x 10-13 
6.79 x 
1.22 x 
1.29 x 
6.92 10-3 

4.56 x 10' 
1.21 x lo-' 
5.00 x lo-* 
2.73 x 10' 

K-6- 121 
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K7.0 T0XICl"YAssESsMENT 1 

This toxicity assessment examines information concerning the potential effects of exposure to 2 

COCs. The COCs described in this section apply to the FEMP as a whole; they are the result of 

the Section K4.0 screening process and are used in the Section K6.0 fate and transport models. 

Those COCs that were screened out have been omitted from this discussion (see Section K4.0 

3 

4 

5 

for a complete list). 6 

For this CRARE, the goal was to quantitatively estimate the relationship between COC exposure 

and the severity or probability of human biological effect. Throughout this assessment, potential 

health effects caused by concurrent exposure to multiple COCs were assumed to be additive in 

nature. This assumption of additivity ignores possible synergisms or antagonisms among 

chemicals. However, data to assess interactions are lacking. In the absence of adequate 

information, EPA guidelines indicate that carcinogenic risks and noncancer hazard indices (HIS) 

should be treated as additive (EPA 1986b and 19891). 

This section contains a compilation of chronic noncarcinogenic and carcinogenic risk parameters 

followed by detailed toxicity profiles of the major COG. T h e  toxicity profiles emphasize chronic 

noncarcinogenic and carcinogenic health effects. Subchronic health effects are also addressed as 

necessary for the major COO.  The toxicity assessment for ecological effects will be provided in 

future operable unit CRAREs when such effects are evaluated. 

K7.1 NONCARCINOGENS 

Reference doses (RfDs) and dose-response data for noncarcinogenic effects associated with 

exposure to the COCs are presented in Table K7-1. Since the RfD is usually based on data from 

exposure studies using animal models, an uncertainty factor has been incorporated to provide a 

safetyfactor for the extrapolation from animals to humans. When available, RfDs for both the 

ingestion and inhalation pathways are presented. The sources for reference dose values and dose- 

response data were the IRIS database (EPA 1993b) and the HEAST compiled by EPA (1992~). 

IRIS was used as the primary source for toxicity information. HEAST was used only if IRIS 

values were unavailable (EPA 1989b). Noncarcinogenic risks were characterized only for the 

contaminants and pathways for which pathway-specific RfD values were available; no cross-route 

extrapolation of noncarcinogenic risks were performed (DOE 1993~). 

_ _  _ _ _  .- - - . -_ _. _ - _  - - -  
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K7.2 CHEMICAL CARCINOGENS 1 

The incremental lifetime- cancer risk (ILCR) due to exposure to a chemical was calculated-as the 

product of the lifetime chronic daily intake (mg/kg/day) and the cancer slope factor of that 

chemical. The values used for carcinogenic slope factors (Table K7-2) came entirely from EPA 

sources (IRIS and HEAST) and were defined by EPAs Carcinogen Assessment Group (CAG). 

2 

3 

4 

5 

6 

In developing the cancer slope factors, the EPA gave preference to human epidemiology studies; 

An inherent assumption in the EPAs approach is that there is no threshold for a carcinogenic 

effect. That is, smaller doses result in a smaller risk, but any dose, no matter how small, carries 

some risk. The dose-related number of tumors and the time of incidence of tumors were fitted 

using a linear multi-stage model. A slope factor describing the linear relationship of lifetime risk 

7 

8 

9 

10 

11 

12 

13 

however, the slope factors for most chemicals were in fact derived from animal exposure studies. 

to dose was computed using the 95 percent UCL of this slope. This approach is inherently 

conservative because of the no-threshold assumption and the use of the 95 percent UCL. Cancer 14 

slope factor values are pathway-specific, and cross-route extrapolations of risk were not performed 15 

(DOE 1993~). 16 

17 

K7.3 RADIOCARCINOGENS 18 

The principal adverse biological effects associated with ionizing radiation from radioactive 19 

substances in the environment are mutagenicity, teratogenicity, and carcinogenicity: 

Mutagenicity is the ability to induce genetic mutations in the nuclei 
of either somatic or reproductive cells. 

Teratogenicity is the ability to induce or increase the incidence of 

functional deviations produced during embryonic growth and 
development. 28 

20 
21 
22 
23 
24 
25 
26 
27 

0 

0 
congenital malformations, which are permanent structural or 

~ _ -  _ _ _  - ~ - - -- -- - 29- -- - - 
0 Carcinogenicity is the ability to produce neoplastic changes which 30 

result in tumors. 31 

32 

33 - - 

34 

35 

36 

The guidance for- the EPA Superfund risk-assessment clearly states that carcinogenicity is 

considered to be the limiting deleterious effect at the radiation dose levels expected at the 

remediated FEMP. The carcinogenic effects may then be used as the sole basis for assessing the 

_ _  

0 radiation-related human health risks of a site contaminated with radionuclides (EPA 19891). 

FERIOU4CRAREC7ISSO.C-4n 2- 14-93 K-7-5 
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Each radionuclide produces a unique radiation spectrum and can affect different organs in the 

human body. The EPA has calculated the annual radiation dose equivalent from each 

radionuclide to each organ in each year of life, per unit intake or external exposure, over a 

lifetime. The average excess number of all types of radiation-induced fatal cancers that occur in a 

year can then estimated for the corresponding dose equivalents received during that year and 

relevant preceding years. The excess number of radiation-induced fatal cancers is derived from 

epidemiological data, extrapolation from high radiation doses to low doses, and mathematical 

models for projecting risk over a lifetime. Because the EPA is concerned with assessing cancer 

incidence, each radionuclide slope factor has been calculated by dividing the excess fatal cancer 

risk for that radionuclide by the mortality-to-incidence risk ratio (EPA 19891) for the types of 

cancer induced by that radionuclide. This mortality-to-incidence risk ratio is not incorporated into 

the cancer potency factors derived by EPA for chemical carcinogens; therefore, the basis for 

cancer risk estimates for radionuclides and chemical carcinogens is not the same. 

The relationship between cancer incidence and exposure to radioactive materials is quantified by 

using mathematical extrapolation models, which estimate the largest possible linear slope (within 

the 95 percent UCL) at low extrapolated doses consistent with the data. This "radiocarcino- 

genicity slope factor" is characterized as the "maximum likelihood estimate of the age-averaged 

lifetime total excess cancer risk per unit intake or exposure" (EPA 19919. For this reason, the 

true risk to humans, although not identifiable, is not likely to be the upperbound estimate. It may 

in fact be lower. 

The EPA Office of Radiation Programs (ORP) has calculated cancer slope factors for 

radionuclides of potential concern at Superfund sites. These values are listed in the HEAST (not 

IRIS) and are subject to revision. The slope factors are presented in Table K7-3. 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

17 

18 

19 

20 ~ 

21 

22 

23 

24 

25 
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TABLEK7-3 

CANCER SLOPE FA-RS FOR RADIONUCLIDES 

u-233 
u-234 
U-235 
U-235 + Progeny 
U-236 
u-238 
U-238 + Progeny 
Th-228 
Th-228 + Progeny 
Th-230 
Th-232 
Ra-226 
Ra-226 + Progeny 
Ra-228 
Ra-228 + Progeny 
Pa-231 
RU-106 
AC-227 
Ac-227 + Progeny 
Am-241 
Pb-210 
Pb-210 + Progeny 

Sr-90 + Progeny 
Sr-90 

TC-99 
CS-137 
Cs-137 + Progeny 
Np-237 
Np-237 + Progeny 
Pu-238 
Pu-239 
PU-240 . 
Rn-222 
Rn-222 + Progeny 

External 
ICRP Exposure 
Lung Inhalation Ingestion (Risldyear per 

Radionuclide class' Risk/(pCi) Risk/(pCi) pcig soil) 
Y 2.7 x lo4 1.6 x lo-" 4.2 x lo-" 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
W 
W 
W 
W 
Y 
Y 
Y 
Y 
W 
D 
D 
D 
D 
W 
D 
D 
W 
w -  
Y 
Y 
Y 
Y 
Y 

2.6 x lo-' 

2.5 x lo4 
2.5 x lo-' 
2.4 x lo-' 
5.2 x lo-' 

7.8 x lo4 
2.9 x IO-' 
2.8 x lo-' 

2.5 x 10-8 

7.7 x lo4 

3.0 x 10.~  
3.0 10-~ 
6.6 x lo-'' 
6.9 x lo-'' 
3.6 x lo-' 
4.4 x 10-10 
8.0 x 10-8 
8.8 x 104 

1.3 
4.0 x 

3.2 x lo4 

5.6 x 10" 

6.2 x lo-" 
8.3 x 

1.9 x lo-" 
1.9 x lo-" 
2.9 x lo-' 
2.9 x lo4 

3.8 x lo4 
3.8 x lo4 

3.9 x 104 

7.3 10- l~  
7.7 x 10-12 

1.6 x 10." 
1.6 x lo-" 
1.6 x lo-'' 
1.5 x 10'" 
1.6 x lo-" 
2.8 x lo-" 
1.1 x 10'" 
5.5 x 10-11 

1.2 x 10-11 

1.2 x 10-10 
1.0 x 10-10 
1.0 x 10-10 

9.5 x 10'2 

3.5 x 10-10 

1.3 x lo-" 

1.2 x 

9.2 x lo-" 

2.8 x 10"O 

2.4 x lo-'' 
5.1 x lo-'' 
6.6 x lo-" 

3.6 x lo-" 
1.3 x 

2.8 x lo-" 
2.8 x lo-" 
2.2 x 

3.3 x 10-11 

2.2 x 10-10 
2.2 x 10-10 
2 3  x lo-'' 
2.3 x lo-'' 
1.4 x lo-'* 
1.7 x 

3.0 x 10'" 
2.4 x lo-' 
2.4 x 

2.1 x 10.11 

5.5 x 10-l0 

5.4 x 10-11 

1.2 x lo-' 

0.0 x 100 

2.4 x lo-" 

3.6 x lo-' 

5.6 x 

2.6 x lo-" 

6.0 x 10" 

2.9 x 10" 
2.6 x lo-' 

2.6 x lo-" 
0.0 x 100 

8.5 
4.9 x 
1.3 x lo-'' 
1.6 x lo*" 
0.0 x 100 
0.0 x loo 

6.0 x 1 0 - l ~  
oox 100 
2.0 x 10" 
7.8 1 0 - ~  
4.3 - 

2.8 x 10'" 
1.7 x 10'" 
2.7 x 10'" 
1.2 
5.9 x 10" 

a Classification recommended by the ICRP for half-time of clearance from the lung: Y = years, W = weeks, D = days. 

SOURCE: HEAST (EPA 1992d) 
No data available 
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K7.4 RADIATION EXPOSURE PATHWAYS 

EPA and DOE use different methodologies to evaluate human health risk from radiation. The 

purpose of this section is to distinguish these two methods and define radiation considerations for 

the analysis used in this CRARE. The pathways of exposure and the mathematical models used 

to evaluate the potential health risks associated with radionuclides in the environment are similar 

to those used for evaluating COG. Radionuclides found at contaminated sites behave in the 

environment like their nonradioactive isotopes. Consequently, the types of data needed for a 

radiation risk assessment are similar to those required for a chemical risk assessment. The 

primary differences lie in the procedures used to characterize the radionuclide contaminants. 

Exposure pathways for radionuclides include both internal and external pathways. Intakes by 

inhalation, ingestion, and dermal absorption are the important internal pathways. 

The quantification of the amount of energy deposited in living tissue due to internal and external 

exposure to ionizing radiation is termed "radiation dosimetry." The amount of energy deposited in 

living tissue is of concern because the potential adverse effects of radiation are proportional to 

energy deposition. Therefore, the term "dose," used regarding radiation exposure, is defined as 

the energy imparted to a unit mass of tissue, whereas chemical dose means the mass of chemical 

absorbed into an organism. 

Despite the fundamental difference between the way exposures are expressed for radionuclides 

and chemicals, the approach to exposure assessment is the same. An exposure assessment for 

radionuclides involves three steps: 1) characterization of the exposure setting, 2) identification of 

the exposure pathways, and 3) quantification of exposure. The primary differences in conducting 

exposure assessments for radionuclides as compared to chemicals are: 1) consideration of external 

exposures, 2) conversion of radiation exposures to dose equivalents, and 3) modification of fate 

and transport models for radiation exposure. 

Toxicity assessment for radionuclides generally follows a two-step process. The first step, hazard 

identification, is used to determine whether exposure can increase the incidence of an adverse 

health effect. The second step, dose response assessment, is used to quantify the toxicity 
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information and characterize the relationship between the dose of the contaminant administered 

or received and the incidence of adverse health effects in the exposed population. 

Exposure to a radioactive substance is assumed to be hazardous. An extensive body of literature 

exists on radiation carcinogenesis in man and animals. Ionizing radiation can be considered 

i 

7- 

3 

‘I 

5 

6 pancarcinogenic (Le., it acts as a complete carcinogen in that it sefves as both initiator and 

promotor and can induce cancers in almost any tissue or organ). 

With regards to the mutagenic effects of radiation, very little quantitative data are available, 

particularly low-dose exposures. The bulk of evidence supporting the mutagenic character of 

ionizing radiation comes from extensive studies using animal models, which have demonstrated all 

forms of radiation mutagenesis. Mutation rates calculated from these studies have been 

extrapolated to humans and form the basis for estimating the genetic impact of ionizing radiation 

on humans. 

Radiation is a well-known teratogenic agent. The developing fetus is much more sensitive to 

radiation than is the mother. The age of the fetus at the time of exposure is the most important 

factor in determining the. extent and type of damage from radiation. The malformations produced 

in the embryo depend on which cells, tissues, or organs in the fetus are most actively 

differentiating at the time of radiation exposure. Embryos are relatively resistant to radiation- 

induced teratogenic effects during the later stages of their development and are most sensitive 

from just after implantation until approximately 8 weeks into term. The greatest risk of brain 

damage for the human fetus occurs from 8 to 15 weeks into term. 

The dose-response assessment of radionuclides is straight-forward compared to that of chemicals. 

The type of effects and the likelihood of possible adverse health effects occurring from radiation 

exposure depends on the radiation dose. The probability of adverse health effects increases with 

the dose of radiation, but the severity of the effects is independent of dose. 

Estimates of human health effects are based primarily on single, acute, high doses of radiation. 

The current model used to describe these effects as a function of dose is called the linear 

quadratic model. This model assumes that there is no threshold for the induction of cancer or  
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genetic effects. It is assumed that any radiation dose could give rise to a cancer or genetic effect. i 

This is a conservative assumption and a conservative model. There is very little data on the 

effects of radiation at low doses or on the effects of chronic, long-term exposure in humans. 

Human Health Effects 

Two major international groups have been responsible for collecting and evaluating data on the 

human health effects of ionizing radiation, the Committee on the Biological Effects of Ionizing 

Radiations (BEIR) of the National Research Council, and the United Nations Scientific 

Committee on the Effects of Atomic Radiation (UNSCEAR). These groups have issued a series 

of reports presenting the data and recommendations on risk values. The EPA is responsible for 

developing guidelines for radiation risk assessment in the United States and has relied on the 

published evaluations of these groups, along with those of the International Commission on 

Radiological Protection (ICRP) and the National Council on Radiation Protection and 

Measurements (NCRP). The following .discussion contains a brief overview of effects of ionizing 

radiation on human health, and the relative risks associated with these effects. 

Carcinogenic Effects. Radiation effects are usually separated into low and high linear energy 

transfer (LET) effects for risk evaluation. LET refers to the rate at which energy is lost as the 

particle or gamma ray travels through matter. Low LET radiation include x-rays and gamma rays. 

High LET radiation includes alpha particles and some beta particks. High LET radiation is more 

cytotoxic and oncogenic than low LET radiation. The EPA (1989) has estimated the following 

cancer risks factors for estimating risks associated with radiation exposure: 

Risk 
m u r e  Risk Factor 

Period Radiation (rem)-’ 

Fatal Cancers Lifetime Low LET 3.9 x lo4 

High LET 3.1 10” 

High LET 5.0 10-3 

All Cancers Lifetime Low LET 6.2 x lo4 

Fatal Cancers In utero Low LET 6.0 x 10“ 

Cancer slope factors for individual radionuclides are presented as Table K7-3. 
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Genetic Effects. Genetic effects have been studied extensively using animal models and in the 

Japanese atomic-bomb survivors. A comparison of the survivor data has consistently led to 

estimates of genetic effects that imply lower risks in humans than in animals (NRC 1990). Taking 

into account the confidence intervals associated with the various data, the difference between 

humans and animals remains, indicating that humans are less sensitive to radiation induction of 

mutations in germ cells, and that risks derived from animal data will be conservative if applied to 

humans. Because of this, BEIR V and UNSCEAR have based their evaluation of genetic risk on 

the lower 95 percent confidence limit for Japanese atomic-bomb survivor data, which is also 

consistent with the range of doubling doses observed in mice. A doubling dose is the dose 

required to double the incidence of genetic defects in a population. 

The doubling dose for humans is currently estimated to be 100 rem (NRC 1990). Genetic effects 

expected per rem per 30-year generation, based on this doubling dose, fall into the range of less . 

than 1 to about 100 per million liveborn offspring for multi-generations. The natural incidence 

for genetic anomalies ranges from 400 to 30,000 per million liveborn offspring (NRC 1990). 

The EPA has recommended (1989) a genetic risk of 2600 effects per rad per 30-year generation 

for low LET radiation where 1 rad equals approximately 1 rem, and 6900 per rad per 30-year 

generation for high LET radiation (alpha and beta radiation) where 1 rad equals approximately 

0.05 to 1 rem (depending on energy, LET, etc). These risks are based on the older BEIR I11 

report. This is slightly more restrictive than the current BEIR V estimates. 

Teratoeenic Effects. Teratogenic effects are somatic effects resulting from exposure in utero to 

ionizing radiation. These effects, which are not passed on to other generations, can include 

severe mental retardation, microcephaly, and structural or limb abnormalities. Extrapolating the 

results of animal studies to humans has proved difficult because of the significant differences in 

fetal development rates. The EPA (1989) uses an estimate of 4000 effects per rad of exposure 

during weeks 8 to 15 of gestation for low LET radiation (primarily gamma radiation). 
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K7.5 TOXICITY PROFILES: RADIONUCLIDES 

This section presents toxicity information for radionuclide compounds. It was assumed that all 

radionuclides are present in the soils as oxides or carbonates. This represents a conservative 

assumption because radionuclides clear slowly from environmental media. 

K7.5.1 Actinium-227 

This compound is currently under investigation. Little or no information is available at this time; 

however, as information becomes available, it will be incorporated into future CRAREs. The 

EPA has derived slope factors, and they are presented in Table K7-3. 

K7.5.2 Americium-241 

This compound is currently under investigation. Little or no information is available at this time; 

however, as information becomes available, it will be incorporated into future CRAREs. The 

EPA has derived slope factors, and they are presented in Table K7-3. 

K7.5.3 Lead-210 

This compound is currently under investigation. Little or no information is available at this time; 

however, as information becomes available, it will be incorporated into future CRAREs. The 

EPA has derived slope factors, and they are presented in Table 5.7-3. 

K7.5.4 Neptunium-237 

This compound is currently under investigation. Little or no information is available at this time; 

however, as information becomes available, it will be incorporated into future CRAREs. The 

EPA has derived slope factors, and they are presented in Table K7-3. 

K7.5.5 Plutonium 

There are no reports on the chemical toxicity of plutonium; however, the fibrosis observed in the 

lungs of exposed animals and humans could be due to chemical interactions. The radiologic 

toxicity of plutonium involves bone necrosis, bone and lung cancer, and detrimental effects on the 

reproductive system. Also, toxic effects are observed in offspring of pregnant animals exposed to 

plutonium. No ingestion data specific to plutonium are available. 
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Among the plutonium isotopes, the short-lived Pu-241 is especially toxic because of the high 

energy associated with its alpha particle emission. The toxicity of plutonium compounds is based 

primarily on the very high radiotoxicity of the plutonium atom and secondarily upon whatever 

atoms or combinations of atoms they might contain (Sax 1989). When inhaled, plutonium is 

retained in the lungs with an effective half-life that varies from hundreds of days for plutonium 

oxides to tens of days for more soluble forms. A significant portion of the plutonium oxide that 

leaves the lungs is translocated to the tracheobronchial lymph nodes. Plutonium solubilized 

within the lungs is translocated to the liver and skeleton where it is very tenaciously retained 

(Klaassen 1986). 

In a classic long-term toxicity study performed by Bair et  a]., the effects of inhaled plutonium 

oxide were studied in beagle dogs for up to 10 years following inhalation exposure. At the 

highest levels of deposited activity, the dogs died within several hundred days with radiation 

pneumonitis and pulmonary fibrosis; at later times death was related to severe pulmonary fibrosis, 

and beyond 1000 days, although pulmonary fibrosis was still prominent, death was due to primary 

pulmonary neoplasia. The most common neoplasm was bronchioloalveolar carcinoma (Klaassen 

1986). Hahn et  al. (1983), using data reported by Bair and Thomas (1976), calculated the risk 

factor for Pu-239 alpha irradiation of the lungs to be 600 lung tumors per million rad to lung, or, 

assuming an RBE of 20, 30 lung tumors per millirem to lung. 

a 

Human data for plutonium exposure are available. Among workers contaminated, the case 

histories have been documented of 26 men who worked with plutonium during World War 11. 

The initial body burden of these workers was between 540 and 229,500 pCi (reported as between 

20 and 8500 Becquerel), and 11 of them received doses exceeding the maximum allowed by the 

International Commission for Radiological Protection. After a medical follow up of 37 years, 2 

members of this group died of myocardial infarction and accidental trauma, respectively, compared 

to the 6.6 deaths expected on the basis of the adjusted rates for white males. Their 1982 exam 

provided no evidence that 37 years of exposure to internally deposited plutonium had adverse 

effects on their health (Seiler 1988). 

Less toxicity data are available on trans-plutonium radionuclides such as americium and curium; 

however, the data that are available indicate a qualitative similarity to the toxicity of plutonium. 
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McClellan, et  al. (1972) noted that inhaled americium and curium, even as oxides, appeared more 

soluble than inhaled plutonium and rapidly translocated to the liver and skeleton. (Klaassen 1986) 

Carcinogenicity - 

The EPA classifies all radionuclides as weight-of-evidence Group A substances (human 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive 

epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d). The 

carcinogenicity of Pu-238 (the predominate plutonium isotope at the FEMP) from internal 

exposure is due to alpha particles. The EPA (1992d) has reported cancer potency slope factors 

for the plutonium isotopes, and these are presented in Table K.7-3. 

K.7.5.6 Protactinium-231 

Pharmacokinetics 

- Experiments with laboratory animals treated orally with different forms of protactinium yielded 

absorption efficiencies ranging from 0.01 to 1 percent (Burkart and Kopp 1988). The EPA 

(1992d) reported a gastrointestinal absorption factor of 0.001 equivalent to 0.1 percent; I- ' 

Quantitative inhalation data for protactinium have not been located, but one case of human 

inhalation yielded a lung clearance half-life 1000 days (Burkart and Kopp 1988). An ICRP lung 

class designation of "Y indicates that clearing inhaled protactinium would be expected to 

take years. 

Absorbed protactinium is distributed principally to the skeleton, and 

and kidneys. Protactinium in the blood is excreted directly (Burkart 

route and rate of excretion are not specified. 

to a lesser extent to the liver 

and Kopp 1988), but the 

Noncarcinogenic Toxicity 

Data regarding the noncarcinogenic effects of protactinium have not been located. 

Carcinogenicitv 

The EPA classifies all radionuclides as weight-of-evidence Group A substances (human 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive 

epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d).. The 
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carcinogenicity of protactinium-231 is due to its emission of alpha particles (Burkart and Kopp 

1988). The EPA (1992d) presents cancer potency slope factors for protactinium-231 of 9.2 x lo-'' 

per pCi for ingestion, 3.6 x lo-' per pCi for inhalation, and 2.6 x lo-' per pCi yr/g for 

external exposure. 

K7.5.7 Radium and Radon 

Toxicity 

No chemical toxic effects of exposure to radium has been documented, and the EPA has not 

developed an RfD for radium; therefore, the health hazard for radium is associated with potential 

radiocarcinogenic effects. 

Carcinopenicitv 

Four isotopes of radium occur naturally, Ra-223 (actinium series), Ra-224 and Ra-228 (thorium 

series), and Ra-226 (uranium series); radium is ubiquitous in the earth's crust and common in 

groundwater, mineral deposits, soil, food products, and common building materials. Ra-226 has 

the longest half-life (1600 years) of the radium isotopes and decays by alpha particle emission. 

Ra-223 and Ra-224 are also alpha-particle emitters, and Ra-228 is a beta-particle emitter. The 

primacy uses of radium are for manufacturing luminous dials and instrument faces and for internal 

radiation therapy. Thus, the bulk of human data on the effects of radium intake are available 

from studies of radium-dial painters and medical patients who have been administered therapeutic 

doses of radium. 

0 

Radium introduced into the body generates decay products, including gaseous isotopes of radon. 

Rn-222 generated in the body persists long enough that it easily diffuses into the bloodstream and 

accumulates in the sinuses, significantly reducing the alpha dose to the radium accumulating 

- - - - __ _ _  tissuesbut-increasing the-dose-in .the sinuses. .Ultimately _the bone. tissues-are .the-principal-site of- 

radium accumulation because of the similar chemistry of radium and calcium (NAS 1988). In the 

bone tissues, radium is initially deposited in endosteal bone surface tissue. There is then a 

redistribution to the bone volume, where the radium resides with a long retention-time. - _  
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Dose Resuonse Data - Human and Animal 

The following discussion of the health effects of radium exposure is summarized from the report 

of the BEIR IV Committee on radon and other alpha emitters (NAS 1988). The epidemiological 

studies of humans were initially stimulated by the appearance of cancer and other adverse health 

effects associated with occupational exposures to Ra-224, Ra-226, and Ra-228 (by the radium-dial 

painters). The dial painters had the potential to ingest significant quantities of radium that were 

known to be harmful. The second most significant study group comprised ankylosing spondylitis 

patients, who were administered doses of radium solutions for therapeutic reasons. Most of the 

other studies focused on bone cancer, cancer of the paranasal sinuses, and cancer of the mastoid 

air cells, because the association of these effects with radium exposure was well known. 

Although epidemiological investigations have documented the association between radium 

exposure and carcinogenic effects, there has been considerable debate over the dose-response 

relationship involved. Bone cancer incidence has been evaluated as a function of a variety of 

parameters that represent a measure of radium exposure, such as absorbed dose to the skeleton, 

pure radium equivalents, and cumulative rad-years (Evans 1966). The results indicated a 

nonlinear relationship fits the data. A separate analysis of the same bone cancer induction data 

confirmed the finding of a nonlinear fit (Mays and Lloyd 1972). The conclusion from both of 

these analyses is that a linear nonthreshold relationship is likely to significantly over-predict 

cancer incidence at low doses. Later reassessments presented a linear-quadratic-exponential dose- 

response relationship (Rowland et  al. 1971, 1978a, 1978b, 1983) and a dependence of incidence 

on the square of radium intake normalized to body weight (Marshall and Groer 1977). 

Two extensive studies of ankylosing spondylitis patients treated in Germany with solutions of 

Ra-224 are most noteworthy. In the first, a 900-patient cohort treated with a Ra-224 colloid 

during the period from 1946 to 1951 with a follow-up period for more than 30 years, revealed 

bone cancer incidence associated with the high absorbed doses from the therapeutic treatments 

(Spiess 1969; Spiess and Mays 1970, 1973). In the second study, a cohort of about 1400 patients 

treated with small doses of Ra-224 for ankylosing spondylitis showed a similar association between 

dose and cancer induction (Spiess 1969; Spiess and Mays 1970, 1973). The analyses were 

consistent with a variety of dose-response relationships; however, none can be disproved because 

of the scatter in the data. 
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Cancers of the paranasal sinuses and the mastoid air cells have been associated with exposure to 

Ra-226 and Ra-228 since the 1930s (Martland 1939). These effects were initially seen in the 

radium-dial painters, who received high absorbed doses from the quantities of radium they 

ingested. Excess incidence is evident when compared to the natural incidence, which is very low. 

After exposure to radium, these types of cancers were expressed later than bone cancers (Evans 

et  al. 1969; Finkel et  ai. 1969; Rowland et al. 1971; Rundo et  al. 1986). 

As discussed above, Rn-222 generated in the body persists long enough that it easily diffuses into 

the bloodstream and accumulates in the sinuses, significantly increasing the dose in the sinuses. 

Studies of cancers of the sinuses and mastoid cells conducted in beagle dogs injected with a 

variety of alpha-emitting radionuclides revealed excess incidence of these cancers (Schlenker 

1980). Not all of the tumors were induced by alpha emitters that produce a gaseous decay 

product; therefore, a gaseous decay product was not essential to induction. Nevertheless, the risk ,_ 

of these cancers from Ra-226 and its decay products (including Rn-222) is considered significantly 

greater than from other alpha-emitting radionuclides. a . -  

The incidence of leukemia and other blood diseases among the radium-dial painters has been 

linked to radium ingestion. Martland (1931) demonstrated development of anemias and 

leukopenia (low leukocyte count) in the dial painters. Evans' study (1966) included leukemia and 

anemia as possible effects of radium accumulation in the body. Finkel e t  a]. (1969) discovered 

cases of leukemia and aplastic anemia in studies of the radium-dial painters exposed from 1918 to 

1933. Among a cohort of 634 female dial painters first employed before 1930, three deaths were 

attributed to leukemia (Polednak 1978). This final study exceeded expectations because the 

natural incidence of leukemia is very low. An epidemiological study of 1285 women employed as 

dial painters before 1930, and 1185 employed between 1930 and 1949 (when radium 

contamination and exposures were much lower) revealed standard mortality ratios of 73 and 221, 

respectively (Stebbings e t  ai. 1984). However, the' most comprehensive and definitive study of 

U.S. dial painters include all workers employed before 1970 (Spiers e t  al. 1983). Ten cases of 

leukemia were found among the worker cohort of 2940 persons. The expected number of natural 

cases for this group would be 9.2. The study concluded that the incidence in the cohort does not 

differ significantly from natural incidence (Spiers et  al. 1983). In summary, the accumulation of 

very high levels of radium is associated with severe anemias and leukemia (NAS 1988). However, 0 
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at lower levels of accumulation, such as those experienced by the majority of U.S. radium-dial 

painters, especially in later years, the accumulated radium does not appear to significantly increase 

the risk of leukemia (NAS 1988). 

The BEIR IV Committee presented a cancer risk factor of 200 x lo4 per rad for bone sarcomas 

from protracted exposure to radium in its report on radon and other alpha emitters (NAS 1988). 

K.7.5.8 Radon and Proeeny 

There are no known toxic effects of exposure to radon gas or its short-lived progeny. However, 

short-lived radon progeny decays to relatively long-lived lead. Because lead is a chemical toxicant, 

significant accumulations of radon pose a potential source of lead for exposure pathways 

to receptors. 

Carcino rrenicitv 

Exposure to air contaminated with radon gas. and associated airborne progeny has been linked to 

increased risk of lung cancer. The risk is attributed to inhalation of the short-lived progeny of 

radon that are attached to particulates, which lodge in the lung passages and produce a radiation 

dose that causes lung cancer. Radon progeny that do not lodge in the lung passages are exhaled, 

and do not deliver a radiation dose. Lung cancer results when the bronchial epithelium of the 

lung passages is exposed to alpha particles emitted from decaying radon progeny (Le., Po-214 and 

Po-218) lodged in the lung passages. 

Three isotopes of radon are of potential concern, one associated with each of the three natural 

decay series. Rn-222, Rn-220, and Rn-219 are members of the uranium, thorium, and actinium 

decay series, respectively. Rn-222 is the isotope of primary concern because its half-life 3.82 days 

and mobility as an inert gas facilitate its outdoor and indoor migration, thus potentially exposing 

receptors to elevated concentrations of Rn-222 and its short-lived progeny. Rn-220 (half-life, 55.6 

seconds) and Rn-219 (3.96 seconds) are generally of less concern because their very short half- 

lives often result in decay before these can migrate and accumulate in elevated quantities where 

receptors may be exposed. For example, all three isotopes of radon may be of concern in the air 

in buildings that contain the appropriate parent radionuclides (in the form of surface 
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contamination or drummed material, for example). At the FEMP, however, Rn-220 and Rn-219 

cause them to decay before migrating out of the waste matrix or out of the containment provided 

by the silos. 4 

1 

2 

3 

are not expected to be released from a source such as the K-65 silos because their short half-lives 
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10 

Dose Response Data - Human and Animal 

The following discussion regarding the health effects of exposure to radon and radon progeny is 

(NAS 1988). The radiological effect of concern from exposure is lung cancer. 

summarized from the report of the BEIR IV Committee on radon and other alpha emitters 

The lung cancer hazard associated with working in underground mines was first recognized by 

Harting and Hesse in 1879 as a result of autopsies of European miners (Harting and Hesse 1879). 

underground miners exposed to widely differing concentrations of airborne Rn-222 progeny in 

mines (NCRP 1984). The lung cancer mortality risk estimates for radon progeny exposure 

these underground miner populations. The assessment of the risk from exposure to radon 

estimated health risks associated with exposure. 

The BEIR IV Committee relied heavily on data from four principal studies of miners: 

uranium miners, Saskatchewan uranium miners, Swedish metal miners, and Colorado Plateau 

uranium miners. Underground miners exposed to radon progeny (in the mines) have an increased 

risk of lung cancer, as demonstrated in these epidemiological study populations. Animal models 

experimentally exposed to airborne radon progeny also developed lung cancers. To supplement 

provided information on the dose-response relationship and the effects of variations in the 

exposure rate, physical characteristics of the lungs, and air quality. Thus, both human 

epidemiological data and animal experimental-data indicate that exposure to radon progeny 
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The most important human populations studied with regard to radon progeny exposure were the 

0 published by the BEIR IV Committee (NAS 1988) were based on an epidemiological study of 

progeny by the BEIR IV Committee represents the most recent comprehensive examination of 

Ontario 

- _ _  - the information. available from the human epidemiological studies, animal model studies have - - - - 26 - 
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induces lung cancer. The data also describe the relationship between exposure and health effect 

as a function of influencing factors. . a 31 
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In its study of the human epidemiological data, the BEIR N Committee has reevaluated the 

primary data @e., exposure histories and mortality) for the four principal epidemiological study 

groups of underground miners exposed to radon progeny. From this reevaluation, the committee 

has estimated the risk of developing fatal lung cancer. The risk from lifetime exposure to radon 

progeny is 350 x 

exposure. The WLM is defined as the cumulative exposure to an airborne concentration of short- 

lived radon progeny (equal to one working level) for a period of one working month. It must be 

noted that this estimate, quantified as fatal lung cancer risk, was based primarily on 

epidemiological studies of humans and is expressed per unit cumulative exposure to progeny 

(WLM-I). The EPA slope factors addressing cancer incidence were based on calculated radiation 

doses to organs and tissues and are expressed per unit radioactivity intake (pci-'). Thus, the EPA 

and BEIR IV risk estimates are not directly comparable. The EPA cancer slope factors were 

used to assess risk attributable to radon and radon progeny exposure. It is also noted that EPA 

has adopted a nominal risk estimate of 360 x per WLM for use in NESHAF'S (EPA 19891). 

This estimate was based primarily on EPA's consideration of the BEIR IV assessment; however, 

EPA did average radon risk estimates derived from BEIR IV and ICRP models to calculate the 

estimate of 360 x 10" per WLM. 

excess fatal lung cancers per cumulative working level month (WLM) as 

Although the carcinogenicity of radon progeny is established and the hazards of exposure during 

mining are well recognized, the hazards of exposure in other environments have not yet been 

adequately quantified (NAS 1988). A few exploratory epidemiological studies of lung cancer risk 

associated with radon progeny exposure in homes have been conducted; however, the results are 

inconclusive and inadequate for the purpose of risk estimation (NAS 1988). 

The model developed by the BEIR IV Committee may be used to estimate risks under other 

environmental conditions to which persons may be routinely exposed; however, it must be 

recognized that the committee's model was based on epidemiological evaluations of occupational 

exposure conditions in underground mines. Therefore, assumptions must be made regarding the 

similarity of exposed populations, levels of exposure, and factors such as cigarette smoking, when 

using the model for nonoccupational conditions such as the indoor home environment. 
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Using the BEIR IV risk factor (NAS 1988) of 350 x 10" WLM-' for lung cancer mortality from 

inhalation of Rn-222 and progeny, and by assuming 51.5 working months per year (8760 hours per 

year divided by 170 hours worked per month), 100 pCi Rnfliter air, short-lived Rn-222 progeny 

present in 50 percent equilibrium, and an inhalation rate of 20 m3/day for 365 daysbear, one can 

derive a lung cancer mortality risk factor of 1.2 x lo-" per pCi. The EPA cancer slope factor 

be noted that the BEIR IV risk estimate pertains to lung cancer mortality, while the EPA cancer 

I 
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4 
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7 

0 
. - 

from HEAST for inhalation of Rn-222 plus progeny is 7.7 x 10l2 per pCi (EPA 1992d). It must 

slope factors all pertain to cancer induction rather than cancer fatality. 8 

9 

K7.5.9 Ruthenium- 106 10 

Ruthenium-106 is not a COC in this CRARE. A toxicity assessment will be provided in future 

CRAREs, as needed, for those operable units in which Ru-106 is a COC. The EPA has derived 

11 

12 

13 slope factors, which are presented in Table K.7-3. 

K7.5.10 Strontium 0 Pharmacokinetics 

14 

15 

16 

Wenning and Kirsch (1988) reported that the gastrointestinal absorption of soluble strontium 17 

18 

19 

20 

compounds ranges from 5 to 25 percent of the ingested dose and the EPA (1992d) has derived a 

to about 5 percent. Data regarding inhalation or dermal absorption has not been located. 

gastrointestinal absorption efficiency factor of 0.3. Insoluble strontium compounds are absorbed 

Strontium is an alkaline earth metal similar in chemical behavior to calcium (Wenning and Kirsch 

1988). About 99 percent of the body burden is in the skeleton. Excretion is principally in the 

urine. 

- -  - - . _ -  - Noncarcinogenic Toxicitv _ _  

Stable strontium has induced rachitic changes in the bones, particularly of the young (EPA 

1992d). Presumably, Sr-90 would also induce rachitic changes in bone. The concern at FEMP 

Operable Unit 4, however, is with the radiological effects (carcinogenicity) of Sr-90, rather than 

the noncarcinogenic toxicity. 
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Carcinogenicity 

The EPA (1992d) has assigned stable strontium to cancer weight-of-evidence Group D, indicating 

it is not classifiable as to humans carcinogenicity. Quantitative cancer risk estimates were not 

derived for Group D substances. The EPA classifies all radionuclides as Group A substances 

(human carcinogens), based on their characteristic of emitting ionizing radiation and on the 

extensive epidemiologic data associating exposure with radiogenic cancers in humans (EPA 

1992d). The EPA (1992d) has derived cancer potency slope factors for Sr-90, and its radioactive 

decay product of 3.6 x lo-" per pCi for ingestion and 6.2 x lo-" per pCi for inhalation exposure. 
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8 

There is no slope factor for external exposure to Sr-90, which does not emit penetrating radiation 9 

(gamma- or x-rays). 

K7.5.11 Technetium 

10 

11 

12 

Noncancer Toxicity 13 

No isotopes of technetium are stable (Clarke and Podbielski 1988). Lethality due to radiation 14 

toxicity usually occurs before the nonradiologic effects of technetium become manifest; hence, 

little is known of the metabolic effects of the element. 

17 

Carcinogenicity 18 

The EPA classifies all radionuclides as weight-of-evidence Group A substances (human 19 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive m 

epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d). The 

internal carcinogenicity of Tc-99 is due to its emission of beta particles (Clarke and Podbielski 

1988). The EPA (1992d) has derived cancer potency slope factors for Tc-99 of 1.3 x 10l2 per pCi 

21 

22 

23 

24 for ingestion, 8.3 x per pCi for inhalation, and 6.0 x per pCi yr/g for external exposure. 

25 

K7.5.12 Thorium 26 

Toxicitv 27 

No toxic effects of exposure to thorium have been documented, and the EPA has not developed 

an RfD for thorium; therefore, the health hazard for thorium is associated with its potential 

radiocarcinogenic effects. 30 

28 

29 
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Carcinogenicitv 1 

Natural thorium is present in the earth’s crust as a primordial element. The-232 isotope accounts 

for approximately 100 percent of the mass abundance of thorium; however, the other isotopes of 

thorium exist as members of the three natural decay series. The half-life of The-232 is very long 

(approximately 10 billion years); thus the specific activity is relatively low and the rate of decay is 

natural decay series. 7 

Thorium has historically been used as a medical imaging agent, because it is a heavy atom that 

2 

3 

1 

5 

6 slow. The-232 decays by alpha particle emission, as do most of the progeny in the thorium 

8 

9 

provides contrast in radiographic imaging. In this role thorium has been used commercially as 

Thorotrast, a 25-percent colloidal solution of thorium dioxide. The following discussion of the 

health effects from thorium exposure is summarized from the report of the BEIR IV Committee 

on radon and other alpha emitters (NAS 1988). 

Thorotrast has been used extensively in the United States, Europe, and Japan as an intravascular 

contrast agent for cerebral and limb angiography. Thorotrast has also been injected into the 

spleen for hepatolienography and into nasal and paranasal sinuses. These uses of Thorotrast 

result in deposition of the thorium (and subsequent decay products) in tissues and organs of the 

body, most frequently in the reticuloendothelial tissues in bone (NAS 1988). Once deposited in 

these tissues, alpha particle emissions from the decay of The-232 and its progeny irradiate the 

tissues for long periods of time at low-dose rates. 

0 

Dose-ResDonse Data - Human 

The data on human health effects of thorium exposure are based primarily on epidemiological 

studies of Thorotrast patients. The five long-term studies include German, Portuguese, Japanese, 

Danish, and American patients. In the German study (van Kaick et al. 1978a and b, 1983, 1984, 

1986), 5159 Thorotrast patients and 5151 controls were followed since 1933 and 1935, 

respectively. The Thorotrast patients underwent intravascular injections of Thorotrast to enhance 

the imaging of cerebral acd limb angiography. The results of the follow-up analysis indicated an 

excess of malignant cancers, most notably liver cancers and leukemias, among the patients relative 

’ to the controls. 
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The Portuguese study (Abbatt 1973; da Motta et al. 1979; Horta et al. 1978) involved about 2500 

Thorotrast patients and 2000 controls with a follow-up period of about 30 years. The patients 

were exposed to Thorotrast from 1929 to 1955, with roughly 60 percent receiving Thorotrast 

doses for cerebral angiography. The results of the study show a significant excess of malignant 

cancer deaths among the patients compared to the control group. Particularly notable were the 

excess patient liver malignancies compared to the controls. 

The Japanese study (Kato et al. 1979, 1983; Mori et al. 1979a, 1979b, 1983, 1986) included 282 

Thorotrast patients who were administered Thorotrast for angiography and hepatolienography 

during World War 11. The follow-up period spanned 38 to 46 years, and results revealed that 

patient mortality from malignant liver cancers, other malignant cancers, blood diseases, and 

cirrhosis of the liver was significantly higher than in the control group. 

The Danish study (Faber 1973, 1977, 1978, 1979, 1983, 1986) involved 1319 Thorotrast injected 

with Thorotrast from 1935 to 1946. The epidemiological analysis revealed excess gastrointestinal 

malignancies, liver malignancies, malignancies of the lung, and leukemia deaths in patients 

compared to control individuals. The excess of liver malignancies and leukemias was most notable 

in the study. 

The American study (Falk et  al. 1979) is a preliminary epidemiological assessment of Thorotrast 

patients exposed from 1964 to 1974. All patients had received Thorotrast for either 

hepatolienography or cerebral angiography. A liver cancer incidence was evident in the 

investigation and is reportedly continuing to increase. Further follow-up of these individuals is 

needed. 

All five of these human epidemiological studies indicated an excess of malignant cancers among 

the Thorotrast patients compared to the controls. The excess malignancies were predominantly of 

the liver and blood (leukemia) types. 

Estimation of Excess Risk from Thorotrast Administration 

The human epidemiological evidence from the studies of Thorotrast patients represents the 

primary source of data from which estimates of risk have been derived (NAS 1988). These data 
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can be used to derive estimates of risk for liver cancer and leukemia; however, such estimates 1 

strictly apply only to conditions of intravascular Thorotrast injection. The BEIR IV committee 

derived a risk estimate of up to 300 x 10" per rad of alpha particle radiation to the liver, and 

emphasized that these estimates are for Thorotrast, not thorium. The emphasis is because the 

dosimetry of other isotopes of thorium differs from that of The-232 in the Thorotrast colloid 

form. BEIR IV also derived a risk estimate of up to 60 x 10" per rad of alpha radiation to bone 

marrow for leukemia, and a value of up to 120 x 

without marrow for bone cancer (NAS 1988). 

per rad of alpha radiation to the skeleton 

Dose Response Data - Animal 
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Experimental studies of animals administered modified Thorotrast solutions provide insight into 

the possible influence of Thorotrast on carcinogenicity in humans from a "foreign body effect" 

1 1  

12 
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14 

IS 

16 

(Le., from the colloid solution), or a toxicological effect of the thorium in addition to a radiation 

dose effect. Studies of mice administered Thorotrast solutions fortified with The-230 to increase 

the specific activity of alpha emission delivering radiation dose to tissues, conventional Thorotrast, 

and zirconium dioxide solution (Zirconotrast) have provided evidence of increased carcinogenicity 

of Thorotrast relative to Zirconotrast (Bensted 1967). Rabbits injected with The-230 enriched 

Thorotrast revealed a shortened latency period associated with the higher specific activity solution 

17 

18 

19 

20 

21 

22 

23 

(Faber 1973). In mice, rabbits, rats, and dogs, the metabolic distribution of Thorotrast and other 

colloid solutions (including zirconium and hafnium dioxide colloids has indicated that 1) the organ 

distribution of the Thorotrast and associated progeny in these animals is comparable to that in 

humans (Riedel et  al. 1979, 1983) and 2) the other colloids fail to reveal significantly different 

effects attributable to their distributions compared to the Thorotrast (Riedel et  al. 1979, 1983). 

24 

25 A study of dose response and possible foreign body effect in rats (Wesch et  al. 1973, 1983) was 

dose rate) and by administering different volumes of Thorotrast (dilutions maintaining constant 

dose rate). The results demonstrated that the frequency of cancers follows a linear dependence 

with dose rate. However, varying the volume of Thorotrast administered did not correlate with 

-- -conducted by administering different -The-230 enrichments-of Thorotrast-(causing-variations in - - 26 
- .  

21 

28 

29 

30 frequency of induction. Although'cancer risk did not increase with the volume of Thorotrast at a 

constant dose rate, the latent period was shortened (Wesch e t  al. 1973; 1983). a 31 

32 
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In additional studies of rats injected with Zirconotrast enriched with The-228, the number of 

induced cancers increased, and the induced cancers were similar to those induced in humans by 

Thorotrast (Wesch 1986). The frequency of cancer induction was found to be dose-rate 

dependent, and the Zirconotrast without The-228 did not induce excess cancers (Wesch 1986). 

In summary, the animal experimental evidence indicates that Thorotrast induces cancers as a 

result of the radiation dose delivered by the solution. The physical presence of particles in the 

colloid solution and the chemical effect of the thorium are not likely to influence the induction of 

cancer (NAS 1988). The EPA derived slope factors are presented in Table K.7-3. 

K7.5.13 Uranium 

Pharmacokinetics 

In general, uranium compounds are not easily absorbed across the human gastrointestinal tract. 

Soluble uranium compounds demonstrate the best absorption. In a study in which patients drank 

a solution of uranyl nitrate hexahydrate, a water soluble compound, only 0.5 to 5 percent of the 

dose was absorbed (Hursh et al. 1969). Recent uranium metabolic models estimated absorption 

from the gastrointestinal tract to the blood to be 0.6 percent (Wrenn et al. 1987). Although 

human data concerning absorption by dermal exposure are sparse, water-insoluble uranium 

compounds were not absorbed in significant quantities across the skin (Yuile 1973) and are not 

believed to pose a significant risk to humans by this exposure route. 

Once absorbed into the bloodstream, uranium compounds are metabolically converted to uranyl 

ions. The uranyl ion acts as a ligand in the systemic circulation, binding to the plasma proteins 

and bicarbonate. Although this uranyl-bicarbonate complex is stable at the pH of the plasma, the 

pH of urine favors dissociation of the complex. This leaves the uranyl ion free to bind to the 

tissues in the proximal tubule wall of the nephrons of the kidneys, resulting in cellular necrosis 

(Legget t 1989). 

As well as being the only soft tissue that stores uranium in any appreciable quantity, the kidneys 

are the main organs of excretion (Hursh and Spoor 1973). Approximately 70 percent of an intake 

of uranium has been estimated to be excreted by the kidneys within 24 hours of intake (Berlin 

and Rudell 1979). Uranium that is not excreted is stored in the kidneys and bones. Binding to 
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the bone is thought to be caused by the affinity of uranium for the phosphate groups in the bone 

structure. 

Toxicity 

Dose-Response Data - Human 

Exposure to uranium, a chemical toxicant, leads to nephritis in the kidneys. Data human on 

exposure to uranium compounds were collected from 1940 to 1960 in acute studies on terminal 

and volunteer patients. Single injections of 70 to 100 pg/kg of uranium nitrate to terminally ill 

patients resulted in proteinuria and increased levels of catalase in the urine (Berlin and Rudell 

1979; Luessenhop et  al. 1958). In another study, patients were given uranyl nitrate injections 

ranging from 6.3 to 71 V a g .  One of the early signs of renal damage, the appearance of the 

enzyme catalase in the urine, occurred in patients receiving 55 to 71 pg/kg (Hursh and Spoor, 

1973; Leggett, 1989). 

Dose-Response Data - Animal Models 

Animal models have demonstrated a of variation of responses in acute intravenous toxicity studies. 

Rabbi-@ and guinea pigs appear to be the most sensitive. The acute intravenous toxicity of soluble 

uranium compounds such as uranyl nitrate has been shown to be very high; the approximate dose 

at which 50 percent of the test organisms do not survive (LD,,) for rabbits is 0.1 mg/kg, for 

guinea pigs 0.3 mg/kg, for rats 1 mg/kg, and for mice 10 to 20 mg/kg (Stokinger 1982). 

a 

In chronic animal studies sublethal threshold doses of uranium have been demonstrated (Leggett 

1989). Although the exact mechanism of tolerance is not known, it is believed that regenerated 

kidney tissue is associated with tolerance. When uranium exposure ceases, the regenerated 

epithelium transforms into normal renal tubular tissue (Yuile 1973). 

An extensive chronic feeding study was performed on rabbits, rats, and dogs €or periods of 30 

days, 1 year, and 2 years (Maynard and Hodge 1949). These animals received uranium doses of 

2.8, 14, and 71 mg/kg/day in the diet. Rabbits were maintained for 30 days, dogs for 1 year, and 

rats for 1 to 2 years. For all species, water soluble compounds were more toxic than insoluble 

compounds. The lowest observed adverse effect levels (LOAELs) were established for all 

compounds and each species (Maynard and Hodge 1949). In all cases, the LOAEL could be 0 
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established within the first 30 days (EPA 19910. Of the three species, rabbits appeared to be the 

most sensitive, with renal damage exhibited at all administered dose levels. The renal damage was 

judged to be only moderate at the lower doses, but moderately severe at the highest dose. Based 

on this study, the EPA has established the lowest uranium dose of 2.8 mg/kg/day as the LOAEL 

(EPA 19910. 

Basis for Reference Dose 

The EPA (19910 has established an RfD for uranium of 3 pg/kg/day. In lieu of a no observed 

adverse effect level (NOAEL), the RfD was based on the LOAEL of 2.8 mg/kg/day (Maynard 

and Hodge 1949) and an uncertainty factor of 1000. The uncertainty factor accounts for 

intraspecies and interspecies variability in toxicological response and for the use of the LOAEL 

rather than an NOAEL. No factor was included for the short duration of the exposure (30 days), 

because it has been shown that chronic nephrotoxic effects can be adequately characterized with 

experiments of acutehubacute duration (EPA 1991f). 

Carcinogenicity 

Uranium can induce cancer as a result of intake into the body through inhalation or ingestion 

pathways. The induction of cancer results when organs,and tissues of, the body are exposed to 

alpha particles emitted from decaying uranium atoms. Alpha particles are energetic emissions that 

cause molecular ionizations in a very dense pattern along a short path through matter. The effect 

of an alpha particle is highly localized due to the short path length traveled (low penetrability) 

and the ability of the particle to produce many ionizations. The ionization events cause biological 

damage believed to be responsible for inducing cells to become cancerous. Although other 

energetic emissions from radioactive decay of atoms (such as beta particles and gamma rays) also 

cause molecular ionizations, these radiations do not produce the density of ionizations that alpha 

particles produce. The dense pattern of ionizations caused by alpha particles and the low 

penetrability of alpha particles are the factors that determine uranium is an internal exposure 

hazard. Alpha particles are not an external exposure hazard because they do not penetrate 

sensitive tissues from outside the body. The outer layers of the skin stop the alpha particles 

before they can penetrate and damage sensitive tissues of inner layers. 
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The type of uranium (Le., natural, enriched, or  depleted) under consideration is important 

because different types of uranium have different specific activities (the amount of radioactivity 

per unit mass). The value of the specific activity of the uranium reflects the number of alpha 

particles emitted per unit mass. This has a direct impact on the magnitude of the radiological 

I 

2 

3 

1 

dose delivered internally after the uranium enters the body. Naturally occurring uranium and 

uranium processed from natural uranium is a mixture of U-234, U-235, and U-238. The 

difference between natural, enriched, and depleted uranium is defined by the percent U-235 mass 

enrichment. The higher the U-235 enrichment, the higher the specific activity of the mixture. 

Dose-Response Data - Human 

The following discussion of data concerning human health effects of uranium exposure is 

summarized from the report of the BEIR IV Committee on radon and other alpha emitters (NAS 

1988). Convincing epidemiological evidence of uranium-induced radiocarcinogenic effects in 

humans is difficult to obtain. Available epidemiological evidence has come from studies of 
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workers involved in uranium mining and milling operations. It has been noted for some time that 15 
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uranium workers are at risk of increased cancer mortality; however, inhalation of airborne radon 

progeny rather than uranium particulates is considered the predominant source of radiation 

damage to the respiratory tract in uranium miners. Simultaneous exposures to radon progeny and 

uranium miners intended specifically to examine the radiological effects of exposure to uranium. 

Risk estimation for exposure to uranium is based heavily on the carcinogenic effects of other 

alpha-emitting radionuclides and on animal experiments involving exposure to uranium. Available 

other elements present in uranium ore are considered confounding factors in those studies of 

human epidemiological studies are discussed below. 

Epidemiological surveys of uranium workers began in the United States in 1950 (Miller e t  al. 

1956), and reports of increased cancer risk among uranium millers in Europe began appearing in 

1959 (Rockstroh 1959). In contrast, other studies have reported little evidence of a health hazard 

to workers in the uranium processing industry (Ely 1959). The BEIR IV committee (NAS 1988) 

cautioned that the validity of epidemiological studies on uranium effects must be considered in 

the context of the power or ability of the studies to detect an effect if one existed. This is 

important with regard to all of the available epidemiological studies on uranium effects. 



EMP-OU4CFURE-4-DRAFT 
December 1993 

An early U.S. Public Health Service study of uranium miners and millers in the Colorado Plateau 

reported no increase in mortality in the cohort of uranium millers studied (Wagoner et al. 1964). 

A more detailed study with longer follow-up of the same cohort (Archer et al. 1973) revealed that 

the number of deaths available for analysis was almost equal to the expected number of deaths 

determined among controls. Interpretation of the results is complicated because, 1) exposure data 

were not presented, 2) the excess cases included three diagnostic categories, 3) precautions were 

not taken (or not stated) to exclude individuals with underground mining exposure through 

previous employment, 4) and the analysis was not performed in relation to the length of exposure. 

Because of its weak epidemiological power, the study did not provide strong evidence that 

uranium has a specific effect. 

Several studies of uranium workers exposed to enriched uranium have been performed. A study 

of workers at the enrichment facility in Oak Ridge between 1943 and 1947 indicated that the 

mortality of the study cohort was not increased for lung cancer, bone cancer, or nephrotoxic 

disorders (Polednak and Frome 1986). This study is weakened by data based on exposures of 

short duration (typically 1 to 2 years), which does not provide conclusive evidence concerning 

health effects from long-term (chronic) exposure. A subsequent study of a cohort from the same 

population examined the lung cancer risk from inhaling uranium dust (Cookfair et al. 1983). The 

results indicated an increased risk among the group of workers hired at, or over age 45, and the 

increased magnitude of risk was greater for higher exposures. 

The findings of a retrospective study of uranium mill workers from the Colorado Plateau 

conducted to examine the health risks of uranium exposure in the absence of uranium mining 

(Waxweiler et  al. 1983) were not statistically significant and are mitigated by the small number of 

deaths for workers employed for at least five years. The results did not reveal an increase in lung 

cancer deaths nor conclusively demonstrate an increased nephrotoxic effect. 

Past epidemiological studies have failed to conclusively demonstrate health effects from chronic 

exposure to uranium dust involved in uranium mining and milling operations. However, this does 

not necessarily mean that the epidemiological data conclusively demonstrate the absence of effect. 

This is because the power of the.studies was limited, weakened by short worker exposure 
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durations, inadequate estimates of uranium exposures, and insufficient worker follow-up time to 

adequately evaluate long-term effects. 

In conclusion, chronic exposure to uranium should be controlled on the basis of nephrotoxicity 

more than by radiocarcinogenicity from alpha particle emissions (NAS 1988). Quantification of 

the risk from chronic exposure to uranium alpha particles cannot be determined from published 

epidemiological studies because of confounding factors and the limited power of the studies to 

detect increased rates of cancer incidence or mortality (NAS 1988). Therefore, the BEIR rV 
Committee's a risk estimate for uranium was based on  the carcinogenic effects of other alpha 

emitting radionuclides and animal experiments involving exposure to uranium. The most probable 

radiogenic effect is an increase in bone sarcomas. The likelihood of sarcomas from exposure to 

naturally occurring uranium is considered low and demonstratable only if a linear dose-response 

relationship is assumed (Mays et  al. 1985). If the dose-response relationship is quadratic, then 

virtually no effect would be expected from'naturally occurring uranium. Assuming a linear dose- 

response relationship and a constant nonoccupational uranium intake of 1 pCi/day, then the risk 

of bone sarcoma induction over a lifetime is estimated to be 1.5 x or 1.5 bone sarcomas per 
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16 

million persons (Mays et  al. 1985). This is compared to a natural incidence of 750 bone sarcomas 17 

18 in the absence of excess .exposure. 

19 

20 

21 

Assuming a constant nonoccupational uranium intake rate of 1 pCi/day, an exposure frequency of 

365 days/year, and a lifetime of 70 years, then a lifetime uranium intake of nearly 26,000 pCi is 

calculated. Using the risk factor from Mays (Mays et  al. 1985) and dividing by the calculated 22 

23 

24 

25 

respectively. 26 

lifetime intake, one can derive a risk factor of 5.9 x lo-" per pdi. A comparison of this risk 

factor with the cancer slope factors from HEAST for ingestion of U-234, U-235, and U-238 

indicates that the ratios of the HEAST values to the former value are 2.4, 2.2, and 2.2, 

n 
Dose-Response Data - Animal Models 28 

29 
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31 

The following discussion of experimental data concerning adverse health effects of uranium 

exposure in animal models is summarized from the report of the BEIR IV Committee on radon 

and other alpha emitters (NAS 1988). The effect of bone cancer induction is addressed first. 0 followed by the effect of lung cancer induction. 32 
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epidemiological evidence presented above identifies the bone surfaces as 

tissue for exposure to uranium, and bone sarcoma as the carcinogenic 

effect of concern. Radiocarcinogenic effects, including bone sarcoma and head carcinoma, have 

also been observed in animals and humans from exposure to isotopes of radium, and studies 

involving exposure of mice to high specific activity U-232 and U-233 have also revealed an 

increase in bone sarcomas. Soviet researchers have demonstrated that highly enriched uranium, 

which has a high specific activity, induces bone sarcomas in rats. These results indicate that the 

intake of high specific activity, alpha-particle-emitting radionuclides increases the risk of these 

cancers in. animals. It would be reasonable to expect high specific activity uranium to induce bone 

sarcomas in humans; however, the likelihood that low specific activity, naturally occurring uranium 

induces bone sarcomas is low. 

As stated in the discussion of human epidemiological evidence presented above an estimate of the 

excess risk of bone sarcoma in humans from chronic ingestion of uranium has been developed 

(Mays et  al. 1985). This risk estimate was based on a linear dose-response relationship for 

Ra-226. Therefore, it was assumed that the response to alpha particles from uranium exposure is 

similar to the response to alpha particles from Ra-226. This assumption depends in part on the 

metabolic behavior of uranium relative to radium. There is evidence indicating that uranium 

seeks bone tissue in a manner similar but not identical to that of radium. U-233 administered to 

beagle dogs has been shown to initially deposit nonuniformly on bone surfaces; however, 

redistribution occurred (within approximately one year) to produce a distribution through the 

bone volume that was similar to the distribution of radium (Stevens et al. 1980). Distribution of 

uranium throughout the bone volume in dogs has also been reported by Rowland and Farnham 

(1969) and Bruenger (personal communication with BEIR IV Committee, 1986 not available in 

bibliography). 

Another concern is the induction of malignant tumors in the lungs from exposure to uranium by 

inhalation. As previously discussed, uranium emits alpha particles, which can deposit a highly 

localized radiation dose to sensitive tissues in the passages of the respiratory tract if particulate 

uranium is deposited in those passageways. The effects of inhaling of insoluble forms of uranium 

have been studied in rats, dogs, and monkeys for both short and prolonged exposure scenarios 

(Leach et  al. 1970, 1973). The affected sites were the tissues of the lungs and the pulmonary 
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lymph nodes. Chronic inha1at.m of uranium in these studies produced fibrosis of lung tissue and 

induction of malignant lung tumors. Data from those studies involving dogs have been reanalyzed 

(Durbin and Wrenn 1975), leading to the conclusion that neoplastic changes (tumor induction) 

began in the epithelial cells of the lungs in 21 percent of the dogs after a cumulative lung dose of 

I 

- 1 

3 

4 

160 rads. 5 

6 

7 

8 

9 

Another study exposed rats to U-232 and U-233 (as uranyl nitrate) by inhalation, revealing an 

significance of the bone sarcomas (osteosarcomas) is questionable because the rats exposed to 

control aerosols also developed these tumors. The osteosarcomas are not statistically significant 

because of their appearance in the control rats. The results of this study of high specific activity 

U-232 and U-233 uranyl nitrate could lead to the reasonable expectation that such exposure could 

increase in malignant lung tumors and bone sarcomas (Ballou et al. 1980). However, the 

10 

I 1  

12 

13 induce malignant lung tumors in humans. However, the findings of this work do not provide the 

data needed to convincingly extrapolate a risk coefficient for human exposure. 14 
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K.7.6 TOXICITY PROFILES: CHEMICALS 

IC7.6.1 2-Chlorouhenol 

Pharmacokinetics 

Chlorophenols are absorbed from the gastrointestinal tract and parenteral sites of injection and 

are excreted as conjugates of sulfuric and glucuronic acid (Clayton 1981). Various chlorophenols 

are formed as intermediated metabolites during the microbiological degradation of the herbicides 

2,1-D and 2,4,5-T and the pesticides Silvex, Ronnel, lindane, and benzene hexachloride 

(EPA 1980a). 

A study using the rat model observed a tumor incidence increase (69 percent) in those rats 

receiving 5 ppm of 2-chlorophenol and ethylnitrosourea, as compared to an observed 58 percent 

in rats receiving ethylnitrosourea only. The effects of 2-chlorophenol on reproduction might be 

related to the transplacental transfer of 2-chlorophenol (Exon 1983). 

Toxicity 

Ingestion of 2-chlorophenol causes an increase, then decrease in respiration, blood pressure, and 

urinary output; fever: increased bowel action; motor weakness; collapse with convulsions: and 

death. Additional observations observed include damage to the lungs, liver, and kidneys, as well 

as contact dermatitis (Windholtz 1983). Acute exposures by all routes may cause muscular 

weakness, gastroenteric disturbances, severe depression, and collapse. Although 2-chlorophenol 

primarily affects the central nervous system, it may also cause edema of the lungs and injuries to 

the pancreas and spleen. 

In other studies, rats exhibited restlessness and an increased rate of respiration within a few 

minutes after administration of o-chlorophenol, followed by motor weakness. Tremors, clonic 

convulsions, dyspnea, and coma set in promptly and continued until death (Clayton 1981). In the 

rat, monochlorphenols also caused marked injury to the kidneys with red blood cell casts in 

tubules, fatty infiltration of the liver, and hemorrhages in the intestines. 
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K.7.6.2 2-Methvlnauhthalene I 

This compound is currently under investigation. Little or no information was available when this 

CRARE was prepared; however, as information becomes available, it will be incorporated into 

2 

3 

further CRAREs. 4 

5 

K.7.6.3 4-Chlorouhenvl-uhenvlether 6 

7 

8 

9 

10 

This compound is currently under investigation. 

CRARE was prepared; however, as information becomes available, it will be incorporated into 

further CRAREs. The EPA has not derived RfDs, RfCs or slope factors for this compound. 

Little or no information was available when this 

K.7.6.4 Ammonia 1 1  

Pharmacokinetics 12 

Ammonia is absorbed by inhalation, ingestion, and probably percutaneously at concentrations high 

enough .to cause skin injury (data are not available on absorption of low concentration, through 

13 

14 

1s skin). Excretion is primarily by way of the kidneys; a small amount has been observed to pass 

@ through sweat glands (Clayton 1981). Once absorbed, ammonia is converted to an ammonium ion- 16 

as the hydroxide and as salts, especially as carbonates. The ammonium salts are rapidly converted 17 

18 

19 

20 

21 

to urea maintaining an isotonic system (Clayton 1981). Ammonium ions are produced in the body 

as protein metabolites. Those produced by deamination are rapidly converted in the liver into 

relatively harmless urea and excreted by the kidneys or are used to make new amino acids. 

Ammonium ions are also produced in the kidneys, conserving fured base, thus maintaining 

electrolyte balance (NIOSH 1974). 22 

23 

The relationship between ammonia production and muscle activity has been studied. The 

immediate source of ammonia from muscle appears to be a result of the deamination of 

adenosine monophosphate and- is-more apparent-in fast-twitch than in slow-witch fibers. More 

recently, increases in blood ammonia levels have been reported in rats after swimming, and in 

humans after arm work, maximal cycle ergometry, and treadmill exercise. Elevated blood 

ammonia has also been linked to a surprising variety of functional, metabolic, and neurological 

disturbances other than those caused by exercise and fatigue, including the development of 

hepatic comas, convulsions from ammonia toxicity precipitated by high pressure oxygen breathing, 

epileptic seizures, and decreased neuronal excitability. In addition, several genetic disorders are 
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characterized by elevated blood ammonia concentrations. Symptoms of neural disability in all of 

the above conditions have been related to the concentration of ammonia in the blood 

(Mutch 1983). 

Ammonia is a toxic molecule that is the principal by-product of amino acid metabolism. The 

transport of ammonia in nontoxic form protects the brain against high circulating levels. The 

interorgan transport of this molecule and the orchestration between tissues is related primarily to 

the essential role of nitrogen in the maintenance of body nutrition economy and overall metabolic 

homeostasis. Efficient handling and disposal of ammonia requires a cooperative effort between 

tissues to maintain nitrogen homeostasis. The liver is the central organ of ammonia metabolism, 

but other organs play a key role in the interorgan exchange of this molecule. Alterations in 

ammonia metabolism occur during critical illness. These changes are adaptive and are designed to 

maintain metabolic homeostasis. Interorgan cooperation in ammonia metabolism is necessary to 

insure the proper integration of the metabolic processes that contribute to and are essential for 

survival during critical illness (Souba 1987). 

Ammonia disrupts primarily the Krebs cycle. The adverse effects on the central nervous system 

and ATP deficiency during the intoxication have often resulted in animal death (Khmel’nitskii 

1984). 

Toxicity 

Ammonia in an aqueous environment exists in equilibrium between the ionized ammonium cation 

and the nonionized ammonia. This equilibrium can be affected by buffers, pH, temperature, and 

salinity. Thus in many cases, it is not possible to assign the associated tovicity to the ionized or 

nonionized form of the ammonia-nitrogen. 

Ammonia has a greater tendency than other alkalies to penetrate and damage the iris, and to 

cause cataracts from severe bums. Iritis may be accompanied by hypopyon or  hemorrhages, 

extensive loss of pigment, and severe glaucoma (Grant 1986). 

An experiment was conducted on six volunteers inhaling ammonia at 21 and 35-mg/m3 for 10 

minutes. Five reported faint to moderate irritation, while one reported no irritation at 35-mg/m3. 
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Another group was exposed for 5 minutes to 22, 35, 50, and 94-mg/m3. The 94-mg/m3 level 

caused eye irritation with lacrimation, nose, and throat irritation, and in one volunteer, chest 

irritation (Clayton 1981). 

During a controlled experiment, volunteers were exposed to about 500 ppm ammonia for 30 

minutes. Observations included irregular, minute ventilation with a cyclic pattern of hyperpnea, 

increases in blood pressure and pulse rate, variable lacrimation, and general complaints of upper 

respiratory irritation. Some symptoms persisted for 24 hours following exposure (Silverman 1979). 

EPA (Heast 1992) has derived a chronic oral RfD in drinking water of 34 mg/l based on the 

human taste threshold and on a uncertainty factor of 1. The equivalent chronic oral RfD is 0.97 

mg/kg/day assuming a 70 kg adult ingests 2 liters of water per day. EPA (1993) has derived a RfC 

of 1 x lo-' mg/m3 based on lack of evidence of decreased pulmonary function in an occupational 

study, and on an uncertainty factor of 30. The equivalent chronic inhalation RfD is 0.029 

mg/kg/day, assuming a 70 kg adult inhales 20m3 of air per day. 

Carcinogenicitv 

The EPA (1993) reports no data for a carcinogenicity assessment for ammonia. 

K7.6.5 Antimony 

Toxicity 

Chronic oral exposure studies in animal models include two briefly reported lifetime drinking 

water studies with potassium antimony tartrate in rats and mice that reported reduced longevity in 

both species and reduced mean heart weight and altered blood chemistry in the rats (EPA 1992d). 

A verified chronic oral RfD of 0.0004 mg/kg/day was based on the rat study and an uncertainty 

factor of 1000. - 

Chronic effects from occupational exposure include irritation of the respiratory tract, 

pneumoconiosis, pustular eruptions of the skin called "antimony spots," alleigic contact dermatitis, 

and cardiac effects, including abnormalities of the ECG and myocardial changes (Elinder and 

Friberg 1986). Cardiac effects were also observed in rats and rabbits exposed by inhalation for six 

weeks, and in animals (dogs and possibly other species) treated by intravenous injection. 
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Inhalation RfC values are not available from US E P A  The heart, respiratory tract, and skin are 

the principal target organs for antimony. 

Carcino Penicitv 

Data were not located regarding the human carcinogenicity of antimony. Antimony fed to rats 

did not produce excess tumors (Goyer 1991), but a high frequency of lung tumors was observed in 

rats exposed by inhalation to antimony trioxide for one year (Elinder and Friberg 1986). The 

EPA (1991~) has not evaluated the carcinogenicity of antimony. 

K7.6.6 Aroclors 

Toxicity 

Aroclors-1016, -1221, -1242, -1248, -1254, -1260 are commercially mixtures of polychorinated 

biphenyls (PCBs). Target organs for PCBs include the skin, liver, fetus, and neonate. 

Epidemiologic studies of women in the United States have associated oral PCB exposure with low 

birth weight or retarded musculoskeletal or neurobehavioral development of their infants 

(ATSDR 1991). Oral studies in animals have established the liver as the target organ in all 

species, and the thyroid as an additional target organ in the rat. Effects observed in monkeys 

included gastritis, anemia, chloracne-like dermatitis, and immunosuppression. Oral exposure in 

animal models induced developmental effects, including retarded neurobehavioral and learning 

development in monkeys. Neither verified nor provisional chronic oral RfD values were located 

for any of the Aroclors. 

Occupational exposure to PCBs have been associated with upper respiratory tract and ocular 

irritation, loss of appetite, liver enlargement, increased serum concentrations of liver enzymes, 

skin irritation, rashes and chloracne, and in heavily exposed female workers, decreased birth 

weight of their infants (ATSDR 1991). However, concurrent exposure to contaminants have 

confounded the interpretation of the occupational exposure studies. Animal models exposed by 

inhalation to Aroclor-1254 vapors exhibited moderate liver degeneration, decreased body weight 

gain, and slight renal tubular degeneration. Neither verified nor provisional chronic inhalation 

RfC values are available. 
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Carcinogenicity 
e 

1 

The EPA (1991~) has classified the PCBs as cancer weight-of-evidence Group B2 substances 

(probable human carcinogens), based on inadequate data for humans but sufficient data for 

animals. The human data consists of several epidemiologic occupational and accidental oral 

exposure studies with serious limitations, including poorly quantified concentrations of PCBs and 

2 .  

3 

4 

5 

6 durations of exposure, and probable exposures to other potential carcinogens (EPA 1992d). 

It is known that PCB congeners vary greatly as to their potency in producing biological effects. 

There is some evidence that mixtures containing more highly chlorinated biphenyls are more 

potent inducers of heptatocellular carcinoma in rats than mixtures containing less chlorine by 

weight (EPA 1993a). 

The animal data consists of several oral studies in rats and mice with various Aroclors, Kanechlors 

or Clophens (commercial PCB mixtures manufactured in the United States, Japan, and Germany, 

respectively) that reported increased incidence of liver tumors in both species (EPA 1992d). The 

EPA (1991~) has presented a verified oral slope factor.of 7.7 per mg/kg/day for all PCBs, based 

on liver tumors in rats treated with -kroclor-1260. 

K.7.6.7 Arsenic 

Toxicity 

The only noncarcinogenic effects in humans clearly attributable to chronic oral exposure to 

arsenic are dermal hyperpigmentation and keratosis, as revealed by studies of several hundred 

Chinese exposed to naturally occurring arsenic in well water (EPA 1992d). Similar effects were 

observed in persons exposed to high levels of arsenic in water in the western hemisphere. 

Occupational (predominantly inhalation) exposure was also associated with neurological deficits, 

anemia, . ~- and cardiovascular effects (Ishinishi-et al. 1986). The EPA (1991e)-has presented an- - 

RED of 0.0003 mg/kg/day for chronic oral exposure, based on a NOAEL from the Chinese data 

and an uncertainty factor of 1. The principal target organs for arsenic are the skin, nervous 

system, blood. and cardiovascular system. - 
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Inorganic arsenic is clearly a-carcinogen in humans (EPA 1992d). Inhalation exposure was . 

associated with increased risk of lung cancer in persons employed as smelter workers, in arsenical 

pesticide applicators, and in a population residing near a pesticide manufacturing plant. Oral 

exposure to high levels in well water was associated with increased risk of skin cancer. The EPA 

(1991~) has classified inorganic arsenic in cancer weight-of-evidence Group A (human 

carcinogen). An inhalation slope factor of 50 per mg/kg/day, based on absorbed arsenic, was 

derived from occupational data. Applying an absorption factor of 0.3 yielded an inhalation slope 

factor of 15 per mg/kg/day, based on an ambient or inhaled dose. The slope factor based on the 

inhaled, rather than absorbed, dose is the correct parameter to use in risk assessments. Assuming 

a human inhales 20 m3 of air per day and weighs 70 kilograms, the EPA (1991~) estimated an 

inhalation unit risk of 0.0043 &m3. EPA (1993) proposed an inorganic arsenic ingestion unit risk 

of 5.0 x 10” per mg/l. The equivalent oral slope factor is 1.75 per mg/kg/day assuming a 70 kg 

adult ingests 2 liters per day. “The uncertainties associated with ingested inorganic arsenic are 

such that estimates could be revised downward as much as an order of magnitude, relative to the 

risk estimates associated with most other carcinogens. 

K7.6.8 Barium 

Toxicity 

The acute oral toxicity of barium is manifested by gastrointestinal upset, altered cardiac 

performance and transient hypertension, and convulsions and muscular paralysis (Reeves 1986). 

Repeated oral exposures have been associated with hypertension. Occupational exposure to 

insoluble barium sulfate induced benign pneumoconiosis (ACGIH 1991). The EPA (1993) has 

derived a verified chronic oral RfD of 0.07 mg/kg/day, based on increased blood pressure in 

subchronic to chronic human drinking water studies and on an uncertainty factor of 3. A 

provisional chronic inhalation RfC of 0.0005 mg/m3 was based on a NOEL for fetotoxicity of 0.8 

mg/m3 in a four-month, intermittent-exposure inhalation study with barium carbonate in the rat, 

and on an uncertainty factor of 1000 (EPA, HEAST 1992). The equivalent chronic inhalation 

R€D value is 0.00014 mg/kg/day, assuming humans inhale 20 m3 of air per day and weigh 70 

kilograms. Barium is principally a muscle toxin. Its targets are the gastrointestinal system, 

skeletal muscle, and the cardiovascular system. The fetus also appears to be a target. 
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Carcinogenicity 

The EPA (1993) reports no data for a carcinogenicity assessment for barium. 

K.7.6.9 Bervllium 

Toxicity 

December 1993” 

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the 6 
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1 1  

12 
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14 

gastrointestinal tract (Reeves 1986). Occupational exposure has induced dermatitis, acute 

pneumonitis, and chronic pulmonary granulomatosis (berylliosis). Berylliosis was also observed in 

humans living in the vicinity of a beryllium plant. Pulmonary effects also occurred in laboratory 

animals subjected to inhalation exposure. A verified chronic oral RfD value of 0.005 mg/kg/day 

was based on a NOAEL of 0.54 mg/kg/day in a lifetime drinking water study with beryllium sulfate 

in the rat, and on an uncertainty factor of 100 (EPA 1991~). The target organs for inhalation 

exposure appear to be the lungs; target organs for oral exposure are not identified. 

Carcinogenici 

The EPA (19:~) has classified beryllium in cancer weight-of-evidence Group B2 (probable 0 1’5 

16 

human carcinogen), based on inadequate human data but sufficient animal data. The human data 17 

18 

19 

20 

21 

consist of occupational studies that weakly associate exposure with increased risk of lung cancer, 

increase in lung tumors occurred in three strains of rats and in rhesus monkeys subjected to 

inhalation exposure or  intratracheal instillation of a variety of beryllium compounds. Osteogenic 

but confounding variables were not controlled and the studies lacked sensitivity. A significant 

sarcomas were induced in rabbits and mice, but not in rats or  guinea pigs injected intravenously 

with various beryllium compounds. Oral studies in animals models yielded inconclusive results. 

The EPA (1991~) derived an oral slope factor of 4.3 per mg/kg/day from a slight but statistically 

nonsignificant increase in total tumors in a lifetime drinking water study with beryllium sulfate in 

the-rat. An inhalation unit risk of 0.0024 per pg/m3, equivalent to 8.4 per mg/kg/day (assuming 

humans inhale 20 m3 of air per day and weigh 70 kilograms), was derived from a human 

occupational study. 
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K.7.6.10 Cadmium 

Toxicity 

'The EPA (1991~) has presented verified chronic oral RfD values of 0.0005 mg/kg/day for 

cadmium ingested in water and 0.001 mg/kg/day for cadmium ingested in food. Medium-specific 

oral RfD values reflected the assumption that cadmium is more efficiently absorbed from water 

than from food. The RfD values were based on a NOAEL for proteinuria (a sensitive indicator 

of renal toxicity), determined from several human exposure studies, and on an uncertainty factor 

of 10. Occupational exposure to fumes of cadmium induced metal fume fever (ACGIH 1991). 

The principal target organs for oral exposure to cadmium are the kidneys. 

Carcinogenicity 

Cadmium is classified as an EPA cancer weight-of-evidence Group B1 substance (probable human 

carcinogen), based on limited evidence from occupational studies and sufficient evidence of 

carcinogenicity in rats and mice following inhalation exposure or parenteral injection (EPA 

1991~). There is insufficient information to classify cadmium as carcinogenic to humans by the 

oral route. A provisional inhalation slope factor of 6.3 per mg/kg/day and a unit risk of 0.0018 

per pg/m3 (assuming inhale 20 m3 of air per day and humans weigh 70) was based on the 

incidence of lung cancer in cadmium smelter workers. 

K7.6.11 Chromium (VI) 
Toxicity 

Little chromium (VI) exists in biological materials, except shortly after exposure, because 

reduction to chromium (III) occurs rapidly (LangHrd and Norseth 1986). Chromium (111) is 

considered a nutritionally essential trace element and is considerably less toxic than chromium 

(VI). Acute oral exposure of humans to high doses of chromium (VI) induces neurological 

effects, gastrointestinal hemorrhage and fluid loss, and kidney and liver effects. Parenteral dosing 

of animals with chromium (VI) was selectively toxic to the kidney tubules. A NOAEL of 2.4 mg 

Cr(VI)/kg/day in a one-year drinking water study in rats with potassium permanganate, along with 

an uncertainty factor of 500, formed the basis of a verified RfD for chronic oral exposure of 0.005 

mg/kg/day (EPA 1991~). 

Occupational (inhalation and dermal) exposure to chromium (VI) induced ulcerative and allergic 
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Occupational (inhalation and dermal) exposure to chromium (VI) induced ulcerative and allergic 

contact dermatitis, irritation of the upper respiratory tract including ulceration of the mucosa and 

perforation of the nasal septum, and possibly kidney effects (ACGIH 1991). Currently an 

inhalation RFC and RFD are not available for chromium (VI) from EPA. 

Target organs for dermal and inhalation exposure include the skin and respiratory mucosa. 

Carcinoeenicitv 

The EPA (1991e) has classified chromium (VI) in cancer weight-of-evidence Group A (human 

carcinogen), based on the consistent observation of increased risk of lung cancer in occupational 

studies of workers in chromate production and the chrome pigment industry. Parenteral dosing of 

animals with chromium (VI) compounds consistently induced injection-site tumors. There is no 

evidence that oral exposure to chromium (VI) induces cancer. A verified inhalation unit risk of 

0.012 per pg/m3, equivalent to 41 per mg/kg/day (assuming humans inhale 20 m3 of air per day and 

weigh 70 kilograms), was based on increased risk of lung cancer deaths in chromate production 

workers. 

K.7.6.12 Cobalt 

Toxicitv 

Acute, high oral or parenteral doses of cobalt in humans and animals induced myocardial 

degeneration, often leading to mortality, erythropoiesis, enlarged thyroid, and in animals? renal 

tubular degeneration (Elinder and Friberg 1986). Chronic ingestion from the consumption of 

beer containing high concentrations of cobalt has been associated with a condition called "beer- 

drinkers cardiomyopathy," which includes polycythemia, goiter, and marked myocardial 

degeneration and mortality. The therapeutic use of 0.16 to 0.32 mg Co/kg/day in anemic, 

anephric dialysis patients-for 12 to 32 weeks induced-a significant but-reversible rise in blood 

hemoglobin concentration (EPA 1992d). 

- .  _ _  - .  - -- 

Occupationai (inhalation and dermal) exposure has been associated with allergic dermatitis, 

chronic interstitial pneumonitis, reversibly impaired lung function, occupational asthma, and 

myocardial effects (ACGIH 1991). Cobalt has been determined to be the etiologic factor in hard. 

metal disease, the syndrome of respiratory symptoms and pneumoconiosis associated with 
2 2 3  
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inhalation exposure to dusts containing tungsten carbide with cobalt powder as a binder (Elinder 

and Friberg 1986). The lowest occupational air concentration of cobalt associated with hard 

metal disease was 0.003 mg C0/m3 (Sprince et al. 1988). It should be noted that the workers were 

also exposed to tungsten and sometimes to titanium, tantalum, and niobium (Elinder and Friberg 

1986). Similar lung effects have been seen in animals exposed to cobalt by inhalation. 

The developmental toxicity of cobalt was tested in rodents treated orally with cobalt chloride 

(EPA 1992~). Unspecified maternal effects were reported in rats treated with 5.4 to 21.8 mg 

Co/kg/day from gestation day 14 through lactation day 21. Effects on the offspring included 

stunted growth at 5.4 mg Co/kg/day and reduced survival at 21.8 mg Co/kg/day. In rats treated 

with 6.2, 12.4 or 24.8 mg Co/kg/day on gestation days 6 through 15, maternal effects included 

reduced food consumption and body weight gain and altered hematologic parameters, although it 

is unclear at what dose levels these effects occurred. There were no effects on fetal survival, 

although an insignificant increase in fetal stunting was observed in rats treated with 112.4 mg 

Co/kg/day. In mice, treatment with 81.7 mg Co/kg/day caused reduced maternal weight gain, but 

had no fetal effects. 

Several studies reported testicular degeneration and atrophy in rats treated with cobalt chloride in 

the diet or drinking water at concentrations equivalent to doses of 5.7 to 30.2 mg Co/kg/day (EPA 

1992c). 

Cobalt is nutritionally essential as a cofactor in cyanocobalamin, Le., vitamin B12 (EPA 1992~). 

The element is ubiquitous and universally present in the diet. Average daily adult dietary intakes 

of cobalt range from 0.16 to 0.58 mg/day (0.002 to 0.008 mg/kg/day, assuming adults weigh 70 

kilograms) (Tipton et  ai. 1966; Schroeder et al. 1967). In 9- to 12-year-old children. dietary 

intakes of cobalt range from 0.3 to 1.77 mg/day (Murthy et al. 1971; NRC 1989). Assuming an 

average weight for children in this age range of 28 kilograms (NRC 1989), -the dietary intakes are 

equivalent to 0.01 to 0.06 mg/kg/day. 

The EPA (1992~) concluded that the oral toxicity data were insufficient to derive an oral RfD for 

cobalt. The relatively well-characterized dietary intake data, however, can provide useful 

guidance. The EPA (1992~) noted that the upper range of dietary intake for children, 0.06 
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mg/kg/day, was below the level associated with enhanced erythropoiesis in anephric patients. 

Therefore, the upper range of. dietary intake, 0.06 mg Co/kg/day, can be considered a guidance 

level for the oral intake of cobalt and can be used in place of an oral RfD in CERCLA and 
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RCRA risk assessments. 1 

5 
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The EPA (1990) has derived an interim inhalation RfC from the LOAEL of 0.003 mg C0/m3 

associated with hard metal disease in occupationally exposed humans. Correcting for intermittent 

occupational exposure (10 m3 of air inhaled per work day/20 m3 of air inhaled per day x 5 work 

days per weeW7 days per week) yielded an adjusted LOAEL of 0.001 mg/m3. Applying an 

uncertainty factor of 1000 ([the 10 for use of a LOAEL, 10 to protect sensitive individuals, and 

10 to account for the disparity between the latency period and exposure duration - not further 

explained]) resulted in an interim chronic RfC of 1 x 

of air per day and weigh 70 kilograms, the RfC is equivalent to 2.9 x 

3 x mg/kg/day. 

mg/m3. Assuming humans inhale. 20 m3 

mg/kg/day, rounded to 

Important target organs in orally exposed humans are the heart, erythrocyte, and thyroid. . Target 

organs for occupational exposure are the skin, lungs, and heart. 

Carcinogenicitv 

The carcinogenicity of cobalt has not yet been evaluated by the EPA (1992b, 1992~). 
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K7.6.13 Copper 22 

Estimates of the absorption of copper from the gastrointestinal tract range from 15 to 97 percent, 

of copper, the presence of other metals in the diet, the form of copper administered, and the 
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with an average of approximately 60 percent (ATSDR 1989d). Several factors, including the dose 

- presence of substances that inhibit-uptake (vitamin C; phytate, fiber), influence the extent of ~ - 

gastrointestinal absorption. The 15-percent estimate is considered sufficiently conservative and 
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well-documented for use in estimating the dermal RfD from an oral RfD. 

Quantitative data were not located regarding the uptake of copper from the respiratory tract. 

The observation of elevated plasma copper levels in some workers in a heavily polluted industrial 
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atmosphere indicated respiratory tract uptake does occur (Aaseth and Norseth 1986). Data were 

not located regarding the dermal uptake of copper. 

Circulating copper is taken up by the liver, transferred to the ceruloplasmin, (high molecular 

weight protein), reenters the circulation, and accumulates in liver, heart, brain, kidneys, and 

muscles (Aaseth and Norseth 1986). Excretion is principally through the bile. 

Noncarcinogenic Toxicity 

Copper is a nutritionally essential element that functions as a cofactor in several enzyme systems 

(Aaseth and Norseth 1986). Acute exposure to large oral doses of copper salts has been 

associated with gastrointestinal disturbances, hemolysis, and liver and kidney lesions. Chronic oral 

toxicity in humans has not been reported. Chronic oral exposure of animals has been associated 

with an iron-deficiency type of anemia, hemolysis, and lesions in the liver and kidneys. 

Occupational exposure has induced metal fume fever, and in cases of chronic exposure to high 

levels, hemolysis and anemia (ACGIH 1991). Neither oral nor inhalation RfD or RfC values 

were available for copper from the US E P A  The target organs for copper are the erythrocyte, 

liver, and kidneys, and for inhalation exposure, the lung. 

The EPA (1992) has concluded that the health effects data were inadequate for deriving a 

chronic oral RfD for copper. The current drinking water maximum contaminant level goal 

(MCLG) for copper is 1.3 mgil, which was based on an LOAEL for gastrointestinal effects in 

acutely exposed humans, and an uncertainty factor of 2. The MCLG is equivalent to a daily 

intake from water of 2.6 mg/day, assuming a drinking water ingestion rate of 2 I/day. The MCLG 

of 1.3 mg/L is an inappropriate basis for deriving a toxicity value for use in CERCLA risk 

assessment, for three main reasons: 

1. The MCLG is based on the effects resulting from acute exposure, and it is 
not reasonable to assume that a toxicity value designed to protect against 
effects from short-term exposure would sufficiently protect against effects 
from chronic exposure. 

2. The estimated safe and adequate daily dietary intake of copper for adults is 
1.5 to 3.0 mg/day (NRC 1989), which exceeds the equivalent daily intake 
from drinking water estimated from the MCLG. 
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3. The estimated adult daily intake of copper from food is 2.0 to 4.0 mg/day 
(EPA 1985a), which also exceeds the equivalent daily intake from drinking 
water estimated from the MCLG. 

Carcinogenicitv 

Copper is in cancer weight-of-evidence Group D, meaning it is not classifiable as to human 

carcinogenicity (EPA 1992~). Quantitative risk estimates are not derived from Group D 

chemicals. 

K7.6.14 Cyanide 

Toxicitv 

Acute exposure to cyanide induces histotoxic hypoxia (inability of the tissues to use oxygen); 

death is due to central respiratory arrest (Smith 1991). Chronic dietary exposure to cyanide has 

induced reduced body weight gain, decreased thyroid activity, myelin degeneration, and reduced 

fertility in rats (EPA 1992d). The EPA (1993) has presented a verified RfD of 0.02 mg/kg/day for 

oral exposure to cyanide, based on a NOAEL in a two-year study of rats that consumed food 

fumigated with hydrogen cyanide, and on an uncertainty factor of 100. The target organs for 

chronic oral exposure to cyanide appear to be the thyroid and nervous system. 

Carcinogenicity 

The EPA (1991~) classified cyanide as a cancer weight-of-evidence Group D substance (not 

classifiable as to humans carcinogenicity). 

K7.6.15 DDT 

Pharmacokinetics 

Dichlorodiphenyltrichlorothane (DDT) is readily absorbed when dissolved in oils, fats, or lipid 

solvents, but is poorly absorbed as dry powder or aqueous suspension. Once absorbed, DDT - 

concentrates in adipose tissue. Storage in fat is protective because it decreases the amount of 

chemicals at the site of toxic action, the brain. At a constant rate of intake, concentrations in 

adipose tissue reach a steady state and remain relatively constant. When exposure ceases, DDT is 

- .. - __ - _ _  _ _  _ _  _ .  

slowly eliminated. The rate of elimination is estimated to be 1 percent of stored 

per day (Gilman 1985). 

DDT excreted 
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After absorption in mammals, DDT degrades by dehydrochlorination to unsaturated DDE and by 

substitution of hydrogen for one chlorine atom yielding DDD. DDD is further metabolized 

through a series of intermediates yielding D D A  DDA is relatively water soluble and excreted 

primarily in the urine. Ingestion studies of DDT administered to volunteers demonstrated that 

within 24 hours, urinary DDA excretion increased detectably. Excretion of DDT as DDA 

appeared to be totally dependent on preferential reductive dechlorination of DDT to DDD 

(rather than DDE) and then to DDA (Clayton 1981). 

Toxicity 

Dermal exposure has been associated with no illness and usually no irritation. Subcutaneous 

injection of colloidal suspensions of DDT in saline up to 30 ppm caused no irritation. Studies of 

DDT-impregnated clothing have found it to cause no irritation (Hayes 1982). The earliest 

symptom of acute DDT poisoning is paresthesia of the mouth and lower part of the face. This is 

followed by paresthesia of same areas and of the tongue and then dizziness, and tremors of 

extremities, confusion, malaise, headache, fatigue, and delayed vomiting. Vomiting is probably of 

central origin and not due to local irritation. Convulsions occur only in severe poisoning. Onset 

may be as soon as 30 minutes after ingestion of a large dose or as late as 6 hours after smaller but 

still-toxic doses. Recovery from mild poisoning usually is essentially complete in 24 hours, but 

recovery from severe poisoning requires several days (Hayes 1982). 

There is no documented evidence that dietary absorption of DDT, alone or in combination with 

insecticides of the aldrin-toxaphene group, has caused cancer in the general population. No 

evidence has been presented that DDT has caused cancer among the millions of individuals 

(almost entirely men) who have been handling or spraying DDT (as dust, solution, and 

suspension) in all parts of the world and under all possible climatic conditions (Clayton 1981). 

DDT is a mixture of p,p’-DDT and related compounds. One of the more important of the DDT 

isomers is o,p’-DDT. These agents have prominent estrogenic effects that have been well- 

characterized in a number of assay systems (Johnson, et al. 1988). The estrogenicity of DDT has 

lead to the supposition that it may adversely affect reproductive outcome by causing birth defects, 

increasing pregnancy complications, or affecting fertility (RTC 1990). 
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A verified chronic oral RfD value of 0.0005 mg/kg/day (EPA 1993) was based on a NOEL of 0.05 

mg/kg/day in a 27 week rat feeding study and on an uncertainty factor of 100. 

Carcinogenicitv 

The EPA (1993) has classified DDT in cancer weight-of-evidence Group B 2 (probable human 

carcinogen) based on the observation of tumors (generally of the liver) in seven studies in various 

mouse strains and in three studies in rats. The EPA (1993) derived an oral slope factor of 3.4 x 

lo-' per mg/kg/day from liver tumors in oral (diet) studies in the mouse and the rat. An 

inhalation unit risk of 9.7 x lo-' per mg/m3, equivalent to 0.34 per mg/kg/day (assuming a 70 kg 
adult inhales 20m3 of aidday), was derived from the same oral (diet) studies. 

K.7.6.16 Di-n-octvl phthalate 

Pharmacokinetics 

In general, phthalic acid esters are readily absorbed across the intestinal tract, intraperitoneal 

cavity, and lungs. Evidence also indicates that these esters can be absorbed through the skin 

@ (EPAECOA 1980a). 

With an oral dose of di-n-octyl phthalate, greater than 90 percent of the phthalate ester or its 

degradation compounds were eliminated within 24 hours through urine and feces. Of the initial 

dose, 1 percent remained in the body and traces were still detectable at 21 days (Ikeda 1980). 

Absorbed esters of phthalic acid esters distribute rapidly to various organs and tissues (Le., liver, 

kidneys, bile) of both humans and animals (EPAECOA 1980a). Studies on the metabolism of 

di-in-octyl phthalate by rat liver and kidney homogenates have demonstrated that the lower the 

molecular weight, the faster the rate of metabolism (RCS 1980). 

Several studies have been performed using three routes of exposure: 1) ingestion, 2) absorption 

through skin, and 3) injection. Observations in all three routes included take up, distribution, 

metabolism, and excretion (EPAECOA 1980). 

In vivo and in vitro studies of phthalates have revealed a ready loss of one alkyl residue to yield a 

'monophthalate, but only a minor loss of both alkyl residues to yield phthalic acid. Instead, the 0 
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monophthalate is partially excreted without further modification and partially undergoes 

hydroxylation in the side chain. No products of ring hydroxylation have been identified (Chemical 

Society 1977). 

Toxicitv 

The acute oral toxicity of alkyl phthalates is low and decreases with an increasing molecular 

weight (EPAECOA 1980a). Therefore, the only hazard of importance in handling consists of 

possible eye, skin, and/or mucous membrane irritation from phthalate anhydride, which may occur 

during synthetization (ILO 1971). 

K.7.6.17 DioxinFuran 

No data were located regarding the pharmacokinetics of the polychlorinated dibenzo-p-dioxins 

(PCDDs) or (PCDFs) of concern; however, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been 

used as a surrogate for other structurally similar members of these chemical classes. Estimates of 

the gastrointestinal absorption of TCDD ranged from 50 to 86 percent of the administered dose 

in rats; comparable data were obtained for rates and hamsters (Fries and Morrow 1975; Nolan et 

al. 1979; Olson et  al. 1986). In rats treated dermally with 26 ng TCDD in methanol dermal 

absorption after 24 hours approximated 40 percent of that absorbed by the gastrointestinal tract 

after an equivalent dose in ethanol (Poiger and Schlatter 1980). Dermal absorption from vaseline 

or polyethylene glycol vehicles was substantially less than from methanol, but quantitative 

estimates cannot be made from the available data. 

In rodents given single oral or intrapeitonel doses, or treated for two years with TCDD in the 

diet, the highest concentrations and greatest tissue depots occurred in the liver, followed closely 

by adipose tissue (Piper et al. 1973; Poiger and Schlatter 1979; Rose et  ai. 1976; Kociba et al. 

1976). Concentrations in other tissues were considerably lower than those in fat. Mouse liver 

continued to sequester TCDD more efficiently with prolonged exposure (Teitelbaum and Poland 

1978). In nonhuman primates and guinea pigs, however, greater TCDD concentrations and tissue 

depots occurred in the adipose tissue than in the liver (Nolan et al. 1979; Van Miller et  ai. 1976). 

Data obtained at necropsy from one woman potentially exposed to TCDD showed concentrations 

in adipose tissue about an order of magnitude higher than levels in the liver (Facchetti et al. 

1980). Radioactivity from intravenous dosing with [14C]2,3,7,8-TCDD has been shown to cross 
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the placenta of rats and mice; concentrations of fetal tissues were lower than in maternal tissues 

(Moore et  al. 1976; Nau and Bass 1981). 

1 

* 3 

3 

In rodents and guinea pigs, TCDD was metabolized by microsomal mixed-function oxidase 

enzymes to hydroxylated derivatives that were conjugated with glucuronide or sulfate for excretion 

of several different PCDDs in the rat was postulated to involve formation of arene oxide 

intermediates (EPA 1985a). In rats, the metabolism of TCDD was inducible but relatively slow, 

about four orders of magnitude slower than the metabolism of benzo(a)pyrene. There was 

considerable species variation in the rate of metabolism of TCDD. 
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via the bile or urine, respectively (Neal et al. 1982; Olson and Bittner 1983). The hydroxylation 

Studies with ['4C],-2,3,7,8-TCDD showed that fecal excretion accounted for 39 to 99 percent of 

the total (fecal and urinary) excretion of radioactivity (EPA 1985a). Elimination half-lives 

(assuming first order kinetics) ranged from 11 to 30 days, inversely correlated with species 

sensitivity to TCDD. There was considerable interspecies variation in the relative importance of 

fecal versus urinary excretion and in the elimination half-lives. 

Noncarcinogenic Toxicity 

The only effect in humans clearly attributable to TCDD was chloracne (ATSDR 1989b). The 

available data, however, also associated exposure to TCDD with hepatotoxicity and neurotoxicity 
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in humans. In animals, TCDD toxicity is most commonly manifested as a wasting syndrome with 

thymic atrophy terminating in death, with a large number of organ systems showing nonspecific 
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effects. Chronic treatment of animals with TCDD or a mixture of two isomers of 

hexachlorodibenzo-p-dioxin resulted in liver damage. Immunologic effects may be among the 

more sensitive endpoints of exposure to the PCDDs in animals. TCDD is a developmental and 
. _ .  - -  . . _  - 

reproductive toxicant in animal models. Data were not located regarding the noncarcinogenic 

toxicity of unsubstituted dibenzofuran or the other PCDFs. No verified or provisional 

noncarcinogenic toxicity values were located for any of the chemicals of concern in these classes 
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has verified dibenzofuran as a cancer weight-of-evidence Group D compound 

(not classifiable as to carcinogenicity to humans), based on a lack of cancer data in humans or 

animals. Data regarding the humans carcinogenicity of TCDD obtained from epidemiologic 

studies of workers exposed to pesticides or to other chlorinated chemicals known to be 

contaminated with TCDD, are conflicting (ATSDR 1989b). The interpretation of these studies is 

clouded, because exposure to TCDD was not quantified, multiple routes of exposure (dermal, 

inhalation, oral) were involved, and the workers were exposed to other potentially carcinogenic 

compounds. TCDD, however, is clearly carcinogenic in animal models, inducing thyroid, lung, and 

liver tumors in orally treated rats and mice (EPA 1985a). Similarly, oral treatment with a mixture 

of two hexachlorodibenzo-p-dioxin isomers induced liver tumors in rats and mice. On the basis of 

the animal data, TCDD and the hexachlorodibenzo-p-dioxins were assigned to EPA cancer 

weight-of-evidence Group B2 (probable human carcinogen). Although the PCDDs and PCDFs of 

concern were not classified, they are treated as probable human carcinogens, for which slope 

factors are derived. 

The EPA (1992b) has presented provisional oral and inhalation slope factors for TCDD of 

150,000 per mg/kg/day, based on the incidence of liver and lung tumors in an oral study in rats 

(Kociba e t  al. 1978). In the absence of satisfactory congener-specific cancer data, the EPA 

(19898) derived toxicity equivalency factors (TEFs) for the other PCDDs and PCDFs, by 

assuming that all manifestations of toxicity for all members of these classes are mediated by a 

common mechanism (Le., binding to the intraculluar AH receptor of target cells). For 

polychlorinated dibenzo-p-dioxin and polychlorinated dibenzofurans; 2,3,7,8-TCDD toxicity 

equivalents will be calculated using the appropriate 1-TEFs/89 Toxicity Equivalent Factors (EPA 

1989g). 

Considerable uncertainty surrounds the carcinogenic potential of the PCDDs and PCDFs of 

concern. Although TCDD is classified as a weight-of-evidence Group B2 substance, the 

homologues of concern are not classified. The appropriateness of estimating cancer potency of 

(Le., regulating as carcinogens) compounds not assigned to a cancer weight-of-evidence group is 

. questionable (EPA 1986b). 
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There is uncertainty about the slope factor for TCDD. Additional uncertainty is introduced by 

the use of the TEFs themselves, most of which were derived not from cancer data, but from in 

vitro data such as enzyme induction, which is only hypothetically related to a carcinogenic role. 

For example, the TEF of 0.001 for octabhlorodibenzo-p-dioxins (OCDDs) and 

octachlorodibenzofurans (OCDFs) is based on the appearance of "dioxin-like" effects and 

detectable levels of OCDD late in a 13-week study of male rats treated with OCDD (Couture et  

al. 1988) and on in vitro evidence of enzyme induction (EPA 1989g). Before the Couture et al. 

(1988), paper was available, the TEF for these homologues, based on limited in vivo and in vitro 

data, was 0.0. 

K7.6.18 Lead 
Toxicity 

The noncarcinogenic toxicity of lead has been well characterized through decades of medical 

observation and scientific research (EPA 1992b). The primary effects of long-term exposure to 

levels expected to be encountered in the environment are neurological and hematological. Some 

of the effects on the blood, particularly changes in levels of certain blood enzymes, and subtle 

neurobehavioral'changes in children appear to occur at levels so low as to be considered 
0 

nonthreshold effects. In part for this reason the RfD/RfC Work Group considered inappropriate 

the derivation of an RfC or RfD for inhalation exposure, or an RfD for oral exposure (EPA 

1993). The principal target organs of lead are the central nervous system and the hematopoietic 

system. 

The EPA has developed an uptakebiokinetic model to predict blood lead levels in populations 

exposed to lead in air, diet, drinking water. indoor dust, soil and paint. This makes it possible to 

evaluate the effects of regulatory decisions concerning each medium on blood lead levels and 

potential health effects. The model is used to estimate lead uptake and subsequent blood lead 

levels in young children, who are the most sensitive subpopulation for exposure to lead. It 

accepts user input of variables pertaining to site-specific exposure to lead through air, diet, water, 

soil, dust, and paint (EPA 1980). In the absence of data on site-specific residential exposure 

variables, this model is not applicable to the Operable Unit 4 CRARE. 
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OSWER Directive No. 9355.4-02 (EPA 1989u) established a soil cleanup level for lead of 500 to 

1000 ppm, based on recommendations by the Centers for Disease Control designed to protect 

children from blood lead concentrations above background, which are associated with lead- 

induced neurological effects. In the absence of current measures of residential exposure and 

other site-specific variables, the OSWER directive (EPA 1989u) appears to be the soundest and 

most defensible basis for evaluating the toxicity of exposure to lead in soil. 

Carcinogenicity 

Lead is assigned to cancer weight-of-evidence Group B2 (probable human carcinogen), based on 

inadequate human evidence but sufficient animal evidence (EPA 1991~). Rat and mouse 

bioassays have shown statistically significant increases in renal tumors following dietary and 

subcutaneous exposure to several soluble lead salts. The EPA has declined to quantitatively 

estimate risk for oral exposure to lead because many factors (i.e., age, general health, nutritional 

status, existing body burden, and duration of exposure) influence the bioavailability of ingested 

lead, introducing a great deal of uncertainty into any estimate of risk (EPA 1992b). 

K7.6.19 Manganese 

Toxicity 

The EPA (1993) has presented a verified chronic (food) oral RfD of 0.14 mg/kg/day of 

manganese, based on a NOEL for humans in chronic dietary intake studies and an uncertainty 

factor of 1, plus a chronic oral (water) RfD of 0.005 mg/kg/day based on a NOEL for humans in a 

chronic water ingestion study and an uncertainty factor of 1. The EPA (1993) has also presented 

a chronic inhalation RfC of 0.0004 mg/m3, based on a LOAEL for respiratory symptoms and 

psychomotor disturbances in occupationally exposed humans, and on an uncertainty factor of 300. 

The inhalation RfC is equivalent to 0.00011 mg/kg/day (assuming humans inhale 20 m3 of air per 

day and weigh 70 kilograms. The central nervous system and respiratory tract are the target 

I 

organs of inhalation exposure to manganese. 

Carcinogenicity 

The EPA (1993) has classified manganese in cancer weight-of-evidence Group D (not classifiable 
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K.7.6.20 Mercury 

Toxicitv 

Acute oral exposure to high doses of inorganic mercury causes severe damage to the 

gastrointestinal mucosa, which may lead to bloody diarrhea, shock, circulatory collapse, and death 

(Berlin 1986). Acute sublethal poisoning induces severe kidney damage, while chronic exposure 

induces an autoimmune glomerular disease and renal tubular injury. The EPA (1991~) has 

presented a verified RfD of 0.0003 mg/mg/day for chronic oral exposure to inorganic mercury, 

based on kidney effects in rats and an uncertainty factor of 1000. The form of mercury used in 

these studies was not described. Occupational exposure has induced neurotoxicity (Berlin 1986). 

The EPA (1.991~) has also presented a verified chronic inhalation RfC of 0.0003 mg/m3, based on 

occupational data and an uncertainty factor of 30. The RfC is equivalent to 8.6 x lo-' mg/kg/day 

(assuming humans inhale 20 m3 of air per day and weigh 70 kilograms). Target organs for 

9 

10 

11 

12 

13 

14 

, 

inorganic mercury include the gastrointestinal tract, the central nervous system and kidneys. 

Carcinoeenici 15 0 The EPA (19:~) has classified mercury in cancer weight-of-evidence Group D (not classifiable as 16 

to humans carcinogenicity). 

K.7.6.21 Molvbdenum 

Molybdenum is a nutritionally essential trace element (Friberg and Lener 1986). Its most 

important oxidation states are +2, +3, +4, and +6. 

Pharmacokinetics 

Molybdenum from soluble compounds is readily absorbed from the gastrointestinal or respiratory 

tracts (Friberg and Lener 1986). Estimates of gastrointestinal absorption in humans average 

around 50 percent, with a range of 38 to 72 percent observed in young women, and 77 percent 

reported for school children. The form or oxidation state of molybdenum used in these studies 

was not specified. Estimates of gastrointestinal absorption in laboratory animals have ranged from 

40 to 85 percent for hexavalent moiybdenum. Tne 38 percent estimate of gastrointestinai 

absorption is considered sufficiently conservative and well-documented for use in estimating a 

. -  . -  - . -  

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

dermal RfD from an oral RfD. 0 
K-7-57 ' 



FEMP-OU4CRARE-4-DRAFT 
December 1993 

Inhalation uptake studies with guinea pigs showed that molybdenum disulfide was essentially 

unabsorbed, but that hexavalent molybdenum was absorbed to an appreciable (unquantified) 

extent (Friberg and Lener 1986). 

Absorbed molybdenum was distributed primarily to the kidneys, liver, and bone in several animal 

models (Friberg and Lener 1986). Molybdenum appears to accumulate in the liver, cartilage of 

the long bones, and skin. In humans and most animal models, the kidneys are the principal 

organs of excretion. The excretion of molybdenum is affected by the level of copper and sulfate 

in the diet. 

Noncarcinopenic Toxicity 

Chronic molybdenum poisoning in livestock (teart) has resulted from a molybdenum-copper 

imbalance and is characterized by anemia, gastrointestinal disturbances, bone disorders, and 

growth depression (Friberg and Lener 1986). In laboratory animals, excess molybdenum has 

induced effects in the- liver, kidneys, and spleen. Gout-like symptoms were observed in humans 

living in a high-molybdenum, low-copper area. A few cases of pneumoconiosis were reported in 

occupationally exposed workers. The EPA (1992b)- has derived a provisional chronic oral RfD of 

0.005 mg/kg/day, based on an LOAEL in humans exposed to high levels in water and diet, and on 

an uncertainty factor of 30. The effects of concern were increased urinary excretion of uric acid, 

decreased copper levels in the blood, and pain and swelling in the joints. Target organs for 

molybdenum toxicity include the erythrocyte, joints, liver, and kidneys. 

K.7.6.22 Nickel 

Toxicity 

The EPA (1991e) has presented a verified RfD of 0.02 for chronic oral exposure to nickel, based 

on a NOAEL for decreased organ and body weights in a two-year dietary study with nickel sulfate 

in rats. An uncertainty factor of 300 was used. In a subchronic study with nickel chloride in 

water, clinical signs of toxicity included lethargy, ataxia, irregular breathing, reduced body 

temperature, salivation, and discolored extremities (EPA 1992b). These clinical signs suggest the 

central nervous system may be a target for the toxicity of nickel. 
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Carcinogenicity 

Occupational exposure to nickel has been associated with increased risk of nasal, laryngeal, and 

lung cancer (ATSDR 1988). Rats inhaling nickel subsulfide increased their incidence of lung 

tumors. The EPA (1991e) has assigned nickel to cancer weight-of-evidence Group A (human 

carcinogen) and for nickel refinery dust has presented an inhalation slope factor of 0.84 per 

mg/kg/day and an inhalation unit risk of 0.00024 per pg/m3. The quantitative estimates were 

derived from the human occupational studies. 

IC7.6.23 Selenium 

Toxicity 

Selenium is a nutritionally essential trace element that is an integral part of the enzyme 

glutathione peroxidase and other proteins (Hogberg and Alexander 1986). NRC (1989) 

recommended dietary allowances (RDAs) for humans range from 10-75 pg/day. Chronic ingestion 

of 5 mg/day (0.071 mg/kg/day, assuming humans weigh 70 kilograms) induced selenosis in humans, 

characterized by abnormal hair and nail formation (Hogberg and Alexander 1986). Effects in 

domestic grazing animals exposed to high levels of selenium included emaciation, lameness, and 

loss of hair and hooves. The EPA (1991~) has derived a verified RfD of 0.005 mg/kg/day for 

chronic oral exposure to selenium, based on effects in humans exposed to selenium in high 

selenium areas. An uncertainty factor of 15 was used. The principal target organs for selenium 

are the skin, including the nails and hair, and in animals, the hooves and joints. 

Carcinogenicity 

An impressive body of data. indicates that selenium exerts an anticarcinogenic effect (Hogberg and 

Alexander 1986). In laboratory animals, selenium supplementation decreased the incidence of 

chemical-induced cancers. In humans, the incidence of lymphomas and cancers of the breast, 

digestive tract, and lungs were lower in geographic areas with high soil selenium levels. 

Occupational data suggest that selenium may protect against lung cancer. Several animal tests 

with various deficiencies in design and conduct equivocally associated exposure to selenium with 

cancer induction. In a well-controlled orai experiment, selenium sultide was associated with an 

increase in the incidence of liver tumors in rats, and with liver and lung tumors in mice. On the 

basis of this study, the EPA (1991~) has assigned selenium sulfide to cancer weight-of-evidence 

Group B2 (probable human carcinogen). Quantitative risk estimates were not derived. 
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1 K.7.6.24 Thallium, Soluble Salts 

Toxicitv 

Thallium is highly toxic; acute ingestion in humans or laboratory animals induces gastroenteritis, 

neurological dysfunction, and renal and liver damage (Kazantzis 1986). Chronic ingestion of more 

moderate doses characteristically causes alopecia. Thallium was qnce used medicinally to induce 

alopecia in cases of ringworm of the scalp, sometimes with disastrous results. In industrial 

exposure (inhalation, oral, dermal), neurologic signs precede alopecia, suggesting that the nervous 

system is more sensitive than the hair follicle. The EPA (1991~) has derived a chronic oral RfD 

of 8 x lo-’ mg/kg/day based on increased incidence of alopecia and increased serum levels of liver 

enzymes indicative of hepatocellular damage in rats treated with thallium sulfate for 90 days. An 

uncertainty factor of 3000 was used. Chronic oral RfDs have also been developed for thallium 

acetate, thallium carbonate, thallium selenite, thallium chloride and thallium mononitrate based on 

the study performed with thallium sulfate. These oral RfDs are calculated by analogy to thallium 

sulfate by correcting for molecular weight differences. These RfDs range from 8 x lo” to 9 x lo-’ 

mg/kg/day. Target organs for thallium include the gastrointestinal tract (acute exposure), central 

nervous system, skin, kidneys and liver. 

Carcinogenicitv 

The EPA (1991~) has assigned several thallium compounds (thallium acetate, thallium carbonate, 

thallium chloride, thallium nitrate, and thallium sulfate) to cancer weight-of-evidence Group D 

(not classifiable as to carcinogenicity to humans). 

K7.6.25 Vanadium 

Toxicity 

The oral toxicity of vanadium and its compounds to humans is very low (Lagerkvist et  al. 1986), 

probably because little vanadium is absorbed from the gastrointestinal tract. Effects in humans 

exposed by inhalation include upper and lower respiratory tract irritation. A provisional chronic 

oral RR) of 0.007 mg/kg/day was derived from a NOEL in the rat in a lifetime drinking water 

study with vanadyl sulfate, and from an uncertainty factor of 100 (EPA 1991~). A target organ 

could not be identified for oral exposure, but the respiratory tract is the target organ for 

inhalation exposure. 
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Carcinogenicity 

No information was located regarding the carcinogenicity of vanadium. 

K7.6.26 Zinc 
Toxicity 

Zinc is a nutritionally essential trace element required for the proper function of many 

metalloenzymes and DNA polymerase, which is required for cell division (Elinder 1986). Acute 

oral exposure to high doses induces gastrointestinal irritation, while chronic oral toxicity may be 

manifested as anemia, resulting from impaired gastrointestinal absorption of copper. The 

inhalation of dust o r  vapor by occupationally exposed humans has induced pneumonitis and metal 

fume fever. A chronic oral RfD for zinc of 0.3 mg/kg/day was based on a LOAEL for a decrease 

in erythrocytc superoxide dismutose in adult female humans after a 10 week zinc diet supplement 

study and on an uncertainty factor of 3 (EPA 1991~). The primary target organs for zinc include 

the gastrointestinal tract for oral exposure and the lungs for inhalation exposure. 

CarcinogeniciQ 

The EPA (1991~) has assigned zinc to cancer weight-of-evidence Group D (not classifiable as to 

human carcinogenicity). 
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K8.0 QUANTIFICATION OF CONTAMINANT EXPOSURE AND INTAKE 1 

This section defines the quantification methods used for evaluating cancer risks and the potential 

COG contributing to the calculated risks are presented at the end of this section. 

3- 

3 

4 

for adverse noncancer health effects. Minimum and maximum results calculated for intake of 

K8.1 DEFINITIONS 5 

Exposure is defined as the contact of an organism with a chemical or physical agent. When 6 

7 exposure occurs through the inhalation or ingestion pathways, some of the contaminant is taken 

into the body. The amount of contaminant ingested or inhaled is referred to as the contaminant 8 

9 

10 

I 1  

12 

13 

14 

intake. The fraction of the contaminant absorbed into the body (across the membranes of the 

gastrointestinal or respiratory system, or through the skin after dermal contact) is referred to as 

toxicity values for risk assessment, the intake of contaminants is considered to be equivalent to 

the dose or the absorbed dose of contaminant. In the animal studies often used to develop 

I 

the administered dose. Toxicity values (RfDs and cancer slope factors) are generally developed in 

terms of contaminant intake, rather than absorbed doses, particularly for the ingestion and 
inhalation pathways. IS 

K8.2 QUANTIFICATION METHODS 16 

In evaluating cancer risks and the potential for adverse noncancer health effects, it was necessary 17 

18 

19 

20 

to estimate contaminant intake for the exposed receptor. 

(CDIs) of contaminants were estimated as follows: 

For both cancer and noncancer risk 

assessment, average long-term daily intakes were used to estimate risk. The chronic daily intakes 

C x C R x E F D  1 
x -  

BW AT 
CDI = 

21 

22 
23 

(1) 
- - _  - - . - - - - . - _ .  where 24 

CDI = chronic daily intake ( m a g  body weight/day), 3 

CR = contact rate with exposure medium (Vday), 27 

EFD = exposure frequency and duration (daysbeai, years), 2s 

C = chemical concentration in exposure medium (mg/l), 26 

BW = body weight (kg), and 29 

AT = average time, e.g., the period over which exposure is averaged (days). 30 

In the case of cancer risk assessment, the average lifetime daily intake was used to estimate the 31 

32 incremental lifetime cancer risk (ILCR), and AT equalled a full 70-year lifespan. For noncancer 

FERDU4CRARECgISSO.Cdll2- 14-93 K-8- 1 393 



FEMP-OU4CRARE-4-DRAFT 
. December -1993 

risk assessment, intake was evaluated over the period during which exposures occur, and AT 

equalled the duration of exposure. In the case of dermal exposures, time-weighted absorbed 

doses, rather than intakes, were calculated as described in Section K7.2. Otherwise, time-weighted 

average doses were calculated in the same manner as the contaminant intakes described above. 

The exposure parameters used to assess receptor contaminant intakes and doses are discussed in 

Section K5.2. The exposure factor values used are summarized in Table K.3-1. The exposure 

parameters were based on those used in the Operable Unit 4 RI. Specifically, the receptor 

intakes of COCs were quantified using the methods, models, and parameters specified in the 

RAWPA (DOE 1992i) and in the SWCR (DOE 1993e) with the exceptions noted below. These 

deviations are the direct result of 1) FERMCO's response to EPA Region V review comments on 

the SWCR and 2) technical information obtained from literature other than that cited in the 

Addendum and SWCR. The new parameter value and the impact on receptor exposure and COC 

intake are summarized below: 

0 The soil ingestion rate for the on-property farm adult increased from 0.109 g/day in 
the SWCR to 0.18 g/day in this report. This new time-weighted average value 
includes ingestion from occupational exposures (Operable Unit 4 RI  report and the 
derivation is also presented in Section K3.3 of this CRARE). This increased 
ingestion exposures for this receptor by a factor of 1.65. 

The soil ingestion rate used for the groundskeeper was 0.05 g/day, consistent with the 
value used in the Operable Unit 4 RI. ' 

K8.3 RESULTS OF INTAKE QUANTIFICATION 

Table K8-1 presents the minimum and maximum calculated intake of COCs for all viable 

exposure pathways for the Current Land Use scenario. Tables K.8-2 and K8-3 present the same 

information for the two Future Land Use scenarios (with and without federal ownership). All 

exposure calculations were carried through the CDI or exposure step for all COG. These tables 

present the minimum and maximum calculated intakes for only those COCs contributing to the 

calculated risks. The tables in Attachment KIV present all CDIs whether or not toxicity factors 

(RfDs, RfCs, and cancer slope factors) were available: The summary tables do not carry forward 

the CDIs for COCs without toxicity factors. However, the uncertainty analysis in Section K10.0 

covers the impact of these chemicals. Attachment KIV presents the intake and calculation 

worksheets. These intake estimates are used in Section K9.0, in conjunction with contaminant 

toxicity data (from Section IC7.0), to quantify the risks resulting from exposures. 
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K9.0 RISK CHARACTERIZATION 

Risk characterization is the final step in the CRARE process, combining the information 

developed in the toxicity assessment (Section K7.0) and the exposure assessment (Section K.8.0). 

The potential of a COC to cause carcinogenic effects is presented as the incremental lifetime 

cancer risk (ICLR). Potential noncarcinogenic effects are presented as hazard quotients (HQs) 

or hazard indices (HIS), as defined in Section K.9.1.2. 

Upper-bound risk estimates €or receptors are presented either qualitatively or quantitatively, 

depending on the quality of the input parameters. Section K9.1 describes the methodology 

employed to characterize health risks. Short-term risks associated with remediation are 

summarized in Section K.9.2. The residual human health risks, by exposure pathway, appear in 

Section K.9.3. Uncertainties associated with the risk characterization are examined in 

Section K.10.0. 

K.9.1 RISK CHARACTERIZATION METHODOLOGY 
In this CRARE, the potential risks to humans following exposure to postremediation residual 

COCs (radionuclides and nonradioactive chemicals) have been estimated using methods 

established by the EPA The EPA has provided guidance documents and databases for 

characterizing human health risk, and these have been used as major sources in preparing 

CRARE risk assessments: 

Risk Assessment Guidance for Superjhd 
Health Effects Assessment Summary Tables 
Exposure Factors Handbook 

e Integrated Risk Information System 

- - .  - _ - -  _ .  - -  

K.9.1.1 Hazardous Chemical Exuosures 

Risks from nonradionuclide COG have been estimated for carcinogenic and/or noncarcinogenic 

effects. Some carcinogens may also pose a noncarcinogenic toxic hazard, and whenever a RfD 
was available, a noncarcinogenic KQ was calculated. Effects due to exposures from these 

chemicals have been characterized for both types of health effects. 
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K.9.1.1.1 Risk Characterization.Methodolow for Carcinogens 

The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of 

exposure to the substance. At low doses, the risk of developing cancer was estimated as follows 

(EPA 1989a): 

Risk = (CDI)(SF) 

where 

Risk = 
CDI = 
SF = slope factor (mg/kg/day)''. 

risk of cancer incidence, expressed as a unitless probability, 
chronic daily intake averaged over 70 years (mg/kg/day), and 

For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on 

absorbed doses of contaminants rather than contaminant intakes. For a given pathway with 

simultaneous exposure of a receptor to several carcinogens, the following equation was used to 

sum cancer risks: 

Risk, = Risk (chem,) + Risk (chem,) + ... Risk (chem,) 

where 

Risk, = total pathway risk of cancer incidence, and 
Risk (chem,) = risk associated with an individual carcinogenic chemical. 

i 

3 
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(2) 14 

IS 

16 

17 

In compliance with EPA guidance (EPA 1989a), the ILCR values estimated in this CRARE for 

risk to an individual of lo4 to 10". A cancer risk of 10' served as the point of departure for risk 

18 

19 

20 

the potentially exposed receptor were compared to an incremental upper-bound lifetime cancer 

evaluation (Federal Register 1990). 

K.9.1.1.2 Risk Characterization Methodolow for Noncarcinopens 

21 

22 

The risk associated with exposure to noncarcinogenic hazardous COG was evaluated by 

methodology for assessing the human health effect for noncarcinogens does not give a measure of 

be used when discussing these evaluations. The ratio of intake RfD for a single contaminant is 

23 

24 

25 

comparing an exposure level or intake to a reference dose (RD) .  It is recognized that this 

2Q 
risk as is calculated for the carcinogens. Even so, for convenience the term "risk will continue to 
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the HQ and is defined as (EPA 1989a): 

HQ = -I/RfD 

where 

HQ = hazard quotient (unitless), 
I = intake of a chemical (mg/kg/day), and 
RfD = reference dose (mg/kg/day). 

(3) 

When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be 

for exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). For 

this CRARE, COC exposures have been evaluated in all cases on a chronic basis, using chronic 

RfD values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose 

rather than intake. 

1 

2 

3 

In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as 12 

13 0 the sum of the HQs by: . 1 -  

HI = Ii/RfD, + 12/RfD2 + ... I,/RfD, 

where 

4 = intake for the i* toxicant, and 
RfD, = reference dose for the i* toxicant. 

An HI is an indicator of the potential for adverse effects associated with chronic exposures. In 

effect, HIS assume dose additivity for all COG (EPA 1989a). 

(4) 14 

- -  - -  - - 

In compliancekith EPA guidance (EPA 1989aj, the noncarcinogenic HIS summed across 

pathways were compared to "unity." An HI of unity indicates that the exposure intake is equal to 

the RfD. If the HI is greater than 1 or "above unity," there is concern for potential health 

effects. Major categories of noncarcinogenic health effects include neurotoxicity, developmental 

toxicity, reproductive toxicity, immunotoxicity, and adverse effects on target organs, such as 

hepatic, renal, respiratory, cardiovascular, and dermal/ocular problems (EPA 1989d). 
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K9.1.2 Radiological Exposures 

The procedures for estimating the'total lifetime excess cancer risks due to continuous, lifetime 

exposure (Le., a 70-year average life span) to radionuclides are described in this section. 

K.9.1.2.1 Risk Characterization Methodolow - for Internal Exuosures 

Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) 

was calculated as follows: 

Risk = (I)(SF) (5)  

where 

Risk = 
I = lifetime radionuclide intake (pCi), and 
SF = slope factor (pCi)-'. 

risk of cancer incidence, expressed as a unitless probability, 

The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 

slope factors for that radionuclide and its short-lived progeny to account for ingrowth during 

storage and/or environmental transport. 

K.9.1.2.2 Risk Characterization Methodolow for External Gamma Exuosures 

For this CRARE, risk characterization for external exposure to gamma-emitting radionuclides in 

contaminated surface soil was calculated as follows: 

Risk = (SF)[ (C,)( EF)( ED)( ET)( 1-SH)] (6) 

where 

Risk = risk of cancer incidence, expressed as a unitless probability, 
CS = radionuclide soil concentration (pCi/g), 
SF = radionuclide slope factor (risk/yr/pCi/g) from EPA (1991a), 
ET = fraction of day exposed (unitless), 
ED = exposure duration (years), 
EF = modifying factor, fraction of year exposed (unitless), and 
SH = shielding factor (unitless). 

External slope factors do not include contributions from decay products (radioactive progeny). In 

some cases, these contributions were substantial and required the inclusion of progeny products in 
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the overall risk calculation. Progeny product concentrations were determined using Rad Decay, a 0 
radionuclide library and decay software program. Parent isotopes were decayed over a period of 

interest to predict future levels. 

K9.2 SHORT-TERM RISK EVALUATION FOR OPERABLE UNIT 4 

The Operable Unit 4 FS risk evaluation (Appendix D) considered short-term health risks from 

construction, transportation, chemical exposure, and radionuclide exposure. The evaluation of 

short-term risks for the other operable units is not available, as their FSs are not complete. 

Therefore, this CRARE presents only a summary of the Operable Unit 4 short-term risk 

assessment. As each FS is completed, its CRARE will present the summaries of the previous 

short-term risk assessments. Note that this CRARE is based on updated LRAs (DOE 1993e). 

The receptors, exposure media, and exposure pathways considered in Appendix D are: 

0 A nonremediation worker exposed to radon in the air and contaminated soil 
particulates in the air. This receptor is equivalent to the CRARE groundskeeper. 

0 A trespassing child exposed to contaminated soil particulates in the air, and direct 
contact with surface soils. 

The off-property resident farm adult exposed to radon in the air and contaminated soil 
particulates in the air. 

1 
Groundwater was not considered a complete pathway for short-term risks. Risks due to accidents 

were considered for remedial workers, workers involved in the transport of wastes or soils by 

truck and train, and the general public. A complete description of these risks for each considered 

alternative of Operable Unit 4 is found in Appendix D of this FS. Similar risks may be found for 

the other operable units,. but have not yet been quantified. 

The greatest health risk is from exposure of the nonremediation _. worker _ _  to total suspended 

particulate from the berm and surface soils. The radiological ILCR is 3.3 x 

ILCR is 2.5 x lo-''. The total ILCR is, therefore, lower than the departure point of 1 x 10". 

Since the risk to the remediation worker is less than the departure point. the risk to the off- 

property public would also be insignificant because of the additional dilution of dust in the air for 

the off-property receptor. The HI is less than lo4, which is below the benchmark of 1.0 and 

would not present a concern to the public. The radon risk to the  nonremediation worker while 

the treatment facility is operating is 5.8 x 10". 

- 

and the chemical 
- - ._ 
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If the trespassing child comes into contact with operable unit soils, the ILCR is 3.8 x lo-’ for 

radiological ILCR and 2.5 x lod for chemical risk. While the cancer risk is within the target risk 

range, it is unlikely that a child would be present during remedial activities on a controlled-access 

site and consequently would not be exposed to the operable unit materials. Similarly, the HI for 

noncarcinogenic risks is 0.14, which is below the target of 1.0. 

Engineering controls will be used during remedial activities to limit radon release to as low as 

reasonably achievable ( A L M A )  levels. The target level at the fenceline is 4 pCi/l (indoor air 

quality). Engineering evaluations have estimated that the on-property radon concentration would 

be 0.12 pCi/l during treatment plant operation, and 0.002 pCi/l at the fence line. For three years 

of operation this represents risk estimates of 5.8 x and 3.3 x respectively. 

In summary, it appears that remedial activities would cause no adverse risks to off-property 

receptors. It is anticipated that similar short-term risks for construction activities, transportation, 

and potential contaminant release would occur for the other operable units. These will be 

addressed in each succeeding FS. 

K9.3 RESIDUAL HUMAN HEALTH RISKS 

This section presents the ILCR and HI estimates for all receptors, by pathway, under each of the 

three land use scenarios. Table K9-1 summarizes this information. Complete calculation sheets 

of the risk values can be found in Attachment KIV. 

The tables in Sections K9.3.1 through K9.3.3 present the risk values in a uniform format: the 

top portion presents the HI values derived from each exposure pathway applicable to the 

receptor; the bottom portion presents the ILCR values for the receptor by applicable pathways. 

The ILCR values resulting from exposures to pathways that include both radionuclides and 

carcinogenic C O G  are presented separately to present the magnitude of risk contributed by each. 

While reviewing these risk values, please note that a receptor can be exposed to different COCs 

via different exposure pathways for each scenario. Major contributors to this phenomenon 

include changes in site accessibility and physical conditions, and COC migration in the 

environment (see Section KS.0 for a detailed discussion). 
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TABLE K.9-1 

SUMMARY OF lLcR AND HI FOR ALL 
SCENARIOS, ALL PATHWAYS 

Current Land Use 

F2ME Receptor lLcR HI 

Grounds keeper 4.7 x lo4 4.2 x 10’ 
Trespassing Child 2.0 x_ lo-’ 7.8 x 
Off-Property Resident Farm 

Adult 1.0 x lo4 1.1 x 10’ 
Youth 1.9 x 10-~ 1.8 x 10’ 
Child 7.5 x 3.1 x 10’ 

Future Land Use With Federal OwnershiD 

RME Receptor ILCR HI 

Expanded Trespasser 2.7 x 10-~  1.2 x lo-’ 

Adult 9.0 x lo-’ 1.1 x loo 
Off-Property Resident Farm 

Youth . - .  1.6 x 1.8 x 10’ 
Child 6.6 x 10“ 3.1 x 10’ 

Future Land Use Without Federal Ownership 

RME Receptor ILCR HI 

On-Property Resident Farm 
Adult 
Youth 
Child 

1.1 x 
2.3 x 10” 
3.6 x 10” 

6.4 x 10‘ 

2.4 x lo2 
1.0 x lo2 

Off-Property Resident Farm 
Adult 9.0 x lo-’ 1.1 x loo 
Youth 1.6 x 10-~  1.8 x loo 

_ _  Child - ._ -~ _ _  6.6 x lo4 . . 3.1-x.10’ - - - _ _  
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IC9.3.1 Risks Under Current Land Use Scenario 

Groundskeeper 

Table IC9-2 presents the exposure pathway contribution to the total HI and ILCR for the 

groundskeeper receptor in the Current Land Use scenario. The total HI is seen to be less than 

1.0, with the major contributors being the inhalation of particulates (2.4 x lo-’). The ILCR for 

this receptor is an estimated 4.7 x lo4, with the major contributors being external radiation 

(4.4 x lo4), dermal contact with soil and sediment (2.1 x lo-’), and incidental ingestion of soil and 

sediment (6.3 x 

contributors to the external radiation cancer risk are Ra-226 (1.7 x lo4) and Th-228 (1.6 x 

and 8.9 x for radionuclides and chemicals, respectively). The principal 

TABLE K9-2 

SUMMARY OF POTENTIAL HEALTH EFFECI?? 
GROUNDSKEEPER (CURRENT LAND USE) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Dermal Contact with Soil/Sediment (Chemicals) 

RME Individual HI: 4.2 x lo-’ 

2.4 x 10-I 
9.7 x 
8.4 x 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of SoiUSediment (Radionuclides) 
Dermal Contact with Soil/Sediment (Chemicals) 
Direct Radiation Exposure 

RME Individual ILCR: 4.7 x lo4 

6.2 x io-’ 
7.1 x io-’ 

2.1 1 0 - ~  
4.4 x 1 0 - ~  

8.9 x 
6.3 x lo4 

3?9 - 
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. .  

HI and ILCR values associated with the trespassing-child are presented in Table K9-3. The 

predicted total ILCR (2.0 x 10’) is within the target risk range, and the HI (7.8 x 

the level of concern. The major contributors are the same as those for the groundskeeper. 

is below 

TABLE K9-3 

SUMMARY OF POTENTIAL HEALTH EFFECT3 
TRESPASSING CHILD (CURRENT LAND USE) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Incidental Ingestion of SoiUSediment (Chemicals) 
Dermal Contact with Soil/Sediment (Chemicals) ,._ . 

-.. RME Individual HI: 7.8 x 

4.1 x 
1.6 x 
2.1 x 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion while Wading (Radionuclides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of SoiVSediment (Radionuclides) 

Direct Radiation Exposure 

5.1 x io4 
2.8 x 1 0 - ~  
8.2 x 1 0 - l ~  
7 . 2 . ~  10-~ 
3.2 x io-’ 

1.6 x 10” 
Dermal Contact with Soil/Sediment (Chemicals) 2.4 x 

RME Individual ILCR: 2.0 x 
- 
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Off-P@Q & b e n t  Farm Adult 
0. December 1993 

I 

The risk results for this receptor are presented in Table K.9-4. Inhalation of particles is seen to 

present an HI of 1.1, with the principal contributors being cobalt (8.5 x lo-') and barium 

(1.7 x lo-'). The estimated total ILCR (1.0 x 10") is at the upper end of the target risk range 

2 -  

3 

4 

(1.0 x 10" to 1.0 x 10"). The principal contributors are the risks due to inhalation (8.7 x lo-'), 5 

6 ingestion of drinking water (9.9 x lo'), and ingestion of vegetables and fruit (6.0 x 10"). 

TABLE IC94 

SUMMARY OF POTENTIAL HEALTH EFFECIS: 
OFF-PROPERTY RESIDENT FARM ADULT (CURRENT LAND USE) 

Exposure Pathway RME Receptor HI 

Ingestion of Meat (Chemicals) 
Inhalation of Particulates (Chemicals) 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.1 x loo 

6.3 
1.4 x 10" 

1.8 x 10" 

RME Individual HI: 1.1 x 10' 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemical) 8.0 x 10" 
Inhalation of Particulates (Radionuclides) 7.8 x 10" 

9.9 x 
9.9 x 
3.3 x 

Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 2.6 x 
Ingestion of Dairy Products (Radionuclides) 3.9 10-~ 
Ingestion of Vegetables and Fruit (Chemicals) 3.1 x io-' 
Ingestion of Vegetables and Fruit (Radionuclides) 5.7 x 10" 

RME Individual ILCR: 1.0 x 10" 

331 
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Off-ProDertv Resident Farm Youth 
-. . 

As presented in Table K.9-5;the predicted total ILCR for this receptor (1.9 x lo-') is within the 

target risk range of 1 x 10" to.1 x lo4, with the principal contributors being the same as those for 

the off-property resident farm adult (Table K.9-5). The total HI (1.8), due almost entirely to 

inhalation of particulates, exceeds the target of 1.0. The COCs contributing to this level are 

2 

3 

'-'.I 

5 

6 cobalt (1.4), barium (2.7 x lo-') and manganese (1.6 x lo-'). 

TABLE K9-5 

SUMMARY OF POTENTIAL HEALTH EFFECLS: 
OW-PROPERTY RESIDENT FARM YOUTH (CURRENT LAND USE) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

RME Individual HI: 1.8 x 10' 

1.8 x 10' 

1.0 x 
2.3 x 10" 

2.9 x lo4 

Exposure Pathway RME Receptor ILCR 
~ ~ ~ ~ ~ _ _ _ _ ~ _ _ _  

Inhalation of Particulates (Chemicals) 2.2 x 10" 
Inhalation of Particulates (Radionuclides) 1.3 x 10" 

Ingestion of Meat (Radionuclides) 5.7 10-~ 

Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.7 x 10" 
2.8 x 

7.1 x 
6.7 x 
8.7 x lo4 

Ingestion of Vegetables and Fruit (Radionuclides) 9.8 x 10-~ 
RME Individual ILCR: 1.9 x lo5 

- - - _ _  - - . _  _ _  
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Off-Prouertv Resident Farm Child 1 

A total ILCR of 7.5 x 10' is predicted for this receptor, with inhalation of COCs contributing to 

more than 75 percent of the ILCR (Table K9-6). The total ILCR is within the target risk range, 

with the principal contributors being the same as those for the off-property resident farm adult. 

The total HI (3.1) is due entirely to inhalation of particulates and is above the target value. 

2 

3 

1 

5 

6 Principal contributors are cobalt (2.4), barium (l . l) ,  4.7 x lo-' and manganese (2.7 x lo-'). 

TABLE K9-6 

SUMMARY OF POTENTIAL HEALTH EFFECE: 
OFF-PROPERTY RESIDENT FARM CHILD (CURRENT LAND USE) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

RME Individual HI: 3.1 x 10' 

3.1 x 10' 
3.2 x lo4 
8.8 x lo4 
5.6 x 10-3 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals)' 
Ingestion of Vegetables and Fruit (Radionuclides) 

RME Individual ILCR: 7.5 x 10" 

1.9 x 10" 

5.9 x 1 0 - ~  

1.1 x 10-~ 
3.1 x io-' 
1.0 x 1 0 - ~  
1.0 x 1 0 - ~  
4.1 1 0 - ~  

4.0 x 10" 

1.5 x 10" 

333. 
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K.9.3.2 Risks Under Future Land Use With Federal Ownership Scenario 

Expanded Trespasser 2 

I 

A total ILCR of 2.7 x 10'' is predicted for this receptor, with direct radiation exposure (1.6 x lo-') 

and dermal contact with soil and sediment while on-site (9.9 x 10") contributing 93 percent of the 

3 

1 

5 

6 

ILCR. This falls within the to lo4 target range (Table K.9-7). The total HI is 1.2 x lo-', 

below the 1.0 target level. 

TABLE K9-7 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
EXPANDED TRESPASSER (FUTURE LAND USE 

WITH FEDERAL OWNERSHIP) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Soil/Sediment (Chemicals) 

5.3 x 
1.1 x 

Dermal Contact with SoiUSediment (Chemicals) ' 6.1 x 

RME Individual HI: 1.2 x 10'' 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion while Wading (Radionuclides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of Soil/Sediment (Radionuclides) 
Dermal Contact with Soil/Sediment (Chemicals) 
Direct Radiation Exposure 

7.5 x 
2.4 x lo4 
5.2 x 
7.0 x 10'~ 
4.1 x 
9.9 x lo6 
1.6 x 10-~  
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Off-Propertv Resident Farm Adult 1 

-The ILCRs for chemical and radioactive COCs are presented in Table IC9-8, with the total for all 

pathways equal to less than 1 x lo4. A total ILCR of 9.0 x lo-' is predicted for this receptor, with 

the principal contributors being inhalation (8.7 x lo-'). The total HI is 1.1 and is driven by the 

inhalation of cobalt (8.5 x lo-') and barium (1.7 x lo-'). This exceeds the target level of 1.0. 

1 

3 

4 

5 

TABLE K9-8 

SUMMARY OF POTENTIAL HEALTH EFFECIS- 
OFF-PROPERTY RESIDENT FARM ADULT (FUTURE LAND USE 

WITH FEDERAL OWNERSHIP) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

_. - RME Individual HI: 1.1 x 10' 
- -  

1.1 x loo 
1.8 x lo4 
6.6 x 10" 
1.4 103 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

RME Individual ILCR: 9.0 x lo-' 

8.0 x 

2.5 x 
7.9 x lo-' 

9.9 x lo4 
2.0 1 0 9  
2.6 1 0 7  
2.7 x 
3.1 x 
1.7 x 10-~ 
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Off-Propertv Resident Farm Youth I 

A total ILCR of 1.6 x 

(radionuclides) contributing over 87 percent of the total ILCR (Table ICs-9). The total HI (1.8) 

exceeds the target level of 1.0, with the inhalation pathway contributing 100 percent of the total. 

is predicted for this receptor, with the inhalation of particulates 2 

3 

4 

The contributors are the same for this receptor in the Current Land Use scenario. 5 

TABLE K.9-9 

SUMMARY OF POTENTIAL HEALTH EFFECTS 

WITH FEDERAL OWNERSHIP) 
OFF-PROPERTY RESIDENT FARM YOUTH LAND USE 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.8 x loo 

1.1 x lo4 
2.4 10" 

2.9 x lo4 

RME Individual HI: 1.8 x 10' 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

RME Individual ILCR: 1.6 x 
- -. . - - - ..- _ - -  - - 

2.2 x 10" 

4.3 

3.4 x 10-l0 

4.7 x 10-'O 

1.4 x 

2.8 x lo4 

7.1 x lo4 

8.8 x 
2.9 x lo-' 

. .  . 
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Off-ProDertv Resident Farm Child 

A total ILCR of 6.6 x 

more than 90 percent of the ILCR (Table K.9-10). The total ILCR is within the acceptable 

range. The total HI (3.1) is due to inhalation of particulates from cobalt (2.4), barium (4.7 x 10') 

and manganese (2.7 x lo-'). 

is predicted for this receptor, with inhalation of C O G  contributing 

TABLE K.9-10 

SUMMARY OF POTENTIAL HEALTH EFFECT!% 
OFF-PROPERTY RESIDENT FARM CHILD (FUTURE LAND USE 

WlTHFEDERALOWNERsHIP) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

RME Individual HI: 3.1 x 10' 

3.1 x 10' 

9.2 x lo4 
3.3 x lo4 

5.6 x 1 0 - ~  

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

1.9 x 10" 
4.1 x 

1.5 x lo4 
6.6 x lo-" 

7.0 x lo-'' 

1.5 x 1 0 - ~  

3.1 x 

1.0 x 
1.2 x lo4 

RME Individual ILCR: 6.6 x 10" 

3 3 7 .  
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K9.3.3 Risks Under Future Land Use Without Federal Ownershiu 

On-Property Resident Farm Adult - 

HI and ILCR values for this receptor are presented in Table K.9-11. Ingestion of vegetables and 

fruits has the highest HI value (3.1 x lo'), with the principal contributors being cadmium 

(1.2 x lo'), barium (4.9), arsenic (3.7), manganese (2.1), and mercury (2.4), each having an HI 

greater than 1.0. The ingestion of meat pathway has an HI of 2.6 x lo', with the principal 

contributors including mercury (1.8 x lo', zinc (4.2), and cadmium (2.0). The total HI is 6.4 x 10'. 

TABLE K.9-11 

SUMMARY OF POTENTIAL HEALTH EFFECIS: 

WlTHOUT FEDERAL OWNERSHIP) 
ON-PROPERTY RESIDENT FARM ADULT (FUTURE LAND USE 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Incidental Ingestion of SoilEediment (Chemicals) 
Dermal Contact with Soil/Sediment (Chemicals) 

1.9 x 10' 
6.5 x lo-' 
1.6 x lo-' 

~ 0 Ingestion of Meat (Chemicals) 2.6 x 10' 

3.1 x 10' 
- Ingestion of Dairy Products (Chemicals) 4.3 x loo 

Ingestion of Vegetables and Fruit (Chemicals) 

RME Individual HI: 6.4 x 10' 

Exposure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of Soil/Sediment (Radionuclides) 
Incidental Dermal Contact with Soil/Sediment (Chemicals) 
Ingestion of Meat (Chemicals) 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation Exposure 

- -  - .  - Ingestion of Meat (Radionuclides) - .- - 

- 

~~ 

1.5 1 0 5  
1.7 x lo4 
1.1 x 
2.4 x lo4 
2.5 x lo4 

8.7 x lo4 
2.1 x lo4 

- - -  4.4 x 10-~ 
1.9 x 

2.3 x 10" 
5.9 x io-' 
4.0 x 10" 

3.2 x lo4 

RME Individual ILCR: 1.1 x 
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The total ILCR (1.1 x 

(4.6 x lo"), ingestion of dairy products, and vegetables and fruit pathways contributing over 

80 percent of the total (Table K9-11 above). The primary contributors to the external radiation 

exposure are Th-228 and Ra-226. 

for this receptor exceeds 1 x lo", with external radiation exposure 

On-Prouertv Resident Farm Youth 

The ILCRs for chemical and radioactive COCs are presented in (Table K9-12). The total ILCR 

(2.3 x lo") exceeds the target range of 1 x 

(6.4 x lo"), of meat (chemicals) (2.0 x 

and direct radiation exposure at 7.9 x 10" contribute over 90 percent of the ILCR. 

to 1 x lo4. Ingestion of vegetables and fruits 

ingestion of dairy products (chemicals) at 5.3 x lo", 

TABLE K9-12 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
ON-PROPERTY RESIDENT FARM YOUTH (FUTURE LAND USE 

wITH0uTFEDERAL0wNERsHIp) 

Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 

Dermal Contact with Soil/Sediment (Chemicals) 

Ingestion of Dairy Products (Chemicals) 

3.1 x 10' 

1.8 x lo-' 

6.9 x 10' 

Incidental Ingestion of Soil/Sediment (Chemicals) 

Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 

5.9 x lo-' 

4.3 x 10' 

5.0 x 10' 
RME Individual HI: 1.0 x lo2 

Exwsure Pathwav RME Receotor LCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of SoiUSediment (Radionuclides) 
Dermal Contact with Soil/Sediment (Chemicals) 
Incidental Ingestion While Wading (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
External Radiation Exposure 

4.0 x 10" 
2.9 x 10:' 

3.7 x 
2.4 x lo-' 

1.9 x io-' 

4.2 x 10-~ 
8.1 

5.4 x 10" 
5.5 x 

1.0 x io-' 
7.9 x 10" 

2.4 x lo4 
7.6 x lo-'' 

6.4 x 10" 

RME Individual ILCR: 2.3 x 10" 

2 

3 
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A total HI of 1.0 x lo2 (Table IC9-12 above) is predicted for this receptor, with ingestion of I 

vegetables and fruits (5.0 x lo'), ingestion of meat (4.3 x lo'), ingestion of dairy products (6.9), 

and inhalation of particulates (3.1), all exceeding the target level of 1.0. 

2 

3 

On-Property Resident Farm Child 4 

As shown in Table K9-13, there are six pathways applicable to noncarcinogenic exposure, five of 

range from 1.2 x lo2 for ingestion of vegetables and fruits (with cadmium, barium, arsenic, 

particulates (with cobalt and barium each exceeding 1.0). 

5 

6 

7 

8 

9 

which with a total HI value of more than the target level of 1.0. HI values for the five pathways 

manganese, mercury, and zinc each exceeding 1.0) to 5 4  x .loo for incidental inhalation of 

TABLE K.9-13 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 

WITHOUT FEDERAL OWNERSHIP) 
ON-PROPERTY RESIDENT FARM CHILD 0;UTuRE LAND USE 

a Exposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Dermal Contact with SoiUSediment (Chemicals) 
Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 

5.4 x loo 
3.4 x loo 
2.5 x 10-1 
4.7 x 10' 

1.2 x lo2 
Ingestion of Dairy Products (Chemicals) 6.0 x 10' 

RME Individual HI: 2.4 x lo2 
&pome pathway %E Receptor 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuciides) 
Incidental Ingestion of Soil/Sediment (Chemicals) 
Incidental Ingestion of SoiVSediment (Radionuclides) 
Incidental Dermal Contact with Soil/Sediment (Chemicals)- 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

.~ 

. Ingestion of Dairy Products (chemicals) 
Ingestion of Dairy Products (Radionuclides) - ~- 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

3.5 x 10" 
8.7 x lo4 
6.6 x lo4 
1.1 x lo4 
2.4 1 0 - ~  
- 2 . 9 ~  10-5- 

2.3 x 10-3 
~ 8.3 10-9 

- - . -  - 

1.3 x 10" 
1.5 x 1 0 "  

7.6 x lo4 
4.2 x lo4 

Direct Radiation Exposure 2.4 x lo4 e RME Individual ILCR: 3.6 x 

FERK3U4CRARELC9ISSO.CJ/12-14-93 K-9- 19 
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A total ILCR of 2.9 x lo” (Table K.9-13 above) is estimated for this receptor. The highest COC- 

induced ILCR to this receptor is 2.3 x lo” from the ingestion of dairy products (chemicals, 

specifically Aroclor-1260 and 1254). The following pathways have ILCR values above 1 x lo? 

inhalation of chemicals and radionuclides, incidental ingestion of soil and sediment (chemicals and 

radionuclides), incidental dermal contact with soil and sediment (chemicals), direct radiation, 

ingestion of meat (chemicals and radionuclides), and ingestion of vegetables and fruits 

(chemicals). 

Off-Propertv Resident Farm Adult, Youth and Child 

The results for these three receptors are given in Tables K.9-14 through K.9-16. They are 

identical to those for the Future Land Use With Federal Ownership scenario. 

TABLE K9-14 
SUMMARY OF POTENTIAL HEALTH EFFECIS: 

WITHOUT FEDERAL OWNERSHIP) 

Exposure Pathway RME Receptor HI 

OFF-PROPERTY RESIDENT FARM ADULT (FUTURE LAND USE 

~~ ~ _ _ _ _ _ _  

Inhalation of Particulates (Chemicals) 
Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 

1.1 x loo 
1.8 x lo4 

1.4 x 10-~ 
Ingestion of Dairy Products (Chemicals) 6.6 x lo-’ 

RME Individual HI: 1.1 x 10’ 

I5posure Pathway RME Receptor ILCR 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of DaiIy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

8.0 x 10“ 
7.9 x 10” 

9.9 x lo4 
2.0 x 10-~ 
2.6 x 10-~ 

1.7 x 

2.5 x 10“ 

2.7 x 10-93.1 x 

i 

2 

3 

1 

5 

6 

7 

8 

9 

10 

RME Individual ILCR: 9.0 x lo-’ 
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TABLE K9-15 
SUMMARY OF POTENTIAL HEALTH EFFECIS: 

OFF-PROPERTY RESIDENT FARM YOUTH (FUTURE LAND USE 
wlTH0uTFEDERAL0wNERsHIP) 

J3msure Pathwav RME Recemor HI 

Inhalation of Particulates (Chemicals) 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.8 x loo 
2.9 x lo4 
1.1 x lo-' 
2.4 x 

Ingestion of Meat (Chemicals) 

RME Individual HI: 1.8 x 10' 
Exposure Pathway RME Receptor ILCR 

~~ 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 9 

2.2 x 
1.4 x 10-~ 
4.3 x 1 0 - ~  

3.4 x lo-'' 

4.7 x 10-'O 

2.8 x 

7.1 x 

8.8 x 
2.9 x los8 

RME Individual ILCR: 1.6 x lo" 

TABLE K9-16 
SUMMARY OF POTENTIAL HEALTH EFFECIS: 

OFF-PROPERTY RESIDENT CHILD (FUTURE LAND USE 
WITHOUT FEDERAL OWNERSHlp 

E;xposure Pathway RME Receptor HI 

Inhalation of Particulates (Chemicals) 

Ingestion of Dairy Products (Chemicals) 

3.1 x 10' 

9.2 x lo4 
Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 

3.3 x lo4 

5.6 x 10" 
RME Individual HI: 3.1 x 10' 

- - .  -Exposure Pa-thway- .~ .. . .  . - -  RME Receptor-DLCR- - 

Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Ingestion of Drinking Water (Radionuclides) 

Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

_. Ingestion of Meat (Chemicals) 

~ ~~ 

1.9 x 10" 
4.1 x 10" 

- 1.5 x lo4 
6.6 x lo-" 

7.0 x lo-'' 

1.5 x 

3.1 

1.0 x 
1.2 x lo4 

. -  

RME Individual ILCR: 6.6 x lo4 

, I  
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Ic10.0 UNCERTAINTIES I 

In relying on multiple assumptions and models, all risk assessments contain elements of 

uncertainty. The purpose of examining the uncertainty is to provide information relative to the 

accuracy of the risk estimates and thus aid in the formation of risk management decisions. For 
the major categories of uncertainty relevant to the CRARE, questions were asked to examine the 

2 

3 

4 

5 

6 sources of uncertainty in the risk evaluation: 

o COC Selection: 7 

Are all COCs correctly identified? 8 

0 Toxicological Information and Models: 9 

How good is the current information concerning the toxic properties and 
dose-response characteristics of the C O G ?  

10 

11 

0 Exposure Pathways: 12 

Are all potential pathways for transporting contaminants from the site 
environmental media to the receptors identified? 

13 
14 

0 Receptor Characterization and Exposure Assumptions: 15 

Are land- use scenarios realistic, and are all potential receptors valid? 16 

0 Exposure Point Concentrations: 17 

Are the models for estimating COC transport from the site media to the 
receptor, and for estimating the contaminant exposures and intakes,. 
realistic and reasonable? 

0 Risk Characterization: 

18 

19 

20 

21 

What uncertainties are associated with summing - cancer risks or HIS for - 
multiple substances? 73 

- 22 .. - __ - - 

A baseline risk assessment uses existing site conditions to estimate current potential exposures 

and risks. The CRAREs estimate ail exposure point concentrations using models and assumptions 

uncertainty with regard to exposure patterns, exposed populations, and exposure concentrations. 

Even more important for this Operable Unit 4 CRARE, however. is that the remedial alternatives 

24 

2.5 

26 

27 

28 

to estimate postremediation site conditions. CRARE results have much more inherent 

K-10-1 
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;* 0 5041 
for the other operable units have not yet undergone a thorough analysis. One purpose of this 1 

uncertainty analysis is therefore to identify data quality objectives that have not been met or need 

to be strengthened. As previously mentioned, this CRARE is the first of five planned reports. 

2 

3 

Some uncertainties identified in this report will be reduced when subsequent editions of the 

CRARE are prepared as part of the other operable unit FSs. 

K.10.1 COC SELECTION 

A major concern in this CRARE is the reliability of COC identification, both in terms of ensuring 

that all COCs have been identified and that chemical or radionuclides have not been incorrectly 

identified as COCs. The accuracy of COC identification is directly related to the quality of COC 

characterization data, including contaminant identification, location, and concentrations. The 

characterization was defined by the design of the sampling and analysis plan, which described the 

sampling locations and analytical protocols. 

4 

5 

6 

I 

8 

9 

10 

11 

12 

The sources of chemical analytic data for the CRARE were the SWCR (for Operable Units 1, 3. 13 

l a  
and 5), the Operable Unit 2 RI, and the Operable Unit 4 RIFS. The data in the SWCR were 

not all obtained through sampling plans designed as part of the CERCLA process. There were 1s 

three stages of sampling, and the analytical protocols and data validation techniques differed 16 

between stages. 17 

the individual operable unit RI, and will be included in their CRAREs when the information 18 

becomes available. 19 

Consequently, data deficiencies have been identified that must be corrected in 

Data deficiencies also are found in the Operable Unit 2 RI. The extent of contamination in the 

validated according to CERCLA standards. This deficiency is being corrected in the revised 

Operable Unit 2 RI report. 

20 

2.1 

22 

23 

subunits of Operable Unit 2 was incompletely defined, and a major portion of the data was not 

The Operable Unit 4 RI report was prepared following CERCLA guidelines, and the data were 24 

25 

CERCLA sampling plan. 2.6 

validated. Whenever possible, COC identification was based on data collected according to a 
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As described in the Operable Unit 4 RI report (DOE 1993d), the selection of COCs for Operable 

Unit 4 is subject to less uncertainty than for other operable units. This is because the primary 

source for Operable Unit 4 is the relatively isolated waste contained in Silos 1, 2, and 3. 

Uncertainty does exist, however, because the soil samples may not represent conditions at the 

surface. Samples of nonradioactive chemicals were taken at depths of 0 to 2 feet during the, 

i 

2 

3 

4 

5 

6 waste pit runoff sampling program, and from 0 to 5 feet during the K-65 berm sampling program. 

The cumulative impact of these uncertainties on the results of the CRARE exposure and risk 

assessments is unclear. However, the uncertainties concerning the representativeness of the 

Operable Unit 4 soil data can be expected to have a small impact on the risk assessment 

compared to other uncertainties in the risk assessment process. This is because the levels of 

contamination in the soil are comparatively low and the likelihood of not detecting a contaminant 

which would contribute significantly to risks is also low. 

Uncertainty is inherent in the K-65 silo sampling data due to the heterogeneity of the waste forms 

and the bias introduced in the sampling program. The program did not include random samples. 

In fact, it intentionally selected samples exhibiting the greatest radiological contamination from 

each boring zone to ensure detection of any significant concentrations of radionuclides. However, 

any uncertainty in the silo data will have no impact on the COC selection for this CRARE, as the 

silo materials will be removed from the FEMP property. 

There are also specific areas of data deficiencies related to other operable units, including: 

The presence or  absence of dioxins in the incinerator flyash in Operable 
Unit 2 has not been conclusively established. 

0 The extent and type of contamination in the subsurface soils surrounding 
the process trench running from the plant areas to the silos have not been 
characterized. __ - . -  - - - 

In summary, it is unlikely that major COC contributors to overall site risk have been overlooked. 

Despite the described shortcomings of some of the chemical concentration data gathered at the 

FEMP, there is still a very large and comprehensive aatabase of site contaminant data. The 

evaluation of these data have identified a large number of contaminants present on the site, and 

confirm the general pattern of contamination as indicated by past site operations. It is clear that 

the major contaminants (uranium and other radionuclides, nonradionuclide inorganics, and 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

21 

28 

. .  

29 

30 
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organics) that could credibly contribute to site risks have been identified. If additional COCs are 

identified in future RI/FS efforts (which is not likely), they will be included in future CRAREs. 

K10.2 TOXICOLOGICAL INFORMATION AND MODELS 

Toxicological information is not operable-unit-specific and therefore is not discussed separately for 

each operable unit. EPA-supplied RfDs and cancer slope factors were used throughout the risk 

assessment. Toxicological constants were not derived for any of the COCs evaluated in this 

CRARE risk assessment. Because of this, the toxicological evaluations (upon which the CRARE 

risk assessment is based) contribute no more uncertainty than that present in comparable 

CERCLA documents. However, because this uncertainty arises out of the application of 

guidelines recommended by the agencies involved, these sources of uncertainty are beyond the 

control of the FEMP investigation personnel. 

There are many sources of uncertainty in the cancer slope factors or unit risks and noncarcin- 

ogenic RfDs or RfCs provided by the EPA. The three major sources are: 

1. Interspecies extrapolations: 

Animal-to-human extrapolation, used in the absence of quantitative 
pharmacokinetic, dosimetric, or mechanistic data, is usually based on a 
consideration of interspecies differences in body weight, surface area, or 
basal metabolic rate. 

2. Intraspecies or individual variation: 

Most toxicity experiments are performed with animals that are very similar 
in age and genotype, so that intragroup biological variation is minimal. 
The human population of concern may reflect a great deal of 
heterogeneity, however, including unusual sensitivity to the COG.  

Even toxicity data from human occupational exposures reflect a bias 
because only those individuals sufficiently healthy to attend work regularly, 
and those not unusually sensitive to the COCs, are likely to be 
occupationally exposed. 

3. Key study and database quality: 

The quality of key studies (from which the quantitative estimate is derived) 
and the quality of the literature databases add to the uncertainty. For 
carcinogenic effects, the uncertainty associated with some quality factors 
(e.g., group size) is expressed within the 95 percent upper bound of the 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

14 - 

IS 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

32 
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slope factor. For noncarcinogenic effects, additional uncertainty factors 
may be applied in the derivation of the RfD or RfC to reflect the poor 
quality of the key studies or gaps in the database. 

As described in the Operable Unit 4 RI  report (DOE 1993d), considerable uncertainty is 

associated with the qualitative (hazard assessment) and quantitative (dose-response) evaluations of 

Superfund risk assessments. The hazard assessment characterizes the nature and strength of the 

evidence of causation, or  the likelihood that a chemical that induces adverse effects in animals 

would also induce adverse effects in humans. The hazard assessment of carcinogenicity is 

evaluated as a weight-of-evidence determination, using either the IARC (1987) or EPA (1986b) 

approaches. Positive results in animal cancer tests suggest that humans may also exhibit a 

carcinogenic response, but the animal data cannot necessarily be used to predict the target tissue 

in humans. In the hazard assessment of noncarcinogenic effects, positive animal test results may 

suggest the nature of the human effects, including the target tissues and type of effects (EPA 

1989g). 

e Another source of uncertainty regarding the quantitative risk estimation for carcinogenicity is the 

method by which data from high doses in animal studies are extrapolated to the dose-range 

expected for environmentally exposed humans. The linear multi-stage model, which is used in 

almost all quantitative estimations of human risk from animal data, is based on the nonthreshold 

assumption of carcinogenesis. An impressive body of evidence, however, suggests that epigenetic 

carcinogens, as well as many genotoxic carcinogens, have a threshold below which they are 

noncarcinogenic (Williams and Weisberger 1991). The linear multi-stage model is therefore 

generally regarded as being extremely conservative for many chemicals. 

Adding to the conservativeness of this approach is the fact that the EPA-derived slope factors 

found in IRIS have been set at the 95 percent UCL-of the linear slope of the multi-stage model. 

Thus, risks estimated using the slope factors may be greatly overestimated. This consideration 

applies to both radiological and chemical estimates of carcinogenic risk. Of particular concern in 

this regard are the siope factors derived by EPA for the evaluation of risks due to external 

exposure to radiation. As discussed in Section IC7.3, these values were derived using very 

conservative assumptions about exposure conditions, and are likely to provide very conservative 

risk estimates. 

. .  

$ 4  s 

1 

7- 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

K- 10-5 



The methods used to define RfD values for chemical contaminants also incorporate a large 

degree of conservatism. Sets of multiplicative uncertainty factors were used in deriving RfDs to 

adjust the results of animal and human toxicologic studies to take into account the nature of the 

endpoint (NOAEL to LOAEL) seen in the studies, differences in response to different dose 

1 

2 

3 

4 

5 schedules, the presence of sensitive populations, and the possible differences- between human and 

animal sensitivity to contaminant exposures. Each uncertainty factor may take a value as high as 6 

7 

8 

9 

10 

I 1  

10, and thus RfD values for COCs typically have been set between 100 and 1000 times lower than 

If the human and animal responses to contaminant 

exposures are not as dissimilar as reflected in the uncertainty factors (or if humans are less 

sensitive, rather than more sensitive to contaminants), it is the possible that the use of RfDs 
greatly overstates the potential for adverse health effects in humans. 

the lowest dose seen in animal studies. 

The level of uncertainty in the toxicologic data for different chemicals varies because information 12 

13 concerning some constituents and their associated health effects is comparatively scarce, while for 

1. a others much more information is available from health effects studies. Also, different amounts of 

data may be available concerning the different types of effects for a given COC. For example, 

uranium has been established as a chemical toxicant (kidneys are the major target organ) based 

on human and animal studies. The RfD for uranium was based on the results of animal studies 

and was calculated by applying an uncertainty factor of 1000 to a LOAEL for nephrotoxicity in 

16 

17 

18 

19 

20 

21 

rabbits to provide a margin of safety for extrapolation to humans. The uncertainty factor consists 

of three factors of 10 each, for: 1) estimation of a NOAEL from a LOAEL, 2) extrapolation from 

animals to humans, and 3) the possible range of sensitivities among exposed humans. 

There is even greater uncertainty regarding uranium carcinogenicity. As an alpha-particle emitter, 22 

uranium is considered to be a carcinogen; however, as discussed in Section K7.0, epidemiological 

evidence of uranium-induced excess cancers is very difficult to obtain. This is largely because the 

human data available on the radiocarcinogenic effects of uranium exposure are for miners who 

studies of humans sometimes lack quantitative information concerning uranium exposure, 

including potential exposure through previous employment, concurrent smoking patterns, or 

23 

24 

25 

26 

n 
28 

were also simultaneously exposed to radon and its progeny, which are confounding factors. The 

concurrent radon exposure levels, all of which are needed to definitively determine the risk 

attributable to uranium exposure. These facts weaken the power of the human studies to detect 30 
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any excess cancer risk. The human studies of cancer from exposure to uranium frequently reveal 

a slight excess risk, if any, above the natural risk. These uncertainties are not well known or  

easily quantified. 

Uncertainties in the interpretation of toxicologic data especially affect the results of the risk 

assessment for inhalation exposure to metals. HI values associated with particulate inhalation 

exceed 1.0 for several receptors. Almost all of the HI values result from estimated exposures to 

cobalt and chromium via the inhalation pathway. Similarly, mercury and zinc are the major 

contributors to the HI values from exposures via the food pathways. In the case of cobalt, 

exposure concentrations result in contaminant intakes which barely exceed the inhalation RfD 

values. The inhalation RfD for cobalt (3.0 x 

for all possible uncertainty factors, based on a single epidemiologic study of a disease from 

exposures to the hard metal and not from cobalt compounds. It is extremely unlikely that humans 

are actually as sensitive to cobalt exposures as reflected in this RfD. The RfD value is almost 

certainly well below normal background inhalation exposures received by members of the general 

population, and the RfD value for cobalt makes it more than one thousand times more toxic than 

mercury by the inhalation pathway. Thus, a cobalt HQ greater than 1.0 for some populations 

must be interpreted very cautiously, and probably does not reflect significant concerns over 

adverse effects. 

mg/kg/day) was derived using maximum values 

Chemical speciation is an issue in evaluating the inhalation pathway risk estimates for chromium 

exposures. From the SWCR, chromium present in soils was assumed to be reported as total 

chromium. An assumption that this on-site chromium was entirely Cr+6 would be inconsistent 

with the prevailing redox and chemical conditions in environmental media at the FEMP. It is 

likely that only a small portion of the chromium present (1 percent or  less) is actually hexavalent. 

In this CRARE, it was assumed that 10 percent of the chromium was presented as hexavalent 

chromium. This failure to adequately characterize on-site chromium species contributes 

uncertainty to the inhalation pathway risks associated with chromium exposures, since hexavalent 

chromium-species are much more toxic than the trivalent species. 

health effects, trivalent chromium is estimated to be on the order 

hexavalent chromium. In addition, trivalent chromium species are 0 
In the case of noncarcinogenic 

of 50 times less toxic than 

not thought to have any 
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carcinogenic activity in humans, whereas the hexavalent chromium compounds are regarded as 

potent human carcinogens. 2 

K10.3 EXPOSURE PATHWAYS 3 

The exposure pathways evaluated within the CRARE risk assessment were initially proposed in 

the SWCR and further reviewed during the Operable Unit 4 RI. The major source of uncertainty 

Because it is not possible to accurately predict future land uses or the condition of the site, 

4 

5 

6 

7 

8 

9 

10 

I 1  

in predicting future exposures at the FEMP is the future disposition of the property itself. 

conservative (rather than the most likely) future conditions were evaluated, as stipulated by the 

NCP. It has been assumed that the FEMP would not become a residential area. This is a 

conservative assumption, as the farm scenarios used in this CRARE have a greater chance of 

excess exposure due to the inclusion of the indirect pathways of vegetable, beef, and milk 

consumption. 12 

In future CRAREs, additional data will be gathered to support a more detailed evaluation of the 13 

10 indirect human exposure pathways. Depending upon the findings of the R I P S  for the other 

operable units, the evaluation of the indirect pathways may be expanded to include contributions ~ IS 

to exposure concentrations through other transport mechanisms (particulate deposition, surface 16 

water runoff), as well as the possible inclusion of additional groundwater C O G  which may be 17 

subject to bioconcentration. 18 

K10.4 RECEPTOR CHARACTERIZATION AND EXPOSURE ASSUMPTIONS 

Receptor characterization is not operable-unit-specific and therefore is not discussed separately 

for each operable unit. The default values for characterizing FEMP receptors are presented in 

the RAWPA (DOE 1992i). For this CRARE, receptor scenarios (one Current and two Future 

Land Use scenarios) were selected to represent the highest potential exposure. Exposure factors 

were based on surveys of physiological and lifestyle profiles across the United States and the 

attributes and activities studied generally have a broad distribution. To account for most of this 

distribution, this risk assessment follows the EPA's recommendation to use the 95th percentile for 

most exposure factors. In addition, the  exposure factors are consistent with EPA Region V 

guidance. This introduces a conservative bias into the results. Future C W E s  may evaluate the 

degree of conservative bias introduced by the 95th percentile approach through the use of a 

351 

19 

20 

21 
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24 
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26 

n 
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receptor and pathway-specific Monte Carlo simulation. This simulation will be used only for 

uncertainty purposes, per Region V guidance. 

1 

9 

As previously stated, nine RME receptors were chosen for the CRARE. 3 

0 Groundskeeper 
0 Trespassing child 
0 Expanded trespasser 
0 Off-property resident farm adult, youth, and child 
0 On-property resident farm adult, youth, and child 

Other receptors may be exposed to FEMP COCs; however, the conservative exposure scenarios 

addressed in this report make it likely that no actual exposed population will receive greater 

exposures than those estimated in the CRARE. A brief discussion of the uncertainty in selected 

exposure factors follows. 12 

9 

10 

11 

K.10.4.1 Exp osure Duration 13 

For FEMP risk assessments, it was assumed that the farm residents would occupy the land for a 14 

15 

16 

17 

18 

19 

0 
full lifetime exposure period (70 years). This is a conservative approach, but at most it 

overestimates the risk by a factor of three relative to representative residential tenure in the area. 

It was also assumed that all workers would occupy their jobs for 25 years, a realistic estimate of 

exposure duration given the stability of the surrounding communities. The exposure durations for 

all individuals are also realistic, based on community stability. 

K10.4.2 Exu osure Frequency 

It was assumed the farm residents would occupy the property for 350 days per year, a realistic 

assumption, especially for a farming family. Likewise, workers were assumed to work for 250 days 

a year, the normal number of annual workdays. What is uncertain, however, is the number of 

days a trespassing child or expanded trespasser would be on FEMP property. The assumptions 

were 52 days for the trespassing child, 120 days for the expanded trespasser as a youth and 40 

days as an adult. These are conservative but reasonable assumptions and only moderately affects 

the results of the risk assessment. 

- - .  .~ - . .  

24 

25 

26 

27 

. .  . 
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K.10.4.3 Exr, osure Time 1 

The farm residents were assumed to spend 24 hours per day on the property. This is a slightly 

conservative assumption as it does not take into account school time, shopping time, work, and 

other activities. What is uncertain is the time a worker, trespassing child, or expanded trespasser 

would spend in contact with the property media. The exposure times chosen are realistic but 

2 

3 

1 

5 

6 could underestimate the exposure. The most-effected pathways are direct contact and inhalation. 

K.10.4.4 Bodv Weight - 7 

The body weights used in this CRARE were derived from standard tables for US. body-weight 

distributions. The values were selected from the distribution midpoints because of the uncertainty 

regarding those distributions. Individual variances for adults are likely to be less than a factor of 

2. And although children have a wide range of body weights, the uncertainty is at most a factor 

of 2 or 3 (plus or minus). 

8 

9 

10 

11 

12 

K.10.4.5 Investion of Soil. Food, and Water 

There has been considerable discussion in the scientific literature concerning the appropriate oral e 
ingestion rate of soil and dust for adults and children. Current EPA guidance recommends 100 

mg/day for adults, 200 mg/day for children under the age of 6, and 50 mg/day for an industrial 

worker not engaged in construction work. Since the FEMP risk assessments also considered a 

farmer who would be exposed to great quantities of dust through farming activities, a value of 180 

15 

16 

17 

18 

mg/day was used. These values are realistic as a multi-year average, but the soil ingestion rates 19 

20 

21 

could potentially be much higher for shorter-term exposures. If anything, these ingestion rates 

may be underestimated, but by less than a factor of 2 for multi-year exposures. 

The consumption of drinking water was set to the EPA Region V default values, which are 

conservative estimates. Over multi-year exposures. these values are not likely to vary widely and 

may be overestimated by a factor of less than 2. Most likely, the consumption of drinking water 

22 

13 

24 

25 will be less than the default values 

The rate and type of food consumption vary highly from locality to locality and from individual to 26 

individual. The estimates of food consumption used in the FEMP risk assessments are national 

averages and may not be appropriate for some of the individual exposed to FEMP COCs. The 
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values presented represent conservative estimates and are not likely to vary by more than a factor 

of 2 for the average individual. However, it was assumed that the farm residents' diet will consist 

100 percent of products from their farm. This may overestimate the risk by a factor of 3. The 

greatest uncertainty is in the assumption of food consumption for children. The direction and 

magnitude of uncertainty are unknown. 

IC10.4.6 Dermal Emosure Factors 

Four critical assumptions have been made relating to the assessment of dermal exposure to soils: 

1) the amount of exposed skin surface area, 2) the quantity of soil adhering to the skin, 3) the 

length of time the soil adheres to the skin, and 4) the partitioning rate of the COC from the soil 

across the skin barrier. The same factors influence the evaluation of the dermal exposure to 

water. The four factors vary widely from individual exposure to exposure and may contribute 

substantially to the uncertainty in risk assessment of these pathways. In general, the assumptions 

used to estimate dermal absorption are consistent with the conservative default values defined in 

recent EPA guidance. In addition, the adjustment of toxicity values for use in the dermal pathway 

risk assessment, particularly in the case of inorganic contaminants, was performed using 

conservative assumptions about contaminant intake, and likely contributes a further degree of 

conservatism to the characterization of dermal pathway risks. 

IC10.4.7 Inhalation Exuosure 

Multiple breathing rates were used in estimating doses via inhalation. The receptors are typical 

for different exposed groups, including small children, adults at home, and adults at work. Each 

of these receptors has a wide range of breathing rates, which vary on a daily basis. The extent of 

the range is a factor of 3 for any defined level of activity. The breathing rates chosen for this 

evaluation are at the upper end of the distribution but do not represent the maximum. 

' <  
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IC10.5 EXPOSURE POINT CONCENTRATIONS 

The values used to represent exposure point concentrations were designed to provide conservative 

estimates of exposure, thus ensuring a conservative evaluation of the risk. All CRARE exposure 

point soil concentrations are projected to be PRGs, existing soil concentrations, or modeled 

values, except for Operable Units 1 and 2, which are proposed to be capped (clean soil was 

assumed with no contaminants present). The uncertainty of exposure point concentrations 
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estimated by models depends on input parameters (diffusion coefficients, groundwater flow, air 

flow, etc.), model characteristics, release mechanisms, and source terms. CRARE input 

parameters were based on site information together with professional judgment and were designed 

to be conservative. The input parameters and models were based on the RAWPA and SWCR. 

The exposure parameters were taken from the Operable Unit 4 RI approved final report. 

1 

3 

3 

4 

5 

K.10.5.1 Air Concentrations 

The major contributors to uncertainty in CRARE air modeling are the release estimates for 

particulate and gaseous (radon) emissions and the concentrations and extent of COCs in the 

surface soil. The components of uncertainty include: 

Wind speed and direction 

0 Climate conditions (temperature, moisture, etc.) 

Surface soil COC concentrations 

0 Release of particulates to the air from soils, including frictional velocity 
concerns 

0 Volatilization 

0 Radon release 

The uncertainties associated with variations in meteorologic and climatologic conditions are 

contained to a large degree in the air quality models used to evaluate contaminant transport. Six 

years of actual climatic data from the site provide a large database upon which long-term air 

quality modeling can be based. The overall level of uncertainty associated with the meteorologic 

10 

1 1  

12 

15 

16 

models is probably relatively low relative compared to the contribution of other factors. 21 

The particulate COC concentrations depend on the estimated surface soil contamination, soil 

characteristics, and the percentage of vegetative cover. The estimated surface soil concentrations 

the PRG levels for COCs which initially exceeded the PRG level. The COCs affected by this 

22 

23 

24 

2s 

26 

in Operable Unit 4 and in the Operable Unit 5 areas beneath Plants 2/3, 6, and 9 were fKed at 

step were 0 -137  and Pb-210 as well as isotopes of radium, thorium, and uranium. The 

particulate COC concentrations in surface soil beneath the rest of the former production area and 

in the remainder of the FEMP were based on the RI/FS sample database for isotopes of radium, 7-8 
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thorium, and uranium. All other COC soil and waste concentrations were based on UCL values 

presented in previous reports. Not all COC soil concentrations were characterized for all areas. 

When COC soil concentration was not available for a given source, the contribution to the COC 

air concentration from that source was not calculated. The overall approach is considered 

realistic, with some potential for underestimation due to the 1ack.of COC data for several source 

I 

2 

3 

4 

5 

areas. 6 

The vegetative cover for the surface areas was assumed to be at 85 percent, which is realistic for 7 

8 

9 

this area of southern Ohio. In fact, using 85 percent may underestimate the dust production if 

the FEMP becomes a farm. 

The controlling factors in radon air concentrations are the extent of Ra-226 in the surface soils 

and the layers of cover for the capped areas. As previously stated, the extent of Ra-226 

contamination in the surface soils is incompletely characterized, as are the data concerning the 

10 

11 

12 

13 fate of Ra-226 after soil washing. It was assumed that all capped areas would remain intact for 

1000 years and no significant radon release would occur. Overall, the predicted air concentrations 14 

IS are realistic but not conservative. 

The methods used to combine the particulate generation and air quality models may also 

contribute significantly to the uncertainty in the inhalation pathway risk assessment. As discussed 

in Section K6.0, the particulate emission rate was determined using the unlimited erosion 

potential equation from EPAs Rapid Assessment of Exposure to Particulate Emhsions from 

Surface Contamination Sites developed for estimated annual PM,, emission rates from the annual 

mean wind speed. The equation used includes a distribution function which accounts for actual 

winds ranging above and below the annual mean wind speed. As described in Section K6.0, this 

equation was applied to six wind speed categories, using a single wind speed to represent each 

category. While the concept of applying a distribution function when using a single wind speed to 

represent a wind speed range may be appropriate, the actual distribution function developed for 

the mean annual wind speed may-not be applicable to the six wind speed categories. The 

direction of any bias associated with this uncertainty is an underestimation. However, the 

methodology in Section K6.0 does assume that particulate emissions occur, even when the 
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representative wind speed falls below the threshold friction velocity (Le-, the wind velocity needed 

to resuspend surface particulate matter). 

The use of the unlimited erosion potential equation was based on relatively coarse particle size 

distributions. The equation does not account for moisture content, crustiness of the surface, and 

nonerodible elements present on the surface. The FEMP surface is probably more characteristic 

of an area with "limited" erosion potential: an inhomogeneous field covered with gravel, rocks, or 

clumps of vegetation that has a moderate moisture content and tends to form a hard crust when 

dried. The bias of using the unlimited erosion potential equation is clearly in the conservative 

direction. 

K.10.5.2 Surface Water and Groundwater Concentrations 

The need to predict surface water and groundwater concentrations for 1UOO years into the future 

represents a major source of uncertainty in the CR4RE. In evaluating future water 

concentrations, the same models were used (MUSLE, ODAST, and SWIFT 111) as in the baseline 

risk assessment. The level of uncertainty associated with the modeling is large but cannot be 

easily quantified. Table K10-1 identifies the major parameters used in the CRARE modeling and 

provides estimates of their relative effect on the loading of COCs to the aquifer. 

To assure that groundwater exposure concentrations are estimated conservatively, the RME 

exposure locations were set at the points of highest groundwater concentration. In addition, the 

exposure concentratibn estimates for the Future Land Use scenarios were estimated based on the 

concentrations seen in the 70-year period with the highest modeled groundwater contaminant 

mncen tra tions. 

Other components of uncertainty in the water modeling are the partitioning coefficient (&) 

values of COCs in the vadose zone and the aquifer, and the source terms for release. The K,, 

uncertainty is of most importance when modeling over hundreds of years. The vadose layers 

provide a time delay to contamination reaching the aquifer, except that in the model, the 

contamination in surface runoff is assumed to reach the aquifer without delay. This delay in the 

vadose zone transport is evidenced by time shifting of the peak concentration in the aquifer. 
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TABLE K10-1 
MAJOR P-S IN CRARE MODELING AND 

THEIR EFFEC" ON AQUIFER LOADING 

Parameter Concentration' Timeb Duration' Confidenced 

Source Term 
Quantities in Wastes 
Concentration in Wastes 
Quantities in Soils 
Concentration in Soils 

Surface Runoff Model (MUSE) 
K,, of Soils 
R, - Total Storm Rainfall 
T, - Storm Duration 
D, - Overland Distance 
K - Soil Erodibility Factor 
1 - Source Decay Factor 

D - Dispersion Coefficient 
V - Seepage Velocity 
R - Retardation Factor 
a - Depletion Factor 
To - Depletion Time 
1 - Source Decay Factor 

Aquifer Model (SWIFT) 
HH - Horizontal Conductivity 
K, - Vertical Conductivity 
a~ - Horizontal Dispersivity 
a~ - Transverse Dispersivity 
R - Retardation Factor 

Vadose Zone Models (HELP, ODAST) 

Major+ 

Major+ 

Major- 
Major- 
Small- 

Small+ 
Small- 

Small+ 

Small- 

Small- Major+ 
Medium- 

Small- 

Medium- Medium- 
Medium- Medium- 
Medium- Medium- 

Small- Small- 
Medium+ Major+ 

Medium+ Medium 
Medium 

Medium+ Medium 
Medium 

Low 
LOW 

LOW 

High 
LOW 

Small- Hi/Low 

Small+ Low 
Major- Low 

LOW 

Medium- LOW 
Major+ LOW 
Small- H i h w  

Medium 
L O W  

L O W  

L O W  

LOW 

- ~~ - .  a M ~ m u m  lye1 of concentration in the aquifer. 
. -  %Time of occurrence of peak concentraiioi in-the aquifer. _ .  ~ 

-- - -  - - - ~ - - - 

Time duration of release. 
dLevel of confidence in parameter values. 
'High level of confidence in decay factors for radionuclides and low level of confidence in decay factors for organic contaminants. 
+ = Small, medium, or major positive effect, Le., increase in parameter value will increase the value of the dependent variable. 

- -  - - = Small;-medium, or major negative effect, Le., increase in parameter value~will decrease the value of the dependent variable. - - ~ .~ 

- . ~~ 

a 
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However, surface runoff is not a major contributor. The two vadose layers are essentially in series 

(e.g., contamination must pass through vadose layers 1 and 2 before reaching the aquifer). The 

average travel time, Tu, through each layer is R,L,/V,: 

where 

n = layer, 
R, = retardation factor ( l+bodO),  for layer n, 
L, = thickness of layer, and 
V, = seepage velocity in layer n. 

Thus, the travel time in each layer is directly proportionate to the K,, of that layer. For many 

contaminants, the K,, of vadose layer 1 is so much larger than that of layer 2, which is dominant. 

The K,, can vary according to the COC chemistry, the pH of water, concentrations of other 

components (chloride, sulfate, etc.), and soil characteristics (sand, clay, porosity, etc.). The I(d 
values for this CRARE were generally based on values from the literature, as summarized in the 

RAWPA The uncertainty would be reduced by determining operable-unit-specifc K,, values. 

Additional uncertainty derives from the release mechanisms of the sources into the vadose zone. 

An important component in the release mechanism is the exfiltration rate (the rate at which the 

water moves through the source area). Engineering calculations were used to estimate this rate 

for the engineered areas. 

The major operable-unit-specific sources of groundwater uncertainty with respect to source terms 

are summarized by operable unit as follows: 

0 Operable Unit 1: 

Magnitude of COCs, vault design, and ed3tration rate. 

0 Operable Unit 2: 

Extent of COCs. concentrations of COCs, and exfiltration rate. 

0 Operable Unit 3: 

Little information is available on the nature, magnitude, and locations of 
COCs beneath and within the buildings; in general, the concentrations of 
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E is also 

Uncertainty in the concentrations and distributions of subsurface COG. 

0 Operable Unit 5: 

Site-wide surface soil contamination and perched water plume are not well- 
characterized. Characteristics of flow and transport in the vadose zone are 
probably more complex than modeled by ODAST. The extent of floral and 
faunal contamination and the geochemistry of water percolating through 
the remediated soils have not been well established. 

In order to reduce the uncertainty associated with characterizing flow and transport in the vadose 

zone, Operable Unit 5 is currently conducting a multi-faceted field investigation that includes slug 

and pumping tests, lysimeter installation and sampling, packer tests, and yield tests. This program 

is described further in Parsons (1993). Operable Unit 5 is also evaluating whether the ODAST 

model should be replaced with a 2- or 3-dimensional model. @) 
K 10.6 RISK CHARACTERIZATION 

Throughout this risk assessment, potential health effects caused by the simultaneous exposure to 

multiple on-site COCs were assumed to be additive in nature. Uncertainties associated with 

summing cancer risks or HIS for multiple substances are of particular concern in the risk 

characterization step. The assumption of dose additivity ignores possible synergisms or  

antagonisms among chemicals and assumes similarity in mechanisms of action and metabolism. 

However, data to quantitatively assess chemical interactions are generally lacking. In the absence 

of adequate information on chemical interactions, EPA guidelines indicate that carcinogenic risks 

and noncancer HIS should be treated as additive. These assumptions are made- to help prevent an 

underestimation of cancer risk or potential noncancer health effects at a site (EPA 1986, 1989). 

- -  . 
- 

K10.7 SUMMARY - - - -  - 

As subsequent CRAREs are completed, major sources of uncertainty will be further characterized 

and possible courses of action will be developed to reduce overall uncertainty. 0 
K- 10- 17 
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K11.0 RESULTS SUMMARY 1 

This Operable Unit 4 CRARE presents a risk evaluation for all FEMP COG transported via the 

direct pathways of air, soil, groundwater, surface water, and radiation, as well as the indirect 

pathway of farm product consumption. Figure K.11-1 summarizes the risk evaluation process used 

for this CRARE and presents the major inputs to the risk evaluation, which include source 

evaluation (data collection and validation), COC identification, toxicity assessment, exposure 

assessment, and risk characterization. The results have been summarized by the following 

categories: 

0 Site-wide sources of contamination 
0 Identification of C O O  
0 Receptor characterization 

Pathways of exposure 
Postremediation residual risk characterization 

0 . Operable unit contribution to risk 
0 Impact of uncertainty on the risk estimates 

9 

10 

1 1  

12 

13 

14 

15 

The conclusion reached by applying this CRARE risk evaluation process is that the FEMP would 

appear to be unsuitable as a family farm even after remediation is complete. 

16 

17 

K.ll.l SITE-WIDE SOURCES OF CONTAMINATION 

The primary sources of contamination remaining after site remediation include the vaults, 

operable unit residual footprints, site soil, and the capped areas of Operable Units 1 and 2. The 

site soil is the major source for all risk estimates. Section K.11.7 discusses the uncertainties 

associated with these sources of residual risk. 

. -  - -  . .  - 
- -  

K.11.2 IDENTIFICATION OF COO 

Potential C O G  detected on-property were identified using Appendix R of the SWCR, the 

Operable Unit 4 RUFS report, and the Operable Unit 2 RI report. A multi-step screening 

process identified those COG that would be present on FEMP property during the 70- and 1000- 

18 

19 

20 

21 

22 

2 3 -  

24 

25 

25 

year postremediation time frames. Volatile organic chemicals were eliminated from consideration 

as C O G  because evaporation would rapidly remove these compounds from the FEMP during the 

time periods under evaluation. Similarly, other organic compounds were removed from 

21 
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29 
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consideration after evaluating their organic decay rates in water and soil. The remaining COCs 

(presented in SectiQn IC4.0) were then used in fate and transport modeling of air, surface water, 

groundwater, and farm products. During the groundwater fate and transport analysis (Section 

IC6.0), the COCs were further screened using preliminary techniques to determine if significant 

quantities of COCs would reach groundwater within the 1000-year time frame. It is unlikely that 

any major C O G  were overlooked. 

The detailed risk analysis indicates that the major radionuclides of concern are U-238, U-234, 

Th-228, Rn-222, and Ra-226. The principal contributors to the chemical risk are Aroclors, cobalt, 

and arsenic. The principal contributors to the noncarcinogenic HI are cobalt, barium, mercury, 

and cadmium. 

IC11.3 RECEPTORS 

Six on-property and three off-property RME receptors have been evaIuated. 

On-Property 0 €€-Property 

Resident farm adult 
0 Resident farm youth 
0 Resident farm child 
0 Expanded Trespasser 
0 Trespassing child 

- 0 Groundskeeper 

0 Resident farm adult 
Resident farm youth 
Resident farm child 

These receptors represent a wide array of potential land uses. Even though the FEMP was not 

evaluated for residential-only land use, it must be pointed out that the use of resident farm 

receptors (who consume the farm produce) is more conservative than the use of a residential-only 

receptor. For the evaluation of carcinogenic risk, all adult farmers were assumed to be exposed 

for their entire 70-year life spans. The risk estimate for the on-property resident farmer is the 

most-elevated and exceeded the target risk range by at least an order of magnitude. Risks for the 

trespassing child and expanded trespasser are within the target risk range for both carcinogenic 

and noncarcinogenic effects. The risks for the groundskeeper are within the target range for the 

noncarcinogenic effects and are slightly above the carcinogenic target level. The risks €or the off- 

property farmer are borderline for all exposure scenarios, with the noncarcinogenic HI causing 

the most concern. 
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K11.4 PATHWAYS 

The pathways considered in this CRARE are: 

0 Inhalation of radon gas and particulates 
Incidental ingestion of soil and sediment 

0 Dermal contact with soil and sediment 
0 External radiation exposure 
0 Ingestion of groundwater 

Ingestion of farm products (milk, meat, and vegetables) 
0 Ingestion of surface water 

For this CRARE, the major pathways of concern were found to be the inhalation of fugitive 

particulates, the consumption of drinking water, and the indirect pathway of particulate deposition 

on vegetables. External radiation was a significant pathway of concern for all on-property 

IO 

I 1  

12 

receptors. The major uncertainty relating to the inhalation pathway is the resuspension rate of 13 

1 1  fugitive particulates. The specific concern €or this factor is discussed in Section K11.7. 

e K11.5 POSTREMEDIATION RESIDUAL RISK I 

The estimated risks from the FEMP are summarized in Table K11-1 and presented in graphical 

format in Figures Kll-2 and Kll-3. Table K11-1 presents a 52-year adult exposure combined 

with the child and youth to produce a calculated lifetime cancer risk. This number represents a 

2 

3 

4 

more-accurate 70-year lifetime exposure. 5 

Tables K l l - 2  through Kll-4 present a breakdown of the risks associated with each receptor by 6 

pathways and subsequent major contributing COCs. The adult farm resident has been selected to 

represent the on- and off-property residence under all three scenarios. The adult off-property 

resident - has _ _  not been included under the Future -. - Land Use Without Federal Ownership scenario 

as the risk is the same as under the Future Land Use With Federal Ownership scenario. The 

residential risks from the remediated FEMP are summarized below. 

7 

8 

9 

10 

1 1  
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TABLE K.11-1 

SUMMARY OF ILCR AND HI FOR ALL 
RECEPTORS, ALL SCENARIOS 

Current Land Use 

RME Receptor ILCR 

Groundskeeper 
Trespassing Child 
Off-Property Resident Farm 

Adult” 
Youth 
Child 
Lifetime 

4.7 x lo4 
2.0 10-5 

1.0 x lo4 
1.9 10-~ 
7.5 10-5 
1.7 x lo4 

Future Land Use With Federal Ownership 

4.2 x lo-‘ 
7.8 x 10-2 

1.1 x 10’ 
1.8 x 10’ 
3.1 x 10’ 

NA 

RME Receptor ILCR HI 
~ ~ ~~~~ 

Expanded Trespasser 
Off-Property Resident Farm 

Adult” 
Youth 
Child 
Lifetime 

2.7 10-~ 

9.0 10-5 
1.6 10-5 

8.9 x 10-5 
6.6 x 10“ 

Future Land Use Without Federal Ownership 

1.2 x 10-1 

1.1 x loo 
1.8 x loo 
3.1 x 10’ 

NA 

RME Receptor ILCR HI 
On-Property Resident Farm 

Adult” 
Youth 
Child 
Lifetime 

Off-Property Resident Farm 
Adult” 
Youth 
Child 
Lifetime 

1.1 x 
2.3 10-3 
3.6 10-3 
1.4 x 

9.0 x lo-’ 
1.6 x 10” 
6.6 x 10“ 
8.9 10-5 

6.4 x 10’ 
1.0 x lo2 
2.4 x lo2 

NA 

1.1 x 10’ 
1.8 x 10’ 
3.1 x 10’ 

NA 

a The resident farm adult ILCR values are based on a 70-year exposure period. To obtain the total 
lifetime risk, the adult values were multiplied by 52/70 before adding to the youth and child risks. 

NA = Not applicable or not available 
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- TAB= Rll-2 
1 .  

e 
PATHWAY RISKS: CURRENT LAND USE SCENARIO 

Drinldng 
Water 

GI 
HI 

Co 1 . 9 ~  10 
Ba 2 . 7 ~  10 

Total 2 . 4 ~  10 
Sb 3 . 9 ~  10 
As 2.7 x 10 

Total 9 . 7 ~  10 

As 3.1 x 10 
Ba 1.1 x 10 
Sb 4.6 x 10 

Total 8.4 x 10 
NA 

NA 

NA 

NA 

NA 

NA 

TOUI 4 . 2 ~  i a  

As 3.1 
Cr 2.0 10.' 
U-238 2.2 
U-234 1.8 x 10.7 
Rn-222 1.6 x 10' 

Total 1.3 x 10" 

Aroclor-1254 1.3 x 10" 
Armlor-1260 1.4 x 10" 
As 5.0 x 10" 

Pb-210 5.2 x 10" 
Sr-90 2.7 10.7 

Total 1.5 105 

Aroclor-1260 9.6 x 10" 
Aroclor-1254 9.5 x 10" 

Total 2.1 10.5 

NA 

~ 

NA 

NA 

NA 

Ra-226 1.7 x 10" 
Th-228 1.6 x 10" 
Ra-228 8.1 x lo5 

Total 4.4 x 10"' 

NA 

Total 4.7 x lo" 

I 

Co 3.3x10.2 As 2.5 x lo4 Co 8.5 x 10 '  As 3.8 x 10" 
Ba 4 . 6 ~ 1 0 . ~  Cr 1 . 6 ~ 1 0 ~  Ba 1 . 7 ~  10' Cr 2.8 x 106 

U-238 8.6 x lo4 U-238 2.5 10.~ 
U-234 7.2 x lo4 U-234 2.1 10" 
Rn-222 6.3 x lo4 Rn-222 1.5 x 10.' 

Total 4.1 x loe2 Total 3.3 x loe7 Total 1.1 x 10' Total 8.6 x 10" 

Sb 6.7 x lo3 Aroclor-1260 1.1 x NA NA 
As 4.6 x l o3  Aroclor-1254 1.1 x lo' 

Sr-90 1.3 x lo4 
As 4.1 x 

Pb-210 2.6 X 

Total 1.6 x 10" Total 1.0 x 10" 

Sb 1.1 x lo2 Aroclor-1260 1.1 x 10" NA NA 
Ba 

Total 2 . 1 ~ 1 0 ~  

2.7 x 10" Aroclor-1254 1.1 x 10" 

Total 2 4  x lo4 
NA NA NA U-238 5.0 x 

U-234 4.8 x 10" 

Total 9.9 x 10" 
NA TI 4.2 x IO" ArocI-1254 6.3 x lo-' 

Hq 4.7 x l o5  Arocl-1260 2.5 x 10' 
u-238 1.6 x 10' 
U-234 1.5 x 10' 

Total 1.8 x lo4 Total 1.3 x 10.' 

Cd 1 . 2 ~  10' Arocl-1254 5.4 x 10' 

U-234 1.9 x 10-7 

Total 6.3 x l o 5  Total 6.5 x lo-' 

As 3 . 9 ~  lo4 Arocl-1254 3 . 4 ~  IO4 
Arocl-1260 3.1 x 
U-238 2.8 x 20" 
U-234 2.7 x lo6 

NA I 
NA NA D O P ~  2.1 x l o 5  ~roc1-1260 2.0 x io7 

U-238 2.0 x 10-7 

NA NA Sb 6 . 9 ~ 1 0 "  As 2.0 x 10.7 

NA 

NA 

~ o t a i  1.4 x 10" ~ o t a i  6.0 x 10" 

Ra-226 8.6 x 10" NA NA 

Ra-228 2.3 x 10" 
Th-228 4.3 x 10" 

I Total 1.6 105 

u-234 3.9 x 1 0 - l ~  
u-238 4.1 x 10-l~ NA NA 

Total Total 8.2 10-l~ 

1.0 x 10-4 Total 7.8 x 10.' Total 2 O x  los Total 1.1 x 10' Total 



NA 

rota1 

rota1 

rota1 1 . 2 ~  10.' 

Th-228 7 . 2 ~  10' 
Ra-226 5.2 x 10.' 
Ra-228 2.7 x IO-' 

Total 1.6 x 1 0  

Sr-90 4.0 x 10" 
U-238 6.2 x 10" 
u-234 5.9 x lo-" 

Total 5.2 x 10.' 

Total 2.7 x 1d 

TABLE Kll-4 

FEDERAL OWNERSHIP" 
PATHWAY RISKS: FUTURE WITHOF 

TABLE K11-3 
PATHWAY RISKS: 

FUTURE LAND USE WITH FEDERAL OWNERSHIP 

ly Farm Adult y Farm Adult ........ .:. .............................. ........................................ ................ :.:.:_:. ..... .............................. .:: ....... .................. .> .:.:... 7 ........... ...... 
Pathway 

Off-Pro] 

tll LEGEND: 
(FOR TABLES K.11-2 THROUGH K . 1 1 - 4 )  

'alhway 
ohalatioa 

ngation (Sod) 

Co 8.5 x 10.' 
13a 1.7 x lo-' 

'rota1 1.1 x 10' 

4.9 3.8 x I O 6  
3 2.8 x 
J-238 2.8 x 

tn-234 2.1 x IUS 
.J-234 2.5 1 0 . ~  

~ 2 2  I .o I 04 

6.9 x 
5.2 x 

As 
Cr 
Rn-222 3.6 x 10.' 
u-238 5.5 

Ba 3 . 7 ~ 1 0 '  
Co 1 . 4 ~  10' 

Inhalation 

Total 1.9 x Total 1.9 x 10' 
Sb 1 . 9 ~  lo-* 

Ba 1 . 3 ~ 1 0 '  
As 2.1 x IO1 

NA As 1.1 104 
Arocl-1260 5.3 x IO-' 
~a-231  1.0 x io5 
Pb-210 2.0 x lo4 

NA 

Rn-222 3.6 x IO' 

Total 6.5 x lo-' Total 4.9 104 

Arocl-1254 9.0 x 10.' 
Arocl-1260 1.0 x 

Total 2.3 x 100 Total : 1.9 x lo4 Sb 6 . 2 ~  lo-' 
As 6.8 x lo3 
Ba 4.1 x 10' 

Total 1.6 x lo-' 

NA NA 

NA 

Total 
n 4.3 x 10- 
Hq 4.8 x 10 

Total 1.8 x 10- 

DOPb 2.3 x 10- 
cd 1.2x 10- 

Total 6.6 x 10- 

Total 2.1 10.~ 

U-238 5.3x 107 
U-234 5.5x107 

Total 1.1 x 10-6 

AroCl-mo 1.8 x 10'~ 
U-234 1 . 2 ~  

Total 8.7 

Arocl-1254 5.4 x 

U-238 1.3 x 

Arocl-1254 4.7 x lo4 
Arocl-1260 1.4 x lo3 

U-238 1 . 6 ~ 1 0 "  

Total 1.9 x l$ 

u-234 1.5x lo@ 

Total 

I Totai 

i-238 1.3 x 10.' 
U-234 1.2 x lo-' 

Drinking 
Water 

NA NA I Irinking Water NA 

rotat 2.5 x 10.' 

Arocl-1254 6.3 x 10' 
Arocl-1260 2.5 x 10" 

1.6 x 10" Pa-231 
Cs-137 1.7 x 10." 

cd 2.0 x 10' 
Hg . 1 . 8 ~  10' 
Zn 4 . 2 ~  IO' 

lngcstion (Meat] Ingestion 
(Meat) 

rota1 1.0 x 10: 

Arocl-1260 2.0 x 10" 
Arocl-1254 5.4 x 10.' 
u-238 1.1 x lo-! 
u-234 1.1 x lo! 

Total 2.6 x IO-' 
As 2.1 x 10' 
Arocl-1254 3.4 x 10'' 
Arocl-1260 3.1 x 10'  

u-238 1.7 x 10.' 
Pb-210 1.2 x 10" 

u-234 1.6 x in-' 

Total 2.6 x.10' 

Cd 1.5 x 10' 
Zn 1 . 7 ~  10' 

logation (Dairy Iogestion 
(Daw) @ Hypotheticol RME Receptor 

@ Significant COCs ond their 

@ Pothwoy Total (includes all COCs) 

@ Pathwoy or Route of Exposure 

@ Receptor HI/ILCR Totals 

contr ibut ion to HI/ILCR 
Total 4.3 x 10' 

Sb 6 . 9 ~  10' 
As 3.9 x 10 

Total 1.4 x 10' 

Ba 4.9 x 10' 
cd 1.2x 10 

Ingestion 
(Vegetables and 
Fruit) 

lngeslion 
OTegaabl- 
and Fruit) 

Dired 
Radiation 

HI = Hazord Index 

ILCR = Incremento1 Li fet ime 
Concer Risk 

Total 4.8 x 10- Total 3.1 x 10 

NA NA NA Dired Radiatioi 

NA = Not Applicoble 

Total 

I NA NA NA NA Ingestion 
(Wading) 

-on 
(wading) 

. . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  ................. ................ 
. . . . . . . . . . . . .  ...................... ..................... ..................... . . . . . . . . . . . . . . .  . . . .  

aNot shown: the Off-Property Form 
Adult, which is identical under the 
Future Lond Use with Federol Ownership 
scenario (see Toble K . l  1-3). 

bDOP = Di-n-oclyl phtholote 

369 
Total 1.1 x 10 Total 9.0 x 10' .. ~ . :  .... :., .................. :.: . .:.::.. .:; .:,; ....... ~:,:,~;~...~:.:.::.: ::y .................... :::.:..::A. ... ..................... 
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Current Land Use Scenario -5042 
Table K l l - 2  summarizes the pathway-specific risks for the Current Land Use receptors. The off- 

property farm receptors have a life-time cancer risk at the 10" risk level, primarily due to the 

inhalation of particulate and, to a lesser extent, the consumption of groundwater from the south 

plume. Carcinogenic risks for the trespassing child are within the 10" to 10" range. The major 

pathway is direct radiation exposure from Th-228, Ra-226, and Ra-228. The groundskeeper is 

above the target risk range by roughly a factor of 5, primarily due to direct radiation exposure 

from Ra-226 and Th-228. 

The noncarcinogenic HIS are below 1.0 for the groundskeeper and the trespassing child, and are 

above 1.0 for the off-property resident farm receptors. This is primarily due to the inhalation of 

particulate containing metals such as cobalt and barium. 

Future Land Use With Federal OwnershiD Scenario 
The risks for receptors under the Future Land Use With Federal Ownership scenario are 

summarized by pathway in Table Kll-3. The risk results for the off-property receptors are 

similar to those found in the Current Land Use scenario. Carcinogenic risks are within the range 

of 10" to 10" with the major pathways being inhalation of particulate containing uranium and the 

ingestion of drinking water. 

Noncarcinogenic HIS exceed the 1.0 target level for the farm receptors due to inhalation of cobalt 

and barium in particulate matter. 

The carcinogenic risk and noncarcinogenic HI for the expanded trespasser are within the target 

ranges. The major contributors through the direct radiation exposure pathway are Th-228, Ra- 

226, and Ra-228. 

Future Land Use Without Federal OwnershiD Scenario 
Table K l l - 4  summarizes the risks under the Future Land Use Without Federal Ownership 

scenario. Carcinogenic risks exceed the target level of lo4 to 10" for the on-property resident 

farm receptors (adult, youth, and child) due to ingestion of farm food products (Aroclor 1260 and 

arsenic), incidental ingestion of soil (arsenic and Pb-210), dermal contact with soils (Aroclor 

1260), and external radiation from Ra-226 and Th-228). The inhalation of particulate containing 

uranium isotopes also give risks above the lo4 level for all on-property receptors. 
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receptors (adult, youth, and child) all exceed the HI of 1.0, primarily due to 

intake through ingestion of meat, vegetables, and dairy products grown on the FEMP. The 

principal COCs are mercury, cadmium, barium, arsenic, and zinc. 

The off-property resident farm receptors (adult, youth, and child) have the same risk as for the 

Future Land Use With Federal Ownership scenario for both the HI and the ILCR. 

The elevated HIS for the on-property farm receptors are due to inhalation, and should be 

considered conservative. This can be attributed to the use of conservative toxicity factors for 

cobalt and barium as well as the conservative nature of the dust resuspension model. In fact, 

these HIS may be overestimated by a factor of 100. The presence of the Aroclors is due to the 

very conservative biotransfer factors in the foodchain modeling. See Section K11.7 for more 

information. 

K1 1.6 OPERABLE UNIT CONTRIBUTIONS TO RISK 

Table Kll-5 presents the contributions to total risk by the various operable units, and by the 

transport pathways of air, groundhrface water. and soil. The partitioning was performed by 

calculating the relative portions of FEMP remediated materials remaining on site. 

Operable Unit 4 Contributions to FEMP Residual Risk 

Operable Unit 4 contributes very little to the carcinogenic and noncarcinogenic risks. The 

majority of the COCs from Operable Unit 4 will be removed off-site or isolated in the vaults, 

away from human contact and the environment. Less than 4 percent of radionuclide emissions 

are from Operable Unit 4 under the Current Land Use scenario. 

Operable Units 1 and 2 Contributions to FEMP Residual Risk 

The nature of the RCRA-type caps €or residual waste in these two operable units precludes these 

sources from contributing significant risk to human health or the environment. These operable 

units are estimated to contribute less than 0.01 percent of total site risk to any one receptor 

under any scenario evaluated. 

Operable Unit 3 and 5 Contributions to FEMP Residual Risk 

Operable Unit 5 contamination is associated with almost all of the residual risk after FEMP 

remediation. Under the Current Land Use scenario, approximately 99 percent of radionuclide 

4 

5 

1 

7 '  

8 

10 

1 1  
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TABLE Kll-5  

OPERABLE UNIT' CONTRIBUTIONS TO RISK 

Contributions to Radiological Risk 
Airmadiation Fxposure 

Contribution (%) 

RME Receptor 

Expanded Trespasser 

Off-Site Resident 

On-Site Resident 

<0.01 co.01 c0.01 1.92 98.08 

<0.01 co.01 CO.01 0.73 99.27 

<0.01 c0.01 <0.01 0.54 99.46 

Contniutions to Radiological and Chemical Risk 
COC Mass Loading in GroundBurface Water 

Contriiution (%) 

RME Receptor o u 1  ou2 OU3 OU4 OU5 

COC MassEotal Mass (mg/l) co.01 <0.01 <0.01 3.60 96.40 

Contributions to Carcinogenic Risk 
Ingestion of and Dermal Contact with Soil 

- . -  - -  ._ _ _ - _  

Contriiution (%) 

RME Receptor OU1 OU2 OU3 OU4 OU5 

Expanded Trespasser - 

On-Site Resident 

FEWOUICRARECI 1 /SO.CIII 2- 14-93 

<o.m co.01 <O.C!! 1-93 98.07 

<0.01 c0.01 co.01 1.93 98.07 
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emissions are from Operable Unit 5 (the former production area soils and the remaining FEMP 

surface soil). The soil beneath the former production area accounts for approximately 60 percent 

of the off-property resident risk. It also accounts for 35 percent of the on-property 

groundskeeper and trespasser risk associated with direct inhalation of radionuclides: 

Under the two Future Land Use scenarios, atmospheric emissions from Operable Unit 5 result in 

the largest contributions to inhalation pathway cancer risks. Over 99 percent of the total 

radionuclide emissions are from Operable Unit 5 areas, indicating that this operable unit is the 

major contributor to the inhalation pathway risks. The soil beneath the former production area 

accounts for approximately 75 percent of the on-property resident cancer risk, 60 percent of the 

off-property resident risk, and 35 percent of the expanded trespasser's cancer risk associated with 

direct inhalation of radionuclides. Surface soil from the remainder of the FEMP accounts for the 

remaining risks. 

Current groundwater modeling predicts that the highest cancer risk in this pathway will be 

associated with COCs leaching from the site-wide soil, which will be addressed by Operable Unit 

5. An important consideration is that the accuracy of the groundwater modeling depends on the 

representativeness of the geochemical and vadose zone transport modeling. These processes are 

affected by many parameters, some of which vary by orders of magnitude across the site. 

Additional field investigations of vadose zone parameters are planned in the summer of 1993 for 

Operable Unit 5. The use of a numerical, multi-dimensional vadose zone model, rather than the 

analytical ODAST model, is also being evaluated. These developments should reduce the 

uncertainty associated with the geochemical and vadose zone simulations, and may cause major 

changes in the groundwater modeling results. 

K 11.7 SUMMARY OF UNCERTAINTIES 

The preparation of this CRARE for Operable Unit 4 employed conservative assumptions and the 

best scientific and engineering judgement, consistent with the EPA guidance expressed in RAGS 

(EPA 19891). The risk principals and equation found in the RAWPA were used throughout this 

analysis. The exposure parameters found in the Operable Unit 4 RI were used in this CRARE. 

Deviations are summarized in Section K2.5. Results of the CRARE have identified points of 

departure from target risk ranges, as discussed in the NCP. 
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Inhalation of particulate and radon is a principal component of the carcinogenic and 

noncarcinogenic risks that exceed the target ranges. Another significant contributor is the 

deposition of dusts on crops and the subsequent uptake of C O G  into the foodchain by plants. 

The two major elements of uncertainty in these pathways include the dust emission rate and food 

consumption parameters. The development of emission factors for air modeling and the use of 

the modeling results for the subsequent inhalation intake are likely overestimated. This potential 

overestimate is inherent in the RAWPA emission rate model, which was developed for short-term 

emissions. After using these models, it appears that some tend to misrepresent the actual 

scenario. For example, the assumptions used in the Rapid Assessment Model for particulate 

emission generation may be inappropriate and may not reflect the true nature of the long term 

scenarios evaluated in the CRARE. 

The critical assumptions in this model are the percent of vegetative cover, the resuspension rate 

at different wind speeds, and the surface characteristics of exposed soils. In this CRARE, a 

J 

5 

6 

7 

8 

9 

IO 

1 1  

12 

13 

percent vegetative cover of 85 percent was assumed, which is a realistic value. The model is not 14 

15 

16 

17 

18 

designed to accurately produce different emission rates with different wind speeds and classes 

because the algorithm is designed for annual averages. The algorithm’s effect on the varying 

emissions is unknown. A potential source of over- conservatism is the assumption that the 

uncovered surfaces were relatively smooth and consisted of loose, fine, silty particles. 

One hundred percent of the food consumed by the on- and off-property farmers was assumed to 19 

20 

21 

22 

come from their farms. This assumption is both conservative and unlikely. The nature of the 

uncertainties associated with the RAWPA and other assumptions for the CRARE are summarized 

below and in Table Kll-6. Essentially, the uncertainties can be characterized by the following: 

COC Selection. There are no major uncertainties in the selection of COCs for any of the 

pathways’ receptors. 24 

23 

Toxicological Information and Models. The inhaiation pathway risks are likely to be 

overestimated due to the conservatism of the inhalation RfDs and cancer slope factors. It is 

unlikely that any major exposure pathways have not been evaluated. 0 
25 

26 

27 
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Exposure Pathwavs. It is unlikely that any major exposure pathways have not been evaluated. 

Receutor Characterization. Due to the range of receptors selected, it is unlikely that a significant 

receptor has been left out. It must be noted that the use of a resident farm receptor is more 

conservative than the use of a residential receptor. 

Exuosure Point Concentrations. Preliminary calculations have indicated that the fugitive 

particulate emissions model may be overestimating emissions. The applicability of the model 

needs to be further investigated and will be addressed in the Operable Unit 1 CRARE. The 

surface characteristics of the remediated FEMP need to be more fully characterized. The major 

uncertainty relating to groundwater modeling is due to source term uncertainty and the quantity 

of material leaching out of the disposal areas over time. This is also an uncertainty relating to 

rate of leaching (i.e., partitioning factors) from surface soil materials. 

K11.8 RECOMMENDATIONS 

Because the majority of the FEMP residual risk is associated with Operable Unit 5, future 

CRAREs should focus on refining and completing information on this unit. For example, more 

accurate modeling of COC concentrations less than the PRGs for the Operable Unit 5 soils would 

decrease risk. Additional recommended measures to reduce uncertainty in the CRARE are 

presented in Table Kll-6. 

Further research should be conducted on groundwater modeling parameters (e.g., K,,) that are 

FEMP or operable-unit-specific. With better & values, groundwater modeling would become 

more accurate and probably less conservative. Bench-scale testing of how remediated soil 

conditions will change may be warranted. Investigations should be conducted into the physical 

characteristics of the remediated soils and into developing an appropriate fugitive particulate 

emission model for long-term risk analysis. 
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11 
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17 
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21 
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24 
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26 

27 

28 

29 

3a 

31 

32 

33 
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INPUT FILES TO ODAST MODELING 
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U-238 Input File for ODAST Model 

K-1-1 4 3 1 



1 
EWMF FOR CRU-4 

1 1 
1 5.653E+08 
2 

70 71 85 
69 71 86 
0 

EWMF FOR CRU-3 
2 2 
1 2.634E+12 

31 
72. 73 
71 
76 
75 
72 
70 
69 
73 
72 
69 
70 
69 
66 
65 
64 
63 
60 
59 
59 
58 
56 
55 
54 
54 
51 
50 
49 
50 
52 
53 
55 
0 

71 
76 
75 
74 
71 
69 
73 
72 
71 
70 
69 
68 
65 
64 
63 
61 
62 
63 
63 
57 
63 
62 
61 
53 
60 
59 
59 
58 
57 
56 

82 
81 
79 
78 
77 
78 
78 
75 
73 
72 
69 
68 
67 
68 
68 
69 
63 
62 
61 
59 
59 
58 
57 
55 
55 
53 
52 
51 
50 
49 
48 

EWMF FOR CRU-1 
3 3 

U-238 INPUT FILE FOR ODAST MODEL 

FEMp-OU4CRARE4-DRAFT 
December 1593 

0.0 0 
7,00E+00 8.476E+01 9.453E+00 U-238 

85 
86 

0. 0 
1.787E-03 8.476E+Ol 9.4533+00 U-238 

82 
82 
80 
80 
81 
80 
78 
76 
76 
77 
71 
71 
72 
71 
70 
69 
63 
62 
61 
60 
59 
58 
57 
56 
55 
53 
52 
51 
50 
49 
48 

0.0 0 
1 4.136E+12 1.320E+01 8.476E+01 9.453E+00 U-238 
8 

43 44 102 102 
45 45 101 102 
46 47 100 102 
48 49 99 102 
50 53 98 102 
51 52 97 97 
54 54 99 102 
55 55 101 102 
0 

%-&C-&~-H-WTE LMJDFILL K-1-3 



4 4 0.0 0 FE?v€P-OU~CFURE~-DRAFT 
1 1.083E+09 3.610E-03 8.476E+01 9.453E+00 U-238 
3 

December 1993 

51 52 93 93 
50 52 92 92 
50 51 91 91 
0 

CRU-2 : NORTH LIME SLUDGE POND 
5 5 0.0 0 
1 4.3373+07 6.322E-04 8.476E+01 9.4533+00 U-238 
1 

0 
CRU-2 : SOUTH LIME SLUDGE POND 

6 6 0.0 0 
1 8.782E+07 6.322E-04 8.476E+01 9.453E+00 U-238 
1 

0 
CRU-2 : FLYASH AND SOUTH FIELD 

7 7 0.0 0 
1 6.467E+09 4.320E-03 8.476E+01 9.453E+00 U-238 

42 43 81 81 

42 43 80 80 

10 
30 31 65 65 
29 31 64 64 
29- 32 63 63 
31- 33 62 62 
30 33 61 61 
30‘ 32 60 60 
30 31 59 59 
29 30 58 58 
30 30 57 57 
32’ 33 55 57 

0 
CRU-3 : WEST OF PLANT AREA 

8 8 0.0 0 
1 8.742E+08 5.563E-01 8.476E+01 9.453E+00 U-238 
5 

41 41 88 88 
40 42 87 87 
39 43 86 86 

41 42 84 84 
39 42 a5 85 

0 

9 9 0.0 0 
1 4.080E+08 5.563E-01 8.4763+01 9.453E+00 U-238 
3 

CRU-3 : EAST OF PLANT AREA 

65 65 64 64 
64 67 63 63 
65 66 62 62 
0 

CRU-4 : SILOS 1 2 & 3 
10 10 0.0 0 
1 1.0833+07 1.50E-00 8.476E+01 9.453E+00 U-238 
4 
36 37 87 87 

m~BBc-.c4n85-93 86 ./i 3 f3 K-1-4 



34 36 84 84 
34 35 83 83 

CRU-3 : PLANT 2/3 AREA 
0 

11 11 0.0 0 
1 9.325E+08 5.5633-01 8.476E+O1 
1 

0 
47 50 76 79 

CRU-3 : PLANT 6 AREA 
12 12 0.0 0 
1 4.6623+08 5.563E-01 8.476E+01 
3 

57 58 70 72 
58 58 73 73 
59 59 72 72 

CRU-3 : PLANT 9 AREA 
0 

13 13 0.0 0 
1 4.662E+08 5.563E-01 8.476E+01 
3 
58 60 74 75 
57 57 75 75 
58 58 76 76 
0 

CRU-3 : OTHER MAIN PLANT-BUILDINGS 
14 14 0.0 0 

27 
52 54 89 90 
51 56 66 88 
57 58 86 87 
59 60 86 86 
57 62 84 85 
57 63 77 83 
64 65 79 83 
64 64 78 78 
59 63 76 76 
74 75 74 75 
59 61 73 73 
60 61 72 72 
59 60 70 71 
57 58 68 69 
57 57 65 67 

. 54 56 64 65 
50 50 87 88 
49 50 80 86 
47 48 81 83 
47 48 80 80 
45 46 76 80 
44 50 70 75 
48 50 68 69 
49 50 67 67 
44 44 86 88 
43 43 71 76 
42 42 72 74 

1 4.403E+09 2.553E-02 1.231E+03 

0 
p-@TC-4/l2-14-93 

;. , '  
FEh4P-OU4CIURE4DkAFT 

December 1993 

9.4533+00 U-238 

9.4533+00 U-238 ' 

9.4533+00 U-238 

9.453E+OO U-238 

K-1-5 . . 
: ! 



FEMP-OU4CRARE4-Dw 0.0 1 

a- December 1993 

@ 5041, '15 
1 7.527e+06 0.201e+00 8.476B+01 9.453E+00 U-238 
1 

20 64 56 102 
0 

, 



EUMF FOR CRU-4 

EWF FOR CRU-3 

EWF FOR CRU-1 

CRU-2 : SOLID UASTE LANDFILL 

1 0.5118 .039 -02642 

2 0.5118 ; .039 -02642 

3 1.4890 -039 -02642 

4 0.1752 .039 .02642 
CRU-2 : NORTH LIME SLUDGE POND 

5 0.1752 .039 -02642 
CRU-2 : SOUTH LIME SLUDGE POND 

CRU-2 : FLYASH AND SaJTH FIELD 

CRU-3 : WEST OF PLANT AREA 

CRU-3 : EAST OF PLANT AREA 

CRU-4 : SILO 1 2 8 3 

CRU-3 : PLANT 2/3 AREA 

CRU-3 : PLANT 6 AREA 

CRU-3 : PLANT 9 AREA 

CRU-3 : OTHER MAIN PLANT AREA 

6 0.1752 .039 -02642 

7 0.1752 .039 .02642 

8 7.5000 .039 -02642 

9 7.5000 .039 -02642 

10 6.0000 .039 -02642 

11 0.7500.  .039 .02642 

12 0.7500 .039 .02642 

13 0.7500 .039 .02642 

14 7.5000 .039 -02642 

15 7.5000 .039 -02642 
perched water 

.340 

-340 

.340 

.uo 

.340 

.340 

. s o  
-340 

.340 

-340 

.340 

.340 

.340 

.uo 
-340 

.09 45.00 

.09 45.00 

.09 45.00 

-09 45.00 

.09 45.00 

.09 45.00 

-09 45.00 

.09 45.00 

.09 45.00 

.09 45.00 

.09 45.00 

.09 45.00 

.09 45.00 

-09 45.00 

-09 45.00 

.39 F"-OU4CIWRE4DRAIT 
December l b 3  

-39 

.39 

, -  

.39 

-39 

-39 

-39 

-39 

-39 

.39 

-39 

-39 

-39 

-39 

-39 

K-1-7 4.3 6 
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FEMP-OU4CRARE4DFWJT 
December 1993 

TC-99 Input File for ODAST Model 

K-1-9 



TC-99 INPUT FILE FOR ODAST MODEL 

1 F%MP-OU4ClWRE4-DM 
EWMF FOR CGU-3 December 1993 

1 1 loo. 0 
1 2.61 5E+04 1.055E-03 TC-99 

31 
72 73 82 82 
71 71 81 82 
76 76 79 80 
75 75 78 80 
72 74 77 81 
70 71 78 80 
69 69 78 78 
73 73 75 76 
72 72 73 76 
69 71 72 77 
70 70 69 71 
69 69 68 71 
66 68 67 72 
65 65 6.3 71. 
6 4 6 4 6 8 7 0  
63 63 69 69 
60 61 63 63 
59 62 62 62 
59 63 61 61. 
58 63 59 60 

55 63 58 58 
54 62 57 57 
54 61 55 56 
51 53 55 55 
50 60 53 53 
49 59 52 52 
50 59 51 51 
52 58 50 50 
53 57 49 49 
55 56 48 48 
0 

2 2 100.0 0 
1 4.280E+07 3.359E-06 TC-99 
8 

43 44 102 102 
45 45 101 102 
46 47 100 102 
48 49 99 102 
50 53 98 102 
51 52 97 97 
54 54 99 102 
55 55 101 102 
0 

3 3 0.0 0 
1 5.1 07E+03 1.055E-03 TC-99 
FERx)u4cRARE.m.c4I22-14-93 K-I- 1 1 

56 57 59 59 

EWMF FOR CRU-1 

CRU-3 WEST OF PLANT AREA 



41 41 88 88 3 

40 42 87 87 
39 43 86 86 
39 42 85 85 . 
41 42 84 84 
0 

4 4 0.0 0 
1 2.383E+03 1.055E-03 Tc-99 
3 

65 65 64 64 
64 67 63 63 
65 66 62 62 
0 

5 5 0.0 0 
1 1.81 8E+05 1.055E+00 Tc-99 

17 
39 52 62 65 
44 57 66 83 
42 43 69 79 
41 41 70 78 
40 40 70 76 
39 39 71 75 
38 38 72 73 
53 56 65 65 
53 53 62 64 
58 59 69 87 
60 61 72 86 
62 63 75 84 
64 65 78 83 
66 66 80 82 
46 57 84 87 
48 56 88 89 
50 54 90 90 
0 

CRU-3 : EAST OF PLANT AREA 

CRU-3 : MAIN PLANT BUILDINGS 

e December 1993 

K-1-12 



EWMF FOR CRU-3 
' 1 0.51 1 8 .039 .02642 .340 .09 1 45.00 .39 

2 1.4890 .039 .02642 .340 .09 45.00 .39 

3 7.5336 .039 .02642 .340 .09 ' 45.00 .39 

4 7.5336 .039 .02642 .340 .09 .45.00 .39 

5 7.5336 .039 .02642 .340 .09 45.00 .39 

@ EWMF FOR CRU-1 

CRU-3 : WEST OF PLANT AREA 

CRU-3 : EAST OF PLANT AREA 

CRU-3 : MAIN PLANT BUILDINGS 

.I. 

FEMF-OU4CRARE-4-DRAlT 
'' December1993 

. 

. 

K-I- 13 



- . 1 20. 8.9116E-09 1.75E+00 1.80E+00 - TC-99 

. 

. 

K-I- 14 

0 -  December 1993- 



FERJC)U~CRARELUFT.C-~/I~-~ 4-93 

2-Chlorophenol Input File for ODAST Model 

K-1-15 
. 



c 

2-CHLOROPHENOL INPUT FILE FOR ODAST MODEL h - 5 0  41 
1 
EWMF FOR CRU-3 

1 1 100. 0 
1 1.087E+07 0.1 90E+00 2chloro 

31 
72 73 02 02 
71 71 01 02 
76 76 79 00 
75 75 70 00 
72 74 77 01 
70 71 70 00 
69 69 70 70 
73 73 75 76 
72 72 73 76 
69 71 72 77 
70 70 69 71 
69 69 60 71 
65 68 6; 7f 
65 65 68 71 
64 64 60 70 
63 63 69 69 
60 61 63 63 
59 62 62 62 
59 63 61 61 
58 63 59 60 

56 57 59 59 
55 63 50 58 

FEh4P-OU4CRARE4Dm 
December 1993 

54 62 57 57 
54 61 55 56 

50 60 53 53 
49 59 52 52 
50 59 51 51 
52 58 50 50 
53 57 49 49 
55 56 40 48 
0 

2 2 0.0 0 
1 2.081E+06 1.533E-02 2chloro 
1 

32 33 55 57 
0 

3 3 0.0 0 
1 2.347E+07 O.l90€+00 2chloro 
5 

41 41 80 88 

51 53 55 55 

CRU-2 : ACTIVE FLYASH PILE 

CRU-3 : WEST OF PLANT AREA 

40 42 07 07 0 39 43 86 06 - 
3 9 4 2 8 5 8 5  
41 42 84 84 
&WU4CRAREvPr.C-4/l2-14-93 K-1-17 



. .  . .  . .  . . . .  
, . -. 9%; i . , 

$, ~ - 7.. 

44 4 0.0 0 
z1 1.094E+07 0.1 90E+00 2chloro 
3 

65 65 64 64 
6 4 6 7 6 3 6 3  
65 66 62 62 
0 

5 5 0.0 0 
1 8.343E+08 0.1 90E+00 2chloro 

17 
39 52 62 65 
44 57 66 83 
42 43 69 79 
41 41 70 78 
40 40 70 76 
39 39 71 75 
38 38 72 73 
53 56 65 65 
53 53 62 64 
58 59 69 87 
60 61 72 86 
62 63 75 84 
64 65 78 83 
66 66 80 82 
46 57 84 87 
48 56 88 89 
50 54 90 90 
0 

CRU-3 MAIN PLANT BUILDINGS 

_ _  . December 1993 

. 

.- 
. >  

4.4 5 
. )  ' , .  

FEWoU4CRAREMT..cQ/I 2-1 4-93 K-1-18 



EWMF FOR CRU-3 0 1 0.5118 -.a - .340 

2 0.6026 .039 .02642 .340 

3 7.5336 .039 .02642 .340 

4 7.5336 .039 .02642 .340 

5 7.5336 .039 .02642 .340 

CRU-2 : FLYASH AND SOUTH FIELD 

CRU-3 : WEST OF PLANT AREA 

CRU-3 : EAST OF PLANT AREA 

CRU-3 : MAIN PLANT BUILDINGS 

.0264 .09 4 00 . 

FEh@-OU4C~,4-Dl?-4FT . .  
December 1993; 

9 

.09 45.00 .39 

.09 45.00 .39 

.09 45.00 .39 

.09 45.00 .39 

. 

. 

K-I- 19 



a-  EMP-OV4C&YRE+DRAFI- - 

December 1993 
_ _  

1- -20. O.OOOE+OO -1.82E+O1 1-.43E+01- 2chloro - 

. 

K-1-20 



FERIOUQCRAREUF~..C-~~ 2-1 4-93 

FEMP-OU4CRARE%-DRAFT 
December 1993 

Cyanide Input File for ODAST Model 

K-1-2 1 



CYANIDE INPUT FILE FOR ODAST MODEL 

1 8 CRU-2 : SOLID WASTE LANDFILL 
1 1  0.0 0 
1 2.004€+07 2.846E-01 CYANIDE 
3 

51 52 93 93 
50 52 92 92 
50 51 91 91 
0 

2 2 0.0 0 
1 4.605€+07 1.554E-01 CYANIDE 
4 

30 31 65 65 
2 9 3 1 6 4 6 4  
29 31 63 63 
32 33 55 57 
0 

3 3 0.0 0 
1 9.049E+06 5.31 5E+00 CYANIDE 
5 

41 41 88 88 
40 42 87 87 

CRU-2 : FLYASH AND SOUTH FIELD 

-- - 
CRU-3 : WEST OF PLANT AREA 

39 43 86 86 

41 42 84 84 
a 39 42 85 85 

0 

4 4 0.0 0 
1 4.222E+06 5.315E+00 CYANIDE 
3 

65 65 64 64 
64 67 63 63 
65 66 62 62 
0 

5 5 0.0 0 
1 3.221 E+08 5.31 5E+00 

17 
39 52 62 65 
44 57 66 83 
42 43 69 79 
41 41 70 78 
40 40 70 76 
39 39 71 75 
38 38 72 73 
53 56 65 65 
5 3 5 3 6 2 6 4  
58 59 69 87 
60 61 72 86 
6 2 6 3 7 5 8 4  
g r l ~ ~ u q ~ p n 2 - 1 4 - 9 3  

CRU-3 : EAST OF PLANT AREA 

CRU-3 : MAIN PLANT BUILDINGS 

CYANIDE 

December 1993 

4 4 9 
K-1-23 



I, 50 41. 
w1c: 

1 :'I. - .  
66 -66 80 82 . 

0 

450  

K-1-24 
. 



CRU-2 : SQlID WASTE LANDFILL 
1 0.3327 .039 .02642 340 .09 45.00 -39 

CRU-2 FLYASH AND SOUTH FIELD ' 

CRU-3 : WEST OF PLANT AREA 

CRU-3 : EAST OF PLANT AREA 

2 0.6026 .039 .02642 .340 .09 45.00 .39 

3 7.5336 .039 .02642 .340 .09 45.00 .39 

4 7.5336 .039 .02642 340 .09 45.00 .39 

5 7.5336 .039 .02642 .340 .09 45.00 .39 
CRU-3 : MAIN PLANT BUILDINGS 

FEhP-OU4CRARE4-DRAFT 
December 1993 

. 

K-1-25 



1 5. 9.500E-04 1.27-E+00 1.21E+O0 CYANIDE e-  December 1993 

. 

I 

t 

.A - 3. 
.* 

l'E~U4CRAREUPT.C-4/l2-14-93 K-1-26 . 



A'ITACHMENT K.11 

U-238 MASS LOADING RATES TO THE SWIFT I11 MODEL 



-5QQ.l 
FEMP-OU4CRARE4DRAFT 

U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL December 1993 

TIME = 10.0 (YEARS) (LWDAY) 

EXTRA LOADING 0.7 7896E-01 

TIME = 20.0 (YEARS) 

EXTRA LOADING 0.1 3023E-01 

TIME = 30.0 (YEARS) 

EXTRA LOADING 0.94523E-02 

TIME = 40.0 (YEARS) 

EXTRA LOADING 0.68477E-02 

TIME = 50.0 (YEARS) 

EXTRA LOADING 0.49992E-02 

TIME = 60.0 (YEARS) 

EXTRA LOADING 0.361 71 E-02 

TIME = 70.0 (YEARS) 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRUQ : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PIAN 

10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 80.0 

1 EWMF FOR CRU-4 0 2 EWMFFORCRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
- H w s  

0.00000E +00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E +00 
0.00000E+00 
0.00000E+00 
0.00000E +00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E +00 
0.00000E+00 
0.00000E+00 
0.1 6963E-13 
0.26298E-02 

0.00000E +00 
0.00000E+00 
0.00000E +00 
0.00000E+00 
0 . 0 0 0 0 0 E ~ ~  1 

4 3 4  



U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL December 1993 

(Continued) 

6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PIAN 
9 CRU-3 : EAST OF PIAN 
10 CRU-4 : SILOS 1 2& 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 90.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3: 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 100.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PWN 

CRU-4 : SILOS 1 2 & 10 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 
~~u4CRAREllrSSO.C4/l2-14-93 

0.00000E+00 

0.00000E+00 
0.00000E +00 
O.OOOOOE+OO 
0.00000E +00 
0.00OOOE +00 
0.00000E+00 
O.OOOOOE+OO 

0.59580E-12 

0.30754E-11 
0.1 9073E-02 

0.00000E +00 
0.00000E +00 
0.00000E + 00 
0.00000E + 00 
0.00000E+00 
0.00000E + 00 

0.00000E+00 
O.OOOOOE+OO 
0.00000E + 00 
O.OOOOOE+OO 
0.00000E +00 
0.00000E + 00 
0.00000E + 00 

0.83391 E-10 

0.3351 3E-09 
0.1 3863E-02 

0.00000E+00 
0.00000E + 00 
0.00000E +00 
0.00000E+ 00 
0.00000E+00 
0.00000E +00 

0.00000E +00 
0.00000E+ 00 
0.00000E+00 
0.00000E +00 

0.00000E +00 
0.00000E +00 

0.23798E-08 

0.00000E+00 

0.93251 E-08 

47 '  0.1 0082E-02 
K-II-2 



F E m - O U 4 C F h t E - 4 - D m  
December 1993 U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 

TIME = 110.0 

1 EWMF FOR CRU-4' 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1. 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRV 4 : SiiOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 120.0 

1 a 2  3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

I 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 SOLID WASTE 
CRU-2 : NORTH LIME S 
CRU-2 SOUTH LIME S 
CRU-2 FLYASH AND S 
CRU-3 : WEST OF PLAN 
ZRU-3 EAST OF PLAN 
CRU-4 : SILOS 1 2 & 
CRU-3 PUNT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOAD~NG 

TIME = 130.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2': SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 

1- s4z24813 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

0.00000E+00 
0.00000E + 00 
0.00000E +00 
0.00000E +00 
0.00000E+00 
0.00000E +00 . 

0.2391 8E-07 ' 

0.00000E+00 : 

0.92785E-07 
0.73098E-03 

0.00000E+00 
0.00000E+00 
0.00000E + 00 
0.00000E + 00 
0.00000E+00 . 
0.00000E+00 : 

0.00000E+00 
0.00000E+00 
0.00000E + 00 
0.00000E + 00 
0.00000E+00 
0.00000E + 00 

0.1 1966E-06 

0.26299E-11 
0.46248E-06 
0.52933E-03 

0.00000E+00 
0.00000E+00 
0.00000E +00 
0.00000E+00 
0.00000E +00 
0.00000E +00 
0.37334E-06 . 
0.00000E+00 
0.00000E +00 
0.80784Wa-3 4 5 6  



.. , . .  . -  .. - . : 
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F E M P - O U 4 C R A R E 4 D m  
u-238 MASS LOADING RATES TO THE SWIFT III MODEL December 1993 

(Continued) 

11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 140.0 

1 RNMFFORCRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

15 perchwater 
14 CRU-3 : OTHER MAIN P 

EXTRA LOADING 

TIME = 150.0 

EWMF FOR CRUQ 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 160.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
-B#%14-93 

0.00000E+00 

0.00000E+00 ' 

0.00000E+00 * 

0.4221 8E-10 
0.1 451 3E-05 . 
0.38565E-03 

0.00000E + 00 
0.00000E+00. . 
0.00000E+00 
0.00000E +00 
0.00000E +00 
0.00000E +00 

0.00000E+00 
0.00000E+00 

0.00000E + 00 

0.00000E + 00 , 

0.84340E-06 

0.91 769E-11 

0.1 4503E-11 

0.39239E-09 
0.33336E-05 
0.28021 E-03 

0.00000E +00 
0.00000E + 00 
0.00000E +00 
0.00000E+00 . 

0.00000E+00 
0.00000E + 00 

0.00000E + 00 
0.00000E+00 

0.00000E+00 

0.00000E +00 

0.1 5235E-05 

0.641 65E-10 

0.22571 E-10 

0.24656E-08 
0.61 903E-05 
0.20333E-03 

45- 7 
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I December 1993 U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 

4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 17010 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 

, 

8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PIAN 
10 CRUQ SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA ' 

14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

0.00000E+00 
0.00000E+00 
0.00000E+00 

0.00000E+00 
0.00000E+00 

0.2351 4E-05 

0.31 006E-09 
0.21 995E-12 
0.1 91 61 E-09 
0.00000E+00 
0.1 1 556E-07 
0.99249E-05 
0.1 4788E-03 

TIME = 180.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 

- 3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S . 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PWN 
9 CRU-3 EAST OF PIAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 0 12 CRU-3 : PLANT 6 AREA 

0.00000E +00 
0.00000E +00 
0.00000E+00 
0.00000E+00 
0.00000E + 00 
0.00000E + 00 

0.00000E+00 
O.OOOOOE+OO 

0.32403E-05 

0.1 1302E-08 
0.2091 7E-11 
0.1 0567E-08 
0.1 2760E-12 
0.42483E-07 
0.1 4348E-04 
0.1 071 3E-03 

O.OOOQOE+OO 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

C.30000E +GO 
0.00000E+00 

0.21 798E-14 

0.40939E-05 . 

0.33034E-08 

0.41 764E-08 
0.1 3525E-10 

F E ~ U ~ C W ~ O . C - M  2-1 4-93 K-II-5 
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(Continued) t 

13 
14 

CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 

15 perchwater 
EXTRA LOADING 

TIME = 190.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 200.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 SOLID WASTE 
CRU-2 : NORTH LIME S 
CRU-2 SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 : WEST OF PLAN 
CRU-3 : EAST OF PLAN 
CRU-4 SILOS 1 2 & 
CRU-3 PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 210.0 457 
1 EWMFFORCRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5-w&Mhs 

0.1 471 OE-1 1 
0.1 2704E-06 
0.1 921 6E-04 
0.7771 9E-04 

O.OOOOOE+OO 

0.00000E+00 
0.00000E+00 
0.00000E+00 
0.00000E+00 

0.00000E+00 
0.00000E +00 

0.45057E-13 

0.48027E-05 

0.81 045E-08 
0.63356E-10 
0.1 2730E-07 
0.9981 3E-11 
0.31 869E-06 
0.24207E-04 
0.5671 4E-04 

0.00000E +00 

0.00000E +00 
0.00000E+00 
0.00000E+00 
0.00000E + 00 

0.00000E+00 
0.00000E+00 

0.50467E-12 

0.52575E-05 

0.1 7272E-07 
0.23633E-09 
0.31 620E-07 
0.50924E-10 
0.68920E-06 
0.28969E-04 
0.41 086E-04 



FEMP-OU4CRARE4Dm 
U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 
Decembei'l993 -. 

6 CRUQ : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 220.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 

@ 9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 230.0 

1 EWMF FOR CRUQ 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SlLOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

0.00000E +00 

0.00000E+00 
0.00000E+00 

0.53934E-05 

0.32824E-07 
0.73493E-09 
0.66743E-07 
0.20251 E-09 
0.1 31 59E-05 
0.33271 E-04 
0.29834E-04 

0.00000E +00 

0.00000E +00 
0.00000E +00 
0.00000E-t 00 
0.00000E +00 

0.00000E +00 
0.00000E+00 

0.231 01 E-1 0 

0.521 92E-05 

0.56750E-07 
0.1 9650E-08 
0.1 2360E-06 
0.661 22E-09 
0.22632E-05 
0.371 04E-04 
0.21 677E-04 

0.00000E+00 

0.00000E+00 
0.00000E + 00 
0.00000E + 00 
0.00000E + 00 

0.00000E + 00 
0.00000E + 00 
0.9066OE-07 
0.46298E-08 
0.20577E-06 
0.1 8359E-08 
0.35647E-05 
0.40649E-04 
0.1 5754E-04 

0.1 0623E-09 

0.48044E-05 



FEMP-OU4CRARE4-DM 
- r* 50 6' U-238 MASS LOADING RATES TOTHE SWIFT Ill MODEL December 1993 

'!Po (Continued) 

TIME = 240.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7- CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 250.0 

1 
2' 
3 
4 
5. 
s: 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 NORTH LIME S 
CRU-2 : SOUTH LIME S 
CRU-2 FLYASH AND S 
CRU-3 : WEST OF PLAN 
CRU-3 EAST OF PLAN 
CRU-4 SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

O.OOOOOE+OO 

0.00000E+00 

0.00000E + 00 
0.00000E +00 

0.00000E +00 
0.00000E + 00 

0.39988E-09 

0.59821 E-15 

0.42429E-05 

0.1 3544E-06 
0.9801 8E-08 
0.31 363E-06 
0.44527E-08 
0.52092E-05 
0.441 56E-04 
0.1 1427E-04 

0.00000E+00 

0.00000E + 00 

0.00000E+00 
0.00000E +00 

0.00000E+00 
0.00000E+00 

0.1 2727E-08 

0.781 63E-14 

0.36224E-05 

0.1 91 04E-06 
0.1 8944E-07 
0.44363E-06 
0.96380E-08 
0.71 339E-05 
0.47845E-04 
0.831 80E-05 

TIME = 260.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRUQ : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

0.00000E +00 

0.00000E+00 

0.00000E +00 
0.00000E + 00 

0.351 60E-08 

0.46097E-13 

0.30090E-05 
0.1 6769E-11 
0. OOOOOE + 00 
0.25639EMI-8 

461  1- s4a43 



1 1. 
12 
13 
14 
15 

f 

December 1993 U-238 MASS LOADING RATES TO THE SWIFT I l l  MODEL 
p '.. -*. (Continued) . :' 

CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 270.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S . 
7 CRU-2 : FLYASH AND S : 

8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA ' 
13 CRU-3 : PLANT 9 AREA a 14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 280.0 

1 
2' 
3 
4: 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 

9' 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 : NORTH LIME S 
CRU-2 SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 WEST OF PLAN 
ZRU-3 EAST OF PLAN 
CRU4 : SILOS 1 2 & 
CRU-3 PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 290.0 a 
1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3-f@#7&4u4-14-93 

0.33856E-07 

0.1 8939E-07 
0.92279E-05 
0.51 837E-04 
0.60495E-05 

0.5881 OE-06 

0.00000E+00 

0.00000E+00 
0.861 37E-08 

0.22797E-12 
0.00000E+00 
0.00000E +00 
0.24445E-05 
0.91 338E-11 
0.31 936E-11 
0.32957E-06 
0.56536E-07 
0.7361 3E-06 
0.34248E-07 
0.1 1 346E-04 
0.561 42E-04 
0.43691 E-05 

0.00000E+00 

0.00000E+00 
0.1 9043E-07 

0.96557E-12 
0.96875E-16 
0.1 5040E-15 
0.1 9502E-05 
0.291 35E-10 
0.1 1 155E-10 
0.4081 4E-06 
0.88969E-07 
0.8751 7E-06 
0.57622E-07 
0.1 3334E-04 

0.31 802E-05 
3.60668E-C4 

0.00000E +00 
0.38539E-07 
0.00000E EcQll-9 



+ 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 300.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 310.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 

_- 
Poaw - -  FEMP-OU4CRARE4-DRAFT 

~ a -- - U-238 MASS LOADING-RATES-TO THE SWIFT I11 MODEL December 1993 
\ 
~ i , r ~ 0 4 l  (Continued) 

0.35660E-11 
0.57797E-15 
0.87063E-15 
0.1 5330E-05 
0.85492E-10 
0.33830E-10 
0.48953E-06 
0.1 3288E-06 
0.99331 E-06 
0.90993E-07 
0.1 5051 E-04 
0.65246E-04 
0.231 06E-05 

0.00000E+ 00 

0.00000E + 00 
0.72233E-07 

0.1 1664E-10 
0.29544E-14 
0.43291 E-14 
0.1 1905E-05 
0.21 537E-09 
0.9071 8E-10 
0.571 44E-06 
0.1 8945E-06 
0.1 081 2E-05 
0.1 3582E-06 
0.1 6396E-04 
0.69670E-04 
0.1 6762E-05 

0.00000E +00 

0.00000E+00 
0.1 2659E-06 

0.34232E-10 
0.1 31 53E-13 
0.1 8792E-13 
0.91 51 5E-06 
0.49855E-09 
0.21 845E-09 
0.6521 1 E-06 
0.2591 7E-06 
0.1 1335E-05 

K-II-10 
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. %  
U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 

13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 320.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 ‘PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 330.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 &. 

12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 :.OTHER MAIN P 

11 CRU-3 : PLANT 2/3 AR 

15 perchwater 
E n R A  LOADING 

TIME = 340.0 

0.1 9277E-06 

0.73729E-04 
0.1 731 9E-04 

0.1 21 83E-05 

0.00000E + 00 
0.20909E-06 
0.99447E-11 
0.91 167E-10 
0.51 739E-13 
0.7221 2E-13 
0.69760E-06 
0.1 0693E-08 
0.47852E-09 
0.73045E-06 
0.341 64E-06 
0.1 1489E-05 
0.261 40E-06 
0.1 781 5E-04 
0.77240E-04 
0.88642E-06 

0.00000E+00 
0.32759E-06 
0.64451 E-10 
0.22256E-09 
0.1 8205E-12 
0.24868E-12 
0.52801 E-06 
0.21 484E-08 
0.96420E-09 
0.8061 4E-06 
0.43563E-06 
0.1 1299E-05 
0.34006E-06 
0.1 7926E-04 
0.80073E-04 
0.64276E-06 

1 EWMF FOR CRU-4 0.00000E+00 
2 EWMFFORCRU-3 0.48952E-06 

4 CRU-2 : SOLID WASTE 0.50240E-09 
3 EWMF FOR CRU-1 0.1 7204E-09 

S I M 6  S 0.57925mB-11 4 64 



FEh@-OU4CRARE-4-D- 

e G - 5 0  4 1 U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL December 1993 
(Continued) 

f 
i 

6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

0.77567E-12 
0.39726E-06 
0.40662E-08 
0.1 8039E-08 

0.5391 OE-06 
0.1 081 8E-05 
0.42596E-06 
0.1 7720E-04 
0.821 55E-04 
0.46631 E-06 

0.87971 E-06 

TIME = 350.0 

1 EWMFFORCRU-4 ' 

2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 360.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 

CRU-3 : PLANT 2/3 AR 
10 CRU-4 : SILOS 1 2 & 

12 CRU-3 : PIA'NT 6 AREA 
11 

465 

F E ~ U ~ C ~ W R E ~ S O . ~ ~  2-14-93 

0.00000E+00 
0.70084 E-06 
0.42234E-09 
0.1 0567E-08 
0.1 6826E-11 
0.221 22E-11 
0.29738E-06 
0.72965E-08 
0.31 585E-08 
0.95272E-06 
0.64941 E-06 
0.1 01 1 1 E-05 
0.51 535E-06 
0.1 7279E-04 
0.83479E-04 
0.33902E-06 

0.00000E + 00 
0.9651 OE-06 
0.95285E-09 ~ 

0.20844E-08 
0.45007E-11 
0.581 66E-11 
0.221 65E-06 
0.1 2469E-07 
os2 i  I ~ E - O ~  
0.1 0281 E-05 
0.76347E-06 
0.92498E-06 

K-11-12 



FEMP-OU4CFWRE4DRA.F”- . 
U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL December 1993 

(Continued) 

13 CRU-3 : PLANT 9 AREA 0.60389E-06 
14 CRU-3 : OTHER MAIN P 0.1 6691 E-04 
15 perchwater 0.84089E-04 

EXTRA LOADING 0.2461 8E-06 

TIME = 370.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRUS : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4: SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 380.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

10 CRUQ : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 390.0 

0. OOOOOE + 00 
0.1 2826E-05 
0.1 9558E-08 
0.38787E-08 
0.1 11 64E-10 
0.1 41 99E-10 
0.1 6459E-06 
0.20378E-07 
0.81 488E-08 
0.1 1 105E-05 
0.87798E-06 
0.8301 8E-06 
0.6871 3E-06 
0.1 6035E-04 
0.84066E-04 
0.1 7896E-06 

0.00000E + 00 
0.1 6499E-05 
0.37922E-08 
0.68428E-08 
0.25844E-10 
0.32382E-10 
0.1 21 83E-06 
0.31 969E-07 
0.1 21 37E-07 
0.1 2074E-05 
0.98962E-06 
0.73246E-06 
0.76089E-06 

0.8351 7E-04 
0.1 2981 E-06 

0.1 5380E-04 

1 EWMF FOR CRU-4 0.00000E + 00 
2 EWMFFORCRU-3 0.20597E-05 
3 EWMF FOR CRU-1 0.70485E-08 
4 CRU-2 : SOLID WASTE 0.1 1496E-07 
5 & W W b M & S  0.561 72Epj-a-13 

4 6 6  



. -  F E M P - O U 4 C M E 4 - D M  
p a -  ecL" .e U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL December 1993 
. -  e 5041 

(Continued) 

6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

0.69408E-10 
0.89929E-07 
0.48296E-07 
0.1 7290E-07 
0.1 3296E-05 
0.1 0952E-05 
0.63641 E-06 
0.821 68E-06 
0.1 4778E-04 
0.82552E-04 
0.941 73E-07 

TIME = 400.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 : NORTH LIME S 
CRU-2 : SOUTH LIME S 
CRU-2 FLYASH AND S 
CRU-3 WEST OF PLAN 
CRU-3 EAST OF PLAN 
CRU-4 SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 410.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 

467 
FERIDUQcRAREIIIssO.C2-14-93 

0.00000E+00 
0.25008E-05 
0.1 2395E-07 
0.1 8466E-07 
0.1 1523E-09 
0.1 4053E-09 
0.66224E-07 
0.70460E-07 
0.23649E-07 
0.1 4922E-05 
0.1 1 91 7E-05 
0.54541 E-06 
0.86697E-06 
0.1 4268E-04 
0.81 278E-04 
0.68477E-07 

0.00000E+00 
0.29595E-05 
0.20893E-07 
0.28457E-07 
0.2241 1 E-09 

0.48666E-07 
0.27000E-09 

0.99525E-07 
0.31 157E-07 
0.1 71 54E-05 
0.1 2767E-05 
0.461 68E-06 

K-IIy14 



FEW-OU4CRARE4-DWJT . , < .1 Decembe; 1993’ . I  U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 
(Continued) 

‘ 7 c:, 

13 CRU-3 : PLANT 9 AREA 0.89529E-06 

15 perchwater 0.79785E-04 
14 CRU-3 : OTHER MAIN P 0.1 3872E-04 

EXTRA LOADING 0.49572E-07 

TIME = 420.0 

1 t’vviV;F FOR CRU-4 
2 EWMF FOR-CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

CRU-3 : PLANT 2/3 AR 
10 CRU-4 : SILOS 1 2 & 
11 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 0 l5 perchwater EXTRA’ LOADING 

TIME = 430.0 

1 EWMF FOR:CRU-4 
2 EWMF FOR‘CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 440.0 

0.00000E +00 
0.341 96E-05 
0.33898E-07 
0.42201 E-07 
0.41 498E-09 
0.49422E-09 
0.35698E-07 
0.1 3642E-06 
0.39655E-07 
0.20240E-05 
0.1 3479E-05 
0.38648E-06 
0.90631 E-06 
0.1 3603E-04 
0.781 47E-04 
0.361 29E-07 

0.00000E + 00 
0.38644E-05 
0.53094 E-07 
0.60392E-07 
0.73423E-09 
0.86496E-09 
0.261 45E-07 
0.1 81 83E-06 
0.48882E-07 
0.24478E-05 
0.1 4037E-05 
0.32029E-06 
0.90067E-06 
0.1 3458E-04 
0.7641 5E-04 
0.26221 E97 

1 EWMFFORCRU-4 0.00000E+00 0 2 EWMF FOR.CRU-3 0.42773E-05 
3 EWMF FOR CRU-1 0.80486E-07 

168 4 CRU-2 : SOLID WASTE 0.83607E-07 
5 ~ 5 M r n 3 s  0.12454EK)8I-15 



U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL 
(Continued) 

December 1993 

6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLAM 9 AREA 
14 CRU-3 : OTHER MAIN P 

10 CRU4 : SILOS 1 2 & 

15 perchwater 
EXTRA LOADING 

TIME = 450.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PUNT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 460.0. 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SdLID WASTE 
5 CRUQ : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PIAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 
F'E~U~CRAREIL.ISSO.C-~~~-~~-~~ 

0.1 4521 E-08 
0.1 91 21 E-07 
0.2361 1 E-06 
0.58496E-07 
0.30201 E-05 
0.1 4431 E-05 
0.26303E-06 
0.87985E-06 
0.1 3432E-04 
0.74625E-04 
0.1 9073E-07 

0.00000E+00 
0.46434f-05 
0.1 1836E-06 
0.1 1222E-06 
0.2031 1 E-08 
0.23451 E-08 
0.1 396s-07 
0.29921 E-06 
0.681 OX-07 
0.37773E-05 
0.1 4655E-05 
0.21 423E-06 
0.84594E-06 
0.1 351 OE-04 
0.72797E-04 
0.1 3821 E-07 

0.00000E + 00 
0.49501 E-05 
0.1 691 8E-06 
0.1 4633E-06 
0.31 933E-08 
0.36531 E-08 
0.1 01 92E-07 
0.37061 E-06 
0.77289E-07 
0.47567E-05 

0.1 731 8E-06 
0.801 39E-06 

0.1 4709E-05 

0.1 3674E-04 

0.1 0040E-07 
0.70939E-04 4 r' '\ 

K-II-16 
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Dmm6e.r .1993 , * 
* -no . :  - 1  .a. . U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL 

(Continued) 

TIME = 470.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PIAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 

' 12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 480.0 

1 EWMF FOR CRU-4 0 2 EWMFFORCRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PIAN 

10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 per,chwater 

EXTRA LOADING 

TIME = 490.0 

0.00000E+00 
0.51 877E-05 
0.23550E-06 
0.1 8572E-06 
0.4851 6E-08 
0.5501 5E-08 
0.74303E-08 
0.44932E-06 
0.85666E-07 
9.53942.E-05 
0.1 4598E-05 
0.1 3904E-06 
0.74881 E-06 
0.1 3904E-04 
0.69056E-04 
0.73098E-08 

0.00000E+00 
0.53502E-05 
0.31 976E-06 
0.22980E-06 
0.71 388E-08 
0.80273E-08 
0.541 23E-08 
0.53391 E-06 
0.92902E-07 
0.75222.E-05 
0.1 4332E-05 
0.1 1093E-06 
0.69076E-06 
0.1 41 77E-04 
0.671 47E-04 
0.52933E-08 

1 EWMF FOR CRU-4 O.OOO@OE+OO 
2 EWMF FOR CRU-3 0.54352E-05 
3 EWMF FOR CRU-1 0.4241 2E-06 
4 CRU-2 SOLID WASTE 0.27765E-06 
5 CRU-2 : NORTH LIME S 0.1 01 93E-07 
6 CRU-2 : SOUTH LIME S 0.1 1 370E-07 
7 CRU-2 : FLYASH AND S 0.39395E-08 
8 CRU-3 : WEST OF PLAN 0.62255E-06 
9 CRU-3 : EAST OF PLAN 0.98772E-07 
1 w- s*a4&3 0.93673WH-17 



FEMP-OU4CFtA.RE-4-D~ e U-238 MASS LOADING RATES TO THE SWIFT I l l  MODEL 
(Continued) 

December 1993 

11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 500.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3. 
3 f\Ffi;AF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 EAST OF PIAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12' CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 510.0 

1 EWMF FOR CRU-4' 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 
11 
12 
13 
14 
15 

CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 520.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
m M m w l 4 - 9 3  

0.1 3925E-05 
0.88003E-07 
0.62965E-06 
0.1 4472E-04 

0.38488 E-08 
0.6521 3E-04 

0.00000E+00 
0.54435E-05 
0.55027E-06 
0.32803E-06 
0.1 41 48E-07 
0.1 5662E-07 
0.28656E-08 
0.71 31 2E-06 
0.1 0322E-06 
0.1 1548E-04 
0.1 3395E-05 
0.69449E-07 
0.56759E-06 
0.1 4768E-04 
0.63256E-04 
0.27979E-08 

0.00000E +00 
0.53792E-05 
0.69921 E-06 
0.37947E-06 
0.1 91 23E-07 
0.21 01 4E-07 
0.20833E-08 

.0.80332E-06 
0.1 0641 E-06 
0.1 4073E-04 
0.1 2762E-05 
0.54544E-07 
0.50636E-06 
0.1 5043E-04 
0.61 279E-04 
0.20291 E-08 

4 7-'1 
0.00000E +00 
0.52487E-05 
0.871 11 m - 1 8  
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. c  
U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL 

d <  t,' , ._? (Continued) .'q: -. .L 
1 . 7  

4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRIJ-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 530.0 

1 EWMF FOR CRUQ 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 540.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 

10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 

0.43036E-06 
0.25207E-07 
0.27505E-07 
0.1 51 38E-08 
0.89076E-06 
0.1 0893E-06 
0.1 6940E-04 
0.1 2046E-05 
0.42649E-07 
0.44736E-06 
0.1 5281 E-04 : 
0.59290E-04 
0.1 4746E-08 

0.00000E+00 
0.50603E-05 ' 

0.1 0651 E-05 
0.47903E-06 
0.32449E-07 
0.351 70E-07 
0.1 0995E-08 
0.9731 5E-06 
0.1 1 1 98E-06 
0.201 37E-04 
0.1 1 268E-05 
0.3321 2E-07 
0.391 66E-06 ' 

0.1 5466E-04 
0.57296E-04 
0.1 071 3E-08 

0.00000E+00 
0.48238E-05 
0.1 2794E-05 
0.52388E-06 
0.40847E-07 . 
0.43987E-07 ' 

0.79830E-09 
0.1 0484E-05 I 

0.1 1782E-06 
0.23639E-04 
0.1 0451 E-05 
0.25766E-07 

FEIvoU4cRARELvsso.c4n2-14-93 K-II-19 



. .  
: 1 

a .  

FEMP-OU4CRARE4-DM 
December 1993 MODEL 

13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 550.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

. 
I 

TIME = 560.0 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 : NORTH LIME S 
CRU-2 : SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 WEST OF PLAN 
CRU-3 EAST OF PLAN 
CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

EXTRA LOADING 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 SOLID WASTE 
CRUP NORTH LIME S 
CRU-2 : SOUTH LIME S 
CRU-2 FLYASH AND S 
CRU-3 WEST OF PLAN 
CRU-3 : EAST OF PLAN 
CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = 570.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE '. 

5-WbUh4LS 

0.33999E-06 
0.1 5584E-04 
0.55308E-04 
0.7771 9E-09 

0.00000E+00 
0.45492E-05 
0.1 51 1 OE-05 
0.56346E-06 
0.50343E-07 
0.53876E-07 
0.57942E-09 
0.1 1 1 46E-05 
0.1 3041 E-06 
0.2741 2E-04 
0.961 19E-06 
0.1 991 9E-07 
0.29280E-06 
0.1 5625E-04 
0.53334E-04 
0.56294E-09 

0.00000E+00 
0.42469E-05 
0.1 7559E-05 
0.59659E-06 
0.6081 5E-07 
0.64695E-07 
0.42043E-09 
0.1 1706E-05 
0.1 5642E-06 
0.31 41 3E-04 
0.87701 E-06 

0.25028E-06 
0.1 5583E-04 
0.51 384E-04 
0.41 044E-09 

0.1 5350E-07 

4 7 3  
O.OOOOOE+OO 
0.39267E-05 
0.20093E-05 
0.6Z33E-06 
0.72083E@R-20 



DeCerner 1,993 
... 5 &,j ;?. . U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 
.. (Continued) :. .i. 

6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

- 14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

0.76241 E-07 
0.30499E-09 
0.1 21 55E-05 
0.20679E-06 ' 

0.35594E-04 
0.79408E-06 

0.21 244E-06 
0.1 1794E-07 

0.1 5454E-04 
0.49468E-04 
0.29785E-09 

TIME = 580.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN a 9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 590.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 8t 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 0. 14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 
pEwoU4CRAREII/5S0.C4/l22-14-93 

0.00000E+00 
0.35975E-05 
0.22656E-05 
0.6401 3E-06 
0.8391 3E-07 
0.88264E-07 
0.221 19E-09 
0.1 2495E-05 
0.29901 E-06 
0.39900E-04 
0.71 370E-06 
0.90360E-08 
0.1 791 4E-06 
0.1 5236E-04 
0.47591 E-04 
0.21 635E-09 

0.00000E+00 
0.32676E-05 
0.251 88E-05 
0.64973E-06 
0.96028E-07 
0.1 0047E-06 
0.1 6038E-09 
0.1 2737E-05 
0.46031 E-06 

0.63692E-06 
0.69053E-08 
0.1 501 2E-06 
0.1 4931 E-04 
0.45758E-04 
0.1 571 2E-09 

0.44277E-04 

K-II-21 



- FEMP-OU4CRARE4-DM 
December 1993 U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL 

(Continued) - 
,TIME = 600:O 

' 1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 

' 3  EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA. 
14 CRU-3 OTHER MAIN P: 
15 perchwater 

EXTRA LOADING 

TIME = 610.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
.11 
.12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 : NORTH LIME S . 
CRU-2 : SOUTH LIME S : 

CRU-2 FLYASH AND S 
CRU-3 WEST OF PLAN 
X U - 3  : EAST OF PLAN 
CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

EXTRA LOADING 

TIME = . 620.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S . 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

10Em- s-%24&3 

0.00000E +00 
0.29435E-05 
0.27628E-05 
0.651 21 E-06 

0.1 1 254E-06 
0.1 081 2E-06 

0.1 1 627E-09 
0.1 2907E-05 
0.731 54E-06 
0.48670E-04 
0.56454E-06 
0.52644E-08 
0.1 2507E-06 
0.1 4545E-04 
0.43973E-04 
0.1 1427E-09 

0.00000E+00 
0.26309E-05 
0.2991 5E-05 
0.64495E-06 
0.1 1987E-06 
0.1 241 6E-06 
0.84275E-10 
0.1 3049E-05 
0.1 171 9E-05 
0.53030E-04 
0.4971 3E-06 
0.40043E-08 
0.1 0363E-06 
0.1 4083E-04 
0.42237E-04 
0.82760E-10 

0.00000E + 00 
0.23341 E-05 
0.31 992E-05 
0.631 56E-06 
0.1 3097E-06 
0.1 3500E-06 

0.1 3237E-05 
0.1 8648E-05 

0.61 060E-10 

0.5731OW-22 4 7 5 



mhb-0 * .&%ab~ CRARE -- 
December i993*.3$. .. 

i 
U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 

11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA * 

13 CRU-3 : PLANT 9 AREA ' 

14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 630.0 

1 EWMF FOR CRU-4 
2 W M F  FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRUP : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 640.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE . 

5 CRUQ : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN ' 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 650.0 a - 
1 EWMF FOR CRU-4 

0.43503 E-06 
0.30395E-08 
0.85421 E-07 
0.1 3554E-04 
0.40548E-04 
0.60075E-10 

0.00000E+00 
0.20561 E-05 
0.33809E-05 
0.61 184E-06 
0.1 41 1 OE-06 
0.1 4477E-06 
0.44229E-10 
0.1 3585E-05 
0.29240E-05 
0.61 472E-04 
0.37840E-06 
0.23027E-08 
0.70068E-07 
0.1 2968E-04 
0.38907E-04 
0.43691 E-10 

0.00000E +00 
0.1 7992E-05 
0.35323 E-05 
0.58671 E-06 
0.1 5000E-06 
0.1 5322E-06 
0.32038E-10 
0.1 4263E-05 
0.4501 1 E-05 
0.65484E-04 
0.32725E-06 
0.1 741 2E-08 
0.57209E-07 
0.1 2335E-04 
0.37308E-04 
0.31 760E-10 

476  

2 EWMF FOR CRU-3 0.1 5642E-05 
3 --,4)-14-93 0.36502m-23 



FEMP-OU4CRARE4-DRAFT 
U-238 MASS LOADING RATES TO-THE SWIFT Ill MODEL December 1993 

(Continued) 8 

4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRUP : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 EAST OF PIAN 
10 
11 
12 
13 
14 
15 

CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PIANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

EXTRA LOADING 

0.5571 9E-06 
0.1 5746E-06 
0.1 601 5E-06 
0.23209E-10 
0.1 5522E-05 
0.67925E-05 
0.69326E-04 
0.281 46E-06 
0.1 31 44E-08 
0.46507E-07 
0.1 1667E-04 
0.35749E-04 
0.23064E-10 

TIME = 660.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRUQ : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRUQ FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

15 perchwater 
14 CRU-3 OTHER MAIN P 

EXTRA LOADING 

TIME = 670.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRW-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRUQ : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 

0.00000E + 00 
0.1 351 7E-05 
0.37325E-05 
0.52431 E-06 
0.1 6330E-06 
0.1 6540E-06 
0.1 681 3E-10 
0.1 7723E-05 
0.1 0046E-04 
0.72982E -04 
0.24079E-06 
0.99066E-09 
0.37651 E-07 
0.1 0974E-04 
0.34225E-04 
0.1 6762E-10 

0. OOOOOE + 00 
0.1 161 3E-05 
0.37783E-05 
0.48905E-06 
0.1 6742E-06 
0.1 6889E-06 
0.1 21 79E-10 
0.21 370E-05 
0.1 4568E-04 
0.76447E-04 f -  
0.20496E-06 
0.74550E-09 

K-II-24 



FEMP-OU4CRARE+Dm 
U-238 MASS LOADING RATES TO THE SWIFT Ill MODEL December l9$3 .. ".', a 

(Continued) +&$f 

13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 680.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 0 15 perchwater 

EXTRA LOADING 

TIME = 690.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRUQ : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

u(TRA LOADING 

0.30362E-07 
0.1 0267E-04 
0.32733E-04 
0.1 21 83E-10 

0.00000E +00 
0.9921 6E-06 
0.37876E-05 
0.45238E-06 
0.1 6976E-06 
0.1 7058E-06 
0.8821 9E-11 
0.271 61 E-05 
0.20726E-04 
0.79723E-04 
0.1 7361 E-06 
0.56022E-09 
0.24393E-07 
0.95565E-05 
0.31 267E-04 
0.88221 E-1 1 

0.00000E+00 
0.84320E-06 
0.3761 5E-05 
0.41 51 5E-06 
0.1 7034E-06 
0.1 7051 E-06 I 
0.63901 E-1 1 
0.36031 E-05 
0.28952E-04 
0.8281 6E-04 
0.1 4637E-06 
0.42042E-09 
0.1 9529E-07 
0.8851 4E-05 
0.29826E-04 
6.64276E-1: 

TIME = 700.0 

1 EWMFFORCRU-4 0.00000E+00 
2 EWMF FOR CRU-3 0.71 300E-06 
3 EWMF FOR CRU-1 0.37022E-05 
4 CRU-2 : SOLID WASTE 0.37811E-06 
--&ws 0.1 6921 m-25 

476 



FEMP-OU4CFU.RE4-DRAFT 
&$ U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 
December 1993 

6 CRUQ : SOUTH LIME S 0.1 6877E-06 
7 CRU-2 : FLYASH AND S 0.46285E-11 
8 CRU-3 : WEST OF PLAN 0.4921 9E-05 
9 CRU-3 : EAST OF PLAN 0.39742E-04 
10 CRU-4 : SILOS 1 2 & 0.85739E-04 
11 CRU-3 : PLANT 2/3 AR 0.1 2286E-06 
12 CRU-3 : PLANT 6 AREA 0.31 51 1 E-09 
13 CRU-3 PLANT 9 AREA 0.1 5583E-07 
14 CRU-3 : OTHER MAIN P 0.81 600E-05 
15 perchwater 0.28405E-04 

EXTRA LOADING 0.46631 E-1 1 

TIME = 710.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRUQ SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : 'WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

TIME = 720.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRUQ : SOLID WASTE 
5 CRUQ : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 
F E W U ~ C R A R E I L ~ O . ~ ~ ~  2-1 4-93 

0.00000E + 00 ' 
0.60000E-06 
0.361 24E-05 
0.341 90E-06 
0.1 6648E-06 
0.1 6546E-06 
0.33525E-11 
0.68325E-05 
0.53651 E-04 
0.88506E-04 
0.1 0268E-06 
0.23590E-09 
0.1 2395E-07 
0.74891 E-05 
0.27004E-04 
0.33860E-11 

0.00000E+00 
0.50259 E-06 
0.34956E-05 
0.30704E-06 
0.1 6230E-06 
0.1 6075E-06 
0.24283E-11 
0.95387E-05 
0.71 290E-04 
0.91 135E-04 
0.85457E-07 

0.98293E-08 
0.68447E-05 

0.1 7641 E-09 

0.25620E-04 
0.24576E-11 

K-II-26 



TIME = 730.0 

FEMP-OU4CR4RE4DIbUT , 

U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

EXTRA LOADING 

(Continued) 

0.00000E+00 
0.41 91 4E-06 
0.33556E-05 
0.27392E-06 

0.1 5483E-06 

0.1 3294E-04 
0.93306E-04 

0.1 5684E-06 

0.1 7589E-11 

0.93642E-04 
0.70846E-07 
0.1 31 78E-09 
0.77725 E-08 
0.6231 1 E-05 
0.24254E-04 
0.1 7854E-11 

TIME = 740.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRUQ : SOLID WASTE 
CRU-2 NORTH LIME S 
CRUQ SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 : WEST OF PLAN 
ZRU-3 EAST OF PLAN 
CRU-4 SILOS 1 2 & 
CRU-3 PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

0.00000E+00 
0.34809E-06 
0.31 964E-05 
0.24285E-06 
0.1 5030E-06 
0.1 4789E-06 
0.1 2740E-11 
0.1 8408E-04 
0.1 2038E-03 
0.96042E-04 
0.5851 1 E-07 
0.98349E-10 
0.61 293E-08 
0.5651 9E-05 
0.22906E-04 

TIME = 750.0 

1 EWMFFORCRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 EAST OF PLAN 

1- -Q"P6?3 

0.00000E +00 
0.28791 E-06 
0.30223E-05 
0.21 401 E-06 
0.14287E-06 

0,92291 E-12 
0.25253E-04 
0.1 531 9E-03 
0.98350m-27 

0.1 401 5E-06 

450 

. , .  . .  



11 
12 
13 
14 
15 

CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

TIME = 760.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2:: FLYASH AND S 
8 CRU-3 WEST OF PIAN 
9 CRU-3 EAST OF PLAN 

10 CRU-4 SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

TIME = 770.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

4 g i  

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 NORTH LIME S 
CRU-2 : SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 : WEST OF PIAN 
CRU-3 : EAST OF PIAN 
CRU-4 : SILOS 1 2 81 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

TIME = 780.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3-14hl-14-93 

0.481 48E-07 
0.73326E-10 
0.4821 OE-08 
0.51 093E-05 
0.21 578E-04 

0.00000E+00 
0.23723E-06 
0.28373E-05 
0.1 8752E-06 
0.1 3477E-06 
0.1 31 80E-06 
0.66861 E-12 
0.34267E-04 
0.1 9242E-03 
0.1 0058E-03 
0.39482E-07 
0.54621 E-10 
0.37825E-08 
0.46046E-05 
0.20272E-04 

0.00000E +00 
0.1 9474E-06 
0.26454 E-05 
0.1 6341 E-06 
0.1 261 9E-06 
0.1 2305E-06 
0.48447E-12 
0.45957E-04 
0.23870E-03 
0.1 0273E-03 
0.32267E-07 
0.40654E-10 
0.29608E-08 
0.41 383E-05 
0.1 8991 E-04 

0.00000E +00 
0.1 5931 E-06 
0.24502WB-28 



4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

, 

F E M P - 0 U 4 C M e E 4 - D M  
U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 
December,1993 , i 

h: 
u 

CRU-2 : SOLID WASTE 0.1 41 65E-06 
CRU-2. NORTH LIME S 0.1 1732E-06 
CRU-2 : SOUTH LIME S 0.1 1407E-06 
CRU-2 : FLYASH AND S 0.351 15E-12 
CRU-3 : WEST OF PLAN 0.60900E-04 
CRU-3 : EAST OF PLAN 0.29262E-03 
CRU-4 : SILOS 1 2 & 0.1 0481 E-03 
CRU-3 : PLANT 2/3 AR 0.26286E-07 
CRU-3 : PLANT 6 AREA 0.30233E-10 
CRU-3 : PLANT 9 AREA 0.231 24E-08 
CRU-3 OTHER MAIN P 0.371 00E-05 
perchwater 0.1 7737E-04 

TIME = 790.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 0 8 CRU-3 : WEST OF PIAN 
9 CRU-3 EAST OF PIAN 

CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 

10 
11 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

TIME = 800.0 

1 NVMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 -CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRUQ : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PIAN 

11 CRU-3 : PLANT 2/3 AR 
12 CRUS : PLANT 6 AREA 

14 CRU-3 : OTHER MAIN P 
1 -.C-4fl2-14-93 

10 CRU-4 : SILOS 1 2 & 

13 CRU3:PLANT9AREA 

0.00000E +00 
0.1 2988E-06 
0.22549E-05 
0.1221 8E-06 
0. i 0834~-06 
0.1 0504E-06 
0.25466E-12 
0.79740E-04 
0.35467E-03 
0.1 0682E-03 
0.21 347E-07 
0.22464E-10 
0.1 8020E-08 
0.331 87E-05 
0.1 651 6E-04 

0.00000E+00 
0.1 0554E-06 
0.20625E-05 
0.1 0487E-06 
0.99390E-07 
0.961 09E-07 
0.1 8488E-12 
0.1 031 8E-03 
0.42524E-03 
0.1 0875E-03 
0.1 7285E-07 
0.16678E-10 
0.1 401 5E-08 
0.29631 E-05 
0.1 5329EM-29 

182 
. .  



TIME = 810.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 
12 
13 
14 

CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 : OTHER MAIN P 

15 perchwater 

TIME = 820.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 

10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PIANT 6 AREA 
13 CRU-3 : PIANT 9 AREA 
14 GRU-3 OTHER MAIN P 
15 perchwater 

TIME = 830.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 

4 3 3  -ZcQfiF?N 

0.00000E+00 
0.85498E-07 
0.1 8754E-05 
0.89601 E-07 
0.9061 1 E-07 
0.87390E-07 
0.1 3447E-12 
0.1 31 99E-03 
0.50461 E-03 
0.1 1 061 E-03 
0.1 3956E-07 
0.1 2377E-10 
0.1 0878E-08 
0.2641 4E-05 
0.1 41 81 E-04 

0.00000E +00 
0.69055E-07 
0.1 6954E-05 
0.7621 7E-07 
0.821 11 E-07 
0.78990E-07 
0.981 29E-13 
0.1 6697E-03 
0.59289E-03 
0.1 1 237E-03 
0.1 1237E-07 
0.91 843E-11 
0.84277E-09 
0.2351 4E-05 
0.1 3076E-04 

0.00000E + 00 
0.5561 5E-07 
0.1 5244E-05 
0.64556E-07 
0.73978E-07 
0.70991 E-07 
0.72038E-13 
0.20896E-03 
0.69005m_30 



10 
11 

’ 12 
13 
14 
15 

FEMP-OU4CRARE4DRAFT 
U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL December 1993 

CRU-4 SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 PLANT 9 AREA 
CRU-3 : OTHER MAIN P 
perchwater 

TIME = 840.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

15 perchwater 

6 14 CRU-3 OTHER MAIN P 

TIME = 850.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRUQ SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

15 perchwater 
14 CRU-3 : OTHER MAIN P 

0 TIME = 860.0 

1 EWMF FOR CRU-4 
-Rkh814-93 

(Continued) 

0.1 1402E-03 
0.90238E-08 
0.681 85E-11 
0.651 75E-09 
0.2091 OE-05 
0.1 201 6E-04 

0.00000E + 00 
0.44667E-07 
0.1 3633E-05 
0.54457E-07 
0.66281 E-07 
0.63451 E-07 
0.53435E-13 
0.25880E-03 
0.79588E-03 
0.1 1555E-03 
0.72280E-08 
0.50698E-11 
0.5031 6E-09 
0.1 8578E-05 
0.1 1004E-04 

0.00000E + 00 
0.35780E-07 
0.1 21 30E-05 
0.45758E-07 
0.59067E-07 
0.5641 3E-07 

: 0.40340E-13 
0.31 735E-03 
0.91 002E-03 
0.1 1694E-03 
0.57755E-08 
0.37836E-11 
0.38781 E-09 
0.1 6495E-05 
0.1 0042E-04 

0.00000E +00 
484 
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U-238 MASS LOADING RATES TO THE SWIFT I I I  MODEL 
(Continued) 

December 1993 

EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRUQ : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

TIME = 870.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

0.1 0739E-05 
0.38304 E-07 
0.52367E-07 
0.49900E-07 
0.31 334E-13 
0.38540E-03 
0.1 031 9E-02 
0.1 181 8E-03 
0.46040E-08 
0.28468E-11 
0.29843E-09 ' 

0.1 4639E-05 
0.91 329E-05 

0.00000E +00 
0.22786E-07 
0.94626E-06 
0.31 948E-07 , 

0.461 98E-07 
0.43923E-07 
0.2541 8E-13 
0.46375E-03 
0.1 1609E-02 
0.1 1925E-03 
0.3661 7E-08 
0.21 773E-11 
0.22931 E-09 
0.1 2987E-05 
0.82771 E-05 

TIME = 880.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 
12 

CRU-3 : PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 

0.00000E +00 
0.1 81 19E-07 
0.82994E-06 
0.26554E-07 
0.40560E-07 , 

0.38480E-07 
0.21 896E-13 : 

0.55308E-03 
0.1 2960E-02 
0.1 201 3E-03 
0.29059E-08 
0.1 71 72E-01 

pEwoU4CRARELusso.C2-14-93 
/3: yj K-XI-32 
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U-238 MASS LOADING RATES TO THE SWIFT I l l  MODEL 
(Continued) 

13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

TIME = 890.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 EAST OF PIAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 

TIME = 900.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
.5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRUQ : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

0.1 7594E-09 
0.1 151 9E-05 
0.74756E-05 

0.00000E+00 
0.1 4375E-07 
0.72468E-06 
0.21 997E-07 
0.35447E-07 
0.33558E-07 
0.20306E-13 
0.65400E-03 
0.1 4364E-02 
0.1 2080E-03 
0.2301 3E-08 
0.1 4280E-11 
0.1 3480E-09 
0.1 021 5E-05 
0.67283E-05 

0.00000E+00 
0.1 1380E-07 
0.63005E-06 
0.1 81 63E-07 
0.30841 E-07 
0.291 37E-07 
0.20357E-13 
0.76701 E-03 
0.1 5809E-02 
0.1 21 26E-03 
0.1 81 87E-08 
0.1 2868E-11 
0.1 031 5E-09 
0.90580E-06 
0.60349E-05 

TIME = 910.0 

1 EWMF FOR CRUQ 0.00000E+ 00 
2 EWMFFORCRU-3 0.89906E-08 
3 EWMF FOR CRU-1 0.54550E-06 
4 CRUQ : SOLID WASTE 0.1 4951 E-07 
5w3Qmw+vWRTw / L W S  0.2671 9B8pI-33 486 
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U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 
(Continued) 

December 1993 

4 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PLAN 
10 CRUQ : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

TIME = 920.0 

1 EWMF FOR CRUQ 
: 2 EWMFFORCRU-3 

3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRUQ NORTH LIME S 

' 6 CRU-2 : SOUTH LIME S 
' 7 CRU-2 FLYASH AND S 

8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 

: 

15 perchwater 

TIME = 930.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRUQ SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 

. 14 CRU-3 : OTHER MAIN P 
15 perchwater 

FJ3WU4CFU.RE.II,5SO.C-4/! 2-1 4-93 4 8 7  

0.251 92E-07 
0.21 894E-13 
0.89248E-03 
0.1 7283E-02 
0.1 21 49E-03 

0.1 2849E-11 
0.78823E-10 
0.80308E-06 
0.53945E-05 

0.1 4345E-08 

0.00000E +00 
0.70883E-08 
0.47040E-06 
0.1 2270E-07 
0.23052E-07 
0.21 693E-07 
0.24870E-13 
0.1 0306E-02 
0.1 8773E-02 
0.121 48E-03 
0.1 1294E-08 
0.1 4284E-11 
0.601 60E-10 
0.71 191 E-06 
0.48058E-05 

0.00000E+00 
0.55776E-08 
0.40407E-06 
0.1 0040E-07 
0.1 9809E-07 
0.1 8606E-07 
0.29325E-13 - 
0.1 181 5E-02 
0.20267E-02 
0.1 21 23E-03 
0.88749E-09 
0.1 7381 E-11 
0.45861 E-10 
0.63096E-06 
0.42670E-05 

K-II-34 
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U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

(Continued) 5. 

TIME = 940.0 

1 EWMFFORCRU-4 0.00000E+00 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRUQ : SOUTH LIME S 
7 CRUQ FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PIAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 PLANT 2/3 AR 
12 CRU-3 PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

TIME = 950.0 

15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

I 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 SOLID WASTE 
CRU-2 NORTH LIME S 
CRU-2 SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 WEST OF PIAN 
CRU-3 : EAST OF PIAN 
CRU-4 SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

TIME = 960.0 

1 EWMFFORCRU4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 SOUTH LIME S 0 7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PIAN 
9 CRU-3 : EAST OF PIAN 
1 o 7 l m w 3 ~ & 2 l a o 3  

0.43807E-08 
0.34578E-06 

0.1 6957E-07 
0.81 934E-08 

0.1 5897E-07 
0.35374E-13 
0.1 3450E-02 
0.21 752E-02 
0.1 2071 E-03 
0.6961 8E-09 
0.22503E-11 
0.34921 E-1 0 
0.55905E-06 
0.37761 E-05 

0.00000E+00 
0.34344E-08 
0.29483E-06 
0.66682E-08 
0.1 4462E-07 
0.1 3533E-07 
0.43206E-13 
0.1 5208E-02 
0.2321 4E-02 
0.1 1995E-03 
0.5451 8E-09 
0.301 92E-11 
0.26561 E-1 0 
0.4951 5E-06 
0.33309E-05 

0.00000E+00 
0.26878E-08 
0.25050E-06 
0.541 28E-08 
0.1 2290E-07 
0.1 1480E-07 
0.53076E-13 
0.1 7085E-02 
0.24641 E-02 
0.1 1892WB-35 6 c: 

.f LI 
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U-238 MASS LOADING RATES-TO THE SWIFT-Ill MODEL- - December-1993- - 
(Continued) 

11 
12 
13 
14 
15 

CRU-3 PLANT 2/3 AR 
CRU-3 : PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

TIME = 970.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 : SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 PLANT 9 AREA 
14 CRU-3 OTHER MAIN P 
15 perchwater 

TIME = 980.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

EWMF FOR CRU-4 
EWMF FOR CRU-3 
EWMF FOR CRU-1 
CRU-2 : SOLID WASTE 
CRU-2 NORTH LIME S 
CRU-2 SOUTH LIME S 
CRU-2 : FLYASH AND S 
CRU-3 WEST OF PLAN 
CRU-3 : EAST OF P h N  
CRU-4 : SILOS 1 2 & 
CRU-3 : PLANT 2/3 AR 
CRU-3 PLANT 6 AREA 
CRU-3 : PLANT 9 AREA 
CRU-3 OTHER MAIN P 
perchwater 

0.42623E-09 
0.41 200E-11 
0.201 79E-10 
0.43833E-06 
0.29287E-05 

0.00000E + 00 
0.21 000E-08 
0.21 21 2E-06 
0.43829 E-08 
0.1 0407E-07 
0.97049E-08 . 
0.6551 7E-13 : 

0.1 9075E-02 
0.26021 E-02 
0.1 1764E-03 
0.33270E-09 
0.56534E-11 ’ 
0.1 531 4E-10 
0.38778E-06 
0.25669 E-05 

0.00000E+00 
0.1 6380E-08 
0.1 7902E-06 
0.35403E-08 
0.87839E-08 
0.81 771 E-08 
0.80739E-13 
0.21 169E-02 
0.27344E-02 
0.1 161 1 E-03 
0.25930E-09 
0.7751 9E-11 
0.1 161 OE-10 
0.34280E-06 
0.22429E-05 

453 
TIME = 990.0 

1 EWMFFORCRU-4 
2 EWMF FOR CRU-3 
-8&h%l4-93 

0.00000E + 00 
0.1 2757E-08 
0.1 5061 m - 3 6  
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December 1993 U-238 MASS LOADING RATES TO THE SWIFT 111 MODEL 

: (Continued) 

4 CRU-2 SOLID WASTE 
5 CRU-2 : NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 : FLYASH AND S 
8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 
10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

0.28531 E-08 
0.73896E-08 
0.68678E-08 
0.99083E-13 
0.23359E-02 
0.28598E-02 

0.201 79E-09 
0.1 1 433E-03 

0.1 0587E-10 
0.87938E-11 
0.30276E-06 
0.1 9537E-05 

TIME = 1000.0 

1 EWMF FOR CRU-4 
2 EWMF FOR CRU-3 
3 EWMF FOR CRU-1 
4 CRU-2 : SOLID WASTE 
5 CRU-2 NORTH LIME S 
6 CRU-2 : SOUTH LIME S 
7 CRU-2 FLYASH AND S @ 8 CRU-3 : WEST OF PLAN 
9 CRU-3 : EAST OF PLAN 

10 CRU-4 SILOS 1 2 & 
11 CRU-3 : PLANT 2/3 AR 
12 CRU-3 : PLANT 6 AREA 
13 CRU-3 : PLANT 9 AREA 
14 CRU-3 : OTHER MAIN P 
15 perchwater 

0.00000E+00 
0.99204E-09 
0.1 2631 E-06 
0.22940E-08 
0.61 971 E-08 
0'.57502E-08 
0.1 21 25E-12 
0.25632E-02 
0.29776E-02 
0.1 1 233E-03 
0.1 5681 E-09 
0.1 4379E-10 
0,66546E-11 
0.2671 2E-06 
0.1 6968E-05 

F E F ~ L J ~ C R ~ R E I L ~ O . ~ ~ ~  2-1 4-93 
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FEMP-OU4CRARE4-Dm 
December 1993 

i1 

JOINT FREQUENCY DIST'RIBUTION OF THE COMPOSITE 1987-1992 
ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1 -  3 4 -  7 8-  12 13 - 18 19 - 24 >24 
Stability A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 

E w  
Stabilitv B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
Nw 
NNW 

O.ooo254 
0.000497 
0.001052 
0.001865 
0.001 145 
0.000863 
O.OoO420 
0.000578 
0.000827 
0.001 3 14 
0.001794 
0.001869 
0.001 135 
O.ooo843 
0.000746 
0.000519 

0.000104 
0.000123 
0.000392 
0.000370 
O.ooo623 
0.000245 
0.000275 
0.000368 
0.000476 
0.000659 
0.000872 
0.000741 
0.000727 
0.000394 
0.000376 
0.000356 

0.000920 
0.001240 
O.OO2404 
0.003 169 
0.001309 
0.000419 

O.OOO294 
0.001039 
0.003519 
0.004185 
0.003824 
0.003264 
0.001509 
0.001239 
0.001 171 

0.000758 
0.000408 
o.oO0835 
0.001 203 
0.000495 
0.000314 
0.000104 
0.000185 
0.000743 
0.001 526 
0.001839 
0.001546 
0.00 1076 
0.000785 
0.000953 
0.000671 

0.000262 

0.000659 
0.000772 
0.000768 
0.001406 
0.000216 
0.000046 
0.000000 
0.000043 
0.000754 
0.002883 
0.0033 13 
0.002558 
0.002861 
0.001772 
0.001099 
0.000875 

0.000530 
0.000487 
0.000602 
0.000413 
0.000161 
0.000000 
0 . m 2 0  
0.000064 
0.00021 1 
0.001 230 
0.001689 
0.001 144 
0.001 159 
0.000722 
O.ooo936 
O.odo793 

0.000158 
O.ooo2 17 
0.000152 
0.000041 
0.000063 
0.000000 
0.000000 
O.oooO22 
0.000000 
0.000087 
0.000214 
0.000046 
0.000273 
0.000378 
0.000112 
0.000115 

O.OW085 
0.000107 
O.oooO23 
0.000115 
O.oooO23 
0.000000 
0.000000 
O.oooO23 
0.000000 
0.000089 
0.000084 
0.0(10063 
0.000157 
0.000156 
0.000114 
0.000045 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000023 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000022 
0.000000 
0.000022 
0 . 0  
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

K-III-21 ' 



Q) 50411 
JOINT FREQUENC DISINB 

- FJMP-OU4CMRE-4-DRAFT 

December 1993 

JTION OF THE COMPOSITE 1987-1992 
ON-PROPERTY WIND DATA 

(Continued j 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stabilitv C 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 
NNW 
Stability D 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000338 
0.000352 
0.000429 
0.000911 
0.000952 
O.OOO664 
0.000495 
O.OOO282 
0.000438 
0.000652 
0.001 21 4 
0.001 121 
o.ooo813 
0.000562 
0.000532 
0.000428 

0.002679 
0.004126 
0.006305 
0.008833 
0.005844 
0.004455 
0.003348 
0.003825 
0.004533 
0.007852 
0.009954 
0.010412 
0.008663 
0.005730 
0.005 187 
0.004266 

0.000&54 
0.000943 
0.001440 
0.001635 
0.000732 
O.ooo425 
O.OOO3 1 1 
O.OOO446 
0.001 073 
0.001921 
0.002723 
0.0024 10 
0.001 237 
0.001373 
0.001302 
0.001 029 

0.0095 15 
0.0101 30 
0.01 1931 
0.0 1 6054 
0.004942 
0.0018% 
0.002192 
0.003383 
0.0061 39 
0.01 3454 
0.014680 
0.0101 25 
0.01 1035 
0.010995 
0.008468 
0.0091% 

5 1 l -  c 

0 .mw 
0.000673 
0.000753 
o.ooo349 
o.OOO13Q 
0.000022 
0.000040 
0.000127 
0.000443 
0.001289 
0.001686 
0.001 072 
0.001 137 
O.OOO964 
0.001 198 
0.000932 

0.007308 
0.006390 
0.005425 
0.007859 
0.000807 
0.000022 
0.000227 
0.001028 
0.003209 
0.007588 
0.006676 
0.005083 
0.009489 
0.008658 
0.006722 
0.005041 

0.000167 
0.000113 
0.000112 
0.000207 
0.000044 
0.000000 

o.ooo021 
0.000020 
0.000091 
0.000179 
0.000158 
0.000297 
0.000198 
0.000 107 
O.oooO25 

0.000614 
0.000941 
0.000407 
0.001 141 
0.000045 
O.oooO22 
0.000000 
0.000132 
0.000401 
0.001444 
0.000965 
0.001 547 
0.001660 
0.001 190 
0.000640 
0.000739 

O.O@OOO 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000022 
0.000000 
0.000000 
0.000000 
0.000000 
0.000023 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000135 
O.ooOO7 1 
0.000000 
0.000000 
0.000069 
0.000046 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.OOCWO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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JOINT FREQUENCY DISIRIBUTION OF THE COMPOSITE 1987- 1992 
ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1-  3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stability E 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 

Stability 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.004705 
0.003303 
0.003922 
0.0106oo 
0.009102 
0.005077 
0.005555 
0.006483 
0.008!536 
0.014204 
0.024094 
0.021 91 6 
0.015769 
0.01 1490 
0.009547 
0.007635 

0.004921 
0.004800 
0.004593 
0.008510 
0.01 2723 
0.008461 
0.005656 
0.005117 
0.007414 
0.01 3086 
0.021801 
0.029953 
0.031017 
0.031082 
0.024893 

0.003797 
0.002687 
0.002676 
0.007249 
0.001928 
0.000744 
0.001 164 
0.003077 
0.007401 
0.0 13881 
0.016707 
0.008161 
0.008744 
0.006993 
0.003884 
0.0027 13 

0.000118 
0 . m 2 2  
0.000000 
0.000909 
0.000194 
0 . m 2 0  
0.00021 1 
0.000131 
0.000338 
0.001 075 
0.001575 
0.001 192 
0.000345 
0.000066 
0.000184 

o.Ooo611 
0.000837 
O.OOO389 
o.oO0912 
0.000109 
0.000023 
O.OOO284 
0.001044 
0.003438 
0.006741 
0.005566 
0.002941 
0.00.3853 
0.003036 
0.001265 
0.001003 

0.000000 
O.oooO23 
0.000000 
O.oooO39 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000098 
0.000025 
0.000000 
0.000020 
0.000022 
0.000061 
O.ooOo39 

0.000064 I. 0.000000 
0.000133 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000151 
0.00053 1 
0.001289 
0.000549 
0.000581 
0.000433 
0.000357 
0.000132 
0.000126 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
O.oooO22 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0 . m 2 3  
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0 . m 2 3  
0.000000 
0.000000 
0.000000 
0.000000 
0.000022 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000158 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000045 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

_ _  0.011908 0.000354 0.000000 0.000000 0.000000 

K-III-23 
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JOINT FREQUENCY DISTRIBUTION OF THE 1987 ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1-  3 4 -  7 8-  12 13 - 18 19 - 24 >24 
Stabilitv A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 
NNW 
Stability B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000000 
o.o’oo138 
0.000138 
0.000138 
0.000000 
0.000138 
0.000000 
0.000000 
0.cSooooo 
0.000000 
0.000000 
0.000000 
O.QOO000 
0.000000 
0 . 0 1  38 
0.000000 

0.000000 
0.000000 
0.000or_rI) 
0.000276 
0.000276 
0.000000 
0.000000 
0.000138 
0.000138 
0.000138 
0.000276 
0.000552 
o.Ooo138 
0.000000 
0.000276 
0.000000 

0.000000 
0.000000 
0.000000 
0.000276 
0.000552 
0.000276 
0.000000 
0.000000 
0.000000 
0.0004 14 
0.001241 
O.O00%6 
O.OOO828 
0.000276 
0.000138 
0.000000 

0.000414 
0.000276 
O.OOO828 
0.O00828 
O.oOO690 
O.OOO828 
0.000138 
0.000276 
0.000138 
O.O00%6 
0.001 24 1 
0.001 103 
O.O00%6 
O.oOO690 
0.001103 
0.000138 

0.000000 
0.000138 
o.ooo138 
O.OOO828 
O.oo0690 
0.000276 
0.000000 
0.000000 
0.000138 
0.001517 
0.003447 
0.002344 
0.001379 
O.OOO690 
0.000276 
0.0004 14 

0.000138 
0.000552 
0.002344 
0.000276 
0.000276 
0.000000 
0.000000 
0.000138 
0.000138 
0.002069 
0.002758 
0.002069 
0.001379 
O.ooo828 
O.ooo828 
0.000414 

0.000000 0.000000 
0.000138 0.000000 
0.000138 
0.000000 
0.000138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000414 
0.000000 
0.000000 
0.000414 
0.000552 
0.000414 

0.000000 
0.000000 
0.000138 
0.000690 
0.000138 
0.000000 
0.000000 
0.000138 
0.000000 
0.000276 
0.000138 
0.000000 
0.000138 
0.000276 
0.000552 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000138 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
O.ClOO000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

K-III-24 FEwOU4CRAREl~.C4/I  2-14-93 
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JOINT FREQUENCY DISTRIBUTION OF THE 1987 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8 -  12 13 - 18 19 - 24 > 2 4  
Stabilitv C 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 8 NNW 
Stability D 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 
NNW 

0.000276 
0.m138 
0.000276 
O.OOO690 
0.000414 
0.000552 
0.000276 
0.0001.38 
0.000414 
0.000414 
0.001379 
0.001 103 
0.000414 
O.OOO4 14 
0.000276 
0.000276 

0.002925 
0.002386 
0.004759 
0.008523 
0.006661 
0.003883 
0.003053 
0.002777 
0.004307 
0.005 162 
0.006155 
0.007242 
0.005719 
0.004335 
0.002940 
0.0045% 

0.m90 
O.OOO690 
0.001241 
0.002069 
0.00 1241 
O.OOO690 
0.000276 
0.000276 
O.ooo828 
0.00 15 17 
0.003861 
0.003723 
0.001241 
0.001241 
O.O00%6 
0.001379 

0.005653 
0.0097uO 
0.0 15856 
0.024266 
0.005791 
0.002620 
0.002482 
0.0028% 
0.005 102 
0.012271 
0.019441 
0.013650 
0.0135 12 
0.013374 
0.009927 
0.008824 

0.0008243 
O.O00%6 
0.001379 
0.000552 
0.000276 
0.000000 
0.000000 

0.000914 
O.ooo828 
0.00193 1 
0.001379 
0.001 103 
0.001241 
O.ooo828 
0.001 103 

0.009790 
0.010893 
0.010893 , 

0.01 7648 
0.001517 
0.000000 
0.000552 
0.001 5 17 
0.002069 
0.004137 
0.009238 
0.006756 
0.014477 
0.007997 
0.007997 
0.006067 

o.oooi38 

K-III-25 

0.000000 
0.000000 
0.000414 
0.001241 
0.000138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000138 
0.000276 
0.000414 
0.000914 
0.000276 
0.000276 
0.000000 

0.O00828 
0.004137 
0.001931 
0.005240 
0.000138 
0.000000 
0.000000 
0.000552 
0.000276 
0.001655 
O.OOO828 
0.003861 
0.003723 
0.0015 17 
0.001655 
0.002482 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000138 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000552 
0.000276 
0.000000 
0.000000 
0.000414 
0.000276 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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December 1993 

JOINT FREQUENCY DT!T"RIBUTION OF THE 1987 ON-PROPERTY WIND DATA 

(continued) 

Wind Wind Speed, mph 
Direction 1 - 3  4-  7 8 - 12 13 - 18 19 - 24 >24 
Stability E 
N 
NNE 
NE 

: E W E  
E 
ESE 
SE 
SSE 
S 

, ssw 
sw 
wsw 
w .  

' W N W  
Nw 
NNW 
Stabili tv F 
N 
NNE 
NE 

* ENE 
E 
ESE 
SE 
SSE 
S 

. ssw 
sw 

0.003487 
O.Oo2508 
O.O(n203 
0.012519 
0.01 1648 
0.006381 
O.Oo4860 
0.006661 
0.006945 
0 . m 5 5  
0.014228 
0.021367 
0.013201 
0.007.369 
0.W7 1 2 
0.008185 

0.006570 
0.005994 
0.006280 
0.012646 
0.01 7288 
0.013558 
O.OO6860 
0.004287 
0.005709 
0.010019 
0.020476 

wsw : 0.026874 
W 0.028415 
WNW 0.025413 
Nw 0.022554 
NNW 0.014281 

0.005240 
0.003 172 
0.003723 
0.01 1996 
0.003 1 72 
0.002069 
0.002620 
0.0028% 
0.004412 
0.01 1582 
0.022336 
0.00841 1 
0.009652 
0.006343 
0.003723 
0.0028% 

0.000138 
0.000000 
0.000000 
0.002482 
0.000552 
0.000000 
0.000276 
0.000138 
0.000000 
O.OOO828 
0.001931 
0.001241 
0.000414 
0.000276 
0.000138 
0.000276 

0.000690 
0.001793 
O.ooo828 
0.001931 
0.000276 
0.000138 
O.O00%6 
0.001241 
0.002620 
0.004412 
0.006205 
0.004137 
0.003999 
0.002344 
0.001931 
0.001379 

0.000000 
0.000138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

d.oooi38 
0.000276 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000552 
o.Ooo138 
0.000414 
0.001 103 
0.001 103 
0.0276 
0.000138 
0.000276 
0.000138 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000138 
0.000000 
0.- 
0.000000 
0.000000 
0.000000 

0.000138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000138 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

FE&6U4CR4REm/FT..C22-14-93 K-ID-26 



FEMP-OU4CRARE4-DRAFT 
December 1993 

JOINT FREQUENCY DISTRIBUTION OF THE 1988 ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stability A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW m w  NNW 

Stability B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000137 
O.OOO658 
o.rWxn90 
0.000002 
0.000000 
0.000000 
0.000000 
0.000000 
0.000522 
0.001045 
0.000532 
0.000145 
0.000536 
0.000787 * 

0.000395 
0.0003% 

0.000130 
0.000130 
0.000130 
0.000000 ' 

0.000388 
0.000130 
0.000000 
0.000259 
0.000130 
0.000388 . 
0.000775 
0.0005 17 
0.000130 
0.0005 17 
0.000517 , 

O.OOO646 

0.000775 
0.000775 
0.001033 
0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000130 
0.000388 
0.001291 
0.001808 
0.001808 
O.OOO646 
O.oOO5 1 7 
O.OOO646 

0.001033 
0.003259 
0.001033 
0.000517 
0.000259 
0.000000 
0.000000 
0.000000 
0.000000 
0.001033 
0.001550 
0.001550 ' 
0.000904 
0.000904 
0.000388 
0.000904 

O.ooo646 
0.002453 
0.00 1421 
0.000388 
0.000000 
0.000000 
0.000000 
0.000259 
0.000000 
0.001 162 
0.00361 5 
0.0271 2 
0.00361 5 
O.Oo2066 
0.001 033 
O.OOO646 

0.000388 
0.001 162 
0.000775 
0.0005 1 7 
0.000388 
0.000000 
0.000000 
0.000000 
0.000130 
0.001550 
O.oou)66 
0.001550 
0.002324 
0.002324 
0.001162 
0.001033 

0.000259 
0.001 162 
O.oooT75 
0.000000 
0.000000 
0.000000 
0.000000 
0.000130 
0.000000 
0.000130 
0.000259 
0.000000 
0.0005 17 
O.ooo646 
0.000000 
0.000000 

0.000000 
0.0005 17 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000259 
0.000130 
0.000259 
0.000259 
0.000388 
0.000130 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000130 
0.000000 
0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

K-III-27 



FEMP-OU4CFURE-4-DM 
December 1993 

JOINT FREQUENCY DISTRIBUTION OF THE 1988 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1-  3 4 -  7 8 - 12 13 - 18 19 - 24 >24 
Stability C 
N O.OOO388 0.001033 0.000775 0.000517 0.000000 0.000000 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 
NNW 
Stability D 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 
NNW 

0.000388 
0.000000 
o.oO0259 
0.000388 
O.ooo646 
0.000130 
o.oO0259 
0.000388 
0.0005 17 
O.OOO5 17 
0.001 162 
o.oO0259 
0.O00646 
0.0005 1 7 
0.000130 

0.00181 4 
0.0027 18 
0.003624 
0.005952 
0.005687 
0.004265 
0.002715 
0.004266 
0.0041-36 
0.006981 
0.009309 
0.01 1635 
O.OO8404 
0.004398 
0.004783 
0.003363 

0.001 162 
0.001937 
0.001421 
O.ooo646 
0.000259 
0.000388 
0.0005 17 
0.000775 
0.001 550 
0.003228 
0.003228 
0.001 550 
0.001 42 1 
0.001 162 
0.001033 

0.008134 
0.097359 
0.011748 
0.016654 
0.004906 
0.002 195 
0.002841 
0.004132 
0.004003 
0.008908 
0.013943 
0.014460 
0.012136 
0.009812 
0.005681 
0.007359 

0.001421 
O.ooo646 
O.ooo646 
0.000388 
O.OO0 1 30 
0.000000 
0.000388 
0.000388 
0.000904 
0.001 679 
0.001679 
0.001937 
0.0027 12 
0.001550 
0.000904 

0.004 132 
0.006843 
0.005810 
0.004906 
0.001 162 
0.000130 
0.000388 
0.002324 
0.002324 
0.00761 7 
0.009812 
0.06585 
0.01 1490 
0.01 2781 
0.006197 
0.005164 

o.ooo259 
o.ooo259 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000259 
o.OO0259 
0.000259 
o.OO0259 
0.00051 7 
0.000130 
0.000000 

0.0005 17 
0.0005 17 
0.000388 
0.000130 
0.000130 
0.000130 
0.000000 
0.000000 
0.000000 
O.(KM390 
0.002841 
0.001033 
0.001808 
O.OO2066 
0.0005 17 
0.000388 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000259 
0.800000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

F E ~ U Q C R A R E ~ . . G 2 2 - 1 4 - 9 3  
-.* .. 

K-111-28 
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JOINT FREQUENCY DI!XRIBUTION OF THE 1988 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8- 12 13 - 18 19 - 24 >24 
Stabilitv E 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 

NNW 
@ N w  

- Stability F 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.003498 
0.003366 
0.002852 
0.008552 
0.006341 
0.004012 
0.004528 
0.005695 
0.005054 
0.01 0625 
0.014386 
0.015540 
0.013607 
O.OO8809 
0.006862 
0.004921 

0.006109 
0.005850 
0.005719 
0.008846 
0.01 5468 
0.008968 
0.0074 10 
0.005851 
0.01 014 1 
0.016906 
0.028615 
0.034336 
0.0343 18 
0.035742 
0.021966 

0.003357 
O.OO2066 
0.003873 
0.09683 
0.002195 
0.001 679 
0.001033 
0.002712 
O.Oo6068 
0.01 1490 
0.018074 
0.012523 
0.016009 
0.008650 
0.004390 
0.003486 

0.000000 
0.000130 
0.000000 
0.001 162 
o.Ooo259 
0.000000 
0.000130 
o.oO0259 
O.Ooo388 
0.001421 
0.003228 
0.003615 
0.000904 
0.000000 
0.000130 

0.w1291 
0.001291 
0.000517 
0.002582 
o.ooo259 
0.000000 
0.000000 
0.001421 
0.0061 97 
0.013169 
0.0092% 
0.006455 
0.005035 
0.002970 
0.001550 
0.001 162 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000130 
0.000130 

0.000130 
0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.001937 
0.003615 
0.001291 
0.001421 
o.ooo259 
0.000388 
0.000130 
o.oO0259 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOO 130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.()000OO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.00000il 
0.000000 
0.000000 
0.000000 
0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000130 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

. .  0.011832 O.OOO646 0.000000 0.000000 0.000000 0.000000 

518 
K-III-29 



F E W - O U 4 C W - 4 - D m  
December 1993 

JOINT FREQUENCY DISTRIBUTION OF THE 1989 ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1 -  3 4 -  7 8-  12 13 - 18 19 - 24 >24 
Stabilitv A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
s :  
SSW 
sw 
wsw 
W. 

Nw 
NNW 
Stability B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

wr;rw 

0.000000 
0.000000 
0.000000 
0.000120 
0.000000 
0.000120 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000120 
0.000240 
0.000479 
0.000120 

0.000120 
0.000000 
0.000359 
O.ooo240 
0.0007 18 
0.000120 
0.000000 
0.O00240 
0.000000 
0.000359 
0.0007 18 
0.000120 
0.000598 
0.000359 
O.ooo240 
O.ooo240 

0.000479 
0.000359 
0.000837 
0.001435 
0.001077 
0.000000 
0.000000 
0.000000 
0.000000 
0.000837 
0.00263 1 
0.002990 
0.00 1435 
0.000837 
0.000957 
O.OOO240 

0.000598 
0.000479 
0.000598 
0.002153 
0.000240 
0.000000 
0.000000 
0.000000 
0.000359 
0.001435 
0.001 674 
0.003 109 
0.001 1% 
0.0007 18 
0.000598 
0.000479 

0.000598 
0.000000 
0.000240 
0.001077 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.001 794 
0.002272 
0.002392 
0.00251 1 
0.000359 
0.000120 
0.001 1% 

0.001077 
0.000120 
0.000000 
0.000598 
0.000000 
0.000000 
0.000120 
0.000000 
0.000120 
0.001077 
0.001913 
0.001 1% 
0.000718 
0.000000 
O.OOO240 
0.000718 

0.000240 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000120 
0.000240 
0.000000 
0.000120 
0.000359 
0.000000 
0.000000 

0.000359 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000120 
0.000120 
0.000000 
0.000000 
0.000000 
0.000120 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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JOINT FREQUENCY DISI'RIBUTION OF THE 1989 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stability C 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 

Stability D 
N 
NNE 
NE 
ENE 
E 
W E  
SE 
SSE 
S 
SSW 
sw 
wsw 
w 
WNW 
Nw 
NNw 

0.OoiKKK) 
0.000479 
0.000359 
0.001316 
0.001316 
0.000479 
0.000359 
0.000000 
0.000000 
0.000479 
0.000837 
0.001077 
0.000598 
0.000240 
0.000359 
O.oo0240 

0.00.3468 
0.0062 18 
0.007772 
0.009326 
0.006815 
0.005620 
O.OO4066 
0.003707 
0.004305 
0.007772 
0.01 1 120 
0.01 0761 
O.Oo8609 
O.OO4066 
0.005739 
0.004185 

0.001077 
O.boOs37 
0.001674 
0.002 153 
0.000957 
0.000598 
0.000718 
0.000359 
O.bo1077 
0.001674 
0.003229 
0.002750 
0.001435 
0.001 3 16 
0.001 1% 
0.001 1% 

0.0 12674 
0.014587 
0.016858 
0.021880 
0.006337 
0.002392 
0.002392 
0.00 1674 
0.007294 
0.014348 
0.01 5065 
O.OO8609 
0.007294 
0.009207 
0.008848 
0.008%8 

0.001 1% 
0.000479 
0.001316 
0.m120 
0.000000 
0.000000 
0.000240 
0.000000 
0.000359 
0.001 1% 
0.002033 
0.001 3 16 
0.000837 
0.000718 
0.000718 
0.000718 

0.01 1359 
0.01 1957 
0.009207 
0.0066% 
0.000479 
0.000000 
0.000120 
0.000479 
0.002392 
0.006337 
0.006218 
0.005381 
0.005500 
0.007294 
0.007772 
0.003826 

0.000359 
0.000120 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000120 
0.000000 
0.000120 
0.000000 
0.000120 
0.000000 
0.000000 
0.000000 

0.001 794 
0.000598 
0.000000 
0.000120 
0.000000 
0.000000 
0.000000 
0.000120 
0.000240 
0.000479 
0.000718 
0.000240 
0.000479 
0.001077 
0.000837 
0.000479 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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JOINT FREQUENCY DISI'RIBUTION OF THE 1989 ON-.PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1 -  3 4-  7 8-  12 13 - 18 19 - 24 >24 
Stability E 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stability F 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 

0.004916 
0.004076 
0.004674 
0.01 1264 
O.OO8025 
0.003233 
0.00455 1 
0.006350 
0.007790 
0.01 5 102 
0.025648 
0.023479 
0.01 5100 
0.01 1508 
0.009466 
0.006590 

0.001871 
0.002869 
0.00.361 7 
0.005269 
0.01 0226 
0.008355 
0.005487 
0.006360 
0.007488 
0.0131 15 
0.025979 
0.040429 
0.044155 
0.038912 
0.022956 

0.005022 
0.003826 
0.003229 
0.006815 
0.001913 
0.000120 
0.000957 
0.003348 
0.005381 
0.01 1478 
0.019608 
0.009087 
0.010044 
0.01 01 63 
0.005381 
0.003229 

0.000000 
0.000000 
0.000000 
0.0007 18 
0.000000 
0.000000 
0.000000 
0.000000 
0.000120 
0.000479 
0.000957 
0.000598 
0.000240 
0.000120 
O.OOO240 

0.000837 
0.000359 
O.OW240 
0.000598 
o.Ooo120 
0.000000 
0.000000 
0.000359 
0.0021 53 
0.007055 
0.0066% 
0.001794 
0.004663 
0.005859 
0.001674 
0.000718 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000240 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.006000 
0.000240 
0.001 674 
0.000359 
0.000000 
O.OOQ000 
0.000957 
0 . m  20 
0.000359 

0.000000 
0.000000 
0.000i000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 NNW 0.008735 0.000120 
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F E I b b - O U 4 C W - 4 - D M  
December 1993 

JOINT FREQUENCY DISIRIBUTION OF THE 1990 ON-PROPERTY WIND DATA 

Wind 
Direction 
Stability A 
N 
NNE 
NE 
EPJE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
W N W .  
Nw 
NNW 
Stability B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

1- 3 4 -  7 
Wind Speed, mph . 

8 -  12 13 - 18 19 - 24 >24 

0.000150 
o.ooo449 
o.ooo449 
0.001646 
0.000599 
0.000749 
0.000300 
0.000150 
0.000000 
0.000150 
0.000599 
0.001048 
0.000599 
o.ooo449 
0.000000 
0.000599 

0 . 0 6  
0.000000 
0.000305 
0.000007 
0.000308 
0.000006 
0.000455 
0.000000 
0.000152 
0.000169 
0.000321 

0.000462 
0.000159 
O.ooOo16 
0.000164 

o.ooo4io 

0.000599 
0.000000 
O.OOO898 
0.001946 
0.000749 
0.000150 
0.000000 
0.000300 
0.000300 
0.002095 
0.002095 
0.0017% 
0.001347 
0.000599 
0.000749 
0.000449 

0.000449 
0.000000 
0.000150 
0.000599 
0.000449 
0.000449 
0.000000 
0.000000 
0.000000 
0.001497 
0.001497 
0.001347 
0.000599 
0.000599 
0.001347 
0.001048 

o.Ooo150 
0.000000 
0.000000 
0.000300 
0.000000 
0 . m  
0.000000 
0.000000 
0.000150 
0.002993 
0.001347 
0.001 198 
0.002245 
0.000300 
0.000599 
o.oO0449 

0.000000 
0.000000 
0.000000 
0.000000 
0.000300 
0.000000 
0.000000 
0.000000 
0.000150 
0.001347 
0.000749 
0.000449 
0.001 198 
0.000449 
0.001347 
O.ooo898 

o.oO0449 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000150 
0.000000 
0.000150 
0.000150 
0.000000 
0.000000 
0.000150 

0.000150 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000300 
0.000150 
0.000000 
0.000150 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000- 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.00000(r 
0.000000 
0.000000 
0.000000 
0.00000q 
0.000000 
0.000000. 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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JOINT FREQUENCY DISIRIBUTION OF THE 1990 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1 -  3 4 -  7 8- 12 13 - 18 19 - 24 >24 
Stability C 
N 
NNE 
NE 
w- 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stabili tv D 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

o.Ooo150 
o.Ooo150 
O.OOO1W 
O.OW398 
o.oO0449 
0.000000 
0.000749 
o.oO0449 
0.000150 
0.000000 
0.000449 
0.000749 
0.000449 
0.000749 
0.000599 
0.000599 

0.001 232 
0.003625 
0.006.323 
0.006787 
0.005565 
0.005705 
0.003606 
0.003016 
0.004372 
0.006492 
0.008739 
0.009318 
0.007525 
0.004677 
0.005126 
0.003787 

0.000749 
0.000300 
O.ooo898 
0.001w 
o.ooo449 
0.000150 
0.000000 
0.000449 
0.000749 
0.002095 
0.002245 
0.002095 
O.ooo898 
0.000749 
0.001 946 
0.001 497 

0.01 1672 
0.008979 
o.Oo8081 
0.01.3468 
0.005088 
0.001 198 
0.001946 
0.005836 
0.007781 
0.015263 
0.014066 

O.OOO3oO 
o.ooo449 
o.ooo449 
0.000300 
0.000000 

. 0.000000 
0.000000 
0.000000 
0.000300 
0.002245 
0.002544 
0.001 198 
0.00 1497 

' 0.000150 
0.001946 
0.001048 

0.005986 
0.002395 
0.003592 

1 0.007333 
0.000599 
0.000000 
0.000300 
0.000749 
0.007033 

. 0.016011 
0.007183 

0.000000 
O.OOO3OO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000150 
0.000300 
0.000150 
0.000749 
0.000150 
0.000000 
0.000150 

0.000300 
0.000150 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.001646 
0.001646 
0.001048 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.006135 0.003891 ' 0.003292 0.000150 0.000000. 
0.008829 0.010924 0.002844 0.000000 0.000000 
0.009876 0.009577 0.001497 0.000000 0.000000 
0.009427 . 0.009427 0.000000 0.000000 0.000000 
0.013617 0.007482 0.000599 0.000000 0.000000 
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FEMP-OU4CRARE4-DRAFT 
December 1993 

JOINT FREQUENCY DISIRIBUTION OF THE 1990 ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1 - 3  4 -  7 8 -  12 13 - .18 19 - 24 >24 
Stability E 
N 0.007112 0.006285 o.oO0599 0.000000 0.000000 0.000000 

-- 

NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 

Stability F 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.004224 
0.005082 
0.010191 
0.012229 
0.006220 
0.006887 
0.007742 
0.009848 
0.016128 
0.036086 
0.026367 
0.022151 
0.01 7586 
0.01 1238 
0.009955 

0.002873 
0.0037% 
0.003 163 
0.007275 
0.01 21 77 
o.oo6o1o 
0.003488 
0.04437 
0.006984 
0.01 1621 
0.01 8447 
0.030282 
0.026893 
0.03 1 154 
0.025 145 
0.008416 

0.003592 
0.002095 
0.007033 
0.001646 
0.000000 
o.oO0449 
0.00374 1 
0.01 1522 
0.022146 
0.01 7657 
o.Oo8081 
0.007033 
0.00793 1 
0.005986 
0.003442 

O.OOO449 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000150 
0.000150 
o.OOO449 
0.001 347 
0.001 7% 
0.001347 
0.000150 
0.000000 

- 0.000000 
0.000599 

0.000749 
0.000749 
0.000000 
0.000000 
0.000000 
o.ooo150 
0.001 198 
0.005537 
0.009727 
0.006734 
0.003442 
0.006884 
0.005238 
0.001946 
0.001 198 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
o.ooo150 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

o.ooo15o 
0.000000 
0.000000 
0.000000 
0.000000 

. 0.000000 
0.000000 
0.000749 
0.001048 
0.000300 
0.000599 
0.001946 
0.000300 
0.000150 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
8.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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- FEMP-OU4CRARE-4-DM 
December 1993 

JOINT FREQUENCY DI!TFUBUTION OF THE 1991 ON-PROPERTY WIND DATA 

Wind Wind Speed, mph 
Direction 1 -  3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stability A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stabiliiii B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

O.ooo987 
0.000741 
0.002838 
0.008142 
0.00481 1 
0.003208 
0.001851 
0.002591 
0.002961 
0.00481 1 
0.006785 
0.007895 
O.oO407 1 
0.002714 
0.002591 
0.001481 

0.000247 
0.000371 
0.000494 
0.000987 
O.ooo864 
0.000741 
0.000247 
0.000741 
0.001727 
0.001481 
0.001604 
0.001604 
0.001851 
0.000741 
0.000617 
0.000494 

0.002838 
0.003824 
0.007402 
0.010855 
0.003824 
0.001851 
O.OOO864 
0.001 1 11 
0.00.3084 
0.01 1595 
0.01 1595 
0.009128 
0.01 0979 
0.004688 
0.002591 
0.003208 

0.001111 
0.000371 
O.OOO864 
0.001234 
0.000741 
0.000371 
0.000247 
0.000124 
0.001481 
0.002097 
0.002591 
0.000987 
0.001727 
0.000617 
O.OOO864 
O.OOO864 

0.001851 
0.000741 
0.002221 
o.Oo4071 
0.00371 
0.000000 
0.000000 
0.000000 
0.002344 
0.006291 
0.005181 
0.00481 1 
0.004935 
0.005798 
0.001851 
0.001481 

0.000987 
0.000617 
0.000494 
0.000494 
0.000000 
0.000000 
0.000000 
0.000247 
0.000371 
O.OOO864 
0.001234 
0.001481 
0.000864 
O.ooo494 
0.00074 1 
0.000987 

0.000000 
0.000000 
0.000000 
0.000247 
0.000124 
0.000000 
0.000000 
0.000000 
0.000000 
0.000124 
0.000371 
0.000124 
0.000617 
0.000494 
0.000000 
0.000124 

0.000000 
0.000124 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000247 
0.000124 
0.000000 
0.000000 

O.OiM000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

.0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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FEMP-ou4c -@E& 
December 1993 

JOINT FREQUENCY DTSIRIBUTION OF THE 1991 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Sped, mph 
Direction 1- 3 4 -  7 8 -  12 13 - 18 19 - 24 >24 
Stabilitv C 
N 0.000741 0.000987 0.0987 O.ooO124 0.000000 0.000000 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stability 0 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000247 
0.0371 
0.001357 
0.001 727 
0.001481 
O.OOO864 
0.000371 
0.000494 
0.000494 
0.001974 
O.ooo864 
0.002097 
0.000617 
0.000494 
0.000617 

0.002678 
0.004653 
0.006752 
0.007986 
0.004735 
0.002736 
0.002247 
0.0029!36 
0.003520 
0.010789 
0.014497 
0.01 1602 
0.007674 
0.0089% 
0.005014 
O.Oo4405 

0.001604 
0.001357 
O.OOO987 
O.ooo864 
0.000617 
0.000247 
0.000247 
0.001 234 
0.001974 
0.002714 
0.001604 
0.001234 
0.001 974 
0.001481 
0.000124 

0.009869 
0.008142 
0.006291 
0.005181 
0.002097 
0.000371 
0.001481 
0.002097 
0.006045 
0.0152% 
0.012582 
0.007155 
0.01 381 6 
0.007525 
0.006538 
0.008142 

Q.oo(n71 
O.ooo494 
o.Ooo124 
0.000000 
0.000000 
0.000000 
0.000000 
0.000371 
0.001974 
0.000987 
0.000741 
0.000741 
0.000371 
0.000494 
0.001 11 1 

0.007155 
0.002714 
0.002344 
0.007031 
0.000494 
0.000000 
0.000000 
O.ooo864 
0.002838 
0.007772 
0.003948 
0.004935 
0.008882 
0.005798 
0.001974 
0.003578 

K-III-37 

0.000000 
0.000000 
0.000000 
0.000124 
0.000000 
0.000000 
0.000124 
0.000000 
0.000000 
0.000000 
0.000124 
0.000124 
o.Ooo124 
0.000000 
0.000000 

0.000247 
0.000247 
0.000124 
0.001 357 
0.000000 
0.000000 
0.000000 
0.000000 
0.000247 
0.000494 
0.000000 
0.000741 
0.000987 
0.000987 
0.000124 
0.000247 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 

0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



FEMP-OU4CRARE4-DRAFT 
December 1993 

JOINT FREQUENCY DISTRIBUTION OFTHE 1991 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Sped, mph 
Direction 1- 3 4 -  7 8 - 12 13 - 18 19 - 24 >24 
Stabilitv E 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stabilitv F 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.0043 1 1 
0.002417 
0.003187 
0.009926 
0.007586 
0.004289 
0.0053 1 4 
0.004461 
0.010342 
0.013744 
0.026036 
0.024452 
0.01 5464 
0.010153 
0.009732 
0.007961 

0.005 1 92 
0.004919 
0.004373 
0.007718 
0.01 1204 
0.007 105 
O.OO4099 
0.006012 
0.0071 18 
0.013690 
0.018049 

0.025700 
0.028692 
O.o3ou)9 

- 0.023774 

0.001111 
0.000987 
0.001604 
0.004194 
O.ooo987 
0.000124 
O.ooo864 
0.002221 
0.005921 
0.01 1595 
0.008758 
0.00555 1 
0.003824 
0.003w 
0.001 1 11 
O.OOO864 

0.000000 
0.000000 
0.000000 
0.000617 
0.000000 
0.000000 
0.000000 
0.000000 
0.000124 
0.000247 
0.000124 
0.000000 
0.000124 
0.000000 
0.000124 

0.000247 
o.Ooo124 
0.000000 
o.Ooo124 
0.000000 
0.000000 

O.ooo864 
- 0.002468 

0.W3 18 
0.002344 

. 0.001111 
: 0.001357 

0.000741 
0.000371 
0.000617 

, 0.000000 

0.000000 
* 0.000000 
: 0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000124 
0.000987 
0.000124 
0.000247 
0.000000 
0.000124 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 - _  0.0150% 0.000247 0.000000 
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F E M P - O U 4 C M E - 4 - D M  
December 1993 

JOINT FREQUENCY DISIXIBUTION OF THE 1992 ON-PROPERTY WIND DATA 

Wind ’ Wind Speed, mph 
Direction 1 -  3 4- 7 8- 12 13 - 18 19 - 24 >24 
Stability A 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
NW 

Stability B 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000252 
O.ooo995 
0.002100 
0.001 143 
0.001463 
0.000963 
0.000370 
0.000725 
0.001 478 
0.001882 
0.002848 
0.002129 
0.001485 
0.000869 
3.m75 
0.0005 1 6 

0.000119 
0.000237 
0.001064 
0.000709 
0.001 182 
0.000473 
O.ooo946 
O.OOO828 
0.000709 
0.001418 
0.001 536 
0.001 182 
0.001182 
0.000591 
0.000591 
0.000591 

O.OOO828 
0.002482 
0.004254 
0.004372 
0.001655 
0.000237 
0.000709 
0.000355 
0.002718 
0.005790 
0.006262 
0.006262 
0.003 190 
0.002009 
0.002482 
0.002482 

O.OOO946 
0.001064 
0.001536 
0.001891 
0.000591 
0.000237 
0.000237 
0.000709 
0.002482 
0.002127 
0.002482 
0.001182 
0.001064 
0.001 182 
0.001 418 
0.000591 

O.OOO709 
0.001300 
0.000591 
0.001773 
0.000237 
0.000000 
0.000000 
0.000000 
0.001891 
0.003545 
0.004018 
0.001891 
0.002482 
0.001 418 
0.002718 
0.001064 

0.000591 
0.000473 
0.000000 
0.000591 
0.000000 
0.000000 
0.000000 
0.000000 
0.000355 
0.000473 
0.00141 8 
0.000119 
0.000473 
0.000237 
0.001300 
0.000709 

0.000000 
0.000000 
0.000000 
0.000000 
0.000119 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000237 
0.000355 
0.000119 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000119 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
O.(-@OOOO 
0.000000 
0.000000 
0.000000 

0.000000 
O.(K)o(K) 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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~ M P - O U 4 C R A R E - 4 - D M  
December 1993 

JOINT FREQUENCY DISTRIBUTION OF THE 1992 ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8 - 12 13 - 18 19 - 24 >24 
Stability C 
N 
NNE 
NE 
ENE 
E 
ESE 
SE . 

SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 
Stability D 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.000473 
0.000709 
0.001418 
O.ooo946 
0.001418 
O.ooo828 
0.000591 
0.000473 
0.001 182 
0.002009 
0.002 1 27 
0.001 773 
0.001Oci4 
0.000709 
O.OOO946 
0.000709 

0.003960 
0.005161 
0.008607 
0.01 4433 
0.005605 
0.004523 
0.004402 
0.006190 
0.006360 
0.009921 
0.009914 
0.01 1921 
0.014057 
0.00791 1 
0.007527 
0.005262 

5 ;'! CJ 

0.000591 
0.001064 
0.001536 
0.001536 
0.000237 
0.000237 
0.000237 
O.OOO828 
0.001773 
0.002718 
0.001064 
0.001064 
0.001064 
0.001536 
0.001064 
O.ooo946 

O.Oo9098 
0.01 1933 
0.012760 
0.014887 
0.005435 
0.002600 
0.002009 
0.003663 
0.006617 
0.014651 
0.012997 
0.010752 
0.010634 
0.016187 
0.010397 
0.008271 

0.000709 
0.000355 
0.000237 
0.000355 
0.000119 
0.000000 
0.000000 
0.000237 
O.ooo828 
0.000591 
O.ooo946 
0.000119 
0.000709 
0.000591 
0.001655 
O.OOO709 

0.005435 
0.003545 
0.000709 
0.003545 
0.000591 
0.000000 
0.000000 
0.000237 
0.002600 
0.003663 
0.003663 
0.002954 
0.005672 
0.008507 
0.006971 
0.004136 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000119 
0.000000 
0.000119 
0.000119 
0.000237 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000119 
0.000000 
0.000000 
0.000355 
0.000119 
0.000119 
0.000000 
0.000709 
0.000237 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

@ 0.000000 
' 0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

K-111-40 
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FEMP-OU4CF2ARE4-DRAFT 

December 1993 

JOINT FREQUENCY DISIRIBUTION OF THE 15EQ ON-PROPERTY WIND DATA 

(Continued) 

Wind Wind Speed, mph 
Direction 1- 3 4 -  7 8- 12 13 - 18 19 - 24 >24 
Stability E 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
!%E 
S 
SSW 
sw 
wsw 
W 
WNW 9.w NNW 

Stability F 
N 
m 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
sw 
wsw 
W 
WNW 
Nw 
NNW 

0.004909 
0.003228 
0.004538 
0.01 1159 
0.008792 
0.006330 
0.0071% 
0.007995 
0.01 1243 
0.020584 
0.028202 
0.0203 12 
0.01 51 06 
0.01 3523 
0.010279 
0.008205 

0.006913 
0.005377 
0.004412 
0.009315 
0.009985 
0.006775 
0.006598 
0.003762 
0.007051 
0.01 3 175 
0.019260 
0.024046 
0.026645 
0.026606 
0.026547 
0.013136 

0.001 773 
0.002482 
0.001536 
0.0378 1 
0.001655 
0.000473 
0.001064 
0.003545 
0.011106 
0.01 5005 
0.013824 
0.0053 1 7 
0.005908 
0.005790 
0.0027 18 
0.002363 

0.000119 
0.000000 
0.000000 
0.000473 
0.000355 
0.000119 
0.000709 
0.000237 
O.ooo946 
0.002 127 
0.001 41 8 
0.000355 
0.000237 
0.000000 
0.000473 
0.000237 

0.000000 
O.oOO709 
0.000000 
O.OOO23 7 
0.000000 
0.000000 
0.000591 
0.001 182 
0.001655 
0.001773 
0.002127 
0.000709 
0.001 I82 
0.001064 
0.000119 
O.OOO946 

0.000000 
0.000000 
0.000000 
0.000237 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000591 
0.000000 
0.000000 
0.000119 
0.000000 
0.000237 
0.000237 

K-ID-41 

o.Ooo119 
0.000000 
0.000000 

. 0.000000 
0.000000 

. 0.000000 
0.000000 
0.000355 
0.000000 
0.000000 
0.000119 
0.000119 
0.000119 

1 0.000237 
0.000119 
0.000000 

0.000000 
0.000000 
0.000000 

* 0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

. 0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
. 0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

O.ooo946 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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TableK-1V - 2 
Snmmary of Intake and Risk Quantitition (Radionuclides) 
Trespassing Child Current Land Use Scenario (age7- 18) 

Via Iakalrtion of Gases and Particulates 

ntake Equation C a X E F X E D n X E T X I R  

IR 
EF Exposure frequency 
EDn Exposure duration 
ET Exposure time 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 
Pa- 231 

Am-241 

Pb-210 
PU - 238 
PU - 239 
P U  - 240 
Ra -226 
Ra -228 

NA 
NA 

4.7E-05 
l . l E - 0 5  
3.7E -05 
1.1E-03 
6.2E -05 
3.5E -05 
3.5E-05 
8.1E-05 
8.8E -05 

Rn - 222 
Ru-106 

Tc-99 
Th-228 
Th-230 
Th - 232 
U-233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr -90 

4.OE +00 
NA 

1.3E-04 
6.4E -04 
1.4E-04 
1.5E-04 
8.2E -05 

NA 
1.3E - 0 3  
3.6E -05  
1.5E -05  
8.OE -04 

0.83 d l d a y  
52 dayshear 
12 Year 

4 hours 

pCi/m3 
pCi/m3 
pCi/m3 
pCi/m3 
pci/rn3 
p ~ i / r n ~  
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 

CDI CSF ILCR 
l a d  ionu clides (pCi) (pCi)-l  (unitless) 

Ac-227 NA 8.8E -08  NA 
Am -241 NA 3.2E -08  NA 
CS- 137 9.8E -02  1.9E - 11 1.9E - 12 
Np - 237 2.2E -02 2.9E -08 6.3E - 10 
Pa-231 7.6E -02  3 6E -08  2.7E -09 
Pb-210 2.2E t o o  4 OE -09 8 7E -09  
PU - 238 1.3E-01 3.9E -08 5.OE -09  
PU - 239 7.2E -02 3.8E -08 2.7E -09  
Pu- 240 7.2E -02 3.8E -08  2.7E - 0 9  
Ra -226 1.7E -01 3.OE-09 5.OE-10 
Ra -228 1.8E -01 6.9E - 10 1.3E-10 

6.3E -08  Rn - 222 8.2E t o 3  7.7E - 12 
flu-106 NA 4.4E - 10 NA 

TC -99 1 .3Et00 8.3E- 12 1. lE-11 
Th-228 2.9E -01 7.8E -08 2.3E-08 
Th- 230 3.1E-01 2.9E -08 9.OE -09 
Th-232 1.7E-01 2.8E - 0 8  4.7E -09  

Sr-90 2.6E -01 5.6E - 11 1.5E-11 

U - 233 NA 2.7E -08 NA 
U - 234 2.8E t o o  2.6E -08 7.2E -08 
U - 235 7.4E -02 2.5E -08 1.8E-09 
U - 236- 3.OE -02 2.5E -08 7.6E-10 
ij - 238 :.7E+CC 5.2E -08 8.6E -08  

2.8E -07 ~ I L C R  Summation - 
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ntake Equation 

IRs 
EF 
EDn 
FI 
cs 

3 Table KIV-4 
Summary of Intake and Risk Quantitation (Radionuclides) 
Trespassin Child Current Land Use S C ~ M I ~ O  (age7-18) 

Via 5 ncid.ental Ingestion of SoiVSediment 

- - ., CS X EF XEDnX FIX IR 

Ingestion rate of soil (RAGS, 1989) 

Fractional lnteke i (unitless) 
Concertration of radionuclides in soil 

25 mg/day 
Exposue frequency 52 dayS/year 
Exposwe Duration 12 Year 

(see table below) 

Ac-227 

Cs-137 
Am-241 

Np-237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 

NA 
NA 

8.4E - 0 4  
9.5E - 04 
8.8E - 04 
2.5E-02 
1.3E-03 
6.7E-04 
6.7E - 0 4  
1.QE-03 
2.OE - 0 3  

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
U-234 
u-235 
U-236 
u-238 

N A :  
NA 

2.6E -03  
1.5E - 02 
2.8E-03 
2.9E - 0 3  
1.9E-02 

3.4E-02 
NA 

8.9E -oh 
2.6E - 0 4  
2.OE - 0 2  

CDI CSF ILCR 
Radionudides (pci) (pci) -l * (unitless) 

Ac-227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
Cs-137 1.3E+01 2.8E-11 3 .7E-10 

1.5E+01 2.2E - 10 3.3E - 0 9  
Pa-231 1.4E +01 9.2E-11 1.3E-09 
Np -237 

Pb-210 3.9E+02 . 6.6E - 1 0  2.6E - 0 7  
Pu-238 2.1E + 0 1  2.2E - 1 0  4.5E - 0 9  
Pu-239 1 .OE +01 2.3E - 10 2.4E-09 
Pu-240 l.OE+Ol I 2.3E-10 2.4E - 0 9  
Ra-226 2.9€+01 1.2E - 1 0  3.5E - 0 9  

: Ra-228 3.1€+01 .. 1.OE-10 3.1E-09 
R n - a  NA 1.7E- 1 2  NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 4.OE +01 3.3E - 1 0  1.3E-08 
Tc-99 2.3E+02 1.3E-12 3.OE - 10 
Th-228 4.3€+01 5.5E - 11 2.4E-09 
Th-230 4.5E t o 1  1.3E - 11 5.9E - 19 

Th-232 2.9E +01 1.2E - 11 3.5E - 1 0  
U-233 NA 1.6E- 11 NA 

U-235 1.4E+01 ' 1.6E-11 2.2E - 10 

U-238 3.1€+02 2.8E-11 8.8E-09 

U-234 ' .... .'.., 5 . 2 E i 0 2  1.6E - 11 8.4E-09 

U-236 4 .OE+OO 1 . 5 5  - 11 6.OE - 11 

3.2E-07 - I ILCR Summation - 
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Table K.IV-S 
Summary of Intake and Rirk Quautitation (Radionuclides) 
Trespassing Child Current Land Use Scenario (age?’- 18) 

Via Iacidental Ingestion while Wading 

- - C s X  EFX EDX FIX IR 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration for non-carcinogens 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

Ac-227 

Cs-137 
N p  - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiA 
PCiA 
pCiA 
p C i/l 
p C ill 
pCill 
p C i/l 
p C i/l 
pCili 
pCi/l 
pCi/l 

Rn - 222 
Ru-106 
Sr-90 
TC - 99 
l h  - 228 
Th-230 
l h - 2 3 2  
U - 233 
U - 234 
U-235 
U - 236 
U - 238 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.3E -03  
1.7E -04  
6.9E - 0 5  
3.8E -03 

0.025 Itday 
13 daysfyear 
12 Year 

1 (Unitless) 
(see table below) 

PCiA 
pCiP 
PCiil 
p C i/l 
pCi/l 
pCi/l 
p C i/i 
p C ill 
p C i/i 
p C i/l 
p C i/l 
pCi/l 

ladionuclldes ( p a )  (Pcq-1 (unl less)  

Ac - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 NA 2.8E-11 NA 
N p  - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
Pu-238 NA 2.2E-10 

NA 2.3E-10 
NA 2.3E - 10 NA 

Pu-239 
Pu-240 
Ra -226 NA 1.2E -10  NA 

NA 1.OE-10 NA 
NA 1.7E-12 NA 

Ra -228 . 
Rn - 222 
Ru-106 NA 9.5E - 12 NA 
Sr-90 N A :  3.3E - 10 NA 
r c  -99 NA 1.3E - 1  2 NA 
rh-228 NA 5.5E - 11 NA 
rh-230 NA 1.3E - 1  1 NA 

NA 1.2E - 1  1 NA 

1:. 

NA 1.6E- 11 NA : .  
rh-232 
U-233 
U - 234 2.4E -02  1.6E - 11 3.9E - 13 
U-235 6.5E -04 1.6E-11 1.OE - 14 
U-236 2.7E -04 1.5E - 1  1 4.OE -1 5 
u - 2 3 8  ?.SE-02 2.8E - 11 4.1E - 1  3 I I L C R  Summation - 8.2E-13 =a9 

cl - 

Fwou4cRAREIv/Fr.c4/l2-14-93 K-IV-7 
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1993 e Table KIV-7  
Summary of Risk Qnantitation (Radionuclides) 

Trespassing Child Curreat Land Use Scenario (age7- 18) 
Vir External Radiation 

ixposure E q u a t i o n  = [ C R X E F X E D n X E T i X  ( l-SHi)] + [ C R X E F X  EDnXET,X(l-SH,)] 

EF 
ED Exposure duration 

E Ti 
ET, 
SHi Shield factor indoors 
SH, Shield factor outdoors 
CR Radionuclide specl ic concentrations 

Fraction of year spent exposured 

Fraction of day spent inaoors 
Fraction of day spent outdoors 

AC - 227 
Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra - 226 
Ra -228 

NA pCilg 
NA pCilg 

7.1E -01 pCi/g 
7.OE -01 pCilg 
2.4E +00 pCi/g 
7.OE +01 pCi/g 
9.2E -01  pCilg 
5.2E -01  pCi/g 
5.2E -01  pCilg 
5.OE +00 pCilg 
2.8E +00 pci/g 

Rn - 222 

Sr-  90 
Ru- 106 

Tc - 99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U-236 
U-238 

0.14 (unitless) 

0 (unitless) 
0.17 (unitless) 

0.5 (unitless) 
o (unitiess) 

12 Year 

(see table below) ' 

NA p c i l g  
NA P c i lg 

1.9E+00 pCilg 
9.6E+00 pCilg 
2.7E +00 pCi/g 
5.OE +00 pCilg 
2.1E +00 pCilg 

NA p C i lg 
5.6E +01 pCilg 
1.7E +00 pCi/g 
1.4E + O O  pCi/g 
3.3E +01 pci/g 

CDI CSF ILC R 
Iadionuclid es (year pCi/g) (g/pCi -year) (unitless) 

Ac-227 NA N A '  NA 
Am-241 NA 4.9E -09  NA 
Cs-137 2.OE -01  2.OE -06 4.OE -07 
Np - 237 2.OE -01  4.3E -07  8.6E -08 
Pa-231 6.9E -01  2.6E -08  1.8E-08 
Pb-210 2.OE +01 1.6E-10 3.2E -09  
PU - 238 2.6E -01  2.8E - 11 7.4E-12 
PU - 239 1.5E-01 1.7E-11 2.5E - 12 
PU - 240 1.5E-01 2.7E - 11 ' 4.OE-12 
Ra -226 1.4E +00 6.OE -06 8.6E -06 
Ra -228 7.9E -01  2.9E -06 2.3E -06 
Rn - 222 NA 5.9E -06  NA 
Ru-106 NA NA NA 
Sr -90  5.3E-01 NA NA 

1.7E -12  Tc - 99 1.8E +00 6.OE - 13 
Th - 228 7.7E -01 5.6E -06 4.3E - 0 6  
Th - 230 1.4E +00 5.4E - 11 7.7E - 11 
Th - 232 6.1E -01 2.6E - 11 1.6E - 11 
U - 233 ' NA 4.2E - 11 NA 
U - 234 1.6E+01 3.OE - 11 4.8E - 1 0  
U - 235 5.OE-01 2.4E - 07 1.2E -07 
U-236 4.OE -01 2.4E - 11 9.5E - 12 
U - 238 9.3E +00 3.6E -08 3.3E-07 

1.6E-05 - ~ ~ L C R  Summation - 

FERDU4CRARE1IV/Fr.C22-14-93 K-'W- 10 
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Table’K-IV-9 , 
Smmmarg of Intake and Risk Quantitation (Radionuclides) 

Groumdrkeeper Current Land’ Use Scenario 
Via Inhalation of Gases and Particulates 

ntake Equation - - Ca X EF X EDn X IR  

IR 
EF 
EDn 
Ca 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

0.83 &/day 
250 dayshear 

25 Year 
(see table below) 

Ac-227 
Am-241 
Cs-137 
Np - 237 

NA 
NA 

4.7E -05  
l . l E - 0 5  

Pa-231 3.7E -05  
Pb-210 l . l E - 0 3  
PU- 238 6.2E -05 
PU - 239 3.5E -05 
PU- 240 3.5E -05 
Ra -226 8.1E-05 
Ra -228 8.8E -05 

pCi/rn3 
pCi/rn3 
pCi/rn3 
pCi/m3 
p ~ i l m ’  
p ~ i l r n ’  
p ~ i l r n ’  
p ~ i l r n ’  
pci/rn3 
p ~ i l m ’  
p ~ i l m ’  

Rn - 222 
Ru-106 

Tc -99 
Th-228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr-90 

4.OE+00 
NA 

1.3E-04 
6.4E -04 
1.4E-04 
1.5E -04 
8.2E -05  

N A  
1.3E-03 
3.6E -05  
1.5E-05 
8.OE -04 

C D I  CSF ILCR 
Radionucl ides (PCi) (p CI) -1 (unitless) 

A c  - 227 
Am-241 
CS- 137 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
Pu-240 

Pa-231 

Ra -226 
Ra -228 
Rn- 222 
.RU-106 

Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
0U-234 
‘U - 235 
.U - 236 
-U - 238 4.1E+00 5.2E -08 2.2E -07 

7 . ? € - 0 7  

Sr-90 

- i i i C R  Summation - 
5% 

N A  
N A  

2.5E -01 
5.4E - 0 2  
1.9E-01 
5.4E +00 
3.2E -01 
1.8E-01 
1.8E-01 
4.2E -01 
4.6E-01 
2.1E+04 

NA 
6.5E -01 
3.3E +00 
7.3E -01 
7.8E -01 
4.2E -01 

6.9E +00 
1.8E-01 
7.6E -02 

NA 

8.8E -08  
3.2E-08 
1.9E-11 
2.9E -08 
3.6E -08 
4.OE - 0 9  
3.9E -08 
3.8E -08 
3.8E - 0 8  
3.OE -09  
6.9E - 10 
7.7E-12 I 

4.4E - 1 0  
5.6E - 11 
8.3E - 12 
7.8E -08 
2.9E -08 
2.8E -08 
2.7E -08 
2.6E -08. 
2.5E -08 
2.5E -08 

NA 
NA 

4.7E - 12 
1.6E-09 . 
6.8E -09 
2.2E -08 
1.3E -08  
6.9E -09  
6.9E -09 
1.3E -09 
3.2E - 10 
1.6E -07 

NA 
3.6E - 11 
2.8E - 11 
5.7E -08 
2.3E -08 
1.2E-08 

NA 
1.8E -07 
4.6E -09  
1.9E -09  

K-IV-13 
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Table KIV- 11 
Summary of Intake and Risk Quantitation Radionuclides) 

Groundskeeper Current Land Use !kenario 
Via Incidental Ingestion of Soil/Sedirnent 

ntake Equation 

IRs 
EF 
EDn 
FI 
cs 

CSX EF XEDn X FIX IR - - 

Ingestion rate of soil (RAGS, 1989) 
Exposue frequency 
Exposue DuraCon 
Fractional Intake 
Concenbation of radionuclides in soil 

Ac-227 NA pCi/mg 
Am-241 NA pCiimg 
CS-137 8 . 4 ~ - 0 4  pCiimg 
hp-237 9 . 5 ~ - 0 4  pCiimg 
Pa-231 8 . 8 ~ - 0 4  pCi/mg 
Pb-2lO ZSE-OZ pCi/mg 
Pu-238 1 . 3 ~  - 03 pCi/mg 
Pu-239 6 . 7 ~  - 0 4  pCi/mg 
Pu-240 ' 6 . 7 ~ - 0 4  pCi/mg 
Ra-226 I . ~ E - o ~  pCi/mg 
Ra-228 2 . o ~  - 0 3  pCi/mg 

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th -230 
Th -232 
U-233 
U-234 
u-235 
U-236 
u-238 

NA 
NA 

2.6E - 03 
1.5E - 0 2  
2.8E-03 
2.9E - 0 3  
1.9E-03 

3.4E - 02 
8.9E - 0 4  
2.6E - 04 
2.OE - 0 2  

NA 

50 mg/&y 
2 5 0 & y S w  

25 Y W  
1 (unitiess) 

(see table belowj 

CSF ILCR 
Radionuclides @ci) @ci) -1 (unitless) 

Ac-227 NA 3.5E - 1 0  NA 
Am-241 NA 2.4E - 1 0  NA 

w-237 
Pa-231 

Pu -238 4.1E+02 2.2E - 1 0  

CW 

CS-137 2.6E + 0 2  2.8E - 11 7.3E - 0 9  
3.OE t 02 2.2E - 1 0  6.6E-08 
2.8E + 0 2  9.2E y 11 2.5E -08 

Pb-210 7.9E+03 6.6E - 1 0  5.2E - 0 6  
9.1E - 08 

Pu-239 2 . 1 E t 0 2  2.3E - 1 0  4.8E-08 
4.8E -08 Pu-240 2.1€+02 2.3E - 10 

Re-226 5.8E + 0 2  1.2E - 1 0  7.OE-08 
Ra-228 6.2E + 0 2  1.OE-10 6.2E-08 
Rn-222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 1 2  NA 
Sr-90 8.OE+02 3.3E - 1 0  2.7E - 0 7  
Tc-99 4.6E+03 1.3E - 1 2  6.OE - 0 9  
Th-228 8.6E + 0 2  5.5E - 11 4.7E - 0 8  

7.1E-09 
Th-230 9.OE + 0 2  1.3E - 11 1.2E-08 
Th-232 5.9E+02 1.2E - 11 
U-233 NA 1.6E- 11 NA 
U-234 l.OE+04 1.6E-11 1.7E - 0 7  
U-235 2 . a ~  + 0 2  1.6E- 11 4.4E-09 
U-236 8.1€+01 1.5E - 11 1.2E-09 
U-238 6.3E +03 2.8E - 11 1 .BE -07  

6.3E - 0 6  - llLCR Summation - 6 @.I. 
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9 Table K-IV-13 
Smmmarg of  Risk Qoantitatioo (Ridioioclidts) 

Groundskeeper Current Land Use Scenario 
Via External Radiation 

ixposure E q u a t l o n  = (CRX EFX EDnX ETiX (1-SHi)] + [ C R X E F X  EDnXET,X(l-SH,)] 

EF 
ED Exposure duration 

E 1; 
ETo 
SH; Shield factor Indoors 
SHO Shield factor outdoors 
CR Radionuclide spectic concentrations 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors (8hoursl24hours) 

0.68 (unitless) 

0 (unitless) 
0.33 (unitless) 

0.5 (unitless) 
0 (unitless) 

25 Year 

(see table below) 

Ac - 227 
Am -241 
CS- 137 
'Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra - 228 

NA p c i l g  
NA pCilg 

1.OE +00 pCilg 

2.4E +00 pCilg 
7.OE +01 pCilg 
3.OE +00 pCilg 
l . lE+OO pCilg 
l . lE+OO pCi/g 
5.OE +00 pCilg 
5.OE +oo pci/Q 

7.OE -01 pCilg 

Rn - 222 
Ru- 106 
Sr-90 
TC - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA I pCilg 
NA PCilg 

5.2E +00 pCilg 
3.8E +01 pCi lg  
5.OE +00 pCilg 
5.OE +Op pCilg 
5.OE +OD pCUg 

1 . O E  +0,2 pCilg 
2.7E+00 pCilg 
l . lE+OO pci/g 
6.OE+01 pci/Q 

NA PCilg , 

ladionuclides (year pCi/g) (g/pCi-year) (unit1 ess) 

AC-227 NA NA NA 
Am-241 NA 4.9E -09 NA 
Cs-137 5.6E +00 2 OE -06 l . l E - 0 5  
Np - 237 3.9E +00 4.3E -07  1.7E-06 
Pa-231 1.4E +01 2.6E -08 3.5E -07  
Pb-210 3.9E+02 . 1.6E -10  6.3E - 0 8  
PU - 238 1.7E +01 2.8E - 11 4.6E - 1 0  
PU-239 6.3E +00 1.7E - 1 1 l . l E - 1 0  
PU - 240 6.3E +00 2.7E - 11 1.7E - 10 
Ra -226 2.8E +01 6.OE -06 1.7E-04 
Ra -228 2.8E +01 2.9E -06  8.1E-05 
Rn-222 NA 5.9E -06 NA 
RU- 106 NA NA NA 
Sr-90 2.9E+01 NA NA 
Tc-99 2.1E +02 6.OE - 13 1.3E - 10 
Th-228 2.8E +01 5.6E -06  1.6E -04 
Th-230 2.8E +01 5.4E - 11 1.5E -09  
Th-232 2.8E +01 2.6E - 11 7.3E-10 
U - 233 NA 4.2E - 11 NA 
U-234 5.6E +02 3.OE-11 1.7E-08 

M E - 0 6  U - 235 1.5E +01 2.4E -07  
U - 236 6.2E+00 . 2.4E -11 1.5E-10 
U - 238 3.4E +02 3.6E -08 1.2E-05 

4.4E -04  - [ILCR Summat ton  - 

K-IV- 19 
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FEMP-OU4CRARE-4-DRAFT 

lW3 
Summary of Intake and Risk Qmantitation (Radionuclides) 

Off-Property RME Resident Farm Adnlt Cmrrent Land Use Scenario 
Via Inhalation of Gases and Particulates 

ntake  Equat ion 

IR 
EF 
EDn 
Ca 

Inhalation rate of gases (RAGS, 1989) 
Expssure frequency 
Exposure dura ti o n 
Concentration of radionuclides in air 

At-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

4.6E -05  
1.6E-05 
5.5E - 0 5  
1.6E-03 
8.OE -05  
3.9E -05  
3.9E -05 
8.OE - 0 5  
8.7E -05  

C a X  E F X  EDnX IR 

fln - 222 
flu-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U-238 

20 &/day 
350 daysbear 

70 Year 
(see table below) 

4.OE+00 pCi/m3 
NA pCi/m3 

1 . 5 ~  -04 pCi/m3 
9 . 2 ~  -04 pci/m3 
1.4E-04 pCi/m3 
1.5E-04 pCi/m3' 
8.OE -05  pCi/m3 

N A  pci/m3 
1.7E -03 pCi/m3 
4.4E -05 pCi/m3 
I.BE-OS pci/m3' 
9.9E -04 pCi/m3 

l a d i o n u c l i d e s  (pCi) (un l t i e s s )  

Ac - 227 
Am - 241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
Pu-238 
PU - 239 
Pu-240 
Ra -226 
Ra-228 
Rn-222, 
Ru-106 
Sr-g0 
T c 4 9  
Th-228 
Th-230 
Th-232 
U - 233 
U-234 
U-235 
U - 236 

N A  
NA 

2.3E +01 
7.8E +00 

7.8E + 0 2  
3.9E +01 
1.9E +01 
1 . 9 E t 0 1  
3.9E t o 1  
4.3E+01 
2.OE t o 6  

7.4E t o 1  
4.5E t o 2  
7.OE +01 
7.3E +01 
3.9E +01 

8.1E t o 2  
2.2E +01 
8.8E +oo 

2.7E +01 

NA 

NA 

8.8E -08 
3.2E -08 
1.9E-11 
2.9E -08 
3.6E-08 
4.OE-09 
3.9E -08 
3.8E -08 
3.8E -08 
3.OE -09  
6.9E - 10 
?.?E - 12 
4.4E-10 
5.6E - 11 
8.3E - 12 
7.8E -08  
2.9E -08 
2.8E -08 
2.7E -08  
2.6E -08  
2.5E -08 
2.5E -08 

N A  
N A  

4.3E - 10 
2.3E -97 
9.7E -07 
3.1E-06 
1.5E-06 
7.3E -07 
7.3E -07 
1.2E-07 
2.9E -08 
1.5E -05  

N A '  
4.2E-09 
3.7E -09  
5.5E -06 
2.1E-06 
1 . lE-06  

2.1E-05 
5.4E -07 
2.2E -07 

NA 

U-238 - 4.8E +02 5.2E -08  2.5E -05  
?.BE -05 - ~ I L C R  S u m m a t i o n  - 

. .  
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Table KIV-16 
Sunnaxy of Intake and Risk Quintitition (Radionuclides) 

Off-Property RME Resident Farm Adult Current Land Use Scenario 
Via Ingestion of Drinking Water 

ntake Equation 

IR 
EF 

FI 
cw 

-- 
cull 

- - Cw X E F  X E D n  X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides m groundwater 

Ac-227 

Cs-137 
N p  - 237 
Pa-231 
Pb-210 
PU - 238 
PU-239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Rn - 222 

Sr-90 
Ru-106 

Tc - 99 
Th - 228 
Th - 230 
Th-232 
U -233 
U-234 
U-235 
U-236  
U - 238 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E+00 
1.6E-01 
6.7E -02  
3.6E +00 

2 Ilday 

70 Year 
350 dayslyear 

1 (Unitless) 
(see table below! 

PCiP 
pCiP 
pCiA 
pCi/l 
p c i/I 
p C i/l 
pCi/l 
pCi/l 
p c i/l 
pCi/l 
pCi/l 
pCi/l 

CDI CSF ILCR 
Radionuclides (pa )  (p  CI] -1 (unitless) 

A C  - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS-137 NA 2.8E - 11 NA 
Np-237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E - 10  NA 
Pu-239 NA 2.3E-10 NA 
Pu-240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E-10 NA 
Ra -228 NA 1 .OE - 10 NA 
Rn-222 NA 1.7E -12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-QO NA 3.3E - 10 NA 
TC-g9 NA 1.3E-12 NA 
Th-228 NA 5.5E-11 NA 
Th-230 NA 1.3E - 1  1 NA 
Th-232 NA 1.2E-11 NA 
u - 233 NA 1.6E-11 NA 
U-234 3.OE +05 1.6E-11 4.8E-06 
G - 235 7.9€+03 1.6E-11 1.3E -07 
U - 236 3.3E +03 1.SE-11 4.aE-08 
U-238 1.8E +05 2.8E-11 5.OE -06 

~ I L C R  Summation - - 9.9E -06  '3 . '  8 
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- 

' 

: 

: 

r nelx 

Radionuclides ( p a )  (PCi) -1 (unitless) 
1 

NA 3.5E - 10 NA Ac-227 , 
Am-241 NA 2.4E - 10 NA 
CS- 137 6.OE +00 2.8E - 11 1.7E - 10 
Np - 237 2.5E - 0 3  2.2E - 10 5.4E - 13 
Pa-231 1.2E +01 9.2E - 11 l . l E - 0 9  
Pb-210 NA 6.6E - 10 NA 
PU-238 1.6E -04  2.2E - 10 3.5E - 14 
Pu- 239 1.OE -04  2.3E-10 2.3E-14 
Pu- 240 1.OE -04 2.3E - 10 2.3E - 14 
Ra -226 1.3E -01 1.2E-10 1.5E - 1  1 
Ra -220 8.7E - 0 2  1.OE-10 0.7E - 12 
Rn-222 NA 1.7E-12 NA 

NA 9.5E - 12 NA 
NA 3.3E - 10 NA 

Ru-106 
Sr-90 
Tc-99 NA 1.3E-12 NA 
Th-228 3.5E -03 5.5E - 11 1.9E-13 
Th-230 5.8E -03 1.3E-11 7.5E-14 
Th-232 3.1E-03 1.2E-11 3.7E - 14 
U-233 NA 1.6E - 1  1 NA 
U - 234 9.6E +02 1.6E-11 1.5E -08 
U-235 2.5E +01 1.6E -11 4.1E-10 
U - 236 1.OE +01 1.5E -11 1.6E -10 
U-230 5.7E +02 2.8E - 11 1.6E -08 

LILCR Summation . - - 3.3E -08  

I :  
I 
i 

Table K.lV-18 
Summary of Intake and Risk Quantihtion (Radionuclides) 

Off-Property W E  Resident Farm Adult Cmrrent Land Use Scenario 
Via Imgestion of Meat Products 

1993 
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Table K I V - 2 0  
Summary of Intake and R i r k  Q8antitation (Radionuclides) 

Off-Property RME Resident Farm Adalt a r r e n t  Land Use Scenario 
vh Ingestion of Dairy Products 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

- - Cp X EF X EDnX FIX IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

AC-227 

Cs-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra  -226 
R a  -228 

NA 
NA 

1.2E-03 
1.2E-07 
4.2E-05 

NA 
1.7E-08 
l . l E - 0 8  
1.1E-08 
1.3E-04 
1.3E -04 

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th - 228 
Th - 230 
Th - 232 
U-233 
U - 234 
U - 235 
U - 236 
U-238  

NA 
NA 

7.8E -25 
2.3E-23 
2.4E -06 
2.6E -06  
1.4E-06 

NA 
1.6E +00 
4.2E -02 
1.8E-02 
9.6E - 01 

0.3 I/day 
i (Unitless) 

350 daystyear 
70 Year 

CDI CSF ILCR 
Radio  nu clid es (pCi) (pCI)-l  (unitless) 
I I 
Ac - 227 
Am-241 
CS-137 
Np - 237 
Pa- 231 
Pb-210 
P U  - 238 
Pu-239 
PU-240 
Ra -226 
Ra-228 
Rfl - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
U - 234 
U-235 
U - 236 
U - 238 

NA 
NA 

8.5E +oo 
9,OE -04 
3.1E -01 

NA 
1.3E -04  
8.1E-05 
8.1E-05 
9.3E -01 
9.6E -01 

NA 
NA 

5.8E-21 
1.7E - 19 
1.8E-02 
1.9E-02 
1.OE-02 

1.2E+04 
3.1E+02 
1.3E +02 

NA 

3.5E - 1 0  
2.4E - 1 0  
2.8E - 11 
2.2E - 1 0  
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E-10 
1.OE - 1 0  
1.7E-12 
9 s  - 1 2  
3.3E - 1 0  
1.3E - 12 
5.5E - 11 
1.3E-11 
1.2E - 11 
1.6E - 1 1 
1.6E - 1 1 
1.6E - 1 1 
i .SE - 11 

NA 
NA 

2.4E - 10 I ‘  
2.OE - 
2.9E - 

2.8E - 
1.9E- 
1.9E- 
1.1E- 
9.6E - 

NA 

NA 
NA 

1.9E -30 
2.2E -31 
9.7E - 13 
2.5E - 13 
1.2E -13 

NA 
1.9E-07 
5.OE -09 
t3E-09  

- 
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wake Epuation 

IR 
FI 
EF 
EDn 
c v  

Table K.IV-22 
Summary of I n k c  and Risk Qmantitation (Radionmclides) 

Off-Property RME Resident Fara Addt Cnrrent Land Use Scenario 
Via Ingestion of Vegetables and Fruits 

- - Cv X EF XEDnX FI X IR 

Ingestion rate of fruits or vegetables 0.122 kglday 
Fraction ingested from contaminated source i (Unitless) 
Exposure frequency 350 daysbear 
Exposure duration 70 Year 
Concentration of radionuclides m vegetables 

Ac-227 

CS- 137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

4.OE - 0 3  
5.8E-04 
2.1E - 0 3  
5.9E -02  
4.2E - 0 3  
2.7E -03 
2.7E -03 
6.8E - 0 3  
7.2E - 0 3  

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th - 228 
Th-230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

N A .  
N A Y  

3.4E - 13 
1.5E - 12 
1.2E-02 
1.3E702 
6.8E ~ 0 3  

5.6E t o 1  
1.5E t o 0  
6.2E -01 

NA . 

3.4E t o 1  

PCikQ 
PCikQ 
pCi1kg 
pCi1kg 
pCi1kg 
pCi1kg 
Pci lkg 
pCi1kg 
pCi1kg 
pCi1kg 
pCi1kg 
pCi1kg 

CDI  CSF ILCR 
ladlonuclides (PCI) (pCi1-l (un itless) 

AC - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 1 0  NA 
CS- 137 1.2E +01 2.8E - 11 . 3.4E -10  
Np - 237 1.7E +00 2.2E - 1 0  3.8E - 10 
Pa-231 6.2E +00 9.2E - 11 5.7E - 10 

1.2E-07 Pb-210 1.8E +02  6.6E - 10 
Pu-238 1.2E +01. 2.2E - 10 2.7E -09  

1.8E -09 Pu-239 8.OE +00 2.3E-10 
Pu-240 8.OE +oo 2.3E - 1 0  1.8E -09 
Ra -226 2.OE +01 1.2E-10 2.5E -09 
Ra -228 2.2E+01 1.OE -10 2.2E -09 
Rn-222 NA 1.7E - 1  2 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 1.OE-09 3.3E - 1 0  3.3E - 1 9  
Tc-Q9 4.4E -09  1.3E - 1  2 5.7E -21 

2.OE -09  Th-228 3.6E +01 5.5E - 11 
Th-230 3.8E +01 1.3E - 11 5.OE - 10 
Th-232 2.OE +01 1.2E - 11 2.4E - 10 
U - 233 NA 1.6E-11 NA 
U - 234 1.7E +OS 1.6E - 11 2.7E -06  
U - 235 4.4E +03 1.6E - 11 . 7.1E-08 
U - 236 1.8E +03 1.5E - 11 2.8E -08 
U - 238 1 .OE +05 2.8E - 11 2.8E -06  

5.7E - 0 6  - ~ I L C R  Summation - 
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Make Equatlon 

IR 
EF 
EDn 
Ca 

Table K.IV-24 
Summary of Imtake and Risk Quintitation (Radionuclides) 

Off-Property W E  Resident Farm Youth Current Land Use Scenario 
Via Inhalation of Gases amd Particulates 

- - Ca X EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concenoation of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA 
NA 

4.6E - 0 5  
1.6E-05 
5.5E-05 
1.6E-03 
8.OE-05 
3.9E -05 
3.9E -05 
8.OE -05  
8.7E - 0 5  

pCi/m3 
pCi/rn3 
pCi/m3 
pCi/rn3 
p ~ i / m ~  
p ~ i / r n ~  
pci/rn3 
pci /m3 
pci /m3 
pci/rn3 
pcl/rn3 

Rn - 222 
RU - 1 06' 
Sr-90 
Tc-99 
l h - 2 2 8  
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U-238 

4.OE +00 
NA 

1.5E-04 
9.2E -04 
1.4E-04 
1.5E-04 
8.OE -05 

NA 
1.7E -03  
4.4E -05 
1.8E-05 
9.9E -04 

20 d/day  
350 daysbear 

12 Year 
(see table below) 

pCi/m3 
pCi/rn3 
pCi/m3 
pCi/rn3 
pci/m3 
pci/ in3 
pci/rn3 
pci/rn3 
pci/m3 
pci/rn3 
pci /m3 
pci/rn3 

CDI CSF ILC R 
ladionuclldes (PCI) (pci1-1 (unltless) 

Ac - 227 NA 8.8E -08 NA 
Am-241 NA 3.2E - 0 8 ,  NA 
CS-137 3.9E+00 1.9E-11 7.3E - 11 
Np - 237 1.3E +00 2.9E -08 3.9c-08 
Pa-231 4.6E +00 3.6E -08 1.7E-07 
Pb-210 1.3E+02 4.OE -09 5.3E -07  

2.6E -07 PU - 238 6.7E +00 3.9E -08 
PU - 239 3.3E +00 3.8E -08 1.2E-07 
Pu-240 3.3E +oo 3.8E -08 1.2E-07 
Ra-226 6.7E +00 3.OE -09 2.OE -08  
Ra -228 7.3E +oo 6.9E - 10 5.OE -09  
Rn-222 3.4E +05 7.7E - 12 2.6E -06  
Ru-106 NA 4.4E - 10 N A '  
Sr-g0 1.3E +01 5.6E - 11 7.2E - 10 
Tc-gg 7.7E +01 8.3E - 12 6.4E-10 
Th-228 1.2E+01 7.8E -08 9.4E -07 
Th-230 1.3E+01 2.9E -08 3.6E -07 
Th- 232 6.7E +00 2.8E -08 1.9E -07 
U - 233 NA 2.7E -08 NA 
U - 234 1.4E +02 2.6E -08 3.6E-06 
U - 235 3.7E +oo 2.5E -08 9.2E -08 
U - 236 -1.5E +00 2.5E -08 3.8E-08 
U-238 8.3E +01 5.2E -08 4.3E -OS 

~ I L C R  Summation - 1.3E-dS ' 1 
v - "  
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IR 
EF 
EDn 
FI 
c w  

Table K.IV-25 
Sammaxy of Intake and Risk Qaantitation (Radionuclides) 

Off-Property RME Resident Farm Yoatb Carrent Land Use Scenario 
Via Ingestion of Drinking Water 

FEMP-OU4CRARE4DRAFT 

lW3 0 

CDI CSF ILCR 

- - Cw X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Ilday 

12 Year 
350 dayshear 

1 (Unitless) 
(see table below) 

Ac-227 

CS-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU - 238 
PU-239 
PU - 240 
Ra -226 
Ra -228 

NA 
'NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiP 
pCiJ 
PCiP 
pCI/i 
PClll 
p c 111 
p c ill 

pCI/l 
p c 111 

p C i/l 

pCi/l 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th - 228 
Th-230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E +00 
1.6E-01 
6.7E -02  
3.6E +00 

PCiJ 
pCiP 
pCi/l 
pCil l  
pCil l  
P c Ill 
p c ill 
pCil l  
p C ill 

pCi/l 
p C ill 

pc111 

3adlonuclides ( p a )  (PCI) -1 (un Itless) 

AC - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 NA 2.8E - 11 NA 
Np - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E - 10 NA 
Pu-239 NA 2.3E - 1'0 NA 
Pu-240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E-10 NA 
Ra -228 NA 1.OE - 1 0  NA 
Rn - 222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 NA 3.3E - 10 NA 
Tc-99 NA 1.3E -12 NA 
Th-228 NA 5.5E - 11 NA 
Th- 230 NA 1.3E-11 NA 
Th-232 NA 1.2E -11 NA 
U - 233 NA 1.6E-11 NA 
U - 234 5.1E +04 1.6E-11 8.1E -07 
U - 235 1.4E +03 1.6E-11 2.2E -08 
U-236 5.6E +02 1.5E - 1  1 8.4E -09 
U - 238 3.OE +04 2.8E - 11 8.5E -07 

~ I L C R  Summation - 1.7E -06 - 
6 2 1 
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ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table K.1V-27 
Summary of Imtake and R i s k  Qoaptitatiom (Radiommclider) 

Off-Property W E  Rerideit Farm Yomth Carrent Laid Use Scemario 
Via Ingestion of Meat Products 

C f X E F X  E D n X F I X I A  

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in Meat 

Ac-227 

CS-137 
Am-241 

Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA PCikQ 
NA PCikQ 

3 . 3 ~  - 0 3  pCiko 

6.8E-03 pCilkg 
NA pCilkg 

5.5E -08 pCi/kg 

7.OE -05 pCilkg 
4.7E -05  pCilkg 

1.3E-06 pCllkg 

8.5E-08 pCilkg 

5.5E -08 pCllkg 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th-228 
.Th - 230 
Th-232 
U-233 
U - 234 
U - 235 
U-236 
U - 238 

NA 
NA 
NA 
NA 

1.9E -06 
3.1E-06 
1.7E-06 

5.3E -01 
1.4E-02 
5.7E -03  
3.1E-01 

NA 

0.075 kglday 
1 (Unitless) 

350 dayshear 
12 Year 

PGikQ 

PCikQ 
PCiikQ 

pCilkg 
pCi/kg 
pCi/kg 
pci lkg 
pCilkg 
PCilkg 
pCi/kg 
pCi1kg 
pCilkg 

CDI CSF ILCR 
Radlonuc l ldes  (pCI) (pc0-1 (un l t l e s s )  

A t  - 227 NA 3.5E - 10 NA 
Am -241 NA 2.4E - 10 NA 
CS-137 1.OE +oo 2.8E - 11 2.9E - 11 

Pa-231 2.1E+00 9.2E - 1 1  2.OE - 10 
Pb-210 NA 6.6E - 10 NA 
PU - 238 2.7E -05  2.2E - 10 5.9E - 15 
Pu-239 1.7E -05  . 2.3E-10 4.OE - 15 
Pu-240 1.7E -05  2.3E - 10 4.OE - 15 
Ra -226 2.2E -02 1.2E-10 2.6E - 12 
Ra -228 1.5E -02 1.OE - 10 1.5E-12 

Np - 237 4.2E -04  2.2E - 10 9.3E - 14 

Rn-222 NA 1.7E - 1  2 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 ' NA 3.8E - 10 NA 
Tc-Qg NA 1.3E - 12 NA 
Th-228 5.9E -04  5.5E - 11 3.3E - 14 
Th-230 9.9E -04  1.3E-11 1.3E-14 

Th- 232 5.2E -04  1.2E-11 6.3E - 15 

U - 233 NA 1.6E-11 NA 
U - 234 1.7E +02 1.6E -11 2.6E-09 
u - 235 4.3Ei00 1.6E - 1 1 7.OE-11 

U - 238 9.8E +01 2.8E - 11 2.7E - 0 9  
U - 236 1 .BE +oo i . 5 E - I 1  2.7E -11 

~ I L C A  Summat ion  . - - 5.7E - 0 9  

1993 
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. .  , 
FEMF'-OU4CRARE4-DRAFT 

R adlo nu clid eo ( p a )  IpCi)- l  (unitless) 

Ac - 227 NA 3.5E - 1 0  NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 1.4E+00 2 . a ~  - 11 4.1E-11 
Np - 237 1.5E -04 2.2E - 10 3.4E - 14 

4.9E - 1 2  Pa-231 5.3E -02 9.2E - 11 
Pb-210 NA 6.6E - 10 NA 
PU - 238 2.2E - 0 5  2.2E - 10 4.7E-15 
Pu-239 1.4E -05  2.3E - 10 3.2E - 15 
Pu-240 1.4E-05 2.3E - 10 3.2E - 15 
Ra -226 1.6E -01 1.2.5 - 1  0 1.9E - 1  1 
Ra -228 1.6E-01 1.OE - 10 1.6E - 11 
Rn-222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-BO 9.9E -22  3.3E-10 3.3E -31 
Tc-99 2.9E -20  1.3E - 12 3.7E -32  
Th-228 3.OE -03 5.5E - 11 1.7E - 13 
Th-230 3.3E -03 1.3E - 11 4.3E-14 
Th-232 1.7E-03 1.2E - 11 2.1E-14 
U - 233 NA 1.6E - 11 NA 
U - 234 2.OE +03 1.6E - 11 
U - 235 5.3E +01 1.6E -1 1 8.5E-10 
U-236 2.2E +01 1.5E - 11 3.3E - 1 0  
u - 238 1.2E +03 2.8E - 11 3.4E -08 

3 . 2 ~  -oa 

- 6 . 7 ~  -oa l lLCR Summation - 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

Table K-IV-29 
Summary of Imtake and Risk Quintitation (Radionuclides) 

Off-Property RME Resident Farm Youth Current L8.d Use Scenario 
Via Imgestiom of Dairy Products 

- Cp X EF X EDn X FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

Ac-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 

Am-241 

PU - 238 
Pu-239 
PU - 240 
Ra -226 
Ra  -228 

NA PcihQ 
NA PCihg 

1.2E-03 pCihg 
1.2E-07 pCi/kg 
4.2E -05  pCl/kg 

NA PCilkg 
I . ~ E - o ~  p c m g  
i . i E - o a  p c i i k g  
i . i E - o a  p c w g  
1.3E-04 pCi/kg 
1.3E-04 pCl/kg 

Rn - 222 
Ru-106 
Sr-90 
TC - 99 
Th - 228 
Th - 230 
Th- 232 
U - 233 
U-234 
U - 235 
U - 236 
u - 238 

0.3 I/day 
1 (Unitless) 

350 dayslyear 
12 Year 

N. PCihQ 
NA PCilkQ 

7 . a ~  -25  pCikQ 
2.3E-23 pCl/kg 
2.4E-06 pCi/kg 
2.6E -06  pCi/kg 
1.4E-06 pCl/kg 

NA pCi/kg 
1.6€+00 pCi/kg 
4.2E -02 pCi /kg 

9.6E-01 pCi/kg 
i . a ~ - 0 2  pCi/kg 

F E ~ I J ~ C R A R E I V I F ~ . ~ ~ ~  2-1 4-93 K-IV-42 
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Decemb r 

Radionucl ides (pCi) (pCi) - l  (unitless) 

AC - 227 NA 3 s  -10 . NA 
Am - 241 NA 2 4 E - 1 0  NA 
C8- 137 2.1E +oo 2.8E - 11 5.8E - 11 
Np - 237 3.OE -01 2.2E-10 6.6E - 11 

9.8E - 11 Pa-231 l . lE+OO 9 2 E - 1 1  
Pb-210 3.OE +01 6.6E - 10 2.OE -08  
PU - 238 2.1E+00 2.2E - 10 4.7E - 10 

3.2E-10 Pu-239 1.45 +00 2.3E - 10 
Pu-240 1.4E+00 2.3E - 10 3.2E - 10 
Aa -226 3.5E +oo 1.2E-10 4.2E - 10 
Ra -228 3.7E +oo 1.OE - 10 3.7E - 10 
Fin-222 NA 1.7E -12 NA 
flu-106 NA 9.5E - 12 NA 

Tc -Q9 7.5E-10 1.3E -12 9.8E -22 
Th-228 6.2E +00 5.5E - 11 3.4E - 10 
Th-230 6.6E +00 1.3E - 11 8.5E - 11 

4.2E - 11 Th-232 3.5E +00 1.2E - 1  1 
U-233 NA 1.6E-11 NA 
U - 234 2.9E +04 1.6E- 11 4.6E -07 
U-235 7.6E +02 1.6E -11 1.2E -08 
U - 236 3.2E +02 1.5E-11 4.7E -09 

.U-238 i.rE +04 2.8E - 11 4.8E -07 
~ I L C F I  Summat ion  9.8E -07 

Sr-QO 1.7E - 1 0  3.3E - 10 5.7E -20 

- 

Table K.IV-31 
Summary vf Intake and Risk Quantitation (Radionuclides) 

Off-Property RME Resident Farm Yoitb Current Land Use Scenario 
Via Ingestion of Vegetables and Frnits 

- intake Equat ion - Cv X EF X EDn X FI X IR 

IA 
FI 
EF Exposure frequency 
EDn Exposure duration 
c v  

Ingestion rate of fruits or vegetables 
Fraction ingested horn contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

Cs-137 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA 
NA 

4.OE - 03 
5.8E -04  
2.1E-03 
5.9E - 0 2  
4.2E -03 
2.7E -03 
2 . r ~  -03  
6.8E - 0 3  
7.2E -03 

An - 222 
flu-106 
Sr-90 
Tc - 99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U-234 
U - 235 
U - 236 
U-238 

NA 
N9 

0.122 kglday 

12 Year 

1 (Unitless) 
350 daystyear 

p c i k o  
QcikQ 

1.5E-12 pCi/kg 
3.4E - 13 PCikQ 

1.2E-02 PCilkg 
1.3E-02 pCilkg 
6.8E -03 pCi/kg 

N A PCilkg 
S.6E +01 pCilkg 
1.5E+00 pCilkg 
6.2E-01 pCilkg 
3.4E +01 pCi/kg 

1993 . 
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Table K-IV-33 t 

ntake Equat ion  

IR 
EF 
EDn 
Ca 

Snamary of Intake and Risk Qoantitation (Radionuclides) 
Off-Property RME Resident Farm Child Current Land Use Scenario 

Via Inhalation of Gases and Particulates 

- - CaX E F X E D n X i R  

Inhalation rate of eases (RAGS, 1 g89) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
Pu-240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

4.6E -05 
1.6E -05 
5.5E -05  
1.6E-03 
8.OE -05 
3.9E -05 
3.9E -05 
8.OE -05 
8.7E -05 

pCi/rn3 
pCi/rn3 
pCi/m3 
pCi/m3 
pci /m3 
pc i /m3 
pc i /m3 
pc i /m3 
pc i /m3 
pc i /m3 
pc i /m3 

Rn - 222 
Ru- 106' 
Sr-90 
Tc-W 
Th - 228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

12 &/day 
350 dayshear 

6 Year 

4.OE+00 pci/rn3 
NA pCi/rn3 

1.5E-04 pCi/rn3 
9 . 2 ~  -04 pCi/m3 
1.4E-04 pCi/m3 
1.5E-04 pCilm3 
8.OE-05 pCi/m3 

NA pc i /m3 
1.7E-03 pCi/m3 
4.4E -05 pCi/m3 
1.8E-05 pCilm3 
9 . 9 ~  - 0 4  pc i /m3 

CDI CSF ILCR 
led Ion u clld es ( p a )  (pci)-' (unit less) 

AC - 227 NA 8.8E -08 NA 
Am-241 NA 3.2E -08 NA 
Cb- 137 1.2E +00 1.gE-11 2.2E - 11 
N p  - 237 4.OE-01 2.9E -08 1.26-08 

1.4E +00 3.6E -08  5.OE -08 
Pb-210 4.OE +01 4.OE -09  1.6E-07 
PU - 238 2.OE +00 3.9E -08  7.9E-08 
Pu-239 9.8E -01 I 3.8E-08 3.7E-08 
Pu-240 9.8E -01 3.8E -08 3.7E -08 
Ra -226 2.OE +00 3.OE -09  6.OE -09 
Ra -228 2.2E +oo 6.9E - 10 1.5E-09 
Rn - 222 l.OE+05 7.7E - 12 7.8E-07 

Pa-231 

Ru-106 NA 4.4E-10 N A '  
Sr-90 3.8E +00 5.6E - 11 2.1E-10 
rc-w 2.3E +01 8.3E - 12 1.9E-10 
Th-228 3.6E +00 7.8E -08 2.8E-07 
rh-230 3.8E +00 2.9E -08 l . l E - 0 7  

5.6E -08 rh-232 2.OE +00 2.8E -08 
U - 233 NA 2.7E -08 NA 
U - 234 4.2E +01 2.6E -08 l . l E - 0 6  
U - 235 1.1E+00 2.5E -08 2.8E -08 
U - 236 4.5E -01 2.5E -08 1.1E-08 
U - 238 2.5E +01 5.2E -08 1.3E-06 

4.OE -06  - ~ I L C R  Summation - 



1 1 -  
F % ? v ~ P - O U ~ C R A R E ~ - D ~  . -  

. I  

ntake  Equat ion 

IR 
EF 
EDn 
FI 
c w  

Table K. IV- 34 
Ssmmarg of Intake and R i s k  Qsr~titatiom (hdionucfides) 

Off-Propew RME Resideat Farm Child Currest Land Use Scenario 
Vu Ingestion of Drinking Water 

- - Cw X EF X E D n  X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

Ac-227 

CS-137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU-238 
PU - 239 
PU- 240 
Ra -226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCiA 
pCin 
pCiA 
pCill 
pCill 
pCi1l 
p C ill 
pCill 
p C i/l 
pCi/l 
p C ill 

Rn - 222 
flu-106 
Sr-90 
Tc  - 99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U-234  
U - 2 3 5  
U - 236 
U - 238 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E+00 
1.6E-01 
6.7E -02 
3.6E +00 

- . .  

1.4 llday 
350 dayslyear 

6 Year 
I (Unitless) 

PCiA 
pCiA 
PCiP 
p C ill 
pCill 
pCi/l 
pCill 
pCi/l 
p c ill 
pCi/l 
p C ill 
pCi/l 

CDI CSF ILCR 
R a d ! o n u c l i d e s  (pCI) (PCi) -l (un l t l e s s )  

AC - 227 NA 3 5 E - 1 0  NA 
Am-241 NA 2 4 E - 1 0  NA 
CS- 137 NA 28E-11 NA 
Np - 237 NA 2 2E-10 NA 
Pa-231 NA 9 2 E - 1 1  NA 
Pb-210 NA 6 6 E - 1 0  NA 
PU - 238 NA 2 2E-10 NA 
Pu-239 NA 2 3E-10 NA 
Pu-240 NA 2 3 E - 1 0  NA 
Ra -226 NA 1 2 E - 1 0  NA 
Ra-228 NA 1 OE-10 NA 
Rn - 222 NA 1 7 E - 1 2  NA 
Ru-106 NA 9 5 E - 1 2  NA 
Sr-90 NA 3 3 E - 1 0  NA 
Tc-99 NA 1.3E-12 NA 
Th-228 NA 5 5 E - 1 1  NA 
Th-230 NA 13E-11 NA 
Th-232 NA 12E-11 NA 
U - 233 NA 1 6 E - 1 1  NA 
U - 234 1.8E +04 16E-11 2 9E -07 
U - 235 4 . iE  +32 16E-11 7 6E -09 
U - 236 2.OE +02 1.5E -11 2.9E -09 
U - 238 1.1E+04 2 e ~ - 1 1  3 OE -07 

5.9E -07 - ~ I L C R  s u m m a t i o n  - 

K-IV-49 
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ntake Eauation 

IR 
FI 
EF 
EDn 
Cf 

Table KIV-36 
Smmmay of Intake and, Risk Qmamtitation (Radionuclide$) 

Off-Property RME Resident Farm Child Cmrrent Land Use Scemario 
Via Ingestion of Meat Prodncts 

FEMP-OU4CRARE4-DRGT e 

C f X E F X  E D n X F I X I R  

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Ac-227 
Am-241 
cs-137 

Pa-231 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

3.3E -03 
1.3E - 0 6  
6.8E -03 

NA 
8.5E -08 
5.5E -08 
5.5E - 0 8  
7.OE -05 
4.7E -05 

Rn - 222 

Sr-90 
Ru-106 

Tc - 99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U-235 
U-236 
U - 238 

NA 
NA 
NA 
NA 

1.9E-06 
3.1E-06 
1.7E-06 

NA 
5.3E -01 
1.4E-02 
5.7E -03 
3.1E-01 

0.029 kglday 
1 (Unitless) 

350 dayshear 
6 Year 

C D I  CSF ILCR 
ladlonuclides (PCi) (pCi)-l (unltiess) 

NA . AC - 227 NA 3.5E - 10 
Am - 241 NA 2.4E - 10 NA . 
CS- 137 2.OE -01 2.8E - 11 5.6E - 12 
Np - 237 8.2E -05 2.2E - 10 1.8E - 14 
Pa-231 4.1E-01 9.2E - 11 3.8E-11 
Pb-210 NA 6.6E - 1 0  NA 
PU - 238 5.2E -06  2.2E - 1 0  l . l E - 1 5  
Pu-239 3.3E -06  2.3E-10 7.7E - 16 
Pu-240 3.3E -06  2.3E - 10 7.7E - 16 
Ra -226 4.3E -03  1.2E-10 5.1E -13 
Ra -228 2.9E -03 1.OE-10 2.9E - 13 
Rn - 222 NA 1.7E - 12 NA 
flu-106 NA 9.5E - 12 NA 
Sr-90 NA 3.3E - 10 NA 
Tc-gg NA 1.3E-12 NA 
Th-228 l . l E - 0 4  5.5E - 11 6.3E - 15 
Th-230 1.9E-04 1.3E - 1  1 2.5E - 15 
Th-232 1.OE-04 1.2E - 1  1 1.2E - 15 
U - 233 NA 1.6E - 11 NA 
U - 234 3.2E +01 1.6E - 11 5.1E -10  
U - 235 8.4E-01 1.6E -1 1 1.3E -11 
U-236 3.5E -01 1.5E - 11 5.2E - 12 
U - 238 1.9E +01 2.8E - 11 5.3E - 10 

~ I L C R  Summation - - l . l E - 0 9  
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1 
Table K-IV-38 

Summary of Intake 8nd Risk Q88ntitation (Ridionuclider) 
Off-Property RME Resident Farm Child Current Land Use Scenario 

V u  Ingestion of Dairg Products 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

- - Cp X EF X EDn X F I X  I R  

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal Droducts 

Ac-227 

Cs-137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

1.2E -03 
1.2E -07 
4.2E -05 

N A  
1.7E-08 
1.1E-08 
1 . lE-08  
1.3E-04 
1.3E-04 

PCikQ 
pCikg 
pCihg 
pClIkg 
pCiIkg 
pCilkg 
pCilkg 
pCi/kg 
pCiIkg 
pCi/kg 
pCllkg 

Rn - 222 

Sr-90 
flu-106 

TC - 99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U-234 
U -235 
U - 236 
U - 238 

NA 
NA 

7.8E - 2 5  
2.3E - 2 3  
2.4E - 0 6  
2.6E -06  
1.4E-06 

N A  
1.6E +00 
4.2E -02  
1.8E-02 
9.6E -01 

0.9 Itday 
1 (Unitless) 

350 dayshear 
6 Year 

C D i  CSF ILCR 
bdionuciides ( p a )  ( p a )  -1 (unttiess) 

AC - 227 N A  3.5E - 10 N A  
Am-241 N A  2.4E - 10 N A  
CS- 137 2.2E +00 2.8E - 11 6.1E-11 , 
Np - 237 2.3E -04  2.2E - 10 5.1E - 14 
Pa-231 8.OE -02  9.2E - 11 7.4E - 12 
Pb-210 N A  6.6E - 10 N A  
PU- 238 3.2E -05 2.2E - 10 7.1E-15 
Pu-239 2.1E-05 2.3E - 10 4.8E - 15 
Pu- 240 2.1E-05 2.3E - 10 4.8E - 15 
Ra -226 2.4E-01 1.2E - 10 2.9E - 11 
Ra -228 2.5E -01 1.OE - 10 2.5E - 11 
Rn - 222 NA 1.7E - 1  2 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 1.5E-21 3.3E - 10 4.9E-31 
Tc-99 4.3E -20 1.3E-12 5.6E -32  
Th-228 4.6E -03 5.5E - 11 2.5E-13 
Th-230 5.OE -03 1.3E - 11 6.4E - 14 
Th-232 2.6E -03 1.2E-11 3.1E-14 
U - 233 N A  1.6E - 11 N A  
U - 234 3.OE +03 1.6E-11 4.8E -08 
U-235 . 8.OE +01 1.6E - 1 1 1.3E-09 
U-236 3.3E +o: ?.*E-?!  5.OE - 1 0  
U-238 1.8E +03 2.8E-11 . 5.1E -08 

~ ~ L C R  Summation e 1.OE -07 
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ntake Equation 

IR 
FI ; 
EF 
EDn 
cv . 

Table K.IV-Io 
Summary of Intake and Rirk Qoantitation (Radionaclides) 

Off-Property M E  Resident Farm Child Corrcat Land Use Scenario 
Via Ingestion of Vegetables and Fruits 

Cv X E f  X EDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure dura ti o n 
Concentration of radionuclides in vegetables 

Ac-227 
Am-241 
cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 2 4 0  
Ra - 226 
Ra -228 

NA 
NA 

4.0E -03  
5.8E -04 
2.1E -03  
5.9E - 0 2  
4.2E-03 
2.7E -03  
2.7E -03  
6.8E -03  
7.2E -03  

Rn -.222 
RU -.lo6 
Sr-90 
Tc-99 
Th - 228 
Th-230 
Th- ?32 
U-233 
u-234 
U - 2 3 5  
U - 2\36 
U-238 

NA 
NA 

3.4E-13 
1.5E-12 
1.2E-02 
1.3E -02  
6.8E -03 

5.6E +01 
1.5E +oo 
6.2E -01 
3.4E +01 

NA 

0.102 kglday 
i (Unitless) 

350 daystyeai 
6 Year 

C D I  CSF ILCA 
Radlonu clides ( p a )  (pci)-' (unltiess) 

AC - 227 NA 3.<E - 10 NA 
Am-241 NA 2.4E-10 NA 

2.4E - 11 CS; 137 
Np - 237 1.2E -01 2.2E - 10 2.7E - 11 
Pa-231 4.4E -01  9.2E-11 . 4. lE-11 
Pb-210 1.3E +01 6.6E - 10 8.4E -09  
Pu-238 8.9E -01 2.2E - 10 2.OE-10 
Pu-239 5.7E-01 2.3E-10 ' 1.3E - 1 0  
Pu-240 5.7E -01  2.3E - 10 1.3E - 10 
Ra-226 1.5E +oo 1.2E-10 1.8E-10 
Ra -228 1.5E +00 1.OE-10 1.5E - 10 
Rn-222 NA 1.7E-12 NA 

NA 9.5E - 12 NA 
7.2E - 1  1 3.3E-10 ~ 2.4E - 2 0  

Ru-106 
sr-go 
Tc 4 9  3.1E-10 1.3E-12 4.1E-22 
Th-228 2.6E +00 5.5E - 11 1.4E- 10  
Th-230 2.7E +00 1.3E - 11 3.6E - 1  1 

1.7E -11  Th-232 1.4E +00 1.2E-11 
U-P33 NA 1.6E-11 NA 
u - 234 1.2E +04 1.6E-11 1.9E -07  
u - 235 3.2E +02 1.6E -11 5.1E-09 
U - 236 1.3E +02 1.5E-11 2.OE -09 
u - 238 7.2E +03 2.6E - 11 2.OE -07 

~ILCR summation - - 4. lE-07 

8.6E -01 2.8E - 11 
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1 Table K.IV-42 

ntake Equat ion 

IR 
EFa 
EFc 
EDa 
EDc 
FDa 
FDc 
CA 

Summary of Intake and Risk Quanti&ion (Radionuclides) 
Expanded Trespasser: Future Land Use With Federal Ownership 

Via Inhalation of Gases and Particulates 

= C A X E F a X E D a X I R X F D a +  C A X E F c  E D c X I R X F D c  

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration , 

Exposure duration 
Fraction of Day (Adult) 
Fraction of Day (Child) 
Concenvation of radionuclides in air 

Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 
Rn - 222 

NA 
4.8E -05  
l . l E - 0 5  
5.1E -05  
l . l E - 0 3  
6.2E -05 
3.5E -05 
3.5E -05 
a . 4 ~  - 0 5  

4.3E +00 
9.OE - 05 

Ru-106 
S r -  90 
T C  - 99 
Th - 228 
Th-230 
Th-232 
U - 233 
U-234 
U - 235 
U - 236 
U - 238 

NA 
1.3E-04 
6.4E -04  
1.4E-04 
1.5E -04  
8.4E -05 

NA 
1.3E-03 
3.7E -05  
1.6E-05 
8.1E-04 

0.83 m3/hour 
40 daystyear 

120 daysbear 
32 Year 
12 Year 

0.05 (unitless) 
0.1 (unitless) 

(see table below) 

- 
C D I  CSF ILCR 

3adlonucl ides (pCi) (pci)- '  (unit less) 

Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
flu-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th - 232 
U-233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
8.2E -03 
1.8E-03 
8.8E -03  
1.9E-01 
l . l E - 0 2  
6.OE -03 
6.OE -03 
1.4E-02 
1.5E -02 
7.4E +02 

2.2E -02 
1.1E-01 
2.5E -02 
2.6E -02  
1.5E-02 

2.3E -01 
6.4E -03 
2.8E -03 
1.4E-01 

NA 

NA 

3.2E -08 
1.9E-11 
2.9E -08 
3.6E -08 
4.OE -09  
3.9E -08 
3.8E -08 
3.8E -08  
3.OE -09  
6.9E - 10 
7.7E - 12 
4.4E - 1 0  
5.6E - 11 
8.3E - 12 
7.8E -08 
2.9E -08  
2.8E -08  
2.7E -08  
2.6E -08 
2.5E -08 
2.5E-08 
5.2E -08 

NA 
1.6E-13 
5.3E - 11 
3.2E-10 
7.5E - 10 
4.2E - 10 
2.3E - 10 
2.3E - 10 
4.3E - 11 
1 . lE-11  
5.7E -09  

1.2E - 12 
9.2E - 13 
1.9E-09 
7.7E - 1 0  
4.1E - 10 

NA 

NA 
6.OE-09 
1.6E -10  
6.9E - 11 
7.2E -09  

~ I L C R  Summation - - 2.4E -08 

' 1993 
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. Table K.IV-44 
S o m m a y  of Intakez and R i s k  Qnantitation (Radionudides) 

Expanded Trespasser: Fature Land Use With Federal Ownership 
Via Incidental Ingestion of SoiVSediment . 

ntake Equation 

IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

= C S  X €Fa X EDa X FI X IRa 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
P U  - 238 
Pu-239 
PU-240 
Ra -226 
Ra -228 
Rn - 222 

NA 
. 8.4E-04 

2.5E -04  
1.1E-03 
2.6E -02 
1.3E-03 
6.7E -04 
6.7E -04  
1.9E-03 
2.OE -03  

NA 

pCilmg 
pCi lmg 
pCilmg 
pCilmg 
pCi lmg 
p c i l m g  
pCilmg 
pCi lmg 
pCiImg 
pCilmg 
pCi lmg 

+ CS X EFc X EDc X FI X IRc 

R u - 1 0 6  
Sr-90 
Tc - 99 
Th - 228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
2.6E -03 
1.5E-02 
2.8E -03  
2.9E -03 
1.9E-03 

NA 
3.4E -02 
9.1E-04 
3.9E -04 
2.OE -02 

i o  rnglday 
s rnglday 

40 daysdear 
120 daysdear 

32 Year 
12 Year 
1 (unitless) 

(see table below) 

pCi lmg 
pCi lmg 
pCiImg 
pCi lmg 
pCi lmg 

ZpCilmg 
pCilmg 
pCi img 
pCi lmg 
pCi lmg 
pCi lmg 

cot CSF ILCR 
ladionuclldes ( p a )  (pci1-1 (clnitiess) 

Am -241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU-238 
PU-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 

Sr-90 
Ru-106 

Tc-99 
Th- 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U-235 
U-236 
U - 238 

NA 
1.7E +01 
5.1E +oo 
2.1E +01 
5.2E +02 
2.6E+01 
1.3E +01 
1.3E +01 
3.8E +01 
4.OE +01 

NA 
NA 

5.2E +01 
3.OE +02 
5.6E +01 
5.9E +01 
3.8E +01 

6.7E +02 
1 .BE +01 
7 . 8 € + 0 0  . 
4.OE +02  

NA 

2.4E-10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E - 10 
1.OE -10 
1.7E - 12 
9.5E - 12 
3.3E-10 
1 .3E-12  
5.5E - 11 
1.3E - 11 
1.2E - 11 
1.6E - 1 1 
1.6E -11 
1.6E - 11 
1.5E - 11 
2.8E - 11 

NA 
4.7E - 10 
l . l E - 0 9  
2.OE -09 
3.4E -07 
5.8E -09 
3.1E -09 
3.1E-09 
4.6E -09  
4.OE -09 

NA 
NA 

1.7E -08 
3.8E - 10 
3.1E-09 
7.6E - 10 
4.6E - 10 

NA 
1.1E-08 
2.9E - 10 
1.2E-10 
1 . lE-08  

. ~ I L C A  Summation - - 4.1E-07 

e 
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ntake Equation 

IRW 
EFa 
EFc 
EDa 
EDc 
FI 
c s  

Table K.IV-4S 
Summary of Intake and Rhk Quantihtion (Radionucljdes) 

Expanded Trespasser: Future Land Use With Federal Ownership 
Via Incidental Ingestion while Wading 

= C S X E F a X E D a X F I X I R  + C S X E F c X E D c X F I X I R  

Ingestion rate of surface water 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration (adult) 
Exposure duration (child) 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

Am-241 
CS- 137 
N p  -'237 
Pa-231  
Pb-210 
PU - 238 
PU - 239 
PU -240 
Ra -226  
Ra - 228 
Rn - 222 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiA 
p C ill 
p C ill 
pCi l l  
pCi1l 
pCi1l 
pCi/ l  
pCi l l  
pCi l l  
pCi1l 
PCYl 

flu-106 
Sr - 90 
Tc - 99 
Th -228  
Th -230  
Th-  232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
7.1E-01 

NA 
NA 
NA 
NA 
NA 

2.2E + o o  
5.8E - 0 2  
2.4E -02  
1.3E +00 

0.025 I/day 
1 o daystyear 
30 daystyear 
32 Year 
12 Year 

i (Unitless) 
(see table below) 

PCiA 
pCi l l  
pCi l l  
p C ill 
p C ill 
pCi l l  
pCi/ l  
pCi l l  
pCi1l 
pCi/l 
pCi l l  

CDI CSF \ L C R  
Radionuclides ( p Ci) (pC i1 - l  (unitless) 
I 
Am-241 
CS- 137 
Np - 237 
Pa-231 
P b - 2 1 0  
Pu-238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
flu-106 

Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr-90 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A :  

NA 
NA 
NA 
NA 
NA 

1.2E +01 

3.7E +01 
9.EE -@! 
4.OE -01 
2.2E +01 

2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E-11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2 .3E-10  
1 .2E-10  
1.OE-10 
1.7E-12 
9.5E - 12 
3.3E - 10 
1.3E-12 
5.5E - 11 
1.3E-11 
1.2E-11 
1.6E -1 1 
1.6E - 11 
1.6E -11 
1.5E - 11 
2.8E - 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

4.OE - 0 9  

5.9E - 10 
1.6E - 11 
6.1E -12  
6.2E - 10 

- [ILCR Summation - 5.2E - 0 9  

'1993 - 
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Table KIV-47 
Summary of Risk Quastitation (Radionuclides) 

Expanded Trespasser: Fiture Land Use With Federal Ownership 
Via External Radiation 

E x p o s u r e  E q u a t i o n  

FEMP-OU4CRARE4-DRAFT 

i e 

= [ C R X  E F X E D n X E T ~ X ( l - S H o ) ] + ( C A X E F X E D n X E T , X ( l - S H o ) ]  

Fraction of 'year spent exposured (adult) 
Fraction of year spent exposured (child) 
Exposure duration (adult) 
Exposure duration (child) 
Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoors 
R a  d b n  uclide specific conce n tra Iions 

Am - 241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
P U  - 239 
PU - 240 
Ra -226 
Ra -228 
Rn - 222 

NA p C i/g 
8.4E -01 pCi/g 
2.5E -01 pCi/g 
l . lE+OO pCi lg  
2.6E +01 pCi /g  
1.3E +00 pCi lg  
6.7E -01 pCi/g 
6.7E -01 pCi/g 
1.9E +00 pCi lg  
2.OE +00 pci/g 

NA PCi/Q 

0.1 1 (unitless) 
0.33 (unitless) 

32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 

0 (unitless) 
(see table below) 

Ru-106 
Sr-90 
TC-99 
Th-228 
Th-230 
Th - 232 
U - 233 
U - 234 
U - 235 
U-236 
U-238 

NA p c i l g  
2.6E + 0 0  pCi/g 
1.5E+01 pCi/g 
2.8E +00 pCi/g 
2.9E +00 pCilg 
1.9E +00 pCi lg  

NA pCi/g 
3.4E +01 pCi lg  
9.1E-01 pCi lg  

2.OE +01 pci/g 
3.9E -01 pci/Q 

(unitless) Radionuclides (year pCi/g) (g/pCi -year) -l 
I I 
Am-241 
CS-137 
Np - 237 

Pb-210 
P U  - 238 
P U  - 239 
PU-240 

Pa-231 

Ra - 226 
Ra -228 
Rn - 222 

Sr -90  
RU- 106 

Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
3.8E -01 
1.2E -01 
4.9E -01  
1.2E +01 
6.OE -01 
3.1E -01 
3.1E -01 
8.7E -01 
9.2E -01 

NA 
NA 

1.2E +00 
6.8E +00 
1 . 3 E  +00 
1.3E t o 0  
8.8E -01 

1.5E t o 1  
4.1E-01 
1.8E-01 
9.2E +oo 

NA 

4.9E -09  
2.OE - 0 6  
4.3E -07 
2.6E - 0 8  
1.6E - 1 0  
2.8E - 11 
1.7E -11 
2.7E-11 
6.OE -06 
2.9E -06 
5.9E -06 

NA 
NA 

6.OE - 13 
5.6E-06 
5.4E - 11 
2.6E - 11 
4.2E - 11 
3.OE - 11 
2.4E -07 
2.4E-11 
3.6E -08 

NA 
7.7E -07  
5.OE -08 
1.3E-08 
1.9E - 0 9  
1.7E - 1  1 
5.2E - 12 
8.2E - 12 
5.2E -06  
2.7E-06 

NA 
NA 
NA 

4.1E - 12 
7.2E -06 
7.2E - 11 
2.3E - 11 

NA 
4.6E-10. 
1.OE-07 
4.3E - 1 2  
3.3E -07 

I LILCR S u m m a t i o n  - - 1.6E-05 1 '  a 
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Table K.IV-49 
Summary of Intake and Risk,Qnamtitation (Radionuclides) 

Off-Property RME Resident Farm Adult Future Land Use With Pedenl  Ownership 
Via Inhalation of Gases and Particnlates 

' 

- ntake Equation - C a  X EF X EDn X IR 

Ifl 
EF Cxpasure frequency 
EUfl Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

Ac-227 

CS-137 
Np - 237 

Pb-210 
PU - 238 
Pu - 239 
PU - 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA 
NA 

4.6E -05 
1.6E-05 
6.OE -05  
1.6E-03 
8.OE -05 
3.9E -05 
3.9E -05 
~ . I E - o ~  
8.8E - 0 5  

pCi/rn3 
pCi/m3 
pCi/m3 
pCi/rn3 
pci/rn3 
pci/rn3 
pci/m3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 

Rn - 222 

Sr-90 
. Ru-106 

Tc -99 
Th-228  
Th - 230 
Th- 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

4.1E +00 
NA 

1.5E-04 
9.2E -04 
1.4E -04  
1.5E-04 
8 . lE-05  

NA 
1.7E-03 
4.4E-05 
1.9E -05 
9.9E -04  

20 d / d a y  
350 dayslyear 

70 Year 
(see table below) 

pci/m3 
pci/m3 . 
pci/rn3 
pci/m3 1 
p~ i / rn '  
pci/m3 
pci/rn3 
pci/rn3 , 

pci/rn3 
pci/m3 ' 
pci/m3 
pci/rn3 ~ 

CDI CSF ILCR 
3adionuclides (pci) (pCi)-l  (unltless) 

Ac- 227 NA 8.8E -08 NA 
Am-241 NA 3.2E -08 NA 
CS- 137 2.3E +01 1.9E- 11 4.3E-10 . 
Np-237 7.8E +00 2.9E -08 2.3E -07  
Pa-231 2.9E +01 3.6E - 0 8  l . l E - 0 6  
Pb-210 7.8E +02 4.OE -09 3.1E -06  
PU - 238 3.9E +01 3.9E-08 1.5E-06 
PU - 239 1.9E+01 3.8E-08 7.3E -07  
Pu-240 1.9E+01 3.8E -08 7.3E -07 
Ra -226 4.OE +01 3.OE -09  1.2E -07  
Ra -228 4.3E+01 6.9E - 10 3.OE -08  
Rn - 222 2.OE +06 7.7E - 12 1.6E -05 

Sr-90 7.4E +01 5.6E - 11 4.2E -09 
Tc-g9 4.5E +02 1 8.3E-12 3.7E-09 . 

Th- 228 7.1E+01 7.8E-08 5.5E -06  
Th-230 7.4E +01 2.9E -08 2.1E-06 
Th-232 4.OE +01 2.8E -08 l . l E - 0 6  

Ru-106 NA 4.4E - 10 NA 

U - 233 NA 2.7E -08 NA 
U - 234 8.1E+02 2.6E -08 2.1E-05 
U - 235 2.2E +01 2.5E -08 5.4E -07 
U - 236 B 3 E  +oo Z S E - O ~  2.3E -07 

4.8E +02 5.2E -08 2.5E -05 
7.9E -05 

U - 238 
- - .~ 

l lLCR Summation 

1993 

K-Iv-73 657 
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Table K.IV-SO 
Summary of Intake and Risk Quaatitation (Radionuclides) 

Off-Property RME Resident Farm Adult P o b r e  Land Use  With Federal Ownership 
Via Ingestion of Drinking Water 

- ntake Equat ion - C w X E F X E D n X F I X I R  

iR 
EF Exposure frequency 
EDn Exposure duration 
FI Fractional intake for radionuclides 
c w  Concenb-ation.of radionuclides in groundwater 

Ingestion rate of groundwater (RAGS, 1989) 

Ac-227 

Cs-137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 
NA 
NA 

’ NA 
NA 
NA 
NA 
NA 

’ NA 
NA 

pCiA 
pCiP 
pCiP 
p C ill 
pCi/l 
pCill 
pCill 
pCili 
pCill 
pCill 
pcl l l  

Rn - 222 

Sr-90 
Ru-106 

Tc-99 
Th - 228 
Th-230 
Th-232 
U-233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

2.2E - 06 
NA 
NA 
NA 
NA 
NA 

1.5E +00 
4.OE -02  
i . 6 ~  -02 
9.2E -01 

2 Itday 
350 daysbear 

70 Year 
1 (Unitless) 

PCiA 
PCiP 
PCiP 
p C ill 
pCi/l 
pCi/l 
p C ill 
p C ill 
p C ili 
p C ill 
p C ill 
pCi/l 

Rad io  nu cl id es (pCi) (pCi)-’ (unitless) 

AC - 227 NA 3.5E - 10 NA 
Am -241 NA 2.4E-10 NA 
CS- 137 * NA 2.8E - 11 NA 
Np - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
Pu - 238 NA 2.2E - 1 0  NA 
Pu-239 NA 2.3E - 10 NA 
Pu- 240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E-10 NA 
Ra -228 NA 1.OE-10 NA 
Rn-222 . N A  1.7E - 12 NA 
Au-106 NA 9.5E - 12 NA 

Tc-99 NA 1.3E-12 NA 
Th-228 NA 5.5E - 11 NA 
Th- 230 NA 1.3E -11 NA 
Th- 232 NA 1.2E - 1  1 NA 

Sr-gO 1.1E-01 3.3E-10 3.5E-11 x 

U - 233 * NA 1.6E - 1 1 NA 
U - 234 7.5E +04 1.6E - 1  1 1.2E -06  

1.6E - 1  1 3.1E-08 U - 235 : 2.OE+03 
U-236 7.8E t o 2  1.5E-11 1.2E -08 
U-238 ’ ! 4 . 5 E t 0 4  2.8E - 11 1.3E -06 

~ I L C R  Summation - - 2.5E-06 ’ 

GSS 
~ 
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Table KIV-52 

Sumnrary of Intake and Risk Quaatitation (Radionuclides) 
Off-Property RME Resident Farm Adolt Fmture Land Use With Federal Ownership 

Via Ingestion of Meat Prodmcts 

AC - 227 
Am-241 
CS-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 

Sr-90 

Rn - 222 
Ru-106 

TC -99 
Th-228 
Th- 230 
Th-232 
U-233 
U - 234 
U-235 

ntake Eauation 

IR 
FI 
EF 
EDn 
Cf 

- - CfX E F X  E D n X F I X I R  

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Ac-227 

CS-137 
Np - 237 
Pa-231 

Am-241 

Pb-210 
PU - 238 
P U  - 239 
PU - 240 
Ra - 226 
Aa -228 

NA 
NA 

3.3E -03  
1.3E -06  
9.5E - 0 3  

NA 
8.5E -08  
5.5E -08 
5.5E -08 
7.2E -05 
4.8E -05 

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 
NA 
NA 

1.9E -06  
3.2E -06  
1.7E -06 

NA 
3.OE -03 
8.OE -05  
3.3E -05  
1.8E-03 

0.075 kglday 
1 (Unitless) 

350 dayshear 
70 Year 

C D I  CSF ILCR 
Radio nu d i d  es  (pCi) (pCi1-l (unitless) 
I 

NA 
NA 

6.OE +00 
2.5E -03 
1.8E +01 

1.6E-04 
1 .OE -04 
1.OE-04 
1.3E-01 
8.7E -02 

NA 

NA 
NA 
NA 
NA 

3.5E -03 
5.8E - 0 3  
3.1E-03 

NA 
5.5E +00 
1.5E-01 

3.5E - 10 
2.4E - 10 
2.8E - 11 , I " 

2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2.5-10 
1.OE -10  
1.7E- 12 
9.5E - 12 
3.3E - 10 
1.3E -12  
5.5E - 11 
1.3E - 11 
1.2E- 11 
1.6E- 11 
1.6E- 11 
1.6E - 11 

NA 
NA 

1.7E - 10 
5.4E - 13 
1.6E-09 

NA 
3.5E - 14 
2.3E - 14 
2.3E - 14 
1.6E-11 
8.7E - 12 

NA 
NA 
NA 
NA 

l .9E-13 
7.6E - 14 
3.7E - 14 

NA 
8.8E - 11 
2.3E - 12 

l U - 2 3 6  6.1E-02 1.5E - 11 9.2E - 13 
-238 3.3E +oo 2.8E - 11 9.2E - 11 

[ILCR Summation - - 2.OE -09 

6 6 1  

1993 -'. 
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.. Table K.IV-54 
Summary of Intake and Risk Quantitation (Radionmclides) 

Off-Property RME Resident Farm Adult Future Land Use With Federal Ownership 
Via lngestioa of Dairy Products 

ntake Equat ion - Cp X EF X EDn X FIX IR 

IR Ingestion rate of dairy products 0.3 I/day 
FI : Fraction ingested from contaminated source 1 (Unitless) 
EF Exposure frequency 350 daysfyear 
EDn Exposure duration 70 Year 
CP . Concentration of radionuclides in animal products 

Ac-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 
P U  - 238 
P U  - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

1.2E -03  
1.2E -07 
6.OE - 05 

NA 
1.7E-08 
1.1E-08 
1.1E-08 
1.3E-04 
1.3E-04 

PCikQ 

pCihg 
pCilkg 
pCilkg 
pCilkg 
pCilkg 
pCi/kg 
pCilkg 
pCilkg 
pCi/kg 

PCihQ 
Rn - 222 

Sr-90 
Ru-106 

Tc-99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

7.9E -25  
2.3E -23  
2.4E -06 
2.7E -06  
1.4E-06 

NA 
9.1E-03 
2.4E -04 
1.OE-04 
5.5E-03 

p c i k g  

PCikQ 
pCilkg 
pCilkg 
pCilkg 
pCi/kg 
pCilkg 
pCilkg 
pCilkg 
pCilkg 
PCilkg 

PCikQ 

CDI CSF ILCR 
Radionucl ides (pCi) (p Ci) -1 (un itless) 

I 
Ac - 227 NA 3.5E - 1 0  NA 
Am-241 NA 2.4E - 10 NA 
CS-137 . 8.5E +00 2.8E - 11 2.4E-10 
Np - 237 9.OE -04 2.2E - 10 2.OE - 13 
Pa-231 4.4E -01 9.2E - 11 4.OE - 11 
Pb-210 NA 6.6E - 10 NA 

2.8E - 14 PU - 238 1.3E-04 2.2E - 10 
1.9E -14 Pu-239 8.1E -05 2.3E - 10 

Pu-240 8.1E -05  2.3E - 10 1.9E - 1  4 
Ra -226 9.5E -01 1.2E - 1 0  l . 1 E - I O  
Ra -228 9.6E -01 1.OE -10  9.6E - 11 
Rn - 222 . NA 1.7E - 12 NA 
flu-106 NA 9.5E - 12 NA 
Sr-90 ' 5.8E-21 3.3E - 1 0  1.9E -30 
Tc-99 1.7E -19  1.3E-12 2.2E-31 
Th-228 1.8E -02 5.5E - 11 9.9E - 13 
Th- 230 1.9E -02 1.3E -11 2.5E - 13 
Th-232 1.OE-02 1.2E -11 1.3E -13  
U-233 ' NA 1.6E -11 NA 
U - 234 6.7E +01 1.6E - 11 l . l E - 0 9  
U-235 . 1.8E to0 1.6E-11 2.9E - 11 
U - 236 7.5E -01 1.5E - 11 1. lE-11 
U-238 ! 4.OE +01 2.8E - 11 l . l E - 0 9  

~ I L C R  Summation - - 2.7E -09 
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Table K.IV-56 
Summary of Intake and Risk Qnantitation (Ridionmclides) 

Off-Property RME Resident Farm Admlt Fobre  Land Use With Federal Ownership 
Via Ingestion of Vegetables and Fruits 

I 

ntake Equation Cv X EF X EOn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
c v  

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

CS-137 
Np - 237 

Pb-210 
P U - 2 3 8  
PU - 239 
P U  - 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA 
NA 

4.OE -03 
5.8E - 0 4  
2.9E -03 
6.2E -”? 
4.2E -03 
2.7E -03 
2.7E -03 
7.OE -03 
7.3E -03 

C D I  

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th-228 
T h - 2 3 0  
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

CSF 

NA 
NA 

3.4E - 13 
1.5E - 12 
1.2E-02 
1.3E-02 
6.9E -03 

3.3E -01 
8.9E -03 
3.7E - 0 3  
2.OE -01 

NA 

0.122 kglday 
i (Unitless) 

350 daystyear 
70 Year 

Radionuclides (PCi) . - (p ci)  -’ (unitless) 

A c - 2 2 7  NA 3.5E - 1 0  NA 
Am -241 NA 2.4E - 1 0  NA 
‘ 3 - 1 3 7  1.2E +01 2.8E - 11 3.4E - 10 
Np - 237 1.7E +00 2.2E - 10 3.8E - 10 
Pa-231 8.7E +00 9.2E - 11 8.OE - 1 0  
Pb-210 1.8E+02 6.6E - 10 1.2E-07 
PU - 238 1.2E+01 2.2E - 10 2.7E -09  

1.8E -09  Pu-239 8.OE + o O  2.3E - 10 
Pu-240 8.OE +oO 2.3E - 10 1.8E-09 
Ra -226 2.1E+01 1.2E - 1  0 2.5E -09  

2.2E-09 Ra -228 2.2E+01 1.OE-10 
Rn - 222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-DO 1.OE-09 3.3E-10 3.4E - 19 
Tc-99 4.4E-09 1.3E -12  5.8E-21 

2.OE -09  Th-228 3.6E +01 5.5E - 11 
Th-230 3.9E +01 1.3E - 1  1 5.OE - 1 0  

2.5E - 10 Th-232 2.1E+01 1.2E - 11 
U - 233 NA 1.6E - 1  1 NA 
U - 234 1 . O E + 0 3  1.6E -1 1 1.6E -08 
U - 235 2.7E +01 1.6E - 1  1 4.3E-10 
U - 236 l . l E + O l  1.5E -1 1 1.7E - 10 
U - 238 6.OE +02 2.8E - 11 1.7E-08 

l lLCR Summation - - 1.7E-07 
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Table K. IV-58 
Summary of Intake and Risk Quamtitation (Radionuclides) 

Off-Property RME Resident Parr Yomth Future Land Use With Federal Ownership 
Via Inhalation of Gases and Particulates 

- ntake Equat ion - C a  X EF X EDn X IR 

IR 
EF Exvusure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentation of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 
Pa-231 

Am-241 

Pb-210 
Pu - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

4.6E -05 
1.6E-05 
6.OE -05 
1.6E-03 
8.OE - 0 5  
3.9E -05  
3.9E -05 
8 . l E - 0 5  
8.8E -05  

pCi/m3 
pCi/m3 
pCi/rn3 
pCi/m3 
pci/m3 
pci/m3 
pci/m3 
p ~ i / m ~  
pci/m3 
pci/m3 
pci/m3 

Rn - 222 

Sr-90 
Ru-106 

Tc-99 
Th-228 
Th - 230 
Th-232 
U - 233 
U-234 
U - 235 
U - 236 
U - 238 

4.1E +00 

1.5E -04 
9.2E -04 
1.4E-04 
1.5E -04 
8.1E -05  

1.7E-03 
4.4E -05  
1.9E-05 
9.9E -04 

NA 

NA 

20 &/day 
350 dayshear 

12 Year 
(see table below) 

pCi/m3 
pCi/rn3 . 
pCi/m3 
pCi/m3 : 
pci/m3 
pci/rn3 
pci/m3 
pci/m3 
pci/m3 ' 

pci/m3 
pci/m3 
pci/m3 

C D i  CSF ILCR 
qadionucl ides (pCi) (pCi)-l  (unit less) 

AC - 227 
Am-241 . 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 

Sr-90 
Ru-106 

Tc -99 
Th- 228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U -236 

NA 
NA 

3.9E +oo 
1.3E +00 
5.OE +00 
1.3E +02 
6.7E +00 
3.3E +00 

6.8E +00 

3.5E + 0 5  

1.3E +01 
7.7E +01 
1.2E +01 
1.3E +01 
6.8E +00 

1.4E +02 

1.6E +00 

3.3E +oo 

7.4E +oO 

NA 

NA 

3.7E +oo 

8.8E -08 
3.2E -08 
1.9E -11 
2.9E -08 
3.6E -08  
4.OE -09  
3.9E -08  
3.8E -08  
3.8E-08 
3.OE -09 
6.9E - 10 
7.7E - 12 
4.4E - 10 
5.6E - 11 
8.3E-12 
7.8E -08 
2.9E -08 
2.8E -08 
2.7E -08 
2.6E -08 
2.5E -08 
2.5E -08 

NA 
NA 

7.3E - 1 i 
3.9E -08  
1.8E-07 
5.4E -07  
2.6E -07  
1.2E-07 
1.2E -07  
2.OE -08 
5.1E-09 
2.7E -06  

NA 
7.2E - 1 0  
6.4E-10 
9.4E-07 
3.7E -07  
1.9E-07 

NA 
3.6E -06  
9.2E -08 
4.OE -08 

U - 238 8.3E +01 5.2E -08 4.3E - 0 6  
~ I L C R  Summation - - 1.4E-05 

K-TV-86 



Table KIV-59 
Summary of Intake and Risk Qaantitatioa (Radionuclides) 

Off-Property RME Resident Farm Yomtb Fmture Land Use With Pederai Owmenhip 
Via Ingestion of Drinking Water 

- ntake Equat ion - Cw X EF X EDn X FI X IR 

IR 
EF Exposure frequency 
EDn Exposure duration 
FI Fractional intake for radionuclides 
c w  

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

Ac-227 

Cs-137 
N p  - 237 

Am-241 

Pa-231 
Pb-210 
Pu - 238 
PU - 239 
PU - 240 
Ra -226 - 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCi/l 
pCiA 
PCiP 
pC i l l  
p C ill 
p C ill 
p C i/l 
pCi l l  
p C ill 
p C ill 
p C ill 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U-235  
U - 236 
U - 238 

2 Ilday 
350 dayslyear 

12 Year 
1 (Unitless) 

NA PCiP 
NA PCiP 

~ ~ - 0 6  pCi/l 
NA pCi/ l  
NA p C ill 
NA pC i l l  
NA pCi/ l  
NA pCi/ l  

1.5E+00 pCi/ l  
4.OE - 0 2  pCi/ l  
1.6E-02 pCi/ l  
9.2E -01 pCi l l  

- 
CDI C S F  ILCR 

Radlonucl ldes ( p a )  [pci)-' (unitless) 
I 1 
Ac - 227 
Am-241 
CS-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 7.7E +03 2.8E - 11 2.2E -07 

I lLCR Summation - 4.3E -07  - 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

1.8E-02 ' 

1.3E+04 
3.4E +02 
1.3E+02 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E-10 
1.2E - 10 
l .OE-10 
1.7E - 12 
9.5E - 12 
3.3E - 10 
1.3E-12 
5.5E - 11. 
1.3E -11 
1.2E - 1 1 
1.6E- 11 
1.6E - 11 
1.6E - 11 
1.5E - 11 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A .  
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

6.OE - 12 

NA 
2.1E-07 
5.4E-09 
2.OE -09 
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Table K.IV-61 
Summary of Intake and Risk Quintitation (RadionmcEdes) 

Off-Property RME Resident Farm Youth Future Land Use With Federal Ownership 
Via Ingestion of Meat Products 

- ntake Equation - C I X E F X  E D n X F I X I R  

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration . 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

Ac-227 

CS-137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 
PU-239 
Pu-240 
Ra -226 
Ra - 228 

NA 
NA 

3.3E -03  
1.3E-06 
9.5E -03  

8.5E -08 
5.5E -08 
5.5E -08 
7.2E -05  
4.8E - 05 

N A  

Rn - 222 

Sr-90 
Ru-106 

Tc - 99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U-236 
U - 238 

NA 
NA 
NA 
N A  

1.9E-06 
3.2E -06  
1.7E -06  

N A  
3.OE -03 
8.OE-05 
3.3E -05  
1.8E -03  

FEMP-OU4CRARE-4-DFtAFT 

lN3 e 

0.075 kglday 
1 (Unitless) 

350 dayshear 
12 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-’ (unitless) 

AC - 227 N A  3.5E - 10 N A  
A m  - 241 N A  2.4E - 10 N A  
CS- 137 1.OE +oo 2.8E - 11 2.9E-11 
Np - 237 4.2E -04 2.2E - 10 9.3E - 14 
Pa-231 3.OE +00 9.2E - 11 2.8E-10 

5.9E - 15 Pu-238 
Pu-239 1.7E-05 2.3E-10 4.OE - 15 
Pu-240 1.7E -05 2.3E - 10 4.OE - 15 
Ra -226 2.3E -02 1.2E -10  2.7E - 12 
Ra -228 1.5E -02 1.OE-10 1.5E - 12 

Pb-210 NA 6.6E - 10 N A  
2.7E -05  2.2E - 10 

Rn - 222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 NA 3.3E - 10 NA 
Tc-99 NA 1.3E-12 NA 
Th-228 6.OE -04 5.5E - 11 3.3E - 14 
Th-230 1.OE-03 1.3E - 1  1 1.3E - 1  4 
Th-232 5.4E -04  1.2E - 11 6.4E - 15 
U - 233 N A  1.6E-11 NA 
U - 234 9.4E -01 1.6E -11 1.5E -11  
U - 235 2.5E -02 1.6E - 11 4.OE - 13 
U - 236 l . l E - 0 2  1.5E-11 1.6E - 13 
U - 238 5.6E -01 2.8E-11 1.6E -11 

~ I L C R  Summation - - 3.4E-10 

K-IV-90 
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Table K.IV-63 

Summazy of Intake and Risk Qmntitatioa (Radiomuclides) 
Off-Property RME Resident Farm Youth Future Land Use With Federal Ownership 

Via Ingestion of Dairy Products 

I 

- - Cp X EF X EDn X FIX IR ntake Equation 

IR 
FI : 
EF 
EDn 
CP ' 

Ingss!!cn rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.3 Itday 
1 (Unitless) 

350 dayshear 
12 Year 

AC-227 

CS-137 
N p  - 237 

Am-241 

Pa- 231 
Pb-210 
PU - 238 
PU - 239 
P U -  240 
Ra-226 
Ra -228 

NA 
NA 

1.2E -03 
1.2E -07 
6.OE -05 

NA 
1.7E -08 
1.1E -08 
1. lE-08 
1.3E-04 
1.3E-04 

PCikQ 
PCikQ 
PCikg 
p W k g  
pCilkg 
pCi/kg 
pCi/kg 
pCilkg 
PCi/kg 
pCi/kg 
PCilkg 

Rn - 222 
RU-106 
Sr-90 
Tc-99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA PCikQ 
NA PCinCD 

7.9E -25 PCikQ 
2.3E -23 pCi/kg 
2.4E -06 pCi/kg 
2.7E -06 pCi/kg 
1.4E - 0 6  pCilkg 

NA pCi/kg 

2.4E -04 pCilkg 
1.OE-04 pCi/kg 
5.5E -03 pCi/kg 

9.1E-03 pCi/kg 

CDI CSF iLCR 
l a d i o n u c l l d e s  ( p a )  (pci)-I (unit less)  

NA 
NA 

1.4E +00 
1.5E-04 
7.5E -02 

NA 
2.2E -05  
1.4E-05 
1.4E-05 
1.6E-01 
1.7E-01 

NA 
NA 

9.9E -22 
2.9E -20 
3.1E-03 
3.3E -03  
1.8E -03 

1.1E+01 
3.1E-01 
1.3E-01 

NA 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E - 10 
1.OE -10  
1.7E -12 
9.5E - 12 
3.3E - 1 0  
1.3E-12 
5.5E - 11 
1.3E-11 
1.2E - 11 
1.6E - 1  1 
1.6E - 1  1 
1.6E -11 
1.5E-11 

, 
NA 
NA 

4.1E - 1  1 
3.4E - 14 
6.9E - 12 

NA 
4.7E - 15 
3.2E - 15 
3.2E - 15 
2.OE - 11 
1.7E-11 

NA 
NA 

3.3E -31 
3.8E -32 
1.7E-13 
4.3E - 14 
2.1E -14 

NA 
1.8E - 1 0  
4.9E - 12 
1.9E - 12 

Ac - 227 
Am -241 
CS- 137 
Np - 237 

Pb - 210 
PU - 238 
PU-239 
PU-240 
Ra-226 
Ra -228 
Rn-222 
RU-106 
Sr-90 
Tc-99 
Th-228 
Th- 230 
Th- 232 
U-233 
U - 234 
U - 235 
U - 236 

Pa-231 

U - 238 6.9E +00 2.8E - 11 1.9E-10 
~ I L C R  Summation - .  - 4 . 7 ~ - 1 0  rrjr 
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Table K-IV-65 

Snmmary of Intake and R i s k  Qnantitation (RadiomcEdes) 
Off-Property RME Resideat Farm Yonth Future Land Use With Federal Ownership 

Via Ingestion of Vegetables and Fruits 

- ntake Epuatlon - Cv X EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 
Pu-238 
PU - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

4.OE -03 
5.8E -04  
2.9E -03 
6.2E -02 
4.2E -03 
2.7E -03  
2.7E -03 
7.OE -03 
7.3E -03  

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
u - 238 

NA 
NA 

3.4E - 13 
1.5E - 1 2  
1.2E-02 
1.3E-02 
6.9E -03 

3.3E -01 
8.9E -03  
3.7E -03 
2.OE -01 

NA 

0.122 kg/day 

12 Year 

1 (Unitless) 
350 daysbear 

CDI CSF ILCR 
ladionuclides (pCi) (pCi1-l (un Mess) 

Ac - 227 NA 3 5 E - 1 0  NA 
Am -241 NA 2 4E-10 NA 
cs- 137 2.1E +00 2.8E - 11 5.8E - 11 
Np - 237 3.OE -01 2.2E - 10 6.6E - 11 

1.4E -10  Pa-231 1.5E +00 9.2E - 11 
Pb - 210 3.2E +01 6.6E - 10 2.1E-08 
Pu-238 2.1E t o 0  2.2E-10 4.7E - 10 
?u-239 1.4E t o 0  2.3E - 10 3.2E - 10 
Pu-240 1.4E t o 0  2.3E-10 3.2E - 10 
Ra -226 3.6E t o 0  1.2E -10  4.3E-10 
Ra -228 3.7E t o o  1.OE -10 3.7E - 10 
Rn-222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr -90 1.7E-10 3.3E - 10 5.7E -20 
rc-99 7.6E - 1 0  1.3E - 12 9.9E -22 
Th-228 6.3E +00 5.5E - 11 3.4E - 10 
rh-230 6.6E t o 0  1.3E - 11 8.6E - 11 
rh-232 3.5E t o 0  1.2E - 11 4.3E - 11 
U - 233 NA 1.6E - 11 NA 
U - 234 1.7E +02  1.6E - 11 2.7E -09 
U - 235 4.6E t o 0  1.6E - 1  1 7.3E - 11 
U - 236 1.9E t o 0  1.5E -11 2.9E - 11 
U - 238 1.OE t o 2  2.8E - 11 2.9E -09 

~ I L C R  Summation - - 2.9E -08 
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Table K.IV-67 
Summarg of Intake and R+k Quintitation (Radionuclides) 

Off-Property RME Resident Farm Child Fmture Land Use  With FederalOwmerrhip 
Via Inhalation of Gases and Particulates 

I 
. 

ntake Equation - - 

I9 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Ivhaiaaon rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

Ac-227 
Am-241 
Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
Pu-240 
Ra -226 
Ra -228 

NA 
NA 

4.6E -05  
1.6E-05 
6.OE -05  
1.6E -03 
8.OE -05  
3.9E -05  
3.9E -05  
8.1E-05 
8.8E -05  

C a X E F X E D n X I R  

Fin - 222 
Ru-106 

Tc-99 
Sr-90 

Th-228 
Th - 230 
Th - 232 
U-233 
U - 234 
U-235  
U - 236 
U-238 

4.1E +00 
NA 

1.5E -04 
9.2E -04 
1.4E -04 
1.5E-04 
8.1E -05 

NA 
. 1.7E-03 

4.4E -05  
1.9E -05 
9.9E -04 

12 d / d w  
350 dayshear 

6 Year 
(see table below) 

pCi/m3 
pCi/rn3 . 
pCi/m3 
pCi/rn3 : 
pci/rn3 
pci/rn3 
pci/rn3 
pci/m3 
pci/rn3 . 
pci/rn3 : 
pci/m3 
pci/rn3 

CDI C S F  ILCR 
Radionuclides (pCi) (pCi ) - l  (unitless) 

Ac- 227 NA 8.8E-08 - NA 
Am-241 NA 5.2E -08 NA 
CS- 137 1.2E +oo 1.9E - 1  1 2.2E - 1 1  
Np - 237 4.OE-01 2.9E -08  1.2E-08 
Pa-231 1.5E +oo 3.6E -08  5.4E -08  
Pb-210 4.OE +01 4.OE -09 1.6E -07 
Pu-238 2.OE +oo 3.9E -08  7.9E -08 
PU-239 9.8E -01 3.8E -08  3.7E -08  
Pu-240 9.8E -01 3.8E -08 3.7E -08 
Ra -226 2.OE +oo 3.OE -09 6.1E -09  
Ra - 228 2.2E +oo 6.9E-10 1.5E-09 
Rn - 222 1.OE+05 7.7E - 12 8.OE -07  
Ru-106 NA 4.4E - 10 NA 
Sr-90 3.8E +oo 5.6E - 11 2.1E -10  
Tc-09 2.3E +01 : 8.3E-12 1.9E-10 
Th-228 3.6E +00 7.8E -08 

Th-232 2.OE +oo 2.8E -08  5.7E -08 
U-233 NA 2.7E -08 NA 
U - 234 4.2E +01 2.6E -08 l . l E - 0 6  
U - 235 l . lE+OO 2.5E -08  2.8E -08  
U - 236 4.8E -01 2.5E -08 1.2E-08 

,U-238 2.5E +01 5.2E-08' - 1.3E -06 
LILCR Summation - - 4.1E -06  

2.8E -07 
Th-230 3.8E +oo 2.9E -08 l . l E - 0 7  

. . _. . . .. 2. 
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Table K.IV-68 
Snmmrry of Intake and Rirk Qarntitrtion (Radionuclides) 

Off-Property RME Resident Farm Child Future Land Use With Federal bwuenhip 
Via Ingestion of Drinking Water 

ntake Equat ion  - - Cw X E F X  EOnX F I X  IR 

IR Ingestion rate of groundwater (RAGS, 1989) 1.4 I/day 
EF Exposure frequency 350 daysfyear 
EDn Exposure duration 6 Year 
FI Fractional intake for radionuclides 1 (Unitless) 
c w  Concentration of radionuclides in groundwater (see table below) 

Ac-227 

CS-137 
Np - 237 
Pa-231 . 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Aa -226 3 

Ra - 228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiA 
PCiJ 
pCiJ 
pCi/l 
p C ill 
pCi/ l  
pCi/l 
p C ill 
pCi/l 
pCi l l  
pCil l  

Rn - 222 
Ru-106 
Sr-90 
Tc  - 99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA pCiA 
NA PCiA 

2.2E-06 
NA pCi/ l  
NA p C ill 
NA pCi/ l  
NA pCi l l  
NA pCi/ l  

1.5E to0 pCi l l  
4.OE-02 pCi l l  
1.6E-02 pCi l l  
9.ZE -01 pCi l l  

C D i  CSF ILCR 
Rad ionuc l ides  (pCi) (p ci) -l (unit less) 

Ac- 227 NA 3.5E - 10 ' NA 
NA Am-241 NA 

C6-  137 NA 2.8E - 11 NA 
Np - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E - 10 NA 

2.4E - 10 

Pu-239 NA 2.3E - 10 NA 
Pu-240 NA 2.3E - 10 NA 
Aa -226 NA 1.2E-10 NA 
Ra -228 NA 1.OE -10  NA 

NA 
Ru-106 NA 9.5E -.I 2 NA 

Tc-99 NA 1.3E - 12 NA 
Th-228 NA 5.5E - 11 NA 
Th-230 NA 1.3E - 1  1 NA 
Th-232 NA 1.2E -11 NA 

Rn - 222 . N A  1.7E-12 

Sr-90 6.4E-03 : 3.3E - 10 2.1E - 1 2  

U - 233 i NA 1.6E-11 NA 
U - 234 4.5E +03 1.6E - 1  1 7.2E -08  
U-235 . 1.2E+02 1.6E-11 1.9E-09 

7.1E - 1 0  U - 236 4 . 7 ~  + o i  1.5E - 11 
U - 238 I 2.7E+03 2.8E-11 7.5E -08 

I l L C R  Summatton - - 1.5E-07. 

1993 
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Table K.IV-70 
Summarg of Intake a i d  Risk Qmntitation (Radionuclides) 

Off-Property RME Rerideit Farm m i l d  Pmhre Laid Use Witb Federal Ownership 
Via Ingestion of Meat Prodmcts 

- ntake Equation . Cf X EF X EDn X FI X IR 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

AC -227 

Cs-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

3.3E -03 
1.3E-06 
9.5E -03  

NA 
8.5E -08 
5.5E -08 
5.5E -08 
7.2E -05 
4.8E -05 

P C i h  
PCinCD 
PCihg 
pCi1kg 
pCilkg 
pCiIkg 
pCilkg 
pCilkg 
pCl1kg 
pCilkg 
pCilkg 

Rn - 222 
Ru-106 

Tc-99 
Th- 228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr-90 

NA 
NA 
NA 
NA 

1.9E -06  
3.2E -06 
1.7E -06 

NA 
3.OE -03 
8.OE -05  
3.3E -05 
1.8E-03 

0.029 kg/day 
1 (Unitless) 

350 daystyear 
6 Year 

C D I  C S F  ILCR 
Radionuclides (PCI) (Pc i ) -1  (unitless) 

AC- 227 NA 3.5E-10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 2.OE -01 2.8E - 11 5.6E - 12 

Pa-231 5.8E-01 9.2E - 11 5.3E - 11 
Pb-210 NA 6.6E-10 NA 
PU - 238 5.2E -06  2.2E - 10 l . l E - 1 5  
Pu-239 3.3E -06  2.3E - 10 7.7E - 16 
Pu-240 3.3E -06  2.3E - 10 7.7E - 16 
Ra -226 4.4E -03 1.2E-10 5.2E - 13 
Ra -228 2.9E -03 1.OE-10 2.9E - 13 
Rn - 222 NA 1.7E-12 NA 
Ru-106 NA 9.5E-12 NA 
Sr-€IO NA 3.3E - 10 NA 
TC-99 NA 1.3E - 12 NA 

Np - 237 8.2E -05  2.2E-10 1.8E - 1  4 

Th-228 1.2E -04 5.5E-11 6.4E - 15 
Th-230 1.9E -04  1.3E-11 2.5E - 15 
Th-232 1.OE -04 1.2E-11 1.2E -15 
U - 233 NA 1.6E-11 NA 
U - 234 1.8E -01 1.6E - 11 2.9E - 12 
U - 235 4.9E -03 1.6E-11 7.8E - 14 
U - 236 2.OE -03 1.5E- 11 3.1E -14 
Li - 236 :.:E-C: 2 . e ~ - !  3.!E - 12 

6.6E - 11 - ~ I L C R  Summation - 

1993 
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Table K.IV-72 
Summary of Intake amd Risk Quanti:tation (Radionmclidet) 

Off-Property RME Resident Farm Child Future Land Use With Federal Ownership 
Via Ingestion of Dairy Products 

, 

. 

ntake Equat lon 

IR 
: FI 

EF 
EDn 

. CP 

Ac - 227 
A m - 2 4 1  
cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
Ru-106 
Sr-90 
Tc-QQ 
Th-228 
Th- 230 
Th- 232 
U-233 
U - 234 
U-235 
U - 236 

C p X E F X E D n X  F I X I R  

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

Ac-227 

Cs-137 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU- 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA pciko 
NA pcilke 

1.2E-03 p c i k g  
1.2E-07 pCi/kg 

NA pCi/kg 
6.OE - 0 5  pCi/kg 

1.7E -08 pCi/kg 
l . l E - 0 8  pCi/kg 
1.1E-08 pCi/kg 

1.3E -04  pCi/kg 
1.3E-04 pCl/kg 

Rn - 222 
flu-106 
Sr-90 
Tc - 99 
Th - 228 
Th-230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

7.9E -25  
2.3E -23 
2.4E -06 
2.7E -06 
1.4E-06 

NA 
9.1E -03 
2.4E -04 
1.OE-04 
5.5E -03 

0.9 I/day 
1 (Unitless) 

350 daystyear 
6 Year 

PCikQ 
PCikQ 
pCiko 
pCi/kg 
pCi/kg 
pCi/kg 
pCi/kg 
pCl/kg 
pCi/kg 
pCl/kg 
pCi/kg 
pCilkg 

CDI CSF ILCR 
Radionucl ides (pCi) (pci)-l (unltless) 

NA 
NA 

2.2E +oo 
2.3E -04  
l . l E - 0 1  

3.2E-05 
2.1E-05 
2.1E-05 
2.4E -01 
2.5E -01 

NA 

NA 
NA 

1.5E-21 
4.3E-20 
4.6E -03 
5.OE -03 
2.7E - 0 3  

1.7E +01 
4.6E -01 
1.9E-01 

NA 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E-10 
9.2E - 11 
6.6E-10 
2.2E ,- 1 0 
2.3E.-10 
2.3E - 10 
1.2E-10 
1.OE -10 
1.7E-12 
9.5E - 12 
3.3Er 10 
1.3E- I2 
5.5E - 11 
1.3E - 11 
1.2E - 1 1 
1.6E - 11 
1.6E - 11 
1.6E - 11 
1.5E-I1 

NA 
NA 

6.1E-11 
5.1E -14 
1.OE - 11 

NA 
7.1E - 15 
4.8E - 15 
4.8E - 15 
2.9E - 11 
2.5E - 11 

NA 
NA 

4.9E-31 
5.6E-32 
2.5E-13 
6.5E - 14 
3.2E - 14 

NA 
2.8E - 10 
7.4E-12 
2.9E - 12 

: I U - 2 3 8  1.OE +01 2.8E - 11 2.9E - 10 
~ I L C R  Summation . = 7.OE-10 

1993 

6.9 0 
FE~U4CRAREIV/Fr.c-4/l2-14-93 K-IV-106 



FEMF-OU4CRARE4-DRAFT 
December 1993 

m F 



FEMP-OU4CRARE-4-Dm 
December 1993 

00000 0 
0 0 0 0 0  0 + + + + +  + 
w w w w w  w 

- - m m m l n m m  m r - m o  r - w e m r -  o m m r -  - - - 0 0 0 0 0 0  000.- 0 0  0 0  - 0 0 0  - 
I I I I I I I I  I I I I  

I I  C ._ 
?5 !E I 

0 0 m l n L 0  r - o o l n  
0 0 0 0  0 0 0 0  0 

W W w w w w  w w w w  w m 9 m  w w u l n  

m o w 0  w w m  

w w w w  
gL2 0000 0 0 0  

5 Zaaaaaa i cj ri +a rc'a i ~ a a a  - ni fipa d - i i a a a a  ui 
I S  I I I I I  I l l  1 1 1 1  I l l 1  I 

- zzzz 1: z z z z z z  z z z z z  z 
m m m w  D $ %  -.e w 

m 

Zaaaaaa 

O N m 9 P ) N  N N  - * O N  m l n m - N  
0 0 0 0 0 0  0 0  0 0 0 0  0 0 0 0 0  

I I 1 1 1 I  I I  1 1 1 1  I I I I I  
w w w w  w w w w w  
0 0 0 0  0 0 0 0 0  

w w w w w w  w w  
0 0 0 0 0 0  0 0  
c j r i d d d d a n i n i ~ a a - f i u i n i a d d r i c j u i a a  

z z z z  z z z  

9 0 
I 

g II 
d =  .E 

m 
Y 

K-IV- 108 



FEMP-OU4CRARE4-DR$lT ’; 
1*3 

Table K.IV-74 
Smmmarg of Intake and Risk Quantitation (Radionuclides) 

Off-Property RME Resident Farm Child Future Land Use With Federal Ownership 
Via Ingestion of Vegetables and Frnits 

- ntake Equation - Cv X EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
c v  

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

Cs-137 
Np - 237 
Pa - 231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Ra - 226 
Ra -228 

NA 
NA 

4.OE -03  
5.8E -04 
2.9E -03  
6.2E -02 
4.2E -03 
2.7E -03 
2.7E -03 
7.OE -03  
7.3E -03  

Rn - 222 
flu- 106 
Sr-90 
Tc - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U-238 

NA 
NA 

3.4E - 13 
1.5E - 12 
1.2E-02 
1.3E-02 
6.9E -03  

3.3E -01 
8.9E - 0 3  
3.7E - 0 3  
2.OE - 01 

NA 

0. i o 2  kglday 
1 (Unitless) 

350 dayshear 
6 Year 

CDI CSF ILCR 

Ac - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS-137 8.6E -01 2.8E - 11 2.4E - 11 
Np -237 1.2E -01 2.2E - 10 2.7E - 11 
Pa-231 6.2E -01 9.2E - 11 5.7E - 11 
Pb-210 1.3E +01 6.6E - 10 8.7E -09  
PU - 238 8.9E -01 2.2E - 10 2.OE - 10 
Pu-239 5.7E -01 2.3E - 10 1.3E - 10 
Pu-240 5.7E -01 2.3E - 10 1.3E - 10 
Ra -226 1.5E +00 1.2E - 10 1.8E - 10 

Rn - 222 NA 1.7E -12  NA 
Ru-106 NA 9.5E - 12 NA 

Ra -228 1.6E +00 1.OE -10  1.6E - 1  0 

Sr-90 7.3E - 11 3.3E-10 2.4E -.20 
Tc -99 3.2E - 10 1.3E-12 4.1E -22 
Th-228 2.6E +00 5.5E - 11 1.4E - 10 
Th-230 2.8E +00 1.3E -11 3.6E - 11 
Th-232 1.5E +00 1.2E-11 1.8E-11 
U - 233 NA 1.6E - 11 NA 
1J - 234 7.1E+01 1.6E - 11 1.1E-09 
U - 235 1.9E +oo 1.6E - 11 3.1E - 11 
U-236 8.OE -01 1.5E - 1  1 1.2E-11 
U - 238 4.3E +01 2.8E - 11 1.2E-09 

1.2E-08 - ~ I L C R  Summation - 

. .  
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Table KIV-76 

Summary of Intake and Risk  Quantitation (Radionuclides) 
On-Property W E  Resident Farm Adult Future Laid Use Withomt Federal Ownership 

Via Iihalation of Gases and Particulates 

- ntake Equat ion - Ca X EF X EDn X IR 

IA 
EF Exposure frequency 
EDn Exposure duration 
Ca 

inhalation rate of gases (RAGS. 1989) 

Concentration of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 
Pa-231 

Am-241 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
’ N A  

7.8E -05 
3.6E -05 
1.7E -04 
3.6E -03  
1.7E-04 
7.2E -05  
7.2E -05  
1.5E -04 
1.6E -04 

C D I  

pCi/rn3 
pCi/rn3 
pCi/rn3 
pCi/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
pci/rn3 
p~i/rn’  

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th - 228 
Th-230 
Th-232 
U - 233 
U-234 
U - 235 
U - 236 
U - 238 

CSF 

20 &/day 
350 daystyear 

70 Year 
(see table below) 

9.6E +00 
NA 

3.OE - 0 4  
2.OE -03  
2.1E-04 
2.4E -04 
1.5E -04 

NA 
3.6E -03  
9.6E -05 
4.OE -05 
2.2E -03  

ILCR 
Radio nuc l ides  (pCi) (pci)-1 (unit iess) 

Ac - 227 NA 8.5E -08 NA 
Am-241 NA 3.2E -08 NA 
CS-137 3.8E +01 1.9E -11 7.3E - 10 
Np - 237 1.8E +01 2.9E -08 5.1E-07 
Pa-231 B. iE+Ol 3.6E -08 2.9E -06 
Pb-210 1.8E t o 3  4.OE -09 7.1E-06 
PU - 238 B.lE+Ol 3.9E -08 3.2E -06 
PU - 239 3.5E +01 3.8E -08 1.3E-06 * 

Pu-240 3.5E +01 3.8E -08 1.3E-06 
Ra -226 7.1E t o 1  3.OE -09  2.1E-07 

Rn - 222 4.7E t o 6  7.7E - 12 3.6E -05 

Sr-90 1.5E +02 5.6E - 11 8.3E -09  
8.1E -09 Tc -99 9.8E t o 2  8.3E-12: 

Th-228 1.OE +02 7.8E -08  8.1E-06 
Th-230 1.2E t o 2  2.9E -08 3.4E -06  
Th-232 7.5E +01 2.8E-08 2.1E-06 

4.6E -05 U - 234 1.8E +03 2.6E -08 
U - 235 4.7E +01 2.5E-08 1.2E-06 
U-236 ~ 2.OE t o 1  2.5E-08 4.0E -07 

~ I L C R  Summation - - 1.7E -04 

. .  

Ra -228 7.8E +01 6.9E-10 5.4E -08 

Ru-106 NA 4.4E - 10 NA 

U-233 NA 2.7E -08 NA 

U - 238 i . i E  +03 5.2E-06 5.5E -05  
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Table KIV-78 
Summary of Intake and Risk Quantitation (Radionuclides) 

On-Property RME Resident Farm Adult Future Land Use Without Federal Ownership 
Via Incidental Ingestion of SoiVSediment 

ntakeEquation - - CSX EF XEDn X FIX IR 

I R S  
EF Exposwe frequency 
EDn Exposue Duration 
FI Fractional Intake 
cs 

Ingeation rate of soil (RAGS, 1989) 

Concenbation of radionuclides in soil 

4c-227 

1\$-237 

PU-238 

Am-241 
a - 1 3 7  

Pa-231 
Pb-210 

Pu-239 
Pu-240 
Ra-226 
Ra-228 

NA pCi/mg 
NA pCiimg 

I . O E - O ~  pCiimg 
7 . o ~  - 04 pCi/mg 
2 . 5 ~  - 0 2  pCi/mg 
7 . o ~  - 0 2  pCi/mg 
~ . o E - o ~  pCi/mg 
i . i ~ - 0 3  pCi/mg 
i . i ~ - 0 3  pCi/mg 
~ . o E - o ~  pCi/mg 
~ . o E - o ~  pCi/mg 

CM 

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
u-234 
U-235 
U-236 
U-238 

CSF 

NA 
NA 

5.2E-03 
3.8E -02 
5.OE-03 
5.OE-03 
5.OE-03 

1 . O E - 0 1  

2.7E-03 
2.5E - 03 
6.OE-02 

NA 

180 mglday 
35 0 d a y S w  

70 Y W  
1 (unitless) 

(see table below) 

Radionuclide's (pci) @ci) -1 (unitleis) 
I 
Ac-227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 

w-m 
Pa-231 

1.2E - 0 7  
3.1E+03 2.2E - 10 6 .8E-07 

1.OE-05 l . l E + 0 5  9.2E - 11 
Pb-210 3.1€+05 6.6E - 10 2.OE - 0 4  
Pu-238 1.3E + 0 4  2.2E - 10 2.9E-06 
Pu-239 4.9€+03 2.3E-10 l . l E - 0 6  
Pu-240 4.9E+03 2.3E - 10 l . l E - 0 6  
Ra-226 2.2E+04 1.2E - 1 0  2 . 6 E - 0 6  
Ra-228 2.2E + 0 4  1.OE-10 2.2E - 0 6  

CS-137 4.4E+03 2.8E - 11 

Rn-Z2 NA 1.7E-12 NA 
Ru- 1 06 NA 9.5E - 12 ' N A  
Sr-90 2.3E+04 3.3E - 10 7.SE-06 
Tc-99 1.7E + 0 5  1.3E- 12 2.2E-07 
Th-228 2.2E + 0 4  5.5E - 11 1.2E - 0 6  
Th-230 2.2E+04 1.3E- 11 2.9E-07 
Th-232 2.2E+04 1.2E - 11 2.6E - 0 7  
U-233 NA 1.6E- 11 NA 
U-234 4.4E + 0 5  1.6E - 1 1 7.1E-06 
u-235 1.2E+04 1.6E - 11 1.QE-07 
U-236 l . l E + 0 4  1.5E-11 1.6E-07 

2.6E + 0 5  2.6E - 11 7.4E - 06 
2.SE-04 - U-238 I ILCR Summation - 

1 .  



Table KIV-79 
Summary of Intake and Risk Qmantitatiom (Radionuclides) 

Om-Property RME Resideat Farm Addt Fmture Land Use Without Federal Owmership 
Via Ingestio. of Drinking Water 

C D I  CSF ILCR 
Radionuc l ides  ( p a )  (P CI) -1 (unlt less)  

AC- 227 NA 3.5E - 1 0  NA 
NA Am-241 NA 2.4E - 10 

CS- 137 NA 2.8E - 1 1  NA 
N p  - 237 NA 2.2E - 10 NA 
Pa-231  NA 9.2E - 1 1  NA 
P b - 2 1 0  NA 6.6E - 10 NA 

NA 2.2E - 10 NA 
NA 2.3E - 10 NA 

P u -  238 

NA 2.3E - 10 NA 
Pu-239 
Pu-240 
Ra-226 NA 1.2E-10 NA 
Ra -228 NA 1.OE-10 NA 
An - 222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 2.9E -01 3.3E - 10 9.5E - 1 1  
Tc-99 NA 1.3E-12 NA 
Th-228 NA 5.5E - 11 NA 
Th-230 NA 1.3E - 11 NA 
Th-232 NA 1.2E - 1 1  NA 
U - 233 NA 1.6E-11 NA 
U - 234 3.3E +04 1.6E - 11 5.3E -07 

1.4E -08 U - 235 8.8E +02 1.6E-11 
U -'236 ~ 3.6€+02 1.5E - 11 5.4E -09  
U - 238 2.OE +04 2.8E-11 5.5E -07 

l . lE -06  - [ILCR S u m m a t i o n  - 

ntake Equation 

IR 
EF 
EDn 
FI 
cw 

Cw X EF X EDn X FI X IR 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concenlration of radionuclides m groundwater 

Ac-227 

CS-137 
Np - 237 
Pa-231  

Am-241 

P b - 2 1 0  
Pu - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. Rn-222 
Ru-106 

1 Sr-90 
Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U-234 
U - 235 
U - 236 
U-238 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

5.9E -06 

6.7E -01 
1.8E -02 
7.4E - 0 3  
4.OE -01  

2 Ifday 

70 Year 
350 daystyear 

1 (Unitless) 
(see table below) 

PCiP 
PCiP 
PCiP 
p C i/l 
pCi/l 
pCi/l 
pCill 
pCi/l 
pCi/l 
pCi/i 
pCi/l 
pCi/l 

1993 
-,*. '. . . . .. 1 

...,* 

~ U 4 C ~ I V / F r . C 4 / I  2-1 4-93 K-IV-119 



,. . 

i :  . .  . 

. F E W - O U 4 C R A R E 4 - D m  
December 1993 

2 6 E 288688886266 
E + I # + + + + + + + + + + I  

5 m a m a w N ~ w m N w + m - - w  
0 4 w w w w w w w w w w w w  9 U ? = ? w 5 9 w - r ? ? w  

z z  

W 
m - m 



FEMF-OU4CRARE-4-DRAFT 
December . . ~ .,I 1993 

9 0 w m 0 w  w 
0 0 0 0  0 
I I I I  I 

w w w u l  w 
N O O W  N 

d E m  v) I 

a z z z  z zzzzzzzzzzzzzzzzzzzzzz 
E 

- 
%cuuu oi ai i d U  d a a u a a a u a u a u u a u a u u u k a a a  ni 

0 4  

LI 
.- 
f e 
0 

00 
0 0  + +  
w w  r-r- 

uarc'rc' zz 
r - r .  
0 0  
I I  

w w  
m m  

$"$& 

000 
0 0 0  + + +  
w w w  
r - r - m  
rc'rc'iU z 

v ) v ) w m  
0 0 0 0  

0 0 
+ 
W m 
6 a a a u a a a a a  zzzzzzzzz 
w w w v ) v )  In 0 
0 0 0 0 0  0 0 

a u u u u a u u a  zzzzzzzzz 
9 W l n W  w r - w l l  
0000 0000 

I I I I I I I I I  I I I I I I  I I I I  
w w w w w w w w w  w U J W W W W  w w w w  
~ m o m m 1 0 o ) ~ o  w U J W N - F )  v ) w w r -  
r r N N r v) W - -a -a< OY W v) - d <  9 v) d d z z z  

w u u u u a  zzzzz 

O N O Y 9  9 O 9 9  
0 0 0 0  0 0 0 0  

1 I I I I I  I I I I I  I I I I  

O N 9 O J O 9  
0 0 0 0 0 0  0 

- 
0 
I 

W 

u a u u  9 zzzz 
9NF)bC)N N N  - 9 m N  O I D O - N  9 
0 0 0 0 0 0  0 0  

I I I I I I  I 1  
w w w w w w  w w  
0 0 0 0 0 0  0 0  

K-IV- 121 



Table K.IV-81 
Summary of Risk Qaantitation (Radionmclides) 

On-Property W E  Resident Farm Adult Fatare Land Use Withoat Federal Ownership 
Via External Radiation 

xpos ure E quatio n = [CR X EF X EDn X ETiX (l-SHi)] +[CR X EF X EDn X ET, X (1-Ski,)] 

EF 
ED Exposure duration 

E Ti 
ET, 
SH, Shield factor indoors 
S", Shield factor outdoors 
CR Radionuclide speclfic concentrations 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 

AC - 227 
Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU-238 
PU - 239 
PU- 240 
Ra - 226 
Ra -228 

NA pCilg 
NA pCi lg  

1.OE +00 pCilg 
7.OE -01 pCilg 
2.5E +01 pCilg 
7.OE +01 pCilg 
3.OE +00 pCi lg  
i . lE+OO pCi lg  
l . lE+OO pCilg 
5.OE +00 pCi lg  
5.OE +00 pCi/Q 

Rn - 222 

Sr-96 
Flu- 106 

Tc - 99 
Th - 228 
Th - 230 
Th-232 
U - 23'3 
U - 234 
U - 235 
U - 236 
U - 238 

0.95 (unitless) 

0.24 (unitless) 
0.76 (unitless) 

0.5 (unitless) 
0 (unltless) 

70 Year 

(see table below) 

NA pCilg 
NA pCilg 

5.2E +00 pCi/g 
3.8E +01 pCilg 
S.OE+OO pCilg 
5.OE +00 pCilg 
5.OE +00 'pci lg 

i.OE+02 pCilg 
2.7E +00 pCilg 

6.OE + o i  pCi/g 

NA PCi& 

2.5E +00 pci/Q 

CD I CSF ILC R 
ladionuclid es (year pCi/g) (g/pCi-year) -' (unit1 ess) 

Ac-227 NA N A ,  NA 
Am-241 NA 4.9E -09  NA 

I 

CS-137 5.9E +01 2.OE -06  1.2E -04 
Np - 237 4.1E+01 4.3E -07 1.8E-05 
Pa-231 1.5E +03 2.6E -08  3.8E -05 
Pb-210 4.1E+03 1.6E-10 6.6E -07 
PU-238 1.7E+02 2.8E - 11 4.8E -09 
Pu-239 6.6E +01 1.7E -11 l . l E - 0 9  
Pu-240 6.6E +01 2.7E - 11 1.8E -09  
Ra -226 2.9E +02 6.0E -06  1.8E-03 
Ra -228 2.9E +02 2.9E -06  8.5E -04 
Rn - 222 NA 5.9E -06  * NA 
Ru-106 NA NA NA 
9 - 9 0  3.OE +02 NA NA 
Tc - 99 . 2.2€+03 6.OE - 13 1.3E -09  
Th-228 2.9E +02 5.6E -06  1.6E-03 
Th - 230 2.BE +02  5.4E - 11 1.6E -08 
Th - 232 2.9E +02 2.6E - 11 7.6E -09 
U - 233 NA 4.2E -1 1 NA 
U-234 5.9E +03 3.OE - 11 1 .BE -07 
U-235 1.6E+02 2.48 -07 3.7E -05 

U - 238 3.5E +03 3.6E -08 1.3E -04 
~ I L C R  Summation - 4.6E -03 

U-236 1.5E +02 2.4E - 11 3.5E -09 

~~ ~ 
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Table K l V - 8 3  
Summarg of Intake and Risk Quantitation (Radionuclides) 

On-Propertv RME Resident Farm Adult F8tare Land Use Without Federal OanershiD 

. .  . . .  . .  . 

ntake Equat ion 

IR 
FI 
EF 
EDn 
Cf 

. #  
Via Ingestion of Meat Products 

- C I X  EF X EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated.source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Ac-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
Pu- 238 
PU-239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

' N A  
NA 

3.4E -03 
1.4E-06 
9.6E -03 

NA 
8.6E -08 
5.5E -08 
5.5E -08 
7.2E - 0 5  
4.8E -05 

Rn - 222 

Sr-90 
flu-106 

Tc-99 
Th - 228 
Th - 230 
Th- 232 
U - 233 
U - 234 
U-235 
U - 236 
U - 238 

0.075 kg/day 
1 (Unitless) 

350 dayshear 
70 Year 

NA PCiEne 
NA pCilko 
NA pCikg 
NA pCi1kg 

1.9E-06 pCi/kg 

1.7E -06 pCilkg 
NA pCilkg 

3.2E -06  pCi/kg 

4.2E -02  pCi/kg 
1. lE -03  pCilkg 
4.6E -04 pCi1kg 
2.5E -02  pCilkg 

CDI C S F  ILCR 
#ad ionuc l ides  (pCi) (pci)-' (unit less) 

Ac - 227 ' NA 3.5E - 10 NA 
Am -241  NA 2.4E - 10 NA 
CS-137 6.2E to0 2.8E - 11 

Pa-231 1.8E +01 9.2E - 11 
Pb-210 NA 6 6 E - 1 0  NA 
PU - 238 1.6E -04 2.2E - 10 3.5E - 14 
Pu-239 1.OE -04 2.3E - 10 2.3E - 14 
Pu-240 1.OE -04 2.3E - 10 2.3E - 14 
Ra -226 1.3E -01 1.2E - 10 1.6E-11 

I 

1.7E-10 
Np - 237 2.6E -03 2.2E - 10 5.7E - 13 

1.6E -09  

Ra -228 8.8E -02 1.OE - 10 8.8E - 12 
Rn - 222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 NA 3.3E - 10 NA 
rc-99 NA 1.3E-12 NA 
rh-228 3.5E -03 5.5E - 11 1.9E - 1 3  
rh-230 5.9E -03 1.3E - 11 7.6E - 14 
Th- 232 3.1E -03 1.2E - 11 3.8E - 14 
U - 233 NA 1.6E - 11 NA 
U - 234 7.8E +01 1.6E - 11 1.2E -09  
U - 235 2.1E +oo 1.6E - 11 3.3E - 11 
U - 236 8.5E -01 1.5E - 11 1.3E -1 1 
U - 238 4.6E +01 2.8E - 11 1.3E -09  

~ I L C R  Summat ion  - - 4.4E -09  

1993 . . .  
-5 . .  r.. 
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; Table K-IV-SS 
S u m m a y  of Intake a i d  Risk Quantitatioa (Radionrclides) 

On-Property RME Resident Farm Addt  Potpie Land Use Without Federal Omerrhip 
Via iigestion of Dairy Products 

' 

ntake Equatlon 

IR 
FI 
EF 
EDn 
CP 

- - Cp X EF X EDn X FI X IR 

Ingestion rate df dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides. in animal products 

Ac-227 
Am-241 
Cs-137 
Np  - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
Pu - 240 
Ra -226 
Ra -228 

NA 
NA 

1.2E-03 
1.3E -07  
6.OE - 0 5  

NA 
1.7E-08 
1.1E-08 
1.1E-OB 
1.3E-04 
1.3E -04 

pCikg 
PCikQ 
PCikg 
pCl lkg 
pCl lkg 
pCi /kg 
P c m g  
pCi lkg 
pCl/kg 
PCi/kg 
pCi/kg ' I  

Rn - 222 

Sr-90 
Ru-106 

Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U-234 
U - 235 
U - 236 
U - 238 

NA 
NA 

1.5E-24 
1.2E - 2 2  
2.5E -06 
2.7E -06 
1.4E-06 

NA 
1.3E-01 
3.5E -03 
1.4E-03 
7.8E -02 

0.3 I/day 
1 (Unitless) 

350 daystyear 
70 Year 

PCikg 
PCikg 
pCikg 
pCiIkg 
pCi lkg 
pCi Ikg 
pCi Ikg 
pCi1kg 
pCi lkg 
pCi lkg 
pCi Ikg 
pCi1kg 

CDI CSF ILCR 

AC - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 8.7E +00 2.8E - 11 2.4E - 10 

2.1E-13 N p  - 237 9.5E-04 ' 2.2E - 10 
Pa-231 4.4E -01 9.2E - 11 4.1E-11 . 
Pb-210 NA 6.6E-10 NA 

2.8E - 14 PU - 238 1.3E-04 2.2E - 10 
1.9E-14 Pu-239 8.1E-05 2.3E - 10 

Pu-240 8.1E-05 2.3E - 10 1.9E-14 
l . l E - 1 0  Ra -226 9.6E -01 1.2E-10 

Ra -228 9.7E -01 1.OE-10 9.7E - 11 
Rn - 222 NA 1.7E-12 NA 
Ru-106 NA 9.5E-12 NA 

Th-228 1.8E -02 5.5E - 1 1 r 9.9E -13 

Th-232 
U - 233 NA 1.6E - 11 
U - 234 9.6E+02 ' 1.6E - 11 1.5E -08 
U - 235 2.5E+01 . 1.6E - 1  1 4.1E-10 
U - 236 1.OE +01 1.5E - 1  1 1.6E-10 
U - 238 5.7E+02 . 2.8E -1 1 1.6E -08 

Sr-90 1.1E-20 ~ . ~ E - I o  3.6E -30 
Tc -99 9.OE-19 1.3E -12 1.2E -30 

Th-230 2.OE -02 1.3E - 11 2.5E-13 
1.OE -02 1.2E -11 1.3E-13 

NA 

I ILCR Summation - - 3.2E -08 
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Table K.IV-89 
Sommaxy of Intake a i d  Risk Qmantitation (Radioiaclides) 

Om-Property RME Resident Firm Yootb F i h r e  Laid  Use Withomt Federal Ownership 
Via Inhalation of Gases a i d  Partiemlater 

ntake Equation - C a X  E F X E D n X i R  

IR Inhalation rate of gases (RAGS, 1989) , 
EF Exposure frequency 
EDn Exposure duration 
Ca Concentration of radionuclides in air 

Ac-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
PU - 240 

Am-241 

Ra - 226 
Ra -228 

NA 
NA 

7.8E -05 
3.6E-05 
1.7E -04  
3.6E -03 
1.7E-04 
7.2E -05 
7.2E -05 
1.5E-04 
1.6E-04 

Rn - 222 

Sr-go 
Ru-106 

Tc-99 
Th-228 
T ~ I  - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

20 &/day 
350 dayshear 

12 Year 
(see table below) 

9.6E +oo pCi/m3 
NA pCi/m3 

3.OE -04 pCi/m3 
2 . o ~  - 0 3  pCi/m3 
2.1E -04 pCi/m3 
2 . 4 ~  -04 pci/rn3 
1.5E-04 pci/rn3 

NA pci/rn3 
3.6E-03 pc i /m3  
9 . 6 ~  -05 pc i /m3 
4.OE -05 pCi/m3 
2.2E - 0 3  pCi/rn3 

CDI CSF ILCR 
Radionuc l ides  (pCi) (pc1)-1 (unitless) 

Ac -227 NA 8.8E -08 NA 
Am-241 NA 3.2E -08 NA 
CS- 137 6.6E +00 1.9E - 11 1.2E-10 
N p  - 237 3.OE +00 2.9E -08 8.8E -08 
Pa-231 1.4€+01 3.6E -08 5.OE -07 
Pb-210 3.OE +02  4.OE -09  1.2E -06 
PU - 238 1.4E +01 3.9E -08 5.4E -07 
PU - 239 6.OE +00 3.8E -08 2.3E -07  
Pu-240 6.OE +00 3.8E -08 2.3E -07 
Ra -226 1.2E +01 3.OE -09  3.7E -08 
Ra - 228 1.3E +01 6.9E - 10 9.2E -09  

8.1E+05 7.7E - 12 6.2E -06  
NA 4.4E-10 NA 

Rn - 222 
h - 1 0 6  
Sr-90 2.5E +01 5.6E - 11 1.4E -09  
Tc -99 1.7€+02 8.3E - 12 1 4 E - 0 9  
Th-228 1.8E +01 7.8E -08 1.4E-06 
Th-230 2.OE +01 2.9E -08 5.9E -07  
Th-232 1.3E +01 2.8E-08 3.6E -07 
U-233 NA 2.7E -08 NA 
U - 234 3.OE +02 2.6E-08 7.9E -06  
U - 235 8.1€+00 2.5E -08 2.OE -07 
U-236 3.4E t o o  2.5E -08 8.4E -08 
U - 238 1.8E+02 5.2E-08 9.4E -06 

[ILCR summatton = 2.9E -05 

~~ ~ 
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Table KIV-91 
Summary of Intake and Risk Quantitation (Radionuclides 

On-Property RME Resident Farm Youth Future Land Use Without F d era1 Ownership 
Via Incidental Ingestion of SoiUSediment 

nlake Eauation 

w s  
EF 
EDn 
FI 
cs 

CS X EF XEDnX FI X IR - - 

Ingestion rate of soil (RAGS, 1989) 
Exposwe freqency 
Exposue Duration 
Fractional Intake 
Concentration of radionuclides in soil 

Ac-227 
Am-241 
CS-137 
w-237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra-226 
Ra-228 

NA 
NA 

1.OE-03 
7.OE -04 
2.5E-02 
7.OE - 02 
3.OE -03 
l . l E - 0 3  
l . l E - 0 3  
5 . O E  -03  
5.OE-03 

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-zz 
U-233 
U-234 
U-235 
U-236 
U-238 

NA 
NA 

5.2E - 03  
3.8E - 02 
5.OE-03 
5.OE - 0 3  
5.OE - 0 3  

NA 
1.OE -01 
2.7E -03  
2.5E-03 
6.OE - 0 2  

CDI CSF I La3  
bdionudides (pci) @ci) -l (unitless) 

Ac-227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS-137 4.2E + 0 2  2.8E - 11 1.2E-08 
w-237 2.9E + 0 2  2.2E - 10 6.5E-08 
Pa-231 l . l E + 0 4  9.2E - 11 9.8E - 07 
Pb-210 2.9E + 0 4  6.6E - 10 1.9E -05 
Pu-238 1.2E+03 2.2E - 10  2.7E-07 
Pu-239 4.7E + 0 2  2.3E - 1 0  1.1E-07 
Pu-240 4.7E + 0 2  2.3E - 10 l . l E - 0 7  
Ra-226 2.1E+03 1.2E-10 2.5E-07 
Ra-228 2.1E+03 1.OE-10 2.1E-07 
Rn-222 NA 1.7E- 12  NA 
Ru-106 NA 9.5E - 12  NA 
Sr-90 2.2E +03 3.3E - 10 7.2E-07 
Tc-99 1 .6€+04  1.3E-12 2.1E - 08 
Th-228 2.1E+03 5.5E - 11 1.2E-07 
Th-230 2.1E+03 1.3E - 11 2.7E-08 

2.5E-08 Th-232 2.1E+03 1.2E- 11 
U-233 NA 1.6E- 11 NA 

U-235 l . l E + 0 3  1.6E- 11 1.8E -08 

U-238 

u-234 4 . E  +G4 1.6E- I I 6.7E -07 

U-236 1 .OE +03 1.5E- 11 1.6E-08 
2.5E +04 2.8E-11 7.1E-07 

2.4E-05 - l lLa3 Summation - 

730  



Table K.IV-92 
Summary of Intake a id  Risk Quantitatioi (hdioimclides) 

Oi-Property RME Resident Farm Y08th F8hre Laid Use Without Federal Ownership 
Via Iigestion of Drinking Water 

- ntake Equat ion  Cw X EFX EDnX FIX IR 

IR Ingestion rate of groundwater (RAGS, 1989) 2 Ilday 
EF Exposure,kequency . 350 daysfyear 
!-c!? Exposure duration 12 Year 
FI Fractional intake for radionuclides i (Unitless) 
c w  Concentration of radionuclides in groundwater (see table below) 

Ac-227 . NA 

CS-137 : NA 
Am-241. NA 

Np - 237 NA 
Pa-231 NA 
Pb-210 NA 
PU-,238 . NA 
PU - 239 NA 
PU-240 . NA 
Ra -226 NA 
13-228 NA 

pCin 
pCi/l 
Gill 
p c ill 
P c ill 
PCIll 
p C ill 
pCi/ l  

p C ill 
pCil l  

p c ill 

Rn - 222 
flu-106 
Sr-90 
Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

5.9E-06 

6.7E -01 
1.8E-02 
7.4E -03  
4.OE -01 

pCin 
PCill 
PCiP 
pCi/l 
PCIll 
pCi l l  
pCi l l  
pCi l l  
pCi l l  
p C ill 
p c i/l 
p C i/l 

CDI CSF ILCA 
lad io nuc l ides  (pCi) (pel)-' (un Mess) 

NA 3.5E - 10 NA 
NA 2.4E - 10 NA 

Ac - 227 
Am -241 
CS- 137 NA 2.8E - 11 NA 
Np - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E - 10 NA 
PU-239 NA 2.3E - 10 NA 
Pu-240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E -10  NA 
Ra -228 NA 1.OE - 10 NA 
Rn - 222 NA 1.7E -12 NA 
flu-106 NA 9.5E - 12 NA 

rc-99 NA 1.3E - 1  2 NA 
Th-228 NA 5.5E - 11 NA 
rh- 230 NA 1.3E-11 NA 
rh-232 NA 1.2E -11 NA 
U - 233 NA 1.6E -11 NA 
U - 234 5.6E +03 1.6E - 11 9.OE -08 
U - 235 1.5E +02 1.6E - 11 2.4E -09  
U - 236 6.2E +01 1.5E - 11 9.3E - 1 0  
U - 238 3.4E +03 2.8E - 11 9.4E -08 

~ I L C R  Summation - 1.9E-07 

Sr-90 4.9E -02  3.3E - 10 1.6E -11 

- 
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Table K.1V-94 
Snmmarg of h a k e  rmd Risk Qoa8titatiom (Radiomoclider) 

08-Property M E  Resident Farm Yo8tk Future Land Use Withomt Federal Owmenhip 
Vir Imcidental Ingestion while Wading 

ntake Equation - - C s X  E F X  EDX F I X I R  

IRW 
Ef Exposure frequency: 
EDn Exposure duration for non-carcinogens 
FI Fractional intake for radionuclides 
c s  

Ingestin? rata of surface water 

Concentration of radionuclides in surface water 

' Ac-227 

Cs-137 
Np - 237 
Pa-231 

Am-241 

Pb-210 
PU - 238 
Pu-239 
PU- 240 
Ra - 226 
Ra -228 

'NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiP 
pCiP 
pCiP 
pCi/l 
pCi1l 
pCi l l  
pCi1l 
pCi/ l  
pCiI l  
pCi l l  
pCi l l  

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U-235 
U - 236 
U - 238 

NA 
NA 

7.1E-01 
NA 
NA 
NA 
NA 
NA 

2.2E +oo 
5.8E -02 
2.4E -02  
1.3E +00 

0.025 I/day 
88 daystyear 
12 Year 

I (Unitless) 

pCiP 
PCiP 
PCiP 

p c ill 
p C ill 

p C ill 
pCi l l  
pCi/ l  
pCi I l  
pCi1l 
p C ill 
pCi l l  

CDI  CSF ILCR 
3adlonuclldes ( p a )  (pel)-' (un Mess) 

Ac - 227 
Am-241 
CS- 137 
N p  - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
Ru-106 
Sr-90 
Tc -99 
Th-228 
Th-230 
Th-232 
U - 233 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NPi 

N 9  

1. 

3.5E - 10 NA 
2.4E - 10 NA 
2.8E-11 NA 
2.2E-10 NA 
9.2E - 11 NA 
6.6E-10 NA 
2.2E-10 NA 
2.3E - 10 NA 
2.3E -1 0 NA 
1.2E- 10 NA 
1.OE - 1  0 NA 
1.7E-12 NA 
9.5E - 12 NA 

1.3E- 12 NA 
5.5E - 11 NA 
1.3E - 11 NA 
1.2E - 1  1 NA 
1.6E - 11 NA 

E +01 3.3E - 10 6.2E -09 

U - 234 5.7E +01 1.6E - 11 9.2E - 1 0  
U - 235 1:.5E +00 1.6E- 11 2.4E - 11 
U-236 6.3E -tl :.5E-:: 9.4E-?2 
U - 238 3.4E +01 2.8E - 11 9.6E - 10 

~ I L C R  Summation - - 8.1E-09 

, .  
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Table KIV-96 
Summary of Intake and Risk Qaantitation (Radionuclides) 

. On-Property RME Resident Farm Youtb Future Land Use Without Federal Ownership 
Via Ingestion of Meat Prodacts 

ntake Equat lon  

1R 
FI 
EF 
EDn 
Cf 

- - Cf X EF X EDn X FI X IR  

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Ac-227 

CS-137 

Pa-231 

Am-241 

Np - 237 

P b - 2 1 0  
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

3.4E - 0 3  
1.4E-06 
9.6E -03 

NA 
8.6E -08 
5.5E -08 
5.5E -08 
7.2E -05 
4.8E -05 

Rn - 222 
Ru-106 

Tc - 99 
Th-  228 
Th - 230 
Th  - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr-90 

N4 
NA 
NA 
NA 

1.9E -06  
3.2E -06  
1.7E-06 

NA 
4.2E -02 
l . l E - 0 3  
4.6E-04 
2.5E -02 

0.075 kglday 
I (Unitless) 

350 dayshear 
12 Year 

c D; CSF ILCR 
3adlonu clldes ( p a )  ( p a )  -l (unlt less) 

Ac -127 NA 3.5E -10 NA 
Am2241 NA 2 . 4 E - 1 0  NA 
CS- 137 l . lE+OO 2.8E - 1 1 3.OE-11 
Np - 237 4.5E -04  2.2E - 10 9.8E - 14 
Pa-231 3.OE +00 9.2E - 11 2.8E - 10 
Pb-210 NA 6.6E-10 NA 
PU - 238 2.7E-05 2.2E - 10 5.9E - 15 
Pu-239 1.7E-05 2.3E - 10 4.OE - 15 
Pu-240 1.7E -05 2.3E - 10 4.OE -1 5 
Ra -226 2.3E -02  1.2E-10 2.7E - 12 
Ra -228 1.5E-02 1.OE-10 1.5E - 12 
Rn -222 NA 1.7E-12 NA 
flu-106 NA 9.5E - 12 NA 
Sr -90 NA 3.3E-10 NA 
Tc -99 NA 1.3E - 12 NA 
Th-228 6.OE -04 5.5E - 11 3.3E - 14 
Th-230 1.OE - 0 3  1.3E - 11 1.3E - 14 
Th-232 5.4E -04  1.2E-11 6.5E - 15 
U - 233 NA 1.6E - 11 NA 
U-234 1.3E +01 1.6E - 1  1 2.1E - 10 
U - 235 3.6E -01 1.6E - 11 5.7E - 12 
U - 236 1.5E-01 1.5E - 1 1 2.2E - 12 
U - 238 8.OE +00 2.8E-11 2.2E - 10 

- - 7.6E - 10 ~ I L C R  Summation 

.- 
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Table K.IV-98 
Summary of Intake amd Risk Qmaatitatioi (RadioiFclides) 

On-Property RME Resident Farm Yoith Fmhre Laid Use Withomt Federal Ownership 
Via Ingestios of Da iq  Products 

IR 
FI 
EF 
EDn 

Ingestion rate of dairy products 
Friction ingested from contaminated source 
Exposure frequency 

Concentration of radionuclides m animal products 
~~ Exposure duration 
CP 

.ntake Equation = Cp X EF X EDn X FIX IR 

Ac-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU-238 
PU-239 
PU - 240 
Ra -226 

Am-241 

Ra-228 

NA 
NA 

1.2E-03 
1.3E-07 
6.OE -05 

NA 
1.7E -08 
1.1E-08 
l . l E - 0 8  
1.3E -04 
1.3E -04 

PCilke 
PCilkg 
PCikg 
pCilkg 
pCilkg 
pCilkg 
pCilkg 
pCilkg 
pCi/kg 
pCilkg 
pCilkg 

Rn - 222 

Sr-90 
flu-106 

Tc-99 
Th - 228 
Th - 230 
Th-232 
U-233 
U-234 
U - 235 
U - 236 
U - 238 

0.3 Ifday 
i (Unitless) 

350 daysbear 
12 Year 

NA PCihg 
NA pCilkg 

i .sE-24 pCihg 
1.2E-22 pCllkg 
2.5E-06 pCl/kg 
2.7E -06  pCilkg 
1.4E-06 pCi/kg 

NA pCinCg 
1.3E-01 pCi/kg 
3.5E-03 pCilkg 
1.4E-03 pCi/kg 
7.8E-02 pCi/kg 

CDI CSF ILCR 
Radionuclides (PCI) (pci ) -1  (un itless) 

Ac-227 
Am-241 
c s -  137 
Np - 237 
Pa- 231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn-222 
Ru-106 
Sr-90 
Tc -99 
Th-228 
Th- 230 
Th-232 
U - 233 
U - 234 
U-235 
U - 236 

NA 
NA 

1.5E +00 
1.6E -04 
7.6E -02  

NA 
2.2E -05 
1.4E -05 
1.4E-05 
1.6E-01 
1.7E-01 

NA 
NA 

i .9E -21 
1.5E - 19 
3.1E-03 
3.4E -03 
1.8E-03 

1.6E +02 
4.3E +00 

NA 

1.8E +oo 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E - 10 
1.OE - 10 
1.7E - 12 
9.5E - 12 
3.3E - 10 
1.3E - 12 
5.5E - 11 
1.3E - 11 
1.2E-11 
1.6E - 11 
1.6E- 11 
1.6E - 1  1 
1.5E -11 

NA 
NA 

4.2E - 11 
3.6E - 14 
7.OE-12 

NA 
4.8E - 15 

. 3.2E-15 
3.2E - 15 
2.OE - 11 
1.7E-11 

NA 
NA 

I 6.2E-31 
2.OE - 31 
1.7E-13 
4.4E-14 
2.1E - 14 

NA 
2.6E -09  
7.OE -1 1 
2.7E - 11 

!U - 238 9.8E +C: 2.8E - 1 1  2.7E - 5 s  
I ILCR Summation - - . 5.5E-09 

731 
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Table KIV-100 
Summary of Intake and Risk Q8antitation (Radiommclides) 

On-Property RME Resident Farm Youth Future Land Use Withomt Federal Ownership 
Via Ingestion of Vegetables and Fruits 

- r take  Equat ion  - Cv X EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

Cs-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra-228 

NA 
NA 

4.1E-03 
5.9E -04 
2.9E -03 
6.2E -02 
4.2E -03 
2.7E -03  
2.7E -03 
7.OE -03 
7.3E -03 

PCikQ 
pcincg 
pcincg 
pCi/kg 
pCi/kg 
pCilkg 
pCllkg 
pCi/kg 
pCi/kg 
pCl/kg 
pCilkg 

Rn - 222 

Sr-90 
Ru-106 

Tc-99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

0.122 kglday 
1 (Unitless) 

350 dayshear 
12 Year 

NA pcilka 
NA PCikQ 

5 . 9 ~  - 13 pCi/kg 
6.8E - 12 pCilkg 
1.2E-02 pCilkg 
1.3E-02 pCilkg 

NA pCilkg 
4.6E +00 pCi/kg 
1.2E-01 pCilkg 
5.OE-02 pCl/kg 
2.7E+00 pCi/kg 

6.9E -03 pCl/kg 

- -  
. CDI CSF ILCR 

4adionuci idos ( p a )  (pci)-I (unlt less) 

Ac - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 2.1E +00 2.8E - 11 5.8E - 11 
Np - 237 3.OE -01 2.2E - 10 6.6E - 11 
Pa-231 1.5E +00 9.2E - 11 1.4E - 1  0 
Pb - 210 3.2E +01 6.6E - 10 2.1E-08 
PU - 238 2.1E +00 2.2E - 10 4.7E-10 
Pu-239 1.4E +00 2.3E - 10 3.2E - 1 0  
Pu-240 1.4E+00 2.3E - 10 3.2E-10 
Ra -226 3.6E +00 1.2E -10  4.3E - 1 0  
Ra -228 3.8E +Oo 1.OE-10 3.8E - 1 0  
Rn-222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 3.OE-10 3.3E - 10 9.9E -20  
Tc -99 3.5E -09 1.3E - 1  2 4.5E-21 
Th-228 6.3E +00 5.5E - 1  1 3.4E - 1 0  
Th-230 6.6E +00 1.3E - 11 8.6E - 11 
Th-232 3.5E +00 1.2E -1 1 4.3E - 11 
U - 233 NA 1.6E -11 NA 
U - 234 , 2.3E+03 1.6E - 11 3.7E -08  
U - 235 6.2E +01 1.6E - 11 9.9E - 10 
U - 236 2.6E +01 1.5E-11 3.8E - 1 0  
U - 238 1.4E t o 3  2.8E-11 3.9E -08 

~ I L C A  Summation - - 1.OE-07 
.Y? c’, 
i d3 
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Table KIV-101 
Summary of Risk Quaatitation (Rsdioamclides) 

On-Property RME Resident Farm Youth Fatstre Land Use Withoat Federal Ownership 
Via External Radiation 

i x p o s u r e  Equat lon  = [CRX EFX EDnX ETiX (1-SHi)] +[CRX EFX EDnX EToX ( l -St io) ]  

EF 
ED Exposure duration 

E Ti 
ET0 
SH, Shield factor indoors 
SHO Shield factor outdoors 
CR Radknuci lde specific concentrations 

Fractlon of year spent exposured 

Fraction of day spent Indoors 
Fraction of day spent outdoors 

AC - 227 
Am-241 
CS- 137 
Np - 237 

Pb-210 
Pa-231 

Pu-338 
PU - 239 
PU-?40 
Ra -226 
Ra -228 

NA pCi/g 
NA P c I& 

1.OE +00 pCi/g 
7.OE -01 pCi/g 
2.5E +01 pCVg 
7.OE +01 pCi/g 
3.OE +00 pCi/g 

1.1E+00 pCilg 
5.OE +00 pCi/g 
5 . o ~  +oo pCi/g , 

1.1E+00 pc i /g  

Rn - 222 

Sr-90 
RIJ - 106 

Tc - 99 
Th-228 
Th-230 
Th - 232 
U - 233 
U - 234 
U-235 
U - 236 
U-238 

0.95 (unitless) 

0.24 (unitless) 
0.76 (unitless) 
0.5 (unitless) 

0 (unltless) 

12 Year 

(see table below) 

NA pCVg 
NA pCi/g 

5.2E +00 pCi/g 
3.8E +01 pCi/g 
5.OE +00 pCilg 
5.OE +00 pCi/g 
5.OE +00 pCi/g 

NA P c ilg 
1.OE +02 pCi/g 
2.7E+00 pCi/g 
2.5E + o o  pCi/g 
6.OE +01 &i/Q 

CDI CSF ILC R 
ladianuclides * (year pCi/g) (g/pCi -year) -' (unitless) 

Ac-227 NA NA N4 
Am-241 NA 4.9E -09  NA 

2.OE -05 CS-137 1.OE +01 2.OE -06  
Np - 237 7.OE +00 4.3E -07 3.OE -06  
Pa-231 2.5E +02 2.6E -08 6.6E -06  
Pb-210 7.OE +02 1.6E - 1 0  l . l E - 0 7  
Pu-238 3.OE +01 2.8E -1 1 8.3E-10 
PU - 239 l . l E + O l  1.7E-11 1.9E-10 
PU - 240 l . l E + O l  2.7E-11 3.OE - 10 
Ra - 226 5.OE +01 6.OE -06 3.OE -04 
Ra - 228 5.OE +01 2.9E -06  1.5E -04 
Rn - 222 NA 5.9E -06  NA 
Ru- 106 NA NA NA 
Sr-90 5.2E +01 NA NA 
Tc-99 3.8E +02 6.OE - 13 2.3E - 10 
Th - 228 5.OE +01 5.6E -06  2.8E -04 
Th - 230 5.OE +01 5.4E-11 2.7E -09 
Th - 232 5.OE +01 2.6E - 11 1.3E-09 
U-233 - NA 4.2E - 1  1 NA 
U - 234 1.OE +03 3.3E - I1 3.3E -38 
U - 235 2.7E +01 2.4E -07  6.4E -06  
U-236 2.5E +01 2.4E - 11 6.OE - 10 
U-238 6.OE +02 3.6E-08 2.2E -05 

~ I L C R  Summation - - 7.9E -04 

.. 1993 
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Table K-IV-103 
Summary of Intake aid Risk Qmaititatioi (Radioimclides) 

Om-Property EWE Resident Parr  Child Pmtmre Laid Use Withomt Pederrl'OanenLip 
Via Iihalation of Gases a i d  Particulates 

ntake Equatlon - - 

IR 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

Ac-227 
Am-241 
Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

7.8E-05 
3.6E-05 
1.7E -04  
3.6E - 0 3  
1.7E-04 
7.2E - 0 5  
7.2E -05  
1.5E -04  
1.6E-04 

pCi/m3 
pCi/rn3 
pCi/rn3 
pCi/rn3 
pci /m3 
p c i / m 3  
p c l / m 3  
pcl /m3 
pcl /m3 
p c i / m 3  
pci /m3 

CaX EFX E D n  X IR 

Rn - 222 

Sr-90 
Ru-106 

Tc -99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

12 d l d a y  
350 dayshear 

6 Year 
(see table below) 

9.6E t o o  pci/m3 
NA pCi/m3 

3 . 0 ~  -04 pci/m3 
2.OE - 0 3  pci/m3 
2.1E -04 pCi/m3 
2.4E -04 pCi/m3 
1.5E -04 pCi/m3 

NA p c i / m 3  
3.6E -03 pCi/m3 
9.6E-05 pCl/m3 
4.OE -05 pCi/m3 
2.2E -03  pCi/m3 

CDI  CSF ILCR 
Radionuclides ( p a )  (pcl)-1 (unitless) 

Ac - 227 NA 8.8E -08 NA 
Am - 241 NA 3.2E -08 NA 
CS-  137 2.OE +oo 1.9E - 1  1 3.7E - 11 
Np - 237 , 9.1E-01 2.9E -08 2.6E -08 
Pa-231 4.2E +00 3.6E -08 1.5E-07 
Pb-210 9.1E +01 4 O E  -09 3.6E -07 

1.6E-07 Pit-238 4.2E +00 3.9E -08 
PU-239 1.8E +oo 3.8E -08 6.9E -08 
Pu-240 l.BE+OO 3.8E -08 6.9E-08 
Ra -226 3.7E +oo 3.OE -09 1.1E-08 
Ra -228 4.OE +00 6.9E - 10 2.8E -09  

Ru-106 . N A  4.4E - 10 NA 
Rn - 222 2.4E +05 7.7E - 12 1.9E -06  

Sr-QO 7.6E +00 5.6E - 11 4.3E - 10 
Tc -g9 5.OE+01 8.3E - 12 4.2E-10 t 

Th-228 5.3E +oo 7.8E -08  4.1E-07 
Th-230 6.1E +00 2.9E -08 1.8E-07 
Th-232 3.9E +oo 2.8E -08 l . l E - 0 7  
U - 233 NA 2.7E -08 NA 

2.4E -06  U - 234 * 9.1E+01 2.6E -08 
U - 235 2.4E to0 2.5E -08 6.OE -08 
U - 236 ' l . O E + O O  2.5E -08 2.5E -08 
U-238 5.4E +01 5.2E -08 2.8E -06 

8.7E -06  ~ I L C R  Summation E 

K-IV-154 F E R . ~ u ~ c ~ I V ~ . C - ~ ~  2-14-93 
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Table KIV- 105 
Summary of Intake and Risk Quantitation (Radionuclides) 

On-Property FUME Resident Farm Child Future Land Use Without Federal Ownership 
Via Incidental Ingestion of Soil/Sediment 

ntake Equation 

IRS 
EF 
EDn 
Fi 
cs 

CSX EF XEDnX FIX IR 

ingestion rate of soil (RAGS, 1989) 
Exposwe frequency 
Exposwe Duration 
Fractional Intake 
Cornenbation of radionuclides in soil 

Ac-227 
Am-241 
CS-137 
Np-237 
Pa-231 
Pb-210 
Pu-238 
Pu -239 
Pu-240 
Ra-226 
Ra-228 

NA 
NA 

1 .OE - 03 
7.OE-04 
215E - 0 2  
7.OE - 0 2  
3.OE-03 
l . l E - 0 3  
1 .1E-03  
5.OE - 03 
5.OE - 0 3  

Rn-222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U-233 
U-234 
u-235 
U-236 
U-238 

N A .  
NA 

5.2E - 03  
3 . 8 E - 0 2  
5.OE-03 
5.OE - 0 3  
5.OE - 0 3  

1.OE -01  
2 . X  -03  
2.5E - 0 3  
6.OE - 0 2  

NA 

I O  

zoo mg/day 
3 5 0 dayS&€W 
6 
i (unitless) 

(see table below) 

CW CSF I LCR 
Radionuclides (pCi) (pCi)--' (unitless) 

Ac-227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS-137 4 . 2 E + 0 2  , 2.8E- 11 1.2E-08 
Np-237 2.9E + 0 2  2.2E - 1 0  6.5E-08 
Pa-231 l . l E + 0 4  9.2E - 11 9.8E-07 
Pb-210 2 . 9 € + 0 4  6.6E - 10 1.9E-05 
Pu-238 1.2E +03 2.2E- 10 2.7E - 0 7  
Pu-239 4.7E +02  2.3E - 1 0  1 . l E - 0 7  
Pu-240 4 . 7 € + 0 2  2.3E - 1 0  l . l E - 0 7  
Ra-226 2.1 E +03  1.2E-10 2.5E - 0 7  

2.1E-07 Ra-228 2 . 1 € + 0 3  1.OE-10 
Rn-222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 1 2  NA 

Tc-99 1 . 6 € + 0 4  1.3E-12 2.1E-08 
Th-228 2.1 E +03 5.5E - 11 

Th-232 2 . 1 € + 0 3  1.2E-11 2.5E -08 
U-233 NA 1.6E- 11 . N A  

Sr-90 2.2E +03 3.3E - 1 0  7.2E - 0 7  

1.2E - 0 7  
Th-230 2 . 1 € + 0 3  1.3E-11 2.7E - 08 

W - 2 3 4  4.2ESC4 1.6E-11 5.7E-07 
U-235 l . l E + 0 3  1.6E-11 1.8E -08 
U-236 l . O E + 0 3  1.5E-11 1.6E - 0 8  
U-238 2.5E + 0 4  2.8E - 11 ' 7.1E-07 Y 

2.4E-05 - liLCR Summation - I 

rtIVUU4CKAKCL V/k 1 .C-4/12-14-93 K-lV-13 I 
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Table K. IV- 106 - e  
Summary of Intake and Risk Qmantitation (Radionmclides) 

On-Property RME Resident Parr  Child Pmtmre Land Use Withomt Federal Omerrhip 
. Via ingestion of Drinking Water 

ntake Equat ion 

IR 
EF 
EDn 
FI 
c w  

- - C w X E F X E D n X F I X I R  

Ingestion fate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Conceniration of radionuclides in groundwater 

AC-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

N A .  
NA 
N A :  
NA 
NA 
NA 
NA 
NA 
NA I 
NA 

NA c 

PCiF 
PCiP 
PCiP 
p c 1/1 
p c 111 
pCi/l 
pCi/l 
p C ill 
PCI/I ' 

PCI/I 
pCi/l 

Rn - 222 
RU-106 
Sr-90 
Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

5.9E-06 
NA 
NA 
NA 
NA 
NA 

6.7E -01 
1 .8E -02  
7.4E - 0 3  
4.OE -01 

1.4 Ilday 
350 dayslyear 

6 Year 
i (Unitless) 

(see table below) 

PCiP 
PCiA 
pCi/l 
pCi/l 
p C i/l 
PCi/l 
pCi/l 
pCi/l 
pCi/l 
p c ill 
pCi/l 
p C i/l 

C D I  CSF iLCR 
3adionuci ides ( p a )  ( p c I ) - I  (unit less) 

AC - 227 NA ' 3.5E-10 NA 
Am-241 NA ' 2.4E-10 NA 
CS- 137 NA 2.8E - 11 NA 
Np - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E-10 NA 
PU - 238 NA . 2.2E - 10 NA 
PU-239 NA 2.3E - 10 NA 
PU-240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E-10 NA 
Ra -228 NA 1.OE-10 NA 
Rn-222 NA 1.7E-12 NA 
RU-106 NA 9.5E - 12 NA 

TC-99 NA 1.3E - 1 2  NA 
Th- 228 NA 5.5E-11 NA 
Th-230 NA 1.3E-11 NA 
Th-232 NA 1.2E-11 NA 

Sr-90 1.7E--Q2 3.3E - 10 5.7E - 12 

U - 233 NA 1.6E-11 NA 
U - 234 2.OE + 0 3  1.6E - 11 3.2E -08  
U-235 5.3E +01 1.6E-11 8.5E - 10 
U - 236 2.2E +01 1.5E-11 3.3E-10 
U - 238 1.2E + 0 3  2.8E - 11 3 , s - 0 8  

~ I L C R  Summation - - 6.6E -08 

FERDU4CRAREIV/lT,C-4/l2-14-93 K-N-158 
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;Table KlV-108  
Summary of Risk Qoantitation (Radionuclides) 

On-Propertp W E  Resident Farm Child F8ture Land Use Witkomt Federal Ownership 
Via External Radiation 

l x p o s u r e  Equat ion  = [CRX E F X E D n X  ETiX(l-SHi)] + [ C R X E F X  EDnXET,X(l-SH,)] 

EF 
ED Exposure duration 
E Ti 
ET0 
S Hi Shield factor indoors 
SHO Shield factor outdoors 
CA Radionuclide specl lc concentrations 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 

Ac - 227 
Am-241 
CS- 137 
Np - 237 
Pa-231 
Pb-210 
PU -238 
PU - 239 
PU - 240 
Ra -226 
Aa -228 

NA p C ilg 
NA pCilg 

l.OE+OO pCi lg '  
7.OE -01 pCilg 
2.5E +01 pCilg 
7.OE +01 pCilg 
3.OE +00 pCilg 
l . lE+OO pCi lg '  
l . lE+OO pCilg 
5.OE +00 pCilg 
5.OE +00 pci/Q 

Rn - 222 
R u -  106 
Sr-  90 
Tc-99 
Th - 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U-236 
U - 238 

0.95 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 

0.5 (unitless) 
0 (unitless) 

(see table below) 

NA PCilQ 
NA P c i l Q  

5.2E +00 pCilg 
3.8E +01 pCi lg  
5.OE +00 pCi/g 
5.OE +00 pCl/g 
5.OE+00 pCilg 

NA PcI lg  
1.OE +02 pCilg 
2.7E+00 pCilg 
2.5E + O O  pCi/g 
6.OE+01 pCi/g 

CDI CSF ILCA 
ladionuclides (year pCilg) (g/pCi-year)-' (unitless) 

Ac-227 

Cs-137 
Np - 237 

Pb-210 
PU-238 
PU - 239 
PU-240 

Am-241 

Pa-231 

Ra-226 
Ra -228 
Rn - 222 
Ru- 106 
Sr-90 
Tc-99 
Th- 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 

NA 
NA 

3.1E +00 
2.2E +00 
7.8E +01 
2.2E +02 
9.1E+00 
3.4E +oo 
3.4E +00 
1.5E +01 
1.5E+01 

NA 
NA 

1.6E +01 

1.5E +01 
1.5E +01 
1.5E+01 

3.1E +02 
8.2E+@@ 
7.7E +oo 

1.2E+02 

NA 

NA 
4.9E-09 
2.OE -06  
4.3E -07  
2.6E -08 
1.6E -10  
2.8E - 11 
1.7E-11 
2.7E - 11 
6.OE-06 
2.9E -06  
5.9EZ-06 

NA 
NA 

6.OE - 13 
5.6E - 0 6  
5.4E - 11 
2.6E - 11 
4.2E-11 
3.OE - 11 
2.4E - C i  
2.4E - 11 

NA 
NA 

6.2E -06 
9.3E -07 
2.OE -06  
3.4E -08  
2.5E - 1 0  
5.9E - 11 
9.3E - 11 
9.2E -05 
4.5E -05 

NA 
NA 
NA 

7.OE-11 
8.6E -05  
8.3E - 10 
4.OE - 10 

NA 
9.2E -09 
2.OE -06 
1.8E-10 

U - 238 1.8E +02 3.6E -08  6.6E -06  
~ I L C R  Summat ion  = 2.4E -04 
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Table KlV-110 
S8rmarg of Intake and R i s k  Q8antitation (Radiom~clider) 

On-Properly RME Resident Parr Child Pmture Laud Use Without Pedenl Ownership 
Via Ingestion of Meat Products 

ntake Equation - - Cf X EF X EDn X FI X IR 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

. Ac-227 

Cs-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU - 238 
PU - 239 

I PU-240 
Ra -226 
Ra - 228 

NA pCike 
NA PCikg 

3 . 4 ~  -03 pCikg 
1.4E-06 PCl/kg 
9.6E - 0 3  PCilkg 

NA PCllkQ 
8.6E -08 pCl/kg 
5.5E-08 PCIlkg 
5.5E -08  pCi/kg 
7.2E-05 pCilkg 
4.8E -05  pCi/kQ 

Rn - 222 
b -106  
Sr-80 
TC - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
u - 238 

NA 
NA 
NA 
NA 

1.9E-06 
3.2E -06 
1.7E-06 

NA 
4.2E -02 
1.1E-03 
4.6E - 0 4  
2.5E -02 

0 . 0 2 ~  kglday 
1 (Unitless) 

350 dayslyear 
6 Year 

C D I  CSF ILCR 
Radionuclides (PCij (pCI) -1 (unltless) 

I 

Ac - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 2.1E -01 2.8E - 11 5.7E-12 
Np - 237 8.6E -05 2.2E - 10 1.9E-14 
Pa-231 5.8E -01 9.2E - 11 5.4E - 11 
Pb-210 NA 6.6E - 10 NA 
PU - 238 5.2E - 0 6  2.2E - 10 l . l E - 1 5  

7.7E-16 Pu-239 3.4E -06  2.3E-10 
Pu-240 3.4E - 0 6  2.3E - 10 7.7E - 16 
Ra -226 4.4E -03 1.2E-10 5.3E - 13 
Ra -228 2.9E -03 1.OE-10 2.9E - 13 
Rn - 222 NA 1.7E - 12 NA 
Ru-106 NA 9 s  - 12 NA 
Sr-g0 NA 3.3E-10 NA 
Tc 4 9  NA 1.3E - 12 NA 
Th-228 1.2E -04  5.5E - 11 6.4E - 15 
Th-230 1.9E-04 1.3E - 1  1 2.5E - 15 
Th-232 1.OE -04 1.2E - 1  1 1.2E-15 
U - 233 NA 1.6E -11 NA 
U - 234 2.6E +00 1.6E- 11 4.1E - 1  1 
U -235 6.9E -02 1.6E - 1 1 l . l E - 1 2  
U - 236 2.8E -02 1.5E-11 4.2E - 1 3  
U - 238 1.5E +00 2.8E - 11 . 4.3E-11 

~ I L C R  Summation - - 1.5E -10  
r.4 I -: 
( ;:; ( 
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Table KIV-112 . 
Summary of Intake and Risk Quaatitation (Radionnclides) 

On-Property RME Resident Parr m i l d  Pmhre Land Use Withoat Federal Owaership 
Via Ingestion of Dairy Products 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction irigested from contaminated source 

Concentration of radionuclides in animal products 

0.9 \/day 
1 (Unitless) 

350 dayslyear 
6 Year 

Ac-227 

Cs-137 
Np - 237 

Am-241 

Pa-231 ' 

Pb-210 
PU - 238 
Pu - 239 
PU - 240 
Ra-226 ' 

Ra - 228 

NA 
NA 

l.2E -03 
1.3E-07 
6.OE -05 

NA 
1.7E -08 
1 . lE-08  
1 . l E - 0 8  
1.3E -04 
1.3E-04 

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th - 228 
Th - 230 
T h  - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 2 3 8  

NA 
NA 

1.5E-24 
1.2E-22 
2.5E -06  
2.7E -06  
1.4E-06 

NA 
1.3E-01 
3.5E -03 
1.4E-03 
7.8E -02  

CDI CSF ILCR 
ladlonuclides (PCI) (pcI ) -1  [un tlless) 

Ac-227 NA 3.5E - 10 NA 
Am-241 NA 2.4E-10 NA 
CS- 137 2.2E +00 2.8E - 11 6.2E - 11 
N p  - 237 2.4E -04  2.2E - 10 5.4E - 1 4  
Pa-231 1.1E-01 9.2E - 11 1.OE - 1  1 
Pb-210 NA 6.6E - 10 NA 
PU - 238 3.3E -05 2.2E - 10 7.2E - 15 
Pu-239 2.1E -05 2.3E - 10 4.8E : 15 
Pu-240 2.1E-05 2.3E - 10 4.8E - 1 5 
Ra -226 2.5E -01 1.2E - 10 2.9E-11 

NA 1 .?E - 12 NA 
Fh -228 
Rn - 222 
Ru-106 NA 9.5E - 12 NA 

1 

2.5E -01 1.OE - 10 2.5E - 11 

Sr-g0 2.8E -21 3.3E - 1 0  9.2E -31 
rc -99 2.3E - 1 9  1.3E - 12 3.OE -31 
rh-228 4.6E-03 5.5E - 11 2.5E - 13 
rh-230 5.OE -03 1.3E -11 6.5E - 1 4  

2.7E -03 1.2E - 11 3.2E - 14 5h-232 
U - 2 3 3  NA 1.6E - 1  1 
U - 2 3 4  2.5E +02 1.6E - 11 3.9E -09  
U - 235 6.5E +00 1.6E - 1  1 1.OE-10 
U - 236 2.7E +00 1.5E-!! 4.9=-:: 
U - 2 3 8  1.5E +02 2.8E - 11 4.1E-09 

~ I L C R  Summation 5 8.3E ~ 0 9  

NA 

1993 

.- 
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Table KIV-114 

Smmmary of Intake and Risk Qmantitation (Radionuclides) 
On-Property RME Resident Farm Child Fmtore Land Use Withoat Federal Ownership 

Via Ingestion of Vegetables and Fruits 

- ntake Equation - Cv X EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Ac-227 

Cs-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
PU-238 
PU - 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

4.1E - 0 3  
5.9E -04 
2.9E - 0 3  
6.2E -02  
4.2E -03 
2.7E - 0 3  
2.7E -03 
7.OE - 0 3  
7.3E - 0 3  

PCihg 
PCihe 
PCihg 
pCilkg 
pCilkg 
pCilkg 
pCilkg 
pCilkQ 
pCi/kQ 
pCilkg 
pCilkg 

Rn - 222 
Ru-106 

TC - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 236 
U - 235 
U-236 
U - 238 

Sr-90 

NA 
NA 

5.9E - 13 
6.8E - 12 
1.2E -02 
1.3E-02 
6.9E - 0 3  

NA 
4.6E +00 
1.2E-01 
5.OE -02 
2.7E +00 

0.102 kglday 
1 (Unitless) 

350 dayshear 
6 Year 

CDI CSF ILCR 
Radionuclldes (PCI). (p Ci) -1 (unitless) 
I 

AC - 227 
Am-241 
CS-137 
Np - 237 
Pa-231 
Pb-210 
Pu-238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn - 222 
Ru-106 

NA 
NA 

8.7E -01 
1.3E -01 
6.2E -01 
1.3E +01 
8.9E -01 
5.7E -01 
5.7E -01 
1.5E +00 
1.6E +00 

NA 
NA 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E-10 
2.2E - 10 
2.3E-10 
2.3E - 10 
1.2E - 10 
1.OE-10 
1.7E-12 
9.5E - 12 

NA 
NA 

2.4E - 
2.8E - 
5.7E - 
8.7E - 
2.OE - 
1.3E- 
1.3E - 
1.8E- 
1.6E- 

NA 
NA 

Sr-90 1.3E - 10 3.3E - 10 4.1E-20 
Tc -99 1.5E-09 1.3E - 1  2 1.9E-21 
Th-228 2.6E +00 5.5E - 11 1.4E - 10 
Th-230 2.8E +oo 1.3E-11 3.6E - 11 
Th-232 1.5E +00 1.2E - 11 1.8E - 1  1 
U - 233 NA 1.6E-11 NA 
U - 234 9.8E +02  1.6E - 11 1.6E-08 
U - 235 2.6E +01 1.6E - 11 4.1E-10 
U - 236 l . l E t 0 1  1.5E -11 1.6E - 10 
U - 238 5.8E +02 2.8E - 11 1.6E-08 

4.2E -08 - ~ I L C R  Summation - 
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Table KIV-116 , 
Sarnmary of Intake r i d  Risk Quautitation (Radion~clides) 

Off-Property RME Resident Farm Adult Future Land Use Without Federal Ownership 
Via Inhalation of Gases and Particulates 

n t a k e  Equation 

IR 
EF 
EDn 
Ca 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

Ac-227 NA 
Am-241 NA 
Cs-137 4.6E-05 
Np - 237 1.6E-05 
Pa-231 6.OE -05 
Pb-210 1.6E-03 
PU - 238 8.OE -05 
PU-239 3.9E -05 
PU-240 3.9E -05 
Ra -226 8.1E-05 
Ra -228 8.8E -05  

Ca X EF X EDn X IR 

Rn - 222 
Ru-106.  

Tc-99 
Sr-90 

Th-228 
Th-230 
Th - 232 
U - 233 
u - 234 
U-235 
U - 236 
U - 230 

4.1E+00 
NA 

1.5E -04 
9.2E -04 
1.4E -04 
1.5E-04 
8.1E-05 

NA 
1.7E -03 
4.4E -05 
1.9E-05 
9.9E - 0 4  

20 &/day 
350 daystyear 

70 Year 
(see table below) 

pci/m3 
pCi/m3 
pCi/m3 
pci/m3 
pci/m3 
pci/m3 
pci/rn3 
pcl/m3 
pci/m3 
pci/m3 
pci/m3 
pci/m3 

COI CSF ILCR 
Sadlonuclldes (pCi) (pCi)-l (unitless) 

Ac - 227 NA 8.eE -08  NA 
Am-241 NA 3.2E -08 NA 
CS- 137 2.3E +01 1.9E - 1  I 4.3E - 10 
N p  - 237 7 . a ~  +oo 2.9E -08 2.3E -07 
Pa- 231 2.9€+01 3.6E -08 l . l E - 0 6  
Pb-210 7.8E +02 4.OE -09 3.1E -06  
PU - 238 3.9E +01 3 . 9 ~  -oa 1.5E -06 
PU - 239 1.9E +01 3.8E -08  7.3E -07 
Pu- 240 1.9E +01 3.8E - 0 8  7.3E -07 
Ra -226 4.OE +01 3.OE -09  1.2E-07 
Ra-228 4.3E t o 1  6.9E -10 3.OE -08  
Rn - 222 2.OE +06 7.7E - 12 1.6E-05 
flu-106 NA 4.4E - 10 NA 
Sr-90 7.4E +01 5.6E - 11 4.2E-09 
Tc-99 4.5E +02  8.3E - 12 3.7E -09  
Th-228 7.1E+01 7.8E -08 5.5E -06  
Th-230 7.4E +01 2.9E -08 2.1E-06 
Th-232 4.OE+01 2.8E -08 l . l E - 0 6  

U - 234 8.1E +02 2.6E -08 2.1E -05 
U - 235 2.2E +01 2.5E -08 5.4E -07 
U -236 9.3E +oo 2.5E -08 2.3E -07 
U - 238 4.8E +02  5.2E -08 2.5E -05 

~ I L C R  S u m m a t i o n  - - 7.9E-05 

U - 233 NA 2.7E-08 NA 

’ 1993 
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Table K-IV-117 
Surmarp of lotake a i d  Risk Qoaotitttion (Radionuclides) 

Off-Property Rh4E Resident Farm Adult Fatore L a i d  Use Withort Federal Owmenkip 
Via Ingestion of Drinking Water 

ntake Equation 

IR 
EF 
EDn 
FI 
cw 

- Cw X E F  X E D n  X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency : 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

Ac'-Z27 
Am-241 
Cs-137 

Pa-231 
Np - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 
Ra - 226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PCiP 
pCill 
pCiP 
p C i / l  
pCill 
pCIll 
p C ill 
pCill 
p c i/l 
PCIll 
p c Ill 

Rn - 222 

Sr-90 
flu-106 

Tc - 99 
T h  - 228 
Th-230 
Th-232 
U-233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

2.2E -06 
NA 
NA 
NA 
NA 
NA 

1.5E +oo 
4.OE -02 
1.6E-02 
9.2E -01 

2 llday 
350 dayshear 

70 Year 
1 (Unitless) 

(see table below) 

PCiP 
pCiP 
PCiP 
p C ill 
p C ill 
pCi/l 
pCill 
pCi/l 
PCi/l 
p C ill 
pCill 
pCill 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

AC - 227 NA 3.5E - 10 NA 
Am -241 NA 2.4E - 10 NA 

2.8E - 11 NA 
Np - 237 NA 2.2E-10 NA 
CS- 137 

Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E-10 NA 

NA . 

Pu-239 NA 2.3E - 10 NA 
Pu-240 NA 2.3E - 10 NA 
Ra-226 NA 1.2E - 10 NA 
Ra -228 NA 1.OE-10 NA 
Rn - 222 N A .  1.7E -1 2 NA 
Ru-106 NA 9.5E-12 NA 

Tc-99 NA 1.3E -1 2 NA 
Th- 228 NA 5.5E - 11 NA 
Th-230 NA 1.3E-11 NA 
Th-232 NA 1.2E - 11 NA 

Sr-90 1.1E-01 ' 3.3E-10 3.5E - 11 

U-233 NA 1.6E -1 1 NA 
U - 234 7.5E +04 1.6E -1 1 1.2E-06 
U - 235 2.OE +g3 1.6E-11 3.1E-08 
U-236 7.8E +02  1.5E-11 1.2E-08 
U - 238 4.5E +94 2.8E - 11 1.3E-06 

2.5E -06 - ~ ~ L C R  Summation - 

r* 2-l i 
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Table KIV-119 
Summary of Intake and Risk Qaantitation (Radionuclides) 

Off-Propertg RME Resident Farm Adult F a h r e  Land Use Withomt Federal Ownership 
Via Ingestion of Meat Products 

I 

- - CIX EFX EDn X F I X  IR  

IR 
FI 
EF 
EDn 
Cf 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in fish 

Ac-227 

CS-137 

Pa-231 

Am-241 

Np - 237 

Pb-210 
P U  - 238 
Pu-239 
P U  - 240 
Ra - 226 
Ra -228 

NA 
NA 

3.3E - 0 3  
1.3E-06 
9.5E - 0 3  

NA 
8.5E -08 
5.5E -08 
5.5E -08 
7.2E - 0 5  
4.8E - 0 5  

PCikQ 
PCikQ 
p c i k g  
pCiIkg 
pCiIkg 
pCiIkg 
pCilkg 
pCi1kg 
pCiIkg 
pCiIkg 
PCiIkg 

Rn - 222 

Sr-90 
Ru-106 

TC - 99 
Th-228 
Th - 230 
Th - 232 
U - 233 
U-234 
U - 235 
U - 236 
U-238 

NA 
NA 
NA 
NA 

1.9E -06  
3.2E -06  
1.7E-06 

NA 
3.OE - 0 3  
8.OE -05 
3.3E -05  
1.BE-03 

0.075 kglday 
1 (Unitless) 

350 dayshear 
70 Year 

PCikg 
PCikg 
PCikg 
pCiIkg 
pCilkg 
pCiIkg 
pCilkg 
PCiIkg 
pCilkg 
pCiIkg 
pCiIkg 
pCiIkg 

C D i  CSF ILCR 
ladlonuclides (PCi) (pCi)-l  (unitless) 

A'C - 227 NA 3.5E - 10 NA 
km -241 NA 2.4E - 10 NA 
CS- 137 6.OE +00 2.8E - 11 1.7E - 10 
Np - 237 2.5E - 0 3  2.2E - 10 5.4E - 13 
Pa-231 1.8E +01 9.2E - 11 1.6E -09  
Pb-210 NA 6 6 E - 1 0  NA 
PU -238 1.6E -04  2.2E - 10 3.5E - 14 
Pu-239 1.OE -04 2.3E - 10 2.3E - 14 
Pu-240 1.OE -04  2.3E - 10 2.3E-14 
Ra -226 1.3E-01 1.2E-10 1.6E-11 
Ra -228 8.7E -02  1.OE -10 8.7E - 12 
Rn - 222 NA 1.7E -12  NA 
Ru-106 NA 9.5E - 12 NA 
Sr-g0 NA 3.3E - 10 NA 
Tc-99 NA 1.3E -12  NA 
Th-228 3.5E - 0 3  5.5E - 11 1.9E -13 
Th- 230 5.BE - 0 3  1.3E-11 7.6E - 14 
Th-232 3.1E-03 1.2E - 11 3.7E - 14 
U-233 NA 1.6E - 11 NA 
U - 234 5.5E +00 1.6E - 11 8.8.E - 11 
U - 235 1.5E-01 1.6E-11 2.3E - 12 
U - 236 6.1E-02 1.5E-11 0.2E - 13 

1lLCR Summation - - 2.OE'-09 
U-238 3.3E+00 2.@E-?! o.25 -!! 
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Table K.lV-121 
Snmmarg of Intake and Risk Qnantitation (Radionuclides) 

Off-Property RME Resident Farm Adult Fmbre Land Use Withomt Federal Ownership 
Via Ingestion of Milk Products . 

mtake Equation Cp X EF X EDnX FIX IR 

IR 
FI : Fraction ingested from contaminated source 
EF Exposure frequency 
EDn Exposure duration 
CP . Concentration of radionuclides in animal products 

Ingestion rate of dairy products 

Ac-227 

CS-137 

. Pa-231 

Am-241 

Np - 237 

Pb-210 
P U  - 238 
PU - 239 
P U  - 240 

1 Ra -226 
Ra -228 

NA 
NA 

1.2E -03 
1.2E-07 
6.OE -05  

NA 
1.7E -08 
l . l E - 0 8  
1.1E-08 
1.3E-04 
1.3E-04 

Rn- 222 
flu-106 
Sr-90 
Tc - 99 
Th - 228 
Th-230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

7.9E -25 
2.3E -23 
2.4E -06  
2.7E -06 
1.4E-06 

NA 
9.1E-03 
2.4E -04 
1.OE-04 
5.5E -03 

0.3 I/day 
1 (Unitless) 

350 dayshear 
70 Year 

C D I  CSF ILCR 
R a d i o n u c l i d e s  ( p a )  (PCI)--l (un i t l e s s )  
I 
Ac- 227 
Am-241 
CS-137 , 
Np - 237 

Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra -228 
Rn-222 . 
Ru-106 
Sr-QO 
Tc-Qg 
Th-228 
Th-230 
Th-232 
U-233 
U - 234 
U-235 ' 

Pa-231 

NA 
NA 

8.5E +oo 
9.OE -04  
4.4E -01 

NA 
1.3E -04 
8.1E-05 
8.1E-05 
9.5E -01 
9.6E -01 

NA 
NA 

: 5.8E-21 
1.7E - 19 
1.8E-02 
1.9E -02 
1.OE-02 

6.7E +01 
NA 

1.8E +00 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E-10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 1 0  
2.3E - 1 0  
1.2E-10 
1.OE - 10 
1.7E-12 
9.5E - 12 
3.3E - 10 
1.3E - 12 
5.5E - 11 
1.3E -11 
1.2E -11 
1.6E - 11 
,1.6E - 11 
1.6E -11 

l U - 2 3 6  . 7.5E -01 1.5E -1 1 

NA 
NA 

2.4E - 10 
2.OE - 13 
4.OE-11 

NA 
2.8E-14 
1.9E - 1  4 
1.9E - 1  4 
l . l E - 1 0  
9.6E - 11 

NA 
NA 

1.9E -30 
2.2E -31 
9.9E - 13 
2.5E - 13 
1.3E-13 

1.1E-09 
2.9E - 11 
1. lE-11 

NA 

lu-238 I !: 2 4.OE +01 2.8E - 1  1 1.1E -09  
L L / "  [ILCR Summat ion  - - 2.7E -09 
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Table KIV-123 
Sommaxy of Imtake and Risk Qoamtitation (Radionuclides) 

Off-Property W E  Residemt Parol A d d t  Fotnre Land Use Withont Federal Ownership 

ntake Equation 

IR 
FI 
EF 
EDn 
cv  

- -  
Via Ingestion of Vegetables and F r o i i  

- - Cv X EF X EDn X FI X IR 

Ingestion fate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

Ac-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Ra - 226 
Ra -228 

NA 
NA 

4.OE - 03 
5.8E -04 
2.9E -03 
6.2E -02 
4.2E -03 
2.7E -03 
2.7E -03 
7.OE -03 
7.3E -03 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th-228 
Th-230 
Th-232 
U - 233 
U-234 
U - 235 
U - 236 
U-238 

NA 
NA 

3.4E - 13 
1.5E -12  
1.2E-02 
1.3E -02 
6.9E -03 

NA 
3.3E -01 
8.9E -03 
3.7E -03  
2.OE -01 

0.122 kg/day 
I (Unitless) 

350 dayslyear 
70 Year 

CDi  C S F  ILCR 
3adionuclldes (PCi) (PCi) -1 (unltless) 

Ac - 227 NA 3.5E-10 NA 
Am-241 NA 2.4E - 10 NA 
Cs- 137 1.2E +01 2.8E - 11 3.4E - 10 
Np - 237 1.7E +00 2.2E - 10 3.8E - 10 
Pa-231 8.7E +00 9.2E - 11 8.OE - 10 
Pb-210 1.8E +02 6.6E - 10 1.2E -07 
PU - 238 1.2E +01 2.2E - 10 2.7E -09 
Pu-239 8.OE +oo 2.3E - 10 1.8E -09 
Pu- 240 8.OE +00 2.3E - 10 1.8E-09 
Ra - 226 2.1E +01 1.2E-10 2.5E -09 
Ra -228 2.2E +01 1.OE - 10 2.2E -09 
Rn-222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E-12 NA 
Sr-90 1.OE -09 3.3E - 10 3.4E - 19 
Tc-99 4.4E -09 1.3E-12 5.8E-21 
Th- 228 3.6E +01 5.5E - 11 2.OE -09  
Th- 230 3.9E +01 1.3E-11 5.OE - 10 
Th-232 2.1E+01 1 . 2 E - I 1  2.5E-10 
U - 233 NA 1.6E-11 NA 
U-234 l.OE+03 1.6E-11 1.6E -08 
U - 235 2.7E +01 1.6E-11 4.3E - 10 
U - 236 l . l E + O I  1.5E-11 1.7E-10 
U - 238 6.OE +02  2.BE-?! :.?E -08 - ~ I L C R  Summation - 1.7E -07 
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lgg3 0 Table K.IV:l2S 
Sarnmarg of Intake and R i s k  Quantitation (Radionuclides) 

Off-Property RME Resident Farm Youth Pmtnre Land Use Withoot Federal Oanership 
Via Inhalation of Gases and Particalates 

- ntake Equat ion  - Ca X EF X EDn X I R  

IR 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

20 &/day 
350 dayshear 

12 Year 
(see table below) 

Ac-227 NA 
Am-241 NA 
CS-137 4.6E -05 
Np - 237 1.6E-05 
Pa - 231 6.OE -05  
Pb - 210 1.6E-03 
PU - 238 8.OE - 05 
Pu-239 3.9E - 0 5  
PU - 240 3.9E -05  
Ra -226 8.1E-05 
Ra -228 8.8E - 0 5  

pCi/m3 
pCi/m3 
pCi/rn3 
pCi/rn3 
pci/rn3 
pci/rn3 
p ~ t / r n ~  
pci/rn3 
pci/rn3 
pci/m3 
pci/m3 

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
T h - 2 2 8  
Th - 230 
T h - 2 3 2  
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

4.1E +00 
NA 

1.5E -04 
9.2E -04 
1.4E -04 
1.5E-04 
8.1E-05 

NA 
1.7E-03 
4.4E -05 
1.9E-05 
9.9E -04 

C D i  CSF ILCR 
Radlonuc l ides  ( p a )  Ipci)-1 ( un itless) 

Ac - 227 NA 8.8E -08  NA 
Am-241 NA 3.2E-08 NA 

r 
CS-137 3.9E +oo 1.9E -11 7.3E - 11 
Np - 237 1.3E +00 2:9E -08 3.9E -08 
Pa-231 5.OE +00 3.6E-08 1.8E-07 
Pb-210 1.3E +02 4:OE -09 5.4E -07 
PU - 238 6.7E +00 3.9E -08 2.6E -07 
PU - 239 3.3E +oo 3.8E -08 1.2E -07 
Pu-240 3.3E +oo 3:8E -08 1.2E-07 

6.8E +00 310E -09 2.OE -08  
7.4E +oo 6.9E - 10 5.1E-09 

2.7E -06 Rn - 222 3.5E +05 7.7E - 12 

Sr-BO 1.3E +01 5.6E - 11 7.2E - 10 
8,3E-12 6.4E - 10 

Th-228 1 . 2 E  +01 7.8E -08 9.4E -07 
Th-230 1.3E +01 2.9E -08 3.7E-07 

6.8E +00 2.8E -08 1.9E-07 Th-232 
U-233 

3.6E -06  U - 234 1.4E +02 2.6E -08  
U - 235 3.7E +oo 2.5E -08 9.2E -08 
U - 236 1.6E +00 2.5E -08 4.OE -08  
U - 238 8.3E +01 5.2E -08 4.3E -06 

~ I L C R  Summation - - 1.4E-05 

Ra -226 
Ra - 228 

flu-106 NA 4.4E - 10 NA 

Tc-Bg : 7.7E+01 

NA 2.7E -08 NA 

K-IV-186 
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Table KIV-126 
Summary o f  Intake and Risk Qnantitatioa (Radionoclider) 

Off-Property RME Rerideat Parr Youth Pnture Land Use Withont Federal Oanbrrhip 
VU I8gertiOn of Drinking Water,  

- ntake Equatlon - Cw X EF X EDn X FI X IR 

IR 
EF 
EDn 
FI 
c w  

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency : 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in QrOUndWater 

' AC-227 

CS-137 
N p  - 237 

Pb-210 
PU-238 
PU-239 
PU-240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA pcifi 
NA pCiA 
NA PCiP 

NA p c i/l 
NA pCI/l 
NA p C i/l 
NA PCi/l 
NA pCi/l 
NA pCi/l 
NA p C i/l 

NA p C i/l 

CDI 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

CSF 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

2.2E -06  

1.5E +00 
4.OE -02 
1.6E-02 
9.2E -01 

2 I/day 

12 Year 
350 dayshear 

1 (Unitless) 
(see table below) 

PCiP 
pCiP 
PCiP 
pCi/l 
pCi/l 
pCi/l 
pCi/l 
pCi/l 
pCi/l 
pCi/l 
p c i/l 
pCi/l 

ILCR 
Nadlonuclldes (PCi) (pc I ) - l  (unitless) 

AC - 227 NA 3.5E - 10 NA. 
Am-241 NA 2.4E - 10 NA 
CS- 137 NA 2.8E - 11 NA 
N p  - 237 NA 2.2E - 10 NA 
Pa- 231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU - 238 NA 2.2E - 10 NA 
PU-239 NA 2.3E - 10 NA 
Pu-240 NA 2.3E - 10 NA 
Ra -226 NA 1.2E - 10 NA 
Ra -228 NA 1.OE - 10 NA 
Rn - 222 NA 1.7E-12 NA 

9.5E - 12 NA Ru-106 NA 
Sr-90 1.8E-02 
rc-99 NA 1.3E -12 NA 
rh-228 NA 5.5E - 11 NA 
rh-230 NA 1.3E-11 NA 

1.2E-11 NA rh-232 NA 
U - 233 NA 

3.3E - 10 6.OE - 12 

1.6E - 1  1 NA 
U - 234 1.3E +04 1.6E -11 2 .1E-07  
U-235 S.4E +02  1.6E - 1  1 5.4E -09  
U - 236 1.3E +02 1.5E - 1  1 - 2.OE-09 
U-238 Z . i E  i G 5  2.eE - 11 2.2E -07 

4.3E -07 - [ILCR Summation - 

1993 '' 
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Table KIV-128 
S n m m a y  of Intake and Risk Qnantitatioa (Radionuclides) 

Off-Property RME Resident Farm Youth Fntnre Land Use Without Federal Ownership 
Via lngestion of Meat Products 

ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

C f X E F X  E D n X F I X I R  

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

AC-227 

CS-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

3.3E - 0 3  
1.3E -06  
9.5E - 0 3  

8.5E -08 
5.5E -08 
5.5E -08 
7.2E -05 
4.8E - 0 5  

NA 

P C i h  
PCikQ 
pCi/kg 
pCi/kg 
pCilkg 
pCi/kg 
pCilkg 
pCi/kg 
pCilkg 
pCi/kg 
pCilkg 

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

0.075 kglday 
1 (Unitless) 

350 dayshear 
12 Year 

NA PCihg 
NA PCihQ 
NA PCihce 
NA pCi/kg 

1.9E-06 pCilkg 
3.2E-06 pCllkg 
1.7E -06  pC1lkg 

NA pCilkg 
3.OE -03 pCi/kg 
8.OE-05 pCilkg 

1.8E-03 pCi/kg 
3.3E - 0 5  pCi/kg 

CDI  CSF ILCR 
3adloniiclides (PCi) (pC1) -1 (unitless) 

I 
Ac- 227 
Am-241 
CS- 137 
Np - 237 

Pb-210 
PU-238 
PU-239 
PU-240 

Pa-231 

Ra -226 
Ra -228 
Rn - 222 

Sr-90 
RU-106 

Tc-99 

NA 
NA 

l.OE+OO 
4.2E -04  
3.OE +00 

NA 
2.7E -05 
1.7E -05 
1.7E-05 
2.3E -02 
1.5E-02 

NA 
NA 
NA 
NA 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E-10 
1.OE-10 
1.7E-12 
9.5E - 12 
3.3E - 10 
1.3E - 12 

NA 
NA 

2.9E - 11 
9.3E-14 
2.8E - 

5.9E - 
4.OE - 
4.OE - 
2.7E - 
1.5E- 

NA 

NA 
NA 
NA 
NA 

Th-228 6.OE -04 5.5E - 11 3.3E - 14 
Th- 230 1.OE -03 1.3E - 11 1.3E-14 
Th- 232 5.4E -04  1.2E - 11 6.4E - 15 
U - 233 NA 1.6E - 11 NA 
U - 234 9.4E -01 1.6E - 11 1.5E - 11 
U - 235 2.5E -02 1.6E - 11 4.OE - 13 

1.6E -13  U-236 l . l E - 0 2  1.5E - 11 
U - 238 5.6E-01 2.8E - 11 1.6E -1 1 

~ I L C R  Summation - - 3.4E-10 

m m u 4 c ~ I v / F r . C 4 / l 2 - 1 4 - 9 3  K-IV-190 
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Table K.IV-130 
Summary of Intake a i d  Risk Quaatitation (Radionuclides) 

Off-Property RME Resident Farm Youth Pnhre Laid Use Witkout Federal Ownership 
Via Ingestion of Dairy Products 

- ntake Equat lon - Cp X EF X EDn X FIX  IR 

IR Ingestion rate of dairy products 
FI : Fraction ingested from contaminated source 
EF Exposure frequency 
EDn Exposure duration 
Cp . Concentration of radionuclides in animal products 

Ac-227 

Cs-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu- 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA 
NA 

1.2E-03 
1.2E-07 
6.OE -05 

NA 
1.7E-08 
1 . l E - 0 8  
1 . lE-08  
1.3E-04 
1.3E -04  

Rn - 222 

Sr-90 
flu-106 

Tc-99 
Th- 228 
Th-230 
Th- 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA. 
NA 

7.9E -25 
2.3E -23  
2.4E -06 
2.7E -06 
1.4E-06 

NA 
9.1E-03 
2.4E -04 
1.OE-04 
5.5E -03  

0.3 Itday 
1 (Unitless) 

350 dayslyear 
12 Year 

cot CSF ILCR 
Aadlonu clldes (pCI) (PSI) -1 (unitless) 

Ac - 227 
Am -241 
CS- 137. 
Np  - 237 
Pa-231 
Pb-210 
PU - 238 
Pu-239 
Pu-240 
Ra -226 
Ra - 228 
Rn-222. 
Ru-106 
Sr-90 
Tc -99 
Th-228 
Th-230 
Th- 232 
U-233 
U - 234 
U-235 
U - 236 

NA 
NA 

1.4E +00 
1.5E-04 
7.5E -02 

2.2E - 0 5  
1.4E-05 
1.4E-05 
1.6E-01 
1.7E-01 

NA 

NA 
NA 

' 9.9E-22 
2.9E - 2 0  
3.1E -03 
3.3E -03 
1.8E -03 

1.1E i -01 
3.1E -01 
1.3E-01 

NA 

3.5E-10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - I 1  
6.6E - 10 
2.2E - 1 0  
2.3E - 10 
2.3E - 10 
1.2E -10  
1.OE-10 
1.7E-12 
9.5E - 12 
3.3E - 10 
1.3E -12  
5.5E - 11 
1.3E -11 
1.2E-11 
1.6E-11 
1.6E -11 
1.6E - 11 
1.5E - 11 

NA 
NA 

4.1E-11 
3.4E - 14 
6.9E - 12 

NA 
4.7E - 15 
3.2E - 15 
3.2E - 15 
2.OE - 1 1 
1.7E-11 

NA 
NA 

3.3E -31 
3.8E -32 
1.7E-13 
4.3E - 14 
2.1E -14 

NA 
1.8E-10 
4.9E - 12 
1.9E - 12 

I U-238 ! 6.9E +00 2 . E  - !! !.9E -: 2 
4.7E-10 - .  ~ I L C R  Summation - 

K-IV-193 
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Table K-IV-132 
Summary of Intake and Risk Q8amtitation (Rrdiomnclides) 

Off-Property W E  Resident Farm Youth Fmture Lrmd Use Without Federal Ownership 
Vir Ingestion of Vegetables and Fruits 

ntake Equation 

IR 
FI 
EF 
EDn 
cv  

- - Cv X EF X EDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

Ac-227 

CS-137 
Np - 237 
Pa-231 

Am-241 

Pb-210 
PU - 238 
Pu-239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

4.OE -03 
5.8E -04 
2.9E -03 
6.2E -02 
4.2E -03 
2.7E -03 
2.7E -03 
7.OE -03 
7.3E -03 

Rn - 222 
Ru-106 
Sr-90 
Tc - 99 
Th- 228 
Th - 230 
Th-232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 

3.4E - 13 
1.5E - 12 
1.2E-02 
1.3E -02  
6.9E -03 

NA 
3.3E -01 
8.9E -03 
3.7E -03 
2.OE -01 

0.122 kglday 
1 (Unitless) 

350 dayshear 
12 Year 

CDI  CSF ILCR 
3adionuclides (pCi) (PCi) -1 (unitless) 

Ac - 227 
Am-241 
CS-137 
Np - 237 

Pb-210 
PU - 238 
Pu-239 
Pu-240 

Pa-231 

Ra -226 
Ra -228 
Rn - 222 
Ru-106 

Tc -99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U-235 
U - 236 

Sr-90 

NA 
NA 

2.1E+00 
3.OE -01 
1.5E+00 
3.2E +01 

1.4E+00 
1.4E +00 
3.6E +00 
3.7E +oo 

2.1E +oO 

NA 
NA 

1.7E-10 
7.6E- 1 0  
6.3E +00 
6.6E +00 
3.5E +oo 

1.7E +02 
4.6E +00 
1.9E +oo 

NA 

3.5E - 10 
2.4E - 10 
2.8E - 11 
2.2E - 10 
9.2E - 11 
6.6E - 10 
2.2E - 10 
2.3E - 10 
2.3E - 10 
1.2E-10 
1 .OE - 10 
1.7E -12  
9.5E - 1 2  
3.3E - 1 0  
1.3E - 12 
5.5E - 11 
1.3E-11 
1.2E-11 
1.6E - 11 
1.6E - 11 
1.6E - 11 
1.5E - 11 

NA 
NA 

5.8E - 11 
6.6E - 11 
1.4E-10 
2 . lE  -08 
4.7E - 10 
3.2E - 10 
3.2E-10 
4.3E - 10 
3.7E - 10 

NA 
NA 

5.7E -20 
9.9E -22  
3.4E-10 
8.6E - 11 
4.3E - 11 

NA 
2.7E -09 
7.3E - 11 
2.9E - 1 I 

U - 238 1.OE+02 2.8E-11 2.9E -09 
~ I L C A  Summation - - 2.9E -08  

1993 
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Ti ble K.7- 134 
Ssmaarp of Iatake and Risk Qoantitation (Radioanclides) 

Off-Property W E  Resident Farm Child Future Land Use Without Federal Oanership 
Via Iihalation of Gases and Particnlates 

' 

ntake Equation - - 

IR 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

Ac-227 

C5-137 
Np - 237 
Pa-231 
Pb-210 
PU - 238 
Pu - 239 
PU - 240 

Am-241 

Ra -226 
Ra -228 

NA pci/m3 
NA pCi/m3 

4 . 6 ~  -05  pCi/m3 
1.6E-05 pCi/m3 
6.OE -05  pCi/m3 
1.6E -03 pCi/m3 
8.OE -05  pCi/m3 
3.9E -05  pCi/m3 
3.9E-05 pCi/m3 
8.1E -05 pCi/m3 
8.8E -05  pCi/m3 

CDI 

C a X E F X E D n X I R  

An - 222 
flu-106 
Sr-90 
Tc-99 
Th - 228 
Th- 230 
Th - 232 
U - 233 
U-234 
U-235 
U - 236 
U - 238 

CSF 

4.1E+00 
NA 

1.5E -04 
9.2E -04 
1.4E -04  
1.5E -04 
8.1E-05 

NA 
1.7E -03 
4.4E -05 
1.9E-05 
9.9E -04 

12 $/day 
350 dayshear 

6 Year 
(see table below) 

pCi/rn3 
pCi/m3 . 
pCi/m3 
pCi/m3 
pci /m3 
pci/m3 
pci/m3 
pci /m3 
pci/m3 . 
p ~ i / m 3  : 
pci/m3 
pci/m3 

ILCR 
qadi0 nu ciid es (PCi) (pci)-' (un itless) 

AC - 227 
Am -241 
CS- 137 
Np - 237 

Pb-210 
PU-238 
PU-239 
Pu-240 

Ra -228 

Ru-106 

Tc-99 : 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
U - 235 
U-236 

Pa-231 

Ra -226 

Rn-222 

Sr-90 

NA 
NA 

1.2E +oo 
4.OE-01 
1.5E +00 
4.OE +01 
2.OE +00 
9.8E -01 
9.8E-01 
2.OE +oo 
2.2E +oo 
1.OE+05 

NA 
3.8E +oo 
2.3E +01 
3.6E +00 
3.8E +00 
2.OE +oo 

4.2E +01 

4.8E -01 

NA 

i . iE+OO 

8.8E - 0 8  
3.2E -08  
1.9E-11 
2.9E -08 
3.6E-08 
4.OE -09  
3.9E -08 
3.8E -08 

. 3.8E-08 
3.OE -09 
6.9E - 10 
7.7E - 12 
4.4E-10 
5.6E-11 
8.3E-12 
7.8E -08 
2.9E -08 
2.8E -08 
2.7E -08 
2.6E -08  
2.5E -08 
2.5E -08 

NA 
NA 

2.2E - 11 
1.2E -08 
5.4E -08 
1.6E-07 
7.9E - 0 8  
3.7E -08  
3.7E - 0 8  
6.1E-09 
1.5E-09 
8.OE -07 

NA 
2.1E-10 
1.9E - 1 0  
2.8E -07  
1.1E-07 
5.7E-08 

NA 
1.1E-06 
2.8E-08 
1.2E-08 

U - 238 2.5E +01 5.2E -08 1.3E -06  
~ I L C R  Summation 4.1E-06 - 

1993 
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Table K.7-135 
S u m m a y  of Intake and Ruk Quantitatioa (Radionuclides) 

Off-Property W E  Resident Parr Child Future Land Use Without Federal Owmenhip 
Via Ingestion of Drinking Water 

ntake Equat ion  

IR 
EF 
EDn 
FI 
c w  

- - Cw X EF X EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

Ac-227 

CS-137 
N p  - 237 

Pb-210 
PU - 238 
PU - 239 
PU - 240 

Am-241 

Pa-231 

Ra -226 
Ra -228 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCiP 
pCiP 
PCiP 
PClll 
p c ill 
PCill 
p C i/l 
pCi/l 
pCil l  
pCill 
pCil l  

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
U - 233 
U - 234 
-U - 235 
U - 236 
U - 238 

NA 
NA 

NA 
NA 
NA 
NA 
NA 

2.2E -06 

1.5E to0 
4.OE -02 
1.6E-02 
9.2E -01 

1.4 I/day 
350 dayshear 

6 Year 
1 (Unitless) 

pCiP 
pCiP 
PCiP 
PCill 
PCill 
p c ill 
p C i/l 
p C ill 
p C ill 
p C i/l 
pCi/l 
pCI/I 

COI CSF iLCR 
ladionuclides (pCi) (pCi1-l  (un itless) 

Ac - 227 NA 3.5E - 10 NA 
Am-241 NA 2.4E - 10 NA 
CS- 137 * NA 2.8E - 11 NA 
N p  - 237 NA 2.2E - 10 NA 
Pa-231 NA 9.2E - 11 NA 
Pb-210 NA 6.6E - 10 NA 
PU-238 NA 2.2E - 10 NA . 
Pu-239 NA 2.3E-10 NA 
P U -  240 NA 2.3E-10 NA 
Ra -226 NA 1.2E-10 NA 
Ra -228 NA 1.OE-10 NA 
Rn - 222 . N A  1.7E-12 NA 
flu-106 NA 9.5E - 12 NA 
Sr-90 6.4E-03 ' 3.3E - 10 2.1E-12 t 

Tc-99 NA 1.3E-12 NA 
Th-228 NA 5.5E - 11 NA 
Th- 230 NA 1.3E-11 NA 
Th- 232 NA 1.2E - 11 NA 
U - 233 NA 1.6E - 1  1 NA 
U - 234 4.5E +03 1.6E - 1  1 7.2E -08  
U - 235 : 1.2€+02 1.6E - 11 1.9E-09 
U - 236 4.7E +01 1.5E -1 1 7.1E -10  
U - 238 ! 2.7€+03 2.8E - 11 7.5E -08 

1.5E-07 . - ~ I L C R  Summat ion  - 

K-IV-200 
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Table K.1V-137 
Summary of Intake and Risk Quamtitatiom (Radionaclides) 

Off-Proper9 RME Resident Farm Child Future Lamd Use Without Federal Ownership 
Via Ingestion of Meat Products 

- ntake Equation C f X E F X E D n X F I X I R  

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

Ac-227 

CS-137 
Np - 237 

Am-241 

Pa-  231 
Pb-210 
PU - 238 
PO- 239 
PU - 240 
Ra -226 
Ra -228 

NA 
NA 

3.3E -03 
1.3E -06 
9.5E -03 

NA 
8.5E -08  
5.5E -08 
5.5E -08 
7.2E -05  
4.8E -05  

PCikQ 
PCikQ 
PCihQ 
pCi lkg 
pCi lkg 
pCi lkg 
pCi lkg 
pCi1kg 
pCi lkg 
pCi lkg 
pCiIkg 

Rn - 222 
flu-106 
Sr-90 
Tc-99 
Th-228 
Th - 230 
Th - 232 
U -233 
U - 234 
U - 235 
U - 236 
U - 238 

NA 
NA 
NA 
NA 

1.9E-06 
3.2E -06 
1.7E-06 

NA 
3.OE -03 
8.OE -05 
3.3E -05 
1.8E-03 

0.029 kglday 
1 (Unitless) 

350 dayshear 
6 Year 

coi CSF ILCR 
Radionuclides ( p a )  (p Ci) -1 [unttiess) 

AC - 227 NA 3.5E-10 NA 
Am-241 NA 2.4E-10 NA 
CS- 137 2.OE -01 2.8E - 11 5.6E - 12 
Np - 237 8.2E -05 2.2E - 10 1.8E - 14 
Pa-231 5.8E -01 9.2E - 11 5.3E - 11 
Pb-210 NA 6.6E - 1 0  NA 
P U  - 238 5.2E -06  2.2E - 10 l . l E - 1 5  
Pu-239 3.3E -06 2.3E - 1 0  ?.?E - 1 6  
Pu-240 3.3E -06 2.3E - 10 ?.?E - 16 
Ra -226 4.4E -03  1.2E -10 5.2E - 13 
Ra -228 2.9E -03  1.OE-10 2.9E - 13 
Rn - 222 NA 1.7E-12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-90 NA 3.3E - 10 NA 
Tc-99 NA 1.3E-I2 NA 
Th-228 1.2E -04 5.5E - 11 6.4E - 15 
Th- 230 1.9E-04 1.3E-11 2.5E - 15 
Th-232 1.OE-04 1.2E -11 1.2E - 1  5 
U - 233 NA 1.6E - 11 NA 
U - 234 1.8E-01 1.6E -11 2.9E - 12 
U - 235 4.9E -03  1.6E-11 7.8E - 14 
U - 236 2.OE -03 1.5E -11 3.1E - 14 
U - 238 1.1E-01 2.8E - 11 3.1E-12 

6.6E - 11 - I lLCR Summation - 

FF%lU4CMREIV/FK4/l2-14-93 K-IV-203 
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Table K-IV-139 . 
Summary of Intake rad R i s k  Quantitation (Radionuclides) 

Off-Property RME Reridemt Farm Child Future Land Use Without Federal Ownership 
Via Ingestion of Dairy Products 

- ntake Equation - Cp X EF X EDn X FIX IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CJJ 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

Ac-227 NA o C i h  Rn-222 . N. 
Am-241 
cs-137 
Np - 237 

Pb - 210 
PU - 238 
Pu - 239 
PU - 240 

Pa-231 

Ra -226 
Ra -228 

. - -  
NA P C i h  

1.2E -03 PCihQ 
1.2E-07 pCilkg 
6.OE -05 pCl/kg 

1.7E-08 pCi/kg 
l . l E - 0 8  pCi/kg 
1.1E-08 pCi/kg 

NA pCilkg 

1.3E -04 pCi/kg 
1.3E-04 pCi/kg 

Ru-106 

Tc - 99 
Th - 228 
Th - 230 
Th - 232 
U - 233 
U - 234 
U - 235 
U - 236 
U - 238 

Sr-90 
NA 

7.9E -25  
2.3E -23 
2.4E -06 
2.7E -06  
1.4E -06 

NA 
9.1E-03 
2.4E -04 
1.OE -04 
5.5E -03 

0.9 Ilday 
t (Unitless) 

350 daystyear 
6 Year 

cot CSF ILCR 
ladlonuclides (PCI) (pCi) -1 (unl less)  

A C  - 227 NA 3.5E-10 NA 
Am -241 NA 2.4E - 10 NA 
FS- 137 2.2E +00 2.8E - 11 6.1E - 11 
Np - 237 2.3E -04 2.2E - 10 5.1E-14 
Pa-231 l . l E - 0 1  9.2E - 11 1.OE -11 
Pb-210 NA 6.6E - 10 NA 
PU - 238 3.2E -05 2.2E - 10 7.1E - 15 
Pu-239 2.1E -05 2.3E - 10 4.8E - 15 
PU-240 2.1E-05 2.3E-10 4.8E - 15 
Ra -226 2.4E -01 1% - 10 2.9E - 11 
Ra -228 2.5E-01 1.OE - 10 2.5E - 11 
Rn - 222 NA 1.7E - 12 NA 
Ru-106 NA 9.5E - 12 NA 
Sr-QO 1.5E-21 3.3E - 10 4.9E -31 
Tc-99 4.3E -20 1.3E - 12 5.6E -32  
Th-228 4.6E - 0 3  5.5E - 11 2.5E - 13 
Th-230 5.OE -03 1.3E-11 6.5E - 1 4  
Th- 232 2.7E - 0 3  1.2E- 11 3.2E - 14 
U - 233 NA 1.6E - 11 NA 
0 - 234 1.7E +01 1.6E-11 2.8E - 10 
U - 235 4.6E -01 1.6E - 11 7.4E - 12 

2.9E - 1 2  U - 236 1.9E-01 1.5E - 11 
U - 238 1.OE +01 2.8E-11 2.9E - 10 

~ I L C R  summation - =  7.OE - 1 0  

FERx)U4CRAREIV~.C22-14-93 K-IV-206 
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Table K.IV-141 
Sammary of Intake and Risk Qoantitation (Radionuclides) 

Off-Property M E  Resident Farm Child Futare Land Use Without Federal Ownership 
Via Ingestion of Vegetables and Fruits 

D 

- ntake Equat ion  - Cv X E F  X E D n  X FI X I R  

IR 
FI 
EF 
EDn 
c v  - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

. AC-227 

: CS-137 
Np - 237 

Am-241 

Pa-231 
Pb-210 
PU - 238 

' PU - 239 
: PU - 240 

Ra -226 
R a  -228 

NA 
NA 

4.OE -03 
5.8E - 0 4  
2.9E -03 
6.2E -02 
4.2E -03 
2.7E -03  
2.7E -03 
7.OE -03  
7.3E-03 

Rn - 222 
Ru-106 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th - 232 
U - 233 
u - 254 
U-235 
U - 226 
u - 250 

NA 
NA 

3.4E - 13 
1.5E-12 
1.2E -02  
1.3E -02  
6.9E -03 

NA 
3.3E -01 
8.9E -03 
3.7E -03 
2.OE -01 

0.102 kglday 
1 (Unitless) 

350 daysbear 
6 Year 

CDI  ' CSF ILCR 
(pCi) (pCi)-' (unit iess) Radionucl ides 

AC-227 * Ii A 3.5E - 10 NA 
Am-241 : NA 2.4E-10 NA 
CS- 137 8.6E-01 2.8E - 11 2.4E - 11 
Np-237 1.2E-01 2.2E - 10 2.7E - 11 
Pa-231 6.2E -01 9.2E - 11 5.7E - 11 
Pb-210 1.3E +01 6.6E - 10 8.7E -09  
PU- 238 8.9E -01 2.2E - 10 2.OE - 10 
PU-239 5.7E-01 2.3E - 10 1.3E - 10 
PU-240 5.7E-01 2.3E-10 1.3E -10  
Ra -226 1.5E +00 1.2E-10 1.8E - 1 0  
Ra -228 1.6E +00 1.OE-10 1.6E - 1  0 
Rn - 222 NA 1.7E-12 NA 
RU-106 NA 9.5E - 12 NA 
Sr-QO 7.3E-11 3.3E-10 2.4E -20  

1.3E-12 , 4.1E-22 Tc 4 9  3.2E - 1 0  
Th-228 2.6E +00 5.5E - 11 1.4E - 1 0  
Th-230 2.8E +00 1.3E-11 3.6E - 11 
Th-232 1.5E +00 1.2E-11 1.8E -1 1 
U - 233 NA 1.6E - 11 NA 

U-235 1.9E +oo 1.6E-11 3.1E-11 
U - 234 7.1E +01 1.6E-11 l . l E - 0 9  

U-236 8.OE -01 1.5E-11 1.2E - 11 
U-238 4.3E +01 2.8E - 11 1.2E -09 

!ILCR Summat!m - - 1.2E-08 

Decei 
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December 1993 AlTACHMENT K.V 

SUMMARY OF THE TECHNICAL JUSTIFICATIONS FOR 
SOLID-LIQUID PARTITION COEFFICIENT AND PERCENT EXTRACTABLE 

OF URANIUM IN CONTAMINATED SOIL 

1.0 INTRODUCTION 

During the contaminant fate and transport modeling for the OU4 CRARE to support residual 
risk assessment, model parameters were estimated for Uranium. Two important geochemical 
parameters required in the modeling process are the solid-liquid partition coefficient (K,,) and 
the percentage of extractable Uranium in the waste material. Because Uranium is the 
predominant contaminant at the FEMP, site-specific values of these parameters are preferred 
for the CRARE modeling. This document summarizes the information and procedures used 
to estimate the site-specific K,, values and percent of extractable Uranium in residual 
contaminated soil for the OU4 CRARE modeling. A screening-level model confirmation 
process has been conducted and is described in this document. The objective of this 
process was to verify that the estimated parameter values are reasonable by comparing 
modeling results, using these parameter values, with measured groundwater and soil 
conditions at the FEMP. The possible range of future surface water infiltration rates in the 
Production Area after remedial actions is also discussed. 

It is important to note that additional information for determining the model parameters will 
become available from the on-going RI/FS processes of other Operable Units at the FEMP. 
Therefore, the parameter values used in the OU4 CRARE and presented in this document are 
based on the currently available data and will be refined before the next CRARE. e 
2.0 SOLID-LIQUID PARTITION COEFFlClENT 

Distribution coefficients are used in the fate and transport modeling to simulate the reversible 
adsorption/desorption process of contaminants. The actual adsorption/desorption process is 
affected by many physical and chemical conditions (e.g., chemical forms, pH, clay content 
etc.). Chemicals with higher values are more likely to be adsorbed onto soil materials and 
thus have less potential of migration in the subsurface environment. K,, is commonly defined 
as the constant equilibrium ratio between solid phase and dissolved phase concentrations of 
a chemical in contaminant fate and transport models such as ODAST and SWIFT. 

2.1 Literature Values 

A literature search was performed to determine the possible range of K,, values for Uranium. 
Table 2-1 presents a summary of the literature search. As can be seen in the table, the range 
of K,, values is quite large and the values vary significantly between soil types. The exp(u) 
values in Table 2-1 are the geometric means of all the available measurements. 

2.2 Site-Specific Values 

Available site-specific information that can be utilized to determine K,, values of Uranium 
include on-going batch tests with site soils, previous geochemical studies, and existing 
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overburden. The following subsections summarize this information and present the estimated 
site-specific K,, values for Uranium. 

2.2.1 Analvtical Data From Monitorina Wells 

When both the soil and groundwater concentrations of Uranium at the same location are 
measured, the K,, can be determined by simply calculating the ratio of these two 
concentrations. There are more than one hundred sets of soil and perched water 
concentrations available from the 1000-series wells installed in the Production Area. These 
soil and perched water Uranium concentrations were utilized to estimate of the site-specific & 
for Uranium in the Production Area. The pairs of soil and perched water concentrations used 
in the calculation were measured at the same elevation in the same boring. Because perched 
water flow velocities are so low in the glacial overburden, it is reasonable to assume that the 
measured soil and liquid phase concentrations are under equilibrium conditions. Before 
dividing a soil concentration by the corresponding perched water concentration to determine 
a K,, value, the soil concentration was corrected by subtracting the mass of Uranium 
contained in the soil moisture (assuming the moisture content is 25 percent). 

Table 2-2 summarizes the calculated & values. Because of the different forms of Uranium 
and geochemical conditions which exist in the Plant 2/3, Plant 6 and Plant 9 areas (Lee and 
Marsh, 1992), a separate & value was estimated for these areas. Overall, two & values were 
developed in the .Production Area. The geometric mean of all K,, values calculated for wells in 
the Plant 2/3, Plant 6, and Plant 9 areas was 16 UKg. The geometric mean of calculated 
in the remaining part of the Production Area was 235 UKg. The geometric means were used 
because they are lower than the arithmetic means. Both of these two K,, values are within the 
reported literature ranges summarized in Table 2-1. Because these soil and perched water 
samples were taken from locations away but very close to the source of contaminations, the 
estimated K,, values of Uranium can be representative of both the glacial overburden and the 
extractable portion of waste materials. 

There are less than 3 pairs of location-specific soil and groundwater Uranium concentrations 
identified in the GMA. Therefore, the above described calculation was not performed for the 
GMA at this time. 

2.2.2 Results from Laboratorv Tests 

Geochemical Programs: Issue 3 and Issue 5 Report (DOE 1990) presented a range of 
Uranium & values for the sand and gravel materials. Although soil and groundwater 
concentrations from various locations at the FEMP were evaluated in the study, the report 
only estimated a range of Uranium & values for the sand and gravel materials in the South 
Plume area. A retardation factor of 12 was selected in subsequent solute transport model 
calibrations conducted for the South Plume using this range of K,, values. The K,, value which 
gives the retardation factor of 12 is about 1.4 UKg. In general, the K,, value determined 
during the South Plume modeling is only appropriate for the GMA and is not intended to be 
used for the glacial overburden and the waste materials. A K,, value of 1.8 UKg, which can 
result in unrealistically high estimates of groundwater concentrations, was used for the glacial 
overburden in some of the previous RI reports. This & value is actually in the range of 
values for sand and gravel materials. 

r; (-1 7 
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Experimental results reported in an ORNL study on the Uranium contaminated su&&%8fSlw3 
from the Production Area at the FEMP (Lee, et al., 1993) indicate that the range of K,, is very 
large. Among the two contaminated soil samples tested in the equilibration study, only 
insignificant amounts of Uranium leached out from one soil sample (i.e., sample A-1 4) which 
has a significantly higher solid phase concentration. In fact, this soil sample never reached 
an equilibrium condition in the duration of the test (i.e., 70 days). More soluble Uranium did 
leach out from the other soil sample (Le., sample B-16). At the end of the test, this soil 
sample was close to an equilibrium condition. Using the results of the 8-16 soil sample, a K,, 
value of 31.45 UKg can be calculated. 

Batch tests are being conducted to measure the % of Uranium in the waste, glacial 
overburden, and aquifer materials collected from OU2 waste units using deionized water as 
extracting agent. Preliminary results show that % values of the waste materials, contaminated 
surface soils and glacial till are in the range of 50 UKg and higher. Preliminary K,, results in 
the aquifer materials are usually lower than 10 UKg. The final results of these tests will be 
available by the end of August 1993. Similar tests on waste materials from the OU4 area are 
scheduled to start in late August 1993. 

3.0 PERCENT EXTRACTABLE 

Together with the & values, an estimation of percent of extractable Uranium in the waste 
materials and contaminated soils are required to determine the concentrations of Uranium in 
the leachate formed by the interaction of precipitation with the soils. Based on the currently 
available partial results from OU5 soil washing studies, Uranium mass in contaminated soil at 
the FEMP is not completely extractable. Under natural conditions, only a portion of the 
Uranium currently absorbed to the soil will leach out and become mobile. The percent of 
extractable Uranium in untreated and treated soils are estimated to be 30% and 5%, 
respectively. A discussion of the rationale and justification for these numbers follows. 

3.1 Untreated Soil 

The percent of extractable Uranium used in the OU4 CRARE modeling is based on the results 
of the ORNL soil characterization and washing study (Lee and Marsh, 1992). According to 
operational history and observed soil and perched water contaminations, the most soluble 
form of Uranium in the FEMP exists in the Plant 2/3 area. Summarizing the data Table 17 in 
Lee and Marsh report for the Plant 2/3 soils (Le., samples SP2-2-ABC and SP2-3-ABC), the 
percent of extractable Uranium varied from 2 percent when nitric acid was used to 32 percent 
when citric acid was used. Uranium was not extracted with water in this study. Based on the 
range of extractable Uranium identified from this study a value of 30 percent extractable 
Uranium was chosen to estimate the percent of Uranium that may be mobilized from 
contaminated soils. It is noted that this number is very conservative, in that the Uranium 
present in contaminated soils will be mobilized by precipitation, rather than citric acid. 
Precipitation vi!! p:obab!y mobilize no more than 2 percent of the Uranium in the soils. 

Because OU4 soils were not part of the ORNL study, contaminated soils from the Plant 2/3 
area were selected to represent uranium contamination in OU4 soils. The decision to use the 
Plant 2/3 soils as an analog for OU4 soils is based on process information that indicates 
much of the waste in the OU4 soils originated from activities carried out at Plant 2/3 (DOE, 
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slurried material that leaked from Plant 
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occurred around the Plant 2/3 area may have been 
2/3 to K-65 Silos piping. Laboratory tests are being 

conducted to measure the percent of extractable Uranium in waste materials collected from 
other waste units using deionized water as the extracting agent. Before the results of these 
tests are available, the estimated percent extractable Uranium for the Plant 2/3 soil will be 
used as a conservative assumption for all contaminated soils in the OU4 CRARE fate and 
transport modeling. 

3.2 Treated Soil 

Soils that are washed with treatment extractants and replaced on the ground will be leached 
by precipitation. It is assumed that the washing process removes 85 percent of the 
extractable Uranium (Le., 0.85 x 30% = 25.5%), leaving about 5 percent extractable Uranium 
in the soil. Therefore, 5 percent extractable Uranium will be assumed for washed soils, and 
this fraction is available for reactions with precipitation. This assumption is based on 
engineering judgement and will be verified during the actual soil washing process. At this 
time, 5 percent extractable from the treated soil is considered very conservative and will be 
used in the OU4 CRARE modeling to estimate the residual risk. 

4.0 INFILTRATION RATE 

The surface water infiltration rate in the Production Area can be as high as 7.5 in/yr (DOE, 
1993b). This infiltration rate was determined during the groundwater flow model calibration 
done in 1990. According to the current leading remedial alternatives, the Production Area is 
the only area where significant residual soil contamination may be exposed to precipitation 
after remedial actions are completed in the FEMP. Therefore, the impacts of residual leachate 
from the Production Area on the GMA need to be defined. The impact of future remedial 
actions on the infiltration rate can be very significant. Unfortunately, OU3 and OU5 have not 
initiated the evaluation process for the future infiltration rates yet. Therefore, assumptions 
need to be made regarding the future infiltration rates in the Production Area for the OU4 
CRARE modeling. Given the broad scope in the current definitions of the leading remedial 
alternative, it was assumed that the infiltration rate through the washed and back-filled soil in 
localized areas (i.e., Plant 2/3, Plant 6, and Plant 9) can be reduced by up to one order of 
magnitude (Le., 0.75 in/yr), if determined necessary. This reduction of infiltration can be 
achieved by vegetation, compacting the back-filled soil, and mixing the back-fiiled soil with 
low permeability materials (e.g., clay and bentonite). 

5.0 MODEL CONFIRMATION 

A screening-level fate and transport model (DOE, 1993a) was used to confirm that the 
estimated K,, and percent extractable Uranium can result in the current Uranium 
concentrations in the perched water and the GMA. The confirmation procedure involved: 1) 
defining the existing hydrogeological conditions and the extent of the source area; 2) inputing 
a source leachate concentration; 3) obtaining the model’s results for concentration in the 
GMA after 30 years; 4) comparing the results with measured results from the 2000-series 
wells; and 5) confirming the total solid phase concentrations with the measured soil 
concentrations. t ;  :yi 
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Two contaminated sites in the Production Area were investigated in the vicinity of Plant 2/3, 
Plant 6, and Plant 9. The model input values used for the confirmation were: source area = 
300 feet by 300 feet, source/Layer 1 (Le., glacial till) K,, = 16 UKg, Layer adown gradient (i.e., 
GMA) K,, = 1.4 UKg, percent extractable = 30%, and infiltration rate = 7.5 in/yr. 
Representative source leachate concentrations were estimated using 1 000-series well total 
Uranium measurements. All the other model hydrogeological parameters used have the same 
values as specified in the ODAST and SWIFT models for these areas. The modeled and 
measured results are summarized in Table 5-1. From the table it can be seen that the model 
results compared well with the average measured concentrations and the results were always 
within the measured concentration range. For example, the modeled Plant 2/3 area 
concentration was 6.26 ug/L as compared to the average measured concentration of 6.02 
ug/L and a measured concentration range of 3.34 to 7.45 ug/L When the source leachate 
concentrations were converted into the total solid phase concentrations, using the K,, = 16 
UKg and percent extractable Uranium in unwashed soil= 30% , the results are about 500 and 
2500 mg/Kg for the Plant 2/3 and Plant 6/9 areas, respectively. These solid phase 
concentrations are consistent with the measured surface soil conditions. 

There is no significant Uranium contamination in perched water or the GMA in the remaining 
Production Area not studied in the model confirmation process. Also no significant soil 
contamination was found below 5 feet from the ground surface in the remaining area. This 
supports the higher & values (Le., 235 UKg) estimated for the remaining port of the 
Production Area. 

6.0 SUMMARY I -  

x ? .  . I  

In summary, contaminated soils will be modeled in the OU4 CRARE assuming that 30 percent 

source and glacial till solid-liquid partition coefficients of 16 and 235 VKg depending on the 
location in the Production Area. Soils that are washed and replaced on the ground will be 
assumed to contain 5 percent extractable Uranium, and the leachate concentration will also 
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of the total Uranium is extractable, and the leachate concentration will be calculated using the 
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. I  - 

be calculated with distribution coefficients of 16 or 235 UKg. For the OU4 CRARE modeling, 

washed) are also assumed for residual contaminated soils and glacial overburden in all other 
on-property areas. Distribution coefficient in the sand and gravel materials is conservatively 
assumed to be 1.4 UKg. These estimations were based on limited information. Whenever 
necessary, conservative assumptions were made. As the first CRARE in the FEMP, it was not 
possible to have all the required area-specific geochemical parameters defined. The 
laboratory tests that are being conducted for measuring the K,, and percent extractable 
Uranium in water will be available to reassess the Uranium mobility in the next CRARE. 

of 16 UKg and percent extractable Uranium of 30 percent (or 5 percent if the soil is 
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