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A.l.O SURFACE WATER MODELING 1 

A. 1.1 INTRODUCTION 

The modeling approach used to estimate constituent concentrations in’ surface water and sediments 

resulting from transport by storm water runoff from Operable Unit 2 is described in this appendix. 

The transport of constituents in storm water is predicated by characterizing the constituent present in 

surface soil or waste and using runoff and partitioning models to quantify the migration of 

constituents into stream sediments and surface water. 

Constituents in surface soil can be released and transported to surface water via storm water runoff. 

During a rainfall event, a portion of rainwater infiltrates the soil surface while the remainder runs off 

the surface as shown in Figure A. 1-1. The amount of runoff increases with the increase in the clay 

content and moisture content of the soil, intensity and duration of rainfall, and ground slope 

steepness. Runoff decreases with increased vegetative cover or greater ground slope length. 

Constituents from the surface soil can be transported in runoff either in the dissolved phase or 

adsorbed to soil particles. The less soluble a constituent is in water, the more likely it will be 

adsorbed to soil particles. Because the water solubility of constituents in Operable Unit 2 vary 

greatly, contaminant transport is modeled for both dissolved-phase and adsorbed-phase of the 

constituents. 

This section also describes the use of the surface water modeling results to define source terms for the 

groundwater modeling. Paddys Run and the Storm Sewer Outfall Ditch are considered potential 

sources to groundwater because portions of their streambeds are in direct contact with the Great 

Miami Aquifer. 

A. 1.2 CONCEPTUAL MODEL 

Storm water runoff from Operable Unit 2 that reaches Paddys Run w& considered a significant 
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potential pathway for constituent migration to surface water. Another pathway for constituent 29 

migration to surface water is storm runoff carrying contaminated seep water to surface water, before 

the seep water can infiltrate to the Great Miami Aquifer. Paddys Run is an intermittent stream that 

flow southward along the western edge of the Fernald Environmental Management Project (FEMP). 
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Ditch. The Storm Sewer Outfall Ditch flows into Paddys Run at the southwest comer of the site. 

Paddys Run flows into the Great Miami River 1.5miles south of the F E W .  

Two sets of overlapping assumptions were made in the conceptual surface water and groundwater 

models to assure worst case levels for both surface water and groundwater pathways. These 

assumptions are: 

Forty-four percent of the water (CPC mass) reaching the Storm Sewer Outfall Ditch from 
the Active Flyash Pile was assumed to reach Paddys Run for the surface water conceptual 

flowing to the Storm Sewer Outfall model 
Ditch from Active Flyash Pile was considered to infiltrate the Great Miami Aquifer for 
the groundwater conceptual model. 

while all water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

All of the flow in Paddys Run was assumed to discharge to the Great Miami River for the 
surface 
loading 
source to the Great Miami Aquifer in the groundwater conceptual model. 

whik 30 percent of the CPC mass 
Paddys Run was assumed to be a 

Storm water runoff from the South Field, Inactive Flyash Pile, and Solid Waste Landfill was 

considered to reach Paddys Run that in turn discharges to the Great Miami River or infiltrates to the 

Great Miami Aquifer. Surface water modeling for the Lime Sludge Ponds was not performed because 

the berms surrounding the ponds contain precipitation received during a storm event. 
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A. 1.3 TECHNICAL APPROACH 

The modeling approach used to estimate constituent concentrations in surface water and sediments 

resulting from transport by surface water runoff is described in this section. 

A uniform concentration was assigned for surface soil constituents in each subunit. The constituent 

concentrations used in this assessment are the upper 95 percent confidence level on the means (UCL) 

of the surface soil concentrations from the remedial investigation. Section 6.0 and Appendix B 

describe the selection of constituents of potential concern and source concentration term for surface 

Two soil loss models described in the EPA "Superfund Exposure Assessment Manual" (EPA 1988b), 

the Universal Soil Loss Equation (USLE) and Modified Universal Soil Loss Equation (MUSLE), were 

considered for tools to quantify soil migration. The USLE model is similar to MUSLE, with the 

exception that the USLE uses an area-dependent method to determine runoff, while MUSLE employs 

event-specific runoff volume and flow rate variables. The MUSLE model was chosen over the USLE 

model to facilitate evaluation of an event-specific worst-case conservative scenario as opposed to a 

yearly average constituent transport scenario. The MUSLE model calculates the total mass of soil 

transported by surface water in a single rainfall event using the input of the event-specific runoff 

volume, storm duration, and flow rate parameters. The direction of surface water flow is determined 

by examining the topographic map of the Operable Unit 2 subunits. The volume of runoff is 

estimated and used to determine the amount that stream flow may be increased by a storm event and 

to estimate dissolved constituent loading. 

Additional equations were used to approximate constituent partitioning between soil and water in the 

runoff flow. These partitioning equations provide estimates of the constituent concentration dissolved 

OQ@OG3 
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in water runoff and that which is adsorbed to the soil carried in the runoff that deposits in the 

sediment of receiving stream (Haith 1980; Mills et al. 1982; Mockus 1972). 

Local meteorological data was used to obtain estimates of the amount and duration of rainfall at the 

site. The volume of storm water runoff flowing to Paddys Run was estimated using the Soil 

Conservation Service (SCS) curve method. The storm runoff modeling was based on a single storm 

event (2.5 inches in 24 hours; Herswield, 1961) resulting in a flow rate in Paddys Run of 4 ft3/sec 

(Dames and Moore, 1985a). No flow from upgradient runoff was assumed for the Storm Sewer 

Outfall Ditch. 

Information on the soil types identified in Operable Unit 2, using the U.S. Soil Conservation Service 

designation, is presented in detail in Section 3.0 of this RI report. The types and areal density of 

vegetation in Operable Unit 2 were provided by aerial photos, site reconnaissance, and interviews 

with personnel familiar with the Operable Unit 2 study area. 

The maximum detected concentrations in the seeps 

Pile and South Field, and the estimated seep flow rates, were also used to define 

in the Inactive Flyash 

the source term for the Great Miami 

Aquifer. It was assumed that during the storm event, all seep water will 

reach Paddys Run. Estimated flow rates for seeps were 2 and 10 gallons per minute (gpm), for the 

Inactive Flyash Pile and South Field, respectively. 

Constituent concentrations in Paddys Run and the Great Miami River were calculated by ckk-mg 

mi&@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . the dissolved concentrations in storm water runoff or seeps with the flows in the receiving 

streams. The results from Paddys Run were compared to observed conditions and are presented in 

Section A.1.5. Constituent concentrations in the Storm Sewer Outfall Ditch were assumed to be the 

same as runoff concentrations to simulate a "no-flow" condition upstream of the Active Flyash Pile in 

the Storm Sewer Outfall Ditch. 

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

An average flow rate of 3,300 ft3/sec was used for the Great Miami River based on previous studies 

(DOE 1993a). To estimate the worst surface water conditions, it was assumed that all flow and all 

constituent mass in Paddys Run discharges to the Great Miami River. 
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June 15, 1994 0 Figure A.l-2 presents the technical approach used to define source term from the surface water 

pathway to the Great Miami Aquifer. After concentrations in the surface water are modeled, some of 

the constituent mass is assumed to infiltrate to the Great Miami Aquifer. To estimate the worst 

conditions in groundwater due to surface water as a source, it was assumed that 30 percent of 

constituent mass and flow in Paddys Run infiltrates to the Great Miami Aquifer. All constituent mass 

in the Storm Sewer Outfall Ditch was also assumed to infiltrate the Great Miami Aquifer. This 

accounts for loading due to infiltrating runoff water as well as leaching of sediments. On-site 

No 
. . . . . . . . . . . . . . . . . . . . 

:.;.;.:.:.>: .,........ 

maximum Great Miami Aquifer concentrations were estimated using a 30-foot wide section of Paddys 

Run and a 10-foot wide section of the Storm Sewer Outfall Ditch. . .  
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A. 1.4 SURFACE WATER MODEL DESCRIPTION n 

The MUSLE model was used to calculate the total mass of soil transported by storm water in a single 28 

29 rainfall event using event-specific runoff volume, storm duration, and flow rate parameters. 

Additional equations were used to describe constituent partitioning between soil and water in the 

runoff flow. 

30 

Model assumptions and equations are presented in this section. 31 

32 

33 
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A. 1.4.1 Model AssumDtions 

Surface water models are based on the following major assumptions: 

Constituents adsorbed to soils in runoff remain adsorbed in the stream sediments. 

Constituents dissolved in runoff water remain in the dissolved phase in the receiving stream 
prior to further dilution or infiltration to the Great Miami Aquifer. 

A.1.4.2 Calculation of Soil Loss from Runoff 

MUSLE is used to model 

Sewer Outfall Ditch from 

following equation. 

the amount of contaminated soil migrating to Paddys Run or the Storm 

erosion by storm water runoff. The MUSLE model is based on the 

where 

Y(S)E = 
CF = 
v, = 

qp = 
K =  
LS = 
c =  
P =  

Soil loss in runoff (metric tons per event) 
Conversion factor (1 1.8 for metric units) 
Volume of runoff (m3) 
Peak runoff flow rate (m3/s) 
Soil erodibility factor (metric tons/ha/unit erosion potential) 
Product of slope length factor and slope steepness factor (unitless) 
Cover factor (unitless) 
Erosion control practice factor (unitless) 

The erosion control practice factor was set to 1.0 to simulate an uncontrolled hazardous waste site. 

This represents a worst-case (conservative) assumption (EPA, 1988). Intermediate parameters Vr and 

qp are calculated by: 

Q, = (R, - 0.2Sw)2/(R, + 0.8Sw) 

Sw = (2.54)[( 1 OOO/CN)- 101 
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A = Contaniinated surface area (ha) 
Q, = Depth of runoff (cm) 
R, = Depth of rainfall event (cm) 
S, = Soil water retention factor (cm) 
CN = SCS runoff curve number (unitless) 
T, = Rainfall duration (hours) 

Figures A.l-3 through A.l-5 shows the topography of the Operable Unit 2 subunits considered in 

surface water modeling. These figures also provide information on the slope of the ground surface in 

the Operable Unit 2 subunits, and the distance to Paddys Run or the Storm Sewer Outfall Ditch. 

Table A. 1-1 lists the parameter values used in the Operable Unit 2 surface water runoff assessment 

and calculating loss of soil from runoff. 

A. 1.4.3 

The portion of constituent from the eroded soil that remains with the sediment or that is dissolved in 

the water is estimated using the following equations, respectively: 

Calculation of Constituent Partitioning and Loading 

and 

where 

s, = 

e, = 
K d =  

ci = 

M, = 

P -= 

Available quantity of constituent absorbed to sediment (g) 
Available quantity of constituent dissolved in water (8) 
Water capacity of surface soil (unitless) 
Chemical-specific sorption partition coefficient (cm3/g) 
Bulk soil density (g/cm3) 
Concentration of constituent in soil (mg/kg) 

The mass of absorbed constituent in the source area is: 

PXi = [Y(s)E/~WP)(A’)I(SJ 
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TABLE A.l-1 

VARIABLES USED IN THE SURFACE WATER RUNOFF MODEL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Variables 

~ ~ _ _  

Active Inactive Solid Waste 
Units Flvash Pile Flvash Pile South Field Landfill 

LS, slope length and steepness facto? unitless 3.3 3.3 1.5 1 .o 
C, cover factor' unitless 1 .ooo 0.042 0.042 0.042 
A, contaminated area' ha 0.9040 1.3901 3.8706 0.6881 
CN, scs runoff curve  NO.^ unitless 86 55 61 58 
8,. available water capacity' unitless 0.150 0.150 0.154 0.154 
p,  soil bulk density' g/cm3 0.861 0.861 1.702 1.830 

K, soil erodibility factorf tonha 0.26 0.26 0.26 0.29 
R,, total storm rainfallg cm 6.35 6.35 6.35 6.35 
T,, storm durationg h r S  24 24 24 24 

Rr, rainfall and runoff factore unitless 1 1 1 1 

aUnited States Environmental Protection Agency, 1988. "Superfund Exposure Assessment Manual." Office of 
Remedial Response, Washington, D.C., EPA/5401/1-88/001. EPA, 1988, Figure 2-6and Site-Specific Information. 

bAtlantic Environmental Services (AES), 1988. "Management of Manufactured Gas Plant Sites." Volume 111, Risk 
Assessment, Gas Research Institute, Chicago, IL. GRI-87/0260.3. AES, 1988, Exhibit 7-5, 60% Grass Cover 
Assumed for Inactive Flyash Pile, South Field, and Solid Waste Landfill, 0% Grass Cover Assumed for Active 
Flyash Pile. 

@ 

'Calculated from Site-Specific Information. 

dUnited States Environmental Protection Agency, 1988. "Superfund Exposure Assessment Manual. " Office of 
Remedial Response, Washington, D.C., EPA/5401/1-88/001. EPA, 1988, Figure 2-6 and Site-Specific Information. 

eAtlantic Environmental Services, 1988. "Management of Manufactured Gas Plant Sites. " Volume 111, Risk 
Assessment, Gas Research Institute, Chicago, IL. GRI-8710260.3; Mills, W.B., Dean, J.D., Porcella, D.B., 
Gherini, S.A., Hudson, R.J.M., Frick, W.E., Rupp, G.L., and Bowie, G.L., 1982, "Water Quality Assessment: 
A Screening Procedure for Toxic and Conventional Pollutants: Parts 1, 2, and 3," EPA-6001 6-82-004 a, b, c, 
EPA Environmental Research Laboratory, Office of Research and Development, Athens, GA. AES, 1988, Exhibit 
7-11: Mills et al., 1982. 

fAtlantic Environmental Services (AES), 1988. "Management of Manufactured Gas Plant Sites." Volume 111, Risk 
Assessment, Gas Research Institute, Chicago, IL. GRI-8710260.3. AES, 1988, Exhibit 7-2 and Site-Specific 
Information. 

gHershfield, D.M., 1961. "Rainfall Frequency Atlas of the United States: For Durations from 30 Minutes to 24 
Hours and Retain Periods from 1 to 100 Years." U.S. Department of Commerce, Washington, D.C., Technical 
Paper No. 40. 1-year, 24-Hour Storm Event (HERSHFIELDS, 1961). a 
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The constituent concentration in sediment of the receiving water body is: 

c, = PX,N(s), 

June 15, 1994 0 
2 

where 

C, = Concentration of constituent in sediment (mg/kg) 
PX, = Absorbed quantity of constituent (g) 

The mass of dissolved constituent from the source area is: 

where 

PQ, = Dissolved constituent available per event (8) 

The constituent concentration in the runoff effluent is: 

C, = PQ,/V, 

where 

PQ, = Dissolved substance available per event (8) 
C, = Concentration of constituent in runoff (mg/k') 
V, = Volume of runoff (m3) 

The dissolved constituent concentration in Paddys R u n a  ' downstream 

is: 
No 
. . . . . . . . .... . . . . . . ... , . A4i . . . . . . 
. . . . . . . . ..... . . . . . . . . . \.. . . . . . . . . . . . . . . . . . . . 

where 

C, = 
Q, = 
Q, = 

Concentration of constituent in water downstream (mg/L) 
Average runoff effluent flow rate (VJT,; m3/hr) 
Flow rate of receiving water body (m3/hr) 

00@053 
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The dissolved constituent concentration in the Great Miami River is estimated by: 

e= - : G w w J  

where 

Cgmr = Concentration of constituent in the Great Miami River (mg/L) 
Qgmr = Flow rate of the Great Miami River (m3/hr) 

A. 1.5 

This section presents the results of surface water modeling for each subunit in Operable Unit 2. 

RESULTS OF SURFACE WATER RUNOFF MODELING 

A.1.5.1 Solid Waste Landfill 
A l ?  

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

FER\CRU2RI\NMG\APP-A\SECAl.TXNune 6. 1994 2:37pm A-1-15 842063~4 



FEMP-OU02-5 DRAFT 
June 15, 1994 

& 

iE a 

565 9 

- m m N N - m m O - - - -  + + + + + + + + + + + + +  2 2 2 2 2 2 s s s 2 2 2 2  
x x x x x x x x x x x x x  

0 
d 

A-1-16 



. .  
1 . .  

' C '  . __  , 
j * .  .I . . . . . . .  

96s 9 
FEMP-OU 2-5 DRAFT 

June 15, 1994 

A-1-17 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

'9 '4 '4 '9 ;:-;:;. s o o p J  d M  ...... 

w s z s g  
...... # # g &  

0' .....;,. :.: 
p 4 M d <w;:: 

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

. . . . . .  

A-1-18 



FEMP-OUOZ-5 DRAF'I 
June 15, 1994 0 

Modeled sediment concentrations resulting from a single runoff event are comparable to the source 

term soil concentrations for the Solid Waste Landfill 1 
1. For example, the modeled sediment concentration for uranium-238 

was 229.7 mg/kg compared to 230 mg/kg in the soil source term. d 

. .  . .  

A. 1 S.2  

The Lime Sludge Ponds are contained within soil berms that contain storm water and therefore were 

not considered a source of contaminants to the surface waters. No surface water pathway modeling 

was conducted. 

Lime Sludge Ponds 

A. 1 S . 3  Inactive Flvash Pile 

presents the results of surface water modeling e€ 
Inactive Flyash Pile, based on a designated single storm event using the MUSLE model and loading 

from seeps in the Inactive Flyash Pile during the storm event. 
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P in the Great Miami River range from a low of 2A3+ 

to a high of 8.0 x lo4 pCi/L for 

icted to remain below W 

and A 4 Y l n 2  6.4 x 10” in the Great Miami River. These 

concentrations remain only through the duration of the storm. 

Modeled sediment concentrations resulting from a single runoff event are comparable to the source 

term soil concentrations for the Inactive Flyash P i 1 4  . .  . .  

3. For example, the modeled uranium-238 sediment concentration 
was 23.6 mg/kg compared to 26.4 mg/kg in the surface soil source term. 

RHih 

A. 1.5.4 South Field 
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Modeled sediment concentrations resulting from a single runoff event are comparable to the source 

term soil concentrations for the South F i e l d s  

-. For example, the modeled uranium-238 sediment concentration was 26.1 mg/kg 

compared to 27.7 mg/kg in the soil source term. 

. .  . .  

A. 1 S . 5  Active Flvash Pile 

presents the results of surface water modeling from the 

Active Flyash Pile based on a single storm event using the MUSLE model. 

A 1 0  . .  
I - , , .  I 

0OGGEI"B 
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€bit& The amount of runoff contribution to the Storm Sewer Outfall Ditch from the east side of the 

Storm Sewer Outfall Ditch is estimated to be the same order of magnitude as the runoff from the 

Active Flyash Pile. However, for modeling purposes, flow from a storm event from the east side of 

the Storm Sewer Outfall Ditch was assumed to be zero. Although most of the flow in the Storm 

Sewer Outfall Ditch infiltrates to the Great Miami Aquifer, it was assumed that 44 percent of the flow 

reaches Paddys Run. 

The predicted concentrations of radionuclides from the Active Flyash Pile into the Storm Sewer 

Outfall Ditch ranged from 2.0 x lo-’ pCi/L for thorium-232 to 51.4 pCi/L for uranium-234. 
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Modeled sediment concentrations resulting from a single runoff event are comparable to the source 30 

term soil concentrations for the Active Flyash Pile because sediment mixing was not considered. For 

example, the modeled uranium-238 sediment concentration was 9.57 mg/kg, compared to 10.7 mg/kg 

31 

32 

33 
. . . . . . . . . . . . . . 

in the soil source term. Sediment concentrations would be expected to decrease 
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following the rainfall event because of dispersion through sediment transport and gradual mixing with 

sediment from other sources. 2 

3 

Table A.l-6 compares predicted and observed concentrations in the Storm Sewer Outfall Ditch. The 

modeling results are comparable to analytical results from filtered samples. However, due to a small 

unfiltered samples and samples whose filtered/unfiltered status is unknown. 

4 

5 

database for the filtered surface water samples, Table A. 1-6 also presents analytical results from 6 

Predicted and observed 7 

concentrations are on the same order of magnitude with the exception of 13itFitfRf; lead; 

el predicts more than BR 

8 

9 order of magnitude higher concentrations 

10 

11 

12 

13 

14 

15 

.. e A. 1 S.6 

Modeling results indicate that surface ,water runoff from the Solid Waste Landfill, Inactive Flyash 

Table A.l-7 shows the combined 

Combined Modeling Results 

Pile, South Field, and Active Flyash Pile reaches Paddys Run. 18 

19 effect of all Operable Unit 2 subunits on Paddys Run and the Great Miami River. . fXm!&& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

20 

21 

for eesk&37 to a high of 412 pCi/L for technetium-99. Concentrations of 

radionuclides in pCi/L for eeskm47 

ug/L and r P Y l n 2  4.7 

22 
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Modeled 
Constituent of Concentrations 
Potential Concerna Units in SSODb-' 

TABLE A.1-6 

COMPARISON OF MODELED RESULTS TO MEASURED 
SURFACE WATER CONCENTRATIONS IN THE 

STORM SEWER OUTFALL DITCH 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Range of Measured Concentrations in SSODd 

Filtered Unfiltered unknown 

Uranium-234 pCi/L 51.4 

Uranium-238 pCi/L 51.3 

Total Uranium Crg/L 

aCPC listed only if measured data were available for comparison a. 

-e 15.9 

15.9 

14-44 14-24 

bModeled from surface soil sources in the Active Flyash Pile only 

Lead 34.0 

CSSOD - Storm Sewer Outfall Ditch 

2.2 

dConcentrations in samples from locations ASIT-002, ASIT-006, and ASIT-007 

eData not available or all were nondetects 
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Table A. 1-8 compares model predicted and measured concentrations in Paddys Run. Modeled results 

represent constituent concentrations in the dissolved phase, therefore, the results should only be 

compared to analytical results from filtered samples. However, due to a small database for the 

filtered surface water samples, Table A. 1-8 also presents analytical results from unfiltered samples 

and samples whose filteredhnfiltered status is unknown. Table A.l-8 shows that the model 

predictions are comparable to observed data for uranium isotopes and neptunium-237, and are one to 

(kFee Wb orders of magnitude below the observed data for other constituents. 

A. 1.6 

The surface water model (like any other model) is a mathematical tool which simplifies the actual 

situation. Uncertainties in the output from the model are introduced from four primary sources: 

UNCERTAINTIES IN THE SURFACE WATER MODEL 

Source Term Uncertainty: Source terms for the modeling were defined based on analytical 
results from the surface soil samples collected during the RI/FS field investigations. It was 
assumed that these concentrations are representative of CPC concentrations in the past. 
Although CPC concentrations in the past may have exceeded the present concentrations, use 
of the UCL concentration may counter the uncertainties introduced by using analytical 
results from the RI/FS field investigation. Use of uniform CPC concentration at UCL also 
introduces a potential for overestimation of contaminant mass. 

Input Parameter Uncertainty: The accuracy of the model prediction is highly dependent on 
the accuracy of the input parameters. Input parameters such as the SCS runoff curve 
number, rainfall and runoff factor, soil erodibility factor, slope length and steepness factor, 
cover factor, etc. are approximate numbers representing the physical characteristics of a 
given site. The chemical-specific distribution coefficient (Kd) values, used to calculate the 
fraction of contaminants sorbed to soil particles, are another source of uncertainty. 

Modeling Uncertainty: Any mathematical model representing a physical process tends to 
be simplified by making approximations and assumptions. The uncertainties in model 
predictions will increase with increased simplification of the model. Several portions of the 
surface water model equations consist of empirical equations, which are approximations of 
actual physical processes. 

Scenario Uncertainty: The assumption that each subunit of Operable Unit 2 acts as a point 
source contamination will .introduce some uncertainty in the model predictions. Wherever 

0(@@2& 
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TABLE A.1-8 

COMPARISON OF MODELED RESULTS TO MEASURED 
SURFACE WATER CONCENTRATIONS IN PADDYS RUN 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

aCPC listed only if measured data were available for comparison 

bModeled from surface soil sources in the Solid Waste Landfill, South Field, and Inactive Flyash Pile 

cConcentrations in samples from locations W-1 1, ASIT-003, IFP-SW-03, and IFP-SW-04 

dData not available 

eND = Data were all nondetects 

0 B) QQ 'if 2 
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possible, conservative assumptions were made so that the model can predict worst-case 
conditions. 

A. 1.7 

A contaminant migration pathway exists into the Great Miami Aquifer from Paddys Run and the 

Storm Sewer Outfall Ditch because portions of their streambeds contact with the Great Miami 

Aquifer. As discussed below, a screening procedure and method of deriving the constituent loading 

to the Great Miami Aquifer from Paddys Run and the Storm Sewer Outfall Ditch were developed to 

account for the surface water as a source to the groundwater (Section A.2). 

LOADING TO THE GREAT MIAMI AQUIFER 

. 

A. 1.7.1 Screening Procedure 

Figure A. 1-2 presented the surface water to groundwater transport modeling diagram. This diagram 

identifies screening steps used to identify the CPCs in the Great Miami Aquifer from surface water 

loading. Screening consists of comparing predicted constituent concentrations in the Great Miami 

Aquifer to screening levels. Screening levels have been determined for 

ems&tm& based on a-l-432- 

Operable Unit 2 

The screening procedure for the Great Miami Aquifer actually consists of two steps. These two steps 

compare conservative estimates of the Great Miami Aquifer concentrations to the screening levels. If 

a constituent is still of potential concern after the first two phases, more detailed modeling is 

performed. 

The first step consists of estimating the maximum constituent concentration in the Great Miami 

Aquifer based on the surface water concentration and dilution in the Great Miami Aquifer resulting 

only within the width of the streambed (30 feet for Paddys Run and 10 feet for the Storm Sewer 

Outfall Ditch). Constituents were eliminated from further modeling if their values were below 

screening levels. 

The second step consists of estimating the constituent concentration in the Great Miami Aquifer by the 

dilution of the surface water concentration in the SWIFT I11 model grid of 125 feet by 125 feet. If . 

the predicted diluted groundwater concentrations were below screening levels, detailed modeling was 
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not performed. However, the predicted maximum groundwater concentration predicted in the first 

step (based on streambed width) was reported as the maximum on-site concentration in the Great 

Miami Aquifer for that constituent. 

The Great Miami Aquifer dilution factor is determined by a mixing equation based on the direct 

infiltration of 30 percent of the runoff effluent mass in Paddys Run or 100 percent of runoff effluent 

mass in the Storm Sewer Outfall Ditch, prior to dilution in the stream, into the Great Miami Aquifer 

as described below. 

The predicted theoretical diluted concentration in the Great Miami Aquifer based on mixing of runoff 

effluent mass with the volume of water in the Great Miami Aquifer flowing in Layer 1 in the cell is: 

where 

CGMA = Predicted theoretical diluted concentration in the Great Miami Aquifer (mg/L) 
V,, = Volume of groundwater in Layer 1 of the Great Miami Aquifer in the average 

thickness SWIFT cell block along Paddys Run or Storm Sewer Outfall Ditch in close 
proximity to Operable Unit 2 subunits (ft3) 

Vall = Runoff volume per SWIFT cell (ft3/cell) 

The volume of water flowing through the SWIFT cell is calculated from: 

where 

W,, 
L,, = Length of SWIFT cell (125 feet) 
T 

= Average width of dilution area from Paddys Run or the Storm Sewer Outfall Ditch. 

= Thickness of Layer 1 of the Great Miami Aquifer in SWIFT cell (23.8 ft) 
= Effective porosity of the Great Miami Aquifer (25 percent) 

For the first screening step, W, was set to average width of the Paddys Run (30 ft) or the Storm 

Sewer Outfall Ditch (10 ft). For the second screening step, W, was set to the width of the SWIFT 

I11 model cell (125 ft). The runoff effluent volume per SWIFT cell along Paddys Run or Storm 

Sewer Outfall Ditch is estimated from: 
odicc',:7 ' 
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where 

V, = 
I = 

Runoff volume from MUSLE based on 24-hour storm event (ft3/day) 
Percentage of runoff effluent volume assumed to infiltrate to the Great Miami 
Aquifer through Paddys Run (30 percent, DOE, 1993d) or Storm Sewer Outfall 
Ditch (100 percent) 
Number of SWIFT cells along Paddys Run or Storm Sewer Outfall Ditch between 
Operable Unit 2 and the FEMP property boundary. 

N = 

Y 

The value of N were 47, 17, and 11 for the Solid Waste Landfill, Inactive Flyash Pile/South Field, 

and Active Flyash Pile, respectively. 

a 
A. 1.7.2 Solid Waste Landfill 

Table A. 1-9 shows predicted maximum Great Miami Aquifer concentrations due to surface water 

runoff. Table A. 1-9 also compares predicted maximum Great Miami Aquifer concentration with the 

risk-based screening concentrations (first screening step). F . ,  1 3 wne-&he 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , , , . . . . , . , . . . , , . . , . . . 

constituents were considered for further modeling in the Great Miami Aquifer using the SWIFT I11 

Model from the surface water pathway. 

A. 1.7.3 

Loading from surface runoff to the Great Miami Aquifer from Inactive Flyash Pile and the South 

Field was combined into one source term because of the close proximity of the Inactive Flyash to the 

South Field, resulting in surface runoff from both subunits to Paddys Run at approximately the same 

Inactive Flvash Pile and South Field 
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TABLE A.l-9 

LOADING TO THE GREAT MIAMI AQUIFER FROM 
PADDYS RUN AND CPC SCREENING FOR GROUNDWATER MODELING, 

SOLID WASTE LANDFILL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Predicted Maximum 
Aquifer Concentration Screening Concentrations Groundwater 

CGMA (pCi/L RAD) @Ci/L RAD) Modeling 
Constituents (pg/L non-RAD) @g/L non-RAD) Required 

INORGANICS 
Arsenic 

Radium-226 
Radium-228 
Strontium-90 
Uranium-234 
Uranium-235/236 
Uranium-238 

Uranium-Total (non-RAD) . .  

fJ(BO6S% 
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location. The loading to the Great Miami Aquifer consists of loading due to infiltration of surface 

water as well as leaching of sediments. This was assumed to equal 30 percent of the mass reaching 

Paddys Run. Because the seep pathway to groundwater was considered separately, the contribution to 

groundwater from seeps is not considered here. 

N.Q,.% 
.................... 

....................... 
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Table A. 1-10 shows the predicted maximum Great Miami Aquifer concentrations due to surface water 

runoff from Inactive Flyash Pile and South Field. Table A. 1-10 also compares predicted maximum 

Great Miami Aquifer concentrations against the risk-based screening concentrations (first screening 

step). 1 . .  

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

A.1.7.4 Active Flyash Pile 

Table A. 1-1 1 shows the predicted maximum Great Miami Aquifer concentrations due to surface water 

runoff from Active Flyash Pile. Table A.1-11 also compares predicted maximum Great Miami 

Aquifer concentrations against the screening levels (first screening step). As shown in Table A.l-11, 

arsenic, beryllium, k+neptunium-237, radium-226, radium- 

228, uranium-234, uranium 235/236, uranium-238, and total uranium were predicted to 

be above screening concentrations. For the constituents passing the first screening step, diluted Great 

Miami Aquifer concentration in full SWIFT cell were predicted and compared against the screening 

concentrations (Table A. 1- 12). During this screening step, predicted arsenic, beryllium, neptunium- 

237, uranium-234, and uranium-238 concentrations were above the screening level 
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TABLE A.l-1OA 

LOADING TO THE GREAT MIAMI AQUIFER FROM 
PADDYS RUN AND CPC SCREENING (FIRST STEP) FOR GROUNDWATER MODELING, 

INACTIVE F'LYASH PILE/SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Predicted Maximum 
Aquifer Concentration Concentrations Groundwater 

CGMA @Ci/L RAD) @Ci/L RAD) Modeling 
Constituents (pg/L non-RAD) @g/L non-RAD) Required 

INORGANICS 

Arsenic 
Beryllium 

Benzo( a)anthracene 
Benzo( a)p)rrene 
Benzo(b) fluoranthene 

Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Radium-226 
Radium-228 
Strontium-90 
Technetium-99 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium-Total (non-RAD) . . . . . . .  

No 
.y&j 

No 
No 
Yes 
Yes 
.y&j 

Yes 
yg 

......... 

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

......... 

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

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

00oGsq 
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TABLE A.1-11 

LOADING TO THE GREAT MIAMI AQUIFER FROM THE 
STORM SEWER OUTFALL DITCH AND CPC SCREENING (FIRST STEP) 

FOR GROUNDWATER MODELING, ACTIVE FLYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituents 

Predicted Maximum 
Aquifer Concentration Screening Concentrations Groundwater 

CGMA @Ci/L RAD) @Ci/L RAD) Modeling 
(pg/L non-RAD) @g/L non-RAD) Required 

INORGANICS 

Arsenic Yes 

Beryllium Yes 

Lead 

RADIONUCLIDES 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Radium-228 

Strontium-90 

Uranium-234 

Uranium-235/236 

Uranium-238 

Uranium-Total (non-RAD) 

1.70 x lo-' 

Yes 
ygs 
......... ................. 

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

Yes 

Yes 
y&$ 

Yes 

Yes 

Yes 

Yes 

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

............................................................... 
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Table A. 1-13 compares model predicted concentrations in the Great Miami Aquifer due to surface 

water pathway to concentrations observed in monitoring wells near the Storm Sewer Outfall Ditch. 

Observed concentration range and predicted concentrations are generally on the same order of 

magnitude, however, the range of concentrations for uranium isotopes is quite large. This may be 

reflective of up-gradient source contributions before installation of storm water retention basins. 

A. 1.7.5 Combined Loading 

Table A.1-14 lists all the CPCs for groundwater from the surface water pathway. No CPCs wm 
NO, 
A47 

. . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE A.1-13 

COMPARISON OF GREAT MIAMI AQUIFER AND MODELED RESULTS 
FROM SURFACE RUNOFF PATHWAY, ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

GMA Wells 2014 Model Predicted GMA 
Constituents of and 204gb Concentration from 
Potential Concerna units Minimum Maximum SSOD Loading' 

RADIONUCLIDES 
(unfiilt eredp 

Neptunium-237 pCi/L 0.48 0.48 
Radium-226 pCi/L 0.17 1.40 
Uranium-234 pCi/L 1 .oo 83.20 
Uranium-235/236 

INORGANICS 

Lead 6.00 6.00 

a 
%PC listed only if measured data were available for comparison 
bThese two GMA wells are close to the SSOD 
'Model predicted concentrations are considered equivalent to filtered samples 
dOnly unfiltered data were available for comparison for radionuclides 

GMA - Great Miami Aquifer 
SSOD - Storm Sewer Outfall Ditch 

08QCF9 
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TABLE A.1-14 

SUMMARY OF CONSTITUENTS OF CONCERN FOR GROUNDWATER 
FROM SURFACE WATER PATHWAY 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Model Predicted Maximum GMAb 
Constituents of Potential Concern (CPCIa units Concentration 

SOLID WASTE LANDFILL 

LIME SLUDGE PONDS 
None 

SOUTH FIELDLINACTIVE FLYASH PILE 

Uranium-Total (Non-Rad)e ........... 

ACTIVE FLYASH PILE 
Arsenic 
Beryllium 

Neptunium-237 

h a &  2l  

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

Radi~m-226~ 
Radium-228e a 
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TABLE A.l-14 
(Continued) 

Model Predicted Maximum GMAb 
units Concentrat ion Constituents of Potential Concern (CPQa 

ACTIVE FLYASH PILE (Continued) 

%PC listed only if above screening concentration. 
bGMA - Great Miami Aauifer. 

qhese CPCs were screened out in the second screening step 
,~..:.:.~~~~:.:.:.;~~..~~:. .... :.: ... : .............................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
which uses dilution in the full SWIFT cell. 
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A.2.0 GROUNDWATER FATE AND TRANSPORT MODELING 

A.2.1 INTRODUCTION 

The objective of this section is to evaluate the fate and transport of constituents as they migrate from 

the Operable Unit 2 area through the vadose zone, Paddys Run streambed, or Storm Sewer Outfall 

Ditch streambkd to the Great Miami Aquifer. This section provides a more detailed discussion of the 

modeling that is summarized in Section 5.0. 

Groundwater fate and transport models are used to predict constituent movement from sources (waste 

areas) to receptor locations through the groundwater pathway. Used in conjunction with monitoring 

data, these models predict future constituent concentrations at potential exposure locations. The 

modeling provides future exposure predictions by extrapolating from known field data. Conservative 

assumptions are used in the modeling to provide a reasonable "worst case" with regard to risk. The 

modeled future concentrations are based on the unremediated baseline case for the Operable Unit 2 

waste areas. The results of the groundwater fate and transport modeling are used in the Operable 

Unit 2 baseline risk assessment (Appendix B) to estimate potential risks to the environment and 

human health. 

This Appendix presents a description of the technical approach and the methods used to quantitatively 

predict constituent concentrations for use in the Operable Unit 2 baseline risk assessment. 

Specifically, this appendix: 

Presents background information on the hydrogeologic setting 

Defines the conceptual groundwater flow model based upon a reasonable and conservative 
depiction of the hydrogeologic setting 

Outlines the screening processes to finalize the list of CPCs 

Presents a description and results of vadose zone modeling 

Presents a description and results of aquifer modeling 

Compares modeling results with field data 

Presents a description and results of vadose zone modeling if waste units and perched water 
were at background concentrations. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

35 

36 

FER\CRU2RI\NMG\APP-A\.SECM.TXTUune 7. 19949:39am A-2- 1 880892 



565 9 . 
FEMP-OUOZ-5 DRAFT 
June 15, 1994 

A.2.1.1 Technical Auuroach 

The fate and transport evaluation included modeling of surface water, groundwater, and air releases. 

Figure A.2-1 shows the overall fate and transport modeling framework used to support the Operable 

Unit 2 baseline risk assessment. Five pathways are considered in the groundwater fate and transport 

analysis: 

Vadose Zone Pathway: Migration of CPCs from the waste unit laterally and vertically 
through the vadose zone to the aquifer was designated as the vadose zone pathway. 

Perched Water Infiltration: Vertical migration of perched water through the glacial till to 
the Great Miami Aquifer was designated as the perched water infiltration pathway. 

Perched Water Subsurface Seep Pathway: Lateral migration of CPCs occurs when perched 
water in sand and gravel layers within the glacial overburden come in contact with waste 
material. Perched water moves laterally in the sand layer until it is intercepted at the 
sandlgravel and waste interface. At that point, perched water moves along the slope of 
waste and till interface until it comes in contact with the unsaturated Great Miami Aquifer. 
This water containing CPCs then vertically infiltrates to the aquifer. - 

Seep Pathway: Migration of CPCs from seeps to an area where glacial overburden is not 
present, and then through the unsaturated portion of the Great Miami Aquifer to the 
groundwater was designated as the seep pathway. 

Surface Water Pathway: Migration of CPCs from the surface soils due to storm event 
runoff to Paddys Run or the Storm Sewer Outfall Ditch, and then vertically to the aquifer 
as the surface water pathway. 

This appendix considers all of the steps of the vadose zone, seep, perched water subsurface seep, and 

perched water infiltration pathways. For the surface water pathway, Appendix A. 1 .O describes the 

definition of constituents, the conceptual model for the surface water pathway, the surface water 

modeling, the screening of constituents, and the predicted concentrations in Paddys Run, the Storm 

Sewer Outfall Ditch, and the Great Miami Aquifer. This section presents all of the Great Miami 

Aquifer modeling results including the impact to the aquifer from constituent concentrations in the 

surface water pathway determined in Appendix A. 1. 

Conservative assumptions were built into the modeling process in order to provide a reasonable worst- 

case scenario regarding the migration of constituents from the waste areas, and to account for 

uncertainties associated with the database and models. Screening of CPCs was performed at various 

stages during the fate and transport modeling to effectively focus on those compounds that could 

potentially pose a carcinogenic cancer risk greater than 1 x lo-' or noncarcinogenic HI of 0.1. 
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The fate and transport analysis assumed that the waste areas would remain essentially in their current 

conditions, without any remedial actions taken. The groundwater fate and transport modeling results 

are summarized for the CPCs that are predicted to reach the Great Miami Aquifer from the Operable 

Unit 2 subunits within loo0 years. The simulation time period of 1000 years was selected based on 

the Risk Assessment Work Plan Addendum (DOE 1992a). Contributions to constituent 

concentrations from other FEMP sources and background concentrations are not included in the 

results presented in this appendix. The results presented here represent the increase in constituent 

concentrations in the Great Miami Aquifer due to the loading from Operable Unit 2 subunits only. 

Figure A.2-2 shows the steps in model development and the method of deriving the source and 

leachate concentrations. The extent to which a constituent may migrate through the groundwater 

system depends both on site Characteristics and the nature of the constituent. Because of the variety 

of constituents in the subunits, and the heterogeneity in the vadose zone beneath the subunits, a 

separate conceptual model is developed for each of the subunits within Operable Unit 2. The 

development of these models involves the following steps: 
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Review of the available information on the specific subunit to establish the characteristics of 
the subunit 

Identification of CPCs by reviewing the production history and by analyzing site 
characterization data 

Identification of the hydrologic processes governing the fate and transport of the 
constituents within each hydrostratigraphic unit 

Development of a conceptual hydrogeologic model for each subunit based on information 
about the constituents present in that subunit and its location-specific geologic setting 

Once the conceptual models were developed, existing computer codes that allow the creation of a 

proper mathematical representation of the conceptual models were selected. The mathematical 

representations used at the FEMP generally consider the rate at which the modeled processes occur, 

the interaction of different processes with each other, and the initial conditions of both the subunit and 

the surrounding geologic formations. Some of the major steps involved in constructing mathematical 

representations of the conceptual models used at the FEMP include: 

Quantification of the concentrations of constituents in the waste and the physical parameters 
defining the volume and mass of constituents in each subunit 
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Use of measured data to determine the chemical speciation projected to result from the 
reactions of infiltrating water with the waste materials 

Definition of physical parameters of the vadose zone system beneath each subunit 

Estimation of the rate constants describing the cationic retardation of the modeled CPCs 
(These rate constants are based on partitioning coefficients developed from site-specific 
measurements and from an extensive literature search.) 

Estimation of the rate constants describing constituent retardation attributable to interactions 
with organic carbon in the geological formation (These constants are based upon the grain- 
size distributions and organic carbon content of the waste, glacial overburden matrix, and 
the Great Miami Aquifer matrix.) 

Estimation of the rate constants describing the decay rates of the modeled constituents 
(These first-order rate constants are based upon radioactive half-lives and biodegradation 
half-lives in groundwater for radionuclides and organic chemicals, respectively.) 

. . .  . . .  

Calibration of the model to field data ( S e h t d  
wells in the vicinity of the subunits were evalu 
reached the perched water and the aquifer. Init 
compared to these data and estimated paramete 
these constituent values within the operating time frame 

1000 and 2000 series 

The CPCs from Operable Unit 2 subunits were defined based upon sampling data and prescreening 

and backgroundhtrient screening activities (Appendix B). Prior to Great Miami Aquifer fate and 

transport modeling, additional screening steps were undertaken to reject those that clearly would not 

pose a significant risk. By screening constituents, computational time was reduced. Screening steps 

consider travel time through the vadose zone, organic and radiologic decay, immediate dilution in the 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Great Miami Aquifer, and comparison with tmmtyb& 

After existing computer codes and site-specific input parameters were selected, the codes were used to 

(1) calculate constituent loading rates to the aquifer beneath the waste areas; and (2) perform flow and 

solute transport modeling to determine the effects of dispersion, retardation, and constituent 

degradation or decay on the projected concentrations in the Great Miami Aquifer and perched water. 

A.2.1.2 

The primary purpose of the fate and transport modeling is to provide predicted concentrations of key, 

risk-causing constituents so that overall risk may be determined. Because the modeling is resource 

Amroach to Screening and Modeling 
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intensive, screening steps were undertaken to eliminate constituents that pose little or no risk using 

conservative assumptions. In addition, because modeling contains uncertainty by being a predictive 

tool based on many assumptions, actual monitoring data was reviewed to check certain model results 

and assumptions. For example, if a constituent was predicted to be attenuated in the vadose zone for 

many years, yet it is presently found in the aquifer, then the model assumptions were reviewed. 

Figure A.2-3 shows the approach that has been followed in screening out constituents, in defining risk 

from the remaining constituents, and in incorporating monitoring results in the modeling process. 

This figure represents the two major screening. steps that remove CPCs from further consideration 

(see detailed discussion in Section A.2.6). 

If a constituent was detected above the detection limits in the Great Miami Aquifer groundwater in the 

vicinity of the subunits, the following steps were undertaken. First, these detected concentrations 

were compared against background and predicted concentrations. If these concentrations were below 

these criteria, then no further action was taken. However, if a constituent was detected at 

concentrations that were higher than background and the predicted concentrations, then model 

assumptions and parameters were reviewed and revised as necessary. For example, if constituents 

were detected in the Great Miami Aquifer sooner than their theoretical arrival time (as determined by 

the conceptual model parameters and chemical specific factors), then the distribution coefficient was 

adjusted downward to match the measured concentrations in the aquifer. 

A.2.2 HYDROGEOLOGIC SETTING 

The first step in the pathway analysis was to develop a conceptual understanding of the depositional 

history of the site and the general hydrogeologic characteristics of the deposits. This section 

describes the general geology and hydrogeology of the FEMP. For a detailed discussion, refer to the 

Groundwater Report (DOE 1990), and Section 3.0 of this report. 

A.2.2.1 Geologic Setting 

The geology of the area is dominated by the glacial and glaciofluvial deposits formed during the most 

recent continental glaciation (approximately 70,000 years before present). Prior to the advancement 

of the glaciers, a large valley was eroded into the shale bedrock. This valley, which is approximately 

200 feet below the existing land surface, was filled with well-sorted sand and gravel glacial outwash 

during the retreat of early glaciers. Beneath the site, this outwash is divided by a clay layer at a 

depth of approximately 120 feet below the current surface. Later glacial advances (Shelbyville) 

1 

2 

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 

n 

28 

29 

30 

31 

32 

33 

FER\CRUZRI\NMG\APP-A\.S~A2.TXNune 7, 1994 9:39am A-2-7 



I F E M P - O U 0 2 - S D M  . 
June IS, 1994 

1 I I 56S9 PRE-MODELING CONSTITUENT OF POTENTIAL CONCERN LIST 

t 
ODAST MODEL FOR: 

- Waste 
- Perched water infiltration 
- Perched water subsurface seeps 
- Seeps 

Surface water 
Pathway modeling 
From surface soils to  i Great Miami Aquifer 

Attenua tion 
Travel time 

. ." O E .  . . . .- .- - ,  BEPA RAGS, Part ib N O  

'es 

LOADING TO SWIFT IUMODEL: 
- Waste 
- Perched water infiltration 
- Perched water subsurface seeps - Seeps 
- Surface water 

REPORT: 
Max. a t  source 
Max. a t  fence line 

Yes cons ti tuen t 

APPROACH FOR SCREENING AND INCORPORATION OF 
MONITORING DATA INTO THE MODELING PROCESS 

3 9  
A-2-8 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

@ caused the displacement of the Dry Fork of the Whitewater River from its historic channel into its 

present channel. The Shelbyville ice deposited a moraine in the historic channel which formed a 

dam. The meltwater lake that formed behind the dam gave rise to the lacustrine deposits found in the 

area. This dam was breached at least two times, with the final breach draining the lake permanently. 

The lake basin is now occupied by Paddys Run. 

In the Paddys Run floodway, recent deposits of silt (loess, fluvial, and lacustrine) form a terrace 

above the current stream elevation. Paddys Run has cut through this recent terrace and the glacial 

drift. The bed of Paddys Run is located on the well-sorted outwash material which fills the buried 

valley, on preglacial Whitewater River deposits. Since the last retreat of the continental glaciers, the 

streams in the area have removed much of the till and lacustrine mantle left by the ice sheets. In the 

Great Miami River valley, the stream has eroded through the till and is now in direct contact with the 

glaciofluvial outwash deposits that contain the buried valley aquifer. 

The term glacial overburden has been selected to describe the deposits located stratigraphically above 

the glaciofluvial material of the Great Miami Aquifer. The glacial overburden includes the following 

types of materials: 

Loess - Considered ubiquitous in the Fernald area, it generally forms the uppermost layer 
of the glacial overburden. Loess is generally a homogeneous fine-grained blanket deposit, 
buff to light yellow or yellowish-brown in color. The deposit originated from windblown 
dust of Pleistocene age carried from the unconsolidated glacial and glaciofluvial deposits 
uncovered by glacial recession, but prior to the invasion of a vegetative cover. 

Lacustrine - Lacustrine deposits originated from the glacial lake consisting of well-sorted, 
stratified fine sands and clays formed in the Paddys Run valley. These varved clays can be 
interbedded with well-sorted beach deposits along the margins of the former lake basin. 

Till - Undifferentiated glacial till makes up the majority of the glacial overburden at the 
FEMP site. Because of its location at the ice margin, the till is likely to have been 
deposited by several modes including moraine deposits, ablation till, and subglacial till 
sheets arising from differing ice lobes. The primary feature of tills is that they are 
deposited directly by a glacier without fluvial sorting. The till at the site is a heterogeneous 
mixture of clays, silts, and pebbles. 

Glaciofluvial - Interbedded with the till are glaciofluvial beds that originated from 
meltwater streams that occurred along the margins of the ice sheets. These deposits of 
varying extent consist of well-sorted sands and fine gravels. 
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A.2.2.2 Vadose Zone 

The unsaturated or vadose zone exists above the groundwater table or phreatic surface of the aquifer. 

In this zone, the interstices are occupied partially by water and partially by air. The partially filled 

soil water in the unsaturated zone is known as vadose water. Overlying the Great Miami Aquifer at 

the FEMP are approximately 15 to 35 feet of unsaturated sand and gravel outwash deposits. These 

deposits are assumed to have the same hydraulic characteristics as the underlying saturated material 

since their depositional histories are the same. 

Dense, fine-grained glacial overburden overlies the unsaturated sand and gravel outwash deposits. 

These types of deposits have intergranular hydraulic conductivities that are very low, with values in 

the range of lo-' to lo-' feetlday (lo-" to cm/s) (Heath 1983). Extensive deposits of clayey till 

can cause isolation from zones of near-surface groundwater flow. 

In the Great Plains region and in parts of the Midwest, deposits of clayey or silty clay and 

glaciolacustrine clay have networks of predominantly vertical joints or fractures. This jointing pattern 

in the Wisconsin tills has also been noted in the area surrounding the FEMP (Brockman 1988). In the 

FEMP area, the joints which are commonly near vertical have a polygonal expression and -are 
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typically 18 to 25 inches (0,46 to 0.63 m) across. The joints are generally oxidized approximately 18 

19 two inches on either side of the joint. Within the FEMP, fractures have been noted in the till during 

the RI/FS drilling program and field reconnaissance. These fractures can impart an enhanced bulk 

hydraulic conductivity of up to 1000 times greater than that of an unweathered till (Hendry 1988). 

As a result of increased lateral stresses caused by overburden loading, the hydraulic conductivity of 

fractured till and clay decreases with depth. 

Recent investigations in similar geologic settings indicate that till deposits can be divided from a 

hydrogeologic standpoint into a brown weathered zone and a gray unweathered zone (Barari and 

Hedges 1985; Hendry 1988; Cravens and Ruedisili 1987). These studies indicate that infiltration is 

primarily limited to the weathered till. While precipitation enters this upper zone, it does not act as a 

significant source of recharge to deeper aquiferzones and the majority of the water lost from till 

deposits is from evapotranspiration. In addition to the losses due to evapotranspiration, some water 

may be discharged to small seeps or drainage. 
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Although the degree of fracturing within the brown tills at the FEMP has not been documented, 

sufficient observations have been made at the site and in the literature to indicate their presence is a 

characteristic physical property of these tills. Since fractures have been noted as a dominant feature 

in most brown tills, it is necessary to consider the effect that these fractures have on water and 

contaminant transport within the tills. As stated earlier, fractures have been reported to enhance the 

bulk hydraulic conductivity of till as much as 1000 times with an expected increase of one to three 

times. It is reasonable to expect that constituents will be transported by seepage more quickly 

through fractured till than unfractured till. At the FEMP, the gray till, with its appreciable silt and 

clay content, was regarded as providing the Great Miami Aquifer with protection from activities at the 

site (Dove and Norris 1951). This line of reasoning has justification because the low hydraulic 

conductivity produces very low velocities even if the hydraulic gradients are large. In addition, most 

constituents being transported by seepage through the till matrix undergo attenuation and retardation. 

If the till is fractured, these generalizations are not applicable because the velocities of water in the 

fractures are relatively large compared to the intergranular pore velocities in the unfractured matrix. 

It should be noted that although the velocities are relatively large, the constituent flux may be 

relatively small because the flow rate through the fractures is small. 

Fractures not only control velocity but they generally impart a lower capability for attenuation and 

retardation by adsorption of contaminants. The adsorption processes are capable of removing more 

constituent mass from solution if the water is in contact with larger surface areas in the matrix. The 

exact nature of attenuation in fractured till is highly site specific and not well quantified. For 

example, if till fractures are coated with iron oxides, they may impart significant retardation on ionic 

solutions (Grisak et al. 1976). 

Within the till deposits, there are many water-bearing zones that have limited interconnection. The 

majority of these zones are of glaciofluvial origin and consist of small beds of highly-sorted sands and 

gavels. These beds are probably the result of small meltwater streams that occurred along the ice 

margin and within the glacier itself. These intertill perched zones have the following general 

characteristics : 

High variability in areal extent, thickness, and volume 

Based on hydrograph analysis, the interconnection between the intertill significantly 
saturated zones is limited 
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Hydraulic conductivities are highly variable with an expected range of 2.8 x lo-’ to 280 
feet/day to 0.1 cm/s) (Freeze and Cherry 1979) 2 

Porosities range from 22.1 to 36.7, with a mean of 31 percent (Morris and Johnson 1967) 
3 

4 

5 

Generally these glaciofluvial interbeds are considered to be water-bearing units within the glacial 6 

overburden. However, movement of water and constituents within these units will be limited due to 7 

limited areal and vertical extent and lack of interconnection of these units. 8 
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14 

At the FEMP, a series of slug tests on these IS 

perched water zones found hydraulic conductivities ranging from 0.016 to 12.5 feet/day (5.5 x 

4.4 x 10” cm/s) in Wells 1950 and 1042, respectively. 

to 

A.2.2.3 Great Miami Aauifer 

The hydrogeology of the FEMP and the surrounding area is a textbook example of a glaciofluvial 

buried valley aquifer (Walton 1970; Fetter 1989; Freeze and Cherry 1979). The primary aquifer in 

the region is the Great Miami Aquifer, a well-sorted sand and gravel water table system consisting of 

sand and gravel glacial outwash deposits. Groundwater in the aquifer enters the FEMP area via 

buried channels on the west, north, and east. Under natural conditions, the primary flow would be 

across the site to the south. However, large pumping wells east of the FEMP in the Big Bend area of 

the Great Miami River have created a pronounced cone of depression causing flow at the FEMP to 

have easterly, southeasterly, and southerly components. 

The aquifer is divided by a clay aquitard 1 to 20 feet thick at a depth of approximately 120 feet. 

Flow direction and magnitude of the Great Miami Aquifer were simulated using Sandia Waste 

Isolation Fate and Transport (SWIFT) 111, a numerical groundwater flow and solute transport model. 
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9 

0 A.2.2.4 General Contaminant Hvdrogeologv at the FEMP 

The depositional characteristics and the hydrostratigraphic units present at the FEMP impart general 

constituent transport characteristics on solutes migrating from the individual subunits to receptor 

locations. These characteristics include: 

Solute migration potential: Solutes have a high migration potential through the upper 
weathered tills due to the fractured nature of the layer. Solute migration can also occur 
through the unweathered till, however, at a much slower rate. Once the solute reaches the 
glacial outwash, the solute migration potential is high, based on the high hydraulic 
conductivity and low adsorption capacity of the matrix. 

Hydraulic intercommunication: The intercommunication between perched water-bearing 
zones is limited in the glacial environment. Communication between the upper 
water-bearing zones within the till and the Great Miami Aquifer is also limited but may 
occur over an extended period of time. 

Adsorptiodattenuation characteristics: The layers found within the glacial overburden 
generally have sufficient organic carbon content to cause retardation of organic constituents. 
The clay mineralogy would result in significant cation retardation for inorganic 
constituents. Given the till matrix, it is also unlikely that all of the available sites for 
adsorption would be used by solutes. Therefore, it is unlikely that adsorptiodattenuation 
breakthrough would occur. Adsorptiodattenuation will occur at lower rates in the regional 
aquifer due to the lower organic carbon and clay content in the outwash. 

Based on the general hydrogeologic and transport characteristics, there is a potential pathway from the 

waste areas through the vadose zone to the regional aquifer. Given the high permeability of the 

glacial outwash, the pathway would extend from the aquifer-vadose interface to downgradient 

receptors. 

A.2.3 CONCEPTUAL MODEL 

The Operable Unit 2 subunits exhibit considerable diversity in their contents and in the physical and 

chemical characteristics of the vadose zone beneath them. Because of this diversity, the modeling of 

the constituent migration through the vadose zone is considered imperative for the estimation of 

constituent loading rates to the regional aquifer model. To model the transport of these constituents, 

it is necessary to adapt the generic conceptual model presented in the Risk Assessment Work Plan 

Addendum (DOE 1992) to a series of specific conceptual models for each distinct waste area. These 

conceptual models consider the following: 

Contents of the waste area 
Presence of standing water in the waste area 
Presence/absence of perched water under the waste area 
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Concentration of constituents in perched groundwater 
Identifiable geologic strata beneath the waste area 
Presencelabsence of sand lenses under the waste area 
Thickness of each layer in the vadose zone 
Vertical permeability of the layers 
Interstitial fluid velocity through each layer based on saturation 
Dispersion coefficients of each layer 
Partition coefficient for each constituent in each layer 

Figure A.2-4 shows a generalized picture of contaminant migration at the FEMP. Two primary 

pathways shown are: 1) vadose zone pathway and 2) surface water pathway. These and other 

pathways are discussed in Section A.2.1.1. For risk assessment purposes, maximum concentrations 

are determined in the Great Miami Aquifer within the FEMP property boundary and outside the 

FEMP property boundary. 

Flow and constituent transport in the subsurface is conceptualized from the hydrogeology of the site. 

As discussed previously, the geology of the FEMP site is dominated by glacial sediments. Well- 

sorted sand and gravel glacial outwash forms the regional Great Miami Aquifer. Beneath the site, 

this aquifer is divided by a 1- to 20-foot-thick clay interbed at an approximate depth of 120 feet. The 

receptor pathway considered for this analysis is the upper part of the Great Miami Aquifer above the 

clay interbed. Constituent transport in the vadose zone includes the bulk migration of water and 

dissolved materials from waste (source) areas at the FEMP to the Great Miami Aquifer. This occurs 

as rain water infiltrates from the surface and percolates through the source of contamination, and its 

surrounding soil, into the saturated zone. Downward movement of water, driven by the forces 

resulting from gravitational potential, capillary pressure, and other components of total fluid potential, 

mobilize the constituents and carry them through the vadose zone. Vertical transport down through 

the vadose zone to the aquifer and the horizontal transport through the aquifer to the well of a 

potential human receptor is illustrated in Figure A.2-4. 

Figure A.2-5 presents a generalized conceptual model of the vadose zone pathway. The vadose zone 

pathway is applicable for all subunits. As water moves through the waste units, it picks up 

constituents (in dissolved phase), forming an aqueous solution (leachate). This solution continues to 

percolate through the soillwaste matrix in the vadose zone as it moves toward the aquifer. The 

leachate often reacts with the soillwaste matrix through which it flows. These interactions determine 

what chemical species are present in the percolating water, and how fast they will move in the 
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0 unsaturated zone. In this analysis, the composition of the leachate and the speed at which individual 

constituents migrate are treated individually. 

The vadose zone was modeled as two layers, the glacial overburden underlying the subunits (Layer 1) 

and the unsaturated portion of the underlying Great Miami Aquifer (Layer 2). Layer 1 soils consist 

of till deposits in the glacial overburden. A sequence of fine-grained till deposits interbedded with 

sand and gravel glaciofluvial stringers forms the glacial overburden at the site. The sand and gravel 

unit within the glacial overburden was not included in the vadose zone modeling because this layer 

has much higher permeability and less adsorption potential as compared to clays and silts in glacial 

overburden. The thickness of till ranges between 0 and 38 feet for the subunits. Beneath the till is 

the unsaturated sand and gravel outwash layer (Layer 2), which is present beneath all the subunits. 

The thickness of Layer 2 ranges from 16 to 33 feet. 

The perched water infiltration pathway is also applicable to all subunits. The conceptual model for 

the perched water infiltration pathway is similar to that of the vadose zone pathway. This pathway 

was also modeled with two layers. Layer 1 soils consist of till below the perched water zone and 

Layer 2 soils consist of the unsaturated portion of the Great Miami Aquifer. The thickness of Layer 

1 ranged from 2 to 22 feet and the thickness of Layer 2 ranged from 17 to 33 feet. Constituent mass 

in the perched water, as well as adsorbed to sand layer, was considered in the source term for 

perched water infiltration. The perched water was simulated as additional source of constituent 

loading based on the concentration of constituents detected in the 1000 series wells located within the 

Operable Unit 2 subunits. 

Based on the characteristics of the material underlying each Operable Unit 2 subunits, a detailed 

conceptual model is developed for the pathways applicable for each subunit. These more detailed 

models are developed to account for the variable stratigraphies of the soils of the subunits of Operable 

Unit 2. The areas overlying each SWIFT III grid block in all subunits were modeled separately with 

individual stratigraphy, constituent type and concentration, and infiltration parameters. Each 

constituent was simulated using retardation and decay factors taken from literature studies or site- 

specific data. The waste areas contained in Operable Unit 2 are assumed to remain in their existing 

locations for the purposes of the baseline fate and transport modeling. The detailed conceptual 

models are described below. e 
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A.2.3.1 Solid Waste Landfill 

Constituent migration pathways applicable to the Solid Waste Landfill were the vadose zone, surface 

water, and perched water infiltration pathways. Figure A.2-6 shows the SWIFT III grid cells directly 

beneath the waste at the Solid Waste Landfill and Table A.2.1 provides the physical parameters of 

various layers for each of the cells modeled. The average thickness of the waste was 8.5 feet. The 

conceptual model depicting flow in the subsurface soils at the Solid Waste Landfill considers two 

layers. Layer 1 soils consist of tills 31 to 38 feet thick. Within the till is interbedded sand and gravel 

stringers with thicknesses of 0.5 to 6 feet containing perched water. These stringers were not 

considered as a part of Layer 1 of the vadose zone pathway. The sand layers are underlain by 9 to 

17 feet of glacial till. Beneath Layer 1 at the Solid Waste Landfill is the 19 to 25 feet thick 

unsaturated sand and gravel layer (Layer 2). 

A.2.3.2 Lime Sludge Ponds 

Only the vadose zone and perched water infiltration pathways are applicable to the Lime Sludge 

Ponds. As discussed in Section A.1.2, surface water pathway was not applicable to the Lime Sludge 

Ponds. 

Figure A.2-7 shows the SWIFT I11 grid blocks directly under the waste at the Lime Sludge Ponds. 

The hydrostratigraphic units beneath the Lime Sludge Ponds consists of 24 to 35 feet of till (excluding 

3 to 6 feet of sand and gravel beds) forming model Layer 1 for the vadose zone pathway, and 16 to 

21 feet of buried valley glaciofluvial material forming vadose model Layer 2 (Table A.2.2). The base 

of the ponds is assumed to be located in the unweathered gray tills. Perched water has been observed 

in the sand and gravel layers under the Lime Sludge Ponds. Thickness of the till below the sand and 

gravel ranges from 1 1  to 22 feet (Layer 1 of the perched water vertical infiltration pathway). Only 

the vadose zone and perched water infiltration pathways are applicable to the Lime Sludge Ponds. 
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5: I' i :  
' '#.2:3!3 Inactive Flyash Pile and South Field 

All five constituent migration pathways are applicable to the Inactive Flyash Pile and South Field. 

The Inactive Flyash Pile and South Field contain the most surface area of any of the Operable Unit 2 

subunits (Figure A.2-8). The lithology of this area is variable with the southwestern portion 

containing virtually no tills, while the till thicknesses increases to 22 feet towards the northeastern 

portion of the South Field. The thickness of the unsaturated zone in the Great Miami Aquifer (Layer 

2) ranges from 17 to 33 feet (Table A.2.3). When leachate from waste arrives at the interface of 

waste and till, a portion of the leachate infiltrates through the glacial overburden (till and sand/gravel 

stringers) and the rest is laterally drained to areas where till does not exist. Figure A.2-9 shows the 

conceptual model for lateral drainage. The area receiving lateral drainage has increased flow. 

Horizontal travel time is simulated by travel through an equivalent Layer 1 using permeability of 

waste material. A separate 
X Y f i  2%* ... . .. . . x. . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . vadose zone modeling run is used for simulating contribution from lateral drainage and was added to 
.... ................... . . . . . . . . . . . . 

the Great Miami Aquifer before screening. Lateral drainage and infiltration through waste were 

added to calculate total vertical percolation rate and interstitial fluid velocity for the areas receiving 

lateral drainage from upgradient waste areas. 

Perched water has been observed in 0 to 3-feet thick sand and gravel layers in the glacial overburden. 

These sand and gravel layers are 

underlain by 2 to 11-feet thick till layer. Perched water not only represents a source for vertical 

infiltration, but it also serves as a source for perched water subsurface seeps. Figure A.2.10 shows 

the conceptual model for the perched water subsurface seeps. Sand and gravel layer within the glacial 

overburden (containing perched water) comes in contact with the waste in sections of the Inactive 

Flyash Pile and South Field. Perched water moves laterally in the sand layer until it is intercepted at 

the sandlgravel and waste interface. At that point, perched water moves along the slope of waste and 

till interface until it comes in contact with the unsaturated Great Miami Aquifer. The subsurface seep 

water then vertically infiltrates to the aquifer. Figure A.2-8 identifies eight blocks which receive 

subsurface seep water. 

Furthermore, two seeps have been observed adjacent to or in areas of these subunits. One seep exists 

on the western boundary of the Inactive Flyash Pile, while the other was observed on the eastern side 
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of the South Field. Seep water travels on the top of the glacial overburden until it flows into the 

unsaturated sand and gravels of the Great Miami Aquifer. These seeps were included as source terms 

for the Great Miami Aquifer. 

* i 

56s 9 
A.2.3.4 Active Flyash Pile 

The constituent migration pathways applicable to the Active Flyash Pile were the vadose zone, 

perched water infiltration, and the surface water pathways. Figure A.2-11 shows the SWIFT I11 grid 

blocks directly under the flyash at the Active Flyash Pile. The Active Flyash Pile overlies a variable, 

0 to 22 feet thick layer of till (Layer 1) for vadose zone pathway followed immediately by 22 to 33 

feet of sand and gravel layer (Layer 2) (Table A.2-4). For the purposes of modeling, colluvial 

material was assumed to have the same properties as the sands of the Great Miami Aquifer. Lateral 

drainage of infiltrated leachate was simulated as shown in Figure A.2-9. Although no sand/gravel 

layers were identified under the Active Flyash Pile during field activities, perched water has been 

observed in monitoring wells installed just north of the Active Flyash Pile. Therefore, a 3-foot 

perched water layer in the middle of the glacial overburden was used for perched water infiltration 

pathway simulation. 

A.2.4 APPROACH FOR SOURCE TERM DEVELOPMENT 

In the geochemical assessment of leachate formation, the events leading to the failure of the waste 

areas and exposure of the waste to precipitation are not considered. The conceptual scenario used to 

model the release of contaminants from Operable Unit 2 subunits is illustrated in Figure A.2-5. 

Rainwater infiltrates the waste and reacts with waste solids to form a waste leachate. This leachate 

concentration is assumed to be unchanged by reaction with the glacial overburden materials. Waste 

leachate is used to constrain the initial constituent concentrations for the groundwater fate and 

transport model (vadose zone model). Constituent concentrations in the waste were assumed to be 

uniform in each subunit except for uranium-238. For uranium-238, block by block concentrations 

were estimated using geostatistical modeling. 

A.2.4.1 Site-SDecific Data 

Analytical data used for deriving leachate concentrations from the waste areas were available from 

several sources: 

RI/FS Phase I Field Investigation Leachate Samples - Chemical and Radiological 
Analysis 

. u -  * a  ... , e ,  .. . , .  
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Row 

TABLE A.2-4 

Glacial Slope at the Fill or Waste 

Fill or Waste Volume Thickness Unsaturated GMA Overburden Base of 
Column Area (ft) (ft-') (ft) Thickness (ft) Thickness (ft) Fill/Waste (X) 

PHYSICAL PARAMETJZRS FOR THE SWIFT III GRID CELLS IMPACTED 
BY THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

7 

33 

33 

34 

~ - 

56 15240 3 19700 21.2 30.8 15.8 

57 15595 276300 17.7 31.6 14.9 

56 11205 188350 15.9 31.2 22.2 

TI 57 - 1 7 6 2 5  r 449800 I 28.8 I 30.1 I 5.7 I II 

Zone 1 Average 14416 308538 20.9 30.9 14.7 5 . 

32 58 7095 55 100 

33 58 7350 42250 

34 57 5885 68700 

Zone 2 Average 6777 55350 

NOTE: GMA = Great Miami Aquifer 

8 .O 31.7 12.7 

5.6 32.6 16.6 

12.2 32.1 20.0 

8.6 32.1 16.4 0 - 
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56 1625 16100 8.6 22.1 0.0 
57 6240 90550 16.1 25.8 0.0 
56 11570 246250 20.7 28.3 0.0 

Zone 3 Average 6478 117633 15.1 25.4 0.0 0 
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RImS Phase I and 11 Soil Samples - Chemical and Radiological Analysis 

RI/FS Phase I and I1 Field Investigation Toxicity Characteristic Leaching Procedure 
(TCLP) Samples - Chemical and Radiological Analysis 

These data sets are contained in Appendices C through G. Analytical data for the leachate data sets 

are most complete for the Solid Waste Landfill. TCLP extracts were analyzed for metals and the 

some radionuclides. Limitations associated with the available data are outlined when model results 

are discussed in this section. Only validated analytical results were used for developing source terms. 

A.2.4.2 Source Term Develoument 

Waste constituent concentrations (except uranium-238) used in the groundwater modeling are the 

upper 95 percent confidence level on the means (UCL) of the waste concentrations reported in 

individual samples for RI/FS subsurface soil data for each subunit. Constituent inventory in the 

waste/fill was calculated by multiplying waste concentration, waste volume, and bulk density of the 

waste. Waste volumes were calculated on a block-by-block basis from the difference between surface 

elevations and elevations of the base of waste/fill. The surface elevations are based on 1992 fly-over 

data and elevations of the base of wastehill were derived from soil borings, Hydropunch data, 

preconstruction (1952) surface contours, and aerial photographs from 195 1 @reconstruction) to 1992. 

Elevations were interpolated on a 25-by-25 foot grid. Tables A.2-1 through A .24  provide waste 

volumes on a 125-by-125 foot block. Average waste bulk densities were obtained from the 

geotechnical analysis of 4 4  samples collected during field investigations. Table A.2-5 

provides a summary of physical parameters of the waste used in the vadose zone modeling. 

For uranium-238, the concentration in each block was estimated using kridging. This approach was 

selected for uranium, as uranium controls the risk from groundwater pathways and to simulate known 

hot spots identified during field investigations. 

All validated uranium-238 data from RI/FS Phase I and Phase I1 field investigations for each subunit 

were segregated by waste/fill, glacial overburden, and sand/gravel of the Great Miami Aquifer. 

Furthermore, a relationship between uranium-238 and total-uranium concentration was developed 

from all samples analyzed for uranium-238 and total-uranium. For soil samples analyzed for total 

uranium but not for uranium-238, uranium-238 concentration was estimated from the subunit-specific 

2 

3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 

m 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

c? O0 '&RUXU\N MG\ APP-A\. SECA2 .TXNune 7,  1994 9: 39am A-2-34 



J 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

x 
E! 

A-2-35 



FEMP-OUOZ-5 DFWFT 
June 15, 1994 

uranium-238 and total uranium relationship. Uranium-238 concentrations in each 25 x 25 x 2.5 foot 

block were then estimated using three-dimensional kridging for each media type. Kridging for each 

medium used analytical results from soil samples from that medium only. Average waste 

concentrations in 125 x 125 foot SWIFT III grid cells were then calculated from 25 x 25 x 2.5 foot 

thick blocks. These concentrations are reported later in Section A.2.7.2.2. 

Source terms for seep and perched water (infiltration and subsurface seep) pathways were estimated 

using the following equation: 

Mass = (4 C, + p&Cw) Ab 

where 

A 
b 
C, 

concentrations 
K,, = Distribution coefficient 
4 = Porosity 
pb = Bulk (dry) density 

= Area of cell (125 x 125 ft') 
= Average perched water zone thickness 
= Upper 95 percent confidence level on the means (UCL) of the perched water 

A.2.4.3 ESTIMATION OF LEACHATE CONCENTRATIONS 

All constituent concentrations used as input data in the fate and transport model are constrained by (in 

order of preference): in situ leachate analyses, TCLP data, or the EPA 7CLyear rule (EPA 1988a). 

Figure A.2-12 summarizes the approach for estimating leachate concentrations. Geochemical 

modeling was not used due to large uncertainty associated with leachate concentrations derived from 

geochemical modeling. 

As shown in Figure A.2-12, the preferred data for estimating constituent concentrations in waste 

leachate are analyses of in situ leachate. When these data were unavailable, the next best available 

data, TCLP data, was used. When a constituent was detected in TCLP data or in situ leachate, the 

maximum detected concentration was used as leachate concentration. If in situ leachate or TCLP 

analyses indicated that the compound was not detected, then the leachate concentration of a particular 

CPC was conservatively estimated as the maximum detection limit value. For CPCs that lack in situ 

or TCLP data, the EPA 70-year rule calculation was used to estimate their leachate concentration. If 
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the leachate concentration estimated from the EPA 70-year rule exceeded the solubility limit, then the 

leachate concentration was set to the solubility limit. 

In Situ Leachate 

In situ leachate reflects the complex interactions that take place between the waste solids and contact 

solution at the waste environment. Duplicating these conditions in laboratory tests is difficult and 

time consuming. The method describing the sampling and testing procedure can be found in the 

sampling and analysis plan (DOE 1992a). 

Toxicity Characteristic Leaching Procedure 

When in situ leachate data are unavailable, available TCLP data are used to constrain the CPC 

concentrations in waste leachate. TCLP data are derived by leaching the waste with acetic acid. The 

use of acetic acid as the leachate (rather than rainwater which acts as the leachant for in situ leachate) 

results in estimates of CPC concentrations that may be too high. That is, a conservative uncertainty 

is likely to be introduced into the estimation of leachate compositions. This occurs because acetic 

acid degrades into .the acetate ion, which is very effective at complexing heavy metals in solution and 

maintaining their concentrations above expected solubility levels. 

EPA 70-Year Rule 

When in situ and TCLP data are lacking, the EPA 70-year rule is the suggested guidance for 

estimating leachate compositions (EPA 1988). The 70-year method is based onthe assumption that 

the constituent inventory will be depleted within this time period, which is assumed to equal the 

average lifetime of a human being. 

A.2.4.4 

As waste composition in Operable Unit 2 subunits is generally heterogeneous, it is possible that in 

situ leachate concentration may not be a representative value of leachate concentration in each block. 

Uncertainty is also introduced into the estimation of leachate composition whenever in situ leachate 

analyses are not available. The logic behind using the decision hierarchy shown in Figure A.2-12 is 

to apply the best available site-specific data to the estimation of leachate compositions. Each 

successively lower step on this hierarchy represents a more conservative method for estimating 

constituent concentrations in leachate. For example, the use of TCLP data to estimate leachate 

composition will probably result in constituent concentrations that are greater than values expected for 

Uncertaintv in Estimating Leachate ComDositions 
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June 15, 1994 . 0 in situ leachate. The acetic acid leaching used in the TCLP procedure results in greater 

concentrations for many metals because acetic acid is a more aggressive leaching agent than rain 

water. Calculations carried out to estimate constituent concentrations using the EPA 70-year rule will 

introduce a large conservative uncertainty for all but the most soluble constituents (e.g., bromide and 

cesium). The possibility exists to underestimate the constituent concentration when the EPA 70-year 

rule is applied to very soluble constituents. However, the baseline risk assessment uses the maximum 

predicted concentration for the full 70-year average life span of humans. 

A. 2.5 PARAMETERS 

The parameters used to perform the fate and transport modeling can be divided into flow parameters 

and transport parameters. Flow parameters affect the velocity of groundwater movement. Transport 

parameters affect the rate of migration and the fate of constituents. Wherever possible, site-specific 

values are used for the analyses. Certain parameters, however, were not available for all of the 

subunits, and were estimated based on pertinent scientific literature search, geochemical 

investigations, and were checked for consistency between model results and historical data. 

Conservative estimates were used when a range of values are indicated or parameter values were not 

available. The formulations employed for the estimation of the parameters are described in the Risk 

Assessment Work Plan Addendum (DOE 1992). Uncertainty in the selection of model parameter 

values was addressed by performing sensitivity analyses. Sensitivity analyses were performed by 

varying parameters within reasonable ranges. Additional information regarding the sensitivity 

analysis is presented in Section A.2.10. 

The conceptual model depicting flow in the vadose zone considers two layers. Layer 1 soils consist 

of tills in glacial overburden. Beneath &he till is the unsaturated Great Miami Aquifer layer (Layer 2). 

The physical parameters of the media for Operable Unit 2 subunits are presented in Tables A.2-6 and 

A.2-7. Average values for bulk density and fines passing 200 mesh are reported in Table A.2-6. 

Field measurements are reported in Appendices C through G. For organic carbon content, minimum 

measured values in each subunit were selected for fate and transport modeling. This represents a 

conservative assumption. Porosity, specific yield, and field capacity were estimated from soil 

descriptions and values reported for similar soils in the Hydrologic Evaluation of Landfill 

Performance (HELP) model documentation. 
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TABLE A.2-6 

MEDIA PARAMETERS FOR VADOSE ZONE MODEL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Vadose Zone 

Parameter Layer 1" Layer 2b 

SOLID WASTE LANDFILL 

Porosity (%) 

Specific yield (%) 

41 39 

6 25 

Bulk density (g/cc) 1.89 1.60 

Field capacity (%) 

Organic content (%) 

37.1 4.5 

1.43 0.87 

Fines passing less than 200 mesh (%) 70.1 16.5 

LIME SLUDGE PONDS 

Porosity (%) 

Specific yield (%) 

Bulk density (g/cc) 

Field capacity (%) 

41 

6 
39 a 
25 

1.73 1.60 

28 14 

Organic content (%) 1.65 0.87 

Fines passing less than 200 mesh (%) 70.1 16.5 

INACTIVE FLYASH PILE 

Porosity (%) 

Specific yield (%) 

Bulk density (g/cc) 

Field capacity (%) 

Organic content (%) 

Fines passing less than 200 mesh (%) 

See footnotes at end of table 
O O O ~ ~ ~ ,  

41 39 

6 25 

1.85 1.60 

37.1 4.5 

1.69 0.87 

70.9 16.5 

. ,  
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TABLE A.24 
(Continued) 

Vadose Zone 

Parameter Layer 1" Layer 2b 

SOUTH FIELD 

Porosity (%) 41 39 

Specific yield (%) 6 25 

Bulk density (g/cc) 1.85 1.60 

Field capacity (%) 37.1 4.5 

Organic content (%) 1.69 0.87 

Fines passing less than 200 mesh (%) 70.9 16.5 

ACTIVE FLYASH PILE 

Porosity (%) 

Specific yield (%) 

Bulk density (gkc) 

Field capacity (%) 

Organic content (%) 

Fines passing less than 200 mesh (%) 

41 39 

6 25 

1.850 1.600 

37.1 4.5 

.. $$# .......... .-_ ..... 0.87 

70.9 16.5 

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

aLayer 1 consists of a clay-rich glacial till interbedded with glaciofluvial sand and gravel stringers. 
However, Layer 1 consistsof only glacial till. 

bLayer 2 consists of unsaturated well-sorted sand and gravel outwash deposits existing above the Great 
Miami Aquifer. 

.............................................. 
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TABLE A.2-7 

VADOSE ZONE MODEL INPUT PARAMETERS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Waste Subunit Laye? Thickness Range (ft) K, @/day) q Range (ft/daY) 

Lime Sludge Ponds 1 

2 

Solid Waste Landfill 1 

2 

Active Flyash Pile 1 

2 

Inactive Flyash 1 

2 Pile/South Field 

23.6 - 34.0 

16.7 - 20.5 

31.1 - 35.3 

19.4 - 25.7 

0 - 22.2 

16 - 32 

0 - 21.9 

0 - 21.9 

5.386 x 3.33 x 10-3 

45 3.33 x 10-3 

5.386 x 10” 2.1 x 10-3 

45 2.1 x 10-3 

3.969 x 10“ 

45 

3.969 x 10“ 

45 

5.18 x 10“ to 6.48 x 10” 

5.18 x 10“ to 6.48 x lo3 

2.83 x 10“ to 3.58 x 10” 

2.83 x 10“ to 3.58 x lo3 

K,, = vertical hydraulic conductivity 
q = vertical flow rate 

aLayer 1 is glacial till 
Layer 2 is unsaturated Great Miami Aquifer 
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The vertical hydraulic conductivity values for Layer 1 (see Table A.2-7) were obtained from 

geometric average horizontal hydraulic conductivities of 1000-series wells completed in dark gray clay 

or clayey silt or from maximum permeability measurements conducted on core samples. The vertical 

hydraulic conductivity for Layer 2 was obtained by dividing the horizontal hydraulic conductivity of 

the Great Miami Aquifer by 10. The factor of 10 represents a typical horizontal to vertical hydraulic 

conductivity ratio. The vertical hydraulic conductivity was estimated to be 1.9 x lo4 to 1.4 x 

centimeter per second (cdsec) for Layer 1. The vertical hydraulic conductivity of Layer 2 was 1.6 x 

lo-' c d s e c  for all of the Operable Unit 2 subunits. 

Table A.2-7 also shows the vertical flow rates (9) simulated with the HELP model. The estimates of 

the vertical seepage velocities (4kj gV) :. .. ___.:.. used in the vadose zone transport model were based on the 

methods presented in the Risk Assessment Work Plan Addendum (DOE 1992). These methods 

calculate seepage velocity as a function of flow rate (q), porosity, and empirically derived soil factors. 

The longitudinal dispersion coefficients (DJ, a function of dispersivity, interstitial seepage, velocity 

and molecular diffusion coefficient were estimated by the methods presented by Biggar and Nielsen 

fyo : 

A .... . . 
. . . . . . . . . . . . . . . . . . . . . . . . ........... 

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

(1976), and Mills et al. (1982). 0 
- The seepage velocity is calculated using the following equation (USEPA, 1988): $go, 

A . -.. g6 . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . 

where 

4 = percolation rate (lengthhime) 

1 
2b +3 

= empirical soil-dependent parameter 

K, = saturated hydraulic conductivity(1engthltime) 
0 s  . = saturated moisture content (volume/volume) 

Empirical soil-dependent parameter was assumed to be 0.039 and 0.09 for glacial till and 

unsaturated Great Miami Aquifer, respectively (USEPA, 1988). 
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80 
:A&$3: . . . . . . . . . , ..................... . 
. ... . . . . . . . . .. ......... ::.. . . . . . . ...... . . . . . . . . 

where 

1 

?&& 
......... :...>>>>:.:...: .... .....______.... 

Flow and solute transport through the porous media are not only determined by the parameters 

considered in the conceptual model description above, they are also affected by retardation factors (R) 

and decay rates. The retardation factor was used to account for those reversible reactions that slow 

the arrival of a contaminant front, but do not act as a sink. The retardation factor can be expressed 

as the ratio between the rate of groundwater movement and the rate of contaminant movement. These 

parameters are both chemical- and media-specific. The retardation factors were calculated from 

(Walton, 1984; Mills et al., 1982): 

where 

K,, = Distribution coefficient 
R = Retardation factor 
pb = Bulk dry density 
8 = Soil moisture content 

. .  . . .  d F o r  organic 

constituents, the distribution coefficient depends on the constituent itself as well as matrix parameters. 

The following equations were used to calculate distribution coefficients for organic CPCs: 

K, = 0.63 K, 

K,, = 0.2 K, f, (1 + 4 F) 

K, = Octonal water partitioning coefficient 
f O c  = Total organic carbon content, fraction 
F = Fines passing 200 mesh, fraction 

8 0 0%"- sr3 
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Distribution coefficients (Io for uranium-238 were 

obtained from a site-specific study (Uranium Partition Coefficient Evaluation Study for Operable Unit 

2, 1993). For each media, the minimum reported value of I(d was selected for fate and transport 

modeling. For all Operable Unit 2 subunits, a distribution coefficient of 200 ml/g for Layer 1 was 

used. Minimum value of & for the Great Miami Aquifer soils (Layer 2) was 8.4 ml/g. Fate and 

Transport calculations for Operable Unit 2 subunits were first run with a & of 8.4 ml/g for uranium 

in the Great Miami Aquifer. However, predicted results and observed results could not be reasonably 

matched using a Layer 2 I(d of 8.4 ml/g. During the model calibration process, the K,, for 

uranium-238 was estimated to be 1.48 ml/g for the Great Miami Aquifer. This value was used in 

previous studies and is consistent with experimental data available (DOE 1993a) which indicates these 

values are conservatively low. Distribution coefficients for other uranium isotopes were assumed to 

be same as for uranium-238. 

The radioactive decay constants and biodegradation coefficients are estimated based on the 

degradation rates (Howard et al. 1991) using the formulation presented in the Risk Assessment Work 

Plan Addendum (DOE 1992). 

.Table A.2-8 shows the distribution coefficients and/or K, for all the CPCs for Operable Unit 2 

subunits. This table also presents the radioactive decay half lives for radionuclides and the 

biodegradation decay half lives for the organic constituents. These distribution coefficients, K, and 

decay half lives are used in analytical modeling of transport in the vadose zone and numeric modeling 

of transport in the aquifer. 

A.2.6 CONSTITUENT SCREENING AND REVIEW - VADOSE ZONE PATHWAY 

The list of CPCs was screened from further analysis in several ways to eliminate constituents that 

pose insignificant risk. In addition, groundwater monitoring data was reviewed to determine 

constituents that were found in the aquifer so that these constituents can be .evaluated in the 

computation of total risk. These screening steps were performed because vadose zone and aquifer 

modeling require long computational times and to allow the analysis to focus on the constituents that 

cause the high percentage of the risk. Figure A.2-13 shows the different screening steps ........... L......... ii...... 

,. . . . . . . . . . . . . . , . 
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I percentile concentration Below1 
I Background Concentrations 

/ / I / / /  

I in the Waste I 
J: / , / / /, 

r/AWaste Material//A 
I FBockground Screeningj 

/ / / / / / / / / / / / / / / / / / /  
d o  Constituents not detected 

1: Nutrients at or below I 
I drinking water standards I 

0 Concentrations lower than I 
I EPA RAGS, Part BO Screening I 

I I Values for soils 

I _ _ _ _ _ _ _ _ _ _ _ _ _ _  J _ - - - - - - - - - - - -  

;Transport Modeling 5 
/ / / / / / / / / / / / I / / / / /  

r------------- 
1 0  Constituents below EPA RAGS' 

Toxicity Screening overburden/Great Miami I 

Part B screening values I 
Vadose Zone Model for water at I 

Aquifer interface I 

r-------------- 
o Constituents below EPA RAGS, I 
Part B screening values for wateC 

after mixing with the Great 

GMA Dilution 

Groundwater Data 

I Mia mi Aqui f e r w a t e r I 
L _ - _ _ - _ _ - '  -I 

CPC for Aquifer 
Model lnpu t LEGEND 

RIAppendix B Screening 
0 RIAppendix A Screening 
D l  CaIcuIa tion 
C--J Screened Out 

a 
EPA Risk Assessment Guidence, Part 8 (EPA, lga1), 

FIGURE A.2 - 13 
POTENTIAL CONSTITUENT OF CONCERN SCREENING DIAGRAM 
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TABLE A.2-8 

DISTRIBUTION COEFFICIENTS, &, AND DECAY HALF LIVES FOR 
CONSTITUENTS OF POTENTIAL CONCERN 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Distribution Coefficient (mL/g) 

Overburden Aquifer 

Decay Half- 
Life (days) 

Constituent of K, Glacial Great Miami (dig) Potential Concern 

RADIONUCLIDES 
Cesium-137 
Lead-210 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Radium-224 
Radium-226 
Radium-228 
Ruthenium- 106 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium-Total 

1.81 x 10+3 1.37 x 10+3 
3.00 x 10+3 
5.50 x lo+' 
1.70 x 10+3 
1.70 x 10+3 
6.96 x lo+' 
6.96 x lo+' 
6.96 x lo+' 
8.00 x lo+' 
1.00 x lo+' 
1.18 x lo-' 

3.80 x lo+' 
5.00 x lo+' 
1.00 x lo+' 
1.00 x lo+' 
1.06 x 10" 
1.06 x 10" 
1.06 x 10" 
5.50 x lo+' 
2.50 x lo+' 
7.00 x 10' 

5.80 x 10+3 
5.80 x 10+3 
5.80 x 10+3 

3.20 x 10+3 
3.20 x 10+3 
3.20 x 10+3 

2.00 x lo+' 
2.00 x lo+' 
2.00 x lo+* 
2.00 x lo+' 

1.48 x 10"' 
1.48 x 10" 
1.48 x 10" 
1.48 x lo+' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 

1.10 x 10+4 
8.13 x 10+3 

3.20 x 10+4 
7.81 x 

8.81 x 
3.62 x lo+' 
5.84 x 10+5 
2.10 x 10+3 

1.04 x 10+4 
7.77 x 10+7 

2.81 x 10+7 

8.92 x 10+7 

3.67 x 10" 

6.98 x lo+' 

5.10 x lo+'' 

2.57 x lo+'' 
1.63 x lo+'' 
1.63 x 10''' 

ORGANICS 

1,1,2 Trichlorotrifluoroethane 

Acrylonitrle 
Aroclor-1254 
Aroclor- 1260 
Benzo( a)anthracene 
Benzo(a)pyrene 0 

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

Variable 

Variable 
Variable 
Variable 
Variable 

..... 

1.82 x lo-' 

3.09 x lo3 
1.95 x 10+3 
2.35 x 10+3 
7.28 x 10" 

Variable 1.74 x 10+3 

..... 

1.00 x lo+' 

1.70 x lo+' 
1.07 x 
1.29 x 
4.00 x 10+5 
9.55 x 10+5 

ND 
6.60 x 10' 

M:$J 
4.59 x lo+' 

.none 
none 

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

1.47 x 10+3 

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

2.77 x 10+3 
2.77 x 10+3 

See notes at end of table 
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TABLE A.2-8 
(Continued) 

Distribution Coefficient (mL/g) 
Constituent of K, Decay Half- 

Life (days) Potential Concern 
Overburden Aquifer 

Glacial Great Miami (mL/g) 

ORGANICS 
(Continued) 

Benzo(b)fluoranthene 
... 

alate 
Carbazole 
Dibenzo(a, h)anthracene 
Dieldrin 

Heptachlorodibenzofuran 
Ideno( 1,2,3-cd)pyrene 
Octachlorodibenzo-p-dioxin 

Tetrachlorodibenzofuran 

Variable 

Variable 
Variable 

Variable 
Variable 
Variable 

Variable 

6.77 x io+’ 

3.55 x 10+O 
1.70 x 10+3 

1.91 x 10+4 
8.32 x 10+4 
2.88 x 10+5 

1.20 x 10+3 

3.72 x 2.48 x 

1.95 x 10+3 
9.33 x 10+5 3.85 x 10+3 

none 
1.05 x 10+7 
4.57 x 10+7 

1.12 x io+’ 
2.89 x 10+3 

1.58 x none 

INORGANICS 
Antimony 
Arsenic 
Beryllium 
Lead 
Tbui& 
. . . .  ..................... ...................... ..................... 

2.50 x lo+’ 4.50 x lo+* NA none 
2.00 x lo+’ 2.00 x lo+* NA none 
1.30 x 10+3 2.50 x lo+’ NA none 
3.00 x 10+3 3.80 x lo+’ NA none 

.......... 

c 

NA - Not Applicable 

none - Constituent does not decay 
Variable - Distribution coefficient for Glacial Overburden varies from subunit to subunit 
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. . . . . . . . . . . . . . . . . . . . . . . . 'These steps include i 

screening (performed and presented in Section 6.0 2 

and Appendix B), vadose zone output concentration screening 

s c r e e n i n g i  . Each subunit was treated separately in 

these screening analyses. These screening steps are described in the following subsections. 

Great Miami Aquifer dilution 3 
. . . . . . . . 
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.v. . . . . . . . . . . . . . . . . . . . . . A4;g 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Vadose Zone Model Toxicitv Screening 

Prior to performing aquifer modeling, the output from the vadose zone model was screened against 

the 4 4 2 2  . Since 

concentrations can only be further diluted when leachate mixes with the aquifer waters, this screening 

step removes constituents that will clearly be below the 4 0 2 a .  l lxw&m&d 

22 

23 
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34 

in the aquifer. To perform this screening, the maximum 35 

output from the vadose zone model for a particular constituent was compared with the 4 Q % s h 4 4  

. If this maximum value (from 
00024% 
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June 15, 1994 0 all grid blocks) was below the screening concentration, then the constituent was screened out and was 

not modeled further. 

A.2.6.g :.. > 

CPCs passing the vadose zone model toxicity screening were further screened by predicting dilution 

in the Great Miami Aquifer. Predicted Great Miami Aquifer concentration was calculated using: 

Great Miami Aauifer Dilution Screening 

where 

Area of cell (125 x 125 ft’) 
Predicted maximum Great Miami Aquifer concentration 
Maximum output concentration from the vadose zone model 
Groundwater flow rate through the upper layer of the SWIFT I11 model in 
the cell with maximum vadose zone concentration 
Infiltration rate in the cell with maximum vadose zone concentration 

Predicted maximum concentration, CGMA, is typically an order of magnitude lower than from the 

detailed calculations using the SWIFT 111 model. The above dilution calculation is conservative 

because waste storage in the cell is not considered. The CGMA for a particular constituent is compared 

with the 4 4 2 2  

. If CGMA was below the screening concentration, then the constituent was 

screened out and was not modeled further. 

A.2.7 VADOSE ZONE MODELING 

Vadose zone modeling was performed to estimate CPC loading rates to the Great Miami Aquifer from 

a given source as a function of time. The overburden may have great capacity for immobilization k d  

retardation of CPCs due to adsorption, precipitation, biodegradation, and radioactive decay. This 

capacity to prevent or slow the movement of CPCs to the aquifer is evaluated with respect to future 

risk. 
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The following criteria were used in selecting specific analytical models: 

Availability of code 
Degree of code documentation 
Degree of code verification 

Capability of treating adsorption, radioactive and organic decay, and longitudinal dispersion 
Capability of calculating concentrations over long time periods 

The primary model selected was the One-Dimensional Analytical Solute Transport (ODAST) model 

(Javendel et al, 1984). To estimate time for source depletion and to calculate seepage velocity 

(required ODAST input parameters), leachate infiltration rates were calculated using the HELP 

model. These models are discussed below. 

A.2.7.1 Estimating Infiltration Rates 

A.2.7.1.1 DescriDtion of HELP Model 

The HELP model was used to determine the infiltration rates through the waste. The HELP model 

(EPA 1984) is a quasi-two-dimensional hydrologic model of water movement across, into, through, 

and out of a waste unit. The model accepts climatologic, soil, and design data and simulates a 

number of hydraulic processes including surface storage, runoff, infiltration, percolation, 

evapotranspiration, soil moisture storage, and lateral drainage. The systems that can be modeled by 

HELP include various combinations of vegetation, cover soils, waste cells, drainage layers, and 

relatively impermeable barrier soils. 

The HELP model is designed to perform water budget calculations for a system having as many as 12 

layers by modeling each of the hydrologic processes that occur. Each layer must be identified as 
either a vertical percolation, lateral drainage, or barrier soil layer. The identification of each layer 

used in the model is critical because the program models water flow through the various types of 

layers in different ways. Runoff is computed using the Soil Conservation Service (SCS) runoff curve 

number method by considering daily precipitation totals. ~ 

. . . . . . . 
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Evapotranspiration is estimated by a 33 

modified Penman method adjusted for limiting soil moisture conditions. 
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data echo includes all the information used for input including the values chosen from the model's 

built-in data base and any manually input data. Following the input data echo, the program produces 

a table of the daily results, monthly totals, and annual totals for each year if the options for detailed 

output are used. Following these outputs, the summary output is given. The summary includes 5 

average monthly totals report precipitation, runoff, evapotranspiration, percolation through the base of 

each layer, and lateral drainage through each layer for a particular month for all the years of a 

values represents the maximum values that occurred on any day during the simulation period. 

1 

2 

3 

4 

average monthly totals, average annual totals, and peak daily values for the simulation variables. The 6 

I 

8 

9 

10 

simulation. The average annual total reports values on an annual basis. The summary of peak daily 

11 

A.2.7.1.2 Infiltration Rate Results 12 

HELP modeling for Operable Unit 2 included separate runs for each subunits. Within each subunit, 13 

various zones of similar thickness for waste, till, and unsaturated GreatTMiami Aquifer were grouped 

together (zones). Properties for various layers (except for thickness) remained the same for all zones 

within each subunit. The soil physical parameters used 

in the simulations were varied for each subunit to reflect the varying conditions at each subunit. 

These values were defined based upon RI sampling activities (Table A.2-9). 

defined based upon field and laboratory tests. 

14 

15 

These properties are shown in Table A.2-9. 16 0 17 

Permeabilities were 18 

In each simulation, the climatologic data of . 19 

precipitation and mean monthly temperature were assumed to be same as for Cincinnati, Ohio from 20 

21 1974 to 1978. Average rainfall in this period was 40.64 inchedyear. 

22 

23 

24 

Layer thickness for each zone within a subunit was further varied. In general, layers were defined 

for waste area material, waste drainage layer (bottom one foot of waste if lateral drainage applies), 

glacial till, and upper unsaturated Great Miami Aquifer sands. 

The HELP model was run to "steady state," that is, until successive simulations showed no 

appreciable change in soil moisture content in any of the layers. Summary of HELP results 

infiltration rates varied from 1.24 inchedyear for the Zone 11 (with more than 20 feet of till) in the 

25 

26 

27 

28 

29 

30 

(infiltration and lateral drainage rates) are presented in Tables A.2-10 through A.2-13. Vertical 

Inactive Flyash Pile/South Field to 14.57 inchedyear for the Lime Sludge Ponds. 31 
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0 A.217.2 ODAST ,Description 
The model selected to evaluate flow in the vadose zone is ODAST (Javendel et al. 1984). ODAST is 

used for determining fate and transport of the constituents not previously screened out. This 

computer code is based on the solution originally developed by Ogata and Banks (1961) and 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. ODAST evaluates the basic onedimensional 

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 STRIPlB (Batu 1989). 

The ODAST model implements an analytical solution to the partial differential equation 

where 

C = solute concentration and with the constant coefficients 
D = dispersion coefficient 
V = seepage velocity 
R = retardation factor 
X = solute decay factor 
t = t h e  

The solution must satisfy the initial and boundary conditions 

c (x,O) = 0 

VC, e-a' O I t l r O  
t >  7, 

-D- ac + vc I,.o = { o, 
ax 
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C, = initial source (waste leachate) concentration 
a = source depletion factor 
T~ = source depletion time 
TI, = decay half life 

The solution is obtained using a Laplace transform technique and involves products of exponential and 

complementary error functions (Javandel et al. 1984). The solution for C is divided by Co to yield 

normalized concentrations. 

Because the coefficients in the governing equation are constant and the solution must satisfy a zero 

concentration gradient condition as x approaches infinity, ODAST is only strictly applicable to one- 

dimensional transport in homogeneous, semi-infinite media. However, the present application of 

ODAST is intended only to provide conservative estimates of aquifer mass loading histories. 

A superposition technique is used to combine calculations for the two homogeneous layers comprising 

the vadose zone conceptual model. The ODAST solution at the bottom of Layer 1 is divided into 

lo00 small time steps and a Layer 2 run is performed for each of these steps. Each of these Layer 2 

runs assumes no source decay, a recharge period 1/1000 of the total modeling time, and a source 

concentration equal to the averaged Layer 1 solution for that time period. The solution at the bottom 

of Layer 2 is obtained by summing the results of the 1000 Layer 2 runs at specified time steps. For 

RI/FS modeling, concentrations are calculated up to 1,000 years, typically in steps of 20 years. 

Constituents that migrate quickly, such as organics, require smaller time steps for accurate 

representation of loading curves. 

ODAST requires a formatted ASCII file containing the input parameters for a particular problem. 

This is the only input required. Likewise, output is contained in a single formatted ASCII file. The 

unit conventions for the input file parameters are: 1) specified calculation times and source depletion 

time expressed in years, all other parameters use days, 2) and any consistent length scale may be 

used. 

The first parameters appearing in the input file are specifications of the values of the independent 

variables for which the calculations are desired. These include the number of positions where 

concentrations are desired, number of times, and the actual positions where concentrations are desired 
.. . 
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(measured positive downward from the top of the layer) and times. 

required at the bottom of the layer, only one position, representing layer thickness, is used. Layer 

thicknesses vary among and within the subunits and were obtained from interpolated measurements at 

As previously stated, times up to 1,000 years in 20 year increments were normally used. 

The number of times may be greater and increments smaller if the constituent migrates rapidly. 

The final line of the input file contains the zone area, solute, and medium dependent parameters. 

order of appearance in the file, they are the dispersion coefficient, seepage velocity, retardation 

factor, source depletion time, solute decay factor, and source depletion factor. 

Seepage velocity and the dispersion coefficient depend upon the characteristics of the waste area and 

Because concentrations are 1 

2 

3 

the F E W .  4 

5 

6 

In 7 

8 

9 

10 

11 

the vadose zone medium. Seepage velocity was calculated as an empirical function of the percolation 12 

rate obtained from the HELP model, saturated hydraulic conductivity, and porosity (US EPA 1988). 

Grid blocks receiving lateral drainage (see Figures A.2-8 and A.2-11) included percolation from 

waste as well as lateral drainage (Figure A.2-9). 

13 

14 

The dispersion coefficient was obtained as an 15 

empirical function of seepage velocity (Biggar and Nielsen 1976). 16 

17 

. . . . . . . 

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

22 

C = C, -(-at) 
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. . . . . . . . . . . . . . ...... ...................... 

1 

3 

4 
. .  . . .  .................... ~... .. .... 

8 

9 

10 

11 

The retardation factor accounts for transport delays due to reversible reactions between the chemical 

characteristics, and was calculated as a function of the constituent’s partitioning coefficient and the 

constituent and the vadose zone solid matrix. It is thus dependent on both solute and media 

12 

13 vadose zone bulk density and moisture content (Walton 1984 and Mills et al. 1985). (See Section 

A.2.5). 

15 

The solute decay factor is constituent dependent. This parameter accounts for biodegradation in 16 

organics and radioactive decay in radionuclides, and is zero for stable inorganics (ASI/IT 1992b). 

Source depletion time and factor control the mass flux history of the constituent at the top of the 

modeled layer. As can be seen from the upstream boundary condition, source mass flux decays 

exponentially. To calculate depletion time and factor for the waste at the top of layer 1, the time 

dependent expression for mass flow from the source was integrated from zero to the source depletion 

time. This integral was equated to the depleted mass of the constituent to provide a single equation in 

two unknowns. A second equation was obtained by arbitrarily specifying a mass depletion fraction. 

This is the level (very close to, but less than one) at which the source is declared depleted; 

technically, the source is depleted only as time approaches infinity. As stated previously, depletion 

factor was zero and depletion time was 1/1000 of the total modeling time for the layer 2 runs. 

17 

18 

19 

28 

For the 1,000-year scenario, the projected concentration of the leachate entering the Great Miami 

Aquifer beneath the waste area was calculated by multiplying the normalized concentration at the base 

08Bf$5 
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of the lowest layer by the source term (initial waste leachate concentration). The loading rates were 

calculated by multiplying the projected concentration beneath the SWIFT grid block by the volumetric 

recharge rate for the grid block. The plots of loading rates versus time were then produced for the 

constituents which were projected to reach the aquifer within 1,000 years. 

A.2.7.3 

Loading rates to the Great Miami Aquifer were estimated for each CPC for the Operable Unit 2 

subunits using ODAST. Loading rates of a constituent from ODAST to the aquifer from a given 

source vary over time. Typically, loading rates experience a mild increase representing the dispersion 

front followed by a sharp increase representing the principle breakthrough of the constituent. They 

can then stabilize or decrease depending upon the depletion time of the source. For a long depletion 

time the source remains active for a longer period during the simulation. The depletion rate is low 

for long depletion times, this ensures a mild change in the source term with time and helps to 

approach a steady-state condition within the simulation time of 1,000 years. For short depletion time, 

the source term vanishes earlier during the simulation period. For high depletion rates, the source 

term decreases faster during the simulation period. These factors cause an unsteady variation along 

with a sharp decline in the loading rates. 

ODAST Modeling Results and Screening of CPCs 

Solid Waste Landfill 

Figure A.2-6 shows the areal extent of the waste in the Solid Waste Landfill and the SWIFT I11 grid 

block impacted by the direct loading from the Solid Waste Landfill. Waste overlying the SWIFT I11 

grid block (49,91) was included with SWIFT I11 waste overlying grid block (50,91). Similarly 

constituent loadings for SWIFT I11 grid blocks (52,92) were combined and loaded from the grid block 

(52,91). Table A.2-14 lists the CPCs considered for the fate and transport modeling and Table A.2- 

15 lists the calculated retardation factors for the Solid Waste Landfill. Table A.2-16 shows CPC 
concentrations in the waste, inventory in waste, predicted maximum leachate concentration, predicted 

maximum concentration from vadose zone layer 2, and screening concentrations for the Solid Waste 

Landfill. Two other pathways, besides the vadose zone pathway, were considered for the Solid Waste 

Landfill fate and transport modeling. One of these pathways was surface water pathway. However, 

no CPCs were identified from this pathway (see Appendix A-1). The second pathway was the 

perched water infiltration pathway. Table A.2-17 lists the perched water source concentrations and 

masses for the vadose zone modeling. Results of the perched water infiltration pathway are included 

in Table A.2-16. A summary of screening for CPCs from the Solid Waste Landfill is also included in 0 
, 
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TABLE A.2-14 

LIST OF CONSTITUENTS OF POTENTIAL CONCERN FOR VADOSE ZONE MODELING 
FOR THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituents of Potential Concern 
Radionuclides Organics Inorpanics 
Cesium-137 1,4-Dioxane Antimony 
Lead-2 10 Arsenic 
Neptunium-237 Beryllium 
Plutonium-238 Aroclor- 1260 Lead 
Plutonium-2391240 Benzo( a)anthracene 
Radium-224 Benzo(a)pyrene 
Radium-226 Benzo(b)fluoranthene 
Radium-228 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 Heptachlorodibenzo-p-dioxin 
Thorium-232 Heptachlorodibenzofuran 
Uranium-234 Indene( 1,2,3-cd)pyrene 
Uranium-235/236 
Uranium-238 
Uranium Total 

Octachlorodibenzo-p-dioxin 
phf!mm&me 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... __ ___. . . ...._. ... ....... 

. . . . . . . . . 
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TABLE A.2-15 

RETARDATION FACTORS FOR THE 
SOLID WASTE LANDFILL 

OPERABLE UNIT REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent of Retardation Factor for Retardation Factor for Unsaturated 
Potential Concern Glacial Overburden Great Miami Aauifer 

RADIONUCLIDES 
Cesium- 137 

Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 

Lead-210 

Uranium-235/236 
Uranium-238 
Uranium Total 

8.35 x io+' 
1.38 x 10+4 

7.84 x 10+3 
7.84 x 10+3 
3.21 x 10+3 
3.21 x io+' 
3.21 x io+' 

2.55 x 

4.71 x lo+' 
1.54 x lo+' 
2.67 x 10+4 
2.67 x 10+4 
2.67 x 10+4 
9.23 x lo+' 
9.23 x 
9.23 x lo+' 
9.23 x lo+' 

1.67 x 10+4 
4.65 x lo+* 
6.21 x lo+' 
1.22 x 10+3 
1.22 x 10+3 
1.30 x 10+3 
1.30 x 10+3 
1.30 x 10+3 
3.15 x lo+' 
1.86 x 10+O 
3.91 x 10+4 
3.91 x 10+4 
3.91 x 10+4 
1.91 x lo+' 
1.91 x lo+' 
1.91 x lo+' 
1.91 x lo+' 

ORGANICS 
1.4 Dioxane 1.01 x 10+0 i.oi x  io+^ 

Aroclor-1254 3.38 x 10+4 2.38 x 10+4 
Aroclor- 1260 4.08 x 10+4 2.87 x 10+4 
Benzo(a)anthracene 1.26 x 10+4 8.89 x 10+3 
Benzo(a)pyrene 3.02 x 10+4 2.12 x 10+4 

... .. 

Benzo(b)fluoranthene 

Dibenzo(a,h)anthracene 

Heptachlorodibenzofuran 
Indeno(l,2,3-cd)pyrene 
Octachlorodibenzo-pdioxin 

1.18 x 10+5 

3.31 x 10+5 
1.44 x 10+6 
4.99 x 10+6 

8.27 x 10+4 

2.33 x 10+5 
1.02 x 10+6 
3.51 x 

. .  
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TABLE A.2-15 
(Continued) 

Constituent of Retardation Factor for Retardation Factor for Unsaturated 
Potential Concern Glacial Overburden Great Miami Aquifer 

INORGANICS 
Antimony 
Arsenic 
Beryllium 
Lead 

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

1.15 x 10+3 

5.99 x 1 0 + 3  
1.38 x 10+4  

9.23 x 
5.51 x 10” 
2.44 x 1 0 + 3  

3.05 x 10+3 
4.65 x lo+’ 
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TABLE A.2-17 

PERCHED WATER SOURCE CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Initial Perched Water Screening 
Concentration Concentrat ion 

Constituents of Potential @Ci/L RAD) @Ci/L RAD) 
Concern (pg/L non-RAD) Total Mass (mg) (pg/L non-RAD) 

Neptunium-237 1.94 x 10' 8.86 x lo+' 
Plutonium-238 6.70 x lo-' 2.42 x 
Radium-226 5.11 x 10' 3.39 x lo+' 

RADIONUCLIDES 

Radium-228 
Strontium-90 

10-2 
;$$32. i ..< 10-1 
.......... 3.72 x 10' 8.96 x 10-3 ........... ..................... 

........... .......... ........... .......... 1.35 x 10' 1.65 x lo4 
j&  . . . .  a ... jyf0.i . . . . . . .  Thorium-228 1.40 x 10'' 3.37 x lo-' ... ..................... ......................... +.. . ..>.::s. ... .::::.. .:... .. 

Thorium-230 
Thorium-232 

... 
1.38 x lo+' 
1.15 x lo+' 

1.32 x 10+4 
2.06 x 10+9 

@$$ 10-1 Uranium-234 6.10 x 10' 1.03 x lo+' .. .+:. ....... 

E,€J2 x 10-1 

Uranium-238 1.52 x lo+' 4.74 x 10+5 1.70 x 10'' 
p"@ . . .  IO+' 

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

.......... Uranium-235/236 4.30 x lo-' 2.09 x 10+3 ........... .......... 

Uranium-Total (non-RAD) 1.72 x. 10'' 1.80 x 10+5 ........... .......... 
.......... 
........ .......... 

INORGANICS 
Arsenic 
Beryllium 
Lead 

4.40 x 10' 5 .44x  
2.20 x 10' 3.40 x 
3.14 x 10" 7.40 x 

aNo data available to calculate EPA RAGS, Part B screening values. 
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Table A.2-16. Only technetium-99 was found to reach the Great Miami Aquifer above the 4432 i 

2 

Great Miami Aquifer dilution screening for technetium-99 was not performed since the ODAST 

output concentration was ewe m orders of magnitude higher than the screening concentration. 

An increase in CPC concentrations in the Great Miami Aquifer due to source term loading from Solid 

Waste Landfill was not predicted to occur at the concentration levels observed in 2000-series wells 

close to the Solid Waste Landfill. Table A.2-18 compares the background concentration and the field 

measured concentrations in the Great Miami Aquifer from 2000-series wells in the Solid Waste 

Landfill. 1 

3 

4 

5 

6 

7 

8 

9 

10 

I! 

12 

13 

14 

IS 

As only technetium-99 reached the Great Miami Aquifer above the lo-’ risk level or 0.1 Hazard Index 

level, it was selected for modeling in the Great Miami Aquifer. Table A.2-19 lists the constituent 

that survived the various screening processes and was simulated using the SWIFT I11 model. 

In addition to predicting constituent loading to the Great Miami Aquifer, future perched water 

concentration increases were also predicted using the ODAST. Only one layer was considered. This 

layer consisted of till above the perched water zone (sand/gravel in the glacial overburden). 

Thickness of this layer for various blocks are shown in Table A.2-1. CPC waste inventory, CPC 
concentration in the waste, leachate concentration (all shown in Table A.2-16), and retardation factors 

(Table A.2-15) are the same as those for the vadose zone modeling to the Great Miami Aquifer. 

Table A.2-20 shows the predicted perched water concentrations beneath the Solid Waste Landfill and 

the screening summary. Only technetium-99 and carbazole are predicted to reach the perched water 

zone above the 4 4 3 2 2  

A R  increase in CPC concentration in the perched water due to source ... ...... 

term loading from Solid Waste Landfill was not predicted to occur at the concentration levels 

16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

FER\CRUZRI\NMG\APP-A\.SECM.TXNunc 7. 1994 1 :42pm A-2-73 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

-! 

P 

A-2-74 

E 

'F. 



' t ' .  
t ' < n  

b 565'9 
FEW-OUOZ-5 DRAFT 
June 15, 1994 

TABLE A.2-19 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN AND 
SOURCE PATHWAYS FOR THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Source Pathways" 

Constituent of Solid Waste Perched Paddy's Run Loading from 
Potential Concern Landfill Wastes Groundwater Surface Water Runoff 

RADIONUCLIDES 

Technet ium-99 Yes NAb NA 

"Yes - Indicates concentrations were above screening concentrations from this source pathway 
bNA - Not Applicable, not present in the perched groundwater or surface water 
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observed. Table A.2-21 compares the background concentrations and the field measured 

concentrations in the perched water. Thorium-232, uranium-234, uranium-238, 

itfitRgitRese 

at concentrations within the fane of background concentrations. These detected CPCs occur in Well 

1952, located southeast of the Solid Waste Landfill and south of the railroad track 

were observed above background levels. All other CPC's were detected 

Lime Sludge Ponds 

Figure A.2-7 shows the areal extent of the waste in the Lime Sludge Ponds and the SWIFT I11 grid 

cells impacted by the direct loading from the Lime Sludge Ponds. Waste overlying the SWIFT I11 

grid block (44,82) was included with the waste overlying the SWIFT I11 grid block (43,81). 

Similarly constituent loadings from SWIFT I11 grid blocks (45,79) and (45,80) were combined and 

loaded from the grid block (45,80). Table A.2-22 lists the CPCs considered for the fate and transport 

modeling and Table A.2-23 lists the calculated retardation factors for the Lime Sludge Ponds 

modeling. Pathways considered or the Lime Sludge Ponds modeling were the vadose zone and the 

perched water infiltration pathways. Table A.2-24 shows CPC concentration in the waste, constituent 

inventory in the waste, predicted maximum leachate concentration, predicted maximum concentration 

from vadose zone layer 2 from both pathways, and screening concentrations for the Lime Sludge 

Ponds. 

Table A.2-25 provides the perched water source concentrations and masses for the vadose zone 

modeling. A summary of screening for CPCs for the Lime Sludge Ponds is also included in 

Table A.2-24. Only technetium-99 was found to reach the Great Miami Aquifer from the Lime 

Sludge Ponds above the 4 4 2 2  
. . . . . . . . . . . . . . . . . . . . . . .  
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TABLE A.2-22 

LIST OF CONSTITUENTS OF POTENTIAL CONCERN FOR VADOSE ZONE MODELING 
FOR THE LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituents of Potential Concern 
~ ~~ 

Radionuclides 

Cesium-137 

Neptunium-237 

Plutonium-23 8 

Plu toniurn-23 9/240 

Radium-226 

Radium-228 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Organics 

1,1,2-Trichlorotrifluoroethane 

Acrylonitrile 

Aroclor- 1254 

bis(2-Ethylhexyl) phthalate 

Dibenzo( a, h)anthracene 

Indeno( 1,2,3-cd)pyrene 

Thorium-232 

Uranium-234 

Uranium-23Y236 

Uranium-238 

Uranium Total 

Inorganics 

Arsenic 

Beryllium 
h$# 
............ ....................... 
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TABLE A.2-23 

RETARDATION FACTORS FOR THE 
LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent of 
Potential Concern 

Retardation Factor for Retardation Factor for Unsaturated 
Glacial Overburden Great Miami Aquifer 

RADIONUCLIDES 

Cesium- 137 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Radium-228 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235/236 

Uranium-238 

Uranium-Total 

7.64 x 10+3 

7.17 x 10+3 

7.17 x 10+3 

2.94 x 10+3 

2.94 x 10+3 

2.33 x lo+' 

4.32 x lo+' 

1.50 x 10+O 

2.45 x 10+4 

2.45 x 10+4 

2.45 x 10+4 

8.45 x lo+' 

8.45 x lo+' 

8.45 x lo+' 

8.45 x lo+' 

1.67 x 10+4 

1.22 x 10+3 

1.22 x 10+3 

1.30 x 10+3 

1.30 x 10+3 

6.21 x lo+' 

3.15 x lo+' 

1.86 x 10+O 

3.91 x 10+4 

3.91 x 10+4 

3.91 x 10+4 

1.91 x lo+' 

1.91 x lo+' 

1.91 x lo+' 

1.91 x lo+' 

1,1,2-Trichlorotrifluoroethane 
. . .  

Acrylonitrile 

Aroclor-1254 

bis(2-Ethylhexyl) phthalate 

Dibenzo(a,h)anthracene 

Indeno( 1,2,3-~d)pyrene 

P-A\TABAZ-23Uune7. 1994 1:56pm 

4.34 x 10+O 

1.06 x 10+O 

3.57 x 10+4 

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

3.27 x lo+' 

3.11 x 10+4 

1.53 x 

~~ 

3.22 x lo+' 

1.04 x 10+O 

2.38 x 10+4 

2.21 x lo+' 

2.07 x 10+4 

1.02 x 
................................ :.... 
........... ................................. 
3;2#$@$@$ . . . . . .  
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TABLE A.2-23 
(Continued) 

Constituent of 
Potential Concern 

Retardation Factor for Retardation Factor for Unsaturated 
Glacial Overburden Great Miami Aquifer 

INORGANICS 

Arsenic 

Beryllium 

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

8.45 x 

5.49 x 10+3 
i ~ t i ~ ~ ~ ~ ~ ~ .  ..................... 
........................ .............................................. 

2.44 x 10+3 

3.05 x 10+3 
$$$j$*&$i~ 
..... :-.:,.. .... :.: ....... :.: ............ .............................................. 
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TABLE A.2-25 

PERCHED WATER SOURCE CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent 

Initial Perched 
Groundwater 
Concentration 

(pg/L non-RAD) 
@Ci/L RAD) Total Mass (mg) 

Screening 
Concentration 

(pg/L non-RAD) 
@Ci/L RAD) 

RADIONUCLIDES 

g,$$+j ... sgg-3 Neptunium-237 8.39 x 10" 4.11 x 10" .............................................. ....................... 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

1.40 x 10' 9.91 x 10-l 

3.80 x 10' 9.78 x 10-3 

3.45 x 10' 

2.87 x 10' 

2.51 x lo-' 2.57 x 

2.60 x 10' 4.99 x 

4.54 x 10" 

7.39 x lo-2 

Uranium-234 2.45 x 10' 4.46 x 10" 

Uranium-235/236 1.80 x.1O-I 9.43 x 
Uranium-238 2.12 x 10' 9.16 x 10+4 1.70 x 10-l 

Uranium-Total (non-RAD) 6.30 x 10' 7.13 x 10+4 .... 

-ORGANICS 
@ g ~ ~ g g - $  ,. ......... bis(2-Ethylhexy1)phthalate 2.00 x 10' 2.59 x 10+4 : ..... ....................... :.):...:.:.:.:.:.: ..... :.:.: ........... 

INORGANICS 
:@&j . .  . . . . .  xgp 
. :< .......... :.: ..:.: . .  : ............................................. Arsenic 1.40 x lo+' 1.85 x io+' ....................... 
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. Table A.2-26 lists the constituents that passed through the various 

screening processes and were simulated using the SWIFT 111 model. 

An increase in CPC concentrations in the Great Miami Aquifer, due to the source term loading from 

Lime Sludge Ponds, was not predicted to occur at the concentration levels observed. Table A.2-27 

compares the background concentration and the field measured concentrations in the Great Miami 

Aquifer. All constituents were detected at concentrations within the range of background 

concentrations in the Great Miami Aquifer. 

In addition to predicting constituent loading to the Great Miami Aquifer, future perched water 

concentration increases were also predicted using ODAST. Only one Iayer consisting of till above the 

perched water zone was considered. Thickness of this layer for various blocks are shown in Table 

A.2-2. CPC waste inventory, CPC concentration in the waste, leachate concentration (all shown in 

Table A.2-24), and retardation factors (Table A.2-23) are the same as those for the vadose zone 

modeling to the Great Miami Aquifer. 

0 Table A.2-28 shows the predicted perched water concentrations beneath the Lime Sludge Ponds and 

the screening summary. Neptunium-237, strontium-90, technetium-99, arsenic, and manganese are 

predicted to reach perched water above the 4432- C?. 1 !'---*- 

w 

An increase in CPC concentration in the perched water, due to source term loading, from the Lime 

Sludge Ponds was not predicted to occur at the concentration levels observed. Table A.2-29 

compares the background concentrations and the field measured concentrations in the perched water 

beneath or in the vicinity of the Lime Sludge Ponds. Thorium-232, uranium-234, uranium-238, total- 

uranium, beryllium, manganese, vmdwa- * , and bis(2-Ethylhexy1)phthalate were detected above the 
&-J:i 
. . . . . . . . . . . . . . . . . . . . A . . . . . . 6;. . . . . background concentrations. Perched water under the Lime Sludge Ponds may be affected by other . "  ...... . ... . .....,._.... .:.>>:.:.> .......... : 

FEMP sources : 

Inactive Flyash Pile/South Field 

Figure A.2-8 shows the areal extent of the waste in the Inactive Flyash Pile/South Field and the 

SWIFT I11 grid cells impacted by the direct loading from these subunits. Many SWIFT I11 grid 

blocks received lateral drainage. These grid blocks are identified in Figure A.2-8. Table A.2-30 0 

8 

9 
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31 

32 

33 
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TABLE A.2-26 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN AND 
SOURCE PATHWAYS FOR THE LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

' 

Constituents of Potential Concern 
Source Pathwaysa 

Lime Sludge Pond Wastes Perched Groundwater 

RADIONUCLIDES 

Technetium-99 Yes N A ~  

aY es - Indicates concentrations were above screening concentrations from this source pathway 
bNA - Not applicable, not present in the perched groundwater 

000%';9 
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TABLE A.2-30 

LIST OF CONSTITUENTS OF POTENTIAL CONCERN FOR VADOSE ZONE MODELING 
FOR THE INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Potential Constituents of Potential Concern 
Radionuclides Organics Inorganics 
Cesium-137 Arsenic 
Lead-210 Beryllium 
Neptunium-237 Aroclor- 1260 Lead 
Plutonium-238 Benzo(a)anthracene 
Plutonium-2391240 Benzo(a)pyrene 
Radium-224 Benzo(b)fluoranthene 
Radium-226 bis(2-Ethylhexyl) phthalate 
Radium-228 Dieldrin 
Ruthenium-106 Octachlorodibenzo-p-dioxin 
Strontium-90 
Technetium-99 furan 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-2351236 
Uranium-238 
Uranium Total 
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shows the list of CPCs for vadose zone modeling for the Inactive Flyash Pile and South Field. Table 

A.2-31 lists the retardation factors used for vadose zone modeling for the Inactive Flyash Pile and 

South Field. .All five pathways discussed in Section A.2.1 were applicable for these two subunits. 

For the vadose zone pathway, Table A.2-32 shows the CPC concentration in the waste, constituent 

inventory in the waste, and predicted maximum leachate concentration. Tables A.2-33 and A.2-34 

shows concentrations and masses for the perched water (both vertical infiltration and subsurface 

pathways) and seep pathways. Table A.2-35 shows the flow rates for the seeps and perched water 

subsurface seeps. While seep flow rates are based on field observations, subsurface seep flow rates 

were estimated from the perched water hydraulic gradients and hydraulic conductivity of the perched 

water zone. Concentration and mass loading due to the surface water pathway are discussed in 

Appendix A- 1 . 

CPCs from these two units were screened together because of close proximity of subunits. 

summary of screening for CPCs from the vadose zone pathway, perched water infiltration pathway, 

perched water subsurface seep pathway, and seep pathway is included in Table A.2-32. CPCs 

passing the screening in Table A.2-32 were further screened using predicted dilution in the Great 

Miami Aquifer. Table A.2-36 shows the results of the Great Miami Aquifer dilution screening. 

Table A.2-37 lists the constituents that survived the various screening processes and were simulated 

using the SWIFT I11 model for the Inactive Flyash Pile and South Field. 

A 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

18 

19 

m 

Table A.2-38 compares the background concentrations and the field measured concentrations in the 21 

Great Miami Aquifer. Uranium, - 22 

were detected above background levels. Uranium was simulated using 23 

the SWIFT I11 model. Results of uranium calibration are presented in Section A.2.8. VaeeSezeRe 24 

25 

26 

n 
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TABLE A.2-31 

RETARDATION FACTORS FOR THE 
INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Retardation Factor for 
Constituent Glacial Overburden 

RADIONUCLIDES 

Retardation Factor for Unsaturated 
_. . . . . . . . . . . . . . . . . Great Mimi ;&pi@ 
: ....,.,.,. . . . . . . .....,.I.. ii....... . . . . . . . . . . . . . . . . . . 

Cesium-137 9.05 x io+' 1.67 x 10+4 
Lead-2 1 0 1.50 x 10+4 4.65 x lo+' 
Neptunium-237 2.76 x 6 . 2 1 ' ~  10" 
Plutonium-238 8.50 x 10+3 1.22 x 10+3 
Plutonium-239/240 8.50 x 10+3 1.22 x 10+3 
Radium-224 3.48 x 10+3 1.30 x 10+3 
Radium-226 3.48 x 10+3 1.30 x 10+3 
Radium-228 3.48 x 10+3 1.30 x 10+3 
Ruthenium- 106 4.00 x 10+3 6.73 x 10" 
S tront ium-90 5.10 x 10" 3.15 x 10" 
Technet ium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium Total 

1.59 x 10" 
2.90 x 10+4 
2.90 x 10+4 
2.90 x 10+4 
1.00 x 10+3 
1.00 x 10+3 
1.00 x 10+3 
1.00 x 10+3 

1.86 x 10" 
3.91 x 10+4 
3.91 x 10+4 
3.91 x 10+4 
1.91 x lo+' 
1.91 x lo+' 
1:91 x lo+' 
1.91 x lo+' 

ORGANICS 

...... .... . 

Aroclor-1254 
Aroclor-1260 
Berm( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
bis(2-Ethylhexyl) phthalate 
Dieldrin 
Octachlorodibenzo-p-dioxin 

4.37 x 10+4 
5.27 x 10+4 
1.63 x 10+4 
3.90 x 10+4 
1.52 x 10+5 
3.98 x lof' 
1.30 x lo+' 
6.45 x 

2.38 x 10+4 
2.87 x 10+4 
8.89 x 10+3 
2.12 x 10+4 
8.27 x 10+4 
2.21 x lo+' 
7.12 x lo+' 
3.51 x 
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Retardation Factor for 

INORGANICS 

Retardation Factor for Unsaturated 
............... Great Miami &g.@''@. 

..... ................ Constituent Glacial Overburden ................. .................. 

Arsenic 
Beryllium 
Lead 

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

1.00 x 10+3 
6.50 x 10+3 
1.50 x 10+4 

2.44 x 10+3 
3.05 x 10+3 
4.65 x 

O(B8167 
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TABLE A.2-33 

PERCHED WATER CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, INACTIVE FLYASH PILE AND SOUTH FIELD 

Initial Perched Water 
Concentration Concentration 

Constituents of @Ci/L RAD) @Ci/L RAD) 
Potential Concern @g/L non-RAD) Total Mass (mg) (pg/L non-RAD) 

RADIONUCLIDES 

Plutonium-238 2.90 x lo-' 3.08 x 
Radium-226 2.50 x lo-' 4.86 x lo-' 

Thorium-230 3.15 x lo-' 8.88 x 
Uranium-234 2.79 x lo+' 1.38 x 

Thorium-228 4.80 x 3.40 x 1 0 - 3  

Uranium-235/236 1.72 x 10'' 2.46 x 10+4 
Uranium-238 2.57 x 2.36 x 10+7 

Uranium - Total (non-RAD) 6.45 x 10" 1.99 x 
(1.88 x 10+3)a 

Lead 6.00 x lo+' 4.16 x 10+7 

aIn grid blocks (28,66) and (29,65) perched water concentration for uranium-238 was set to 1882 pCi/L. 

O(PO%S3, 
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TABLE A.2-34 

SEEP WATER SOURCE CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

.......................... 
Screening Seep Loading 

Concentration Concentration 
Constituents of @Ci/L RAD) @Ci/L RAD) 
Potential Concern (pg/L non-RAD) Total Mass (mg) (pg/L non-RAD) 

INACTIVE FLYASH PILE SEEP 

Neptunium-23 7 

Plutonium-23 8 

10-2 
................... 7.90 x 10'' 5.46 x 10" .......... 
pgj 

. +  '.. x ........... 2.91 x' lo+' 8.29 x 10-3 ........... .......... 

Plutonium-239/240 2.00 x 10'' 1.57 x lo-' 

Radium-226 1.48 x lo-' 7.29 x lo-' 

Thorium-230 6.53 x lo-' 1.54 x lo+' 

Uranium-234 2.34 x 10" 

~ranium-235/236 1.24 x lo+' 

9.15 x lo+' 

a 

a 

Uranium-2 3 8 2.57 x lo+' 4.52 x 1.70 x lo-' 

Uranium - Total (non-RAD) a 

Arsenic 1.40 x lo+' 8.28 x 10+5 

Bis(2-Ethylhexyl) phthalate 1.oo.x lo+' 4.87 x 10+4 

Lead 8.30 x lo+' 4.04 x 10+5 

SOUTH FIELD SEEP 
zfl 
rg? x 10' 

Uranium-234 1.58 x 10" ...... ............... +: x lo-' 

Uranium-235/236 8.40 x lo+' ........... .......... 

Uranium - Total (non-RAD) 6.19 x 10" ........... .......... 

a 

a 
...... ........... 

<'... .... .......... 

Uranium-238 1.74 x lo+' 3.35 x l.70 x lo-' 
a !gqyJ ; .&,. . x IO+' ............... 

aTotal mass was not computed because total uranium and uranium isotopes are modeled by applying ratios 
to uranium-238 results. 
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TABLE A.2-35 

FLOW RATES FOR SEEPS AJD PERCHED WL,TER SUBSURFACE SEEPS 
. INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Grid Cell 

Flow Rate 

Gallons/minute IncWyear 

INACTIVE FLYASH PILE SEEP 

(28.66) 0.35 18.9 

SOUTH FIELD SEEP 

(30.57) 0.26 14.0 

PERCHED WATER SUBSURFACE SEEP 

0.44 

0.15 

0.45 

0.77 

1.73 

0.20 

0.40 

0.40 

23.6 

8.1 

24.4 

41.8 

93.6 

10.9 

21.7 

21.7 

C9081S5 
. %  
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- * ;  I 

! %&e Flvash Pile 

Figure A.2-11 shows the aerial extent of the waste in the Active Flyash Pile and the SWIFT III grid 

cells impacted by direct loading from this subunit. Three SWIFT III grid cells were modeled to 

receive lateral drainage from adjacent grid cells’ waste (Figure A.2-11). Table A.2-39 shows the list 

of CPCs and Table A.240 shows the retardation factors used for vadose zone modeling for the 

Active Flyash Pile. Three pathways of CPC migration to the Great Miami Aquifer were modeled 

from the Active Flyash Pile. These pathways were the vadose zone pathway, perched water 

infiltration pathway, and surface water pathway. For the vadose zone pathway, Table A.2-41 shows 

CPC concentrations in the waste, constituent inventory in the waste, and the maximum predicted 

leachate concentration. Table A.2-42 shows concentration and mass for the perched water infiltration 

pathway concentration and mass loading due to surface water pathway are discussed in Appendix A-1. 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 A summary of screening for CPC for the vadose zone pathway and perched water infiltration pathway 

is included in Table A.2-39. 

using predicted dilution in the Great Miami Aquifer. 

Miami Aquifer dilution. 

processes and were simulated using the SWIFT 111 model for the Active Flyash Pile. The predicted 

CPC concentrations were not compared to the field analytical results because this subunit is in close 

proximity and downgradient of the Inactive Flyash Pile and South Field. 

CPCs passing the screening in Table A.2-39 were further screened 14 

Table A.2-43 shows the results of the Great 15 

Table A . 2 4  lists the constituents that survived the various screening 16 

17 

18 

19 

A.2.8 AOUIFER MODELING 

Aquifer modeling was performed on CPCs passing through screening and are defined from all 

applicable five pathways for each subunit. The derivation of the CPCs for the surface water pathway 

and the surface water modeling is presented in Section A. 1. 

A.2.8.1 

Groundwater modeling for the Operable Unit 2 baseline risk assessment was performed using the 

calibrated groundwater flow model for the FEMP. This model utilizes the SWIFT 111 code and was 

previously calibrated using groundwater elevations obtained during the April 1986 monitoring period. 

A brief summary of the calibration and the results of the calibration are presented in this section. 

Background. DescriDtion, and DeveloDment of Model 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

The groundwater modeling program was initiated to define groundwater transport in and around the 31 

FEMP. The groundwater model used in support of the risk analysis is a finite-difference computer 32 

33 0 model of groundwater flow and solute transport. The computer program used was SWIFT/386 
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, , . . : +  TABLE A.2-39 5 6 5 9  
LIST OF CONSTITUENTS OF POTENTIAL CONCERN FOR VADOSE ZONE MODELING 

FOR THE ACTIVE FLYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

4 

Constituents of Potential Concern 

Radionuclides 

Lead-210 

Neptunium-237 . 

Plutonium-238 

Plutonium-239/240 

Radium-224 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-:! 34 

Uranium-235 /2 3 6 

Uranium-238 

Inorganics 

Arsenic 

Beryllium 

Lead 

Thallium 

Organics 

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

ooozo1 
1 ,  . .. 
. .  , ’  
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TABLE A . 2 4  

RETARDATION FACTORS FOR THE 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent Retardation Factor for Retardation Factor for Unsaturated 
Glacial Overburden Great Miami Aquifer 
RADIONUCLIDES 

Lead-210 
Neptunium-23 7 
Plutonium-23 8 
Plutonium-239/240 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 

Uranium-235/236 
Uranium-238 . 

Total Uranium 

1.35 x 10+4 

7.67 x 10+3 
7.67 x 10+3 
3.14 x 10+3 
3.14 x 10+3 
3.14 x 10+3 

2.62 x 10+4 

2.49 x 10" 

4.61 x lo+' 

2.62 x 10+4 
2.62 x 10+4 
9.03 x lo+' 
9.03 x lo+' 
9.03 x lo+' 
9.03 x lo+' 

4.65 x 
6.21 x 10" 
1.22 x 10+3 
1.22 x 10+3 
1.30 x 10+3 
1.30 x 10+3 
1.30 x 10+3 

3.91 x 10+4 
3.15 x lo+' 

3.91 x 10+4 
3.91 x 10+4 
1.91 x lo+' 
1.91 x lo+' 
1.91 x lo+' 
1.91 x 10" 

INORGANICS 
Arsenic 
Beryllium 
Lead 
Thallium 

9.03 x 
5.87 X 10+3 
1.35 x 10+4 
6.77 x 10+3 

2.44 x 10+3 
3.05 x 10+3 

1.83 x 10+4 
4.65 x lo+' 
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TABLE A.2-42 

PERCHED WATER CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Initial Perched 
Groundwater 
Concentration 

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

Screening Concentration 
Constituents of @Ci/L RAD) (pCi/L RAD) 
Potential Concern (pg/L non-RAD) Total Mass (mg) (pg/L non-RAD) 

RADIONUCLIDES 
Neptunium-237 1.00 x 10+O 5.52 x lo+' 
Plutonium-238 1.00 x 10+O 7.01 x lo-' 
Plutonium-239/240 1.00 x 10+O . 1.93 x lo+' 
Radium-226 1.00 x 10+O 4.96 x 10+O 
Radium-228 3.00 x lo+' 5.41 x 10" 
Strontium-90 1.19 x 10+O 6.26 x 10" 
Thorium-228 2.93 x lo+' 1.46 x lo-' 
Thorium-230 1.13 x lo+' 2.24 x 10+3 

Uranium-234 6.60 x lo+' 1.50 x 10+3 

Uranium-23 8 6.90 x lo+' 2.90 x 10+7 
Uranium - Total 3.13 x lo+' 4.42 x 10+7 

Thorium-232 1.00 x 10+O 3.72 x 

Uranium-235/236 1.00 x 10+O 6.53 x lo+' 

.... 

INORGANICS 
Arsenic 
Lead 

3.40 x lo+' 4.80 x 

. .  6.00 x lo+' 1.27 x 10+9 
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Version 2.51. A comprehensive verification study of the SWIFT 111 code has been completed (IT 

1990). A detailed presentation of the model, its development, and the baseline input data was issued 

as a part of the overall modeling report prepared under the RI/FS (DOE 1990) and revised and issued 

as a separate report (DOE 1993). Only the most pertinent information for the Operable Unit 2 

Remedial Investigation is presented here. 

The steps 

0 

in the development of the model for application to the FEMP included: 

Construction and calibration of a regional, two-dimensional, steady-state groundwater flow 
model 

Construction and calibration of a regional, three-dimensional, steady-state groundwater flow 
model 

Application of a local, two-dimensional, analytical solute transport model to help strategize 
the numerical solute transport model 

Construction of a local, two-dimensional, transient solute transport model 

Construction and calibration of a local, three-dimensional, transient solute transport model 
with uranium concentration data from the monitoring wells 

The regional model covers an area of 28.7 square miles, 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 250 feet and 2,000 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 local area model. 

The local model covers a smaller area than the regional model and uses a tighter grid spacing, with 

grid cells 125 feet on each 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 1,500 feet north of 

the Great Miami River (Figure A.2-14). The grid size was selected based on the need to simulate a 

uranium dispersivity of 100 feet longitudinally, which was the preferred value based on literature 

review (IT 1990). Using this dispersivity value, the grid size was selected to accommodate 

dispersivity values as low as 62.5 feet, or half the distance of the local grid area of 125 feet. The 

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

field predicted by the regional model onto the local solute transport model. 
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The regional and local models each contain five layers. These layers are conceptually shown in 

Figure A.24. The uppermost two layers represent the upper and lower parts of the upper Great 

Miami Aquifer that underlies the area. The middle layer represents a clay interbed that is present in 

the immediate vicinity of the FEMP site, and the lowermost two 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 upper two layers. The layers extend laterally into bedrock to 

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 which 

contains the Great Miami Aquifer. 

Pumping wells are located in the area spanned by both the regional and local models. These include 

a FEMP production well (there are four total, but only one pumps significant quantities of water) and 

three industrial wells located south of the FEMP site in both models. Pumping from each of these 

wells was assigned to the proper cell and layer in the model. In addition, the regional model also 

simulates the presence of two large capacity collector wells owned by the SOWC located by the Great 

Miami River. Although they are not directly included in the local model, they do influence its results 

by way of the boundary conditions brought in from the regional model. 

The calibration of the groundwater flow model was performed by comparing hydraulic heads 

calculated by the model against heads measured in numerous monitoring wells throughout the FEMP 

and surrounding areas. This calibration was performed using the regional flow model. Reasonable 

estimates of hydraulic conductivity and recharge were initially input into the model and then varied 

within an acceptable range to adjust model-computed heads into agreement with observed monitoring 

well heads. 

The model used varying hydraulic conductivity values for the five layers based on the results of the 

calibration. The uppermost and middle layers were assigned hydraulic conductivity values of 450 

feetlday (0.16 cdsec),  and the lowermost layers used 600 ft/day (0.21 cdsec). In addition, a 

portion of the middle layer which underlies the FEMP was assigned 0.0003 ft/day (1 x 

as a hydraulic conductivity value to represent the clay interbed (as shown by geologic borings). This 

simulated the presence of a low permeability clay and created a semi-confining layer underneath part 

of the FEMP and its surrounding area. Vertical to horizontal hydraulic conductivity ratios were set 

cdsec) 
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for all layers at 0.1. Results of the recent South Plume pump test calculated aquifer values for 

vertical to horizontal hydraulic conductivity ratios from 0.07 to 0.17 (i.e., over a range which 

includes this value) (Parsons 1993). 

Recharge rates set as a result of the regional model calibration were assigned to several different 

zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge of 6 

inches per year (idyr) (15 c d y r )  was used. Regions where the Great Miami Aquifer is exposed at 

the surface use 14 idyr  (36 cdyr) ,  and Paddys Run channel was assigned a value of 32 idyr  (0.81 

c d y r )  in the local model to simulate its increased infiltration. An additional region, the area covered 

by the FEMP 

This region was assigned a value of 2 idyr (5 c d y r )  

. . . . . . . . . . . . . . . . . 
i was also created as a consequence of the sensitivity analysis. 

Groundwater flow conditions simulated by the model were successful and reproduced the observed 

flow conditions throughout the study area. Based on water levels from 55 wells, the arithmetic mean 

residual (observed head minus calculated head at the monitoring well) for the calibrated flow model 

was 0.33 feet. The excellent match portrayed by this residual value is realized when compared to a 

total change in hydraulic head of approximately 20 feet over the modeling area. The mean of the 

absolute values of the residuals was 1.08 feet, with a standard deviation of 1.36 feet. Water balances 

performed using the model showed total inflow and total outflow from the model to agree within 0.2 

To maintain hydraulic similarity between the regional and local flow models, a computer program 

was used to check, cell by cell, the correspondence of heads in the local model with heads in the 

regional model. The program verified that the regional flow model calibration was preserved in the 

local model which was used for solute transport; thus, no new flow calibration was necessary. The 

local model used hydraulic parameters identical to those used in the calibrated regional model. 
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Boundary conditions for the local model were set from corresponding cells in the regional model to 

maintain the hydraulic similarity. 

A.2.8.2 SWIFT III Modeling 

The calibrated groundwater flow model for the FEMP was used to simulate the transport of 

constituents in the Great Miami Aquifer. A series of constant loading periods were defined for 

ODAST output for each constituent for the SWIFT 111 modeling based upon source decay, 

retardation, and constituent decay factors. Typically, a 10 year loading interval was used for CPCs 

with low retardation factors (e.g., technetium-99) while a 20 year period was defined for CPCs with 

high retardation factors (e.g., manganese and uranium-238). Loading rates for each period were 

calculated by averaging the results of the vadose zone modeling over the length of each period. In 

this way, total mass inflow into the aquifer was maintained. A simulation time of 1000 years was 

used for CPCs in the Great Miami Aquifer. 

Loading rates were calculated, using ODAST, for each of the SWIFT I11 grid blocks under potential 

source areas in the model to account for the varying surface area and thickness of the waste within 

each subunit. The loading rate for each compound in each grid block was calculated from the volume 

of the waste overlying it, the constituent concentration, and other physical parameters (see Section 

A. 2.7). 

Initial background concentrations of each compound in the aquifer were set to zero. The model 

simulations for the Operable Unit 2 CPCs used a longitudinal dispersivity value of 100 feet and 

transverse dispersivity of 10 feet. These values were determined during the solute transport 

calibration for uranium and are based on values taken from literature review (DOE 1990 and Walton 

1985). Distribution coefficients, retardation factors, and decay factors for simulated compounds were 

also taken from various sources (see Section A.2.4) and are shown in Table A.245. Other key 

parameters used by the.SWIFT I11 model are listed in Table A.246. 

Model simulations were performed using SWIFT/386 on a Powerbox PC microcomputer or Silicon 
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Graphics workstation. Simulation execution times varied between 18 and 37 hours on Powerbox PC 

and 8 to 15 hours on Silicon Graphics workstation and required extensive computing capacity. 

programs written for that purpose. Contour plots were made for selected constituents at different 
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Output was written to a single file from which relevant data was extracted using data manipulation 0 
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TABLE A.2-45 

DISTRIBUTION COEFFICIENTS AND DECAY FACTORS USED IN THE 
SWIFT I11 MODEL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Distribution Coefficient Decay Half Life 

RADIONUCLIDES 

Parameters I(d (mL/g) (days) 

Neptunium-237 

Radium-226 

Strontium-90 

Technetium-99 

Uranium-234 

Uranium-235/236 

Uranium-238 

Uranium - Total 

5.00 x lo+' 

1.06 x 
2.50 x lo+' 

7.00 x lo-' 

1.48 x 10" 

1.48 x lo+' 

1.48 x lo+' 

1.48 x lo+' 

7.81 x lo+* 

5.84 x 10+5 

1.04 x 10+4 

7.77 x 10+7 

t3.92 x 10+7 

2.57 x lo+" 

1.63 x lo+'' 

1.63 x 

INORGANICS 

Arsenic 

Beryllium 

Lead 

2.00 x 
2.50 x 10" 

3.80 x lo+' 

none 

none 

none 

none - constituent does not decay 

aDecay half-life for Uranium - Total was assumed to be the same as that of Uranium-238 
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TABLE A.2-46 
PARAMETERS USED IN THE SWIFT III MODEL 

Parameter Value 

Hydraulic Conductivity 

Layer 1 

Layer 2 

Layer 3 

Layer 4 

Layer 5 

Effective Porosity 

Longitudinal Dispersity 

Transversal Dispersity 

Soil Bulk Density (dry) 

KH = 450 ftlday; K,, = 45 ftlday 

KH = 450 ftlday; K,, = 45 ftlday 

KH = 1 .OO x 10” ftlday ; K, = 1 .OO x 10“ ftlday 

KH = 600 ftlday; K,, = 60 ftlday 

KH = 600 ftlday; K,, = 60 ftlday 

0.25 

100 ft 

10 ft 
1 .a ...... @m3 

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

FER\CRUZRI\NMG\APP-A\TABA24Uune 7, 1994 3: I5pm A- 1- 123 



565 9 
FEMP-OUOZ-S DRAFT 
June 15, 1994 

simulation times for CPCs exceeding screening concentration to represent CPC plumes and plume 

changes over time. Contour plots are presented at the time of maximum concentration on-site and at 

the FEMP property boundary, at the time of uranium maximum concentration on-site and at the 

FEMP property boundary, and at lo00 years. 

2 

3 

4 

5 

A.2.8.2.1 Source Loading to the Great Miami Aauifer 

Constituent loading to the Great Miami Aquifer came from: 

The leaching of CPCs from the soil matrix into the dissolved phase and then migrating to 
the Great Miami Aquifer through the vadose zone 

The infiltration of contaminated surface water from Operable Unit 2 subunits to the Storm 
Sewer Outfall Ditch and Paddys Run and then to the Great Miami Aquifer 

Percolation of perched water beneath the subunits through the vadose zone to the 
underlying Great Miami Aquifer 

Lateral migration of perched water beneath the subunits and then infiltrating through an 
area where glacial overburden is not present (subsurface seeps). 

Infiltration of contaminated seep water to the Great Miami Aquifer 

Loading from perched water, waste leachate, and seeps to the Great Miami Aquifer was modeled 

using ODAST and results are presented in Section A.2.7. Appendix A. 1 describes modeling of CPCs 

through the surface water pathway. CPCs that follow the surface water pathway to the Great Miami 

Aquifer were first screened to remove constituents that pose insignificant risk. If theoretical Great 

Miami Aquifer concentrations were below the screening concentrations then the constituent was 

screened out and was not modeled in the aquifer. All CPCs were screened out from the surface water 

pathway for the Solid Waste Landfill and the surface water pathway is not applicable for the Lime 

Sludge Ponds. Table A.247 provides a summary of surface water runoff loading to the Great Miami 

Aquifer from the Inactive Flyash Pile, and South Field, while Table A.2-48 provides a summary of 

surface water runoff loading to the Great Miami Aquifer from the Active Flyash Pile. One-hundred 

percent of the constituent mass in the runoff effluent reaching the Storm Sewer Outfall Ditch and 30 

percent of the constituent mass in the runoff effluent reaching Paddys Run was assumed to infiltrate to 

the Great Miami Aquifer (IT, 1993) during storm events. This loading consists of CPC mass in 

runoff water in dissolved phase as well as leaching of sediments. Note that 43.4% of runoff water 

from the Storm Water Outfall Ditch was also assumed to reach Paddys Run and eventually to the 

Great Miami River. Similarly, one hundred percent of CPC mass reaching Paddys Run was assumed 

OdBOZZ5 ' 
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TABLE A.2-47 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR 
SURFACE WATER RUNOFF LOADING TO THE GREAT MIAMI AQUIFER FROM 

THE INACTIVE FLYASH PILE AND THE SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MaximW 
Loading 

Concentration to 
the Aquifer from 

the Inactive 
Flyash Pile 

Constituents of 

Technetium-99 0.0 

MaximUIIl 
Loading 

Concentration to 
the Aquifer from 
the South Field Loading Mass - 

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

....................... 
Urhum-23@ 1.27 x 10" 1.44 x gy&z@;.@gg ................... ........................... ......... 1.70 x lo-' ....................... ....................... 
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to reach the Great Miami River. 

A.2.8.3 Results of SWIFT III Modeling 

A.2.8.3.1 Solid Waste Landfill 

The groundwater fate and transport modeling results are summarized in Table A.2-49 for 

technetium-99, the only CPC that will reach the Great Miami Aquifer within 1000 years from the 

Solid Waste Landfill above the screening concentrations. This table also presents the arrival time for 

the constituents to reach the aquifer, the maximum loading concentration, the maximum 

concentrations of the CPC that would be expected in the aquifer within 1000 years and the time 

required for the constituents to reach the maximum value. It also presents the predicted maximum 

concentration at the FEMP boundary due to loading from the Solid Waste Landfill. Screening levels 

have been developed based on a 442- , presented 

in Appendix B, and provide a basis for understanding the risk to human health from the ingestion of 

water from the Great Miami Aquifer at the hypothetical receptor location. 

< .................... .. . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . ........... ..... ........ 

A.2.8.3.2 Lime Sludge Ponds 

The groundwater fate and transport modeling results are summarized in Table A.2-50 for technetium- 

99, the only CPC that will reach the Great Miami Aquifer within 10oO years from the Lime Sludge 

Ponds. The table also presents the arrival time for the constituents in the aquifer, the maximum 

loading concentration, the maximum concentrations of technetium-99 that would be expected in the 
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TABLE A.2-48 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR 
SURFACE WATER RUNOFF LOADING TO THE GREAT MIAMI AQUIFER FROM 

THE ACTIVE FLYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Loading 
Concentration to the Screening 

Aquifer Concentration 
Constituents of @Ci/L RAD) Loading Mass (pCi/L RAD) 
Potential Concern (pg/L non-RAD) (8) (pg/L non-RAD) 

Arsenic 1.06 x 10'' 

Beryllium 4.44 x 10-1 

Neptunium-23 7 2.51 x 10'' 

Uranium-238g 5.13 x 10" 
... 

1.70 x 1 0 '  
. . . . . . . . . . . . 

. .. . 
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aquifer within lo00 years and the time required for the constituents to reach the maximum value. It 

also shows that the predicted maximum concentration at the FEMP boundary due to loading from the 

Lime Sludge Ponds is below the screening level, i.e., off-site impact of Lime Sludge Ponds is 

negligible. Screening levels have been developed based on a 40:- 

, presented in Appendix B, and provide a basis for understanding the ri 

2 
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. .  
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7 

health from the ingestion of water from the Great Miami Aquifer at the hypothetical receptor location. 
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21 

g;g&.$* 
. . . i............... . ....... 

Figure A.2-18 shows that plume migration from the Lime Sludge Ponds is in an east-southeasterly 

direction. At 1,000 years, concentrations of technetium-99 were predicted to be significantly below 

the screening level. 

A.2.8.3.3 Inactive Flvash Pile/South Field 

The Operable Unit 2 SWIFT I11 model and parameters were calibrated for uranium-238. Uranium- 

238 was selected for calibration because of its high detection frequency, very sensitive analytic 

procedure, because it was expected to be the main parameter of concern for risk assessment, and 

because hot spots for it were identified and modeled. Use of uranium at the site began in the 1950's. 

Current uranium-238 concentrations in the Great Miami Aquifer in the vicinity of the South Field area 

22 

23 

24 

25 

26 
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was detected as high as 384 pCi/L at well 2945 in the validated filtered samples and on-site (non- 

vali&&I)@alysis indicated that the total uranium concentration is as high as 2100 pg/L (equivalent 
.* 

92 *., * .I *.. 

to 587 pCi/L of uranium-238). 

SWIFT I11 was first run using a I<d of 8.4 ml/g for uranium (Uranium Partition Coefficient Evaluation 

Study for Operable Unit 2, 1993) in the Great Miami Aquifer. SWIFT I11 model results indicated 

that it will take more than 200 years to reach current concentrations levels in the Great Miami 

Aquifer. Since uranium break through for & of 8.4 ml/g does not occur until after 16 years, 

calibration cannot be done by increasing waste concentration alone. Through calibration process, the 

& value in the Great Miami Aquifer (and ODAST) was reduced to 1.48 ml/g. At 40 years from 

placement of waste in the South Field area subunits (approximately current conditions), model 

predicted uranium-238 concentrations in the Great Miami Aquifer to be 134 pCi/L (Figure A.2-19B) .... 

in the grid cell containing the Well 2945. This is considered a good calibration of the model given 

the limitations that source areas smaller than 125-by-125 feet cannot be assigned. The uranium break 

NO ,, 
A$g :..:..... :.:.:.: ....... .... . . . 

565 9 

through close to the Well 2945 is due to subsurface seeps. Although subsurface seeps do not travel 

laterally, 125 feet on the unsaturated Great Miami Aquifer, model limitations required that subsurface 

seep mass be loaded uniformally over the full 125-by-125 foot cell. If subsurface seeps infiltrate 

through a 20 to 50-foot wide area, this can easily result in underestimation of concentrations near 

subsurface seeps at 40 years by a factor of 3 to 6. Since the overall maximum loading is due to 

vadose zone pathway (Figure A.2-20), which is uniformly distributed over the full grid cell, the 

maximum predicted uranium-238 concentrations for the baseline risk assessment are not very sensitive 

to the above mentioned limitations of the model. Note that predicted uranium-238 shape (Figure 

A.2-19€3) ...:.. is consistent with the field observations. #go : 
A!g' ...... . . ............ t: 
. *.. . . . . . . . . . .. . . . . . . .... . . . . . . . 

Figure A.2-20 shows the loading of uranium-238 to Great Miami Aquifer from the Inactive Flyash 

Pile and the South Field. Figure A.2-20 shows that uranium-238 reaches the Great Miami Aquifer 

very early and loading increases very slowly up to 100 years (main contribution from perched water 

subsurface seeps), and then rises sharply and reaches a peak at 160 years (due to breakthrough from 

the vadose zone pathway). Uranium-238 loading then decreases exponentially. Figure A.2-20 shows 

uranium-238 concentration at the interface of vadose zone layer 2 (unsaturated Great Miami Aquifer) 

and saturated Great Miami Aquifer from the vadose zone pathway in grid block (29, 65). It does not 
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the concentration vs: time history of perched water 

which has early arrival time but lower peak concentration 
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subsurface seep in the same grid block, 

value. 

Figures A.2-21, A.2-22, and A.2-23 show the projected increase in uranium-238 concentrations due 

to the Inactive Flyash Pile and South Field at 160, 220, and 1,0oO years, respectively. The maximum 

on-site uranium-238 concentration was predicted to occur at 160 years, while maximum off-site 

concentration was predicted to occur at 220 years. 

The groundwater fate and transport modeling results are summarized in Table A.2-51 for the CPCs 

that will reach the Great Miami Aquifer within 1000 years from the South Field and Inactive Flyash 

Pile subunits. The table also presents the arrival time for the constituents to reach the aquifer, the 

maximum loading concentration, the maximum concentrations of the CPC that would be expected in 

the aquifer within lo00 years and the time required for the constituents to reach the maximum value. 

It also presents the predicted maximum concentration at the FEMP boundary due to loading from the 

Inactive Flyash Pile and the South Field. Screening levels are also presented to provide a basis for 

understanding the risk to human health from the ingestion of water from the Great Miami Aquifer. 

The uranium-238 concentration is most elevated compared to the screening concentration and may 

control the overall risk from groundwater pathway (see Section 6 and Appendix B). Table A.2-52 

presents the on-site and off-site concentrations of other CPCs at uranium-238 maximum concentration 

location and time. 

As noted earlier, total uranium, uranium-234, and uranium-239236 concentrations were estimated 

from the results of uranium-238 modeling. Figures A.2-24 through A.2-26 show the site-specific 

relationship between uranium-234 and uranium-238 activity at the Inactive Flyash Pile/South 

Field/Active Flyash Pile, uranium-235/236 and uranium-238 activity at the Inactive Flyash Pile/South 

Field/Active Flyash Pile, and uranium-238 and total uranium mass at the Inactive Flyash Pile/South 

Field, respectively. The following relationships were observed between various uranium forms: 

Uranium-234 = 0.91 (Uranium-238) 

Uranium-235/236 = 0.048 (Uranium-238) 

Uranium-238 = 0.832 (Uranium-total) 

activity ratio 

activity ratio 

mass ratio at Inactive Flyash 
Pile/South Field only 
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The constituents projected to be above the screening levels when they reach the Great Miami Aquifer 

directly beneath the Inactive Flyash Pile and South Field area were the uranium isotopes (uranium- 

234, uranium-235/236 and uranium-238), total uranium, neptunium-237, radium-226, strontium-90, 

technetium-99, antimony, cadmium, lead, manganese, and molybdenum. Only uranium isotopes 

(uranium-234, uranium-235/236 and uranium-238), total uranium, neptunium-237, technetium-99, 

lead, and manganese were predicted to exceed screening levels in the Great Miami Aquifer. Of these 

CPCs, only uranium isotopes, total uranium, neptunium-237, and technetium-99 are projected to be 

above the screening level at the FEMP boundary. Loading and contour plots were made for these 

CPCs at different time periods and are presented in Figures A.2-27 through 

example, Figure A.2-30 depicts a plume of neptunium-237 in groundwater moving towards the 

southeastern boundary of the FEMP. Contour plots show the projected increase in the concentrations 

A,2-!%- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . As an 
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IS 
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of contaminants. 23 
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28 

A.2.8.3.4 Active Flvash Pile 29 

The groundwater fate and transport modeling results are summarized in Table A.2-53 for CPCs that 

will reach the Great Miami Aquifer from the Active Flyash Pile above the 4€&k!wx C.! M 

30 

31 

in 1,000 years. The table also 32 

33 presents the arrival time for CPCs in the aquifer, the maximum loading concentration, the maximum 

FER\CRUZRI\NMG\APP-A\.SECM.TXTUune 7. 1994 S:27pm A-2- 147 



FEMP-OUO2-5 DRAFT 
June 15. 1994 

C 

4 
m 

8 
c( 

< 
\ 

0 

56s  9 

t 

P r- e, 
i b ' i  J 

A-2-148 



June 15, 1994 

2 .  
0 
0 
a3 * 

0 
0 
0 
a3 
b 
d- 

0 
0 
0 a 
b 
d- 

0 
0 
0 
d- 
b 
d- 

0 
0 
0 
01 
b * 

0 
0 
0 
0 
b 
e 

C 
(r 
9 
\ 
N N 

3 
0 
P 

I 

A 

I I I I I I I I I I I I 
I I 

1384000 1386000 1388000 1374000 1376000 1378000 1380000 1382000 

MAXIMUM INCREASE IN CONCENTRATION = 0.019 pC i /L  

P 
Ol 
0 
0 
0 
0 

P 
4 
a, 
B - 
0 

P 

m 
0 
0 
0 

P 
4 
P 
0 
0 
0 

P 
q 
lv 
0 
0 
0 

P 
q 
0 
0 
0 
0 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAILROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NEPTUNIUM - 237 
CONCENTRAT~~N 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours bosed on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

' I o! 1500 3000 

FIGURE A.2-28 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

160 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 

' PROJECTED INCREASE IN 



June 15, 1994 

s1 
0 
0 
03 * 

0 
0 
0 a 
b 
d. 

0 
0 
0 
(D 
b + 

0 
0 
0 * 
b 
d. 

0 
0 
0 
(v 
b 
d 

0 
0 
0 
0 
b 

P 
CAI 
0 
0 
0 
0 

565 9 

I 
9 

rc 

I I I I I I I I I I I 1 I I 

13 7 4000 1376000 1378000 1380000 1382000 1384000 1386000 1388000 

C 
0, 

0 
v 
v 

9 

MAXIMUM INCREASE IN CONCENTRATION = 0.36 pCi /L  2 

P 
q a 
0 
0 
0 

P 
4 
0 
0 
0 
0 

P 
q 
P 
0 
0 
0 

P 
q 
N 
0 
0 
0 

P 
4 
0 
0 
0 
0 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAILROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NEPTUNIUM-237 
CONCENTRATION 
CONTOUR. (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration Q not  included. 

1 SCALE (FT) 

1500 3000 

FIGURE A.2-29 
PROJECTED INCREASE IN 

NEPTUNIUM-237 CONCENTRATION 
' IN GREAT MIAMIAQUIFER AT 

THE INACTIVE FLYASH PILE AND 
SOUTH FIELD 

220 YEARS DUE TO LOADING FROM 



C 
0, 

0, 
N 
N 
0 
0 
0, 

9 

.- 
L 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAJLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

Io- 1500 3000 

FIGURE A.2-30 
PROJECTED INCREASE IN 

NEPTUNIUM- 237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

360 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 
MAXIMUM INCREASE IN CONCENTRATION = 0.92 pCi /L  

WUWL%;: 
A-2-151 



_. . . 

P 
4 a 
0 
0 
0 

P 
4 
0, 
0 
0 
0 

P 
4 
P 

0 
0 

' 0  

P 
\1 

. N  
0 
0 
0 

P 
4 

0 
0 
0 

- 0  

June 15. 1994 

S!  
0 
0 
a3 * 

0 
0 
0 
a3 
h * 

0 
0 
0 
(D 
b * 

0 
0 
0 * 
b * 

0 
0 
0 
c\1 
h * 

0 
0 
0 
0 
b * 

MAXIMUM INCREASE IN CONCENTRATION = 0.35 pC i /L  

LEGEND 

ROADS - -  - - -- = = = = = 
-::- - STREAM 

b-3 WASTE AREA --- RALROAD 

FEMP PROPERTY BOUNDARY ---- - 
------ - MODEL GRID BOUNDARY 

/7TTi7T7;?n BEDROCK BOUNDARY 

-IOV-~ NEPTUNIUM-237 CONCENTRATION 

CONTOUR (pCi/L) 

1 
NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2 - 31 
PROJECTED INCREASE IN 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

540 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 

01 
A-2- 152 



. L.... - v u u - - - .  "I.. .. 1 

June 15. 1994 

81 
0 
0 
03 
d- 

0 
0 
0 
03 
b 
d- 

0 
0 
0 
(0 
b 
t 

0 
0 
0 
t 
b 
d- 

0 
0 
0 
(v 
b 
t 

0 
0 
0 
0 
b 
d- 

C 01 

P 
a 
0 
0 
0 
0 

P 
d 
a, 
0 
0 
0 

P 
d 
0 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
d 
h, 
0 
0 
0 

P 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RNLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NEPTUNIUM-237 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
ond back ground concentration 
not included. 

SCALE (FT) 

1500 3000 

FIGURE A.2 - 32 
PROJECTED INCREASE IN 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

1000 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 

? 

8 
MAXIMUM INCREASE IN CONCENTRATION = 0.079 p C i / L  

c 
r) 
h( 

cr, O(j(J2.; .- - 
A-2-153 



FEMP-OUM-5 DRAFT 
JA. 15, 1994 

v! 
CI 

v! 0 
* 

I I 

9 

0 

., 

+ 

"0 
A-2-154 



137 
0 
0 
a3 * 

0 
0 
0 
a3 
b * 

0 
0 
0 
(D 
fi * 

0 
0 
0 * 
b * 

0 
0 
0 
cv 
b * 

0 
0 
0 
0 
f i  
e 

P 
3l 
3 
3 
3 
3 

P 
4 
30 
3 
0 
0 

P 
\J 
0 
0 
0 
0 

P 
\1 
P 
0 
0 
0 

P 
\J 
h) 
0 
0 
0 

P 
4 
0 
0 
0 
0 

' 5 6 5 9  

June 15. 1994 

TECHNETIUM-99 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

THE INACTIVE FLYASH PILE AND 
SOUTH FIELD 

C 01 40 YEARS DUE TO LOADING FROM 

r) hl MAXIMUM INCREASE IN CONCENTRATION = 10.3 pCi/L 
9 
r) 

0 
0 
01 .- - P u r n  

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAILROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

TECHNETIUM-99 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surfoce contours bosed on 
1992 flyover. 
Other source loadings 
ond background concentration 
not included. 

SCALE (FT) 

Io- 1500 3000 

FIGURE A.2-34 
PROJECTED INCREASE IN 

A-2- 155 



June 15, 1994 
~~~ 

g 
0 
0 
43 
d. 

0 
0 
0 
43 
b 
d. 

0 
0 
0 
(D 
b * 

0 
0 
0 

b 
d. 

0 
0 
0 
hl 
b * 

0 
0 
0 
0 
b 
e 

137 

. - - - - -_,_ 

/ - a  Yb-3 \ a 
I '  I I I 1 I I I I I I I I I I 

1388000 1384000 1386000 1374000 1376000 1378000 1380000 1382000 

0 

C 
0 

4 
9 
v 

9 
MAXIMUM INCREASE IN CONCENTRATION = 5.8 pCi /L  

2 
cr, 

P 
io 
0 
0 
0 
0 

P 
4 
a, 
0 
0 
0 

P 
4 
0 
0 
0 
0 

P 
4 
P 
0 
0 
0 

P 
d 
N 
0 
0 
0 

P 
4 
0 
0 
0 
0 

b 565 9 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RALROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

TECHNETIUM-99 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 f lyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2-35 
PROJECTED INCREASE IN 

TECHNETIUM-99 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

160 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 

A-2- 1 56 - 



June 15. 1994 

s 
0 
0 
a3 
d 

0 
0 
0 
03 
b * 

0 
0 
0 a 
b * 

0 
0 
0 * 
b 
d 

0 
0 
0 
hl 
h 
d 

0 
0 
0 
0 
h 
e 

C 
0, 

9 
n 
3 MAXIMUM INCREASE IN CONCENTRATION = 5.6 pCi/L : 
0 
P 

P 
0, 
0 
0 
0 
0 

P 
d 
OD 
0 
0 
0 

P 
d 
m 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
d 
h, 
0 
0 
0 

P 
d 
0 
0 
0 
0 

t 

565 9 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAlLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

1 
0 1500 3000 

FIGURE A.2 - 36 
PROJECTED INCREASE IN 

TECHNETIUM-99 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

220 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 



June 15, 1994 

0 
0 
0 
a3 

0' 

d. 

0 
0 
0 
a3 
b 
d. 

0 
0 
0 
(D 
b 
d. 

0 
0 
0 
=t 
b 
d. 

0 
0 
0 
c\1 
b 
d. 

0 
0 
0 
0 
b * 

MAXIMUM INCREASE IN CONCENTRATION = 5.4 p C i / L  

P 
32 
3 
3 
3 
3 

P 

00 
0 
0 
0 

P 
4 a 
0 
0 
0 

P 
4 
P 
0 
0 
0 

P + 
N 
0 
0 
0 

P 
4 
0 
0 
0 
0 

5659 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RNLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

TECHNETIUM- 99 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 f lyover.  
Other source loadings 

not included. 
1 and background concentration 

SCALE (FT) 

1 
0 1500 3000 

FIGURE A .2 -37  
PROJECTED INCREASE IN 

TECHNETIUM-99 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT ' 

1000 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 



FEMP-OUOZ-5 DRAFT 
June IS. 1994 

v! 
c 

I 

t 
\ 

I 

565 9 

A-2-159 



4 

MAXIMUM INCREASE IN CONCENTRATION = 4.86 ug/L 

. 665 9 

LEGEND 

I b-3 WASTE AREA - RALROAD ----- FEMP PROPERTY BOUNDARY --- - - - - MODEL GRID BOUNDARY 

/7rr;?7Ti7n BEDROCK BOUNDARY 

-IO-. LEAD CONCENTRATION 
CONTOUR (ug/L) 

NOTE: 
Coordinates ore in State 
Planar NAD 1927. 
Surface contours bosed on 
1992 flyover. 
Other source loadings 

not included. 
1 and bockground concentration 

SCALE (FT) 

1500 3000 

FIGURE A.2 - 39 
PROJECTED INCREASE IN 

LE AD CONCENT RAT ION 
IN GREAT MIAMIAQUIFER AT 

1000 YEARS DUE TO LOADING FROM 
THE INACTIVE FLYASH PILE AND 

SOUTH FIELD 

A-2- 160 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

VI ccr 

0 

3 ’  
I 

565 9 

0 0 

0 
0 

W 
4 
e - 

VI 

30 1 
A-2- 16 1 

000252 



FEMP-OUOZ-5 DFWT 
June 15, 1994 

u 

A-2- 162 

- N 
4. + 



EMP-OUOZ-5 DRAFT 
June 15, 1994 

6 -. 

,* 565 9 

A-2- 163 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 4 ,- 

? .  9 U  'J 
~ = 

concentration of CPCs that could be expected in the aquifer within lo00 years and the time required 

for the CPC to reach the maximum value. CPCs projected to be above screening levels as they reach 

the Great Miami Aquifer directly beneath the Active Flyash Pile were uranium isotopes (uranium-238, 

uranium-234, uranium-235/236), total uranium, neptunium-237, strontium-90, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

As noted earlier, total uranium, uranium-234, and uranium-2351236 concentrations were estimated 

from the results of uranium-238 modeling. Figure A.2-43 shows site specific relationship between 

uranium-238 and total uranium at the Active Flyash Pile. Figure A.243 shows that 91 % of total 

uranium mass consists of uranium-238. 

Relationships of uranium-238 with uranium-234 and uranium-235/236 was shown 

in Figures A.2-24 and A.2-25. These relationships were used to estimate uranium-234, uranium- 

235/236, and total uranium concentrations. 

concentrations are significantly elevated compared to the screening concentrations and may pose a 

significant risk via the groundwater pathway. Table A.2-54 presents on-site and off-site 

concentrations of CPCs at uranium-238 maximum concentration location and time. Loading curves 

and contour plots for CPCs at different time periods are presented in Figure A . 2 4  through A4X2 

Except for arsenic, all CPC loading curves show a typical sharp rise to a peak value and then 

exponential decline. Arsenic shows a constant loading curve, as arsenic loading was controlled from 

the surface water pathway where each storm event was assumed to provide the same loading to the 

Great Miami Aquifer. All concentration contours show a southerly migration from the Active Flyash 

11 

12 

13 

14 

IS 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

6002555 
FER\CRUZRI\NMG\APP-A\.SECA2.lYNune 7. 1994 6:ISpm A-2-164 



June 15, 1994 
FEMP-OUOZ-5 DRAFT 

6 s  9 



C 
0, 
9 
n N 

0, 

F 

3 
0 
L 

* 

0 
0 
0 
03 
h * 

0 
0 
0 a 
b 
d. 

0 
0 
0 * 
b 
d. 

0 
0 
0 
e4 
h * 

0 
0 
0 
0 
h * 

1374000 1376000 1378000 1380000 1382000 1384000 1386000 1388000 

MAXIMUM INCREASE IN CONCENTRATION = 0.11 pC i /L  

j, 
3 
3 
3 
3 

P 
< 
03 
0 
0 
0 

P 

a 
0 
0 
0 

P 
4 
P 
0 
0 
0 

P 
< 
h) 
0 
0 
0 

P 
4 
0 
0 
0 
0 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RALROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

URANIUM-238 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours bosed on 
1992 f lyover.  
Other source loadings 
and background concentration 
not included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A .2 -45  
PROJECTED INCREASE IN 

URANIUM-238 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

40 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 



C 
(r 
D 

P 
I d  

0, 
0 
0 
0 

P 
4 
P 
0 
0 
0 

P 
d 

, N  
0 
0 
0 

P 
4 

0 
0 
0 

- 0  

0 
0 
0 
03 
d 

0 1  

0 
0 
0 
03 
b 
d 

0 
0 
0 
u) 
b 
d 

0 
0 
0 
d 
b 
d 

0 
0 
0 
e4 
b 
d 

0 
0 
0 
0 
b 
-t 

MAXIMUM INCREASE IN CONCENTRATION = 21.8 pCi/L 

- ---- 
- - - - - - -  
z 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAJLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

URANIUM-238 CONCENTRATION 

CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

0 1500 3000 

FIGURE A.2 - 46 
PROJECTED INCREASE IN 

URANIUM-238 CONCENTRATION 
IN GREAT MIAMI AQUIFER AT 

100 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

A-2-167 
000258 



3 
0 
0 
03 
d- 

0 
0 
0 
03 
b 
d. 

0 
0 
0 a 
b 
d- 

0 
0 
0 
d- 
b 
d. 

‘ 0  
0 
0 cv 
b 
d. 

0 
0 
0 
0 
I\ 
d- 

C 
01 
D 

MAXIMUM INCREASE IN CONCENTRATION = 21.4 pCi/L 
rj 
In 
N 
0 

P 
00 
0 
0 
0 
0 

P 
q 
00 
0 
0 
0 

P 
d m 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
d 
h) 
0 
0 
0 

P 
q 
0 
0 
0 
0 

56s 9 

--*)- 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAILROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

URANIUM-238 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concen t ro tion 
not included. 

SCALE (FT) 

I o l  1500 3000 

FIGURE A . 2 - 4 7  
PROJECTED INCREASE IN 

URANIUM-238 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

120 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 



d 

0 
0 
0 
a3 
b 
t 

0 
0 
0 
u) 
b 
d 

0 
0 
0 
t 
b 
t 

0 
0 
0 
hl 
b 
t 

0 
0 
0 
0 
b * 

June 15, 1994 

PROJECTED INCREASE IN 
URANIUM-238 CONCENTRATION 

1000 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

C 0, IN GREAT MIAMIAQUIFER AT 

In hl MAXIMUM INCREASE IN CONCENTRATION = 0.11 p C i / L  
8 

9 * 

0, 
i; 

A-2-169 OO(BZ;'GC 

P 
(I, 
0 
0 
0 
0 

P 
d 
a, 
0 
0 
0 

P 
d cn 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
d 
h) 
0 
0 
0 

P 
d 
0 
0 
0 
0 

665 9 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RALROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

URANIUM-238 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 

A Other source loodings 
and background concentration 
not included. 

SCALE (FT) Io-  1500 3000 

FIGURE A.2-48 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

565 9 



0 .  
U 
0 
0 
a3 * 

0 
0 
0 
03 
r\ * 

0 
0 
0 ul 
r\ * 

0 
0 
0 * 
I\ 
e 

0 
0 
0 cv 
r\ * 

0 
0 
0 
0 
b * 

C 
0, 
D 
rd 

MAXIMUM INCREASE IN CONCENTRATION = 0.053 pCi/L n 
N 
D 
0 
P 
b 

665 9 
P 

P 
q 
a, 
0 
0 
0 

P 
q a 
0 
0 
0 

P 
q 
P 
0 
0 
0 

P 
q 
N 
0 
0 
0 

P 
q 
0 
0 
0 
0 

LEGEND 

ROADS 

STREAM 

- - = = = = = = =  
=:=- -::- - 
b-3 WASTE AREA 

\ RAlLROAD - - c - - FEMP PROPERTY BOUNDARY - - - - - - MODEL GRID BOUNDARY 

% BEDROCK BOUNDARY - IO .-< NEPTUNIUM-237 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 fly over. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2-50 
PROJECTED INCREASE IN 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

100 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

A-2-171 



June 15, 1994 

A-2-1 72 000263 

665 9 

J 

0 .  
a 
0 
0 
a3 
d 

0 
0 
0 
03 
b 
d 

0 
0 
0 
u3 
b 
d 

0 
0 
0 
d 
b 
d 

0 
0 
0 
hl 
b 
d 

0 
0 
0 
0 
b 
d 

C 
m 

b m 
N 
0 
0 
0, 

9 

MAXIMUM INCREASE IN CONCENTRATION = 1.52 pC i /L  
.- 
L 

P 
in 
0 

18 
~0 

P 
d 
a, 
0 
0 
0 

P 

, a  
0 
0 
0 

P 
q 
P 

0 
0 

' 0  

P 
q 

. r Q  
0 
0 
0 

P 
4 

- 0  
0 
0 
0 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAlLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

Io-' 1500 3000 

FIGURE A.2-51 
PROJECTED INCREASE IN 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

160 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 



a 

June 15, 1994 
b 

g! 
0 
0 a * 

0 
0 
0 
a3 
b 
d 

0 
0 
0 
(D 
b * 

0 
0 
0 * 
b * 

0 
0 
0 
(v 
b 
d 

0 
0 
0 
0 
b 
d 

P 
x 
3 
3 
3 
3 

P 

33 
0 
0 
0 

P 
q 
0 
0 
0 
0 

P 
q 
P 
0 
0 
0 

P 
4 
N 
0 
0 
0 

P 
4 
0 
0 
0 
0 

- -- --- 
- - - - - - -  

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAlLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NEPTUNIUM-237 
CONCENTRATION 
CONTOUR (pCi/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loodings 
and background concentration 
not included. i 0 1500 3000 

SCALE (FT) - 
FIGURE A.2-52 

PROJECTED INCREASE IN 
NEPTUNIUM-237 CONCENTRATION 

IN GREAT MIAMIAQUIFER AT 
9 
03 
0 
(v 
0 
0 
(r 

MAXIMUM INCREASE IN CONCENTRATION = 0.75 pCi/L 
.- 

280 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

c 

A-2-173 8002g~-  



I 
i : 

June 15, 1994 

I 

C 
Q, 

0, 
v) 
cy 

rn 

9 

MAXIMUM INCREASE IN CONCENTRATION = 0.054 pCi/L 
00 

P 

P 
4 
OJ 
0 
0 
0 

P 

P 
4 
P 
0 
0 
0 

P 
4 
h, 
0 
0 
0 

- --- -- 
- - - - - -  - 

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RNLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

Io- 1500 3000 

FIGURE A.2-53 

NEPTUNIUM-237 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

1000 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

' PROJECTED INCREASE IN 



FEMP-OUOZ-5 DRAFT 
June 15, 1994 

1 

a 

a l R  

. 

M 
C 
0 
.- 

3 
f 

G 
r - m 
CI 

t 
E 
0 .- 
u 

E 
8 
- 
E 

C s 

565 



tbMr-UUUL-> U I w r  I 

June 15. 1994 

g! 
0 
0 
a) 
Tf 

0 
0 
0 
03 
fi 
d. 

0 
0 
0 
(D 
b 
cf 

0 
0 
0 
d 
fi 
d 

0 
0 
0 
hl 
h 
d 

0 
0 
0 
0 
b 
d 

1374000 1376000 1378000 1380000 1382000 1384000 1386000 1388000 

C 
CT 

u) 
cy 
0 
0 
0, 

9 
c 

MAXIMUM INCREASE IN CONCENTRATION = 1.0 p C i / L  
.- c 

P 
CAI 
0 
0 
0 
0 

P 
4 a 
0 
0 
0 

P 
d 
Cn 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
\I 
h, 
0 
0 
0 

P 
d 
0 
0 
0 
0 

565 9 

LEGEND 

- 
--I-- ----_ -- 
77757777777 

ROADS 

STREAM 

WASTE AREA 

RNLROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
Other source loadings 
and background concentration 
not included. 

SCALE (FT) 

1 
0 1500 3000 

FIGURE A.2-55 
PROJECTED INCREASE IN 

STRONTIUM-90 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

100 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

A-2-176 0082i 



-. - .  - .. .. 
June 15, 1994 

-. 

3 
0 
0 
0 
t 

0 
0 
0 
03 
h 
e 

0 
0 
0 
CD 
fi 
e 

0 
0 
0 
t 
I\ 
t 

0 
0 
0 
hl 
h 
t 

0 
0 
0 
0 
b 
t 

MAXIMUM INCREASE IN CONCENTRATION = 0.45 pC i /L  

LEGEND 

ROADS 

STREAM 

WASTE AREA 

RAILROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 
0 ther source loadings 
and background concentration 
not included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2-56 
PROJECTED INCREASE IN 

, STRONTIUM-90 CONCENTRATION 
IN GREAT MIAMIAQUIFER AT 

160 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

000' a 0-p -- 
A-2- 177 



FEMP-OUOZ-5 DRAFT 

1 
June 15. 1994 

8 

A-2-178 



- -. . 
June 15, 1994 

565 9 
0 
0 
a3 * 

0 
0 
0 
03 
b 
d 

0 
0 
0 
(D 
b 
d- 

0 
0 
0 
d 
b * 

0 
0 
0 
hl 
b * 

0 
0 
0 
0 
b 
d. 

C 
0, 

.Q 
W 
h( 
0 
0 m 

9 

1- - 

0 -  

I I I I I I I I I I I I I I 
4000 1376000 1378000 1380000 1382000 1384000 1386000 1388000 

MAXIMUM INCREASE IN CONCENTRATION = 0.072 ug/L 

P 
&I 
0 
0 
0 
0 

P 
d 
03 
0 
0 
0 

P 
d 
0, 
0 
0 
0 

P 
d 
P 
0 
0 
0 

P 
4 
N 
0 
0 
0 

P 
4 
0 
0 
0 
0 

ROADS 

STREAM 

WASTE AREA 

RALROAD 

FEMP PROPERTY BOUNDARY 

MODEL GRID BOUNDARY 

BEDROCK BOUNDARY 

ARSENIC CONCENTRATION 
CONTOUR (ug/L) 

NOTE: 
C o o r d i n a t e s  a r e  in State 
P lana r  NAD 1927. 
S u r f a c e  c o n t o u r s  b a s e d  on 
1992 f lyover .  
O t h e r  s o u r c e  loadings 
a n d  background  c o n c e n t r a t i o n  
n o t  included. 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2 - 58 
PROJECTED INCREASE IN 
ARSENIC C ONCE N T R AT ION 

IN GREAT MIAMIAQUIFER AT 
1000 YEARS DUE TO LOADING FROM 

THE ACTIVE FLYASH PILE 



FEMP-OUM-5 D W  
June 15 1994 
I 

565 9 

on 
A-2- 180 

5 a 
f 

W 

E 
0 
I- 

2'99 < 



a 

3 0 1  
0 
0 
a3 
d 

0 
0 
0 
03 
I\ 
e 

0 
0 
0 
(D 
r\ 
d 

0 
0 
0 
-t 
I\ 
d 

0 
0 
0 cv 
I\ 
d 

0 
0 
0 
0 
b 
d 

U 

137 

C 
0, 

(0 
(0 
h( 

9 

MAXIMUM INCREASE IN CONCENTRATION = 1.6 ug/L 
8 

P 
in 
0 
0 
0 
0 

P 
\1 
00 
0 
0 
0 

P 
d 
0 
0 
0 
0 

P 
q 
P 
0 
0 
0 

P 
4 
h, 
0 
0 
0 

P 
4 
0 
0 
0 
0 

565 9 

LEGEND 

- 
ROADS - = = = = = = =  

- : = -  - - ' : -  - STREAM 

ax% WASTE AREA - RAILROAD 

FEMP PROPERTY BOUNDARY --- -- --- - - - MODEL GRID BOUNDARY 

/7TT;7Tri777 BEDROCK BOUNDARY 

-XI- LEAD CONCENTRATION 
CONTOUR (ug/L) 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours bosed on 
1992 flyover. 
Other source loadings 

not included. 
1 and background concentration 

SCALE (FT) - 
0 1500 3000 

FIGURE A.2-60 
PROJECTED INCREASE IN 
LEAD CONCENTRATION IN 
GREAT MIAMI AQUIFER AT 

1000 YEARS DUE TO LOADING FROM 
THE ACTIVE FLYASH PILE 

b .- - 
U Cm27 

A-2- 18 1 



FEW-OUOZ-5 D m  
June 15, 1994 

-7: 
Y 

A.2.8.3.5 Combined ImDact of All ODerable Unit 2 Subunits 

Subunits 

Uranium isotopes, neptunium-237, technetium-99, and lead were the only constituents that were CPCs 

for groundwater from more than one subunit. Figures A.2-63 through A.2-66 show projected 

increase in concentrations of these CPCs at the time of maximum concentration in the Great Miami 

Aquifer. These figures present the overall impact of all 
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A.2.9 MODELING RESULTS OF WASTE AT BACKGROUND CONCENTRATIONS . 22 

Modeling results presented so far are based on analytical results from soil samples and perched water 

samples in Operable Unit 2. This section presents results of vadose zone modeling if the waste and 

23 

24 

perched water were at background concentrations. 25 

26 

n 

28 

each Operable Unit 2 subunits were modeled using ODAST to predict loading to the Great Miami 29 

30 

31 

Aquifer. Except for waste and perched water concentrations, the technical approach and parameters 

used in the modeling are same as presented in Sections A.2.1 through A.2.7. 

zero background concentrations were modeled. No background concentrations were available for 

Leachate concentrations 

were estimated using the EPA 70-year rule. Only CPCs present in individual subunits and with non- 32 

33 0 
(J()()z$?a 
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organic CPCs and these were not expected to be present in the background soils and perched water; 

Therefore, no organic CPCs were modeled. Physical parameters including waste size and infiltration 

rates were assumed to remain at current conditions. 

A.2.9.1 Solid Waste Landfill 

Grid cell (51,91), the grid cell with the highest waste volume (Table A.2-l), was selected for 

background modeling in the Solid Waste Landfill. Table A.2-55 shows the summary of vadose zone 

modeling results if waste and perched water concentrations were at background levels. Table A.2-55 

shows that the impact of the Solid Waste Landfill waste at background levels is negligible on the 

Great Miami Aquifer within 1000 years. ~ 

. .  

w 2 2  A.2 55): 

A.2.9.2 Lime Sludge Ponds 

Grid cell (44,89), the grid cell with highest waste volume (Table A.2-2), was selected for background 

modeling in the Lime Sludge Ponds. Table A.2-56 shows the summary of vadose zone modeling 

results if waste and perched water concentrations were at background levels. Table A.2-56 shows 

that the impact of the Lime Sludge Ponds waste at background levels is negligible on the Great Miami 

Aquifer within 1000 years. Only strontium-9- was predicted to reach the 
-7 Great Miami Aquifer within 1000 years-. E- - 
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A.2.9.3 Inactive Flvash Pile and South Field 

Three grid cells were selected for background modeling in the Inactive Flyash Pile and South Field. 

Grid cell (31,60) represents a typical South Field grid cell where waste is underlain by the glacial 

overburden. Only the vadose zone and perched water vertical infiltration pathways are applicable to 

this grid cell. Grid cell (30,61) does not have glacial overburden beneath the waste. The vadose 

zone pathway including lateral drainage from other grid cells was simulated for the background 

modeling. Grid cell (29,65) receives the maximum flow of perched water subsurface seeps. This cell 

also receives lateral drainage. The vadose zone pathway (including lateral drainage) and perched 

water subsurface seep pathways were modeled for grid cell (29,65). Perched water subsurface seeps 

were modeled at background perched water concentrations. Table A.2-57 shows the summary of 

23 
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vadose zone modeling results if waste and perched water concentrations were at background levels. i 

Table A.2-57 shows that the impact of the waste at background levels is negligible on the Great 

Miami Aquifer within lo00 years if waste is underlain by glacial till. However, when waste at 

2 

3 

a 
background concentrations is left in-place where glacial till is not present, concentrations of certain 

CPCS exceed screening concentrations ~ 2 - r - i s h x  9.1 IJ---*d-kk+( Table A.2-57). In 

4 

NQ . . ..... . . . . . . . . . .+ . . 5 

6 

. . . . . . . . . . . 

..................... . ....................... grid cell (30,61), where lateral drainage was simulated, uranium isotopes, total uranium, stw&ks+ 

concentrations exceed screening concentrations. In grid 7 

cell (29,65), which receives perched water subsurface seep water, uranium isotopes, total uranium, 

radium-226, > 9 

concentrations exceed screening concentrations. IO 

8 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

a 
. . . . . . . . . . , , , , . . . . . . . . . . , , . . . . . . . . . . . . . . .  . 

20 

A.2.9.4 Active Flvash Pile 21 

Two grid cells were selected for background modeling in the Active Flyash Pile. Grid cell (32,57) 

represents a typical active Flyash Pile grid cell where flyash is underlain by the glacial till. Only the 

22 

23 

vadose zone and perched water vertical infiltration pathways are applicable to this grid cell. Grid cell 

(32,56) does not have glacial overburden beneath the flyash. The vadose zone pathway including 

lateral'drainage from other grid cells was simulated for the background modeling. Table A.2-58 

shows the summary of vadose zone modeling results if flyash and perched water concentrations are at 

background levels. Table A.2-58 shows that the impact of the flyash at background level is negligible 

on the Great Miami Aquifer within 1000 years if flyash is underlain by glacial till. However, when 

flyash at background concentrations is left in-place where glacial overburden is not present, 

concentrations of - -7- /T* 
. . . . . . . . . . . \ -  
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A.2.10 UNCERTAINTY IN MODELING RESULTS 

The groundwater fate and transport modeling performed for Operable Unit 2 is subject to uncertainty 

and variability due to factors such as the limited compound-specific characterization data, the inability 

of the models to simulate natural systems with 100 percent accuracy, and the assumptions for future 

site conditions for the waste units. Of these factors, the assumptions made for the future conditions 

of the waste units have the most impact on the modeling results. The waste units are all assumed to 

release contaminants to the environment without future maintenance. This is a worst-case scenario 

and thus yields higher contamination levels than would be considered if a vegetative cover or cap was 

constructed. However, this type of assumption is the primary premise in performing a baseline 

assessment and the most conservative for the purpose of evaluating the risk from the groundwater 

pathway. 

The inherent assumptions built into the models and the assumptions made to develop input parameters 

for the models also have an impact on the final results. Some general uncertainties associated with 

modeling can be attributed to the following sources: 

Source terms for the modeling were defined based on analytical results from the soil and 
water samples collected during the RVFS field investigations. It was assumed that these 
concentrations are representative of CPC concentrations in the past. Although CPC 
concentrations in the past may have exceeded the present concentrations or some hot spots 
may not have been identified, use of the UCL concentration may counter the uncertainties 
introduced by using analytical results from the RI/FS field investigation. 

Except for uranium-238, the total mass of each constituent is estimated by multiplying the 
UCL by the volume of the entire waste area, thus assuming the UCL concentration is 
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uniformly distributed through the entire source area. This methodology introduces an 
obvious potential for overestimation of CPC mass. 

The total mass of uranium-238 was estimated from average concentrations in each 125 ft  by 
125-foot model grid block and the associated volume. 

Uncertainty is introduced into the estimation of leachate compositions even when in situ 
leachate analysis are available. In situ leachate samples may have missed the highest 
leachate concentration in the subunit. Greater uncertainty is introduced when in situ 
leachate analysis are lacking. The use of TCLP data to estimate leachate composition will 
probably result in constituent concentrations that are greater than values expected for in situ 
leachate. As mentioned previously, this occurs due to the enhanced leaching by acetic acid 
versus rainwater. The possibility of underestimating leachate concentrations from TCLP 
data also exist if soil sample used for TCLP analysis does not contain representative 
concentrations of CPCs. Calculations carried out to estimate contaminant concentrations 
using the EPA 70-year rule will introduce a large conservative uncertainty for all but the 
most soluble contaminants (e.g., cesium). Thepossibility exists to underestimate the 
constituents concentration when the EPA 70-year rule is applied to very soluble 
constituents. Even if leaching time is underestimated by a factor of two to three, peak 
concentration in the Great Miami Aquifer will occur very early, while concentration of 
other (less soluble) contaminants is low. Therefore, if soluble constituent was screened 
(all were), risk from the CPCs will still remain below a carcinogenic risk of 10' and a 
Hazard Index of 1 when peak concentration of risk controlling CPC is predicted in the 
Great Miami Aquifer. 

out 

The selection of parameters related to the attenuation and retardation of constituents is a 
major uncertainty in the groundwater fate and transport analysis. The attenuation and 
retardation factors of every constituent except uranium were determined after an extensive 
literature search. It should be noted that the actual retardation factors at the FEMP may 
not follow the assumed literature values, particularly over the long term. Site-specific 
attenuation and retardation factors were used when available. The use of site-specific 
values are assumed to result in lower uncertainty than using literature values. 

The organic decay rates at the FEMP were determined after an extensive literature search. 
The actual decay rates may or may not follow the literature values because of site-specific 
conditions. The use of site data to determine organic decay rates would result in lower 
uncertainty than that resulting from the use of literature values. 

Transport through the vadose zone was approximated by using a one-dimensional model 
ming each of the two imes  
is homogeneous. The unsa 

parameters, such as porosity, residual saturation, and pore size distribution index. Due to 
the heterogeneous nature of the till, these parameters actually change from location to 
location and from depth to depth. 

Average properties and uniform loading in a 125 ft by 125 ft  model grid block was used 
even when mass loading may occur through a much smaller area within the grid block. 
Although this may result in underestimating concentrations in the immediate vicinity of the 
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a 

source covering partial grid cell, it does not affect concentrations significantly down 
gradient of that source area. 

The transport models individually made assumptions regarding the fate of individual 
constituents within source media. However, these models were not combined or linked to 
consider assumptions made regarding depletion of chemicals from one model and the effect 
of that assumption on another model (Le., the leaching models did not consider source 
depletion from surface water runoff, volatilization, or fugitive emissions and the surface 
water runoff models did not consider losses via leaching). Furthermore, the direct 
exposure pathways to a particular source (Le., incidental ingestion of surface soil) did not 
consider source depletion by leaching, surface water transport, or air emissions. 
Consequently, this assumption is considered very conservative. 

These uncertainties for modeling collectively are assumed to moderately overestimate the 

concentrations expected in groundwater. 

The following sections discuss uncertainty associated with the different models used in the fate and 

transport modeling. 

A.2.10.1 HELP Model 

The HELP model is mainly sensitive to the hy.draulic conductivities of the glacial till and waste and 

moderately sensitive to parameters used to define evapotranspiration and runoff. The majority of 

water exiting the system is lost through evapotranspiration and runoff and the remaining water 

becomes the seepage passing through the waste unit. Evapotranspiration is controlled by the plant 

cover type used, which was assumed to be bare ground for the Active Flyash Pile and Lime Sludge 

Ponds, poor grass for the Solid Waste Landfill, and good cover for the Inactive Flyash Pile and 

South Field. The better the vegetative cover, the more evapotranspiration takes place, and less 

infiltration occurs. Conservative assumptions were used to underestimate evapotranspiration and 

overestimate infiltration. For example, vegetative cover at the Inactive Flyash Pile is excellent, but it 

was specified as good. 

Runoff in the HELP model is controlled by the Soil Conservation Study (SCS) runoff curve number 

used, which in turn is derived from the ground type, vegetation type, and land use. Present 

conditions were used to define these factors. If future conditions change, available water for seepage 

could change and thus loading to the aquifer would change. For example, if vegetative cover is 

removed, runoff will increase, and evapotranspiration will decrease. SCS runoff curve number varies 
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The unsaturated seepage flow rate is a function of the unsaturated hydraulic conductivity which 

depends on parameters such as porosity, residual saturation, and pore size distribution index. All of 

these parameters vary in a physical formation matrix and thus cannot be fully defined for use in a 

numerical model. A typical HELP run for the Operable Unit 2 subunits had three layers: (1) 

waste/fill, (2) till, and (3) unsaturated Great Miami Aquifer. Thicknesses as measured during field 

investigations were used. A further refinement of these layers is possible. However, zone by zone 

infiltration calculations (Tables A.2-10 through A.2-13) indicate that further refinement of layers is 

unwarranted. 

The lowest hydraulic conductivity was that of the glacial till layer and it may control the overall 

infiltration rate. An increase in glacial till hydraulic conductivity by two orders of magnitude causes 

only a negligible increase in infiltration rate for the Solid Waste Landfill and the Lime Sludge Ponds 

(Table A.2-60). However, for the Active Flyash Pile and the Inactive Flyash Pile and South Field, 

increase in infiltration rate is significant when the glacial till hydraulic conductivity is increased by 

two orders of magnitude. Although not shown in Table A.2-60, this is accompanied by a reduction in 

lateral drainage. Lateral drainage was assumed to infiltrate in other waste areas where waste is 

directly underlain by the Great Miami Aquifer. Therefore, the overall impact of the increase in 

glacial till hydraulic conductivity is minimized. However, a decrease in hydraulic conductivity of till 

by an order of magnitude causes significant reduction in infiltration (Table A.2-60). 

Table A.2-61 shows the effect of an order of magnitude change in waste hydraulic conductivity. The 

higher the waste hydraulic conductivity, the more infiltrates and less is available for 

evapotranspiration and runoff and visa versa. 

Table A.2-62 shows the effect of an order of magnitude variation in the Great Miami Aquifer 

hydraulic conductivity. Whenever the Great Miami Aquifer is overlain by glacial till, infiltration is 
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not at all sensitive to the hydraulic conductivity of the Great Miami aquifer. However, when Great 

Miami Aquifer is directly overlain by the waste, infiltration is moderately sensitive to the hydraulic 

conductivity of the Great Miami Aquifer, particularly when the waste thickness is less than 2 feet 

(zone 3 of Inactive Flyash Pile/South Field in Table A.2-62). Otherwise infiltration is not sensitive to 

the hydraulic conductivity of the Great Miami Aquifer. 

Selection of parameters used in HELP model runs for vadose zone modeling (base case) were such 

&h infiltrations were predicted. Tables A.2-59 through A.2-62 indicates that either 

infiltration is not sensitive to estimated parameters or a change in estimated parameters will not 

significantly increase the infiltration, although a significant decrease in infiltration is possible. 

A.2.10.2 ODAST Model 

The selection of the longitudinal dispersivity and parameters for biodegradation and retardation of 

constituents is a major source of uncertainty in the ODAST model. These parameters were mostly 

estimated from an extensive literature search. These parameters mainly influence the concentration 

and time required for the maximum loading to reach the aquifer. Longitudinal dispersivity has a 

negligible impact on the time for maximum loading to reach the aquifer, and the vadose models are 

not sensitive to its value (Figure A.2-67). The maximum loading is moderately sensitive to 

dispersivity . As dispersivity increases, maximum loading decreases. However, concentration at the 

leading edge and trailing edge of the plume is sensitive to the value of longitudinal dispersivity. 

The parameters for retardation influence the time required for the maximum loading to reach the 

aquifer, and the maximum concentration. As retardation factors increase, maximum concentration 

decreases and the time required for the maximum loading to reach aquifer increases (Figures A.2-68 

and A.2-69). Figure A.2-68 shows that the sensitivity of the Great Miami Aquifer loading to the 

distribution coefficient for the Great Miami Aquifer, while Figure A.2-69 shows that the sensitivity of 
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the Great Miami Aquifer loading to the distribution coefficient for glacial overburden. 

Decay rates significantly influence maximum concentrations. As decay rates increase (half-life 

decrease), the maximum concentrations decrease. Radioactive decay rates are well defined in 

literature and are applicable to the FEMP. However, bidegration rates are site-specific. The 

. movement of organic constituents to the Great Miami Aquifer is greatly impeded by high 
. . . . . . . . . , , . . . . . . . . . . . . . . . . . 

biodegradation rates (low half-lives). € + g w e s + &  !L! 71 shew the 

effect of doubling biodegradation half-life on loading to the Great Miami Aquifer when Great Miami 

Aquifer is directly overlain by the waste. -These figures show that effect of doubling half-life can 

result in a &e 7 order of magnitude increase in maximum concentration depending on the half-life 

itself and other parameters controlling travel time. However, one should note that concentrations are 

still very small (for example less than pg/L in Figure A.2-70). 

When decay is combined with high retardation due to adsorption, the constituent concentration at the 

Great Miami Aquifer is significantly reduced. This is evident in a case when glacial till is present. 

Figure A.2-72 shows that concentration for bis (2-ethylhexyl) phthalate remains below 10"' pgL even 

when decay is increased by a factor of 2. 

Retardation parameters for all CPCs but uranium and the organic decay rates may or may not follow 

the literature values because of site-specific conditions. To be conservative, the lowest decay rates 

and retardation parameters were used in the fate and transport modeling. 
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The impact of the Darcy velocity and layer thickness on the models is somewhat limited due to the 

derivation of the parameters themselves. Layer thicknesses were derived from Operable Unit 2 

boring data which should not vary over a large range within the operable unit. Darcy velocity is a 

function of the seepage rate (calculated by the HELP model), and the formation porosity, which is 

fairly well defined for the media simulated by the models. Sensitivity of seepage rates and the HELP 

model is discussed in Section A.2.10.1. 

A.2.10.3 SWIFT Model 

Like the vadose zone models, SWIFT is mostly influenced by the solute transport parameters it uses 

to simulate contaminant movement through the aquifer. Of these, retardation is the least well defined 

and has the most impact on the fate of contaminants in the groundwater. Calibration of the SWIFT 
model for uranium was performed as part of the RI/FS process. The SWIFT flow model was 

calibrated by comparing hydraulic heads <alculated by the model against heads measured in numerous 

monitoring wells throughout the F a P  and surrounding areas. The flow calibration is described in 

Section 2.8. The SWIFT solute t r 4 o r t  model was calibrated by simulation of uranium transport in 

the Great Miami Aquifer (IT 199Oa) .$jF r the period of operation at the FEMP. A portion of this 

calibration involved testing uranium retardation values to determine which value fits historical loading 

data and present day groundwater concentration data most accurately. Uranium retardation factors 

below 4 were found to transport uranium too quickly through the system and thus did not match 

historical data. Retardation factors above 15 were found to not match present day uranium 

distributions without large aquifer dispersion values, which were felt to be unrealistic. Consequently, 

a retardation factor of 12 (I<d of 1.48 ml/g) was found to give the best match for uranium during the 

modeling process. A & value of 1.48 ml/g for uranium was also found to match the observed data 

b:b 
,. 

for Operable Unit 2 and was used in uranium fate and transport modeling. 

The major parameter affecting solute transport is retardation. Higher retardation factors delay the 

appearance of a concentration peak at a receptor almost proportionately, Experimental determination 

of retardation factors for CPCs, which have relatively large source terms and are relatively toxic is an 

important factor in reducing uncertainty in solute transport. 
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A.3.0 AIR TRANSPORT ANALYSIS 

A.3.1 AIR DISPERSION MODELING OF OPERABLE UNIT 2 

As part of the Baseline Risk Assessment (BRA) for Operable Unit 2 of the Fernald Environmental 

Management Project (FEMP), an analysis of the transport of contaminants through the air pathway 

was conducted to estimate its impact on the environment. This section describes the methodology 

used and the results of the analysis. 

The objective of the air pathway analysis was to determine maximum annual concentrations and 

deposition rates at receptors located within the boundary of the individual subunits (on-subunit), 

between the subunit boundary and the FEMP boundary (on-property), and at or beyond the FEMP 

boundary (off-property) . 

The analysis was conducted in accordance with EPA guidance (EPA 1989). Two emission models 

and an air dispersion model were used to estimate air emissions from each source and to calculate 

annual average concentrations and deposition rates at the 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. 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 primary 

meteorological parameters used were collected from an on-property meteorological station. 

0 

A.3.2 SITE DESCRIPTION OF OPERABLE UNIT 2 

Operable Unit 2 consists of five separate subunits. These subunits are identified as: the Active Flyash 

Pile, the South Field, the Inactive Flyash Pile, the Solid Waste Landfill and the North and South 

Lime Sludge Ponds. 

Active Flvash Pile 

The Active Flyash Pile is located in the southern portion the FEMP. A recent site survey showed the 

flyash material to be void of vegetation and crusted due to weathering and the application of a dust 

suppressant agent. A plastic fence has been erected atop the flyash pile to act as a wind erosion 
. .  . .  control device. 4 
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South Field 

The South' Field is located approximately 50 meters west of the Active Flyash Pile and has the largest 

areal coverage, of the Operable Unit 2 subunits, approximately 10 acres. This particular subunit is 

heavily covered with vegetation is currently covered with thick vegetation in the form of grass, tall 

brush and trees. 

Inactive Flyash Pile 

The Inactive Flyash Pile is located adjacent to the northwest comer of the South Field. Similar to the 

South Field, the Inactive Flyash Pile is covered with thick vegetation. 

Solid Waste Landfill 

The Solid Waste Landfill is located in the northern portion of the FEMP, between the Production 

Area and the Operable Unit 1 Waste Pits. The Solid Waste Landfill is a small subunit only covering 

approximately 48,000 square feet. A recent site survey showed the landfill to be 85 percent covered 

with grass, weeds and small trees. The landfill is no longer used for disposal of waste material, 

therefore the vegetative cover should remain intact. 

Lime Sludge Ponds 

The Lime Sludge Ponds are located just west of the Production Area, almost in the center of the 

FEMP. The Lime Sludge Ponds consists of two separate ponds, the North Lime Sludge Pond and the 

South Lime Sludge Pond. Both of these ponds are of the same dimensions, covering approximately 

32,000 square feet each. 

Both ponds are approximately 1 to 2 feet below grade to enhance storm water and snow melt 

collection. Water covers approximately 10 percent of the North Lime Sludge Pond on an annual 

basis. Based on information collected during a site survey, the remaining 90 percent of the North 

Lime Sludge Pond has only 5 percent vegetative cover. The remaining soil is susceptible to wind 

erosion. Despite a relatively large area of non-vegetative soil, much of the exposed soil has crusted, 
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Conversely, the South Lime Sludge Pond is 85 percent covered with vegetation thus limiting the wind 

erosion potential. 

A.3.3 CONCEPTUAL AIR MODEL SOURCE SCENARIOS 

Air emission source terms were adopted that best described current and projected land use conditions 

for each subunit. Air dispersion modeling was performed to determine amount of contamination to 

humans and animals due to inhalation and ingestion, via air pathway, for the following current 

scenario receptors: 

on a given subunit 

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

An off-property resident a d  farmer and @$f@ with grazing livestock ...:.... ....... ..... ........ . . . . . 

For the current source term, the Operable Unit 2 subunits areas are assumed to have the following 

conditions : 

The Solid Waste Landfill is assumed to be 85 percent covered by vegetation. 

The North Lime Sludge Pond is assumed to have 10 percent of the surface area covered 
with water and only 5 percent covered by vegetation. The remaining area of the North 
Lime Sludge Pond is assumed to be non-vegetated and susceptible to wind erosion, 
however, much of the surface soil is crusted and thus has limited erosion potential. 

The South Lime Sludge Pond, the Inactive Flyash Pile and the South Field are assumed to 
be 85 percent covered by vegetation. 

The Active Flyash Pile is assumed to have no vegetative cover, however has limited 
erosion potential because of dust suppressant is used to control wind erosion and most of 
the material is composed of large agglomerations of flyash material. 

In the future scenario, the only changes that occur to the subunit emission involved the Solid Waste 

Landfill and the South Field. Both of these subunits are assumed to be used for the farming of crops 

for human and animal consumption. On an annual basis these subunits area assumed to have crops 

for 6 months of the year to simulate the growing season, while during the remaining six months of 
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the year both subunits are assumed to have no vegetation. This scenario results in the assumption of 

a 50 percent vegetation cover factor. This assumption of the crop growing scenario is consistent with 

local agricultural practices. The emissions for all other Operable Unit 2 subunits remain the same as 

described above in the current scenario. 

Future land use receptors exposed to air pathway contaminants include: 

An off-property farmer with grazing livestock 

A recreational user with free access on-site and on-subunit 

An on-property resident and farmer with grazing livestock 

Not all future scenario conditions were applicable to all Operable Unit 2 subunits. The on-property 

farmer scenario was not considered for the Active Flyash Pile because it was impracticable to remove 

tons of flyash for farming purposes on such a small subunit. However, both South Field and the 

Solid Waste Landfill was cultivated for agricultural use by the on-property farmer. Consequently, 

this required removal of all vegetation which significantly increased the emission potential. Due to 

the small size of the Inactive Flyash Pile, no future scenarios involving farming activities were 

considered in the air dispersion analysis. 

A.3.4 AIR DISPERSION MODEL 

The annual average contaminant concentrations were determined using the Industrial Source Complex 

- Long Term (ISCLT2) air dispersion model. This model is recommended by EPA for air pathway 

analysis of Superfund sites (EPA 1989) and is identified as the model of choice in the Risk 

Assessment Work Plan Addendum (DOE 1992) for the site. 

The ISCLT2 model was designed by the EPA for assessing the air quality impact of emissions at 

user-selected receptors from a variety of sources. It incorporates a steady-state Gaussian plume 

equation that is applicable for flat or gently rolling terrain. The ISCLT2 model calculates annual 

average concentrations due to airborne emissions at user-selected receptors, based on sector averaged 

statistical wind summaries known as STatistical ARrays (STAR). The user is required to select from; 

single or multiple point, area or volume sources as input to the model. Input data also included 

emission rates from the sources; location and configuration of sources; statistical summaries of wind 
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speed, wind direction and atmospheric stability; and locations of receptors of interest. The model 1 

options in the Operable Unit 2 air transport analysis are listed in Table A.3-1. 2 

A.3.5 INPUT PARAMETERS 

A.3.5.1 Meteorological Data 6 

7 

8 

9 

Five meteorological parameters: wind speed, wind direction, ambient air temperature, atmospheric 

stability and vertical mixing heights were used as input for the ISCLT2 modeling of Operable Unit 2. 

All parameters, with the exception of vertical mixing heights, were measured directly from FEMP's 

on-site meteorological tower. IO 

I I  

12 

heights were calculated from atmospheric sounding data compiled twice daily, from the National 

Weather Service ( N W S )  in Dayton, Ohio (See Table A.3-2). The N W S  office in Dayton was selected 

because it was the closest source of atmospheric sounding data to the FEMP. It was assumed that 

atmospheric conditions recorded at the N W S  Dayton office would best represent the conditions at the 

@ FEMP. 

Wind speed, wind direction and ambient air temperature data are measured at the FEMP 

meteorological tower at a height of 10 meters. The atmospheric stability category is derived from 

direct measurements of the standard deviation of the horizontal wind direction (sigma-theta) during 

the daytime and the low-level temperature difference (delta-T) at night. These procedures are in 
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accordance with EPA methodology for estimating Pasquill stability categories in terms of the standard 

deviation of the horizontal wind direction and low level temperature differences, (EPA 1987b). 

temperature difference is calculated from air temperature recorded at the 60 meter and 10 meter 

23 

24 

25 

The 

levels. 26 

27 

The ambient air temperatures measured at the FEMP meteorological tower and the temperatures used 28 

in the ISCLT2 model as a function of atmospheric stability categories A through F are given in Table 29 

30 

recommendations (EPA 1992a). 31 

A.3-3. Assignments of temperatures to stability categories were made as per U.S. EPA 
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Source Type 

Dispersion Mode 

Calculation Mode 

Building Downwash 

TABLE A.3-1 

DISPERSION OPTIONS USED IN ISCLT MODELING OF OPERABLE UNIT 2 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Area and Volume 

Rural 

Concentration and deposition 

None 

Discrete Receptors 

Flagpole Receptors II 
~~ ~ 

Yes 

1.5 meters for concentration 
0.0 meters for deposition 

Variable Emissions 

Receptor Grid Type 

Discrete Receptor Grid Type 

Meteorology Input 

Terrain Type 

Averaging Period 

None 

Cartesian 

Cartesian 

Annual STAR Summaries' 

Flat 

t Annual 

Yes 
For deposition only Gravitational Settling 

*Individual annual on-property data for years 1987-1989, 1991 and 1992 

OC?O5%eO 
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MIXING HEIGHTS' IN METERS USED OPERABLE UNIT 2 ISCLT 
AIR TRANSPORT MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

- 

'Obtained from the National Weather Service ( N W S )  in Dayton, Ohio. 
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1991 

1992 
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- - ~ 

290 290 290 284 280 280 

292 292 292 286 28 1 28 1 

290 290 290 284 279 279 

TABLE A.3-3 

AMBIENT AIR TEMPERATURE IN DEGREES KELVIN 
USED IN ISCLT MODELING 

OPERABLE UNIT 2 REMEDW INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

I I I I I 

Stability Class 

I I I I I I/ 1987 290 290 290 284 278 278 

OG833.2 
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, These recommendations suggest that the annual average maximum daily temperatures be assigned to 

the A, B, and C stability categories; annual average temperature be assigned to the D stability 

category; and annual average minimum daily temperature be assigned to the E and F categories. 

The format of the meteorological data required by the ISCLT2 model is in the form of the STAR 

program output. The STAR program output is a statistical meteorological data summary which gives 

the joint frequency distribution of six wind speed classes by sixteen wind sectors (i.e. north, 

north-northeast, northeast etc.) by six atmospheric stability categories (A through F). STAR data for 

the five years, 1987 through 1989 and 1991 through 1992, are listed in Attachment A.3.1 of this 

Appendix. 

The six wind speed classes are defined as 1 to 3 miles per hour (mph); 4 to 7 mph; 8 to 12 mph; 13 

to 18 mph; 19 to 24 mph; and greater than 24 mph. Calm winds are wind speeds less than 1 mph 

with a variable wind direction. To account for the calm winds measured at the FEMP meteorological 

tower, the frequency of occurrence of calm winds were equally divided among the sixteen wind 

direction sectors and added to the 1 to 3 mph wind speed class. 

According to meteorological wind data measured and recorded at FEMP facility, the prevailing wind 

direction blows from the west-southwest. Figures A.3-1 through A.3-5 graphically illustrate the 

meteorological wind profile for each year. 

A.3.5.2 Source data 

The ISCLT2 model defines sources as any point, area or volume that has the potential to emit 

emissions. Due to the ground level configuration of the Operable Unit 2 subunits and the large area 

of potential emissions each subunit was defined as an "area source". However, due to the three- 

dimensional storage pile configuration of the Active Flyash Pile it was modeled as a volume source. 

One limitation of the ISCLT2 model is its inability to calculate annual concentrations or deposition 

rates from irregularly shaped sources. Therefore, the user is required to breakdown each irregularly 

shaped source into a series of squares that would best approximate the square area of that source 

(EPA 1992a). Figures A.3-6 through A.3-10 illustrate the breakdown of individual subunits into 

source squares according to EPA methodology. 
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FIGURE A.3-1 

WIND ROSE FOR THE FEW SITE YEAR - 1987 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FREQUENCY OF WIND SPEED & DIRECTION 
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FIGURE A.3-2 

WIND ROSE FOR THE FEMP SITE YEAR - 1988 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FREQUENCY OF WIND SPEED & DIRECTION 
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FIGURE A.3-3 

WIND ROSE FOR THE FEMP SITE YEAR - 1989 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FREQUENCY OF WIND SPEED & DIRECTION 
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FIGURE A.34 

WIND ROSE FOR THE FEMP SITE YEAR - 1991 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FREQUENCY OF WIND SPEED & DIRECTION 
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FIGURE A.3-5 

WIND ROSE FOR THE F E W  SITE YEAR - 1992 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

FREQUENCY OF WIND SPEED & DIRECTION 
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FIGURE A.3-7 
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FIGURE A.3-8 

INACTIVE FLYASH PILE SOURCES 
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FIGURE A.3-9 

SOLID WASTE LANDFILL SOURCES 
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ISCLT2 requires the user to input coordinates of the southwest comer of individual squares along 

with the length of one side, assuming a box with four equal sides (EPA 1992a). 

A. 3.5.3 Emission rates 

Emissions to the atmosphere from Operable Unit 2 include wind-blown particulate matter and radon 

gas emissions. The particulate matter contains radionuclides, inorganic and organic compounds. 

Radon gas is emitted from the radioactive decay of radium in the soils and materials. All organic 

compounds are assumed to be bound with the particulate matter. The vapor-phase emission rates for 

semivolatile and nonvolatile organic CPCs identified in Operable Unit 2 are several orders-of- 

magnitude below the particulate-phase emission rates. The volatile organic CPCs will typically 

degradeholatilize from the site within the first year. Therefore, assuming that these compounds are 

emitted continuously with the particulate for many years provides a conservative assessment of 

chronic exposure to these compounds. 

Particulate Matter Emissions 

The method used to estimate inhalable particulate matter (PM,, - particle diameters I 10 pm) and 

total suspended particulate (TSP - particle diameters I 75 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 1985b). For risk assessment purposes, the PMIo emission rates were used to calculate air 

concentrations while the TSP emission rate was used to calculate total deposition rates. 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" and the erosion 

potential of the site. 

The erosion potential of each subunit depends on the particle size distribution of the surface soil, the 

crustiness of the surface and the relative quantity of vegetative cover. Essentially, sources that have 

continuous vegetative growth or where the surface soil has formed a hard crust are classified as 

having "limited" erosion potential. Conversely, sources with surface soil that are loose, fine or sandy 

are classified as having "unlimited" erosion potential 

. The particle size distributions for each subunit surface soil are presented in Table A.3-4. 
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. .  
An estimate of the threshold friction velocity is necessary to determine 

. The threshold friction velocity can be determined 

from the EPA guidance document (EPA 1985b, Figure 3-4, presented in Attachment A.3.11) and the 

modal diameter of the surface soil in each subunit. The relationship between the modal diameter and the 

threshold friction velocity can be represented by the equation: 

log u. = 1.812 + 0.4161 log (4) 

where 

U. = threshold friction velocity (cds) ,  and 
dp = modal diameter of soil sample (mm). 

The calculated threshold friction velocity should be corrected for the presence of nonerodible elements 

and surface crust. Nonerodible elements increase the threshold friction velocity for a given surface 

and crusted surfaces are regarded as having a limited reservoir of erodible material (EPA 1985b). Bits& 

.. ... . . . . . . . . . . . . . . . . . . . . . . . . . , . 
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As ptwms4y discussed , the future source term for the Solid Waste Landfill and South 

Field must consider the impact that an on-subunit farmer would have on the erosion potential for these 

subunits. Since the surface of these subunits would be plowed on a regular basis, no correction to the 

The wt+l€mg unlimited erosion potential can be calculated by (EPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1985b): 
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E10 = 0.036 x (1-V) x [(u/u,)~] x FQ) 

where 

El0 = annual average PM,, emission rate per unit area of contaminated surface (g/hr/m2), 

V = fraction of soil covered by vegetation, 

u = mean annual wind speed (m/s), 

, u, = erosion threshold wind speed (m/s), 

y = 0.886 xu ,  / u, 

F(y) = 1.91 for y < 0.5, 

F(y) 

F(y) 

= 

= 

0.18 x (y3 + 12y) x EXP(-y2) for y > 2, and 

See Figure 4-3, Attachment A.3.11 (EPA 1985b), for 0.5 < y < 2. 

The equations presented above for limited and unlimited erosion potential calculate the PM,, emission rate 

used to determined airborne concentrations of particle-bound contaminants associated with each subunit. 

The TSP emission rate was calculated by multiplying the PM,, rate by the ratio of TSP-to-PM,, 

percentages from the subunit surface soil particle size distribution. The TSP emission rates were used 

to determine the total deposition rate of each contaminant from each subunit. 

The approximate modal diameter and modeled PM,, emission rate, TSP emission rate, particle settling 

velocity, and particle reflection coefficient are presented in Table A.3-5. The settling velocity and 

reflection coefficient were based on each subunit particle modal diameter, calculated from the methods 

presented in the ISCLT2 User’s Manual (EPA 1992b). An example calculation is presented in 

Attachment A.3 .I1. 

Radon 222 Emission Rates 

Total emissions of Rn-222 were calculated for surface and subsurface soil in each subunit. Rn-222 

2 

3 
4 
5 

6 

7 

8 

9 

10 

11 

12 I 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

... 

25 

26 

n 

28 

29 

30 

31 

32 

33 

34 

35 

36 

emissions 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 

31 

38 

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 
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TABLE A.3-5 

PARTICULATE MATTER EMISSION RATES USED IN ISCLT2 MODELING 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

JXRNALD ENVIRONMENTAL MANAGEMENT PROJECT 

TSP Settling Subunit Modal PM,, 
(Source Diameter Emissions Emissions Velocity Reflection 
Term) (mm) ( g/s/m2) (g/s/m*) ( d s )  Coefficient 

Active Flyash 
Pile 

(Current and 
Future) 

Inactive 
Flyash Pile 

(Current and 
Future) 

North Lime 
Sludge Pond 
(Current and 

Future) 

South Lime 
Sludge Pond 
(Current and 

Future) 

South Field 
(Current) 

South Field 
(Future) 

Solid Waste 
Landfill 

(Current) 

Solid Waste 
Landfill 
(Future) 

0.038 

0.022 

0.021 

0.021 

0.014 

0.014 

0.021 

0.021 

FER\CRU2RIUU;\TABA3-SUunc6. 1994 I2:49pm 

8.OE-06 

1 . OE-06 

8.OE-06 

1 . OE-06 

1 .OE-06 

3.6E-05 

1 .OE-06 

3 .OE-05 

A-3-27 

3.8E-05 

4.OE-06 

2.5E-04 

4.OE-05 

3.OE-06 

8.5E-05 

6.OE-06 

1.4E-04 

0.115 

0.038 

0.038 

0.038 

0.032 

0.032 

0.038 

0.038 

0.45 

0.65 

0.65 

0.65 

0.66 

0.66 

0.65 

0.65 

000333 
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(in pCilg) to Rn-222 fluxes (in pCilslm2). The basic equations are presented in the RAWPA (DOE 

1992). The porosity and moisture content values used in the groundwater transport analysis were also 

used in the RAECOM model. 

The RAECOM model input parameters as well as the current and future Rn-222 fluxes from each 

emission source are presented in Table A.3-6. The RAECOM model output is presented in 

Attachment A.3.III. No changes were assumed to occur between the current and future conditions for 

the basic soil parameters' (porosity, moisture content, density, and Ra-226 concentration) used in the 

RAECOM model. Therefore, the current and future Rn-222 source terms were the same for each 

subunit. 

A.3.5.4 Receptor data 

A receptor is defined as a user-selected point at a given distance from a source or origin. ISCLT2 

estimates the location of maximum on property and off property concentrations and deposition rates at 

receptors from sources (EPA 1992a). On-subunit, on-property , and off-property receptors were 

determined by boundaries of individual Operable Unit 2 subunits and the FEMP boundary. A series of 

receptors around a source is commonly referred to as a "receptor grid" and may be expressed in polar 

or Cartesian coordinates. 

The air pathways analysis for Operable Unit 2 used an 86 x 61 receptor grid (i.e. number of receptors 

along the north-south axis and the number of receptors along the east-west axis), with 50 meter spacing 

between each receptor. Origin of the receptor grid was located at State Planer Coordinates; 482,752.690 

feet (North) and 1,376,778.760 feet (East) and 578.941 feet (elevation). See Figure A.3-11. 

Discrete receptors were used in the air transport analysis to account for concentrations and deposition 

rates at sensitive locations. Discrete receptors consisted of Crosby Elementary School, Morgan 

Elementary School, Elda Elementary School, Ross Middle and High School, St. Johns Elementary and 

Ross County Day Nursery. Discrete receptors and corresponding Cartesian coordinate locations from 

the origin are listed in Table A.3-7. 

A.3.6 AIR DISPERSION MODELING RESULTS 

The objective of the analysis was to determine maximum annual concentration and deposition rate 

estimates at receptors located within the boundary of the individual subunits (on-subunit), between the 

Y 
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Crosby Elementary 

Morgan Elementary 

Elda Elementary 

St. John Elementary 

Ross Middle/High School 

Ross County Day Nursery 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

-1 180 -3140 

-3200 3150 

5360 1780 

7130 -4650 

6145 3300 

5575 2225 

TABLE A.3-7 

DISCRETE RECEPTORS AND DISTANCE FROM ORIGIN' 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

II Discrete Receptors I X-coordinate (meters) I Y-coordinate (meters) 11 

'Origin located at State Planer Coordinates, 482,752.690 feet North and 1,376,778.760 feet East. 

FER\CRU2RIULG\TABA3-7Uunc 6. 1994 1255pm A-3-3 1 
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subunit boundary and the F E W  boundary (on-property), at or beyond the FEMP boundary (off-property) 

and at sensitive receptors (Le. elementary schools and daycare centers) within the vicinity of FEMP. 

Deposition rate estimations were determined at ground level and not at a 1.5 meter height as suggested 

in FEMP Air Modeling Protocol. Ground level was chosen in lieu of 1.5 meter height because it 

suggests that contaminated plants would be more accessible to a larger variety of animals for ingestion 

if they were at ground level than at an elevated distance. The maximum annual concentrations and 

deposition rates were taken from the worst case annual meteorological period. 

A.3.6.1 

The highest annual concentration calculated for an on-subunit receptor was 26 pg/m3 and occurred as a 

result of emissions from the Lime Sludge Ponds. This concentration was calculated for an on-subunit 

receptor located in the southeast comer of the North Lime Sludge Pond. 

Current Scenario - Concentrations Estimations 

The highest annual concentration calculated for an on-property receptor was 15 pg/m3 and occurred from 

emissions from the Lime Sludge Ponds. This concentration was calculated for a receptor located in the 

extreme western end of the Production Area. 

The highest annual concentration calculated for an off-property receptor was 0.748 pg/m3 and occurred 

from emissions from the Active Flyash Pile. This concentration was calculated for a receptor located 430 

meters west-southwest of the Active Flyash Pile center. 

A.3.6.2 

The highest annual deposition rate calculated for an on-subunit receptor was 55.7 g/m2 and was the result 

of emissions from the Active Flyash Pile. This receptor was located on the Active Flyash Pile 

approximately 20 meters north of its center. 

Current Scenario - Deposition Rate Estimations 

The highest annual deposition rate calculated at an on-property receptor was 29.7 g/m2 and resulted from 

emissions from the Active Flyash Pile. This receptor was located 70 meters north of the center of the 

Active Flyash Pile center. 

The highest annual deposition rate calculated at an off-property receptor was 0.98 g/m2 and resulted from 

emissions from the Active Flyash Pile. This receptor was located 430 meters west-southwest of the 

Active Flyash Pile center. 
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A.3.6.3 Future Scenario - Concentration Estimations 1 

Highest annual concentrations calculated at receptors located on-subunit, on-property and off-property 

were 410 pg/m3, 358 pg/m3 and 26 pg/m3, respectively. All these concentrations estimations originated 

2 

3 

from emissions from the South Field. 

A.3.6.4 Future Scenario - Deposition Rate Estimations 

Highest annual deposition rate calculated at on-subunit and on-property receptors was 55.7 g/m2 and 29.7 

g/m2, respectively. These estimations were a result of emissions from the Active Flyash Pile. The 

highest annual deposition rate calculated at an off-property receptor was 1.063 g/m2 from emissions from 

the South Field. This particular receptor was located approximately 350 meters southwest of the center 

of South Field. 

A summation of maximum concentrations and deposition rates for current and future scenarios at on- 

subunit, on-property and off-property receptors for Operable Unit 2 subunits are listed in Tables A.3-8 

through A.3-11. Likewise, a summation of concentrations and deposition rate at sensitive receptors are 

listed in Tables A.3-12 through A.3-15. a 
Tables A.3-16 through A.3-29 illustrate maximum annual concentration and deposition rate estimations 

of each contaminant of concern (COC) inherent to each subunit as a function of air modeling and current 

and future scenarios. 
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Sensitive 
Receptors 

on-Subunit 

on-Property 

off-Propew 

TABLE A.3-8 

MAXIMUM ANNUAL CONCENTRATIONS AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ON-SUBUNIT, ON-PROPERTY AND OFT-PROPERTY 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

10.3 9.9 6.0 3.0 26 
(1000,-1650) (950,-1500) (750,-1500) (950,-200) (950,-650) 

7.5 8.9 7.0 3.0 15 
(1000,-1600) (1000,-1500) (750,-1450) (1000,-150) (1000,-650) 

0.1771 0.748 0.7316 0.36 0.0494 
(600,-1800) (550,-1700) (500,-1600) (1 150,350) (250,-850) 

II r- Maximum Annual Concentrations (pg/m3) 

fj(jO538 
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TABLE A.3-9 

MAXIMUM ANNUAL DEPOSITION RATES AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ON-SUBUNIT, ON-PROPERTY AND OFF-PROPERTY 

FER\CRU2RIULG\TABA3-9Vunc6. 1994 1 :OOpm A-3-35 
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Sensitive 
Receptors 

FEMPlOUO2-5 DFLWT 
June 15, 1994 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

I 

TABLE A.3-10 

MAXIMUM ANNUAL CONCENTRATIONS AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
FUTURE SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ONSUBUNIT, ON-PROPERTY AND OFF-PROPERTY 

On-Subunit 

on-Propew 

I Maximum Annual Concentrations (pglm3) 

10.3 410 6.0 91 26 
(1000,-1650) (950,-1500) (750,-1400) (950, -200) (950,-650) 

7.5 358 7.0 91 15 
(1000,-1600) (1000,-1500) (750,-1450) (1000,-150) (1000,-650) 

~~ 

off-Propew 
0.748 I 26 I 0.36 I 1.5 0.1771 

(600,-1800) (550,-1700) (500,-1600) (1 150,350) (250,450) 

0003a  
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Sensitive 
Receptors 

On-Subunit 

on-Property 

off-Property 

June 15, 1994 

Maximum Annual Deposition Rates (g/m2) 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

55.7 8.8 0.3417 9.8 18 
(1000,-1650) (950,-1500) (750,-1400) (950,-200) (950,-650) 

29.7 9.2 0.3755 8.6 1 1  
(1000,-1600) (1000,-1500) (750,-1450) (1000,-150) (1000,-650) 

0.98 1.063 0.0284 0.1417 0.1249 
(600,- 1 800) (550 ,- 1700) (500,- 1600) ( 1 1 50,350) (250,-900) 

TABLE A.3-11 

MAXIMUM ANNUAL DEPOSITION RATES AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
F'UTURE SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

OF ON-SUBUNIT, ON-PROPERTY AND OFT-PROPERTY 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT . 
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Sensitive 
Receptors 

Crosby 
Elementary 

TABLE A.3-12 

MAXIMUM CONCENTRATIONS* @g/m3) 
AT SENSITIVE RECEPTORS 

CURRENT SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REIMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Active Flyash Inactive 
Pile South Field Flyash Pile 

0.039 0.0232 0.0057 

0.0024 

0.0008 

0.0016 

Morgan I 0.005 I 0.0035 I 0.001 
Elementary 

0.0134 

0.0056 

0.0088 

0.028 0.0182 0.0048 

St. Johns 0.020 0.0109 0.0028 
Elementary 

Ross County 
Day Nursery 

Ross Middle I 0.019 1 0.0129 I 0.0032 
High School 

0.0042 1 0.024 0.0161 

0.0009 0.0067 I 
I 0-0025 

0.0005 

0.0021 0.0119 I 
*Calculated at flagpole receptor height of 1.5 meters. 

ooo:.~~ 
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Solid Waste 
Landfill 

Sensitive 
Receptors 

Lime Sludge 
Ponds 

Crosby 
Elementary 

Active Flyash 
Pile 

Morgan 
Elementary 

Inactive 
South Field Flyash Pile 

Elda 
Elementary 

0.0165 

0.0003 

0.0042 

Sa6 9 
FEMPbU02-5 DRAFT 

0.0058 0.0019 

0.0003 0.0001 

0.0031 0.001 1 

June 15, 1994 

0.0006 

0.0001 

0.0008 

TABLE A.3-13 

MAXIMUM DEPOSITION RATES* @/m? 
AT SENSITIVE RECEPTORS 

CURRENT SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

0.0254 

0.0026 

0.0255 

St. Johns 0.001 1 
Elementary 

Ross Middle 0.0017 
High School 

Ross County 0.0032 
Day Nursery 

0.0009 0.0003 

0.0016 0.0005 

0.0026 0.0009 

0.0001 

0.0005 

0.0007 

*Calculated at ground level. 

0.0042 

0.0133 

0.0214 

FER\CRUZRIULG\TABA3-13Vune6. 1994 1 :40pm A-3-39 
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Sensitive 
Receptors 

Crosby 
Elementary 

Morgan 
Elementary 

Elda 
Elementary 

St. Johns 
Elementary 

Ross Middle 
High School 

Day Nursery 
Ross County 

FEMP-OUM-5 DRAFT 
June 15, 1994 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

0.039 0.8342 0.0057 0.0274 0.0067 

0.005 0.1259 0.001 0.0146 0.0025 

0.028 0.6545 0.0048 0.0725 0.0134 

0.020 0.3938 0.0028 0.025 1 0.0056 

0.019 0.4375 0.0032 0.0477 0.0088 

0.024 0.5780 0.0042 0.0640 0.01 19 

TABLE A.3-14 

MAXIMUM CONCENTRATIONS* @g/m3) 
AT SENSITIVE RECEPTORS 

FUTURE SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

*Calculated at flagpole receptor height of 1.5 meters. 
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Sensitive 
Receptors 

TABLE A.3-15 

MAXIMUM DEPOSITION RATES*(g/m? 
AT SENSITIW RECEPTORS 

FUTURE SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

0.0165 

0.0003 

0.0042 

Crosby 
Elementary 

Morgan 
Elementary 

Elementary 

0.1654 0.0019 0.0140 0.0254 

0.0085 0.0001 0.0024 0.0026 

0.0888 0.001 1 0.0197 0.0255 

St. Johns 
Elementary 

Ross Middle 
High School 

Ross County 
Day Nursery 

0.001 1 0.0252 0.0003 0.0025 0.0042 

0.0017 0.0025 0.0005 0.0107 0.0133 

0.032 0.0042 0.0009 0.0168 0.0214 

*Calculated at flagpole receptor height of 1.5 meters. 
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TABLE A.3-16 

PRELIMINARY EXPOSURE POINT CONCENTRATIONS FOR THE ACTIVE FLYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-sited 
RADIOLOGICAL (pCi/g) (pCi/m3) (pCi/m3) (pCi/m3) 
Neptunium 237 5.5 5.67e-05 4.13e-05 4.1 le-06 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

0.7 
0.3 
4.6 
3.2 
4.5 
3.8 
3.7 
2.7 
3.6 
0.2 
3.6 

7.2 le-06 
3.09e-06 
4.74e-05 
3.30e-05 
4.64e-05 
3.9 l e45  
3.81e-05 
2.78e-05 
3.71e-05 
2.06e-06 
3.7 le-05 

5.25e-06 
2.25e-06 
3.45e-05 
2.40e-05 
3.38e-05 
2.85e-05 
2.78e-05 
2.03e-05 
2.70e-05 
1 SOe-06 
2.70e-05 

5.24e-07 
2.24e-07 
3.44e-06 
2.39e-06 
3.37e-06 
2.84e-06 
2.77e-06 
2.02e-06 
2.69e-06 
1.50e-07 
2.69e-06 

Arsenic 
Barium 
Beryllium 
Chromium 
Cobalt 
Copper 
Cyanide 
Lead 
Molybdenum 
Nickel 
Selenium 
Thallium 
Toluene 
Vanadium 
zinc 

89.8 
253.9 

4.7 
13.3 
18.8 
73.8 
0.3 

55.4 
8.6 

40.1 
5.9 
2.7 
0.1 

50.2 
78.3 

9.25e-07 
2.62e-06 
4.84e-08 
1.37e-07 
1.94e-07 
7.60e-07 
3.09e-09 
5.71e-07 
8.86e-08 
4.13e-07 
6.08e-08 
2.78e-08 
1.03e-09 
5.17e-07 
8.06e-07 

6.74e-07 
1.90e-06 
3.53e-08 
9.98e-08 
1.4 1 e-07 
5 S4e-07 
2.25e-09 
4.16e-07 
6.45e-08 
3 .O le-07 
4.43e-08 
2.03e-08 
7.50e-10 
3.77e-07 
5.87e-07 

6.72e-08 
1.90e-07 
3 S2e-09 
9.95e-09 
1.41e-08 
5 S2e-08 
2.24e- 10 
4.14e-08 
6.43e-09 
3.00e-08 
4.4 le-09 
2.02e-09 
7.48e-11 
3.75e-08 
5.86e-08 

aMaximum concentrations from ISCLT modeling 
bWithin the subunit itself, 10.3 ug/m3, approximately 20 meters north of Active Flyash Pile center 
CArea from subunit boundary to FEMP boundary, 7.5 ug/m3, approximately 70 meters north'of Active Flyash Pile 
center 
dArea beyond @e FEMP boundary, 0.748 ug/m3, approximately 430 meters west-southwest of Active Flyash Pile 
center 

I 008346 
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TABLE A.3-17 

PRELIMINARY ANNUAL EXPOSURE POINT DEPOSITION RATES 
FOR THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Parameter 
Maximum Exposure Point Concentrationsa Concentration 

Off-sited Term On-subunitb On-site' 
RADIOLOGICAL @ C W  (pCi/m2) @Ci/m2) @Ci/m2) 
Neptunium 237 5.5 3.06e+02 1.63e+02 5.39e+OO 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 

0.7 3.90e +O 1 2.08e +01 6.86e-01 
8.9 le +00 2.94e-0 1 0.3 1.67e +01 

4.6 2.56e +02 1.37e+02 4.51e+00 
3.2 1.78e+02 9.50e +01 3.14e+00 

Strontium 90 4.5 2.51e+02 1.34e+02 4.41e+OO 
Thorium 228 3.8 2.12e+02 1.13e+02 3.72e+OO 
Thorium 230 3.7 2.06e +02 1.10e+02 3.63e+00 
Thorium 232 2.7 1.50e+02 8.02e+01 2.65e +00 
Uranium 234 3.6 2 .Ole +02 1.07e+02 3.53e +00 
Uranium 2351236 0.2 1.1 le+01 5.94e +00 1.96e-01 
Uranium 238 3.6 2.01e +02 1.07e+02 3.53e+00 

Arsenic 89.8 5.OOe+OO 2.67e +00 8.80e-02 
INORGANICS/ORGANICS ( m g W  (mg/m2) (mg/m2) (mg/m2) 

Barium 
Beryllium 
Chromium 
Cobalt 
Copper 
Cyanide 
Lead 
Molybdenum 
Nickel 
Selenium 
Thallium 
Toluene 
Vanadium 
zinc 

253.9 
4.7 

13.3 
18.8 
73.8 
0.3 

55.4 
8.6 

40.1 
5.9 
2.7 
0.1 

50.2 
78.3 

1.41e+01 
2.62e-01 
7.41e-01 
1.05e+00 
4.11e+00 
1.67e-02 
3.09e + 00 
4.79e-0 1 
2.23e+00 
3.29e-01 
1 SOe-01 
5.57e-03 
2.80e +00 
4.36e +00 

7.54e +00 
1.40e-0 1 
3.95e-01 
5.58e-01 
2.19e+00 
8.9 le-03 
1.65e+OO 
2.55e-01 
l.l9e+00 
1.75e-01 
8.02e-02 
2.97e-03 
1.49e+00 
2.33e+00 

2.49e-01 
4.6 le-03 
1.30e-02 
1.84e-02 
7.23e-02 
2.94e-04 
5.43e-02 
8.43e-03 
3.93e-02 
5.78e-03 
2.65e-03 
9.80e-05 
4.92e-02 
7.67e-02 

aMaximum annual deposition rates from ISCLT modeling 
bWithin the subunit itself, 55.7 g/m2,  approximately 20 meters north of Active Flyash Pile center 
'Area from subunit boundary to FEMP boundary, 29.7 g/m2, approximately 70 meters north of Active Flyash Pile 
center 
dArea beyond the FEMP boundary, 0.98 g/m2, approximately 430 meters west-southwest of Active Flyash Pile 
center 
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FEMP-OUO2-5 DRAFT 
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TABLE A.3-18 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

SOUTH F'IELD - CURRENT SCENARIO 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Ofi-site" 

RADIOLOGICAL @Ci/g) @ci/m3) @Ci/m3) @ci/m3) 
Cesium 137 4.99e-01 4.94e-06 4.44e-06 3.65e-07 
Neptunium 237 2.28e-01 2.26e-06 2.03e-06 1.67e-07 

8.78e-08 Plutonium 238 1.20e-0 1 1.19e-06 1.07e-06 
Plutonium 239/240 5.10e-02 5.05e-07 4.54e-07 3.73e-08 
Radium 226 3.08e+01 3.05e-04 2.74e-04 2.25e-05 

2.84e-06 Radium 228 3.88e+OO 3.84e-05 3.45e-05 
Strontium 90 1 .OOe +00 9.90e-06 8.90e-06 7.32e-07 
Technecium 99 1.42e +02 1.41e-03 1.26e-03 1.04e-04 
Thorium 228 4.41e+00 4.37e-05 3.92e-05 3.23e-06 
Thorium 230 1.38e+01 1.37e-04 1.23e-04 1.01e-05 
Thorium 232 3.99e+OO 3.95e-05 3.55e-05 2.92e-06 

6.33e-06 Uranium 234 8.66e+00 8.57e-05 7.7 1 e-05 
Uranium 2351236 4.19e-01 4.15e-06 3.73e-06 3.07e-07 

6.81e-06 Uranium 238 9.31e+OO 9.22e-05 8.29e-05 

Beryllium 
Chromium 
Lead 

9.42e-01 9.33e-09 8.38e-09 6.89e-10 
1.39e+01 1.38e-07 1.24e-07 1.02e-08 
2.46e +01 2.43e-07 2.19e-07 1.80e-08 

ORGANICS (mgkg) (mg/m3) (mg/m') (mg/m') 
Aroclor-1254 8.90e-02 8.8 le-10 7.92e-10 6.51e-11 
Aroclor-1260 5.20e-02 5.15e-10 4.63e-10 3.80e-11 
Dieldrin 1 JOe-02 9.90e-11 8.90e-11 7.32e-12 
Benzo(a)anthracene 5.50e+OO 5.45e-08 , 4.90e-08 4.02e-09 
Benzo(a)pyrene 9.40e+00 9.31e-08 8.37e-08 6.88e-09 
Benzo(b)fluoranthene 6.20e+00 6.14e-08 5.52e-08 4.54e-09 
Benzo(k)fluoranthene 7.30e+00 7.23e-08 6.50e-08 5.34e-09 
Carbazole 1.70e-01 1.68e-09 1 Sle-09 1.24e-10 
Chrysene 6.OOe+00 5.94e-08 5.34e-08 4.39e-09 
Dibenzo(a,h)anthracene 1.90e+00 1.88e-08 1.69e-08 1.39e-09 
Indene( 1,2,3cd)pyrene 6.00e+00 5.94e-08 5.34e-08 4.39e-09 
bis(2-Ethylhexy1)phthalate l.lOe-O1 1.09e-09 9.79e-10 8.05e-11 
Methylene chloride 5 .We43 4.95e-11 4.45e-11 3.66e-12 

Total Uranium 2.96e+01 2.93e-07 2.63e-07 2.16e-08 
OTHER ( m g k )  (mg/m3) (mglm') (mg/m3) 

'Maximum annual average concentrations from ISCLT modeling 
bWithin the boundary of the subunit itself, 9.9 uglm3, approximately 100 meters northwest from the center of South Field 
CBetween the subunit boundary and the FEMP boundary, 8.9 uglm3, approximately 125 meters northwest from the center of 
South Field 

beyond the FEMP boundary, 0.7316 uglm3, approximately 350 meters southwest of the center of South Field 
OBbP,r-;!3 " .  
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TABLE A.3-19 

PRELIMINARY ANNUAL DEPOSITION RATES FROM AIR DISPERSION MODELING 
SOUTH F'IELD - CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-site' Ofi-sited 

RADIOLOGICAL @Ci/m? @Ci/m2) @Ci/m? 
1.87e-02 Cesium 137 4.99e-0 1 1.54e-01 1.61e-01 

Neptunium 237 2.28e-01 7.05e-02 7.38e-02 8.55e-03 
Plutonium 238 1.20e-0 1 3.7 le42 3.88e-02 4.50e-03 
Plutonium 239/240 5.10e-02 1 S8e-02 1.65e-02 1.91e-03 
Radium 226 3.08e +01 9.52e+00 9.96e+OO 1.16e+00 
Radium 228 3.88e+OO 1.20e+OO 1.26e +00 1.46e-01 
Strontium 90 1.00e+OO 3.09e-01 3.24e-01 3.75e-02 
Technecium 99 1.42e +02 4.39e +01 4.59e +01 5.33e+00. 
Thorium 228 4.41e+00 1.36e+00 1.43e+00 1.65e-01 
Thorium 230 1.38e+01 4.27e+00 4.46e+00 5.18e-01 

1 SOe-01 Thorium 232 3.99e + 00 1.23e+00 1.29e+00 
Uranium 234 8.66e +00 2.68e+00 2.80e +00 3.25e-01 

1 S7e-02 Uranium 235/236 4.19e-01 1.30e-01 1.36e-01 
Uranium 238 9.31e+00 2.88e+OO 3.01e+00 3.49e-01 

Arsenic 7.27e+OO 2.25e-03 2.35e-03 2.73e-04 
Beryllium 9.42e-01 2.91e-04 3.05e-04 3.53e-05 
Chromium 1.39e+01 4.30e-03 4.50e-03 5.21e-04 
Lead 2.46e+01 7.60e-03 7.95e-03 9.22e-04 

Aroclor-1254 8.90e-02 2.75e-05 2.88e-05 3.34e-06 
Aroclor-1260 5.20e-02 1.61e-05 1.68e-05 1.95e-06 
Dieldrin 1 .We42 3.09e-06 3.24e-06 3.75e-07 
Benzo(a)anthracene 5.50e+OO 1.70e-03 1.78e-03 2.06e-04 
Benzo(a)pyrene 9.40e + 00 2.91e-03 3.04e-03 3 S3e-04 
Benzo(b)fluoranthene 6.20e+OO 1.92e-03 2.0 le43 2.33e-04 
Benzo(k)fluoranthene 7.30e+OO 2.26e-03 2.36e-03 2.74e-04 
Carbazole 1.70e-01 5.25e-05 5 SOe-05 6.38e-06 
Chrysene 6.00e+00 1.85e-03 1.94e-03 2.25e-04 
Dibenzo(a,h)anthracene 1.90e + 00 5.87e-04 6.15e-04 7.13e-05 
Indene( 1.2.3cd)pyrene 6.OOe+00 1.85e-03 1.94e-03 2.25e-04 
bis(2-Ethylhexy1)phthalate 1.10e-0 1 3.40e-05 3.56e-05 4.13e-06 
Methylene chloride 5.00e-03 1 S5e-06 1.62e-06 1.88e-07 

Total Uranium 2.96e +01 9.14e-03 9.57e-03 1.11e-03 

INORGANICS ( m g m  (mg/m2) (mglm2) ( m g m  a 
ORGANICS (mgkg) (mg/m2> (mg/m2) (mglm2) 

OTHER (mgkd (mg/m3 (mglm? (mg/m2) 

aMaximum annual deposition rates from ISCLT modeling 
bwithin the boundary of the subunit itself, 0.3091 glm2, approximately 100 meters northwest from the center of South Field 
'Between the subunit boundary and the FEMP boundary, 0.3235 g/m2, approximately 125 meters northwest from the center 
of South Field 
dAt or beyond the FEMP boundary, 0.0375 g/m2, approximately 350 meters southwest of the center of South Field 

FER\CRU2RIUffi\TABIU-l9Uune6. 1994 1 :42pm A-3-45 



\ 

FEMP-OUO2-5 DRAFT 
June 15, 1994 

TABLE A.3-20 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

SOUTH FIELD - FUTURE SCENARIO 

Concentration Maximum Annual Exposure Point Concentrationsa 
Parameter Term On-subunitb On-sitec Off-site“ 

~~~ ~ 

RADIOLOGICAL. @Ci/g) @Ci/m3) @Ci/m3) @Cum3) 
Cesium 137 4.99e-01 2.05e-04 1.79e-04 1.30e-05 
Neptunium 237 2.28e-01 9.35e-05 8.16e-05 5.93e-06 

3.12e-06 Plutonium 238 1.20e-01 4.92e-05 4.30e-05 
1.33e-06 Plutonium 239/240 5.10e-02 2.09e-05 1.83e-05 

Radium 226 3.08e+01. 1.26e-02 1.10e-02 8.01e-04 
Radium 228 3.88e+OO 1.59e-03 1.39e-03 1.01e-04 
Strontium 90 1.OOe+00 4.10e-04 3.58e-04 2.60e-05 
Technecium 99 1.42e+02 5.82e-02 5.08e-02 3.69e-03 
Thorium 228 4.41e+OO 1.81e-03 1 S8e-03 1.15e-04 
Thorium 230 1.38e+01 5.66e-03 4.94e-03 3.59e-04 
Thorium 232 3.99e +00 1 Me-03 1.43e-03 1.04e-04 
Uranium 234 8.66e +00 3.55e-03 3.10e-03 2.25e-04 
Uranium 235/236 4.19e-01 1.72e-04 1 SOe-04 1.09e-05 
Uranium 238 9.31e+00 3.82e-03 3.33e-03 2.42e-04 
INORGANICS (mgflcg) (mglm3) (mg/m3) (mg/m3) 
Arsenic 7.27e+00 2.98e-06 2.60e-06 1.89e-07 
Beryllium 9.42e-01 3.86e-07 3.37e-07 2.45e-08 
Chromium 1.39e+01 5.70e-06 4.98e-06 3.6 1 e-07 
Lead 2.46e +01 1.01e-05 8.80e-06 6.39e-07 

Aroclor-1254 8.90e-02 3.65e-08 3.19e-08 2.31e-09 
Aroclor-1260 5.20e-02 2.13e-08 1.86e-08 1.35e-09 
Dieldrin 1 .We42 4.10e-09 3.58e-09 2.60e-10 
Benzo(a)anthracene 5.5Oe+00 2.26e-06 1.97e-06 1.43e-07 
Benzo(a)pyrene 9.40e+00 3.85e-06 3.37e-06 2.44e-07 
Benzo(b)fluoranthene 6.20e+OO 2.54e-06 2.22e-06 1.61e-07 
Benzo(k)fluoranthene 7.30e+OO 2.99e-06 2.6 1 e-06 1.90e-07 
Carbazole 1.70e-0 1 6.97e-08 6.09e-08 4.42e-09 
Chrysene 6.00e+00 2.46e-06 2.15e-06 1 S6e-07 
Dibenzo(a.h)anthracene 1.90e+W 7.79e-07 6.80e-07 4.94e-08 
Indeno( 1,2,3cd)pyrene 6.OOe+00 2.46e-06 2.15e-06 1 S6e-07 
bis(2-Ethylhexy1)phthalate l.lOe-O1 4.51e-08 3.94e-08 2.86e-09 
Methylene chloride 5.00e-03 2.05e-09 1.79e-09 1.30e-10 
OTHER ( m g W  (mglm3) (mglm4 (mg/m3) 
Total Uranium 2.96e +O 1 1.21e-05 1.06e-05 7.69e-07 

ORGANICS (mg&) (mglm’) (mg/m3) (mglm’) 

aMaximum annual average concentrations from ISCLT modelinG 
bWithin the boundary of the subunit itself, 410 ug/m3, approximately 100 meters northwest from the center of South Field 
‘Between the subunit boundary and the FEMP boundary, 358 uglm3, approximately 125 meters northwest from the center of 
South Field 
dAt or beyond the FEMP boundary, 26 uglm3, approximately 350 meters southwest of the center of South Field 
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TABLE A.3-21 

PRELIMINARY ANNUAL DEPOSITION RATES FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

SOUTH FIELD - FUTURE SCENARIO 

Parameter 
Maximum Annual Exposure Point Concentrationsa Concentration 

Term On-subunitb On-sitec Off-site* 

RADIOLOGICAL (Pcm (pci/m? (pCi/mz) @Ci/m2) 
Cesium 137 4.99e-01 4.39e+OO 4.59e +00 5.30e-01 
Neptunium237 2.28e-01 2.0 1 e +00 2.10e+OO 2.42e-01 
Plutonium 238 1.20e-01 1.06e+OO l.lOe+OO 1.28e-01 
Plutonium 239/240 5.10e-02 4.49e-01 4.69e-01 5.42e-02 

2.83e+02 3.27e +01 Radium 226 3.08e +O 1 2.7 1 e +02 
Radium 228 3.88e +00 3.4 le  +01 3.57e +01 4.12e +00 
Strontium 90 1 .OOe +00 8.80e+OO 9.20e +00 1.06e +00 
Technecium 99 1.42e+02 1.25e +03 1.3 le+03 1.5 1 e +02 
Thorium 228 4.41e+OO 3.88e +01 4.06e +01 4.69e+OO 
Thorium 230 1.38e+01 1.21e+02 1.27e +02 1.47e+01 
Thorium 232 3.99e +00 3.51e+01 3.67e+01 4.24e +00 
Uranium 234 8.66e+OO 7.62e +O 1 7.97e+01 9.20e+OO 
Uranium 235/236 4.19e-01 3.69e +OO 3.85e+OO 4.45e-01 
Uranium 238 9.3 1 e +00 8.19e +01 8.57e +01 9.90e+OO 

Arsenic 7.27e +00 6.40e-02 6.69e-02 7.73e-03 
Beryllium 9.42e-0 1 8.29e-03 8.67e-03 1.00e-03 

INORGANICS ( m g k )  (mg/m2) (mg/m2) (mglm3 

Chromium 
Lead 

1.39e+01 1.22e-01 1.28e-01 1.48e-02 
2.46e+01 2.16e-01 2.26e-01 2.6 1 e-02 

Aroclor-1260 
Dieldrin 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Carbazole 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(l,2,3cd)pyrene 
bis(2-Ethy lhexy l)phthalate 
Methylene chloride 

5.20e-02 
1.00e-02 
5.50e +00 
9.40e+OO 
6.20e+OO 
7.30e+OO 
1.70e-01 
6.OOe+OO 
1.90e +00 
6.OOe+OO 
l.lOe-O 1 
5.00e-03 . 

4.58e-04 
8.80e-05 
4.84e-02 
8.27e-02 
5.46e-02 
6.42e-02 
1 SOe-03 
5.28e-02 
1.67e-02 
5.28e-02 
9.68e-04 
4.40e-05 

4.78e-04 
9.20e-05 
5.06e-02 
8.65e-02 
5.70e-02 
6.72e-02 
1 S6e-03 
5.52e-02 
1.75e-02 
5.52e-02 
1.01e-03 
4.60e-05 

5.53e-05 
1.06e-05 
5.85e-03 
9.99e-03 
6.59e-03 
7.76e-03 
1.81e-04 
6.38e-03 
2.02e-03 
6.38e-03 
1.17e-04 
5.32e-06 

aMaximum annual deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 8.8 glm2, approximately 100 meters northwest from the center of South Field 
CBetween the subunit boundary and the FEMP boundary, 9.2 g/m2, approximately 125 meters northwest from the center of 
South Field 
dAt or beyond the FEMP boundary, 1.063 g/m2, approximately 350 meters southwest of the center of South Field 
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TABLE A.3-22 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

INACTIVE FLYASH PILE - (CURRENT AND FUTURE SCENARIOS) 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-sited 

RADIOLOGICAL @Ci/g) @Ci/rn3) @Ci/m3) @Ci/m3) 

Cesium 137 4.62e-01 2.77e-06 3.23e-06 1.66e-07 
Neptunium 237 
Plutonium 238 

7.97e-0 1 4.78e-06 5.58e-06 2.87e-07 
8.10e-02 4.86e-07 5.67e-07 2.92e-08 

Plutonium 2391240 2.10e-02 1.26e-07 1.47e-07 7.56e-09 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 

1.98e+OO 1.19e-05 1.38e-05 7.1 l e47  
2.24e+OO 1.35e-05 1 S7e-05 8.07e-07 
8.70e-01 5.22e-06 6.09e-06 3.13e-07 
2.71e+00 1.63e-05 1.90e-05 9.76e-07 
2.77e+00 1.66e-05 1.94e-05 9.97e-07 
2.33e+00 1.40e-05 1.63e-05 8.39e-07 

Uranium 234 8.65e+OO 5.19e-05 6.05e-05 3.1 l e 4 6  
Uranium 239236 4.20e-01 2.52e-06 2.94e-06 1.5 1 e-07 
Uranium 238 8.87e +00 5.32e-05 6.2 1 e 4 5  3.19e-06 

INORGANICS ( m g W  (mg/m’) (mg/m3) (mg/m3) 
1.20e-08 Arsenic 3.32e +01 1.99e-07 2.32e-07 

Beryllium 2.27e+00 1.36e-08 1 S9e-08 8.18e-10 
Cadmium 
Chromium 

3.10e+00 1.86e-08 2.17e-08 1.12e-09 
1.14e + 0 1 6.82e-08 7.95e-08 4.09e-09 

8.61e-09 Lead 2.39e+01 1.44e-07 1.68e-07 

ORGANICS (mgkg) (mg/m3) (mg/m3) (mg/m3) 
Carbazole 5.10e-01 3.06e-09 3.57e-09 1.84e-10 
Dibenzo(a,h)anthracene 2.20e+OO 1.32e-08 1 S4e-08 7.92e-10 

OTHER (mgflrg) (mg/m3) (mg/m4 (mg/m4 
Total Uranium 2.62e + 01 1 S7e-07 1.83e-07 9.43e-09 

aMaximum concentrations from ISCLT modeling 

bWithin the subunit itself, 6.0 ug/m3, approximately 25 meters east-southeast of Inactive Flyash Pile center 

‘Area from subunit boundary to FEMP boundary, 7.0 ug/m3, approximately 50 meters north-northeast of Inactive Flyash Pile 
center 

dArea beyond the FEMP boundary, 0.36 ug/m3, approximately 250 meters southwest of Inactive Flyash Pile center 

000fS2 
FER\CRU2RIULG\TABA3-Z2Uune6. 1994 1 :44pm A-3-48 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

TABLE A.3-23 

PRELIMINARY MAXIMUM DEPOSITION RATES FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

INACTIVE F'LYASH PILE - (CURRENT AND FUTURE SCENARIOS) 

Parameter 

Maximum Annual Exposure Point Concentrationsa Concentration 
Term On-subunitb On-sitec Off-sited 

RADIOLOGICAL @CUP) @Ci/m2) @Ci/m2) @Ci/m3 

Cesium 137 4.62e-01 1 S8e-01 1.73e-01 1.31e-02 
Neptunium 237 7.97e-0 1 2.72e-01 2.99e-0 1 2.26e-02 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 

8.10e-02 2.77e-02 3.04e-02 2.30e-03 
2.10e-02 7.18e-03 7.89e-03 5.96e-04 

7.42e-01 5.61e-02 1.98e+OO 6.75e-01 
8.42e-0 1 6.37e-02 2.24e+OO 7.66e-0 1 

8.70e-01 2.97e-0 1 3.27e-0 1 2.47e-02 
2.71e+OO 9.26e-01 1.02e+00 7.70e-02 
2.77e+OO 9.47e-01 .1.04e+00 7.87e-02 

8.75e-01 6.62e-02 2.33e+OO 7.96e-0 1 
Uranium 234 8.65e+OO 2.96e+00 ; 3.25e+00 2.46e-01 
Uranium 235/236 4.20e-01 1.44e-01 1 S8e-01 1.19e-02 
Uranium 238 8.87e+OO 3.03e+00 3.33e+00 2 S2e-0 1 

INORGANICS (mgka  (mg/m2) (mg/m2) (mg/m2) 
Arsenic 3.32e+01 1.13e-02 1.25e-02 9.43e-04 

a 
Beryllium 
Cadmium 

2.27e+00 7.77e-04 8.54e-04 6.46e-05 
3.10e +00 1.06e-03 1.16e-03 8.80e-05 

Chromium 1.14e +01 3.88e-03 4.27e-03 3.23e-04 
Lead 2.39e +01 8.18e-03 8.99e-03 6.80e-04 

~~~ 

ORGANICS (mghg) (mg/m2) (mg/m2) (mdm2) 
Carbazole 5.10e-01 1.74e-04 1.92e-04 1.45e-05 
Dibenzo(a,h)anthracene 2.20e +00 7.52e-04 8.26e-04 6.25e-05 

aMaximum deposition rates from ISCLT modeling 

bWithin the subunit itself, .3417 g/m2, approximately 90 meters north of Inactive Flyash Pile center 

'Area from subunit boundary to FEMP boundary, .3755 g/m2, approximately 50 meters northeast of Inactive Flyash Pile center 

dArea beyond the FEMP boundary, 0.0284 g/m2, approximately 250 meters southwest of Inactive Flyash Pile center 
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TABLE A.3-24 
6 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR D I S F I O N  

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F’ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MODELING - SOLID WASTE LANDFILL - CURRENT SCENARIO 

Cesium 137 2.67e-01 8.01e-07 8 .O 1 e 4 7  1.32e-08 
Neptunium 237 1.19e+00 3.57e-06 3.57e-06 5.87e-08 
Plutonium 238 7.72e-01 2.32e-06 2.32e-06 3.81e-08 
Plutonium 239/240 8.20e-02 2.46e-07 2.46e-07 4.05e-09 
Radium 226 1.90e+M 5.69e-06 5.69e-06 9.37e-08 

8.30e-08 Radium 228 1.68e+00 5 Me-06 5.04e-06 
Strontium 90 9.55e-01 2.87e-06 2.87e-06 4.72e-08 

8.03e-08 Thorium 228 1.63e+00 4.88e-06 4.88e-06 
Thorium 230 6.48e+00 1.94e +05 1.94e+05 3.20e-07 
Thorium 232 1.51e+00 4.53e-06 4.53e-06 7.46e-08 
Uranium 234 4.21e+01 1.26e +04 1.26e +04 2.08e-06 
Uranium 235/236 2.84e+00 8.51e+06 8.51e+06 1.40e-07 
Uranium 238 7.72e+01 2.31e+04 2.31e+04 3.8 le-06 
INORGANICS (mglkg) (mg/m’) (mfdm’) (mglm’) 

2.00e-08 2.00e-08 3.29e-10 Arsenic 6.67e+00 
Beryllium 6.98e-01 2.09e-09 2.09e-09 3.45e-11 
Cadmium 8.50e-01 2.55e-09 2.55e-09 4.20e-11 
Chromium 1.55e+01 4.64e-08 4 He-08 7.64e- 10 
Lead 1.90e+01 5.70e-08 5.70e-08 9.39e-10 

ORGANICS ( m g W  (mg/m’) (mg/m3) (mglm’) 
4,4-DDE 1.20e-02 3.60e-11 3.60e-11 5.93e-13 

1.9le-11 Benzo(a)anthracene 3.86e-01 1.16e-09 1.16e-09 
Benzo(a)pyrene 3.40e-01 1.02e-09 1.02e-09 1.68e-11 
Benzo(b)fluoranthene 7.10e-01 2.13e-09 2.13e-09 3.51e-11 
Benzo(k)fluoranthene 8.85e-0 1 2.66e-09 2.66e-09 4.37e-11 

2.37e- 12 bis(2-Ethy lhexy l)phthalate 4.80e-02 1.44e-10 1.44e-10 
Carbazole 7.70e-02 2.3 1 e- 10 2.31e-10 3.80e-12 

4.53e-01 1.36e-09 1.36e-09 2.24e-11 Chrysene 
6.00e-10 9.88e-12 Dibenzo(a,h)anthracene 2.00e-01 6.00e-10 

Indene( 1,2,3cd)pyrene 4.80e-01 1.44e-09 1 M e 4 9  2.37e-11 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-sited 
RADIOLOGICAL @ C W  @Ci/m’) @Ci/m3) @Ci/m3) 

aMaximum annual average deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 3.0 pglm3, approximately 30 meters southeast from the center of Solid Waste Landfill 
‘Between the subunit boundary and the FEMP boundary, 3.0 pglm3, approximately 75 meters east-northeast from the center 
of Solid Waste Landfill 
dAt or beyond the FEMP boundary, 0.0494 pglm3, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 
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TABLE A.3-25 

PRELIMINARY MAXIMUM ANNUAL DEPOSITION RATES FROM AIR DISPERSION 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F’ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MODELING - SOLID WASTE LANDFILL - CURRENT SCENARIOS 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-si ted 
RADIOLOGICAL (PCi/g) @Cilmz) (pci/m3 @Ci/m3 
Cesium 137 2.67e-0 1 1.12e-01 9.82e-02 1.63e-03 
Neptunium 237 1.19e +00 4.99e-01 4.37e-0 1 7.25e-03 
Plutonium 238 7.72e-01 3.24e-0 1 2.84e-01 4.71e-03 
Plutonium 2391240 8.20e-02 3.44e-02 3.02e-02 5.00e-04 
Radium 226 1.90e +00 7.96e-01 6.98e-01 1.16e-02 
Radium 228 1.68e +00 7.05e-0 1 6.18e-01 1.03e-02 
Strontium 90 9.55e-01 4.01e-01 3.51e-01 5.83e-03 
Thorium 228 1.63e+W 6.82e-0 1 5.98e-01 9.92e-03 
Thorium 230 6.48e+00 2.72e +00 2.38e+00 3.95e-02 
Thorium 232 1.51e+00 6.34e-01 5 S6e-0 1 9.22e-03 

1.55e+01 2.57e-01 Uranium 234 4.21e +01 1.77e +01 
Uranium 239236 2.84e +00 1.19e+00 1.04e+00 1.73e-02 
Uranium 238 7.72e +01 3.24e +01 2.84e + 0 1 4.71e-01 

INORGANICS ( m g k )  (mg/m2) (mg/m2) (mg/m2) 
Arsenic 6.67e+00 2.80e-03 2.45e-03 4.07e-05 
Beryllium 6.98e-01 2.93e-04 2.57e-04 4.26e-06 
Cadmium 
Chromium 
Lead 

8.50e-01 3.57e-04 3.13e-04 5.19e-06 
1.55e+01 6.49e-03 5.69e-03 9.43e-05 
1.90e+01 7.97e-03 6.99e-03 1.16e-04 

ORGANICS ( m g h )  (mglm’) (mglm2) (mglm3 
4.4-DDE 1.20e-02 5.03e-06 4.41e-06 7.32e-08 

Benzo(a)anthracene 3.86e-01 1.62e-04 1.42e-04 2.35e-06 
Benzo(a)pyrene 3.40e-01 1.43e-04 1.25e-04 2.07e-06 
Benzo(b)fluoranthene 7.10e-01 2.98e-04 2.61e-04 4.33e-06 
Benzo(k)fluoranthene 8.85e-01 3.7 le-04 3.26e-04 5.40e-06 
bis(2-Ethy Ihexyl)phthalate 4.80e-02 2.01 e-05 1.77e-05 2.93e-07 
Carbazole 7.70e-02 3.23e-05 2.83e-05 4.70e-07 

1.90e-04 1.67e-04 2.76e-06 Chrysene 4.53e-01 
Dibenzo(a,h)anthracene 2.00e-01 8.39e-05 7.36e-05 1.22e-06 

2.93e-06 Indene( 1,2,3cd)pyrene 4 AOe-0 1 2.01e-04 1.77e-04 
OTHER (mg/kg) (mglm2) (mg/m2) (mglm’) 
Total Uranium 2.25e +02 9.45e-02 8.28e-02 1.37e-03 

aMaximum annual average deposition rates from ISCLT modeling 
h i th in  the boundary of the subunit itself, 0.4195 g/m2, approximately 30 meters southeast from the center of Solid Waste 
Landfill 
‘Between the subunit boundary and the FEMP boundary, 0.3678 glm2, approximately 75 meters east-northeast from the center 
of Solid Waste Landfill 
dAt or beyond the FEMP boundary, 0.0061 g/m2, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 

- 1 .  
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TABLE A.3-26 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 
SOLID WASTE LANDFILL - F’UTURE SCENARIOS 
OPERABLE UNIT 2. REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-sited 

~ ~~ 

RADIOLOGICAL (PCik) (pCi/m3) @Ci/m3) @ci/m3) 
Cesium 137 2.67e-01 2.43e-05 2.43e-05 4 .O 1 e 4 7  
Neptunium 237 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 235/236 
Uranium 238 

1.19e+00 
7.72e-01 
8.20e-02 
1.90e+00 
1.68e+00 
9.55e-01 
1.63e+00 
6.48e+00 
1.51e+00 
4.21e+01 
2.84e +00 
7.72e +01 

1.08e-04 
7.03e-05 
7.46e-06 
1.73e-04 
1 S3e-04 
8.69e-05 
1.48e-04 
5.89e-04 
1.38e-04 
3.83e-03 
2.58e-04 
7.02e-03 

1.08e-04 
7.03e-05 
7.46e-06 
1.73e-04 
1.53e-04 
8.69e-05 
1.48e-04 
5.89e-04 
1.38e-04 
3.83e-03 
2.58e-04 
7.02e-03 

1.78e-06 
1.16e-06 
1.23e-07 
2.85e-06 
2 S2e-06 
1.43e-06 
2.44e-06 
9.7 l e 4 6  
2.27e-06 
6.32e-05 
4.26e-06 
1.16e-04 

Beryllium 
Cadmium 
Chromium 
Lead 

6.98e-01 6.35e-08 6.35e-08 1.05e-09 
8.50e-01 7.74e-08 7.74e-08 1.28e-09 
1.55e+01 1.41e-06 1.41e-06 2.32e-08 
1.90e+01 1.73e-06 1.73e-06 2.85e-08 

ORGANICS (mgkz) (mg/m3) (mglm’) (mg/m3) 
4,4-DDE 1.20e-02 1.09e-09 1.09e-09 1.80e-11 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

3.86e-01 3.51e-08 3.51e-08 5.79e-10 
3.09e-08 3.09e-08 5.10e-’10 3.40e-01 

7.10e-01 6.46e-08 6.46e-08 1.07e-09 
Benzo(k)fluoranthene 8.85e-0 1 8.05e-08 8.05e-08 1.33e-09 

7.20e-11 bis(2-Ethy lhexy l)phthalate 4.80e-02 4.37e-09 4.37e-09 
1.16e-10 Carbazole 7.70e-02 7.01e-09 7.0 l e49  

Chrysene 4.53e-01 4.12e-08 4.12e-08 6.80e- 10 
3.00e-10 Dibenzo(a,h)anthracene 2.00e-01 1.82e-08 1.82e-08 

4.37e-08 7.20e-10 Indeno(l,2,3-cd)pyrene 4.80e-01 4.37e-08 

Total Uranium 2.25e+02 2.05e-05 2.05e-05 3.38e-07 
OTHER (mglkg) (mg/m3) (mg/m3) (mg/m3) 

aMaximum annual average concentrations from ISCLT modeling 
bWithin the boundary of the subunit itself, 91 ug/m3, approximately 30 meters southeast from the center of Solid Waste Landfill 
CBetween the subunit boundary and the FEMP boundary, 91 ug/m3, approximately 75 meters east-northeast from the center of 
Solid Waste Landfill 
dAt or beyond the FEMP boundary, 1.5 ug/m3, approximately 600 meters north-northeast from the center of the Solid Waste 

0 0 of,%@ndfill 
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TABLE A.3-27 a PRELIMINARY MAXIMUM ANNUAL DEPOSITION RATES FROM AIR DISPERSION 
MODELING - SOLID WASTE LANDFILL - FUTURE SCENARIOS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration Maximum Annual Exposure Point Concentrationsa 
On-subunitb On-sitec Off-sited Parameter Term 

RADIOLOGICAL (PCi/g) (pci/rn? (pCi/m2) @ci/m2) 
Cesium 137 
Neptunium 237 
Plutonium 238 
Plutonium 239i240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 235/236 
Uranium 238 

2.67e-01 
1.19e+00 
7.72e-01 
8.20e-02 
1.90e+00 
1.68e+00 
9.55e-01 
1.63e +OO 
6.48e+00 
1.51e+00 
4.21e+01 
2.84e +00 
7.72e+01 

2.62e+00 
1.17e +O 1 
7.57e+00 
8.04e-01 
1.86e + 0 1 
1.65e+01 
9.36e+00 
1.59e+01 
6.35e+01 
1.48e+01 
4.13e +02 
2.78e+01 
7.56e+02 

2.30e+00 
1.02e+01 
6.64e+00 
7.05e-01 
1.63e +01 
1.45e +O 1 
8.21e+00 
1.40e +01 
5.57e +01 
1.30e+01 
3.62e + 02 
2.44e+Ol 
6.63e +02 

3.78e-02 
1.68e-01 
1.09e-01 
1.16e-02 
2.69e-01 
2.38e-01 
1.35e-01 
2.30e-01 
9.18e-01 
2.14e-01 
5.97e + 00 
4.02e-01 
1.09e +01 

INORGANICS (mg/kg) (mg/m2) (mg/m2) 
Arsenic 6.67e+00 6.53e-02 5.73e-02 9.45e-04 
Beryllium 6.98e-01 6.84e-03 6.00e-03 9.89e-05 
Cadmium 8 SOe-0 1 8.33e-03 7.31e-03 1.20e-04 
Chromium 1.55e+01 1 S2e-01 1.33e-01 2.19e-03 
Lead 1.90e +O 1 1.86e-01 1.63e-01 2.69e-03 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
bis(2-Ethy lhexy l)phtalate 
Carbazole 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(l.2.3cd)pyrene 

Total Uranium 2.25e +02 2.21e+00 1.94e + 00 3.19e-02 
OTHER (mg/kg) (mg/m2) (mg/m2) (mg/m2) 

3.86e-01 
3.40e-01 
7.10e-01 
8.85e-01 
4.80e-02 
7.70e-02 
4.53e-01 
2 .OOe-0 1 
4.80e-0 1 

3.78e-03 
3.33e-03 
6.96e-03 
8.67e-03 
4.70e-04 
7.55e-04 
4.44e-03 
1.96e-03 
4.70e-03 

3.32e-03 
2.92e-03 
6.1 l e43  
7.6 1 e-03 
4.13e-04 
6.62e-04 
3.90e-03 
1.72e-03 
4.13e-03 

5.47e-05 
4.82e-05 
1.01e-04 
1.25e-04 
6.80e-06 
1.09e-05 
6.42e-05 
2.83e-05 
6.80e-05 

aMaximum annual average deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 9.8 g/m2, approximately 30 meters southeast from the center of Solid Waste Landfill 
CBetween the subunit boundary and the FEMP boundary, 8.6 g/m2, approximately 75 meters east-northeast from the center of 
Solid Waste Landfill 
dAt or beyond the FEMP boundary, 0.1417 g/m2, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 
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TABLE A.3-28 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

LIME SLUDGE PONDS - CURRENT AND FUTURE SCENARIOS 

Maximum Annual Exposure Point Concentrationsa Concentration 
Off-sited Parameter Term On-subunitb On-sitec 

RADIOLOGICAL @Ci/g) @Ci/m3) @Ci/m’) @Ci/m’) 
Cesium 137 7.02e-0 1 1.83e-05 1.05e-05 1.24e-07 
Neptunium 237 7.20e-0 1 1.87e-05 1.08e-05 1.28e-07 
Plutonium 238 5.76e-01 1 SOe-05 8.64e-06 1.02e-07 

2.39e-08 Plutonium 2391240 1.35e-01 3.51e-06 2.03e-06 
Radium 226 1.92e +00 4.99e-05 2.88e-05 3.40e-07 
Radium 228 1.64e+OO 4.26e-05 2.46e-05 2.90e-07 
Strontium 90 7.85e-0 1 2.04e-05 1.18e-05 1.39e-07 
Thorium 228 2.91e+OO 7.57e-05 4.37e-05 5.15e-07 
Thorium 230 4.48e +01 1.16e-03 6.72e-04 7.93e-06 
Thorium 232 1.31e+OO 3.40e-05 1.96e-05 2.3 1 e-07 
Uranium 234 2.10e+01 5.46e-04 3.15e-04 3.72e-06 
Uranium 2351236 1.74e +00 4.53e-05 2.6 1 e-05 3.09e-07 
Uranium 238 7.14e+01 1.86e-03 1.07e-03 1.26e-05 

Arsenic 7.19e+OO 1.87e-07 1.08e-07 1.27e-09 
Beryllium 1.52e+00 3.95e-08 2.28e-08 2.69e-10 
Cadmium 1.20e+OO 3.12e-08 1.80e-08 2.13e-10 
Chromium 1.66e+01 4.31e-07 2.49e-07 2.94e-09 
Lead 2.76e +01 7.17e-07 4.13e-07 4.88e-09 

Aroclor- 1254 5.90e +02 1 S3e-05 8.85e-06 1.04e-07 
Benzo(a)anthracene 9.10e-01 2.37e-08 1.37e-08 1.61e-10 
Benzo(a)pyrene l.lOe+OO 2.86e-08 1.65e-08 1.95e-10 
Benzo(b)fluoranthene 1.00e+OO 2.60e-08 1 SOe-08 1.77e-10 
Benzo(k)fluoranthene 8.00e-01 2.08e-08 1.20e-08 1.42e-10 
bis(2-Ethy lhexy l)phthalate 1.00e+01 2.60e-07 1.50e-07 1.77e-09 
Carbazole 1.40e-01 3.64e-09 2.10e-09 2.48e-11 
Chrysene 1.10e+00 2.86e-08 1.65e-08 1.95e-10 
Dibenzo(a,h)anthracene 3.20e-01 8.32e-09 4.80e-09 5.67e-11 
Indeno( 1,2,3-cd)pyrene 7.20e-01 1.87e-08 1.08e-08 1.28e-10 
OTHER ( m g W  (mglm’) (mg/m3) (mdm’) 
Total Uranium 2.14e+02 5.57e-06 3.21e-06 3.80e-08 

INORGANICS ( m g k )  (mdm’) (mg/m3) (mglm’) 

ORGANICS (mgkz) (mdm’) (mglm’) (mg/m3) 

aMaximum annual average concentrations from ISCLT modeling 
bWithin the boundary of the subunit itself, 26 uglm3, approximately 25 meters east-northeast from the center of the Sludge 
Ponds 
‘Between the subunit boundary and the FEMP boundary, 15 ug/m3, approximately 75 meters east-northeast from the center of 
the Sludge Ponds 
dAt or beyond the FEMP boundary, 0.1771 uglm3, approximately 700 meters west-southwest from the center of the Sludge 

-E€’ ds O O O d - ~  
FER\CRUZRIULG\TABA3-Z8Uune6. 1994 1 :47pm A-3-54 



FEMP-OUO2-5 DRAFT 
June 15, 1994 

TABLE A.3-29 

PRELIMINARY MAXIMUM ANNUAL DEPOSITION RATES FROM AIR DISPERSION a 
MODELING - LIME SLUDGE PONDS - CURRENT AND F'UTURE SCENARIOS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Parameter 
Maximum Annual Exposure Point Concentrationsa Concentration 

Term On-subunitb On-sitec off-s ited 
RADIOLOGICAL @cm @Ci/m2) @Ci/m2) @Ci/m2) 
Cesium 137 7.02e-01 1.26e+01 7.72e +00 8.77e-02 
Neptunium 237 
Plutonium 238 
Plutonium 239l240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

7.20e-01 
5.76e-01 
1.35e-01 
1.92e +00 
1.64e+00 
7.85e-01 
2.9 1 e + 00 
4.48e+01 
1.31e+00 
2.10e +01 
1.74e+OO 
7.14e +O 1 

1.30e+01 
1.04e+01 
2.43e+00 
3.45e +01 
2.95e +01 
1.41e+01 
5.24e +O 1 
8.06e+02 
2.35e+01 
3.78e+02 
3.14e +01 
1.28e+03 

7.92e+OO 
6.34e +00 
1.49e +00 
2.11e+01 
1.80e+01 
8.64e+00 
3.20e +01 
4.93e+02 
1.44e+01 
2.3 le  +02 
1.92e+01 
7.85e +02 

8.99e-02 
7.19e-02 
1.69e-02 
2.40e-01 
2.05e-01 
9.80e-02 
3.63e-01 
5.60e +00 
1.63e-01 
2.62e + 00 
2.18e-01 
8.92e +00 

INORGANICS (mgkg) (mg/m3 (mg/m2) (mg/m2) 
Arsenic 7.19e +00 1.29e-01 7.9 le42 8.98e-04 
Beryllium 1.52e +00 2.73e-02 1.67e-02 1.90e-04 
Cadmium 1.20e +00 2.16e-02 1.32e-02 1 SOe-04 
Chromium 1.66e+01 2.98e-01 1.82e-01 2.07e-03 
Lead 2.76e +01 4.96e-01 3.03e-0 1 3.44e-03 

a 
ORGANICS (mgkg) (mg/m2) (mg/m2) (mg/m2) 
Aroclor-1254 5.90e +02 1.06e+01 6.49e+OO 7.37e-02 
Benzo(a)anthracene 9.10e-01 1.64e-02 1.00e-02 1.14e-04 
Benzo(a)pyrene 1.10e+00 1.98e-02 1.21e-02 1.37e-04 
Benzo(b)fluoranthene 1.00e+OO 1.80e-02 1.10e-02 1.25e-04 
Benzo(k)fluoranthene 8.00e-01 1 Me-02 8.80e-03 9.99e-05 
bis(2-Ethy lhexy l)phthalate 1.00e+01 1 .80e-0 1 1.10e-01 1.25e-03 
Carbazole 1.40e-0 1 2.52e-03 1.54e-03 1.75e-05 
Chrysene 1.10e+00 1.98e-02 1.21e-02 1.37e-04 
Dibenzo(a,h)anthracene 3.20e-0 1 5.76e-03 3 S2e-03 4.00e-05 
Indeno(l,2,3cd)pyrene 7.20e-01 

aMaximum annual average deposition rates from ISCLT modeling 
%thin the boundary of the subunit itself, 18 g / m 2 ,  approximately 25 meters east-northeast from the center of the Sludge Ponds 
CBetween the subunit boundary and the FEMP boundary, 11 glm2, approximately 75 meters east-northeast from the center of 
the Sludge Ponds 
dAt or beyond the FEMP boundary, 0.1249 glm2, approximately 700 meters west-southwest from the center of the Sludge Ponds 
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TABLE 4-1. FASTEST  MILE^ r t l  ;NO YEAN WINO SPEED' !>I 
FOR SELECTED UNITE9 STATES STATIONS 

2 i mi ngham 
uo n t g  ome ry 
-ucson 
Vuma 
rort Smith  
L i t t l e  Rock 
'resno 
2ee B l u f f  
Sacramento 
Zan Oiego 
:enver 
l t ana  d u n c i m  
Zueo 1 o 
hartfora 
'iasni ngton 
3acksonville 
famoa 
:tlanta 

E avannah 
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3oi se 
?ocate 1 1 o 
Chicago 
uol i ne 
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Sor ingf ie id  
Evanrvi 17 B 
For t  Wayne 
:mianaoolis 
?uri i noton 
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Sioux City 
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Ooage C i t y  
iopelca 
Wichita 
Loui s v i  I 1 e 
Shreveoort ' 

?ort 1 ana 
9al timore 
Soston 

A L  
AL 
A2 
AZ 
AR 
AR 
CA 
CA 
CA 
CA 
co 
co 
CT 
oc 
FL 
F L  
GA 
GA 
GA 
10 
ii) 
ZL 
i L  
IL 
fL 
IN 
Ilu 
IN 
IA 
I A  
I .c\ 
KS 
Ks 
KS 
KS 
KY 
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ME 

. MD 
H4 

20.8 3.3 3e t r2 i t  HI 
20.2 3.0 irana RaDids MI 
23.0 3.7 ' - 2 n s i n g  HI 
21.8 3 .5  l a u l t  S t .  Yarie MI 
20.8 3.4 :;riuth HN 

3.6 ' 4 i  nneaool i s  MN 
2.3 ;acKson YS 
3.9 <olumoia m, 
3.7 :tansas City Ho 
3 . 3  ,:. l o u i s  Yo 
-. 0 -  - ::t!qgfield '4 

23.6 -.: - : .  . :3gs  
28.1 , . 3  f reat  Falls Ml 
20.2 :.L i av r?  ,m 
21.6 2.; Ueiena MT 

m 
22.2 :.: NE 

NE 
NE 
Nv 
N v  

23.8 A.: ieno Nv 
Nv 21.0 A. J ' ii nnemucca 

24.5 :.- kncora NH 
23.2 i. 3 Albuoueraue NU 
24.2 z . 1  3osweil w 
20.9 3 . :  Albany NY 
23.7 ;.i 3inghsmDt NY 
24.8 l . 2  ?uf fa lo  NY 
25.0 : . 5  Yew York NY 
25.8 3 . 3  Rochester NY 
25.9 2 . 2  Syracuse w 

24.4 4.6 Greensborn NC 

22.0 3.8 Bism.rck No 
19.9 3.:. Fargo NO 
21.7 2 . 3  Cleveland OH 
25.0 s . 2  tolurnbus CH 
25.2 3 . 6  Dayton 3H 

.JT - .  . . - .  . 

. -  

25.7 3.; iaoe Hatteros NC 
27.1 4.2 Charlotte NC 

26.0 3.6 ' Wilmington NC 

21.8 
21.5 
23.7 
21.6 
22.8 
22.0 
20.5  
22.4 
22.6 

22. : 

26.4 
25.9 
24.7 
21.6 
27.7 
24.6 
27. r 
23.5 
24.4 
2s. 2 
22.4 
1 0  2 
25.6 
26.0 
21.4. 
22.0 
24. I 
22.5 
23.9 
22.5 
25.9 
20.0 

22.3 
26.1 
26.6 

?l ? --. - 
.- - . -  - -*. - 

-4 .  

18.9 

4.6 
4.5 
4.6 
4 . 3  
5 . 1  
4.7 
3.4 
4.4 
4.6 
3 .2  - .  :. 'J - .  - .  -. - - .  :. Y 
1 . 5  
3 . 3  
2.7 
A .  6 
2.8 
4.8 
4.7  
4.0 
2.9 
3 . 5  
3.0 
4.0 
4. i 
3 . 0  
6.6 

5 .  S 
4.2 
a. 4 
5 .  I 
3.4 
3 .4  
4.0 
6 .7  
5.7 
4.8 
3.9 
A.  6 

- -  
2 . 3  
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RAECOM Model Output for Each Operable Unit 2 Subunit 
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