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A.l.O SURFACE WATER MODELING 

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. 

. d  

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 was considered a significant 

potential pathway for constituent migration to surface water. Another pathway for constituent 

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). 

Natural drainage from Operable Unit 2 subunits flows to Paddys Run or the Storm Sewer Outfall 
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Ditch. The Storm Sewer Outfall Ditch flows into Paddys Run at the southwest corner of the site. 

Paddys Run flows into the Great Miami River 1.5 miles south of the FEMP. 

The predicted constituent loading to Paddys Run and subsequent predicted loading to the Great Miami 

Aquifer and the Great Miami River is only from the sources within the Operable Unit 2 battery 

limits. These predictions were made to evaluation the Operable Unit 2 impact to these media and is 

not meant to imply that Operable Unit 2 is the only source of constituents to these media. 

_- 
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 
model. At the same time, all water (CPC mass) flowing to the Storm Sewer Outfall Ditch 
from Active Flyash Pile was considered .to infiltrate the Great Miami Aquifer for the 
groundwater conceptual model. 

All of the flow in Paddys Run was assumed to discharge to the Great Miami River for the 
surface water conceptual model. At the same time, 30 percent of the CPC mass loading 
in the runoff water to Paddys Run was assumed to be a source to the Great Miami - 

Aquifer in the groundwater conceptual model. 

The estimates that 44 percent of the water reaching the Storm Sewer Outfall ditch and 30 percent of 

the total runoff in Paddys Run infiltrates to the Great Miami Aquifer are used based on predictions 

from VS2DT modeling (U.S.DOE 19930. 

These overlapping assumptions result in assigning more than 100 percent of CPC mass in the runoff 

water to surface and groundwater receptors. This additional mass accounts for further leaching of 

CPC from the sediments as sediments are transported to Paddys Run and the Great Miami River. 

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 

water modeling. Figure A. 1-2 shows the overall approach for surface water modeling and screening 

of CPCs. While determining CPCs in Section 6.0 and Appendix B, nutrients, constituents at 

background levels, and constituents with soil concentrations below the EPA RAGs, Part B screening 

values are screened out. Source term concentrations are also calculated and shown in Appendix B. 

Consistent with the conceptual model, runoff concentrations are then developed and screened against 

the EPA RAGs, Part B screening concentrations. Concentrations in Paddys Run and the Great Miami 

River are 'then calculated for the remaining CPCs. Sediment concentrations in Paddys Run and the 

Great Miami River are not calculated because the baseline risk assessment uses more conservative 

(higher) on-subunit sediment concentrations. 

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 areadependent 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 
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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; Hershfield, 1961) resulting in a flow rate in Paddys Run of 4 ft?/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 for the subsurface soil CPCs in the Inactive Flyash 

Pile and South Field, and the estimated seep flow rates, were also used to define on-subunit surface 

water concentrations during a storm event and the source term for the Great Miami River and 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 mixing 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 ft?/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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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 as’sumed to infiltrate the Great Miami Aquifer. This 

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

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. Runoff loading from four storm 

events (2.5 inch in 24 hours) was assumed to equal the annual loading to the stream. The predicted 

Great Miami Aquifer concentrations were compared to conservative risk-based screening values 

calculated using the EPA Risk Assessment Guidance (RAGS), Part B (EPA 1991d) short equations for 

water. If the predicted on-site maximum Great Miami Aquifer concentrations were greater than the 

screening concentration, then the full SWIFT I11 block (125 foot wide) mixing was calculated to see if 

the predicted SWIFT I11 model concentrations will exceed the screening concentrations anywhere in 

the SWIFT model. If the full block mixing concentration exceeded the screening concentration, the 

source term for the CPC was assigned for groundwater modeling. 

, 

A. 1.4 

The MUSLE model was used to calculate the total mass of soil transported by storm wat 

SURFACE WATER MODEL DESCRIPTION 

r in a ingle 
rainfall event using event-specific runoff volume, storm duration, and flow rate parameters. I 

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

runoff flow. Model assumptions and equations are presented in this section. 

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. 
However, it was assumed that once a contaminant has partitioned into the dissolved phase 
in the runoff water, and the adsorbed phase on the eroded soil particles at the subunit, 
further partitioning or dilution of contaminant adsorbed to eroded soil does not take place. 

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. 
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A.1.4.2 

MUSLE is used to model the amount of contaminated soil migrating to Paddys Run or the Storm 

Sewer Outfall Ditch from erosion by storm water runoff. The MUSLE model is bas'ed on the 

following equation. 

Calculation of Soil Loss from Runoff 

Y(s)E = (CF) t (vr>(&)Io.%)6)(K)(LS)(C)(P) 

. where 

y(s)E = 
CF = 
v, = 

& =  
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 @PA, 1988). Intermediate parameters Vr and 

q,, are calculated by: 

Qr = (R, - O.2Sw)'/(R, + 0.8Sw) 

S, = (2.54)[ (1 OOO/CN)- 101 

where 

A = Contaminated surface area (ha) 
Q, = Depth ofrunoff (cm) 
& = Depth of rainfall event (cm) 
S, = Soil water retention factor (cm) 
CN = SCS runoff curve number (unitless) 
T, = Rainfall duration (hours) 

Figures A. 1-3 through A. 1-5 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. 



e 

0 

0 

January 21, 1995 

1379800 1379600 
I I I I_ I / 

I I I I 

482200 

482000 

1379600 

LEGEND 

- -. -. -: ROADS 
= -  

-:: STREAM 

\., FENCE 

RAILROAD 

CONTOUR LINE 
- -5.95,. TOPOGRAPHIC 

SURFACE WATER 
DR AI N AGE 

482200 

482000 

1379800 

NOTE: 
Coordinates are in State 
Planar NAD 1927. 
Surface contours based on 
1992 flyover. 

SCALE (FT) 

fl 
0 40 80 160 

FIGURE ’A.1-3 

DRAINAGE SCENARIO FOR 
SOLID WASTE LANDFILL 

T OPO G R APHY AND 



I. 

January 21.. b95 
P *  

0 
0 
c\l 
03 
b * 

0 
0 
0 
03 
b * 

0 
0 
03 
b 

d 

0 
0 
(D 
b 
b 
d 

0 
0 
d 
b 
b 
d 

0 
0 
hl 
b 
b 
d 

0 
& O  ? E  
:$ 
0 

SOUTH FIELD 

3 
3 
N 
m 
h * 

3 
3 
3 
33 

* z 

0 
0 
03 
b 
b 
.a 

0 
0 
(D 
b 
b 
d- 

0 
0 
d. 
b 
b 
d. 

0 
0 
hl 
r\ 
r\ 
d 

0 
0 
0 
b 
b * 

LEGEND 

1 PAVED ROADS 
-.. - -  
\ -  - = =  UNPAVED ROADS 

::: 

\ FENCE 

b z  STREAM 

TOPOGRAPHIC 
- CONTOUR LINE 

SURFACE'  WATER 
D R AI N AGE 

* - s8!j. ~ 

NOTE: 
Coordinates are in S ta te  
Planar NAD 1927. 

) Surface contours  based on 
1992 f lyover.  

SCALE (FT) - 
0 150 300 

FIGURE A . l - 4  

DRAINAGE SCENARIO FOR 
INACTIVE F L Y  ASH PILE 

AND SOUTH FIELD 

T 0 P OGR APHY AND 



FEMP-OU02-6 FINAL 
January 2 k  '1995 

A 
0 

L 

477600 

477400 

477200 

477000 
t 
0, 

10 

0 
0 
(r 

9 
P 

.- 
L 

77600 

77400 

77200 , 

I 

1 

,77000 

I 

LEGEND 

1 PAVED ROADS'  
.. _ -  -= :  UNPAVED ROADS 
3:. .* STREAM 

\ FENCE 

' - -5e5. TOPOGRAPHIC - CONTOUR LINE 

SURFACE WATER 
DRAINAGE 

NOTE: 
Coordinates ore in State 
Plonor NAD 1927. 4 Surfoce contours based on 
1992 flyover. 9 

SCnLE (FT)  

0 80 160 

FIGURE A.1-5 
TOPOGRAPHY AND 

DRAINAGE SCENARIO FOR 
ACTIVE F L Y A S H  PILE 

PO 



FEMP-OU02-6 FINAL 
January 21, 1995 

Table A.l-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, = 
M; = 
8, = 
K d =  

c; = 
P =  

A’ = 
CF = 

Available quantity of constituent absorbed to sediment (9) 
Available quantity of constituent dissolved in water (g) 
Water capacity of surface soil. (unitless) 
Chemical-specific sorption partition coefficient (cm’/g) 
Bulk soil density (g/cm’) 
Concentration of constituent in soil (mg/kg) 
A Q, = Contaminated volume (ha-cm) 
Conversion factor (100 kg/mg*cm2/ha) 

The mass of absorbed constituent in the source area is: 

The constituent concentration in sediment of the receiving water body is: 

c, = PXi/Y(S), 

where 

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

The mass of dissolved constituent from the source area is: 
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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 

Active Inactive Solid Waste 
Variables Units Flyash Pile Flyash Pile South Field Landfill . 

LS, slope length and steepness factop unitless 3.3 3.3 1.5 1.0 

C, cover facto8 
A, contaminated area' 

e,, available water capacity' 
p,  soil bulk density' 
Rr, rainfall and runoff factore 
K, soil erodibility facto$ 
q, total storm rainfallg 
T,, storm durationg 

CN, scs runoff curve  NO.^ 

unitless 
ha 

unitless 
unitless 
glcm' 

unitless 
tonlha 

cm 
hrs 

J 

1.o00 
0.9040 

86 
0.150 
0.86 1 

1 
0.26 
6.35 
24 

0.042 
1.3901 

55 
0.150 
0.861 

1 
0.26 
6.35 
24 

0.042 
3.8706 

6! 
0.154 
1.702 

1 
0.26 
6.35 
24 

0.042 
0.6881 

58 
0.154 
1.830 

1 
0.29 
6.35 

. 24 

'United States Environmental Protection Agency, 1988. "Superfund Exposure Assessment Manual. " Office 'of 
Remedial Response, Washington, D.C., EPA/5401/1-88/001. EPA, 1988, Figure24and 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, Figure24 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. 

1 

'Atlantic 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 S tom Event (HERSHFIELDS, 1961). . 



@ where 

PQi = Dissolved constituent available per event (g) 

The constituent concentration in the runoff effluent is: 

C, = PQiN, 

where 

PQi = Dissolved substance available per event (g) 
C, = Concentration of constituent in runoff (mg/l) 
V, = Volume of runoff (m’) 

The dissolved constituent concentration in Paddys Run downstream is: 

9 where 
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C, = 
Q, ~ = 
Q, = Flow rate of receiving water body (m3/hr) 

Concentration of constituent in water downstream (mg/L) 
Average runoff effluent flow rate (V)T,; m3/hr) 

Note that Q, includes the runoff water from the subunit. 

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

where 

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

Flow rate of the Great Miami Aquifer includes the flow contribution from the Paddys Run. 
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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 

Tables A.l-2a and A.l-2b present the results of surface water modeling for the Solid Waste Landfill 

based on a single storm event using the MUSLE model. Table A. 1-2a also shows the screening of 

CPCs based on comparison of on-subunit runoff concentration against the EPA RAGS, Part B based 

screening concentrations for water. A total runoff of 23.2 m3 was calculated during the 24-hour 

storm event. The model results show that the small mass of constituents from the Solid Waste 

Landfill that partition into the water, combined with dilution in the Great Miami River from a flow of 

3300 ff'/sec results in low surface water concentrations. The radionuclide concentrations in on- 

subunit runoff range from a minimum of 1.2 x lo3 pCi/L for plutonium-239/240 to a maximum of 

25 pCiL for uranium-238. Note that the plutonium-239/240 runoff concentration is below the 

screening value. Concentrations in the Great Miami River range from a minimum of 1.4 x lo-' pCi/L 

for radium-226 to a maximum of 7.1 x lo5 pCi/L for uranium-238. Maximum inorganic 

concentrations were 0.8 p g L  in runoff and 2.3 x lo* pg/L in the Great Miami River for Arsenic. 

. Except for phenanthrene, all organics in runoff were predicted to remain below 3.4 x pg/L and 

below 9.6 x lo4 pg/L in the Great Miami River. Phenanthrene, a CPC for which EPA RAGS, Part 

B screening concentration is not available, is predicted to be at a concentration of 55 pg/L in runoff 

and 1.6 x lo4 pg/L 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 Solid Waste Landfill. For example, the modeled sediment concentra- 

tion for uranium-238 was 229.7 mg/kg compared to 230 mg/kg in the soil source term. 

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 



TABLE A.l-2A 

RUNOFF EFFLUENT AND SEDIMENT LOADING FROM 
THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

On-Subunit Screening Final CPC 
Waste Area Total Annual Sediment Runoff Effluent Concentration For 

Constituent of Partition Surface Soil Loading to Concentration Concentration (pCi1L RAD) On-Subunit 
Potential Concern After Coefficient Concentration Stream Cs (mg1kg) Ce @Ci/L RAD) hg1L non- Runoff Water 

INORGANICS 
Initial Screening KI ( d k )  ci (mglkg) TI (g) @g/L non-RAD) RAD) V/N) 

Arsenic 2.00 x lo+' 6.67 x lo+' 7.52 x lo-' 6.67 x lo+' 8.09 x lo-' 1.46 x lo4 Yes 
Berylium 1.30 x lo+' 6.98 x lo-' 1.22 x 6.98 x lo-' 1.30 x lo-' 2.37 x lo4 Yes 
Lead ' 3.00 x 1.90 x lo+' 1.43 x IO-' 1.90 x lo+' 1.54 x lo-' NA" NA 

RADIONUCLIDES 
Neptunium-237 5.50 x lo+' 1.69 x 
Plutonium-238 1.70 x 4.51 x 10* 
Plutonium-2391240 1.70 x 1.32 x 10" 
Radium-226 6.96 x lo+' 1.41 x 10" 
Rad iu m-22 8 6.96 x lo+' 6.18 x 
Strontium-90 1.00 io+' 6.97 x 10-9 
Thorium-228 5.80 10+3 1.98 x 10-9 
Thorium-230 5.80 x 3.14 x lo4 
Thorium-232 5.80 x 1.37 x lo+' 
Uranium-234 7.50 x lo+' 6.77 x 
Uranium-2351236 7.50 x lo+' 1.31 x lo+' 
Uranium.23 8 7.50 x lo+' 2.30 x lo+' 
Uranium-Total (non-RAD) 7.50 x lo+' 2.25 x lo+' 

I 

FER\CRU2RI\TLCV\PP-A\TABA-l .2AUanuav 9. 1995 IO:29am 

6.92 x lo5 
6.00 x lo-'' 
1.76 x lo9 

2.01 x lo-'' 
4.60 x 10-9 

1.56 x 10-9 
7.72 x 1043 

1.22 10-7 
5.36 x 10-3 
2.04 x lo4 
3.94 x lo-' 
6.92 x 10+O 
6.76 x 10" 

1.69 x lo3 
4.51 x lo-* 
1.32 x lo6 
1.41 x 10" 
6.18 x 10-9 
6.91 x 10-9 
1.98 x 10-9 

6.76 x 10-3 

3.14 x lo4 
1.37 x lo+' 

1.31 x 10" 
2.30 x 
2.25 x 

P 

.-- 

5.25 x I O '  
1.10 x 10" 

4.86 x 10' 
5.85 x 10' 
2.30 x lo+' 
6.79 x l o 3  
2.71 x lo2 

1.36 x 10" 
9.14 x lo-' 
2.50 x lo+' 
7.27 x lo+' 

1.17 x 10-3 

6.30 x 10-3 

2.16 x 18' 
2.16 x 10' 
2.07 x 10" 
1.76 x IO4 
4.75 x lo-' 
1.32 x 10'' 
8 . 6 4 ~  I O 2  
3.65 x 10' 
2.79 x lo-' 
2.97 x lo-' 
2.97 x lo-' 
1.70 x 10' 
1.09 x lo+' 

Yes 
No 
No 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 



TABLE A.l-2A 
(Continued) 

On-Subunit Screening Final CPC 
Waste Area Total Annual Sediment Runoff Effluent Concentration For 

Constituent of Partition Surface Soil Loading to Concentration Concentration @Ci& RAD) On-Subunit 
Potential Concern After Coefficient Concentration Stream Cs (mgkg) Ce @Ci/L RAD) @g/L non- Runoff Water 

ORGANICS 
Initial Screening K, c i  (mg/kg) @g/L non-RAD) RAD) WIN) 

Benzo(a)anthracene 2.63 x lo+' 3.66 x lo-' 3.15 x lod 3.66 x lo-' 3.38 x 10-3 2.82 x 10-3 YeS 
Benzo(a)p yrene 6.28 x lo+' 3.40 x 10'  1.22 x lod 3.40 x 10-' 1.31 x 10-3 2.82 x lo4 YeS 
Benzo(b) fluoranthene 2.45 x 7.10 x lo-* 6.56 x lo5 7.10 x 10 '  7.03 x lo4 2.82 x 10-3 No 
Benzo(g ,h, i)perylene 2.13 x 5.00 x 10" 5.32 x 10' 5.00 x lo-' 5.69 x lo4 NA NA 
Dibenzo(a,h)anthracene 6.14 x 2.00 x 10-' 7.36 x 10" 2.00 x 10" 7.90 x lod 2.82 x lo4 Yes 
Indeno(l,2,3,cd)pyrene 3.01 x lo+' 4.80 x lo-' 3.61 x lo6 4.80 x 10'  3.87 x l o5  2.82 x 10-3 No 
Phenanthrene 9.54 x 10+O 5.31 x 10+O 5.14 x lo-' 5.30 x lo-' 5.52 x lo+' NA NA 

aNA = EPA RAGS, Part B Screening Value could not be calculated. 

FE ' p  UZRI\~\APP-A\TABA-I.ZAWanuary 9. 1995 I031am w 



TABLE A.l-2B 

CONTAMINANT LOADING TO THE GREAT MIAMI RIVER FROM 
THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Runoff Effluent Great Miami River 
Concentration Concentration in Surface Water Concentration 

Constituent of Potential Concern @Ci/L RAD) Cw @Ci/L RAD) (pci/L  RAD^ 
for Surface Water Runoff (pgL non-RAD) @g/L non-RAD) (pgk  non-RAD) 

Ce (Paddy's Run) during Storm Event c g m  

INORGANICS 
Arsenic 8.09 x 10' 1.91 x 10' 2.31 x 10" 

3.72 x 10' Berylium 1.30 x lo2 
Lead 1.54 x 10' 3.63 x lo4 4.38 x lo7 

3.08 x 10-5 

RADIONUCLIDES 
Neptunium-237 5.25 x 10' 1.24 x l e 3  1.50 x 10" 
Radium-226 4.86 x 1.15 x 10.4 1.39 x lo7 
Radium-228 5.85 x lo2  1.38 x lo4. 1.67 x lo7 

6.55 x 10" 
Uranium-234 1.36 x lo+' 3.22 x lo2 3.88 x lo5 
Uranium-235/236 9.14 x 10' 2.16 x lo3 2.61 x 10" 
Uranium-238 2.50 x lo+' 5.90 x lo2 7.12 x lo5 
Uranium-Total (non-RAD) 7.27 x lo+' 1 . 7 2 ~  10' . 2.07 x lo4 

I Strontium-90 2.30 x lo+' 5.43 x 10-3 1 

ORGANICS 
Benzo(a)an thracene 3.38 x 10-3 7.98 x 10" 9.63 x lo9 
Benzo(a)pyrene 1.31 x 10-3 3.10 x 10" 3.75 x 10-9 
Benzo(g , h, i)pery lene 5.69 x lo4 1.35 x 10" 1.62 x 10-9 
Dibenzo( a, h)anthracene 7.90 x lo4 1.87 x 10" 2.25 x lo9 
Phenanthrene 5.52 x lo+' 1.30 x 10' 1.57 x lo4 

! *  

1 
FER\CRUZRI\TLC\APP-A\TABA-I .ZBUanusry 9. 1995 10:32m 
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A. 1.5.3 Inactive Flvash Pile 

Tables A. 1-3A and A.’1-3B present the results of surface water modeling for the 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. Table A. 1-3A also shows the screening of CPCs based 

on a comparison of on-subunit runoff concentration against the EPA RAGs, Part B based screening 

concentrations for water. A total runoff of 29.1 m3 was calculated during the 24-hour storm event. 

For radionuclides, on-subunit surface water concentrations range from a minimum of a 8.1 x 10” 

pCi/L for cesium-137 (below the screening concentration for cesium-137) to a maximum of 163 

pCiL  for uranium;234. For CPCs above screening concentrations, radionuclide concentrations in the 

Great Miami River range from a low of 2.9 x 
lo4 pCiL  for uranium-234. All inorganics and organics were predicted to remain below 13 pg/L in. 

on-subunit surface water and 6.4 x 10” in the Great Miami River. These concentrations remain only 

through the duration of the storm. 

pCi/L for plutonium-239/240 to a high of 8.0 x 

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

term soil concentrations for the Inactive Flyash Pile. 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. 

A.1.5.4 South Field 

Tables A.1-4A and A.1QB present the results of surface water modeling from the South Field based 

on a designated single storm event using the MUSLE model. Table A .14A also shows the screening 

of CPCs based on a comparison of on-subunit runoff concentrations against the EPA RAGs, Part B 

based screening concentrations for water. A total runoff of 192 m3 was calculated during the 24-hour 

storm event. Modeling results showed that on-subunit surface water radionuclide concentrations’ range 

from a low of 6.9 x 10” pCi/L for cesium-137 to a high of 1.7 x pCi/L for technetium-99. For 

some radionuclides, like cesium-137, predicted on-subunit surface water concentrations are below the 

screening concentrations. For the remaining radionuclide CPCs, concentrations in the Great Miami 

River ranged from 6.6 x 
uranium-238 concentrations were 151 pCi/L and 4.5 x lo3 pCi/L for on-subunit surface water and the 

Great Miami River, respectively. All inorganics were predicted to be below 12.2 pg/L in on-subunit 

pCiL for plutonium-238 to 0.51 pCi/L for technetium-99. Modeled 

surface water and below 3.7 x lo4 pg/L in the Great Miami River. Phenanthrene was predicted to be 

at 151 pg/L in on-subunit surface water and 4.7 x 10” pg/L in the Great Miami River. Other 

organics were predicted to be below 0.49 pg/L and 1.5 x lo” pg/L, in on-subunit surface water and 



a )  
TABLE A.1-3A 

RUNOFF EFFLUENT AND SEDIMENT LOADING FROM 
THE INACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Runoff &-Subunit 
Effluent Surface Final CPC 

Total Seep Concentration Water For On- 
Subunit 

Constituent of Partition Surface Soil Loading to (pCi/L RAD) Sediment RAD) @ci/L RAD) Concentration Runoff 
Potential Concern Aher Coefficient Concentration Stream &g/L non- Concentration &glL non- &g/L non- WilL RAD) Water 
Initial Screening Kd (mLk) c i  (mgW fl (g) RAD) c s  ( m g k )  RAD) RAD) (jig& non-RAD) (Y/N) 

Waste Area Annual Concentration Ce (pCi/L Concentration Screening 

INORGANICS 
Arsenic 2.00 x lo+* 3.32 x lo+' 4.56 x 10' 1.40 x lo+' 3.32 x lo+' 3.92 x lo+' 3.23 x lo+' 1.46 x 10' Yes 

Lead 3.80 x lo+' 2.39 x lo+' 1.72 x lo+' 8.30 x lo+' 2.38 x lo+' 1.48 x lo+' 1.30 x lo+' NAb NA 
Beryllium 2.50 x lo+' 2.27 x lo+' 2.50 x N D a  2.27 x lo+' 2.14 x 10' 1.56 x 10' 2.37 x lo-' YeS 

? 
ORGANICS L 

tb 
2-Methylnaphthalene 3.67 x 10" 1.6 x 10' 5.05 x 10.' ND 1.59 x 10.' 4.34 x lo+' 3.15 x lo+' NA NA 
Dibenzo(a,h)anthracene 1.70 x 2.20 x lo+' 3.56 x 10' ND 2.20 x 10" 3.06 x 2.22 x 10' 2.82 x lo-' Yes 

RADIONUCLIDES 
Cesium-137 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 , 

Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 

1.37 10+3 7.41 10-9 
5.00 io+o 1.94 10-4 
1.00 io+2 4.74 x 109 
1.00 io+' 3.38 10-7 
1.06 x lo+' 
1.06 x lo+' 

2.00 x 10-6 
8.24 x lo9 

1.06 io+2 6.35 x 10-9 
3.20 io+> 3.30 x 10-9 

3.20 10+3 2.12 io+' 
3.20 x 1.34 x la '  

See footnotes at end of table 

1.49 x 10" 
1.03 x lo-' 
1.30 x 10'' 
9.28 x 10-9 
5.20 x lo8 
2.14 x 10.'' 
1.64 x 10'0 
2.84 x 

1.15 10-7 
1.82 x 10' 

ND 
7.90 x 10.' 
2.91 x lo+' 
2.00 x 10' 
1.48 x 10' 
ND 
ND 
ND 

6.53 x 10" 
ND 

7.41 x lo9  
1.87 x lo-* 
4.73 x 10-9 
3.37 10-7 
2.00 x 104 

8.23 x lo9 
6.34 x lo9 
3.30 x lo9 
1.34 x l a '  
2.12 x lo+' 

1.11 x 10' 
6.26 x 10.' 
1.91 x lo-* 
4.95 103 
4.40 x 10.' 
4.99 x 10' 
1.94 x 10.' 
2.00 x 10' 
2.04 x 10' 
1.72 x 10' 

8.07 10-3 1.07 10' 
6.71 x 10.' 2.16 x 10' 
8.08 x 10' 2.16 x 10' 
5.82 x 2.07 x lo2  
3.60 x 10.' 1.76 x.104 
3.63 x lo'' 4.75 x lo2 
1.41 x 10" 1.32 x 10' 
1.45 x 10' 8.64 x 10' 
1.93 x 10' 3.65 x 10' 
1.25 x 10' 2.79 x 10' 

No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 

FER\CRU2RIWP-A\TABA-l .SAUanua~y 9. 1995 1045am 



TABLE A.13A 
(Continued) 

Runoff On-Subunit 
Effluent surface Final CPC 

Total S=P Concentration Water . For On- 
Waste Area Annual Concentration Ce (pCi5 Concentration Screening Subunit 

Constituent of Partition Surface Soil Loading to @Ci/L RAD) Sediment RAD) (pCi/L RAD) Concentration Runoff 
Potential Concern After Coefficient Concentration Stream @g/L non- Concentration @ g 5  non- (pg& non- (pCi5 RAD) Water 
Initial Screening K, (mL/g) Ci (mg/kg) -II (g) RAD) cs (mdkg) RAD) RAD) @g& non-RAD) (Y/N) 

Uranium-234 1.48 x 10+O 1.39 x lo3 2.31 x 10' 2.65 x lo+* 1.24 x lo3 1.24 x 10" 1.63 x lo+' 2.97 x 10' Yes 

Uranium-238 1.48 x 10+O 2.64 x lo+' 4.40 x lo+' 2.57 x lot2 2.36 x lo+' 1.27 x lo+' 1.62 x lo+' 1.70 x 10' Yes 

RADIONUCLIDES (Continued) 

Uranium-235/236 1.48 x 10+O 2.79 x 10' 4.64 x 10' 1.40 x lo+' 2.50 x 10' 8.60 x lo+' 1.10 x lo+' 2.97 x 10' Yes 

Uranium-Total (non-RAD) 1.48 x lo+' 2.62 x lo+' 4.36 x lo+' 8.20 x loi2 2.34 x lo+' 3.74 x lo+' 4.96 x IO+' 1.09 x lo+' Yes 

'ND = Not detected 
%A = EPA RAGS, Part B screening value could not be calculated. 



/ e 
TABLE A.1-3B 

CONTAINMENT LOADING TO THE GREAT MIAMI RIVER FROM 
THE INACTIVE J?LYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration in Paddys Run Great Miami River Concentration 
OnSubunit Surface Water Concentration during Storm Event Cgmr 

Constituent of Potential Concern @CiL RAD) Cw @ C i 5  RAD) @CUL Rad) 
For OnSubunit Runoff @g/L non-RAD) @g/L non-RAD) @g/L Non-Rad) 

INORGANICS 
Arsenic 
Beryllium 
Lead 

3.23 x lo+' 
1.56 x 10' 
1.30 x lo+' 

1.31 x lo2 
6.32 x lo4 
5.29 x lo2 

1.59 x IO' 
7.64 x lo7 
6.40 x lo5 

ORGANICS 
2 - Methylnaphthalene 3.15 x lo+' 1.28 x lo2 1.54 x 10' 

1.09 x 10' Dibenzo(a,h)anthracene 2.22 x 1 0 2  9.02 x lQs 

RADIONUCLIDES 
Neptunium-237 6.71 x 10' 2.73 x lo" 3.32 x lod 
Plutonium-238 8.08 x 10' 3.30 x lo3 3.99 x 106 
Plutonium-239/240 - 5.82 x 102 2.37 x lo4 2.87 x la7 
Radium-226 3.60 x 10' 1.46 103 1.77 x lo4 
Radium-228 3.63 x 10' 1.47 x 10' 1.78 x lod 
Strontium-90 1.41 x 10.' 5.71 x lo4 6.90 x lo7 

8.06 x lo4 
Uranium-235/236 1.01 x lo+' 4.10 x 4.96 x 
Uranium-238 1.62 x lo+' 6.65 x 10' 

Uranium-234 1.63 x 6:65 x 10' 

8.06 x lo4 
Uranium-Total (non-RAD) 4.96 x , 2.02 x 10+0 2.44 x 103 

. _. 

FER\CRU~RIWP-A\TABA-~.~BW~UWY 9. 1995 1 0 4 7 ~ m  



TABLE A.1-4A 

RUNOFF EFFLUENT AND SEDIMENT LOADING FROM 
THE SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Runoff OnSubunit 
Effluent Surface Final CPC 

Waste Area Annual Concentration Ce (pCi/L Concentration Concentration OnSubunit 
Total Seep Concentration Water Screening For 

Constituent of Partition Surface Soil Loading to @ C i a  RAD) Sediment RAD) pCi/LRad @Ci/LRAD) Runoff 
Potential Concern After Coefficient Concentration Stream (jtg/L non- Concentration @g/L non- pg/L non- hg/L non- Water 
Initial Screening Kd (mL/g) ci ( m g W  T1 (g) RAD) C s ( m g 4 3  RAD) RAD RAD) (YN 

INORGANICS 
Arsenic 2.00 x 7.27 x lo+' 6.80 x 10' NDa 7.27 x lo+' 8.81 x 10' 6.84 x 10' 1.46 x lo4 Yes 
Beryllium 2.50 x 9.42 x lo-' 7.04 x lo2  ND 9.42 x 10' 9.14 x 10' 7.09 x 10' 2.37 x lo4 Yes 
Lead 3.80 x lo+' 2.46 x lo+' 1.21 x 10" ND 2.45 x lo+'  1.57 x lo+' 1.22 x lo+' NAb NA 

ORGANICS 

1.95 x lo+' 8.90 x 10' 8.52 x lo4 ND 8.90 x 10' 1.11 ,x lo3  8.62 x lo4 1.10 x lo3  No Aroclor- 1254 
Aroclor- 1260 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b)fluoranthene 
Benzo(k) fluoranthene 
Benzo(g ,h, i)perylene 
Dibenzo(a, h)anthracene 
Dieldrin 
Indene( 1,2,3cd)pyrene 
Phenanthrene 

2.35 x 10+3 

1.74 x 10+3 
6.77 x 10+3 
1.26 x 10+4 
9.88 x 10+3 
1.70 x 10+3 

8.32 x 10+4 

7.28 x lo+' 

5.75 x lo+' 

1.17 x lo+ '  

5.20 x 10' 
5.50 x lo+' 
9.40 x lo+' 
6.20 x 10" 
7.30 x lo+' 
6.2 x lo+' 
1.90 x lo+' 
9.70 x l o3  
6.00 x lo+' 
2.30 x lo+' 

4.12 x lo4 ND 
1.41 x 10' ND 
1.01 x 1 0 '  ND 
1.71 x 10' ND 
1.08 x 10" ND 
4.82 x 10.' ND 
2.09 x 102 ND 
3.10 x 10" ND 
1.35 x lo3  ND 
1.50 x lo+' ND 

, 
5.20 x 10' 
5.50 x lo+' 
9.40 x lo+' 
6.20 x lo+' 
7.30 x lo+' 
6.20 x lo+' 
1.90 x lo+' 
9.55 x lo3  
6.00 x lo+' 
2.30 x lo+' 

5.37 x lo4 
1.83 x 10' 
1.31 x 10' 
2.22 x 10' 
1.41 x 1 0 '  

6.28 x 10' 
2.71 x 10.' 
4.03 x 10' 
1.75 x lo" 
1.95 x lo+' 

4.17 x lo4 
1.42 x 10' 
1.02 x 10' 
1.72 x lo2  
1.09 x 10' 
4.87 x 10' 
2.10 x 10' 
3.13 x 10' 
1.36 x lo3  
1.51 x 

1,io x 1 0 3  
2.82 x 1 0 3  

2.82 x lo4 
2.82 x lo3  
2.82 x 10' 

NA 
2.82 x lo4 
1.12 x lo4 
2.82 x lo" 

NA 

No 
Yes 
Yes 
Yes 
No 
NA 
Yes 
Yes 
No 
NA 

See footnote at end of table 
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TABLE A.1-4A 
(Continued) 

Runoff OnSubunit 
Effluent Surface Final CPC 

Waste Area h u a l  Concentration Ce @Ci/L Concentration Concentration OnSubunit 
Total seep Concentration Water Screening For 

Constituent of Partition Surface Soil Loading to @Ci/L RAD) Sediment RAD) pCi/LRad @Ci/LRAD) Runoff 
Potential Concern After Coefficient Concentration Stream (pg/L non- Concentration @g/L non- pg/L non- (pg/L non- Water 
Initial Screening &(mL/g) Ci (mgkg) TI@ RAD) Cs (mgk9  RAD) RAD RAD) (Ym 

RADIONuCLIDJ3s 
Cesium-137 1.37 x 5.77 x lo9 7.88 x lo-'' ND 5.77 x 8.84 x lo3  6.86 x lo3 1.70 x 10' 
Neptunium-237 5.00 x lo+' 
Plutonium-238 1.00 x lo+' 
Plutonium-239/240 1.00 x lo+' 

I Radium-226 1.06 x lo+' 
Radium-228 1.06 x 
Strontium-90 
Technetium-99 

? 
2.50 x 10+O 
7.00 x 10' 

Thorium-230 3.20 x lp+3 

Uranium-234 1.48 x loco 
Uranium-235/236 1.48 x lo+' 
Uranium-238 1.48 x lo+' 
Uranium-Total (non-RAD) 1.48 x lo+' 

L 

P 

Thorium-228 3.20 x 10+3 

Thorium-232 3.20 x 10+3 

3.04 x 10" 

6.78 x 10-9 
1.22 x 10" 
3.11.x lo5  
1.43 x 10' 
1.17 x l o9  
8.35 x lo3 
5.38 x 10-9 
6,70 x 10'' 
3.63 x lo+'  
1.39 x 10'' 

4.11 x 10' 
2.77 x lo+' 
2.96 x lo+' 

1.11 x 103 
1.27 x lo9 

2.28 x 10' 
5.48 x lod 
2.52 x 10-9 
8.46 x l o9  
9.72 x 10' 
3.14 x 10"  
3.91 x lod 
2.12 x lo-' 
1.65 x 10' 

4.89 x lo+' 
3.30 x lo+' 
3.52 x lo+' 

0 
p4 
b 8 1  

0 'ND = Not detected 
\= bNA = EPA RAGS, Part B screening values could not be calculated. 

€3 
- @  SL 

.- 
" -. 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1.59 x lo+' 
7.47 x 10+0 

1.74 x lo+' 
4.87 x lo+' 

2.98 x 10'' 1.03 x lo+' 
6.77 10-9 2.81 10-2 
1.22 x 10" 1.84 x 10' 
3.11 x 7.03 x lo+' 
1.43 x 10' 8.89 x 10' 
1.13 x lo9 1.50 x lo+' 
3.64 10-3 2.15 io+' 

6.70 10-4 1.05 io" 
5.38 x lo9  3.34 x 10" 

3.63 x lo+' 
1.31 x lo3  
3.88 x 10' 
2.61 x lo+'  
2.79 x lo+'  

3.03 x 10' 
1.34 x lo+' 
1.37 x lo+' 
1.,44 x 10" 
4.57 x lo+' 

8.00 x 10' 
2.18 x 10' 
1.43 x 10' 

5.46 x lo+' 
6.90 x IO! 
1.16 x lo+' 
1.67 io+' 

8.15 x 10' 
2.35 x 10' 
1.40 x 10" 
1.23 x lo+' 
1.51 x 10" 

'4.64 x lo+' 

2.59 x 10' 

2.16 x 10' 
2.16 x 10' 
2.07 x 10' 
1.76 x 10'' 
4.75 x 10' 
1.32 x lo-' 

3.65 x lo+' 
8.64 x lo-' 
3.65 x lo-' 
2.79 x 10' 
2.97 x 10' 
2.97 x 10l 
1.7 x 10'  
1.09 x 10' 

No 
Yes 
Yes 
No 
Yes 
Y& 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 



TABLE A.l-4B 

CONTAMINANT LOADING TO THE GREAT MIAMI RIVER FROM 
THE SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Great Miami River 
OnSubunit Surface Water Concentration in Paddys Run Concentration 

Constituent of Potential @Ci/g RAD) Cw @Ci/L RAD) @Ci/L RAD 
Concern for On-Subunit Runoff bg/L non-RAD) bg/L non-RAD) &gIL non-RAD) 

Concentration during Storm Event Cgmr 

' INORGANICS 
Arsenic 6.84 x 10' 1.69 x 10' 2.08 x 10' 
Beryllium 7.09 x 10-2 1.75 x l o3  2.15 x lo4 

Lead 1.22 x lo+' 3.01 x 10' 3.69 x lo4 

* 

ORGANICS 
Benzo(a)anthracene 1.42 x 10' 3.52 x l o3  4.32 x 10" 
Benzo(a)p yrene 1.02 x 10' 2.52 x 10' 3.09 x 10" 
Benzo(b)fluoranthene 1.72 x 10' 4.26 x lo4 5.24 x lo7 
Benzo(g,h,i)perylene 4.87 x 10' 1.21 x 10' 1.48 x 1U' 
Dibenzo(a,h)anthracene 
Dieldrin 

2.10 x 102 
3.13 x 10' 

5.20 x lo4 6.39 x lo7 
7.73 x lo4 9.50 x 10-7 

Phenantarene 1.51 x lo+' 3.75 x 10+0 4.61 x lo3 

RADIoNucLmEs 
2.41 x 10' Neptunium-237 8.00 x 10' 1.96 x lo2  

Plutonium-238 2.18 x 10' 5.39 x 10-4 6.63 x lo7 
Radium-226 
Radium-228 

5.46 x lo+' 
6.90 x lo-' 

1.35 x 1 0 '  
1.71 x 10" 

'1.66 x lo4 
2.10 x 10' 

Strontium-90 1.16 x 10+O 2.88 x lo2  3.54 x 103 
Technetium-99 1.67 x 10+4 4.12 x lo+' 5.06 x 10' 
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TABLE A.1-4B 
(Continued) 

Great Miami River 
Concentration OnSubunit Surface Water Concentration in Paddys Run 

Concentration during Storm Event Cgmr 
Constituent of Potential (PCi/g RAD) Cw @Ci/L RAD) @Ci/L RAD 
Concern for OnSubunit Runoff @g/L non-RAD) @ g L  non-RAD) @g/L non-RAD) 

RADIONUCLIDES (Continued) 

Uranium-234 1.40 x 3.44 x 10+0 4.17 x lO-' 
3.65 x lo4 Uranium-235/236 1.23 x lo+' 3.03 x l o 1  

Uranium-238 1.51 x lo+' 3.72 x lo+' 4.51 x lo' 
Uranium-Total (non-RAD) 4.64 x 1.15 x lo+' 1.39 x lo2 

FER\CRUZRI\APP-A\TABA-~.~BUEIIU~ 9. 1995 1 I:O7m 
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the Great Miami River, respectively. 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 South Field. 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.1.5.5 Active Flvash Pile 

Tables A. 1-5A and A. 1-5B present the results of surface water modeling from the Active Flyash Pile 

based on a single storm event using the MUSLE model. Table A.1-5A also shows the screening of 

CPCs based on a comparison of on-subunit runoff concentrations against the EPA RAGS, Part B 

based screening concentrations for water. A total runoff of 285.5 m3 was calculated during the 24- 

hour storm event. No dilution of runoff concentrations was assumed in the Storm Sewer Outfall 

Ditch. Therefore, runoff concentration and the Storm Sewer Outfall Ditch concentrations are 

modeled to be equal. This is a very conservative assumption since during the storm event, it is likely 

that runoff from the east side of the Storm Sewer Outfall Ditch and upgradient of the Active Flyash 

Pile will also drain into the Storm Sewer Outfall Ditch. 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 lo2 pCiL for thorium-232 to 51.4 pCi/L for uranium-234. 

Radionuclide concentrations in the Great Miami River were predicted to range between 1.2 x 10'' 

pCi/L for plutonium-239/240 to 7.8 x 10* pCiL for uranium-234 and uranium-238. For inorganic 

parameters, the predicted concentrations in runoff and the Storm Sewer Outfall Ditch ranged from 

4.2' x 

were predicted to remain below 5.2 x lo* pgL.  There were no organic CPCs identified for the 

surface soils from the Active Flyash Pile. These concentrations remain only through the duration of 

the storm. When rainfall and runoff cease, no surface water is expected in the Storm Sewer Outfall 

Ditch. 

pg/L for thallium to 34 pg/L for lead. Inorganic concentrations in the Great Miami River 

a 

a 
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TABLE A.l-5A 

RUNOFF EFFWENT AND SEDIMENT LOADING FROM 
THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

On-Subunit Runoff 
Effluent or Storm 

Sewer Outfall 
Ditch Screening Final CPC For Waste Area Total Annual Runoff 

Surface Soil Loading to Sediment Concentration Concentration OnSubunit Runoff Constituent of Partition 
Potential Concern After Coefficient Concentration Stream Concentration Ce (pCi/L RAD) (pCi/L RAD) Water 
Initial Screening I<d ( m u )  ci (w3ki9 TI b3) Cs (mgkg) b g / L  non-RAD) b g / L  non-RAD) Orm 

INORGANICS 
h n i C  2.00 x 10'' 8.98 x lo+ '  1.21 x IO*' 8.97 x IO" 1.06 x lo+' 1.46 x 10' Yes 
Beryllium 2.50 x IO+* 4.67 x 10'O 5.04 x 1 0 '  4.67 x 10" 4.41 x 1 0 '  2.37 x 10' Yes 
Lead 3.80-x 10'' 5.54 x IO" 3.89 x IO+' 5.48 x IO+' 3.40 x 10'' NA* NA 
Thallium 1.50 x 10" 2.66 x IO+' 4.76 x 10.' 2.66 x 10" 4.19 x 1 0 2  2.55 x 10.' No 

? 
c 

tL 
RADIONUCLLDES 00 

Neptunium-237 5.00 x 1 0 ' O  7.77 x 1 0 '  4.08 x IO' 
Plutonium-238 
PlutoNum-239/240 
Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235036 
Uranium-238 
Uranium-Total (non-RAD) 

1.00 x IO" 
1.00 x 10 '2  

1.06 x 10" 
1.06 x IO" 
1.06 x 10" 

3.20 x IO+' 
3.20 x IO+' 
3.20 x 10'' 

1.48 x 10" 
1.48 x IO+' 
1.48 x 10" 

1.48 x IO+' 

4.22 x I O *  
5.32 x 10" 

4.66 x IO" 
1.17 x 10'  
3.26 x 10' 
4.65 10-9 

1.78 x IO4 
2.42 x 10" 

7.42 x 10.' 

1.07 x 10" 
1.26 x 10'' 

5.79 x 10 '  

1.14 x 10' 

1.43 x 10" 

1.18 x 10" 
2.98 x I O 9  
8.28 x 

3.92 x 10" 
1.50 x 10" 
2.04 x IO'' 
9.44 x IO" 
1.21 x 10'0 
1.74 x IO+' 
2.05 x 10'' 

'NA = EPA RAGS, Part B Screening Value could not be calculated. 

7.51 x 10.' 

4.21 x 10'  

5.31 x 10" 

4.65 x IO6 
1.17 x IO-' 
3.26 x IO-' 
4.65 x i o9  
1.78 x IO' 

2.42 x 10'' 

5.18 x 10' 
6.64 x 10.' 

9.57 x 10*0 
1.13 x lo+' 

2.51 x 10'' 

1.70 x 1 0 '  

7.79 x 1 0 2  

1.02 x 10'0 

7.08 x 10'  

9.94 x IO' 
2.81 x 10' 

2.71 x 10' 

1.97 x 10' 
5.14 x 10'' 
2.29 x 10" 

5.13 x 10'' 
1.80 x 10 '2  

2.16 x IO' 
2.16 x IO-' 
2.07 x I O 2  
1.76 x 10' 

4.75 x 10-2 
1.32 x IO' 
8.64 x 10' 

3.65 x IO' 
2.79 x 

2.97 x 1 0 '  
2.97 x 10.' 
1.70 x 10'' 

1.09 x IO+' 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 



TABLE A.l-5B 

CONTAMINANT LOADING TO THE GREAT MIAMI RIVER FROM 
THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

On-Subunit Runoff Effluent 
or Storm Sewer Outfall Paddys R u n  Conccntration Great Miami River 

Ditch Concentration during Storm Event Conccntration 
Ce (pCi/L Rad) Cw (pCi/L RAD) Cgmr (pCi/L RAD) 

Constituent of 
Potential Concern for 
0n:Subunit Runoff (ug/L non-Rad) ( p g I L  non-RAD) (pg/L ~ O ~ R A D )  

INORGANICS 

Arsenic 1.32 x IO-' 1.60 x 1 0 . ~  1.06 x 10" 

6.67 x I O 6  Beryllium 4.41 x IO' 5.40 x 10'' 

Lead 3.40 x 10"- 4.25 x 10.' 5.15 x 

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) 

2.51 x 10'' 

1.70 x 10'' 

7.79 x IO.* 

1.02 x IO+" 
7.08 x 10'' 

9.94 x 10'' 

5.14 x 10" 

2.29 x 10" 

5.13 x 10" 

1.80 x 

3.13 x 10'' 

2.12 x 1 0 3  

9.74 10-4 

8.84 x 10-3 

1.2s x 

1.24 x 

6.43 x 10'' 

2.86 x IO" 

6.41 x 10'' 

2.25 x 10'' 

3.79 x 1 0 . ~  

2.57 x lo-6 

1.18 x 

1.55 x 

1.07 x IO' 
1.50 x 10.' 

i . 7 8  x 

3.46 x 

7.77 x 

2.72 x 10.1 
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@ Modeled sediment concentrations resulting from a single runoff event are comparable to the source 

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 

,in the soil source term. Sediment concentrations would be expected to decrease downgradient and 

following the rainfall event because of dispersion through sediment transport and gradual mixing with 

sediment from other sources. 

Table A.14 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 

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

unfiltered samples and samples whose filteredlunfiltered status is unknown. Predicted and observed 

concentrations for the CPCs are on the same order of magnitude, with the exception of lead and total 

uranium. The model predicts more than one order of magnitude higher concentration than the 

observed data for these two constituents. Comparison to within an order of magnitude is considered 

acceptable because there are additional FEMP sources to the Storm Sewer Outfall Ditch that were not 

modeled and surface water samples were not taken during a storm event corresponding to the modeled 

condition of 2.5 inches of rainfall in 24 hours. Data corresponding to the modeled storm conditions @ 
are dificult to obtain and are not available. 

A.. 1 S.6 Combined Modeling Results 

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

Pile, South Field, and Active Flyash Pile reaches Paddys Run. Table A. 1-7 shows the combined 

effect of all Operable Unit 2 subunits on Paddys Run and the Great Miami River. Combined 

sediment concentrations in the Paddys Run or the Great Miami Aquifer were not calculated because 

these combined sediment concentrations were not needed for the baseline risk assessment. For 

radionuclides, total concentrations in Paddys Run range from a low of 1.2 x 10” pCi/L for plutonium- 

239/240 to a high of 412 pCi/L for technetium-99. Concentrations of radionuclides in the Great 

Miami River ranged from 1.5 x lo4 pCi/L for plutonium-239 to 0.5 pCi/L for technetium-99. All 

inorganics were predicted to be below 0.8 pg/L in Paddys Run and below 9.4 x lo4 pg/L in the 

Great Miami River. All organics, except phenanthrene, were predicted to be at 3.88 pg/L and 4.7 x 

10” pg/L in Paddys run and the Great Miami River, respectively. Combined contaminant loading 

from all the subunits to Paddys Run and subsequently to the Great Miami Aquifer and the Great 

Miami River was calculated by adding the contaminant loading from each of the subunits. This was 0 
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Modeled 
Constituent of Concentrations 
Potential Concerna Units in SSODb*' 

TABLE A.l-6 

COMPARISON OF MODELED RESULTS TO MEASURED 
SURFACE WATER CONCENTRATIONS IN THE 

STORM SEWER OUTFALL DITCH 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FXRNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Range of Measured Concentrations in S O D d  

Filtered Until tered unknown 

Uranium-234 pCiL 51.4 15.9 

Uranium-238 pCiL 51.3 15.9 

Total Uranium l r g n  180 14-44 

%PC listed only if measured data were available for comparison 

bModeled from surface soil sources in the Active Flyash Pile only 

- Storm Sewer Outfall Ditch 

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

9 a t a  not available or all.were nondetects 

_e - 

14-24 - 

Lead 34.0 2.2 



.a 
TABLE A.1-7 

IMPACT OF ALL OPERABLE UNIT 2 SUBUNITS 
ON PADDYS RUN AND THE GREAT MIAMI RIVER 

Great Miami River Constituent of 
Potential Concern Unit Solid Waste Landfill Inactive Flyash Pile South Field Active Flyash Pile Total Concentration 

Paddys Run Concentration From 

INORGANICS 
1.99 x l@ Arsenic PdL  1.91 x 10-3 1.31 x 10.' 1.69 x 10' 1.32 x 10' 1.64 x 10-1 

Beryllium P d L  3.08 x 10' 6.32 x lo-* 1.75 x 10' 5.40 x 10' 7.81 x 10' 9.46 x lob 
Lead P d L  3.63 x lo-* 5.29 x 10' 3.01 x 10' 4.25 x 10.' 7.79 x 10' 9.43 x 10-4 

ORGANICS 

9 
L 

G 
t4 

Benzo(a)anthracene 
Beruo(a)pyrene 
2-Methynapthalene 
Benzo(b)fluoranthene 
Benzo(g , h ,i)peryle 
Dibenzo(a, h)anthracene 
Dieldrin 
Ideno( 1,2,3-~d)pyrene 
Phenanathrene 

a PdL 7.98 x lo6 3.52 x 10' 3.52 x 
PdL 3.10 x lo4 2.52 x 10' 2.52 x l o3  
PdL  1.28 x 10.' 1.28 x 10.' 
PdL  4.26 x l o4  4.26 x 10" 
P g 5  1.35 x 1.21 x 10-2 1.21 x 10-2 
PdL  1.87 x 9.02 x lo-' 5.20 x l@ 6.12 x 10-4 
PdL  7.73 x 104 7.73 x 10-4 
PdL  9.14 x 10.' 9.14 x 10* 
PdL  1.30 x 10.' 3.75 x 10+0 3.88 x lo+' 

4.27 x 106 
3.05 x lob 
1.55 x 10' 
5.16 x 10' 
1.46 x 10.' 
7.41 x 10' 

1.11 x 10'0 
4.70 x l o 3  

9.36 10-7 

Neptunium-237 pCiIL 
Plutonium-238 pCiIL 
Plutonium-2391240 . pCiIL 
Radium-226 pCiIL 
Radium-228 pCiIL 
Strontium-90 pCiIL 
Technetium-99 pCiIL 
Uranium-234 pCiIL 
Uranium-235/236 pCiIL 
Uranium-238 pCiIL 
Total Uranium (non-RAD) PdL 

1.24 x 10" 2.73 10-3 1.96 x 
3.30 10-3 5.39 x 10" 
2.37 x 10.' 

1.15 x 10-4 , 1.46 x 10-3 1.35 x 10' 
1.38 10-4 1.47 x l o3  1.71 x 10* 
5.43 x 10-3 5.71 x 10.~ 2.88 x 10' 

4.12 x lo+' 
3.22 x 10.' 6.65 x 1 0 '  3.44 x 10+0 
2.16 x l o 3  4.10 x 10.' 3.03 x 10' 
5.90 x 6.65 x 10' 3.72 x 10+O 
1.30 x 10.' 2.02 x 10+0 1.15 x lo+' 

3.79 x 104 
2.12 103 
9.74 x lo4 . 

1.28 x 10' 
8.84 x l a 3  
1.24 x 10.' 

6.43 x 10' 
2.86 x 10.' 
6.41 x 10.' 
2.25 x lo+' 

2.39 x 10.' 
5.96 x l o3  

1.49 x 10.' 
2.75 x 10.' 
3.06 x 10'  
4.12 x lo+' 
4.78 x lo+' 
3.75 x 10-1 
5.08 x 10+0 
1.59 x lo+' 

1.21 10-3 

'Dash = Not a constituent of potential concern for this subunit. Therefore, surface water concentrations were not calculated. 

2.90 x 10' 
7.21 x lo6 
1.47 x 1C6 

3.33 x 10-5 
3.71 x 10"' 
4.99 x 10' 
5.78 x 10' 

6.15 x 10' 
1.92 x 10' 

1.81 x 1 0 4  

4.54 1 0 4  

r - v  = 

FER\CRU~FSULG\TABAI-~.NEWUFI~~~~~ 9, 1955 I I:37am 
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done because all subunit calculations use the same flow rate (includes all runoff flow) in Paddys Run 

and the Great Miami River. 

Table A.l-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.l-8 also presents analytical results from unfiltered samples 

and samples whose filtered/unfiltered 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 

two orders of magnitude below the observed data for other constituents. Comparison to within one to 

two order@) of magnitude is considered acceptable because there are additional FEMP sources to the 

Paddys Run that were not modeled and surface water samples were not taken during a storm event 

corresponding to the modeled condition of 2.5 inches of rainfall in 24 hours. Data corresponding to 

the modeled storm conditions are difficult to obtain and are not available. 

A. 1.6 UNCERTAINTIES IN THE SURFACE WATER MODEL 

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: 

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 RIFS 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. 
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TABLE A.1-8 

COMPARISON OF MODELED RESULTS TO MEASURED 
SURFACE WATERICONCENTRATIONS IN PADDYS RUN 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent of 

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 . 

'Concentrations in samples from locations W-11, ASIT-003, IFP-SW-03, and IFP-SW-04 

dm = Data were all nondetects 

Qata not available 
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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 
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 AOUIFER 

A.1.7.1 

Figure A.l-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 the Operable Unit 2 CPCs 

based on the EPA RAGS, Part B short equations for water. 

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 111 model grid of 125 feet by 125 feet. If 

the predicted diluted groundwater concentrations were below screening levels, detailed modeling was 

not performed. However, the predicted maximum groundwater concentration predicted in the first 
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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 

COMA = 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 (ft‘) 

V,,, = Runoff volume per SWIFT cell (ft3/cell) 

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

where 

W,, = Average width of dilution area from Paddys Run or the Storm Sewer Outfall Ditch. 
L,, = Length of SWIFT cell (125 feet) 
T = Thickness of Layer 1 of the Great Miami Aquifer in SWIFT cell (23.8 ft) 
doMA = 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 
111 model cell (125 ft). The runoff effluent volume per SWIFT cell along Paddys Run or Storm 

Sewer Outfall Ditch is estimated from: 

\ 
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where 

V, = 
I = 

Runoff volume from MUSLE based on 24-hour storm event (@/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 dong Paddys Run or Storm Sewer Outfall Ditch between 
Operable Unit 2 and the FEMP property boundary. 

N = 

Figure A.ldA shows the linear extent of surface water infiltration to the Great Miami Aquifer from 

Paddys Run for runoff from the Solid Waste Landfill. Figure A.1-6B shows the linear extent of 

surface water infiltration to the Great Miami Aquifer from Paddys Run and the Storm Sewer Outfall 

Ditch from the South Field and flyash piles. 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. 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). As shown in Table A. 1-9, only arsenic 

concentration in the Great Miami Aquifer was above the screening concentration. However, when 

mixing with the full SWIFT cell was considered, predicted arsenic concentration was 1.82 x lo4 

pg/L, which is only marginally above the screening concentration of 1.46 x lod pg/L. Furthermore, 

the predicted arsenic concentration does not consider reduction in concentration due to adsorption. 

Therefore, no constituents were considered for further modeling in the Great Miami Aquifer using the 

SWIFT III 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 

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 

Inactive Flvash Pile and South Field 
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TABLE A.1-9 

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 

Cam (pCi/L RAD) (pCi/L RAD) Modeling 
Constituents @g/L non-RAD) &g/L non-RAD) Required 

INORGANICS 
Arsenic 7.58 x 10'' 1.46 x 10-4 Yesa 
Berylium 1.22 x 105 2.37 x 10" No 
Lead 1.44 x 10" N A ~  NA 

ORGANICS 
B e m  (a)anthracene 3.17 x 2.82 104 No 
Bem(a)p yrene 1.23 x 2.82 x 10-4 No 
Bern&, h, i)perylene 5.33 x 10" NA NA 
Dibenzo(a,h)anthraene 7.40 x 10-7 2.82 x 10-4 No 
Phenanthrene 5.17 x loe2 NA NA 

RADIONUCLIDES 
Neptunium-237 
Radium-226 
Radium-228 
Strontium-90 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium-Total (non-RAD) 

4.92 x 10" 

5.48 x l o 5  
2.15 x lo3 
1.27 x lo-' 

2.34 x 10" 
6.81 x lo-' 

4.55 x 10-5 

8.56 x 104 

2.16 x lo-' 
1.76 x 10" 
4.75 x lo-' 
1.32 x 10" 
2.97 x lo-' 
2.97 x lo-' 
1.70 x 10' 
1.09 x 10" 

~ 

No 
No 
No 
No 
No 
No 
No 
No 

'After mixing in the full SWIFT cell, calculated arsenic concentration is 1.82 x 10" pg/L, which is 
marginally above the screening concentration. It is expected that losses due to adsorption to soils will 
reduce the concentration and therefore was not considered for further modeling. 

bNA = EPA RAGS, Part B screening value could not be calculated. 



FEMP-OUO26 FINAL 
January 21, 1995 

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

groundwater from seeps is not considered here. 

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). As shown in Table A.1-lOA, a number of CPCs may reach the Great Miami Aquifer above the 

screening concentrations. For those CPC having predicted maximum concentrations exceeding 

screening concentrations, the diluted Great Miami Aquifer concentrations in the full SWIFT cell were 

predicted and compared against the screening concentrations (Table A. 1-10B). During this screening 

step, arsenic, beryllium, benzo(a)pyrene, dieldrin, radium-226, technetium-99, uranium-234, and 

uranium-238 were above the screening levels. However, beryllium, benzo(a)pyrene, dieldrin, and 

radium-226 concentrations only marginally exceed screening concentrations. Reduction in 

concentrations due to adsorption was not considered during this screkning step, therefore, these CPCs 
were not considered for further modeling. Only akenic, technetium-99, and uranium isotopes were 

identified for further groundwater modeling. 

~ 

-.-- 

' 

, 

A. 1.7.4 Active Flvash 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. 1-1 1 also compares predicted maximum Great Miami 

Aquifer concentrations against the screening levels (first screening step). As shown in Table A.1-11, 

arsenic, beryllium, neptunium-237, plutonium-238, plutonium 239/240, radium-226, radium-228, 

strontium-90, 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 levels. However, the 

radium-226 concentration calculated without considering adsorption effects is only marginally above 

the screening concentration, and therefore radium-226 was not considered for further modeling. 

Source term loadings from the surface water runoff pathway to groundwater were developed for 

arsenic, beryllium, neptunium-237, uranium-234, and uranium-238. 

, 
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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 FLYASH PILE/SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

~ ~~ 

Predicted Maximum 
Aquifer Concentration Concentrations Groundwater 

J C,, (pCi/L RAD) @Ci/L RAD) Modeling 
Constituents &g/L non-RAD) &g/L non-RAD) Required 

INORGANICS 
Arsenic 
Beryllium 
Lead 

3.09 x lo2 1.46 x 10-4 YeS 
2.60 x 10-3 2.37 x 10" Yes 
3.77 x 10" NAa NA 

ORGANICS 
2-Methylnaphthalene 
Benu>(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Dibenzo(a, h)anthracene 
Dieldrin 
Phenanthrene 

1.37 x 
3.84 x 10-3 
2.75 x 104 
4 . 6 6 ~  10" 
1.32 x 

6.66 x 10" 
8.47 x lo4 
4.10 x 10+O 

NA 
2.82 x 10-3 

2.82 x 109 
2.82 x lo4 

NA 
2.82 x 10" 
1.12 x 10" 

NA 

NA 
Yes 
YeS 
No 
NA 
Yes 
Yes 
NA 

~~~ 

RADIONUCLIDES 
Neptunium-237 2.36 x loe2 2.16 x Yes 
Plutonium-238 6.51 x lo4 2.16 x No 
Plutonium-239/240 
Radium-226 

4.02 x lo4 2.16 x No 
1.49 x lo-' 1.76 x Yes 

Radium-22 8 2.03 x l o2  4.75 x No 
Stront ium-90 3.21 x 1.32 x lo-' No 
Technet ium-99 4.52 x 3.65 x lo+' Yes 

I Uranium-234 3.21 x 10+O 2.97 x 10" Yes 
Uranium-235/236 3.15 x lo-' 2.97 x lo-' YeS 
Uranium-238 3.43 x 10+O 1.70 x lo-' YeS 
Uranium-Total (non-RAD) 1.08 x lo+' 1.09 x lo+' Yes 

BEPA RAGS Screening Value could not be calculated. e 
FER\CRU2RI\TLCWP-A\TABAl-lO.AUanuary 9. 1995 12:03pm A-1-42 



TABLE A.1-1OB 

CPC SCREENING FOR GROUNDWATER MODELING USING FULL SWIm CELL DILUTION 
INACTIVE FLYASH PILE/SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

Q: e e* e FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
LE 
%C 

Runoff Predicted Diluted 
Great Miami Predicted Concentration Concentration 

Constituent of Potential Inactive Aquifer Screening Above Screening 
Concern Units Flyash Pile South Field Concentration Concentration Concentration 

INORGANICS 
Arsenic 
Beryllium 
Lead 

Pg/L 3.92 x lo+' 8.81 x 10' 7.56 x 10-3 1.46 x lo4 
PglL 2.14 x lo-' 9.14 x lo-' 6.35 x lo4 2.37 x lo4 

1.48 x lo+' 1.57 x lo+' 9.21 x 10' N A ~  

YeS 
Yesa 
NA 

~ ~~ ~~ ~ 

9 ORGANICS 
w b 2-methylnapthalene P a  4.34 x 1 0 + O  3.36 x lo3  NA NA 

- 1.83 x lo-' 9.40 x lo4 2.82 x lo3  No Benzo(a)anthracene PdL 
- YeS8 Benzo(a)p yrene PdL  1.31 x lo-' 6.73 x lo4 2.82 x lo4 
- 3.23 x l o3  . NA NA Benzo(g,h, i)perylene PdL  6.28 x 10' 

Di benzo (a, h)anthracene PglL 3.06 x lo-' 2.71 x lo-' 1.63 x lo4 2.82 x 10: No 
- 4.03 x lo-' 2.07 x lo4 1.12 x lo4 Yesa Dieldrin Pg/L 
- NA NA Phenanthrene 1.95 x IO+' 1.00 x 10+O 

c 
C 

RADIONUCLIDES 
Neptunium-237 pCi/L 6.26 x lo-' 1.03 x lo+' 5.78 x 10'' 2.16 x 10' No 

- YeS Technetium-99 pCi/L 2.15 x io+* 1.10 x lo+' 3.65 x 10+O 
Radium-226 pCi/L 4.40 x 10" 7.03 x 10+O 3.65 x lo-' 1.76 x l o 2  YeS8 

Uranium-234 pCi/L 1.24 x lo+* 1.34 x lo+' 7.84 x 10'' 2.97 x 10" YeS 
Uranium-235/236 pCi/L 8.06 x lo+' 1.37 x lo+' 7.66 x 10" 2.97 x lo-' 

See footnote at end of table. 

RIWU;V\PP-A\TABAI.IOBWanuary 9. 1995 I2:23pm 
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TABLE A.l-1OB 
(Continued) 

Predicted Diluted Runoff 
Concentration Great Miami Predicted Concentration 

Constituent of Potential Inactive Aquifer Screening Above Screening 
Concern Units Flyash Pile South Field Concentration Concentration Concentration 

~ ~~~~ 

RADIONUCLIDES (Continued) 
8.38 x lo-' 1.70 x 10-' Uranium-238 pCi/L 1.27 x 1.44 x lo+' 

Uranium-Total (non- /.lg/L 3.74 x 4.57 x 2.64 x 1 0 + O  1.09 x 10" 
RAD) 

YeS 
No 

'Diluted Great Miami Aquifer concentration marginally exceeds screening concentration. However, it is expected that maximum 
concentration in the Great Miami Aquifer will be about an order of magnitude lower and, therefore, CPCs were not modeled further. 

bNA = EPA RAGS, Part B screening value could not be calculated. 

'Dash = not a constitutent of potential concern for this subunit for surface soils or subsurface soils. Therefore, surface water concentrations 
were not calculated. 

9 
$ 
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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 

____ ~~ ~ 

Predicted Maximum 
Aquifer Concentration Screening Concentrations Groundwater 

COMA (pCi/L RAD) (pCiL RAD) Modeling 
Constituents (pgL non-RAD) ( p g L  non-RAD) Required 

INORGANICS 

Arsenic 

Beryllium 

Lead 

3.50 x 10+O 1.46 x lo4 YeS 

1.46 x 10' 2.37 x lo4 YeS 

1.12 x 10'' NAa NAa 
~~ 

RADIONUCLIDES 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Radium-228 

Strontium-90 

Uranium-234 

Uranium-235/236 

Uranium-23 8 

Uranium-Total (non-RAD) 

8.29 x 10+O 

5.61 x l o 2  

2.57 x l o2  

3.37 x lo-' 

2.34 x lo-' 

3.28 x 10 '  

1.70 x lo+' 

7.56 x lo-' 

1.69 x lo+' 

5.94 x 10'' 

'EPA RAGS, Part B screening value could not be calculated. 

2.16 x loe2 

2.16 x 

2.07 x l o 2  

1.76 x lo4 

4.75 x lo5 

1.32 x IO-' 
2.97 x lo+' 

2.97 x 10" 

1.70 x lo-' 

1.09 x lo+' 

Yes 

Yes 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 



TABLE A.l-12 

? 
b m 

CPC SCREENING FOR GROUNDWATER MODELING ,USING FULL SWIFI' CELL DILUTION, 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Predicted Concentration 
Constituent of Potential Surface Water Runoff Predicted Diluted GMA Screening Above Screening 
Concern Units Concentration Concentration Concentration Concentration 

RADIONUCLIDES 

Neptunium-237 pCi/L 2.51 x lot1 9.52 x 10' 2.16 x Yes 

Plutonium-238 pCi/L 1.70 x 10' 6.45 x 10-3 2.16 x No 

Plutonium-239/240 pCi/L 7.79 x l o 2  2.96 x lo3  2.07 x No 

Radium-226 pCi/L 1.02 x loto 3.87 x 1.76 x lo4 YeS 

Rad ium-22 8 

Strontium-90 

Uranium-234 

Uranium-235/236 

Uranium-238 

pCi/L 7.08 x lo-' 2.69 x l o2  4.75 x lo-2 No 

pCi/L 9.94 x 10' 3.77 x 1 1.32 x 10'' No 

pCi/L 5.14 x lo+' 1.95 x lo+' 2.97 x 10-l Yes 

pCi/L 2.29 x 10" 8.69 x 2.97 x 10' No 

DCi/L 5.13 x lo+' 1.95 x lo+' 1.70 x 10-l Yes 

INORGANICS 

Arsenic 

Beryllium 

Lead 

U ranium-Total 

PdL 1.06 x 10" 4.02 x l o1  1.46 x 104 Yes 

Pg/L 4.41 x lo-' 1.67 x 2.37 x lo4 Yes 

PglL 3.40 x lo+' 1.29 x lo+' NAa NAB 

, PglL 1.80 x 6.83 x loto 1.09 x lot1 NO . 

'NA = EPA RAGS, Part B screening value could not be calculated. 
.. 
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Table A.l-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.l-14 lists all the CPCs for groundwater from the surface water pathway. No CPCs from the 

Solid Waste Landfill were considered for further modeling, and surface water modeling for the Lime 

Sludge Ponds was not performed. Although 17 CPCs were identified for the surface water pathway 

to the Great Miami Aquifer from the Inactive Flyash Pile and South Field, only arsenic, technetium- 

99 and uranium isotopes were considered for detailed modeling in the Great Miami Aquifer. The 

Active Flyash Pile results in three inorganic and nine radionuclides as CPCs. However, only arsenic, 

beryllium, neptunium-237, and uranium isotopes remained CPCs after the second screening step, and 

were considered for detailed groundwater mod,eling. 
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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 
and 2049b Concentration from Constituents of 

Potential Concern' Units Minimum Maximum SSOD Loading' 
RADIONUCLIDES 

(Un fil tered)d 
Neptunium-237 pCiL 0.48 0.48 
Radium-226 pCiL 0.17 1.40 
Uranium-234 pCi/L 1 .oo 83.20 
Uranium-239236 pCi/L 0.22 1.86 
Uranium-238 DCi/L 2.10 89.90 

8.290 
0.337 

17.000 
0.756 

17.000 
INORGANICS 

(Filtered) 
Lead Pg/L  6.00 6.00 11.2 

'CPC listed only if measured data were available for comparison 
h e s e  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 
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TABLE A.l-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 (CPC)' Units Concentration 

SOLID WASTE LANDFILL 
Arsenic' PLgL 2.51 x 10-3 
Benzo(g,h,i)perylened Pg/L 1.77 x lod 
Phenanthrened Pg/L 5.17 x 10' 

LIME SLUDGE PONDS 
None 

Arsenic Pg/L 3.09 x l o2  
SOUTH FIELD/INACTIVE FLYASH PILE 

Beryl1 ium' Pg/L 2.60 x 10-3 
Leadd P d L  3.77 x lo-' 

3.84 x 10-3 
2.75 10-3 

Benzo(a)anthracenee P d L  
Benzo(a)pyrene' P d L  

2-Methylnaphthalened Pg/L 1.37 x 10' 

Benzo(g ,h, i)peryl ened 1.32 x 10' 
Dibenzo(a, h)anthracenee 6.66 x lo4 
Dieldrin' 8.47 x lo4 
Phenanthrened P a  4.10 x lo+' 
Neptunium-237e pCi/L 2.36 x 10' 
Radium-226' pCi/L 1.49 x 10' 
Technetium-99 pCi/L 4.52 x 10" 
Uranium-234 pCi/L 3.21 x lo+' 
Uranium-235/236 pCi/L 3.15 x lo-' 

Uranium-Total (Non-Rad)e P g L  1.08 x lo+' 

Arsenic 3.50 

Uranium-238 pCiL 3.43 x 10+O 

ACTIVE FLYASH PILE 

Beryllium P d L  0.15 
Leadd P d L  11.20 
Neptunium-237 pCi/L 8.29 
Plutonium-23Be pCi/L 0.06 - 
Plutonium-238/240e pCi/L 0.03 
Radium-226e pCi/L 0.34 
Radium-228e pCilL 0.23 

See footnotes at end of table 
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TABLE A.l-14 
(Continued) 

Model Predicted Maximum GMAb 
Constituents of Potential Concern (CPC)' Units Concentrat ion 

ACTIVE FLYASH PILE (Continued) 
Strontium-90e pCi/L 0.33 
Uranium-234 pCi/L 17.00 
Urani~m-235/236~ .pCi/L 0.76 
Uranium-238 pCiL 16.90 
Uranium-Totale 59.4 

'CPC listed only if above screening concentration. 
bGMA - Great Miami Aquifer. 
CThese CPCs were not considered for detailed groundwater modeling because predicted diluted GMA 
concentration without adsorption effects is marginally above the screening concentration. 
dLead, 2-methylnaphthaleneY benzo(g,h,i)perylene, and phenanthrene were not screened and further 
modeled because RAGS Part B screening concentrations could not be calculated. 
%ese 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 streambed 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 0 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 

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

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. 

FER\CRU2RI\VDRV\PP-A\.SECA2.TXTUanuary 9. 1995 4:13pm A-2- 1 



FEMP-OU02-6 FINAL 
January 21, 1995 

A.2.1.1 Technical ADDroach 

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 
sand/gravel 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 lo7 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 lo00 years. The simulation time period of 1000 years was selected based on 
the Risk Assessment Work Plan Addendum (DOE 1992a). 

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. 

Contributions to constituent 

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 natureof 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: 

e 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 @e 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 bene@ 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- 
sue 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 (Analytic results for lo00 and 2000 series wells in the 
vicinity of the subunits were evaluated to determine constituents that have reached the 
perched water and the aquifer. Initial model results at 40-50 years were compared to these 
data and estimated parameters were adjusted to approximately reproduce these constituent 
values within the operating time frame of 40-50 years.) 

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

and backgroundhutrient 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 EPA RAGS, Part B screening concentrations. 

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 

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

Amroach to Screening and Modeling 
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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 ieport. 

A.2.2.1 Geologic Setting 

The geology of the area is dominated by the glacial and glaciofluv., 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) 

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

0 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 mne, 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 lo5 feet/day (lo-" to 10") 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 

typically 18 to 25 inches (0.46 to 0.63 m) across. The joints are generally oxidized approximately 

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 lo00 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 aquifer zones 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 10” to 280 
feet/day (lo-* to 0.1 cm/s) (Freeze and Cherry 1979) 

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

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

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

limited areal and vertical extent and lack of interconnection of these units. These sand and gravel 

units within the glacial overburden were not included in the vadose zone pathway modeling because 

this layer has much higher hydraulic conductivity and low adsorption properties. In addition, the 

computer model selected to evaluate flow in the vadose zone is limited to two layers. By neglecting 

the ‘sand and gravel units, the model underpredicts travel time, and is therefore conservative. At the 

F E W ,  a series of slug tests on these perched water zones found hydraulic conductivities ranging 

from 0.016 to 12.5 feet/day (5.5 x lod to 4.4 x l o 3  cm/s) in Wells 1950 and 1042, respectively. 

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 ahd 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 qea 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. 

A.2.2.4 General Contaminant Hvdrogeologv at the FEMP 

The depositional characteristics and the hydrostratigraphic units present at the FEMP impart g6neral 

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

locations. These characteristics include: 
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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. 

Adsorptiordattenuation 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 adsorption/attenuation 
breakthrough would occur. Adsorption/attenuation 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: 
I 

Contents of the waste area 
Presence of standing water in the waste area 
Presence/absence of perched water under the waste area 
Concentration of constituents in perched groundwater 
Identifiable geologic strata beneath the waste area 
Presence/absence 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 

F E R \ C R U Z R I W D R \ A P P - A \ . S ~ ~ . ~ ~ ~  9. 1995 4: 13pm A-2- 13 
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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 soil/waste matrix in the vadose zone as it moves toward the aquifer. The 

leachate often reacts with the soil/waste 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 

unsaturated zone. In this analysis, the composition of the leachate and the speed at which individual 

constituents migrate are treated individually. 
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The vadose zone was modeled as two layers, @e 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 lo00 series wells located within the 

Operable Unit 2 subunits. 

0 

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 I11 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. I 

- 

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 111 grid cells directly 
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@ 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 

L 

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. Borings 1956 through 1963 are located in the Lime Sludge Ponds (see Figure 2-7a). The 

glacial till/lime sludge interface was encountered in these bore holes at depth ranging from 3.5 to 

11.5 feet. Also, glacial till was encountered in all peripheral borings/wells (2042, 1042, 1934, 1210, 

2935, 2936, 1039, 2939, 1937, and 1940). This confirms that the Lime Sludge Ponds are located on 

glacial till. Consequently, perched water surface seep and seep pathways were also 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 11 to 22 feet (Layer 1 of the perched 

0 

water vertical infiltration pathway). Only the vadose zone and perched water infiltration pathways are 

applicable to the Lime Sludge Ponds. 

A.2.3.3 

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 

Inactive Flvash Pile and South Field 
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a 

Fill or Waste 
Row Column Area (A2) 

TABLE A.2-1 

Unsaturated Glacial Thickness of Thickness of Thickness of Total Till 
Volume Thickness GMA Thickness Overburden Till Above the SandlGravel In Till Below the Thickness 

(A') (fit) (fi) Thickness (fi) SandlGravel (fi) Till (fi) SandlGravel (fi) (fi) 

Fill or Waste 

PHYSICAL P A E T E R S  FOR THE SWIFl' I11 CELLS IMPACTED 
BY THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

52 

51 

52 

0 

91 3404 27600 8.8 23.3 35.8 21.2 0.6 14.1 35.3 

90 652 4375 7.0 25.7 35.5 25.1 1 .o 9.4 34.5 

92 1577 11388 9.1 22.2 36.1 19.2 1.6 15.4 34.5 

Zone 1 Average 1878 14454 8.3 23.7 35.8 21.8 1.1 12.9 34.8 

k - 
51 91 14062 121906 8.5 23.5 36.3 19.4 2.6 14.4 33.8 

51 92 7906 66213 8.2 20.6 38.6 47.9 3.4 17.3 35.2 

Zone 2 Average 10984 94059 8.3 22.1 37.5 18.7 3.0 15.8 34.5 

NOTE: GMA = Great Miami Aquifer 

50 91 8697 

50 92 93 13 

Zone 3 Averaae 9005 
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85163 9.7 21.7 35.9 14.8 4.8 16.3 31.1 

73088 7.8 19.4 38.0 16.3 5 .o 16.6 . 32.9 

79125 8.8 20.6 36.9 15.5 4.9 16.5 32.0 



TABLE A.2-2 

Fill or Waste 

Fill or Waste Volume Thickness 
Row Column Area (ft? (ft3) (A) 

PHYSICAL PARAMETERS FOR THE SWIlT I11 GRID CELLS IMPACTED 
BY THE LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Glacial Thickness of Thickness of Thickness of Total Till 
Unsaturated GMA Overburden Till Above the SandlGravel In Till Below the Thickness 

Thickness (ft) Thickness (A) SandIGravel (A) Till (A) SandlGravel (A) (ft) 

~~ ~ ~ ~ 

45 80 9163 3 1863 3.6 19.0 36.3 17.3 5.5 13.5 30.8 

43 81 10313 36381 3.9 18.3 35.9 10.3 5.9 19.7 30.0 

Zone 1 Average 8288 27754 3.4 18.3 36.8 14.5 5.0 17.4 31.8 
r - 

~~ ~ ~ ~- 

II 44 I 79 I 5427 15019 2.7 1- 17.7-- 1 38.4 I -  15.9 I 3.6 I 18.9 1 34.8 11 

~ ~ ~ -~ 

44 81 15625 

43 80 10322 

45 81 11414 

Zone 2 Average 12454 

100156 6.4 19.7 31.7 11.3 3.8 16.6 27.9 

69238 6.9 16.7 34.9 7.5 5.4 22.0 29.4 

89781 8.5 20.5 29.6 11.9 6.1 11.6 23.6 

94969 7.4 20.1 30.7 11.6 5.0 14.1 25.7 
Y 

ZONE 2 - 6.5 TO 8.5 FEET OF FILL 

ZONE 3 - 9.4 FEET OF FILL 

1 I 9.1 I 3.6 I 18.6 I 27.6 44 80 15625 14693 1 9.4 18.2 31.3 

NOTE: GMA = Great Miami Aquifer 

UZRIWLGV\PP-A\TABAZ-ZW~uni~ ! 1, 1595 12:41pm 



It is recog&ed that the glacial till is saturated. However, only the perched water in the sand and 

gravel layer represents a source for the Great Miami Aquifer. These sand and gravel layers are 

underlain by 2 to 1 l-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 sand/gravel 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 
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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 Kas increased flow. 

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

waste material. One vadose zone modeling run is used to simulate vertical infiltration. A separate 

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. 

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 

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. 

/ 
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TABLE A.2-3 

Row 

PHYSICAL PARAMETERS FOR THE SWIF" I11 GRID CELLS IMPACTED 
BY THE INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

F~II  or Fill or Waste Unsaturated Glacial Thickness of Thickness of Thickness of Total Till Slope at the 
Waste Volume Thickness GMA Overburden Till Above the SandlGravel In Till Below the Thickness Base of 

Column Area (A) (A') (A) Thickness (A) Thickness (A) SandlGravel (A) Till (A) SandlGravel (A) (A) F W a s t e  (%) 

11720 155938 15.6 16.7 0.0 0.0 0.0 0.0 

7029 104463 15.2 18.9 0.0 0.0 0.0 0.0 

8907 133369 15.2 19.6 0.0 0.0 0.0 0.0 

8869 151588 16.2 18.5 0.0 0.0 0.0 0.0 

15625 285594 18.3 25.5 0.0 0.0 0.0 0.0 

28 I 59 0.0 

0.0 

0.0 
0.0 

0.0 
29 . 62 

30 62 

Zone 1 Average 

15625 292094 18.7 24.1 0.0 0.0 0.0 0.0 0.0 

11296 187174 16.5 20.6 0.0 0.0 0.0 0.0 0.0 0.0 - 
28 64 13618 292531 21.3 19.7 0.0 0.0 0.0 0.0 0.0 

29 63 15625 382981 24.5 20.8 0.0 0.0 0.0 0.0 0.0 

Zone 2 Average 14622 337756 22.9 20.2 0.0 0.0 0.0 0.0 0.0 0.0 

See note at end of table 

- 
29 60 1392 1706 1.4 25.4 0.0 0.0 0.0 0.0 0.0 

30 57 8444 1006 0.1 21.3 0.0 0.0 0.0 0.0 0.0 

30 61 12342 21281 1.6 24.8 0.0 0.0 0.0 0.0 0.0 

Zone 3 Average 7393 7998 1 .o 23.8 .o.o 0.0 0.0 0.0 0.0 0.0 
c - 
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TABLE A.23 
(Continued) 

Row 

 ill or F i  or Waste ~ Unsaturated Glacial Thickness of Thickness of Thickness of Total Till Slope at the 
Waste Volume Thickness GMA Overburden Till Above the SandlGravel In Till Below the Thickness Base of 

Column Area (A) (A’) (A) Thickness (A) Thickness (A) Sand/Gravel (A) Till (A) SandlGravel (A) (A) F W a s t e  (5%) 

ZONE 5 - NO SAND. LESS THAN 2 FEET TILL. MORE THAN 10 FEET FILLWASTE 

28 66 
30 60 

31 58 

31 59 

Zone 4 Average 

4480 15288 3.5 21.3 6.0 0.0 0.0 6.0 6.0 

13981 87850 6.4 29.0 7.0 0.3 0.0 6.7 7.0 

11040 56950 5.7 29.6 6.0 0.0 0.0 5.9 6.0 

15625 131675 8.4 31.4 11.8 3.2 0.1 8.6 11.8 

11282 72941 6.0 27.8 7.7 0.0 0.0 7.7 7.7 1.5 

ZONE 6 - NO SAND, MORE 1 
15625 

15625 

30 64 15625 

1 Zone 6 Average I 15625 

29 

29 

29 

~- 
58 12171 137888 11.0 18.2 0.0 0.0 0.0 0.0 0.0 

59 14263 297838 20.7 20.2 0.0 0.0 0.0 0.0 0.0 

65 15625 398850 25.5 24.8 0.0 0.0 0.0 ’ 0.0 0.0 

Zone 5 Average 

See note at end of table 

FER\CRU2RIVLGL9PP-A\TABA2-3Vanuary 9. 1995 4:57pm 

14020 278192 19.1 21.1 0.0 0.0 0.0 0.0 0.0 8.5 

164338 

231375 

29473 1 

245375 

233955 

10.5 21.7 7.4 0.0 0.0 7.4 7.4 

14.8 28.2 6.5 0.0 0.0 6.5 6.5 

18.9 24.8 3.3 0.0 0.0 3.3 3.3 

15.7 26.4 4.4 0.0 0.0 4.4 4.4 

15.0 25.3 5.4 0.0 0.0 5.4 5.4 5 

29 67 3837 13519 3.6 32.5 8.5 3.3 3.0 2.2 5.4 

30 67 6665 55444 8.9 29.7 8.4 1.7 2.7 3.9 5.7 

Zone 7 Average 5251 34481 6 31 8 2 3 3.1 5.5 0.0 $a 



TABLE A.23 
(Continued) 

Fill or Fill or Waste 
Waste Volume Thickness 

Row Column Area (A) (e) (A) 

unsatumt4 Glacial Thickness of Thickness of Thickness of Total Till Slope at the 
GMA Overburden Till Above the SandlGravel In Till Below the Thickness Base of 

Thickness (ft) Thickness (A) SandGravel (A) Till (A) SandGravel (A) (A) F W a s t e  (96) 

ZONE 9 

n 30 I 65 I 15625 I117675 I 7.5 I 27.3 I 10.1 I 0.4 I 0.4 I 9.2 1 9.7 I 4 n 

30 

31 

31 

31 

ZONE 10 - LESS THAN 3 FEET OF TILL ABOVE SAND 
66 15429 154863 9.9 28.6 10.3 1.6 1.6 7.1 8.7 

61 15625 149431 9.6 30.8 10.8 2.1 1.3 7.4 9.5 

62 15625 134256 8.6 30.1 11.5 2.3 0.8 8.4 10.7 

63 15625 162263 10.4 29.5 12.2 1.8 0.7 9.7 11.5 

Zone 10 Average 

ZONE 11 - LESS THAN 1 FEET OF FILL, MORE THAN 5 FEET OF TILL ABOVE SAND 

15576 150203 9.6 29.8 11.2 1.9 1.1 8.2 10.1 4 . 
31 66 3615 4919 

34 60 3509 1269 

35 61 4123 788 

/ 

0.9 28.7 18.5 8.3 0.8 9.4 17.7 

0.3 32.7 22.7 12.8 2.1 7.8 20.6 

0.2 32.2 23.9 12.8 2.0 9.1 21.9 

5 

10.7 1 16.5 I 31 65 13612 31419 2.3 28.6 18.0 5.8 1.5 

32 64 14238 41544 3.0 29.6 22.0 10.6 1.8 9.6 20.2 I 

See note at end of table 

33 

33 

33 

33 
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59 1860 3688 2.0 33.0 18.3 9.8 1.3 7.2 17.0 

60 14234 26344 1.8 32.7 20.4 10.7 2.0 7.7 18.4 3 
61 15625 39369 2.5 31.8 21.7 10.7 1.8 9.2 20.0 L.Lp 

z 
63 12928 29019 2.4 30.6 23.5 12.1 1.7 9.6 21.7 !% 



TABLE A.2-3 
(Continued) 

Row 

Fill or F a  or Waste Unsaturated Glacial Thickness of Thickness of Thickness of Total Till Slope at the 
Waste Volume Thickness GMA Overburden Till Above the SandlGravel In Till Below the Thickness Base of 

Column Area (ft) (ft') (ft) Thickness (A) Thickness (A) SandGravel (A) Till (A) SandGravel (A) (A) F W a s t e  (46) 

ZONE 13 - MORE THAN 4 FEET O F  FILL WITH LATERAL DRAINAGE 

- 
34 61 15140 39388 2.6 32.1 22.2 11.0 2.0 9.1 20.1 

34 62 10365 26269 2.8 31.5 22.6 11.2 1.7 9.7 20.9 

Zone 12 Average 12250 29630 2.4 31.2 21.1 10.3 1.7 9.1 19.3 0 

32 
32 
32 

NOTE: GMA = Great Miami Aquifer 

59 12620 60931 4.9 32.5 14.8 6.3 0.7 7.9 14.1 
60 15625 70544 4.5 32.3 17.6 7.6 2.5 7.5 15.1 
61 15625 66731 4.3 31.4 18.6 7.7 2.3 8.6 16.3 

~R\CRUZRIVffi\APP-A\TABA2-3Van~ 9. 1995 4:S7pm 

Zone 14 Average 14623 66069 4.6 32.1 17.0 7.2 1.8 8.0 15.2 0 
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A.2.3.4 Active Flvash 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 III 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. 

I 

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 

RI/FS Phase I and I1 Soil Samples - Chemical and Radiological Analysis 

RI/FS Phase I and 11 Field Investigation Toxicity Characteristic Leaching Procedure 
(TCLP) Samples - Chemical and Radiological Analysis 
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Slope at the Glacial Fill or Waste 

Fill or Waste Volume Thickness Unsaturated GMA Overburden Base of 
Row Column Area (ft) (PI (ft) Thickness (ft) Thickness (ft) F W a s t e  (%) 

ZONE 1 - CENTRAL PORTION OF THE ACTIVE FLYASH PILE 

32 57 15625 449800 28.8 30.1 5.7 

33 56 15240 319700 21.2 30.8 15.8 

33 57 15595 276300 17.7 31.6 14.9 

34 56 11205 188350 15.9 31.2 22.2 

Zone 1 Average 14416 308538 20.9 30.9 14.7 5 - 

TABLE A.2-4 

I. 

32 58 7095 55100 . 8.0 31.7 12.7 

33 58 7350 42250 5.6 32.6 16.6 

34 57 5885 68700 12.2 32.1 20.0 

Zone 2 Average 6777 55350 8.6 32.1 16.4 0 
i 

PHYSICAL PARAMETERS FOR THE W I l T  111 GRID CELLS IMPACTED 
BY THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

.. 
31 56 

31 57 

32 56 

Zone 3 Average 

1625 16100 8.6 22.1 0.0 

6240 90550 16.1 25.8 0.0 

11570 246250 20.7 28.3 0.0 ’ 

6478 117633 15.1 25.4 0.0 0 

NOTE: GMA = Great Miami Aquifer 

FER\CRUZRIVLGWP-A\TABA24Umufuy 11. 1995 1:Wm A-2-33 . 
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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 DeveloDment 

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 RIA3 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 waste/fill were derived from soil borings, Hydropunch data, 

preconstruction (1952) surface contours, and aerial photographs from 1951 (preconstruction) to 1992. 

Elevations were interpolated on a 25-by-25 foot grid. Tables A.2-1 through A.2-4 provide waste 

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

geotechnical analysis of waste/fill 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 

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. 

' 



- 

TABLE A.2-5 
SUMMARY OF SOURCE AREAS AND PHYSICAL PARAMETERS FOR OPERABLE UNIT 2 AQUIFER MODEL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Volume of Waste 
Area of Waste Material Number of 

(m7 (fi7 (m’) (W Wm’)  Cells Modeled 
Dry Density Swift 111 

Location 

Solid Waste Landfill 4,237 - 45,611 1 1,036 389,692 1,830 6 
Lime Sludge Ponds 7,236 77,889 13,857 489,305 760 7 

Inactive Flyash Pile/South Field 55,43 1 596,673 1 62,437 5,735,763 1,701.18 49 

Active Flyash Pile 9,040 97,304 49,687 1,754,498 860.2 10 

9 
Y w wl 

0 c- 
€3 
P 
E 
FF;;I 
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Source terms for seep and perched water (infiltration and subsurface seep) pathways were estimated 

using the following equation: 

Mass = (4 C, + p,K,+C,) Ab 

where 

A 
b 
C, 

concentrations 
I<d = Distribution coefficient 
9 = Porosity 
&, = 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 fat? and transport model are constrained by (in 

order of preference): in situ leachate analyses, TCLP data, or the EPA 70-year rule @PA 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 pnservatively estimated & 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 

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 

F E R \ C R U Z R n v D R \ A P P - A \ . S ~ ~ . ~ ~ ~  9. 1995 4:32pm A-2-36 
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time consuming. The method describing the sampling and testing procedure can be found in the 

sampling and analysis plan (DOE 1992a). 

Toxicitv Charade ristic 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 on the 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 Uncertaintv in Estimating Leachate Compositions 

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 

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 

’ 

. 
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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 the 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. 

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 lod to 1.4 x lo" 
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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 (%) 41 39 

Specific yield (%) 6 25 

Bulk density (g/cc) . 1.89 1.60 

Field capacity (%) 37.1 4.5 

Organic content (%) 1.43 0.87 

Fines passing less than 200 mesh (%) 70.1 16.5 

LIME SLUDGE PONDS 

Porosity (%) 41 39 

Specific yield (%) 6 25 

Bulk density (g/cc) 1.73 1.60 

Field capacity (%) 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 (%) 

41 39 

6 25 

1.85 1.60 

37.1 4.5 

1.69 0.87 

70.9 - 16.5 

See footnotes at end of table 
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TABLE A.2-6 
(Continued) 

Vadose Zone 

Parameter Layer 1" Layer 2b 

SOUTH FIELD 

Porosity (%) 

Specific yield (96) 

Bulk density (g/cc) 

41 39 

6 25 

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 (g/cc) 

Field capacity (%) 

Organic content (76) 

Fines passing less than 200 mesh (X) 

41 39 

6 25 

1.850 1.600 

37.1 4.5 

1.69 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 consists of only glacial till. 

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

FER\CRUZRNUjV\PP-A\TABAZ-6Uanuary 9, 1995 5: l5pm A-2-4 1 
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TABLE A.2-7 

VADOSE ZONE MODEL INPUT PARAMETERS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

F'ERNALD ENVmONMENTAL MANAGEMENT PROJECT 

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

Lime Sludge Ponds 1 23.6 - 34.0 5.386 x lo3 3.33 x 104 

2 16.7 - 20.5 45 3.33 x 10-3 

Solid Waste Landfill 1 31.1 - 35.3 5.386 x lo3  2.1 x 10-3 

2 19.4 - 25.7 45 2.1 x 10-3 

Active Flyash Pile 1 0 - 22.2 3.969 x lo-" 5.18 x lo-" to 6.48 x 

2 16 - 32 45 5.18 x lo-" to 6.48 x 10" 

Inactive Flyash 1 0 - 21.9 3.969 x 10' 2.83 x lo4 to.3.58 x l o 3  
Pile/South Field 

I 2 0 - 21.9 45 2.83 x lo-" to 3.58 x 10" 

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

aLayer 1 is glacial till 
Layer 2 is unsaturated Great Miami Aquifer 

; ! ' a ,  . 
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centimeter per second (cmlsec) for Layer 1. The vertical hydraulic conductivity of Layer 2 was 1.6 x 

cm/sec for all of the Operable Unit 2 subunits. 

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

the vertical seepage velocities (V) 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 @J, a function of dispersivity, interstitial seepage, velocity and 

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

(1976), and Mills et al. (1982). 

- The seepage velocity is calculated using the following equation (USEPA, 1988): 

v = q  (1-A) 

where 

4 = percolation rate (lengthhime) 

= empirical soildependent parameter 1 
2b +3 

K, = saturated hydraulic conductivity(length/time) 
0' = saturated moisture content (volume/volume) 

Empirical soildependent parameter was assumed to be 0.039 and 0.09 for glacial till and 

unsaturated Great Miami Aquifer, respectively (USEPA, 1988). 

D = 0.6 + 2.93 vl." 

where 

D = Dispersion coefficient in cm2/sec, and 
v = seepage velocity in cm/sec. 
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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 

& = Distribution coefficient 
R = Retardation factor 
pa = Bulk dry density 
0 = Soil moisture content 

For 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) 

where 

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

The distribution coefficient for radionuclides and inorganics is constituent specific. The Risk 

Assessment Work Plan Addendum was used as the source of all distribution coefficient values for 

radionuclides and inorganics except uranium. Distribution coefficients (Kd) 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 Kd was selected for fate and transport 

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



FEMP-OU02-6 FINAL 
January 21, 1995 

used. Minimum value of Kd 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 Kd of 8.4 d / 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 d / g .  During the model calibration process, the I<d for 

uranium-238 was estimated to be 1.48 d / 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 for the 

vadose zone pathway. (Figure A.2-3 shows approach for screening from all pathways and 

incorporation of monitoring data into the modeling process). These steps include background and 

initial soil toxicologic screening (performed and presented in Section 6.0 and Appendix B), vadose 

zone output concentration screening and Great Miami Aquifer dilution screening. Each subunit was 

treated separately in these screening analyses. These screening steps are described in the following 

subsections. 
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TABLE A.2-8 

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

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Distribution Coefficient .(mL/g) 0 

Constituent of Glacial Great Miami Kw Decay Half- 
Potential Concern Overburden Aquifer (mL/g) Life (days) 

RADIONUCLIDES 
Cesium-137 1.81 x 10+3 1.37 x 10+3 NA 1.10 x 10+4 
Lead-210 3.00 x 10+3 3.80 x 10" NA 8.13 x 10+3 

Plutonium-23 8 1.70 x 10'3 1.00 x NA 3.20 x 10'4 
Neptunium-237 5.50 x lo+' 5.00 x lo+' NA 7.81 x lo+' 

Plutonium-239/240 1.70 x 10+3 1.00 x NA 8.81 x 
Radium-224 6.96 x 1.06 x NA 3.62 x lo+' 

. Radium-226 6.96 x 1.06 x lo+* NA 5.84 10'5 
Radium-228 6.96 x 1.06 x NA 2.10 x 10+3 

Strontium-90 1.00 x lo+' 2.50 x lo+' NA 1.04 x 10'4 
Technetium-99 1.18 x 10' 7.00 x lo2  NA 7.77 x 10+7 

Thorium-230 5.80 x 10+3 3.20 x 10+3 NA 2.81 x 10+7 

Uranium-234 2.00 x 1.48 x lo+' NA 8.92 x 10+7 

Ruthenium- 106 8.00 x 5.50 x lo+' NA 3.67 x lo4 e -  
Thorium-228 5.80 x 10+3 3.20 x 10+3 NA 6.98 x 

Thorium-232 5.8ox 10+3 3.20 xu 10+3 NA 5.10 x 10+l2 

Uranium-235/236 2.00 x 1.48 x lo+' NA 2.57 x lo+" 
Uranium-238 2.00 x 1.48 x lo+' . NA 1.63 x 10+l2 
Uranium-Total 2.00 x 1.48 x lo+' NA 1.63 x 10+l2 

ORGANICS 
1,2-DiethyIbenzene Variable 5.37 x io+' 2.95 x 10'4 ND 
1,4-Dioxane Variable 6.91 x l o 4  3.80 x lo-' 6.60 x lo-' 

2-Methylnaphthalene Variable 1.32 x lo+' 7.24 x ND 
Acrylonitrle Variable 3.09 x l o 3  1.70 x 10" 4.59 x lo+' 
Aroclor-1254 Variable 1.95 x 1.07 x none 
Aroclor- 1260 Variable 2.35 x 1.29 x none 
Benzo(a)anthracene Variable 7.28 x 4.00 x 2.77 x 

1,1,2 Trichlorotrifluoroethane Variable 1.82 x 10' 1.00 x i o + 2  1.47 x 10+3 

Benzo(a)p yrene Variable 1.74 10+3 9.55 x 10's 2.77 x 10'3 

See notes at end of table 
0 
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Distribution Coefficient (mL/g) 

Constituent of 
.Potentid Concern 

Glacial Great Miami Kw Decay Half- 
Overburden Aquifer (mL/g) Life (days) 

ORGANICS 
(Continued) 

Benzo(b)fluoranthene Variable 6.77 x 3.72 x 
Benzo(g,h, i)perylene Variable 5.90 x lo+' 3.24 x 
bis(2-Ethylhexy1)phthalate Variable 1.73 x lo+' 9.50 x lo+' 
Carbazole Variable 3.55 io+o 1.95 x 10+3 
Dibenzo(a,h)anthracene Variable 1.70 10+3 9.33 x 10'5 
Dieldrin Variable 5.75 io+o 3.16 x 10+3 
Endosulfan Sulfate Variable 8.32 io+o 4.57 x 10+3 
Heptachlorod ibenzo-pd ioxin Variable 1.91 x 10+4 1.05 x 1 0 + ~  
Heptachlorodibenzofuran Variable 1.91 10'4 1.05 x 10+7 
Ideno(l,2,3-cd)pyrene Variable 8.32 x 10'4 4.57 x 10+7 
Ockchlorodibenzo-pdioxin Variable 2.88 x 10+5 1.58 x io+8 
Phenanthrene Variable 2.64 io+' 1.45 x 10+4 
Tetrachlorodibenzofuran Variable 1.20 x 10+3 6.61 x 10'5 
Tributyl Phosphate Variable 1.82 x io+' 1.00 x 10+4 

2.48 x 10+3 
1.30 io+' 
3.89 x lo+' 

ND 
3.85 x 10+3 
2.55 x 10+3 

ND 
none 

1.12 x 
2.89 x 10+3 

none 
4.00 x 

none 
ND 

INORGANICS 
Antimony 
Arsenic 
Beryllium 
Lead 
Thallium 

2.50 x 4.50 x 10" NA none 
2.00 x 2.00 x NA none 
1.30 io+' 2.50 x lo+' NA none 
3.00 x 10+3 3.80 x IO+' NA none 
1.50 x 10+3 1.50 x 10'3 NA none 

NA - Not Applicable 
ND - No data available 
none - Constituent does not decay 
Variable - Distribution coefficient for Glacial Overburden varies from subunit to subunit 



A.2.6.1 Backmound Screening 

The first screening step was conducted to remove constituents that were below background 

concentrations and constituents that were not detected. Each constituent that was detected was 

compared to background concentrations following the process defined in Appendix B .  This process 

included mean of subunit-specific data with the mean of the background data and comparison of 95th 

percentile of the subunit-specific data with the 95th percentile of the background data. Constituents 

with concentrations determined to be below background concentrations were screened out. The 

results of this background screening are presented in Appendix B. 

A.2.6.2 Toxicologic Screening 

Toxicological screening, a second preliminary screening step, was performed on each constituent 

passing background screening to exclude constituents that are unlikely to have a human health risk at 

levels detected. The following criteria were used to eliminate constituents in this screening step: 

-. 

Constituents which were detected only once in one medium and not in any other media 
were removed. 

Nutrients that are nontoxic (e.g., sodium, potassium, iron) were screened out. 

Constituents that ubiquitous (e.g., aluminum, silica) in nature were screened out. 

Nonspecific class of compounds (e.g, TOC, TPH, PAH) were screened out. 

Constituents with concentrations lower than the screening values calculated based on EPA 
RAGs, Part B guidelines, were screened out. 

The results of this prescreening are presented in Appendix B. 

The constituents that "passed" the background and toxicological screening were designated 

"constituents of potential concern (CPCs)" for fate and transport modeling purposes. 

A.2.6.3 

Prior to performing aquifer modeling, the output from the vadose zone model was screened against 

the EPA RAGs, Part B screening concentrations. 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 EPA RAGs, Part B screening concentrations in the aquifer. To perform this screening, 

the maximum output from the vadose zone model for a particular constituent was compared with the 

Vadose Zone Model Toxicitv Screening 
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EPA ILkGs, Part B screening concentrations. If this maximum value (from all grid blocks) was 

below the screening concentration, then the constituent was screened out and was not modeled 

further. 

A.2.6.4 f i 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: 

where 

A = Area of cell (125 x 125 ft') 
C,, = Predicted maximum Great Miami Aquifer concentration 
C" = Maximum output concentration from the vadose zone model 
QoMA = Groundwater flow rate through the upper layer of the SWIFT 111 model in 

the cell with maximum vadose zone concentration 
Q = Infiltration rate in the cell with maximum vadose zone concentration 

Predicted maximum concentration, COMA, is typically an order of magnitude lower than from the 

detailed calculations using the SWIFT I11 model. The above dilution calculation is conservative 

because waste storage in the cell is not considered. The C,, for a particular constituent is compared 

with the EPA RAGS, Part B screening concentrations. If COMA was below the screening 

concentration, then the constituent was screened out and was not modeled further. 

A.2.6.5 Groundwater Data Review 

The vadose zone modeling results were compared against the Great Miami Aquifer data. If the model 

predictions were not in agreement with the Great Miami Aquifer data, model parameters, 

assumptions, and conceptual models were reviewed and modified accordingly. If the vadose zone 

model was refined, the vadose zone model calculations were repeated and the vadose zone model 

toxicity screening and the Great Miami Aquifer dilutions toxicity screening steps were repeated, This 

process was continued until the model predictions were in agreement with the field measured data. 
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Detailed modeling in the Great Miami Aquifer was performed for the CPCs remaining from the Great 

Miami Aquifer dilution toxicity screening. 

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 and 

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. 

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 

e 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-twodimensional 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. 
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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. Percolation and vertical water flow is 

modeled using Darcy’s Law with hydraulic conductivity as a function of saturation, i.e, relative 

permeability effects. Evapotranspiration is estimated by a modified Penman method adjusted for 

limiting soil moisture conditions. 

The HELP model output consists of input data echo, simulation results, and a summary. The input 

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 

average monthly totals, average annual totals, and peak daily values for the simulation variables. The 

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 

simulation. The average annual total reports values on an annual basis. The summary of peak daily 

values represents the maximum values that occurred on a n i  day during the simulation period. 

A.2.7.1.2 Infiltration Rate Results 

HELP modeling for Operable Unit 2 included separate runs for each subunits. Within each subunit, 

various zones of similar thickness for waste, till, and unsaturated Great Miami Aquifer were grouped 

together (zones). Properties for various layers (except for thickness) remained the same for all zones 

within each subunit.. These properties are shown in Table A.2-9. The soil physical parameters used 

in the simulations were varied for each subunit to reflect the varying conditions ai each subunit. 

These values were defined based upon RI sampling activities (Table A.2-9). Permeabilities were 

defined based upon field and laboratory tests. In each simulation, the climatologic data of 

precipitation and mean monthly temperature were assumed to be same as for Cincinnati, Ohio from 

1974 to 1978. Average rainfall in this period was 40.64 incheslyear. 
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TABLE A.2-9 

MEDIA PARAMETERS FOR HELP MODEL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Parameter Unit Solid Waste Landfill Lime Sludge Pond Inactive Flyash Pile South Field Active Flyash Pile 

Hydraulic Conductivity cm/sec 
Waste/Fill 
Glacial Till 
Unsaturated GMA 

Porosity % 
W aste/Fill 
Glacial Till 
Unsaturated GMA 

Waste/Fill 
Glacial Till 
Unsaturated GMA 

Waste/Fill 
Glacial Till 
Unsaturated GMA 

Field Capacity % 

Wilting Point % 

Vegetative Cover 

Maximum Leaf Area Index 0-5 scale 

Evaporation Zone Depth inches 

SCS Runoff Curve Number . 0-100 scale 

SCS - Soil Conservation Service 
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1. IO. x lo4 
1.90 x IO6 
1.59 x 10‘’ 

52 
41 
39 

29.4 
37.1 
4.5 

14.0 
25.1 
2.0 

poor 

1 

15 

58 

~ ~~ 

1.00 10-3 
1.90 x IOd 
1.59 x 

55 
41 
39 

37.8 
37.1 
4.5, 

26.5 
25.1 
2.0 

bare ground 

0 

9 

86 

1.80 x lo4 
1.59 x le2 
1.40 x 10-7 

44 
41 
39 

‘ 28.4 
37.1 
4.5 

13.5 
25.1 
2.0 

good 

3.3 

38 

55 

2.00x lo4 
1.59 x 10’ 
1.40 x 10-7 

52 
41 
39 , 

29.4 
37.1 
4.5 

14.0 
25.1 
2.0 

good 

2-3.3 

21-38 

61 

1.80 x lo4 
1.59 x 10” 
1.40 x 10-7 

44 
41 
39 

. 28.4 
37.1 
4.5 

13.5 
25.1 
2.0 

bare ground 

0 

9 

86 
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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 and lateral drainage rates) are presented in Tables A.2-10 through A.2-13. Vertical 

infiltration rates varied from 1.24 inchedyear for the Zone 11 (with more than 20 feet of till) in the 

Inactive Flyash Pile/South Field to 14.57 inchedyear for the Lime Sludge Ponds. 

A.2.7.2 ODAST DescriDtion 

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: 

ac azc ac 
ax 2 ax at 

- ARC = R- D- - V- 

where 

C = solute concentration and with the constant coefficients 
D = dispersion coefficient 
V = seepage velocity 
R = retardation factor 
X = solute decay factor 
t = time 

. 

The solution must satisfy the initial and boundary conditions 
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TABLE A.2-10 

HELP MODEL RESULTS FOR THE SOLID WASTE LANDFILL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Seepage Velocity Seepage Velocity 
SWIFT I11 Grid Infiltration Rate in Glacial Till in the UGMA 

Zone No. Block (inchedyear) (inchedyear) (inchedyear) 

1 52,91 9.03 22.7 56.9 

2 51,91 9.03 22.7 56.9 

3 50,9 1 9.03 22.7 56.9 

5 1,90 

5 1,92 

50,92 ? x 
VI 

UGMA = Unsaturated Great Miami Aquifer 

I 

I FER\CRUZRIWLG\APFA\TABA2-lOUatrua~ 9. 1995 601pm 

Average Average 
Waste Average Unsaturated Great 

Thickness Glacial Till Miami Aquifer 
(ft) Thickness (ft) Thickness (ft) 

8.3 34.8 23.7 
~ 

8.3 34.5 22.1 

8.8 32.0 20.6 



TABLE A.2-11 

HELP MODEL RESULTS M)R THE LIME SLUDGE PONDS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIR0NMEN"AL MANAGEMENT PROJECT 

Seepage Seepage 

SWIFT I11 Infiltration Rate Glacial till UGMA 
Velocity in Velocity in the 

Zone No. Grid Block (incheslyear) (incheslyear) (incheslyear) 

1 44,79 14.57 36.2 88.0 

2 44,81 14.57 36.2 88.0 

45,80 
43,81 

43,80 
45,81 

9 3 44,80 14.57 36.2 88.0 x 
Q\ 

UGMA = Unsaturated Great Miami Aquifer 

Average 
Average . Average Unsaturated Great 
Waste Glacial Till Miami Aquifer 

mickness (ft) Thickness (ft) Thickness (ft) 

3.4 31.8 18.3 

7.4 25.7 20.1 

9.4 27.6 18.2 



Average 
Waste 

rhickness 
(ft) 
16.5 

Average Average 
Glacial Till Unsaturated 
Thickness GMA 

(ft) Thickness (ft) 

0 20.6 

9.88 
5.80 
8.54 

4.18 
4.18 
4.18 
4.18 

2.90 
2.90 

NA 
NA 
NA 

9.9 
9.9 
9.9 
9.9 

6.9 
6.9 

TABLE A.2-12 

HELP MODEL RESULTS FOR THE INACTIVE FLYASH PILE AND SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

~~ 

Combined Vertical 
and Lateral 

Infiltration to GMA* 
(inchedyear) 

~~ 

Seepage 
Velocity in 
Glacial Till 

(inchedyear) 

Lateral 
Drainage fron 

Grid Blocks 
(inches/year) 

Seepage 
Velocity in 
the UGMA 

(inchedyear) 

45.2 
45.2 
45.2 
68.6 
68.6 
94.3 

Vertical Infiltration 
Rate through the 

Waste (inchedyear) 

SWIFT 
111 Grid 
Block 

28,59 
28,63 
28,65 
29,62a 
29,64' 
30,62' 

7.01 0 7.01 
7.01 
7.01 
11.09 
1.1.09 
15.72 

NA 
NA 
NA 
NA 
NA 
NA 

7.00 0 45.1 
53.1 

28.64 
29,63d 

29,60 
30,57e 
30,61f 

9.28 0 58.3 
81.3 
94.1 . 

9.28 
13.36 
15.69 NA 

4 

- 
5 

- 
6 

2.44 0 6.11 
3.81 
2.44 
2.44 

14.2 
9.0 
5.9 
5.9 

39.9 
26.0 
17.3 
17.3 

28,663 
30,60h 
31,58 
31,59 

29,58i 
29,59 
29,63 

5.80 0 61.8 
38.0 
54.1 

8.26 4.08 28.2 
28.2 
28.2 
28.2 

30,58 
30,59 
30.63 
30,64, 

29,67 
30,67 

2.9 0 20.2 
20.2 
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Seepage 
Velocity in 
Glacial Till 

~~ 

Seepage 
Velocity in 
the UGMA 

Average 
jlacial Till 
Thickness 

(ft) 
2.6 

9.6 

10.1 

20.1 

~~ 

Average 
Unsaturated 

GMA 
Thickness (ft) 

32.0 

27.3 

29.8 

31.2 

(inchedyear) 

0 

2.74 

(inches/year) (inches/year) (inches/year) 

7.01 16.2 45.2 

2.79 6.7 19.6 

7.2 
7.2 
7.2 
7.2 

20.9 
20.9 
20.9 
20.9 

TABLE A.2-12 
(Continued) 

- - 
SWIFT 
I1 Grid 
Block 

29,66 

30,65 

30,66 
31,61 
31,62 
3 1,63 

3 1,66 
34,60 
35,61 

3 1,65 
32,64 
3339 
33,60 
33.61 
33,63 
34,61 
34,62 

- 

- 

- 

Lateral 
Drainage from 
Grid Blocks 

Combined Vertical 
and Lateral 

Infiltration to GMA* 

Average 
Waste 

l.hiCkneSs 
(ft) 
15.2 

Vertical Infiltration 
Rate through the 

Waste (inchedyear) 

7.01 

5.53 7.5 

6.67 3.67 3.00 
3.00 
3.00 
3.00 

9.6 

1.24 1.24 
1.24 
1.24 

3.1 
3.1 
3.1 

0.5 9.3 
9.3 
9.3 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 

15.8 
15.8 
15.8 
15.8 
15.8 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 

2.4 1.86 1.86 
1.86 
1.86 
1.86 
1.86 
1.86 
1.86 
1.86 

3.58 2.21 
2.21 
2.21 
2.21 
2.21 

5.3 
5.3 
5.3 
5.3 
5.3 

6.2 3 1,60 
3 1,64 
32,62 
32.63 
33,62 - 
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TABLE A.2-12 
(Continued) 

I 
Zone 
No. - 
14 . 

111 Grid 
Vertical Infiltration 

Rate through the 
Waste (inches/year) 

2.23 

~~~ 

Lateral 
Drainage from 

Grid Blocks 
(inchedyear) 

0 

~~~~~ 

Combined Vertical 
and Lateral 

Infiltration to GMA* 
(inches/year) 

2.23 
2.23 
2.23 

p~ ~ 

Seepage 
Velocity in 
Glacial Till 
(incheslyear) 

5.4 
5.4 
5.4 

~ ~p 

Seepage 
Velocity in 
the UGMA 

(inches/year) 

aGrid Block (29,62) receives lateral drainage from Grid Block (30,63) 
bGrid Block (29,64) receives lateral drainage from Grid Block (30,64) 
'Grid Block (30,62) receives lateral drainage from Grid Blocks (31,62), (31,63), and (32,63) 
dGrid Block (29,63) receives lateral drainage from Grid Block (31,64) 
eGrid Block (30,57) receives lateral drainage from Grid Block (30,58) 
fGrid Block (30,61) receives lateral drainage from Grid Blocks (31,61), (32,62), and (33,62) 
&rid Block (28,66) receives lateral drainage from Grid Block (30,66) 
hGrid Block (30,60).receives lateral drainage from Grid Block (3 1.60) 
'Grid Block (29,58) receives lateral drainage from Grid Block (30,59) 
jGrid Block (29,65) receives lateral drainage from Grid Block (30,65) 

? z 
\o 

15.9 
15.9 
15.9 

%MA - Great Miami Aquifer 
UGMA - Unsaturated Great Miami Aquifer 
NA - Not applicable 
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Average f( Average Average 
Glacial Till Unsaturated iiesj Thickness :Ap (ft) 

15.2 32.1 

i 



TABLE A.2 83 

HELP MODEL RESULTS FOR THE ACTIVE FLYASH PILE 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
OPERABLE UNIT 2 REMEDIA18 ]INVESTIGATION 

Lateral 
Drainage from 

Grid Blocks 
(inches/year) 

8.41 

- 

Zone 
No. ~ 

1 
- 

2 

Combined 
Vertical and 

Lateral 
Infiltration to 

GMA* 
(incheslyear) 

3.16 
3.16 
3.16 
3.16 

3 

Representative 
Glacial Till 

Thickness (ft) 

16.0 

~~~ 

SWIFT 
111 Grid 
Block 

Representative 
Unsaturated 

GMA 
Thickness (ft) 

32.0 

Vertical 
Infiltration Rate 

through the 
W q t e  

(inchedyear) 

32,57 
33,56 
3337 
34,56 

11.57 

5.0 

38.0 

15.0 32.0 

0 32.0 

~~ 

32,58 
33,58 
3437 

Seepage 
Velocity in 
Glacial Till 

(inchedyear) 

7.5 
7.5 
1.5 
7.5 

2.27 

Seepage 
Velocity in 
the UGMA 

(inchedyear) 

21.9 
21.9 
21.9 
21.9 

0 

0 

2.27 11.7 
2.27 11.7 
2.27 11.7 

19.97 NA 
19.97 NA 
28.38 NA 

aGrid Block (31,56) receives lateral drainage from Grid Block (32,57) 
bGrid Block (31,57) receives lateral drainage from Grid Block (33,57) 
'Grid Block (32,56) receives lateral drainage from Grid Blocks (33,56) and (34,56) 

3 1 ,56a 
31,57b 
32.56' 

%MA - Great Miami Aquifer 

1 1.56 

UGMA - Unsaturated Great Miami Aquifer 
NA - Not Applicable 
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16.2 
16.2 
16.2 

117.2 
117.2 j 

161.3 

Representative 
Waste 

Thickness (ft) 
22.0 
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c (x,O) = 0 

\ 

where the constants 

C, = initial source (waste leachate) concentration 
a = source depletion factor 

. T~ = source depletion time 
TIl2 = 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 

representaqon of loading curves. 
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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 

(measured positive downward from the top of the layer) and times. Because concentrations are 

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 

the F E W .  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. In 

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 

the vadose zone medium. Seepage velocity was calculated as an empirical function of the percolation 

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). The dispersion coefficient was obtained as an 

empirical function of seepage velocity (Biggar and Nielsen 1976). 

D = 0.6 + 2.93 vl.ll 

where 

D = Dispersion coefficient in cmz/sec, and 

v = seepage velocity in cm/sec. 
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The source depletion time and depletion factor are calculated based on the procedure used for 

calculating the leachate concentration. When the 70-year rule was used to calculate the leachate 

concentration, the depletion time was 70 years and source leachate concentration remains constant for 

the 70 years. When the leachate concentration from in-situ leachate or TCLP analysis was available, 

an exponentially declining source leachate concentration term was used: 

c = c, Exp(-at) 

where 

A = area of the grid cell (125 ft x 125 ft), 

C, = initial leachate concentration determined from the in-situ leachate or TCLP analysis, 
M = mass of contaminant in the grid cell, and 

q = infiltration rate. 
\ 

The depletion factor (a) is inversely proportional to the depletion half life. 

, 

The retardation factor accounts for transport delays due to reversible reactions between the chemical 

constituent and the vadose zone solid matrix. It is thus dependent on both solute and media 

characteristics, and was calculated as a function of the constituent's partitioning coefficient and the 

vadose zone bulk density and moisture content (Walton 1984 and Mills et al. 1985). (See Section 

A. 2 -5). 

The solute decay factor is constituent dependent. This parameter accounts for biodegradation in 

organics and radioactive decay in radionuclides, and is zero for stable inorganics ( A W E  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 0 
FER\CRU~R~VDRWP-A\.SECA~.TX~~~UV~ 11. 1995 1:27pm A-2-63 
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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 1/1OOO of the total modeling time for the layer 2 runs. 

. 

For the 1,OOO-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 

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,OOO 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 

ODAST Modeling Results and Screenine of CPCs 

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,OOO .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. 

& 

Figure A.26 shows the areal extent of the waste in the Solid Waste Landfill and the SWIFT 111 grid 

block impacted by the direct loading from the Solid Waste Landfill. 

grid block (49,91) was included with SWIFT 111 waste overlying grid block (50,91). Similarly 

constituent loadings for SWIFT 111 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 

Waste overlying the SWIFT I11 
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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 Oreanics Inorganics 
Cesium-1 37 1 ,CDioxane Antimony 
Lead-210 2-Methylnaphthalene Arsenic 
Neptunium-237 Aroclor- 1254 Beryllium 
Plutonium-238 Aroclor- 1260 Lead 
Plutoniurn-239/240 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium Total 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g, h,i)perylene 
Carbazole 
Dibenzo(a,h)anthracene 
Endosulfan Sulfate 
Heptachlorodi benzo-p-dioxin 
Heptachlorodi benzofuran 
Indeno( 1,2,3-cd)pyrene 
Octachlorodi benzo-p-dioxin 
Phenanthrene 
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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 

Table A.2-16. Only technetium-99 was found to reach the Great Miami Aquifer above the EPA 

RAGS, Part B screening concentration. Great Miami Aquifer dilution screening for technetium-99 

was not performed since the ODAST output concentration was one order 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. 'For all the CPCs, observed concentrations are comparable with the background 

concentration, which is consistent with the model prediction that the impact of the Solid Waste 

Landfill on the Great Miami is negligible. 

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 III 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. 
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TABLE A.2-15 

RETARDATION FACTORS FOR THE 
SOLID WASTE LANDFILL 

OPERABLE UNIT REMEDIAL INVESTIGATION 
F93RN;QLD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent of 
Potential Concern 

Retardation Factor for Retardation Factor for Unsatubted 
Glacial Ovegurden Great Miami Aquifer 

~ 

RADIONUCLIDES 
Cesium-137 8.35 x 10+3 1.67 x 10+4 
Lead-210 1.38 x 1 0 + 4  4.65 x 10"' 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 

2.55 x lo+' 
7.84 x 1 0 + ~  
7.84 x 10+3 

Radium-224 3.21 x 10+3 
Radium-226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium Total 

3.21 x 10+3 
3.21 x 10+3 
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 lo+' 
9.23 x lo+' 
9.23 x lo+' 

6.21 x lo+' 
1.22 x 10+3 
1.22 x 10+3 
1.30 x 10+3 
1.30 x io+' 
1.30 x 10+3 
3.15 x lo+' 
1.86 x lo+' 
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+' 

r ORGANICS 
1,4 Dioxane 
2-Methylnaphthalene 
Aroclor-1254 
Aroclor- 1260 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g , h, i)pery lene 
Carbazole 
Dibenzo(a,h)anthracene 
Endosulfan Sulfate 
Heptachlorodibenzo-p-dioxin 
Heptachlorodibenzofuran 
Indene( 1,2,3cd)pyrene 
Octachlorodibenzo-pdioxin 0 Phenanthrene 
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1.01 x 10+0 
2.25 x lo+' 
3.38 x 10+4 
4.08 x 10+4 
1.26 x 10+4 
3.02 x 10+4 
1.18 x 10+5 
1.00 x 10+5 

2.95 x 10+4 

3.31 x 10+5 
3.31 x 10+5 

6.26 x lo+' 

1.42 x lo+' 

1.44 x 10+6 
4.99 x 
4.50 x lo+' 

A-2-67 

1.01 x 10+0 
1.62 x lo+' 
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 
7.21 x 10+4 

2.07 x 10+4 

2.33 x 10+5 
2.33 x 10+5 

4.43 x lo+' 

1.03 x lo+' 

1.02 x 10+6 
3.51 x 
3.23 x lo+' 
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TABLE A.2-15 
(Continued) 

Constituent of Retardation Factor for Retardation Factor for Unsaturated 
Potential Concern Glacial Overburden Great Miami Aauifer 

INORGANICS 
Antimony 1.15 10+3 5.51 x 
Arsenic r9.23 x 2.44 x io+) 
Beryllium 5.99 x 10+3 3.05 x 10+3 
Lead 1.38 10+4 4.65 x 



TABLE A.2-16 

SOURCE CHARACTERIZATION A N D  SCREENING SUMMARY FOR CONrnITUENTS OF POTENTIAL CONCERN, 
SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum L o d i g  
Initial Maximum Concentration from EPA RAGS, Part B 

Upper 95% Constituent Leachate ODAST screening CPC >Screening 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration Concentration 

Constituent of Concentration the Waste @ci/L RAD) @cfi RAD) @ci/L RAD) and Requires 
Potential Concern (mgncg) (mg) @g/L non-RAD) Constrainta @g/L non-RAD) @glL non-RAD) SWIFT Modeling 

RADIONUCLIDES 
Cesium- 137 
Lead-210 
Neptunium-237 
PhrtoniUm-238 
Plutonium-2391240 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Technetium-99 
Thori~m-228 
ThoriUm-230 
Thorium-232 d 

Uranium-234 
Uranium-2351236 
Uranium-238 

Grid # 52,91 
Grid # 5 1,90 
Grid # 51,91 
Grid # 51,92 

See footnote at end of table 

2.89 x lo9 
1.35 x 10" 
4.98 x lo4 
1.92 x 10" 

1.35 x 10" 
1.57 x lo6 
9.41 x lo9 
1.15 x 10" 

4.13 x log 
5.97 x 10-4 
3.26 x lo+' 
1.56 x lo2  
3.72 x lo+' 

6.01 x lo+' 
1.21 x 10+2 
2.00 x lo+' 
<36 x lo+' 

1.10 105 

4.44 105 

5.84 x 
2.72 x lo-' 

3.87 x 10' 
2.21 x 10+2 
2.72 x lo4 
3.17 x lo+' 
1.90 x lo-' 
2.33 x lo-' 
8.96 x 
8.35 x lo2 

6.59 x lo+" 

1.01 x 10+4 

1.21 10+4 

3.15 10+5 
7.52 io+' 
3.39 10+9 

2.73 x IO+' 
1.26 10+9 

1.21 x lo+* 

1.84 x lo+* 

2.00 x lo+' 
2.79 x 
1.00 x 10+O 
1.00 x 10+0 
1.00 x 10+O 
7.28 x 
1.00 x 10+0 
3.00 x 10+O 
5.00 x 10+O 
3.00 x lo+' 
1.00 x 1 0 + O  
1.00 x 10+O 
1.00 x 10+O 
9.42 x 
1.05 x lo+' 
8.68 x 
8.68 x 
8.68 x lo+' 
8.68 x 
8.68 x lot2 

ISL O.Ob 1.70 x 10' No 
70-Year 

ISL 
ISL 
ISL 

70-Year 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 
ISL 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.85 x lo+' 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7.20 x lo3 
2.16 x lo2 
2.16 x lo2 
2.07 x lo2  
1.25 x 10' 
1.76 x lo4 
4.75 x 102 
1.32 x 10' 
3.65 x lo+' 
8.64 x lo2 
3.65 x 10' 
2.79 x 10' 
2.97 x 18' 
2.97 x 10' 
1.70 x 10.' 

No 
No 
No. 
No . 

No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
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(Continued) 

Maximum Loading 
Initial Maximum Concentration from EPA RAGS, Part B 

Upper 95% Constituent Leachate ODAST screening CPC rscreening 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration Concentration 

Constituent of Concentration the Waste @cf i  RAD) @ca RAD) Wfi RAD) and Requires 
Potential Concern (nXfl<g) (mg) @g/L non-RAD) Constraid @g/L non-RAD) @g/L non-RAD) SWIFT Modeling 

3 RADIONUCLIDES (Continued) 

Grid # 50,91 3.19 x 1.41 x 8.68 x lo+' ISL 
Grid # 50,92 1.02 x 3.86 x 10" 8.68 x ISL 

Uranium - Total (non-RAD) 1.77 x 3.58 x lo+'' 1.61 x lo+' mdl-ISL 0.0 1.09 x 102 No 
ORGANICS 

1,4 Dioxane 
2-Methylnaphthalene 
Aroclor-1254 
Aroclor- 1260 

Benzo(a)pyrene 
Benzo(b) fluoranthene 
BenzoCg,h,i)perylene 
Carbazole 
Dibenzo(ah)anthmcene 
Endosulfan Sulfate 
Heptachlorodibenzo-pdioxin 
Heptachlorodibenzofuran 
Meno( 1,2,3cd)pyrene 
Octachlorodibenzo-pdioxin 
Phenanthrene 

9 ' 0 Benzo(a)anthmcene 

See footnote at end of table 

1.29 x lo+' 
1.0 x 10' 

4.80 x 10' 
7.70 x 10' 
7.50 x lo+' 
8.20 x 10" 
1.50 x lo+' 
4.90 x 10' 
4.20 x lo+' 
2.50 x 10' 
6.20 x lo3  
9.00 x lo4 
2.50 x lo4 
5.50 x 10+0 
1.37 x 10' 

4.80 x 10" 

2.61 x 
2.02 x 
1.01 x 10+6 
1.62 x 
1.52 x 
1.66 x 

9.90 x 

5.05 x 

3.03 10+7 

8.48 10+7 

1.25 10+5 
1.82 10+4 
5.05 10+3 

2.63 10+5 
9.70 10+7 

1.11 x 10+8 

4.70 x lo+' 
7.00 x lo+' 
2.00 x 10" 
2.00 x 10" 
1.00 x lo+' 
1.00 x lo+' 
1.00 x lo+' 
1.00 x lo+' 
1.00 x lo+' 
1.00 x lo+' 
2.0 x 10' 
2.40 x lo3  
8.51 x 10* 
1.00 x lo+' 
4.00 x lo4 
8.9 x 10" 

mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 
mdl-ISL 

SOL 
70-Year 
mdl-ISL 

SOL 
mdl-ISL 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ' 

1.45 x lo3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

NA' 
NA 

1.10 103 
1.10 103 
2.82 x lo3  
2.82 x lo4 
2.82 x lo3  

NA 
4.25 x 10' 
2.82 x lo4 

NA 
1.19 x 10" 
1.19 x 10" 

1.19 x lo5  
NA 

2.82 103 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 



TABLE A.2-16 
(Continued) 

~ 

Maximum Loading 
Initial Maximum Concentration from EPA RAGS, Part B 

Upper 95% Constituent Leachate ODAST screening CPC rscreening 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration Concentrat ion 

Constituent of Concentration the Waste RAD) @ci/L RAD) @ca RAD) and Requires 
Potential Concern (mg/kg) (mg) @g/L non-RAD) ConstrainP @g/L non-RAD) (jtg/L non-RAD) SWIFT Modeling 

INORGANICS 
Antimony 2.20 x lo+' 4.44 x 10+8 3.00 x lo+' mdl-ISL 0.0 1.46 x 10+0 No 
Arsenic 1.38 x 10" 2.79 x 10" 1.81 x 10" mdl-ISL 0.0 1.46 x lo4 No 
Beryllium 1.08 x IO+' 2.17 x IO+' 2.00 x loo mdl-ISL 0.0 2.37 x lo4 No 
Lead 2.83 x lo+' 5.72 x lo+' 1.95 x 10" mdl-ISL 0.0 NA No 

Tonstraint on reported concentration is by In Situ Leachate (ISL), Toxicity Characteristic Leaching Procedure (TCLP), maximum detection limit (MDL), by US 
EPA 70-year rule (7O-Year), or by the Solubility Limit (SOL). 

bZero indicates that predicted concentration is at least three orders of magnitude below the screening concentrations. 

CNA = no data available to calculate EPA RAGS, Part B screening value. 
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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 

_ _ _ _ _ ~  ~ ~ _ _ _ _ _ _ _ _ ~  ~~ 

EPA RAGs, Part B 
Initial Perched Water Screening 

Concentration Concentration 
Constituents of Potential (pCi/L RAD) (pCi/L RAD) 
Concern @g/L non-RAD) Total Mass (mg) @g/L non-RAD) 

RADIONUCLIDES 
Neptunium-237 1.94 x 10' 8.86 x lo+' 2.16 x l o 2  
Plutonium-238 6.70 x 10' 2.42 x l o 2  2.16 x 

Radium-226 5.11 x loo 3.39 x lo+' . 1.76 x lo4 
Radium-228 3.72 x 10" 8.96 x 10-3 4.75 x 

Strontium-90 1.35 x 10' 1.65 x lo4 1.32 x lo-' 
Thorium-228 1.40 x 10" 3.37 x 10" 8.64 x 

Thor ium-230 1.38 x 10" 1.32 x 10'4 3.65 x lo-' 
Thorium-232 1.15 x lo+' 2.06 x 10+9 2.79 x 

Uranium-234 6.10 x 10" 1.03 x lo+' 2.97 x 10' 
Uranium-235/236 4.30 x 10' ' 2.09 x 10+3 . 2.97 x lo-' 
Uranium-238 1.52 x lo+' 4.74 x 10+5 1.70 x 10' 
Uranium-Total (non-RAD) 1.72 x lo+' 1.80 x 10'5 1.09 x lo+' 

INORGANICS 
Arsenic 
Beryllium 
Lead 

4.40 x 10" 5.44 x 1.46 x lo4 
2.20 x loo 3.40 x 2.37 x lo4 
3.14 x lo+' 7.40 x N A ~  

'No data available to calculate EPA RAGs, Part B screening values. 
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\ TABLE A.2-18 

Arsenic 
Lead 

1 

gglL 7 2 2.5 2.5 1.1 2.0 550.0 Yes 
pglL 7 3 2.8 4.5 2.0 2.6 140.0 Yes 

COMPARISON OF GREAT MIAMI AQUIFER WATER AND BACKGROUND 
FOR CONSIlTUENTS OF POTENTIAL CONCERN IN GROUNDWATER 

SOLID WASTE LANDFILL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent 
Potential 

NP-237 
PU-238 
RA-226 
RA-228 
SR-90 
TH-228 
TH-230 
U-234 
U-2351236 
U-238 

Detects in 2000-Series Well Water Samples 2000-Series 

'Mean calculated by using half of the detection limit for non-detects. 
bNot detected in background samples. Value reported is minimum detection limit. 
'Not detected in background samples. Value reported is maximum detection limit. 

NA - Not Available. 
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TABLE A.2-19 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN AND 
SOURCE PATHWAYS FOR THE SOLID WASTE LANDFILL 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

Source Pathwaysa 

Constituent of Solid Waste Perched Paddy’s Run Loading from 
Potential Concern Landfill Wastes Groundwater Surface Water Runoff 

~ ~ 

RADIONUCLIDES 

Technetium-99 Yes N A ~  NA 

- 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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Table A.2-20 shows the predicted perched water concentrations beneath the Solid Waste Landfill aiid 

the screening summary. Only technetium-99 and carbazole are predicted to reach the perched water 

zone above the EPA RAGS, Part B screening concentrations. The predicted 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 observed. Table A.2-21 compares the background 

concentrations and the field measured concentrations in the perched water. Thorium-232, 

uranium-234, uranium-238, and uranium total were observed above background levels. All other 

CPC's were detected at concentrations within the range of background concentrations. These detected 

CPCs occur in Well 1952, located southeast of the Solid Waste Landfill and south of the railroad 

track, which may be impacted by sources other than the Solid Waste Landfill. Detected total uranium 

concentration in the upgradient well for perched water (Well 1035) ranged from 2 to 17 pg/L with an 

average value of 6 pg/L. Total uranium in Well 1950 was detected at 11 pg/L, comparable to the 

upgradient well. Similarly, detected total uranium concentration at Well 1038 ranged from 4 to 5 

pgL,  again comparable to the upgradient well. Only one downgradient well, Well' 1952, detected 

total uranium at concentration of 55.8 pg/L, which is higher than upgradient,welI (see Figure 4-5, 

page 4-73). Although uranium is leachable (leachate concentration of 1610 pg/L was used in 

modeling as shown in Table 5-20), it is believed that the Solid Waste Landfill is not responsible for 

the high hits for CPCs occur in Well 1952, located southeast of the Solid Waste Landfill and south of 

railroad. 

0 ' 

Lime Sludge Ponds 

Figure A.2-7 shows the areal extent of the waste in the Lime Sludge Ponds and the SWIFT 111 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. a 



TABLE A.2-20 

PREDICTED PERCHED WATER CONCENTRATIONS AND SCREENING SUMMARY FOR 
CONSTITUENTS OF IW1'ENTIAL CONCERN, SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNAI.Q ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent 

Predicted Maximum Predicted Concentration 
Maximum Leachate Perched Water Screening Above Screening 

Units Concentration Concentration Concentration Concentration 
RADIONUCLIDES 

Cesium-137 
Lead-2 10 
Neptunium-237 
Plutonium-238 
Plutonium-239/240 
Radium-224 
Rad ium-226 
Rad ium-22 8 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Uranium-Total (non-RAD) 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

/%/L 

See footnotes at end of table 
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2.00 x lo+' 
2.79 x 

1.00 x 10+O 
1.00 x 10+O 
1.00 x 1 0 + O  
7.28 x 

1.00 x 10+O 
3.00 x lo+' 
5.00 x 10+O 
3.00 x lo+'  
1.00 x 10+O 
1.00 x 1 0 + O  
1.00 x 10+O 
9.42 x 

1.05 x lo+* 
8.68 x 

1.61 x 10+3 

o.ooa 
0.00 

1.11 x 1 0 5  

0.00 
0.00 
0.00 
0.00 
0.00 

1.43 x 1 0 3  
2.89 x lo+'  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.70 x 10' 
7.20 x 10-3 
2.16 x 

2.16 x 10' 
2.07 x 

1.25 x 10' 
1.76 x lo4 
4.75 x 

1.32 x 10' 
3.65 x lo+' 
8 . 6 4 ~  l o 2  
3.65 x IO-' 
2.79 x 

2.97 x 10'  
2.97 x 10' 
1.70 x 10" 
1.09 x lo+' 

No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 



TABLE A.2-2" 
. (Continued) 

Constituent 

Predicted Maximum Predicted Concentration 
Maximum Leachate Perched Water Screening . Above Screening 

Units Concentration Concentrat ion Concentration Concentration 
ORGANICS 

1,4-Dioxane 
2-Methylnaphthalene , 
Aroclor-1254 
Aroclor-1260 
Benzo(a)anthracene 
Benzo(a)pyrene 
B enzo (b) fl uo r anth ene 
Benzo(g , h , i)per ylene 
Carbazole 
Dibenzo(a,h)anthracene 
Endosulfan Sulfate 
Heptachlorodibenzo-pdioxin 
Heptachlorodibenzofuran 
Ideno( 1,2,3-cd)pyrene 
Octachlorodibenzo-p-dioxin 
Phenanthrene 

P d L  4.70 YlO+' 
PgIL 7.00 x lo+' 

2.00 x 1 0 + O  

2.00 x 1 0 + O  

PdL 1.00 x lo+' 
PLg/L 1.00 x 10" 
PgIL 1.00 x lo+]  
PgIL 1.00 x lo+' 
PglL 1.00 x IO+] 
pglL ' 1.00 x 10+l 
PdL 2.0 x lo1 

Pg/L 2.40 x 1 0 3  

PdL 1.00 x 1 O + I  
PgIL 8.51 x 

4.00 x lo4 
PdL 8.9 x lo+'  

~~ ~~~~ 

0.00 
7.00 x 10'4 c 

0.00 
0.00 
0.00 
0.00 
0.00 
0 .o 

9.61 x lo+' 
0.00 I 

2.00 x 10-l 
0.00 
0.00 
0.00 
0.00 
0.0 

NAb 
NA 

1.10 x 10-3 
1.10 x 10-3 
2.82 x 10-3 

2.82 x 10-3 
2.82 x IO4 

NA 
4.25 x 10" 
2.82 x lo-" 

NA 
1.19 x 10" 

,1.19 x 10" 
2.82 x IO" 
1.19 x 10" 

NA 

No 
NA 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 

~ 

INORGANICS 

3 

:E! 5rs 
b t! - 2  

G Z  zF 

Antimony PglL 3.00 x lo+]  0.00 1.46 x IOt0  No 
Arsenic PgIL 1.81 x lo+' 0.00 1.46 x IO4 No 3 

- P  

See footnotes at end of table 
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TABLE A.2-20 
(Continued) 

Constituent 

Predicted Maximum Predicted Concentration 
Maximum Leachate Perched Water Screening Above Screening 

Units Concentration Concentration Concentration Concentration 
INORGANICS (Continued) 

Beryllium MIL 2.00 x 10+O 0.00 2.37 x lo4 No 
Lead Pg/L 1.95 x lo+' 0.00 NA No 

aZero indicates that predicted concentration is at least three orders of magnitude below the screening concentration. 

bNA = No data available to calculate EPA RAGS, Part B screening value. 

'Assumed to be the same as the initial leachate due to lack of data on biodegradation. These will require modeling if toxicity data becomes 
available at a later time. I 

See footnotes at end of table 
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TABLE A.2-21 

COMPARISON OF PERCHED WATER AND BACKGROUND FOR 
CONSTITUENTS OF POTENTIAL CONCERN IN PERCHED WATER 

FOR THE SOLID WA!3TE LANDFILL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent Detects in Perched Water (1OOO-Series Wells) Background Perched Water 
of Potential Com arable to 

Concern Units Samples Hits Minimum Maximum Mealla Minimum Maximum Bac/&xxmd? 
RADIONUCLIDES 

INORGANICS 
1 Arsenic pglL 6 4 1.1 4.4 1.885 15.0 122.0 Yes 
,Beryllium 1glL 6 1 2.2 2.2 0.84 1 .o 1.8 Yes 
Lead pg/L 6 2 1 31.4 6.08 2.0 50.0 Yes 

I 

aMean calculated by using half of the detection limit for nondetects. 
bNot detected in background samples. Value reported is minimum detection limit. 
CNot detected in background samples. Value reported is maximum detection limit. 
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TABLE A.2-22 

LIm 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-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 

Organics Inoreanics 

1,1,2-Trichlorotrifluoroethane Arsenic 

1,2-Diethylbenzene Beryllium 

Acrylonitrile Lead 

Aroclor-1254 

BenzoQ, h, i)perylene 

bis(2-Ethylhexyl) phthalate 

D ibenzo (a,h)anthracene 

Indeno( 1,2,3-~d)pyrene 

Phenanthrene 
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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 Aauifer 

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-2351236 

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 

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 

8.45 x 

8.45 x 

8.45 x 

I 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 lo+' 

3.91 x 10+4 

3.91 x 10+4 

3.91 x 10+4 

1.91 x lo+' ' 

1.91 x 10" 

1.91 x lo+' 

1.91 x 10" 

ORGANICS 

1,1,2-Trichlorotrifluoroethane 4.34 x 10+O 

1,2-Diethylbenzene 1.06 x 10+3 

Aroclor- 1254 3.57 x 10+4 

Acrylonitrile 1.06 x lo+' 

Benzo(g,h, i)perylene 1.16 x 10+5 

Dibenzo(a, h)anthracene 3.11 x 10+4 

bis(2-Ethylhexyl) phthalate 3.27 x lo+' 

Indeno(l,2,3-cd)pyrene 1.53 x 

Phenanthrene 5.20 x 

3.22 x 10+O 

6.57 x 

1.04 x lo+' 

2.38 x 10+4 

7.21 10'4 

2.07 x 1 0 + 4  

2.21 x lo+' 

1.02 x 

3.23 x 

F E R \ C R U ~ ~ V \ P P - A \ T A B A ~ - ~ ~ U M W ~ ~  9. 1995 6:33pm A-2-8 1 



FEMP-OU02-6 FINAL 
January 21, 1995 

TABLE A.2-23 
(Continued) 

Constituent of , Retardation Factor for Retardation Factor for Unsaturated 
Potential Concern Glacial Overburden Great Miami Aquifer 

INORGANICS 

Arsenic 8.45 x 2.44 x 10+3 

Beryllium 5.49 x 10+3 3.05 x 10+3 

Lead 1.50 x 10+4 4.65 x 
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TABLE A.2-24 

SOURCE CHARACTERIZATION AND SCREENING SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN 
LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

_____ ~ _ _ _ _  

M&mum Loading 
Initial Maximum Concentration from EPA RAGS, Part B CPC 

Upper 95% Constituent Leachate ODAST screening 2 Screening 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration Concentration and 

Constituent of Concentration the Waste @ci/L RAD) Wfi RAD) @ci/L RAD) Requires SWIFT 
Potential Concern (mg/kg) (m& @glL non-RAD) ConstrainP @ g L  non-RAD) (jig& non-RAD) Modeling? 

RADIONUCLIDES 
No Cesium-1 37 1.95 x lo9 2.05 x 10' 1.42 x 10" 70-Year O.Ob 1.70 x 10' 

Neptunium-237 
Plutonium-23 8 
Plutonium-2391240 
Radium-226 
Radium-228 
S tront ium-90 
Technetium-99 

Thorium-230 

U ranium-234 
Uranium-235/236 
Uranium-238 

Thorium-228 

Thorium-232 

Grid #44,79 
Grid #45,80 
Grid #43,81 
Grid #44,81 
Grid #43,80 
Grid #45,81 
Grid #44,80 

See footnote at end of table 

4.58 x 10-4 4.65 x 
1.46 x lo4 
1.71 x lod 
1.58 x lod 
6.62 x lo9  
6.14 x lo9  
6.18 x lo5 6.50 x 
1.88 x lo9 
4.07 x lo4 4.28 x 
9.73 x lo+' 

2.01 x 10-1 

2.16 x lo+' 6.25 x 
7.63 x lo+'-. 4.81 x 
2.07 x lo+' 8.57 x 
2.33 x lo+' 4.72 x 

5.39 x lo+' 
8.45 x lo+' 6.27 x 

1.23 x 10' 
1.80 x lo+' 
1.66 x lo+' 
6.97 x lo2  
6.47 x lo2 

1.98 x l o2  

1.02 x lo+* 

2.12 x 10+6 
9.94 104 1.05 x 10+4 

8.30 10+7 

1.59 x io+1 2.22 x io+' 
9.53 x 10+6 

2.62 x lo+' 
1.67 x lo+' 
8.91 x lo+' 
1.31 x lo+' 
1.51 x 10+2 
7.07 x lo+' 
8.82 x lo+' 
1.29 x 
7.05 x lo+' 
9.00 x lo+' 
5.20 x 
3.66 x 10" 

1.85 x lo+' 
2.32 x 
2.35 x 
4.28 x lo+' 
4.48 x 
5.25 x 10+2 
2.40 x 

70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-YW 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-YW 
70-Year 
70-YW 
70-Year 
70-YW 
70-Year 
70-Year 
70-Year 

1.10 10-3 
0.0 
0.0 
0.0 
0.0 
0.0 

7.64 x 10+1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.16 x 10' 
2.16 x 10' 
2.07 x lo-' 
1.76 x l o4  
4.75 x 10' 
1.32 x 10' 
3.65 x lo+' . 

8.64 x 10' 
3.65 x 10' 
2.79 x lo2  
2.97 x lo-' 
2.97 x 10' 
1.70 x 10' 

No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
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TABLE A.2-24 
(Continued) r 

Maxirmun Loading 
Initial Maximum Concentration from EPA RAGS, Part B Cpc 

Upper 95% Constituent Leachate ODAST screening rscreening 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration Concentration and 

Constituent of Concentration the Wxte @Ci/L RAD) @Cfi RAD) @Ci/LRAD) RequiresSWIFT 
Potential Concern (mgflrg) (mli9 @g/L non-RAD) Constmid @g/L non-RAD) @ g 5  non-RAD) Modeling? 

Uranium - Total (non-RAD) 2.22 x 10" 2.34 x lo+* 1.87 x 70-YW 0.0 1.09 x lo+' No 
RADIONUCLIDES (Continued) 

ORGANICS 
1,1,2-Trichlorotrifluoroethane 2.00 x 10' 2.11 x 10'' 1.68 x 100 70-YW 0.0 NAC No 
1,2-Diethylbenzene 4.10 10'2 4.34 io+' 3.45 x io+' 70-YW 0.0 NA No 
Acrylonitrile 2.00 x 10' 2.11 x 1.68 x lo+' 70-Year 0.0 5.93 103 No 
Aroclor-1254 4.30 x 10' 4.53 x lo+' 3.62 x 10' 70-YW 0.0 1.10 103 No 
Benzo(g , h , i) pry lene 1.70 x 10' 1.80 x 1.43 x lo+' 70-Year 0.0 NA No 
bis(2-Ethylhexyl) phthalate 1.70 x 10'' 1.79 x 1.43 x 10" 70-YW 0.0 6.07 x 10' No 
D ibenzo(a , h)anthracene 1.10 x 10' 1.16 x 9.25 x IO' 70-Year 0.0 2.82 x lo4 No 
mkno(l,2,3-a1)pyrene 2.10 x 10' 2.21 x 1.77 x lo+' 70-YW 0.0 2.82 x l o 3  No 
Phenanthrene 8.20 x 10 '  8.67 x 10" 6.90 x lo+' 70-YW 0.0 NA No 

Arsenic 6.78 x lo+' 7.15 x 4.99 x IO+* TCLP 0.0 1.46 x lo4 No 
Beryllium 1.27 x 10" 1.33 x 1.07 x lo+' 70-Year 0.0 2.37 x lo4 No 
Lead 2.40 IO+' 2.54 10+9 2.02 x 10+4 70-Year 0.0 NA No 

INORCANICS 

~ 

-, 

vonstraint on reported concentration is by In Situ Leachate (ISL), Toxicity Characteristic Leaching Procedure (TCLP), maximum detection limit 
by US EPA 70-year d e  (70-Year). 
b r o  indicates that predicted concentration is at least three orders of magnitude below the screening concentrations. 
'NA - No data available to calculate EPA RAGS, Part B screening value. 

(MDL), or 
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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 EPA RAGS, Part B screening concentrations. Table A.2-26 lists the 

constituents that passed through the various screening processes and were simulated using the 

SWIFT III model. 

z 

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 th.e 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 layer 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. 

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 EPA RAGS, Part B screening concentrations. 

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, and bis(2-Ethy1hexyl)phthalate were detected above the background 

concentrations. Perched water under the Lime Sludge Ponds may be affected by other FEMP - 

sources. 

' 
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TABLE A.2-25 

PERCHEJI WATER SOURCE CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

'3 

Initial Perched 
Groundwater Screening 
Concentration Concentration 

(pg/L non-RAD) (pg/L non-RAD) 
Constituent @Ci/L RAD) Total Mass (mg) ' @Ci/L RAD) 

EPA RAGS, Part B 

RADIONUCLIDES 

Neptunium-237 8.39 x lo-' 4..11 x IO+' 2.16 x 

Radium-226 1.40 x IO' 9.91 x 10' 1.76 x lo4 

Radium-228 3.80 x 10' 9.78 x 10-3 4.75 x l o 2  

Strontium-90 3.45 x loo 4.54 x lo4 1.32 x lo-' 

Thorium-228 2.87 x 10' 7.39 x I O 2  8.64 x IO2 

Thorium-230 

Thorium-232 

2.51 x 10'' 

2.60 x 10' 

2.57 x 

4.99 x 

3.65 x lo-' 

2.79 x 0 
Uranium-234 2.45 x 10" 4.46 x lo+' 2.97 x 10 '  

Uranium-235/236 1.80 x lo-' 9.43 x Io+2 2.97 x IO-' 

Uranium-238 2.12 x loo I 9.16 x 10'4 1.70 x 10' 

Uranium-Total (non-RAD) 6.30 x 10' 7.13 x 10'4 1.09 x lo+' 

ORGANICS 

bis(2-Ethylhexy1)phthalate 2.00 x loo 2.59 x 10+4 6.07 x lo-' 

INORGANICS 

Arsenic 1.40 x lo+' 1.85 x 10+7 1.46 x IOd 



r 
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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 

Technetium-99 Yes N A ~  

'Yes - Indicates concentrations were above screening concentrations from this source pathway 
bNA - Not applicable, not present in the perched groundwater 
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TABLE A.2-27 

COMPARISON OF GO%i~AT MIAMI AQUIFER WATER AND BACKGROUND FOR 
CON!3TITUENTS OF POTENTIAL CONCERN IN GROUNDWATER 

FOR THE LIME SLUDGE PONDS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent Detects in 2OOO-Series Well Water Samples Background 2000j~eries 
of Potential Comparable to 
Concern Units Samples Hits Minimum hlaxIri.1~si Meana Minimum Maximum Background? 

RADIONUCLDES 
Neptunium-237 
Plutonium-23 8 
Radium-226 
Radium-228 
Thorium-228 

$ Thorium-230 
00 Uranium-234 ' 0 0  

Uranium-235/236 
Uranium-238 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
DCi/L 

8 3 
8 3 
9 4 
9 1 
9 2 
9 4 
8 6 
9 4 
9 6 

0.20 
0.05 
0.16 
1.54 
0.10 
0.13 
1.10 
0.08 
0.58 

0.41 
0.12 
0.79 
1.74 
1.60 
1 .oo 
1.50 
0.13 
1.62 

0.37 
0.23 
0.41 
1.36 
0.40 
0.40 
1 .os 
0.27 , 
1.01 

NA 
NA 

1.10 
3.10 
1.20 
1.20 
1.20 
NA 

0.90 

1. lob 
1 .oob 

8.50 
5.50 
2.90 
3.44 
4.20 

1.30b 
4.40 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

INORGANICS 
Arsenic P d L  6 2 1.1 1.2 0.7 2.0 550.0 Yes 

aMeans calculated by using half of the detection limit for non-detects. 
bNot detected in background samples. Value reported is maximum detection limit. 

NA = Not Available 

- 
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TABLE A.2-28 

PREDICTED PERCHED WATER CONCENTRATIONS AND SCREENING SUMMARY FOR 
CONSTITUENTS OF POTENTIAL CONCERN, LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent 

Predicted Maximum Predicted Concentration 
Maximum Leachate Perched Water Screening Above Screening 

Units Concentration Concentration Concentration Concentration 
RADIONUCLIDES 

Cesium- 137 pCi/L 
Neptunium-237 pCi/L 
Plutonium-238 pCi/L 
Plutonium-239/240 pCi/L 
Radium-226 pCi/L 
Radium-228 pCi/L 
Strontium-90 pCi/L 
Technetium-99 pCi/L 
Thorium-228 pCi/L 
Thorium-230 pCi/L 
Thorium-232 pCi/L 
Uranium-234 . pCi/L 
Uranium-239236 pCi/L 
Uranium-238 . pCi/L 

Uranium-Total (non-RAD) MIL 
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1.42 x lo+' 
2.62 x lo+' 
1.67 x lo+' 
8.91 x lo+' 
1.31 x 
1.51 x 
7.07 x lo+' 
8.82 x lo+' 
1.29 x 

7.05 x 

9.00 x lo+' 
5.20 x 
3.66 ~ '10 ' '  
6.27 x 
1.87 x 10+3 

o.oa 
5.06 x 10+O 

0.0 
0.0 
0.0 
0.0 

1.91 x 10+O 
8.23 x lo+' 

0.0 
0.0 
0.0 

2.01 x 
1.42 x 10-3 
1.64 x 
7.24 x l o 2  

1.70 x 10l 
2.16 x 
2.16 x l o 2  
2.07 x 
1.76 x lo4 
4.75 x l o 2  
1.32 x lo-' 

3.65 x 1 0 + O  
8.64 x 
3.65 x 10-1 
2.79 x 

2.97 x 1 0 '  
2.97 x 10'  
1.70 x lo-' 
1.09 x lo+'  

No 
YeS 
No 
No 
No 
No 
Yes 
YeS 
No 
No 
No 

,, No 
No 
No 
No 



TABLE A.2-28 
(Continued) 

Predicted Maximum Predicted Concentration 
Maximum Leachate Perched Water Screening Above Screening 

Constituent Units Concentration Concentration Concentration Concentration 
ORGANICS 

1,1,2-Trichlorotrifluoroethane pg/L 
1,l-Diethylbenzene 
Acrylonitrile 

Aroclor-1254 P d L  
Benzo(g,h,i) Perylene P d L  
bis(2-Ethylhexy1)phthalate P d L  
Dibenzo(a,h)anthracene PgIL 
Ideno( 1,2,3-~d)pyrene ICglL 
Phenanthrene MIL 

1.68 x lo+' 
3.45 x lo+' 
1.68 x lo+' 
3.62 x lo+' 
1.43 x lo+' 
1.43 x 

9.25 x lo+' 
1.77 x lo+' 
6.90 x lo+' 

1.66 x l o 1  
1.00 x lo4 
4.12 x 10' 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

NAb 
NA 

2.82 x 10-3 
1.00 x 10-3 

NA 
6.07 x 10' 
2.82 x lo4 
2.82 x 103 

NA 

NA 
NA 
No 
No 
No 
No 
No 
No 
No 

INORGANICS 
Arsenic 4.99 x . 1.45 x l o 2  1.46 x lo4 Yes 
Beryllium 1.07 x IO+' 0.0 2.37 x lo4 No 
Lead MIL 2.02 x 10+4 0.0 NA No 

aZero indicates that predicted concentraiton is at least three order of magnitued below the screening concentrations. 
bNA = No data available to calculate EPA RAGS, Part B screening value. 
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TABLE A.2-29 

COMPARISON OF PERCHED WATER AND BACKGROUND FOR 
POTENTIAL CONSTITUENTS OF CONCERN IN PERCHED WATER 

FOR THE LIME SLUDGE PONDS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituent of Detects in Perched Water (1WSeries Well) Background Perched Water 
Potential Concern Units Samples Hits Minimum Maximum Meana Minimum Maximum ComDarable to Backeround? 

Neptunium-237 
Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-2351236 
Uranium-23 8 

pCi/L 9 3 0.15 0.08 0.4 
pCilL 12 6 0.21 1.4 0.6 
pCi/L 12 2 3.68 3.8 3.7 
pCi/L 12 1 3.45 3.5 3.5 
pCi/L 14 6 0.78 2.9 1.6 
pCi/L 14 8 0.25 6.7 2.3 
pCi/L 12 4 0.74 2.6 1.5 
pCi/L 16 15 0.39 11.0 3.1 
pCi/L 11 8 0.08 0.7 0.2 
pCi/L 18 17 0.30 11.8 3.5 

0.50' 0.60b Yes 
1 .oo 1 .oo Yes 
4.50 5.20 Yes 

2.508 2.50b Yes 
1.04 1.60 Yes 
2.00 2.00 Yes 

1.06 1.90 No 
0.5@ o s o b  Yes 
1.07 1.50 No 

0.50' O.6Ob . NO 

Total Uranium lrglL 22 20 1 58 12.8 0.8 5.3 No 
INORGANICS 

Arsenic PdL  10 5 2.2 14 5.9 15.0 122.0 Yes 
Beryllium IrgJL 8 2 1.9 6.8 4.4 1 .o 1.8 No 
Lead PdL  12 7 2 51.4 14.8 2.0 50.0 Yes 

ORGANICS 
bis(2-Ethylhexy1)phthlate PdL 3 2 1 2 1.5 0.0 0.0 No 

'Not detected in background samples. Value reported is minimum detection limit. 

bNot detected in background samples. Value reported is maximum detection limit. 
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Inactive Flvash Pile/South Field 

Figure A.2-8 shows the areal extent of the waste in the Inactive Flyash Pile/South Field and the 

SWIFT III grid cells impacted by the direct loading from these subunits. Many SWIFT 111 grid 

blocks received lateral drainage. These grid blocks are identified in Figure A.2-8. Table A.2-30 

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 uie 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 111 model for the Inactive Flyash Pile and South Field. 

A 

Table A.2-38 compares the background concentrations and the field measured concentrations in the 

Great Miami Aquifer. Uranium and bis(2-ethylhexyl) phthalate were detected above background 

levels. Uranium was simulated using the SWIFT 111 model. Results of uranium calibration are 

presented in Section A.2.8. Vadose zone modeling predicted no increase in bis(2-Ethylhexyl) 

phthalate concentration. However, the frequency of detection of bis(2-Ethylhexyl) phthalate in the 

Great Miami Aquifer was low and it is also a common laboratory contaminant. Therefore, further 

calibration for bis(2-Ethylhexyl) phthalate was not considered and was not included for SWIFT I11 
modeling. 
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* FOR THE INACTIVE F'LYASH PILE AND SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Potential Constituents of 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 

Orrranics Inorganics 
2-Methylnap hthalene Arsenic 
Aroclor-1254 Beryllium 
Aroclor-1260 Lead 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
bis(2-Ethylhexyl) phthalate 
Dieldrin 
Octachlorodi benzo-p-dioxin 
Phenanthrene 
Tetrachlorodibenzofuran 
Tributyl Phosphate 
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TABLE A.2-31 

RETARDATION FACTORS FOR THE 
INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

~ 

Constituent 
Retardation Factor for Retardation Factor for Unsaturated 

Glacial Overburden Great Miami Aquifer 
RADIONUCLIDES 

Cesium-137 9.05 x 10+3 1.67 x 1 0 + ~  
Lead-2 10 1.50 x 10'4 4.65 x 
Neptunium-237 2.76 x 6.21 x lo+' 
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 10'3 
Radium-228 3.48 10+3 1.30 10+3 
Ruthenium-1 06 4.00 x 10+3 6.73 x 
Strontium-90 5.10 x IO+' 3.15 x lo+' 
Techneti um-99 1.59 x lo+' 1.86 x lo+' 
Thorium-228 2.90 x 10'4 3.91 x 10'4 
Thorium-230 2.90 x 10+4 3.91 x 10+4 
Thorium-232 2.90 x 10'4 3.91 x io+' 
Uranium-234 1.00 10+3 1.91 x lo+' 
Uranium-235/236 1.00 x 10+3 1.91 x 10" 
Uranium-238 1.00 x 10+3 1.91 x lo+' 
Uranium Total 1.00 x 10+3 1.91 x lo+' 

ORGANICS 
2-Methylnaphthalene 
Aroclor- 1254 
Aroclor- 1260 
Benzo(a)anthracene 
Benzo(a)p yrene 
Benzo(b)fluoranthene 
bis(2-Ethylhexyl) phthalate 
Dieldrin 
Octachlorodibenzo-pdioxin 
Phenanthrene 
Tetrachlorodibenzofuran 
Tributyle Phosphate 

2.68 x 
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 lo+' 
1.30 x 

6.45 x 
5.33 x 

3.68 x 
2.70 x 10+4 

A-2-94 

1.62 x 
2.38 10+4 
2.87 10'4 
8.89 x 10+3 
2.12 x 10'4 
8.27 x 1 0 + ~  
2.21 x lo+' 
7.12 x lo+' 
3.51 x 

3.23 x 
1.47 x 10'4 
2.23 x 

e 
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TABLE A.2-31 
(Continued) 

Retardation Factor for 

INORGANICS 

Retardation Factor for Unsaturated 
Constituent Glacial Overburden Great Miami Aquifer 

Arsenic 1.00 x 10+3 2.44 x 10+3 
Beryllium 6.50 x 10+3 3.05 x 10+3 
Lead 1.50 x 10 '4  4.65 x lo+* 

- .  
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TABLE A.2-32 

SOURCE CHARACTERIZATION AND SCREENING !SUMMARY FOR CONSTITUENTS OF POTENTIAL CONCERN 
FOR THE INACTIVE FLYASI1I PILE AND SOUTH FIELD 

€3 e=? c: w 
E. Maximum Loading CPC 

Initial Maximum Concentration frob EPA RAGS, Part B 2Screening 
, Upper 95% C.I. Constituents Leachate ODAST screening Concentration 

on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 
Constituents of Concentration the Waste @ci/L RAD) @ci/L RAD) W f i  RAD) SWIFT 
Potential Concern (mgfig) (mg) @g/L non-RAD) Constmine @g/L non-RAD) @g/L non-RAD) * Modeling? 

RADIONUCLIDES 

Cesium- 137 
Lead-2 10 

Neptunium-237 
Plutonium-238 
Plutonium-2391240 ? 

Y Radium-224 
Radium-226 
Radium-228 
Ruthenium-106 
Strontium-90 
Technet ium-99 
Thorium-228 

Thorium-230 

\o 
o\ 

Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 

Grid#28,59 
GridR8.63 

2.74 x 10-9 
7.87 x 10' 

4.26 x lo4 

2.34 10-9 
3.37 107 
1.97 x 10" 
2.95 x loa 
6.09 x lo9  
3.87 x lo-'' 
9.93 109 
5.29 x 10.' 
2.08 x 10' 

2.07 x 10"' 
1.39 x lo+' 

4.85 10-3 

2.67 x loto 

1.88 x lo+' 
1.62 x lot2 

See footnote at end of table 
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0 

6.06 x 10' 
1.74 x lo+' 
9.39 x 10+4 
5.17 x 10' 

7.45 x lo+' 
4.35 103 
6.52 x lot2 
1.35 x loto 
8.55 x lo2 
2.19 x lo+' 
1.17 10+4 

4.57 x 10+4 
3.07 10+9 

4.59 x 10' 

1.07 x lot6 

5.89 x lo+' 
1.82 x lo+" 
1.41 x lo+' 
4.13 x lo+* 

2.49 x lot2 
6.31 10+3 

3.15 x lot2 
4.21 x lo+' 
2.19 x lo+' 
3.29 x.10'3 

3.06 x 10+3 
1.74 io+' 
1.36 x 10+3 
1.43 10+3 

1.78 x 10+3 
4.48 x 10+3 
1.61 10+3 
3.17 10+4 

6.06 x 10+3 

4.24 x 10+3 
1.72 10+4 

9.45 x lot2 

7O-Ym 
7O-Year 
70-Year 
70-Year 
7O-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 

70-Year 

7O-Ya 
70-Year 

O.Ob 

1.06 x 10+2 

0.0 

8.53 x lo3 
0.0 

0.0 

1.58 x 10' 
.o.o 
0.0 

1.53 x lo+' 

7.72 x 

0.0 
0.0 
0.0 

1.10 x 10+4 

2.1 1 10+3 

5.44 10+5 

1.70 x 10' 
7.20 x lo' 

2.16 x 10' 
2.16 x lo2 
2.07 x lo2 
1.25 x lo-' 
1.76 x 10"' 

4.75 x 10' 
5.00 x 10' 
1.32 x 10' 
3.65 x lo0 
8.64 x 102 
3.65 x 10' 
2.79 x lo2  
2.97 x 10' 

2.97 x 10' 
1.70 x 10' 

No 
No 

Yes 
No 
No 
No 
Yes 
No 
No 
Yes 
Yes 
No 

No 
No 
Yes 

Yes 
Yes 



TABLE A.2-32 
(Continued) 

Maximum Loading CPC 
Initial MaKimurn Concentration from EPA RAGS, Part B 2Screening 

Upper 95% C.I. Constituents Leachate ODAST screeriing Concentration 
on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 

Constituents of Concentration the Waste @tin RAD) Wfi RAD) @ci/L RAD) SWIFT 
Potential Concern ( m d w  (mg) @g/L non-RAD) Constrainta @g/L non-RAD) ' @g/L non-RAD) Modeling? 

RADIONUCLIDES 

Uranium-238 (Continued) 

Grid#28,65 

Grid#29,62 
Grid#29,64 
Grid#30,62 
Grid#28,64 
Grid#29,63 

Grid#29,60 
Grid#30,57 
Grid#30,61 

Grid#28,66 
Grid#30,60 
Grid#3 1,58 
Grid#31,59 
Grid#29,58 

Grid#29,59 

Grid#29,65 
Grid#30,58 

Grid#30,59 
Grid#30,63 

1.28 x 
3.04 x lo+' 

7.66 x lo+' 
2.18 x lo+' 
3.04 x lo+' 
4.16 x lo+' 
7.85 x 10+O 
1.59 x lo+' 
1.81 x lo+' 

5.34 x 10+2 
1.18 x lo+' 
1.38 x lo+' 

1.38 x lo+' 
1.42 x lo+' 
9.89 x lo+' 

7.30 x 
1.77 x lo+' 

1.69 x IO+' 
1.45 x lo+' 

4.17 x 10" 
1.12 x lo+* 
5.33 x 10+8 

1.55 x lo+' 
2.17 x lo+' 
3.88 x lo+' 

6.45 x 10" 
7.69 x 
1.85 10+7 

4.99 10+7 
3.80 10+7 
8.73 x 10+7 
9.45 10'7 

7.09 10+9 

1.99 x lo+' 

1.42 x lo+* 

1.40 x lo+* 

1.88 x lo+' 
2.06 x lo+' 

1.36 x 10+4 
3.69 10+3 
9.89 io+' 

2.88 x io+' 
4.62 io+) 
7.21 10+3 
6.37 x 

1.51 x lo+' 
2.06 10+3 
3.70 10+4 
2.98 10'3 

4.66 x 10'3 
2.72 io+) 
3.49 10+3 

2.20 10+3 

2.96 10+3 
3.25 x 10+3 

3.03 x 10+3 

1.59 x 1o+s 

70-YW 
70-Year 
70-YW 
70-YW 
70-YW 
70-YW 
70-Year 
70-Year 
70-Year 
70-Year 
70-Year 

70-Year 
70-Year 
70-Year 
70-Year 

70-Year 
70-Year 
70-Year 

70-YW 

See footnote at end of table 
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TABLE A. 32 
(Continued) 

Maximum Loading CPC 
Initial Maximum Concentration from EPA RAGS, Prut B 2Screening 

Upper 95% C.I. Constituents Leachate ODAST screening Concentration 
on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 

Constituents of Concentration the Waste @Ci/L RAD) @Ci/L RAD) @ci/L RAD) SWIFT 
Potential Concern ( m g w  (mg) (pg/L non-RAD) Constraint* (pg/L non-RAD) (pg/L non-RAD) Modeling? 

RADIONUCLIDES 

Uranium-238 (Continued) 

Grid#30,64 
Grid#29,67 
Grid#30,67 

Grid#29,66 
Grid#30,65 
Grid#30,66 

Grid#3 1,6 1 
Grid#3 1,62 
Grid#3 1,63 

Grid#3 1,66 
Grid#34,60 
Grid#35,6 1 

Grid#3 1,65 
Grid #32,64 
Grid#33,59 
Grid#33,60 
Grid#33,61 
Grid#33,63 
Grid#34,61 

9 
2 
00 

4.30 x lo+' 
2.10 x lo+' 
1.46 x lo+' 
3.29 x 
4.77 x 10'2 
8.25 x lo+' 

2.12 x lo+' 
2.07x 10" 

2.11 x lo+' 

2.61 x lo+' 
6.29 x 10'' 
6.29 x lo+' 
2.17 x lo+' 
2.34 x lo+' 
1.61 x 10" 
8.10 x lo+' 
3.41 x 10'' 

1.01 x 10+2 
6.29 x lo+' 

See footnote at end of table 
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5.08 x lo+' 
6.92 x 

1.97 10+7 
1.83 x 10+9 
2.71 x 10+9 
3.11 x lo+' 

1.53 x lo+' 
1.34 x 10" 
1.65 x 10" 

6.19 x 
3.84 x 

2.39 x 
3.28 x 10+7 
4.67 10'7 

1.03 10+7 
6.47 x 10+7 

2.86 x 

1.41 x lo+' 
1.19 x lo+' 

8.00 x lo+' 
1.27 10'3 

2.08 io+' 

3.48 x 10+4 
6.37 x 10+4 
6.16 x 10+3 
2.98 x 10+3 
2.62 x 10+3 
3.22 io+' 

2.81 x 10'3 

1.80 10'3 

1.01 x 10'3 

2.63 10'3 

3.92 x 10+3 
1.68 10'3 

4.53 10'3 

1.31 x 10+4 
8.62 x 10+3 

7.90 x 

70-Year 
70-YM 
70-Year 
70-YW 
70-YM 
70-YM, 

70-YM 
70-Year 
70-Year 
70-YM 
70-Year 
70-Year 
70-Year 
70-Year 
70-YM 
70-Year 
70-YM 
70-Year 
70-YM 



TABLE A.2-32 
(Continued) 

Initial Maximum 
Upper 95% C.I. Constituents Leachate 

on Mean lnventory in Concentration 
Concentration the Waste @Ci/L RAD) Constituents of 

Potential Concern (mgM) (mg) ( p g n  non-RAD) Constrainp (pg/L non-RAD) bg/L non-RAD) Modeling? 

RADIONUCLIDES 

Maximum Loading CPC 
Concentration from EPA RAGS, Part B ZScreening 

ODAST screening Concentration 
(Vadose Layer 2) Concentration and Requires 

@Ci/L RAD) W f i  RAD) SWIFT 

Uranium-238 (Continued) 
Grid#34,62, 
Grid#3 1,60 
Grid#3 1,64 
Grid#32,60 
Grid#32,61 
Grid#32,62 
Grid#32,63 
Grid#33,62 
Grid#32,59 

Uranium Total (non-RAD) 

2.12 x 2.68 x lot8 2.92 x lot4 
1.32 io+' 7.75 10+7 2.82 104 
2.46 x' lo+' 1.24 x lot8 4.51 x io+) 
1.30 x lo+' 4.40 x lo+' 1.60 x 1 0 4  

1.07 iot1 3.42 x iot7 1.24 x 10+3 
2.66 x lo+' 1.24 x lot8 4.52 x lo+' 
2.92 x lo+' 1.35 x lo+" 4.90 x 10'' 
1.60 x lot2 4.93 x lot8 1.79 x io+' 

1.00 io+! 2.95 104 2.15 x 10+3 
1.04 x lo+* 2.29 x lo+'' 1.09 x lot5 

70-Year 

70-YW 
70-Year 
70-Year 

70-Year 
70-Year 
70-Year 
70-Year 
70-Year 

70-Year 3.79 io+' 1.09 x lo+' Yes 

ORGANICS 
2-methylnapthalene 
Aroclor-1254 
Aroclor- 1260 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

bis(2-Ethylhexyl) phthalate 
Dieldrin 

5.60 x 10' 
4.30 x 10.' 
8.90 x lo5 

1.30 x 10' 
1.10 x 10' 
1.40 x 10' 

8.60 x 10' 
1.60 x 10-2 

See footnote at end of table 
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1.24 x 5.89 x lo+' 

9.50 x loc7 4.52 x 
1.97 10+7 9.35 io+' 

2.87 x 10+7 1.37 x 
2.43 10+7 1.16 x 
3.09 x lot7 1.47 x 

1.90 x lot8 
3.53 x loc6 

9.03 x lo+' 
1.68 x lo+' 

70-Year 
70-Year 
70-Year 

70-Year 
70-Year 
70-Year 

70-Year 
70-Year 

1.98 x 10'' 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 

NAC 

1.10 10-3 
1.10 x 10-3 
2.82 x lo3 
2.82 x lo4 
2.82 x lo3  

-6.07 x 10' 
1.12 x 104 

NA 

No 

No 

No 

No 
No 

N o  

N o  



TABLE A.2-32- 
(Continued) 

Maximum Loading Cpc 
Initial Maximum Concentration from EPA RAGs, Part B 2Screening 

Upper 95% C.I. Constituents Leachate ODAST screening Concentration 
on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 

Constituents of Concentration the Waste @ci/L RAD) @ca RAD) @ci/L RAD) SWIFT 
Potential Concern (mg/kg) (mg) @glL non-RAD) Constraid @g/L non-RAD) (&L non-RAD) Modeling? 

~~ ~ ~ ~~~ 

ORGANICS (Continued) 

Octachlorodibenzo-pdioxin 3.60 x lo'' 7.96 x 3.78 x lo+' 70-YW 0.0 1.19 x 1 0 5  No 
Phenanthrene 2.10 101 4.64 10'7 2.21 i0+2 70-Year 0.0 NA No 
Tetrachlorodibenzofuran 1.80 x lo5 3.98 x lo+' 1.89 x 10' 70-Year 0.0 1.19 10-7 No 
Tributvl Phosohate 2.00 i o 1  4.42 10+7 2.10 x io+2 7 0 - Y ~ r  3.95 x lo+' NA NA 

LNORGANICS 

Arsenic 1.21 x io+' 2.66 x 10+9 4.00 io+2 TCLP 1.29 x lo5  1.46 x lo4 No 
Beryllium ' 1.44 x lo+' 3.18 x lo+* 1.51 x 10'' 7 0 - Y ~ r  0.0 2.37 x lo4 ' No 
Lead 2.81 x lo+' 6.20 x 2.00 x TCLP 5.61 x lo+' NA NA 

Yonstraint on reported concentration is by In Situ Leachate (ISL), Toxicity Characteristic Leaching Procedure (TCLP), maximum detection limit (MDL), or by 
US EPA 70-year rule (70-Year). 
bZero indicates that the predicted concentration is at least three orders of magnitude below the screening concentration. 
CNA = No data available to calculate EPA RAGs, Part B screening value. 
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January 21, 1995 

TABLE A.2-33 

PERCHED WATER CONCENTRATIONS AND MASSES FOR THE 
VADOSE ZONE MODELING, INACTIVE FLYASH PILE AND SOUTH FIELD 

EPA RAGs, Part B 
Initial Perched Water Screening 

Concentrat ion Concentration 
Constituents of @Ci/L RAD) @Ci/L RAD) 
Potential Concern (pg/L non-RAD) Total Mass (mg) (pg/L non-RAD) 

RADIONUCLIDES 
Neptunium-237 4.90 x lo-' 6.59 x lo+'  2.16 x lo-' 
.Plutonium-23 8 2.90 x 10' 3.08 x 10' 2.16 x lo-' 
Radium-226 
Thorium-228 
Thorium-230 
Uranium-234 
Uranium-235/236 

2.50 x lo-' 
4.80 x l o 2  
3.15 x lo-' 
2.79 x lo+' 
1.72 x lo+' 

4.86 x lo-' 1.76 x lo4 
3.40 x l o 3  8.64 x lo2 

3.65 x 10' 8.88 x 
1.38 x 2.97 x lo-' 
2.46 x 1 0 + ~  2.97 x lo-' 

Uranium-238 2.57 x lo+* 2.36 x 10+7 1.70 x .lo' 
(1.88 x 10+3)~ 

Uranium - Total (non-RAD) 6.45 x lo+' 1.99 x 1.09 x lo+'  
INORGANICS 

Arsenic 
Lead 

3.00 x lo+' 1.09 x 10+7 1.46 x lo4 
6.00 x lo+' 4.16 x 10+7 NAb 

'In grid blocks (28,66) and (29,65) perched water concentration for uranium-238 was set to 1882 pCi/L. 

bNo data available to calculate EPA RAGs, Part B screening value. 



FEMP-OUO2-6 FINAL 
January 21, 1995 

TABLE A.234 

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 

Constituents of 
Potential Concern 

EPA RAGs, Part B 
Seep Loading Screening 
Concentrat ion Concentration 
@Ci/L RAD) (pCi/L RAD) 

&g/L non-RAD) Total Mass (mg) &g/L non-RAD) 

INACTIVE FLYASH PILE SEEP 

Neptunium-237 

Plutonium-238 

Plutonium-239/240 

Radium-226 

Thorium-230 

Uranium-234 

Uranium-235/236 

Uranium-238 

Uranium - Total (non-RAD) 

Arsenic 

Bis(2-Ethylhexyl) phthalate 

Lead 

7.90 x lo-' 

2.91 x IO+' 

2.00 x lo-' 

1.48 x 10' 

6.53 x 10'' 

2.34 x 

1.24 x lo+' 

2.57 x lo+* 

9.15 x 

1.40 x lo+' 

1.00 x lo+' 

8.30 x lo+' 

5.46 x lo+' 

8.29 x 10-3 

7.29 10-3 

1.57 x 10' 

1.54 x lo+' 
a 

a 

4.52 x lo+' 
a 

8.28 x 10+5 

4.87 x 1 0 + ~  

4.04 10'5 

2.16 x 

2.16 x lo-* 

2.07 x 

1.76 x lo4 

3.65 x lo-' 

2.97 x 10' 

2.97 x 10' 

1.70 x lo-' 

1.09 x lo+' 

1.46 x lo4 

6.07 x lo-' 

N A ~  

SOUTHFIELDSEEP ~ 

2.97 x lo-' 

2.97 x lo-' ' 

a 

a 

Uranium-234 1.58 x 

Uranium-235/236 8.40 x lo+' 

Uranium-238 1.74 x 3.35 x lo+* 1.70 x 10'' 

1.09 x 10" Uranium - Total (non-RAD) a 6.19 x 

8Total mass was not computed because total uranium and uranium isotopes are modeled by applying ratios 
to uranium-238 results. 
bNo data available to calculate EPA RAGs, Part B screening value. 
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January 21, 1995 

TABLE A.2-35 

FLOW RATES FOR SEEPS AND PERCHED WATER SUBSURFACE SEEPS 
INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Flow Rate 

Grid Cell Gallons/minute Inchlyear 

INACTIVE FLYASH PILE SEEP 

(28,661 0.35 18.9 
~ ~ 

SOUTH FIELD SEEP 

(30,571 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 

I 

.. ! 
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TABLE A.2-36 

SCREENING FOR CON!STITUENTS OF POTENTIAL CONCERN AFTER DILUTION IN THE GREAT MIAMI AQUIFER 
FOR THE INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESITGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Diluted Great 
Concentration at the Miami Aquifer Screening Diluted Concentration Exceeds 

Constituent Units Groundwater Table Concentration Concentration Screening Concentration 

Neptunium-237 pCi/L 1.06 x 3.84 x 10+O 2.16 x 10" Yes 
Radium-226 pCilL 1.58 x io-' 9.14 x 18' 1.76 x lo4 Yes 
Strontium-90 pCi/L 1.53 x lo+' 1.52 x 1 0 + O  .1.32 x 10' Yes 
Technetium-99 pCi/L 7.72 x 2.79 x lo+' 3.65 x 10" Yes 
Uranium-234 pCi/L 1.10 10'4 3.98 x 2.97 x lo-' Yes 

? Uranium-235/236 pCi/L 2.11 x 10+3 1.21 x 2.97 x lo-' Yes 
Uranium-238 pCi/L 5.44 x 10+5 2.89 x io+' 1.70 x lo-' Yes Y 

E Uranium-Total PglL 3.79 x 10+4 1.37 x 10+O 1.09 x lo+' Yes 

2-methylnapthalene PglL 1.98 x 10" 7.17 x 10' NA" NA 
Tributyl phosphate 3.95 x lo+' 1.43 x 1 0 + O  NA NA 

Lead P d L  5.61 x lo+' 3.25 x 10" NA NA 

RADIONUCLIDES 

ORGANICS I 

INORGANICS 

' -". 'NA = No data available to calculate EPA RAGS, Part B screening value. 
bDiluted Great Miami Aquifer concentration marginally exceeds screening concentration. However, it is expected that maximum "=w- 

o p  la 
n 

concentration in the Great Miami Aquifer will be about an order of magnitude lower and, therefore, silver was not modeled further. 
g g  m 
$ 3  -- 2 €3 W A  
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TABLE A.2-37 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN AND SOURCE PATHWAYS FOR THE 
INACTIVE F'LYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Source Pathwaysa 
Inactive Flyash Inactive south Perched Groundwater Paddy's Run Loading from 

Contaminants of Pile/South Field Flyash Pile Field Subsurface Seeps in Inactive Inactive Flyash Pile/ 
Potential Concern Wasteb SMP Seep Flyash Pile/South Field South Field Runoff 

RADIONUCLIDES 
Neptunium-237 
Radium-226 
Strontium-90 
Technetium-99 

. uranium-234 
Uranium-235/23 Y 

VI Uranium-238 
c 
0 

Yes Yes No YeS No 
Yes - Yes No YeS Yes 
Yes No No No No 
YeS No No No Yes 
Yes Yes Yes Yes Yes 
YeS Yes Yes YeS No 
Yes Yes YeS Yes Yes 

Uranium - Total (non-RAD) Yes Yes Yes Yes No 

2-methylnaphthalenec NAC No No No NA 

Benzo(g , h, i)perylenec No No No No NA 
Dieldrind No No No No yesd 
PhenanthreneC No No No No NA 
Tributyl phosphate' NA No No No No 

ORGANICS 

Benzo(a)pyrened No No No No YeSd 

INORGANICS 
Arsenic 
Berylliumd 

No 
No 

Yes 
No 

See footnotes at end of table 
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TABLE A.237 
(Continued) 

! 
Source Pathwaysa 

Inactive Flyash Inactive south Perched Groundwater Paddy's Run Loading from 
Contaminants of Pile/South Field Flyash Pile Field Subsurface Seeps in Inactive Inactive Flyash Pile/ 
Potential Concern Wasteb Seep seep Flyash PilelSouth Field South Field Runoff 

LeadC NAc NA No NA NA 
INORGANICS (Continued) 

aaYesn indicates that predicted CPC concentration was above screening concentration; "No" indicates that the predicted CPC concentration was below screening 
concentration. 

bIncludes loading from perched groundwater source leakage through till and unsaturated GMA, if applicable. 

CNA = no data available to calculate EPA RAGS, Part B screening values for 2-Methylnaphthalene, benu>(g,h,i)perylene, phenanthrene and lead. These CPCs 
were not considered for further modeling using SWIFT. 

dNot modeled using SWIFT because diluted GMA concentration without absorption effects is marginaly above the screening concentration. 
concentration reduction in the GMA is approximately by a factor of 20. 

? 
Y C. 

0 m 
Typical 
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TABLE A.2-38 

COMPARISON OF GREAT Mfi-'iWiI AQUIFER WATER AND BACKGROUND FOR 
CONSTITUENTS OF WI'ENTIAL CONCERN IN GROUNDWATER 

SOUTH FIELD, INACTIVE FLYASH PILE, AND ACTIVE FLYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Detects in 2000-Series Well 
2000-Series Groundwater Samples Background 

Constituents Potential Cormarable to - -I_ _ _  - - - - - __  - - - - __ ____ 
of Concern Units Samples Hits Minimum Maximum Minimum Maximum Background? 

RADIONUCLIDES ~ 

NP-237 pCi/L 57 8 0.15 0.962 NA l.loa YeS 
PU-238 pCi/L 59 7 0.07 0.637 NA 1 .w YeS 
PU-239/240 pCi/L 59 1 0.06 0.06 NA 1.00a YeS 
RA-226 pCi/L 52 14 0.13 1.4 1.10 8.50 YeS 
TH-228 pCi/L 60 4 1.10 1.4 1.20 2.90 YeS 
TH-230 pCi/L 59 18 0.21 2.06 1.20 3.44 YeS 
TH-232 pCi/L 59 5 0.04 1.49 1.20 2.90 YeS 
U-234 pCi/L 61 57 0.68 662 1.20 4.20 No 
U-235/236 pCi/L 60 28 0.15 3 1.70 NA 1.3P No 
U-238 pCi/L 60 54 0.338 3 84 0.90 4.40 No 
U-Total pg/L 60 56 2.0 2070.0 NA NA Nob 

INORGANICS 
Arsenic PdL  16 6 1.2 3.9 2.0 550.0 YeS 
Lead pg/L 16 7 1.3 16.0 2.6 140.0 Yes 

bis(2-Ethylhexyl) phthalate PdL  22 3 2.0 6.0 NA NA No 
ORGANICS 

aNot detected in background samples. Value reported is maximum detection limit. 
bPerched water concentration is lower then the Great Miami Aquifer concentration. 

NA - Not available. 
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Active Flvash Pile 

Figure A.2-11 shows the aerial extent of the waste in the Active Flyash Pile and the SWIFT I11 grid 

cells impacted by direct loading from this subunit. Three SWIFT I11 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.2-40 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. 

A summary of screening for CPC for the vadose zone pathway and perched water infiltration pathway 

is included in Table A.2-39. CPCs passing the screening in Table A.2-39 were further screened 

using predicted dilution in the Great Miami Aquifer. Table A.2-43 shows the results of the Great 

Miami Aquifer dilution. Table A.2-44 lists the constituents that survived the various screening 

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. 

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 . l .  

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 I11 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. 

The groundwater modeling program was initiated to define groundwater transport in and around the 

FEW. The groundwater model used in support of the risk analysis is a finite-difference computer 

Background. DescriDtion. and Development of Model 
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TABLE A.2-39 

LIST OF CONSTITUENTS OF POTENTIAL CONCERN FOR VADOSE ZONE MODELING 
FOR THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Constituents of Potential Concern 

Radionuclides 

Lead-2 10 

Neptunium-237 

Plutonium-238 

Plutonium-2391240 

Radium-224 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235/236 

Uranium-238 

Inoreanics 

Arsenic 

Beryllium 

Lead 

Thallium 

Organics 

2-Methylnaphthalene 

Phenanthrene 



Constituent 

FEMP-OU02-6 FINAL 
January 21, 1995 

TABLE A.2-40 

RETARDATION FACTORS FOR THE 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FJ3RNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Retardation Factor for Retardation Factor for Unsaturated 
Glacial Overburden Great M'iami Aquifer 
RADIONUCLIDES 

Lead-2 10 
Neptunium-237 
Plutonium-23 8 

, Plutonium-239/240 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Total Uranium 

1.35 x 10'4 

7.67 x 10+3 
7.67 10+3 
3.14 x 10+3 
3.14 x 10'3 
3.14 x 10+3 

2.62 ioi4 
2.62 x 10'4 , 
2.62 x 10'4 

2 . 4 9 ' ~  

4.61 x 10" 

9.03 x 
9.03 x 
9.03 x 
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 
3.91 x 10'4 
3.91 x 10+4 

3.15 x 10" 

1.91 x lo+' 
1.91 x lo+' 
1.91 x lo+' 
1.91 x lo+' 

ORGANICS 
2-Methylnaphthalene 
Phenanthrene 

2.68 x 
5.33 x 

1.62 x 
3.23 x loc2 

INORGANICS 
Arsenic 
Beryllium 
Lead 
Thallium 

9.03 x 
5.87 x 10+3 
1.35 x 10'4 
6.77 x 10+3 
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TABLE A.2-41 

SOURCE CHARACTERIZATION AND SCREENING SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Loading CPC 
Initial Maximum Concentration from EPA RAGS, Part B >Screening 

Upper 95 4b Constituent Leachate ODAST Screening Concentration 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 

Constituents of . Concentration the Waste (pCi1L RAD) (pCi/L RAD) (pCi1L RAD) SWIFT 
Potential Concern (mgkg) (mg) (j& non-RAD) Constrainta (KglL non-RAD) @g/L non-RAD) Modeling? 

RADIONUCLIDES 
Lead-2 10 2.13 x 10.' 
Neptunium-237 
Plutonium-238 

9 Plutonium-2391240 
Y c Radium-224 
c Radium-226 

Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 

c 

Grid #3 1,56 
Grid #3 137  
Grid #32,56 
Grid #32,57 
Grid #32,58 

6.38 x lo4 
7.19 x 10'' 
1.77 x 10" 
2.35 x 10" 
5.30 x 10" 
1.59 x 10.' 
7.04 x 109 
7.06 x 10-9 
2.78 x lo4 
3.51 x 10" 
1.43 x lo3 
1.91 x 10'' 

1.51 x 10" 
1.51 x 10" 

.1.51 x 10" 
1.51 x lo+' 
1.51 x 10" 

See footnote at end of table 
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9.12 x 10' 
2.73 x 10+4 

1.01 x 103 

3.07 x 10" 
7.57 x lo+' 

2.27 x 10" 
6.81 x 10 '  
3.01 x lo-' 
3.02 x 10.' 
1.19 x 10+4 
1.50 x 10+9 
6.12 x 10+4 
8.15 x 10+7 
6.45 x lo+' 
6.32 x 
3.33 x 10+7 
9.13 x 10+7 

1.95 x 10+7 
1.64 x lo+* 

1.25 x 10+3 
3.45 x 10+2 
9.43 x lo+' 
8.43 x lo+' 
2.87 x 10+3 
4.02 x 10+3 
3.32 x 10+3 

4.44 x 10+3 
4.38 x 10+3 
2.96 x 10+3 
6.82 x 10+3 
3.16 10+3 

7.39 x 10+2 

6.78 x 10" 
9.39 x 10+2 
1.39 x 10+3 
1.84 x 10+3 
2.50 x 10+3 

70-Year 
70-Year 
70-Ye.i~ 
7 0 - Y ~ r  
70-Y ear 
70-Yt~r 
7 0 - Y ~ r  
7O-Year 
7 0 - y ~ ~ ~  
70-Year 
7 0 - Y ~ r  
70-Year 
70-Year 

70-Year 
70-Year 
70-Year 
70-Yar 
70-Yar 

o.ob 
3.28 x lo+' 

0.0 
0.0 
0.0 
0.0 
0.0 

1.79 x lo+' 
0.0 
0.0 

-0.0 
8.54 x 
3.95 x 
4.87 x 

7.20 x lo3  
2.16 x 
2.16 x lo2 
2.07 x l o2  
1.25 x 10' 
1.76 x lo-'' 
4.75 x lo2 
1.32 x 10' 
8.64 x lo2 
3.65 x 10' 
2.79 x 10.' 
2.97 x 10' 
2.97 x 10 '  
1.70 x 10' 

No 
Yes 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
Yes 
YeS 
Yes 



TABLE A.2-41 
(Continued) 

Maximum Loading CPC 
Initial Maximum Concentration from EPA RAGs, Part B ZScreening 

Upper 95 9% Constituent Leachate ODAST screening Concentration 
C.I. on Mean Inventory in Concentration (Vadose Layer 2) Concentration and Requires 

Constituents of Concentration the Waste (pCi/L RAD) @Ci/L RAD) (pCi/L RAD) SWIFT 
Potential Concern ( m g k )  (mg) (pg/L non-RAD) Constrainta (pg/L non-RAD) ( p g k  non-RAD) Modeling? 

RADIONUCLIDES 
(Continued) 

Uranium-238 (Continued) 
Grid #33,56 1.51 x 10" 1.18 x lo+* 1.37 x 10+3 70-Year 
Grid #33,57 1.51 x 10" 1.03 x 10'' 1.77 x 10+3 7O-Year 
Grid #33,58 1.51 x lo+' 1.61 x 1.97 x . 70-Year 

Grid #34,57 1.51 x lo+' 2.53 x 3.89 x 10+3 70-Year 
Grid #34,56 1.51 x lo+' 6.78 x 1.06 io+' 70-Year 

Uranium Total (non RAD) 3.00 x 10" 1.28 x 2.30 x 7O-Year 2.88 x 10+3 1.09 x 10" Yes 
ORGANICS 

2-Methylnaphthalene 1.60 x 10' 6.85 x 1.23 x lo+' 70-Year 9.18 x 10" NA' NA 
Phenanthrene 7.20 x 10" 3.08 x 5.54 x lo+' 70-Year 0.0 NA No 

INORGANICS 
Arsenic 
Beryllium 
Lead 
Thallium 

6.43 x 10" 2.75 x 9.80 x lo+' TCLP 0.0 1.46 x lo4 No 
3.38 x 10" 1.44 x 10'' 2.59 x 70-Year 0.0 2.37 x lo4 No 
4.54 x io+' 1.94 x 10+9 6.04 x lo+' TCLP 2.87 x lo+' NA NA 
2.08 x lo+' 8.91 x 1.60 x 10+3 70-Year 0.0 2.55 x lo-' No 

* aConstraint on reported concentration is by In Situ Leachate (ISL), Toxicity Characteristic Leaching Procedure (TCLP), maximum detection limit (mdl), or 
. by US EPA 70-year rule (70-Year). , 

bZero indicates that predicted concentration is at least three orders of magnitude below the screening concentration. 
'NA = no data>available to calculate EPA RAGs, Part B screening value. 
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TABLE A.2-42 

PERCHED. WATER CONCENTRATIONS A N D  MASSES FOR THE 
VADOSE ZONE MODELING, ACTIVE F%YASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Initial Perched 
Groundwater EPA RAGs, Part B 
Concentration Screening Concentration 

Constituents of (pCi/L RAD) (pCi/L RAD) 
Potential Concern &g/L non-RAD) Total Mass (mg) &g/L non-RAD) 

RADIONUCLIDES 

Neptunium-237 
Plutonium-23 8 
Plutonium-239/240 
Radium-226 
Rad ium-22 8 
Strontium-96 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-23 8 
Uranium - Total 

1.00 x 10+O 
1.00 x 10+O 
1.00 x 10'O 
1.00 x 10+O 
3.00 x 10+O 
1.19 x 10+O 
2.93 x lo+' 
1.13 x lo+' 
1.00 x 10+O 
6.60 x lo+' 
1.00 x 10+O 
6.90 x 10" 
3.13 x 10" 

5.52 x 
7.oi x io i  
1.93 x 
4.96 x lo+' 
5.41 x 10' 
6.26 x lod 
1.46 x lo-' 

2;24 10+3 

1.50 x 10+3 
6.53 10+5 
2.90 x 10+7 
4.42 x 10+7 

3.72 x 

2.16 x lo2 
2.16 x 102 
2.07 x lo-' 
1.76 x 10-4 
4.75 x 
1.32 x 10' 
8 . 6 4 ~  lo2  
3.65 x lo-' 
2.79 x 
2.97 x 10' 
2.97 x lo-' 
1.70 x lo-' 
1.09 x 10" 

INORGANICS 
Arsenic 3.40 x lo+' 4.80 x 10"j 1.46 10-4 
Lead 6.00 x lo+' 1.27 10'9 NAa 

aNA = No data available to calculate EPA RAGs, Part B screening value. 



TABLE A.2-43 

SCREENING FOR CONSTITUENTS OF POTENTIAL CONCERN AFTER DILUTION IN THE GREAT MIAMI AQUIFER 
FOR THE ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

- 

Constituent 

Concentration in Diluted Great Miami . 

Vadose Zone at the Aquifer Screening Diluted Concentration Exceeds 
Units Groundwater Table Concentration Concentration Screening Concentration 

Neptunium-237 pCi/L 3.28 x 10" 

Strontium-90 , pCi/L 1.79 x lo+' 

Uranium-234 pCi/L 8.54 x lo+' 

? Uranium-235/236 pCi/L 3.95 x IO" 

Ur anium-tot al (Non-RAD) pCi/L 2.88 x 10+3 

Y 
z. Uranium-23 8 pCi/L 4.87 x 10" 
c. 

6.98 x 10+O 

3.80 x lo+' 

1.28 x 10'' 

5.92 x lo+' 

7.28 x lo+' 

4.31 x lo+* 

2.16 x lo-' 

11.32 x lo-' 

2.97 x lo-' 

2.97 x lo-' 

1.70 x lo-' 

1.09 x lo+' 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

ORGANICS 
~ ~ ~ ~ ~~~ ~~ ~ ~~ 

2-Methylnaphthalene MJL 9.18 x lo+' 1.95 x lo+' NA" NA 

INORGANICS 

Lead Pg/L 2.87 x lo+' 6.11 x lo+' NA 

aNA = no data available to calculate EPA, RAGS, Part B screening volume. a - c  
CZ 

- e  
@ 
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TABLE A.2-44 

SUMMARY OF CONSTITUENTS OP POTENTIAL CONCERN AND SOURCE PATHWAYS FOR THE 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Source Pathwaysa 

Contaminants of 
Potential Concern Flyash Pileb Runoff 

Infiltration through Active SSOD Loading from Active Flyash Pile 

RADIONUCLIDES 
Neptunium-237 Yes Yes 
S trontium-90 Yes No 

Uranium-234 
Uranium-235/236 

- 

9 Uranium-238 

Yes 
Yes , 
Yes 

Yes 
No 
Yes + Uranium Total Yes No 

c.. 
c-. 
t h  ORGANICS 

2-Methylnaphthalene NAd l No 
INORGANICS 

Arsenic No Yes 
Beryllium No Yes 
Lead NA NA 

a" Yes" indicates predicted CPC concentration was above screening concentration; "No" indicates that the predicted CPC concentration was below screening 
concentration. 
bIncludes loading from perched groundwater source leakage through till and unsaturated GMA, if applicable. 
'Not .modeled based on diluted GMA concentration less than EPA RAGs, Part B screening concentration. 
dNA = no data available to calculate EPA, RAGs, Part B screening value. 
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model of groundwater flow and solute transport. The computer program used was SWIFT/386 

Version 2.51. A comprehensive verification study of the SWIFT I11 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 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 F E W  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 
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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. 

The regional and local models each contain five layers. These layers are conceptually shown in 

Figure A.2-4. 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 

w el I 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 

feet/day (0.16 cm/sec), and the lowermost layers used 600 ft/day (0.21 cm/sec). In addition, a 
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portion of the middle layer which underlies the FEMP was assigned 0.0003 ft/day (1 x lo-' cm/sec) 

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 

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 (Le., over a range which 

includes this value) (Parsons 1993). Further details concerning determination of hydraulic 

conductivity values can be found in "Groundwater Modeling Report - Summary of Model 

Development" (DOE 1993a). 

Recharge rates set as a result of the regional model calibration were assigned to several different 
I 

zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge of 6 

inches per year (in/yr) (15 cm/yr) was used. Regions where the Great Miami Aquifer is exposed at 

the surface use 14 in/yr (36 cmlyr), and Paddys Run channel was assigned a value of 32 in/yr (0.81 

cm/yr) in the local model to simulate its increased infiltration. An additional region, the area covered 

by the FEMP former Production Area, was also created as a consequence of the sensitivity analysis. 

This region was assigned a value of 2 in/yr (5 cm/yr) because a large portion of the area is covered 

or underlain by the drainage system. Further rationale for the reduced infiltration rate in the former 

Production Area is provided in the "Groundwater Modeling Report - Summary of Model 

Development" (DOE 1993a). 

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 

percent. Further details on the SWIFT model calibration are provided in a separate report (DOE 
1993a). 
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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. 

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 I11 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 II1 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.2-45. Other key 

parameters used by the SWIFT I11 model are listed in Table A.2-46. 
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TABLE A.2-45 

DISTRIBUTION COEFFICIENTS AND DECAY FACTORS USED IN THE 
SWIFT 111 MODEL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Distribution Coefficient Decay Half Life 

RADIONUCLIDES 

Parameters Kd (nw.9 (days) 

Neptunium-237 

Radium-226 

S trontium-90 

Technetium-99 

Uranium-234 

Uranium-235/236 

Uranium-238 

Uranium - Total 

5.00 x lo+' 

1.06 x lo+' 

2.50 x 10" 

7.00 x 10' 

1.48 x lo+' 

1.48 x lo+' 

1.48 x lo+' 

1.48 x 10'' 

7.81 x lo+* 

5.84 10+5 

1.04 x 1 0 + ~  

7.77 x 10+7 

8.92 10+7 

2.57 x lo+" 

1.63 x lo+'' 

1.63 x 

INORGANICS 

Arsenic 

Beryllium 

Lead 

2.00 x lo+' 

2.50 x lo+' 

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 111 MODEL 

Parameter Value 

Hydraulic Conductivity 

Layer 1 

Layer 2 

Layer 3 

Layer 4 

Layer 5 

Effective Porosity 

Longitudinal D is per s i ty 

Transversal Dispersity 

Soil Bulk Density (dry) 

K H  = 450 ft/day; K,, = 45 ft/day 

KH = 450 ft/day; = 45 ft/day 

K H  = 1.00 x loa3 ft/day; K,, = 1.00 x 

K H  = 600 ft/day; K,, = 60 ft/day 

K H  = 600 ft/day; K,, = 60 ft/day 

0.25 

100 ft 

10 ft 

1.60 g/cm3 

' 

ft/day 

e .  
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Model simulations were performed using SWIFT/386 on a Powerbox PC microcomputer or Silicon 

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. 

Output was written to a single file from which relevant data was extracted using data manipulation 

programs written for that purpose. Contour plots were made for selected constituents at different 

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 &e time of uranium maximum concentration on-site and at the 

F E W  property boundary, and at 1000 years. 

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 

c 

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.l 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. Note that Tables 

A.2-47 and A.2-48 provides CPC loading to the Great Miami Aquifer from surface water pathway for 

the CPCs passing all the screening steps and require detail modeling (see Table A. 1-14). 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.2-47 provides a summary of surface water runoff 
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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 F'LYASH PILE AND THE SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum 
Loading Maximum 

Concentration to Loading 
the Aquifer from Concentration to EPA RAGS, Part 

the Inactive the Aquifer from Annual B Screening 
Flyash Pile the South Field Loading Mass Concentration 

Constituents of (pCi/L RAD) (pCi/L RAD) @) (pCi/L RAD) 
Potential Concern &g/L non-RAD) &g/L non-RAD) &g/L non-RAD) &g/L non-RAD) 

Arsenic 3.92 x lo+' 8.81 x lo-' 1.14 x lo+' 1.46 x lo4 

Technetium-99 0.0 2.15 x 10'4 9.72 x 10' 3.65 x lo+' 

Uranium-238a 1.27 x 1.44 x 3.74 x 1.70 x 10' 

aThe Great Miami Aquifer concentrations for other uranium isotopes and total uranium were scaled from 
the results for uranium-238. 



FEMP-OU02-6 FINAL 
January 21, 1995 

TABLE A.2-48 

SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR 
SURFACE WATER RUNOFF LOADING TO THE GREAT MIAMI AQUIFER FROM 

THE ACTIVE F'LYASH PILE 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Loading 
Concentration to the Screening 

EPA RAGS, Part B 

Aquifer Concentration 
Constituents of (pCi/L RAD) Loading Mass (pCi/L RAD) 
Potential Concern &glL non-RAD) . &glL non-RAD) 

Arsenic 

Beryllium 

Neptunium-237 

Uranium-238' 

1.06 x lo+' 1.21 x lo+' 1.46 x lo4 

4.44 x lo-' 5.04 x lo-' 2.37 x 10-4 

2.51 x lo+' 4.08 x 2.16 x lo2 

5.13 x lo+' 1.74 x lo+* 1.70 x 10' 
d 

'The Great Miami Aquifier concentrations for other uranium isotopes and total uranium were selected 
from the results for uranium-238. a 
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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. 

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 

One-hundred percent of the constituent mass in the runoff effluent reaching the 

mass reaching Paddys Run was assumed to reach the Great Miami River. Uranium-238 was modeled 

using SWIFT HI. The other uranium isotopes and total uranium results were scaled from the 

uranium-238 results. 

A.2.8.3 Results of SWIFT I11 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 an EPA RAGS, Part B guidelines, 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. 

0. 

i 

li 

Maximum predicted technetium-99 concentration in the Great Miami Aquifer was 0.61 pCi/L, which 

is more than an order of magnitude below the screening concentration. Due to low concentrations, 

no contour map of technetium-99 concentration was produced. 
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TABLE A.2-49 

SUMMARY OF SWIR MODELING RESULTS 
FOR THE SOLID WASTE LANDFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
' FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Time of 
Maximum Minimum Time of Maxi mum Maximum Maximum EPA RAGS, 
Loading Time of Maximum On-Site Concentration Concentration at Part B 

Concentration Arrival to On-Site Concentration in at the FEMP the FEMP screening 
Constituents of from ODAST the Aquifer Concentration the Aquifer Boundary Boundary Concentration 
Potential Concern @Ci/L) (Years) (Yeas) @Ci/L) (Years) @Ci/L) @Ci/L) 

RADIONUCLIDES 

Technetium-99 28.5 10-20 60 0.61 70 0.054 3.65 

I 
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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 1000 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 

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 EPA RAGS, Part *B guidelines, 

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. 

Figure A.2-17 shows the Great Miami Aquifer loading curve for technetium-99 loading from the 

Lime Sludge Ponds. Figure A.2-17 shows that the breakthrough occurs at 10 years and the peak 

loading to the Great Miami Aquifer occurs at 30 years. During these two time steps, concentration of 

technetium-99 in the Great Miami Aquifer increases from zero and also moved away from the Lime 

Sludge Ponds. As more technetium-99 is added at later time, it mixes with the technetium-99 already 

present in the Great Miami Aquifer under the Lime Sludge Ponds and maximum on-site technetium- 

99 concentration occurs at 40 years due to cumulative effects. Meanwhile, technetium-99 loaded to 

the Great Miami Aquifer before 40 years has moved off-site. Due to exponentially declining loading, 

low retardation, and flow dynamics including effects of dispersion, off-site maximum technetium-99 

concentration also occurs at 40 years (Table A.2-50). It must be noted that off-site maximum 

concentration is less than on-site maximum concentration. Figure A.2-18 shows the contour plots for 

@ 

projected increase in the concentrations.of technetium-99 at the time of maximum concentrations (40 

years). 

I 

n 

Figure A.2-18 shows that plume migration from the Lime Sludge Ponds is in an east-southeasterly 

direction. At 1 ,o00 years, concentrations of'technetium-99 were predicted to be significantly below 

the screening level. 
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TABLE A.2-50 

SUMMARY OF SWIFI’ MODELING RESULTS FOR THE 
LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Time of EPA 
Maximum Minimum Time of Maximum Maximum Maximum RAGS, 
Loading Time of Maximum On-Site Concentration Concentration Part B 

Concentration Arrival to On-S i te Concentration at the FEMP at the FEMP Screening 
Constituents of Fiom ODAST the Aquifer Concentration in the Aquifer Boundary Boundary Levels 
Potential Concern @Ci/L) orears) orears) (pCi/L) orears) (pCi/L) (pCi/L) 

RADIONUCLIDES 

Technetium-99 76.4 20-30 40 2.96 40 0.17 3.65 

9 
Y 
L 

0 
c2 c 
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A.2.8.3.3 Inactive Flvash Pile/South Field 

The Operable Unit 2 SWIFT 111 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. 

1950’s. Current uranium-238 concentrations in the Great Miami Aquifer in the vicinity of the South 

Field area was detected as high as 707 pCi/L at well 2945 in the validated unfiltered samples. The 

total uranium concentration from these samples is as high as 2070 pg/L (equivalent to 587 pCi/L of 

uranium-238). Figure A.2-19A shows present day concentrations at calibration targets and flow 

direction for the fate and transport model calibration. 

Use of uranium at the site began in the 

SWIFT 111 was first run using a K,, 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 I<d of 8.4 ml/g does not occur until after 160 years, 

calibration cannot be done by increasing waste concentration alone. Through calibration process, the 

K,, 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, as compared to 707 pCiL measured at 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 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.2-19B) is consistent with the field observations. 

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 
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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 

show the concentration vs. time history of perched water subsurface seep in the same grid block, 

which has early arrival time but lower peak concentration 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,OOO 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 1OOO 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-235/236 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-239236 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: 
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TABLE A.2-51 

SUMMARY OF SWIFI' MODELING RESULTS FOR THE 
INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Minimum - Maximum Time of Maximum 
Loading Time of Time of On-Site Maximum Concentration at EPA RAGS, 

Concentration Arrival to Maximum Concentration in Concentration the FEMP Part B 
Constituents . from ODAST the On-Site the Aquifer at the FEMP Boundary Screening Levels 
of Potential @Ci/L RAD) Aquifer Concentration @Ci/L RAD) Boundary @Ci/L RAD) @Ci/L RAD) 
Concern (pg/L non-RAD) (years) (Yam) (pg/L non-RAD) (years) .(pg/L non-RAD) (pg/L non-RAD) 

RADIONUCLIDES 
~~~~ ~~ 

Neptunium-237 
Radium-226 
Strontium-90 
Technetium-99 
uranium-2Ma 
Uranium -235123 Sa 
Uranium-238 
Uranium Total - (non-RAD)a 

~~ ~ 

1.06 x lo+' 
1.58 x lo-' 
1.53 x lo+' 
7.72 x lo+' 

_a, b 

-8, b 

_a, b 
5.44 10+5  

40 
760 
60 
0 

0 
0 

0 
0 

360 

1 
140 
40 

160 
160 
160 
160 

9.33 x lo-' 

8.90 x 10" 
2.07 x lo-' 
1.03 x lo+' 
4.69 x 
2.50 x lo+' 
5.17 x lo+' 
1.84 x 10+3 

540 

1 ,ooo 
200 
40 
220 
220 
220 
220 

8.59 x 10' 
1.13 x 109 
4.48 x 10-3 

2.86 x le 
2.40 x lo+' 
1.28 x le 

2.65 x lo+' 
9.45 x lo+' 

2.16 x lo-' 
1.76 x lod 
1.32 x 10" 
3.65 x lo+' 
2.97 x lo-' 
2.97 x lo-' 
1.70 x 10 '  
1.09 x lo+' 

ORGANICS 
2-Methylnaphthalenec 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo (g , h , i) pery lene 
Dibenzo(a ,h)anthracene 
Dieldrin 
Phenanthrene 
Tributyl phosphate' 

1.98 x 10" 
e 

f 

-B 
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I 

-B 

3.95 x lo+' 
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40 
0 
0 
0 
0 
0 
0 
60 

360 
lo00 
lo00 
lo00 
lo00 
lo00 
lo00 
660 

1.74 x IO-' 
3.84 x 10-3 
2.75 x l o3  
1.32 x lo-' 
6.66 x IOa 
8.47 x IOd 
4.10 x lo+' 
4.01 x 10" 

540 
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-I 
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e - 
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lo00 

1.61 x I O 2  
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f 

-B 
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-B 

3.72 x 10' 

N A ~  
2.82 x 10-3 

2.82 x lod 
NA 

2.82 x lod 
1.12 x lo4 

NA 

NA 



TABLE A.24 
(Continued) 

Constituents 
of Potential 
Concern 

Maximum Minimum Maximum Time of Maximum 
Loading Time of Time of On-Site Maximum Concentration at EPA RAGS, 

Concentration Arrival to Maximum Concentration in Concentration the FEMP Part B 
from ODAST the On-Site the Aquifer at the FEMP Boundary Screening Levels 
@Ci/L RAD) Aquifer Concentration @Ci/L RAD) Boundary @Ci/L RAD) @Ci/L RAD) 

(jtg/L non-RAD) (years) (Yearn) @g/L non-RAD) (years) (jtg/L non-RAD) @g/L non-RAD) 
~ _ _  

INORGANICS 
Arsenid 
Lead 
Berylliumi 

1.29 x 0 lo00 3.35 x lo4 1 ,o00 8.56 x 10-5 1.46 x lo4 
5.61 x lo+" 200 1 ,o00 4.86 x 10' 1 ,o00 5.94 x 10-3 NA' 

0 lo00 2.61 x 10-5 lo00 6.73 x 10" 2.37 x lo4 1 

aResults for uranium-234, uranium-235/236, and total uranium were established by using appropriate scaling ratios to uranium-238 results. 
bODAST results were not used for SWIFT 111 modeling and therefore not shown in this table. 
'Results for 2-Methylnaphathalene were estimated based on the results for Neptunium-237. 
d N A = N ~  data available to calculate EPA RAGs, Part B screening value. 
eBenzo(a)anthracene and dibenzo(a,h)anthracene were not modeled using SWIFT 111 because the concentrations in the Great Miami Aquifer fall below the EPA 
RAGs, Part B screening concentrations after mixing in the SWIFT I11 grid cell. The maximum predicted concentration based on 30-ft. wide Paddys Run are 
reported as the maximum on-site concentration. 
fThe predicted maximum concentration after mixing in the full SWIFT 111 grid cell is marginally above the EPA RAGs, Part B screening concentration. 
Therefore, SWIFT 111 modeling was not performed and the maximum predicted concentration based on 30 feet wide Paddys Run is reported as the maximum 
on-site concentration. 
gBenzo(g,h,i)perylene and phenanthrene were not modeled using SWIFT 111 because EPA RAGs, Part B screening concentrations could not be calculated. 
Maximum predicted concentration based on 30 feet wide Paddys Run are reported as the maximum on-site concentration. 
hResults for tributyl phosphate are estimated based on results for CPCs with similar adsorption properties. 
iThe main contribution to the Great Miami Aquifer is from the surface water runoff pathway. 
jThe results are scaled from the SWIFT I11 modeling results for the Active Flyash Pile because of no impact on overall risk, and the main pathway to the Great 
Miami Aquifer is the surface water runoff pathway. 

I 
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TABLE A.2-52 

SUMMARY OF WIIT MODELING RESULTS AT THE TIME AND LOCATION OF THE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

U-238 MAXIMUM CONCENTRATION FOR THE INACTIVE JXYASH PILE AND SOUTH FIELD 

On-Site Concentration at Concentration at the FEMP EPA RAGs, Part B 
Constituents of 160 Years Boundary at 220 Years Screening Levels 
Potential Concern @Ci/L RAD) (pCi/L RAD) @Ci/L RAD) 

(pg/L non-RAD) (pg/L non-RAD) kg/L non-RAD) 
RADIONUCLIDES 

Neptunium-237 1.90 x 2.81 x lo4 2.16 x l o 2  
Radium-226 0.0 0.0 1.76 x lo4 
S trontium-90 2.72 x 10" 2.26 x 10-3 1.32 x lo-' 
Technetium-99 1.82 x 100 9.81 x 10' 3.65 x lo+' 
Uranium-234' 4.69 x 2.40 x lo+' 2.97 x lo-' 
Urani~m-235/236~ 2.50 x 10" 1.28 x 100 2.97 x 10' 
Uranium-23 8 5.17 x lot2 2.65 x lo+' 1.70 x 18 '  
Uranium - Total (non-RAD)' 1.84 x 10+3 9.45 x 10" 1.09 x lo+' 

2-Methylnaphthalene 3.55 x 10-3 5.25 x l o5  N A ~  
ORGANICS 

Benzo(g, h, i)perylene 0.0 0.0 NA 
Phenanthrene 0.0 0.0 NA 
Tributyl phosphate 1.67 x 10 '  3.11 x lod NA 

INORGANICS 
Arsenic 0.0 0.0 1.46 x lo4 
Lead 1.43 x lo+' 2.05 x 1044 NA 

'Uranium-234, uranium-235/236, and total uranium were modeled by applying ratios to uranium-238 results. 
bNA = Note data available to calculate EPA RAGs, Part B screening value. 

ab 
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Uranium-234 = 0.91 (Uranium-238) activity ratio 

Uranium-235/236 = 0.048 (Uranium-238) 

Uranium-238 = 0.832 (Uranium-total) 
\ 

activity ratio 

mass ratio at Inactive Flyash 
Pile/South Field only 

The uranium-238 vs. total uranium relationship was used a limited number of times when total 

uranium analysis was available for a soil but’uranium-238 analysis was not available. The total 

uranium analysis is not as accurate as the isotope analysis. Therefore, while converting modeled 

uranium-238 results to total uranium results, total uranium concentration was calculated by adding all 

uranium isotope concentrations. This is equivalent to assuming 99.25 percent of total uranium 

consists of uranium-238. This is consistent with naturally occurring uranium distribution. 

Although these relationships were developed from soil samples, these relationships should apply to 

uranium concentrations in the groundwater because all uranium isotopes have very long half-lives 

(greater than 10,OOO years) and have similar adsorption properties. These relationships can be used to 

estimate uranium-234, uranium-235/256, and total uranium concentrations. 

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 A.2-39. As an example, 

Figure A.2-30 depicts a plume of neptunium-237 in groundwater moving towards the southeastern 

boundary of the FEW. . Contour plots show the projected increase in the concentrations of 

contaminants. Figure A.2-32 shows two contours for 6.1 x pCi/L Neptunium-237 concentration. 

This is due to early breakthrough time from some SWIFT celis and late breakthrough time from other 

SWIFT cells (see Figure A.2-27). The downgradient 6.1 x 10” pCi/L contour is related to early 

breakthrough while 6.1 x 10” pCi/L contour in the South Field vicinity is due to late breakthrough. 
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A.2.8.3.4 Active Flvash Pile 

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 EPA RAGS, Part‘B 

screening concentrations in 1,000 years. The table also presents the arrival time for CPCs in the 

aquifer, the maximum loading concentration, the maximum concentration of CPCs that could be 

expected in the aquifer within loo0 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, plutonium-238, plutonium-239/240, arsenic, and 

beryllium. Although all CPCs are above screening concentrations, only neptunium-237, uranium 

isotopes, arsenic, and beryl!ium are expected to be above screening concentrations at the FEMP 

boundary. 

As noted earlier, to@ uranium, uranium-234, and uranium-235/236 concentrations were estimated 

from the results of uranium-238 modeling. Figure A.2-40 shows site specific relationship between 

uranium-238 and total uranium at the Active Flyash Pile. Figure A.2-40 shows that 91 % of total 

uranium mass consists of uranium-238. The uranium-238 vs. total uranium relationship was used a 

limited number of times when total uranium analysis was available for a soil but uranium-238 analysis 

was not available. 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. 

Uranium isotopes, neptunium-237, arsenic, and beryllium 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.2-41 through A.2-57. 

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 

FER\CRU~RI\VDR\APP-A\.SECA~.”N~~I~ 11, 1995 4:00pm A-2-160 
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TABLE A.2-53 

SUMMARY OF SWIlT MODELING RESULTS FOR THE 
ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum * Maximum Time of Maximum 
Loading Minimum Time of On-Site Maximum Concentration at EPA RAGS, Part B 

Concentration Time of Maximum Concentration in Concentration the FEMP Hazard Index 
Constituents from ODAST Arrival to On-Site the Aquifer at the FEMP Boundary Screening Levels 
of Potential @Ci/L RAD) the Aquifer Concentration @Ci/L RAD) Boundary @Ci/L RAD) @Ci/L RAD) 
Concern (pg/L non-RAD) (years) (years) @g/L non-RAD) (years) @g/L non-RAD) @g/L non-RAD) 

RADIONUCLIDES 

Neptunium-237 3.28 x lo+' 0 160 1.52 x lo+' 280 1.63 x lo-' 2.16 x lo-' 
2.16 x lo-' Plutonium-238 
2.07 x 

1.76 x lo4 
4.75 x l o 2  
1.32 x 18 '  

0 100 1.98 x 10" 120 2.58 x 100 2.97 x lo-' 
0 100 1.05 x 10' 1 20 1.38 x 10' 2.97 x lo-' 

1.70 x lo-' 
0 100 7.76 x lo+' 1 20 1.02 x lo+' 1.09 x lo+' 

C C 

C C 

0 lo00 5.61 x lo-' 
0 lo00 2.57 x lo-' 

C 

? Plutonium-239/240 C 

Radium-226c C 0 lo00 3.37 x lo-' C -c 

Radium-228c C 

Strontium-90 1.79 x lo+' 60 100 1.02 x 10' 160 8.92 x lo-' 
Uranium-234a -a, b 

Urani~m-235/236~ -a, b 

Uranium-238 4.87 x lo+' 0 100 2.18 x lo+' 1 20 
Uranium - Total (non- -a, b 

4 
C C 0 lo00 2.34 x lo-' 

2.85 x 10' 

ORGANICS 

1.95 x 10" N A ~  e 1.95 x lo+' 2-Meth ylna~thalene~ e e e . -  

c2 
c2 a 
N 
Qj 

=i! \ 

See footnotes at end of table 

FER\CRU~RIULG\APP-A\TABA~-~~W~U~~S. 1 I ,  1995 5: 13pm 



\ 

TABLE A.2-53 
(Continued) 

Maximum Maximum Time of Maximum 

Concentration Time of Maximum Concentration in Concentration the FEMP 
Loaditg Minimum Time of On-Site Maximum Concentration at EPA RAGs, Part B 

Hazard Index 
the Aquifer at the FEMP Boundary Screening Levels Constituents from ODAST Arrival to On-Site 

of Potential @Ci/L RAD) the Aquifer Concentration (pCi/L RAD) Boundary @Ci/L RAD) (pCi/L RAD) 
Concern @g/L non-RAD) (years) (years) @g/L n 0 n - W )  (years) @g/L non-RAD) (pg/L non-RAD) 

INORGANICS 
Arsenic 
Beryllium 
Lead 

N / A ~  0 1 ,000 7.12 x 1 1.82 x 10' 1.46 x lo4 
2.37 x 10- 7.08 x 10' N/A 0 1 ,ooO 2.75 10-3 1 

2.87 x 10'' 0 1,000 1.64 x loo 1 ,OO0 3.47 x lo2 N A ~  

aUranium-234, uranium-239236, and total uranium were modeled by applying ratios to uranium-238 results. 
bODAST results were not used for SWIFT 111 modeling and therefore not shown in this table. 
CPlutonium-238, plutonium-239/240, radium-226, and radium-228, were not modeled using SWIFT 111 because concentrations in the Great Miami Aquifer 
falls below the EPA RAGs, Part B screening concentration after mixing in SWIFT I11 grid cell. The maximum predicted concentration based on the Storm 
Sewer Outfall Ditch width of 10 feet is reported as the maximum on-site concentration. 
dNA - No data available to calculate EPA RAGs, Part B screening value for lead and 2-methylnaphthalene 
e2-Methylnaphthalene was not modeled using ODAST/SWIFT because EPA RAGs, Part B screening value cannot be calculated. Reported concentrations 
are'same as predicted leachate values. If concentrations are needed for risk assessment in future, ODAST/SWIFT model or equivalent should be used to 
calculate the concentration in the Great Miami Aquifer. 
fN/A = Not applicable because arsenic and beryllium didnot have loading from the vadose zone pathway. The only loading for arsenic and beryllium was 
from the surface runoff pathway. 
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TABLE A.2-54 

SUMMARY OF SWIFI' MODELING RESULTS AT THE TIME AND LOCATION OF THE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

U-238 MAXIMUM CONCENTRATION FOR THE ACTIVE FLYASH PILE 

On-Site Concentration at Concentration at the FEMP EPA RAGs, Part B 
Constituents of 100 Years Boundary at 120 Years Screening Levels 
Potential Concern @Ci/L RAD) (pCi/L RAD) (pCi/L RAD) 

&g/L non-RAD) (pg/L non-RAD) (pg/L non-RAD) 
RADIONUCLIDES 

Neptunium-237 3.14 x lo4 2.52 x 2.16 x 
S trontium-90 5.47 x lo-' 5.19 x lo-* 1.32 x lo-' 
Uranium-234' 1.98 x lo+' 2.58 x 100 . 2.97 x lo-' 
Uranium-235/236' 1.05 x 100 1.38 x'10' 2.97 x 10' 
Uranium-238 2.18 x 10" 2.85 x 100 1.70 x 10 '  
Uranium - Total (non-RAD)' 7.76 x 10" 1.02 x lo+' 1.09 x lo+' 

2-Methylnaphthaleneb 1.95 x 10+O 1.95 x 10+O NAC 

Arsenic 1.84 x lo-'' 7.46 x lo5 1.46 x lo4 
Beryl1 ium 1.82 x 10l2  1.46 x 10" 2.37 x lo4 
Lead 2.06 x 10" 5.82 x l o 3  NA 

Y 
2 
L 

ORGANICS 

INORGANICS 

'Uranium-234, uranium-2351236, and .&I uranium were modeled by applying ratios to uranium-238 results 

b2-Methylnaphthalene was not modeled using SWIFT because EPA RAGs, Part B screening values cannot be calculated. 
Reported concentrations are predicted leachate values. If concentrations are needed for risk assessment in 
future, ODAST/SWIFT model or equivalent should be used to calculate the concentrations in the Great Miami Aquifer. 
CNA = No data available to calculate EPA RAGs, Part B screening values. 

c2 
c2 c 
.>e, 
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Pile. For uranium-238 and neptunium-237, the peak and most of the contaminant loading occurs 

before 400 years. Therefore, the center of the plume, as shown in Figures A.2-45 and A.2-50, has 

moved off the Active Flyash Pile at loo0 years. 

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.2-58 through A.2-61 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 applicable pathways for each Operable Unit 2 

subunit. These figures were generated by adding the concentration contributions from individual 

subunits at the selected time. These figures were generated at the time of maximum concentration on- 

site due to all Operable Unit 2 subunits. SWIFT results for each subunit were added at the selected 

time and then concentration contours were generated. For other constituents, which were CPCs from 

only one subunit, results are presented in Sections A.2.8.3.3 and A.2.8.3.4. Table A.2-54A provides 

the concentrations of all Operable Unit 2 CPCs for the Great Miami Aquifer at the location and time 

of uranium-238 maximums. Uranium-238 maximum time and location was selected because it has 

maximum influence on the baseline risk assessment. 

A.2.9 MODELING RESULTS OF WASTE AT BACKGROUND CONCENTRATIONS 

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 

perched water were at background concentrations. Modeling using background concentrations was 

performed to test the level of conservativeness of the modeling methodology and check reasonableness 

of the assumptions. For example, if the 70-year rule was applied to the background soil 

concentrations, what Great Miami Aquifer concentrations would be predicted. Selected block@) in 

each Operable Unit 2 subunits were modeled using ODAST to predict loading to the Great Miami 

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. Leachate concentrations 

were estimated using the EPA 70-year rule. Only CPCs present in individual subunits and with non- 

zero background concentrations were modeled. No background concentrations were available for 

organic CPCs and these were not expected to be present in the background soils and perched water. 
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TABLE A.2-54A 

SUMMARY OF SWIFT MODELING RESULTS AT THE TIME AND LOCATION OF THE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

U-238 MAXIMUM CONCENTRATION FOR ALL OPERABLE UNIT 2 SUBUNITS 

EPA RAGs, Part B 
Constituent of Potential On-Site Concentration Concentration at the Screening 
Concern Units at 160 Years FEMP Boundary Concentration 

Neptunium~237 pCi/L 1.90 x 2.00 x 10" 2.16 x lo-' 
Radium-226 pCi/L 0.0 0.0 1.76 x lo4 
Strontium-90 pCi/L 2.72 x lo-' 5.00 x l o2  1.32 x 10' 
Technetium-99 pCi/L 1.80 x lo+' 9.81 x lo-' 3.65 x lo+' 
Uranium-234 pCiL 4.69 x 10" 2.54 x 10" 2.97 x lo-' 
Uranium-2351236 pCi/L 2.50 x lo+' 1.35 x 10" 2.97 x lo-' 
Uranium-23 8 pCi/L 5.17 x 10" 2.80 x lo+' 1.70 x lo-' 

RADIONUCLIDES 

Total Uranium (non-RAD) PdL 1.84 x 10+3 9.98 x lo+' 1.09 x lo+' 
ORGANICS 

2-Methylnaphthalene P#YL 3.55 x 10-3 5.25 x 10-5 NAa 
Benzo(g,h, i)perylene PdL 0.0 0.0 NA 
Phenanthrene 0.0 0.0 NA 
Tributyl phosphate PdL 1.67 x lo-' 3.11 x 10" NA 

Arsenic PdL 0.0 1.00 x lo4 1.46 x lo4 
Beryllium 0.0 1.00 x 10-5 2.37 x lo4 
Lead PdL 1.43 x lo+' 2.00 x 10' NA 

INORGANICS 

aNA = No data available to calculate EPA RAGs, Part B screening concentrations 
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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 lo00 years. 

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 lo00 years. Only strontium-90 was predicted to reach the Great Miami Aquifer within 

lo00 years. However, strontium-90 concentration is more than three orders of magnitude below the 

screening concentration. 

A.2.9.3 Inactive Flyash 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 

vadose zone modeling results if waste and perched water concentrations were at background levels. 

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 

' 



TABLE A.2-55 
SUMMARY OF VADOSE ZONE MODELING RESULTS IF WASTE AND PERCHED WATER 

CONCENTRATIONS WERE AT BACKGROUND LEVELS, SOLlD WASTE LANDFILL 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Predicted 
Units for Subsurface Soils Background Perched Water Maximum 

Groundwater Screening Concentration (mgkg non-RAD) Background GMA 
Constituent Concentration Concentration @Ci/g RAD) Concentration Concentration Critical CPC 

RADIONUCLIDES 
Lead-210 pCi/L 7.20 x lo3 5.64 x 10' 0.00 0.00 NO 
Radium-224 pCi/L 1.25 x 10' 6.62 x lo-' 0.00 0.00 NO 
Radium-226 pCi/L 1.76 x lo4 7.80 x 10' 1.00 x 10+0 0.00 NO 
Radium-228 pCi/L 4.75 x 10-2 8.52 x 10' 4.50 x 10+O 0.00 NO 
Thorium-228 pCi/L 8.64 x 8.82 x 10' 1.04 x 10+O 0.00 NO 
Thorium-230 pCi/L 3.65 x lo-' 1.24 x 10+O 2.00 x 10+0 0.00 NO 

Thorium-232 pCi/L 2.79 x 8.05 x 10' 0.00 0.00 NO 
Uranium-234 pCi/L 2.97 x 10' 8.44 x 10' 1.06 x 10+0 0.00 NO 
Uranium-235/236 pCi/L 2.97 x 10' 7.60 x 1Q2 0.00 0.00 NO 
Uranium-238 pCi/L 1.70 x 10' 8.44 x lo-' 1.07 x 10+O 0.00 NO 
Total Uranium PdL 1.09 x lo+' 2.54 x 10+O 3.22 x 10+O 0.00 NO 

INORGANICS 

Arsenic PdL  1.46 x 104 5.64 x 10+O 1.50 x lo+' 0.00 NO 
Beryllium PdL 2.37 x lo4 4.80 x 10' 1.80 x lOfO 0.00 NO 
Lead PdL  NAB 9.52 x 10+O 2.70 x 10+O 0.00 NO 

c 

aNo data available to calculate EPA RAGS, Part B screening value for lead. 



TABLE A.2-56 

SUMMARY OF VADOSE ZONE MODELING RESULTS IF WASTE AND PERCHED WATER 
CONCENTRATIONS WERE AT BACKGROUND LEVELS, LIME SLUDGE PONDS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Subsurface Soils Background 
Units for Concentration Perched Water 

Groundwater (mg/kg non-RAD) Background Predicted Maximum 
Constituent Concentration Screening Concentration pCi/g RAD) Concentration GMA Concentration Critical CPC 

RADIONUCLIDES 

Radium-226 pCi/L 1.76 x lo-' 7.80 x 10' , 1.00 x 10+0 0.00 No 

Radium-228 pCiL 4.75 x 102 8.52 x lo-' 4.50 x IO+O 0.00 No 

Strontium-90 pCi/L 1.32 x 10' 5.60 x 10' 0.00 4.92 x lW5 No 

Thorium-228 pCi/L 8.64 x 10' 8.82 x 10' 1 . 0 4 ~  IO+' 0.00 No 

Thorium-230 pCiL 3.65 x 10' 1.24 x lo+' 2.00 x 10+0 0.00 No 

Thorium-232 pCiL 2.79 x 10' 8.05 x 10-1 0.00 0.00 No 

Uranium-234 pCi/L 2.97 x 10' 8.44 x 10' 1.06 x 10+0 0.00 No 

Uranium-235/236 pCi/L 2.97 x 10' 7.60 x 10' 0.00 0.00 No 

Uranium-238 p c i i  1.70 x 10.' 8.44 x 10' 1.07 x 10+O 0.00 No 

Total Uranium PLgL 1.09 x lo+' 2.54 x 10+O 3.22 x 1 0 + O  0.00 No 

I 

INORGANICS 

Arsenic cLg/L 1.46 x lo4 5.64 x lo+' 1.50 x lo+' 0.00 No 

Beryllium PdL 2.37 x lo4 ' 4.80 x IO' 1.80 x 10'0 0.00 No 

Lead PdL NAB 9.52 x 10+O 2.70 x 10+O 

. _  

aNo data available to calculate EPA RAGS, Part B screening value for lead. 

I 

0.00 



TABLE A.2-57 

SUMMARY OF VADOSE ZONE MODELING RESULTS IF WASTE AND PERCHED WATER 
CONCENTRATIONS WERE AT BACKGROUND LEVELS, INACTIVE FLYASH PILE AND SOUTH FIELD 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Subsurface Soils 
Background Perched 

Units for Concentration Water 
Groundwater Screening . (mglkg non-RAD) Background 

Constituent . Concentration Concentration @Ci/g RAD) Concentration 

Waste Underlain by Vertical and Lateral Vertical and Lateral Drainage and 
Till Drainage Loading Perched Water Subsurface Seep Loading 

Predicted Predicted Perched Water 
Maximum Maximum Vadose Zone Subsurface 

GMA Critical GMA Critical Pathway Critical Seep Pathway Critical 
Concentration CPC Concentration CPC Concentration CPC Concentration CPC 

Arsenic uglL 1.46 x lo4 5.64 x lo+' 1.50 x 10'' 0.0 NO 0.0 NO 0.0 NO 6 . 4 4 ~  lo" NO 

Beryllium uglL 2.37 x lo4 4.80 x 10.' 1.80 x lo+' 0.0 NO 0.0 NO 0.0 NO 0.0 NO 

Lead uglL N A ~  9.52 x IO*' 2.70 x lo*' 0.0 NO 8.98 x lo4 NA 0.0 NO 2.52 x lo+' NA 

'NA = No data available to calculate EPA RAGS, Pall B screening value for lead. 

I 
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background concentrations is left in-place where glacial till is not present, concentrations of certain 

CPCs exceed screening concentrations (Table A.2-57). In grid cell (30,61), where lateral drainage 

was simulated, uranium isotopes, total uranium, and strontium-90 concentrations exceed screening 

concentrations. In grid cell (29,65), which receives perched water subsurface seep water, uranium 

isotopes, total uranium, radium-226, and strontium-90 concentrations exceed screening concentrations. 

Table A.2-57A shows the concentrations in the Great Miami Aquifer of the CPCs above screening 

concentrations in Table A.2-47. Concentrations are reported at the uranium-238 maximum (on-site 

and FEMP boundary) locations and time. These concentrations were estimated from the results 

reported in Tables A.2-51 and A.2-52 by applying a scaling factor equal to the ratio of ODAST 

output for background modeling to the ODAST output for the waste at current conditions. Table 

A.2-57A shows that except uranium-238, all CPCs are below the screening concentrations. Predicted 

maximum uranium-238 concentration in the Great Miami Aquifer was 0.18 pCi/L compared to a 

screening concentration of 0.17 pCi/L for uranium-238. 

A.2.9.4 Active Flvash Pile 

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 

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 lo00 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 uranium isotopes, total uranium, and strontium-90 exceed EPA RAGS, Part B 

screening concentrations. 
- 

Table A.2-58A shows the concentrations in the Great Miami Aquifer of the CPCs above screening 

concentrations in Table A.2-48. Concentrations are reported at the uranium-238 maximum (on-site 

and FEMP boundary) locations and time. These concentrations were estimated from the results 

reported in Tables A.2-53 and A.2-54 by applying a scaling factor equal to the ratio of ODAST 
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TABLE A.2-57A 

SUMMARY OF THE IMPACT TO THE GREAT MIAMI AQUIFER IF WASTE AND 
PERCHED WATER WERE AT BACKGROUND CONCENTRATIONS, 

INACTIVE FLYASH PILE AND SOUTH FIELD 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

On-Site Maximum FEMP Boundary 
Concentration at Maximum Concentration 

Uranium-238 at Uranium-238 EPA RAGs, Part B 
Maximum Location and Screening Constituent of Potential Maximum Location 

Concern Units and at 160 Years at 220 Years Concentration 

RADIONUCLIDES 
Radium-226 pCi/L 0.0 0.0 1.76 x lo4 

Strontium-90 pCi/L 3.67 x 10-3 3.04x lo4 1.32 x 10-1 
Uranium-234 pCi/L 1.78 x lo-' 9.11 x 10-3 2.97 x lo* 

Uranium-239236 pCilL 1.61 x lo-' 8.23 x lo4 2.97 x lo-' 

Uranium-23 8 pCi/L 1.78 x lo-' 9.11 10-3 1.70 x 10' 
Total Uranium (non-RAD) ug/L 5.36 x lo-' 2.75 x lo-* 1.09 x lo+' 

INORGANICS 

9.21 x 10l6 Arsenic ug/L 6.42 x lo-' NA 

NA = No data available to calculate EPA RAGs, Part B screening concentration 
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TABLE A.2-58 

SUMMARY OF VADOSE ZONE MODELING RESULTS IF WA!3TE AND PERCHED WATER 
CONCENTRATIONS WERE AT BACKGROUND LEVELS, ACTIVE FLYASH PILE 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

I 
Flyash Directly on 
Unsaturated GMA 

Predicted 
GMA Critical 

Concentration CPC 

Subsurface Soils 
Background 

Units for Concentration Perched Watei 
Groundwater Screening (mgkg non-RAD) Background 

Constituent Concentrations Concentration (pCifg RAD) Concentration 

Flyash Underlain by Till 

Vadose Perched Water 
Pathway Pathway 

Predicted GMA Critical Predicted GMA Critical 
Concentration CPC Concentration CPC 

RADIONUC 

Lead-210 

Radium-224 

Radium-226 

Radium-228 

Strontium-90 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235f 236 

Uranium-238 

Total Uranium 

9 
Y 
c 
\o 
P 

pCifL 

pCifL 

pCi/L 

pCifL 

pCifL 

pCifL 

pCifL 

pCifL 

pCifL 

pCifL 

pCifL 

uaf L 

7.20 x 10' 

1.25 x 10' 

1.76 x lo-' 

4.75 x loz  

1.32 x 10' 

8.64 x 10' 

3.65 x 10' 

2.79 x loz  

2.97 x 10' 

2.97 x 10'  

1.70 x 10' 

1.09 x lo+' 

5.64 x 10' 

6.62 x 10' 

7.80 x 10' 

8.52 x 10' 

5.60 x 10' 

8.82 x 10' 

1.24 x lo+' 

8.05 x 10' 

8.44 x 10' 

7.60 x 10* 

8.44 x 10' 

2.54 x lo+' 

0.0 

0.0 

1.00 x 10+0 

4.50 x lo+' 

0.0 

1.04 x lo+' 

2.00 x IO+' 

0.0 

1.06 x lo+' 

0.0 

1.07 x lo+' 

3.22 x l o3  

0.0 

0.0 

0.00 

0.0 

4.91 x lo+' 

0.0 

0.0 

0.0 

7.90 x lo+' 

7.13 x lo+' 

7.93 x lo+' 

2.38 x 

NO 0.0 NO 

NO 0.0 NO 

NO 0.0 NO 

NO 0.0 NO 

YES 1.43 x lod NO 

NO 0.0 NO 

NO 0.0 NO 

NO 0.0 NO 

YES 0.0 NO 

YES 0.0 NO 

YES 0.0 NO 

YES 0.0 NO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.37 x lo-' 

3.60 x los  

2.48 x lo4 

1.13 x lo3  

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

INORGANICS 

Arsenic ugf L 1.46 x lo-' 5.64 x lo+' 1.50 x lo+' 0.0 NO 0.0 NO 0.0 NO 

Beryllium ugfL' 2.37 x lo-' 4.80 x 10' 1.80 x lo+' 0.0 NO 0.0 NO 0.0 NO 
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TABLE A.2-58 
(Con tinuid) 

Subsurface Soils 
Background 

units for Concentration Perched Water 

Constituent Concentrations Concentration @Ci/g RAD) Concentration 
Groundwater Screening (mgkg non-RAD) Background 

Flyash Directly on 
Unsaturated GMA Flyash Underlain by Till 

Vadose Perched Water 
Predicted Pathway Pathway 

GMA Critical Predicted GMA Critical Predicted GMA Critical 
Concentration CPC Concentration CPC Concentration CPC 

Lead ug/L N A ~  9.52 x lo+' 2.70 x lo+' 

Thallium ug/L 2.55 x 10' 4.90 x 10' N / A ~  

aNA - No data available to calculate EPA RAGS, Part B screening value for lead. 

bN/A - Not analyzed, assumed to be zero. 

6.79 x l o 3  NA 0.0 NO 0.0 NO 

0.0 NO 0.0 NO 0.0 NO 
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TABLE A.2-58A 

SUMMARY OF THE IMPACT TO THE GREAT MIAMI AQUIFER IF THE ACTIVE 
FLYASH PILE WAS AT BACKGROUND CONCENTRATIONS 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION REPORT 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

~~ 

On-Site Maximum FEMP Boundary 
Concentration at Maximum Concentration 

Constituent of Potential Maximum Location Maximum Location and 
Concern Units and at 100 Years at 120 Years Concentration 

Uranium-238 at Uranium-238 EPA RAGs, Part B 
Screening 

RADIONUCLIDES 
Strontium-90 pCi/L 1.50 x lo-' 1.42 x lo'* 1.32 x 10' 

2.97 x lo-' Uranium-234 pCi/L 3.54 x 10+O 4.62 x 10' 
Uranium-2351236 pCi/L 3.19 x lo-' 4.17 x 2.97 x 10-l 
Uranium-238 pCi/L 3.55 x 10'O 4.64 x 10' 1.70 x lo-' 
Total Uranium (non-RAD) uglL 1.07 x lo+' 1.39 x 10" 1.09 x 10'' 

INORGANICS 
Lead ug/L 4.87 x lo-'' 1.38 x 10"' NA 

NA = No data available to calculate EPA RAGs, Part B screening concentration 
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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: 

FEMP-OU02-6 FINAL 
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output for background modeling to the ODAST output for the waste at current conditions. Table 

A.2-58A shows that maximum concentrations of uranium isotopes and strontium-90 can exceed 

screening concentrations. 

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 

path way. 

Source terms for -the modeling were defined based on analytical results from the soil and 
water samples collected during the RIDS 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 RIFS 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 
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 fro& 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 
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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). The possibility 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 out 
(all were), risk from the CPCs will still remain below a carcinogenic risk of lo4 and a 
Hazard Index of 1 when peak concentration of risk controlling CPC is predicted in the 
Great Miami Aquifer. 

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 onedimensional model 
and assuming each of the two layers, glacial till and the unsaturated Great Miami Aquifer, 
is homogeneous. The unsaturated seepage flow rate is a function of several 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 
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 

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 

' of that assumption on another model (i.e., the leaching models did not consider source 
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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 hydraulic 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 

between 0 and 100. Increasing the SCS runoff curve number increases the runoff. Table A.2-59 

shows that reducing the SCS curve number by 10 (reducing runoff) from base case has very little 

impact on the infiltration. However, increasing runoff (SCS curve number) at the Active Flyash Pile, 

for example due to no vegetation and steep slopes, does reduce infiltration significantly. For other 

subunits, increasing SCS curve number by 10 from base case does not have any impact on the 

infiltration. 
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Subunit 

T m-_BLE A.2-59 

SENSITIVITY OF CALCULATED INFILTRATION BY HELP MODEL 
TO THE SCS RUNOFF CURVE NUMBER 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Infiltration in InchNear 

(Base -10) SCS (Base +lo) SCS 
Base Value of SCS* Runoff Curve Base SCS Runoff Runoff Curve 

Curve\ Number Number Zone Runoff Curve Number Number 

Solid Waste Landfill 

Lime Sludge Ponds 

Inactive Flyash Pile 
and South Field ? x 

0 
0 Active Flyash Pile 

3 

*SCS - Soil Conservation Service 

2 

2 

3 
5 
13 

1 

58 

86 

61 
61 
61 

86 
86 

9.04 

14.57 

9.29 
5.81 ’ 
2.21 

3.27 
12.84 

9.03 

14.57 

9.28 
5.81 
2.21 

3.16 
11.56 

9.00 

14.57 

9.27 
5.76 
2.21 

2.46 
5.48 
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0 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 

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. 



I 

TABLE A.2-60 

SENSITIVITY OF CALCULATED INFILTRATION BY HELP MODEL 
TO THE HYDRAULIC CONDUCTIVITY OF THE GLACIAL TILL 

OPERABLE UNIT 2 REMEDIAL, INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Infiltration in InchNear 

Base Value of the Basex 10 BaseX 100 
Glacial Till Hydraulic Base/lO Hydraulic Base Hydraulic Hydraulic Hydraulic 

Subunit Zone Conductivity (cmhec) Conductivity Conductivity Conductivity Conductivity 

Solid Waste Landfill 2 1.9 x 10" 2.88 9.03 9.03 9.03 

Lime Sludge Ponds 2 1.9 x 10" 3.02 14.57 14.58 14.58 

Inactive Flyash Pile 13 1.4 10-7 0.23 2.21 8.22 8.27 
and South Field 

Active Flyash Pile 1 1.4 x 10-7 0.35 3.16 11.54 11.57 



TABLE A.2-61 

SENSITIVITY OF CALCULATED INFILTRATION BY HELP MODEL 
TO THE HYDRAULIC CONDUCTIVITY OF WASTEFILL 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Infiltration in Inch/Year 

Base Value of Basex 10 
Waste/Fill Hydraulic Base/lO Hydraulic Base Hydraulic Hydraulic 

Zone Conductivity (cmlsec) Conductivity Conductivity Conductivity Subunit 

Solid Waste Landfill 2 1.1 x 10-4 2.30 9.03 10.08 

Lime Sludge Ponds 2 1.0 x 10-3 12.01 14.57 15.98 

Inactive Flyash Pile 3 2.0 x lo4 6.20 9.28 9.63 

13 2.0 x lo4 2.15 2.21 2.03 

Active Flyash Pile 1 1.8 x lod 3.69 3.16 2.13 
3 1.8 x lod 5.11 11.56 16.05 

and South Field 5 2.0 10-4 1.85 5.81 7.43 
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TABLE A.2-62 

SENSITIVITY OF CALCULATED INFILTRATION BY HELP MODEL 
TO THE HYDRAULIC CONDUCTIVITY OF THE GREAT MIAMI AQUIFER 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Infiltration in InchNear 

Base Value of the Basex 10 
GMA* Hydraulic Base/lO Hydraulic Base Hydraulic Hydraulic 

Subunit Zone Conductivity (cm/sec) Conductivity Conductivity Conductivity 

Solid Waste Landfill 2 1.59 x 10’ 9.03 9.03 9.03 

Lime Sludge Ponds 

Inactive Flyash Pile 
and South Field 

Active Flyash Pile 

2 1.59 x lo-’ 
3 1.59 x 10” 
5 1.59 x lo-’ 
13 1.59 x 10’ 

1 1.59 x lo-’ 
3 1.59 x 10’ 

14.57 

8.59 
5.81 
2.21 

14.57 

9.28 
5.81 
2.21 

3.16 3.16 
1 1.56 11.56 

14.57 

10.05 
5.81 
2.21 

3.16 
11.56 

*GMA - Great Miami Aquifer 

FER\CRU~RIVU~\APP-A\TABA~-~~VM~~~Y 11, 1995 5:54pm 



FEMP-OU02-6 FINAL 
January 21, 1995 

At krst glance, Table A.2-60 indicates that hydraulic conductivity of the glacial till at the Inactive 

Flyash Pile/South Field/Active Flyash Pile is an exception. However, increased infiltration is 

accompanied by a reduction in the lateral drainage at the interface of the glacial till and the waste/fill. 

Lateral drainage was assumed to infiltrate in other areas where waste/fill is directly underlain by the 

unsaturated Great Miami Aquifer. Therefore, the overall impact of increase in the till hydraulic 

conductivity on the subunit wide infiltration is minimal. 

Selection of parameters used in HELP model runs for vadose zone modeling (base case) were such 

high 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.2-62). 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.2-63 

and A.2-64). Figure A.2-63 shows that the sensitivity of the Great Miami Aquifer loading to the 

distribution coefficient for the Great Miami Aquifer, while Figure A.2-64 shows that the sensitivity of 

the Great Miami Aquifer loading to the distribution coefficient for glacial overburden. Figure A.2-64 

shows that decreasing uranium-238 K, for glacial till from 200 to 100 mL/g results in approximately 

25 percent increase in maximum loading concentration (ODAST output). The range for measured 

uranium desorption K, for the glacial till was 200 to 9350 d / g .  Modeling used minimum desorption 

Kd of 200 d / g .  The adsorption Kd measured for the glacial till during OU2 Uranium Partition 

’ 
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Coefficient Evaluation Study was 81 mL/g. Breakthrough time evaluations indicate that results for 

uranium in lo00 years at the Solid Waste Landfill and Lime Sludge Ponds does not change when K, 
is lowered to 81 mL/g (no breakthrough in loo0 years). Conclusions for the Inactive Flyash Pile and 

South Field also do not change when glacial till K,, is lowered to 81 mL/g because early breakthrough 

at these subunits occurs from waste directly underlain by the Great Miami Aquifer which is 

independent of glacial till parameters. 

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). Figure A.2-65 shows 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 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 

lo-' pg/L in Figure A.2-65). 

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.2-66 shows that concentration for bis (2-ethylhexyl) phthalate remains below 10"' pgL even 

when decay is increased by a factor of 2. 
i 

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. 
/ 

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 
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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 calculated by the model against heads measured in numerous 

monitoring wells throughout the FEMP and surrounding areas. The flow calibration is described in 

Section 2.8. The SWIFT solute transport model was calibrated by simulation of uranium transport in 

the Great Miami Aquifer (IT 1990a) over 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 Kd value of 1.48 ml/g for uranium was also found to match the observed data 

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.3.1 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 conduct& 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. 

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. The Active Flyash Pile could arguably have no erosion potential based on this 
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information. However, to develop a conservative baseline assessment, a limited erosion potential was 

assumed for this source. 

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 Flvash Pile 

The Inactive Flyash Pile is located adjacent to the northwest corner 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 

~ 

asis33ased-on-information-collectedduring 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, 

thus limiting the soil erosion potential. The ease with which the crust could be crumbled was not 
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determined. Therefore, it was assumed that the crust could be easily broken and that particulate 

emissions could be determined using the limited erosion potential model. 

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: 

A trespassing youth on a given subunit 

An on-property groundskeeper 
_, 

An off-property resident farmer and child 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 c?vered 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 

the year both subunits are assumed to have no vegetation. This scenario results in the assumption of 
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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 larid 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 s u e  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 concentr ti ns were determin d u  ing 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-summar-ies-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 dZEIminctuded 

emission rates from the sources; location and configuration of sources; statistical summaries of wind 

speed, wind direction and atmospheric stability; and locations of receptors of interest. The model 

options in the Operable Unit 2 air transport analysis are listed in Table A.3-1. 
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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 

Rural 

Concentration and deposition 

None 

ir Source Type 

Variable Emissions 

Area and Volume 

None 

I t  I 

Receptor Grid Type 

Discrete Receptor Grid Type 

Cartesian 

Cartesian 

Flagpole Receptors II 

Meteorology Input 

Terrain Type 

1.5 meters for concentration 
0.0 meters for denosition 

Annual STAR Summaries. 

. Flat 

ir Discrete Receptors . -. Yes 

Yes 
For deposition only Gravitational Settling 

I1 Averaging Period Annual 
~~ ~ 

lndividual annual on-property data for years 1987-1989, 1991 and 1992 
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A.3.5 INPUT PARAMETERS 

A.3.5.1 Meteorological Data 

Five meteorological parameters: wind speed, wind direction, ambient air temperature, atmospheric 

stability and vertical mixing heights were used as input for the I S C L n  modeling of Operable Unit 2. 

All parameters, with the exception of vertical mixing heights, were measured directly from FEMP's 

on-site meteorological tower. The on-site meteorological data used in this remedial investigation 

included five years of meteorological statistics. Each year was analyzed separately and the highest 

annual concentration or deposition rate from the five annual periods was reported. Vertical mixing 

heights were calculated from atmospheric sounding data compiled twice daily, from the National 

Weather Service (NWS) 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 

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). The 

temperature difference is calculated from air temperature recorded at the 60 meter and 10 meter 

levels. 

The ambient air temperatures measured at the FEMP meteorological tower and the temperatures used 

in the ISCLT2 model as a function of atmospheric stability categories A through F are given in Table 

A.3-3. Assignments of temperatures to stability categories were made as per U.S. EPA 

recommendations @PA 1992a). 

0 

/--- 
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. 

/ 

0 
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TABLE A.3-2 

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. 

oo(Jaoy j ,; 'J ,,';,*; 
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TABLE A.33 

AMBIENT AIR TEMPERATURE IN DEGREES KELVIN 
USED IN ISCLT MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Stability Class 
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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 (Le. 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 F E W  meteorologica 

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 ISCLT;! 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 

@PA 1992a). Figures A.3-6 through A.3-10 illustrate the breakdown of individual subunits into 

source squares according to EPA methodology. 

ISCLT;! requires the user to input coordinates of the southwest corner of individual squares along 

with the length of one side, assuming a box with four equal sides @PA 1992a). 
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FIGURE A.3-1 

WIND ROSE FOR THE FEMP SITE YEAR - 1987 ' 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
- 

FREQUENCY OF WIND SPEED & DIRECTION 

N 

/ \ 

I 

I 
I 

I 
I 

I / / 

/ 
I 

I 
I 

I 
I 
I 

12 
15 % 

\ 
\ 
\ 

\ 
\ 

9 x , P  

\ 

\ 
\ 

12 
I5 1 %  

E 

C L  
\ 0 
\ 0 ASS % 4 

/ 

S / - - - - - - /  
- \ 

------M~UBUTIO N 

A -  2 %  0-3 4-6 7-10 l l - l b t l - p s ~  
8 -  3 %  
c -  596 
0-38 % 
E - 2 9  % 
F - 2 4  

(45 I) (32 I) (19 I) (4 I) (0 I) (0 I) 

WIND SPEED SCALE (KNOTS) 

NOTE - WIND DIRECTION IS THE 
DIRECTION WIND IS BLOWING FROM 

~ S C ~ . , ~ ~ ~  , 
* , . & *  

A-3-10 . - I  

&\CRUZRNLG\SECA3 TXllFcbruaryS, 1994 2 16pm 



FEMP-OU02-6 FINAL 
January 21, 1995 

FIGURE A.3-2 

WIND ROSE FOR THE FEMP SITE YEAR - 1988 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
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FIGURE A.3-3 

WIND ROSE FOR THE FEMP SITE YEAR - 1989 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
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FIGURE A . 3 4  

WIND ROSE FOR THE FEMP SITE YEAR - 1991 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
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FIGURE A.3-5 

WIND ROSE FOR THE FEMP SITE YEAR - 1992 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
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FIGURE A.3-6 
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FIGURE A.3-8 
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FIGURE A.3-9 
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FIGURE A.3-10 
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A.3.5.3 Emission rates 

FEMP-OU02-6 FINAL 
January 21, 1995 

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 

degrade/volatilize 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 particulz e matter (PM,, - particle di met rs 5 10 pm) and 

total suspended particulate (TSP - particle diameters 5 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 PM,, 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 which is dependent on the surface soil modal 

diameter. The particle size distributions for each subunit surface soil are presented in Table A.3-4. 

Operable Unit 2 subunits were determined to have a limited erosion potential for almost all land use 

scenarios and receptors. Th,is determination was made by a site survey in September 1993, which 

indicated that the current conditions on all subunits included extensive vegetative cover, the presence 

of nonerodible elements and/or the presence of a crust. Therefore, the limited erosion model @PA 

1985b) was used for all current land use receptors and all future land use receptors that did not 

FER\CRU2RIUUj\SECA3.TXNanuary 10. 1995 1:33pm A-3-20 



TABLE A 3 4  

PARTICLE SIZE DISTRIBUTIONS 
FOR OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Active Flyash Pile Solid Waste Landfill Lime Sludge Ponds South Field Inactive Flyash Pile 

Percent Percent Percent Percent Percent 
Diameter Finer by . Diameter Finer by Diameter Finer by Diameter Finer by Diameter Finer by 

(mm) Weight (mm) Weight (mm) Weight (mm) Weight (mm) Weight 

75. 

37.5 

19. 

9.5 

4.75 

2. 

0.85 

0.425 

0.25 

0.149 

0.106 

0.075 

0.04747 

0.03422 

0.02205 

0.01291 

0.00932 

100.0 

100.0 

100.0 

100.0 

97.8 

91.1 

72.1 

58.8 

50.1 

41.5 

36.5 

32.4 

26.8 

21.8 

16.7 

10.9 

6.7 

75. 

37.5 

19. 

9.5 

4.75 

2. 

0.85 

0.425 

0.25 

0.149 

0.106 

0.075 

0.05782 

0.04 198 

0.03014 

0.02108 

0.01288 

See note at end of table 
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. 

100.0 

100.0 

98.8 

97.3 

96.5 

93.8 

88.9 

84.7 

80.9 

77.3 

75.5 
74.2 

73.4 

67.6 

64.7 

38.6 

21.2 

75. 

37.5 

19. 

9.5 
4.75 

2. 

0.85 

0.425 

0.25 

0.149 

0.106 

0.075 

0.0546 

0.03956 

0.02928 

0.02141 

0.01351 

I 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

99.8 

99.5 

99.0 

98.8 

98.6 

95.2 

89.8 

79.1 

39.6 

8.6 

75. 

37.5 

19. 

9.5 

4.75 

2. 

0.85 

0.425 

0.25 

0.149 

0.106 

0.075 

0.0554 

0.04017 

0.02894 

0.01924 

0.014035 

.*: 

100.0 

100.0 

100.0 

97.6 

93.2 

89.8 

86.0 

82.6 

79.8 

76.6 

73.9 

71.3 

68.4 

63.5 

60.2 

50.3 

30.5 

75. 

37.5 

19. 

9.5 

4.75 

2. 

0.85 

0.425 

0.25 

0.149 

0.106 

0.075 

0.06493 

0.0483 1 

0.03302 

0.02 189 

0.01264 

100.0 

100.0 

100.0 

94.8 

90.4 

83.8 

75.1 

67.0 

59.7 

53.2 

49.8 

47.2 

38.4 

36.8 

34.3 

25.3 

18.8 



TABLE A.3-4 
(Continued) 

Active Flyash Pile Solid Waste Landfill Lime Sludge Ponds South Field Inactive Flyash Pile 

Percent Percent Percent Percent Percent 
Diameter Finer by Diameter Finer by Diameter Finer by Diameter Finer by Diameter Finer by 

(mm) Weight (mm) Weight (mm) Weight (mm) Weight (mm) Weight 

0.00666 3.3 0.00921 17.4 0.00956 3.2 0.00883 22.2 0.0092 1 14.7 

0.00469 0.8 0.0065 13.5 0.0088 1.1 0.00627 18.1 0.00646 12.3 

0.00322 0.0 0.00463 11.6 0.00481 0.0 0.00447 15.7 0.00453 8.8 

0.00136 0.0 0.00326 10.6 0.00333 0.0 0.00316 13.2 0.00327 7.4 
-_ -- 0.00140 7.7 0.00137 0.0 0.00137 9.9 0.0014 6.5 

? x Source: IT Corporation, Particle Size Analysis (ASTM D 422), May-July 1993. 
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@ include the on-property farmer. The limited erosion model emission rate is determined by (EPA ' 

1985b): 

E,, = 0.83 f P(u') (1-V) / (F'E/50)2 

where 

E,, = annual average PM,, emission rate per unit area of contaminated 
surface (g/hr/m2), 

f = frequency of disturbance per month, 

u+ = observed (or probable) fastest mile of wind (at the meteorological station 
anemometer height) for the period between disturbances (m/s), 

P(u+) = erosion potential, i.e., quantity of erodible particles present on the surface prior 
to the onset of wind erosion (g/m2), 

V = fraction of soil covered by vegetation, and, 

PE = Thornthwaite's Precipitation Evaporation Index used as a mkasure of average 
soil moisture content. 

Estimates of the fastest mile and the evaporation index are presented in tables developed by the EPA 

@PA 1985b). These tables have been reproduced in Attachment A.3.11 of this Appendix. The fastest 

mile is approximately 24 m/s for the region. The PE index is 103 for the southwest corner of Ohio. 

The erosion potential depends on the fastest mile as follows @PA 1985b): 

P(u+) = 6.7 [u+ - u,(z)], for u+ 2_ 4, and 

P(u+) = 0, for u+ < ut, 

and 

u,(z) = (u. / 0.4) In (z/Q 

where 

u,(z) = erosion threshold wind speed at the meteorological station anemometer height 

threshold friction velocity at the surface roughness height (m/s), 
(m/s) 7 

U. 

Z = meteorological station anemometer height (m), and 

zl = surface roughness height (m). 

= 
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An estimate of the threshold friction velocity is necessary to determine the erosion potential. 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: 

where 
log U. = 1.812 + 0.4161 log (4) 

U. = threshold friction velocity (cm/s), and 
4 = 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). No 

correction was applied to the threshold friction velocity, thus producing a conservative baseline 

emission rate for the Operable Unit 2 subunits. 

As discussed in Section A.3.3, 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 

calculated threshold friction velocity is considered. The calculated threshold friction velocity on these 

subunits is less than 75 cm/s (EPA 1985b); therefore, the unlimited erosion model is applied to the 

on-property farmer exposure scenario. The unlimited erosion potential can be calculated by @PA 

1985b): 

El0 7 0.036 x (1-V) x [(u/u,)~] x F b )  

where 

El0 = annual average PMIo 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), 
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u, = erosion threshold wind speed (m/s), 

y = 0.886xu, /u ,  . 

F(y) = 1.91 for y < 0.5, 

F(y) 

F(y) 

= 

= 

0.18 x (y’ + 12y) x EXP(-fl 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. 

0 

Radon 222 Emission Rates 

Total emissions of Rn-222 were calculated for surface and subsurface soil in each subunit. Rn-222 

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 of radon and radium as well as the density, porosity, moisture content, and depth of 

contaminated layers and cover layers in estimating Rn-222 emission rates. The model converts Ra- 

226 soil concentrations (in pCi/g) to Rn-222 fluxes (in pCi/s/m2). 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.3.111. 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 
@ 
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TABLE A.3-5 

PARTICULATE MATI'ER EMISSION RATES USED IN ISCLT2 MODELING 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

TSP Settling Subunit Modal PM1o 

Term) (g/s/m2) (g/s/m2) (m/s> 
(Source Diameter Emissions Emissions Velocity Reflection 

. 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) 

b 

Solid Waste 
Landfill 

(Current) . 

Solid Waste 
Landfill 
(Future) 

0.038 

0.022 

0.021 

0.021 

0.014 

0.014 

0.021 

0.021 

8.0E-06 

1 .OE-06 

8 .OE-06 

1 .OE-06 

1 .OE-06 

3.6E-05 

1 .OE-06 

3 .OE-05 

FFlR\CRUZRIvLG\TABA3-SUnnunry 10, 1995 10:53nm A-3-26 

3.8E-05 

4.0E-06 

2.5E-04 

4.0E-05 

3.0E-06 

8.5E-05 

6.0E-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 



? x 
4 

0 
3 

T. 

- 

BLE A.3-6 

RAECOM MODEL INPUT PARAMETERS AND RN-222 EMISSION RATES 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Soil Bulk Moisture Radon source Rn-222 Emission 
Subunit Ra-226 Conc. Density Soil Porosity Content term Rate 
(Media) (PCik) (g/cm3) (Percent) (wt %) (pCi/cm3/s) (pCi/s/mz) 

Active Flyash Pile 
(Surface soil) 4.60 1.70 52.0 28.6 6.32E-06 1.52 
(Subsurface soil) 5.24 1.85 41 .O 20.0 9.93E-06 

Inactive Flyash Pile 
(Surface soil) 1.98 1.70 52.0 29.8 2.7 1E-06 0.68 
(Subsurface soil) 2.92 1.85 41 .O 20.0 5.53E-06 

Lime Sludge Ponds 
(Surface soil) 1.92 1.70 52.0 84.2 2.63E-06 . 0.09 
(Subsurface soil) 1.42 1.73 41 .O 20.0 2.52E-06 

South Field 
(Surface soil) 30.8 1.70 52.0 18.2 4.25E-05 
(Subsurface soil) 2.92 1.85 41 .O 20.0 5.53E-06 

Solid Waste Landfill 
(Surface soil) 1.40 1.83 52.0 18.7 2.06E-06 - 

(Subsurface soil) 1.55 1.89 41.0 21.7 3.00E-06 

-. : r" Background 
* p a :  (Surface soil) 1.23 , 1.70 52 .o 29.8 1.69E-06 

(Subsurface soil) 0.78 1.85 41 .O 20.0 1.48E-06 .- .- . + 

6.80 

0.53 

0.30 
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RAECOM model. Therefore, the current and future Rn-222 source terms were the same for each 

subunit. 

A.3.5.4 ReceDtor 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 (Le. 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. 

FER\CRUZRIVLG\SECA~.TXTIJ~U~~Y 10, 1995 9:14m A-3-28 
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FIGURE A.3-11 

OPERABLE UNIT 2 RECEPTOR GRID 
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Discrete Receptors 

Crosby Elementary 

Morgan Elementary 

Elda Elementary 

St. John Elementary 

Ross County Day Nursery 

Ross Middlemigh School 

TABLE A.3-'I 

DISCRETE RECEPTORS AND DISTANCE FROM ORIGIN' 
OPERABLE UNIT 2 REMEDIAL INVESTIGATION 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

X-coordinate (meters) Y-coordinate (meters) 

-1180 -3 140 

-3200- 3 150 

5360 1780 

7130 -4650 

6145 3300 

5575 2225 

'Origin located at State Planer Coordinates, 482,752.690 feet North and 1,376,778.760 feet East. 
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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 

subunit boundary and the FEMP boundary (on-property), at or beyond the FEMP boundary (off- 

property) and at sensitive receptors (i.e. elementary schools and daycare centers) within the vicinity of 

F E W .  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. 
I 

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 corner of the North Lime Sludge Pond. 

Current Scenario - Concentrations Estimations 

I1 

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 - Deuosition 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. * 
FER\CRUZRIULG\SECA3.TXWanuvy 10, 1995 9:14sm A-3-3 1 
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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. 

A.3.6.3 

Highest annual concentrations calculated at receptors located on-subunit, on-property and off-property 

Future Scenario - Concentration Estimations 

were 410 pg/m3, 358 pg/m3 and 26 pg/m3, respectively. All these concentrations estimations 

originated from emissions from the South' Field. 

A.3.6.4 

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. 

Future Scenario - DeDosition Rate Estimations 

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. 

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-Property 

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 OFF-PROPERTY 

Maximum Annual Concentrations &g/m3) 

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 .O 15 
(1OO0,- 1600) (lOO0,-1500) (750,- 1450) (1 000,-150) ( 1000,-650) 

0.1771 0.748 0.7316 0.36 0.0494 
(600,-1800) (550,-1700) (500,-1600) (1 150,350) (250,450) 

FER\CRUZRIuLG\TABA3-8Umwry 10. 1995 11:13am A-3-33 
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Sensitive 
Receptors 

on-Subunit 

On-Property 

off-Property 

TABLE A.3-9 

MAXIMUM ANNUAL DEPOSITION RATES AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FEIZNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ON-SUBUNIT, ON-PROPERTY AND OFF-PROPERTY 

Maximum Annual Deposition Rates (g/m2) 

Active Flyash , Inactive Solid Waste Lime Sludge 
Pile. South Field Flyash Pile Landfill Ponds 

55.7 0.3091 0.3417 0.4195 18 
(1 000,- 1650) (950,- 1500) (750,- 1400) (950,-200) (950,450) 

29.7 0.3235 0.3755 0.3678 1 1  
(1 OO0,- 1600) (1 OO0,- 1500) (750,-1450) (1 OO0,- 150) ( looo,-650) 

0.98 0.0375 0.0284 0.0061 0.1249 
(600,-1800) (550,-1700) (500,-1600) (1 150,350) (250,-900) 
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Sensitive 
Receptors 

TABLE A.3-10 

MAXIMUM ANNUAL CONCENTRATIONS AND LOCATIONS 

RECEFTORS FOR OPERABLE UNIT 2 SUBUNITS 
FUTURE SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ON-SUBUNIT, ON-PROPERTY AND OFF'-PROPERTY 

Maximum Annual Concentrations (pg/m3) 

Active Flyash Inactive Solid Waste Lime Sludge 
Pile South Field Flyash Pile Landfill Ponds 

on-Subunit 

on-Prope@' 

10.3 410 6.0 91 26 
(1OO0,- 1650) (950,-I 500) (750,-1400) (950,-200) (950, -650) 

7.5 358 7.0 91 15 
(1OO0,- 1600) (1 OO0,- 1500) (750,- 1450) ( 1000,- 150) (1000,-650) 

0.748 
(600,-1800) Off-Property 
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TABLE A.3-11 

MAXIMUM ANNUAL DEPOSITION RATES AND LOCATIONS 

RECEPTORS FOR OPERABLE UNIT 2 SUBUNITS 
FUTURE SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

OF ON-SUBUNIT, ON-PROPERTY AND OFF’-PROPERTY 

Maximum Annual Deposition Rates (g/m’) 

Sensitive Active Flyash Inactive Solid Waste Lime Sludge 
Receptors Pile South Field Flyash Pile Landfill Ponds 

on-Subunit (1OO0,- 1650) (950,- 1500) (750,- 1400) (950,-200) (950,450) 

On-Property 

Off-Property 

55.7 8.8 0.3417 9.8 18 

29.7 9.2 0.3755 8.6 11 
(1OOO,-1600) (lOO0,-1500) (750,-1450) (1000,-150) (1000,450) 

0.98 1.063 0.0284 0.1417 0.1249 
(600,-1800) (550,-1700) (500,-1600) (1 150,350) (250,-900) 
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0.0232 

TABLE A.3-12 

MAXIMUM CONCENTRATIONS (pg/m3) 
AT SENSITIVE RECEPTORS 

CURRENT SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

0.6057 
Elementary 

0.0182 

0.0109 

0.0129 

Morgan 
Elementary 

Elementary 
0.028 0.0048 

0.0028 

0.0032 

St. Johns I 0.020 
Elementarv 

Ross Middle I 0.019 
High School 

~~ 

Ross County I 0.024 
Day Nursery 

0.0035 I 0.001 

0.0161 I 0.0042 

*Calculated at flagpole receptor height of 1.5 meters. 
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0.0005 I 0.0025 

0.0024 1 0.0134 

0.0008 1 0.0056 

o.oo16 I O.OO8* 

0.0021 0.01 19 I 
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Sensitive 
Receptors 

Crosby 
Elementary 

Morgan . 
Elementary 

Elda 
Elementary 

S t . Johns 
Elementary 

TABLE A.3-13 

MAXIMUM DEPOSITION RATES* (g/m2) 
AT SENSITIVE RECEPTORS 

CURRENT 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 0.0058 0.0019 O.OOO6 0.0254 

0.0003 0.0003 o.Ooo1 0.0001 0.0026 

0.0042 0.003 1 0.001 1 0.0008 0.0255 

0.001 1 O.OOO9 0.0003 0.0001 0.0042 

Ross Middle 
High School 

Ross County 
Day Nursery 

0.0017 0.0016 0.0005 0.0005 0.0133 

0.0032 0.0026 O.OOO9 0.0007 0.0214 

*Calculated at ground level. 

. .  
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Sensitive 
Receptors 

Crosby 
Elementary 

Morgan 
Elementary 

Elda 
Elementary 

St. Johns 
Elementary 

Ross Middle 
High School 

Day Nursery 
Ross County 

TABLE A.3-14 

MAXIMUM CONCENTRATIONS* (pg/m3) 
AT SENSITIVE RECEPTORS 

FUTURE SCENARIO 
OPERABLE UNIT 2 SUBUNITS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
J!ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

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 0.0251 0.0056 

0.019 0.4375 0.0032 0.0477 0.0088 

0.024 0.5780 0.0042 0.0640 0.01 19 

*Calculated at flagpole receptor height of 1.5 meters. 

FER\CRUZRIVLG\TABA~.~~IJ~U~Y~ 10. 1995 12:23pm A-3-39 



FEMP-OU02-6 FINAL 
January 21, 1995 

Elementary 

Ross Middle 
High School 

Ross County 
Day Nursery 

TABLE A.3-15 

MAXIMUM DEPOSITION RATES*(g/m2) 
AT SENSITIVE RECEPTORS 

FUTURE SCENARIO 
OPERABLE UNIT 2 W U N I T S  

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

0.0017 0.0025 0.0005 0.0107 0.0133 

0.032 0.0042 O.OOO9 0.0168 0.0214 

~~ ~ 

Sensitive Active Flyash Inactive Solid Waste Lime Sludge 
Receptors Pile South Field Flyash Pile Landfill Ponds 

Crosby 0.0165 0.1654 0.0019 0.0140 0.0254 
Elementary 

*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 

FERN- ENMRON?lENTAL MANAGEMENT PROJECT 

Concentration Maximum Exposure Point Concentrations' 
Parameter. Term On-subunitb &-sitec Off-si ted 
RADIOLOGICAL @Ci/g) (pCi/m3) @Ci/m3) (pCi/m3) 
Neptunium 237 5.5 5.67e-05 4.13e-05 4.1 le-06 
Plutonium 238 0.7 7.21e-06 5.25e-06 5.24e-07 
Plutonium 239/240 0.3 3.09e-06 2.25e-06 2.24e-07 
Radium 226 4.6 4.74e-05 3.45e-05 3.44e-06 
Radium 228 3.2 3.30e-05 2.40e-05 2.39e-06 
Strontium 90 4.5 1 4.64e-05 3.38e-05 3.37e-06 
Thorium 228 3.8 3.9 l e45  2.85e-05 2.84e-06 
Thorium 230 3.7 3.8 le-05 2.78e-05 2.77e-06 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

2.7 2.78e-05 2.03e-05 2.02e-06 
3.6 3.7 le-05 2.70e-05 2.69e-06 
0.2 2.06e-06 1.50e-06 1 SOe-07 
3.6 3.71e-05 2.70e-05 2.69e-06 

INORGANICS/ORGANICS ( m g k )  (mg/m3) (mg/m3) (mg/m3) 
Arsenic 89.8 9.25e-07 6.74e-07 6.72e-08 
Barium 253.9 2.62e-06 1.90e-06 1.90e-07 
Beryllium 4.7 4.84e-08 3.53e-08 3.52e-09 
Chromium 13.3 1.37e-07 9.98e-08 9.95e-09 
Cobalt 18.8 1.94e-07 1.41e-07 1.41e-08 
Copper 73.8 7.60e-07 5.54e-07 5.52e-08 
Cyanide 0.3 3.09e-09 2.25e-09 2.24e-10 
Lead 55.4 5.71e-07 4.16e-07 4.14e-08 
Molybdenum 8.6 8.86e-08 6.45e-08 6.43e-09 
Nickel 40.1 4.13e-07 3 .Ole-07 3. We-08 
Selenium 5.9 6.08e-08 4.43e-08 4.41e-09 
Thallium 2.7 2.78e-08 2.03e-08 2.02e-09 
Toluene 0.1 1.03e-09 7.5Oe-10 7.48e-11 
Vanadium 50.2 5.17e-07 3.77e-07 3.75e-08 
zinc 78.3 8.06e-07 5.87e-07 5.86e-08 

'Maximum concentrations from ISCLT modeling 
bWithin the subunit itself, 10.3 ug/m3, approximately 20 meters north of Active Flyash Pile center 
'Area from subunit boundary to FEMP boundary, 7.5 ug/m3, approximately 70 meters north of Active Flyash Pile 
center 
dArea beyond the FEMP boundary, 0.748 ug/m3, approximately 430 meters west-southwest of Active Flyash Pile 
center 
' 
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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 
Concentration Maximum Exposure Point Concentrationsa 

Term On-subuni8' On-si tec Off-sited 
RADIOLOGICAL @Cilg) @Ci/m2) (pCi/m? @Ci/m? 
Neptunium 237 5.5 3 .Me + 02 1.63e+02 5.39e + 00 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 239236 
Uranium 238 

0.7 3.9Oe + 0 1 2.08e + 01 6.86e-01 
0.3 1.67e+01 8.91e+00 2.94e-0 1 
4.6 2.56e +02 1.37e+02 4.51e+00 
3.2 1.78e + 02 9.5Oe +01 3.14e+00 
4.5 2.5 1 e + 02 1.34e+02 4.41e+00 
3.8 2.1&+02 1.13e+02 3.72e + 00 
3.7 2.Me + 02 1.10e+02 3.63e+00 
2.7 1.5Oe+02 8.02e + 0 1 2.65e+00 
3.6 2.0 l e  + 02 1.07e + 02 3.53e+00 
0.2 l.lle+Ol 5.94e+00 1.96e-01 
3.6 2.0 1 e + 02 1.07e + 02 3.5 3 e + 00 

Barium 
Beryllium I 

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-0 1 
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 
1.5oe-01 
5.57e-03 
2.8Oe+00 
4.36e + 00 

7.54e+00 
1.40e-01 
3.95e-01 
5.58e-O 1 
2.19e+00 
8.9 l e43  
1.65e+ 00 
2.55e-0 1 
1.19e+00 
1.75e-0 1 
8.02e-02 
2.97e-03 
1.49e+00 
2.33e+00 

2.49e-01 
4.61e-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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TABLE A.3-18 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 0 
SOUTH FIELD - CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F’ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration Maximum Annual Exposure Point Concentrationsa 
Parameter Term On-subunitb On-sitec Off-sited 

RADIOLOGICAL (Pew @Ci/m’) @Ci/m3) @Ci/m3) . 
Cesium 137 4.99e01 4.94e-06 4 .4446  3.65e-07 
Neptunium 237 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontium 90 
Technecium 99 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

2.28e0 1 
1.20e-01 
5.10e02 
3.08e + 01 
3.88e+00 
l.OOe+OO 
1.42e + 02 
4.41e+00 
1.38e+01 
3.99e+ 00 
8.66e+00 
4.19e-01 
9.31e+00 

2.26e-06 
1.19e06 
5.05007 
3.05e-04 
3.84e-05 
9.9%-06 
1.41 e-03 
4.37e-05 
1.37e-04 
3.9%-05 
8.57e-05 
4.1%-06 
9.22e-05 

2.03e-06 
1.07e-06 

2.74e04 
3.45e05 

4.54e-07 

8.9Oe-06 
1.26e-03 
3.92e-05 
1.23e04 
3 S5e-05 
7.71 e-05 
3 . 7 3 ~ ~ 0 6  
8.29e-05 

1.67e-07 
8.78e08 
3.73e08 
2.25-05 
2.84e06 
7.32e07 
1.04e04 
3.23e-06 
1.01 e-05 
2.92e06 
6.33e-06 
3 .0747  
6.8 1 e-06 0 INORGANICS (mgncg) (mg/m3) (mg/m3) ( m g 1 m 1 
5.32e09 Arsenic 7.27e +pO 7.2Oe08 

Beryllium 9.42e01 9.33e09 8.38e09 6.89e-10 
1.02e-08 Chromium 1.39e+01 1.38e07 1.24e-07 

Lead 2.46e + 01 2.43e-07 2.19e-07 1 .80e-08 

6.47e-08 

ORGANICS ( m g W  (mglm3) (mglm’) (mdm’) 
Aroclor- 1254 8.90e02 8.8 1 e-1 0 7.92e10 6.51e-11 

Dieldrin 1 .m-02 9.9Oe-11 8.9Oe-11 7.32e-12 
Benzo(a)anthracene 5.50e + 00 5.45e08 4.9Oe-08 4.02e-09 

6.88e-09 Benzo(a)pyrene 9.40e + 00 9 . 3 1 4 8  8.37e-08 

Benzo(k)fluoranthene 7.3Oe+00 7.23e08 6.50-08 5.34e09 
Carbazole 1.70e01 1.68e09 1.51e09 1.24e-10 
Chrysene 6.OOe+00 5.94008 5.34e08 4.39e-09 
Dibenzo(a,h)anthracene 1.90e + 00 1.88e-08 1.69e-08 1.39e-09 
Indeno( 1,2,3-cd)pyrene 6.OOe+00 5.94e-08 5.34e-08 4.39e-09 
bis(2-Ethylhexy1)phthalate 1.1 oe-01 1 B9e-09 9.79e-10 8.05e-11 

Aroclor-1260 5.2Oe-02 5.15e10 4.63e-10 3.8Oe-11 

Benzo(b)fluoranthene 6.20e + 00 6.14e-08 5.52e-08 4.54e-09 

Methylene chloride 5.00e-03 4.9%-11 4.4%-11 3.66e-12 

2.93e-07 2.63 e 0 7  ’ 2.16e08 Total Uranium 2.96e+O1 
OTHER ( m g k )  (mglm’) (mg/m’) (mg/m’) 

‘Maximum annual average concentrations from ISCLT modeling 
bWithin the boundary of the subunit itself, 9.9 ug1m3, approximately 100 meters northwest from the center of South Field 

South Field 
dAt or beyond the FEMP boundary, 0.7316 ug1m3, approximately 350 meters southwest of the center of South Field 

9 .  Between the subunit boundary and the FEMP boundary, 8.9 ug/m3, approximately 125 meters northwest from the center of 
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TABLE A.3-19 

PRELIMINARY ANNUAL DEPOSITION RATES FROM AIR DISPERSION MODELING 
SOUTH FIELD - CURRENT SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration Maximum Annual Exposure Point Concentrations‘ 
Parameter Term On-subunitb On-sitec Off-sited 

~ 

RADIOLOGICAL @Ci/P) @Ci/m3 @Ci/m’) @Ci/m? 
Cesium 137 4.99e-01 1.54eo1 1.61e-01 1.87e-02 
Neptunium 237 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 
Strontium 90 
Technetium 99 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

2.28e-01 
1.20e-01 
5.1oe-02 
3.08e + 01 
3.88e+00 
1.00e+00 
1.42e+02 
4.41e+00 
1.38e+01 
3.99e+00 
8.&+00 
4.19e-01 
9.31e+00 

7.05- 
3.71e-02 
1 .58& 
9.52e+ 00 
1.2oe+00 
3.09e-01 
4.39e+01 
1.36e+00 
4.27e+00 
1.23e+00 
2.68e+00 
1 .3W1 
2.88e+00 

7.38- 
3.88e-02 
1.65e-02 
9.96e+00 
1.26e+00 
3.2441 
4.59e+01 
1.43e+00 
4.46e+OO 
1.29e+00 
2.80e + 00 
1.3-01 
3.01e+00 

8.55e-03 
4.50e-03 
1.91e-03 
1.16e+00 
1.46e-01 
3.75e02 
5.33e+00 
1.65e01 
5.18e-01 
1.50e01 
3.25e-01 
1.57e02 
3.49e01 

Beryllium 
Chromium 

9.42e-01 2.91- 3.05e04 3.53e05 
1.39e+01 4.3oe-03 4.50e03 5.21 e04 

Lead 2.46e+Ol 7.-03 7.95e-03 9.22e04 

ORGANICS (mgkz) (mg/m2) (mg/m2) (mg/m2) 
Aroclor-1254 8.9oeO2 2.7545 2.8845 3.34e-06 
Aroclor-1260 5.2Oe-02 1.61e-05 . 1.68e05 1.95e-06 
Dieldrin 1 .ooe-02 3.09e-06 3.24e-06 3.75e-07 
Benzo(a)anthracene 5.5oe+00 1.70e-03 1.78e-03 2.06e-04 
Benzo(a)pyrene 9.4Oe+00 2.9 1 e-03 3.04e-03 3.53e-04 
Benzo (b) fluoranthene 6.2&+00 1.92e-03 2.0143 2.33e04 
Benzo(lc)fluoranthene 7.3&+00 2.26e03 2.36e-03 2.7- 
Carbazole 1.7oe-01 5.25e05 5.5oe-05 6.38e46 

2. =e-04 Chrysene 6.OOe+00 1.85e-03 1.9443 
Dibenzo(a,h)anthracene 1.9Oe+00 5.87e-04 6.15- 7.13e-05 
Indeno(l,2,34)pyrene 6.OOe+00 1.85e-03 1.94e-03 2.25e-04 
bis(2-Ethylhexy1)phthalate l.loe-01 3.4oe-05 3.56e-05 4.13e-06 
Methylene chloride 5.00e-03 1.55e-06 1.62e-06 1.88e-07 

OTHER ( m g k )  (mg/m2) (mg/m? (mg/m? 
1.1 le-03 Total Uranium 2.96e+O1 9.14e-03 9.57e-03 

eMaximum annual deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 0.3091 g/m2, approximately 100 meters northwest from the center of South Field 
CBetween the subunit boundary and the FEMP boundary, 0.3235 glm2, 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 

A-3-44 
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TABLE A.3-20 ’ PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 
SOUTH FIELD - FUTURE SCENARIO 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration Maximum Annual Exposure Point Concentrations’ 
Parameter Term On-subunitb On-sitec Off-sited 

RADIOLOGICAL @CUg) @Ci/m’) @Ci/m3) @Ci/m’) 
Cesium 137 4.99e01 2.05- 1.79e-04 1.30e05 
Neptunium 237 2.2841 9.3545 8.16e05 5.93e-06 
Plutonium 238 1.2oe-01 ‘ 4.92e-05 4.3Oe-05 3.12e-06 
Plutonium 2391240 5.1 Oe-02 2.0945 1.83e05 1.33e06 
Radium 226 3.08e+ 01 1.2-2 1.1oe-02 8.01e-04 
Radium 228 3.88e + 00 1 S9e-03 1.39e03 1.01 e-04 
Strontium 90 1.00e+00 4.1044 3.58e04 2.60e-05 
Technecium 99 1.42e + 02 5.82e-02 5.08e-02 3.69e03 
Thorium 228 4.41e+00 1.81e03 1 S8e-03 1.15e04 
Thorium 230 1.38e+01 5 . 0 3  4.94e03 3 S9e-04 
Thorium 232 3.99e+00 1.64e-03 1.43e-03 1.04e-04 
Uranium 234 8.66e+00 3.5543 3.10e-03 2.25e-O4 

1.09e-05 Uranium 235/236 4.19e-01 1.72eO4 1 SOe-04 
Uranium 238 9.31e+00 3.82e03 3.33e-03 2.42e04 

INORGANICS ( m g W  (mg/m’) (mglm’) (mglm’) 
1.89e-07 Arsenic 7.27e + 00 2.98e-06 2.6Oe-06 
2.45e-08 9.42e-01 3.8-7 3.37e07 Beryllium 

Chromium 1.39e+01 5.7oe06 4.98e06 3.61-07 
* Lead 2.&+01 1.01e05 8.80e06 6.39e07 

2.31e09 Aroclor-1254‘ 8.9Oe-02 3.6548 3.19e08 
Aroclor- 1260 5.2Oe-02 2.1348 1.86e-08 1.35e-09 
Dieldrin 1 .ooe-02 4.1Oe-09 3.58e09 2.6Oe-10 
Benzo(a)anthracene 5.5oe+00 2.26e-06 1.97e06 1.43e-07 

1.61e07 Benzo(b)fluoranthene 6.20e+00 2.54e06 2.22e-06 
Benzo(lc)fluoranthene 7.3oe+00 2.99e-06 2.61 e-06 1.90e07 
Carbazole 1.7Oe-01 6.9748 6.09e-08 4.42e-09 
Chrysene 6.OOe+00 2 . 6 0 6  2.1%-06 1 .56e07 
Dibenzo (a, h)anthracene 1.9&+00 7.79e-07 6.80e-07 4.94e-08 ,, 
Indeno( 1,2,3-cd)pyrene 6.00e+00 2.46e-06 2.15e-06 1.56e-07 

2.86e-09 bis(2-Ethylhexy1)phthalate l.loe-O1 4.5 1 e-08 3.94e-08 
Methylene chloride 5.00e-03 2.0549 1.79e-09 1.30e-10 

Total Uranium 2.96e+O1 1.2 le-05 1 B6e-05 7.69e07 

#’ 

ORGANICS ( m g k )  (mglm’) (mglm’) (mg/m3) 

Benzo(a)pyrene 9.40e + 00 3.85e-06 3.37e-06 2.44e-07 

OTHER (mgflrg) (mdm’) (mg/m3) (mdm’) 

‘Maximum annyal 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 ug/m3, approximately 125 meters northwest from the center of ’ 
South Field 
dAt or beyond the FEMP boundary, 26 ug/m3, approximately 350 meters southwest of the center of South Field 

0 
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PRELIMINARY 

TABLE A.3-21 

ANNUAL DEPOSITION RATES FROM AIR DISPERSION MODELING 
SOUTH FIELD - FUTURE SCENARIO ' 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Concentration Maximum Annual Exposure Point Concentrationsa 
Parameter Term On-subunitb On-site' 0 ff-sited 

RADIOLOGICAL @W) @Ci/i3 @Ci/rn? @Ci/m? 
Cesium 137 4.9941 4.39e+00 4.59e+00 5.3041 
Neptunium 237 2.28e-01 2.01e+00 2.10e+00 2.4241 
Plutonium 238 1,2Oe-01 1.&+00 1.1oe+00 1.28e-01 
Plutonium 2391240 5.1Oe-02 4.49e-01 4.6941 5.42e-02 
Radium 226 3.08e+01 2.71e +02 2.83e + 02 3.27e + 01 
Radium 228 3.88e+00 3.41e+01 3.57e+01 4.12e+00 
Strontium 90 l.OOe+OO 8.8Oe+00 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+00 3.88e+01 4.06e+01 4.69e+00 
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+00 7.62e + 01 ' 7.97e + 0 1 9.20e+00 
Uranium 235l236 4.19e-01 3.69e + 00 3.85e+00 4.4541 
Uranium 238 9.31e+00 8.19e+01 8 S7e + 0 1 9.90e + 00 

INORGANICS (mgk.3 (mg/m2) (mg/m2) . (mglm2) 
Arsenic 7.27e+00 6.4-02 6.69e02 7.73e03 

9.42e01 8.29e-03 8.67e03 1 .OOe-03 
1.39e+01 1.2241 1.28e01 1.48e-02 

2.6142 2.46e+o1 2.16e01 2.26e-0 1 

Aroclor-1260 
Dieldrin 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Carbazole 
Chrysene , 
Dibenzo(a,h)anthracene 
Indeno( 1,2,3cd)pyrene 
bis(2-Ethylhexy1)phthdate 

5.2-02 
1 .ooe-02 
5.5oe+oo 
9.4oe+00 
6.2Oe+00 
7.3oe+00 
1.7Oe-01 
6.OOe+00 
1.9Oe+00 
6.OOe+00 
1.1oe-01 

4.58- 
8.89e-05 
4.84e-02 
8.2742 
5 . 4 6 4 2  
6.42e-02 
1.5Oe-03 
5.28e-02 
1.67e02 
5.28e-02 
9.68- 

4.78e-04 
9.2Oe-05 
5.06e-02 
8.65e-02 
5.7Oe-02 
6.72e02 
1.56e03 
5.5242 
1.75e-02 
5.52e-02 
1.0143 

5.53e-05 
1 . O b 0 5  
5.85e03 
9.99e-03 
6.59e-03 
7.76e-03 
1.81e-04 
6.3 8e-03 
2.02e-03 
6.3 8e-03 
1.17e-04 

Methylene chloride 5.ooe-03 4.4Oe-05 4.6oe-05 5.32e-06 

OTHER (mgk)  (mg/m2) (mglm3 (mglm') 
3.14e-02 Total Uranium 2.96e+Ol 2.60e-01 2.72e-01 

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 
'Between the subunit boundary and the FEMP boundary, 9.2 glm2,  approximately 125 meters northwest from the center of 
South Field 
dAt or beyond the FEMP boundary, 1.063 glm2, 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 
F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

INACTIVE FLYASH PILE - (CURRENT AND FUTURE SCENARIOS) 

Maximum Annual Exposure Point Concentrations' Concentration 
Parameter Term On-subunitb On-sitec Off-sited 

~ 

Cesium 137 

Neptunium 237 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 

Strontium 90 
Thorium 228 
Thorium 230 

4.62e-01 

7.97e-01 
8.1Oe-02 
2.1Oe-02 
1.98e+00 
2.24e+00 

8.7Oe-01 
2.71e+00 
2.77e+ 00 

2 . 7 7 6  
4 . 7 8 6  
4.86e-07 
1.26e-07 
1.19e05 

1.35-05 

5 . 2 2 6  
1.63e-05 

1.66e-05 

3.23e-06 

5 S8e-06 
5.67e-07 
1.47e07 
1.38e05 
1.57e05 

6.09e06 
1.9oe-05 
1.9k-05 

1.66e-07 ' 

2.87e-07 
2.92e-08 
7.56e-09 
7.1 1 e-07 
8.07e07 

3.13e-07 
9.76e-07 
9.97e-07 

Thorium 232 2.33e+00 1.40e-05 1.63e-05 8.39e-07 

Uranium 234 8.65e+00 5.19e05 6.05e05 3.1 le-06 
Uranium 2351236 4.2Oe-01 2.52e-06 2.94e-06 1.5 le-07 

Uranium 238 8.87e + 00 5.32e05 6.21 e05 3.19e-06 

INORGANICS ( ~ g k )  (mglm3) (mglm3) 

0 
Arsenic 
Beryllium 
Cadmium 

Chromium 

Lead 

2.32e-07 1.2Oe-08 3.32e+01 1.99e-07 
2.27e+00 1.36e-08 1 S9e-08 8.18e-10 
3.1Oe+00 1.86e-08 2.17e-08 1.12e-09 

1.14e+O1 6.82e08 7.95e-08 4.09e-09 

2.39e+01 1.44e-07 1.68e07 8.61e-09 
~ ~~ 

ORGANICS (wk) (mglm') (mg/m3) (mglm3) 
Carbazole 5.1Oe-01 3.O6e-09 3.57e-09 1.84e-10 

Dibenzola. h\anthracene 2.20e+00 1.32e-08 1 S4e-08 7.92e-10 

Total Uranium 2.62e+01 1.57e-07 1.83e-07 9.43e-09 

'Maximum 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 0 
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TABLE A.3-23 

PRELIMINARY MAXIMUM DEPOSITION RATES FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

INACTIVE FLYASH PILE - (CURRENT AND F'UTURE SCENARIOS) 

Paramar 

Maximum Annual Exposure Point Concentrationsa Concentration 
Term On-subunitb On-sitec off-sited 

Cesium 137 4.62e01 1.5841 1.73e-01 1.31e-02 
Neptunium 237 7.9741 2 .7241 2 .9941 2.2-2 

Plutonium 238 8.1- 2 .7742 3.04e02 2.3Oe-03 
Plutonium 2391240 2.1oe02 7.18e03 7.89e-03 5.96e-04 
Radium 226 1.98e+00 6.7541 7 .4241 5 .6142 

Radium 228 2.24e+ 00 7.66e-01 8.42e-01 6 .3742 
Strontium 90 8.7Oe-01 2.97e-01 3 .2741 2.47e-02 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 

Uranium 238 

2.71e+00 9.26e-01 1.02e+OO 7.70e-02 

2.77e + 00 9.4741 1.04e+OO 7.87e-02 
2.33e+00 7.96e-01 8.75e-01 6.62e-02 

2 .4641 8.65e+00 2.96e+00 3.25e+00 
4.20-0 1 1.44e-01 1.58e01 1.19e-02 
8.87e +00 3.03e+W 3.33e +00 2.52e-0 1 

INORGANICS ( m g k )  (mg1m2) (mg/m2) (mg1m2) 
Arsenic 3.32e+Ol 1.13e-02 ' 1.25e-02 9.43e04 

Beryllium 2.27e + 00 7.77e-04 8.54e-04 6.46e-05 

Cadmium 3.1Oe+00 1 . W 3  1 .1603 8.80e-05 

Chromium l . l k + O l  3.88e-03 4.27e-03 3.23e-04 

Lead 2.39e+01 8.18e-03 8.99e-03 6.80e-04 

ORGANICS ( m g W  (mglm2) (mg1m2) ( m g W  

Carbazole 5.10e01 1.74e-04 1.92e04 1.45e-05 

Dibenzo(a,h)anthracene 2.20e + 00 7.52e-04 8.2- 6.25e-05 

'Maximum 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 glm2, approximately 50 meters northeast of Inactive Flyash Pile center 

dArea beyond the FEMP boundary, 0.0284 g1m2, approximately 250 meters southwest of Inactive Flyash Pile center 
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TABLE A.3-24 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F’ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MODELING - SOLID WASTE LANDFILL - CURRENT SCENARIO 

Maximum Annual Exposure Point Concentrationsa Concentration 
Off-sited Parameter 

RADIOLOGICAL @ C W  @Ci/m3) @Ci/m3) @ci/m3) 
Cesium 137 2.67e0 1 8 .0147 8.01e07 1.32e-08 
Neptunium 237 1.19e+00 3 s7e-06 3 .57e06 5.87e-08 
Plutonium 238 7.72e0 1 2.32e-06 2.3 2e06 3.8 1 e-08 
Plutonium 2391240 8.20e-02 2.46e-07 2.46e-07 4.05e-09 
Radium 226 1.90e+00 5 . 6 9 6  5.69e-06 9.37e-08 

8.30e08 Radium 228 1.68e+00 5.04e-06 5.04e-06 
Strontium 90 9.55e01 2.87e06 2.87e06 4.72e-08 
Thorium 228 1.63e+00 4.88e06 4.88e06 8.03e-08 
Thorium 230 6.48e+ 00 1.94e+05 1.94e+05 3.20e07 

Uranium 234 4.21e+01 1.26e+04 1.26e+04 2.08e-06 
Uranium 2351236 2.84e+00 8.51e+06 8.51e+06 1.4Oe-07 
Uranium 238 7.72e + 01 2.31e+04 2.3 le  + 04 3.8 le-06 

Term On-subunitb On-sitec 

Thorium 232 1.51e+00 4.53606 4.53e-06 7.46e-08 

INORGANICS ( m g W  (mg/m’) (mg/m3) (mg1m3) 
Arsenic 6.67e + 00 2.-08 2. We-08 3.29e10 
Beryllium 6.98001 2.09e-09 2.09e-09 3.45e11 
Cadmium 8.50e-01 2.55e-09 2.5549 4.20e-11 
Chromium 1.55e+01 4.64e-08 4.64e-08 7.64e-10 
Lead 1.90e+01 5.7Oe-08 5.70e-08 9.39e-10 . 
ORGANICS ( m g W  (mglm3) (mg/m3) (mg/m3) 
4,4-DDE 1.2Oe-02 3.6oell 3.60e-11 5.93613 

Benzo(a)anthracene 3.8-1 1 .1609 1.16e-09 1.91ell 
Benzo(a)pyrene 3.4041 1.02e-09 1.02e-09 1.68e-11 
Benzo(b) fluoranthene 7.1Oe-01 2.13e-09 2.13e-09 3.5 1 e-1 1 
Benzo(k)fluoranthene 8.85e01 2.66e-09 2.66e-09 4.37e-11 
bk(2-Ethylhexy1)phthalate 4.8Oe-02 1 .-lo 1.44e-10 2.37e-12 
Carbazole 7.70e02 2.31~~10 2.31e-10 3.80e- 12 
Chrysene 4.5341 1.3609 1.3-9 2.240 1 1 
Dibenzo(a, h)anthracene 2.00e01 6.-10 6.00e-10 9.88e- 12 
Indeno( 1,2,3td)pyrene . 4.80e-01 1.44e-09 1.44e-09 2.37e-11 

Total Uranium 2.25e+02 6.7-2 6 .7607 1.1 le08  
OTHER ( m g h )  (mg/m3) (mglm’) (mdm’) 

aMaximum annual average deposition rates from ISCLT modeling 
bWithh the boundary of the subunit itself, 3.0 pg1m3, 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 pg1m3, 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 
MODELING - SOLID WASTE LANDFILL - CURRENT SCENARIOS 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

Maximum Annual Exposure Point Concentrations' Concentration 
Parameter Term On-subunitb On-sitec 0 ff-sited 

RADIOLOGICAL @W) @Ci/m') @ci/m3 @ci/mz) 
Cesium 137 2.67e-01 1.12e-01 9.82e-M 1.63e-03 
Neptunium 237 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

1.19e+W 
7.7241 
8.20e-02 
1.9Oe+00 
1.68e+00 
9.5%-01 
1.63e+00 
6.48e+00 
1.51e+00 
4.21e+01 
2.84e + 00 
7.72e+01 

4.99e-0 1 
3.2-1 
3.44e-02 
7.9-1 
7.0541 
4.01e-01 
6.82e-01 
2.72e+00 
6.34e-01 
1.77e+01 
1.19e+00 
3.24e+O1 

4.37e01 
2.84e01 
3.02eM 
6.98e0 1 
6.1841 
3.51e-01 
5.9841 
2.38e+00 
5.56e-01 
1.55e+01 
1.04e+OO 
2.84e+O1 

7.25e-03 
4.71e03 
5.00e-04 
1.16e-02 
1.0342 
5.8343 
9.92e-03 
,3.95e-02 
9.22e03 
2.57e01 
1.73e-02 
4.7 1 e-0 1 

INORGANICS (mgflrg) (mglm2) (mg/m2) (mglm2) 
Arsenic 6.67e+00 2.8Oe-03 2.45e03 4.07e-05 
Beryllium 6.98e-0 1 2.93e-04 2.57e-04 4.26e-06 
Cadmium 8.5Oe-01 3.57e-04 3.13e-04 5.19e-06 
Chromium 1 .55e + 0 1 6.49e-03 5.69e-03 9.43e-05 
Lead 1.90e + 0 1 7.9743 6.99e-03 1.16e-04 

ORGANICS ( m g k )  (mg/m2) (mglm2) (mglm2) 
4,4-DDE 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
bis(2-Ethylhexy1)phthalate 
Carbazole 
Chryserie 
Dibenzo(a, h)anthracene 

1.2Oe-02 
3.86e-01 
3.40e-0 1 
7.10e-01 
8.85e01 
4.80e-02 
7.70e-02 
4.53e-0 1 
2. We-0 1 

5.03~46 
1.62e-04 
1.43e-04 
2.98e-04 
3.71e-04 
2.01e-05 
3.23e-05 
1.9Oe-04 
8.39e-05 

4.41e-06 
1.42eM 
1.25eM 
2.6 1 e-04 
3.2604 
1.77e-05 
2.83e05 
1.67e-04 
7.3 6e-05 

7.32e-08 
2.3%-06 
2.07e-06 
4.33e-06 
5.40e-06 
2.93e-07 
4.70e-07 
2.76e-06 
1.22e-06 

Indeno(l.2.3-cd)p~rene . 4.80e-01 2.01e-04 1.77e-04 2.93e-06 

OTHER (mgW (mglm2) (mglm3 (mglm2) 
Total Uranium 2.25e + 02 9.45e-02 8.28e-02 1.37e-03 

'Maximum annual average deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 0.4195 glm2, 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 Landfd 
dAt or beyond the FEMP boundary, 0.0061 glm2, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 
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TABLE A.3-26 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

SOLID WASTE LANDFILL - FUTURE SCENARIOS 

I 

Concentration Maximum Annual Exposure Point Concentrations’ 

Parameter Term On-subunitb On-sitec Off-sited 

RADIOLOGICAL @ C W  @Ci/m3) @Ci/m3) @Ci/m3) 

Cesium 137 2.67eO 1 2,43 e-05 2.43-05 4.01e-07 
Neptunium 237 1.19e+00 1.08eM 1.08e04 1.78e06 
Plutonium 238 7.72e-0 1 7 .0345  7.03e-05 1.16e06 

1.23e-07 Plutonium 2391240 8.20e-02 7.46e-06 7.46e06 
Radium 226 1.9Oe+00 1.73e-04 1.73e04 2.85e06 
Radium 228 1.68e+00 1 S3e-04 1.53e04 2.52e06 
Strontium 90 9.55e-01 8.69e-05 8.69e-05 1.43e-06 
Thorium 228 1.63e+00 1 . 4 8 4 4  1.48eM 2.44e06 
Thorium 230 6.48e+00 5.89eM 5.89e-04 9.71 e06  
Thorium 232 1.51e+00 1.3%-04 1.38e-04 2.27e-06 
Uranium 234 4.21e+01 3.83e03 3.83e-03 6.32e-05 
Uranium 235l236 2.84e+00 2. 58e-04 2.58e04 4.26e-06 
Uranium 238 7.72e + 01 7.02e-03 7.02e03 1 .16e-04 
INORGANICS ( m g W  (mglm’) (mglm’) (mglm’) 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 

6.67e + 00 ’ 6 . 0 7 4 7  6.07e07 1.00e-08 
6.98e-01 6.35e-08 6.35e-08 1 .OSe-09 
8.50e-0 1 7.74e-08 7.74e08 1.2%-09 
1.55e+01 1.41e06 1.4 le-06 2.32e08 
1.9Oe+01 1.73e-06 1.73e-06 2.85e08 

ORGANICS ( m g W  (mglm’) (mglm’) (mglm’) 
4,CDDE 1.20e-02 1.09eO9 1.09e-09 1 .80e-11 

Benzo(a)anthracene 3 . 8 6 0 1  3.5 l e48  3.51e08 5.79elO 
Benzo(a)pyrene 3,4oeo1 3.09e08 3.09e08 5 Joe-1 0 
Benzo(b)fluoranthene 7.1Oe-01 6.46e-08 6.46e-08 1.07e-09 
Benzo(k)fluoranthene 8.85e-01 8.05e08 8.05e-08 1.33e-09 
bk(2-Ethylhexy1)phthalate 4.80e-02 4.37e-09 4.37e-09 7.2Oe-11 
Carbazole 7.7Oe-02 7.01e-09 7.0 l e09  1.16e10 
Chrysene 4.53e-0 1 4.12e-08 4.12e-08, 6.80e-10 
Dibenzo(a, h)anthracene 2.-01 1.82e-08 1.82e-08 3.00e-10 
Indenof 1.2.3-cd’l~vrene 4.8Oe-01 4.37e-08 4.37e-08 7.20e- 10 

‘Maximum annual average concentrations from ISCLT modeling 
bWithin the boundary o\f the subunit itself, 91 ug/m3, approximately 30 meters southeast from the center of Solid Waste Landfill 
‘Between the subunit boundary and the FEMP boundary, 91 uglm3 , approximately 75 meters east-northeast from the center of 
Solid Waste Landfill 
dAt or beyond the FEMP boundary, 1.5 uglm3, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 
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TABLE A.3-27 

PRELIMINARY MAXIMUM ANNUAL DEPOSITION RATES FROM AIR DISPERSION 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MODELING - SOLID WASTE LANDFILL - FUTURE SCENARIOS 

Concentration Maximum Annual Exposure Point Concentrationsa 
Parameter ~ Term On-subunitb On-site' Off-sited 

RADIOLOGICAL @ C W  @Ci/m2) @ci/m3 @Ci/m3 
Cesium 137 2.6741 2.62e + 00 2.3Oe+00 3.78e02 
Neptunium 237 
Plutonium 238 
Plutonium 239/240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 235/236 

1.19e+00 
7.72e01 
8.2Oe-02 
1.90e+W 
1.68e+00 
9.5541 
1.63e+00 
6.48e+00 
1.51e+00 
4.21e+01 
2.84e+00 

1.02e + 01 
6.64e+OO 
7 .0541 
1.63e+01 
1.45e+01 
8.21e+00 
1.40e+01 
5.57e+01 
1.30e+01 
3.62e+02 
2.44e + 01 

1.68e-0 1 
1.09-01 
1.16e02 
2.69e-0 1 
2.38e01 
1.35e01 
2.30e-01 
9.18e-01 
2.14e-01 
5.97e + 00 
4.02e-01 

Uranium 238 7.72e + 01 7.56e+02 6.63e+02 1.09e + 01 

INORGANICS ( m g W  (mg/m2) (mg/m2) (mdm2) 
Arsenic 6.67e + 00 6.53e-02 5.73e-02 9.45e04 
Beryllium 
Cadmium 
Chromium 
Lead 

6.98e01 6.84e-03 6.00e-03 9.89e-05 
8.5-1 8.33e-03 7.3 1 e-03 1.20e-04 
1.55e+01 1.52e-01 1.33e01 2.19e-03 

2.69e-03 1.9Oe+01 1 .8601 1.63e01 

Benzo(a)anthracene 
Benzo(a)pyrene 

3 .8601 3.78e-03 3.32e-03 5.47e-05 
3.4Oe-01 3 3e03 2.92e-03 4.82e-05 

Benzo(b)fluoranthene 7.1Oe-01 6.9603 6.1 le03 1 .O le-04 
Benzo(lc)fluoranthene 8 .8541 8.67e03 7.61e03 1.25e04 
bis(2-Ethylhexy1)phthalate 4.8Oe-02 4.7oe-04 4.13e04 6.8Oe-06 

1.09e-05 Carbazole 7.7Oe-02 7.55e-04 6.62e-04 
Chrysene 4.53e-01 4.44e-03 3.90e-03 6.42e-05 
Dibenzo(a,h)anthracene 2.ooe-01 1.96e-03 1.72e-03 2.83e-05 
Indeno( 1,2,3cd)pyrene 4.8Oe-01 4.70e-03 4.13e-03 6.8Oe-05 

Total Uranium 2.25e+ 02 2.21e+00 1.94e+00 3.19e-02 
OTHER ( m g k z )  (mg/m2) (mg/m2) (mg/m2) 

'Maximum annual average deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 9.8 glm2, approximately 30 meters southeast from the center of Solid Waste Landfill 
'Between the subunit boundary and the FEMP boundary, 8.6 glm2, approximately 75 meters east-noltheast from the center of 
Solid Waste Landfrll 
dAt or beyond the FEMP boundary, 0.1417 g/m2, approximately 600 meters north-northeast from the center of the Solid Waste 
Landfill 

0 
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TABLE A.3-28 

PRELIMINARY MAXIMUM CONCENTRATIONS FROM AIR DISPERSION MODELING 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
F'ERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

LIME SLUDGE PONDS - CURRENT AND F'UTURE SCENARIOS 

Maximum Annual Exposure Point Concentrationsa Concentration 
Parameter Term On-subunitb On-sitec Off-sited 
RADIOLOGICAL @CW @ci/m3) @Cum3) @Ci/m3) 
Cesium 137 7.0241 1.83e-05 1.0545 1.24e47 
Neptunium 237 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 

7.2Oe-01 
5.7-1 
1.3541 
1.92e+00 
1.64e+00 
7.85e01 
2.91e+00 
4.48e + 01 
1.31e+00 
2.1 Oe + 01 
1.74e+00 

1.87e-05 
1.5Oe-05 
3.51e46 
4.9945 
4.26e-05 
2.04e-05 
7.57e-05 
1.16e-03 
3.4oe-05 
5.46eo4 
4.5345 

1 .0845 
8.64e-06 
2.03e-06 
2.88e45 
2. &-05 
1.1845 
4.37e-05 
6.72e04 
1.96e-05 
3.15e04 
2.6145 

1.28e-07 
1.02e07 
2.39e-08 
3.40e07 
2.9047 
1.39e07 
5.1507 
7.93e06 
2.3 le07 
3.72e-06 
3.09e-07 

Uranium 238 7.14e+O1 1.86e-03 1.07e-03 1.26e05 

INORGANICS ( m g k )  (mg1m3) (mg1m3) (mg/m3) 
Arsenic 7.19e+00 1.8747 1.08e-07 1.27e-09 
Beryllium 1.52e+00 3.95e-08 2.28e-08 2.69e-10 
Cadmium 1.2oe+00 3.12eO8 1.8Oe-08 2.13e- 10 
Chromium 1.66e+O1 4.3147 2.49e-07 2.94e-09 
Lead 2.76e + 01 7.1747 4.13e07 4.8849 

ORGANICS ( m g W  (mg/m3) (mg1m3) (mg1m3) 
Aroclor-1254 5.9Oe + 02 1 s 3 4 5  8.85e46 1.04e-07 
Benzo(a)anthracene 9.1Oe-01 2.3748 1.37e-08 1.61e-10 
Benzo(a)pyrene l.loe+Oo 2.8608 1.65e08 1.95e-10 
Benzo(b)fluoranthene l.Ooe+Oo 2.60eO8 1 .50eO8 1.77e-10 
BenzoQfluoranthene 8.-01 2.0848 1.2Oe-08 1.42e10 
bis(2-Ethylhexy1)phthalate l .Ooe+Ol 2.6Oe-07 1.5Oe-07 1.77e09 
Carbazole 1.4oeo1 3.64e-09 2.10- 2.48e-11 
Chrysene 1.1oe+00 2.86e-08 1.65e08 1.95e-10 
Dibenzo(a,h)anthracene 3.20e-01 8.32- 4.80e-09 5.67e-11 
Indeno( 1,2,3cd)pyrene 7.2Oe-01 1.87e-08 1.08e-08 1.28e-10 

OTHER (mgk'd (mglm') (mg1m3) . (mg/m3) 
Total Uranium 2.14e+02 5.57e46 3.21e-06 3.80e-08 

ahlaximum annual average concentrations from ISCLT modeling 
bWithm the boundary of the subunit itself, 26 ug1m3, 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 ug1m3, approximately 700 meters west-southwest from the center of the Sludge 
Ponds 
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TABLE A.3-29 

PRELIMINARY MAXIMUM ANNUAL DEPOSITION RATES FROM AIR DISPERSION 

OPERABLE UNIT 2 REMEDIAL INVESTIGATION 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

MODELING - LIME SLUDGE PONDS - CURRENT AND FUTURE SCENARIOS 

Parameter 
Concentration Maximum Annual Exposure Point Concentrationsa 

Term On-subunitb On-site' Off-sited 
RADIOLOGICAL @CY& @Ci/mz) @Ci/m2) @Ci/m2) 
Cesium 137 7.0241 1.26e+o1 7.72e + 00 8.77e-02 
Neptunium 237 
Plutonium 238 
Plutonium 2391240 
Radium 226 
Radium 228 
Strontium 90 
Thorium 228 
Thorium 230 
Thorium 232 
Uranium 234 
Uranium 2351236 
Uranium 238 

7.2Oe-01 
5.76e-01. 
1 .3541 
1.92e+W 
1.64e+00 
7.85e-01 
2.91e+00 
4.48e+01 
1.31e+00 
2.1Oe+01 
1.7442+00 
7.14e+01 

1.3Oe+01 
1.04e+Ol 
2.43e+00 
3.45e+01 
2.95e + 0 1 
1.41e+01 
5.2442 + 01 
8.06e+02 
2.35e+01 
3.78e +02 
3.14e+01 
1.28e + 03 

7.92e + 00 
6.34e+00 
1.49e+00 
2.11e+01 
1.8Oe+01 
8.64e-+OO 
3.2Oe+01 
4.93e + 02 
1.44e+O1 
2.3 1 e + 02 
1.92e+01 
7.85e+02 

8.99e-02 
7.19e-02 
1.69e-02 
2.40eO 1 
2.05e-0 1 
9.80e-02 
3.63e01 
5.60e+00 
1.63e-01 
2.62e + 00 
2.18e-01 
8.92e + 00 

INORGANICS (mg/kg) (mdm2) (mg1m2) (mg/m2) 
Arsenic 7.19e+00 . 1.29e-01 7.91e-02 8.98e-04 
Beryllium 1.52e+00 2.73e-02 1.67e-02 1.90e-04 
Cadmium 1.2Oe+00 2.16e-02 1.32e-02 1.5Oe-04 
Chromium 1.66e+O1 2.98e01 1.82e01 2.07e-03 
Lead 2.76e + 01 4.96e-01 3.03e-01 3.44e03 

ORGANICS (mglkg) (mg/m2) . (mg/m2) (mg/m2) 
Aroclor-12% 5.9oe+02 1.06e+Ol 6.49e +00 7.37e-02 
Benzo(a)anthracene 9.1Oe-01 1.64e-02 1 .ooe-02 1.14e-04 
Benzo (a)pyrene 1.10e +00 1.98e-02 1.21e-02 1.37e04 
Benzo(b)fluoranthene l.OOe+OO 1.8Oe02 1.1Oe-02 1.25e-04 
Benzo@)fluoranthene 8.ooeO1 1 .44e-02 8.8Oe-03 9.99e05 
bis(2-Ethylhexy1)phthalate l .OOe+Ol  1.8Oe-01 1.1oeo1 1.2503 
Carbazole 1 . 4 0 4  2.52e-03 1.5442-03 1.75e-05 
Chrysene 1.1Oe+00 1.9842 1.2142 1.37e-04 
Dibenzo(a, h)anthracene 3.20e-01 5.76e-03 3 S2e-03 4.OOe-05 
Indeno(l,2,3cd)pyrene 7.20e-01 

OTHER (mg&9 (mdm2) (mg/m3 (mg/m2) 
Total Uranium 2.1442+02 3.86e+00 2.36e+00 2.6842 

'Maximum annual average deposition rates from ISCLT modeling 
bWithin the boundary of the subunit itself, 18 g1m2, approximately 25 meters east-northeast from the center of the Sludge Ponds 
'Between 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 0 
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ATTACHMENT A.3.1 

1987-1989, 1991, and 1992 Meteorological Statistical Array Data 

Used in the Air Transport Analysis 

for Operable Unit 2 

Fernald Environmental Management Project 
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TABLE 4-1. FASTEST MILEa [ u * j  AN0 YEAN WIND SPEEDb [.-I] 
FOR SELECTED UNITE9 STATES STATIONS 

r' 

6 1  [ U I  
S t a t e  (rn/s) (rn/s) 

[U+l [ U I  
3 t a t i  on State (m/s) ( m / s )  S t s t - c n  

3irmingham 
qontgomery 
-ucson 
Yuma 
For t  S m i t h  
L i t t l e  Rock 
- cesno 
Red B l u f f  
Sacramento 
San Diego 
': e n ve r 
l r a n a  :unction 
=ueo 1 o 
l a r t i o r a  
Wasni ngton 
dacksonvi 1 l e  
Tamoa 
4 t l  anta 

- 

Yacon 
5avannah 
3 o i  se 
? o c a t e l l  o 
#:hi cago 
Uo l ine  
? e o r i a  
SDr i  n g f i e i d  
i v a n s v i  11 e 
'ort Wayne 
Ina ianaool  
3 u r i i n g t o n  
5es Moines 
Sioux C i t y  
Concordi a 
Doage Ci ty  
Topelca 
Wich i ta  
Loui s v i  11 e 
ShreveDort 
? o r t l a n o  
Sal t i rnore 
Soston 

5 

AL 
AL 
A2 
A2 
AR 
AR 
CA 
CA 
CA 
CA 
co 
20 
co 
CT 
DC 
FL 
FL 
GA 
GA 
GA 
ID 
iil 
IL 
i L  
I L  
IL 
I N  
i N  
IN 
'tA 
I A  
I A 
KS 
KS 
KS 
KS 
KY 
La 
ME 
MD 
MA 

20. a 

21. a 
20.2 
23.0 

20.8 

22.0 
23.6 
28.1 
20.2 
21.6 
21.7 
22.2 
21.2 
20. I 
21.3 
21.4 
23.8 
21.0 
24.5 
23.2 
24.2 
20.9 
23.7 
24.8 
25.0 
25.8 
25.9 
25.7 
27.1 
24.4 
26.0 
22.0 
19.9 
21.7 
25.0 
25.2 

3 e t r o i  t 
.;rana RaDi ds 
Lznsi ng 
Sau l t  St. Har ie  
3u i  uth 
'! i nneaDo1 i s  
-acKson 
20 1 umoi a 
Kansas C i t y  
- - .  l o u i s  
1: 7: n q f  i e l  d 
- : .  ;:;lgs 
l r e a r  F a l l s  
i a v r e  
?e i ena 
:?issoula 
Y q t h  P l a t t e  
h i p a  
"'i .... ..., &. 
: 8% 

' L a A g a s  
.?en0 
'ii nnemucca 
:mcord 
A1 buauerque 
3oswe 1 1 
A I  bany 
3 i  nghampt- 
3uffalo :? 
New Yortc . . 

Rochester 
Syracuse 
Cape Hat teros 
C h a r l o t t e  
Greensboro 
W i  1 m i  ngton 
Bismarck 
Fargo 
C 1  eve1 and 
ZO i UmDUS 
Dayton 

:A 

_ . - .  . 

#,/a$gntj ne 
-.: ....., %. ..... <.' . 

M I  
M I  
M I  
M I  
MN 
MN 
MS 
MO 
MO 
YO 
UO 
:!T 
MT 
MT 
MT 
MT 
NE 
NE 
NE 
NV 
NV 
NV 
NV 
NH 
NM 
NM 
NY 
NY 
NY 
NY 
NY 
NY 
NC 
NC 
NC 
NC 
ND 
NO 
OH 

3H 
on 

2 . 8  
21.5 
23.7 
21.6 
22.8 
22.0 
20.5 
22.4 
22.6 

22.4  
- z .  2 

10.4 
7c a 
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21.6 
27.7 
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2 7 . 1  
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:a 2 
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ATTACHMENT A.3.111 

RAECOM Model Output for Each Operable Unit 2 Subunit 



NUMBER OF LAYERS: RADON FLUX INTO LAYER 1: . 000 pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 1.154 pCi/m2/sec 

DIFF COEFF POROSITY SOURCE 
( cm2 /SEC 1 ( pci / cm3 / sec 1 LAYER THICKNESS 

.99OOE-O5 

.63OOE-O5 
.4100 
.5200 

( cm) 
-1698E-02 1 

2 30. .41883-02 570. 

LAYER THICKNESS EXIT FLUX 
(cm) . (pCi/m2/sec) 

1 570. .8134E+OO 
2 30. .1517E+01 

EXIT CONC. 
(pci/liter) 

.1391E+05 

.0000E+00 

MIC 

.4250 

.4725 

OU2 ACTIVE FLYASH PILE: COMBINED SURFACE AND SUBSURFACE CONTRIBUTION 

MOISTURE 
(dry w t .  % )  
20.00 
28.60 



f :' 

R 
8 '  ' 0U2 LIME SLUDGE PONDS: COMBINED SURFACE AND SUBSURFACE CONTRIBUTION 

NUMBER OF LAYERS: 
RADON FLUX INTO LAYER 1: 
SURFACE RADON CONCENTRATION: 

2 . 000 pCi/m2/sec 
.ooo pCi/LITER 

LAYER 2 EXCEEDS SATURATION. MOISTURE CHANGED FROM .842 TO . 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .2914 pCi/m2/sec 

. DIFF COEFF POROSITY SOURCE MOISTURE 
LAYER THICKNESS (p~i/cm3/sec) (dry w t .  % )  

( cm2 /S EC 1 -4100 -25003-05 20.00 (cm) 
.16983-02 1 

2 30. .8675E-04 39.72 
570. .!5200 .26OOE-O5 

7 

EXIT CONC. 
(pCi/ 1 iter ) 

1 570. -.2770E-01 .1304E+O5 
' .  86363-01 .0000E+00 2 30. 

MIC 

.4250 

.2674 



OU2 SOUTH FIELD: COMBINED SURFACE AND SUBSURFACE CONTRIBUTION 

f t * t t t+ *+*  INPUT PARAMETERS *****+++**  
2 NUMBER OF LAYERS: RADON FLUX INTO LAYER 1: . ooo  pCi/m2/sec 

SURFACE RADON CONCENTRATION: .ooo pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .6412 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE 
(cm) (cm2/SEC) (pCi/cm3 /sec 1 

1 570. .1698E- 02 .4100 .5500E- 05 
2 30. .1725E-O1 .5200 .423OE-O4 

LAYER THICKNESS EXIT FLUX EXIT CONC. 
(cm) ( pc i /m2 / sec ) (pCi/l iter 

.453OE+OO .7685E+04 1 570. 
2 30. .6797E+01 .0000E+00 

MOISTURE 

20.00 
18.20 

(dry w t .  % )  

I 

MIC 

.4250 

.6643 



0U2 SOLID WASTE LANDFILL: COMBINED SURFACE AND SUBSURFACE CONTRIBUTION 

NUMBER OF LAYERS: 2 
RADON FLUX INTO LAYER 1: .ooo  pCi/m2/sec 
SURFACE RADON CONCENTRATION: .ooo pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .2355 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY 
(cm) ( cm2 /S EC 1 

1 570. .7701E-03 .4100 
2 30. .1645E-O1 .5200 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX 

(cm) (pCi/m2/sec) 

1 570. .2232E+OO 
2 30. .5265E+OO 

SOURCE MOISTURE 
(pCi/cm3/sec) (dry w t .  % )  

.3000E-05 21.70 

.2100E-05 18.70 

EXIT CONC. 
pCi/l i ter) 

.7475E+03 

.0000E+00 

MIC 

.3761 

.6551 

, 
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