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N. 1.0 INTRODUCTION 1 

When the concentration of a chemical constituent (ion, element, or compound) in an 
environmental medium (air, water, soil or sediment) can not be reliably measured in a sample that 
is analyzed, the concentration of the chemical is reported at the Sample Quantitation Limit (SQL) 
and is qualified with a U (hereafter referred to as a U-qualified datum). In other words, if data 
%e U-qualified, this indicates that the amount of the constituent, if present a t  all in the sample, is 
below the SQL. Thus a value of 0.45 pgh (U) reported-bythelaboratory as the-concentration-o€- 
uranium in milk means that the uranium concentration was less than 0.45 pgh, and the uranium 
concentration could actually have been any value from 0.00 to 0.44 pg/& 

-__ 
-~ ~ _ _  - __ -- - - - - 

2 

3 

4 

5 

6 

-7- __ 
8 

9 

The SQL is not the same for all chemical constituents. These variations exist because of 
differences in chemical and physical properties of the constituents in addition to  differences in the 
capabilities of instruments available to measure these properties. 

10 

1 1  

12 

Also, the SQL is not always the same for a specific constituent in all samples of the same 

water samples from two different locations. This is due to  variations in the kinds or amounts of 

13 

14 

15 

environmental medium. For example, the SOL for uranium in groundwater samples may vary for 

other substances in the two samples that can interfere with the analysis. a 16 

In  addition, the SQL for a constituent will not always be the same for identical samples that are 
from the same location, but that are analyzed at different times. Differences in SQLs can occur 
as a consequence of unavoidable minor fluctuations from time to  time in the performance of 

17 

18 

19 

20 analytical instrumentation used for sample analysis (WMCO 1991). 

If a constituent is detected at least once in a given set of data, statistical analysis is performed on  
the data set for use in subsequent exposure and risk calculations. To obtain the mean, upper 95 
percent confidence limit on the mean (UCL), or other statistical parameters, one-half the SQL is 
used to represent the concentration of the constituent in U-qualified samples. In some cases, 
however, an SQL may greatly exceed other measured values in a data set and this high value 
could therefore result in biased statistical parameters. This could lead to erroneous risk estimates 
even though the constituent may not be present. In this case it may be best to delete such a 
value (€PA 1989a). This appendix provides the criterion by which a high SQL is excluded from a 
data set (see Section N.2.0) to avoid using biased statistical parameters for a data set and to avoid 
arriving at misleading conclusions in the risk assessment. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

7 I. . 
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This appendix does not address the problem of high detection limits for radiological analyses. 
Generally, results for radiological analyses do not exceed Fernald Environmental Management 
Project (FEMP)-specific detection limits. Instances where radioanalytical results are reported 

1 

2 

3 

4 

5 

with high detection limits (e.g., certain analytes in Operable Unit 4 silo samples) are addressed on 
a case-by-case basis. 

KNOX/SWCR/KW/3-5/SUCRAPPN. TXT/07-21-92 N-1-2 
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35SO 
N 2 0  CRITERION TO EXCLUDE AN UNUSUALLY HIGH SQL 

If the SQL of a U-qualified sample from an environmental medium exceeds both the Contract 
Required Quantitation Limit (CRQL) and the Risk-Based Quantitation Limit (RBQL), the datum 
is not considered suitable for quantitative use and is removed from the data set prior to statistical 
analysis. 

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

The CRQL is a chemical-specific Ieve l tha t~~Cont rac t  -Laboratory-Program. (CLP)_ laboratory - 
must be able to routinely and reliably detect and quantitate in specified sample matrices. The  
CRQL may or may not be equal to the reported quantitation limit for a given chemical in a given 
sample (EPA 1989b). The CRQL values for various chemicals in soilhediment and water are 
specified by the EPA's CLP (EPA 1988) and are listed in Tables N.2-1 and N.2-2, respectively. 

An RBQL is the concentration of a constituent in a given medium that would result in an 
incremental lifetime cancer risk (ILCR) of 1 x IO4 for carcinogens or a hazard index of 1.0 for 
noncarcinogens under specified exposure scenarios. These scenarios are: 

Exposure Scenario for Soil 
- Carcinogens: a person ingests 100 mglday of soil throughout a 70-year lifetime 

(EPA 1989b) 
- NonCarcinogens: a child ingests 200 mglday of soil from age 0 to 6 (EPA 1989b) 

Exposure Scenario for Water 
- Carcinogens: a person ingests 2 Qlday of water throughout a 70-year lifetime 

(EPA 1989b) 
- Noncarcinogens: A person ingests 2 Vday of water throughout a 70-year lifetime 

(EPA 1989b). 

Calculation of RBQLs is described in Section N.3.0. 

1 
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-l,l-Dichloroethene--- _ _  - __ ~ 

l,l,l-Trichloroethane 

TABLE N.2-1 

CRQIJRBQL VALUES FOR CHEMICALS IN SOWSEDIMENT 

0.01 1.17 

0.01 
- - - 
7200.0 -- -- 

I CRQL I RBQL 

1,2-Dichloroe t hylene 

1,2-Dichloropropane 

1,1,2,-Tetrachloroet hane 

1,1,2,2-Te trachloroet hane 

1,2,3-Trichloropropane 

1,2,4-Trichlorobenzene 

1,3-Dichlorobenzene 

cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 

1,4-Dioxane 

1,4-Dichlorobenzene 

1,l -Dichloroe thane I 

0.01 800.0 

0.01 10.3 

-- 3.5 

0.0 1 3.5 

-- 480 

0.33 105 

0.33 _ _  
0.01 3.89 

0.01 3.89 

-- 63.6 

0.33 29.2 

0.0 1 I 8000.0 

2-Me thylnaph t halene 

2-methyl phenol 

0.33 -_ 
0.33 _ _  

1,2-Dibromo-3-chloropropane I 1 0.03 18 __ 
_ _  I 0.00824 1 ,2-Dibromoe t hane I 

1.2-Dichlorobenzene I 0.33 I 7200.0 

1.2-Dichloroethane I 0.01 I 7.68 

trans- 1,2-Dichloroet hene I 0.01 I 1600 

trans-1,4-Dichloro-2-butene I -- I '  0.075 

2-Bu tanone I 0.01 I 4000.0 

2-Chloro-1,3-butadiene I -- I 1600 

2-Chlorophenol I 0.33 I 400.0 
-- 2-Chloronaph t halene I 0.33 I 
_ _  2-Hexanone I -  . . . 0.01 I 

f '  KNOX/SWCR/KW/3-S/SWCRAPPN.lX1/07-21-92 N-2-2 IO 
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Chemical 

2-Nitroaniline 

2-Nitrophenol 

2,4-Dichlorophenol- - -- - 

2,4-Dinitrophenol 

2,4-Dichlorophenoxyacetic acid 

2,4-Dinitrotoluene 

2,4,5-TrichlorophenoI 

2,4,5-Trichlorophenoxyacetic 

TABLE N.2-1 
(Continued) 

CRQL RBQL 

0.8 -- 
0.33 -- 

__ _ _ _  0.33 - 240 

0.8 160 

0.33 800.0 

0.33 1.0 

0.8 8000 

-- 800 

2,4,6-Trichlorophenol 

2,6-Dinitrotoluene 

0.33 63.6 

0.33 1 
I I 

4-Me t hyl-2-pen tanone 

4-Met hylphenol 

4-Nitroaniline 

3-Chloropropene I -- I 4000 

0.01 -- 
0.33 -- 

0.8 -- 

-- 3-Nitroaniline I 0.8 I 

4,4’-DDE 

4,4’-DDT 

4,6-Dinitro-2-met hylphenol 

Acen a p h t hene 

Acenapht hylene 

Acetone 

Acetonitrile 

0.33 

~ ~~~ 

0.0033 2.06 

0.0033 2.06 

0.8 -- 
0.33 4800.0 

-- . - -  
- 0.33 - . 

0.01 8000.0 

-- 480 

1.56 

4-Chloro-3-methyl phenol 0.33 

4-Chloroaniline 0.33 320 

4-Chlorophenylphenyl ether 0.33 

I I 

-- 4-Nitrophenol I 0.8 I 
4,4’-DDD I 0.0033 I 2.92 

f 
KNOX/SUCR/KU/3-5/SWCRAPPN.TXT/O7-21-92 N-2-3 

11 



FEMP-SWCR-4 D M  
August 5,  1992 

Aluminum 

Ammonia 

Anthracene 

Antimony 

Aroclor 

TABLE N.2-1 
(Continued) 

20.0 -- 
-- 77700.0 

0.33 24000.0 

6.0 32 

0.033 0.0909 

3580 

Aroclor-1016 

a 

0.033 

Chemical 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 

CRQL 

0.067 0.0909 

0.033 0.0909 

0.033 0.0909 

RBQL 

0.033 

0.033 

. 0.0909 

0.0909 

Aroclor-1260 

Arsenic 

0.033 0.0909 

1 .o 0.014 

0.001 7 0.111 

beta-BHC 0.0017 0.389 

0.0017 0.389 

gamma-BHC (Lindane) 

Barium 

Benzene 

0.00 17 0.53 

20 4000.0 

0.01 24.1 

Benzo(a)an thracene 

Benzo( b)fluoran thene 

Benzo( k)fluoranthene 

Benzo( a)pyrene 

0.33 -- 

0.33 _- 
0.33 -- 
0.33 0.0609 . .  

Acrolein 2.29 

Acrvloni trile 1.3 

0.04 12- - - 

0.0909 

Aroclor- 1248 

Aroclor-1254 

alpha-BHC 

del ta-BHC 

Benzo(g,h,i)perylene 0.33 

Benzoic acid 320000 

KNOX/SWCR/KW/3-S/SWCRAPPN.lXl/O7-21-92 N-2-4 r .  42 
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Bis(2-chloroet hy1)e t her 

Bis(2-chloroe t hoxy)me t hane 

TABLE N.2-1 
(Continucd) 

0.33 0.636 

0.33 -_ 

3580 

Bis(2-ethylhexy1)ph t halate 

Boron 

Bromodichloromethane 

Bromoform 

Bromome t hane 

Butylbenzylphthalate 

Cadmium 

Calcium 

Carbon disulfide 

Carbon tetrachloride 

Chlordane 

alpha-Chlordane 

gamma-Chlordane 

Chlorobenzene 

CRQL I RBQL 

0.33 50 

-- 7200 

0.01 5.38 

0.01 88.6 

0.01 112.0 

0.33 16000 

0.5 40.0 

500.0 _- 
0.0 1 8000.0 

0.01 5.38 

0.00 17 0.538 

0.00 17 0.389 

0.00 17 0.538 

0.01 1600.0 

Benzyl alcohol -- I 24000 

Benzyl( b) fluorant hene -- 0.33 I 

Bis(2-chloroisopropyI)et her _- I 3200 

Chlorobenzilate -- I 1600 

Chloroe t hane 0.01 I 251000.0 

Chloroform 0.01 I 115.0 

Chloromethane 0.01 I 53.8 

Chromium 1 .o I - -  400.0 - - 

Ch ryse n e _ _  0.33 I 
Cobalt 5.0 I 208.0 

I 3  KNOX/SWCR/KW/3-5/SWCRAPPN.TXT/07-21-92 N-2-5 p i  - 



TABLE N.2-1 
(Continued) 

- Di,n-butyl phthalate - -. .- - 

Di-n-octyl phthalate 

FEMP-SWCR-4 D M  
August 5,  1992 

8000.0 0.33 

0.33 1600.0 
---- -- _- - _ _  - -~-. - - - - _ _  

Chemical I .  CRQL 

Dichlorodifluoromethane 

Dieldrin 

Diethyl phthalate 

Dimethyl phthalate 

Dinoseb 

Disulfoton 

Endosulfan I 

Endosulfan I1 

Endosulfan sulfate 

Endrin 

Endrin ketone 

RBQL 

-- 16000 

0.0033 0.0438 

0.33 64000 

-_ 80000 

-- 700 

-- 3.2 

0.00 17 4 

0.0033 4 

0.0033 -- 
0.0033 24 

0.0033 -- 

Copper I 2.5 

Ethyl benzene 

Ethyl methacrylate 

Fluoride 

2970.0 

0.01 800.0 

-- 7200 

-- 4800.0 

-_ Cyanide I 1600.0 

-_ Dibenzo(a,h)anthracene I 0.33 I 
Dibenzofuran I 0.33 I 800 

Dibromochloromethane I 0.01 I 1600.0 

Dibromomethane I _ _  I 800.0 

Fluoranthene I 0.33 I 3200 

Fluorene I 0.33 I 3200.0 

Heptachlor I 0.0017 I 0.156 

Heptachlor epoxide - 1 -  - 0.0017 I 0.0769 

Hexachlorobenzene I 0.33 I 0.44 
~ 

Hexachlorobut a d' iene 0.33 
~~~ 

I 8.97 

N-2-6 
r - .  
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Hexachlorocyclopen tadiene 

Hexachloroethane 

-Indeno(-l,2,3-cd)pyrene __ __. ___ 

TABLE N2-1 
(Continued) 

0.33 560 

0.33 50 

. - _ _  0.33 -_ 
-_ - - _  

- . .. 

10.0 

Chcmical 

-- 

CRQL 

Isobutyl alcohol 

Isophorone 

Lead 

Magnesium 

Malathion 

Manganese 

RBQL 

-- 24000 

0.33 171.0 

0.5 55.2 

500 -- 
-_ 1600 

1.5 8000.0 

0.02 

Iron 

24.0 

Molybdenum 

Naphthalene 

Nickel 

Nitrobenzene 

N-nitroso-di-n-propylamine 

Parathion methyl 

N-ni t rosodi phen ylami ne 

Pentachlorophenol 

Phenanthrene 

Phenol 

Potassium 

Pyrene 

- 

-- 320.0 

0.33 320.0 

4 1600 

0.33 40.0 

0.33 0.1 

0.33 143 

-- 20.0 

0.8 5.83 

0.33 -_ 
0.33 - 48000.0 - . . .  

500 -- 
0.33 2400.0 

Mercury 

Methacryloni trile I -- I 8 

Methyl parathion I -_ I 20.0 

Methylene chloride I 0.01 I 93.3 

Methyl methacrylate 6400 

Methoxychlor 0.017 
~ 

400 

KNOX/SUCR/KU/3-5/SUCRAPPN.lXl/O7-21-92 N-2-7 r 



. -- .~ 

Chemical 

Pyridine 

Selenium 

-Silver- - - -- -- -- ---__-__ - 

Styrene 

Tetrachlorethene 

Te traet hyldi thiopyrophosphate 

Thallium 

Tin 

Toluene 

Toxaphene 

Trichloroethene 

Trichlorofluoromethane 

TABLE N.2-1 
(Continued) 

CRQL RBQL 

-- 80 

0.5 400.0 

1 .o 240.0 

0.01 23.3 

0.0 1 13.7 

-- 40.0 

1.0 5.6 

-- 48000 

0.01 16000.0 

-- 0.636 

0.01 63.6 

-- 24000 

- - _ _ _  _ _  

FJZMP-SWCRI DRAFT 
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3550 

Vinyl acetate 

Vinyl chloride 

Total xylenes 

Zinc 

- 

80000.0 -- 

0.01 0.368 

0.01 160000.0 

2.0 16000.0 

Vanadium 5.0 I 560.0 

N-2-8 c 
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0 TABLE N.2-2 

CRQURBQL VALUES FOR CHEMlCALS IN WATER 

Chcmical CRQL RBQL 

1,l -Dichloroe thane 0.01 3.5 

0.0000583 -1,l-Dichloroethene---. - -__- _ _  __ - 0.01 _ _  -- - - - - _ _ ~  - _ _  

1,1,l-Trichloroethane 0.01 3.15 

0.01 1,2-Dichlorobenzene 3.15 

0.01 1,2-Dichloroethane 0.000384 

1,2-Dichloroethylene 0.01 0.35 

1,2-Dichloropropane 0.01 0.0005 15 

1,1,2-Trichloroe t hane 0.01 0.000614 

1,1,2,2-Te trachloroet hane 0.01 0.000175 

1.2.4-Trichlorobenzene 0.01 0.0459 

1,3-Dichlorobenzene 0.01 -- e cis-1,3-Dichloropropene 0.01 0.000194 

trans-1,3-Dichloropropene 0.01 0.000194 

1,4-Dichlorobenzene 0.01 0.00146 

2-Butanone 0.01 1.75 

2-Chlorophenol 0.01 0.175 

2-Chloronaphthalene 0.0 1 

2-Hexanone 0.01 

2-Methylnaphthalene 0.0 1 

2-Me t hyl phenol 0.01 

2-Nitroaniline 0.025 

2-Nitrophenol 0.01 

2,4-Dichlorophenol 0.01 0.105 

2,4-Dinitrophenol 0.025 0.07 

2,4-Dichlorophenoxyacetic~acid _- - 0.35 - 

2,4-Dimet hylphenol 0.01 0.7 

2,4-Dinitrotoluene 

KNOX/SUCR/KW/3-S/SUCRAPPN.TXT/07-21-92 N-2-9 4- 



a 
2,4,5-TrichlorophenoI 

2,4,6-Trichlorop hen01 

2,6-Dinitrotoluene 

3-Nitroaniline 

3,3-Dichlorobenzidine 

4-Bromophenyl phenyl ether 

4-Chloro-3-methyl phenol 

4-Chlorophenylphenyl ether 

4-Methyl-2-pen tanone 

4-Nitrophenol 

4-Chloroaniline 

4-Me t hyl phenol 

4,4’-DDD 

TABLE N.2--2 
(Continued) 

0.025 3.5 

0.01 0.00318 

0.01 0.0000515 
~ --.~.-o-o~.5 ____ ~ -- 

0.01 O.oooO778 

0.01 -- 
0.01 -- 
0.01 0.14 

0.01 -- 
0.01 -- 

0.025 -- 
0.0001 0.000146 

FEMP-SWCR-4 DRAFT 
August 5,  1992 

~~ 

Acenaphthene 0.01 

Acenaph thylene 0.01 

Acetone 0.01 

Aldrin 0.00005 

Aluminum 2 

Ammonia -- 

Anthracene 0.01 

Antimony 0.06 

Aroclor-1016 0.001 

Aroclor-1221 ~ 0.002 

Aroclor-1232 0.001 
~ 

a 
~~~ ~ 

2.1 

-- 

3.5 

0.00000206 

-- 
34.0 

10.5 

0.14 

0.00000455 

0.00000455 

0.00000455 

Chemical CRQL RBQL 

4,4’-DDE 
~~ 

0.0001 ~~ I 0.000 103 

4,4’-DDT 0.001 

0.025 -- I 

Aroclor- 1242 0.001 I 0.00000455 
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Arsenic, soluble 

alpha-BHC 

be ta-BHC 

del ta-BHC 

gamma-BHC (Lindane) 

Barium 

Benzene 

Benzo( a)ant hracene 

Benzo( b)fluorant hene 

Benzo( k) fluoranthene 

Benzo( g, h,i)perylene 

Benzyl alcohol 

Benzo( a)pyrene 

Benzoic acid 

Beryllium 

Bis(2-chloroet hyl)e t her 

Bis(2-ch1oroethoxy)methane 

Bis(2-ch1oroisopropyI)et her 

Bis(2-ethylhexy1)phthalate 

Boron 

Bromodichloromethane 

Bromoform 

Bromomethane 

Butylbenzylphthalate 

TABLE N.2-2 
(Continued) 

0.010 0.0000007 

0.00005 0.00000556 

0.00005 0.0000194 

0.00005 -- 
0.00005 0.0000269 

0.2 1.75 

0.01 0.0012 

0.01 -- 
0.01 -- 
0.01 -- 
0.01 0.00000304 

0.01 -- 
-_ 140 

-- 10.5 

0.005 0.000008 14 

0.01 0.00003 18 

0.01 -- 
-_ 1.4 

0.01 0.0025 

-- 3.15 

0.01 0.000269 

0.01 0.00443 

0.01 0.049 

0.01 7 

3580 

a 

Chemical I .  CRQL I RBQL 

k o c l o r -  1248 I 0.001 I 0.00000455 

koclor-1254 I 0.001 I 0.00000455 

koclor-1260 I 0.001 I 0.00000455 

r 

KNOX/SUCR/KU/3-5/SUCRAPPN.TXT/07-21-92 N-2- 1 1 19  
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Chloromethane 

Chromium 

Chrysene 

Cobalt 

Copper 

Cyanide 

Diazinon 

Di-n-butyl phthalate 

Dibenzo(a,h)anthracene 

Di-n-octyl phthalate 

Dibenzofuran 

Dibromochlorornet hane 

TABLE N.2-2 
(Continued) 

0.01 0.00269 

0.01 0.175 

0.0 1 -- 
0.05 -- 
0.025 1.3 

-_ 0.7 

-- 0.03 15 

0.0 1 3.5 

0.01 0.7 

0.01 -- 
0.01 0.007 14 

0.0 1 0.7 

~~ 

Chemical 

Disulfoton 

Endosulfan I 

Endosulfan I1 

Endosulfan sulfate 

I .  

-- 0.0014 

0.00005 0.001 75 

0.0001 - 0.00175 

0.0001 -- 

CRQL 

Cadmium 0.005 

Calcium I 5 I 
Carbon disulfide I 0.01 I 3.5 

alpha-Chlordane I 0.00005 I 0.0000269 

gamma-Chlordane I 0.00005 I 0.0000269 

Chlorobenzene I 0.01 I 0.7 

Chloroethane I 0.01 I 110.0 

Chloroform I 0.01 I 0.00574 

Dieldrin I 0.0001 0.00000219 

Diethyl phthalate I 0.0 1 28 

Dimethyl phthalate I 0.01 35 

N-2-12 r 



TABLE N2-2 
(Continued) 

~ ~~ 

Ethyl benzene 

Fluoride 

Fluoran t hene 

Fluorene 

Heptachlor 

Heptachlor epoxide 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopen tad iene 

Hexachloroethane 

- - ~ ~  --- - __-- ___ ~ 

Indeno( 1,2,3-cd)pyrene 

Iron 

Isophorone 

Lead 

Magnesium 

Manganese 

Malathion 

Mercury 

Methylene chloride 

Methoxychlor 

Molybdenum 

Naphthalene 

Nickel 

Nitrate nitrite 

Nitrobenzene 

N-nitroso-di-n-propylamine 
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0.01 0.35 
- ____ _ -- - -2.1--- - - - - 

0.01 1.4 

0.01 1.4 

0.00005 0.00000778 

0.00005 0.00000385 

0.0 1 O.ooOo219 

0.01 o.Ooo449 

0.01 0.245 

0.01 0.0025 

0.01 -- 
0.1 _- 
0.01 0.00854 

0.005 0.0242 

5 

-- 0.7 

0.15 3.5 

0.0002 0.0 105 

0.01 0.00467 

0.00005 0.175 

_ _  0.14 

0.0 1 0.14 

0.04 0.7 

_- 3.5 

0.01 0.00854 

0.0 1 0.000005 

-- 

I. CRQL I RBQL 

Endrin I 0.0001 I 0.00175 
~~~ ~ ~~ 

Endrin ketone _ _  I 0.0001 I 
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N-nitrosodiphenylamine 

Parathion methyl 

Pentachlorophenol 

PheGnthrene 

Phenol 

Potassium 

Pyrene 

Pyridine 

Selenium 

Silver 

Sodium 

Styrene 

Te trachlore t hene 

Thallium 

Toluene 

- -- __- 

TABLE N.2-2 
(Continued) 

0.01 0.007 14 

-- 0.00875 

0.025 0.000292 
0.o1 -_---- - - - - - - _  - - 

0.01 21.0 

5.0 -- 
0.01 1.05 

-- 0.035 

0.005 0.175 

0.010 0.105 

5.0 -- 
0.01 0.001 17 

0.01 0.000684 

0.01 0.105 

0.01 7.0 

-- _ _ _ ~ -  

3580 

~~ 

Vanadium 

Vinyl acetate 

Vinyl chloride 

Total xylenes 

Zinc 

Zinc (soluble) 

Chemical I. CRQL I RBQL . 

0.05 0.245 

-- 35.0 

0.01 0.0000 1 84 

0.01 70.0 

0.02 7.0 

0.02 7.0 

Toxaphene I 0.005 I 0.00003 18 

Trichloroethene I 0.01 I 0.003 18 

. . .. . - . 
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N3.0 CALCULATION OF RBQrS 35SO 1 

As noted in Section N.2.0, the RBQL is the concentrations of a constituent in a given medium 
that would result in an incremental lifetime cancer risk of 1 x lo4 for carcinogens or a hazard 
index of 1.0 for non-carcinogens. Each RBQL is calculated for the specific exposure scenarios 
and parameters as follows: 5 

2 

3 

4 

where 

RBQL, 
RBQL, 

RFD, 
IR 

SFO 

EF 
E D  

AT 

BW 

RBQL for carcinogens 
RBQL for non-carcinogens 
Oral cancer slope factor (chemical-specific) 
Oral reference dose (chemical-specific) (€PA 1991a) 
Ingestion rate of a given medium 

Soil 
- 
- 

- Carcinogens: IR = 2 Vday 
- Noncarcinogens: IR = 2 @/day 

Carcinogens: IR = 0.0001 kg/day throughout life 
Noncarcinogens: IR = 0.0002 kg/day for ages 0-6 

Water 

Exposure frequency (365 days/year) 
Exposure Duration 

Soil 
- Carcinogens: ED = 70 years 
- Noncarcinogens: ED = 6years 

- Carcinogens: ED = 70 years 
- Noncarcinogens: ED = 70 years 

Carcinogens: AT = 70 years x 365 days/year 

Water 

Averaging Time 

Noncarcinogens: AT = 365 X ED 
Body weight 

Adult: BW = 70 kg 
Child (age 0-6): BW = 16 kg 

(N-3- 1) 

(N-3-2) 

6 

7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

- .. 

N-3-1 



FEMP-SWCR4 DRAFT 
August 5, 1992 3550 

The calculated RBQL values for various chemicals in soil/sediment and water are listed in Tables 
N.2-1 and N.2-2, respectively. It should be noted that RBQL values have been calculated 
assuming an exposure duration of 70 years for carcinogens in soil and water and for non- 
carcinogens in water. The exposure duration recommended by EPA in recent guidance (EPA 
1991b) is 30 years. Similarly, an exposure frequency of 365 days per year has been used for 
calculation of RBQL values, instead of the 350 days per year recently recommended by EPA 
(EPA 1991b). Use of the new values for the exposure duration and exposure frequency yields 
RBQLvalues that a.ccJppLoxima&!y 2AAm-esthe yalues. given in Tables. N.2-1 and N.2-2. _ _  

If an SQL exceeds both the CRQL and RBQL, that SQL is excluded from the data set. 

There are other situations when the SOL for a U-qualified sample exceeds either the CRQL or 
the RBQL, or when CRQL and/or RBQL values are not available (e.g., CRQL values are not 
listed in CLP or RBQL values cannot be calculated because toxicity values are not available) 
Table N.3-1 presents rules that are followed in such cases to determine if SQL values are 
included or excluded from statistical analyses of data sets. 

1 

2 

3 

4 

5 

6 

7 

8 - . . - 

9 

- 10 

11  

12 

13 

14 

- . . . . . . . . . . . . . 
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SQL Below CRQL? 

YES 

YES 
- ~ _ _ _ _ _ _  

TABLE N3-1 

SQL Below RBQL? 

YES 

N O  YESapp 

Use in Statistical Analyses? 

a 

- ___ 

CRQL Not Available YES 

CRQL Not Available NO 

CRQL Not Available RBQL Not Available 

RUJZS FOR ACCEPTING U-QUALIFIED SAI"LE DATA IN STATISTICAL ANALYSES 

I1 Cases Decision 

I1 YES I RBQL Not Available 11 YESa 

II N O  I YES II YESa 

II N O  I NO ll N O  

N O  I RBQL Not Available // IF 5 2 X CRQL, YESa. 
IF > 2 X CRQL, NO. 

a If the use of YSQL to represent the concentration of a constituent for a sample in the 
statistical analysis causes the upper 95% confidence interval on the mean (UCL) to exceed 
the maximum detected sample concentration, the maximum detected concentration is 
substituted for the UCL (EPA 1989b). and this value is used in subsequent fate and transport 
modeling or exposure assessment. 

.... . - . . . . . . - . . . ... . . - . . - - . . . - -. . . . . . - - . . . - . . . - . . . . . . . . . . . . - . - . . . .. . - . - . . 
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0.1.0 INTRODUCTION 1 

The objective of this report is to evaluate the fate and transport of constituents as they migrate 
from site-wide waste areas through the vadosc zbne and to the Great Miami Aquifer. The  FEMP 
has been divided into five operable units based on site characteristics. Each operable unit was 
again sub-divided into separate waste areas. This allows individual waste areas to be modeled as 

contaminant migration in -groundwater at the FEMP: 

2 

3 

4 

5 

6 

7 

realistically as possible. The  following wasle areas were considered for long-term analysis of 

-. - --__ 
a Operable Unit One - Waste Pits 1 through 6, Burnpit, and Clearwell 8 

Operable Unit Two - Solid Waste Landfill. North and South Lime Sludge Ponds, 
Active and Inactive Flyash Piles. and South Field 

9 
10 

Operable Unit Three - Plant One Storage Pad. Buildings 60, 64, 65, 67 and 68 11  

Operable Unit Four - Silos 1 and 2, and Silo 3 12 

Operable Unit Five - Plant 2/3 Area soils, Plant 6 Area soils, Plant 9 Area soils, and 13 
Pilot Plant Area soils. 14 

Groundwater fate and transport models were used to predict contarninant movement from source 
volumes (waste areas) to receptor locations through the groundwater media. Used in conjunction 
with monitoring data, these models providc contaminant concentrations at potential exposure 
locations when measured contaminant concentration data are not available, such as for off- 
property locations o r  for future exposure predictions. 

15 

16 

17 

18 

19 

a 

This appendix presents a description of thc technical approach used to model environmental 
transport by the groundwater pathway. This description includes the methods used to 
quantitatively predict contaminant concentrations for use in FEMP risk assessments, including 

20 

21 

22 

23 

24 

25 

discussions of the fate and transport modcls iiscd and their required data and default parameter 
values. Figure 0.1-1 is the conceptual groundwater fate and transport modeling flow diagram 
which shows the different steps that are involved in the overall groundwater modeling scenario. 

The extent to which contaminants may migrate through the groundwater system depends both on  
site characteristics and the nature of the contaminants. Because of the variety of the contents of 

26 

27 

28 

29 

the waste areas and the heterogeneity in the vadose zone beneath the waste areas, a separate 

the following steps: - 30 

Review of the available inlormation on the specific waste area to establish the 

conceptual model was developed for each waste area. The  development of these models involved 

1. 31 a characteristics of the waste 32 
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DEVELOPENT OF 
LECHATE CONCENTRATION 

SITE- WIDE 
WASTE AREA 

Analytical Modeling 
to Determine the 

Movement of Constituents 
through the Vadose Zone 

+ 

SOURCE TERM DEVELOPMENT 
FOR CONSTITUENTS OF CONCERN 

CONCEPTUAL 
FLOW MODEL 

Numerical Modeling 
to Estimate the 

Movement of Constituents 
through the 

Great Maimi Aquifer 

* 
Receptor Concentrations 

FIGURE 0.1 - 1 .  CONCEPTUAL TRANSPORT MODELING DIAGRAM 

I 

. .  
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2. Identification of constituents of concern by reviewing the production history and by 
analyzing site characterization data 

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

4. Development of a conceptual hydrogeologic model for each waste area, based on  
information about the contaminants present in that waste area and its location- 
specific geologic setting. 

__ 
Once the conceptual model was developed. an existing computer code that allowed the creation 
of a proper mathematical representation of the conceptual model was 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 
waste area and the surrounding geohydrological 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 unit and the 
hydrologic processes previously identified; 

Use of measured data and gcochemical modeling to determine the chemical 
speciation projected to result from the reactions of infiltrating water with the waste 
materials and the matrix of the glacial overburden. 

Estimation of the rate constants describing the cationic retardation of the predicted 
contaminants. These rate constants are based on partitioning coefficients selected 
during an extensive literature search. 

Estimation of the rate constants dcscribing contaminant retardation attributable to 
interactions with organic carbon in the geological formation. These constants are 
based upon the grain-size distributions and organic carbon content of the glacial 
overburden matrix. 

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

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 selected waste area; and 
(2) perform flow and solute transport modcling to determine the effects of dispersion, retardation, 
and contaminant degradation or decay on the projected contaminant concentrations in the Great 
Miami Aquifer. 

Estimates of future concentrations in the aquifer were the desired result of the modeling effort. 
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0.2.0 HYDROGEOLOGIC S m G  1 

The first step in developing the pathway analysis is 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 Fernald Groundwater Report (IT 1990a). 

2 

3 

4 

S 

0.2.1 GEOLOGIC SETTING 
._ The-geology of-the area-is dominated by-thc-glacial and glaciolluvial-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 erodcd into the shale bedrock. This valley, which 
is approximately 200 feet below the existing 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 
till layer at a depth of 120 feet below the current surface. This till sheet was deposited by an ice 
sheet which advanced approximately to the southern edge of the FEMP. The ice sheet 

6 

7 

8 

9 

10 

1 1  

12 

13 

subsequently retreated and the remainder oC the bedrock valley was filled with glaciofluvial 14 

1s 

16 

17 

18 

19 

outwash. Later glacial advances (Shelbyvillc) causcd the displacement of the Dry Fork of the 
Whitewater River from its historic channel i n t o  its prcsent 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. 20 

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

glacial drift. The  bed of Paddys Run from downstream to upstream is located on  the well-sorted 
outwash material which fills the buried vallcy, on preglacial Whitewater River deposits, and in the 

21 

22 

23 

24 

25 

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

uppermost sections, on glacial t i l l .  

Since the last retreat of the continental glaciers. the streams in the area have removed much of 
the ti l l  and lacustrine mantle left by the ice shects. In the Great Miami River valley, the stream 

26 

27 

28 

29 

has eroded through the til l  and is now in dircct 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 30 

above the glaciofluvial material of the Grcat Miami Aquifer. The glacial overburden includes the 31 

following types of materials: . -  32 

33 
34 

Loess - Considered ubiquitous in the Fernald area, it  generally forms the uppermost 
layer of the glacial overburdcn. Loess is generally a homogeneous fine-grained 
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3580 
blanket deposit, buff to light yellow or yellowish-brown in color. The deposit 1 
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 covcr. 

2 
3 
4 

Lacustrine - Lacustrine deposits from the glacial lake consisting of well-sorted, 

can be interbedded with well-sortcd beach deposits along the margins of the former 

5 
stratitied line sands and clays lormed in the Paddys Run valley. These varved clays 6 

7 
lake basin. 8 

__ __ Till - Undifferentiated - glacial till makexup-the-majority-of t h e - g l a c i a l - o v e r b u r d e n - a t - ~ 9 - ~  
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 

lo 
11  
12 
13 
14 

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. 

Glaciotluvial - Interbedded with thc t i l l  are glaciotluvial beds that originated from 1s 
16 
17 

meltwater streams that occurrcd along the margins of the ice sheets. These deposits 
of varying extent consist of highly-sorted sands and fine gravels. 

While these deposits are related. each has a unique depositional environment. These depositional 18 

19 

20 

21 

22 

23 

lake areas. 24 

environments impart on the material hydrogeologic characteristics that are based primarily on  the 
energy available for sorting when the dcposit was formed. In these types of deposits, the higher 

after formation of the deposit will also aI’fcct thc potential rates of flow. For example, in the 
Paddys Run glacial lake there was higher sorting cnergy along the beaches than in the deeper 

the sorting energy, the more able thc deposit is LO transmit water. Secondary processes that occur 

0.2.2 VADOSE ZONE 2s 

this zone, the interstices are occupied partially by water and partially by air. T h e  partially filled 
soil water in the unsaturated zone is known a s  vadose water. For this, the zone with unsaturated 

The unsaturated zone exists above the groundwater table or phreatic surface of the aquifer. In 26 

21 

28 

29 

30 

31 

32 

soil above the phreatic surface is also known :is vadose zone. Overlying the Great Miami Aquifer 
at the FEMP are approximately 15 to 35 feet (4.6 to 11 m) of unsaturated sand and gravel 
outwash deposits. These deposits are assumcd to have the same hydraulic characteristics as the 
underlying saturated material since the deposits are essentially the same. 

Dense, fine-grained glacial overburden overlie the unsaturated outwash deposits. These types of 
deposits have intergranular hydraulic conductivities that are very low, with values in the range of 

ft/day (lo-” to lO-(’crn/s) (Heath 1%;). Extensive deposits of clayey till can cause - 

33 

34 

35 IO-’ to .. 
isolation from zones of near-surface groundwater [low. a 
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In the Great Plains region and in parts 01 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 cithcr 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 1,000 times greater than that of an 

-unweathered-till- (Hendry-1988);- As- a -result of-increased-lateral stresses-caused -by oVeTb-u-Fden 
loading, the hydraulic conductivity of fractured til l  and clay decreases with depth. 

1 

2 

3 

4 
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8 

9 

10 

___. 

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 

is primarily limited to the weathered till.  While precipitation enters this upper zone, it does not 
act as a signilicant source of recharge t o  deepcr aquifer zones and the majority of the water lost 

11  

12 

13 

14 

15 

16 

17 

Hedges 1985; Hendry 1988; Cravens and Ruedisili 1957). These studies indicate that infiltration 

from till deposits is from evapotranspiration. In addition to the losses due  to  evapotranspiration, 
some water may be discharged to small seeps or  drainages. 

Although the degree of fracturing within thc 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 thcse tills. Since fractures have been noted as a dominant 
Feature in most brown tills. i t  is ncccssary 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 01 ti l l  as much ;IS 1,000 times with an expected increase of 
1 to  3 times. It is reasonable to expect that contaminants will be transported by seepage more 
quickly through Fractured till than unfractured ti l l .  At the FEMP, the 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 contaminants being transported by seepage through the till matrix undergo 
attenuation and retardation. 

a 18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

IF the till is Fractured, these generalizations arc not applicable because the velocities OF water in 
the fractures are relatively large comparcd to the intergranular pore velocities in the unfractured 
matrix. It should be kept in mind that although the velocities are relatively large, the contaminant 

31 

32 

33 

34 flux may be relatively small because the Darcy flux is small. .. . - .  
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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 contaminant mass from solution if the water is in contact with larger surface areas in the 
matrix. Contaminants transported by seepage through till fractures only have an opportunity to 
react with the mineral constituents present in a veneer layer on the exterior of the fracture. 
Therefore, when flow occurs in the fractures, thcre is less surface area available €or chemical 
reactions that reduce the concentration of a contaminant or slow the movement of that 
contaminant. The exact nature of attenuation in fractured till is highly site specific and not well 
.quantified. - For-example,if-till-t'ractures are-coated with iron oxidesFthey may impart-Significant- - 
retardation o n  ionic solutions (Grisak et 211. 1976). 

1 

2 
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10 

___- 

Within the till deposits, there are numerous water-bearing zones that have limited 
interconnection. The  majority of these zones are of glaciofluvial origin and consist of small beds 

1 1  

12 

13 

14 

of highly-sorted sands and gravels. These beds are probably the result of small meltwater streams 
that occurred along the ice margin and within the glacier itself. These intertill aquifers have the 
following general characteristics: 1s 

High variability in areal extent. thickness, and volume 16 

Based upon hydrograph analysis. the interconnection between the intertill aquifers is 17 
limited 18 

Hydraulic conductivities are highly variable with an expected range of 2.8 x to 19 
280 ft/day to 0.1 cm/s) (Frceze and Cherry 1979) 20 

Porosities range from 22.1 to 36.7. with a mean of 31 percent (Morris and Johnson 
1967) 22 

21 

Generally these glaciofluvial interbeds arc considered to be the major water-bearing units within 

limited due to limited extent and interconnection of these units. At the FEMP, a series of slug 

23 

24 

25 

26 

27 

the glacial overburden. However, movement o f  watcr and contaminants within these units will be 

tests o n  these perched aquifers found hydraulic conductivities ranging from 0.0071 ftlday (2.5 x 
cm/s) (Well 1025) to 14.7 ft/day (5.2 x cm/s) (Well 1339). 

Glaciolacustrine silt and clay were deposited in meltwater lakes during Pleistocene time. These 

site, the lacustrine deposits are near-surface and have bcen partially eroded. Due  to  weathering, 

28 

29 

30 

31 

deposits form some of the most extensive shallow aquitards in North America. However, at  the 

these deposits are  expected to have high secondary permeability. 

0-2-4 40 



FEMP-SWCR-4 DRAFT 
August 5, 1992 

0.2.3 G R E A T  MIAMI AQUIFER 
The  hydrogeology of the FEMP and thc surrounding area is a textbook example of a glaciofluvial 
buried valley aquifer (Walton 1970; Fettcr 19S9; Frceze and Cherty 1979). The primary aquifer 
in the region is the Great Miami Aquifer. a welllsorted sand and gravel water table system 
consisting of glacial outwash deposits. Groundwater in the aquifer enters the FEMP area via 
buried channels on the west, north, and east. Under natural conditions, the primary flow would 
be across the site to the south. However, large pumping wells east of the FEMP in the Big Bend 
area of the G M R  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 I O  to 20 feet (3 to 6.1 m) thick at  a depth of 
approximately 120 feet (37 m). Flow direction and magnitude of the Great Miami Aquifer were 
simulated using SWIFT 111, a numerical groundwater flow and solute transport model. 
Subsequent text describes the modeling effort in more detail. 

0.2.4 GENERAL CONTAMINANT CHARACTERISTICS AT THE FEMP 
The depositional characteristics and the hydrostratigraphic units present at the FEMP impart 
general contaminant transport characteristics on solutes migrating from the individual waste areas 
to receptor locations. These characteristics include: 

Solute migration potential: Solutes have ii 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 o n  
the high hydraulic conductivity of the matrix. 

Aquifer intercommunication: Thc intercommunication between perched water- 
bearing zones is limited in thc glacial environment. Communication between the 
upper water-bearing zones within the till and the Great Miami Aquifer is likely over 
an extended period of time. Communication between upper and lower zones within 
the Great Miami Aquifer will be controlled by transverse (vertical) dispersion and 
will therefore be extremely limited. 

Adsorption/attenuation 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 signiEicant cation 
retardation for inorganic constituents. Given the til l  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 a t  lower rates in the regional aquifer due to  the 
lower organic carbon and clay content in the outwash. 
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Based upon the general hydrogeologic and contaminant transport characteristics, there is a 
potential pathway from the waste units through the vadose zone to the regional aquifer. Given 
the high energy depositional charactcristics OC the glacial outwash, the pathway would extend from 
the aquifer-vadose interface to downgradicnt receptors. 

1 

2 

3 

4 

0-2-6 43 



FEMP-SWCR-4 DRAFT 
August 5 ,  1992 3 5 8 0 

0.3.0 DETATLED CONCEPTUAL FATE AND TRANSPORT MODEL 1 

Water filters through the vadose zonc and dissolves materials. 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 soilhaste matrix through 

2 

3 

4 

5 

6 

7 

which i t  flows. These interactions determine what chemical species are present in the percolating 

composition of the leachate and the speed at which individual constituents migrate will be treated 
water (leachate), and how fast they will move in the unsaturated zone. In this analysis the 

individually. 8--- 

The conceptual modcl of thc geochemical inlcractions in the vadose zone traces the chemical 
reactions which occur when water migrates through, and equilibrates with, solids in 
compositionally-distinct horizons. This proccss is illustrated in Section 3.3.1 of Part I. For 
example, percolating rainwater reacts with waste to form leachate at the base of each waste area 

9 

10 

11  

12 

13 

14 

(Leachate A). This leachate migrates into thc underlying glacial-overburden, where it reacts with 
the minerals in the overburden to Corm a modilied leachate (Leachate B). 

Contaminant transport in the vadose zone includes the bulk migration of water and dissolved 1s 
16 

17 

18 

19 

20 

21 

22 

materials from waste (source) areas at the FEMP to the Great Miami Aquifer. This occurs as 
surface watcr infiltrates from the surl'acc and pcrcolates through the source of contamination, and 
its surrounding soil, into the saturatcd zonc. Downward movement of water, driven by the forces 
resulting from gravitalional potential. capillary pressure. and other components of total fluid 
potential, mobilize the contaminants 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 Section 3.3.1 of Part I. 

As stated above. the site was divided into smaller portions containing specific waste areas. These 
areas exhibit considerable diversity in thcir  contents and in the physical and chemical 
characteristics of the vadose zone beneath them. Bccause of this diversity, the modeling of the 
contaminant migration through the vadosc zone was considered imperative for the estimation of 
contaminant loading rates to the regional aquifer model. In order to model the transport of these 
contaminants. i t  was necessary to adapt the gencric conceptual model presented in the Risk 
Assessment Work Plan (DOE 1992) to a scries oC specific conceptual models for each distinct 
waste area. These conceptual models considcred the following: 

23 

24 

25 

26 

27 

28 

29 

30 

The contents of the waste a m i  31 
32 The presence of standing watcr in the waste area 

The  presence or absencc o f  ii discrcte cap - 33 
The identifiable geologic strata bcneath the waste area 34 
The thickness of each laycr in thc vadose zone 35 
The vertical permeability oC thc Iaycrs 36 

4 4  
r -  
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The interstitial fluid velocity through each layer based on saturation 
The  dispersion coefficients of each layer. 

0.3.1 DESCRIPTION OF OPERABLE UNIT WASTE AREAS 
The  following is a description of waste areas associated with the operable units at the FEMP. 
The  description provides a brief explanation of the history and physical characteristics of each 
waste area. 

0.3.1.1 Operable Unit 1 ~ - -- -- - - - 

Operable Unit 1 is a waste disposal area consisting of six waste pits, a Clearwell, and a Burnpit 
which are located in the northwest portion of the FEMP. The  six waste storage pits were 
constructed bctween 1952 and 1975 and were used to storc process residues, filter cake materials, 
and various other wastes. 

- 

0.3.1.1.1 Waste Pit 1 
Waste Pit 1 was constructed in 1952 and is located in the southern portion of the Operable Unit 
1 study area. The  disposal area was built by excavation into an existing clay layer followed by an 
additional liner of four feet of clay. In 1957. Waste Pit 1 was expanded by adding a berm to the 
western side. Currently, the surface iirca is cslimatcd at 7685 m2 and the volume is estimated at 
25.750 m3. Pit one  reccivcd radioactive waslcs consisting primarily of neutralized waste filter 
cakes, production plant sump cakes, dcplctcd slag, scrap graphite, contaminated brick and sump 
liquid. The  dry density and t h e  mass 0 1  material in  the waste pit are estimated at 1753 kg/m3 and 
45,140,000 kg, respectively. Waste Pi1 I wiis closed in 1959, backfilled and covered with a clean 
fill cap. The  thickness of the cap is approsimatcly 0.31 m. 

0.3.1.1.2 Waste Pit 2 
Waste Pit 2 was constructed in 1957 in the iirca of a small pond located to the northeast of Waste 
Pit 1. Waste Pit 2 was constructed into cxisting native clay and was operated €rom 1957 until 
mid-1964. The surface iirea is cstimatcd at  4173 m' and the volume is estimated at 14,130 m3. 
Waste Pit 2 received primarily dry, low-level radioactive wastes consisting of neutralized waste 
filter and sump cakes, sump liquid, depleted slag, scrap graphite. and contaminated brick. The  dry 
density of the material is 1383 kdm3 and the mass is estimated at 19.540.000 kg. The  waste pit 
was covered with clean fill and graded to drain surface runoff to the Clearwell €or subsequent 
discharge to thc GMR. The thickness ol' the cap is estimated to be 0.46 m. 
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0.3.1.1.3 Waste Pit 3 1 

Construction on  Waste Pit 3 was completed in 1959 by excavating into the underlying clay layer 2 

3 and was lined with an additional one foot of clay material. Waste Pit 3 is located in the west- 
central portion of Operable Unit 1 and is the largest of these waste pits. The surface area is 
estimated at 22,430 m2 and the volume of material is estimated to be 181,200 m3. Waste Pit 3 
was operated as a settling basin from 1959 to 1968 and received liquid waste streams consisting of 
lime-neutralized waste solutions from the FEMP production plants. The waste pit was used to 
dispose of slag leach residue, filter cakes, flyash, and lime sludges. The dry density of the waste 
material is-es tima ted at -1 4 15- kg/m?and-the-mass-is-es tima ted- a t 256,400,000 kg; -Waste -Pit 3-was - 
taken out of service in 1977, and clean fill was placed over the waste material and graded to 
divert surface runoff to the Clearwell. The thickness of the cap is approximately 2.74 m. 

0.3.1.1.4 Waste Pit 4 
Waste Pit 4 was constructed in 1960 using similar construction techniques as Waste Pit 3. It is 
estimated that the surface area is 7788 m2 and the volume of waste is 41,060 m3. The pit 
received radioactive wastes such as process residues, filter cakes, flyash. slurries, raffinates, 
graphite, waste sludges, and asbestos until May 1986. The dry density of the waste material is 
estimated to be 1933 kg/m3 and a mass of 79,350,000 kg. Surface water runoff is diverted via 
surface grading to the Clearwell prior to discharge to the GMR. Groundwater monitoring wells 
are located upgradient and downgradient of Waste Pit 4. The pit is covered with an interim 
RCRA cover at the present time and is no longer in service. The thickness of the cap is 
estimated to be 1.83 m. 

0.3.1.1.5 Waste Pit 5 
Waste Pit 5 is a long-rectangular shaped waste unit located in the north-northwest corner of 
Operable Unit 1. The waste pit was constructed in 1968 using a 60-mm-thick Royal-Seal EPDM 
elastomeric membrane liner. The surface area of Waste Pit 5 is estimated at 14,970 m2 and the 
volume of waste is 75,570 m3. Liquid waste slurries from the Refinery and the Recovery Plant 
including materials similar to Waste Pit 3 such as neutralized raffnate, slag leach slurry, sump 
slurry and lime sludges, similar to Waste Pit 3 were disposed of in Waste Pit 5. The  dry density of 
the waste material is estimated to be 1002 kg/m3 and a mass of 75,680,000 kg. Although use of 
the pit as a disposal location for settling solids was halted in mid-1983, clear decant from process 
effluent continues to  flow by gravity across the surface of the pit to the Clearwell from which it is 
monitored and discharged. There is no cap on Waste Pit 5. 
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0.3.1.1.6 Waste Pit 6 33 

Waste Pit 6 was constructed in 1978 and 1979 and was used until early 1985. The waste pit is 34 

35 

36 

37 

located adjacent to, and has a similar lining construction as, Waste Pit 5. The surface area of 

pit include nonpyrophoric solid wastes, green salt, filter cakes, and process residues containing 
Waste Pit 6 is estimated at 3011 m2 and the volume of waste is 8835 m3. Wastes disposed in this 
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elevated levels of uranium. The estimated material dry density is 1622 kg/m3 and-the mass is 
14,330.000 kg. Until March 1987. rainfall that was collected in the pit was pumped to Waste Pit 5 
for settling before discharge via the Cleanvell. Since then. collected rainfall is pumped to the 
biodenitrification surge lagoon. There is n o  cap'on Waste Pit 6. 

0.3.1.1.7 Burnnit 
The Burnpit is located in the central portion of Operable Unit 1 and was first used in 1957 as a 
source-site for clay to  line Waste Pits 1 and 2. The resulting excavation was subsequently used to  

including pyrophoric and reactive chemicals. oils, and other low-level mixed combustible materials. 
The volume of waste in the Burn Pit is estimatcd at 6937 m3. The dry density of the material is 
1301 kdm3 and the mass of the material in  the Burn Pit is 9,025,000 kg. The  lateral boundaries 
of the Burn Pit are no longer distinguishable bccausc fill was graded to match surrounding 
topography, and a vegetative cover has bccn established ovcr the I'illcd area. The  surface area of 
the Burn Pit is estimated at 2019 m2 and the thickness of the cap is approximately 0.61 m. 

____ 
--dispose-of-laboratory chemicals and-to burn-unknown quantitieTofFomb-ustible materials, 

0.3.1.1.8 Clearwell 
The  Clearwell is located in the southwestern portion of Operable Unit 1. The  Clearwell was first 
used in 1959 and is essentially a settling pond used as a treatment facility for clear process 
effluents and surface runoff. The surlhcc iIrci1 o f  the Cleanveil is estimated at 2737 m2 and the 
volume is 3828 m3. Eflluent from the C l c a n ~ l l  is discharged to the G M R  through the main 
effluent line. The  dry density of material in the Clcarwcll is 1619 kdm3 and the mass of material 
is 6,197.000 kg. The  Cleanvcll still rcccivcs dccanted water from Waste Pit 5. 

0.3.1.2 Operable Unit 2 
Operable Unit 2 consists of fivc unlincd \vastc disposal areas used for the disposal of flyash, spent 
lime, solid waste, and construction rubble from l'acility operations. The waste disposal areas 
include the Solid Waste Landtill. the North and South Limc Sludge Ponds, the Inactive Flyash 
Pile, the Active Flyash Pile, and thc South Ficld. The  primary characteristic of these units is that 
they involve large volumes of wastc of which only small pcrccntagcs arc hazardous chemicals 
and/or radionuclides. 

0.3.1.2.1 Solid Waste Landfill 
The Solid Waste Landfill is located in thc northeast corner of the waste storage area, adjacent to 
a drainageway and a railroad line. The  landfill was started in 1954 and used Cor the disposal of 
cafeteria waste, rubbish, and othcr types of \vaslcs I'rom nonprocess areas. I t  is composed of five 
excavated cells and an evaporation pond. Thc fivc cells have been covered with on-site soils and 
the evaporation pond has been backfilled. Thc landfill has a surface area of 3931 m2 and the 
volume is estimated at 14.980 m3. An invcntory of the waste types and quantity disposed of in the 
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cells was not recorded, however, 
mass of the material is estimated 

the dry dcnsity of material is estimated at  1694 kdm3 and the 1 

2 at 25,370.000 kg. The landfill has not been used since 1986. 

0.3.1.2.2 North Lime Sludrre Pond 3 

4 

5 

6 

7 

8 

The North Lime Sludge Pond is an unlined pond that has received spent lime sludges from FEMP 
water treatment plant operations and sludges from neutralization of the boiler plant blowdown 

estimated at 4166 m3. The North Lime Sludge Pond is partially covered with water which varies 
-in-volume-due-to actual-operating-condi tions-and-the-amoun t-ol-local-precipitation:-The -dryp 

and coal pile storm water runoff. The surface arca is estimated at  2604 m2 and the volume is 

__ - 

density of the material is 757 kdm3 and the mass is estimated at  3,154,000 kg. 

0.3.1.2.3 South Lime Sludce Pond 
The South Lime Sludge Pond is a dry. unlined pond located directly south of the North Lime 
Sludge Pond. The pond is covered with vegetation with an estimated surface area of 2751 m2. 
The  pond does not have a cap. Thc South Lime Sludge Pond has a higher berms and a greater 
surface elevation and the volume of material is estimated at 9353 m3, significantly greater than the 
North Limc Sludge Pond. The matcrinl dry density is 7-58 kdm3 and the mass of material is 
7,071.000 kg. Spent lime sludges from FEMP wittcr trealment plant operations as well as sludges 
from the neutralization of boiler plant blowdown and coal pile storm water runoff were pumped 
to this pond and allowed to settle. This pond has been inactivc since the mid-1960s. 

0.3.1.2.4 Active Flvash Pile 
The  Active Flyash Pile is located to thc east of thc running track/South Field, adjacent to  an 
access road that runs between the wauc iirciis. Thc pile is used for tlyash disposal from a coal- 
fired boiler plant located in the main produclion I’acility. The  surface area of the pile is estimated 
at 5714 m2 and the flyash volume is cstimatccl at 33.9SO m3. The dry density of material is 963 
kg/m3 and the mass is estimated at 43.350.000 kg. The Activc Flyash Pile does not contain a cap. 

0.3.1.2.5 Inactive Flvash Pile . 

The Inactive Flyash Pile is located in thc southwestern portion of the FEMP, adjacent to  the 
South Field. The  northern portion of the disposal area is on top of an old drainage channel 
leading to Paddys Run. The surface area and waste volume are estimated at 12.150 m2 and 
59,950 m3, respectively. The waste material in thc disposal area contains predominately flyash in 
addition to small amounts of building rubble such ;IS concretc. gravel, asphalt, masonry, and steel 
rebar. The dry density of the material is SO? kg/m3 and the mass is 48,110,000 kg. The  Inactive 
flyash Pile has little soil and vegetation with n o  cap. 
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0.3.1.2.6 South Field 
The  South Field is the largest of the Operable Unit 2 waste areas that was used as a burial site 

1 

2 

for construction rubble from 1954 to 1957. The rubble includes debris from the razing of an  old 
administration building. The  surface area of' the'South Field is 22,500 m2 and the volume is 
estimated at  83,310 m3. There is no cap on the waste unit although vegetation covers the area. 

3 

4 

5 

6 The dry density and the mass of material are 1551 kg/m3 and 129,300,000 kg, respectively. 

0.3.1.3 Operable Unit 3 7 

Unit 3 are the Plant One Storage Pad and the storage Buildings 60, 64, 65, 67 and 68. The 
principle purpose of thcse areas is to provide interim drum storage Lor thorium and uranium 
compounds. The thorium compounds were produced as a result of manufacturing operations 
between 1953 and 1986 and have been stored at thcse locations (DOE 1991) 

8-- 

9 

10 

11 

12 

__ ______ ~e-waste-source-areas-considered-for-gr(-)un~i\~~atcr-~i te-and-tr-ansport-analyses-from-Operable 

0.3.1.3.1 Plant One  Storace Pad 

FEMP. The  drum storage pad is located to the north and adjacent to Plant 1. The principle 

milling, materials sampling. analysis. and storage. and drum reconditioning. The  Plant One  
Storage Pad contains 132.400 drums (55-gallon) with residues containing organic and radionuclide 

13 

14 

15 

16 

17 

18 

The  Plant One  Storage Pad is locatcd in thc southern portion of the northwest quadrant at  the 

activities at these facilities include proccssing of slightly enriched uranium, uranium compound 

constituents. The  surface area and volunic of the storage pad is 9187 m2 and 27,560 m3, 
respectively. The total mass of the pad is 21,680.000 kg and the density is 786.7 k g h 3  

0.3.1.3.2 Builciinc 60 
Building 60 is a storage facility locatcd in the northcrn portion of the northwest quadrant. The 
facilily has 1758 drums. Thc surface area ol' Building 00 is lS6.1 rn2 and the pad and subgrade 
material (soil) volume is 372.3 m3. The dcnsity is cstirnatcd to be 2180 kg/m3. 

0.3.1.3.3 Building 61 
Building 64 and Building 65 are locatcd adjacent to one another in the central portion of the 
northeast quadrant. Building 64 storcs 420 drums containing residue materials at  an estimated 
mass of 190,900 kg. The surface arca of Building 64 is 43.7 m2 and the volume of the pad and 
subgrade material is 57.4 m3. 

0.3.1.3.4 Building 65 
Building 65 contains approximately 5600 drums with an cstimatcd mass of 2,545,000 kg. The  

- .  surface-ajea of the-building and the.volumc of the pgd and.subgrade material is  582.9 m2 and 
1166 m3. respectively. The density of the pad and subgrade material is estimated to be 2180 
kg/m3. 
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0.3.1.3.5 Building 67 
Building 67 is located 
The  facility is used as 
material in the drums 

~. - 

a 

in the southwest corner of the northwest quadrant, just west of Plant 1. 
a storage location f o r  approximately 6000 drums. The  total mass of 
is 2.729.000 kg. Biiilcling 67 contains a surface area of 625 m2 and a volume 

of pad and subgrade material of 1250 m3 

0.3.1.3.6 Buildine 68 
Located in the southwest corner of the FEMP is Building 68. This facility is used to store 1317 

of Building 68 is 136.1 m2 and the volume of the pad and subgrade material is 
272 m3. The  density of this matcrial is 2180 kdm'. 

-drums containing thorium residues. The  total mass-in-the-drums~is-59S.600-~g~-The ETfaYearFa- 

0.3.1.4 Operable Unit 4 
Operable Unit 4 includes the physical structurcs and waste contents of the K-65 silos (Silos 1 and 
2), the metal oxide silo (Silo 3). These silos were h i l t  to receive wastes from the processing of 
pitchblende ore and concentrates and arc located south of thc waste pit area in the west-central 
portion of the FEMP. 

0.3.1.4.1 Silos 1 and 2 
Silos 1 and 2 were used for the sioragc o f  radium-bearing residues formed as by-products of 
processing the pitchblende ore and ycllow cake. Silos 1 and 2 received waste from 1952 to 1958. 
Waste raffinates were pumpcd into the silos where the colloids would settle. The  decant water 
was recovered for reuse in the process. Settling and dccanting continued until the silos were 
filled to approximately four feet (1.2 m) below the top of thc vertical wall. Each silo has a 
diameter of approximately 24.4 m; the total surCace iirca of Silos 1 and 2 is 934 m2. To ensure 
that the waste material was contained, invcstigations on thc silo structural integrity were made 
and were followed by corrective rneasurcs. The volume in the Silos 1 and 2 is estimated at 5522 
m3. The  dry dcnsity of the material in Silos 1 and 2 is 2050 kdm3 and the total mass of material 
is 11,320.000 kg. 

0.3.1.4.2 Silo 3 
Silo 3 was constructed in 1952 in a manner similar lo Silos 1 and 2. Silo 3, also known as the 
metal oxide silo, contains waste from the processing of ores with low levels of radium. The  
surface area of Silo 3 is 467 m2 and the volumc is 3902 m3. The  contents are waste raffinate 
slurries from retinery operations that wcrc dcwatercd in an evaporator and spray-calcined to 
produce a dry waste for storage. Thcse wastcs were blown in under pressure to f i l l  Silo 3. The 
dry density of material is estimated a t  2267 kdm3 and the-mass of material is 8,847,000 kg. 
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0.3.1.5 Operable Unit 5 
Operable Unit 5 is defined as groundwatcr. contaminated soils not included in the definitions of 
Operable Units 1.  2, 3. and 4, surface water, sediments, llora. and fauna. Of these, the waste 
source areas considered for fate and transport modeling are the contaminated soils and the 
perched groundwater in the former production area. The contaminated soils are in the Plant 2/3 
area, Plant 6 area, Plant 9 area, and thc Pilot Plant area. 

8 

0.3.1.5.1 Plant 2/3 Area Soils . ~ _.___ __.-- 
_____- Plant-2/3-is-located-adjacent-to-Second-Street--an.d- the-elevale~-water-tower,-The-facili ty IS a 

large-scale refinery operation in which a series of chemical processes produced uranium trioxide. 
Nitrogen oxides produced during the dissolution and denitrification steps were converted to nitric 
acid and reused in the process. The surface area o f  contaminated soils in the Plant 213.area is 
estimated at  26,040 m2 and the volume 01’ matcrial is estimated at  123,000 m3.’ The  material dry 
density is 1462 kdm3 and the mass of materiiil is 179.900.000 kg. 

0.3.1.5.2 Plant 6 Area Soils 
Plant 6 is a metals fabrication plant locatcd in the southcast quadrant bounded by First and 
Second Street and abutted by F Strcet. Plant 6 t h e  metals fabrication plant, heat-treated 
uranium metal billets to improve thcir strength and grain structure in preparation for extrusion 
into tubes at  other sites. The surface area and volume o f  contaminated soils in the Plant 6 area 
are estimated to be 17,440 m2 and 109,000 m-’ respectively. The  dry density of material in Plant 6 
is 1462 kdm3 and the mass OC material is 159.300.000 kg. 

0.3.1.5.3 Plant 9 Area Soils 
Plant 9 is comprised of a decontamination and decommissioning fncility, maintenance building, 
boiler plant, tank farm. and a metal scrap pile locntcd in the northeast quadrant. The  facility was 
used for special uranium products casting. uranium heat treating, machining and decladding, 
tho r i u m processing , d eco n tam i n ii t ion a n d d cco m m i ss i  o n i n g of e q u i p m e n t , equip m e n t main ten a nce, 
chemical and metal scrap storage. and sitc production of steam, air, and water. The  surface area 
and volume of contaminated soils in the Plant 9 iirca are estimated to be 5813 m2 and 34,880 m3, 
respectively. The  dry dcnsity and miis of matcrial in Plant 9 are estimated to be 1462 kdm3 and 
50,990.000 kg. respectively. 

0.3.1.5.4 Pilot Plant Area Soils 
Located adjaccnt to First Street in thc southwcst quadrant is the Pilot Plant Area. The  principal 
activities include various types of pilot-scalc opcrations along with sample testing and analysis. 
The surface area and volume of contaminated soils in -this area are estimated at  4650 m2 and 
27,900 m3, respectively. Thc  dry dcnsity 01‘ matcrial For the Pilot Plant Area is 1463 kdm3 and 
the mass of material is 40,790,000 kg. 
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0.3.2 SOURCE TERMS 
Analytical data for the site-wide waste areas were compiled and screened to identify those 
constituents that are of concern based upon the risk assessment criteria established in the Risk 
Assessment Work Plan Addendum (DOE 1992): Tables 0.3-1 through 0.3-5 list all the 
constituents oE concern and their corresponding upper 95% confidence limit (UCL) on the 
concentrations in the source volumes (wastc areas) for Operable Units 1 through 5 respectively. 
These tables also present the source terms, i.c., the initial concentrations of leachate (used as 
input source concentrations in the vadose zone transport model) that percolates through the 
-soil/waste-matrix-in-the-vadose zone:-However, field-Icachate results-from the -uniaturatedmedia- 
have not always been analyzed and thcreforc, alternative methods for estimating the best available 
site-specific data for leachate concentrations for the constitucnts of concern is necessary. The 
hierarchy decision method used to estimating Icachate concentrations for radionuclides, inorganic 
and organic compounds is presented in the following text. 

0.3.2.1 Leachate Concentrations lor Radioniiclidcs and Metals 
Figure 0.3-1 illustrates the approach lhr estimating the Icachate concentrations for radionuclides 
and inorganic compounds to be used by vndosc zone modcls. The logic behind using the decision 
hierarchy outlined in Figure 0.3-1 rests with applying the bcst available site-specific data to  
estimating the leachate concentrations 01' the constitucnts of concern for the site-wide waste 
areas. Each successivcly lower step on this hicrarchy rcpresents a more conservative method for 
estimating the contaminant concentrations in leachate, with the potential to generate a greater 
uncertainty in the estimation. In applying this decision hierarchy to site-wide waste areas, waste 
leachate (Leachate A) may he estimated by ~ising data from several levels. For instance, a 
particular waste area lacks data on insitu leachate and we arc returned to the next level of the 
decision hierarchy to  evaluate TCLP data. I f  the contaminant inventory in the source volume is 
depleted in less than 70 years using the TCLP valucs or  thc TCLP data is not available for a 
contaminant, we are left with estimating the wastc Icnchatc with mineral solubility calculations 
using geochemical modeling discussed in Scction 0.4.0. At this point of' the decision hierarchy if 
contaminant solubility limits are not rcachcd for any one o f  the remaining constituents of concern 
then we use EPA 70-year rule to calc~ilatc thc waste Icachate o r  Leachate A. After the 
estimation of Leachate A is finalized i t  (Lcachntc A) is reacted with the glacial overburden 
minerals using the EQ3/6 code and estimate ol' Lcachatc B is developed which is used as initial 
input concentrations into thc vadose zonc model. I f  the contaminant solubility limit is not 
reached. leachate A is used as input concentrations in thc kite and transport modeling (Figure 
0.3- 1). 
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TABLE 0.3-1 
SOURCE CHARACTERIZATION FOR OPERABLE UNIT ONE 
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Constituent 

Pu-2391240 

TABLE 0.3-1 
(Continued) 

Total Mass 
UCL Available Source Term 

( m f i g )  (m!3 (md0 
2.948E-05 7.559E+03 1.470E-12 

August 5. 1992 
3580 

Pu-238 

Pu-2391240 

Ra-226 

Location 

2.126E-07 1.609E +01 2.264E- 12 

1 .566E-04 1.185E+04 1.668E-09 

1.203E-03 9.104E+03 3.125E-05 

WASTE PIT 3 

____  __ - 

WASTE PIT 4 

WASTE PIT 5 

. -  

Ra-226 
~ ~~ 1 4.321E-04 I 1.108E+05 I 1.160E-09 

2.79OE-01 I 2.221E+07 I 6.808E-06 U-234 I 
u-235 I 1.536E+02 I 1.219E+10 I 3.73GE-03 

U-238 1 1.366E+04 I 1.OS4E+12 I 3.320E-01 
~~ 

CS-137 I 2.697E-OS I 2.041E+00 I 1.040E-09 
~ ~~ ~ 

Np-237 I 2.747E-02 I 2.079E+OG 1 1.000E-06 

. .  

KNOX/SUCR/KW/3-5/SUCRAPPO.TXT/7-21-92 0-3-1 1 
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TABLE 0.3-1 
(Conlinucd) 

Location Constituent 

WASTE PIT 5 9-90 

Tc-99 

Th-228 

Th-230 

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

Th-232 

U-234 

U-235 

u-238 

WASTE PIT 6 CS-137 

Np-237 

Pu-23s 

P~-239/240 

Ra-226 

Sr-90 

Tc-99 

Th-228 

Th-230 

FEMP-SWCR-4 DRAFT 
August 5. 1992 

3580 

UCL 
@?$g) 

7.200E-OS 

1.083E-01 

1.461 E-07 

7.412E-01 
___. 

4.161 E +02 

1.398E-01 

I .459E +01 

7.361E+02 

8.905E-OS 

6.043E-03 

7.5 12E-08 

2.307E-04 

S.015E-06 

2.659E-08 

9.557E-03 

2.33SE-09 

1.95SE-03 

Total Mass 
Available 

( mg) 
Source Term 
(m!N 

5.449E+OO 

8.196E+06 

..Ls!!+p_? . 
5.609E +07 

3.1 49E+ 10 

1.058E +07 

1.127E+09 

5.571E+ 10 

1.276E+OO 

8.660E304 

1.076E + 00 

3.306E +03 

1.149E+02 

3.810E-01 

1 370E + 05 

3.35OE-02 

2.506E+04 I 1.830E-09 

3.33OE-10 

1.880E-05 

_ _  - .30909E!9 - 
3.201E- 12 

1.796E-09 

7.705E-05 

8.207E-03 

4.057E-01 

1.720E- 10 

4.000E-06 

3.581E-16 

1.099E-12 

1.570E-10 

1.400E- 1 1 

3.5OOE-05 

2.185E-15 

I U-234 I 8.098E-01 I 1.160E+07 1 7.38OE-07 

Pu-238 

Pu-239/240 

Ra-226 

Tc-99 

Th-228 

Th-230 

I U-235 I S.OSOE+02 I 1.159E+10 1 7.37OE-04 

~ 

1.20SE-08 1.090E-01 5.988E- 15 

3.0 1 4 E-06 2.720E + 0 1 1.494E- 12 

2.635E-06 2.378E+Ol 7.96OE-07 

4.192E-03 3.783E + 04 1.1 1OE-05 

1.521 E-08 1.373E-01 5.411E-19 

4.406E-03 3.976E +04 1.567E-13 

1 u-23s I 3.157E+03 1 4.524E+11 I 2.876E-02- 

BURNPIT I Np-237 
~~ ~- I 6.393E-04 I 5.770E+03 I 2.85OE-07 

. .  

BURNPIT 
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Constituent 

Th-232 

TABLE 0.3-1 
(Conhucd)  

Total Mass 
UCL Available Source Term 

(m!2Jkg) (mi9 (mi90 

5.OS7E +01 4.591 E+OS 1.810E-09 

August 5,  1992 

3580 

_ _ _ ~ _ _ _  - 

CLEAR WELL 

Location 

~~ 

U-235 __ - 7.449E+OO- -6.723E+07- --4.626E3-03-- 

U-238 5.335E+02 4.815E+09 3.3 13E-01 

CS-137 4.687E-06 2.905E+01 1.380E-10 

Np-237 3.591 E-03 2.225E +04 4.000E-06 

Pu-238 5.370E-09 3.328E-02 1.470E- 12 

Ra-226 4.429E-04 2.745E+03 1.160E-09 

Sr-90 1.402E-07 8.688E-01 2.110E- 11 

- -_ - 

Beryllium 

Cobalt 

I 4.037E-02 I 3.643E+05 I 2.507E-05 

S.920E+00 1.743E +OS 5.700E-06 

3.4 1 2E +02 6.667E +09 1.120E +00 

INORGANICS 

WASTE PIT 1 

\- 

I Mercury I 3.600E-01 I 1.625E+07 I 8.82OE-11 

I Nickel 1 5.995E+01 I 2.706E+09 1 1.520E+OT 

I Potassium 

1 Silver 

WASTE PIT 2 

KNOX/SUCR/KU/3-5/SUCRAPPO. TXT17-21-92 0-3-1  3 
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TABLE 0.3-1 
(Conlinucd) 

Beryllium 

Cad mi u m 

FEMP-SWCR-4 DRAFT 
August 5, 1992 

3590 

1.73SE+01 4.457E+09 5.700E-06 

9.309E+00 2.3S7E+09 9.763E+OO 

WASTE PIT 4 

. . .  . 

Copper 

Lead 

1.929E+03 4.947E+11 1.400E-02 

4.136E+02 l.OGOE+ 11 1.100E-03 

I Chromium 

Manganese 

Mercury 

3.625E+03 9.295E+ 11 3.1 1OE-02 

3.411€+00 8.746E+08 3.010E-04 

Uranium 

I 4.894E+09 I 1.100E-03 Lead 6.16SE +01 I 
KNOX/SUCR/KV/3-5/SUCRAPPO.TXT/7-21-92 0-3-14 57 
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Cons t i t ucn t 

3580 

Total Mass 
UCL Available Source Term 

( m f i g )  (mg) (mdQ> Location 

- -  - . _ _  
Nickel 

Silvcr 

WASTE PIT 4 

. . -  _ _  - 

4.596E+01 6.5S7E+OS 1.337E+01 

1.5SlE+02 2.266E+09 6.710E-03 

WASTE PIT 5 

WASTE PIT 6 

- . - . . . . . .- . 

TABLE 0.3-1 
(Gmtinucd) 

,- 
KNOX/SUCR/KU/3-5/SVCRAPPO.TXT/7-21-92 0-3- 15 58 



TABLE 0.3-1 
(Con tinucd) 

UCL 
Location Constituent (m@g> 

BURNPIT Antimony 1.340E +01 

FEMP-SWCR-4 DRAFT 
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3580 

Total Mass 
Available Source Term 

(mg> (mdQ 

1.209E + 08 2.4OOE-09 

~ 

~~ I Barium 
- ~ 

.-Beryllium- -1.63SE-+_Ol-- --1.478E_+-OS- ---5.700E3-06- 

Boron 4.820E+01 4.350E +08 1.456E+Ol 

- 

Copper 

Lead 

I Cadmium I 2.634E+01 I 2.377E+08 I 7.956E+O 

2.590E+02 2.337E+09 9.52OE-03 

2.790E+02 2.518E+09 1.100E-03 

I Cobalt 

CLEARWELL 

I 1.041E+02 I 9.396E+OS I 7.92OE-03 

~~ ~ 

Zinc 5.050E+02 4.55SE+09 9.5 10E-02 

Barium 6.913E+03 4.284E+ 10 2.71OE-02 

Beryllium 9. lOOE +00 5.639E+07 5.700E-06 

Copper 1.1 19E+03 6.936E+09 3.000E-02 

Cyanide 9.180E+00 5.689E+07 8.7OOE-02 

Lead S.300E +01 5.144E + OS 1.100E-03 

Manganese 

Mercury 

IManganese I 1.717E+03 1 1.550E+10 1 1.86OE-02 

1 .66OE + 03 1.029E + 10 3.100E-02 

4.3SOE +00 2.714E +07 7.200E-04 

I Mercury I 9.090E-01 I 8.204E+06 I 2.000E-04 

~ . . . .  . . . 

I Molybdenum I 1.930E+01 I 1.742E+OS I 5.83OE+OO 

~ ~~~~ 

Selenium 3.720E+00 2.305E+07 1.700E-03 

Vanadium X96E +03 1.609E + 10 3.150E-02 

1.204E+09 4.710E-02 

. .  . . - .. . . .  . .- . -  . ~. . . . . . . . - . . .. . . .  

Zinc 1.944E+02 

1 Nickel 

I Silicon 
~~ ~- 1 5.061E+02 I 4.567E+09 1 4.61OE-03 

I Vanadium I 1.345E+02 I 1.214E+09 1 3.150E-02 

I Nickel I 6.695E+01 I 4.149E+08 I 2.410E-02- 

. 
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FEMP-SWCR-4 DRAFT 

5.011E+06 

--1 .O18E_+_OS- 

9.931E+06 

5.868E+06 

7.222E + 07 

1.011E+07 

3.340E+06 

1.580E+08 

4.145E+08 

3.16OE +OS 

3580 August 5,  1992 

1.965E-02 

..---8.506E-O1- 

1.583E-03 

2.097E-03 

5.387E-05 

8.45OE-02 

1.381E-04 

3.241 E-04 

4.480E-04 

2.834E-04 

TABLE 0.3-1 
(Continucd) 

l,l,l-Trichloroethane 

__ 2-Butanone- - _ _  .. - - 

2-Methylnaphthalene 

3,3-Dichlorobenzidine 

4.4-DDT 

- 

Location 

1.1 10E-01 

2..255E _+_Qo- 

2.200E-01 

1.300E-01 

I.GOOE+OO 

ORGANICS 

Acetone 

Anthracene 

Aroclor-124s 

Aroclor-1254 

Aroclor-1260 

WASTE PIT 1 

- 

2.240E-01 

7.400E-02 

3.500E+00 

9.1 S3E +00 

7.000E +00 

. . . - . . . - 

Be nzo ( a)  a n t h race ne 

Benzo( a)pyrene 

Benzo(b)lluoranthcne 

Benzo( k) fluorant hcnc 

Bis( ?-et hyl hexy1)p h t ha la tc 

Carbon tetrachloride 

1.800E-01 8.125E +06 2.35OE-05 

1.400E-01 6.320E +06 7.650E-06 

3.000E-01 1.354E+07 4.219E-06 

1.400E-01 6320E +06 1.061E-06 

1.700E+00 7.674E+07 4.439E-04 

2.000E-03 9.02SE+04 1.942E-04 

D i - n - bu t y I p h t ha I a t e 

Di-n-octyl phthalate 

Ethylbenzene 

nuoranthene 

Methylene chloride 

Napthalenc 
. .  . 

Phenanthrene 

Pyrene 

~~ ~ 

9.20OE-02 4.153E+06 3.036E-05 

7.32OE-01 3.304E+07 2.416E-08 

3.70OE-02 1.670E+06 1.381E-03 

3 .S50E-0 1 1.738E +07 9.413E-05 

1.330E-01 6.004E+06 5.01 7E-02 

5.400E-02 2.438E+06 1.227E-03 
. _  

1.267E +00 5.7 19E+07 2.283E-03 

2.900E-01 1.309E+07 1.000E-04 

I Chloroform I 2.030E-01 I 9.163E+06 I 7.657E-02 

I Chrysene I 4.72OE-01 1 2.131E+07 1 6.162E-05 

KNOX/SWCR/KU/3-5/SUCRAPPO.TXT/7-21-92 0-3- 17 60 r 



FEMP-SWCR-4 DRAlT  
August 5 ,  1992 3580 TABLE 0.3-1 

(Continucd) 

I UCL 
Total Mass 
Available Source Term 

Location Constituent ( m d k g )  

WASTE PIT 1 Tetrachloroet hene 2.1OOE-01 

Toluene 5.5OOE-02 

IotalLXylenes _____ 2.2QOE:O2- 

Trichloroet hene 1.900E-02 

WASTE PIT 2 1,1,1 -Trichloroethane 1.500E-01 

2,4-dimethyl phenol 1.500E-01 

2-Butanone 2.700E+00 

2-Methylnaphthalene S.0OOE +00 

4,4-DDT 1.400E+00 

4-Chlorophenyl-phenylcther 6.200E+01 

4-Methylphenol 3.500E-01 

Acenapht hene 5.000E+01 

Acetone 5.400E-01 

Anthracene 1.200E +02 

Aroclor-1248 3.21 OE-01 

Aroclor- 1254 3.230E-01 

9.479E306 3.236E-02 

2.483E +06 5.864E-03 

8.577E+05 2.928E-03 

2.93E +06 2.65E-02 

2.93E+06 2.98E-02 

5.2SE+07 8.12E-01 

1.56E +08 5.76E-02 

2.74E + 07 4.71E-05 

1.21E+09 I 2.70E-01 

6.84E+06 I 1.05E-01 

9.77E +08 3.14E-01 

1.06E+07 1.62E-01 

2.34E+09 2.24E-01 

6.27E+06 2.97E-05 

6.31E+06 I 1.58E-05 

1 Aroclor-1260 I l.SOOE+OO 3.52E+07 I 7.29E-05 
~~ 

2.03E+09 1.36E-02 

2.74E + 09 7.65E-03 

9.11€+08 6.56E-04 

1.02E+09 1.60E-04 

2.31E+09 8.97E-04 

7.03E +06 9.4OE-05 

1.46E + 09 9.77E-03 

7.43 E + 06 1.25E-04 

I Benzo(a)pyrene I 1.400E+02 

I Benzo( b) tluoranthenc I 4.662E+01 

~~ 

Ben zo ( k ) fl uo r a n the ne 1.1 84E + 02 

Bis(2-ethylhexyl)phthalale 3.600E-0 1 

Chrysene 7.482E + 0 1 

D i - n - bu t y 1 p h t ha I a t c 3.800E-01 

5.200E-01 
. ... . .- ~ .. ---I . . .  . .. . . 

-Di-n-octyl phthnlatc 
. . .. . 

1.02E + 07 I -  - 1.72E-08 
~~~ 

3.13E+OS I 8.94E-04 I Dihenzo(a.h)anthracctic 1.600E+01 

611 
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FEMP-SWCR-4 DRAFT 

TABLE 0.3-1 
(Con tinucd) 

WASTE PIT 2 l D i b e n z o f u r a n  I 3.600E+01 

L l b e n z e n e  I 4.800E-02 

b r a n  thene- __- I -1.929E~k02- 

E 2 . 3 - c d )  pyrene I 5.200E+01 
~ 

Methylene chloride 2.000E-01 

Naphthalene 1.600E+01 

Phenanthrene 1.544E+02 

Phenol 3.300E-01 

Pyrene 1 339E + 02 

Total Xylenes 2.600E-01 

Vinyl chloride 6.700E-01 

WASTE PIT 3 2-Butanone . 3.600E + 00 

Acetone 2.430E-01 

Aroclor-1254 2.500E-01 

Benzo( a)anthracenc 6.000E-02 

Benzo(b)fluoranthenc 1.100E-01 

Bis( 2-cthylhexy1)pht halate 7.7600-01 

Chrysene 7.5OOE-02 

Di-n- bu t y I p h t ha I a t c 8.400E-02 

1 Fluoranthene I 2.300E-01 

1 Methylene chloridc I 4.200E-01 

I N-nitrosodiphenylaminc I 1.300E-01 

I Pentachlorophenol I 1.300E+00 

I Phenanthrene I 1.200E-01 

- -  I - 1.900E-01 
. . -. - I Pyrene 

August 5, 1992 
3580 

Total Mass 

1.990E+08 I 2.026E-04 11 
1.923E+07 I 9.791E-06 11 
2.154E+07 I 2.772E-05 11 

1.077E+08 I 4.405E-01 11 
3.333E+07 5.019E-03 

3.333E+08 6.667E-04 

3.077E+07 2.162E-04 
. .  . .  -. . 

4.872E+07 61552E-05 -1 

0-3-19 

,- 
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FEMP-SWCR-4 DRAFT 
August 5. 1992 

Bis(2-ethylhcxy1)phthalate 

C h lo ro fo rm 

C h ryse ne 

Di-n-butyl pht halatc 

Di-n-octyl phthalate 

TABLE 0.3-1 
(Con tinucd) 

2.700E-01 2.142E +07 

1.300E+00 1.032E + OS 

7.600E-01 6.031 E +07 

4.900E-0 1 3.888E+07 

1.700E-01 1.349E+07 

3580 

~~ 

FI uo re ne 

Ideno( 1,2,3-cd)pyrcnc 

Malathion 

Methyl parathion 

Methylene chloridc 

3.100E-01 

1 .S00E-01 

6.70OE-0 1 

2.1 00E +00 

2.300E-01 

Source Term 
(md0 
2.124E-02 

6.081 E + 00 

- --1-.069E-03- 

1.700E-02 

9.515E-04 

4.186E-03 

7.907E-05 

4.917E-05 

9.791E-05 

3.005E-05 

7.173E-06 

5.23 1 E-07 

4.242E-06 

4.000E-03 

7.263E-01 

9.922E-05 

1.617E-04 

5.61 1 E-09 

I Dibenzo(a.h)ant hracene I 1.700E-01 I 1.349E+07 9.497E-06 

6.324E-04 

7.818E-03 

5.379E-04 

1.080E-03 

2.057E-07 

5.158E-01 

9.953E-01 

4.000E-03 

I. 63 

I Dibenzofuran I 1.600E-01 I 1.270E+07 

I Ethyl parathion I 8.600E-01 I 6.824€+07 

1 Fluoranthene 
~~ 

2.460E +07 

1.42SE +07 

5.316E+07 

1.666E+08 

1.825 E + 07 

KNOX/SWCR/KW/3-S/SWCRAPPO.lX1/7-21-92 0-3-20 



FEMP-SWCR-4 DRAFT 
August 5 ,  1992 

TABLE 0.3-1 
(Con tinucd) 3580 

Total Mass 
UCL 

(m@!A 

1.100E-01 

Location Constituent 

WASTE PIT 4 Naphthalene 

Phenanthrene 2.100E+00 

-Phenol- 

Pvrene 1.400E+00 l . l l lE+08 I 4.828E-04 11 
Tetrachloroe t hene I 3.000E+01 

Toluene I 6.700E-02 5.316E+06 I 7.143E-03 11 
Trans-I .2-dichloroethcnc I 6.000E-02 4.761E+06 I 4.619E-02 11 

2.381E+07 I 4.622E-02 11 Trichloroe t hene 3.000E-0 1 

Acetone 6.30E-01 WASTE PIT 5 4.77E+07 I 9.00E-03 11 
Aroclor-1248 I 5.50E-01 4.16E+07 I 5.09E-05 11 
Aroclor-1254 I 7.50E-01 5.68E+07 I 3.66E-05 11 
Bis( 2-c t hyl hexyl) p h t h a  la t c I 1.24E + 00 9.38E+07 I 3.24E-04 (1 
Di-n-butyl phthalate I 2.50E-01 1.89E+07 I 1.00E-03 11 
Methylene chloridc 3.SSE-01 

1,1.2,2-Tetrachloroct hanc 2.90OE+01 

2.00E-03 

1.51 E +07 5.19E-02 

WASTE PIT 6 

2-Butanone I 1.400E+00 2.006€+07 4.074E-01 

4.306E+07 3.000E-03 

1.161E +06 3.95 1 E-06 

1.304E+07 1.000E-02 

1.003E+07 4.000E-03 

6.305E +06 2.000E-03 

1.075E+07 3.571E-02 

2398954 2.619E-02 

Ace tone I 3.005E+00 

Aroclor- 1254 I 8.100E-02 
_____ ~ ~ ~~ 

Bis(2-ethylhexyl)ph t hala  tc 9.100E-01 

Methylcne chloridc 7.000E-01 

Toluene 4.400E-01 

Total Xylenes 7.500E-01 

Trichloroethene 1.700E-01 

1.1.1-Trichlorocthanc 2.000E-03 

1,l-Dichloroethane 1.100E-01 

2-Butanone 6.700E-02 

.- 

BURNPIT 
. . -. . . . . . 

1.805E+04 I 3.540E-04 11 
9.928E+05 1 3.323E-02 11 
6.047E +05 I 2 .024Er I l  

,- 6 4 KNOX/SWCR/KW/3-5/SWCRAPPO.TXT/7-21-92 0-3-21 



TABLE 0.3-1 
(Gin tinucd) 

Bcnzo(g.h,i)pcrylcnc 

Bis( 2-ethylhcxy1)p h t ha  la LC 

Carbon disulfide 

Chlorobenzene 

FEMP-SWCR-4 DRAFT 

3580 August 5. 1992 

S.500E-02 7.671 E+05 2.615E-07 

1.9 1 3 E + 00 1.726E+07 4.995E-04 

1.000E-03 9.025E+03 3.021E-04 

2.000E-03 1.805E+04 1.504E-04 

Location 

BURNPIT 

UCL 
Constituent (mdkg) 

2-Hexanone 2.000E-03 

5.000E-02 

-4-Met hyl-2-Pen tanonc ___ 6.000E-03-- 

~ 

1.805E+04 1 6.041E-04 

~~ 

- -5.4 1 5 E + 04-1 - 4 8  1-2E-03- 

I Acetone I 2.39OE-01 I 2.157E+06 1 7.22OE-02 

I Aroclor-1016 I 2.900E-01 I 2.617E+06 I 6.304E-04 

I Aroclor- 1242 1 2.900E-01 I 2.617E+06 I 1.174E-03 

I Aroclor- 1248 2.000E-01 I 1.805€+06 I 1.852E-05 I 
I 2.700E+00 I 2.437E+07 I 1.317E-04 

I Benzo(a)anthraccne I 1.530E-01 I 1.351E+OG I 1.997E-05 

I Bcnzo(a)pyrene I 1.600E-01 I 1.444E+06 I 8.743E-06 

I Bcnzo(b)fluoranthenc I 1.560E-01 I 1.408E+06 I 2.194E-06 

. . .  

Pyrene 2.050E-01 1.850E +06 7.069E-05 

Tctrachlorocthenc 1.510E-01 1.390E+06 2.373E-02 

. .  . 
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FEMP-SWCR-4 DRAFT 
August 5 ,  1992 

TABLE 0.3-1 
(Con tinucd) 

3580 
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EMP-SWCR-I DRAFT 
Augusl 5 ,  1992 

Th-230 

U-234 

U-235 

TABLE 0.3-2 
SOURCE CHARACTERIZATION FOR OPERABLE UNIT TWO 

9.899E-04 3.122E +03 1.840E-09 

3.99SE-04 1.261 E +03 2.160E-07 

9.245E-02 2.916E+05 4.996E-05 

3580 

u-23s 1.375E+01 

Location 

4.337E +07 7.430E-03 

RADIONUCLIDES 

Pb-210 

Ra-226 

Ra-22s 

Sr-90 

Th-22s 

Th-230 

SOLID WASTE 
-LANDFILL--- - 

~ ~~~ 

5.226E-08 2.265E+00 1.669E-08 

2.46SE-06 1.070E +02 7.881E-07 

I .208E-08 5.237E-01 3.858E-09 

1.442E-08 6.251E-01 - - 4.605E-09 

1.3 44 E-09 1.883E-01 4.865E- 19 

1.97SE-04 8.575E +03 2.215E-14 

NORTH LIME 
SLUDGE POND 

SOUTH LIME 
SLUDGE POND 

ACTIVE FLYASH 
PILE 

CS-137 I 3.962E-09 I 2.802E-02 1 4.670E-10 

Th-230 I 3.465E-04 1 2.450E+03 1 1.840E-09 

U-234 1 4.957E-04 1 3.505E+03 I 2.950E-07- 

U-235 I 1.387E-01 I 9.807E+05 I 8.261E-05 

U-238 I 1.242E+01 I S.782E307 I 7.397E-03 

67 KNOX/SUCR/KU/3-5/SUCRAPPO.lXl/7-2~-~~ 0-3-24 r 



FEMP-SWCR-4 DRAFT 
August 5, 1992 

Location Constituent 

TABLE 0.3-2 
(Continucd) 

Total Mass 
UCL Available Source Term 

(m!YkS) (m!3 (mdQ 

3580 

ACTIVE FLYASH 
PILE 

Th-232 1.63.3E+01 7.122E+08 1.84OE-09 

7.511E-04 3.256E+04 1.157E-13 U-234 

Ra-228 

Ru-106 

Th-228 

Th-230 

Th-232 

u-234 

u-235 

I U-238 1 1.587E+01 1 G.88OE+08 1 2.446E-09 

~~ ~ ~~ 

3.36SE-08 4.355E+OO 1.242E-08 

1.022E-09 1.321 E-01 3.770E- 10 

4.033E-OS 5.990E+00 2.042E-18 

9.404E-04 1.2 16E+05 4.145E-14 

4.173E+01 5.397E+09 1.839E-09 

2.399E-03 3.1 02 E + 05 3.247E-07 

3.698E-01 4.782E + 07 5.004E-05 

INACTIVE 
FLYASH PILE 

I Pb-210 I 6.532E-08 I 3.143E+OO I 1.66OE-OS 
~ ~~ I 2.557E-06 I 1.230E+02 I 6.5OOE-07 

I Z S  I 9.275E-09 I 4.462E-01 I ~ 2.358E-09 
~~ I Sr-90 1 S.992E-09 1 4.326E-01 I 2.28GE-09 

I Th-228 I 3.366E-09 I 1.619E-01 1 3.2328-19 

I Th-230 I 3.392E-04 I 1.632E+04 I 3.257E-14 

1 Th-232 1 l.c)lGE+OZ 1 0.218E+08 I 1.84OE-09 

I U-234 
~ ~~~ I 3.396E-03 I 2.115E+05 1 3.098E-13 

I u-235 I 5.593E-01 I 2.691E+07 I 3.942E-11 

I u-238 I 3.434E+O1 I 1.652E+09 I 2.42OE-09 

SOUTH FIELD I Pb-210 I 2.644E-07 I 3.419E+01 I 9.754E-08 

I Ra-226 1 2.324E-06 I 3.005E+02 1 8.573E-07 

I u-23s 1 3.192€+01 I 4.127E+09 I 4.32OE-03 

0-3-25 
68 



FEMP-SWCR-I DRAFT 
August 5, 1992 

3580 TABLE 0.3-2 
(Gmtinucd) 

UCL 
Location Constituent 

Available Source Term 

~ 

-1 
~~ 

INORGANICS 

6.74SE+OS I 9.583E+00 (I SOLID WASTE Boron 2.660E + 0 1 

7.900E-01- 
LANDFILL 
___________ -Cyanide - - ~ _ _  _ _ _ -  - -2.004E+07-1-- - -  2.S46E-01-11 

f i e n u m  1 1.120E+01 

Silicon 1 7.010E+02 

I Silver I 1.25OE+Ol 

I Thorium I 1.662E+01 4.21SE+OS I 1.84OE-09 ~ 11 
I Uranium I 1.500E+02 

~~ ~ 

Zinc O.SSSE+Ol 

NORTH LIME Mercury 3.OOOE-01 
SLUDGE POND 

9.462E +05 2.990E- 17 

3.969E+OS I 2.924E+OO 11 ACTIVE FLYASH Antimony 9.156E+00 
PILE 

Arsenic 6.65OE +O1 2.SS3E+09 I 5.050E-01 11 
1 Beryllium I 3.389E+00 

~ _ _ _ _ ~ ~  

1.21SE+07 S.973E-02 

2.294E+09 3.040E-01 

S.453E + 06 1.240E-05 

7.083 E +OS 5.2 18E +00 

1.3SlE+09 1.01SE+01 

2.345E + OS 1.72SE +00 

l.S89E+OS 1.391E+00 

1.9S5 E +09 1.S4OE-09 

Cyanide 2.81 OE-01 

Lead 5.293 E +O 1 

Mcrcury I .950E-01 

Molybdenum 1.634E+O1 

Nickel 

Sclen i u m 

3.1 S6E + 0 1 

5.4 1 OE + 00 

Si ive r 4.357E+O0 

Thorium 4.5,YOE+Ol 

Uranium - 2.157E+O1. 9.350E+OS I 2.46OE-09 11 
1 Zinc I S.304E+01 

KNOX/SUCR/KU/3-5/SUCRAPPO.TXT/7-21-92 0-3-36 



FEMP-SWCR-4 DRAFT 
August 5, 1992 

3580 TABLE 0.3-2 
(Om h u e d )  

- 

Total Mass 
Available 

(mg) 

5.224E+08 

UCL 
Location Constitucnt I ( m d k c )  

Source Term 
(mdQ 

2.760€+00 11 INACTIVE Antimony 1 .OS6E+O1 
FLYASH PILE 

3.540E+01 Arsenic 1.703E + 09 5.050E-01 11 
- -2.rl-92E+08 --1,475E+00- -1) 

I Cvanide I 7.040E-01 3.387E+07 1.790E-01 11 
1 Lead I 6.710E+01 3.228E + 09 3.040E-01 11 
1 Mercury 1 1.S2OE-01 8.756E+06 1.240E-05 11 
I Molybdenum I 9.400E+O0 4.522E+08 

I Selenium I 2.54SE+OO 1.226E+08 6.477E-01 

1.840E-09 I Thorium 1 2.134E+01 1.026E+09 

I Uranium I S.S65E+02 2.822E+ 10 2.46OE-09 11 
SOUTH FIELD I Cobalt I 2.090E+Oi 2.702E+09 

I Mancanese 1 S.23SE+02 1.065E + 1 1 7.020E-02 /I 
1.1 OOE + OS 3.190E-08 11 Mercury S.5 1 OE-01 

Nickel 3.3 73 E + 0 1 4.36lE+09 1.244E + 0 1 __I ORGANICS I I 
3.29SE +06 

~~ 

4.684E-02 

4.762502 

4.323E-02 

2.426E-02 

3.459E-02 

1.297E-01 

5.367E-02 

SOLID WASTE 1.1 -Dichloroethanc 1.3OOE-01 
LANDFILL 

2,4-Dimet hyl phenol 2.10OE-01 6.089E +06 

I 2-Butanone I 1.200E-01 3.044E + 06 

I 2-Methylnaphthalcnc I 3.372E+00 
~~ ~ 

2-methyl phenol 0.600E-02 

4-Met hylphcnol 3.6OOE-01 

Acena p h t hene S. 53 3 E + 00 

Acetone 1.91 OE-01 

An thracene 2.3S5E +00 

Aroclor-I 260 6.79OE-01 
- 

Aroclor-124s 5.650E-0 1 

2.436E+06 

9.133E + 06 

2.165E +08 

4.846E +06 6.881E-02 11 
6.05 1 E +07 

1.723E+O7 2.749E-05 11 
1.433E+07 5.23 1 E-05 

~ 

70 
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FEMP-SWCRI DRAFT 
August 5,  1992 

-~ 

Constituent 

Aroclor-1254 

Benzo(a)anthracene 

-Benzo(-a3pyrene 

Benzo( b)tluorant hene 

Benzo(g,h.i)perylene 

Benzo(k)Huoranthcnc 

Bis(2-Ethylhey1)pht halatc 

Butyl benzyl phthalate 

SOLID WASTE 
LANDFILL 

Total Mass 
UCL Available 

(n1rr/kg) (mg) 

7.19OE-01 1.824E +07 

1.5S7E+00 4.026E+07 

_ _ _  6.35 l-E+OO- --1:662-E+08- 

1.749E+00 4.437E+07 

2.730E+00 6.926E+07 

1.963E+00 4.980E+07 

1.500E-01 3.SO6E+06 

3.2OOE-01 8.1 1SE+06 

TABLE 0.3-2 
(Conlinucd) 

Chrysene 

Di-n-butyl phthalatc 

Di-n-octy l phthalate 

Dibenzo(a.h)ant hraccnc 

3580 

2.467E +00 6.259E +07 3.221E-04 

2.7OOE-0 1 7.07SE +OG 9.208E-05 

3.500E-01 8.SSOE+06 1.155E-008 

1.594E+00 4.044E+07 8.905E-05 

~ 

Naphthalene 

Phcnanthrcne 

Phenol 

Pyrene 

Tctrachlorocthenc 

To1 ue ne 

Total Xylenes 
. .  

Source Term 
(md/a) 

~ ~ ___ ~~ 

1 h22E + 01 4.1 16E+08 3.687E-01 

1.291E+00 3.275E-t-07 2.326E-03 

3.1OOE-01 7.S65E -to6 1.1 17E-01 

1 .SSSE+OO 4.790E+07 6.5 1 OE-04 

9.7C)OE-02 2.461E+06 1.495E-02 

1 .SOOE-01 4.567E+06 1.919E-02 

3.200E-01 S.l18E+06 1.51 7E-02 
- . .  . 

3.507E-05 

2.072E-04 

2.460E-05 

8.4OOE-06 

1.487E-05 

3.91 6E-05 

2.783 E-04 

Dibenzofuran I 1.711E+00 I 4.341E+07 I 6.763E-03 

Et hylbenzcne I 9.100E-02 I 2.309E+06 I 3.396E-03 

Fluoran t hene I 1.3OSE+00 I 3.31SE+07 I 3.198E-04 

Fluorene I 2.21SE+00 I 5.627E+07 I 7.728E-03 

Ideno( 1,2.3-cd)pyrcnc 1 2.712E+00 1 6.880E+07 I 3.099E-06 
~~ 

Methylene Chloridc I 1.350E-01 I 3.425E+06 I 4.864E-02 

.. .. . 

0-3-2s 
r 
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EMP-SWCR-4  D R m  
August 5 ,  1992 

1.1 -Dichloroet hanc 

Acetone 
__p__ _ _ _ _ _  - _- ~ _ _ _ _ _ _  

TABLE 0.3-2 
(Gmtinucd) 

~~ 

3.000E-03 9.462E+03 2.794E-05 

1.500E-01 4.73 1E+05 1.397E-03 
-~ -- - 

3580 

M c t h y I e ne c h Io r i d c 

Phcnol 

2.60OE-02 8.200E+04 2.421E-04 

6.100E-01 1.924 E +06 5.68OE-03 

SOUTH LIME 
SLUDGE POND 

2-Butanonc I .SOOE+00 1.273E+07 2.122E-01 

Acc t o ne 1.4OOE-01 9.899E+O5 1.65OE-02 
~~ 

1.13 1 E+06 

2.192E + 06 

5.1 62E + 05 

1.697E +06 

6.293E +05 

1.344E +06 

1.886E-02 

8.094E-05 

2.409E-05 

2.829E-02 

1.049E-02 

5.457E-03 

~ 

Bis(2-ethylhexy1)ph t halak 

Di-n-butyl phthalntc 

Methylene chloridc 

Phcnol 

1.1.1 -Trichloroct hanc  

1.1-dichloroethcnc 

3.100E-01 

7.300E -02 

2.400E-01 

8.900E-02 

3.10OE-02 

2.000E-03 

Acetone 6.1OOE-02 2.644E+06 1.948E-02 

I UCL 
Total Mass 
Available Source Term 

Location I Cons t i t uc n t I (ingikg) 
~~ 

NORTH L I r r  1.1.2-Trichloro- 
SLUDGE POND 1.2.2-trifluorethane 

S.100E-02 

I 1.200E+00 I 3.785E+06 I 1.111E-04 
~ ~~ 

fiylhexy1)phthalate I 3. IOOE-01 1 9.777E+05 I 8.094E-05 

I Butyl benzyl phthill:Ire I 2.SOOE+00 I 5.831E+06 I 2.435E-03 

I Carbon disull'idc I 9.000E-03 I 2.839E+04 I 8.381E-05 

I Chlordane I 1.200E+00 1 3.755E+06 I 1.117502 

I Di-n-butyl phthalatc I 1.200E-01 I 3.755E+05 1 3.96OE-05 

I Toluene 

Benzoic acid I 1.600E-01 

ACTIVE 
FLYASH PILE 

S.670E +03 6.387E-04 

2.051 E +06 1 .mE-02 2-Chlorophenol 1 4.SOOE-02 
~ ~ _ _ _ _  ~ I 2-Methylnaphthalcnc 1 1.6OOE-01 I 6.936E+06 I 1.151E-03 

~~ ~ I 4-Chloro-3-methylphcnol I 5.800E-02 I 2.514E+OG I 2.407E-03 
~- I 4-Nitrophenol I 4.SOOE-02 I 2.081E+O6 I 1.533E-02- 

r 72 KNOX/SWCR/KW/3 - 5/SWCRAPPO. TXT/7-21-92 0-3-2') 



FEMP-SWCR1 DRAFT 
August 5 ,  1992 

Location Constituent 

ACTIVE FLYASH Aroclor-1260 
PILE 

Benzoic acid 

TABLE 0.3-2 
(Gmtinucd) 

Total Mass 
UCL Available Source Term 

(m-!mJ (mg) (mid0 

3.SOOE-02 1.647E +06 1.538E-06 

7.300E-02 3.165E +06 2.33 1E-02 

3580 

4-Met hyl-2-pentanonc 2.000E-03 0.622E+04 5.084E-04 

I-Bis( 2-e t hylhexy I.) p h t h a la tc--I ---5.mE-O.l- 1- -2.493E+ 07 -1- -4501-E-04- 

SOUTH FIELD 

1 Bromodichloromethane 1 2.000E-03 I 8.670E304 I 6.387E-04 

Benzoic acid 1.500E-01 7.2 17E +06 3.813E-02 

Carbon disulfide 3.000E-03 1.443E+05 7.626E-04 

Phenol 3.1 WE-01 1.491 E +07 7.880E-02 

3.19SE-04 

Acetone . 2.500E-01 3.233E+07 9.223E-02 

Aroclor-1232 9.30OE-02 1.202E+07 3.765 E-04 

To 1 ue n e 3.000E-0.3 1.443E + 05 

~~ 

I Chloroform I 6.OOOE-03 I 2.601E+05 I 1.916E-03 
~~ 

I Naohthalene I S.200E-02 I 3.555E+06 I 1.864E-03 

1 Phenanthrene 1 7.200E-02 I 3.121E+06 I 1.297E-04 

I Phenol I 5.SOOE-02 I 2.514E+06 I 1.852E-02 

1 Toluene 1 6.000E-03 I 2.601E+05 1 6.397E-04 

INACTIVE I 1,l. 1 -Trichloroethanc I 2.400E-02 I 1.155E+06 I 4.248E-03 

1 Acetone 
~~ ~~ I 3.100E-02 I 1.973E+06 1 1.042E-02 

I Aroclor- 1242 I 6.OOOE-03 I 2.587E+05 I 2.4FE-05 

I Aroclor- 1251 
_______ ~~ 1 Bcnzo(b)fluoranthcnc I 9.300E-02 I 4.474E+06 I 1.30SE-06 

I Aroclor-1254 I 6.20OE-01 I 8.017E+07 I 3.024E-05 

I Aroclor- 1 260 I 1.200E-01 I 5.431E+07 I 1.700E-05 

I Methylene chloridc I I.1OOE-01 1 1.422E+07 I 4.058E-02 

. . . -. . . . . . . . . . . . . . . - . . . . . . . -. . . . . . - - . . . . . . . . - . . .. . . _ _  . . - - . - - . . . - . . 
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FEMP-SWCR-4 DRAFT 
August 5. 1992 

UCL 
Location Cons t i t ucn t s (mglkg) 

TABLE 0.3-3 
SOURCE CHARACTERIZATION FOR OPERABLE UNIT THREE 

Total Mass 
Ava i I ab le Source Term 

(m S )  (md0 

1.1 .l-Trichloroct hanc 

Used Oil 

3586 

NIA 7.602E+10 5.059E+02 

N/A 4.502E-t 10 2.996E+02 

~ .. . . - - . . - ~. . . . . . . . - . . . . . . . .. . - . . . - - . . . - - - .  

r 
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FEh4P-SWCR-4 DRAFT 
August 5, 1992 

3580 TABLE 0.3-4 
SOURCE CHARACTERIZATION FOR OPERABLE UNIT FOUR 

Location Constituenls 

RADIONUCLIDES 

SILOS 1 & 2 Pa-23 1 

~ 

Total Mass 
UCL Available Source Term 

(mdkg> (mg> (mg/O 

0. 1 13E-03 6.920E +04 5.006E-03 
__ 

I Th-230 I 1.70SE+00 I 1.933E+07 I 7.933E-13 

- -- 
Pb-210 2.301 E-03 2.605E+04 1.884E-03 

Ra-226 1.41 8E-01 1.605E+06 7.27OE-04 

Th-228 4.i3ZE-07 4.904E + 00 2.012E-19 

I Th-232 I 3.96OE+03 I 4.483E+10 I 1.839E-09 

INORGANICS 

SILOS 1 s: 2 

. - -. . . . 

I u-234 I 1.493E-01 I 1.690E+06 1 4.050E-08 

~- 

Th-228 9.106E-07 S.056E + 00 1.91 1 E-19 

Th-230 2.SS5E+00 2.552E +07 6.053E- 13 

Th-232 S.767E+03 7.756E+ 10 1.839E-09 

u-234 2.761 E-01 2.443E+06 4.412E-02 

u-235 5.422 E +01 4.797E+08 8.665E+00 

u-238 5.277E+03 4.669E+ 10 8.433E+02 

Antimony 2.14OE+O1 2.422E +08 1.753E+01 

. Arsenic .. - 4.542Et02 5.141ES09-. . -6.020E-01 

I U-235 I 2.271E+Ol I 2.571E+08 I 6.155E-06 

I u-23s I 2.53SE+03 I 2.873E+10 I 6.878E-04 

SILO 3 I Ac-227 I 1.077E-05 I 9.528E+01 I 1.506E-05 

I Pa-231 I 1.59SE-02 I 1.414E+05 I 2.234E-02 

I Pb-210 I 6.179E-05 I 5.467€+02 I 8.638E-05 

I Ra-224 I 2.279E-09 I 2.016E-02 I 4.710E-10 

I Ra-226 I 3.913E-03 I 3.462E+04 I 8.087E-04 

1 Ra-225 I 1.4S9E-06 I 1.317E+01 I 3.077E-07 

~~ I Barium I j.S7hE+03 I 6.651E+10 I 7.76OE-03 

I Beryllium 



FEMP-SWCR-1 D R m  
August 5,  1992 

Constituents 

TABLE 0.3-4 
(Cimlinucd) 

Total Mass 
UCL Available Source Term 

( m d k ! 3  (m2) (m!i!IO 

3530 

Arsenic 

Beryllium 

Location 

3.072E+03 2.718E+lO 3.090E+00 

2.9 14E+01 2.578E+08 4.073E+01 

SILOS 1 & 2 

Chromium 

Cobalt 

SILO 3 

. .  . . . . - . . . - 

~~ 

337s E + 02 3.43 1 E+09 1.180E +01 

2.S20E+O3 2.495E+10 3.720E+02 

Copper 

Lead 

Manganese 

Me rc u ry 

~ ~~ - 

3.2S1E + 03 2.905E+ 10 1.34OE-03 

2.377 E + (13 2.103E+10 5.96OE-01 

5.104€+03 1.568E + 10 1.37OE-09 

6.900E-01 6.104E +06 2.010E-03 

Cadmium 1 0.13OE+01 1 8.085E+08 I 1.278E+02 

76 r 
KNOX/SUCR/KW/3-5/SUCRAPPO.TXT/7-21-92 0-3-33 



TABLE 0.3-4 
(Gmlinucd) 

Location Constituents 

SILO 3 Nickel 

FEMP-SWCR-4 DRAFT 
August 5,  1932 

Total Mass 
UCL Available Source Term 

[ I l l  g'ikg) (mg> (m!i!JO 

4.159E+03 3.68OE+ 10 2.400E+00 

Thallium 

Uranium 

Vanadium 

S.O20E+01 4.44 1 E +08 7.017E+01 

3.605 E +03 3.269E+ 10 8.520E+02 

3.358E+03 2.971E+ 10 8.220E+00 

____ 

ORGANICS 

SILOS 1 & 2 1.4-Dioxane 7.SOOE-02 S.830E +05 6.388E-02 

2-B u t a none I .  1SSE+01 1.31 1 E+08 9.483E+00 

4-Mct hyl-2-pen tanonc I.575E + 00 1.783E+07 1.290E+00 

Acetone 2.17SE+OO 2.462E +07 1.781 E+OO 
~~ 

Aroclor-1248 

Aroclor-1254 

Aroclor- 1260 

Bis( 2-e t hyl hexyl) p h t halatc 

Chloroform 

Di-n-oclyl pht halatc 

Fluoran t hene 

Methylene chloride 

I Pyrene 

I Tolucne 

~ 

5.22SE +00 5.918E+07 4.841E-04 

7.619E+00 S.625E +07 3.717E-04 

3.40OE-01 3.849E +06 1.377E-05 

1.670E-tO0 1.890E +07 4.36OE-04 

1 .WOE +00 1.698E+07 8.38OE-01 

S.2OOE-0 I 9.282E +06 2.706E-08 

6.4OOE-02 7.245E+05 1.565E-05 

h..3OOE +OO 7.132E+07 5.160E+00 

1.700E-02 5.320E + 05 1.621E-05 

I 2.190E-01 I 2.479E+06 1 2.335E-02 

Pyridine 

Styrene 

1 . -  I .200E-01 1 -  1.358E+06 I 1.849E-02 
- -  - - .  I Trichloroclhanc 

~ 

4.SOOE-02 5.094E +OS 3.685E-02 

I .SOOE-Ol 2.139E +06 6.823E-03 

KNOX/SUCR/KW/3-5/SUCRAPPO.TXT/7-21-92 0-3-34 77 
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FEMP-SWCR-4 DRAFT 
August 5. 1992 

Constituents 

2-but anone 

Acetone 

-Bis(2-€thylhexyl)phth~iI~i tc- 

Ch lo ro for m 

Chloromethane 

Mct hylene chloridc 

To I u e ne 

TABLE 0.3-4 
(Con tin ucd) 

Total Mass 
UCL Available Source Term 

(mgikg) (mg) 

I.5OlE+O1 1.384E+08 2.186E +01 

7.4 19E+07 1.172E +01 S.3S6E+OO 

---4.OOOE-O2- -3S9E+05- -17044E-05- 

7.S20E-01 6.91 8E+06 4.369E-01 

1.4OOe-01 1.239E+06 1.957E-01 

2..3IOE+00 2.078E+07 3.283E+OO 

0.454E+00 5.71 OE+07 6.881E-01 

Location 

WASTE SILO 3 

. .  . ~ . . .  . . . .. . . - . . .. - .  - .  ... . . . . - .. . .~ ..... ~ . . ~ . .  . .. - .  . 
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FEMPSWCR-4 DRAFT 
August 5,1992 

3580 TABLE 03-5 
SOURCE CHARACTERIZATION FOR OPERABLE UNIT FLVE 

Th-230 

Th-232 

U-234 

U-235 

U-238 

1.063E-07 

1.175E+01 2.114E+09 1.642E-02 

2.135E-01 3.841 E +07 8.083E-03 

1.520E-03 2.734E+05 

3.174E+01 5.710E+09 2.701E+00 

3.875E+03 6.971E+11 1.689E+02 

PLANT 6 AREA 

- . . - . - - 

Pu-238 

P~-239/240 

2.568E-08 4.091 E + 00 2.510E-08 

6.045E-06 9.630E +02 5.908E-06 

I Ra-228 I 2.753E-09 I 4.386E-01 I 2.691E-OS- 

~ 

Th-230 

Th-232 

U-234 

U-235 _ _  

U-238 

I Sr-90 I 4.467E-09 I 7.116E-01 I 4.366E-Or 

1.145E-04 1.824E +04 1.446E-07 

8.491E+00 1.353E+09 2.340E-02 

1.781E-01 2.837E+07 4.06OE-03 

- - 1.015E+00 1.617E+08 - -  -9.920E-01- 

3.890E+03 6.197E+11 2.406E+02 

I Tc-99 I 6.394E-05 I 1.019E+04 I 6.249E-07 
~~ I Th-228 I 2.402E-09 I 3.826E-01 I 2.096E-12 

KNOX/SUCR/KU/3-5/SUCRAPPO.TXT/7-21-92 0-3-36 79 



FEMPSWCR-4 D M  
August 5,1992 

TABLE 03-5 
(Continued) 3580 

Location 

PLANT9AREA 

PILOT PLANT 
AREA 

....... . . . .  - . - ... . . . . . . . . . . . . . .  - . . . . . . . . . .  
.............. 

KWOX/SUCR/YV/3-5/SUCRAPP0.7XT/7-21-92 0-3-37 80 r 



FEMP-SWCR-4 DRAFT 
August 5,1992 

PLANT6AREA 

PLANT9AREA 

PILOT PLANT 
AREA 

TABLE 03-5 
(Continued) 

Antimony 1.902E + 0 1 3.03 1 E +09 6.800E-02 

Cyanide 4.54OE-01 7.232E+07 2.480E-01 

Thorium 9.587E+00 1.527E+09 9.370E+OO 

Uranium 2.387E+03 3.802E+ll 1.085E+02 

Antimony 1.920E +01 9.790E +08 3.100E-01 

Thorium 5.415E+01 2.761E+09 2.800E-02 

Uranium 9.869E+01 5.032E+09 5.557E+01 

Antimony 9.296E+00 3.660E +08 5.3 19E +00 

Barium 3.610E+03 1.421E+ll 1 HOE-01 

Manganese 

Mercury 

Nickel 

Silver 

Thorium 
- .  - - -  - 

Uranium 

~~ I Lead I 4.443E+01 I 1.749E+09 I 2.000E-03 
~ ~~~ 

6.007E+02 2.365E+ 10 1.790E+OO 

8.450E-01 3.327E+07 6.340E-02 

2.994E + 0 1 1.179E+09 3.800E-02 

4.332E +OO 1.706E +08 2.100E-02 

3.680E-01 2.576E+01 1.014E+09 . - .  

6.978E+02 2.747E+10 4.270E-01 

KNOX/SUCR/KV/3-5/SUCRAPPO. TXT/7-21-92 0-3-38 
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FEMPSWCR-4 DRAFT 
August 5,1992 

TABLE 03-5 
(Continued) 

I UCL 
Total Mass 

6.857E+09 2.2oOE-02 

7.196E +05 2.370E-03 

- -  -2878E+06 - ----9.460E;03 

3.598E +05 1.180E-03 

1 .WE +07 5.000E-03 

3.598E +05 1.180E-03 

1.5 1 1E +07 4.000E-03 

6.476E +07 1.756E-05 

1.583E+07 5.200E-02 

3.238E +07 4.700E-05 

5.397E+05 1.119E-04 

1.457E +07 1.980E-05 

6.656E+06 1.000E-02 

1.133E + 08 3.730E-0 1 

2.339E +07 5.019E-03 

1.583E+07 1.586E-04 

2.519E+06 1.493E-03 

2.159E+06 5.687E-04 

2.159E+08 I 4.500E-01 

3.186E+05 I 1.955E-03 

1 1,l-Dichloroe thene I 9.000E-03 I 1.434E+061 8.796E-03 

I 1,2-Dichloroethylene I 1.900E-02 I 3.027E+06 I 1.857E-02 

I 2-Butanone I 1.400E-02 

I 2-Hexanone I 3.000E-03 

I 4-Methyl-2-pentanone I 3.000E-03 

1.368E-02 

0-3-39 ,- 82 



FEMPSWCR4 DRAFT 
August 5,1992 

Constituents 

Acetone 

TABLE 03-5 
(Continued) 

Total Mass 
UCL Available Source Term 

(mg/kg) 0%) (mg/O 

7.900E-02 1.258E +07 9.000E-03 

3580 

Di-n-octyl phthalate 

Et h ylbenze ne 

Methylene chloride 

Te trachloroe t hene 

~~ 

2.310E-01 3.680E+07 7.624E-09 

2.000E-03 3.186E+05 7.463E-05 

1.700E-02 2.708E+06 1.661E-02 

3.000E-03 4.779E+05 2.932E-03 

Vinyl chloride 

l,l,l-Trichloroethane 

1,l-Dichloroethene 

1 ,ZDichloroethylene 

~- 

3.000E-03 4.779E+05 2.932E-03 

1.000E-02 5.0998+05 5.63 1E-03 

4.000E-03 2.040E+05 2.252E-03 

6.000E-03 3.059E+05 3.379E-03 

3.569E +05 

5.099E + 04 

3.569E +05 

8.158E+05 

1.632E+07 

3.942E-03 

5.631E-04 

3.942E-03 

4.000E-03 

8.355E-05 

Methylene chloride 

Te trachloroe t hene 

Toluene 

Trichloroe thene 

1.700E-02 8.668E +05 9.573E-03 

5.000E-03 2.550E+05 2.81 6E-03 

2.000E-03 1.020E+05 1.000E-03 

1.100E-02 5.609E+05 6.194E-03 

Location 

~~ 

Aroclor- 122 1 I 8.300E-02 I 1.322E+07 I 8.112E-02 

Bis( 2-e thylhexy1)ph t hala te I 2.450E-01 I 3 . 9 0 3 E + O 7 - m  

3.000E-03 I 4.779E+05 I 2.932E-03 Chloroform I 

I 4.000E-03 I 6.372E+05 I 4.264E-04 Toluene 

PLANT 9 AREA 

I 7.000E-03 
- - ~ _ _ _ _  

2-Butanone 
~~ 

1.000E-03 2-Hexanone 
~ -~ ~~ ~ 

4-Me t hyl-2-pen tanone 
~~ 

7.000E-03 

1.600E-02 Acetone 

3.200E-01 Bis(2-ethylhexy1)phthalate 

Bromodichlorome thane 4.0OOE-03 2.040E+05 I 2.252E-03 

Carbon disulfide 4.000E-03 
~ 

2.040E+05 I 1.439E-03 

Chloroform 6.000E-03 
~ 

3.059E+05 I 3.352E-03 

83 KNOX/SUCR/KU/3-S/WCRAPPO. TXT/7-21-92 0-3-40 



FEMPSWCR-4 DRAFT 
August 5,1992 

Location 

PILOT PLANT 
AREA 

TABLE 03-5 
(Continued) 

UCL 
Constituents (mpkg) 

1,1,1 -Trichloroethane 3.1 WE-02 

1.6WE-02 1.1.2.2-Tetrachloroe thane 

3580 

- 

- 

-1,1,2=Trichloroethane----- - - -  2.000E-03-- 

1,l -Dichloroethane 2.7OOE-02 

1,l -Dichloroethene 7.000E-03 

1 .ZDichloroe t hane 2.000E-03 

Anthracene 

Aroclor-1254 

Aroclor-1260 

Benzo( a)an thracene 

Benzo( a)pyrene 

3.87OE-01 

6.800E-01 

9.56OE-01 

6.180E-01 

3.487E +OO 

1.732E+07 

1.917E+07 

2.449E+07 

2.323E+06 

9.055E+05 

1.921 E+07 

1 S75E + 05 

1.969E+05 

7.874E+O4 

~~ 

6.188E-06 

1.498E-06 

4.712E-06 

3.380E-02 

1.901E-04 

1.274E-04 

1.439E-03 

3.759E-04 

1.1 17E-03 

~ ~ ~ ~ ~ _ _  __ 

Bis( 2-e thy1 hexy1)ph thala te 

Carbon disulfide 

Total Mass 

1.540E-02 

2.756E + 05 3.000E-03 

7.874E+04 I 1.140E-03 11 
I 1,2-Dichloroethylene I 2.000E-02 7.874E+05 I 1.140E-02 11 
I 2-Butanone I 2.400E+00 9.449E+07 I 2.000E-03 11 
I 4-Methvl-2-uentanone I 1.700E-02 6.693E+05 I 9.730E-03 11 
I Acenauhthene I 5.350E-01 2.106E+07 I 3.365E-03 11 
I Acetone I 6.100E-02 2.402E306 I 3.000E-03 11 

1.524E+07 I 7.220E-04 11 
2.677E+07 I 3.317E-05 11 
3.764E+07 I 3.870E-05 11 
2.433E+07 I 8.068E-05 11 
1.373E+08 I 1.905E-04 11 

I Benzo( b)fluoran t hene I 4.4WE-01 

I Benzo(g,h,i)perylene I 4.87OE-01 
~~ I Benzo(k)fluoranthene I 6.22OE-01 

I Benzoic acid 
~~ 

I 5.900E-02 
~~ 

beta-BHC 2.3WE-02 

4.88OE-01 

4.000E-03 

Chlorobenzene 5.000E-03 

Chloroform 2.000E-03 

2.866E+07 I 9.504E-05 -11 Chrysene 7.28OE-01 

r 
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Constituents 

Di-n-butyl phthalate 

Dibenzo(a,h)anthracene 

_Dibenzofuran-- ___ -~ 

Ethylbenzene 

Fluoranthene 

Fluorene 

Ideno( 1,2,3-cd)pyrene 

Methylene chloride 

Phenanthrene 

Phenol 

Pyrene 

Tetrachloroethene 

Toluene 

Total xylenes 

Trichloroethene 

Vinyl chloride 

TABLE 03-5 
(Continued) 

UCL 
(mp/kg) 

6.610E-01 

5.28OE-01 

- -3.160E-01- 

1 .WE-03 

6.519E+OO 

5.52OE-01 

9.030E-01 

1.909E+00 

7.180E-01 

6.9OOE-02 

7.83OE-01 

8.4OOE-02 

1.000E-02 

4.4OOE-02 

2.800E-02 

6.000E-03 

3580 

2.602E + 07 

2.079E +07 

--1.244E+07 - 

3.937E+04 

2.567E +08 

2.173E +07 

3.555E +07 

7.516E+07 

2.827E+07 

2.717E+06 

3.083E + 07 

Location 

2.182E-04 

2.950E-05 

- - -1.249E-03 - 

3.73 1E-05 

1.594E-03 

1.923E-03 

1.032E-06 

4.000E-03 

1.294E-03 

1.000E-03 

2.700E-04 

PILOT PLANT 
AREA 

4.300E-02 

1.000E-03 

1.732E+06 I 2.085E-03 

1.102E+06 I 1.600E-02 
~ 

2.362E+05 I 3.430E-03 

KNOX/SUCR/Ku/3-5/SUCRAPPO. TXT/7- 21 -92 0-3-42 
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Geochemical Modeling 
Geochemical modeling was conducted to estimate leachate concentrations that could develop at 
the base of each waste area defined in site-wide waste areas and within the glacial overburden. 
Leachate concentrations derived from the modeling were used as input data to  the fate and 
transport model, which estimates the contaminant dose received at  the human-receptor sites. 

EQ3/6 Geochemical Computer Code 
Geochemical modeling was conducted with the EQ3/6 geochemical code and was restricted to  

constituents of concern. EQ3/6 is an industry-standard geochemical code that performs solubility 
and speciation calculations and reaction-path modeling. Solubility and speciation calculations 
reveal the maximum concentration a contaminant can have in solution and the aqueous form(s) of 
that contaminant for a specific solid/liquid/ or gas system. Reaction-path modeling simulates 
reactions that occur when water (e.g., rainwater, groundwater, surface water, etc) migrates 
through, and equilibrates with, solids in compositionally-distinct horizons (e.g., rainwater reacts 
with waste to  form leachate followed by leachate migration and reaction with underlying glacial- 
overburden minerals to  form a modified leachate). 

. __-___ inorganic-systems,-because thermodynamic-data were-not-available-for the- listed organic--- - 

The EQ3/6 package was developed at Lawrence Livermore National Laboratory (Wolery 1983; 
Wolery and Daveler 1989) for predicting the behavior of metals, radionuclides, and other 
contaminants in the natural environment. The code accesses a data base containing the 
thermodynamic properties of 78 elements, 862 aqueous species, 886 minerals, and 76 gases. This, 
data base includes 57 aqueous uranium species and 160 uranium-bearing minerals, constituting the 
most complete data base available for modeling the behavior of uranium in natural waters. EQ3/6 
has been validated using standard geochemistry problems such as the speciation of sea water 
(Nordstrom 1979), basalthea water interactions (Bowers e t  al., 1985) and numerous comparisons 
with experimentally determined mineral solubilities (Jackson, 1988). Benchmark comparisons with 
the results of similar codes (e.g., PHREEQE) have been performed by INTERA (1983), 
Nordstrom (1979), Kincaid and Morey (1984) and Kerrisk (1981). 

Geochemical Modeling of Leachate Concentrations 
Geochemical modeling was conducted with the EQ3/6 geochemical code to  estimate leachate 
concentrations at the base of each defined waste area within the FEMP site-wide (Leachate A), 
and within the glacial overburden (Leachate B). Leachate values within the glacial overburden 
were used as initial contaminant concentrations in the fate and transport model to estimate the 
contaminant dose received at human receptor sites. 
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9 
The conceptual model shown in Figure 3-58 illustrates infiltration of rainwater into the waste unit 
and subsequent reaction with inorganic waste solids to form Leachate A Subsequently, Leachate 
A migrates into the underlying glacial overburden and reacts with the naturally- occurring 
minerals to  form Leachate B. The rainwater is assumed to equilibrate with the waste minerals 
instantaneously. This assumption is a requirement of the mathematical model because kinetic 
data on the waste minerals is not available to assess the equilibration period. As the initial 
solution equilibrates with the waste, waste minerals dissolve to increase the solute mass (Le., TDS) 

_ _ _  .. . _ _ _ _ _  
-and-the-solu tionacquires the-charac teristiEof IZaclia tFA- 

Leachate A exits at the base of the waste unit and continues to  migrate downward through the 
glacial overburden underlying the waste unit, where it is assumed to equilibrate instantaneously 
with the minerals in the glacial overburden. Again, this assumption is a requirement of the 
mathematical model because of the lack of kinetic data on minerals in the glacial overburden. 
Along this portion of the flow path, Leachate A is free to react with minerals in the glacial 
overburden to form Leachate B, and the concentration of contaminants may be lowered by 
precipitation of solids. Leachate B is used to estimate the initial contaminant concentrations 
required for the fate and transport model. 

In  accordance with the conceptual scenario stated above, solubility values reported for Leachate 
B may be lower than those for Leachate A if reactions between Leachate A and glacial- 
overburden minerals produce a p H  in Leachate B that corresponds to a solubility minimum for 
the contaminant of concern. Conversely, contaminants in Leachate A that are controlled by the 
solubility of a waste phase or  TCLP values cannot increase their concentration in Leachate B by 
reaction with glacial-overburden minerals. Therefore, contaminant concentrations in Leachate A 
are maximum values, and these values may only be lowered by reaction with glacial-overburden 
minerals. 

DeveloDment of Leachate A 
A decision support system for estimating Leachate A is given in Figure 0.3-1. Each successively 
lower step in this hierarchy implies that more assumptions must be made concerning required 
data. This leads to  a more conservative method for estimating the contaminant concentrations in 
Leachate A In applying this decision hierarchy to site-wide waste areas, Leachate A was 
estimated by using data from several levels. For instance, TCLP data were available for arsenic, 
barium, cadmium, chromium, mercury, lead, selenium, silver, Radium, Strontium, thorium, and 
uranium. The TCLP data were used to constrain hazardous metal concentrations; antimony, 
beryllium, boron, cobalt, nickel, molybdenum, plutonium, concentrations were evaluated for 
constraint by solubility calculations. However, neither TCLP nor solubility constraints were 
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obtained for antimony, boron, molybdenum, thallium, vanadium, and (occasionally) cobalt, nickel 
and zinc. The EPA 70-year rule (EPA 1988) was applied to  constrain these metal concentrations. 

The  solubility calculations were performed based on the assumed waste phases that were formed 
by combining metals and radionuclides with ligands (HC03-, S 0 i 2 ,  

radium was combined with sulfate to form the mineral RaS04. Ligand data were generally not 
available and were estimated based on  process knowledge. 

etc). For example, 

After-selection-of-the-waste:bearing-mineral-phases~the -minerals-were-added-to-rainwater 
solution at  rates proportional to their molar abundance in the waste. This titration process was 
used to increase the concentrations of dissolved constituents in solution, and the molar abundance 
of the mineral in the waste was determined directly from the waste characterization data by 
converting the mass concentrations to molar concentrations. As element concentrations 
increased, solubility limits were reached and solid phases precipitated from the solution. T h e  
modeling was terminated when the contaminant inventory in four kilograms of waste had been 
added to the rainwater. The maximum amount of contaminant added to  1 kilogram of water (all 
calculations in EQ3/6 are carried out with respect to 1 kilogram of water) was based on  moisture 
content measurements of about 20 weight percent (FEMP RI/FS database). Thus, it was 
estimated that 1 kilogram of water contacted about 4 kilograms of waste solids. 

Contaminant concentrations in Leachate A that were not solubility- o r  TCLP-constrained were 
estimated using the EPA 70-year rule (EPA 1988). To apply the EPA 70-year rule, the 
concentration of a contaminant in leachate from a waste area was calculated by assuming that the 
total mass of the contaminant available for leaching (Tables 0.3-1 through 0.3-5) would be 
depleted in just 70 years (where 70 years is a time period approximately equal to  the life of a 
human). This method is likely to be the most conservative (Le., result in the greatest contaminant 
concentrations) for all but the most soluble elements (e.g., 6). 

Based on the methodology presented above, leachate compositions at the base of the site-wide 
waste areas (Leachate A) were constrained by TCLP, the EPA 70-year rule, or by solubility with 
respect to  mineral phases. 

Development of Leachate B 
The procedure used to estimate the composition of Leachate B starts after the estimation of 
Leachate A is complete and is also shown in Figure 0.3-1. The leachate composition at the base 
of the waste unit, Leachate A, is modified by reaction with the minerals identified in the glacial 

-. . - __. . ._ - ._ overburden ....Wh e n  the reactions-achieve equilibrium-within the .glacial overburden,-this modified 
leachate composition is referred to as Leachate B. The composition of Leachate A is modified by 
the dissolution of minerals in the glacial overburden and precipitation of both initial (i.e., glacial 0 
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overburden) and secondary mineral phases. The secondary mineral phases represent minerals that 
are stable in the presence of leachate and glacial overburden but are not present in the glacial 
overburden prior to the introduction of leachate. 

Naturally-occurring minerals in the glacial overburden underlying the waste areas have been 
characterized (Solebello, 1991). These minerals were titrated into a rainwater solution at various 
rates to simulate the development of groundwater recovered from the glacial overburden. When 
results for major constituents in the modeled groundwater were within the range of values 
reported-foT-gTolSidWterTecoTeTed-frWit heglacial WeTb%Tdeii( FEMP-RI/FS-databTe)thF-- - _ _  - -. - - 

corresponding mineral titration rates that produced the simulated groundwater were fured for 
subsequent model runs involving Leachate A. Glacial-overburden minerals were titrated into 
Leachate A at these fured rates. When the system reached equilibrium, the modified leachate 
composition was assumed to represent the Leachate B composition within the glacial overburden 
(Figure 0.3-1). The fugacity (approximately equivalent to partial pressure) of carbon dioxide and 
oxygen was fured during Leachate B modeling. The fugacity values were determined by the same 
procedure used to fur the glacial-overburden mineral titration rates. 

Contaminant concentrations in Leachate B that were not solubility-constrained were estimated 
using Leachate A (Figure 0.3-1). Therefore, the leachate composition within the glacial 
overburden was constrained by TCLP, the EPA 70-year rule, o r  by solubility with respect to  the 
indicated mineral phases. The values were used as initial contaminant concentrations in the site- 
wide fate and transport model to estimate the contaminant dose received at human receptor sites. 

EQ3/6 Limitations and Assumptions 
The procedure used to develop the estimates of leachate concentrations has the following 
limitations and assumptions: 

1. 

2. 

3. 

4. 

- . ... 5. 
I 

A limited number of organic constituents can be modeled, and this can lead to  low 
estimates of leachate concentrations for some inorganic constituents if organic 
complexation occurs with constituents not present in the data base. 

Mineral phases are assumed to represent the actual solid phases in the waste 
material. 

Dissolution and precipitation kinetics are instantaneous, and this can lead to 
estimates of concentrations that are too high o r  too low. 

Adsorption processes are not evaluated with the EQ3/6 model. 

Modeled concentrations are site-specific solubility limits, and in most-cases 
concentrations are the highest concentrations that can exist in solution. 

0-3-47 
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6. The waste to water mass ratio is approximately 4 to 1, Le., four kilograms of waste 

contact about one kilogram of water. 
1 
2 

Items 1 through 4 identify limitations and assumptions that introduce the greatest uncertainty in 
the calculated leachate concentration, and these merit further discussion. For example, a solution 
containing trace amounts of tributyl phosphate (an organic complex not present in the EQ316 

tributyl phosphate. Therefore, if tributyl phosphate had been present in the uranium-bearing 
waste, the EQ3/6 code would not predict the uranium concentration in solution accurately. With 

3 

4 

5 

6 

7 

8 

thermodynamic data base) will contain a greater concentration of uranium than a solution with no  

- ___ __________ __ 

respect to item 2, if a contaminant is present in a metastable, amorphous form rather than a 
crystalline solid (i.e., mineral), using a mineral phase for the solid will usually lead to low 
estimates of the contaminant concentration. This occurs because crystalline phases generally 
contain shorter and stronger element bonds relative to amorphous solids, and this leads to a lower 
solubility for the crystalline phase. In contrast to the statement of item 3, dissolution of 
crystalline solids is rarely instantaneous or complete in the natural environment (e.g., feldspar), 
except for some highly soluble salts (e.g., NaCI), and this can lead to high estimates of 
contaminant concentrations (i.e, a conservative error). Assuming instantaneous precipitation of 
mineral phases can lead to low estimates of element concentrations if the mineral is difficult to 
nucleate and crystallize in the natural environment (e.g., dolomite). Finally, the calculated 
solubility concentrations may be too high because adsorption reactions are not considered. 
Adsorption reactions can substantially lower some contarninant concentrations to below the 
calculated solubility limit (e.g., (3'). 

0.3.2.2 Leachate Concentrations for Oreanic Compounds 
Figure 0.3-2 illustrates the approach for estimating the leachate concentrations for organic 
compounds to be used by vadose zone models. As stated earlier, the logic behind using the 
decision hierarchy outlined in Figures 0.3-1 rests with applying the best available site-specific data 
to estimating the leachate concentrations of the constituents of concern for the site-wide waste 
areas. Each successively lower step on this hierarchy represents a more conservative method for 
estimating the contaminant concentrations in leachate, with the potential to generate a greater 
uncertainty in the estimation. Leachate values from in situ leachate analyses is the preferred 
leachate information. If in situ leachate analyses data is not available and if TCLP data is 
available these values were be used. TCLP data were not available for most of the organic 
compounds, a series of process evaluations (shown in Figure 0.3-2) were used to derive at the 
leachate to be  used in the vadose zone model. 
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0.3.3 CONCEPTUAL FLOW MODEL 
The flow and contaminant transport process in the subsurface is conceptualized from the 
hydrogeology of the site, saturated-unsaturated flow characteristics (such as hydraulic conductivity, 
thickness of the medium, Darcy and seepage velocity etc.), and constituent’s chemical behavior in 
the media. 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. 
This aquifer is divided by a 3- to 6-m-thick (10- to 20-foot-thick) clay aquitard at an approximate 
depth of 36.6 m (120 ft). The receptor pathway considered for this analysis is the upper part of 
t h ~ G ~ a ~ R i a m i - ~ ~ i f e r , a b o v e t h e c l a y i t a r d - T h ~ p ~ m ~ 4 ~ 6 ~  10:7-%( 15 to 35 -of 
the outwash deposits is unsaturated and forms model Layer 2 of the vadose zone conceptual flow 
model. Overlying the outwash deposits is a grey clay or  unweathered till interbedded with sand 
and gravel glaciofluvial stringers. The thickness of this unit which makes up model Layer 1 ranges 
between 0 and 10.7 m (0 and 35 ft) for waste areas, as indicated in Tables 0.3-6 through 0.3-10. 
A layer of brown clay or weathered till overlies the gray clay. However, this layer is not included 
in the vadose zone modeling because of numerous fractures present within this zone. All layer 
thicknesses were estimated based on geologic boring logs from subsurface investigations 
conducted across the site. Flow in the Great Miami Aquifer and the conceptual flow model for 
the saturated zone is discussed in Section 0.5.0. 

______ 

Based on characteristics of the material underlying the FEMP waste areas, a conceptual flow 
model was developed for the pathway between the waste areas and receptor locations. 
Conceptually, constituent migration from waste areas at the FEMP is through three geologic 
units. Fluids and/or leachate entering from the waste areas migrate first through the unsaturated 
glacial overburden, then the unsaturated outwash deposits, and finally into the Great Miami 
Aquifer. 

0.3.3.1 ODerable Unit 1 
The thickness of model Layer 1 under the waste pits, Clearwell and Burn Pit of Operable Unit 1 
vary from 1 to 16 feet (0.3 to 4.9 m). The thickness of model Layer 2 (outwash materials) is 
estimated to be 23 feet (7.0 m) under all the Operable Unit 1 waste areas. The vertical hydraulic 
conductivity (KJ for Layer 1 is 0.000355 feet per day (1.1 x lo4 m/day) for Waste Pit 3,0.00255 
feet per day (7.8 x lo4 m/day) for Waste Pit 5, and 0.00735 feet per day (2.2 x lo4 d d a y )  for the 
Clearwell, Bum Pit, and Waste Pits 1, 2, 4, and 6. The vertical hydraulic conductivity is 45 feet 
per day (14 m/day) for Layer 2 for each of the Operable Unit 1 waste areas. Table 0.3-6 
presents the model layer thickness, vertical hydraulic conductivity, vertical seepage velocity, and 
longitudinal dispersion coefficient for each layer of the vadose model for all the waste areas in 
Operable Unit 1. - .. 
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0.3.3.2 Operable Unit 2 
Operable Unit 2 waste areas are located at three separate locations of the FEMP and, 
consequently, the geologic stratigraphy of the soils differ. Model Layer 1 is nonexistent under the 
Active Flyash Pile and the South Field. Layer l'ranges from 5 to 22 feet (1.5 t o  6.7 m) in 
thickness for the Inactive Flyash Pile and the Lime Sludge Ponds, respectively. T h e  outwash 
deposit thicknesses vary from 15 to 30 feet (4.6 to 9.1 m) for the Operable Unit 2 waste areas. 
The vertical hydraulic conductivities for Layer 1 (glacial overburden layer) are 0.0155 feet per 
day (0.0078 m/day) for the lime sludge ponds, 0.00355 feet per day (0.0011 m/day) for the Solid 
-Waste LandfillFand0.00965 - f e ~ - d ~ ( O ~ ~ 2 9 - m / d ~ ~ f o ~ I ~ i F l v a s h P i l e . - ~ e  
vertical hydraulic conductivity is 45 feet per day (14 m/day) for Layer 2 for each of the Operable 
Unit 2 waste areas. Table 0.3-7 presents the model layer thickness, vertical hydraulic 
conductivity, vertical seepage velocity, and longitudinal dispersion coefficient for each layer of the 
vadose model for all the waste areas in Operable Unit 2. 

0.3.3.3 Operable Unit 3 
The Plant 1 Storage Pad and four buildings (60, 64, 65, 67, and 68) that make up Operable Unit 3 
have similar hydrogeologic characteristics and thus modeling parameters. The  glacial overburden 
thickness under the Plant 1 Storage Pad is 29 feet (8.8 m) and the thickness of Layer 2 is 32 feet 
(9.8 m). The soil material under the storage pad has a vertical hydraulic conductivity for Layer 1 
of 0.313 feet per day (0.095 m/day). The vertical hydraulic conductivity is 45 feet per day (14 
m/day) for Layer 2 for each of the Operable Unit 3 waste units. The storage pad seepage velocity 
and the dispersion coefficient of Layer 1 is 0.0076 feet per day (0.0023 m/day) and 0.0013 square 
feet per day (1.2 x lo4 m2/day), respectively. For Layer 2, the seepage velocity and dispersion 
coefficient are 0.0132 feet per day (0.004 m/day) and 0.0018 square feet per day(l.7 x 104 
m2/day), respectively. Table 0.3-8 presents the model layer thickness, vertical hydraulic 
conductivity, vertical seepage velocity, and longitudinal dispersion coefficient for each layer of the 
vadose model for all the waste areas in Operable Unit 3. 

0.3.3.4 Operable Unit 4 
The lithology of the soils under Silos 1 and 2 are similar to Silo 3. Based on  boring logs, Silo 1 
and 2 soil thicknesses for Layer 1 and 2 are 15 feet (4.6 m) and 25 feet (7.6 m), respectively. Silo 
3 is supported by a glacial overburden layer of 25 feet (7.6 m) and a outwash layer of 20 feet (6.1 
m). For Layer 1, the vertical hydraulic conductivity for each waste unit is 0.00355 feet per day 
(0.0011 dday) .  The  vertical hydraulic conductivity is 45 feet per day (14 m/day) for Layer 2 for 
both of the Operable Unit 4 waste units. Table 0.3-9 presents the model layer thickness, vertical 
hydraulic conductivity, vertical seepage velocity, and longitudinal dispersion coefficient for each 
layer of the vadose model for all the waste areas in Operable Unit 4. - . -  
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0.3.3.5 ODerable Unit 5 
The glacial overburden layer thickness under the source volumes of Operable Unit 5 vary from 0 
feet for Plant 6 Area soils to 25 feet (7.6 m) for Plant 9 Area soils. The thickness of the outwash 
materials is estimated at 20 feet (6.1 m) for Plant 2/3 area soils and Plant 6 area soils . Plant 9 
area soils has an outwash layer of 38 feet (12 m) and for the Pilot Plant area soils, thickness of 
Layer 2 is 35 feet (11 m). The vertical hydraulic conductivity for Layer 1 is 0.121 feet per day 
(0.037 d d a y )  for Plant 2/3 area and 0.095 feet per day (0.029 m/day) for Pilot Plant area. No 
slug test results were available for Plant 9 area, therefore the vertical hydraulic conductivity of 
0.121 feet per day (4.3 x 10-5-m/day) obtained from Plant 2/3 area was used in the calculations. 
The vertical hydraulic conductivity is 45 feet per day (14 m/day) for Layer 2 for each of the 
Operable Unit 5 waste areas. Table 0.3-10 presents the model layer thickness, vertical hydraulic 
conductivity, vertical seepage velocity, and longitudinal dispersion coefficient for each layer of the 
vadose model for all the waste areas in Operable Unit 5. 

________ _ _ _  ___ ~ _____ 

0.3.4 PARAMETERS 
The parameters used to perform the long-term migration analysis can be divided into flow 
parameters and contaminant transport parameters. Flow parameters affect the velocity of 
groundwater movement. Contaminant transport parameters affect the rate of migration and the 
fate of the contaminant. Wherever possible, site-specific values were used for the analyses. 
Certain parameters, however, were not available for all of the waste areas, and were estimated 
based on  pertinent scientific literature search, geochemical investigations, and checks for 
consistency between model results and historical data. Conservative estimates of a reasonable 
worst-case scenario were used when a range of values was indicated or parameter values were not 
available. The  formulations employed for the estimation of the parameters are described in the 
Addendum (DOE 1992). Uncertainty in the selection of model parameter values is addressed by 
performing sensitivity analyses. Sensitivity analyses were performed by varying parameters within 
reasonable ranges. 

Parameters used in the conceptual models for all of the operable units are presented in Table 
0.3-6 through Table 0.3-10. The vertical hydraulic conductivity values for Layer 1 were obtained 
by dividing the horizontal hydraulic conductivities (representing the results of slug tests conducted 
in 1000-series wells nearest to the waste area) by 20 (Djafari 1990). The vertical hydraulic 
conductivity for Layer 2 was obtained by dividing the horizontal hydraulic conductivity by 10. The 
estimates of the vertical seepage velocities used in the vadose zone transport model were based 
on  the methods presented in the Addendum (DOE 1992). The longitudinal dispersion 
coefficients, a function of dispersivity, interstitial seepage velocity and molecular diffusion 

- - -  coefficient were estimated by the methods-presented by Biggar and Nielson (1976), and Mil1s;et- 
al. (1985). Site-wide media parameters for the vadose zone model are presented in Table 0.3-11. 
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TABLE 03-11 
MEDIA P-S FOR VADOSE ZONE MODEL AT THE FEMP 

Parameter 

Vadose Zone 

Layer la Layer zb 
Porosity (%) 34 39 

Specifi~Yield-(%) 6 25 

Bulk Density (g/cc) 1.78 1.60 

Field Capacity (%) 2s 14 

Organic Content (%) 4 4 

Fines Passing Less than 200 Mesh (%) 70 16 

a 

a Layer 1 consists of a clay-rich glacial overburden interbedded with glaciofluvial sand and 
gravel stringers. 
Layer 2 consists of well-sorted sand and gravel outwash deposits existing above the Great 
Miami Aquifer. 
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3580 Flow and solute transport through the porous media are not only determined by the parameters 
listed in the conceptual model, they are also affected by retardation factors (Rf) and decay rates. 
These parameters are both chemical- and media-specific. Table 0.3-12 through 0.3-14 show the 
retardation factors for the vadose zone Layers 1 ‘and 2 for all the constituents of concern at the 
FEW. These tables also present the radioactive decay constants for radionuclides and the 
biodegradation coefficients for the organic constituents that were used in the transport model. 
The retardation factor is used to account for those reversible reactions that slow the amval of a 
contaminant front, but do not act as a sink. The R f c a n  be expressed as the ratio between the 
rate of groundwater movement and the rate of contaminant movement. The  Rf for each 
constituent in the vadose zone was calculated using the formula described by Walton (1984) and 
Mills, e t  al. (1985). The radioactive decay constants and biodegradation coefficients were 
estimated using the formulation presented in the Addendum (DOE 1992). 

_____ ___-.-- - ~ _ _ _  

.. . . . . . .  . . . . . .  . .  - . . . . . . . . . . . . . . . .  . . . . . .  - . . .  - . . . .  

KNOX/SUCR/KU/3-5/SUCRAPPO. TXT/7-21-92 0-3-59 
,- 102 



FEMP-SWCR-4 D M  
August 5,  1992 

3550 

2.17E +04 

1.57E+04 

5.81E+01 

TABLE 03-12 

4.394E-06 

6.294E-05 

8.874E-10 

1.14E+03 

1.21E+03 

1.21E+03 

1.21 E +03 

7.87OE-08 

1.9 15E-01 

1.187E-06 

3.297E-04 

Th-232 

U-234 

U-235 

U-238 

3.69E+04 3.66E + 04 1.36OE-13 

1.24E+01 1.79E+01 7.767E-09 

1.24E +01 1.79E +01 2.698E-12 

1.24E +01 1.79E +01 4.25OE-13 

REI'ARDATION FACTORS AND DECAY CONSTANTS 
FOR RADIONUCLIDES AT THE FEh4l' 

Retardation 
Factor 

Vadose Layer 1 
Radionuclides 

-A~-227-- 

Am-241 5.34E+04 

(3-137 1.15E +04 

NP-237 3.5 1E +02 

Pa-231 1.72E +04 6.29E + 03 I 5.797E-08 

Pb-210 1.91 E + 04 4.35E+02 I 8.531E-05 

Pu-238 I 1.OSE+04 I 1.14E+03 I 2.164E-05 

Pu-239/240 

4.43E +03 

Ra-228 I 4.43E+03 

Ru-106 I 5.09E+03 6.30E +02 I 1.890E-03 

Sr-90 I 6.46E+01 I 2.96E+O1 I 6.640E-05 

Tc-99 I 1.75E+00 I 1.80E+00 I 8.916E-09 

Th-228 I 3.69E+04 I 3.66E+04 I 9.926E-04 

"3-230 I 3.69E+04 I 3.66E+04 I 2.466E-08 

. ... . . . .. . . . . .~ .. . . . . ~. . . .  .- . . .. 
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Beryllium 

Boron 

35SO 

8.27E+03 2.86E+03 

2.01E +01 3.53E + 01 

TABLE 03-13 

Magnesium 

Manganese 

RETARDATION FACTORS FOR INORGANIC 
COMPOUNDS AT THE FEMP 

2.96E +01 5.24E+01 

1.15E+03 5.72E + 02 

Retardation 

Vadose Layer 1 
Inorganics Factor 

Aluminum 9.54E +03 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Thallium 

Vanadium 

Retardation 
Factor 

Vadose Layer 2 

1.7 1 E + 04 

6.46E +01 1.15E +02 

5.73E + 02 1.15E +02 

4.13E +03 4.57E+03 

4.75E+02 1.72E +02 

4.71 E +03 1.72E +03 

1.15E+ 03 4.01E+02 

1.15E+03 1.03E +03 

6.37E+02 1.14E +03 

9.54E+03 . 1.7lE+04. 
% 

6.36E+03 2.29E+03 

Arsenic I 1.27E+03 I 2.29E+03 II 

Zinc 

Barium I 7.25E+03 I 2.30E+02 II 

1.53E +04 2.29E +03 

Cad m i um I 3.1SE+03 

Calcium 3.19E + 02 

Chromium 9.54E+03 

Cobalt 3.50E+03 

Copper 7.96E+02 

Iron 1.05E +03 

1.38E+02 

5.81E+01 

8.0 1 E + 02 II 
6.87E+02 

4.01E +02 11 
2.52E+03 -11 

Lead 
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Retardation 
Organics Factor 

Vadose Layer 1 

TABLE 0.3-14 

Retardation Organic 
Factor Decay Constant 

Vadose Layer 2 (daY-9 
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3580 

~~ 

1,l-Dichloroethane 

1,l-Dichloroethene 
- .  .~ ~~ ~ 

l,l,Z-TrichoIoro- 
1,2,2- trifluore t hane 

l,l, 1 -Trichloroethane 

l,l,Z-Trichloroethane 

l,l,Z,Z-Tetrachloroethane 

1 ,Z-Dichloroet hane 

1,2-Dichloroethene 

1,4-Dioxane 

2-Butanone 

RETARDATION F A m R S  AND BIODEGRADATION COEFFICIENTS 
FOR ORGANIC COMPOUNDS AT THE FEMP 

8.51E+00 6.83E+OO 1.13E-03 

4.68E+OO 3.85E300 3.85E-03 

1.90E +01 1.50E + 01 4.7OE-04 

X69E +01 2.S9E +01 6.30E-04 

1.93E+01 1.52E+01 4.70E-04 

3.09E + 01 2.42E +01 3.79E-03 

4.43E + 00 3.66E + 00 9.50E-04 

l.GOE+Ol 1.26E+01 9.5OE-04 

1.05E + 00 1.04E+00 9.50E-04 

1.22E+00 1.17E+00 2.48E-02 

2-Chlorop henol 

2-Hexanone 

1.82E+01 1.43E+01 NAa 

3.92E+OO 3.27E +00 NA 

2-Methyl phenol 

2-Propanol 

2-Methylnaphthalene I 8.82E+02 I 6.85E+02 I NA 

1.18E+01 9.42E+OO 2.48E-02 

1.08E + 00 1.07E +00 2.76E-02 
~~~~ ~ 

2,4-Dime t hyl phenol 

3,3-Dichlorobenzidine 

4-Chlorophenyl-phenylether 

4-Chloro-3-methylphenol 

4-Methyl-2-Pentanone 

4-Methyl phenol 

4-Nitrophenol 

Acenaphthene 

Acetone 

Anthracene 

3.30E+01 2.58E+01 2.48E-02 

3.95E+02 3.07E+02 9.5OE-04 

1.46E +03 1.1 4E + 03 NA 

1.54E + 02 1.20E + 02 NA 

2.50E+00 2.1 GE + 00 2.48E-02 

1.07E+01 8.50E+00 2.48E-02 

1.09E+01 8.6SE+00 7.07E-02 

1.01E+03 . 7.87E +02 1.70E-03 

1.07E+00 1.05E +00 2.48E-02 

3.4 1 E + 03 2.65E+03 3.80E-04 
_ _ ~  ~~ 
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Dibenzofuran 

Organics 

1.61 E +03 1.25E+03 . 6.19E-03 

~ 

Aroclor- 10 16 NA 
~~ 

Aroclor- 1221 

Chloroform I 1.24E+01 I 9.81E+00 I 3.79E-03 

Chlordane I 7.44E+01 I 5.80E+01 1 5.00E-04 

Chlorobenzene I 8.53E+01 I 6.64E+01 I 1.16E-03 
~~~ 

Chloromethane I 1.99E+00 I 1.77E+00 I 6.2E-03 

Chrysene I 4.87E+04 I 3.78E304 I 1.70E-04 

cis-1 ,ZDichloroe thene I 4.68E+00 I 3.85E+OO I NA 

Cyanideb I 1.27E+00 I 1.21E+00 I 9.50E-04 
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~ ~~~~ 

Ethyl parathion 

Fluoran t hene 

~ 

7.02E+02 545E +02 NA 

2.60E+04 2.02E +04 3.9OE-04 

~ ____ 

Di-n-butyl phthalate 

Pyrene 

Pyridine 

Styrene 

Tetrachloroethane 

~ 

Di-n-octyl phthalate I 1.92E+08 I 1.49E+08 I 1.9oE-03 

1.84E + 04 1.43E +04 9.00E-05 

1.54E+00 1.42E +00 2.76E-02 

1.77E +02 1.38E+02 3.30E-03 

3.09E + 01 2.42E+Ol 3.79E-03 

~~ 

trans-1,2-Dichloroethene 

Tributyl phosphate 

Trichloroethane 

~ 

Fluorene 

~- 

4.68E+00 3.85E+00 NA 

1.22€+03 9.46E+02 NA 

l69E +01 2.89E +01 4.70E-04 

I 1.83E+03 1 1.42E+03 I ~ 2.90E-03 

~ 

Tetrachloroethene 
~~~ ~ I 4.22E301 I 3.30E+01 I 4.20E-04 

~ 

Toluene 
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Organics 

Trichloroethene 

(Continued) 

Retardation Retardation Organic 
Factor Factor Decay Constant 

Vadose Layer, 1 Vadose Layer 2 (daY-9 

4.22ElOl 3.30E+01 4.2OE-04 

August 5,1992 
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Total xylenes 

Vinyl chloride 

1.35E +02 1.05E+02 1.90E-03 

1.48E+00 1.38E+00 2.40E-04 

KNOX/SUCR/KU/3-5/SUCRAPPO. TXT/7-21-92 0-3-65 
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0.4.0 VADOSE ZONE MODELING 1 

Vadose m n e  modeling was performed to estimate contaminant loading rates to the Great Miami 2 

Aquifer from a given source as a function of time. The overburden may have great capacity for 
immobilization and retardation of contaminants due to adsorption, precipitation, biodegradation, 
and radioactive decay. This capacity to prevent or slow the movement of contaminants to the 

3 

4 

5 

6 aquifer should be evaluated with respect to future risk. 

- .- Analytical models-were-selected -for-useybased-upon-the -following-factors- - - - 

Analytical methods are the most efficient alternative when data necessary for the 
characterization of the system is sparse and uncertain. 

8 
9 

0 The method is consistent with approaches used for similar radionuclide assessment 
codes such as the flow portions of PRESTO (EPA 198%) and other site studies. 

10 
11 

0 The basis of the solution is well documented and the code has been extensively 12 
verified. 13 

The following criteria were used in selecting specific analytical models: 

Capability of treating adsorption, radioactive and organic decay, and longitudinal 
dispersion 

0 Capability of calculating concentrations at large times and distances 

Availability of code 

Degree of code documentation 

Degree of code verification 

0.4.1 DESCRIPTION OF MODELS 
The models selected to evaluate flow in the vadose zone are S T l D  (IT 1990b), and ODAST 
(Javendel e t  al. 1984). STlD, a one-dimensional analytical solution, was used for the initial 
screening of constituents for mobility. ODAST, also a one-dimensional analytical solution, was 
used for determining fate and transport of the remaining constituents in the unsaturated zone. 
These computer codes are based on the solution originally developed by Ogata and Banks (1961), 
and calculate 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 
one-dimensional analytical solute transport equation as a function of seepage velocity, dispersion 
coefficient, source decay, retardation factor, depletion time, and source rate. STlD and ODAST 
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have been extensively verified against STRIPlB (Batu 1989). The  computer code ODAST was 
used to  provide the final leachate concentrations. 

Leachate infiltration rates through the waste are& were necessary for calculating the total time 
for source depletion. They were also necessary for calculating the vertical seepage velocities that 
were used in vadose m n e  models, as discussed above. Infiltration rates were estimated using the 
HELP model (EPA 1984) assuming steady state infiltration conditions. The HELP model is a 
deterministic quasi-twodimensional model that predicts evapotranspiration using the modified 
Penman method (EPA-1984)-b~in~-~orating-the-effect-of-site-specific default values-of-- - - - 

temperature, solar radiation, and evaporation coefficients. The  model computes surface runoff by 
the U.S Soil Conservation Service curve number method using site-specific default values of 
runoff curve numbers. The amount of precipitation, minus surface runoff and surface water 
evaporation, percolates through the soil layer producing soil moisture storage, vertical leakage, 
and lateral drainage flow. The hydrologic process in the HELP model is modeled by considering 
a water balance approach for the flow components active in the waste source. 

~- ~- - 

0.4.2 MODEL APPLICATION 
A two-stage evaluation for the simulation of contaminant transport through the glacial overburden 
was used. Initially, the one-dimensional analytical solute transport model STlD (IT 1990b) was 
used to screen the list of constituents of concern to reject those that would not reach the Great 
Miami Aquifer within the time period of interest under conservative conditions. Each constituent 
was evaluated under the 1000-year scenario. For a given waste area, a range of retardation 
factors was evaluated using the seepage velocities and dispersion coefficients for each layer of 
vadose zone. The critical retardation factor, for which the contaminant would reach the Great 
Miami Aquifer, was identified by trial and error analysis. After eliminating the constituents 
having a retardation factor greater than the critical value, the remaining list of constituents was 
given a more detailed analysis. 

For a multiple-layer hydrostratigraphic unit, the program ODAST was performed for each 
individual layer to calculate the normalized concentration at the bottom of each layer for each 
time step. In general, dispersion through the lower layer would not come into effect until the 
constituent reached the bottom of the upper adjacent layer. This can be seen by identifying the 
time step when the concentration at the base of the first layer first exceeds the critical minimum 
value. Consequently, the time steps in the lower layer are shifted, when the normalized 
concentration at the base of the upper layer exceeds critical minimum value. 

For the 1000-year scenario, the projected concentration beneath the waste unit was calculated by 
multiplying the normalized concentration at the base of the lowest layer by the source term 
(initial contaminant concentration at the source). The loading rates were calculated by multiplying 
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the concentration beneath the waste units by the recharge rate from the source. The plots of 
loading rates versus time were then produced for the constituents which were projected to reach 
the aquifer within loo0 years. The peak values in these plots were considered as the maximum 
loading rates to be observed in the aquifer for the contaminants over lo00 years. 

0.4.3 SENSITIVITY ANALYSIS 
As part of the modeling process, a series of model runs was completed to determine the sensitivity 
of the solution to the estimated parameters. The analytical solution is a simplified representation 
of t h q h @ Z l h F t e m ,  aiia'tlie~tra~~Kk-priEZily reguliitZi-by-thFhydraulic EfnductiViv under- 
a given retardation factor. In addition to being a direct input into the seepage velocity 
calculation, it is also a controlling factor in determining whether seepage will occur under 
saturated or unsaturated conditions. 

____. 

The sensitivity runs were completed by increasing and decreasing the hydraulic conductivity from 
the estimated value in a series of order-of-magnitude steps in the range of known site values. A 
second series of runs was also completed for values found during the literature search for field 
hydraulic conductivity measurements in similar settings. Analyses results indicate that the 
variation of conductivity and, as a result, the seepage velocity and dispersion coefficients lead to 
such contaminants as uranium being transported to the Great Miami Aquifer, with arrival times of 
within 60 to 300 years. In locations where constituents were not reaching the aquifer until about 
lo00 years, reducing the hydraulic conductivity resulted in a finding of no transport to the aquifer. 

Contaminant transport in the subsurface is governed by the advective and dispersive properties of 
the medium. The advection process depends on the hydraulic properties, largely the hydraulic 
conductivity. Hydraulic conductivity is used to develop the seepage velocity. Seepage velocity 
increases as hydraulic conductivity increases. A low value for retardation factor and/or a high 
value for dispersion coefficient also accelerates the movement of contaminants through the vadose 
zone. The combined effects of seepage velocity, retardation (adsorption), dispersion, and duration 
of source loading govern peak concentration values and the time of their occurrence in the Great 
Miami Aquifer. Low seepage velocities, low dispersion coefficient, and/or high retardation factors 
delay the arrival of contaminants at the Great Miami Aquifer. Radioactive or  organic decay 
reduce concentration of contaminants at the aquifer. Decay reduces the amount of contaminant 
reaching the aquifer. Decay prevents contamination of the aquifer if the rate of loss of mass due 
to decay increases to the point where it equals the mass entering the vadose zone before the 
contaminant reaches the aquifer. 

When decay is combined with low seepage velocities and/or retardation due to-adsorption, the 
contaminant concentration at the Great Miami Aquifer is significantly reduced. However, the 
difference between the peak concentrations reaching the aquifer for low and high seepage 
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velocities is sensitive to whether the contaminant concentration reached a steady state. For any 
contaminant, if the steady state condition was reached for both low and high seepage flow 
velocities, the peak concentrations differ less compared to other constituents that did not reach a 
steady state concentrations at the aquifer within the  simulation period of loo0 years. The steady 
state concentration condition was achieved for uranium-238 at the North Lime Sludge Pond 
within the simulation period for both low- and high-end seepage velocities. The  peak 
concentration in this case differed by one order of magnitude. 

T h E o T e K e i t o f  O r g a n i c m a  ti tuents-to- t he-Grea t -Miami-Aqui fer is-grea t ly im peded-b y - high - - - 
biodegradation rates. For low seepage velocities and dispersion coefficients, the transport process 
is delayed and more time is available for degradation of the organic chemicals. Thus for organic 
chemicals, the peak concentrations were several orders of magnitude lower (or zero) with low-end 
as compared to high-end seepage velocities and dispersion coefficients. 

The range of hydraulic conductivities at a site is constrained by the geology. Nevertheless, the 
reasonable range of hydraulic conductivities at a site permits a high degree of variability in 
contaminant transport. 

0.4.4 MODELING RESULTS 
Loading rates to the Great Miami Aquifer were estimated for each contaminant of concern for 
each waste area using ODAST. Tables 0.4-1 through 0.4-5 provide a summary of the 
constituents of concern along with the peak loading rates that are projected to reach the Great 
Miami Aquifer within 10oO years from each waste area. The calculated loading rates were 
generally sensitive to changes in the leach rate of the waste, the thickness of the vadose zone, the 
dispersion coefficient, the interstitial water velocity, the retardation factor, the radioactive decay 
factor, the biodegradation, and the depletion time of the source. The loading rates were used as 
input data for SWIFT 111 to model the groundwater movement and solute transport in the Great 
Miami Aquifer. These tables also present the approximate number of years for the projected 
constituents from each of the waste areas to reach the Great Miami Aquifer and the maximum 
concentrations of the leachate that would be expected before being diluted in the aquifer. 

Loading rates of a constituent to the aquifer from a given source vary over time. Loading rates 
versus time for the constituents that reach the aquifer have been plotted. Typically, loading rates 
experience a sharp increase during the initial time period. They can then stabilize or decrease 
depending upon the depletion time of the source. Figures 0.4-1 through 0.4-5 show the time 
variations in concentrations of the U-238 in the Great Miami Aquifer from Waste Pit 1 (Operable 
Unit l) ,  Solid Waste Landfill (Operable Unit 2), Plant 1 Storage Pad (Operable Unit 3), Silos 1 
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TABLE 0.41 

RESULTS OF VADOSE ZONE MODELING - OPERABLE UNIT ONE 
SITE WIDE CHARACIERIZATION REPORT 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Cons ti tuents ols) (mg/O (mg/O Aquife? 

(mg/day) 
--___ 

WASTE PIT 1 

Radionuclides 

Tc-99 

U-234 

U-235 

U-238 

Inoreanics 

Potassium 

Oreanics 

l,l,l-Trichloroethane 

Te trachloroe t hene 

Trichloroethene 

20 

80 

80 

80 

580 

110 

110 

110 

6.054E-05 

3.199E-08 

1.010E-05 

8.120E-04 

1.290E+00 

0.0 

0.0 

0.0 

9.252E-08 

2.33 1E-09 

7.234E-06 

4.526E-05 

N A ~  

6.580E-01 

7.160E-06 

3.320E-04 

2.835E-01 

1.498E-04 

4.73OE-02 

3.803E + 00 

6.042E+03 

0.0 

0.0 

0.0 

WASTE PIT 2 

Radionuclides 

Tc-99 

U-234 

U-235 

U-238 

Oreanics 

Vinyl chloride 

40 8.569E-05 9.252E-08 2.1 79E-01 

80 2.9 18E-08 2.331E-09 7.422E-05 

80 2.82OE-05 7.234E-06 7.172E-02 

80 7.94OE-04 4.526E-05 2.019E +00 

10 3.932E-02 1.920E-06 1.000E +02 

0-4-5 . 113 



TABLE 0.41 
(Continued) 

FEMPSWCR4 DRAFT 
August 5 ,  1992 3580 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer .Aquife? Levelsa into the 
Constituents (Yrs) ( m u 9  (mg/Q) Aquife? 

(mddav) 

WASTE PIT 3 

~~ ~ 

-RKd ionucl ides 

Np-237 200 3.801E-06 1.067E-08 3.637E-02 

Sr-90 120 7.797E- 14 4.449E-13 7.461E- 10 

TC-99 20 2.338E-04 9.252E-08 2.238E +00 

U-234 60 3.27OE-05 2.33 1E-09 3.129E-0 1 

U-235 60 1.993E-02 7.234E-06 1.907E +02 

U-238 60 4.15 1E-01 4.526E-05 3.972E+03 

Inoreanics - 

Barium 920 0.0 3.660E-01 0.0 

Mercury 360 2.898E-04 2.200E-03 2.774E +00 

WASTE PIT 4 

Radionuclides 

Np-237 

TC-99 

U-234 

U-235 

U-238 

Ino r ea nics 

Mercury 

Organics 

1,2-Dichloroethene 

Tetrachloroethene 

Trichloroethene - 

840 

40 

100 

100 

100 

440 

20 

240 

240 .. -. 

1.984E-14 

1.109E-05 

6.804E-06 

3.736E-03 

3.32OE-01 

1.97 1 E-04 

3.343E-02 

0.0 

- 0.0 . - . 

1.067E-08 

9.252E-08 

2.331E-09 

7.234E-06 

4.526E-05 

2.2OOE-03 

NA 

7.160E-06 

3.32OE-04 - . . 

8.006E-11 

4.475E-02 

2.745E-02 

1.507E +01 

1.339E +03 

7.95 1 E-01 

1.349E302 

0.0 

0.0 
- .  - - . .. 
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TABLE 0.41 FEMPSWCR-4 DRAFT 
(Continued) 3580  

August 5,1992 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Levelsa into the 
Constituents OIS) (mg/O (mg/O Aqui fe? 

Reach Aquifer Aqui fe? 

(mg/day) 

WASTE PIT 5 

~ 

-Radionuclides ____ 

Np-237 600 3.287E-09 1.067E-08 3.749E-05 

Sr-90 160 2.586E-14 4.449E-13 2.949E-10 

Tc-99 40 1.879E-05 9.252E-08 2.143E-01 

U-234 60 7.672E-05 2.33 1 E-09 8.749E-01 

U-235 60 8.175E-03 7.234E-06 9.323E + 0 1 

U-238 60 4.04 1 E-01 4.526E-05 4.609E+03 

Inorpanics 

Mercury 320 2.009E-04 2.200E-03 2.291E + 00 
~ ~~ 

WASTE PIT 6 

Radionuclides 

Np-237 

Sr-90 

Tc-99 

U-234 

U-235 

U-238 

0 rea - n ics 

Trichloroethene 

660 1.472E-09 1.067E-08 2.837E-06 

180 3.377E-16 4.449E-13 6.5 10E-13 

40 3.473E-05 9.252E-08 6.694E-02 

60 7.377E-07 2.33 1E-09 1.422E-03 

60 7.37OE-04 7.234E-06 1.42 1 E +00 

60 2.876E-02 4.526E-05 5.543E +01 

170 0.0 3.32OE-04 0.0 

- - . .  . - - . .. . . . 
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TABLE 0.41 
(Continued) 

I FEMPSWCR-4 DRAFT 
August 5, 1992 3 5 8 0 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents (F) (mg/O (mg/Q Aquife? 

(mg/day) 

BURNPIT 

-Radionu-clides 

Np-237 

Tc-99 

U-234 

U-235 

U-238 

Inoreanics 

Boron 

Mercury 

Organics - 

1,l-Dichloroethane 

2-Hexanone 

Carbon disulfide 

Te trachloroe thene 

Vinyl chloride 

700 1.603E-11 1.067E-08 

40 1.1 04E-05 9.252E-08 

80 2.471E-05 2.331E-09 

80 4.562E-03 7.234E-06 

80 3.267E-01 4.526E-05 

140 1.141E-01 NA 

400 1.981E-04 2.2OOE-03 

40 0.0 7.300E-01 

20 4.5 99 E - 04 NA 

70 1 -361E-04 7.300E-01 

190 0.0 7.160E-06 

10 2.03 1 E-04 1.920E-006 

1.875E-08 

1.291 E-02 

2.89OE-02 

5.335E+00 

3.820E+02 

1.334E+02 

2.316E-01 

0.0 

5.378E-01 

1.591 E-01 

0.0 

2.375E-01 

CLEARWELL 

Radionuclides 

Np-237 

Sr-90 

TC-99 

U-234 

U-235 

-U-238 ~. 

120 3.75OE-06 

80 9.018E- 13 

20 2.201 E-04 

40 1.250E-05 

40 4.784E-03 

40 4.269E-01 

1.067E-08 

4.449E-13 

9.252E-08 

2.33 1E-09 

7.234E-06 

4.526E-05 

8.761E-03 

2.107E-09 

5.143E-01 

2.92OE-02 

1.1 18E +01 

9.972E302 -. - 

KNOX/SUCR/KU/3- 5/SUCRAPPO. TXT/7- 21 -92 , 0-4-8 
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TABLE 0.4-1 
(Continued) 

~ M P S W C R - ~  DRAFT 3 5 8 0 
August 5, 1992 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents ors) (mdQ) @dQ) Aquife? 

(mdday) 

CLEARWELL 

~~ Inorganics 

Barium 520 8.648E-04 3.660E-01 2.020E+OO 

Copper 700 1.406E-06 NA 3 2 8 5  E-03 

Cyanide 20 1.525E-02 1.460E-01 3.563E+01 

Mercury 220 7.073E-04 2.200E-03 1.652E +00 

a The number of significant figures are provided for calculational purposes, and do not reflect 
the accuracy of the value. 
NA indicates screening level is not available. 

117  
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FJZMPSWCR4 DRAFT 
August 5, 1992 3 5 8 0 

TABLE 0.4-2 

RESULTS OF VADOSE ZONE MODELING - OPERABLE UNIT TWO 
SITE WIDE CHARACTERIZATION REPORT 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents (Yrs) ( m d 0  (mdO Aquife? 

_ _  (mg/day) 

SOLID WASTE LANDFILL 
~ 

Radionuclides 

Sr-90 

U-234 

U-235 

U-238 

Inorganics 

Boron 

Cyanide 

Organics 

1,l -Dichloroethane 

320 8.748E-17 4.449E-13 2.4 1 1E- 13 

100 3.776E-07 2.331E-09 1.04 1E-03 

100 3.988E-05 7.234E-06 1.099E-01 

100 3.607E-03 4.526E-05 9.942E+OO 

180 3.896E-02 N A ~  1.074E+02 

10 7.482E-04 1.460E-01 2.062E +00 

60 0.0 7.300E-01 0.0 

NORTH LIME SLUDGE POND 

Radionuclides 

Sr-90 

U-234 

U-235 

U-238 

Inoreanics 

Mercury 

40 4.653E-11 4.449E-13 6.168E-07 

20 2.1 10E-07 2.33 1E-09 2.796E-03 

20 4.879E-05 7.234E-06 6.468E-01 

20 7.256E-03 4.526E-05 9.619E+01 

60 2.990E- 17 2.200E-03 3.964E- 13 

KNOX/SVCR/KU/3-5/SUCRAPPO.TXl/7-21-92 0-4-10 -118 



TABLE 0.62 
(Continued) 

FEMPSWCR-4 DRAFT 
August 5,  1992 3 5 8 0 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents (yrs) (mg/Q) (md9 Aquife? 

(mg/day) 

NORTH LIME SLUDGE POND 

OrPanics-- - 

1,l -Dichloroethane 5 3.157E-06 7.300E-01 4.185E-02 

1,1,2-Trichloro-1,2,2- 
Trifluoroethane 

Acetone 

Carbon disulfide 

10 9.464E-05 2.200E +01 1.255E +00 

1 2.458E-06 7.300E-01 3.258E-02 

10 7.285E-05 7.300E-01 9.657E-01 

Chlordane 40 2.674E-06 2.81OE-06 3.544E-02 

SOUTH LIME SLUDGE POND 

Radionuclides a U-234 

U-235 

U-238 

Organics 

Benzoic Acid 

60 2.929E-07 2.33 1E-09 6.879E-04 

60 8.206E-05 7.234E-06 1.927E-01 

60 7.348E-03 4.526E-05 1.725E +01 

40 9.292E-03 . 2.920E+01 2.182E+Ol 

ACTIVE FLYASH PILE 

Radionuclides 

Sr-90 

U-234 

U-235 

U-238 

80 7.188E-11 4.449E-13 3.819E-07 

60 1.157E-13 2.33 1 E-09 6.145E- 10 

60 1.425E-11 7.234E-06 7.571E-08 

4.526E-05 1.300E-05 60 2.446E-09 

0 4 1 1  119 



TABLE 0.4-2 
(Continued) 

FEMPSWCR-4 DRAFT 
August 5 ,  1992 3 5 0 

~~ ~ 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents (F) (mgll) ( m m  Aquife? 

(mg/day) 

ACTIVE FLYASH PILE 

- Inor anics--------- 

Cyanide 

Mercury 

Molybdenum 

0 r ga n ics 

1,l -Dichloroethene 

2-Chlorophenol 

4-Chloro-3-methyl phenol 

Benzoic Acid 

5 

280 

280 

15 

40 

300 

20 

- ----- __ ~ _ _ _  

9.7 18E-03 1 .WE-0 1 5.163E+01 

1.239E-05 2.200E-03 6.582E-02 

1.378E +OO 2.92OE-02 7.3 19E+03 

0.0 6.080E-06 0.0 

1.183E-02 3.66OE-02 6.284E+Ol 

1.827E-03 N A  9.709E + 00 

1.974E-02 2.920E +01 1.049E + 02 

INACTIVE FLYASH PILE 

Radionuclides 

Sr-90 

U-234 

U-235 

U-238 

Inoreanics - 

Cyanide 

Mercury 

Molybdenum 

Organics 

1,1,l-Trichloroethane 

Benzoic Acid 

Carbon disulfide 

120 

80 

80 

80 

5 

340 

520 

140 

30 

50 

1.642E-13 

3.097E- 13 

3.942E-11 

2.42OE-09 

6.122E-03 

1.235E-05 

3.553E-01 

0.0 

1.856E-02 

2.283E-04 

4.449E-13 

2.331E-09 

7.234E-06 

4.526E-05 

1.460E-01 

2.2OOE-03 

2.92OE-02 

6.58OE-01 

2.92OE+Ol 

-7.300E-01 

1.216E-09 

2.294E-09 

2.92OE-07 

1.793E-05 

4.535E+01 

9.147E-02 

2.632E + 03 

0.0 

1.375E + 02 

1.691E +00 

KNOX/SUCR/KU/3-5/SUCRAPPO. TXT/7-21-92 0-4- 12 120 
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TABU 0.4-2 
(Continued) August 5,  1992 

~ 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Levelsa into the 
Constituents OIS) (mdO ( m d 9  Aquife? 

Reach Aquifer Aquife? 

(mg/day) 

SOUTH FIELD 

- Rad io%W ides 

4.453E-03 

6.863E-01 

5.925E+01 

u-234 

U-235 

U-238 

In o r Ea n ics 

Manganese 

Mercury 

Oreanics 

Acetone 

40 3.246E-07 

40 5.003E-05 

40 4.3 19E-03 

700 1.064E-07 

140 3.190E-08 

5 8.946E-13 

a The number of significant figures are provided for calculationa 
the accuracv of the value. 
NA indica& screening level is not available. 

2.331E-09 

7.234E-06 

4.526E-05 

3.65OE-03 

2.200E-03 

7.300E-01 

1.460E-03 

4.376E-04 

1.227E-08 

purposes, anG do not reflect 

KNOX/SUCR/KU/3-5/SUCRAPPO.TXT/7-21-92 0-4- 13 124 
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FEMPSWCR4 DRAFT 
August 5, 19!Z 

3 5 8 0 

TABLE 0.43 

RESULTS OF VADOSE ZONE MODELKNG - OPERABLE UNIT THREE 
SITE WIDE CHARACTERIZATION REPORT 

Maximum Maximum 
Time to Loading Conc. in Screening Loading Rates 

Reach Aquifer Aquife? Levelsa into the 
Constituents OIS) ( m u 0  (md0 Aquife? 

- -____ -__ ~ _ _ _ _ _ _ . _ _  _ _  __ (mg!day) - - 

PLANT 1 STORAGE PAD 

Radionuclides 

u-234 

U-235 

U-238 

120 1.025E-07 2.33 1E-09 6.03OE-04 

120 1.296E-05 7.234E-06 7.62OE-02 

120 1.786E-03 4.526E-05 1.05 1 E +01 

a The number of significant figures are provided for calculational purposes, and do not reflect 
the accuracy of the value. 

KNOX/SUCR/KU/~-~/SUCRAPPO.TXT/~-21-92 0-4-14 



TABLE 0.44 

FEMPSWCR-4 DRAFT 
August 5,  1992 

3580 
RESUL'IS OF VADOSE ZONE MODELING - OPERABLE UNIT FOUR 

SlTE WIDE C H A R 4 V T I O N  REPORT 

Maximum Maximum 
Time to Loading Conc. Screening Loading Rates 

Reach Aquifer in Aquife? Levelsa into the 
Constituents (F) ( m u 0  (mu@) Aquife? 

- 

SILOS 1 & 2 

Radionuclides 

U-234 

U-235 

U-238 

Inorganics 

Boron 

Cyanide 

Mercury 

Organics - 

1,4-Dioxane 

Trichloroe t hane 

100 

100 

100 

160 

10 

460 

10 

120 

4.048E-08 

6.167E-06 

6.878E-04 

4.9 18E-01 

1.35 1E-02 

4.247E-07 

5.140E-04 

0.0 

2.331E-09 

7.234E-06 

4.526E-05 

N A ~  

1.460E-01 

2.2OOE-03 

NA 

NA 

2.190E-05 

3.336E-03 

3.721E-01 

2.660E +02 

7.308E+OO 

2.298E-04 

2.781 E-01 

0.0 

SILO 3 

Radionuclides 

U-234 

U-235 

U-238 

Inorganics 

Mercury 

120 3.741E-02 2.33 1E-09 9.267E+OO 

120 7.353E+00 7.234E-06 1.82 1E +03 

120 7.156E+02 4.526E-05 1.773E+05 

580 1.648E-03 2.2OOE-03 4.081 E-01 
- 

a The number of significant figures are provided for calculational purposes, and do not reflect 

NA indicates screening level is not available. 
- -the-accuracy of the value. . .  

123 
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TABLE 0.4-5 

August 5,  1992 

3580 

RESULTS OF VADOSE ZONE MODELING - OPERABLE U" FWE 
SITE WIDE CXARACIERIZATION REPORT 

~ _ _ _ _ ~  ~ 

Maximum Maximum 
Time to Loading Conc. Screening Loading Rates 

Reach Aquifer in Aquife? Levelsa into the 
Cons ti tuents (Yrs) (md8 (mg/O Aqui €e? 

PLANT 2/3 AREA 

Radionuclides 

Sr-90 

TC-99 

U-234 

U-235 

U-238 

Inoreanics 

Mercury 

Organics 

1,l-Dichloroethane 

Benzoic acid 

N-Ni troso-di-propylamine 

260 

40 

100 

100 

100 

420 

45 

50 

20 

2.641 E- 16 

2.427E-05 

7.201E-03 

2.098E +00 

1.481 E+ 02 

9.691 E-04 

0.0 

2.777E-02 

2.341 E-07 

4.449E-13 

9.252E-08 

2.33 1E-09 

7.234E-06 

4.526E-05 

2.200E-03 

7.300E-01 

2.920E + 0 1 

7.45OE-04 

3.145E-12 

2.89OE-01 

8.575E+01 

2.498E304 

1.763E +06 

1.154E+01 

0.0 

3.307E+02 

2.787E-03 

PLANT 6 AREA 

Radionuclides 

Sr-90 

TC-99 

U-234 

U-235 

U-238 
- -  . 

Inorganics 

Cyanide 

100 

20 

60 

60 

60 
- 

5 

1.98OE-11 4.449E-13 1.263E-07 

5.618E-05 9.252E-08 3.584E-01 

3.978E-03 2.33 1E-09 2.538E+01 

6.299E-01 7.234E-06 4.019E +03 

2.285E+02 4.526E-05 1.458E306 
- . .  

1.359E-02 1.460E-01 8.669E +01 

KNOX/SUCR/KU/3 - 5/SUCRAPPO. T X T / 7 -  21 -92 0-4-16 



TABLE 0.45 FEMPSWCR-4 DRAFT 
(Continued) August 5,1992 

3580 
Maximum Maximum 

Time to Loading Conc. Screening Loading Rates 
Reach Aquifer in Aquife? Levelsa into the 

Cons ti tuents 0.s) (mglQ) (mg/Q) Aqui fe? 
(mg/day) 

PLANT6AREA 

-- - - -. .- _ _ _ _  __ - ----or anics __-__-_ 

0.0 1,l-Dichloroethene 20 0.0 6.08OE-06 

1,2-Dichloroethene 50 0.0 N A ~  0.0 

1.665E+01 

0.0 Tetrachloroethene 130 0.0 7.160E-06 

Trichloroe t hene 130 0.0 3.32OE-04 0.0 

Vinyl chloride 5 1.175E-03 1.920E-06 7.497E+OO 

2-Hexanone 10 2.609E-03 NA 

PLANT9AREA 

Radionuclides 

Sr-90 

TC-99 

U-234 

U-235 

U-238 

Organics 

2-Hexanone 

Bromodichloromethane 

Carbon disulfide 

520 

40 

160 

160 

160 

35 

100 

170 

2.3 12E-20 

3.485E-05 

7.60 1 E-04 

1.757E+OO 

1.268E +01 

3.686E-04 

1.257E-03 

5.561E-04 

4.449E-13 8.194E-17 

9.252E-08 1.235E-01 

2.33 1E-09 2.694E +OO 
7.234E-06 6.226E+03 

4.526E-05 4.493E+04 

NA 1.306E+00 

1.460E-01 4.456E300 

7.300E-01 1.971E+00 

0-4-17 125 



TABLE 0.45 
(Continued) 

FEMPSWCR-4 DRAFT 
August 5,1992 

3580 
Maximum Maximum 

Time to Loading Conc. Screening Loading Rates 
Levelsa into the 

Constituents (Yrs) (md0 (mg/O Aquife? 
Reach Aquifer in Aquife? 

(mg/day) 

PILOT PLANT AREA 

~~ 

Radionuclides 

Sr-90 320 5.912E-17 4.449E-13 1.592E-13 

TC-99 40 5.21OE-05 9.252E-08 1.403E-01 

u-234 120 6.805E-05 2.33 1 E-09 1.833E-0 1 

U-235 120 1.904E-02 7.234E-06 5.127E+01 

U-238 120 1.264E+00 4.526E-05 3.405E +03 

Inoreanics 

Mercury 

0 rea n ics 

1,l-Dichloroethane 

1, 1,2-Trichloroe t hane 

1,2-Dichloroethane 

Carbon disulfide 

Vinyl chloride 

640 1.930E-03 2.2OOE-03 5.199E+00 

60 0.0 7.300E-01 0.0 

140 0.0 NA 0.0 

35 2.222E-12 4.010E-05 5.985 E-09 

110 7.282E-04 7.300E-01 1.961 E +00 

15 4.33OE-04 1.92OE-06 1.166E +OO 

a The number of significant figures are provided for calculational purposes, and do not reflect 
the accuracy of the value. 
NA indicates screening level is not available. 

- . ~ .  ~ 
- .  - . . . . . . .. . 
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FIGURE 0.4-1. MASS LOADING OF URANIUM-238 INTO THE GREAT MIAMI 
RIVER AQUIFER FROM WASTE PIT 1 (OPERABLE UNIT 1) 
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FIGURE 0.4-2. MASS LOADING OF URANIUM-238 INTO THE GREAT MIAMI RIVER 
AQUIFER FROM SOLID WASTE LANDFILL (OPERABLE UNIT 2) 
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FIGURE 0.4-3. MASS LOADING OF URANIUM-238 INTO THE GREAT MIAMI RIVER 
AQUIFER FROM PLANT 1 STORAGE PAD (OPERABLE UNIT 3) 
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FIGURE 0.4-4. a MASS LOADING OF URANIUM-238 INTO THE GREAT MIAMI RIVER 
AQUIFER FROM SILOS 1&2 (OPERABLE UNIT 4) 
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FIGURE 0.4-5. MASS LOADING OF URANIUM-238 INTO THE GREAT MIAMI RIVER 
AQUIFER FROM PLANT 2/3 AREA (OPERABLE UNIT 5) 
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and 2 (Operable Unit 4), and Plant 2/3 Area (Operable Unit 5), respectively. 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 lo00 years as shown in 
Figures 0.4-1 through 0.4-4. For short depletion time, the source term vanishes earlier during 
the simulation period. Also, for high depletion rate, the source term decreases faster during the 
simulation period. These factors cause an unsteady variation along with a sharp decline in the 
loading rates as shown in Figure 0.4-5. 

________ __ ~- - ___ _ _ _ _ _ _ ~  __ - _ _ _ _ _  _ _ _ _ _  

The selected constituents to be modeled using SWIFT III were based on the risk associated with 
human health from the ingestion of water from the Great Miami Aquifer. The modeling of 
contaminant migration through the vadose zone to the Great Miami Aquifer, revealed that the 
peak concentrations of some constituents reaching the aquifer can be expected to be quite low. 
These concentrations would be further diluted in the aquifer. Consequently, the modeling of 
these contaminants in the aquifer was not considered justifiable for the human health risk 
assessment. 

The decision to model a constituent in the aquifer was based on whether the concentration in the 
leachate exceeded a predetermined screening level. The concentration in the leachate (before 
dilution in the aquifer) capable of producing a lifetime risk of cancer was selected to be an 
appropriate and conservative screening level. These screening levels are presented in Tables 0.4- 
1 through 0.4-5 to provide a basis for selection of the constituents to be used for aquifer 
modeling. The selection of this low concentration ensures that no chemical capable of 
contributing a significant risk to the site-wide RME was overlooked in the groundwater fate and 
transport portion of the risk assessment. If the predicted concentration of a given constituent at 
the vadose zone/aquifer interface equals or exceeds the respective screening level concentration, 
the constituent was selected for aquifer modeling. Table 0.4-6 presents a summary of 
constituents which were considered for aquifer modeling. 
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TABLE 0.46 3580 
SUMMARY OFTHE CON- OF CONCERN WHICH WILL ENTER THE 

AQUIFER IN loo0 YEARS AND THE CON- FOR SWIFI' III MODELING 

1,4-Dioxane I 4.46E-Md NA No 
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a NA indicates screening level is not available. 
Concentration is less than background concentrations, therefore, it was not included in the 
SWIFT I11 modeling. 
Concentration is below analytical testing methods and, therefore, it was not included in the 
SWIFT I11 modeling. 
The constituent of concern was eliminated from the aquifer modeling due to application 
complications. 

.. . .  .. . .  . . . . . . . . 
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05.0 AQUIFER MODELING 

0.5.1 MODEL BACKGROUND AND DEVELOPMENT 

1 

3580 
2 

Groundwater modeling for the site-wide risk analysis was performed with the calibrated 
groundwater flow model for the FEMP. This model utilizes the SWIFI' III code and was 
previously calibrated using groundwater elevations obtained during the April 1986 monitoring 

3 

4 

5 

6 period. A brief summary of the calibration and the results of the calibration are  presented in this 
68 

section. 7 
_.___ _ _  - 

The groundwater modeling program was initiated to define groundwater transport in and around 
the EM". The selection, verification, calibration, and results of groundwater modeling are 
presented in two separate reports (IT 1990 and ASUlT 1990). The groundwater model used in 
support of the site-wide risk analysis is a finitedifference computer model of groundwater flow 
and solute transport. The computer program used is SWIFT 111, version 2.25. 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 RUFS (ASUT 1990). Only the most pertinent 
information is presented here. A comprehensive verification study of the SWIFT I11 code has 
also been completed and a report issued (IT 1990b). 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Steps in the development of the model for application to the FEMP have included: 17 

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 

18 
19 

20 
21 

Application of a local, twodimensional, analytical solute transport model to help 
strategize the numerical solute transport model 

22 
23 

Construction of a local, twodimensional, transient solute transport model 24 

Construction and calibration of a local, three-dimensional, transient solute transport 
model with uranium concentration data from the monitoring wells. 

25 
26 

The regional model covers an area of 28.7 square miles (74.3 km2), including the FEMP, the 27 

28 

29 

30 

31 

Southern Ohio Water Company (SOWC) collector wells, and a portion of the GMR. The 
regional model's grid spacing varies between 250 feet and 2000 feet (76 m and 610 m), 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. a 32 

0-5-1 135 



The local model covers a smaller area than the regional model and uses a tighter grid spacing, 
with grid cells 125 feet (38 m) on  a side. The smaller grid was established to include the area of 
the existing uranium plume, and extends from the northern part of the FEMP to  approximately 
1500 feet (460 m) north of the GMR (Figure 0.5-1). The grid size was selected based on the 
need to simulate a uranium dispersivity of 100 feet (30 m) longitudinally, which was the preferred 
value based on  literature review (IT 1990b). Using this dispersivity value, the grid size was 
selected to accommodate dispersivity values as low as 62.5 feet (19 m), or  half the distance of the 
local grid area of 125 feet (38 m). The relationship between the local and regional models was 
established by imposing the steady-state flow f i e ~ ~ i c t e d - b ~ h ~ ~ g i o n a l m o d e l o n t o h e l o c a l ~  
solute transport model. 

a 

The regional and local models each contain five layers. 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 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. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Pumping wells are located in the area spanned by both the regional and local models. These 
include a FEMP production well 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 GMR. 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. 26 

m 
21 

22 

23 

24 

25 

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 

27 
28 

29 

30 

31 

32 

33 

- 3 4  

and then varied within an acceptable range to adjust model-computed heads into agreement with 
observed monitoring well heads. The monitoring well heads used for calibration were measured 
in 1986 and are shown in Figure 0.5-2. This period represents average groundwater conditions 
and water level elevations as indicated by time-series analysis. - - 
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FIGURE 0.5-1 ~~ 

SWIFT I l l  LOCAL AREA MODEL GRID 
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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 per day (140 dday) ,  and the lowermost layers used 600 feet per day (180 dday) .  In 
addition, a portion of the middle layer which underlies the FEMP was assigned 0.0003 feet per 
day (9 x lo5 d d a y )  as a hydraulic conductivity value to  represent the clay interbed (as shown by 
geologic boring). This simulated the presence of a low permeability clay and created a semi- 
confining layer underneath part of the FEMP and its surrounding area. 

* __ --- ~ 

-Recharge-rates-!t -a a-r%Silt-of t h e  regional Edel-cihbration were assigned to several different 
zones. In areas where the sand and gravel aquifer is overlain by glacial overburden, a recharge of 
6 inches per year (0.15 m&) was used. Regions where the Great Miami Aquifer is exposed at 
the surface use 14 inches per year (0.36 m&), with Paddys Run channel being assigned a value of 
32 inches per year (0.81 m&) in the local model to simulate its increased infiltration. An 
additional region, the area covered by the FEMP was also included as a consequence of the 
sensitivity analysis. This region was assigned a value of 2 inches per year (0.05 m&r) to  simulate 
the developed nature of the site and the effects of stormwater drainage into the storm sewer 
system. 

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 (0.1 m). The excellent match portrayed by this residual value 
is realized when compared to a total change in hydraulic head of approximately 20 feet (6.1 m) 
over the modeling area. The mean of the absolute values of the residuals was 1.08 feet (033 m), 
with a standard deviation of 1.36 feet (0.41 m). Water balances performed using the model 
showed total inflow and total outflow from the model to agree within 0.2 percent. 

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. This resulting potentiometric surface is shown in 
Figure 0.5-3. 
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0.5.2 CONCEPTUAL MODEL FOR SITE-WIDE RISK ASSESSMENT 1 

The groundwater modeling performed for the site-wide risk analysis was done utilizing data 
obtained from the vadose zone modeling results. Compounds were initially simulated to  
determine their transport rates through the vadose zone. This modeling using onedimensional 
Seepage analysis (see Section 0.5.0) derived loading rates and times for each of the 21 potential 

unit, and the area it occupies is shown in Table 0.5-1. 

2 

3 

4 

5 

6 

7 

source areas within the five operable units. Each of these source areas, its associated operable 

. ___ - 

Using the-results-of-the~adme3ne-modelinthFlEGding rates of each compound were used to 
calculate the expected maximum concentration which would occur in the Great Miami Aquifer. 
These expected maximum concentrations were then compared to risk-based screening 
concentrations to determine if a significant amount of risk would be developed from each 
compound. This resulted in 10 compounds to be modeled, that are already presented in Table 

8 

9 

10 

11 

12 

0.4-6. 13 

- 

As stated previously, the calibrated groundwater flow model for the FEMP was used to simulate 14 

15 

16 

17 

18 

19 

20 
21 

the solute transport of the compounds in the Great Miami Aquifer. Based on the aquifer loading 

years in length and were defined in direct proportion to the changes in loading rates for each 
compound. Thus, compounds with steady loading rates had long loading periods, while 
compounds with variable loading rates used short loading periods. This allowed the simulation of 
short loading “spikes” while at the same time minimizing data input and runtimes. 

rates derived from the vadose zone modeling, loading periods were defined for each compound to 
reduce the amount of data entry required. In general, loading periods ranged from 10 to 200 

0 

Compounds were simulated for a total of 1000 years in the Great Miami Aquifer or  until their 
concentrations reduced below 1 microgram per liter (pg/4). Below this level, numerical 
dispersion inherent in the model began to approach the same magnitude as the compound’s 
concentration level. Results were output every 25 years for all compounds, to  allow for 
calculation of risk levels in the aquifer at various times. 

22 

23 

24 

25 

26 

0.5.3 SATURATED FLOW MODELING FOR SITE-WIDE RISK ASSESSMENT 
Saturated flow modeling for the site-wide risk analysis was initiated by dividing each of the loading 

27 

28 

29 

30 

31 

32 

cuwes generated by the vadose zone modeling into loading periods. As stated previously, the 
lengths of the loading periods were varied based upon the change in loading experienced by each 
compound. 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. 33 
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TABLE 05-1 

SOURCE AREAS FOR FEMP AQUIFER MODEL 

Location 

Areaa Number of Cells 
for 

m2 (ft2> Modeled Area 

Operable Unit 1 

Waste-Pi  t-1 

Waste Pit 2 

Waste Pit 3 

Waste Pit 4 

Waste Pit 5 

Waste Pit 6 

Clearwell 

Burnpit 

Operable Unit 2 

Solid Waste Landfill 

North Lime Sludge Pond 

South Lime Sludge Pond 

Active Flyash Pile 

Inactive Flyash Pile 

South Field 

Operable Unit 3 

Plant 1 Storage Pad 

Operable Unit 4 

Silos 1 & 2 

Silo 3 

Operable Unit 5 

Plant 2/3 Area 

Plant 6 Area 

Plant 9 Area 

-,-- 7 682 ~- 

4,171 

22,422 

7,785 

14,965 

3,011 

2,737 

2,O 19 

3,93 1 

2,604 

2,751 

8,715 

12,150 

22,501 

9,187 

934 

467 

26,040 

17,440 

5,813 

-(82,691-) 5 

(44,901) 3 

(241,347) 15 

(83,799) 5 

( 16 1,077) 10 

(32,410) 2 

(29,461) 2 

(21,732) 1 

(42,3 13) 3 

(28,029) 2 

(29,6 12) 2 

(93,806) 6 

(130,782) 8 

(242,200) 16 

(98,888) 6 

(10,054) 1 

(5,027) 1 

(280,292) 18 

(187,723) 12 

(62,571) 4 
- - . - - - . - - -. -. -. . . - . - . . . . . - - -- . .. . - - - - . .. . . . . -. . . . - - - - - - - . . . . - . . - . . . - - - . - - - 

Pilot-Plant Area 4,650-. (50l052) 3 

a The number of significant figures are provided for calculational purposes and do not reflect the accuracy 
of the value. 
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Loading rates were assigned to each of the 21 potential source areas in the model and were 
adjusted to account for the varying surface area occupied by each source. Model source areas 
were calculated by dividing the area of the actual source by the area of a model grid cell, which is 
125 feet (38 m) on  a side (a total of 15,625 square feet [1450 m’]). This defined the number of 
cells needed for each source area in the model as shown in Table 0.5-1. Cells in the model were 
then assigned to each source area to correspond with the physical location of the source. These 
areas are shown in Figure 0.5-4. The loading rate for each compound was then divided by the 
number of model cells in each source area to derive the adjusted loading rate for each cell in the 
source area. 
_ _ _ _ _ _ _  _ _ _ -  - _  -___ __--- --- - 

In the case of U-234, U-235, and U-238, all three uranium isotopes were modeled as one 
compound to simplify the modeling and to allow the use of the previously calibrated total-uranium 
solute transport model. Because the previous model utilizes total-uranium and because the 
uranium at the FEMP is mostly U-238 (approximately 99 percent by mass), this approach was 
used. 

Initial background concentrations of each compound in the aquifer were set at zero, with the 
exception of uranium, which used the results of the calibrated local solute transport model for 
uranium at the FEMP to set initial concentrations. The construction, calibration, and results of 
this model have been presented in a previous report (ASUIT 1990), and will not be presented 
here. The uranium concentrations for model Layer 1 (the uppermost layer) from the calibrated 
solute transport model are shown in Figure 0.5-5. 

0 
The model simulations for the compounds at the FEMP used dispersivity values of 100 feet 
(30 m) longitudinal and 10 feet (3 m) in the transverse direction. These values were determined 
during the solute transport calibration for uranium and are based on values taken from literature 
review (ASUIT 1990 and Walton 1985). Retardation factors were compound-specific and are 
summarized in Table 0.5-2. These values are based on literature reviews of the specific 
compounds in sands and gravels similar to the Great Miami Aquifer. 

Model simulations were done using SWIFT I11 on a Prime E m 2 5  minicomputer. Simulation 
execution times varied between 60 and 170 hours 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 the simulation times of 10, 30, 100, 300, and 
lo00 years. Figures 0.5-6 through 0.5-10 illustrate the changing uranium concentrations in Layer 
1 of the aquifer predicted by the model. Figures 0.5-5 through 0.5-8 depict a plume of uranium 
in groundwater along the southern boundary of the FEMP property. It appears that this plume 
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FIGURE 0.5-5 INITIAL CONCENTRATION (ppb) OF URANIUM 

1 4 4  IN GROUNDWATER BENEATH T H E  FEMP 
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TABLE 05-2 3580 

RETARDATION FACIO= AND HALF-LIVES FOR COMPOUNDS 
MODELED BY SWIFI' III 

Half-life 

( Y 4  Compound Retardation Factor 

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

Np-237 40.8 2,140,000 

Sr-90 20.9 28.6 

Tc-99 

u-233 

1.56 

12.0 

213,000 

1.6E +05 

12.0 2.4E+05 U-234 

U-235 

U-238 

12.0 

12.0 

7.OE + 08 

4.4E+W 

Inoreanics 

Boron 24.9 NAa 

Molybdenum 80.6 NA 

Organics 

4-chloro-3-me t hylphenol 83.8 NA 

Vinyl chloride 1.26 NA 

a NA indicates "not applicable" 
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FIGURE 0.5-6 ESTIMATED CONCENTRATION (ppb) OF URANIUM 

1 4 6  IN GROUNDWATER BENEATH THE FEMP ARER 10 YEARS 
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FIGURE 0.5-7 ESTIMATED CONCENTRATION (ppb) OF URANIUM 

147 IN GROUNDWATER BENEATH THE FEMP AFTER 30 YEARS 
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FIGURE 0.5-8 ESTIMATED CONCENTRATIONS OF URANIUM (ppb) IN GROUNDWATER 

148 
BENEATH T H E  FEMP AFTER 100 Y E A R S  
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FIGURE 0.5-1 0 ESTIMATED CONCENTRATION (ppb)  OF URANIUM 
IN GROUNDWATER BENEATH THE FEMP AT 1000 YEARS I50 
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originated from direct charging of the aquifer by surface water contaminated by soluble forms of 
uranium through the stream bed of Paddys Run. Since drainage controls have been added and 
production has ceased, it has been assumed that this source of loading to the aquifer has also 
stopped. 4 

1 

2 

3 

Contributions from buried sources around the FEMP begin to appear in the aquifer around 100 

production area just before 300 years, and remains virtually unchanged over the next 700 years of 

5 

6 

7 

years after the beginning of the simulation (Figure 0.5-6). This loading peaks under the 

-_ __ - - __ __ ~ _ _  _ _  - _ _  
the simulation. a- 

Figures 0.5-11 through 0.5-20 portray model results for those constituents predicted to be 
present in the aquifer in significant concentrations. Note that all constituents modeled are not 
shown in these figures. This is because some constituents were diluted below detection limits 
before they spread very far downgradient. 

9 

10 

11 

12 

Model results for each compound were examined to locate the time and location of the peak 
concentration of each constituent (Table 0.5-3). The model predicts that the peak 

13 

14 

15 

16 

concentrations of these constituents of concern will occur before 300 years and be confined to the 
property. One of these constituents, Np-237, is predicted to peak about 700 years after the start 
of the modeling (Figure 0.5-12). 17 

KNOX/SYCR/KY/3-5/SUCRAPPO. TXT/7-21-92 0-5-18 151 



SITE BOUNDARY 

FIGURE 0.5-1 1 ESTIMATED CONCENTRATlON (ppb) OF NEPTUNIUM 

152 IN GROUNDWATER BENEATH THE FEMP AFTER 1000 YEARS 
0-5-19 
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FIGURE 0.5-12 ESTIMATED CONCENTRATION (ppb) OF NEPTUNIUM , 

IN GROUNDWATER BENEATH THE FEMP AFTER 700 YEARS 153 
0-5-20 



FIGURE 0.5-1 3 ESTIMATED CONCENTRATION (ppb) OF TC-99 
IN GROUNDWATER BENEATH THE E M P  AT 10 YEARS 

0-5-21 154 



FIGURE 0.5-1 4 ESTIMATED CONCENTRATION (ppb) OF TC-99 
IN GROUNDWATER BENEATH THE FEMP A F E R  30 YEARS 

155 
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FIGURE 0.5-15 ESTIMATED CONCENTRATION (ppb) OF TC-99 

156 IN GROUNDWATER BENEATH THE FEMP AFTER 100 YEARS 
05-23 



FEMPSWCR-4 DRAFT 
August 5,1992 

3580 

I 
I 
I 
I 

KNOX/SUCR/KY/3-5/SUCRAPPO. TXT/7-21-92 



a 

FIGURE 0.5-17 ESTIMATED CONCENTRATION (ppb) OF BORON 
IN GROUNDWATER BENEATH THE FEMP AT 300 YEARS . 

0-5-25 -158 
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IN GROUNDWATER BENEATH THE FEMP AFTER 1000 YEARS 
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FIGURE 0.5-19 ESTIMATED CONCENTRAnON (ppb) OF VINYL CHLORIDE IN 

160  GROUNDWATER BENEATH ME FEMP AFTER 10 YEARS 
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FIGURE 0.5-20 ESTIMATED CONCENTRATtON (ppb) OF VINYL CHLORIDE 
IN GROUNDWATER BENEATH THE FEMP m E R  30 YEARS 

0-5-28 161 
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TABLE 05-3 

MAXIMUM CONCENTRATIONS FOR COMPOUNDS 
MODELED IN THE AQUIFER BENEATH THE FEMP BY SWIFT III 

Maximum Concentration Time of Maximum 
in the Aquifer Concentration 

3580 
1 

2 

3 

4 OIS) 
- 

----------Compound bdQ) 
Radionuclides 5 

Np-237 1.472E-04 700 6 

Sr-90 1.905E-09 100 7 

Tc-99 8.919E-03 100 8 

Inoreanics 9 

Boron 4.090E-01 100 10 

Molybdenum 3.237E +01 700 11 

Uranium 8.497E +03 300 12 

Organics 13 

khloro-3-methylphenol 5.884E-02 800 14 

Vinyl chloride 7.162E-01 20 1s 
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P.1 .O INTRODUCTION 
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1 

The modeling approach used to estimate contaminant concentrations in surface water and 
sediment resulting from transport by surface water runoff' is described in this appendix. Modeling 
the contaminant transport by runoff requires characterization of the contaminants in the initial 

2 

3 

4 

5 

6 
soil or waste source term. Once a runoff scenario is selected, one of two models will be used to 
quantify the migration of contaminants to stream sediment and surface water from erosion by 
runoff 3 f f l E i t .  7- 

.. . 

170 
P-1-1 



P.2.0 MODEL DESCRIPTION 
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P.2.1 CALCULATION OF SOIL LOSS FROM RUNOFF 
The two soil loss models, obtained from the EPA Superfund Exposure Assessment Manual (EPA 
1988), are the Universal Soil Loss Equation (USLE) and the Modified Universal Soil Loss 
Equation (MUSLE). These models calculate the total mass of soil transported annually (USLE) 
by surface water runoff or by a single rainfall event (MUSLE). The USLE model takes the same 

3550 

1 

2 

3 

4 

5 

6 

foXKRUSCE,t-t h~t-~SL-Econside~s-e-rosion-po ten tial-from-average-annual-rainfall-to 7- 

determine runoff, while MUSLE employs even t-specific runoff volume, storm duration, and flow 8 

rate variables. 9 

Annual soil loss is estimated using the USLE: 10 

Soil loss is estimated using the MUSLE: 

where 
Y ( s b  
w e  
CF 
Rr  
K 
Ls 
C 
P 
A 
Sd 
Vr 
9P 

= Annual soil loss in runoff (metric tons/yr) 
= Soil loss in runoff (metric tons per event) 
= Conversion factor (11.8 for metric units) 
= Rainfall and runoff erosion potential factor (unitless) 
= Soil erodability factor (metric tons/ha/unit Rr) 
= Product of slope length factor and slope steepness factor (unitless) 
= Cover factor (unitless) 
= Erosion control practice factor (unitless) 
= Contaminated area (hectares) 
= Sediment delivery ratio (unitless) 
= Volume of runoff (m3) 
= Peak runoff llow rate (m3/sec) 

Intermediate parameters Vr and qp are calculated by: 

Vr = (lOO)(A)(Qr) 

(P-2-1) 11  

12 

(P-2-2) 13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 

.. 

(P-2-3) 28 

P-2-1 
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1 0 and 

and 

Qr = (Rt-0.2Sw) 2/(Rt+0.8Sw) (P-2-4) 2 

3 

SW = (2.54)[( 1000/CN)-10] (P-2-5) 4 

and 5 
-_ 

q p  = (0.028) (A)( R t)( Qr)/(Tr)( Rt-0.2Sw) (P-2-6) 6 

where 7 

Qr = Depth of runoff (cm) 
R t  = Depth of rainfall (cm) 
Sw = Soil water retention factor (cm) 
CN = SCS runoff curve number (unitless) 
Tr = Rainfall duration (hours) 

8 
9 
10 
1 1  
12 

P.2.2 CALCULATION OF CONTAMINANT PARTITIONING AND LOADING 13 

Additional models are used to describe contaminant partitioning between soil and water in the 14 

15 

16 

17 

18 

19 

receiving water body. These partitioning models provide an estimate of the contaminant 
concentration in surface water runoff and in the soil that is carried with the runoff and deposited 
in the sediments of receiving surface water bodies (Haith 1980, Mills e t  al. 1982). The portion of 
contaminant from the eroded soil that remains with the sediment'or is dissolved in the water is 
estimated using the following equations, respectively: 

Ss = [U(l +Oc/(Kd p))] (Ci)(p)(A)(d)(CF) (P-2-7) 20 

and 

Ms = [1/(1+(Kd p)/Oc)] (Ci)(p)(A)(d)(CF) 

21 

(P-2-8) 22 

where 23 

Ss = Available quantity of adsorbed contaminant (portion to sediment) (g) 
Ms = Available quantity of dissolved contaminant (portion to water) (8) 
Oc = Available water capacity in top cm of soil (unitless) 
Kd = Sorption partition coefficient (cm3/g) 
p = Bulk soil density (dcm3) 
Ci = Concentration of contaminant in soil (mgkg) 
d = Depth of soil affected by rainfall (assumed = 1 cm) 
CF = Conversion factor, 100 (kdmg cm?-/ha) 

24 
25 
26 
21 
28 
29 
30 
31 
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A = Contaminated volume (hr-cm) 

The mass of adsorbed contaminant in the source area is: 

PXi = [(Y(s)e/lOOpA]Ss 

where 

August 5, 1992 3580 
1 

2 

(P-2-9) 3 

4 

PXi = Sorbed substance available per event (8) 

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

Cs = PXi/Y(s)e 

where 

Cs = Sediment concentration (dmetric ton or mgkg) 

The mass of dissolved contaminant from the source area is: a 
PQi = (Qr/Rt)Ms 

where 

PQi = Dissolved substance'available per event (6)  

The  contaminant concentration in the runoff effluent is: 

Ce = PQi/Vr 

where 

Ce = Concentration of contaminant in runoff (drn3) 
Vr  = Volume of runoff (m3) 

- .  

The average effluent flow rate is: 

5 

6 

(P-2- 10) 7 

8 

9 

10 

(P-2-11) 11  

12 

13 

14 

(P-2-12) 1s 

16 

17 
18 

19 

Qe = VrRr (P-2-13) 20 
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The contaminant concentration in the receiving water body downstream is: 

Cw = (Ce)(Qe)/(Qt + Qe) 

where 

Cw = Concentration of contaminant in surface water downstre 

FEMP-SWCR-4 DRAFT 
August 5, 1992 

(P-2-14) 

3580 

1 

2 

3 

4 
Qe = R~~~off-flo~rate-(m~/sec) 5- 

Qt = Flow rate of receiving water body downstream (m3/hr) 6 

P.2.3 EXAMPLE CALCULATION O F  U-238 LOADING TO STREAMS FROM SURFACE 
RUNOFF MODEL 

For the southwest quadrant of the former production area: 

Ci = 4.3 x 104 rnGg  
Area = 5.9 ha 
K = 0.37 tonshnit R 
LS = 0.27 ' 

C = 0.042 
P = 1  
Rt  = 6.35 cm 
CN = 71 
Tr = 24 hrs 
Kd = 1.8 mP/g 
Oc = 0.6 
p = 1.48g/cm3 

1. Calculate Y(s)e from MUSLE: 

W e  = (CF)[(V~)(QP)I'*'~ (K)(LS)(C)(P) 
= (1 l.8)[(Vr)(Qp)]0-56 (0.37)(0.27)(0.042)( 1) 
= 0.0495[(Vr)(Qp)]0*56 

Vr = (CF)(A)(Qr) 
= (l00)(5.9)Qr = 590Qr 

= 
.. . . .. .. - .- - - ... Qr . . .. .= .. (Rt : 0-2 SWP 1 (Rt . + .- 0.8 ~. SW) - . . . - . . . . - ~. . ._ . .. 

(6.35 - 0.2 S W ) ~  / 6.35 + 0.8. SW) 
SW = CF [(lOOO/CN) - 101 

= 2.54 [(1000/71) - 101 

7 
8 
9 

10 

11 

12 

13 

14 

, 15 

16 

17 

18 

19 

20 

21 

22 

23 
24 
25 

26 
27 
28 

30 
31 

- .  .. . - 

29 
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= 10.375 

Qr = [6.35 - (0.2)(10.375)]* / (6.35 + 0.8 (10.375)] 
Qr = 1.247 

1 

2 
3 

Vr = (590)(1.247) = 735.75 m3 4 

Qp = (CF)(A)(Rt)(Qr) / Tr (Rt-0.2 Sw) 5 
= (0.028)(6.35)( 1.247)(5.9) / (24)(4.275) 6 
=-0;0127-- - 7--- __ ___ - 

Y (s)e = 0.0495 [( 735.73) (0.0 1 27)]0.56 
= 0.173 metric tons (391 pounds) 

2. Calculate Ss: 

Ss = [l/(l+Oc/(Kd . p))] (Ci)(A)(p)$d)(CF) 
= 
= 3.065 x lo7 g (67,500 pounds) 

[l/(l + 0.6/(1.8)(1.48)](4.3 x 10 )(5.9)(1.48)(1)(100) 

3. Calculate Ms: 

Ms = IN1 + (Kd)(p). /OC)l (Ci)(p)(A)(d)(CF) 
= [1/(1+(1.8) 1.48)/(0.6)](4.3 x 104)(5.9)(1.48)(1)(100) 
= 6.903 x 10 g (15,200 pounds) & 

4. Calculate PXi: 

PXi = [Y(s)e / (lOO)(p)(A)](Ss) 
= 
= 6.072 x lo3 g (13.4 pounds) 

(0.173 / (100)(1.48)(5.9)] (3.065 x lo7) 

5. Calculate PQi: 

PQi = (Qr/Rt)(Ms) 
= [( 1.247)/(6.35)](6.903 x lo6) 
= 1.36 x lo6 g (3,000 pounds) 

. . .  
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Calculate Cs: a 
Cs = PXi/Y(s)e = (6.072 x lO3)/(O.173) 

= 3.51 x lo4 mgkg 

1 

2 
3 

7. Calculate Cw: 4 

Cw = (Ce)(Qe)/(Qt + Qe) 5 
__  __ - - -~__-___ ~ _ _ _ .  - ~- ___ _ _ _ _ _ ~ _ _ _ _  _ _ _ _  _ _ _  __ 

Ce = (PQi)/(Vr) = (1.36 x lo6) 4735.73) 6 
= 1.849 x lo3 g/m3 or mg/@ 7 

Qe = (Vr)/(Tr) = (735.73)/(24) 
= 30.66 m /hr 

8 
9 

Qt = 410 m3/hr(high flow) 10 

Cw = (1.849 x lO3)(30.66)/(41O+30.66) 11 

= 1.286 x lo2 g/m3 or mg/@ 12 

The numerical parameter values used to model the transport of soil and surface water by runoff 

area, and site-specific data. Numerical parameter values and references are presented in Table 

13 

14 

1s 

P.3-1. 16 

were obtained From appropriate EPA guidance documents, climatological databases for the FEMP 

P.2.4 CALCULATION OF TOTAL LOADINGS 17 

The effect of runoff from several areas entering the surface water simultaneously (as would be 18 

expected in a rainfall event) was estimated by summing the constituent loadings from each area 19 

20 for both Paddys Run and the SSOD. The receiving stream for each area is discussed below. 

Water column (dissolved constituent) concentrations were estimated by: 21 

Cw = (xPQi)/(Tr)/[Qt + (xvr)/(Tr)] (P-2-15) 22 

Where PQi and Vr are summed for all sites contributing to either Paddys Run or the SSOD. 23 

P-2-6 ’ 1.76 



Sediment concentrations (sorbed constituents) were estimated by: 

Cs = CPxi/CY(s)e 

FEMP-SWCR-4 DRAFT 
August 5,  1992 3 5 s 0 

1 

(P-2- 16) 2 

This equation assumes that the sediment loading from all contributing areas are combined to yield 
an average sediment concentration. 4 

3 

-- - 

Remaining areas (those not in any defined source term) were included in the calculation of total 5 

6 loadings and overall concentrations to  account for the expected runoff from the entire site. 

P.2.5 MODEL ASSUMPTIONS 7 

These models make the rollowing assumptions: 8 

Constituents adsorbed to soils in runoff remain adsorbed in the stream sediments 9 

Constituents dissolved in runoff water remain in the water column in the receiving 10 
stream 11 

Inputs from individual source areas can be summed to obtain site-wide inputs to  12 
receiving streams 13 

P-2-7 ' 177 



FEMP-SWCR-4 D R m  
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P.3.0 SOURCE TERMS AND MODEL PARAMEIERS 0 
Ten areas were selected as source terms for the model. These sites are: 

Northeast quadrant of the former production area 
Northwest quadrant of the former production area 
Southeast quadrant of the former production area 
Southwest quadrant of the former production area 

Silo area 
Waste Storage Area 
Flyash - South Field 
Remainder of the site expected to runoff into Paddys Run 
Remainder of the site expected to runoff into the SSOD 

Ancinerator Area- ___ - ..-__ .... - 

Model parameters and references for these source term areas are presented in Table P.3-1. 

Paddys Run is an intermittent stream that begins north of the site and flows southward along the 
western edge. Natural drainage from the site flows primarily to Paddys Run. Paddys Run flows 
into the Great Miami River 2.4 km south of the site. Some surface water drainage has been 
diverted away from Paddys Run into a retention basin (WMCO 1991). The  SSOD flows from the 
retention basis into Paddys Run in the south end of the site. 

Runoff from all quadrants in the former Production Area plus the Incinerator Area was assumed 
to flow into the SSOD. The  silo area, Waste Storage Area, and Flyash - South Field runoff was 
assumed to  enter Paddys Run. The  remainder of the site was divided into two areas to  account 
€or runoff into either Paddys Run or the SSOD that is not associated with any of the eight 
defined source areas. As shown in Table P.3-1, these remainder areas are approximately 20 to  80 
times larger than the size of any one source area. 

Surface water and sediment concentrations were modeled on an event-specific basis using 
MUSLE. Because Paddys Run and the SSOD are intermittent streams, event-specific 
concentrations should yield more realistic results of episodal contamination than an average 
calculated for one or several years. Low and high flow values for Paddys Run were used in the 
model to  represent flows in Paddys Run and the SSOD. (Flow rates were not available for the 
SSOD as of December 1, 1991.) Paddys Run flows primarily between January and May, with 
estimated flows from 0.2 to 4.0 cubic feet per second. Peak flows have not been gaged (ASI/IT 
1990). Surface water concentrations were estimated based o n  both high and low flow rates in the 
receiving stream. 0 
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P.4.0 MODEL RESULT'S 1 

Preliminary model runs yielded two items worth noting. First, MUSLE was run using the site 
parameters shown in Table P.3-1, with average rainfall data from the National Climate Database 

2 

3 

(NCDB 1992). With an average storm duration of 10.6 hours, and average precipitation amount 
of 0.6 inch (for the Cincinnati area), the model indicated that all of the precipitation was retained 
by the soil with no net runoff predicted. This indicates that an average rainfall at the site yields 
negligible amount~f~~ff .~T~e~efo~e~a~more~ext rem~e~ra infa l l -event -was-used- in- the-model - in-  
order to  yield any runoff. A one-year, 24-hour storm event (2.5 inches precipitation) was used to  
represent a more intense rainfall. This is comparable with measured rainfall at the site for July 
1988 of 6.9 inches, attributed primarily to two storm events (WMCO 1989). 

A second preliminary result to note came from the USLE model. USLE was used to model 
annual runoff amounts from each source area. Based on combining the mass of soil expected to 
runoff [Y(s)a] with source surface area (A) and soil bulk density (p),  the annual depth of soil loss 
was estimated. These calculations indicated that up to 0.004 cm per year is expected to be lost to  
soil erosion, or no more than 0.2 inches in 100 years. In general, soil erosion is not a major 
transport factor at the site. 

Results were calculated on a source term-specific basis and in terms of total loadings from the 
site. Source term specific surface water and sediment concentrations for the constituents of 
concern are presented in Tables P.4-1 through P.4-10. Total loadings are presented in Table P.4- 
11. With the exception of uranium, concentrations in the receiving streams are generally very 
low. 
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Q.l.0 INTRODUCTION 1 

During periods of turbulent wind conditions, particles of surface materials (e.g., contaminated soil) 
can become suspended in ambient air and thus become subject to inhalation. The quantity of 
particulates resuspended depends on wind speed and other site conditions such as soil moisture, 
particle size range, and the extent of vegetative cover. Once resuspended, particles travel in 
whatever direction the wind happens to be blowing at the time, dispersing as they migrate 
downwind and eventually resettling to the ground. Downwind concentrations of the contaminated 
particles can vary w i a e l ~ d e p e n d i n g t a t m o s p h ~ c d i t i o n s . I ~ t t h - i s s e c t i o ~ t h e m e t h ~ ~ - d o l o g y  
for estimating annual average concentrations of resuspended contaminants is described. Tables of 
estimated concentrations of airborne radionuclides and inorganic contaminants are presented. 
These concentrations form the basis for assessment of human exposure by the inhalation pathway, 
as described in Part 11, Preliminary Baseline Risk Assessment, Section 3.3. 
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Q.20 DESCRIPTION OF THE DISPERSION MODEL 1 

The Industrial Source Complex (ISC) model is an EPA guideline model (EPA 198%). The long- 
term version, ISCLT, calculates annual average concentrations of an airborne pollutant at user- 
selected locations of interest, called receptor locations. It is a steady-state, Gaussian plume model 
that is applicable in flat or  gently rolling terrain. It is well suited to this application, for it permits 
emission rates to vary with wind speeds. Data required for input to the model include emission 
rates of the sources, the locations and other physical information about the sources, 
meteorological information that is representative of actual site conditions, and ph~iCal-lEZtions 
of receptors. 

-___- -.- ..- __ _.-- ~.~ _ _  _. ___ .-__ ~ 
- 

r 

In this application, on-property meteorological data for 1989 was used. A windrose generated 
from this data is shown in Figure Q.2-1. A statistical summary of the data is presented in Table 
Q.2-1. The model was programmed to allow resuspension to occur only during the time that wind 

10 

11 

12 

13 speed one foot.(0.3 m) above the ground exceeded 12 mph (19 kmhr). 

Receptors were located in rows 100 meters apart, as shown by the grid in Figure Q.2-2. In 14 

15 

air monitoring sites (AMs-1 through AMs-7,  shown in Part I, Figure 3.4) and at the two nearest 16 

"sensitive receptor sites", Elda School in Ross, Ohio, and Township School, located between 17 

Fernald and New Haven. 18 

addition to these 575 receptors, "discrete receptors" were located at each of the seven perimeter 

.. 210 
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Q3.0 ASSUMPTIONS FOR DISPERSION MODELING 3580 
A knowledge of past operational practices at the FEMP is supplemented with environmental 
sampling to determine the sizes, locations, and contents of areas which might contribute to 
airborne contamination. Figure Q-3.1 indicates the areas selected for investigation. Currently, 
there are ten areas which have the potential to contribute contaminated dust and gases to the air 

constituents for these areas (presented in Appendix R) are used as the ISCLT source terms to 

2 

3 

4 

5 

6 

7 

on the FEMP property. The upper 95 percent confidence limit of the mean concentration of 

estimate ihZ current exposuresexpecte~-inairu~ddt hFFEMP-(Table Q i 3 3 T p  d 

-----8-- 

It is conceivable that erosion of soil at the FEMP could uncover waste which is presently buried 
beneath protective caps. In addition, containers could fail, spilling their contents onto the soil 
surface. In both of these cases, additional sources of aerial emissions could be added to those 
sources already present. Since it is difficult to predict the extent of erosion or  container failure 
over the next lo00 years, a scenario was constructed in which all caps are eroded, and all 
containers lose their integrity. These extremely conservative assumptions will provide an upper 
bound on  the potential future exposures associated with contaminated dust and gases from the 
FEMP. During construction of this "cap failure" scenario, 27 areas of subsurface soils and wastes 
were identified (Figure Q.3-1). The upper 95 percent confidence limit on  the mean concentration 
for constituents for these areas (presented in Appendix R) are used as the ISCLT source terms to 
estimate potential exposures in air around the FEMP (Table Q.3-2). The constituent 
concentrations in these subsoils are used as if they were surface soils (i.e., no caps). 

Except for the surface of Waste Pit 6, all contaminated surfaces on the FEMP tract were assumed 
to be normally dry and subject to resuspension. To facilitate modeling, it was assumed that 
resuspension rates could be reasonably estimated by the methodology presented in EPA guidance 
for fugitive emissions. (EPA 1987a), using representative wind-speed data and other typical site 
data, namely: 

Silt content of surface materials = approximately 10 percent 
Number of dry days per year (rainfall ~ 0 . 0 1  inches) = 240. 

The equation also requires the percentage of time that wind speed one foot (0.3 m) above the 
ground surface exceeds 12 mph (19 kmhr). This was calculated from on-property meteorological 
data, using a wind power law (EPA 1987b) to adjust the observed speeds at 10-meter height to 
corresponding speeds at one foot (0.3 m). 

An estimated resuspension rate of contaminated particles was calculated using the EPA 
methodology (EPA 1987a). The concentration of a specific contaminant in the particles was 
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assumed to  be the same as its measured concentration in undisturbed surface layers of the 
contaminated area. Thus, emission rates of the contaminant were calculated for input into the 
ISCLT model. Since radon is not a resuspended contaminant it is not dependant upon a 
threshold wind speed. Radon emission rates for input into the ISCLT model were based on  
information from prior investigations. The estimated emission rates, shown in Table Q.3-3, were 

1 

2 

3 

4 

5 

assumed to be constant. 6 
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Source 

TABLE Q3-3 

Cap Failure 
Scenarioa Current Scenario 

3580 

________ 

ESTIMATED RADON EMISSION RATES 
(picocuries per second) 

~~~~ ~~ 

Silo 1 1.7E + 07b 4.4E +05' 

Silo 2 1.7E+07' 4.4E +05' 

____ 

II silo 3 I 4.8E+05d I 1.2E+05d 

II Waste Pit 1 I 6.8E +04e I 6.8E+We 

II Waste Pit 2 I 2.6E +04e I 2.6E + 04e 

11 Waste Pit 3 I 5.8E+04e I 5.8E+04e 

a Silo Caps Fail 
Reference: Assessment of Radiation Dose and Cancer Risk for Emissions from 1951 
through 1984, page F-9 (IT 1989). 
The emission rate multiplied by the afterbefore ratio of "all four" monitored concentrations, 
minus background, appearing in Part I, Table 4.2.1-1. 
Example: [( 17.2E+06)*( 1.22-0.63)]/(23.85-0.86) = 441,OOO pCi/sec. 
Based on ratio of radium-226 in Silo 3 to radium-226 in Silos 1 and 2 (WMCO 1991), 
multiplied by the emission rate of Silos 1 and 2. 
Example: (3.87E+03/1.40E+05) * 17.2E+06 = 47.5E+04. 
Radon flux calculations and measurements performed by the FEMP. 

' 

e 

. . . . - . . 
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Q.4.0 MODELING RESULTS 1 

Under favorable wind conditions, resuspension can occur simultaneously from several 
contaminated areas on the FEMP tract. For example, 10 different areas are contaminated with 
known concentrations of Th-230. The amount of thorium resuspended from each area during the 
year depends on wind speed, area size, and the concentration of thorium in the surface layers. 
Using the procedures and assumptions described above, the annual average concentration of 
thorium at each of the 584 receptor locations was projected by the ISCLT model. Attachment Q- 
1 presents the model printout for current land-use conditiorkfor ThZ230: The receptor locations 
and concentrations are tabulated on pages 8 through 10 of the model printout. A plot of Th-230 
concentration isopleths generated by these data is presented in Figure 0.4-1. 

- __ __ _ _  __ ~ - - -  
8 

9 

10 

Additional runs of the ISCLT model generated concentrations of other resuspended contaminants 
of concern including radionuclide particles, radon gas, and inorganic compounds. In the printout 

11  

12 

13 of each run of the model, four concentrations of special interest were noted: 

Highest on-property concentration 14 

Highest off-property concentration 15 

Concentrations at the two nearest "sensitive receptor" sites: 
-Elda School in Ross, Ohio 
-Township School, located between Fernald and New Haven. 

16 
17 
18 

These concentrations are summarized in Tables Q.4-1 and Q.4-2, which represent present-day 
conditions. Concentrations representing cap failure conditions appear in Tables Q.4-3 and Q.4-4. 

the current land-use scenario for U-234, U-238, and radon, respectively. Plots of predicted 
contaminant concentrations for the cap failure scenario have been generated including two 
thorium isotopes (Th-230 and Th-232), three uranium isotopes (U-233, U-234, and U238), and 
radon. They are presented in Figures Q.4-5 'through Q.4-10. 

19 

20 

21 

22 

23 

24 

25 

In addition, Figures Q.4-2, Q.4-3, and Q.4-4 display the contaminant concentration isopleths under 

Q-4- 1 
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*- PACE 1 -- 
- ISCLT INPUT DATA * 

3580 NWBER OF SOURCES = 10 
NWBER OF X A X I S  GRID SYSTEM POINTS = 25 
NWBER OF Y A X I S  GRID SYSTEM POINTS = 25 

NU4BER OF SEASONS = 1 
NWER OF UlNO SPEED CLASSES = 6 
NlMBER OF STABILITY CLASSES = 6 
NWBER OF UIND OIRECTION CLASSES 8 16 
FlLE NWBER OF DATA FILE USED FOR REPORTS 1 
THE PROGRAM IS RUN I N  RURAL MoDE 

NIMBER OF SPECIAL POINTS 9 

_p_-_---- CWCENTRATIOI(~(DEPOSITlO)o-UN~TS-CO1(MRSl~-FACT~-~O.-lOOOOOOOE+O~- 
ACCELERATION OF GRAVITY (METERS/SEC**2) = 9.800 
HEIGHT OF MEASUREMENT OF UlNO SPEED (METERS) = 10.000 
CORRECTION ANGLE FOR GRID SYSTEW VERSUS DIRECTION DATA NORTH (DECREES) = 0.000 
DECAY COEFFICIENT =0.00000000E+00 
PROGRAM OPTION SWITCHES = 1, 1. 1, 0. 0. 3, 2, 2, 3, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 1, 0 ,  0 ,  1, 1, 0, 
ALL SOURCES ARE USED TO FORM SOURCE CCUBINATIW 1 

DISTANCE X AXIS GRID SYSTEM 
-600.00, -500.00, 
400.00, 500.00, 

- 1322.53, 4023.06, 
DISTANCE X SPECIAL DISCRETE 

DISTANCE Y AXIS GRID SYSTEM 
-900.00, -800.00, 
100.00, 200.00, 

DISTANCE Y SPECIAL DISCRETE 
906.78, 2140.00, 

POINTS (METERS )= -1200.00, -1100.00, -1~00.00, -900.00, -000.00, -700.00, 
-400.00, -300.00, -200.00, -100.00, 0 .OO, 100.00, 200.00, 300.00, 

&o.OO, 700.00, 800.00, 900.00, 1000.00, 
POINTS (METERS )= -28.35, 783.95, 708.36, 651 -66, -774.50, -1114.65, 
-2560.02, 
POINTS (METERS )= -1500.00, -1400.00, -1300.00, -1200.00, -1100.00, -1000.00, 

0.00, -mo.oo, -600.00, -SOO.OO, -4oo.00, -3oo.00, -200.00, -1oo.00, 
300.00, coo.oo, 5oo.00, 6oo.00, 7oo.00, aoo.00, 900.00, 

POINTS (METERS I= 8’28.43, 1095.76, -18.90, -1215.2a, -1105.20, -122.83, 
-2681.94, 

- AMBIENT A I R  TEMPERATURE (DEGREES KELVIN) - 
STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

SEASON 1 290.8300 290.8300 290.8300 285.2200 279.5600 279.5600 

- M I X I N G  LAYER HEIGHT (METERS) - 
SEASW 1 

WIND SPEED WIND SPEED UINO SPEED UlNO SPEED WIND SPEED WIND SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 U T E C O R Y  4 CATEGOUY 5 CATEGORY 6 

TABILITY CATEGORY 10.207600E+040.207600E+OC0.207600E+040.t07600E+040.207600E+040.207600E+OC 
TABILITY CATEWRY 20.138400E+O~O.138400E+OCO.138400E+040.13~OOE+040.138400E+040.138400E+04 
TABILI T Y  CATEGORY 30.138400E+040.13840cE+040.1384OOE+040.1384OOE+OCO. 1384OOE+040.138400E+04 
TABILITY CATEGORY C0.138400E+040.13840OE+~0.138COOE+040.13E%OOE+O~O. 138COOE+040.138400E+04 
TABlLITY CATEWRY 50.100000E+050.10000~+050.100000E+O50.10~000E+050.100000E+050.100000E+05 
TABILITY CATEGORY ~.100000E+0S0.100000E+050.100000E+050.100000E+050.100000E+050.100000E+05 

2.79 
Q-1-1 



'*** ISCLT *******m~r SUCR-EXPOSURE ASSESSMENT, CURRENT, TH-230, 4/29/92 

- ISCLT INPUT DATA (CONT.) - 

- FREQUENCY OF OCCURRENCE OF WINO SPEED, OIRECTIOW AND STABILITY - 
SEASON 1 

STABILITY CATEGORY 1 

WINO SPEED WINO SPEED WIND SPEED WIND SPEED WIND SPEED UINO SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

0 I RECT ION ( 1 .OOOOMPS)( 3 .OOOOMPS)( 5.000OHPS)( 7.0000MPS)( 9.OOOOMPS) ( 10. OOOOnPS) 

2 *- **-*em PA= 

3580 

0.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135 -000 
157.500 
180.000 
202.500 
225.000 
247.5 00 
270.000 
292.500 
315 -000 

0 IRECTX 011 
(DEGREES) 

0.000 
22.500 
4 s .  000 
67.500 
Po * 000 

112.500 
135.000 
157.500 
180.000 
202.500 
225 -000 
247.500 
270.000 
292.500 
315.000 

0.00000000 
0.00000000 
0.00012100 
0.00012100 
0.00000000 
0.00012100 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00012100 
0.00000000 
0.00012100 
0.00024100 
0.00072399 
0.00012100 

0.00048299 
0.00036199 
0.00096498 
0.00241295 
0.00108598 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00180W7 
0.00361 W3 
0.00506790 
0.00301594 
0.00096498 
0.00084498 
0.00072399 

0.00084498 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00012100 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00096498 0.00000000 
0.00132697 0.00012100 
0.00036199 0.00000000 
0.00096498 0.00012100 
0.00024100 0.00036199 
0.00000000 0.00000000 
0.00072399 0.00000000 

SEASON 1 

STABILITY CATEGORY 2 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0 .oooooooo 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

WINO SPEEO WINO SPEED UINO SPEED WINO SPEED WINO SPEED WINO SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

( 1 .OOOOMPS)( 3. OOOOMPS) ( 5.0000MPS)( 7.0000MPS)( 9.OOOOMPSl( 10. OOOOMPS) 

0.00012100 
0.00012100 
0.000361 99 
0.00072399 
0.00072399 
0.00012100 
0.00000000 
0.00024100 
0.00000000 
0.000361 99 
0.00084498 
0.00024100 
0.00072399 
0.00060299 
0.00036199 
0.000361 99 

0.00084498 
0.000361 99 
0.00060299 
0.00229196 
0.00024100 
0.00000000 
0.00012100 
0.00000000 
0.000361 99 
0.0021 71 96 
0.00241295 
0.00373993 
0.001 56897 
0.00048299 
O.OOO602W 
0.00086498 

0.00096498 0.00024100 
0.00012100 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00012100 0.00000000 
0.00036199 0.00000000 
0.00108598 0.00012100 
0.00060299 0.00000000 
0.00024100 0.00000000 
0.00000000 0.00000000 
0.00012100 0.00000000 
0.00036199 0.00000000 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000. - - -  - -  - - - 
0.00000000 

240 0-1-2 



**-- PACE 3 +- 
**+* ISCLT +**rr***.+m WCR-EXPOSURE ASSESSMENT, CLJRRENT, TH-230, 4/29/92 

- ISCLT INPUT DATA (CONT.) - 
3580 

- FREWENCY OF OCCURRENCE OF UIND SPEED, DIRECTION AND STABILITY - 
SEASON 1 

STABILITY CATEGORY 3 . 
. .  . 

UlND SPEED UIND SPEED UIND SPEED UIND SPEED UIND SPEED UIND SPEED 
CATEGORY 1 CATEGORY 2 CATEMllY 3 CATEGORY 4 CATEGORY 5 C A T E a Y  6 

DIRECT I ON ( 1 .000onPS)( 3 .000or(pS)( 5 .000OHPS)( 7.00OOWS)( 9.00OOnPS)( 10.000WS) 

0.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180 .000 
202.500 
225 .000 
247.500 
270.000 
292.500 
315.000 

DIRECTION 
(DEGREES) 

0.000 
22.500 
45 -000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 

0.00024100 0.00156897 
0.00OC829V 0.00108598 
0 - 00060299 O.OQ193096 
0.00193096 0.00168897 
0.00180997 0.00048299 
0.00060299 0.00048299 
0.00048299 0.00084498 
0 .00000000 0 .OOO36199 
0. 0001 2100 0 .OQ132697 
0.00060299 0 .00229196 
0.00156897 0.00410192 
0.0018OW7 0.00277495 
0.00060299 0.00180997 
0.00036199 0.00156897 

0.000MW 
0.0002ll00 
0.00084498 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0 .00000OOo 
0 .00012100 
0.000482w 
0.00060299 
0.00060299 
0.00060299 
0.00036199 

0.00012100 
0.00012100 
0 .00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0 .00000000 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0 .00000000 
0 .00000000 
0.00000000 
0 .00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0.00048299 0.00132697 0.00048299 0.00000000 0.00000000 0.00000000 
0.00036199 0.00161797 0.00036199 0.00000000 0.00000000 0.00000000 

SEASON 1 

STABILITY CATECORY 4 

WIND SPEED UIND SPEED UlND SPEED UIND SPEED UIND SPEED UlWD SPEED 
CATEMRY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 C A T E a Y  5 CATEGORY 6 

( 1 .0000HPS)( 3.000OMPS)( 5 .000mPS) ( 7.000oHPS)( 9.000OnPS) ( 10. 0000HPS) 

0.00470591 0.01677068 0.00675687 
0.00784285 0.01918364 0.00591189 
0.00989381 0.02002862 0.0033TzpL 
0.01182377 0.02306156 0.00241295 
0.00844584 0.00518790 0.00012100 
0.00615288 0.00180997 0.00000000 
0.00458491 0.00205096 0.00000000 
0.00386093 0.00180997 0.000361W 
0 .00554989 0.00748086 0.001 20698 
0.01013481 0.01459872 0.00398192 
0 -0135 1374 0.01 556470 0.00265395 
0.01 104477 0.00953182 0.00361 993 
0.00929082 0.00916983 0.00241295 
0.00495691 0.01 109979 0.00434392 

-0.00663587 -0.01073780 0.00458491 
0.00506790 0.00965282 0.00217196 

0.00084C98 
0.00012100 
0 .00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00012100 
0.00024100 
0.00012100 
0.00012100 
0.00012100 
0.00O482W 
0.000361 99 
0.00012100 

0.00000000 
0 .00000000 
0 .00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

-0.00000000 
0.00000000 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0 .00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0.00000000 

. .  . _ _  
- 0.00000000 - - - 

Q-1-3 



*e** ISCLT ************* SUP-EXPOSURE ASSESSMENT, NRRENT, TH-230, 4/29/92 

- ISCLT INPUT DATA (COLIT.) - 

- FREQUENCY OF OCCURRENCE QF WIND SPEED, OIRECTIOLI AN0 STABIL ITY . -  

SEASON 1 

. STABILITY CATEWRY-5 

.- PACE 4- 

3580 

WINO SPEED WINO SPEED WIND SPEED WINO SPEED WIND SPEED WINO SPEED 
CATEGORY 1 CATECORY 2 ' CATEGORY 3 CATEGORY 4 CATEtORY 5 CATEGORY 6 

DIRECTION ( 1 .OOOOnPS)( 3.000ocIpS)( 5.00OWS)( 7.000OnPS)( 9.OOOOnPS)(1O.OOOOnPS) 
(DEGREES) 

0.000 
22.500 
45 .ooo 
67.500 
90.000 
112 .SO0 
135.000 
157.500 
180 -000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTION 

0.000 
22.500 
45.000 
67.500 
90.000 
112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 

(DECREES) 

0.00603209 0.00670591 0.00012100 0.00000ooO 0.00000000 0.00000000 
0.0050629O 0.003UTpC 0.000121 00 0.00024100 0 .OOOOOOOO 0. 00000000 
0.00591189 0.002291% 
0.01339274 0.00506790 
0.00892883 0.001 08598 
0.00337794 0.00012100 
0.00518790 0.00060299 
0.00663587 0.00349893 
0.00868683 0.005ir91a9 
0.01 TJ7467 0.01363374 
0.02811246 0.02159659 
0.02606150 0.00712185 
0.01701268 0.01109979 
0.01339274 0.01218577 
0.01037580 0.00579109 
0.00723886 0.00289594 

0.00000000 
0.000482w 
0.00012100 
0 .000OOQOO 
0.00000000 
0.00000000 
0.001 08598 
0.00634392 
0.00289594 
0.000723w 
0.001 93096 
0.00325794 
0.00072300 
0.000723w 

0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0 .QOOOOOOO 0 .00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00012100 0.00000000 
0.00036199 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00036199 0.00000000 
0.00000000 0.00000000 
0.00012100 0.00000000 

SEASON 1 

STABILITY CATEGORY 6 

0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

WIND SPEED U N O  SPEED WIND SPEED WIND SPEED WINO SPEED WIND SPEED 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

( 1 .OOOOHPS)( 3.OOOOMPS)( 5.OOOOblPS)( 7.OOOOMPS)( 9.OOOOUPS)(1O.OOOOMPS) 

0.00192996 0.00000000 0.00000000 
0.00301694 O.WOOOO00 0.OOOOOM)Q 
0.00349893 0.00000000 0.OOOOOOW 
0.00542890 0.00048299 0.00000000 
0.00989381 0.00000000 0.00000ooO 
0.00820404 0.00000000 0.00000000 
0.00518790 0.00000000 0.00000000 
0.00615388 0.00000000 0.00000000 
0.00723886 0.00012100 0.00000000 
0.01303075 0.0002ClOO 0.00000000 
0.02606150 0.00060299 0.00000000 
0.04136421 0.00036199 0.00000000 
0.04741709 0.0002ClOO 0.00000000 
0.03885026 0.00000000 0.00000000 
6.02244257- 0.00000000 0.00000000~ 
0.00856681 0.00012100 0.00000000 

0.00000OOO 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0 .oooooooo 0.00000000 
0.00000000 0.00000000 
0.00000ooo 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 
0.00000000 0.00000000 

0.00000000 0.00000000 
0.00000000 0.00000000 

KnOX f SUCR f AC f 3 - 5 f  SUCRAPPQ . T X T f  05-28-92 Q-1-4 

0.00000000 
0.00000000 
0.00000000 
0 .OOODOOOO 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 
0.00000000 

0.00000000 

. .  

0.00000000 

242 



- ISCLT INPUT DATA (CONT.) 

- VERTICAL POTENTIAL TEMPERATURE GRADIENT (DEGREES KELVIN/METER) - 

5- PAGE 

3580 

WINO SPEED UINO SPEED UlNO SPEED WINO SPEEO U l N O  SPEED UlNO SPEED 
CATEGORY 1 C A T E a Y  2 CATEGORY 3 CATECORY 4 CATEGORY 5 CATEGORY 6 

STAB1 L I  TY .~ CATEGORY 10.000000E+000.000~M+OOO.OOOOOOE+OOO.OOOOOOE+OOO.OOOOOOE+OOO.OOOOOOE+OO 
STABIL ITY CATEGORY 20.000000E+000.000W~+000.000000E+000.00~~~~E+~0~.0~~~00E+000.000000E90 
STAB1 L I TY CATEGORY 3O.000000E+OO0.00000~+~O.OOOOOOE+OOO.OOOOOOE+OOO. 000000E+000.000000E+OO 
STAB1 L I  TY CATEGORY 40.000000E+000.000000E+000.000000E+000.000000E+000.000000E+000.000000E90 
S T A B I L I T Y  CATEGORY 50.200000E~010.~000~~-~10.200000E~010.200000E~010.200000E~010.200000E~01 

-STAB I L-l-TY-CATEGORY-60r350000E-010~3~0~~-~10~350000~~010~3~0000E~010~3~0000E~01 O d 5 0 0 0 0 E - 0 1  

- UIW PROFILE POWER LAW EXPONENTS - 
WIND SPEED WINO SPEED UINO SPEED WINO SPEED WIND SPEED UlNO SPEED 
CATEGORY 1 CATECORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

:TAB1 L I  TY CATEGORY 10.700000E-010.700000E-010.700000E-010.700000E-010.700000E-010.700000E-01 
3 T A B I L I T Y  CATEGORY 20.700000E-010.70000OE-OlO.7OOOOOE-Ol~.~~~~~~E-~~~.~~~~~~E-~~~.~0000E-01 
S T A B I L I T Y  CATECORY 30.100000E+000.100000E+000.100000E+000.100000E+000.100000E+000.100000E+00 
5TABIL  I T Y  CATEGORY 40.150000E+000.150000E+000.150000E+000.1~0000E+000.1~0000E+000.1~0000E+00 
j T A B l L l T Y  U T E t O R Y  50.350000E+000.350000E+W0.350000E+000.3~0000E+000.3~0000E+000.3~0000~+00 
STABIL ITY CATEGORY 60.550000E+000.55000OE+OOO.55OOOOE+OOO.~~OOOOE+OOO.~~OO~~E+OOO.~~OOOOE+OO 

- - . . . . .. - . . . . . .. . ~ .  . . - .. .. . 

243 
Q-1-5 



*- PAGE 6 -  

3580 a OURCE SOURCE X 

- SOURCE lNWI OATA - 
Y EMISSION BASE / 

A A NUMBER TYPE COOROINATE COOROINATE HEIGHT ELEV- / - SOURCE OETAILS DEPENDING OU TYPE - 
R P  (MI (MI (MI A T I O N  / 
D E  (MI / 

X 4 AREA -402.64 -417.45 0.00 0.00 WIDTH OF AREA (MI= 345.34 

_ .__________________- - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - * - - - - - * - - - - * - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SOURCE STRENGTHS (PICOCURIES PER SECOND PER SPUARE METER) - 
SPEED CATEGORY SEASON 1 SEASOY 

1 0.00000€+00 
o. OOOOOE+OO - _ -  .-2 __--- -- - -- --- -_ __ - --- 

- ____ ----- 

X 

X 

X 

5 AREA -81.99 -469.70 0.00 

6 AREA -606.60 -47.55 0.00 

7 AREA -86.26 -70.10 0.00 

18 AREA 526.39 -342.90 0.00 

3 0.00000E+00 
c 2.80000E-02 
5 0.00000E+00 
6 0.00000E+00 

0.00 WIDTH OF AREA (MI= 389.53 
- SOURCE STRENGTHS (PICOCURIES PER SECOND PER SWARE METER) - 

SPEED CATEGORY SEASON 1 SEASON 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
c 1 .80000E - 03 
5 0.00000E*00 
6 0.00000E+00 

0.00 WIDTH OF AREA ( M I S  352.96 
- SOURCE STRENGTHS (PICOCURIES PER SECOND PER S W E  llETER) - 

SPEED CATEGORY SEASON 1 SEASON 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
c 5.30000E-02 
5 0.00000E+00 
6 0.00000E+00 

0.00 WIDTH OF AREA (MI= 398.07 
SOURCE STRENGTHS (PICOCURIES PER SECOND PER SWARE METER) - 

SPEED CATEGORY SEASON 1 SEASON 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
4 8.36000E -02 
5 0.00000E+00 
6 0.00000E+00 

0.00 WIOTH OF AREA (MI= 183.79 
SWRCE STRENGTHS (PICOCURIES PER SECOND PER SWARE METER) - 

SPEED CATEGORY SEASON 1 SEASON 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 

5 0.00000E*00 
I 1.55000E-02 

6 0.00000~+00~ 

244- 
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7 *- **- PACE 

- SOURCE INPUT DATA (CONT.) 

8 m C E  SOURCE X Y EMISSION BASE / 

3580 

X 19 AREA -968.04 1.22 0.00 

X 24 AREA -668.31 
.... I 

X 26 AREA -498.96 

X 27 AREA -380.09 

X 28 AREA -664.n 

324.61 0.00 

-1079.91 0.00 

- 1160.98 0.00 

-995.17 0.00 

0.00 WIDTH OF AREA (MI= 414.83 
- SOURCE STRENGTHS ( P I C W R I E S  PER SECOND PER SOUARE METER) - 

SPEED CATEGORY SEASON 1 SEASOW 

- 0.00000E+00 o~o.o.o.o~o.E~ - - 
1 
2 +oo 
3 0.00000E+00 
e 1.58000E-01 
5 0.00000E+00 
6 . 0.00000E+00 

0.00 WIDTH OF AREA (MI= 21.64 
- SOURCE STRENGTHS ( P I C W R I E S  PER SECOND PER SPUARE METER) - 

SPEED CATEGORY SEASW 1 SEASO11 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
4 1.50000E+OO 
5 0.00000E+00 
6 O.OOOODE+OO 

0.00 WIDTH OF AREA (MI= 149.96 
- SOURCE STRENGTHS (PICOWRIES PER SECOND PER SQUARE METER) - 

SPEED CATEGORY SEASON 1 SEASOW 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
e 1.28000E-02 
5 0.00000E+00 
6 0.00000E+00 

0.00 WIDTH OF AREA (M)= 93.27 
- SWRCE STRENGTHS (PICONRIES PER SECOND PER SOUARE METER) - 

SPEED CATEGORY SEASW 1 SEA- 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
4 0.00000E+00 
5 0.00000E+00 
6 0.00000E+00 

0.00 WIDTH OF AREA (M)= 110.34 
- SWRCE STRENGTHS (PICDCURIES PER SECOND PER SOUARE METER) - 

SPEED CATEGORY SEASON 1 SEASOW 
1 0.00000E+00 
2 0.00000E+00 
3 0.00000E+00 
4 5.90000E-03 
5 0.00000E+00 
6 0.00000E+00' 
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900.000 
800.000 
700.000 
600.000 
500:0W--- 
400.000 
3Q0.000 
200.000 
100.000 
0.000 

- 100.000 
-200.000 
-3OQ.000 
- 400 -000 
-500.000 
-600.000 
-700.000 
- 800.000 
-900.000 a::= 

00.000 
- 1300.000 
- 1400.000 
- 1500.000 

22.173550 
38.823WQ 
75.320380 
94 .Q25420 
104.460100 
1 06.267100 
105. 158800 
103.501500 
102.201100 
100.339000 
98.170460 
96.451630 
94.866890 
91 -339610 
84.389880 

77.584550 
74.181250 

68.224810 

81 .a22850 

71. 1 00a90 

89.272830 
88.576390 
181.165700 
174.429900 
187.123800 
171.71 0200 
159.345900 

140.051400 
133.789900 
128.153800 
119.354600 
111.405700 
1 OC .096300 
97.825900 
92.654920 
87.89701 0 

79.602490 
76.386180 

1~9.4aoaoo 

a .54a560 

149.127500 
150.567000 
301.117300 
316.997900 
273.543800 
270.71 0000 
232.816800 
203.333900 
179 .438800 
161.766rtO0 
148.007000 
136.097000 
126.546400 
118.369300 
11 1 .017000 
101.378300 
98.705070 
93.825W0 
89.378200 
85 .as060 

238.635600 
0.162691 
0.161920 
0.691666 

433.952500 
362.623300 
349.731 200 
251.297800 
214.862700 
189.028200 
169.687700 
155.297900 
143.637000 
133.370300 
124.901000 
117.597900 
111.074600 
106.074100 
101 -528200 
97.083600 

1.012508 
0.812974 
2.439039 
14.541730 
752.994900 
567.209600 
426. 1881 00 
323.569700 
252. IT5000 

198 .Q362OO 
139.500900 
163.a01100 
150.685600 
IC1 .435100 
133.m500 
127.079500 
120.361600 
1 13.666200 
107.432600 

222 .warn 

3.7195 10 
21 .ma50 
96.791150 
61.526380 
i79.785400 
5 99.184400 
464 A94900 
362.357800 
289.337400 
237.915 100 
2 1 4.5 16700 
194.534000 
179.369300 
167.292900 
157.899800 
145.530300 
135.aa3400 
127.602400 
120.246300 
112.985300 

78c.06oW0 
658.062700 
132.222100 

729 -0841 00 
584.642300 
464.350300 

31 1 .a23700 
261.6716QO 
224.076400 
206.146500 
191.347200 
171.256100 
180 -659900 
157.716700 
143.709300 
132.126800 
122.506 100 
114.203600 

85.a19150 

3n.a51200 

490 .940300 
720.124900 
a33.069000 
771.165100 
668.241200 
543.723300 
450.252800 
394.569500 
341 .mM)0 
293.027300 
25 1 .194900 
2 18.193900 
202.046900 
195.897900 
181.340800 
1 75.647100 
153.220300 
137.495400 
125.098900 
114.376800 

386.085700 
511.86m 
635.590200 
542.694500 
586.636600 
531 .I83500 
459.633400 
357. 453900 
360.?22500 
317.028200 
274.208700 
238.728200 
209 .US 100 
201.416900 
168.236700 
197.418300 
lf9.07J100 
138.537200 
124 .%7400 
113.972400 

- GRID SYSTEH RECEPTORS - 
- X AXIS (DISTANCE, METERS) - 

500.000 -300.000 -200.000 -100.000 0 * 000 100.000 200.000 300.000 400.000 

900.000 
800.000 
700.000 
600.000 
500.000 
400.000 
300.000 
200.000 
100.000 
0.000 

-100.000 
- 200.000 

143.7791 00 
157.948600 
1TJ.754600 
21 0.250600 
264. 867600 
333.137300 
415.345600 
385.700200 
4 1 2.395700 
401.305900 
5 7 2  .Q496OO 
i32.420500 
356.979300 

141.662100 
155.077000 
168.355900 
202.410500 
251.807200 
310.405400 
267. &a3600 
295.920800 
356.020300 
370.590600 
587.977000 
442.266300 
371.023800 

137.988600 
149.085900 
163.411200 
196.116000 
246.982300 
336.709400 
410.900900 
269.378100 
376.616700 
680.10 1700 
624.567300 
639 -889600 
372.180400 

134. 2a3600 
147.707100 
164.803000 
1 95.728900 

303 -931900 
397.422000 
328.948300 
401.1 199Q0 
599.520700 
61 4.277000 
588.1 16400 
502.400600 

242.95a700 

135.050300 
146 -291 400 
160.234200 
189.923000 
230.898300 
291.955800 
200.167800 
244.807300 
281.5040QQ 
306.357000 
657.925500 
553.132a00 
465.680900 

0-1-8 

127.012500 
137.405400 
150.461300 
176.85mO 
2 16.640500 
2T7.619000 
152.980500 
180.823100 
199 . O X 1  00 
221 .a64500 
575.787200 
192.344400 
4 10.747700 

118.276400 
127.3too~~ 
138.465700 
162.716600 
219.454400 
2%. 038900 

502.271 100 
153.430800 
5 72.03 1400 
493.780200 
431.492400 
362.639800 

399.52a300 

109.571200 
116.316800 
121.593700 
137.939100 
179.183300 
246.092200 
301.318200 
367.569600 
457.452700 
446.921000 
-410.620900 
364.191700 
326.665800 

96.923760 

1w.282600 
116.087400 
146.199200 
188.430500 
229.3T8500 
273.170200 
324. C966Q0 
338 A91500 
326.470000 
312.748000 
301.587900 

91.815730 
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- 400.000 
- 500.000 
-600.000 
-700.000 

-900.000 
- 1000.000 
- 1 100.000 
-1200.000 
-1300.000 
- 1400 . o w  
-1500.000 

-~ __ 3 0 0  -000 .. 

301.372900 
362. a2 1 700 
299. 779000 
251 .760000 
219.078100 - 

2Q3.000200 
198,217200 
180.192200 
154.555100 
136.048800 
122.111a00 
1 11.882400 

31c.a17000 
379.996700 
316.626300 
264.724500 

-224 SO7500 - -  

1TI.244200 
165.743800 
149.615000 

196.a14300 

1% .53 iaoo 
121.at2900 
11 1.456400 

156.609600 
367.5464 00 
304.Ou600 
257.076400 
219.249700 - -  

168.37W00 
151.767400 
139.744000 
127.961900 
117.586300 
107.830900 

I a9 .a5900 

408.595000 
347.344500 
290.194900 
24s .379a00 

-21-1.270500 -- 
104,639300 
162.527600 
145 .370200 
131.072400 
120.706400 
11 1.627100 
103.590100 

3a5.77a900 
324.082~00 
276.554100 
234.309200 

-202 ;288c00- - 

157.493000 
140.568300 

113.878600 
105.738900 

1 n.59a200 

1 26 .663a00 

98. s 99820 

342.88to00 
296.532900 
250.492300 
2 1 a. 71 ~ 9 0 0  
1a9~62soo-  
164.7297OO 
146.359200 
130.078300 
117.351700 
106.163000 
95 .793870 
a9 .6mao 

320.590000 
274.369300 
232.902100 
200.901 500 
178;m00-- 
157. iaisoo 
138 . ~ s 9 0 0  
122.842900 
109.385800 

88.R6010 
80.672720 

9 a . 6 ~ 4 ~ 1 0  

za~a97500  
254.467500 
221 305200 

164383100 -~ 
147.862300 
131 3 7 8 0 0  
1 16. C69O00 
1 04 .023900 
93.084680 

74.723560 

189. naoo 

82.7a9590 

265.6W300 
232.429200 
205.6 14500 
178.715500 
155. 5621 00- 
156.661800 
123.3a1ooo 
11 0.lbuO0 

88.641100 
79.TJ7200 
71.086580 

9 8 . ~ 9 0  

00.000 
00.000 

700. 000 
600.000 
500.000 
400. 000 
300.000 
200.000 
100.000 

0.000 
- 100.000 

. -200.000 
- 300.000 
-400.000 
-500 .000 
-600.000 
-100.000 
-aoo.ooo 
- 900.000 

- 1000.000 
- 1100.000 
-1200.000 
-1300.000 
- 1400.000 
- 1500.000 

80.501 060 
84.391030 
88.571750 

116.728700 
144.552000 
175.970200 
201.567100 
221.673700 
242.500300 
266.025200 
244.206600 
234 .ti96200 
262.011400 

~ . s 9 u a o  

21a.16saoo 

iu.68iaoo 
191.689600 

147.334300 
129.355000 
115.683300 
105.668400 
94.795680 
84.035040 
76.856700 
69.224330 

69 -605260 
72.374660 
74 .OS9670 
77.592130 

114.258600 
136.573000 
156 .OS7600 
1’70.126700 
195.73TI00 
226.444900 
254. 197900 
2’70.672600 
236.053400 

176.1 161 00 
157.106900 
139 .?a61 00 
123.536300 
109.560300 

91 .awlso 

202.a50200 

9a.163cao 
90.701 120 
82.524240 
74.355690 
67.260890 

59.747340 
60.868530 
59.652780 
61.962880 
75.109930 
93.520640 

108.566300 
1 24.35 1200 
142 .&PO0 
162.000000 
18s .074700 
204 .074700 
209.563500 
145.390100 
180 A291 00 
161.925800 
145.017700 
130.012900 
117.074200 
1 oc .a36600 
93.736400 
84.666140 

71 .so2160 
65.298670 

7 a . 2 ~ 0  

50.7574lO 
50.301360 
49.220690 
52.076640 
62.195140 
76.0241 To 

105.647500 
120.973300 
134.926200 
152.61a700 
169.943600 
172.269400 
169.016800 
161 .?39200 
1 47.259800 
134.157200 
120.997000 
109.839500 
99.920690 
90.1 92670 

73.929120 
68.694 120 
62.8722230 

a7.415~0 

ai  .301450 

43.267970 
42.246200 
41.660310 
43.156540 
50.673050 
61 A07790 
76.074 140 
90.356380 

103.646300 
1 1 5 .479600 
129.288500 
143.597200 
151.192300 
153.242700 
148.197000 
137.435400 
126.072600 

102.6321 00 
93.861950 

114.961aoo 

u.2333a0 
7a.cia270 
71 .I39910 
65 .OW10 
60.747700 
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** ANNUAL GROUND LEVEL #)YQNTRATIOI ( A T T O Q R I E S  PER CUBIC METER 1 f R Q l  ALL SWRCES CORBIWU) (mi.) - 

* DISCRETE RECEPTORS - 
R Y coycEYTrulIoy X I toUCENTRATIol X I CCUCENTRAT 101 

DISTANCE DISTANCE DISTANCE D I STANQ DISTANCE DISTANCE 

-20.4 070.4 137.305100 m.0 1095.8 51.883160 706.4 -18.9 197.6c9600 
651.7 -1275.3 85.862380 -774.5 -1105.2 138.292000 -1114.7 -122.8 159.292100 

4023 .-1---214O. 0- 4s591960--- 2560;0----2681;9--11;936500 21322.5-906.8- 9.141216 
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APPENDIX R 

STATISTICAL SUMMARIES AND SELECTION OF CONSTITUENTS 
OF POTENTIAL CONCERN FOR THE PRELIMINARY BASELINE RISK ASSESSMENT 

- . . -. . . - . . . . - . - . . . - 
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INTRODUCIlON 

This appendix contains a-complete set of statistical data summary tables generated for use in the 
preliminary baseline risk assessment. Tables are grouped by (locations) subareas of interest for 
each medium. If more than one data source exists for a given subarea, data are presented 
separately by source and, if appropriate, in combined form. 

The  tables provide the following statistical information for constituents detected'within a subarea: 
frequency of detection, concentration in associated laboratory blanks, upper 95% confidence limit 
on the 9Sth quantile of the background distribution (upper tolerance limit [UTL]), range of 
detected concentrations, type of distribution, mean, and upper 95% confidence interval on the 
mean (upper confidence limit [UCL]). The tables also indicate whether a constituent is included 
as a constituent of potential concern and the reason for its selection or  exclusion. The UCL for 
each constituent of potential concern is used either as an exposure point concentration or  to 
estimate source terms for fate and transport modeling. Since sources of data, statistical 
methodology, and criteria for selecting constituents of potential concern are discussed briefly in 
Part 11, Section 2.0, and at length in the Risk Assessment Work Plan Addendum, this information 
is not repeated here. Raw data used in statistical calculations were those data available as of 
December 1, 1991, except for post-bentonite radon data from December, 1991 sampling. 

The statistical summary tables are grouped according to environmental or  source medium as 
follows: 

R.l Contents of Silos, including results of RIES and WEMCO sampling of Silos 1, 
2, and 3. 

R.2 Radon in Air, including results of pre-bentonite (October, 1991) and post- 
bentonite (December, 1991) sampling by WEMCO at 13 monitoring stations on 
the FEMP. 

R.3 Surface Water and Sediment, including results of R I E 3  sampling of surface water 
and sediment in the Great Miami River, Paddys Run, the Storm Sewer Outfall 
Ditch (SSOD), and other surface water courses (e.g., drainage ditches), CIS 
(Characterization Investigation Study) sampling of standing water in the Waste 
Storage Area (Waste Pits 4, 5, 6; Clearwell) and sediment in areas other than the 
Great Miami River and Paddys Run (e.g., various drainage ditches), and 
WEMCO sampling of sediment in Paddys Run downstream of the SSOD and in 
the SSOD. 

R.4 Groundwater, including results of RI/FS and RCRA sampling of groundwater in 
21 potential R M E  well locations off property (see section 3.0 for further details) 
and of perched water in several on-property locations. 
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R.5 

. .  - 

R.6 

Surface Soil, including results of RI/FS sampling of surface soil ranging from 0 - 
6 inches depth and 0 - 18 inches depth for the Waste Storage Area, the Inactive 
Flyash Pile, four quadrants of the former Production Area, the IncineratodWaste 
Water Treatment Facility, the Silo-Area, the remainder of the FEMP, and the 
entire FEMP and CIS sampling of surface soil ranging from 0 - 6 inches depth 
and 0 - 18 inches depth for the Waste Storage Area, the Active and Inactive 
Flyash Piles, and the South Field. 

Subsurface Soil,-including RID3 and CIS sampling of subsurface soilin Waste 
Pits 1 - 6 and associated berms, the Burn Pit, the Clearwell, the Solid Waste 
Landfill, the Active and Inactive Flyash Piles, the North and South Lime Sludge 
Ponds, the South Field, the berms around Silos 1 and 2, the area beneath Silos 1 
and 2, the vicinities of Plants 2/3, 6, 9, and the Pilot Plant in the former 
Production Area, the remainder of the former Production Area, the Fire 
Training Area, the K-65 Slurry Line, the Surge Lagoon, the Stormwater 
Retention Basin, the Incinerator Area, the rubble east of the waste pits, and the 
remainder of the FEMP. The area associated with the rubble west of the silos 
was considered, but there were no data for this area. 

- - - . -- 

_ .  

Data use is briefly addressed in each section. Data for radionuclides precede data for chemical 
constituents in each subsection. Note that the first ten footnotes are repeated for every table, 
regardless of whether each footnote is cited within a given table. Note also that the range given 
is the range of detected concentrations and does not include the detection limits for non-detects. 
As a result, in some cases the mean and the UCL may not fall within the range presented. Data 
for non-radioactive chemicals were not available for every area. 

R.l CONTENTS OF SILOS 1 - 3 
Data available by December 1, 1991, for silo contents from R I D 3  sampling were limited to  the 
chemical contents of Silo 2. These data were supplemented with data from 1989 WEMCO 
sampling for the chemical and radiological contents of Silos 1,2 and 3. R I E S  and WEMCO data 
on  the chemical contents of Silos 1,2 are presented separately and in combined form. The  
combined data are used for the baseline risk assessment. Tables R.1-1 and R.l-2 present data for 
radionuclides in the silos. Tables R.l-3 through R.l-6 present data for chemicals in the silos. 
The UCL for each constituent of potential concern in Silos 1,2 and 3 was used t o  estimate a 
source term for fate and transport modeling to predict concentrations in air and groundwater that 
might occur in the future. 
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R.2 R A D O N I N A I R  
Raw data, essential in order to perform statistical calculations, could only be obtained for 

FEMP. Raw data from pre-bentonite (October, 1991) sampling for radon and post-bentonite 
(December, 1991) sampling for radon were provided by WEMCO. Statistical analyses were 
performed separately on pre- and post-bentonite data from each of the 13 sampling locations. 
Results are presented in Tables R.2-1 through R.2-26. Post-bentonite data for radon 
concentrations in air were used to estimate current on-property exposure levels. Radon data were 

- _ _ _ _  _ _  _.____measurements .of .radon_in. air ....- WEMCO-c-onducted- air_s_ampling..for-rad.on. at- 13. lo-cations-on t h e -  

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

also used in air model calibration. 

R-2- 1 
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R.3 SURFACE WATER AND SEDIMENT 
Data for surface water/standing water and sediment will be addressed in sections R.3.1 and R.3.2, 

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

R.3.1 SurfaceIStandine Water 
Data for radionuclides in surface water and standing water are presented first, followed by data 
€or chemicals in surface water and standing water. 

- - - - - _ _ _  _ _  _ _  _ _  - - _ _  

R.3.1.1 Surface Water 
Surface water data €or radionuclides and chemicals are presented separately in Tables R.3-1 
through R.3-7 and Tables R.3-12 through R.3-18, respectively. Prior to statistical evaluation, 
surface water data were grouped as follows: 

Great Miami River upstream of the main FEMP effluent line 

Great Miami River between the main FEMP effluent line and the confluence with 
Paddys Run 

Great Miami River downstream of the confluence with Paddys Run 

Paddys Run between the FEMP northern property boundary and the SSOD 

Paddys Run downstream of the SSOD 

SSOD 

Surface water courses other than the Great Miami River, Paddys Run, and the SSOD 
(e.g., drainage ditches leading to Paddys Run or the SSOD) 

These RIFS data are used in evaluating current exposure to constituents in surface water. 

R.3.1.2 Standing Water in the  Waste Storage Area 
Tables R.3-8 through R.3-11 and R.3-19 through R.3-22 present data €or radionuclides and 
chemicals, respectively, in standing water in Waste Pits 4, 5, and 6 and the Clearwell. The CIS is 
the source of these data. These data were used in evaluating exposures under the current 
exposure scenario with no institutional controls. 

R.3.2 Sediment 
Sediment data €or radionuclides are presented in Tables R.3-23 through R.3-35. Tables R.3-36 
through R.3-39 present sediment data €or chemicals. Prior to statistical evaluation, RI/FS 
sediment data were grouped as follows: 

R-3-1 312 
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Great Miami River upstream of the main FEMP effluent line (only radiological data 
available) 

*--Great-Miami-River-between-the-main-FEMP-effluent-line-and the-confluence with------- 
Paddys Run (only radiological data available) 

Great Miami River downstream of the confluence with Paddys Run (only 
- -radiological-data available)- - -_ - - . - - - - _ _  - - - - _ _  - - - - ~ - - - - - _ _  - _ _  - - - - - - - - _ _ _  - 

Paddys Run upstream of the FEMP northern property boundary 

Paddys Run between the FEMP northern property boundary and the SSOD 

Paddys Run downstream of the SSOD 

SSOD (only radiological data available) 

Surface water courses other than the Great Miami River, Paddys Run, and the 
SSOD (e.g., drainage ditches leading to Paddys Run or the SSOD) 

Data from R I E S  sampling efforts were sufficient for all areas except for radionuclides in sediment 
in Paddys Run downstream of the SSOD and in the SSOD. For these two areas WEMCO data 
are also presented. RI/FS and WEMCO data are combined for these two areas for use in the 
baseline risk assessment. 

0 
Sediment data from CIS sampling of radionuclides in areas other than the Great Miami River and 
Paddys Run (e.g., various drainage ditches) are also evaluated. 

These data are used in evaluating current exposure through dermal contact, ingestion, and direct 
radiation. 
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R.4 GROUNDWATER 
Groundwater data for 1000-series through 4000-series wells, which represent current 

groundwater data are grouped by means other than according to series and aquifer flow for use in 
the risk assessment. Data for off-property wells are used for risk assessment purposes for the 
current land-use scenario. Off-property groundwater data are used to determine potential current 
exposure concentrations. Potential future concentrations in groundwater are modeled assuming 
that leaching occurs from subsurface soiliwaste areas to the Great Miami Aquifer. Perched water 
(lo00 series wells) from certain areas on the site can also serve as a potential source for leaching 
into the Great Miami Aquifer. Hence, perched water for various areas are summarized for 
consideration as a source term for groundwater modeling. Off-property groundwater data are 
discussed in section R.4.1, and perched water data are discussed in section R.4.2. 

_ _ _  - - concentrations in the aquifers ben-eath the .EMP,_ar_e presented by se&s in -appendk M, -Th-e. - _._ - 

_ -  ~- - . -  - 

R.4.1 Off-Propertv Groundwater 
All RI/FS and RCRA data available from the RI/FS Database as of December, 1991, for each off- 
property well were obtained. A subset of data consisting of data for those wells containing the 
highest concentrations of each constituent of potential concern (or for highly toxic and prevalent 
constituents those wells containing the three highest concentrations) was derived. This subset of 
data includes the following wells: 2015, 2060, 2061, 2094, 2095, 2097, 2106, 2126, 2127, 2128, 
2129, 2384, 2391, 2393, 2558, 3043, 3066,3094, 3126, 3127, and 3128. Data for each of these 
wells are summarized separately and are presented in Tables R.4-1 through R.4-21 for 
radionuclides and Tables R.4-22 through R.4-42 for chemicals. The UCLs in these data 
summaries were used as exposure point concentrations in determining the RME locations for 
groundwater exposure pathways under the current land-use scenario. 

R.4.2 Perched Water as a Potential Source Term 
Perched water is not considered to be a reasonable source of water for household use. However, 
if there are areas with significant concentrations of constituents, perched water pockets could 
serve as a potential source term for leaching into the Great Miami Aquifer. To determine which 
areas have the highest concentrations in perched water, it was necessary to summarize data from 
many areas on the FEMP. Comparison of data sets from different areas on the FEMP indicated 
that certain areas of the former Production Area are the only locations on the property where 
perched water could serve as a significant source term for leaching into the Great Miami Aquifer. 

R.4.2.1 Perched Water in Portions of the Former Production Area 
Tables R.4-43 thorough R.4-46 present statistical summaries of data from RI/FS and RCRA 
sampling of radionuclides in perched water associated with Plants 2/3, 6, 9, and the Pilot Plant in 0 

R-4-1 365 KNOX/SUCR/KU/5-5/SUCRAPPR.TXT/7-21-92 
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the former Production Area. Tables R.4-47 through R.4-50 present data for chemicals in perched 
water associated with these same areas. These data are used as source terms for groundwater 
modeling. 

R.4.2.2 Perched Water on the Remainder of the FEMP ProDerty 
Summaries of data for perched water from R I B  and RCRA sampling are presented for the 
following areas of the FEMP: the remainder of the former Production Area (excluding Plants 
2/3, 6, 9, and the Pilot Plant), the Fire Training Area, the rubble west of the silos (no data 
available), the K-65 Slurry Line, the Surge Lagoon, the Retention Basin, the Incinerator Area, 
the rubble east of the waste pits, and the remainder of the FEMP (excluding preceding areas). 
These data are presented in Tables R.4-51 thorough R.4-62 for radionuclides and Tables R.4-63 
through R.4-70 for chemicals. A comparison of concentrations and total quantities of 
contaminants in perched water in these areas with data for constituents in perched water 
associated with Plants 2/3, 6, 9, and the Pilot Plant shows that perched water from the former 
areas are not significant as source terms for groundwater modeling. 
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R.5 SURFACE SOILS 
RUFS data were available for surface soils for the following areas: the Waste Storage Area, the 

_ _  ~- Inactive-Flyash-Pile,. €our-quadrants-of-the-former-~roduction-~ea,-the-Incinerator~~te-Water--.~-- - 
Treatment Facility, the Silo Area, and the remainder of the site. Data from CIS sampling of 
surface soils were used to supplement the RI/FS data €or the following areas: the Waste Storage 
Area, - - the Active Flyash Pile, the Inactive Flyash Pile, and - the - _  South Field. - - Data - - - are - - summarized - - - -  
separately by source and in combined form in Tables R.5-1 through R.5-28 €or radionuclides and 
in Tables R.5-29 through R.5-42 for chemicals. Combined data are used in the baseline risk 
assessment. Data are presented for two depth ranges (0 - 6 and 0 - 18"). Surface soil data are 
used for estimating current exposure to soil, as a source term €or estimating the concentration of 
constituents in air due to dust suspension under the current and future exposure scenarios, and as 
a source term for estimating the concentration in surface water and sediment €or the future 
exposure scenario. 

R-5-1 
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FEMP-SWCR-4 D m  

August 5,  1992 

R.6 SUBSURFACE SOIL 
Subsurface soil data from waste units (Waste Storage Area, Solid. Waste Landfill, Lime Sludge 
Ponds, Active and Inactive Flyash Piles, the South Field, and the_Sjlo area) are 'summa~zed.i_n~ - 

Tables R.6-1 through R.6-25 for radionuclides and Tables R.6-26 through R.6-50 for chemicals. 
Subsurface soil data for Plants 2/3, 6, 9, and the Pilot Plant in the former Production Area are 
presented in Tables R.6-51 through R.6-54 for radionuclides and in Tables R.6-55 through R.6-58 
for chemicals. Tables R.6-59 through R.6-66 present data for radionuclides for the- following 
areas at the FEMP: former Production Area (excluding Plants 2/3, 6, 9, and the Pilot Plant), Fire 
Training Area, K-65 Slurry Line, Surge Lagoon, Retention Basin, Incinerator Area, rubble east of 
waste pits, and the remainder of the FEMP, respectively. Tables R.6-67 through R.6-71 present 
data for chemicals for the following areas at the FEMP: former Production Area (excluding 
Plants 2/3, 6, 9, and the Pilot Plant), Fire Training Area, K-65 Slurry Line, rubble east of the 
waste pits, and the remainder of the FEMP, respectively. Available CIS and RID3 data are 
presented independently and in combined form. CIS data were used to supplement available 
RUFS data. Subsurface soil data are used in estimating source terms for groundwater and air 
modeling for the future exposure scenario. As for perched water, only subsurface soil data that 
could potentially be a significant source term were used in fate and transport modeling 
(Discussion of the source term of subsurface soil for fate and transport modeling can be found in 
Section 2.1.1 of Part 11). Subsurface soil data provide potential exposure point concentrations for 
soil for the future exposure scenario. 
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e INTRODUCI'ION I 

In CERCLA risk assessment methodology, a linear relationship is assumed between the exposure 2 

- 3..- point concentration of a constituent in a medium and the calculated health risk from exposure to 
. -  - -  

- the constituent in the-medium. The relationship between the constituent concentration in the 
medium and the calculated health risk depends on the exposure assessment models parameters. 

Assessment Work Plan Addendum (DOE 1992) and Section 3.0 of Part 11. The risk 

characterization methodology is provided in Section 5.0 of Part 11. This appendix presents the 
ratios of calculated health risk to constituent concentrations in environmental media that have 
been calculated with the specified pathways, models, and parameters. These ratios are referred to 

as "unit risk factors." 12 

4 

5 

6 

7 

8 

9 

10 

11 

The models and parameters for risk assessments at the FEMP are presented in the RVFS Risk 

characterization information (e.g., slope factors) are presented in Section 4.0 of Part 11. T h e  risk 

CALCULATION -ODs 

Unit risk factors are calculated for each constituent, scenario, and environmental medium using 
the specified models, parameters, and the risk characterization factors. For example, the 
incremental lifetime cancer risk (ILCR) from ingestion of U-238 in drinking water is calculated as 
follows: 

' 

ILCR = (LJ(SF) (S-1) 

and SF = cancer slope factor (see Section 5.0) 

Equation 5.2-1 can be expressed as: 

ILCR = (Cw)(IR)(ED)(EF)(SF) 6 3 )  

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

or 

ILCR = (Cw)(unit risk factor) 

The unit risk factor for U-238 for the drinking water ingestion pathway is therefore given by: 25 

s-1 667 
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Unit risk factor = (IR)(ED)(EF)(SF) 
where 

IR = 2 tld 
ED = 

August 5 ,  1992 

3580 

or  unit risk factor = 7.8 x (pCi/P)-' 

Unit risk factors for specific radionuclides presented in Exhibits S-1 through S-6 for air pathways, 
water pathways, and surface soiUsediment pathways for current and future potential exposure 
scenarios. Unit risk factors for non-radioactive chemicals are presented in Exhibits 5-7 through 5- 
14. The specific pathways that are included in the current or future potential exposure scenarios 
are noted at the top of each Exhibit. Unit risk factors are calculated for the specified 
combinations of these pathways. 

1 

2 

3 
4 
5 -  
6 

7 

8 

9 

10 

11 

12 

13 

SUMMARY 14 

Unit risk factors are used in Section 5.0 of Part I1 as factors that are multiplied by the 

6.7 pCVP (20 pg/P) yields a calculated ILCR of 5 x lo4 [6.7 x (7.8 x 

15 

16 

17 

18 

concentration of the specific constituent in the specific medium to yield the ILCR for that 
constituent, pathway, and medium. For example, a concentration of U-238 in drinking water of 

Incorporation of unit risk factors into the risk assessment methodology greatly improves the speed 19 

of calculating risks. It is also easily noted from the tables of unit risk factors which exposure 
pathways are significant and which pathways are insignificant contributors to the overall calculated 
risk for a specific constituent and medium. 

m 
21 

22 

REFERENCES 23 

United States Dept. of Energy, 1992, "Risk Assessment Work Plan Addendum," prepared for 
Remedial Investigation and Feasibility Study, Fernald Environmental Management Project, U.S. 
Department of Energy, Fernald Office, Fernald. OH. 

24 
25 
26 

s-2 
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EXHIBIT S-1 

Unit Risks Factors for Radionuclides in Air 
for Current Potential Scenarios (ILCR-m3/pCi) 

Receptors Whose Exposure Receptors whose Exposure Factors Refepm Whose txposure 
Factors Are Uniquely Defined Are Unaffezted by rhe Resence - -  Factort Are Uniquely Define4 - 

by a Lack of A c c w  Conmb by Emsang Acces-Contrijls -or Absence of Access Conmls - 

Trespassmg Off-property O f f - R o p y  Trespassing 
CXld Off- Userof Userof Child 
Access Ropeny Meat&Milk GMRiver Wo Access 

Visitor Controls Fanner Grown On-site W a m  Controls 
Age 19+ Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 7-18 

Inhalanon a 

U-238 + 2 dtrs 5.4E-04 M 6.OE-03 M M 

u-234 2.7E-04 M 3 .OE-03 M na M 
Th-230 3.0E-04 M 3.4E-03 M M M 
Ra-226 + 8 d m  7.3E-05 M 8.1E-04 M M M 

3.1E-05 M 35E-04 M M M 
3.1E-05 M 35E-W M M M 
8.0E-08 M 8.9E-07 M na M 

IU-238 2.5E-04 M 2.8E-03 M na na 

Fg;::trs 4.2E-05 7.6E-09 M M 4.6E-04 85E-08 M M na M 

\;;;2 

M M Pb-210 + 2 dtrs 
Pb-210 1.3E-05 M 15E-04 M M M 

ACTINIUM SERIES 
U-235 + 1 dU 2.6E-04 M 2.9E-03 M M M 1 U-235 2.6E-04 M 2.9E-03 M M M 
Pa-23 1+ 8 dtrs 1.3E-03 M 1.4E-02 M M na 

Pa-23 1 3.7E-04 M 4.2E-03 na na na 
Ac-227 + 7 dtrs 9.1E-04 na 1 .OE-02 M M na 

AC-221 8.3E-04 na 9.3E-03 M na M 
THORIUM SERIES 
Th-232 + 10 dtrs l.lE-03 M 1 .E-02 na M na 

2.9E-04 M 3 .E-03 na M M 
7.2E-06 M 8.OE-05 M M na 

Ra-228 6.8E.06 M 7.7E-05 M M M 
8.1E-04 M 9.OE-03 M M M 

I 
'Th-232 

8.0E-04 M M 8.9E-03 1.4E-08 na M M na 
na M Rn-220 + dtrs 1 .E49 

TRANSURANICS AND FISSION PRODUCTS 
Am-241 3.3E-04 M 3.7E-03 M M M 
Sr-90 + dtr 6.4E-07 M 7.E-06 M M na 

Tc-99 8.6E-08 M 9.6E-07 M na M 
0-137 + dtr 2.0E-07 na 2.2E-06 M na na 

Np-237 + dtr 3 .OE-04 M 3.4E-03 M na M 

Pu-238 4.OE-04 M 4.5E-03 M na M 
Pu-239 3.9E-04 M 4.4E-03 M na M 
Pu-240 3.9E-04 M 4.4E-03 M na M 
Pu-239M 3.9E-04 M 4.4E-03 M M M 
Ru-106 4.6E.06 M 5.1E-05 M M M 
U-233 2.8E-04 M 3.1E-03 M M M 

2 r - 9 0  5.8E47 M 65E-06 M M M 

I C s -  137 2.0E-07 M 2.2E-06 M M M 

~ N P - 2 3 7  3 .OE-04 M 3.4E-03 M na M 

This exposure pathway IS mcluded when d C U l a M g  umt risks for h S  SCenanO. 

na Not evaluated for au. Impacts from exposures to wafer and soil for ths  receptor are presented warn and sod WS. respecnvely. 
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3580 Unit Risks Factors for Radionuclides in Air 
for Future Potential Scenarios (ILCR-m3/pCi) 

Typical RME on-property on-properly 
using ~-propertY on-propeny Resident Home 

GM River Resident FiWXlI3 Child Builder 
Age 1-70 Age 1-70 Aged -70 Age 1 4  - .Age 1% 

Inhahaon 0 0 0 0 

Ingestion of vegetables 0 0 0 

Ingestion of meat 0 0 0 

Ingadon of milk 0 0 

URANIUM SERIES 
U-238 + 2 das 
XU-238 
U-234 
Th-230 
Ra-226 + 8 dUs 

ACTINIUM SERIES 
U-235 + 1 dtr 
1 U-235 

7.8E-04 
3 a - 0 4  
3.9E-04 
4.3E-04 
2.9E-04 
7.3E-05 
7.3E-05 
l.lE-07 
l.lE-08 
2.2E-04 
15E-04 

3.8E-04 
3.8E-04 . F ? g 1 8 d n s  

Ac-227 + 7 dUs 

na 
na 
na 
na 
na 
na 
na 
M 
na 
na 
na 

na 
na 
na 1.9E-03 
na 55E-04 
na 1.4E-03 

~Ac-227  na 1 z - 0 3  
THORIUM SERIES 
Th-232 + 10 dUs na 1.6E-03 

Th-232 na 4.2E-04 
na 3.1E-05 
na 3.1E-05 
M 1.2E-03 k$:: Rn-220 + d n  na na l.lE-03 1.8E-09 

TRANSURANICS AND FISSION PRODUCTS 
Am-24 1 na 5.2E-04 
Sr-90 + dtr na 1.4E-04 2r-90 na 1.3E-04 
Tc-99 na 2.1E-04 
CS- 137 + dU na 4.2E-05 

Np-237 + du M 5 .OE-04 
TNp-237 na 5 .OE-04 
h-238 na 6.2E-04 
h-239 na 6.1E-04 
h-240 na 6.1E-04 
h - 2 3 9 M  na 6.1E-04 
Ru-106 na 8.4846 

I&-137 na 4.2E-05 

6.1E-03 
2.8E-03 
3 .OE-03 
3.4E-03 
2.3E-03 
5.7E-04 
5.7E-04 
8.9E-07 
85E-08 
1.7E-03 
l.lE-03 

2.9E-03 
2.9E-03 
15E-02 
4.3E-03 
l.lE-02 
9.7E-03 

1.3E-02 
3.3E-03 
2.4E-04 
2.4E-04 
9.1E-03 
8.9E-03 
1.4E-08 

4.1E-03 
l.lE-03 
9.9E-04 
1.6E-03 
3.3E-04 
3.3E-04 
3.9E-03 
3.9E-03 
4.8E-03 
4.7E-03 
4.7E-03 
4.7E-03 
6.6E-05 
3.2E-03 

1.9EW 
8.7E-05 
9.4E-05 
1 .OEW 
1.6E-04 
3 x 4 5  
3 x 4 5  
2.7E-08 
25E-09 
1.2E-04 
8.6E45 

9.0E45 
9.0E-05 
4.8E-04 
1 AE-04 
3.4E-04 
3.1E-04 

3.9E-04 
9.9E-05 
1.7E-05 
1.7E-05 
2.8E-04 
2.7E-04 
4.2E-10 

1.4E-04 
2.0E-04 
1.8E-04 
3.3E-04 
4.8E-05 
4.8E-05 
1.4E-04 
1.4EW 
1.6E-04 
1.6E-04 
1.6E-04 
1.6E-04 
25E-06 
9.7E-05 

l.lE-05 
5.0E-06 
5 2 - 0 6  
6.1E-06 
4.0E-06 
1 .OE-06 
1 -0E-06 
1.6E49 
15E-10 
3 .2Ea 
2.1E-06 

5.2E-06 
5.2E-06 
2.7E-05 
7.7E-06 
1.9E-05 
1.7E-05 

2.3E-05 
5.8E-06 
4.4647 
4.3E-07 
1.6E-05 
1.6E-05 
2 2 - 1  1 

7.4E-06 
8.2E-07 
75E-07 
3.2E-07 
15E-07 
15E-07 
7.0E-06 
7.OE-06 
8.7E-06 
8.6E-06 
8.6E-06 
8.6E-06 
1.2E-07 
5.7E-06 U-233 na 4.1E-04 

na Not c v d d  for air. Impvu fmm cxposuru 10 sod and W.IQ for this reccpa am prrocnlod sod ud warn URFs. respectively. 
This exposure prhway is mduded whm Uladating u n i ~  risks for this rcnsrio. a 
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3550 EXHIBIT S-3 
Unit Risk Factors for Radionuclides in Water 
for Current Potential Scenarios (ILCR-L/pCi) 

R e p t o n  Whose Exposure R e c e p m  whose Exposure Facm Recepton Whose Exposure 
Facton Are Uruquely Defined Are Unaffected by the Presence 
by Exisnng Access ConUok or Absence of Access Conmls 

Factors Arc Unqudy Defined 
by a Lack of Access Conmls 

Trespawmg Off-propeny Off-RoPaty Trespassmg 
Child - Off- U s a  of usa of Child- 

w/Acce~s Ropeny MeatBrMllk G M R i v a  wlo Access 
Vislun Conmls Farma GrownOn-site W a t a  Conmls 

Age 1% Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 7-18 
Dnnhng warn 0 0 

Inhalam of volitahed radon 0 0 

Ingestion while swunmmg 0 

Ingesuon of vegetables 0 0 

Ingauon of meat 0 0 

Ingesuon of rmlL 0 0 0 

Ingesuon of fish 0 

URANIUM SERIES 
U-238 + 2 dUs na M 1.9E-06 7.9E-09 2.OE-06 M 

M M l.lE-06 4.5E-09 l.lE-06 M 
M M 1.lE-06 4.5E-09 l.lE-06 na 
M na 8.3E-07 3.6E- 1 1 1 .OE-06 na Th-230 

Ra-226 + 8 dtrs na na 5.4E-05 1.2E-07 7.4E-05 M 
M na 8.8E-06 2.7E-08 1.2E-05 na 
na M 8.OE-06 2.7E-08 1.1E-05 na 

na na 6.9E-08 O.OE+OO 6.9E-08 
Pb- 10+2dUs na na 4.5E-05 9.1E-08 8.3E-05 M 

Pb-210 M na 35E-05 7.0E-08 6.4E-05 na 
ACTINIUM SERIES 
U-235 + 1 dtr na na 1.lE-06 4.5E-09 l.lE-06 M 

Pa-23 1+ 8 das na na 2.8E-05 1.4E-09 3.1E-05 na 
Pa-23 1 na na 5.9E-06 2.9E-10 65E-06 na 
Ac-227 + 7 dtrs M na 2.2E-05 3.9E-09 2.7E-05 M 

Ac-227 na M 1.8E-05 3.1E-09 2.2E-05 M 
THORIUM SERIES 
Th-232 + 10 dUS M M l.lE-05 4.6E-10 1.3E-05 M 

M na 7.6E-07 3.3E-11 9.7E-07 na 
M na 6JE-06 2.2E-08 9.3E-06 M 
M na 65E-06 2.2E-08 9.3E-06 na 

M na 7.OE-07 3.OE-11 8.2E-07 
Rn-220 + dtrs na M 2.9E-07 O.OE+OO 2.9E-07 M 

TRANSURANICS AND FISSION PRODUCTS 
Am-241 na M 1.6E-05 1.2E-I0 5.OE-05 na 
Sr-90 + da na na l.lE-05 2.5E-08 l.lE-05 na 

M M 9.9E-06 2.3E-08 l.lE-05 M 
na na l.lE-05 6.7E-09 l.lE-05 na 

CS-137 + dU na M 3.7E-06 1.4E-07 35E-05 na 
na na 3.7E-06 1.4E-07 35E-05 na 
na na 1.6E-05 1.6E-09 1.7E-05 na 
na na 1.6E-05 1.6E-09 1.7E-05 na INp-237 

PU-238 na M 1.4E-05 2.OE- 1 1 1.7E-05 na 
PU-239 na M 15E-05 2.1E-11 1.8E-05 M 
Pu-240 M M 1.5E-05 2.1E-11 1.8E-05 na 
Pu-239/240 na na 15E-05 2.1E-11 1.8E-05 M 
Ru-106 na M 65E-07 1.7E-09 7.1E-07 M 
U-233 na M 1.8E-06 4.5E-09 1.8E-06 M 

XZ8 

t g z d u s  -222+4dtrs na M 85E-07 O.OE+OO 85E-07 na na 

bLZgld= -228 + 7 dUS 

7 U-235 na M l.lE-06 4.5E-09 1.1E-06 na 

I 
Th-232 

M na 35E-06 15E-10 4.4E4X na na 

$:;O 

da  

This expsure palhwwry u lncludcd when ulculaung mi nskr for h r  -no 
nr Not evduorcd for w a r ,  hpacts of up01urr.l from UI and roll to thrs rrccptor arc p r e ~ ~ ~ ~ t e d  ud rod W s .  rc-vely. 
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August 5 .  1992 EXHIBIT S-4 

Unit Risks Factors for Radionuclides in Water 
for Future Potential Scenarios (ILCR-L/pCi) 

Farmer Typical RME ~ - P r o p e n Y  ~-propatY 3580 
uslng O n - F O P e r t Y  On-PrOPenY Resident Home 

GM River Resident Farmer Child Builder 
Age 1-70 Age 1-70 Age 1-70 Age 1-6 Age 19+ 

Dnnkmg water 0 0 e 0 

Inhalaaon of  volar~I~zed radon 
Ingesaon whde s m m m g  
Ingesaon of  vegerables 0 

Ingesaon of meat 0 

Ingesaon of mdk 0 e e 0 

Ingesaon of fish 0 

URANIUM SERIES 
U-238 + 2 dtrs 2.OE-06 25E-07 1.9E-06 6.9E-07 na 

u-234 l.lE-06 1.4E-07 l.lE-06 3.9E-07 M 
Th-230 1 .OE-06 l.lE-07 8.3E-07 2.6E-07 M 
Ra-226 + 8 dUs 7.4E-05 6.9E-06 5.4E-05 1.9E-05 na 

Ra-226 + 5 dtrs 1 z - 0 5  l.lE-06 8.8E-06 2.7E-06 na 
Ra-226 l.lE-05 1 .OE-06 8.OE-06 2.6E-06 na 
Rn-222 + 4 dUS 85E-07 l.lE-07 8.5E-07 7.2E-08 na 

Rn-222 6.9E-08 8.8E-09 6.9E-08 5.9E-09 M 
Pb-210 + 2 dtrs 8.3E-05 5.8E-06 4.5E-05 1.6E-05 M 

Pb-210 6.4E-05 45E-06 3 5E-05 1.2E-05 na 
ACTINIUM SERIES 
U-235 + 1 d U  l.lE-06 1.4E-07 l.lE-06 3.9E-07 na 

Pa-23 1+ 8 dtrs 3.1 E-05 3.6E-06 2.8E-05 8.9E-06 na 
6.5E-06 7.6E-07 5.9E-06 1.9E-06 na 
2.7E-05 2.9E-06 2.2E-05 7.0E-06 M 
2.2E-05 2.3E-06 1.8E-05 5.6E-06 na 

THORIUM SERIES 
Th-232 + 10 dUS 1.3E-05 1.4E-06 l.lE-05 3.3E46 na 

Th-232 9.7E-07 9.8E-08 7.6E-07 2.4E-07 M 
9.3E-06 8.3E-07 65E-06 2.0E-06 M 

Ra-228 9.3E-06 8.3E-07 65E-06 2.0E-06 na 
4.48-06 4.56-07 35E-06 l.lE-06 na 

0 e 0 0 
- - - -  

- - 0  - - - -  

TU-238 l.lE-06 1.4E-07 l.lE-06 3.9E-07 na 

1U-235 l.lE-06 1.4E-07 l.lE-06 3.9E-07 na 

li! 

Ill;;;:: 

E i ; 7 d t r s  

8.2E-07 8.9E-08 7.0E-07 2.9E-07 2.1E-07 2.48-08 M na 
Rn-220 + dUs 2.9E-07 3.7E-08 

TRANSURANICS AND FISSION PRODUCTS 
Am-24 1 5.0E-05 2.0E-06 1.6E-05 55E-06 na 
Sr-90 + du l.lE-05 1.4E-06 l.lE-05 6.4E-06 M 

Tc-99 l.lE-05 1.4E-06 l.lE-05 4.7E-06 na 
CS-137 + dU 35E-05 4.8E-07 3.7E-06 1 5E-06 M 

Np-237 + du 1.7E-05 2.1E-06 1.6E-05 6.7E-06 na 

PU-238 1.7E-05 1 AE-06 1.4E-05 4 x 4 6  na 
PU-239 1.8E-05 1.9E-06 15E-05 4.7E-06 M 
Pu-240 1.8E-05 1.9E-06 15E-05 4.7E-06 M 
PU-239M 1.8E-05 1.9E-06 15E-05 4.7E-06 na 
RU-106 7.1E-07 8.4E-08 6.5E-07 2.3E-07 na 
U-233 1 AE-06 2.4E-07 1.8E-06 1 z - 0 6  na 

3 r - 9 0  l.lE-05 1.3E-06 9.9E-06 5.9E-06 na 

ICs- 137 3 5E-05 4.8E-07 3.7E-06 15E-06 na 

INp-237 1.7E-05 2.1E-06 1.6E-05 6.7E-06 M 

T ~ I S  exposure pathway IS included when calculatmg unit mks for this scenano. 
M Nor evaluated for warm. Impacts from exposures to au and sod for ttus receptor are presented a~ and sod URFs. respecavely 

~ / S U C R / W / 4 - 5 / a . M / 7 - 2 4 - 9 2  S-6 
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EXHIBIT S-5 

3580 Unit Risk Factors for Radionuclides in SoiUSediment 
for Current Potential Scenarios (LCR-glpCi) 

Receptors Whose Exposure Raceptors whose Exposure tacton Receptors Whose Exposure 
Factors Are Uniquely Defined Are Unaffected by the Presence 
by Exlsang Access &nmk OT Absence of Access ConUoob 

Factcrrs Are Uluquely Defined 
by a Lack of Access Conaols 

- Trrsp.snng Off-properry Off-Ropcny Trrsp.-g - 
Chdd off- U a r  of Use? d Quid 
Ac&ss Ropcny Mut&hfdk GMILver ~ I O  Acaur 

- -  

V1ntor Gmuoll Fanner Grown&-me Water Gmuoll 
Age 1% Age7-18 ARC 1-70 ARC 1-70 ARC 1-70 Age 7-18 

Ingesaon of solUserkme-nr 0 0 

Ex& radlauon exposun 0 0 

Ingestion of meat 0 

Ingesaon of milk 0 

URANIUM SERIES 
U-238 + 2 dtrs 5.1E-08 4.1E-10 M 5.7E-08 M 
XU-238 3.OE-11 7.9E-12 M 3.2E-08 M 2.4E-10 
u-234 4.3E-11 8.OE-12 M 3.2E-08 M 2.4E-10 
Th-230 7.7E-11 6.8E-12 M 2.6E- 1 1 M 2.OE-10 

1 X - 0 8  

Ra-226 + 8 dtrs 8.6E-06 6.6E-08 M 2.2E-06 M 2.0E-06 
Ra-226 + 5 dtrs 8.6E-06 6.6E-08 M 3.4E-07 M 2.0E-06 

Ra-226 1.7E-08 1.9E-10 M 3.4E-07 M 5.7E-09 
Rn-222 + 4 dUS 8.4E-06 65E-08 M O.OE+OO M 1.9E-06 

Pb-210 + 2 dm 2.3E-10 322-10 M 35E-06 M 9.6E-09 
Pb-210 1.9E-10 25E-10 M 2.7E-06 M 7.4E-09 

ACTINIUM SERIES 
U-235 + 1 dtr 3.4E-07 2.6E-09 M 3.2E-08 M 7.9E-08 

3.4E-07 2.6E-09 M 3.E-08 M 7.9E-08 
Pa-231+ 8 dtrs 1.3E-06 9.8E-09 M 3.0E-09 M 2.9E-07 

Pa-23 1 3.7E-08 3.3E-10 M 6.3E- 10 na 9.9E-09 
1.2E-06 9.5E-09 M 1.2E-08 M 2.8E-07 

Ac-227 3.7E-11 1.3E-10 M 9.3E-09 M 4.0E-09 
THORIUM SERIES 
Th-232 + 10 dtrs 1 .E-05 9.3E-08 M 3.4E-10 M 2.8E-06 

4.1E-06 3.2E-08 M 2.7E-07 M 95E-07 
O.OE+OO 4.8E- 1 1 M 2.7E-07 M 1.4E-09 
8.0E-06 6.1E-08 M 9.3E- 1 1 M 1.8E-06 

Rn-222 1.7E-09 1.3E-11 M O.OE+OO M 3.9E- 10 b 
9 TU-235 

Ac-227 + 7 dtrs 

3.7E-11 6.OE-12 M 2.4E- 1 1 M 1.8E-10 

I 
Th-232 

bg::: 7.8E-10 1.1E-11 M 1.9E- 1 1 M M 3.4E- 1.8E-06 10 
Rn-220 + dtrs 7.7E-06 5.9E-08 M O.OE+OO 

TRANSURANICS AND FISSION PRODUCTS 
Am-% 1 7.0E-09 1.7E-10 M 6.2E-10 M 5.1E49 
Sr-90 + dtr O.OE+OO 1.7E- 1 1 M 5.1E-05 M 5.2E- 10 
2 r - 9 0  O.OE+OO 1.6E- 1 1 M 4.7E-05 M 4.8E-10 

1.9E-11 Tc-99 8.6E-13 6.3E-13 M 5 5E-05 M 
CS-137 + dtr 2.9E-06 2.2E-08 M 9.8E-06 M 6.6E-07 
ICs- 137 O.OE+OO 1.3E-11 M 9.8E-06 M 4.OE-10 
Np-237 + dtr 6.1E-07 4.8E49 M 15E-07 M 1.4E-07 
XNp-237 1.1E-08 1.9E- 10 M 1 5E-07 M 5.7E-09 
PU-238 4.OE-11 l.lE-10 na 82E-12 M 3.2E-09 
PU-239 2.4E-11 l.lE-10 M 8.6E-12 M 3.3E-09 
PU-240 3.9E-11 l.lE-10 M 8.6E-12 M 3.3E-09 
PU-239M 3.9E-11 1.1E-10 M 8.6E-12 M 3.3E-09 
RU-106 O.OE+OO 4.6E-12 M 9.0E-08 M 1.4E-10 

2.4E-10 U-233 6.OE-11 8.1E-12 M 3.2E-08 M 

Ttus exposure prhway IS mdudcd when ularlaung ulut IIsks for h s  m m o .  
na Not evdud for d Impas of upoarrrs fmm ur and water to h s  -tor a= presartui ar and water URFs. mspecuvely 

a r a r / ~ / K W 4 - S / S . . M / 7 - 2 6 - 9 2  s-7 
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EXHIBIT S-6 
Unit Risk Factors for Radionulcides in SoiUSediment 

for Future Potential Scenarios (ILCR-g/pCi) 3580 
Farmer Typical RME On-pfopenY ~ - p r O p e n Y  
using ~ - F O p e n y  On-propeny Resident Home 

GM R i v a  Resident Farmer Child Builder 
Age 1-70 Ape 1-70 Age 1-70 Age 1 4  Age 19+ - - 

Ingesnon of solUsedment - 0 0 0 

Extanal rashanon exposure 0 0 

Ingesnon of vegetables 0 0 0 

Ingesaon of meat 0 0 0 

Ingesaon of milk 0 0 

URANIUM SERIES 
U-238 + 2 dUS 
IU-238 
u-234 . 
Th-230 
Ra-226 + 8 dtrs 

ACTINIUM SERZES 

TU-235 
U-235 + 1 dtr 

L 

THORIUM SERIES 
Th-232 + 10 dtrs M 

Th-232 na 
Ra-228 + 1 dtt na 

Th-228 + 7 dtts na 
-228 na 

Rn-220 + d m  na 
TRANSURANICS AND FISSION PRODUCTS 
Am-241 na 
Sr-90 + dn na 

Tc-99 na 
C~-137+dtt  

Ra-228 

B r - 9 0  na 

ICs-137 na 

TNp-237 na 

na 

s 
Np237 + dn na 

Pu-238 na 
Pu-239 M 
Pu-240 na 
Pu-239DKI na 
Ru-106 M 

25E-07 
3.4E-08 
3.4E-08 
1 .2Em 
3.3E-05 
3.2E-05 
2.1E-07 
3 z - 0 5  
6.4E-09 
2.8E-06 
2.2E-06 

1.3E-06 
1.3E46 
4.7E46 
15E-07 
4.6E-06 
5.1E-08 

45E-05 

1.6E-05 
1 Z - 0 7  
3.0E-05 
3 .7E-09 
2.9845 

5.6E-08 
1 .OE-05 
9.2E-06 
7.8E-06 
1.2E-05 
1 x-06 
3.2E-06 
9.2E-07 
l.lE-08 
l.lE-08 
l.lE-08 
1.1E-08 
7.8E-08 

9.5E-10 

U-233 M 3.4E-08 
~h i r  &omre w w r y  is ~ r l ~ d e d  wvh~n d d o t i n g  unit risks for thu racnrria 

2.OE-06 
3.1 E-07 
3.1E-07 

2.6E-04 
4.1 E-08 

2.5E-04 
1.9E-06 
25E-04 
5 .OE-08 
2.4E-05 
1.8E-05 

1 .OE-05 
1 .OE-05 
3.8E-05 
1.4E-06 
3.7E-05 
1.1E-06 

3.5E-04 
3.6E-08 
1.2E-04 
1.2E-06 
2.3E-04 
5 5E-08 
2.3E-04 

1 .OE-06 
7.9E-05 
7.2E-05 
6.1E-05 
9.7E-05 
1.4E-05 
25E-05 
7.7E-06 
6.2E-07 
65E-07 
65E-07 
6.5E-07 
6.3E-07 
3.1E-07 

1.8E-07 
3 
3 . E 4 8  

2.0E-05 
1.9E-05 

5.98-09 

2.6E-07 
1.8E-05 
3.7E-09 
2.4E-06 
1.9E-06 

7.9E-07 
7.9E-07 
2.9E-06 
1.3E-07 
2.8E-06 
15E-07 

2.7E-05 
5.4E-09 
9.2E-06 
1.8E-07 
1.7E-05 
6.6E-09 
1.7E-05 

1.3E-07 
15E-05 
1.3E-05 
1.3E-05 
8.3E-06 
2.0E-06 
1.9E-06 
6.0E-07 
95E-08 
9.9E-08 
9.9E-08 
9.9E-08 
4.4E-08 
3.7E-08 

1.7E49 
8.1E-11 
8.1E-11 
6.7E-11 
2.6E-07 
2.6E-07 
l.lE-09 
25E-07 

3.3849 
2.6E49 

1 .OE-08 
1 .OE-08 
4.0E-08 
1.6E-09 
3.8E-08 
1.4E49 

3.6E-07 
6.lE-11 
1 . E 4 7  
5 .OE- 10 
2.4E-07 

2.3E-07 

1.4E-09 

5.1E-11 

7.9E-11 

1.8E-10 
1.7E- 10 
6JE-12 
8.6E-08 

2.0E-08 
1.4E-09 
l.lE-09 
1 z - 0 9  
1 .2E-09 
1 E-09 
4.8E- 1 1 
8.2E-11 

1.4E-10 
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Drinking water 
Inhalation of VOCs 
Ingestion while swimming 
Ingestion of vegetables 
Ingestion of meat 
Ingestion of milk 
Ingestion of fish 
Dermal contact: bathing 
Dermal contact: swimming 

Beryllium 
Benzene 
Bis(2-ethylhexyl) phthalate 
Chloroform 
Methylene chloride 
Trichloroethene 
N- nitrosodiephenylamine 

3580 EXHIBIT S-7 
Unit Risk Factors for Chemicals in Water 

for Current Potential Scenarios (ILCR -I/mg) 
Receptors Whose Exposure Receptors whose Exposure Factors Receptors Whose Exposure 

Factors Are Uniquely Defined 
by Existing Access Controls 

Are Unaffected by the Presence 
or Absence of Access Controls 

Factors Are Uniquely Defined 
by a Lack of Access Controls 

Trespassing Off - Property Off- Property Trespassing 
Child Off- User Of User Of Child 

Access Property Meat & Milk GM River wlo Access 
Visitor Controls Farmer Grown On-site Water Controls 

Age 19+ Age 7- 18 Age 1-70 Age 1-70 Age 1-70 Age 7- 18 
0 0 

0 0 

1.6E- 01 1.E-03 1.8E-01 
7.8E-03 4.6E-06 NA 
6.5E-04 9.3E-OS 4.SE-03 
1.9E- 03 8.3E-07 NA 
5.7E-03 5.1E-07 5 .E-03  
2.4E-03 2.9E-06 NA 
NA NA 1.1E - 03 

NA = not applicable to this scenario or toxicity value not available 

s-9 615 
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3580 EXHIBIT S-8 
Unit Toxicity Factors for Chemicals in Water 

for Current Potential Scenarios (Hazard Index-l/mg) 
Receptors Whose Exposure Receptors whose Exposure Factors Receptors Whose Exposure 

Factors Are Uniquely Defined 
by Existing Access Controls 

Are Unaffected by the Presence 
or Absence of Access Controls 

Factors Are Uniquely Defined 
by a Lack of Access Controls 

. . .. .. . . 
Off-Property Off-Property ~ - Trespassing 

Child Off- User Of User Of Child 
Access Property Meat & Milk GM River wlo Access 

Visitor Controls Farmer Grown On-site Water Controls 
Age 19+ Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 7- 18 

-~ ... ..- -~ - . -  . ~ .Tresspassing-- - - - -  

Drinking water e e 

Inhalation of VOCs e 
Ingestion while swimming e '  

Ingestion of vegetables e 

Ingestion of meat e e e 

Ingestion of milk e e e 

Ingestion of fish e 

Dermal contact: bathing . e 

Dermal contact: swimming e 

e 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
1,1,1 -Trichloroethane 
2-Butanone 
Acetone 
Bis(2-ethylhexyl) phthalate 
Carbon disulfide 
Chloroform 
Di-n-butyl phthalate 
Ethylbenzene 
Methylene chloride 
Toluene 
Total Xylenes 
Molybdenum 
Uranium 

3.6E + 02 
1.3E+02 
5.9E-01 
72E+00 
5.5E+01 
8.1E+00 

5.5E + 01 
4.E-01 

NA 

7.3E + 03 

l.lE+Ol 
2.5E+00 

1.4E+01 
7.4E+M 

1.OE + 01 
2.OE+00 
S.2E+01 
5.3E + 01 
2.3E+00 
6.8E + 00 
3.1E+01 

9.SE+00 
1.3E + 01 
7.0E- 01 
4.7E-02 
8.SE+00 
1.2E+01 

S.3E+00 

4.9E-01 

NA = not applicable to this scenario or toxicity value not available 0 
s10 

l.lE+00 
4.9E+00 
3.7E-02 
7.8E-02 
2.4E+01 
8.6E-01 

NA 
1.3E+00 
4.6E-02 
7.1E+03 
4.2E- 01 
3.3E+00 
S.lE+00 
2.3E + 02 
1.3E-01 
9.7E+Oo 
2.6E-03 
5.1E-04 
1.6E-04 
3.3E-01 
1.E-03 
1.4E-02 
6.1E-02 
4SE-02 
l.lE-03 
1.4E-03 
2.OE-04 
3.9E-01 
3.3E-01 

3.6E+02 
2.3E + 02 
SSE-01 
1 .OE + 01 
2.3E+02 
9.7E+00 
1.5E+01 
l.lE+02 
4.3E-01 
1.4E+04 
3.8E + 00 
1.OE + 01 
4.7E+02 

S.lE+00 
NA 

8.E-01 
NA 
NA 

5.3E+01 
3.3E+01 
NA 
NA 

7.9E + 01 
NA 

1.3E+01 
NA 
NA 

8.2E + 00 
12E+01 
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Drinking water 
Inhalation of VOCs 
Ingestion while swimming 
Ingestion of vegetables 
Ingestion of meat 
Ingestion of milk 
Ingestion of fish 
Dermal contact: bathing 
Deraml contact: swimming 

Beryllium 
Aroclor- 1254 

Benzene 
Benm(a)pyrene 
Bis(2-ethylhexyl) phthalate 
Chloroform 
Methylene chloride 
N-nitrosodiphenylamine 
Tetrachloroethene 
Trichloroethene 

Aroclor- 1260 

EXHIBIT S-9 
Unit Risk Factors for Chemicals in Water for 
for Future Potential Scenarios (ILCR--l/mg) 

Farmer Typical RME On-property On-property 
Using On -property On -property Resident Home 

GM River Resident Farmer Child Builder 
Age 1-70 Age 1-70 Age 1-70 Age 1-6 Age 19+ 

e e e 

e e e 

e 

e e e 

e e e 

e e e 

e 

e e e 

1.8E -01 
2.4E+02 
4.7E+02 

5.6E + 0 1 
7.98-03 

4.4E-03 
1.9E -03 
5.7E -03 
7.9E-04 
4.OE-03 
3.1E-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.6E - 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

-01 1.2E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
4.OE-01 

NA = not applicable to this scenario or toxicity value not available 

3580 August 5, 1992 
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EXHIBIT S-10 

3580 Unit Toxicity Factors for Chemicals in Water 
for Future Potential Scenarios (Hazard Index-l/mg) 

Fanner Typical 
Using On-property 

GM River Resident 
- -Age-l-70 Age 1-70 

Drinking water 0 

Inhalation of VOCs 0 0 

Ingestion while swimming 0 

Ingestion of vegetables 0 0 

Ingestion of meat 0 0 

Ingestion of milk 0 0 

Ingestion of fish 0 

Dermal contact: bathing 0 0 

Dermal contact: swimming 0 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cobalt 
Cyanide 
Lead 
Manganese 
Mercury 

Zinc 
Uranium 
1,1,1 -Trichloroethane 
2-Butanone 
Acenaphthene 
Acetone 
Anthracene 
Benzoic acid 
Bis(2-ethylhexyl) phthalate 
Carbon disulfide 
Chloroform 
Chlorobenzene 
Di-n -butyl phthalate 
Dibenzofuran 
Fluoran thene 
Methylene chloride 
Pyrene 

3.6E+02 
2.4E+02 

1 .OE +O 1 

1.9E + 01 
1.2E+02 
l.lE+02 

5.9E-01 

NA 

4.7E-01 
2.1E+04 

NA 
4.2E+00 
4.7E+02 
l.lE+Ol 
1.2E + 01 
2.1E+00 
5.2E + 0 1 

5.3E+01 
3.7E+00 

3.4E +O 1 

3.2E+01 
3.9E+00 

6.4E+01 
2.2E+00 
1.3E+01 
1.5E+00 

4.6E-01 

1.4E-01 

6.8E+00 

7.9E + 0 1 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
8.5E+00 

NA 
NA 
NA 

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

5.6E+00 

1.2E + 01 

NA = not applicable to this scenario or toxicity value not available 

RME On-property On-property 
On-property Resident Home 

Farmer 
- .  . - 

Child Builder 
- A2e 126 - Age 19+ 

0 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

12E+01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E+00 

8.5E+00 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
3.3E + 0 1 

NA 
NA 
NA 

NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E + 01 

4.SE+01 
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EXHIBIT S- 11 
Unit Risk Factors for Chemicals in Soil/Sediment 
for Current Potential Scenarios (ILCR - kg/mg) 

Receptors Whose Exposure 
Factors Are Uniquely Defined 
by Existing Access Controls 

- - . - ~  - - Tresspassing- 
Child 

AWSS 
Visitor Controls 

Age 19+ Age 7-18 
Incidental soil ingestion 
Dermal contact: soil 
Ingestion of meat 
Ingestion of milk 

Beryllium 
Aroclor- 1248 
Aroclor- 1254 
Aroclor- 1260 
Benzene 
Benzo(a)pyrene 
Bis(2-ethy1hexyl)phthalate 
Chloroform 
Methylene chloride 
N- nitrosodiphenylamine 
Tetrachloroethene 
Trichloroethene 

7.3E - 09 
9.8E-07 
9.8E-07 
9.8E-07 
3.7E-09 
7.4E-07 
1.8E-09 
7.8E- 10 
9SE- 10 
6.2E- 10 
6.5E-09 
1.4E-09 

3.3E-06 
2.3E-04 
6.4E-04 
4SE-04 
1.3E-08 
2.8E-04 
2.2E-07 
2.3E-09 
1.4E-09 
8.SE-09 
6.4E-08 
8.3E-09 

3580 

NA = not applicable to this scenario or toxicity value not available 

Receptors whose Exposure Factors 
Are Unaffected by the Presence 
or Absence of Access Controls 
.- - Off - Property Off - Property - Trespassing 

Off- User Of User Of Child 
Property Meat & Milk GM River wlo Access 
Farmer Grown On-site Water Controls 

Age 1-70 Age 1-70 Age 1-70 Age 7- 18 

Receptors Whose Exposure 
Factors Are Uniquely Defined 
by a Lack of Access Controls 

. ~- 

2.2E-07 
29E-05 
2.9E-05 
2.9E-05 
l.lE-07 
22E-05 
5.5E-08 
2.3E-08 
2.7E-08 
1.9E-08 
2.OE-07 
42E-08 

KNOX/sucR/KU/4-5/SUCRAPPS TXT/7-24-92 S-13 679 
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Incidental soil ingestion 
Dermal contact: soil 
Ingestion of meat 
Ingestion of milk 

2-Butanone 
Acetone 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Lead 
Manganese 
Mercury 

Vanadium 
Zinc 
1,1,1 -Trichloroethane 
Acenaphthene 
Anthracene 
Benzoic acid 
Bis(2-ethylhexy1)phthalate 
Carbon disulfide 
Chlorobenzene 
Chloroform 
Cyanide 
Di-n-butyl phthalate 
Dibenmfuran 
Fluoranthene 
Fluorene 
Methylene chloride 
Naphthalene 
Phenol 
Pyrene 
Tetrachloroethene 
Toluene 
Uranium 

3580 EXHIBIT S- 12 
Unit Toxicity Factors for Chemicals in Soil/Sediment 
for Current Potential Scenarios (Hazard Index- kg/mg) 
Receptors Whose Exposure Receptors whose Exposure Factors Receptors Whose Exposure 

Factors Are Uniquely Defined 
by Existing Access Controls 

Are Unaffected by the Presence 
or Absence of Access Controls 

Factors Are Uniquely Defined 
by a Lack of Access Controls 

. . Tresspassing.. - -Off-Property Off-Property - - Trespassing - - 

Child Off- User Of User Of Child 
Access Property Meat & Milk GM River wlo Access 

Visitor Controls Farmer Grown On-site Water Controls 
Age 19+ Age 7-18 Age 1-70 Age 1-70 Age 1-70 Age 7- 18 

1.SE-OS 
7.4E-06 
2.SE-OS 
3.3E-OS 
1.4E- 07 
2.OE-06 
9.9E-06 
2.OE-06 
3.8E-06 
1.4E - OS 
9.9E-08 
3.3E-OS 
S.0E-07 
2.OE-06 
2.OE-06 
1.4E-06 
S.OE-08 
8.2E-06 
4.2E-08 
2.5E-06 
1.9E- 07 
3.E-OS 
7.4E-06 
3.E-06 
7.4E-OS 
S.OE-07 
7.4E-06 
7.4E - OS 
1.9E- OS 
1.9E - OS 
1.2E- OS 
1.9E - OS 
1.2E-06 
2.SE-OS 
7.4E-OS 
3.E-06 
8.SE - 07 

A = not applicable to this scenario or toxicity value not available m 

1.4E-06 
4.SE-07 
1.8E-03 
1.2E-02 
9.E-OS 
1.SE-04 
6.E-02 
1.6E- 03 
l.lE-02 
3.1E-03 
1.2E-04 
2.OE + 01 
1 .OE- 03 
7.2E-03 
8.5E-03 
2.4E-04 
2.E-02 
7.3E-06 

1.E-OS 
8.8E-08 
7.E-04 
4.E-06 
4.5E-06 
3.8E-05 
4.OE-06 
1.SE-04 
3.SE-04 
4.1E-04 
9SE-OS 
3.2E-06 
2.9E-04 
3.9E-07 
4.SE-04 
1.3E-04 
4.OE-06 
6.3E-04 

NA 

4.4E-04 
22E-04 
7.SE-04 
9.9E-04 
4.3E-06 
6.OE-OS 
3.OE-04 
6.0E - OS 
l.lE-04 
4.3E-04 
3.OE-06 
1.OE-03 
1.5E-OS 
6.OE-05 
6.OE-OS 
4.3E-OS 
1.SE-06 
2.SE-04 
1.3E-06 
7.4E-OS 
5.6E-06 
l.lE-03 
22E-04 
l.lE-04 
2.2E-03 
1 SE- OS 
22E - 04 
22E-03 
S.6E-04 
5.6E-04 
3.E-04 
S.6E-04 
3.E-OS 
7.4E-04 
2.2E-03 
l.lE-04 
2.2E-OS 
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Ingestion of soiUsediment 
Dermal contact: soil 
Ingestion of vegetables 
Ingestion of meat 
Ingestion of milk 

1,123 -Tetrachloroethane 
Beryllium 
1,l -Dichloroethene 
DDT 
Aroclor- 1248 
Aroclor- 1254 
Aroclor- 1260 
Benzene 
Benm(a)pyrene 
Bis(2-ethylhexyl) phthalate 
Bromodichlorornethane 
Chlordane 
Chloroform 
Aroclor- 1242 
Methylene chloride 
Pentachlorophenol * etrachloroethene 
Trich loroethene 
Vinyl chloride 
N -nitrosodiphenylamine 

EXHIBIT S-13 
Unit Risks Factors for Chemicals in Soil 

for Future Potential Scenarios (ILCR - kg/mg) 
Farmer Typical 
Using On-property 

GM River Resident 
Age 1-70 Age 1-70 

0 

0 

0 

0 

1.9E-05 
3.1E-06 
7.OE-04 
5.5E-06 
l.lE-04 
1.3E-04 
1.2E-04 
1.4E-05 
8.3E-05 
2.3E-07 
8.9E-05 
1.4E -05 
3.7E-06 

NA 
1.2E-05 
2.OE-06 
4.9E-06 
4.4E-06 
2.5E-03 
8.6E-11 

NA = not applicable to this scenario or toxicity value not available 

RME 
On-property 

Farmer 
Age 1-70- 

0 

0 

0 

0 

0 

On -property On -property 
Resident Home 

Child Builder 
Age 1-6 - Age 19+ 

0 0 

0 0 

0 

0 

0 

82E-06 
3.OE-05 
5.4E-03 
4.3E-05 
8.3E-04 
1 .OE -03 
9.1E-04 
l.lE-04 
6.5E-04 
1.8E-06 
6.9E-04 
l.lE-04 
2.9E-05 
NA 

9.2E-05 
1.5E -05 
3.8E-05 
3.4E-05 
2.OE-02 
7.3E-09 

5.OE-05 
12E-05 
1.8E-03 
2.5E-05 
4.2E-04 
5.1E-04 
5.1E-04 
3.7E-05 
3.4E-04 
7.6E-07 
2.3E-04 
3.6E-05 
9.7E-06 

NA 
3.1E -05 
6.OE-06 
1.3E-05 
1.1 E -05 
6.6E-03 

NA 

1.7E-08 
1.6E-08 
5.OE-08 
2.9E-08 
6.5E-07 
6.5E-07 
6.5E-07 
2.4E-09 
4.9E-07 
1.2E-09 
l.lE-08 
l.lE-07 
5.1E-10 
6.5E-07 
6.3E- 10 
1.OE-08 
4.3E-09 
9.2E- 10 
1.6E-07 
4.1E-10 

3580 
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EXHIBIT S-14 

3580 Unit Toxicity Factors for Chemicals in Soil 
for Future Potential Scenarios (Hazard Index-kg/mg) 

Farmer Typical RME On -property On -property 
Using On-property On-property Resident Home 

Age 1--70 - A-ge 1 -70 Age-1 -70 Age 1-6- Age 19+ 
GM River Resident Farmer Child Builder - -  

- .  

Ingestion of soiusediment 8 8 8 

Dermal contact: s o i l  
Ingestion of vegetables 8 8 8 

Ingestion of meat 8 8 8 

Ingestion of milk 8 8 8 

8 8 8 8 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium (food) 
Chromium 
Cobalt 
Cyanide 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Uranium 
Vanadium 
Zinc 
1,1,2 -Trichloro - 1 2 2  - trifluoroethane 
1,1,1 -Trichloroe thane 
1,l -Dichloroe thane 
1,l -Dichloroethene 
2,4- Dimethylphenol 
2-Butanone 
2-Chlorophenol 
DDT 
Acenaphthene 
Acetone 
Anthracene 
Benzoic acid 
Big2 -ethylhexyl) phthalate 
Bromodichloromethane 
Butyl benzyl phthalate 
Carbon disulfide 
Chlordane . 
Chlorobenzene . * 

Chloroform 
Di-n - butyl phthalate 
Dibenzofuran 
Ethylbenzene 
Fluoranthene 
Fluorene . 
Methyl parathion 
Methylene chloride 
Naphthalene 

3.8E+00 
7.OE-02 
8.SE-04 
1.1E-03 
4.9E-02 
4.OE-01 
3.4E-03 
1.7E-02 
2.OE+00 
3.6E-02 
1.4E-03 
2.1E+01 
1.8E-02 
6.1 E -03 
1.6E-02 
3.8E-02 
4.SE-01 
3.2E-03 
l.lE-03 
3SE-02 

NA 
2.7E-02 
6.OE -02 
1.OE+00 
1.2E-01 
8.8E-01 
7.5E-01 
2.SE-01 
2.3E-06 
8.9E-01 
7.3E-04 
1.4E-03 
6.4E -03 
2.7E-01 
6.9E -04 
4.6E-02 
1.4E+00 
7.6E-03 
4.7E-01 
1.8E -03 
3.1E-02 
1.OE-01 
2.7E-03 
7.3E-03 
1.7E+00 
2.1E-01 
1.OE-03 

3.8E+00 
7.4E-02 
8.E-04 
1.4E -03 
4.9E-02 
1.9E-03 
3.6E-03 
1.7E-02 
2.OE+00 
3.8E-02 
1.4E-03 
2.1E+01 
1.9E-02 
6.1 E -03 
1.6E-02 
3.8E-02 
4.7E-01 
3.7E-03 
1.3E-03 
3SE-02 

NA 
2.7E-02 
6.OE-02 
1.OE+00 
1.2E -0 1 
8.8E-01 
7SE-01 
2.6E-01 
2.SE-OS 
8.9E -0 1 
7.3E-04 
1.4E-03 
6.4E-03 
2.7E-01 
7.OE-04 
4.6E-02 
1.4E+00 
7.6E-03 
4.7E -0 1 
1.8E-03 
3.1E-02 
1.OE -01 
2.8E-03 
7.4E-03 
1.7E+00 
2.1E-01 
1.OE-03 

l.SE+Oi 
3.OE -0 1 
4.3E-03 
6.SE-03 
2.6E -0 1 
2.1E+00 
2.3E-02 
8.6E-02 
7.9E+00 
1.8E -0 1 
6.4E-03 
4.4E + 01 
8.OE-02 
2.7E-02 
9.3E-02 
2.3E-01 
1.9E+00 
2.2E-02 
S.7E-03 
1.8E -01 
1.OE+00 
1.OE-01 
2.3E-01 
3.9E+00 

3.4E+00 
2.9E+00 
1.7E+00 

4.6E-01 

2.1E-04 
3.5E+00 
3.1E-03 
S.3E -03 
3.2E-02 
1.OE+00 
2.9E-03 
1.8E-01 
S.4E+00 
3.OE-02 
1.8E+00 
8.4E -03 
1.3E-01 
4.OE-01 
1.4E-02 
3.OE-02 
6.7E+00 
8.OE - 0 1 
S .OE - 03 

6.3E-04 
8.4E-04 
3.6E-06 
5.OE-OS 
2.8E-06 
2.5E-04 
S.OE-OS 
9.78-05 
1.3E -OS 
3.7E-04 
2.SE-06 
8.4E-04 
S.OE-OS 
1.3E-OS 
5.OE -OS 
S.OE-OS 
3.6E-03 
6.SE-OS 
3.6E-05 
1.3E-06 

NA 
'6.SE-OS 
5.9E-OS 
6.SE-04 
2.98-04 
1.2E -04 
1.2E-03 
1.2E-02 
3.3E-06 
S.9E-OS 
2.OE-OS 
1.SE-06 
2.9E-04 
2.9E-04 
2.9E-OS 
5.9E-05 
9.8E-02 
2.9E -OS 
S.9E-04 
S.9E-OS 
S.9E-04 
S.9E-04 
1SE-04 
1SE-04 
2.3E-03 
9.8E-OS 
1.5E-04 
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Ingestion of soiUsediment 
Dermal contact: soil 
Ingestion of vegetables 
Ingestion of meat 
Ingestion of milk 

Pentachlorophenol 
Phenol 
Pyrene 
Tetrachloroethene 
Toluene 
Total Xylenes 
Trans- 12 - Dichloroethene 

EXHIBIT S-14 
Unit Toxicity Factors for Chemicals in Soil 

for Future Potential Scenarios (Hazard Index-kg/mg) 3580 
Farmer Typical RME On-property On-property 
Using On-property On-property Resident Home 

GM River Resident Farmer Child. Builder 
Age 1-70 Age 1 -70 Age 1-6 Age 19+ Age 1-70 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 .  0 

4.2E-03 4.3E-03 1.9E-02 2.OE-04 
1.6E-02 1.6E-02 6.OE-02 9.8E-06 
3.6E-03 3.7E-03 1.7E-02 2.OE-04 
7.4E-02 7.SE-02 2.9E-01 S.9E-04 
8.8E-03 8.8E-03 3.4E-02 2.9E-OS 
S.1E-04 S.1E-04 1.OE-04 2.9E-06 
4.SE-01 4.SE-01 1.8E+00 2.9E-04 
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INTRODUCI'ION 3580 1 

In the process of selecting constituents of potential concern (see Appendix R), measured 

percent tolerance limit (UTL) or  the 95th quantile for the background concentrations for the 
same constituent in the same medium. This appendix provides the UTLs constructed for 

number of samples available for a constituent in a given medium to construct the UTL or  if an 
insufficient percentage of the data are above the Sample Quantitation Limit (SQL), the UTL is 
not calculated for that constituent and a default value for the background concentration is used. 

2 

__ 3_- concentrations of a given constituent in a medium at the site are compared wi th theupper  95- _-_ -- - - - - _ _  -- - 

4 

5 

6 

7 

8 

9 

background concentrations for many constituents in various media. If there is an insufficient 

RADON IN AIR 10 

Background radon data were taken from Westinghouse Environmental Management Company of 
Ohio (WEMCO) Radon Monitoring Program measurement results. Background radon sampling 

11 

12 

13 

14 

1s 

was performed at two locations greater than 15 miles (25 km) from the Fernald Environmental 
Management Project (FEMP). Background radon concentrations in air measured for two time 
periods (October and December 1991) are presented in Table T-1. 

T- 1 
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SURFACE WATER 

FEMP-SWCR-~ DRAFT 3 5 8 0 
August 5,  1992 

I 

Background surface water concentrations were determined for samples from the Great Miami 
River upstream from the FEMP. Samples collected each week in 1990 (a total of 51 

SQL for each constituent (OEPA 1989). The UTL, therefore, could be constructed only for 

River upstream from the FEMP are presented in Table T-2. 

2 

3 

measurements) show - that - the_concen_trat&ms of all constituents except-uranium are below-the -- -- ~ - -  4 -- 

5 

6 

7 

uranium. Analytical results and the calculated UTL for background uranium in the Great Miami 

T-3 
688 



TABLE T-2 
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3580 

Uranium Concentration Great Miami River 
Venice (Wl)  Jan 1 - Mar 14 

Venice ( W l )  Dec 19 - Dec 26 
Hamilton ( W l )  Mar 21 - Dec 12 

KNOX/SUCR/KU/5-5/SWCRAPPT.TXT/07-21-92 T-4 689 
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TABLE T-2 
(Continued) 

Week 

27 

Date-1990 mgle . pCit en (Y9* 

. 0 4 - J u l -  - 0.0018 - 1.2- - - -6.3200 - 0 . m  

28 

29 

30 

11 - JuI 0.0018 1.2 -6.3200 O.oo00 

18 - JuI 0.0016 1.1 -6.4378 0.0129 

25 - JuI 0.0016 1.1 -6.4378 0.0 129 

31 

32 

33 

I[ 37 I 12 - Sep 1 0.0018 I 1.2 I -6.3200 I O.oo00 11 

01 - Aug 0.0018 1.2 -6.3200 O.oo00 

08 - AUg 0.0017 1.1 -6.377 1 0.0028 

15 - AUg 

34 

35 

36 

22 - AUg 0.0012 0.8 -6.72F4 0.1610 

29 - AUg 0.0015 1 .o -6.5023 0.03 17 

05 - Ser, 0.0019 1.3 -6.2659 0.0034 

~ 

38 

39 

40 

41 

~~~~ 

19 - Sep 0.0014 0.9 -6.5713 0.0610 

26 Sep 0.0017 1.1 -6.3771 0.0028 

03 - Oct 0.0017 1.1 -6.3771 0.0028 

10 - Oct 0.0014 0.9 -6.5713 0.0610 

11 50 I 12 - Dec I 0.0019 I 1.3 I -6.2659 1 0.0034 -11 

11 42 -1 17 - Oct 0.0022 I 1.5 I -6.1193 I 0.0420 11 

11 52 I 26 - Dec I 0.0018 I 1.2 I -6.3200 1 O.oo00 11 

~ 

24 - Oct 0.00 16 0.0129 1.1 -6.4378 

KNOX/SUCR/KU/S-5/SWCRAPPT.TXT/07-2l-92 T-5 

44 

45 

46 

47 

48 

49 

690 

31 - Oct 0.0021 1.4 -6.1658 0.025 1 

07 - NOV 0.0018 1.2 -6.3200 O.oo00 

14 - NOV 0.0018 1.2 -6.3200 O.oo00 

21 -NOV 0.0018 1.2 -6.3200 O.oo00 

28 - NOV 0.0019 1.3 -6.2659 0.0034 

05 - Dec 0.00 13 0.9 -6.6454 0.1032 

~~ II 51 ~ ~ I 19 - Dec I 0.0012 I 0.8 I -6.72F4 0.1610 11 

- 
Y 

2 

SY 

UTL 

-6.3242 mgle 

1.6450 

0.1689 

0.002366 mgle 
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3580 
1 

Background groundwater data were taken from the FEMP database for the wells identified in 
Table T-3. Summaries of all background values for radionuclides and chemicals used €or the 
perched water and all flows through th_e aquiferare-given inTable  T-4 and Table-T-5,_- - 
respectively. The number of measurements above the SQL for naturally-occurring radionuclides 

upper limits for background. Anthropogenic radionuclides are assumed to have a background 
groundwater concentration of zero. 8 

2 

3 

-_ - - 4  - 
- _ _  ___  ._ - - -- - -  - 

5 

6 

7 

was insufficient for constructing UTLs; therefore, the SQL of each radionuclide is presented as 

T-6 
691 
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1024 

1052 

1059 

1060 

1065 

TABLE T-3 

2036 

2057 

2123 

3580 
August 5,  1992 

2043 

2050 

2056 

2066 

2105 

BACKGROUND AT THE FEMP 

2026 

2121 

2122 

3063 

3099 

3100 

a 

T-7 692 



TABLE T4 

- - __ - - - 

RADIONUCLIDE 

NATURALLY-OCCURRING 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

U-234 

U-235 

U-238 

FEMP-SWCR-4 DRAFT 
August 5 ,  1992 

- _ _  _ _  ._ - -- - - -- _ _  - - - - -  

BACKGROUND UPPER LIMIT (pCi/Q) 

c 1  

e 3  

< 1  

c1 

< 1  

c1 

< 1  

c1 

BACKGROUND UPPER LIMIT CONCENTRATION 
FOR RADIONUCLIDES IN GROUNDWATER 

Np-237 

Pu-238 

0 

0 

a 

Sr-90 

TC-99 

~~ ~~ ~ 

II FISSION PRODUCTS 

~ 

0 

0 

II 0 - 1 3 7  

-~ 

BACKGROUND UPPER LIMIT (pCi/p) 

0 

II P~-239/240 0 

II Ru-106 0 
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TABLE T-5 
BACKGROUND CONCENTRATIONS OF CHEMlCALS IN GROUNDWATER AT FEMP 

-~ ~ ~- 

'NA = Not available 
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SOIL/SEDTMENT 
3580 

1 

Regional data for Indiana and Ohio have been used as background data for radionuclides (Myrick 
1983) and chemicals (Shacklette 1984) in surface soil. The UTLs constructed for these regional 

underway to determine site-specific UTLs to replace regional values ( D O E  1992). Tables T-6 and 

radioactive progeny of the radionuclides listed in Table T-6 are in secular equilibrium. The  
parent radionuclides, the UTLs for the progeny are also presented in Table T-8. 

2 

3 

4 - 

5 

6 

7 

8 

data are also used for subsurface so! and sediment. _ A  sampling and analysis program kcurrently. __  _ _ _  - _. - - -_ - - - -  - 

T-7 present the UTL, values for radionuclides and chemicals, respectively. It is assumed that the 

KNOX/SUCR/KU/5-~ /SUCRAPPT.TXT/0~-21-9~ T-10 
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TABLE T-6 

BACKGROUND DATA FOR RADIONUCLIDES IN SURFACE SOIL 

~ 3580 

vq- 
Radionuclide Detection 

~~ 

Ra-226 ~ I 14/14 

Th-232 14/14 

U-238 14/14 

- _ _  - _. _. -- 

AritGett  - - -- - -  
Range of 
values M a  Distniution UTL 

(P C W  
0.81 - 2.5 

0.71 - 1.5 Log-normal 

0.76 - 2.2 1.36 I---- 
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- -  

Chemical 

Aluminum 

Arsenic 

Barium 

3580 

- Frequency Range of - Arithmetic - 
- - 

of Values Meanb Distribution UTL 
Detectiona (mg/kg) (mgncg) Type (mg/kg) 

24/24 15000-100000 52500 Normal 108200 

24/24 3.6-27.00 9.98 Log-normal 20.5 

24124 300-700 483 Normal 815 

- -  

Calcium 

Chromium 

Cobalt 

TABLE T-7 

BACKGROUND DATA FOR. CHEMlCALS IN SURFACE SOIL 

24/24 1100-160800 15700 Log-normal 41300 

21f24 15.0-100 51.3 Normal 103 

21E4 3.00-20.0 11.7 Normal 21.4 

Cadmium I 15/15 I 1.00-11.00 I 2.67 I Normal I 11.1 

a Regional data for Ohio and Indiana except for cadmium and silver, which are national data. 
Arithmetic mean of the detected values. 
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_ -  - 
- Radionuclide- - - - UTL (pCi/g)- 

Ra-228 1.48 

Ac-228 1.48 

Th-228 1 .48 

_. - -  

Thorium Seriesa 

TABLE T-8 

- 

3580 

Ra-224 

Th-234 

UTIs FOR PROGENY IN SURFACE SOIL 

1.48 

2.11 

Pa-234 

U-234 

Th-230 

Uranium Seriesb 2.11 

2.11 

2.11 

Uranium Series 
below Rn-222 

~~~ 1 PO-218 I 

Bi-214 2.23 

PO-214 2.23 

Pb-210 2.23 

2.23 

Bi-210 

Po-2 10 

I Pb-214 I 2.23 II 

2.23 

2.23 

a The UTL for thorium in mass units is calculated from the isotopic thorium values to be 13.4 
mdks -  
It is also assumed that U-235, occurs at  its natural isotopic abundance (0.72% by mass) in 
background soil. The UTL for U-235 and each selected progeny (Th-231, Pa-231, Ac-227) is 
equal to 0.097 pCi/g. The UTL for uranium in mass units is calculated from the isotopic 
uranium values to be 6.32 mgkg. 
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