
5860 
2, *- ~ 

U-004-404.12 

FEASIBILITY STUDY REPORT FOR OPERABLE UNIT 2, DRAFT AUGUST 
I994  - VOLUME 4 OF 6 

08/23/1994 

DOE-FN EPAs I 

1915 
REPORT 



I '  

I, I 

6 8 6 0  

FEASIBILITY STUDY REPORT 
FbR II OPERABLE UNIT 2 

VOLUME 4 OF 6 
APPENDICES B, C, AND D 

AUGUST 1994 

U.S. DEPARTMENT OF ENERGY 
5 

FERNALD FIELD OFFICE 
000001 DRAFT 



m 



APPENDIX B 

APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARARs) AND TO BE CONSIDERED 

CRITERIA (TBCs) 



-. 
FEMP-OUO2-5 DRAFT 

August 24, 1994 

LIST OF TABLES 

Table Title Page 

B-1 

B-2 

B-3 

B-4 

B-5 

B-6 

Chemical-Specific Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1 

Solid Waste Action-Specific Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-13 

Radiological Action-Specific Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-39 

Other Action-Specific Requirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-53 

Location-Specific Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . . . B-58 

Non-ARAR Requirements . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-70 

FER\CRUZFS\CWPENDD<B\TOC\August 16. 1994 8:4Spm i 000003 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 -' 

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . .  . " ,  

B- 1 
4 n 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

E 

il 

8 
E 
m 

0 .- 
5 
E 
d 

3 

8 O  ? a ?  - e -  

B-2 



FEMP-OUO2-5 DRAFT 

24 
4 A a 
4 

U 
i 
L L 

c 
h E 
2 
C 
i 
i 
w 

August 24, 1994 -* 

5 8,bO 

B -3 080006 



FEMP-OUO2-5 DRAFT 
August 24, 1994 - *  

B-4 



u 
c m 

0 
5 
%n 
0 

FEMP-OUO2-5 D W  
August 24, 1994 -* 

u 
c m 

0 

%n 
0 
5 

B-5 



FEMP-OU02-5 D M  
August 24, 1994 -. 

E 

B 

u 
b 
m 

0 
5 
c. 
0 

Q) 

L, 0 
s 

f 

B-6 



FEMP-OU02-5 DRAFT 
August 24, 1994 -. 

I 

c 0 

B-7 000010 



3 

c 
Q 

3 3  u a  

k 
-F 
0 
d 

E a 
2 
0 

0) 
C w 0 

B- 

d 

e, 

a 
C 
0 

5 

.- 
v1 In .- 
E w 

v1 VI 
m - 
V 
4 n w 

: 
A 
C 
0 
. 
Y 

d 

0 

4 

s 
E a .- 
E 
5 

d 

N rn 

m 
4 

6 
5 0 

L 
0 

FEMP-OU02-5 DRAFT 
August 24, 1994 

c 
0 



u 
2 
4 
s a 

Y 2 
a60 

h 

J 
2 
ci 
‘2 
M 

E 
U 
0 
d 

FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

B-9 000012 



B-10 

I 

FEMP-OUMJ D W  
August 24, 1994 -* 

c 

I 

e, 
5 
c. 
0 

008013 



FTMP-OUOZ-5 D W  i 
August 24, 1994 - *  

.-- 

E 

B CI h 

0 0 

u 
E! 

0 
5 
cr 
3 

B-11 



. 

FEMP-OU02-5 DRAFT 
August 24, 1994 - *  

I 
4 

B-12 00001.5 



C 0 .- 
.-I 

4 

C 
.P 

u 
& 

.4 

August 24, 1994 -. 

5 
5 
.-I m 

$ 

9 

7 

m a 
E 
0 

c 
d 

0 
m .e 

.-I 

-0 
.e d 

2 
U 

m 
Y 

2 
e 
i9 
2 

7 
0 

-0 
C m 
-0 
3 
2 
c1 
0 

$ 
3 
E 
m 

.s 
m 
.d 

e 

C 
0 

C c 
.e .-I .- 

d 

L - c 
b 

E 
5 
4 
D 

2 
4 

P Y 
A 
2 
8 

000016 
B-13 



FEMP-OU02-5 DRAFT 

c .- H 
0 a 
Q 
v) .- 
B a 

August 24, 1994 -* 

5 
E 
8 
N 

B-14 
000047 



C 
0 .- CI 

2 

E 0 .- CI 

1 

E 
0 

.% 

.“ 
Is 
B 

5 8 4 0  
FEMP-OUM-5 D m  

August 24, 1994 -. 

I 
I 

5 

B-15 000038 



C 
0 .- 

FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

B-16 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

4 
B 
2 

C 
0 .- e 

.B 
€ 
B 
Y 

c) 
C u 
E 

a 

p! 

3 
8 

C 
0 ." c) 
2 

C .a 
u 
c) 

4 

C 

.s .a 
ls 
B 

0 
.% .- c 

0 

0 
& 

L 

f 
5 
E 
4 
N 

B-17 000020 



FEMP-OU02-5 D W  
August 24, 1994 -. 

4 
2 
P 

c .s 
Y 

.B 

n B 

c) 

I! 

$ 
.& 
Pg 

c 0 
.d 
Y 

Y 

c 
.3 

U 
.- 3 

8 
3 
Y 8 

E 
rA 2 0 

E 
n w 

c 
0 

5 

N 

B-18 



5 860 
FEMP-OUO2-5 DRAFT 

August 24, 1994 -. 

i 
i 
d 

E .. 
4. e .. 

2 

4. 
E 

.C 1 
i 
P 

C .- 
d 

4 

C 3 
3 

f 
b E 

E 

s 

i 
.I 

c 
4 

Y 
C 

V 

C 
7 

w E C 
0 .- 

3 
.B 
0 

M 
.B 
CI c 
3 
0 

E 
5 
I 
t 
4 

B-19 0 0.0 02 2 



FEMP-OUM-5 DRAFT 
August 24, 1994 - -  

ii 

z 
5 

.a 

3 
B 0 

ii 
f 

r* 
5: 

m a 
E 

B-20 
00002'3 



FEMP-OUMJ D W  
August 24, 1994 -' 

.. - - 
m c 
5 

Q 
2 

Y m 

0 0 

L 

2 
m 
C 
0 

3 
" ? 
v) 
C 
8 
e 

rn rn 
24 
Y 0 
C 
e -1 
3 

3 
B 
.P 

-0 x 
E 
L e 
3 
9 z 
L 
0 
I. 
0 
0 

m 

c) 

Q 

$ 3  
= c  

5 
e m  

I 
4 

B-2 1 
000024 



f 
i 

p! 

c 
.L c 

2 

c e 

U 

.- E 
B 

p: 

E 3 

c 
0 .- e 
.4 u 

I 

5 
; 
i 

t 
i 

C . . 
C 

FEMP-OU02-5 D W  
August 24, 1994 -. 

5 

000025 
B-22 

. .  



3 
E 
2 

c 

.S 
€ Q n 

c 
H 
.& 
; 
p: 

e 0 .- e 
2 

c .s 
u 
e 
.I 

FEMP-OUO2-5 D h  - 

August 24, 1994 

Q 
9 
8 
d 
._ 

L 
0 
e 
0 

e 

a 

5 
0 

00 
5 
*a 
3 
m 

L 

... 

c 

0 

c 

.e 

9 
0 
0 
L 

8 
0 
n 

2 
3 
.S 
E 
m 
0 

c L 

d L 
N 

i! 

B-23 000026 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -' 

N 

B-24 000027 



4 
B 
B 

e 
.P 
Y 

.: 
CI E 

0 e 
3 
.& 
$ 
& 

C 
.P 
Y 

4 

c 
0 .- Y 

2 
U 

5 B El 

a E 
E 

2 

0 
Y 

W 
E- 
2 

El 

3 

FEMP-OUO2-5 DRAFT ' 
August 24, 1994 

5 
4 

B-25 000028 



' FEMP-OUOZ-SDRAFT 
August 24, 1994 -* 

c 
0 

-0 
C m 

L 
N * 

008029 . 
B-26 



4 
5 
m 

d 

E 0 .- .a m 
.S 
€ 
Q n 

.a e 
E 
.g s 
d 

e 9 

e .- ... 2 
U 

B 
p 
a P 
5 
2 

a 

b 8 

Y n 
w 

B 

!2 

FEMP-OUMJ D W  
August 24, 1994 -- 

E 
4 
5 
B 
!% 
% 
C 
m 
M e .- s 
... 0 

2 

v1 c 
e, 
-0 

a 
C e, 
C 

& 

& 

8 
e a 

' E  -a 
E 2  
0 3  

E 

.a 
v1 .. 

000030 B-27 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

E 
6 

E 
5 

B-28 000031 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -. 

- 
Q 
f 

B-29 



G 
f 
m 

& 

c 
.41 
m 
.E 
c) 

€ Q n 

CI 

u 

.C E 
i 

p! 

C 

c .L 

4 

C 
C 
a 
.- * - 
'i 

FEMP-OUM-5 DRAFT 
August 24, 1994 -- 

.- 
C 
0 .- 
5 
i? 
m 

a 
C 
0 
Q 
U 
C 

.- 
4 

a e 
a 
Y 

.Ei 

u .- 

0 . . .  

s m 

0 .  

5 

ri 

B-30 
000033 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -- 

B-3 1 000034 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 -. 

.g "au 
o n 0  c .I u 

000035 

s 
I 
b 

B-32 



FEMP-OUMJ DRAFT ' 
August 24, 1994 -- 

% 

n 

B-33 000036 



FEMP-OUm-5 DRAFT 
August 24, 1994 - -  

Q 
'r 
0 

B-34 ' 
000037 



FEMP-OUO2-5 D W '  
August 24, 1994 -- 

m 

B-35 000038 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -* 

4 
E 
d 

k 
3 
€ Q n 

.Ei 

c) z 
ii 
.& 
d 

C 

E 0 .e 

.- 3 
U 

- _- 

B Y  
a .2 
c) c a  a o  

0 

rg 
I- 
co, 

c: 
4 

it u 
0 
d 3 
B 

8 

.- e 
E 
s 
0 
c 
L 

.- 
3 
9 
f c 
0 
C 

c a 
E 

e 

.- 

... 

.- 

000039 B-36 

- 



FEMP-OU02-5 DRAFT 
August 24, 1994 -' 

m s 
8 -  
Q 
4 

B-37 
00 (PO 40 



M 

*EL 
6 
3 B 
Q < 

a 

FEMP-OU02-5 DRAFT 
August 24, 1994 - *  

f 
5 
I a < 

000041 
B-38 



_- 

a 
4 

FEMP-OUO2-5 DRAFT 
August 24, 1994 -- 

... 
v) 
Y 0 

U 
a 

E 
-0 3 
C 
0 
U 

0 
E 

E 
3 m 
*.. 
0 " 
c 0 .- 
Ti! Y 

5 
8 
0 
C 

e 

.^ 
C 0 
m 

1- Y 

B e 
B 
5 
2 
M - 
9 x 0 
e 

-0 
5 
.^ 
E 0 
m 
C 

.- Y 

.d 

E 
2 
8 
8 
9 
2 
b. 

e 

111 
P 
t < 

B-39 000042 



m 
.4 
E 
8 
8 8  
C 

3 
E 

FEMP-OU02-5 D W  
August 24, 1994 -- 

E 

... 
8 > .- .a 
m 

g 
2 
5 
3 

r. m 

0 

Y 

C .- 
8 
2 

8 
Ld c 0 

c. 
0 
C 
0 
m 
.- .a 

.s 
E 

0 

c. 
0 
5 

B-40 



r 
- E 
i 

E 

i .. 
> 
k 

4 
0 
4 

4 
c 

x 
b 

u 
c m 

FEMP-OUO2-5 D W  
August 24, 1994 -. 

B-41 
000044 



4 
B 
d 

C 

.8 

E n 

c) 

8 
.& 
E 

3 
02 

c 0 .” c) 

4 

c 
0 
.e c) .s u 

x 
I- 

s 

4 

FEMP-OU02-5 DRAFT 
August 24, 1994 -‘ 

x 
C a 
-0 
C a 

-0 
C a 

C 
0 

._ 
fn 

.- .- 
E 

8 
*3 
5 

s 
E 
a 

z 
E 
‘ 3  
E 

.- 
E 
e, 0 
E 

‘0 

U 

0 
C 
0 

.e 

L 
0 

4 

5 

B-42 
OOOQ45 



E 

FEMP-OUOZ-5 DRAFT 
August 24, 1994 

c) 
C 0 
.- 5 
c 
VY 
0 c 

5 

u 
b 
m 

O O O Q 4 6  B-43 



FEMP-OU02-5 DRAFT 
August 24, 1994 -* 

x 
I- 

m 

B-44 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 -* 

0 
c) .- 
In 

... 
.- 3 

a 
5 

= 
0 

0 

L 
0 
x - 
3 H 

z 
0 
5 
e 
0 
0 

-0 
C a ... 
& e 
8 
€ 
Y 
do 

9 

c) 
C 

c 0 
L. 
d 

3 
B 
.s 
c 

E 
.5 
E 

.- 

0 

B-45 000848 



FEMP-OU02-5 D W  
August 24, 1994 - *  

V 
i? 

x 
r) 

\ a 

000049 

m 



5 8 6 0  
FEMP-OUOZ-S DRAFT 

August 24, 1994 -. 

u E 

.d 2 
4 

8 r 0 
Q 
L 
0 
e, 

2 
4 
0 n 
m 
f 
E 

- 
h 
2 .e 
0 
C 
r .- 
E 
c e, 

2 
2 E 
0 
c) 

3 
C 
M 

Q 
e, 
D 

.- m 

- - 
a 
5 
E 
h 
E 
c e, 

-0 
9 

5 
n 
2 

g 
Q .- m 

.s 
C 
a 

Z 
2- 

- 
0 

Q 
.- 
, 

... 
8 

a 

e! 

W = 0 
c 
0 
'0 
.- 
c 
0 
c 
0 .- 
2 00 .- 
E 

8 

000050 B-47 



x 

FEMP-OUMJ D M  
August 24, 1994 -* 

B-48 
000051 



FEMP-OUMJ DRAFT 
August 24, 1994 

E 
5 

B-49 000052 



FEMP-OU02-5 D M  
August 24, 1994 -. 

4 
i! 
d 

e 
.3 
m 
.!i 
c) 

€ Q n 

c) 

5 

g 

E 

*5 

e p 

E .s 
.I u 

u 

B-50 

5 

000053 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 -. 

B-5 1 



. 

CI 
0 

0 
5 
CI 
0 

B- 

c. 
0 

e, 
5 
c. 
0 

FEMP-OUm-5 DRAFT 
August 24. 1994 -* 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -. 

0 .- 
ij a 

2 
5 
.s 

a 
.c 0 

x 

.- 2 
B 

.E e: 
2- 

I. 
0 
c) 

a 
Q 0 

9 6  

e .z e : z  

u 
3 
2 
2 
a 

5 

- 9  
= E  
.Y vi 

o g u  ' 2 g u  

t: z t -  
" 
;zs 
o m 0  

B-53 000054; 



4 
2 
a 
E 

c .s 
m 

.S 

Y 

' 

€ 
6 

0 

6 
.8 
E 

!? 
p: 

c 0 .- ' 
4 

c 0 .- ' 
d u 

'r 
0 

FEMP-OUO2-5 D W  
August 24, 1994 -- 

B-54 000057 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -. 

o 
5 

R 

B-55 
000058 

, 

5 



+ 
E 
d 

c 

cu 
.P 
.Ei 
Y 

c n 

Y 

8 
.g 
E 

z 
& 

c .s 
Y 

9 

c B 
4 u 

b 
0 

FEMP-OUMJ DRAFT 
August 24, 1994 -* 

5 

Y w 

B-56 000059 



FEMP-OUO2-5 D W  
August 24, 1994 -. 

B-57 
000060 



FEMP-OUOZJ DFWFT 
August 24, 1993 - *  

3 
E 
d 

C 
0 

0 
.- e 
.S 
€ Q n 

c. 

1 
$ 
.& 
cr! 

C 
0 

0 
._ e 

3 

C 
.9 

u 
c. .s 

B-58 



FEMP-OUMJ D W  
August 24, 1993 -. 

I a 

B-59 



4j 
E 
2 

C .a - 
.i! 

n E 

Y 

8 
.g 
E 

? 

C 0 .- 
3 
3 

C 
.9 

u 
Y 

.g 

0 

2 

FEMP-OUOZ-5 D W  
August 24, 1993 -* 

B-60 OOOOG3 



FEMP-OUO2-5 DRAFT 
August 24, 1993 -. 

€ -  E 
rn m 
0 
U 0 

d 

8 
c. 
0 3 

3 
8 

-u 
B 
‘z 

c 

8 
$ 

I 

B-61 



a : .  - 
, ... 

P 

c .s 
m 
.8 
I 

€ Q 
Q 

CI c 

.8 
8 
a 

& 

c .a 

!I 

c .a 
V 
I 

A 

e, ; .- A 

n 
2 

E .e 

FEMP-OUW-5 D W  
August 24,. 1993 -' 

B-62 



I 

I I 

I 
d 

I 

I 
I 

1 
i 

Y 

5 
.- E 
i 

p! 

C 0 
a 
I- C) 

3 

C 
E! 4 

FEMP-OUMJ DRAFT 
August 24, 1993 -. 

0 

0 
a 
2 

4 
.- e 

ul 
U 
C - 
e 

$ C 
.I 

I 
m 
a 
U 0 
0 
E 

I 

+ 

I 8  

000066 



FEMP-OU02-5 D m  
August 24, 1993 - *  

3 

B-64 



FEMP-OUOZ-5 D W  
August.24. 1993 -. 

x 
2 

B-65 

x 
4 2 

U 

000068 



FEMP-OUOZ-5 DRAFT 
August 24, 1993 -' 

3 
E 
2 

c 
0 
Q 
.e Y 

.5 
€ Q n 

Y E 
.e 

3 
o? 

C 0 .- 
Y 

3 

c 
.3 

u 
.- 3 

2 a 

.. 

I 

VI 

000069 
B-66 



FEMP-OUO2-5 DRAFT 
August 24, 1993 -* 

a 
/ 

000070 
B-67 



I 

6 

5 
d 

C 
0 
6 
C 

.- 
c) 

*E 
B 
Y 

c) 
C 

.- H 
$ 
d 

C 0 .- 
c) 

4 

C 0 .- 
c) 

.2 u 

FEMP-OUMJ DRAFT 
August 24, 1993 -. 

B-68 



U 
c.. rn 

B-69 

FEMP-OUO2-5 DRAFT 
August 24, 1993 -* 

n 



FEMP-OUM-5 D m  
August 24, 1994 -* 

VI a 
e 0 

-0 
* c  c 3  

VI ..a 
C 

2 
H 
f .- 

e 
a 

B 
z 
5 
B 

.- 

5 
VI .- c 
F- , 
I- s. 
d 
t: 

0 

VI 
C 
0 .- ..a 

8 

e 
B 
f 
z 
5 
M 

; 
.e 

E 

E 
a 
VI .- 
I 

00 s. 
2 
t: 

VI 
C 
0 .- .a 

3 s 
8 
E: 

f 
z 
VI 0 

.- 
2 
e, 

2 
VI 

2 
I- 

z 
E 

I 

m 

a 

B .a 

b 
0 

B-70- 



FEMP-OUM-5 DRAFT 
August 24, 1994 -. 

E 

e 
8 

2 
6 

k 
a 

C 
= 

a a w z 

rn 
C 
0 .- - 
!i 0 
w 0 

8 
E 
E 
e 
5 

X 

n 
L 

M 

a 

3 
Q 
C 
d 

2 
9 
4- 

d 
VI 2 
u 
E 

9 
e 
I- > 

2 
9 
d 
v, 

ti e 
0 
w 
0 n 

rn L 

* b) 

9 - 
d 
C 
0 
d a 
.- * 
a 
8 0 
8 
L 

C 
0 .- 
3 Y 

e a 
c 
0 .- 
& m .- 

f 

B-7 1 OcrUO'7.1 



n tn 



CONTENTS : .. 6 8 6 0  
&gg 

Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c-iv 
Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c-xi 
Acronyms c-xii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C.1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-1 
. C . 1.1 Objectives of the FS Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-2 

FEMP Site History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ._. . C-1-3 
Operable Unit 2 Subunits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-6 
Baseline Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-10 
C . 1.4.1 Identification of Constituents of Potential Concern . . . . . . . . . . . .  C-1-1 1 
C . 1.4.2 Exposure Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-1 1 
C.1.4.3 Toxicity Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-13 

Risk Characterization Results . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-14 
Summary of Uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-14 

C.1.4.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-18 
Operable Unit 2 Contaminants of Concern . . . . . . . . . . . . . . . . . . . . . . .  C-1-18 
Organization of this Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-18 

C.1.2 
C . 1.3 
C.1.4 

C.1.4.4 
C.1.4.5 

C . 1.5 
C.1.6 

C.2.0 OVERVIEW OF TECHNICAL APPROACH AND ASSUMPTlONS . . . . . . . . . . . .  C-2-1 
C.2.1 Remedial Alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-2 

C.2.1.1 Alternative 1: No Action . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-2 
C.2.1.2 Alternative 2: Consolidation and Capping . . . . . . . . . . . . . . . . . .  C-2-2 
C.2.1.3 Alternative 3: Excavation and Off-Site Disposal . . . . . . . . . . . . . .  C-2-5 

Disposal of Fraction Exceeding WAC . . . . . . . . . . . . . . . . . . . .  C-2-6 

C.2.2.1 Remedial Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-10 
Remedial Action Exposure Scenarios . . . . . . . . . . . . . . . . . . . .  C-2-10 

C.2.2.3 Receptors Impacted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2- 17 
C.2.2.4 Remedial Risk Conceptual Models . . .  : . . . . . . . . . . . . . . . . .  C-2-22 
Development of Residual Risk Conceptual Models . . . . . . . . . . . . . . . . . .  C-2-22 
C.2.3.1 Residual Risk Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-23 
C.2.3.2 Residual Risk Land-Use Scenarios . . . . . . . . . . . . . . . . . . . . . .  C-2-23 
C.2.3.3 Receptors Impacted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-24 
C.2.3.4 Residual Risk Conceptual Models . . . . . . . . . . . . . . . . . . . . . .  C-2-27 
Assumptions for Analysis of Remedial Action and Residual Risks . . . . . . . .  C-2-35 
C.2.4.1 Assumptions for Analysis of Remedial Action Risks . . . . . . . . . .  C-2-35 

C.2.1.4 Alternative 6: Excavation and On-Site Disposal with Off-Site 

C.2.2 Development of Remedial Risk Conceptual Models . . . . . . . . . . . . . . . . . .  C-2-9 . 
C.2.2.2 

C.2.3 

C.2.4 

C.2.4.2 Assumptions for Analysis of Residual Risks C-2-36 1 . . . . . . . . . . . . . . . .  

C.3.0 EXPOSURE QUANTIFICATION METHODOLOGY . . . . . . . . . . . . . . . . . . . . .  C-3-1 
Exposure Models for Remedial Action Risks . . . . . . . . . . . . . . . . . . . . . .  C-3-1 
C.3.1.1 Excavatioflirect Radiation . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-1 

Excavatioflirect Physical Injury . . . . . . . . . . . . . . . . . . . . . . .  C-3-1 
C.3.1.3 Excavatiodmmersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-2 
C.3.1.4 ExcavatiodInhalation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-2 
C.3.1.5 DryingDirect Physical Injury . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-3 
(2.3.1.6 Dryinghhalation andor Immersion . . . . . . . . . . . . . . . . . . . . .  C-3-3 

C.3.1 

C.3.1.2 

c-i 
0000’75 



CONTENTS 
(Continued) 

C.3.1.7 Transportation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-3 
C.3.1.8 On-property DisposalDirect Physical Injury 
Exposure Models for Residual Risks . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-34 
C.3.2.1 Air Exposure from Inhalation . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-5 
C.3.2.2 Groundwater Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-5 

Soil and Sediment Exposures . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-6 
C.3.2.4 Food Products Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-3-8 

Exposure Parameters for Remedial Action Risks . . . . . . . . . . . . .  C-3-10 
C.3.3.2 Exposure Parameters for Residual Risks . . . . . . . . . . . . . . . . . .  C-3-10 

. . . . . . . . . . . . . . . .  C-3-4 
C.3.2 

C.3.2.3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.3.3 Exposure Parameters C-3-19 
C.3.3.1 

C.4.0 TOXICITY ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c41 
C.4.1 Noncarcinogens C 4 1  
C.4.2 Chemical Carcinogens C 4 3  
C.4.3 Radionuclides C 4 9  

C.4.4.1 Cesium-137 C 4 1 4  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C.4.4 Toxicity Profiles: Radionuclides . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 1 4  

C.4.4.2 Neptunium-237 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-4-15 
C.4.4.3 Plutonium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 1 7  

Radon and Progeny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 2 0  
C.4.4.6 Strontium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-4-22 

C.4.5 Toxicity Profiles: Chemicals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 2 8  

C.4.5.4 Beryllium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 3 4  

C.4.5.7 Polycyclic Aromatic Hydrocarbons . . . . . . . . . . . . . . . . . . . . .  C 4 3 7  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.4.4.4 Radium C 4 1 8  
C.4.4.5 

C.4.4.7 Technetium C-4-23 
C.4.4.8 Thorium C 4 2 3  
C.4.4.9 Uranium C 4 2 5  

C.4.5.1 Antimony C 4 2 8  
C.4.5.2 Aroclors C-4-30 
C.4.5.3 Arsenic C 4 3 2  

C.4.5.5 Carbazole C 4 3 6  
C.4.5.6 Dieldrin C4-36 

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

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

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

C.5.0 FATE AND TRANSPORT MODELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-1 
C.5.1 Remedial Action Modeling . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-1 

Air Fate and Transport Modeling . . . . . . . . . . . . . . . . . . . . . . .  C-5-4 
Direct Radiation Fate and Transport Modeling . . . . . . . . . . . . . .  C-5-16 
C.5.1.2.1 Direct Radiation Modeling Technical Approach . . . .  C-5-16 

Direct Radiation Modeling Results . . . . . . . . . . . . .  C-5-17 
C.5.1.3 Transportation Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-18 

Transportation Modeling Technical Approach . . . . . .  C-5-18 

Transportation Accident Model . . . . . . . . . . . . . . .  C-5-20 
Residual Risk Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-27 
C.5.2.1 Groundwater Fate and Transport Modeling . . . . . . . . . . . . . . . .  C-5-27 

C.5.2.1.1 Groundwater Conceptual Model . . . . . . . . . . . . . .  C-5-27 

C.5.1.1 
C.5.1.2 

C.5.1.2.2 

C.5.1.3.1 
(2.5.1.3.2 
C.5.1.3.3 

RADTRAN Incident-Free Transportation Model . . . .  C-5-20 

C.5.2 

C.5.2.1.2 Groundwater Modeling Technical Approach . . . . . . .  C-5-28 



CONTENTS 
(Continued) 

C.5.2.1.3 Results of Residual Groundwater Modeling . . . . . . .  C-5-30 

C.5.2.2.1 
C.5.2.2.2 
C.5.2.2.3 

C.5.2.3.1 
C.5.2.3.2 

C.5.2.2 Air Fate and Transport Modeling . . . . . . . . . . . . . . . . . . . . . .  C-5-33 
Air Modeling Conceptual Model . . . . . . . . . . . . . .  C-5-33 
Air Modeling Technical Approach . . . . . . . . . . . . .  C-5-33 
Air Modeling Results . . . . . . . . . . . . . . . . . . . . .  C-5-39 

Farm Product Fate Modeling . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-48 
Ingestion of Vegetables . . . . . . . . . . . . . . . . . . . .  C-5-48 

C.5.2.3.3 Results of Farm Product Fate Modeling . . . . . . . . .  C-5-55 

C.5.2.3 

Ingestion of Meat and Dairy Products . . . . . . . .  1 . .  C-5-50 

C.6.0 REMEDIAL ACTION RISK ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-6-1 
C.6.1 Remedial Action Risk Characterization Methodology . . . . . . . . . . . . . . . . .  C-6-1 

Remedial Action Risks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-6-3 
C.6.2.1 Alternative 2: Consolidation and Capping . . . . . . . . . . . . . . . . . .  C-64 
C.6.2.2 Alternative 3: Excavation and Off-Site Disposal . . . . . . . . . . . . . .  C-6-9 

. . . . . . . . . . . . . . . . . . .  C-6-15 

C.6.2 

C.6.2.3 Alternative 6: Excavation and On-Site Disposal With Off-Site 
Disposal of Fraction Exceeding WAC 

C.7.0 RESIDUAL RISK ASSESSMENT i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-7-1 
Risk Characterization Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-7-1 
C.7.1.1 Hazardous Chemical Exposures . . . . . . . . . . . . . . . . . . . . . . . .  C-7-1 

Noncarcinogens . . . . . . . . . . . . . . . . . . . . . . . . .  C-7-2 
C.7.1.2 Radiological Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-7-3 

C.7.1 

C.7.1.1.1 
C.7.1.1.2 Risk Characterization Methodology for 

Risk Characterization Methodology for Carcinogens . . .  C-7-1 

C.7.2 Residual Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-7-4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . C.8.0 UNCERTAINTY ANALYSIS C-8-1 
C.8.1 COC Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-2 
C.8.2 Toxicity Information and Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-2 
C.8.3 Exposure Pathways and Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-6 

Remedial Action Exposure Pathways . . . . . . . . . . . . . . . . . . . . .  C-8-6 
Residual Exposure Pathways . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-9 

C.8.4 Receptor Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-11 
Exposure Point Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-13 

C.8.6 Risk Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-8-13 

C.9.0 SUMMARY OF RISK ASSESSMENT RESULTS . . . . . . . . . . . . . . . . . . . . . . .  C-9-1 
C.9.1 Remedial Action Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-9-1 
C.9.2 Summary of Estimated Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-9-2 

.. 

C.8.3.1 
C.8.3.2 

C.8.5 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-R-1 

ATTACHMENTS 

C.1 MODEL INPUTS AND SAMPLE OUTPUT . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-1-1 
C.II REMEDIAL ACTION RISK QUANTIFICATION . . . . . . . . . . . . . . . . . . . . . .  C-II-1 
C-m RESIDUAL RISK QUANTIFICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-III-1 

0 0 0 07 7 
c-iii 



TABLES 

TABLE C.l-1 

TABLE C.l-2 
TABLE C.2-1 

TABLE C.2-2 
TABLE C3-1 

TABLE C 3 2  

TABLE (23-3 

TABLE C3-4 

TABLE (23-5 
TABLE C.4-1 
TABLE C.4-2 
TABLE C.4-3 

TABLE C.4-4 

TABLE C.4-5 
TABLE C5-1 
TABLE (25-2 

TABLE C5-3 

TABLE C5-4 

TABLE C5-6 
TABLE C5-7 
TABLE C5-8 
TABLE (25-9 

TABLE C5-10 

TABLE C5-11 
TABLE C5-l.2 
TABLE C5-13 

TABLE C5-14 
TABLE C5-15 

TABLE C5-16 
TABLE C5-17 
TABLE -18 

TABLE C5-19 

TABLE C5-20 

TABLE C5-5 

SUMMARY OF BASELINE RISK ASSESSMENT RESULTS OU2 
REMEDIAL INVESTIGATION .............................. C-1-15 
OPERABLE UNIT 2 CONTAMINANTS OF CONCERN . . . . . . . . . . .  C-1-20 
RELATIONSHIP BETWEEN OU2 REMEDIAL ACTIVITIES AND 
REMEDIAL ALTERNATIVES ............................... C-2-11 
RECEPTORS EVALUATED FOR OU2 RESIDUAL RISK . . . . . . . . .  (2-2-25 
NONCONTAMINANT-SPECIFIC EXPOSURE PARAMETERS FOR 
REMEDIAL ACTION RISK ................................. C-3-10 
PARAMETERS USED FOR RESIDUAL RISK WITH FEDERAL 

PARAMETERS USED FOR RESIDUAL RISK WITH PRIVATE 
OWNERSHIP ............................................ C-3-15 
DERMAL SOIL ABSORPTlON COEFFICIENTS USED IN 
EXPOSURE MODEL ...................................... (2-3-18 
DOSE EQUIVALENT FACTORS ............................. C-3-19 
REFERENCE DOSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-4-4 
CANCER SLOPE FACTORS FOR CHEMICALS . . . . . . . . . . . . . . . . . .  C-4-6 
TOXICITY EQUIVALENCY FACTORS AND CORRESPONDING 
ORAL AND INHALATION SLOPE FACTORS FOR THE GROUP 
B2PAHs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 4 7  
DERMAL REFERENCE DOSES AND CANCER SLOPE FACTORS 
FORCOG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-4-8 
CANCER SLOPE FACTORS FOR RADIONUCLIDES . . . . . . . . . . . .  C 4 1 2  
SUMMARY OF AIR MODELING ASSUMPTIONS . . . . . . . . . . . . . . . .  C-5-3 
SUMMARY OF ASSUMPTIONS USED IN RAIL 
TRANSPORTATION MODELING ............................. C-5-4 
SUMMARY OF AIR MODELS USED TO DETERMINE AIR 
CONCENTRATIONS AND RECEPTOR EXPOSURE 
CONCENTRATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-5-6 
COG SUBSURFACE SOIL CONCENTRATIONS (95% UCL) . . . . . . . .  C-5-8 
COC AIR CONCENTRATIONS FOR EACH SUBUNIT . . . . . . . . . . . .  C-5-9 
INPUT VARIABLES FOR EMISSIONS EQUATIONS . . . . . . . . . . . . .  C-5-12 
INPUT VARIABLES FOR EMISSIONS CALCULATIONS . . . . . . . . . .  C-5-13 
EXCAVATION GASEOUS EMISSIONS ........................ C-5-U 
RADON AND VOC AIR CONCENTRATIONS (Ca) FOR THE 
REMEDIAL WORKER .................................... C-5-14 
AIR EXPOSURE CONCENTRATIONS FOR THE OFF-PROPERTY 
RECEPTOR DUE TO DRYER EMISSIONS .................... C-5-15 
MICROSHIELD INPUT PARAMETERS ....................... C-5-19 
MICROSHIELD OUTPUT (mR/hr) ........................... C-5-19 
COMMON INPUT PARAMETERS FOR INCIDENT-FREE 
RADTRAN MODEL ....................................... C-5-22 
RADTRAN INCIDENT-FREE SUMMARY FOR ONE SHIPMENT . . .  C-5-23 
RADTRAN ACCIDENT SEVERITY FRACTIONS BY POPULATION 
DISTRIBUTION AND SEVERITY GROUP ..................... C-5-23 
RADTRAN RELEASE FRACTIONS BY SEVERITY GROUP . . . . . . .  C-5-24 
RADTRAN ACCIDENT SUMMARY FOR ONE SHIF’MENT . . . . . . .  C-5-26 
RESULTS OF RESIDUAL GROUNDWATER MODELING: 
EXPOSURE POINT CONCENTRATIONS ...................... C-5-32 
MAJOR COMPONENTS OF THE AIR EMISSION AND 
DISPERSION MODELS .................................... C-5-36 
PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR CONSOLIDATION AND CAPPING WITH 

OWNERSHIP ............................................ C-3-11 

FEDERAL OWNERSHIP . SOUTH FIELD AREA (SF/AFP/IFP) . . . .  C-5-40 



TABLES 
(Continued) 

5 860  

TABLE C5-22 

TABLE C5-23 

TABLE C5-24 

TABLE (25-25 

TABLE C5-26 

TABLE C5-27 

TABLE CJ-28 

TABLE C5-29 

TABLE C.6-1 

TABLE C.6-lA 

TABLE C.6-2 

TABLE C.6-3 

TABLE C.6-4 
TABLE C.6-5 

TABLE C.6-6 

TABLE C.6-7 

TABLE C.6-8 

TABLE C.6-9 

TABLE C.6-10 

TABLE C.6-11 
TABLE C.6-lZ2: 0 TABLE C.6-U' 

PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL WITH 
FEDERAL OWNERSHIP SOLID WASTE LANDFILL . . . . . . . . . . . .  C-5-41 
PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR O F F - S m  DISPOSAL WITH 
FEDERAL OWNERSHIP: LIME SLUDGE PONDS . . . . . . . . . . . . . .  C-5-42 
PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL WITH 

PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL WITH 

PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL WITH 
PRIVATE OWNERSHIP: 
PARTICULATE - PHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL WITH 
PRIVATE OWNERSHIP: SOLID WASTE LANDFILL . . . . . . . . . . . .  (2-5-46 
RADON-222 CONCENTRATION IN AIR FOR ON-SITE OR OFF-SITE 
DISPOSAL .............................................. (2-5-46 
RADON-222 CONCENTRATION IN AIR FOR CONSOLIDATION AND 
CAPPING ............................................... C-5-47 
SUMMARY OF PARAMETERS FOR VEGETABLE/FORAGE 
UPTAKE MODELS ....................................... C-5-51 
CHEMICAL AND RADIOACTIVE COC DECAY CONSTANTS . . . . .  C-5-52 
I(d AND TRANSFER COEFFICIENTS ......................... C-5-53 

FEDERAL OWNERSHIP: SOUTH FIELD AREA (SF/AFP/IFP) . . . .  C-5-43 

PRIVATE OWNERSHIP: SOUTH FIELD AREA (SF/AFP/IFP) . . . .  C-5-44 

LIME SLUDGE PONDS . . . . . . . . . . . . . . .  C-5-45 

ALTERNATIVE 2 ENHALATION RISK RESULTS FROM 
EXCAVATION ACIWITIES ................................. C-6-4 
GENERAL PUBLIC AND NONREMEDIATION WORKER EXPOSURE 
DUST CONCENTRATION CALCULATIONS .................... C-6-5 
SUMMARY OF RISKS TO ALL RECEPTORS FROM 
EXCAVATION, ALTERNATIVE 2 .  ............................ C-6-6 
REMEDIATION WORKER RISKS FROM DERMAL EXPOSURES 
FOR ALTERNATIVE 2 ..................................... C-6-7 
DIRECT RADIATION RISKS FOR ALTERNATIVE 2 . . . . . . . . . . . . .  C-6-7 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, 
ALTERNATIVE2 .......................................... Cd-8 

ALTERNATIVE2 .......................................... C-6-9 
ALTERNATIVE 3 INHALATION RESULTS FROM EXCAVATION 
ACTlVlTlES .............................................. C-6-9 
SUMMARY OF INHALATION RISKS TO ALL RECEPTORS FROM 

REMEDIATION WORKER RISKS FROM DERMAL EXPOSURES 

CANCER RISKS FROM VOCS EMITTED FROM THE DRYER, 
ALERNATIVE3 ......................................... C-6-11 
DIRECT RADIATION RISKS FOR ALTERNATIVE 3 . . . . . . . . . . . .  (2-6-12 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, 
ALTERNATIVE3 ......................................... (2-6-l3 

ALTEXNATIVE3 ......................................... C-6-U 

RISKS FROM ON-SITE INDUSTRIAL HAZARDS, 

EXCAVATION, ALTERNATIVE 3 ............................ C-6-10 

FOR ALTERNATIIE 3 .................................... C-6-11 

RISKS FROM ON-SITE INDUSTRIAL HAZARDS,  

I '  
I ,  

. . .  

~ouzIpsRANEwlou2FsRA.m c-v uooo'ts ._ 



TABLES 
(Continued) 

TABLE C.6-14 

TABLE C.6-15 

TABLE C.6-16 

TABLE C.6-17 

TABLE C.6-18 

TABLE C.6-19 

TABLE C.6-20 
TABLE C.6-21 

TABLE C.6-22 

TABLE C.6-23 

TABLE C.6-24 

TABLE C.6-25 

TABLE C.7-1 

TABLE C.7-2 

TABLE C.7-3 

TABLE C.7-4 

TABLE C.7-5 

TABLE C.7-6 

TABLE C.7-7 

TABLE C.7-8 

TABLE C.7-9 

RISKS FROM EXPECED ACCIDENTS FROM RAIL TRANSPORT, 
ALTERNATIVE3.. ....................................... C-6-14 
RISKS FROM INCIDENT-FREE RAIL TRANSPORTATION, 
ALTERNATIVE 3 ......................................... C-6-15 
SUMMARY OF ACCIDENT RESULTS FOR TbUN SHIPMENT 
FOR PRIVATE OWNERSHIP VOLUMES, ALTERNATIVE 3 . . . . . .  C-6-16 
ALTERNATIVE 6 INHALATION RESULTS FROM EXCAVATION 
ACI'IVmES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-6-17 
SUMMARY OF INHALATION RISKS FROM EXCAVATION, 
ALTERNATIVE 6 ......................................... C-6-17 
REMEDLATION WORKER RISKS FROM DERMAL EXPOSURES 
FOR ALTERNATIVE 6 .................................... C-6-18 
D I R E a  RADIATION RISKS FOR ALTERNATIVE 6 . . . . . . . . . . . .  C-6-19 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, 
ALTERNATIVE 6 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-6-u) 
RISKS FROM ON-SITE INDUSTRIAL HAZARDS, 
ALTERNATIVE 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-6-20 
RISKS FROM EXPECTED ACCIDENTS FROM RAIL TRANSPORT, 
ALTERNATIVE 6 ......................................... C-6-21 
RISKS FROM INCIDENT-FREE RAlL TRANSPORTATION, 
ALTERNATIVE 6 ......................................... C-6-22 
SUMMARY OF ACCIDENT RESULTS FOR TRAIN SHIPMENT 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
PONDS WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
EXPANDED TRESPASSER .................................. C-7-5 
SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
PONDS WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, OFF 
PROPERTY FARMER (ADULT) .............................. C-7-6 
SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
PONDS WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, OFF- 
PROPERTY FARMER CHILD ................................ C-7-7 
SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 

FOR RESIDENT FARMER VOLUMES, ALTERNATIVE 6 . . . . . . . .  C-6-23 

EXPANDED TRESPASSER .................................. C-3-8 

POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (ADULT) .............................. C-7-9 

POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-10 

POND WITH PRWATE OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-11 

POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-12 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
PERCHED GROUNDWATER USER ......................... C-7-U 

c-vi 



TABLES 
(Continued) 

5 8 6 0  

a TABLE C.7-10 

TABLE C.7-11 

TABLE C.7-12 

TABLE C.7-13 

TABLE C.7-14 

TABLE C.7-15 

TABLE C.7-16 

TABLE C.7-17 

TABLE C.7-18 0 
TABLE C.7-19 

TABLE C.7-20 

TABLE C.7-21 

TABLE (2.7-22 

TABLE C.7-23 

TABLE C.7-24 

TABLE C.7-25 

TABLE C.7-26 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3,ON- 
PROPERTY FARMER (ADULT) ............................. C-7-14 

PROPERTY FARMER (CHILD) ............................. C-7-15 

6,EXPANDED TRESPASSER ................................ C-7-16 

PROPERTY FARMER (ADULT) ............................. C-7-17 

PROPERTY FARMER (CHTLD) ............................. C-7-18 

PROPERTY FARMER (ADULT) ............................. C-7-19 

PROPERTY FARMER (CHILD) ............................. C-7-20 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, ON- 

SUMMARY OF POTENTIAL HEALTH EFFECTS:LIME SLUDGE 
POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
PERCHED GROUNDWATER USER ......................... (2-7-21 

POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 
PROPERTY FARMER (ADULT) ............................. C-7-22 

PROPERTY FARMER (CHILD) ............................. C-7-23 

SUMMARY OF POTENTIAL HEALTH EFFECTS: LIME SLUDGE 
POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
EXPANDED TRESPASSER ................................. (2-7-24 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
EXPANDED TRESPASSER ................................. (2-7-27 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 

/ 

OFF-PROPERTY FARMER (ADULT) ......................... C-7-25 

OFF-PROPERTY FARMER (CHILD) ......................... C-7-26 

OFF-PROPERTY FARMER (ADULT) ......................... (2-7-28 

OFF-PROPERTY FARMER (CHILD) ......................... C-7-29 

OFF-PROPERTY FARMER (ADULT) ......................... C-7-30 

FER/OUmRA/NEw/ouZFSRA.m c-vii 06)0081 



TABLES 
(Continued) 

TABLE C.7-27 

TABLE C.7-28 

TABLE C.7-29 

TABLE C.7-30 

TABLE C.7-31 

TABLE C.7-32 

TABLE C.7-33 

TABLE C.7-34 

TABLE C.7-35 

TABLE C.7-36 

TABLE C.7-37 

TABLE C.7-38 

TABLE C.7-39 

TABLE C.7-40 

TABLE C.7-41 

TABLE C.7-42 

TABLE C.7-43 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFIU WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-31 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
PERCHED GROUNDWATER USER ......................... C-7-32 

LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, ON- 
PROPERTY FARMER (ADULT) ............................. C-7-33 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, ON- 
PROPERTY FARMER (CHILD) ............................. C-7-34 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 

EXPANDED TRESPASSER ................................. C-7-35 

OFF-PROPERTY FARMER (ADULT) ......................... C-7-36 

OFF-PROPERTY FARMER (CHILD) ......................... C-7-37 

LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-38 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-39 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 
LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 

PROPERTY FARMER (ADULT) ............................. C-7-41 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOLID WASTE 

PERCHED GROUNDWATER USER ......................... C-7-40 

LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 

LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 
PROPERTY FARMER (CHILD) ............................. C-7-42 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH FEDERAL OWNERSHIF', ALTERNATIVE 2, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
EXPANDED TRESPASSER ................................. C-7-43 

AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-44 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

PROPERTY FARMER (CHILD) ............................. C-7-45 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 

SUMMARY OF POTENTIAL HEALTH EFFECI'S: SOUTH FIELD 

AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, OFF- 

EXPANDED TRESPASSER ................................. C-7-46 

AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-47 

FER/OUmRA/NEW/OU2FRA.m c-viii Oc10062 



TABLES 
(Continued) 

-. .- - - .  . 
5 8 6 0  

TABLE C.745 

TABLE C.7-46 

TABLE C.7-47 

TABLE C.7-48 

TABLE C.7-49 

TABLE C.7-50 

TABLE C.7-51 

TABLE C.7-52 0 
TABLE C.7-53 

TABLE C.7-54 

TABLE C.7-55 

TABLE C.7-56 

TABLE C.7-57 

TABLE C.7-58 

TABLE C.7-59 

TABLE C.7-60 

. SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-48 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-49 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-50 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, ON- 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

PROPERTY FARMER (ADULT) ............................. C-7-51 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, ON- 
PROPERTY FARMER (CHILD) ............................. C-7-52 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
EXPANDED TRESPASSER ................................. C-7-53 

AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-54 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (CHILD) ............................. C-7-55 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 
AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (ADULT) ............................. (2-7-56 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

PROPERTY FARMER (CHILD) ............................. C-7-57 
SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FELD 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF- 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 
PROPERTY FARMER (ADULT) ............................. C-7-58 

AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, ON- 
PROPERTY FARMER (CHILD) ............................. C-7-59 

SUMMARY OF POTENTIAL HEALTH EFFECTS: SOUTH FIELD 

SUMMARY OF POTENTIAL HE4LTH EFFECTS: DISPOSAL CELL 
WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, EXPANDED 

SUMMARY OF POTENTIAL HEALTH EFFECTS: DISPOSAL CELL 
TRESPASSER ............................................ C-7-60 

WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY FARMER (ADULT) ............................. C-7-61 

WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, OFF- 
PROPERTY (CHILD). ..................................... C-7-62 

SUMMARY OF POTENTIAL HEALTH EFFECTS: DISPOSAL CELL 

SUMMARY OF POTENTIAL HEALTH EFFECTS: DISPOSAL CELL 
WITH PRIVATE OWNERSHIP, ALTERNATIVE 6,ExpANDED 

SUMMARY OF POTENTIAL HEALTH EFFECT3 DISPOSAL CELL 
TRESPASSER ............................................ C-7-63 

WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF-PROPERTY 
FARMER (ADULT) ....................................... C-7-64 

. .  



TABLE C.7-61 

TABLE C.9-1 

TABLE C.9-2 

TABLE C.9-3 

TABLE C.9-4 

TABLE C.9-5 

TABLE C.9-6 

TABLE C.9-7 

TABLE C.9-8 

TABLE C.9-9 

TABLE C.9-10 

TABLE C.9-11 

TABLE C.9-12 

TABLE C.9-13 

TABLE C.9-14 

TABLE C.9-U 

I 

TABLES 
(Continued) 

SUMMARY OF POTENTIAL HEALTH EFFECTS: DISPOSAL CELL 
WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, OFF-PROPERTY 
FARMER (CHILD) ....................................... C-7-65 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
REMEDIAL WORKER ..................................... C-9-4 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
NONREMEDIAL WORKER ................................. C-9-5 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
OFF-PROPERTY FARMER (ADULT) FEDERAL OWNERSHIP WITH 
ACCESS CONTROLS ....................................... C-9-6 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
OFF-PROPERTY FARMER (CHILD) FEDERAL OWNERSHIP WITH 
ACCESS CONTROLS ....................................... C-9-7 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
OFF-PROPERTY FARMER (ADULT) PRIVATE OWNERSHIP 
WITHOUT ACCESS CONTROLS ............................. C-9-8 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
OFF-PROPERTY FARMER (CHILD) WITH PRIVATE OWNERSHIP 
WITHOUT ACCESS CONTROLS ............................. C-9-9 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS GENERAL 
PUBLIC ................................................ C-9-10 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
ON-PROPERTY FARM (ADULT) PRIVATE OWNERSHIP 
WITHOUT ACCESS CONTROLS ............................ C-9-11 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
ON-PROPERTY FARMER (CHILD) PRIVATE OWNERSHIP 
WITHOUT ACCESS CONTROLS ............................ C-9-12 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
PERCHED GROUNDWATER USER PRIVATE OWNERSHIP 
WITHOUT ACCESS CONTROLS ............................ C-9-13 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
TRANSPORTATION - RAILWORKERS ....................... C-9-14 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
OFF-PROPERTY PUBLIC RECEPTOR AT THE FENCELINE 

RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 
EXPANDED TRESPASSER RECEPTOR FEDERAL OWNERSHIP 

RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBuNlTs 
EXPANDED TRESPASSER RECEPTOR FOR PRIVATE 
OWNERSHIP WITHOUT ACCESS CONTROLS FOR THE FEMP 
AND FEDERAL OWNERSHIP WlTH ACCESS CONTROLS FOR 
THE DISPOSAL CELL ..................................... C-9-17 
SUMMARY OF GREATEST REMEDIAL ACTION AND RESIDUAL 
RISKS BY ALTERNATIVE ESTIMATED FOR OPERABLE UNIT 2 . C-9-18 

FEDERAL OWNERSHIP WITH ACCESS CONTROL ............. C-9-15 

WITH ACCESS CONTROLS FOR THE ENTIRE FEW . . . . . . . . . . .  C-9-16 

F E R I O U m m / O U 2 F R A . m  c-x 



FIGURES 
5 8 6 0  

FIGURE C.l-1 

FIGURE C.l-2 
FIGURE C.l-3 
FIGURE C.2-1 
FIGURE C.2-2 

FIGURE C.2-3 

FIGURE C.2-4 

FIGURE C.2-5 

FIGURE C2-6 

FIGURE C.2-7 

FIGURE C.2-8 

FIGURE C.2.9 
FIGURE C.2-10 
FIGURE C.2-11 
FIGURE C.2-12 

FIGURE C.2-l3 a FIGURE C.2-14 

FIGURE C.2-15 

FIGURE C.2-16 

FIGURE C.2-17 

FIGURE C.2-18 

FIGURE C.2-19 

FIGURE C5-1 
FIGURE C5-2 
FIGURE (2.5-3 

FIGURE C5-4 
FIGURE C5-5 

FIGURE C5-6 

OVERVIEW OF ALTERNATIVE COMPARISON PROCESS FOR 

RISK MATRICES FOR OU2 ALTERNATIVES AND SUBUNITS ~. . . . . C-1-5 
OPERABLE UNIT 2 REMEDIAL ALTERNATIVES . . . . . . . . . . . . . . . (2-1-4 

EXISTING DETAIL, OPERABLE UNIT 2 . . . . . . . . . . . . . . . . . . . . . . . C-1-7 
POSTREMEDIATION SITE, OU2 ALTERNATIVE 1, NO ACTION . . . C-2-3 
POSTREMEDIATION SlTE, OU2 ALTERNATIVE 2, 

POSTREMEDIATION SlTE, OU2 ALTERNATIVE 3, 

POSTREMEDIATION SITE, OU2 ALTERNATIVE 6, 

FLOW OF REMEDIAL RISK CONCEPTUAL MODEL (ALL 

ALTERNATIVE 2 REMEDIAL ACTIVITIES, CONSOLIDATION 

ALTERNATIVE 3 REMEDIAL ACTIVITIES, EXCAVATION AND 

ALTERNATIVE 6 REMEDIAL ACTIVITIES, EXCAVATION AND 

CONSOLIDATION AND CAPPING . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-4 

OFF-SITE DISPOSAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-7 

EXCAVATION AND ON-SITE DISPOSAL . . . . . . . . . . . . . . . . . . . . . . C-2-8 

ALTERNATIVES .......................................... C-2-9 

AND CAPPING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-13 

OFF-SITE DISPOSAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-14 

ON-SITE DISPOSAL WITH OFF-SITE DISPOSAL OF FRACTION 
EXCEEDING WAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-15 
REMEDIAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 2 . C-2-19 
REMEDIAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 3 . C-2-20 
REMEDIAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 6 . C-2-21 
FLOW OF RESIDUAL RISK CONCEPTUAL MODEL (ALL 

RESIDUAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 1 

RESIDUAL RISK EXPOSURE MODEL FOR ALTERNATIVE 1 

RESIDUAL RISK EXPOSURE MODEL FOR ALTERNATIVE 2 

RESIDUAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 3 

RESIDUAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 3 

RESIDUAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 6 

RESIDUAL RISK CONCEPTUAL MODEL FOR ALTERNATIVE 6 

ALTERNATIVES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C-2-22 

(FEDERAL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :. . . . . . C-2-28 

(PRIVATE) .............................................. C-2-29 

(FEDERAL) ............................................. C-2-30 

(FEDERAL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-31 

(PRIVATE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-32 

(FEDERAL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-2-33 

(PRNATE) .............................................. C-2-34 
POTENTIAL IMPACTS FROM REMEDIAL ACTIVITIES . . . . . . . . . . C-5-2 
REMEDIAL RISK AIR MODELING METHODOLOGY . . . . . . . . . . . . C-5-5 
COMPONENTS OF RADIOLOGICAL IMPACT EVALUATED BY 
RADTRAN FOR OU2 REMEDIAL ACTIVITIES . . . . . . . . . . . . . . . . C-5-21 
MATERIAL D I S P E R S I B m  CATEGORIES . . , . . . . . . . . . . . . . . . . C-5-25 
CONCEPTUAL MODEL OF LOADING TO THE GREAT MlAMI AQUIFER 
AND CONTAMINANT TRANSPORT 

SEQUENCE OF AIR FATE AND TRANSPORT 
BY GROUNDWATER . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . C-5-29 

MODELING TASKS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-5-35 

c-xi 
000085 



ACRONYMS 

ACGM 
AWWT 
BSL 
Ca 
CEDE 
CERCLA 
CF 
C L U E  
CSF 
COC 
CPC 
CT 
DOE 
ED 
EPA 
F E W  
FS 
HEAST 
HELP 
HEPA 
HI 
H Q .  
IARC 
ICRP 
ILCR 
IR 
IRIS 
LOAEL 
MCL 
NA 
NCP 
ND 
NE 
NOAEL 
NRC 
NS 
Nw 
OAC 
O&M 

American Conference of Governmental and Industrial Hygienists 
advanced waste water treatment 
Biodenitrification Surge Lagoon 
exposure point concentration in air 
committed effective dose equivalent 
Comprehensive Environmental Response, Compensation and Liability Act 
conversion factor 
Comprehensive Response Action Risk Evaluation 
cancer slope factor 
constituent of concern 
constituent of potential concern 
central tendency 
United States Department of Energy 
exposure duration 
United States Environmental Protection Agency 
Fernald Environmental Management Project 
feasibility study 
Health Effects Assessment Summary Tables 
Hydrogeological Evaluation of Land Performance 
high-efficiency particulate air 
hazard index 
hazard quotient 
International Agency for Research on Cancer 
International Commission of Radiological Production 
incremental lifetime cancer risk 
inhalation rate 
Integrated Risk Information System 
lowest observed adverse effect level 
maximum contaminant level 
not applicable 
National Contingency Plan 
not detected 
northeast 
no observed adverse effect level 
Nuclear Regulatory Commission 
not selected 

Ohio Administrative Code 
operations and maintenance 

. 

. northwest 



ACRONYMS 
(Continued) 

5 $60’  

OSHA Occupational Safety and Health Administration 
PAH polycyclic aromatic hydrocarbons 
PC personal computer 
PCB polychlorinated biphenyl 
PRG preliminary remediation goal 
PRL preliminary remediation level 
RA risk assessment 
Ra radium 
RCRA Resource Conservation and Recovery Act 
RfC 
RfD 
RI 
RME 
Rn 
RTS 
Ru 
SE 

reference concentration 
reference dose 
remedial investigation I 

reasonable maximum exposure 
radon 
Radon Treatment System 
ruthenium 
southeast 

SF inhalation slope factor 
~~ 0 SOWC Southwest Ohio Water Company 
svoc semi-volatile organic compounds 
sw southwest 
TCLP Toxicity Characteristic Leaching Procedure 
TLV threshold limit value 
TWA time-weighted average 
U uranium 
UCL upper confidence level 
UF uncertainty factor 
UMTRA 
VOC volatile organic compounds 

Uranium Mill Tailing Remedial Action Program 

c-xiii 

I 



i 



FEMP-OU2FsR.A-5 DRAFT 
August 1994 

C.1.0 INTRODUCIlON 

Operable Unit 2 of the Fernald Environmental Management Project (FEMP) site contains 

chemical and radiological material within stored waste inventories and environmental media that 

present potential risks to humans and environmental resources. The nature and magnitude of 

these risks have been ,evaluated as part of the remediation process to ensure the selection of 

remedial alternatives that protect human health and the environment. 

As part of the Operable Unit 2 Remedial Investigation (RI), a quantitative baseline risk 

assessment was performed for the "No Action" alternative. The baseline risk assessment 

estimated potential risks associated with current conditions at Operable Unit 2 and projected 

future risks based on the assumption that no further cleanup actions would be taken. The results 

of the baseline risk assessment indicate that potential risks to human health associated with the 

No Action alternative are unacceptably high. 

The primary objective of the Operable Unit 2 Feasibility Study (E) is to analyze various remedial 

alternatives based on criteria set by the U.S. Environmental Protection Agency (EPA). Part of 

the analysis and ultimate selection of alternatives includes an evaluation of the short-term risks 

associated with implementing the alternative (remedial action risk) and an evaluation of the long- 

te rn  effectiveness of the alternative in protecting human health and the environment (residual 

risk). This appendix presents the results of both the remedial action and residual risk evaluations 

associated with the four remedial alternatives selected for detailed, comparative analysis in 

Section 5.0 of this FS report. The four alternatives are: 

1 

2 

3 

4 
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9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 
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21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

Alternative 1, No Action (Baseline Conditions) 

Alternative 2, Consolidation and Capping 

Alternative 3, Excavation and Off-Site Disposal 

Alternative 6, Excavation and On-Site Disposal with Off-site Disposal of Fraction 
Exceeding Waste Acceptance Criteria (WAC) 

Short-term by nature, remedial action risks are associated with construction and treatment 34 

activities performed during implementation of the remedial alternatives. During remediation, the 

federal government is assumed to continue to own and control access on site. Those individuals 
35 

xi 
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or "receptors" potentially exposed to remedial action risks are remediation workers, on-property 

nonremediation workers, off-property residents at the FEMP site boundary, and the general 

public. Receptors may become exposed to contamination in several ways, including inhalation of 
resuspended dust and gaseous emissions, ingestion of or dermal contact with soil, and expasue to 

direct radiation. They are also potentially subject to accidental injury or death. 

Residual risks are potential long-term risks projected to remain following completion of all 

remedial actions. For the purposes of this report, a period of lo00 years was used to evaluate 

residual risks. It was assumed that the Fernald area would retain its rural agricultural character in 

the future; hence, residual risks were evaluated for two scenarios: federal ownership (with access 

controls such as fencing) and private ownership. Receptors for the federal ownership scenario 

are an off-property farmer and child who live and farm adjacent to the FEMP property, and a 

trespasser who bypasses the access controls. Several exposure scenarios were evaluated 

quantitatively for the federal ownership scenario, including exposure to residual contaminants in 

surface soil. Receptors for the private ownership scenario are an on-property resident farmer and 

child who live and farm on Operable Unit 2, an off-property farmer and child, and a user of 

perched groundwater. The exposure scenarios evaluated quantitatively for private ownership 

include the use of groundwater for switch irrigation and household purposes and exposure to 

residual contaminants in surface soils and air. For each receptor considered, potential residual 

risks were evaluated either quantitatively or qualitatively, as appropriate, based on exposure to air, 

groundwater, or soil. 

C.l.l OBJECI'IVES OF THE FS RISK ASSESSMENT 
The FS report evaluates remedial alternatives in accordance with the EPAs nine FS screening 

criteria from the National Oil and Hazardous Substance Pollution Contingency Plan (Ne): 

J 1. 
2. 

J 3. 
4. 

J 5. 
6. 
7 .  
8. 
9. 

Overall protection of human health and the environment 
Compliance with applicable or relevant and appropriate requirements (ARARs) 
Long-term effectiveness and permanence 
Reduction of toxicity, mobility, or volume 
Short- term effectiveness 
Ability to be implemented 
cost 
State acceptance 
Community acceptance 
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This FS risk assessment provides information relevant to Criteria 1, 3, and 5, and each Operable 

Unit 2 subunit is reviewed in terms of the remedial alternatives, as shown in Figure (21-1. 

This Risk Assessment follows the human-health risk assessment methodologies of the EPA Risk 

Assessment Guidelines for Superfund (RAGS, EPA 1989a) for Superfund, the FEMP Risk 

Assessment Work Plan Addendum (RAWPA, DOE 1992), and accumulated EPA comments on 

the RUFS risk assessments and Comprehensive Response Action Risk Evaluations (CRAREs) 

performed for other operable units to date. 

For determining the remedial action and residual risks from Operable Unit 2, the carcinogenic 

risk, noncarcinogenic hazard, risk of physical injury and fatality, and whole body radiological dose 

have been quantified for an array of receptors, exposure pathways, and COG.  The approach 

results in a matrix of risk information generated by alternative for each subunit (Figure C.l-2). 

This information can be used to compare the alternatives relative to the EPAs  FS selection 

criteria. 

5 

C.1.2 FEMP SITE HISTORY 

Formerly known as the Feed Materials Production Center, the FEMP site is a 

contractor-operated federal facility where pure uranium metals were produced for the U.S. 

Department of Energy (DOE) from 1951 to 1989. No isotopic separation of uranium in the 

starting materials was performed. After production ceased, plant resources were focused on a 

cleanup program. In 1991, the FEMP was officially closed as a federal production facility, but the 

environmental studies and cleanup activities continued. The FEMP is located on  425 hectares 

(1050 acres) in a rural area of Hamilton and Butler counties, approximately 29 kilometers (18 

miles) northwest of Cincinnati, Ohio. 

Identified environmental concerns include the potential impact to human health and the 

environment due to past releases of hazardous materials from the FEMP to the air, water, and 

surrounding soils; continuing releases of hazardous materials from the facility; and the on-site 

accumulation of a large inventory of uranium process materials and low-level radioactive and 

hazardous wastes. Operable Unit 2, the focus of this risk evaluation, consists of the following 

FEMP subunits, facilities, and associated environmental media: 

Solid Waste Landfill 
000090 
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EXCEEDING 
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LEGEND: 
RISKS REMEDIAL ACTION RISK RECEPTORS 

ON-PROPERTY REMEDIATION WORKER 

RESIDUAL RISK RECEPTgRS 

FEDERAL OWNERSHIP PRIVATE I OWERNERSHIP 
i CARCINOGENIC. = INCREMENTAL LIFETIME CANCER RISK (ILCR) FROM 

ON-PROPERTY NONREMEDIATION WORKER CHEMICAL AND ALL RADIOLOGICAL IMPACTS. 
OFF-PROPERTY GENERAL PUBLIC NONCARCINOGENIC = HAZARD INDEX (HI) 
OFF-PROPERTY REMEDIAL WORKER (TRANSPORTATION) PHYSICAL INJURY = INJURIES PREDICTED PER WORK HOUR 
PUBLIC ALONG TRANSPORTATION ROUTE FATALITIES = DEATHS PREDICTED PER WORK HOUR 

EXPANDED TRESPASSER ON-PROPERTY RESIDENT FARMER 
OFF-PROPERTY FARMER AND CHILD 

AND CHILO 
AND CHILD OFF-PROPERTY FARMER 1 

SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSMENTS DEFINE THE SCOPE OF QUANTITATIVE 
ANALYSIS FOR SHORT-TERM (REMEDIAL ACTION) 
AND LONG-TERM (RESIDUAL) RISKS. NOTE THAT 

. . CARCINOGENIC AND NONCARCOGENIC RISKS RESULTING 
FROM ACCIDENTS ARE NOT INDICATED AND THEREFORE 
HAVE NOT BEEN CALCULATED. 

I 
t * For residual risk analysis, these subunits are modeled as one 

combined, southern subunit, due to postremediation comingling. 

FIGURE C.1-2 RISK MATRICES 
FOR OU2 ALTERNATIVES 
AND SUBUNITS 
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1 

Associated berms, liners, and soil within the operable unit boundary 

Significant concerns associated with waste materials include the presence of: 

Chemical contaminants in the waste materiaVsoi1 

0 Radionuclides in the waste materiaVsoi1 

2 

3 

4 

5 

6 

1 '  

8 

0 Emission of radon gas 9 

Potential for leaching waste materiaVsoi1 into the underlying Great 
Miami Aquifer and eventually to the Great Miami River 

' 10 

11 

C.1.3 OPERABLE UNIT 2 SUBUNITS 12 

Operable Unit 2 incorporates waste subunits with relatively large volumes of waste presumed to 13 0 
contain small quantities of hazardous materials and radionuclides. The five subunits are presented 14 

in Figure C.1-3 and are described below. The following descriptions are derived from the 15 

16 Operable Unit 2 RI report (DOE 1994a). 

Solid Waste Landfill 17 

The Solid Waste Landfill is located in the northeast corner of the Waste Storage Area 18 

(Figure C.1-3). This landfill, a flat rectangular area of approximately one acre, has been inactive 

since 1986. A soil cover has been placed over the disposal area. A drainage ditch serving the 

northwest portion of the former Production Area is located in the northern portion of the landfill. 

19 

m 

21 

This drainage ditch is a jurisdictional wetland. 22 

The operational histoty of the Solid Waste Landfill is not well documented. According to design 

drawings, the facility was planned as a sanitary landfill for nonburnable trash with up to five cells 

and an evaporation pond. The landfill reportedly was used to dispose of cafeteria waste, rubbish, 

23 

24 

25 

and other types of wastes from nonprocess areas and on-site construction/demolition activities. 26 

Materials reportedly buried there include nonburnable and nonradioactive solid wastes generated 

FER/OUZmSRA/NEWIOU2RA.C1 c-1-6 
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FIGURE C. l -3  
EXISTING DETAIL, OPERABLE UNIT 2 
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on FEMP property, nonradioactive construction-related rubble, and double-bagged and bulk 

quantities of nonradioactive asbestos. Field investigation results, however, indicate that some 

during a trenching investigation in 1992: 

1 

2 

apparent process wastes have been placed in the landfill. The following wastes were encountered 3 

4 

0 Burnable wastes - bagged trash and wood 5 

Possibly burnable wastes - respirator cartridges, asphalt roofing materials, medical 6 

7 wastes, firehoses, and rubber hosesbelts 

0 Nonburnable wastes - unidentified high-activity waste, medicine vials, bagged 
asbestos, ceramic tiles, possible magnesium fluoride, glass acid bottles, steel 
cables/cans, paint cans, and copper tubing 

8 

9 

10 

Lime Sludge Ponds 11 

The North and South Lime Sludge Ponds are two unlined, rectangular ponds, each measuring 12 

approximately 38 by 69 meters (125 by 225 feet), and are located in the southeast corner of the 

Waste Storage Area (Figure C.1-3). Wastes disposed in the North and South Lime Sludge Ponds 

originated from water plant operations, coal pile storm water runoff, and boiler plant blowdown. 

13 

14 

IS 

."I 

The waste from the water plant operations is generated from a water softening process, which 

consists of adding lime and aluminum sulfate to precipitate calcium and magnesium salts. 

16 

17 

0 
Inactive Flvash Pile 18 

The Inactive Flyash Pile is located approximately 610 meters (2000 feet) southwest of the former 19 

Production Area. The pile covers roughly two acres with Paddys Run as the western boundary XI 

(Figure C.1-3). The operating history of this subunit is not well understood. The Inactive Flyash 21 

Pile and the South Field are contiguous without a clearly defined boundary between the two 22 

subunits. Based on a review of historical photos and borehole logs (Weston 1988), the northern 

portion of this waste area is adjacent to a presently buried drainage ditch leading to Paddys Run. 

Beginning in 1957, flyash appears to have been trucked to the working face of the flyash pile and 

dumped. Aerial photographs from September 1962 indicate that the Inactive Flyash Pile was in 

23 

2.1 

2s 

x 

n .  
2s 

B 

30 

two working piles. The photographs indicate that flyash disposal at this location ceased by the 

mid-1960s. DriU cuttings and water from RI/FS borings outside the former Production Area and 

Waste Storage Area, including off-property wells, were disposed on the Inactive Flyash Pile until 

March 1990. Composite samples of the water from these boring were analyzed to ensure that 
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total uranium was below an action limit established by the Westinghouse Environmental 

Management Company of Ohio (WEMCO). 2 

Based on information provided by WEMCO, 1361 to 1814 metric tons (1500 to 2000 tons) per 

year of flyash were generated during the period of disposal; however, an unknown quantity of 

flyash was also disposed in the Bum Pit and Pit 3 within Operable Unit 1 (Weston 1988). The 

3 

4 

5 

6 Inactive Flyash Pile is currently covered with vegetation and soil of unknown origin. 

Nonprocess wastes from the FEMP and building rubble such as concrete, gravel, asphalt, masonry, 

and steel rebar from on-site constructioddemolition activities were also discarded in the Inactive 

7 

8 

Flyash Pile (DOE 1988a; Weston 1987) and are visible along embankments surrounding the 

subunit. Transite containing asbestos was also deposited in the Inactive Flyash Pile. Field 

investigation results reveal that some apparent process waste may have been placed in the 

9 

10 

11 

subunit. 12 

South Field I 

The South Field is a 4.5 hectare (11-acre) area that lies between the Active Flyash Pile and the 

Inactive Flyash Pile. The actual boundary with the Inactive Flyash Pile is not clearly defined 

(Figure C.l-3). The operational history of the South Field is neither well documented nor well 

understood. This area was reportedly used to bury FEMP nonprocess wastes such as flyash, on- 

site constructioddemolition rubble, including debris from the razing of the old administration 

building (DOE 1988a; Weston 1987), and soils that may have contained low levels of radioactivity. 

Disposal in the South Field apparently was performed randomly; thus the thickness of fdl and the 

nature of waste are variable. 

13 

15 

16 

17 

1s 

19 

21 

The southwest border of the South Field slopes toward the west and was used as the backstop for P 

a firing range for FEMP security personnel over a period of 35 years. Lead ammunition used 

during target practice is deposited along the southwest border. Currently, the South Field is 
covered with grasses, shrubs, and trees. 

23 

24 

25 

Active Flvash Pile 26 

by the Storm Sewer Outfall Ditch (Figure C.l-3). The Active Flyash Pile has a surface area of 

This waste disposal area is located just east of the South Field and is bound on the east and south 
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approximately thr& acres and has received flyash waste since the mid-l%os. The operational 

history of this unit is well understood. The flyash pile has a crusting agent sprayed upon the 

surface as a means of dust control. A silt fence has been constructed at the base of the pile to 

prevent storm water transport of the flyash off the pile. 

1 

2 

3 

4 

a 

Flyash from the FEMP coal-fired boiler plant was disposed of at the Active Flyash Pile. Flyash 5 

waste is comprised of 70 percent bottom ash collected below the boilers; the remaining 30 percent 

is a combination of precipitator ash collected from pollution control devices and flyash removed 

6 

7 

from the middle levels of the boiler. Some unburned coal and rock are also present in small 8 

9 

10 

quantities in the active flyash material. Since December 1992, newly generated flyash has been 

transported off site to a licensed disposal facility. 

C.1.4 BASELINE RISK ASSESSMENT 
As part of the Operable Unit 2 RI, an analysis was conducted to estimate the potential human- 

health risks from exposure to Operable Unit 2 hazardous wastes if no remediation is performed 

beyond that accomplished to date. This analysis is referred to as the baseline risk assessment. --0 
r. ~ 

k :- The b%seline risk assessment consists of five primary steps. First, the presence of chemical and 

radiological constituents that could potentially cause adverse health effects is determined; this is 

called'constituent of potential concern (CPC) determination and is discussed in Section C.1.4.1. 

The second step defines how the land will be used, how exposure will occur and how hypothetical 

inhabitants, visitors and other receptors at the site will be exposed; this is called exposure 

assessment and is discussed in Section C.1.4.2. In the third step, the hazardous effects of all CPCs 

are characterized; this is the toxicity assessment and is discussed in Section C.1.4.3. The fourth 

step is the risk characterization in which results of the first three steps are combined to determine 

carcinogenic risks and noncarcinogenic hazards for all receptors; this is summarized in 

Section C.1.4.4. The fifth step, a semi-quantitative analysis of uncertainties and the effect of 

these uncertainties on the baseline risk assessment, is presented in Section C.1.4.5. A discussion 

of conclusions from the RI is presented in Section C.1.4.6. 
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Results of the baseline risk assessment were used to represent the potential impact of the No n 
Action alternative on human health and the environment. Section 6.0 and Appendix B of the 28 a 
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Operable Unit 2 RI report should be reviewed for detailed information on baseline risks 

associated with Operable Unit 2 

C. 1.4.1 

As part of the Operable Unit 2 RI, CPCs were determined by performing a statistical comparison 

of constituent concentrations with background concentrations and then screening against 

conservative toxicological criteria. Constituents which had concentration terms below background 

concentrations were not included as possible CPCs. Those CPCs which were shown to exceed 

background were subjected to toxicological screening to exclude constituents that are unlikely to 

have human-health risk at levels detected. CPCs were retained if they did not meet the five 

criteria of the toxicological screening: 1) detected only once in one medium, 2) macronutrient/ 

micronutrient that is nontoxic, 3) ubiquitous in nature, 4) nonspecific class of compounds, and 5 )  

representative concentrations are below the values calculated from EPA RAGS Part B (EPA 

1991b), based on a hazard index of 0.1 and risk level of 1.0 x 

Identification of Constituents of Potential Concern 

Three categories of CPCs were identified: radionuclides, inorganic chemicals, and organic 

compounds. The identified CPCs were quantified in the baseline risk assessment. CPCs that 

were characterized to pose a risk greater than 1.0 x lo6 or hazard greater than 0.2 at the end of 

the baseline risk assessment were identified as contaminants of concern (COCs) for evaluation in 

this FS report. 

C. 1.4.2 Exposure Assessment 

The exposure assessment in the baseline risk assessment identifies current and future land use 

scenarios and potential receptors as well as sources and pathways of exposure. A summary is 
presented below. Details are presented in Appendix B of the Operable Unit 2 RI report. 

Land Use Scenarios 

Four land use scenarios are addressed in the Operable Unit 2 baseline risk assessment: 1) current 

land use with a m  controls, 2) current land use without a c e s  controls, 3) future land use with 

access controls assuming federal ownership, and 4) future land use without a m  controls 

assuming private ownership. 

2 
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Assuming current land use with access controls, the site access restrictions are maintained by 1 

DOE and no further remedial actions are taken other than those completed to da te  Further, it 

is assumed that members of the public are not allowed access to the site, and the integrity of the 

2 

3 

Operable Unit 2 subunits is maintained by inspections and repaired when necessary. The 4 

receptors evaluated under this scenario are: 5 

0 Trespassing youth 
On-property groundskeeper 
Off-property farmers (adult and child) 
Great Miami River users 
- Recreational 
- Residential 
- Agricultural 

6 

1 
8 

9 

10 

11 

12 

Under the current land use without access controls scenario, it is assumed that a- restrictions 13 * 
are eliminated thus permitting livestock grazing on the site. The receptor evaluated for this 14 

15 

$I . :  
scenario is the user of meat and milk. This receptor is assumed to be exposed through the 

consumption of meat and milk products produced from livestock grazing within Operable Unit 2. 16 
;: 

For the future land use with access controls, it is assumed that the federal government retains 17 
E " : "  . ; B  

ownership of the FEW. Land use and site access are restricted for authorized government 18 

19 

. . .  
L .. .. 

purposes only. The receptors evaluated under this scenario are: 

Expanded trespasser 
Off-property farmers (adult and child) 
Great Miami River users 
- Recreational 
- Residential 
- Agncultural 

m 
21 

22 
23 

24 

25 

For the future land use without access controls, it is assumed that the EMF' is available for 

Operable Unit 2. Receptors considered under this scenario are: 

26 

unrestricted land uses such as residential and agricultural development within the boundaries of n 

28 

0 On-property farmer (adult and child) - Reasonable Maximum Exposure (RME) 
0 On-property resident farmer - Central Tendency (CT) 30 

0 On-property perched water user 33 

29 

0 Off-property farmers (adult and child) 31 

0 Homebuilder 32 

0 Great Miami River users 34 

- Recreational 35 

000099 
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- Residential 
- Agricultural 

Sources and Pathwavs of b o s u r e  

Sources of exposure in Operable Unit 2 consist of the waste materials in the five subunits, and 

the media affected by the waste materials. These media include air, soil, surface water (including 

water from the Great Miami River affected by surface water), sediment, perched water, and 

groundwater from the Great Miami Aquifer. 

The pathways of exposure evaluated for each media are summarized below: 

0 Air: 
Inhalation of particulates, VOCs, and gases 

0 Soil: 
Ingestion, dermal contact, and external radiation 

0 Surface water: 
Ingestion and dermal contact 

Sediment: 
Ingestion, dermal contact, and external radiation 

Perched water: 
Ingestion, dermal contact and inhalation of volatiles released during household use 

0 Groundwater: 
Ingestion, dermal contact, and inhalation of volatiles released during household use 

Additional sources of exposure include food products (fruits, vegetables, meat, and milk) affected 

by contaminated dust and/or groundwater (through irrigation). Receptors may be exposed to site 

contaminants through ingestion of these food products. 

C. 1.4.3 Toxicitv Assessment 

Two human health effects are addressed in the toxicity assessment for Operable Unit 2: 

carcinogenic risk and noncarcinogenic hazards. Carcinogenic risks may be due to exposure to a 

chemical carcinogen or from ionizing radiation from a radionuclide. Effects caused by 

carcinogenic exposure include lung tumors, bone sarcomas, and skin cancer. Noncarcinogenic 

hazard effects are numerous and range from kidney or liver damage to localized effects such as 

skin or eye irritation. 

2 1. 
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Carcinogenic risk is quantified by the incremental lifetime cancer risk (ILCR) and is expressed in 
terms of the probability that a given receptor will develop cancer due to estimated exposures. For 

1 

2 

example, if the receptor has an additional risk of 1 in 10,ooO of developing cancer due to these 3 

exposures, the probability is expressed as a 10' (1/1O,OOO) risk. Chemical intakes calculated in the 

exposure assessment are used in conjunction with the cancer slope factor (CSF) to determine the 

4 

s 

ILCR. 6 

In the evaluation of potential exposures for the noncarcinogenic hazard, it was assumed that a 

dose threshold exists below which no toxic effect will occur. This threshold is used to develop an 

acceptable intake level, known as the reference dm (RfD). To estimate the noncarcinogenic 

health hazard, the estimated intake (calculated from the exposure assessment) was divided by the 

acceptable intake. This ratio is called the hazard quotient (Ha). When HQs for multiple CPCs 

are summed for a particular pathway, the resultant value is the hazard index (HI). If the ratio of 

estimated intake to the acceptable intake is greater than 1, the site-related intake may increase 

the risk of noncarcinogenic toxic effects. 

0 C.1.4.4 Risk Characterization Results 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table C.l-1 summarize the results of the baseline risk assessment by subunit, land use scenario, 17 
h -  

and receptors. These results may be compared to the ranges of generally acceptable risk under 18 

the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), which 19 

are an ILCR of 10" to lo4 or an HI less than 1. Those constituents that contribute an ILCR m 

greater than 1 in 1 million (1.0 x 10") or an HQ greater than 0.2 were designated as the COG 21 

for the FS. 22 

- 

C. 1.4.5 Summarv of Uncertainties 23 

It is generally recognized that uncertainty is inherent in quantitative risk assessments. The 24 

objective of the uncertainty analysis is to identify key site-related variables that contribute most to 2s 

uncertainty, and to characterize the nature and magnitude of impact of these uncertainties on the 

conclusions of the risk assessment. 

26 

27 

Sources of uncertainty have been identified in all steps of the baseline risk assessment. These 
sources include: selection of CPCs, exposure assessment, toxicity assessment, and risk 

characterization. The majority of uncertainties tend toward increased conservatism of the risk 

28 

29 

30 a 
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evaluation. Taken together, the uncertainties identified with site data, exposure parameters, fate 1 

and transport, toxicity assessment and risk characterization are judged to be high and could 

overestimate risk by two or more orders of magnitude. Appendix B of the Operable Unit 2 RI 
report provides a detailed discussion of uncertainties. 

2 

3 

4 

C.1.4.6 Conclusion 5 

The objective of the Operable Unit 2 baseline risk assessment was to evaluate and quantify 6 

I potential risks and hazards to human health that may be posed by current and predicted future 

exposures to contaminants within Operable Unit 2 if no remedial action is taken. This objective 

was met. Results of the RI baseline risk assessment indicate that the actual or threatened release 

of hazardous substances from Operable Unit 2 present a potential future threat to public health if 

no remedial actions are taken. Therefore, remedial alternatives should be considered to reduce 

s 

9 

io 

11 

potential threat. 12 

(2.1.5 OPERABLE UNIT 2 CONTAMINANTS OF CONCERN 13 

Not all constituents identified during the Operable Unit 2 baseline risk assessment pose significant 14 

health risks. The baseline risk assessment evaluated constituents and exposure pathways to 15 

16 ascertain their potential present and future impacts on human health. In general, constituents 
0 

that resulted in risks to a receptor of greater than 10" or which yielded an HQ greater than 0.2 

were designated as COCs to be considered in the selection of remedial alternatives. Those COCs 

17 

is 

and the media in which the carcinogenic risk level or HQ was greater than 10" or 0.2, 19 

respectively, are presented in Table C.l-2. 

C.1.6 ORGANIZATION OF THIS APPENDIX 
To accomplish the identified objectives, this FS risk assessment is organized as follows: 

0 C. 1.0 Introduction: 
This section outlines the objectives of the FS risk assessment, presents a brief 
FEW site history and subunit description and provides a summary of the RI 
baseline risk assessment. Operable Unit 2 COG evaluated in this risk assessment 
are also identiEied. 

C.2.0 Overview of Technical Approach and Assumptions: 
The four FS remedial alternatives are compared, and based on these alternatives, 
the remedial and residual conceptual models are presented. To execute these 
models, several factors and assumptions are identified. 

0 
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0 C3.0 Expome QuanSqtkm Methodology: 
This Section presents the equations used to quantity risk through air, water, and soil 
exposures. Equations for calculating remedial action risks, inchding direct radiation, 

2 

3 

physical injury, inhalation and transportation, are also presented. 4 

0 

0 

0 

C.4.0 Toxicity Assessment: 
In this section, a toxicity assessment is presented for a qualitative evaluation of the 
scientific data to determine the nature and severity of the toxic properties associated 
with the COG. Toxicity profiles are included for the radionuclides and chemicals 
that may result in an adverse effect on a biological receptor. The relationship 
between the dose received by a receptor and the incidence of an adverse effect is 
defined. 

C.5.0 Fate and Transport Modeling: 
This section describes the methodology used to quantitatively predict COC 
concentrations for remedial activities and residual sources. It includes discussions 
oE 1) the fate and transport models used, 2) the required data and default 
parameter values, 3) the technical approach that determines the appropriate model 
for each potential exposure assessment, and 4) model results. 

C.6.0 Remedial Action Risk Characterizations: 
The methodology used and the results of the risk estimates for remedial action 
activities are presented. , 

C.7.0 Residual Risk Characterizations: 
This section defines the methodology used in generating the residual risks to human 
health from exposure to residual COG. This information is presented as qualitative 
and quantitative estimates of health risk for each alternative. 

C.8.0 Uncertainty Analysis: 
This section discusses the uncertainties associated with the results of the remedial 
and residual risks. 
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0 C.9.0 Summary of Risk Assessment Results: 28 

A summary of remedial action and residual risks is presented by receptor, subunit, w 
and remedial alternative. 30 

0 References: 
Literature cited is presented in this section. 

31 

32 

c-1-19 



FEMP-OU2FsRA-5 DRAFT 
August 1994 

2 

7. .. 

TABLE C1-2 

OPERABLE UNIT 2 CONTAMINANTS OF CONCERN 

Solid Waste Lime Sludge Inactive Fly Active Fly 
COC Landfill Ponds Ash Pile South Field Ash Pile 

Chemicals 

Source: Operable Unit 2 RI report, Appendix B, Table 4-0 (DOE 1994a) 
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C.2.0 OVERVIEW OF TECHNICAL APPROACH AND ASSUMPTIONS 

To evaluate feasible alternatives for the Operable Unit 2 subunits, two types of risk were 

assessed: short-term or "remedial action" risks, and long-term or "residual" risks. Remedial action 

risks are the direct result of implementing activities such as excavation and transportation of waste 

materials, while residual risks result from exposure to postremediation sources such as the disposal 

cell or covers, that is, those sources remaining on site after all remedial actions have been 

completed. For Operable Unit 2, four remedial alternatives have been selected for consideration 

(see Section 5.0 of this FS report), which implies four different sets of remedial activities and 

postremediation site conditions. This risk assessment is designed to evaluate the potential risks to 

various receptors under each alternative due to exposure during remedial activities or from 

residual contamination. 

The methodology used in this risk assessment is consistent with the Amended Consent Agreement 

and follows the approach presented in the RAWPA (DOE l W ) ,  which in turn derives much of 

its methodology from the EPA RAGS (EPA 1989a). The technical approach was developed 

within the context of the overall RUFS process for the FEMP to determine if the Operable Unit 

2 remedial alternatives protect human health and the environment or, if they do not, to provide 

information useful in developing the best path forward. This risk assessment has been prepared 

in conjunction with EPA, Ohio Environmental Protection Agency (OEPA), and DOE guidelines 

to assess the potential risk of exposure to radionuclides and hazardous chemicals. 

1 
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1 
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19 

Section C.2.1 summarizes the four remedial alternatives for Operable Unit 2. Sections C.2.2 and 20 

C.2.3 describe the conceptual models for remedial action risks and residual risks, respectively. 

contamination for receptors under each alternative. Section C.2.4 discusses the major 

assumptions used to estimate conditions. 

21 

The conceptual models are used to examine the potential sources, mechanisms, and pathways of ZL 

23 

24 

After the conceptual models were developed, fate and transport computer codes were used to 

simulate the transport processes. A discussion of the computer codes can be found in 

Section C.5.0. n 

25 

26 
i-' 
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C.21 REMEDIAL ALTERNATIVES 

As previously stated, the role of this FS is to analyze and select potential remedial alternatives. 2 

The elements involved in screening, evaluating, and selecting alternatives are outlined in 3 

Section 4.0 of this FS report. The evaluations of remedial action and residual risks presented in 
this appendix support the selection of a final remedy by focusing on,the four potential remedial 

4 

5 

alternatives identified in the FS. The four alternatives analyzed are briefly described in this . 6 

7 section, as are the postremediation site conditions under each. 

C.2.1.1 Alternative 1: No Action 8 

9 Alternative 1, No Action, provides a baseline against which other alternatives can be evaluated 

subunits would be considered left in-place, "as is," with no containment, removal, treatment, or 
other mitigating actions. 12 

(Figure C.2-1). Under this alternative, no remedial action would be taken and the material in the i o  

11 

-/ 

C.2.1.2 Alternative 2: Consolidation and CaDuing 13 

Alternative 2 includes consolidation of contaminated materials within each subunit and subsequent 

capping with a composite capping system (Figure C.2-2). Materials would be excavated, 

14 

15 consolidated and placed under caps in three areas: South Field, Solid Waste Landfill and the 16 

Lime Sludge Ponds. The following describes the implementation of this alternative for each of 17 

these areas. 18 

At the Active Flyash Pile, Inactive Flyash Pile, and South Field, contaminated material directly 19 

overlying the Great Miami Aquifer (GMA) and/or down surface from the old terrace face would 20 

be excavated and moved to the northeastern side of the boundary limits, where the undisturbed 21 

till is at least 5 meters (16 feet) deep. AU contaminated material within the floodplain would also zl 

be moved. ?3 

After excavation and consolidation of the materials at the Active Flyash Pile, Inactive Flyash Pile, 24 

and South Field, a subsurface drain would be constructed along the southwestern side of the 25 

consolidation area to collect groundwater from the underlying perched aquifer. The drain would 

discharge by gravity into a pumping station. Collected leachate and groundwater would be 

pumped to the Advanced Wastewater Treatment (AWWT) facility for treatment. Excavation 

26 

n 
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operations along the eastern boundary of the South Field would impact an existing 15centimeter 1 

(&inch) water line and the 6lcentimeter (24-inch) South Plume extraction system force main. 2 

3 These lines would be relocated. 

For the Solid Waste Landfill, material close to the interbedded sand in the southeast corner of 

the landfill would be excavated. This excavated material would be replaced by clean clay to retard 

migration of contaminants into interbedded sand. Material along the south side of the landfill 

would be removed to allow placement of a proper foundation for the capping system adjacent to 

the railroad track. Material in the northeast comer of the landfill would be consolidated under 

the cap in order to simplify the design geometty and subsequent construction of the composite 

cap. A drainage swale immediately north of the Solid Waste Landfill would be impacted. This 
swale was delineated as a wetland in a 1993 study (DOE 1994a). Replacement of drainage 

systems and/or wetlands would be required. Wetlands restoration will be addressed as part of a 

site-wide plan to be developed under Operable Unit 5. Monitoring wells encountered during the 

excavation activities would be plugged in accordance with appropriate abandonment procedures. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Following completion of consolidation activities at each subunit, excavated areas would be 15 

16 

17 

backfilled, and the entire consolidation area at each subunit would be regraded to match the 
-0 

surrounding topography. A multi-layer capping system would then be constructed over the 
consolidated materials. 18 

Water generated during construction would be collected as required to maintain a dry excavation 

and then transferred to a holding/sedimentation tank for gravity settling of suspended solids. The 

19 

20 

overflow from the holding tank would be pumped to the AWWT facility for treatment and 

disposal. 22 

21 

Alternative 2 would include the following institutional controls at each of the consolidation areas: 

access restrictions, groundwater monitoring, cap maintenance, and deed restrictions to prohibit 

groundwater use and future development. 
24 

25 

C.2.1.3 Alternative 3: Excavation and Off-Site Disposal 26 

This alternative involves excavating all material contaminated above PRLs, visual segregation, n 

staging, shredding or crushing for size reduction, drylng for moisture control, packaging, and off- 

FERx)umRAmEw~u2RA.c2 C-2-5 O Q O 1 1 2  
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site disposal (Figure C.2-3). To evaluate potential off-property disposal sites and associated 

treatment, transportation and disposal costs, Alternative 3 would provide for disposal of 

contaminated material at a commercial facility, assumed to be EnviroCare in Utah. 

The excavation would be completed to the required depth established by modelling. Upon 

reaching this predetermined depth, verification sampling and testing would be completed to 

confirm that all contaminated material had been removed. If the results of the verification 

sampling and testing indicate that unacceptable contamination levels remain, the excavation would 

be extended in increments until acceptable test results are obtained. Upon verification that the 

required removal has been accomplished, the excavated area would be backfilled and graded to 

match the surrounding topography, provided with adequate runoff control, and revegetated. 

All excavated material would be visually segregated into flyash, lime sludge, soil, trash, and debris. 

The trash or debris would be shredded or crushed, packaged, and transported off-site for disposal. 

Soil containing lead (from the firing range) which has been characterized using the Toxicity 

Characteristics Leaching Procedure (TCLP) as Resource Conservation and Recovery Act 

(RCRA) waste would be excavated, containerized, and transported to a RCRA approved facility 

for treatment and disposal. The quantity of soil requiring disposal is estimated at  230 cubic 

meters (300 cubic yards). The fraction of soil, sludge, flyash, and debris would be dried as 

required and transported off site for disposal. 

The remedial activities for the following items are described in Alternative 2 (Section C.2.1.2): 

construction-generated water, the South Field water line and South Plume extraction system, and 

the Solid Waste Landfill drainage swale and monitoring wells. Since all contaminated material 

would be transported off-site, no long-term institutional controls would be required. 

C.2.1.4 Alternative 6: Excavation and On-Site Disposal with Off-Site Disuosal of Fraction 

E x d i n e  WAC 

Under this alternative, material contaminated above PRLs would be excavated Erom each subunit 

and transported to an on-site, engineered disposal cell (Figure C.2-4). Waste material failing to 

meet the disposal cell WAC would be disposed off-site at a permitted comm’ercial facility. As 

described in Alternative 3 (Section C.2.1.3), the excavation would be completed to the required 

depth established by modelling. Upon verification that the required removal has been 
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accomplished, the excavated area would be backfilled and graded to match the surrounding 

topography, provided with adequate runoff control, and revegetated. 

1 

2 

Exposure 
Media (Section C.2.2.3) 

(Section C.22.2) (Section C.2.22) 

Contaminated material such as trash and construction or demolition debris (e.g., concrete, drums, 

steel, pallets) would be crushed or shredded to reduce volume and placed in the on-site disposal 

facility. As in Alternative 3 (Section C.2.1.3), lead-contaminated soil from the firing range would 

3 

4 

s 

be analyzed by the TCLP for lead. Soils passing the TCLP €or lead would not be considered a 6 

7 hazardous waste and would be disposed with the consolidated material in the South Field. 

The remedial activities €or the following items are described in Alternative 2 (Section C.2.1.2): 8 

construction-generated water, the South Field water Line and South Plume extraction system, and 

the Solid Waste Landfill drainage swale and monitoring wells. Alternative 6 would also include 

9 

io 

the follo\king institutional controls at the disposal cell: access restrictions, groundwater 

monitoring, disposal cell maintenance, and deed restrictions to prohibit groundwater use and 

11 

12 

h tu re  development. 13 

. * ^  

I .  

C.2.2 DEVELOPMENT OF REMEDIAL RISK CONCEPTUAL MODELS 1 
! #  

Conceptual models have been developed to provide a framework for identifying and evaluating 2 
' 0  

the potential risk to human health during remediation of the FEW. The models facilitate the 3 

analysis of exposure routes and receptors, focusing on those pathways and sources that drive the 

potential impacts to human-health risk and screening out other exposure pathways that are likely 

4 

s 

to pose minor risks. As shown in Figure C.2-5, the models trace the exposure pathways from 6 

7 

8 

9 

each alternative activity through the exposure media and exposure pathways to the affected 

receptors. The models also indicate which exposure routes are carried through the quantitative 

risk assessment for each receptor. 

FIGURE C.2-5 
F u ) W  OF REMEDIAL RISK CONCEPTUAL MODEL (ALL ALTERNATIVES) 
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Section C.2.2.1 describes the different work activities for each remedial action alternative. 

Section C.2.2.2 describes the alternative exposure scenarios that pose a short-term risk to the 

receptors discussed in Section C.2.2.3. Detailed conceptional models are presented in 
2 

3 

Section C.2.2.4. 4 

C.2.2.1 Remedial Activities 1 

Except for Alternative 1 (No Action), the remedial action alternatives involve a range of work 

activities and varying degrees of physical risk and potential exposure to Operable Unit 2 COG.  

The remedial activities for the feasible remedial alternatives identified for Operable Unit 2 

2 

3 

4 

(Alternatives 2, 3, and 6) are summarized in Table C.2-1 and described below for each alternative. s 

Note that emission controls will be used to mitigate exposure due to sortingheparating and 6 

crushinghhredding activities. 7 

e 

e 

e 

Alternative 2 - Consolidation and Capping: 

Water extraction and transfer to AWWT facility; mechanical and sluny removal of 
waste and associated materials; waste segregation; stockpiling materials; crushing 
and shredding of materials; runoff control construction; surface soil excavation; 
monitoring of air, groundwater, leachate, surface water, and sediment; consolidation 
area capping and site restoration; and administrative controls. 

Alternative 3 - Excavation and Off-Site Disposal: 

All remedial activities of Alternative 2 plus activities involved with off-site disposal. 
Off-site disposal involves material stockpiling, blending, and bulk loading for 
transport, off-site shipment and ultimate disposal. 

Alternative 6 - Excavation and On-site Disposal with Off-site Disposal of Fraction 
E x d i n g  WAC: 

In addition to the remedial activities identified in Alternative 2, this alternative 
involves the construction and closure of a disposal cell. 

Waste material failing to meet the disposal cell WAC would be disposed off-site at 
a permitted commercial facility. This includes remedial activities associated with 
off-site disposal as defined in Alternative 3. 

8 

9 

10 

11 

12. 13 

14 

15 

16 

17 

18 

19 

m 
21 

22 
23 

24 

C.2.2.2 Remedial Action Exposure Scenarios 25 

To estimate remedial action risks, the phases of an alternative that may contribute to short-term 26 

". risks have been identified. Figures C.24, C.2-7 and C.2-8 show the significant remedial activities 
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TABLE C2-1 

RELATIONSHIP BETWEEN OU2 REMEDIAL ACTMTIES 
AND REMEDIAL ALTERNATIVES 

Remedial Alternative 
1 2 3 6 

Consolidation Excavation Excavation and On-Site Disposal 
and and with Off-Site Disposal of 

Remedial Activity No Action Capping Off-Site Disposal Fraction Exceeding WAC 
So WSedimenUWaste 

Physical Barriers 0 0 

Security Guards 0 0 

Deed Restrictions 
Composite Cap 
Restoration (backfilling) 
Surface Water Controls 

~- Mechanical Excavation 
SortingBeparating 

c , s  Revegetation 
tr Crus hing/Shredding * 
k 2 .  Drying I' 

On-Site Disposal Facility 
Off-Site Disposal Facility 
Off-Site Hazardous Waste 

Disposal Facility 
Truck Transportation (on-site) 

* %  + a 
0 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
Rail Transportation 0 0 

Groundwater Monitoring Wells 0 0 

GroundwaterKonstruction Water 

French Drainshterception 

Excavation Dewatering 
Sedimentation 
AWWT Facility 

Trenches 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Discharge to Great Miami River 0 0 0 

Legend: 
0 
0 

AWWT = Advanced wastewater treatment. 
*Potential emissions associated with these activities will be controlled. 

= Remedial Activity associated with remedial action risk (see Section C.2.2.1). 
= Remedial Activity does not affect remedial action risk. 
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for Alternatives 2, 3 and 6, respectively. As a result, this assessment examines seven distinct 

remedial alternative activities that have the potential €or contributing to remedial action risks. 

Risks from individual activities comprising a remedial alternative have been combined to develop 

an overall estimate for the risk associated with the alternative. The following list presents the 

activities and the alternatives that contain the activity: 

Remedial Activity 
Excavation 

On-Site Disposal 
Off-Site Waste Transportation 
Restoration 
On-Si te Waste Transportation 
Waste Storage 

Drying 

Alternative ContaininP Activity 
Alternatives 2, 3, and 6 
Alternatives 3 
Alternatives 2 and 6 
Alternatives 3 and 6 
Alternatives 2, 3 and 6 
Alternatives 2, 3, and 6 
Alternatives 3 and 6 

Excavation 

During excavation, heavy equipment would remove the contaminated surface soil, berms, liners, 

and underlying soil for ultimate disposal. This remedial activity has the potential to suspend dust 

containing COO in the air. Remediation workers monitoring soil contamination levels would be 

exposed to ionizing radiation from inhalation, external radiation, and immersion in the 

contaminated air. Airborne COCs would be transported to nomemediation workers on property 

and to individuals off property. These receptors would also be exposed via inhalation and 

immersion. Finally, remediation workers would be subject to mechanical hazards during 

excavation and construction of ancillary facilities. 

The number of hours and persons involved in monitoring activities would be considerably less 

than those for excavation activities. Exposures due to monitoring activities would constitute only 

a small fraction of the intakes due to excavation activities; hence, intakes and exposures of 

monitoring workers have not been expressly analyzed. 

Drving 

During drying, volatile organic compounds (VOCs) would be released through the off-gas system. 

The remediation workers, nonremediation workers, and off property individuals would inhale 

chemical COCs and be exposed from immersion in the contaminated air. Particles from drying 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 

2 

3 

40 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

0008'89 
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would be controlled using the best available technology. Remediation workers would be subject 

to mechanical hazards during construction of the drying facility. 2 

Remediation workers (operators) would be exposed to external radiation that constitutes only a 

fraction of the dose received by excavation workers because of shielding from the equipment. 

Also, inhalation and immersion would be only a small fraction of that which the remediation 

because all air COCs would be treated in the off-gas system, which removes all but a very small 

system, but the majority would be released through soil disturbance during excavation, and the 

amounts of radon. Therefore, no intakes or exposures to radioactive materials have been 

assumed for any receptors. I2  

3 

4 

5 

6 

7 

workers, nonremediation workers, and public could receive from excavation activities. This is 

fraction of the particulate through the HEPA filter. Radon would not be removed by the off-gas 8 

9 

residence time in the dryer would not be sufficient to cause the further generation of substantial IO 

I1 

On-Site Disposal 13 

The on-site disposal facility would be constructed on a portion of the site that had been cleaned. 14 

Remediation workers would be subject to mechanical hazards during construction of the facility 
IS a 

and waste emplacement. During waste emplacement, all receptors would be exposed to COCs 16 

through inhalation and immersion and to external radiation at levels equal to or less than those 

encountered during the excavation activities. These exposures have been estimated using ratios of 

17 

1s 

person-hours of exposure and intake for the two activities. 19 

Off-Site Waste Transportation 

Following drying, the excavated material would be loaded onto rail cars (gondolas). During 

loading, remediation workers would be exposed to contaminated dust and external radiation from 

the material. The worker exposures to contaminated dust are bounded by those encountered 

during excavation by duration alone; therefore, this pathway has not been specifically evaluated. 

These workers would also be placed at risk fiom mechanical hazards. During transport, train 

crews would be exposed to external radiation from the material. Individuals living on the 

transportation route or sharing the transportation route would also be exposed to external 

radiation. Workers in the vicinity of the rail staging area would be exposed to external radiation. 

Finally, members of the public would potentially be exposed to external radiation from air and 

ground contamination and inhale COCs following a postulated transportation accident. 

20 

21 

22 

23 

24 

25 

26 

n 

28 
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A contingency plan would be developed and submitted to the agencies for approval prior to the I 

implementation of remedial activities. The plan would address on-site waste transportation. 2 
a 

Restoration 3 

Following remediation of contaminated materials in Operable Unit 2, existing equipment, slabs, 

and roadways would be decontaminated and demolished. Excavated areas would be backfilled 

4 

5 

with clean soil and caps constructed. Remediation workers would be placed at risk from exposure 

to contaminated materials and mechanical hazards associated with these activities. The exposures 

and intakes from decontamination of equipment and materials would be only a fraction of those 

6 

7 

8 

encountered during excavation and have therefore not been specifically evaluated. 9 

On-Site Waste Transportation 10 

All alternatives would require the transportation of contaminated materials by truck. 

Remediation workers (truck drivers) would be at risk from direct radiation and mechanical 

11 

12 

13 hazards (Le-, accidents) incurred when driving the truck. Note that inhalation risks have been 
2 :  considered as part of excavation activities. 

Waste Storage 

14 

15 

4 . -  Wastes would be stored in silos pending disposition, and therefore the silos would pose a external 16 

radiation hazard to workers. Silos would be used for Alternatives 3 and 6 only. 17 

C.2.2.3 Receptors Impacted 18 

Remedial action risks are lifetime cancer risks associated with the exposure to chemical 19 

carcinogens and ionizing radiation, toxic effects associated with noncarcinogenic chemicals, and 20 

direct physical injuries associated with construction and transportation activities. This risk 

assessment estimates risks from exposures to three groups of individuals: remediation workers, 

21 

22 

nonremediation workers, and the general public. These remedial action receptors were selected 

for the Operable Unit 2 FS based on EPA comments on the Operable Unit 1 FS, which included 

the addition of a remedial worker. 

24 

25 

On-Property Remediation Workers 26 

On-property remediation workers would be placed at risk through their direct participation in 

remedial activities. They may be exposed to contaminated materials either through routine 

n 

28 a 
3 

C-2-17 
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August 1994 la operations or accidents. Remediation workers would be subject to mechanical hazards while 

relocating contaminated soil and while constructing or operating the physical plant performing the 2 

remediation. 3 

On-Propertv Nonremediation Workers 4 

On-property nonremediation workers include all other workers on the FEMP. These workers 

Management Company (FERMCO) and its subcontractors, and workers at sites adjacent to the 

5 

6 

7 

include the administrative and clerical staff of the Fernald Environmental Restoration 

remediation effort. Nonremediation workers would be at potential risk from exposure to airborne 

C O G  releked during remedial activities. They are not considered to be subject to an increased 

8 

9 

level of mechanical hazards and would be too far away from the contaminated soil to receive 

significant external radiation exposure from soil. 

IO 

11 

Off-ProDertv Remediation Workers 12 

Off-property remedial workers are envisioned to be the train crew and rail workers who would 

transport the FEW waste to off-site disposal facilities. The magnitude of impact to these 

13 

14 

15. 
receptors depends on the level of C O G  in the transported waste, the degree of shielding 

provided by the rail cars, the receptor's proximity to the rail cars, and the duration of transport, 16 

including stops. 17 

Near-Propertv Public 18 

For those scenarios in which contaminants would be dispersed in the air and carried to  the FEMP 19 

site boundary, members of the public are assumed to be located at the fenceline. 2o 

Public Along the Transportation Route 

For transportation scenarios, the off-property general public are those who live along the 

21 

zz 

transport route. The magnitude of impact to the off-property general public depends on the level P 

of COCs in the transport containers, the receptor's proximity to the rail cars, the duration of 24 

25 transport (including stops), and the severity of potential accidents. The public along the 

transportation route would be exposed to direct radiation as the train passes by. Members of the 26 

public would potentially inhale radionuclides and be exposed to external radiation from air and n 
ground contamination following a postulated transportation accident. 

FEIVOUZ/FSRA/NEW/OUmmc2 C-2- 18 
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REMEDIAL RISK CONCEPTUAL MODEL, ALTERNATIVE 2 
CONSOLlDATlON AND CAPPING 
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Dermal Contact 
Direct Radiation 
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Leg end : 

Denotes a complete pathway. 
Pathway-specific risk is quantif ied in  this risk assesment. 

121 compared to  the other exposure pathways fo r  the same receptor. 

address this exposure route. 

Exposure route incomplete or not applicable. 

Potential impact  of  this exposure pathway is  insignificant when 

CERCIA risk assessment methodology fo r  radionuclides does not 

Denotes that pathway is mitigated by use o f  PPE and other 
a d  minis t ra  tive controls . I 
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CONCEPTUAL MODEL 
FOR ALTERNATIVE 2 



1 FEMP-OU2FSRA-5 DRAn 

REMEDIAL ACTMTY 0'. 

REMEDIAL RISK CONCEPTUAL MODEL, ALTERNATIVE 
EXCAVATION AND OFF-SITE DISPOSAL 

EXPOSURE MEDIA EXPOSURE PATHWAY 

incidental ingestion 
Soii/Waste Material Dermal Contact 

Direct Radiation 

1 

I 

Decommissioning of Direct Physical Injury I Construction and 

Storage and Loading 
Facilities 

i 

Incidental Ingestion 
Soil/Waste Material Dermal Contact 

Direct Radiation 
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Direct Radiation 
Deposition on Body Surface 

Direct Physical Injury 
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~ 
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Facilities 
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Soil/Waste Material Dermal Contact 

Direct Radiation 
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Air Direct Radiation 
Deposition on Body Surface 

Direct Physical Injury 1 
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Leg end : 

Denotes a complete pathway. 

0 
Pathway-specific risk is quantif ied in this risk assesment. 

Exposure route incomplete or not applicable. 

Potential impact  of this exposure pathway is insignif icant when 
compared to the other exposuce pathways for the same receptor. 

CERCLA risk assessment methodology for radionuclides does not 

Denotes that pathway is  rnitigalted by use of PPE and other 
administrative controls. 

' address this exposure route. , 
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I 
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Denotes a complete pathway. 
Pathway-specific risk is quantified in this risk assesment. 

CERCLA risk ossesdrnent methodology for radionuclides does not 
address this exposure route. 

Exposure route incomplete or not applicable. 

Potential impact of this exposure pathway is insignificant when 
compared to the other exposure pathways for the same receptor. 

Denotes"that pathway is mitigated by use of PPE and other 
administrative controls. 
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August 1994 0 C.2.2.4 Remedial Risk Conceutual Models I 

This section presents the detailed conceptual models developed to describe the remedial risk for 2 

each of the four alternatives outlined in Section C.2.2.1. Figure C.2-9 represents the remedial 3 

exposure under Alternative 2 - Consolidation and Capping. Figure C.2-10 illustrates the remedial 

exposure €or Alternative 3 - Excavation and Off-site Disposal. Figure C.2-11 presents Alternative 

4 

s 

6 - Excavation and On-site Disposal with OH-site Disposal of Fraction Exceeding WAC. No 6 

7 conceptual model is presented for Alternative 1, which has no remedial activities. 

C.2.3 DEVELOPMENT OF RESIDUAL RISK CONCEPTUAL MODELS 8 

The conceptual models developed €or residual risk have the same function and follow the same 

principles as the models €or remedial risk (Section C.2.2). Both types are used to analyze 

exposure routes and receptors, focusing on those pathways and sources that drive the potential 

9 

10 

11 

impacts to human-health risk and screening out other exposure pathways that are likely to pose 
. minor risks. Figure (2.2-12 presents the general flow of the residual risk conceptual models. As 

shown in the figure, the models trace the exposure pathways from the residual sources through 

the release mechanisms and exposure routes to the affected receptors. The models also indicate 

12 

13 

14 

is 

which exposure routes are camed through the quantitative risk assessment for each receptor 16 

under varying postremediation uses. 17 
0 

I (sectloll C.2.3.1) k Release 

(sedbn C232) 
Mechanism 1-m 

FIGURE C.2-12 
FLOW OF RESIDUAL RISK CONCEPTUAL MODEL 

(ALL ALTERNATIVES) 

Section 2.3.1 presents a discussion of residual contaminant sources. Section 2.3.2 provides the 

land-use scenarios assumed €or the Operable Unit 2 subunits. Section 2.3.3 gives a detailed 

description of each receptor and their routes of exposure used in the residual risk assessment. 

Section 2.3.4 presents the detailed residual risk conceptual models €or each of the four 

a1 terna t ives. 0 
c-2-22 000329 
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C.2.3.1 Residual Risk Sources 

This Fs risk assessment evaluates the human-hea,,h risks associated with residual COG for each 

of the five subunits in Operable Unit 2. The extent of this residual contamination will vary 

according to the selected alternative. Figures C.2-1 through C.2-4 (Section C.2.1) illustrate the 

postremediation site conditions for each of the four alternatives. Based on these four 

alternatives, the sources of residual contaminations are limited to: 

Caps/covers for on-property contaminant 
Residual soil and groundwater contamination 

Materials deposited in any on-site disposal cell 

C.2.3.2 Residual Risk Land-Use Scenarios 

Two future land-use scenarios were evaluated for residual risk, federal ownership and private 

ownership. Section 10.0 of the RAWPA specifies the evaluation of both scenarios. A brief 

description of each follows. 

Federal Ownership 

Under this land-use scenario, the federal government would maintain ownership of the property, 

provide access controls, and restrict future residential, farm, and industrial use. Potential 

receptors include an off-property farmer and child and an expanded trespasser. This scenario 

assumes that a farm family lives immediately adjacent to the FEMP property boundary and is 

exposed through groundwater and surface soil pathways. 

Private Ownership 

Under this land-use scenario, there would be neither access controls nor continued federal 

ownership to restrict land use. Therefore, it is assumed that FEMP land use may revert to 

residential and farming uses. For this FS risk assessment, a family is assumed to reside on and 

farm the Operable Unit 2 property. Increased erosion as a result o f i h e  farming activities is 

accounted for by the analysis of exposures to the major runoff-receiving water body, the Great 

Miami River. A farm family is also assumed to be living and farming immediately adjacent to the 

FEMP property boundary. This scenario would include exposure routes that require development 

time such as establishing a home and farm operations on property. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 15 0 
17 

18 
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21 

22 

23 

24 

25 

26 

n 

25 
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C.2.3.3 Receutors ImDacted 1 

This section presents the human receptors on or in the vicinity of the FEW who have been 2 
a 

identified in the RAWPA and the Operable Unit 2 RI under future land-use conditions. These 

populations have been examined to determine if they have the potential for significant exposure 

3 

4 

to COG under future site conditions. Those populations determined to present a reasonable 5 

possibility of significant exposure based on postremediation site conditions have been retained for 

examination in this FS (Table C.2-2). The following paragraphs provide details on the nature of 

6 

7 

the receptors and their pertinent exposure pathways. a 

On-Prouertv Resident Farmer (Ingests Great Miami Aauifer Wateo. Consistent with the RME 

concept and to ensure the estimated risk values protect human health and the environment, it was 

9 

io 

assumed that the remediated FEW site could revert to residential and agricultural uses in the 

future and that an adult farmer could reside on the site after it is remediated. Potential 
11 

12 

13 

14 

exposures to this receptor may be caused by residual contamination from remediated subunit 

footprints, and/or leachate from the disposal cell. 
h 

Exposure pathways examined for this receptor include growing food, tending livestock, and 1s 

16 
+ 

performing general farm work. These activities may result in direct exposure to residual site 
E- h 

E". 
contamination through the consumption of contaminated produce, dairy products, and meat; 17 

h.<. 
ingesiion of contaminated water from the Great Miami Aquifer; ingestion of, dermal contact with, is 

and direct radiation from residual contaminated soil; and inhalation of gases, vapors, and dust. 19 

The selected RME locations for this receptor are presented in Section C.5.2. m 

On-Prouertv Resident Farmer (Ingests Perched Water). This receptor addresses the potential 

additional exposure incurred by the on-property resident farm adult if the water source is the 

on-property farmer (both ingest water from the Great Miami Aquifer). The selected RME 
location is presented in Section C.5.2. 

21 

zz 

perched water. The exposure pathways examined for this receptor are the same as those for the 23 

24 

25 

On-Property Resident Farm Adult (Central Tendencv). This receptor addresses the potential 

tendency exposure parameters. Exposure pathways examined include growing food, tending 

livestock, and performing general farm work. These activities may result in direct exposure to 

26 

exposure incurred by the on-property resident farm adult using slightly less conservative, central- n 

28 

29 

O O ( P I 3 1  
a 
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TABLE C.2-2 

RECEPTORS EXALUATED FOR OU2 RESIDUAL RISK 

Receptors Federal Ownership Private Ownership Comments 

Expanded Trespasser Yes No Composite adultkhild who 
illegally uses site 

Off-Property Farmer Yes Yes 
Off-Property Child Yes Yes 
On-Property Resident No Yes Ingests groundwater from 
Farmer (GMA) Great Miami Aquifer 

On Property Resident No No Ingests perched water 
Farmer Perched 
Water 

On-Property Resident No 
Child 

Yes Ingests groundwater from 
Great Miami Aquifer 

residual site contamination through the consumption of contaminated produce, dairy products, 1 

and meat; ingestion of contaminated water from the Great Miami Aquifer; ingestion of, dermal 

contact with, and direct radiation from residual contaminated soil; and inhalation of gases, vapors, 

and dust. 4 
0 

The inclusion of a central-tendency analysis does not significantly reduce the overall health risks 

parameters in the calculation of on-property farm adult risks has indicated that a reduction of 
approximately a factor of 3 can be achieved. This reduction is mainly due to the slight reduction 

5 

6 

I 

8 

for the adult farm receptor. An examination of the impact of including central-tendency 

in exposure duration (350 versus 275 days) and minor reductions in the individual pathway contact 9 

rate. 10 

Because of the postremediation setting of the residual risk assessment, all exposure parameters 

have been estimated. The uncertainty inherent in all FS exposure estimates makes the additional 

11 

12 

13 

14 

1s 

uncertainty of central tendency inappropriate. In addition, recent discussions with EPA Region V 
have led to requests for exposure parameters with more conservatism than those previously used 

to describe the FS RME receptors. Therefore, a central-tendency analysis was not evaluated for 

this FS risk assessment. 

c-2-25 000132 
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On-Prouertv Resident Farm Child. Young children (age 1 through 6 )  living on the property 

would form a subpopulation of concern, because they may be more sensitive to a given exposure 

than are adults. A young child residing on the remediated FEMP could be exposed directly to 

residual site contaminants remaining in soils, and could inhale gases, vapors, and dust. In FS risk 

calculations, this hypothetical child of the on-property resident farmer is assumed to come in 

direct contact with residual soil, receive external radiation, drink Great Miami Aquifer water from 

an on-property well, and consume vegetables, fruit, meat, and dairy products produced on 

property. The selected RME locations of this receptor are presented in Section C.5.2. 

Off-Prouertv Resident Farmer. The inclusion of a farmer, assumed to live immediately adjacent 

to the remediated FEW property boundary, was determined to be highly likely based on current 

conditions and has therefore been included in this risk assessment. The major concern for this 

receptor is the exposure received from regular use of water from the Great Miami Aquifer (for 

drinking and agricultural uses). ‘This farmer could also be exposed to COG from remote 

on-property residual sources, and/or COCs carried by the wind as gases, vapors, and dust. 

However, he would not be exposed through dermal contact or receive external radiation from on- 

property soil. The selected RME locations of this receptor are presented in Sections C.5.1 and 

C.5.2. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Off-Prooertv Resident Farm Child. This hypothetical child (age 1 through 6 )  of the off-property 

resident farmer is assumed to have the same diet as the parent. This child could also be exposed 

18 

19 

to COG from remote on-property residual sources, and/or COG carried by the wind as gases, m 

vapors, and dust. The selected RME locations are presented in Sections C.5.1 and C.5.2. 21 

Expanded Tresoasser. The expanded trespasser is a composite adult/child who illegally uses the 

site for recreational purposes. This hypothetical individual is assumed to roam about the operable 

unit despite continued government ownership. Exposure pathways include inhalation of fugitive 

dusts, volatile organics, and gases, dermal contact with and incidental ingestion of site soil, and 

exposure to direct radiation while on site. 

\r 

Homebuilder. The homebuilder receptor was originally considered for evaluation based on 

exposure to subsurface soils during the construction of a residence. After remediation, the 

subsurface soil concentrations would be the same as the surface soil concentrations which impact 

FEIMUZ/FSRA/NEWDU2FSpsRAc2 c-2-26 
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the RME on-property resident farmer. Due to greatly reduced exposure duration and pathways 

(as well as the identical soil concentrations) for the homebuilder receptor, a less conservative 

evaluation of risk would have been generated when compared to the resident farmer. Therefore, 

2 

3 

4 the homebuilder was not evaluated in this risk assessment. 

Great Miami River User. This scenario was designed to evaluate surface water impacts to the 

who frequently uses the Great Miami River for recreational, residential, and agricultural purposes. 

Miami River (see Section 2.0 of this FS). Therefore, the Great Miami River was not evaluated in 

this risk assessment. 10 

5 

6 

7 

8 

9 

Great Miami River and the exposures incurred during the activities of an off-property receptor 

Residual soil concentrations would be significantly below the level necessary to impact the Great 

C.2.3.4 Residual Risk ConceDtual Models 11 

Residual conceptual models were developed for each of the four alternatives under federal and 12 

13 private ownership, except for Alternative 2. Under Alternative 2, no private ownership scenario 

is envisioned because the alternative would require upkeep and maintenance. The conceptual 

models present the primary source, release mechanisms, exposure media and pathways, and 0 
receptors evaluated for this FS risk assessment. Figures C.2-13 through C.2-19 present the 16 

17 conceptual models developed for residual risk. 
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2 

The assumed scope of analysis, exposure parameters, pathways, and receptors, the extent and tYpe 

of remedial activity, the COG, and other factors establish the complexity and usefulness of the 

results of any risk evaluation. The following discussion highlights the key assumptions used to 

3 

4 

5 

6 develop the risk assessment analyses. 

C.2.4.1 AssumDtions for Analysis of Remedial Action Risks 7 

The assessment of remedial action risks requires numerous assumptions for each element of the 

assessment, including exposure scenarios, receptors, exposure models, and exposure parameters. 

The assumptions are listed below: 

8 

9 

10 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

During excavation and other soil handling activities, remediation workers are 
subject to airborne contamination, both by inhalation and immersion, based on dust 
loading levels and soil concentrations. They are also subject to direct physical injury 
from, for example, a heavy-equipment accident. 

During excavation, remediation workers monitoring soil contamination levels are 
exposed to a small fraction of the contaminated air or radiation. While personnel 
protective equipment (PPE) will be used to meet ALARA guidelines, it cannot be 
assumed to eliminate all exposures. For bounding purposes, no credit is assumed 
for PPE. 

At the end of excavation, remediation workers monitoring soil contamination levels 
are exposed to contaminated soil at soil action levels. The monitoring is assumed to 
take place at the end of remediation when the levels are at or near the action 
levels. Exposures and/or intakes are only a fraction of those encountered during 
excavation. 

During all activities of a given remedial alternative (Le., excavation, drying, on- 
property disposal, transportation, and restoration), the mechanical injury rate is 
constant. The only exceptions are for truck drivers and train crews, whose injury 
rates are specific to their operations. 

All radiation exposuredintakes are bounded by the excavation activities. 

During restoration, the only risks are associated with mechanical hazards since 
backfilling will cover any residual contamination. Backfilling will use only clean 
soils. Direct radiation constitutes only a small fraction of the amount received 
during excavation. 

While waste is being placed in the on-site disposal cell, remediation workers will not 
receive exposures in excess of those occurring during excavation activities. 

Operators of the dryer are not subject to mechanical hazards, since most of their 
operations involve remote handling equipment. 

11 

12 
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Impacts from the on-property transport and temporary stockpiling of waste material 
are not specifically evaluated. It is assumed that such impacts are bounded by 

r\ q-r : " t  

e { j  ( 3  f$ $; 
9. 

excavation impacts. 3 

10. There are no ingestion pathway risks associated with transportation accidents. 4 

11. It is assumed that for Alternative 3, segregation of wastes for on-site and off-site 

and silo storage. 7 

5 

6 disposal results in a factor of 2 increase in soil concentration for off-site shipment 

12. On-site truck drivers are assumed to be exposed to a full truck load, at a maximum 
concentration for 6 hours per day, for direct radiation evaluations. 

8 

9 

13. The evaluation of exposures from materials stored in silos prior to off-site shipment 
were made assuming that a worker is exposed to fully loaded silos which are located 
20 feet above the ground surface, for direct exposure calculations. 

Direct radiation exposure of workers to loaded gondolas assumes that a worker is 
standing between two fully loaded gondolas containing the concentration as 
described in Assumption 12. 

14. 

C.2.4.2 Assumptions for Analvsis of Residual Risks 
The evaluation of residual risks remaining after Operable Unit 2 remediation requires numerous 

assumptions regarding future land use, receptors, exposure scenarios and exposure parameters. 

The following assumptions have been adopted from EPA guidance documents or are the result of 

agreements between the FEMP and E P A  

10 

11 

12 

13 

14 
15 

16 

17 

19 

20 

1. Two future land-use scenarios are considered: federal ownership with access 
controls, and private ownership with a residential farm family on the property. 

21 

22 

2. For the case of federal ownership with access controls, evaluated receptors include 
an off-property farmer and child and an expanded trespasser. 

23 

24 

3. For the case of future private ownership, evaluated receptors include an on- 
property resident farmer and child, off-property farmer and child, and a perched 
water user. 

4. The on-property farmer and child are part of a family living on the Operable Unit 2 
site, growing crops and raising dairy and beef cows, and using groundwater for 
routine household and agricultural purposes. 

5. The off-property farmer and child are part of a family living and actively farming 
adjacent to the FEMP site boundary. Exposure to COG is through groundwater 
and resuspended surface soil pathways. 

The expanded trespasser occasionally visits the Operable Unit 2 property for hiking, 
roaming, or bird watching. Activities such as jogging, biking, or ball playing are not 
feasible because administrative controls will prevent development of the land. 

I 

6. 

25 
26 

n 
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7. The adult and child exposure periods (70 years and 0 to 6 years, respectively) are 
included in the residual risk analysis. The FEMP has agreed with the EPA to use a 
70-year exposure period for adult residential exposure because residents in the 
Fernald area tend to remain in the area for their lifetimes. 

8. C O G  were chosen based on Operable Unit 2 RI baseline risk assessment results. 
Constituents with a greater than lod incremental lifetime cancer risk (ILCR) or 
hazard quotient (Ha) of greater than 0.2 by all combined exposure pathways are 
considered COG. 

9. Groundwater COC input concentrations for the residual risk assessment are based 
on groundwater modeling, not ambient sampling data. 

10. Chronic reference doses (RfDs) are used for all risk calculations. 

11. No exposure pathways are eliminated due to the presence of clean backfill. 

12. The impact of Operable Unit 2 residual contaminant sources on perched 
groundwater in the sand lens beneath the waste pits (perched groundwater) and 
groundwater in the Great Miami Aquifer is included in the Operable Unit 2 
residual risk evaluation. By agreement with the EPA, existing groundwater 
contamination is considered part of Operable Unit 5. 
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11 
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16 

17 
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C.3.0 EXPOSURE QUANTIFICATION 
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METHODOLOGY 

This section presents the equations used to quantify the magnitude of exposure expected to result from 

all reasonable exposure pathways at ,Operable Unit 2. The calculations reflect changes in the risk 

assessment methodology resulting from revisions to the RAWPA (DOE 1992) and comments received 

from the EPA and OEPA on the Operable Unit 1, 2, and 4 RI/FS risk assessments. 

Section C.3.1 presents the exposure models for remedial action risks, while Section C.3.2 covers 

residual risks. Parameters and equations are drawn from the RAWPA unless noted otherwise. The 

exposure parameters used to model remedial action and residual risks are presented in Section C.3.3. 

Source terms (e.g., soil or air concentrations) are presented in Section C.5.1 (for remedial action 

risks) and Section C.5-2 (for residual risks). 

C.3.1 

This section presents the exposure models used to estimate the Operable Unit 2 remedial action risks. 

The section has been divided into subsections for each remedial/action exposure mode combination 

EXPOSURE MODELS FOR REMEDIAL ACTION RISKS 

described in the remedial action conceptual models (Section C.2.2). 

C.3.1.1 ExcavationDirect Radiation 

During excavation, the remediation worker would be exposed to direct radiation from radionuclides in 

the soil. The 95 percent UCL subsurface soil COC concentrations, as defined in the Operable Unit 2 

RI report (DOE 1994a), were used to calculate exposure doses. The majority of excavated material 

consists of subsurface soil. Direct radiation were calculated using the MICROSHIELD computer 

code (see Section C.5.1.2 for details). Direct radiation exposure is a function of the soil 

concentration, effective soil depth, exposure duration, and soil density. The code accounts for both 

buildup and self-shielding. Output is an effective dose equivalent in mrem, for each radionuclide 

identified as a COC. 

C.3.1.2 ExcavationDirect Phvsical Iniury 

The risk of mechanical injury, both for injuries and fatalities, is based on a riskanversion factor 

developed by the U.S. Department of Labor. This conversion factor translates hours worked to risk 

from a mechanical hazard using the following equation: 

C-3- 1 
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(C.3-1) I 0 
where 2 

mechanical hazard risk factor (injuries or fatalities per person hour worked)(see 
Table C.n-21), 4 

Tl = hours worked during excavation (per person) (see Table C.II-21), and ! 5  

MHRF = 3 

NE = number of persons involved in excavation (Table C.n-21). 6 

7 

C.3.1.3 Excavationflmmersion 8 

A remediation worker would be exposed to direct radiation from immersion in contaminated air. The 9 

magnitude of immersion exposure for each radionuclide is given by the following equation: 10 

11 

(C.3-2) 12 

where 13 

Hai = effective dose equivalent from radionuclide i (mrem), 14 

cai = air concentration for radionuclide i (pCilrn3 (Table C.5-9, 15 

DCFa,i = dose conversion factor for immersion for radionuclide i in air (mredy per 16 

17 pCi/m’)@CFs can be found in Table C.3-3, 

:: 0 TI 
UCF, = unit conversion factor (lo4 mCi/pCi). 

= fraction of one year exposed to contaminated air (yr)(Table C.5-l), and 

m 

The concentration of a radionuclide in air is based on a dust-loading factor for soil and the 

air concentration of the i* radionuclide. This concentration in soil is the 95 percent UCL of 

21 

concentration of the radionuclide in the soil. The following equation provides the expression for the P 

P 

subsurface soils. 24 

25 

(C.3-3) m 

where 27 

cai = air concentration for radionuclide i (pCi/m’)(Table C.5-3, m 
DL = dust-loading factor for construction (g of soil/m3 of air)uable C.3-l), and 29 

ca.i = concentration of contaminant in soil(Table C.54). P 

C.3.1.4 Excavationflnhalation 

The dose from inhalation of radionuclides by a remediation worker is given by: 

31 

32 

33 

34 
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= 
= 
= 

= 

= 

effective dose equivalent from radionuclide i (mrem), 
air concentration for radionuclide i (pCi/m’)(Table CS-S), 
dose conversion factor for inhalation for radionuclide i 
(mremlyr per pCi/m3)(Table C.3-5, 
fraction of one year exposed to contaminated air (yr)(Table C.11-1 through 
12), and 
unit conversion factor ( lod mCi/pCi). 

The concentration of a radionuclide is given in Equation C.3-3. ’Ibe intake from inhalation as a 

result of exposures to airborne chemical contaminants is calculated as follows: 

where 

I, = intake from air of chemical contaminant n (mg/kg/day), 
IR = receptor specific inhalation rate (m3/h)(Table C.II-1 through 12), 
ca.n 

T, 
BW = body weight (kg)(Table C.3-l), and 
AT 

= concentration of chemical contaminant n in air (mg/m?(Table CS-S), 
= receptor specific exposure at time (h)(Table C.II-1 through 12), 

= average time (d); for noncarcinogens, AT equals (ED)(365 d/y); 
for chemical carcinogens, AT equals (7Oy)(365 d/y)(Table C.3-1). 

0 
C.3.1.5 DrvindDirect Phvsical Injury 

Mechanical hazard impacts were calculated identically to the impacts for the ExcavatiodDirect 

Physical Injury pathway (Section C.3.1.2). The only difference is the total person hours for 

constructing the drying facility. 

C.3.1.6 D q  ingnnhalation andlo r Immersion 

A Gaussian plume dispersion model was used to estimate the concentration at the receptor location. 

The concentrations in air as a result of dryer activities are located in Table C.5-10. Immersion doses 

for remedial workers are provided in Table C.5-12. Dose equivalent intake from VOCs were 

calculated as described for the ExcavationAnhalation Equation C.34. 

C.3.1.7 TransDortat ion 

The magnitude of the transportation impacts was calculated by the RADTRAN 4 computer code (see 

Section C.5.2). 
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Mechanical hazards are based on miles traveled. The following equation presents the calculation for 1 

the mechanical hazard impacts for both workers and members of the public: 2 

Risk = (RCFJ(DSTJ 

where 

3 

(C.3-9) 4 

RCF, 

DST, 

= 

= 

risk conversion factor for worker or member of the public for rail 
transportation (fatalities or injuries per mile)(see Table C.Il-23), and 
distance traveled by transportation mode m, (i.e., truck or rail mi1es)Uable 
C . Il-23). 

Risks to package handlers were assessed similarly to other remediation workers. Dose rates were 

calculated by MICROSHKELD, and for mechanical hazards, time variables were used for the person 

hours worked loading trains. 

5 

10 

11 

12 

13 

14 

c .3.1.8 h-DrODe@' DisposalD irect Phvsical Iniury 15 

Mechanical hazard impacts were calculated identically to the impacts for the ExcavatiodDirect 16 

17 o Physical Injury pathway (Section C.3.1.2). The only difference is the total person hours worked. 

18 

RestoratiodDirect Phvsical Iniury 19 

20 

21 

Mechanical hazard impacts were calculated identically to the impacts for the ExcavatiodDirect 

Physical Injury pathway (Section C.3.1.2). The only difference is the total person hours worked. 

C.3.2 

To quantify risk as a result of residual COCs, several equations were used. This section presents the 

equations used according to exposure media. All parameters and equations were taken from the 

RAWPA and the Supplemental Guidance to RAWPA unless otherwise noted. The exposure medii 

considered for residual risks are groundwater, air, and soil. Exposures from sediment are included in 

the group detailing the soil exposure pathways. Exposure to surface water is not a viable pathway to 

potential Operable Unit 2 receptors and is therefore not provided for discussion in this section. 

Equations for quantifying risk through the food pathway (e.g., ingestion of vegetables, fruit, milk, 
and meat) are provided. The development of concentration terms for air, groundwater, soil, and food 

products are presented in Section C.5.2. These concentrations were used to quantify intake. The 
parameters used in the following equations are provided in Tables C.3-2 and 3 or the Tables in CUI. 
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C.3.2.1 Air ExDosure from Inhalation i 

The amount of a COC a receptor takes in as a result of respiration is determined using the 

concentration of the chemical in the air. Equations 7-5 and 7 4  from the RAWPA were used to 

quantify intake from the inhalation pathway. These equations are as follows: 

2 

3 

4 

5 

(radionuclides) C = (CJ(IR)(EF)(ED) (C.3-10) 6 

1 

(chemicals) = (CJ(R)(EF)(ED)/(BW)(AT) (C.3-11) 8 

where 
c =  
cm. = 
I R =  
EF = 
ED = 
BW = 
AT = 

intake from inhalation (pCi or mg/kg/d), 
concentration in air @Ci/m3 or mg/m3, 
inhalation rate (m3/d), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); 
for chemical carcinogens, AT equals (70)(365 d/y). 

C.3.2.2 Groundwater ExDosures 

This section discusses the quantification methodologies used to evaluate groundwater exposures. 

Exposure routes for exposure to groundwater include ingestion, inhalation, and dermal contact. 

Ingestion of Drinking Water 

Ingestion of contaminated drinking water can be a major contributor to environmental intake of 
COCs. An estimate of intake from drinking water was calculated from Equations 7-3 and 7-4 of the 

RAWPA. The intake equations are: 

(radionuclides) = (C,,,)(R)(EF)(ED) (C.3-12) 

where 
4 =  
c, ,= 
I R =  
EF = 
ED = 
BW = 
AT = 

intake of i* contaminant from drinking water @Ci or mg/kg/d), 
P concentration in water @Cih or mgh), 
ingestion rate (Vd), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT i u a l s  (ED)(365 d/y) F P A  1991al); 
for chemical carcinogens, AT equals (70 y) (365 d/y). 
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Dermal C o n w  

The estimation intake of total uranium in water via absorption though the skin was estimated using the 

concentration of the chemical in the water source evaluated. The dermal absorption pathway was 

evaluated for adults and children. The amount of a chemical taken into the body upon exposure via 
dermal contact is referred to as an absorbed dose. The absorbed dose for total uranium can be 

calculated using EPA's dermal guidance (EPA 1989a, EPA 1992b, and EPA 1993d): 

where 

I, = intake though skin from showering (mg/kg/d), 
DA, = absorbed dose per event (mg/cm2/event), 
SA = surface area (cm?, 
EF = exposure frequency (d/y), 
ED = exposure duration (y), 
BW = body weight (kg), and 
AT = averaging time (d); for carcinogens, AT equals (ED)(365 d/y) [EPA 1989al; for 

chemical carcinogens, AT equals (7Oy)(365 d/y). 

DA, can be calculated for inorganics as: 

where 

c, 
KP 
CF 
ET 

C.3.2.3 

= 
= 
= 
= exposure time (h/d) 

concentration of COC in the source (mg/l), 
COC-specific permeability constant 10" (cm/h), 
unit conversion factor IO3 <L/cm') 

Soil and S ediment Ex-msures 
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The following sections discuss the quantification methodologies used to evaluate soil and sediment 33 

exposures. 34 
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Jncidental Ingestion of Soil or Sediment 

Evaluation of the soil/sediment ingestion pathway was performed using Equations 7-7 and 7-8 from 
1 

2 

the RAWPA: 

where 

li = 
c,; = 
I R =  
CF = 

. FI = 
EF = 
ED = 
BW = 
AT = 

(radionuclides) = (C&IR)(FI)(EF)(ED) 

intake from soil or sediment for COC i (pCi or mgkg/d), 
concentration of COC i in soil or sediment (pCi/kg or mg/kg), 
ingestion rate (kg/d) (mg/d), 
conversion factor lod kg/mg, 
fraction ingested from contaminated source (unitless), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); 
for chemical carcinogens, AT equals (70 y)(365 d/y). 

3 

4 

(C.3-16) s 

6 

(C.3-17) 7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Dermal Contact with Soil or Sediment 

Dermal absorption may also occur upon contact with contaminated soil and sediment and was 

calculated using Equation 7-25 of the RAWPA: 

21 

P 

23 

24 

ABm = (c,,)(cF)(sA>(AF)(Ass)(ED)(EF)/(sW)(AT) (C.3-18) z 

where 

ABm = 
Cm = 
SA = 
A F =  
ABS = 
CF = 
ED = 
EF = 
BW = 

. AT = 

amount of i' COC absorbed during contact with soil or sediment (mg/kg/d), 
concentration of i"' COC in soil or sediment (mgkg), 
skin surface area available for contact (cm*/event), 
skin adherence factor (mg/cm?, 
absorption factor (unitless), 
conversion factor (lod kg/mg), 
exposure duration (y), 
exposure frequency (evently), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); 
for chemical carcinogens, AT equals (70 y/lifetime)(365 d/y). 

ab 
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Dermal absorption is not a significant pathway for radionuclides because penetration through the skin 

is minimal (EPA 1992b). Therefore, radionuclides were not quantified under this exposure pathway. 

I 

2 

3 

Direct Radiation ExDosure 4 

Since the publication of the RAWPA, the EPA has published a new set of slope factors. Changes in 5 

these slope factors require the use of a different equation to calculate risks resulting from direct 6 

radiation exposures from soils than the one originally presented in the RAWPA. The new equation 7 

is: a 

where 11 

direct radiation exposure @Ci-y/g), 
concentration in surface soil @Ci/g), 
exposure duration (y), 
exposure frequency (d/y), 
exposure time indoors on-property @Id), 
exposure time outdoors on-property @/d), 
indoor shielding factor (0.5, from RAWPA), 
outdoor shielding factor outdoors (0, assumes no shielding), and 
118760 y/h. 

12 

13 

14 

15 

16 

17 

P 

21 

C.3.2.4 Food Products Exwsure P 

This section presents the methodologies used to quantify intake through the food pathways (ingestion 

of vegetables, meat, and milk). % 

25 

Innestion of Vegetab le 26 

Evaluation of the vegetable ingestion pathway was performed using Equations 7-15 and 7-16 from the n 

RAWPA: 28 

29 

(radionuclides) I, = (C,)(IR)(ED)(EF)(FI) (C.3-20) 30 
4 

000652 
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where 

I, = 
CN = 
I R =  
FI = 
EF = 
ED = 
BW = 
AT = 

intake from vegetation @Ci or mg/kg/d), 
total concentration of COCs in vegetables or fruit @Ci/kg or mg/kg), 
ingestion rate (kg/day) 
fraction ingested from contaminated source (unitless), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); 
for carcinogens, AT equals (70-year lifetime)(365 d/y). 

Inpestion - of Meat and Milk 

Evaluation of the meat and milk ingestion pathway was performed using Equations 7-19 and 7-20 

from the RAWPA: 

Ifi = 
cfi = 

I R =  
EF = 
ED = 
F I ' =  
BW = 
AT = 

(radionuclides) Ifi = (CJ(IR)(ED)(EF)(FI) (C .3 -22) 

(chemicals) Ifi = (CA(FI)(EF)(ED)(BW)(AT) (C .3-23) 

intake from COC in animal product @Ci or mg/kg/d), 
concentration of i"' COC in the animal product @CiA or mg/l for milk, pCi/kg or 
mgkg for bee9 
ingestion rate (l/d for milk; kg/d for bee9 
exposure frequency(d/y) 
exposure duration (y), 
fraction ingested from contaminated source (unitless) 

averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); 
for carcinogens, AT equals (70-year lifetime)(365 d/y). 

M Y  weight (kg), 

C.3.3 EXPOSURE PARAMETERS 

Exposure parameters used in the remedial action and residual exposure models are summarized in the 

following sections. The RAWPA is the primary source for these values; other values were used in 

accordance with EPA and/or DOE guidance. 
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C.3.3.1 m s u  re Parameters for Remedial Action Risb  1 

This section presents parameter values for the remedial action risk models (Section C.3.1). Each 2 

presentation includes the parameter, its value or values, units, and reference. Many of the parameter 

values are from the RAWPA. 

3 

4 

5 

Table C.3-1 presents most of the noncontaminant-specific parameters. Toxicity values are presented 6 

in Section C.4.0. Exposure point concentrations are presented by receptor in Section C.5.1. 7 

8 

TABLE C.3-1 

NONCONTAMINANTSPECIC EXPOSURE P- 
FOR REMEDIAL ACTION RISK 

Parameter Value Unit Reference 
~ 

Effective Soil Depth - ESD 

Dust Loading (Remediation Worker) - 
DL 

Average Soil Density for FEW - p 

Soil Density For Shielding 

Inhalation Rate - IR (Remediationy 

Inhalation Rate - IR (Off-property 
Individual) 

Body Weight - BW 

Averaging Time - AT (Carcinogens) 

Ave. Time - AT (Noncarcinogens) 

MW Wind speed - U, 

1 

6 x  lo-' 

1.7 x 106 

1.5 x 106 

2 

0.83 

70 

25550 

T3 or T, 

4.6 

m 
g/m3 

g/m3 

g/m3 

m3hr 

m3hr 

kg 
days 

See Table C.3-2 

d S e C  

DOE 1988a 

RAWPA 

RAWPA 

RAWPA 

RAWPA 

RAWPA 

RAWPA 

RAWPA 

RAWPA 

C.3.3.2 Exwsure Paramet ers for Residual Risks 

This section presents parameter values for the residual risk models (Section C.3.2). Each presentation 

includes the parameter, its value or values, units, and reference. Many of the parameter values are 

from the RAWPA. 

C-3-10 000154 
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Table C.3-2 presents the exposure parameters for potential receptors of residual risk under the federal 

ownership scenario. Table C.3-3 presents the exposure parameters for potential receptors of residual 

risk under private ownership. Table C . 3 4  presents the chemical-specific calculated dermal absorbed 

dose values for dermal soil exposures. 

TABLE C.3-2 

P- USED FOR RESIDUAL RISK 
WITHrnERALOWNERSHIPPtb 

RME Receptor 
Expanded Trespasser” 

Exmure Pathway AdUY Child Years Year5 
Off-Property Resident Farm Childhood Adulthood 

Inhalation of Wrticulaks 
IR ( m 3 h )  
ET (hdd) 
EF WYr) 

0.83 0.5 
24 24 

350 350 

0.5 0.83 
2 1 

110 40 

AT Cancer (d) 
C;(mg/m’ or pWm3 

70 6 
70 15 

25550 2190 
25550 25550 
CSV CSV 

2 
1 

350 
70 
70 

25550 
25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 

1 
1 

350 
6 

15 
2190 

25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 30 
43 70 

4380 10950 
25550 25550 

CSV CSV 

NA 
1 

NA 
NA 
NA 
NA 
NA 
NA 

100 
.125 
110 
12 
43 

4380 
25550 

1 x 104 
CSV 

NA 
1 

NA 
NA 
NA 
NA 
NA 
NA 

100 
.125 

40 
30 
70 

10950 
25550 

1 x 104 
CSV 

. 
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TABLE C.3-2 
(Continued) 

RME Receptor 

M-PrOperty Reid& F ~ r m  Childhood Adulthood 
Expanded Trespass& 

Expasure Pathway Adult Child YearS Years 
Dennal Contact with Soil 

Direct Radiation Exmsure 
ET Indoors (hdd) 
ET Outdoors(hr/d) 

EF WYr) 
ED (Yr) 
SH Indoors (unitless) 
SH Outdoors (unitless) 

CF (Yr/hr) 
c, @cw 

Inpestion of Milk 
IR Wd) 
Fl (unitlbs) 

EF W Y ~ )  
ED (Yr) 
BW Org) 
AT Noncancer (d) 
AT Cancer (d) 
Ci (mgA or pCin) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.101 
0.75 
350 
70 
70 

25550 
25550 
CSV 

0.4 
0.75 
350 
70 
70 

25550 
25550 

CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.039 
0.75 
350 

6 
15 

2190 
25550 
CSV 

0.9 
0.75 
350 

6 

15 
2190 

25550 
CSV 

C-3-12 

1 
CSV 
110 
12 
43 

4380 
25550 

1 x 104 
CSV 

NA 
2 

110 
12 

NA 
0 

1.14 x 1 W A  
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5750 
1 

csv 
40 
30 
70 

10950 
25550 

1 x 10-6 
CSV 

NA 
1 
40 
30 

NA 
0 

1.14 x lo4 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

000154; 
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RME Rgeotor 

Expanded Trespasserb 
Off-Property Resident Farm Childhood Adulthood 

Exposure Pathway Adult Child Years Years 
Dermal Contact While Wading 
DA (mg/cm’/d) 
EF WYr) 
ED (Yr) 
BW or& 
AT Noncancer (d) 
AT Cancer (d) 
SA (cm2 ’ 

AT Noncancer (d) 
AT Cancer (d) 0 . C,(mg/lorpCi/l) 

Dermal Contact while Bathing 
SA (cm3 
EF (W) 
ED (Yr) 
BW or& 
AT Noncanccr (d) 
AT Cancer (d) 
DA (mg/cm’/d) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Do00 
350 
70 
70 

25550 
25550 

CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

8OOO 
350 
6 
15 

2190 
25550 

CSV 

csv 
110 
12 
43 

4380 
25550 
8OOO 

0.035 
110 
12 
43 

4380 
25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

. NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
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TABLE C.3-2 
(Continued) 

RME Receptor 

Orr-Property Resident Farm Childbood Adulthood 
Expanded Trespass& 

Erposure Pathway Adult Child Years YearS 

Ingestion of Veeetables 
.122 .lo6 NA NA 

Fl (unitless) 0.5 0.5 NA NA 
EF (dlyr) 350 350 NA NA 
ED W 70 70 NA NA 
BW (kg) 70 70 NA NA 
AT Noncancer (d) 25550 2190 NA NA 
AT Cancer (d) 25550 25550 NA NA 
C (mgflrg or $fig) CSV CSV NA NA 

Acronyms used in this table: 

ABS 
AF 
AT 
BW 
CF 

CSV 
ED 
EF 

Absorption factor 
Soil-to-skin adherence factor 
Averaging time 
Body weight 
Conversion factor 
Chemical specific value 
Exposure duration 
Exposure frequency 

ET = Exposuretime 

IR = Average inhalation rate or average ingestion 
Fl = Fractioningestedfromcontaminated source 

rate based on pathway 
NA = Notapplicable 
SA = Skin surface area available for contact 
SH = Building shielding factor 

'Except where q d e d  by other footnotes, the values in this table are. from the OU2 RI report (DOE 19941). 
bJustification and clarification for this scenario and receptors are provided in the OU4 FS report (DOE 1993a). 
The CSVs for concentrations are presented in Section C.5.0. 

000158 
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TABLE C.3-3 

, PARAMEI'ERS USED FOR RESIDUAL RISK 
WITH PIUVATE OWNER!WP"' 

RME Receptor 
On-Property Resident Farm Off-Property Resident Farm 

Exposure Pathway Adult( GMA) AduttP) Child Adult Child 

lnhalation of Particulates 
IR (m'h)  
ET (hrld) 
EF (dlyr) 
ED (Yr) 
BW (kg) 
AT Noncancer (d) 
AT Cancer (d) 
C, (mg/m' or pCi/m') 

AT Cancer (d) 
C, @Ci/l or mg/l) 

Dermal Contact with Soil 
SA (cm3 
AF (mg/cm*/d) 
ABS (unitless) 

E F  W Y  r) 
ED (Yr) 
BW (Lg) 
AT Noncancer (d) 
AT Cancer (d) 
CF-Chm (kglmg) 

c* (mg/Lg) 

0.83 
24 

350 
70 
70 

25550 
25550 
CSV 

2 
1 

350 
70 
70 

25550 
25550 
CSV 

180 
1 

350 
70 
70 

25550 
25550 

1 x lob 
CSV 

5750 
1 .o 

CSV 
350 
70 
70 

25550 
25550 

1 x lob 
CSV 

0.83 
24 

350 
70 
70 

25550 
25550 

CSV 

2 
1 

350 
70 
70 

25550 
25550 

CSV 

180 
1 

350 
70 
70 

25550 
25550 

1 x 104 
CSV 

5750 
1 .o 

CSV 
350 
70 
70 

25550 
25550 

1 x 104 
CSV 

0.5 
24 

350 
6 

2190 
25550 
CSV 

15 

1 
1 

350 
6 

15 
2190 

25550 
CSV 

200 
1 

350 
6 

15 
2190 

25550 
1 x lob 

CSV 

2Ooo 
1 .o 

CSV 
350 

6 
15 

2190 
25550 

1 x 106 
CSV 

0.83 
24 

350 
70 
70 

25550 
25550 
csv 

2 
1 

350 
70 
70 

25550 
25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.5 
24 

350 
6 

15 
2190 

25550 
csv 

1 
1 

350 
6 

15 
2190 

25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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TABLE C.3-3 
(Continued) w 

RME Receptor 
On-Property Resident Farm Off-Property Resident Farm 

Exposure Pathway Adult(GMA) Adult@) Child Adult Child 

Direct Radiation Exmsure 
ET Indoors (luld) 
ET Outdoors(lu/d) 
EF (W) 
ED olr) 
SH Indoors (unitless) 
SH Outdoon (unitleas) 
CF (Yrlhr) 

c, ww 

pennal Contact While Wading 
D A  (mglcm2/d) 
EF (Wr) 
ED (Yr) 
BW (kg) 
AT Noncancer (d) 
AT Cancer (d) 
SA (cm? 

h 

18.3 18.3 
5.7 5.7 
350 350 
70 70 

0.5 0.5 
0 0 

1.14 x lo4 1.14 x lo4 
csv 

0.101 
0.75 
350 
70 
70 

25550 I 

25550 
CSV 

0.4 
0.75 
350 
70 
70 

25550 
25550 

CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

csv 

0.101 
0.75 
350 
70 
70 

25550 
25550 

CSV 

0.4 
0.75 
350 
70 
70 

25550 
25550 
CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

22 
2 

350 
6 

0.5 
0 

1.14 x l0-J 
CSV 

0.039 
0.75 
350 

6 
15 

2190 
25550 

CSV 

0.9 
0.75 
350 

6 
15 

2190 
25550 

CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

N A  
NA 
NA 
NA 
N A  
NA 
NA 
NA 

0.101 
0.75 
350 
70 
70 

25550 
25550 

CSV 

0.4 
0.75 
350 
70 
70 

25550 
25550 
csv 

N A  
NA 
NA 
NA 
NA 
NA 
N A  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.039 
0.75 
350 

6 
15 

2;: 0 
CSV 

0.9 
0.75 
350 

6 
15 

2190 
25550 

CSV 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
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TABLE C.3-3 
(Continued) 

RME Receptor 
On-Property Resident Farm off-Property Resident Farm 

Expasure Pathway Adult(GMA) Adult@) Chid Adult Child 

Incidental Ingestion While Wading 
IR (W NA NA NA 
EF WYr) NA NA NA 
ED (Yr) NA NA NA 
BW (kg1 NA NA NA 
AT Noncancer (d) NA NA NA 
AT Cancer (d) NA NA NA 
c, (msfl Of Win) NA NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

Dermal Contact while Bathing 
SA (cm3 ‘23000 ZOO0 8000 ZOO0 8000 
EF WYr) 350 350 350 350 350 
ED (Yr) 70 70 6 70 6 

AT Noncancer (d) 25550 25550 2190 25550 2190 

DA (mglcm’ld) CSV CSV csv NA NA 

BW (kg) 70 70 15 70 15 

AT Cancer (d) 25550 25550 25550 25550 25550 

Inecstion of Vegetables 
IR (km 
Fl (unitless) 

EF WYr) 
ED (Yr) 
BW (kg1 
AT Noncancer (d) 
AT Cancer (d) 
C ( m a g  or pCi/kg) 

.122 .12.2 .lo6 
0.5 0.5 0.5 
350 350 350 
70 70 6 
70 70 . 15 

25550 25550 2190 
25550 25550 25550 

CSV CSV csv 

.122 
0.5 
350 
70 
70 

25550 
25550 
csv 

.lo6 
0.5 
350 

6 
15 

2190 
25550 

CSV 

c 

Acronyms used in this table: 

ABS = Absorption factor 
AF = Soil-to-skin adherence factor 
AT = Averagingtime 
BW = Bodyweight 
CF = Conversionfactor 

CSV = Chemicalspecificvalue 
ED = Exposureduration 
EF = Exposurefrequency 

ET 
Fl 

GMA 
IR 

NA 
P 

SA 
SH 

= Exposuretime 
= Fraction ingested from contaminated source 
= Great Miami Aquifer (ingestion of water) 
= Average inhalation rate or average ingestion 

= Notapplicable 
= Perched groundwater (ingestion 09 
= Skin surface area available for contact 
= Building shielding factor 

rate based on pathway 

Except where qualified by other footnotes, the values in this table are from the OU2 R1 report (DOE 1994a) 
Justification for this scenario and receptors is provided in the OU4 FS report (DOE 1993a) 
The CSVs for conctntrations are presented in Section C.5.0. 
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TABLE C.3-4 

DERMAL SOIL ABSORPTION COEFFICIENTS 
USED IN EXPOSURE MODEL 

COC ABS 
Antimony 
Aroclor- 1254 
Aroclor-1260 
Arsenic 
Benu>(a)pyrene 
Beryllium 
Carbazole 
Dieldrin 
Uranium-Total 

1.00 x lo2 
0.06 
0.06 

NIA' 
1.00 x 1c2 
3.00 x 10' 
3.00 x 10' 

1.00 x 103 

1.00 103 

SOURCE: OU2 RI report (DOE 1994a) 

' D d  Exposure to PAHs: Current policy indicates it is inappropriate to extrapolate 
dermal slope factors from oral slope factors for PAHs. Also, extrapolation from 
other routes of exposure is inappropriate due to varied absorption, metabolic 
transformations, and target organ end point responses. However, PAHs are potent 
skin carcinogens. Current information on the contribution to cancer risk from dermal 
exposure to PAHs indicates the toxicity from the dermal pathway may be as toxic as 
from oral route of exposure. To estimate the risk contribution from PAHs via dermal 
exposure for all direct contact pathways, the risk posed for dermal exposure was 
assumed equal to the risk from oral exposure. 
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TABLE C.3-5 
DOSE EQUIVALENT FACTORS 

Radionuclide Direct Radiation from Inhalation Dose Immersion Dose 

Sr-90 
Tc-99 
CS- 137 
Rn-220 
Ra-226 
Th-228 
Th-230 
Th-232 
U-234 
U-235 
U-238 
Np-237 
Pu-238 
Pu-239/240 

Soil Dose Factor, Factor, rem/pCi 
mremlyr per pCi/m2 (Solubility Class)' 

6.75 x 10' 1.3 (Y) 
6.26 x 10' 
6.11 x 10' E 

5.38 x lo2 
7.6 x 10' 
2.77 x 10' 
9.07 x lo2 
6 . 6 6 ~  lo2 
8.07 x la2 
1.71 x 10' 
6 . 4 6 ~  la2 

3.24 
8.58 x 10' 

8 . 2 0 ~  

7.5 x 103 (w) 
3.2 x lo2 @) 

0.0 
7.9 (W) 

2.5 x loz (W) 
3.2 x lo? (W) 
1.6 x lV  (W) 
1.3 x loz (Y) 
1.2 x loz (Y) 
1.2 x loz (Y) 
4.9 x loz (W) 

5.1 x 102 (W) 
4.6 x 102 (W) 

;- - 'D = Day, W = Week, Y = Year 
Includes Y-90 and Y-9Om 
Includes Ba-137m 
Based on Pu-240 

SOURCE: 

Factor, mredyr per 
pCi/m3 

0.0 
2.65 x 10' 
3.06 x 103 

1.95 
3.43 x 10' 

9.89 
1.96 

9.33 x 10' 
7.65 x 10' 
7.70 x 102 
6.19 x 10' 
1.15 x loz 
4.41 x 10' 
4.32 x 10" 

U.S. Dept. of Energy, 1988a, "Internal 
Dose Conversion Factors,' DOEIEH- 
- 0071, Washington, DC (for inhalation). 

U.S. Dept. of Energy, 1988b, "External 
Dose Conversion Factors," DOERH- 
- 0070. DOE, Washington, DC (for direct 
soil and immersion). 

000163 
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C.4.0 TOXICITY ASSESSMENT 

This section examines information concerning the potential effects of exposure to Operable Unit 

2 COCs. For this toxicity assessment, the goal was to quantitatively estimate the relationship 

between COC exposure and the severity or probability of human biological effect. Throughout 

this assessment, potential health effects caused by concurrent exposure to multiple C O G  were 

assumed to be additive in nature. This assumption ignores possible synergisms or antagonisms 

among chemicals. However, data to assess interactions are lacking. In the absence of adequate 

information, EPA guidelines indicate that carcinogenic risks should be treated as additive and that 

noncancer hazard indices should also be treated as additive. These assumptions help prevent an 

underestimation of cancer risk or potential noncancer health effects (EPA 1989a). 

This section contains a compilation of chronic noncarcinogenic and carcinogenic risk parameters 

followed by detailed toxicity profiles of the COG. The toxicity profiles emphasize chronic 

noncarcinogenic and carcinogenic health effects. Subchronic health effects as a result of short- 

term exposures during remedial action were assessed in this FS using chronic risk parameters. 

This assumption was made because the duration of on-property exposures during remediation 

could potentially exceed the two-week to seven-year exposure period defined €or subchronic 

exposures. In addition, chronic risk parameters provide a more conservative approximation of 

health effects with less undertainty. Therefore, the toxicity parameters presented below have 

been used €or both the remedial action and residual risk assessments. 

, 
C.4.1 NONCARCTNOGENS 

For noncarcinogens, it is assumed that a dose exists below which no adverse health effects will be 

seen. Below this "threshold dose, exposure to a chemical can be tolerated without adverse 

effects. The potential €or noncarcinogenic health effects resulting Gom exposure to chemical 

contaminants is assessed by comparing an exposure estimate (intake) to a reference dose (RfD). 

The RfD is expressed in units of milligrams per kilograms per day (mgkglday) and represents a 

daily intake of the contaminant, per kilogram of body weight, that is, not sufficient to cause the 

threshold effect of concern. 
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An RfD is specific to the chemical, the route of exposure, and exposure duration. To derive an 

RfD, the EPA reviews all relevant human and animal studies for each compound and selects the 

study (or studies) pertinent to the derivation of the speciGc RfD. Each study is evaluated to 

determine the no-observed-adverse-effect level (NOAEL) or, if data are inadequate for such a 

determination, the lowest-observed-adverse-effect level (LOAEL). The NOAEL corresponds to 

the dose, in mg/kg/day, that can be administered over a lifetime without inducing observable 

adverse effects. The LOAEL corresponds to the lowest daily dose, in mg/kg/day, that induces an 

observable adverse effect when administered over a lifetime. The toxic effect characterized by the 

LOAEL is referred to as the "critical effect." 

.' 2 a 
3 

4 

5 

6 

7 

8 

9 

To derive an RfD, the NOAEL (or LOAEL) is divided by uncertainty factors to ensure that the io 

RfD will protect human health. Uncertainty factors are applied to account for: 11 

Extrapolation of data from laboratory animals to humans (interspecies 
extrapolation) 

12 

13 

Variation in human sensitivity to the toxic effects of a compound (intraspecies 14 

differences) 15 

Derivation of a chronic RfD based on a subchronic rather than a chronic study 16 0 
Derivation of an RfD from the LOAEL rather than the NOAEL. 17 

In addition to these uncertainty factors, modifying factors between 0 and 10 may be applied to 18 

19 reflect additional qualitative considerations in evaluating the data. For most compounds, the 

modifymg factor is 1. \ m 

Separate RfDs are needed for ingestion and inhalation pathways. EPA (1!J92b) presents 21 

reference concentrations (RfC) for the inhalation route. Inhalation noncancer toxicity values are 

usually expressed as inhalation RfCs in units of mg/m3. Because noncancer risk characterization 

ZL 

requires an estimate of dose in units of mg/kg/day, the inhalation R€C must be converted to an 

20 cubic meters of air per day; that is, the inhalation RfC (mg/m3) multiplied by 20 m3/day and 

divided by 70 kilograms yields an inhalation RfD (mg/kg/day). 

24 

inhalation R D .  This conversion is performed by assuming humans weigh 70 kilograms and inhale 

26 

27 
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The primary sources of values for RfDs are the Integrated Risk Information System (IRIS) and 1 

the Health Effects Assessment Summary Tables (HEAST), which are compiled and maintained by 

the EPA (EPA 1994a and 1994b). IRIS was used as the primary source for toxicity information. 

HEAST was used only if IRIS values were unavailable (RAGS). Since dermal RfDs are derived 

2 

3 

4 

from oral RfDs, the oral target organ is adopted as the dermal target organ. RfDs for 5 

6 noncarcinogenic C O G  in Operable Unit 2 are presented in Table C.4-1. 

C.4.2 CHEMICAL CARCINOGENS 7 

The toxicity information considered in the assessment of potential carcinogenic risks includes a 8 

9 

IO 

weight-of-evidence classification and a slope factor. The weight-of-evidence classification 

qualitatively describes the likelihood that a chemical is a human carcinogen and is based on an 

five groups in EPA's classification system to indicate its potential for carcinogenic effects: 

evaluation of available data from human and animal studies. A chemical may be placed in one of 11 

+. .. 
12 

13 Group A, human carcinogen; Group B1 or B2, probable human carcinogen; Group C, possible 

human carcinogen; Group D, not classifiable as a human carcinogen because of a lack of data; or 14 

Group E, noncarcinogen based on evidence of noncarcinogenicity in humans. 15 

The cancer slope factor is the toxicity value used to quantitatively express the carcinogenic risk of 

cancer-causing constituents. It is defined as the upper-bound estimate of the probability of cancer 

16 

17 

a .A 
, 

incidence per unit dose averaged over a lifetime. Slope factors are derived from studies of 18 

carcinogenicity in humans and/or laboratory animals and are typically calculated for compounds in 19 

Groups A, B1, and B2. 20 

In developing the cancer slope factors, the EPA gives preference to human epidemiology studies; 

however, the slope factors for most chemicals were derived from animal exposure studies. An 

inherent assumption in the EPA's approach is that there is no threshold for a carcinogenic effect. 

That is, smaller doses result in a lower risk, but any dose, no matter how small, cames some risk. 

The dose-related number of tumors and the time of incidence of tumors were fitted using a linear 

multi-stage model. A slope factor describing the linear relationship of lifetime risk to dose was 

computed using the 95 percent upper confidence unit (UCL) of this slope. This approach is 

inherently conservative because of the no-threshold assumption and the use of the 95 percent 
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Slope factors are specific to a chemical and route of exposure and expressed in units of 
(mg/kg/day)" for both oral and inhalation routes. The induction of cancer by dermal absorption is 
evaluated using oral slope factors. Inhalation cancer toxicity values are usually expressed as 

inhalation unit risks in units of reciprocal pg/m3 ( l/pg/m3). Because cancer risk characterization 

requires an estimate of reciprocal dose in units of l/mg/kg/day, the inhalation unit risk must be 

converted to the mathematical equivalent of an inhalation cancer slope factor, or risk per unit 

dose (mg/kg/day). This conversion is performed by assuming humans weigh 70 kilograms and 

inhale 20 cubic meters of air per day; that is, the inhalation unit risk (l/pg/m3) divided by 20 

m3/day, multiplied by 70 kilograms and multiplied by lo00 pg/mg yields the mathematical 

equivalent of an inhalation slope factor (l/mg/kg/day). 

Slope factors for COG are presented in Table C.4-2. The primary sources of these toxicity values 

are EPA's IRIS and the quarterly updated HEAST. Other EPA sources of cancer slope factors 

were also consulted when available. Surrogate chemicals were not used for cancer slope factor 

derivation unless the chemical similarity was close and the derivation was highly defensible. 

The following exceptions, where information from one chemical was used to model a compound 

class, are noted: 
0 

0 The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be equal 
to the carcinogenicity of Aroclor-1260. 

The carcinogenicity of polycyclic aromatic hydrocarbons (PAHs) is determined using a 
relative potency approach (Clement International 1988, 1990). 

15 

16 

17 

18 

19 

m 

Carcinogenic risks associated with PAHs are evaluated using the relative potency approach 

described by Clement International (1988 and 1990). This approach, approved by EPA Region V, 

considers the relative potency of the individual PAHs and allows site-specific relative 

presented in Table C.4-3. 25 

21 

22 

23 

24 concentrations to be expressed in the risk assessment. The relative potency factors for PAHs are 
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TABLE C.4-3 

TOXICITY EQUIVALENCY FACTORS 
AND CORRESPONDING ORAL AND INHALATION SLOPE FACTORS 

FOR THE GROUP B2 PAHs 

Relative Oral Slope Factor Inhalation Slope Factor 
PAH Potency (mgncgldaY)'L (mglkglday I-' 
Benzo(a)pyrene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benz,o(k)fluoranthene 
Dibenzo(a, h)anthracene 
Indeno( l,2,3-cd)pyrene 

1 .o 
0.145 
0.1228 
0.0523 
1.11 
0.278 

SOURCE: Clement International 1990. 

7.3 
1.1 
0.90 
0.38 
8.1 
2.0 

6.1 
0.89 
0.75 
0.32 
6.8 
1.7 

Dermal Reference Doses and Cancer Slope Factors 

For this FS, dermal RfD values and cancer slope factors were calculated from the corresponding 

oral values. To calculate a dermal RfD, the oral RfD was multiplied by the gastrointestinal (GI) 

absorption efficiency factor, expressed as a fraction. The resulting dermal RfD is based on 
absorbed dose. This is the appropriate value with which to compare dermal doses, because they 

are expressed as absorbed rather than exposed doses. In a similar manner, and for the same 

0 
reasons, to calculate a dermal cancer slope factor, the oral slope factor was divided by the GI 
adsorption efficiency because cancer slope factors are expressed as reciprocal doses. Dermal FUD 

values and cancer slope factors for 'the C O G  in Operable Unit 2 are presented in Table C.4-4. 

The most important aspect in calculating a dermal RfD or cancer slope factor is the accuracy of 

the GI absorption efficiency factor. For this reason, the toxicity profiles contain pharmacokinetics 

discussions in which the oral absorption data were evaluated. Where appropriate, the low (i.e., 

most conservative) end of the range of available GI absorption data for humans was used to 

derive the dermal RfD or cancer slope factor. When the human data were insufficient, animal 

data were used. Data from high-dose experiments were not used if more suitable data were - 

available and it appeared the GI absorption process could have been saturated. When adequate 

quantitative data were not available, a default GI absorption factor was used. 
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DERMAL REFERENCE DOSES AND CANCER SLOPE FACTORS FOR COCs 

Gastrointestinal Dermal Reference Dose Dermal Slope Factor 
Chemical Absorption Fraction ( W h y )  (mgncgldaY)-' 

Inorganics 
Antimony 
Arsenic 
Beryllium 
Uranium 
Semivolatiles 
Carbazole 
Polycyclic aromatic - 

hydrocarbons (PAHs)' 
PesticidesPCBs 
Aroclors 
Dieldrin 

0.15" 
0.95b 
l.W 
0.05d 

0.90 

NA 

0.75a 
0.90 

6.00 x los 
2.85 x 10-4 

1.50 x 10-4 
5.00 x 10-3 

ND 

NA 

5.30 x 10-5 

4.50 x 10' 

ND 
1.90 x loo 
4.30 x loo 
ND 

2.22 x 10* 

NA 

1.03 x 10' 
1.78 x 10' 

ND = Not derived 
NA = Not applicable 

a See the Toxicity Profile for this chemical in Section C4.5. 
EPA 1993f 
EPA Region V guidance, July 1994 (Saunders 1994) 
RAGS, pp. A-2 to A-3: Recommended default Gastrointestinal Absorption Fraction for inorganic 
chemicals = 0.05. 

e Jones and Owen 1989 
' Dermal Exposures to PAHs: Reliable cancer slope factors for dermal exposure to PAHs are currently 

unavailable. Current policy indicates it is inappropriate to extrapolate dermal slope factors from oral 
slope factors for PAHs. Also, extrapolation from other routes of exposure is inappropriate due to varied 
absorption, metabolic transformations, and target organ end point responses. However, PAHs are potent 
skin carcinogens. Current information on the contribution to cancer risk from dermal exposure to PAHs 
indicates the toxicity from the dermal pathway may be as toxic as from oral route of exposure. To 
estimate the risk contribution fTom PAHs via dermal exposure for all direct contact pathways, the risk 
posed for dermal exposure was assumed equal to the risk from oral exposure. 

SOURCE: OU2 RI report (DOE 1994a) 
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As noted by EPA (1989f), the GI absorption of many metals from the GI tract is limited, and 0.05 

is a reasonable default value for metals and inorganic substances. The EPA (1989f) did not 

recommend a separate default value for organic chemicals. A compilation of data for 19 organic 

chemicals presented GI absorption efficiencies of at least 0.9, indicating that organic chemicals 

generally are readily absorbed. The arithmetic average of the efficiencies for the 19 organic 

chemicals, 0.91368 (equivalent to 0.9 when rounded to one significant figure), appears to be a 

reasonable default GI absorption efficiency factor for organic chemicals. The default value of 0.9 

was used for organic chemicals for which quantitative data were not adequate. 

C.4.3 RADIONUCLIDES 

Radionuclides found at contaminated sites interact in the environment in the same manner as 

their nonradioactive isotopes. Consequently, the types of data needed for a radiation risk 

assessment are similar to those required for a chemical risk assessment. The primary differences 

lie in the procedures used to characterize the radionuclide contaminants. Exposure pathways for 

radionuclides include both internal and external pathways. Intakes by inhalation, ingestion, and 

dermal absorption are the important internal pathways. . 

The qualification of the amount of energy deposited in living tissue due to internal and external 

exposure to ionizing radiation is termed "radiation dosimetry." The amount of energy deposited in 

living tissue is of concern because the potential adverse effects of radiation are proportional to 

energy deposition. Therefore, the term "dose," used regarding radiation exposure, is defined as 

the energy imparted to a unit mass of tissue, whereas chemical dose means the mass of a chemical 

absorbed into an organism. 

Despite the fundamental difference between the way exposures are expressed for radionuclides 

and chemicals, the approach to exposure assessment is the same. An exposure assessment for 

radionuclides involves three steps: 1) characterization of the exposure setting, 2) identification of 

the exposure pathways, and 3) quantification of exposure. The primary differences in conducting 

exposure assessments for radionuclides as compared to chemicals are: 1) consideration of external 

exposures, 2) conversion of radiation exposures to dose equivalents, and 3) modification of fate 

and transport models for radiation exposure. 
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Toxicity assessment for radionuclides generally follows a two-step process. The first step, hazard 

identification, is used to determine whether exposure can increase the incidence of an adverse 

health effect. The second step, dose response assessment, is used to quantlfy the toxicity 

information and characterize the relationship between the dose of the contaminant administered 

or received and the incidence of adverse health effects in the exposed population. 

Estimates of human health effects are based primarily on single, acute, high doses of radiation. 

The current model used to describe these effects as a function of dose is called the linear 

quadratic model. This model assumes that there is no threshold for the induction of cancer or 

genetic effects. It is assumed that any radiation dose could give rise to a cancer or genetic effect. 

This is a conservative assumption and a conservative model. There is very little data on the 

effects of radiation at low doses or on the effects of chronic, long-term exposure in humans. 

Two major international groups have been responsible for collecting and evaluating data on the 

human health effects of ionizing radiation, the Committee on the Biological Effects of Ionizing 

Radiations (BEIR) of the National Research Council, and the United Nations Scientific 

Committee on the Effects of Atomic Radiation (UNSCEAR). These groups have issued a series 

of reports presenting the data and recommendations on risk values. The EPA is responsible for 

developing guidelines for radiation risk assessment in the United States and has relied on the 

published evaluations of these groups, along with those of the International Commission on 

Radiological Protection (ICRP) and the National Council on Radiation Protection and 

Measurements (NCRP). The following discussion contains a brief overview of effects of ionizing 

radiation on human health, and the relative risks associated with these effects. 

The principal adverse biological effects associated with ionizing radiation from radioactive 

substances in the environment are mutagenicity, teratogenicity, and carcinogenicity: 

0 Mutagenicity is the ability to induce genetic mutations in the nuclei of 
either somatic or reproductive cells. 

0 Teratogenicity is the ability to induce or increase the incidence of 
congenital malformations, which are permanent structural or 
functional deviations produced during embryonic growth and 
development. 

000173 
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Carcinogenicity is the ability to produce neoplastic changes which 
result in tumors. 

Carcinogenic Effects 

The guidance for EPA Superfund risk assessments clearly states that carcinogenicity is considered 

to be the limiting deleterious effect at the radiation dose levels expected at the remediated 

FEMP. The carcinogenic effects may then be used as the sole basis for assessing the radiation- 

related human health risks of a site contaminated with radionuclides (RAGS). 

Each radionuclide produces a unique radiation spectrum and can affect different organs in the 

human body. The EPA has calculated the annual radiation dose equivalent from each 

radionuclide to each organ in each year of life, per unit intake or external exposure, over a 

lifetime. The average excess number of all types of radiation-induced fatal cancers that occur in a 

year can then be estimated for the corresponding dose equivalents received during that year and 

relevant preceding years. The excess number of radiation-induced fatal cancers is derived from 

epidemiological data, extrapolation from high radiation doses to low doses, and mathematical 

models for projecting risk over a lifetime. Because the EPA is concerned with assessing cancer 
i; 

,incidence, each radionuclide slope factor has been calculated by dividing the excess fatal cancer 

,risk for that radionuclide by the mortality-to-incidence risk ratio (RAGS) for the types of cancer 

induced by that radionuclide. This mortality-to-incidence risk ratio is not incorporated into the 

cancer potency factors derived by EPA for chemical carcinogens; therefore, the basis for cancer 

risk estimates for radionuclides and chemical carcinogens is not the same. 

. -: 

The relationship between cancer incidence and exposure to radioactive materials is quantified by 

using mathematical extrapolation models, which estimate the largest possible linear slope (within 

the 95 percent UCL) at low extrapolated doses consistent with the data. This "radiocarcino- 

genicity slope factor" is characterized as the "maximum likelihood estimate of the age-averaged 

lifetime total excess cancer risk per unit intake or exposure" (EPA 1991b). For this reason, the 

true risk to humans, although not identifiable, is not likely to be the upper-bound estimate. It 

may be lower. 
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The EPA Office of Radiation Programs (OW) has calculated cancer slope factors for 
radionuclides of potential concern at Superfund sites. These values are listed in the HEAST (not 

IRIS) and are subject to revision. The slope factors are presented in Table C.4-5. 

2 

3 

TABLE C.4-5 

CANCER SLOPE FACTORS FOR RADIONUCLIDES 

ICRP External Exposure 
Lung Inhalation Ingestion (RisWyear per 

Radionuclide Class' RisW(pCi) RisW@Ci) pcug soil) 
(3-137 + Progeny D 1.9 x 10" 2.8 x 10" zox 106 
Np-237 + Progeny W 2.9 x 10" 2.2 x 4.3 10' 

Ra-226 W 3.0 x 1.2 x 10l0 1.2 x 108 

Rn-222 + Progenyb Gas 7.7 x lo-'* 1.7 x 1UY 5.9 x 106 
Sr-90 + Progeny D 6.2 x 10" 3.6 x 10" 0.0 x loo 

3.9 x 10" 2.2 x 10-'O 2.8 x 10" Pu-238 Y 

Ra-226 + Progenyb W 3 x 1 0 9  1.2 x 6.0 x 106 
Ra-228 + Progeny W 6.9 x lo-'' 1.0 x 1 0 ' O  2.9 x 106 

Tc-99 W 8.3 x 10" 1.3 x 10" 6.0 x lou 
Th-228 + Progeny Y 7.8 x lo4 5.5 x 10'" 5.6 x 106 

Th-232 Y 2.8 x 108 1.2 x lo-" 2 6 x  10" 
U-234 Y 2.6 x l@ 1.6 x 10" 3.0 x 10" 

U-238 + Progeny Y 2.4 x 108 2.0 x 10" 5.1 x 108 

Th-230 Y 2.9 x 10" 1.3 x 10" 5.4 x 10" 

U-235 + Progeny Y 2.5 x lo4 1.6 x 10" 2 4  x 10' 

"Classification recommended by the ICRP for half-time of clearance from the'lung: 

bA Ra-222 decay subchain, Rn-222+D, is also included in the HEAST tables, comprised of ingestion, 
inhalation and external exposure slope factors for Rn-222 plus the corresponding slope factors for each of 
its decay products (Po-218, Pb-214, Bi-214 and Po-214). For the ingestion and external exposure slope 
factors for Rn-222+D, decay products are assumed to be in secular equilibrium. For the inhalation slope 
factor, decay products are assumed to be in 50% equilibrium. 

Y = years, W = weeks, D = days. 

SOURCE: E A S T  (EPA 1994c) 

Genetic Effects. Genetic effects have been studied extensively using animal models and in the 1 

Japanese atomic-bomb survivors. A comparison of the survivor data has consistently led to 

estimates of genetic effects that imply lower risks in humans than in animals (NAS 1990). Taking 

2 

3 

into account the confidence intervals associated with the various data, the difference between 

humans and animals remains, indicating that humans are less sensitive to radiation induction of i 
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mutations in germ cells, and that risks derived from animal data will be conservative if applied to 

humans. Therefore, BEIR V and UNSCEAR have based their evaluation of genetic risk on the 

lower 95 percent confidence limit for Japanese atomic-bomb survivor data, which is also consistent 

with the range of doubling doses observed in mice. A doubling dose is the dose required to 

double the incidence of genetic defects in a population. 

The doubling dose for humans is currently estimated to be 100 rem (NAS 1990). Genetic effects 

expected per rem per 30-year generation, based on this doubling dose, fall into the range of less 

than 1 to about 100 per million liveborn offspring for multi-generations. The natural incidence 

for genetic anomalies ranges from 400 to 30,000 per million liveborn offspring (As 1990). 

The EPA has recommended (1989d) a genetic risk of 2600 effects per rad per 30-year generation 

€or low Linear Energy Transfer (LET) radiation where 1 rad equals approximately 1 rem, and 

10 

11 

6900 per rad per 30-year generation for high LET radiation (alpha and beta radiation) where 1 12 

13 rad equals approximately 0.05 to 1 rem (depending on energy, LET, etc). n'ese risks are based 

on the older BEIR III report. This approach is slightly more restrictive than the current BEIR V 14 0 estimates. IS 

Teratogenic Effects. Teratogenic effects are somatic effects resulting from exposure in utero to 

ionizing radiation. These effects, which are not passed on to other generations, can include 
16 

17 

18 

19 

severe mental retardation, microcephaly, and structural or limb abnormalities. Extrapolating the 

results of animal studies to humans has proved difficult because of the significant differences in 

fetal development rates. The EPA (1989d) uses an estimate of 4OOO effects per rad of exposure m 
during weeks 8 to 15 of gestation for low LET radiation (primarily gamma radiation). 21 
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C.4.4 TOXICITY PROFILES: RADIONUCLIDES 

This section presents toxicity information for radionuclide compounds. It was assumed that all 

radionuclides are present in the soils as oxides or carbonates. This represents a conservative 

assumption because radionuclides clear slowly from environmental media. 

The varying level of discussion among the contaminant profiles reflects both the amount of 

information accessible in the literature about these substances and professional judgement 

concerning the appropriate level of detail necessary to adequately discuss the toxicity of each 

substance. 

C.4.4.1 Cesium-137 

Biological. Distribution and RetentionRharmacokinetics 

The GI uptake of cesium is rapid, and its absorption coefficient is approximately 85 percent in 

mammals. The cesium body burden decreases with a half-life of approximately 80 days. The EPA 

(1993b) has derived a GI absorption factor for cesium of 1.0, equivalent to 100 percent. 

The physiological properties of cesium resemble those of potassium, although quantitative 

differences arise in transport by cell membranes; cesium can displace potassium from muscle and 

red blood cells. Potassium enters the cells via sodium-potassium-dependent ATPase. Cesium ions 

are effective in activating this enzyme and compete with potassium for camer sites (Davie and 

Coleman 1988). 

Noncarcinogenic - Toxicitv 

Cesium salts can be regarded as being virtually nontoxic. Acute toxicity, which was observed only 

at very high cesium concentrations (10 to 20 mmol Cskg) in mice, is characterized by 

dysautonomic upset with parasympathetic predominance and a multi-phasic excitatioddepression 

action on the central nervous system. The organs most affected appear to be the liver, intestine, 

heart, and kidneys. 

In beagles injected with massive doses of (3-137, early deaths occurred as a result of bone marrow 

destruction (Davie and Coleman 1988). 
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a Carcinogenicity 

In beagles injected with massive doses of Cs-137, neurofibrosarcomas occurred in the survivors 

(Davie and Coleman 1988). The EPA has derived cancer slope factors for cesium and its 

progeny, and were previously presented in Table C.4-5. 

/ 

C.4.4.2 Ne~tunium-237 

Biological Distribution and RetentionPharmacokinetics 

The fraction of ingested neptunium absorbed from the GI tract into blood (fJ is assumed to be 

approximately 1 percent. This value was based on experimental data involving a large group of 

rats fed with doses of neptunium exceeding 1 mgkg. When the dietary dose was lower than 1 

mgkg, the fraction F, was 0.1 percent or less. Data on distribution and retention of neptunium in 

rats indicate that its metabolic behavior is similar to that of plutonium. However, there are some 

indications that neptunium may distribute more like calcium than plutonium in the skeleton. 

Forty-five percent of the neptunium leaving the transfer compartment will be translocated to 

mineral bone. Another 45 percent will be transported to the liver, and 0.035 percent to the testes 

or 0.011 percent to the ovaries. The remaining neptunium leaving the transfer compartment is 
assumed to directly enter the excreta. The biological half-life of neptunium is about 100 years in 
mineral bone, about 40 years in the liver, and it is assumed that neptunium is permanently 

retained in the gonads. These retention and translocation data were based on the ICRP common 

model for systemic distribution and retention of all transuranic elements. The model was largely 

based on plutonium data. 

0 

Noncarcinogenic Toxicity 

The presence of neptunium in high-level nuclear waste and its presumed environmental mobility 

have made it an isotope of special environmental concern. It has been estimated that Np-237 

may be the most hazardous remaining constituent of high-level nuclear waste during the interval 

from 10,OOO to 30,000 years following disposal. 
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All animal toxicity studies with neptunium have employed Np-237. Because of its low specific 

of radiation effects. Soviet data in this area were studied by Moskalev et al. (NCRP 1988). 

Although the chemical toxicity effects might be a controlling factor in an acute exposure to 
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activity (0.76 mCi/g), the chemical toxicity effects of Np-237 are often observed to the exclusion n 
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Np-237, they would not be an important factor at the usual levels concerning radiation protection, 

and certainly not at the very low levels of potential environmental exposure. In this presentation, 

therefore, the health effects of Np-237 are assessed only with respect to carcinogenicity, as 

described below. 

Carcinogenicity 

The effects of neptunium exposure have not been studied in humans. For radiation protection 

purposes, it has been assumed that radiation doses resulting from neptunium deposition in organs 

and tissues will result in biomedical effects similar to those observed following the exposure of 

humans to other sources of ionizing radiation. The very limited data on neptunium effects in 

animals provide no direct useful estimates of risk to humans. Although these data play no direct 

role in establishing neptunium standards, they can nevertheless help to validate these standards 

through comparisons with other animal studies employing other radionuclides. 

The long-term radiation effects of Np-237 have been studied only in rats. Genetic effects have 

not been studied. Bone cancer has been the predominant long-term effect of low-level injections 

of Np-237. Both lung and bone cancer incidences are elevated following inhalation exposure. 

There is no indication that neptunium at low exposure levels constitutes a unique health risk 

unpredictable from its general radiological characteristics. 

The 1987 NCRP recommendations for annual limits on Np-237 intake are as follows: 

0 Oral ingestion 0.6 pCi Based on nonstochastic limits 

0 Inhalation 0.005 pCi Based on nonstochastic limits 

2.0 pCi Based on stochastic limits 

0.010 pCi Based on stochastic limits 

The nonstochastic limit or dose equivalent applies to bone surface. 

The EPA has derived cancer slope factors for neptunium, and they are presented in Table C.4-5. 
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0 C.4.4.3 Plutonium 

Biological Distribution and Re  ten tionP harmacokinetics 

Regarding distribution and retention, inhaled plutonium is retained in the lungs with an effective 

half-life that varies from hundreds of days for plutonium oxides to tens of days for more soluble 

forms. A significant portion of the plutonium oxide that leaves the lungs is translocated to the 

tracheobronchial lymph nodes. Plutonium solubilized within the lungs is translocated to the liver 

and skeleton where it is tenaciously retained (Klaassen 1986). 

Noncarcinogenic Toxicity 

Among the plutonium isotopes, the short-lived Pu-241 is especially toxic because of its short half- 

life. The toxicity of plutonium compounds is based primarily on the very high radiotoxicity of the 

plutonium atom and secondarily upon the atoms or combinations of atoms contained (Sax 1984). 

%- There are no reports on the chemical toxicity of plutonium; however, the fibrosis observed in the 

lungs of exposed animals and humans could be due to chemical interactions. The radiologic 

.'- toxicity of plutonium involves bone necrosis, bone and lung cancer, and detrimental effects on the 

reproductive system. Also, toxic effects are observed in offspring of pregnant animals exposed to 

:: plutonium. No ingestion data specific to plutonium are available. 
u _  

e In a classic long-term toxicity study performed by Bair et  al., the effects of inhaled plutonium 

oxide were studied in beagles for up to 10 years following inhalation exposure. At the highest 

levels of deposited activity, the dogs died within several hundred days with radiation pneumonitis 

and pulmonary fibrosis. At later times, death was related to severe pulmonary fibrosis. Beyond 

lo00 days, although pulmonary fibrosis was still prominent, death was due to primary pulmonary 

neoplasia. The most common neoplasm was bronchioloalveolar carcinoma (Klaassen 1986). 

Hahn et  al. (1983), using data reported by Bair and Thomas (1976), calculated the risk factor for 

Pu-239 alpha irradiation of the lungs to be 600 lung tumors per million rad to lung, or, assuming 

an RBE of 20,30 lung tumors per millirem to lung. 

Human data for plutonium exposure are available. Among workers contaminated, the case 

histories have been documented of 26 men who worked with plutonium during World War II. 
The initial body burden of these workers was between 540 and 229,500 pCi (reported as between 

20 and 8500 Becquerel), and 11 of them received doses exceeding the maximum allowed by the 
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International Commission for Radiological Protection. After a medical follow-up of 37 years, 

2 members of this group died of myocardial infarction and accidental trauma, respectively, 

compared to the 6.6 deaths expected on the basis of the adjusted rates for white males. Their 

1982 exam provided no evidence that 37 years of exposure to internally deposited plutonium had 

adverse effects on their health (Seiler 1988). 

Less toxicity data are available on trans-plutonium radionuclides such as americium and curium; 

however, the data that are available indicate a qualitative similarity to the toxicity of plutonium. 

McClellan, et  al. (1972) noted that inhaled americium and curium, even as oxides, appeared more 

soluble than inhaled plutonium and rapidly translocated to the liver and skeleton. (Klaassen 1986) 9 

Carcinogenicity 10 

The EPA classifies all radionuclides as weight-of-evidence Group A substances (human 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive 

11 

12 

13 epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d). The 

e .  carcinogenicity of Pu-238 (the predominant plutonium isotope at the FEMP) from internal 

exposure is due to alpha particles. The EPA (1m) has reported cancer potency slope factors 

for the plutonium isotopes, and these are presented in Table C.4-5. 16 

C.4.4.4 Radium 

Bioloeical Distribution and Retention/Pharmacokinetics 

Four isotopes of radium occur naturally, Ra-223 (actinium series), Ra-224 and Ra-228 (thorium 

series), and Ra-226 (uranium series); radium is ubiquitous in the earth’s crust and common in 

groundwater, mineral deposits, soil, food products, and common building materials. Ra-226 has 

the longest half-life (1600 years) of the radium isotopes and decays by alpha particle emission. 

Ra-223 and Ra-224 are also alpha-particle emitters, and Ra-228 is a beta-particle emitter. The 

primary uses of radium are for manufacturing luminous dials and instrument faces and for internal 
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Radium introduced into the body generates decay products, including gaseoh isotopes of radon. 

Rn-222 generated in the body persists long enough that it easily d&es into the bloodstream and 

accumulates in the sinuses, sigdicantly reducing the alpha dose to the radium accumulating 

tissues but increasing the dose in the sinuses. Ultimately, the bone tissues are the principal site of 

radium accumulation because of the similar chemistry of radium and calcium (NAS 1988). In the 

bone tissues, radium is initially deposited in endosteal bone surface tissue. There is, then, a 

redistribution to the bone volume, where the radium resides with a long retention time. 

s- a 

Noncarcinogenic Toxicity 

No chemical toxic effects of exposure to radium have been documented, and the EPA has not 

developed an RfD for radium; therefore, the health hazard for radium is associated with potential 

radiocarcinogenic effects. 
” 
G 

. Carcinogenicity 

Although epidemiological investigations have documented the association between radium 

exposure and carcinogenic effects, there has been considerable debate over the dose-response 
Tz relationship involved. Bone cancer incidence has been evaluated as a function of a variety of 

- parameters that represent a measure of radium exposure, such as absorbed dose to the skeleton, 

.-- 0 
- 

pure radium equivalents, and cumulative rad-years (Evans 1966). 

Cancers of the paranasal sinuses and the mastoid air cells have been associated with exposure to 

Ra-226 and Ra-228 since the 1930s (Martland 1939). These effects were initially seen in radium- 

dial painters, who received high absorbed doses from the quantities of radium they ingested. 

Excess incidence is evident when compared to the natural incidence, which is very low. After 

exposure to radium, these types of cancers were expressed later than bone cancers (Evans et  al. 

1%9; Finkel et  al. 1969; Rowland et al. 1971; Rundo et  al. 1986). 

As discussed above, Rn-222 generated in the body persists long enough that it easily diffuses into 

the bloodstream and accumulates in the sinuses, significantly increasing the dose in the sinuses. 

Studies of cancers of the sinuses and mastoid cells conducted in beagles injected with a variety of 

alpha-emitting radionuclides revealed excess incidence of these cancers (Schlenker 1980). Not all 

of the tumors were induced by alpha emitters that produce a gaseous decay product; therefore, a a 
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gaseous decay product whs not essential to induction. Nevertheless, the risk of these cancers from 

Ra-226 and its decay products (including Rn-222) is considered significantly greater than from 

other alpha-emi t ting radionuclides. 

The accumulation of very high levels of radium is associated with severe anemias and leukemia 

(NAS 1988). However, at lower levels of accumulation (such as those experienced by the 

majority of U.S. radiumdial painters, especially in later years) the accumulated radium does not 

appear to significantly increase the risk of leukemia (NAS 1988). The BEIR IV Committee 

presented a cancer risk factor of 200 x 10" per rad for bone sarcomas from protracted exposure 

to radium in its report on radon and other alpha emitters (NAS 1988). The HEAST has reported 

cancer slope factors for the radium isotopes, and these are presented in Table C.4-5. 

C.4.4.5 Radon and Progeny 

Biological Distribution and RetentionPharmacokinetics 

The health risk accompanying radon exposure can be attributed to inhalation of the short-lived 

progeny of radon. The daughter atoms of concern are attached to particulates which then lodge 

in the lung passages and produce a radiation dose which may causes lung cancer. Radon progeny 

that do not lodge in the lung passages are exhaled, and do not deliver a radiation dose. Lung 

cancer results when the bronchial epithelium of the lung passages is exposed to alpha particles 

emitted from decaying radon Gogeny (i.e., Po-214 and Po-218) lodged in the lung passages. 

Short-lived radon progeny will decay to lead. Because lead is a chemical toxicant, significant 

accumulations of radon pose a potential source of lead exposure. 

Noncarcinogenic Toxicity 

There are no known toxic effects of direct exposure to radon gas or its short-lived progeny. 

Carcinogenicity 

Radon gas and associated progeny have been linked to an increase in incidence of lung cancer in 

individuals exposed via inhalation. 
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The following discussion regarding the health effects of exposure to radon and radon progeny is 

summarized from the report of the BEIR IV Committee on radon and other alpha emitters 

(NAS 1988). The radiological effect of concern from exposure to radon and radon progeny is 

lung cancer. 

The lung cancer mortality risk estimates for radon progeny exposure published by the BELR IV 
Committee (NAS 1988) were based on an epidemiological study of underground miner 

populations. The assessment of the risk from exposure to radon progeny by the BEIR N 
Committee represents the most recent comprehensive examination of estimated health risks 

associated with exposure. 

In its study of the human epidemiological data, the BEIR N Committee reevaluated the primary 

data (Le., exposure histories and mortality) for the four principal epidemiological study groups of 

. underground miners exposed to radon progeny. From this reevaluation, the committee estimated 

the risk of developing fatal lung cancer. The risk from lifetime exposure to radon progeny was 

estimated at 350 x 10" exms fatal lung cancers per cumulative working level month (WLM) as 

:.,exposure. The WLM is defined as the cumulative exposure to an airborne concentration of short- 

: lived radon progeny (equal to one working level) for a period of one working month. It must be 

.%noted that this estimate, quantified as fatal lung cancer risk, was based primarily on 

epidemiological studies of humans and is expressed per unit cumulative exposure to progeny 

(WLM-'). The EPA slope factors addressing cancer incidence were based on calculated radiation 

doses to organs and tissues and are expressed per unit radioactivity intake (pCi-'). Thus, the EPA 

and BEIR N risk estimates are not directly comparable. The EPA cancer slope factors were 

used to assess risk attributable to radon and radon progeny exposure. It is also noted that EPA 

has adopted a nominal risk estimate of 360 x lod per WLM for use in NESHAPS (RAGS). This 
estimate was based primarily on EPA's consideration of the BEIR IV assessment; however, EPA 

did average radon risk estimates derived from BEIR IV and ICRP models to calculate the 
estimate of 360 x 10" per WLM. 

Although the carcinogenicity of radon progeny is established 

mining are well rem@, the hazards of exposure in other 
adequately quantified (NAS 1988). 

and the hazards of exposure during 

environments have not yet been 
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Using the BEIR IV risk factor (NAS 1988) of 350 x lo4 WLM-' for lung cancer mortality from 

inhalation of Rn-222 and progeny, and by assuming 51.5 working months per year (8760 hours per 

year divided by 170 hours worked per month), 100 pCi Rdliter air, short-lived Rn-222 progeny 

present in 50 percent equilibrium, and an inhalation rate of 20 m3/day for 365 daysiyear, one can 

derive a lung cancer mortality risk factor of 1.2 x lo-'' per pCi. The EPA cancer slope factor 

from HEAST for inhalation of Rn-222 plus progeny is 7.7 x 10l2 per pCi. The cancer slope 

factors for radon plus progeny are presented in Table C.4-5. It must be noted that the BEIR IV 
risk estimate pertains to lung cancer mortality, while the EPA cancer slope factors all pertain to 

cancer induction rather than cancer fatality. 

C.4.4.6 Strontium 

Biological Distribution and Retentioflharmacokinetics 

Wenning and Kirsch (1988) reported that the GI absorption of soluble strontium compounds 

ranges from 5 to 25 percent of the ingested dose and the EPA (1992d) has derived a GI 

6 
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9 

absorption efficiency factor of 0.3. Lnsoluble strontium compounds are absorbed to about 5 14 

percent. Data regarding inhalation or dermal absorption'have not been located. 

Strontium is an alkaline earth metal similar in chemical behavior to calcium (Wenning and Kirsch 16 

1988). About 99 percent of the body burden is in the skeleton. Excretion is principally in the 17 

urine. 18 

Noncarcinogenic - Toxicity 19 

Stable strontium has induced rachitic changes in the bones, particularly of the young m 
(EPA 1992d). Presumably, Sr-90 would also induce rachitic changes in bone. The concern at the 

FEMP, however, is with the radiological effects (carcinogenicity) of Sr-90, rather than the 

noncarcinogenic toxicity. 23 

21 

22 

Carcinogenicity - 24 

The EPA (1992d) has assigned stable strontium to cancer weight-of-evidence Group D, indicating 

it is not classifiable as to human carcinogenicity. Quantitative cancer risk estimates were not 
2.5 

26 

derived for Group D substances. The EPA classifies all radionuclides as Group A substances 

(human carcinogens), based on their characteristic of emitting ionizing radiation and on the 
n 
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extensive epidemiologic data associating exposure with radiogenic cancers in humans (EPA 

1992d). The EPA (1992d) has derived cancer potency slope factors for Sr-90, and its radioactive 

decay product of 3.6 x lo-" per pCi for ingestion and 6.2 x 10'" per pCi for inhalation exposure, 

and these are presented in Table C.4-5. There is no slope factor for external exposure to Sr-90, 

which does not emit penetrating radiation (gamma- or x-rays). 

0 

C.4.4.7 Technetium 

Bioloeical Distribution and Retentioflharmacokinetics 

No isotopes of technetium are stable (Clarke and Podbielski 1988). Lethality due to radiation 

toxicity usually occurs before the nonradiologic effects of technetium become manifest; hence, 

little is known of the absorption, distribution or pharmacokinetics of the element. 

Noncarcinogenic - Toxicity 

No isotopes of technetium are stable (Clarke and Podbielski 1988). Lethality due to radiation 

toxicity usually occurs before the nonradiologic effects of technetium become manifest; hence, 

little is known of the metabolic effects of the element. - 0 
Carcinogenicity 

:The EPA classifies all radionuclides as weight-of-evidence Group A substances (human 

carcinogens), based on their characteristic of emitting ionizing radiation and on the extensive 

epidemiologic data associating exposure with radiogenic cancers in humans (EPA 1992d). The 

internal carcinogenicity of Tc-99 is due to its emission of beta particles (Clarke and Podbielski 

1988). The EPA (19926) has derived cancer potency slope factors for Tc-99 of 1.3 x loL2 per pCi 

for ingestion, 8.3 x lo-'* per pCi for inhalation, and 6.0 x 10'" per pCi yr/g for external exposure, 

and these are presented in Table C.4-5. 

C.4.4.8 Thorium 

Bioloeical Distribution and Retention/Pharmacokinetics 
Thorium is a naturally occurring radionuclide. Oxides and hydroxides of thorium are assigned to 

inhalation Class Y, while all other chemical forms are assigned Class W. It is deposited primarily 

in bone with a very long half-life (8000 days), and to a lesser extent in the liver and other soft 0 tissues (ICRP 1978). 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

a 

23 

2.4 

25 

1 

n 

28 

000186 
C-4-23 



FEh4k-OU2FSRA-5 DRAFT 
August 1994 

Noncarcinogenic Toxicity 

No toxic effects of exposure to thorium have been documented, and the EPA has not developed 

an RfD for thorium; therefore, the health hazard for thorium is associated with its potential 

radiocarcinogenic effects. 

Carcinogenicity 

The half-life of Th-232 is approximately 10 billion years; thus, the specific activity is relatively low 

and the rate of decay is slow. Th-232 decays by alpha particle emission, as do most of the 

progeny in the thorium natural decay series. 

Thorium has historically been used as a medical imaging agent, because it is a heavy atom that 

provides contrast in radiographic imaging. In this role, thorium has been used commercially as 

Thorotrast, a 25-percent colloidal solution of thorium dioxide. The following discussion of the 

health effects from thorium exposure is summarized from the report of the BEIR IV Committee 

on radon and other alpha emitters (NAS 1988). 

Thorotrast has been used extensively in the United States, Europe, and Japan as an intravascular 

contrast agent for cerebral and limb angiography. The human epidemiological evidence from the 

studies of Thorotrast patients represents the primary source of data from which estimates of risk 

have been derived (NAS 1988). These data can be used to derive estimates of risk for liver 

cancer and leukemia; however, such estimates strictly apply only to conditions of intravascular 

Thorotrast injection. The BEIR IV committee derived a risk estimate of up to 300 x 10" per rad 

of alpha particle radiation to the liver. They emphasized that these estimates are for Thorotrast, 

not thorium, because the dosimetry of other isotopes of thorium differs from that of Th-232 in 

the Thorotrast colloid form. BEIR IV also derived a risk estimate of up to 60 x 10" per rad of 

alpha radiation to bone marrow for leukemia, and a value of up to 120 x 10" per rad of alpha 

radiation to the skeleton without marrow for bone cancer (NAS 1988). 

In summary, the animal experimental evidence indicates that Thorotrast induces cancers as a 

result of the radiation dose delivered by the solution. The physical presence of particles in the 

colloid solution and the chemical effect of the thorium are not likely to influence the induction of 

cancer (NAS 1988). The EPA derived slope factors are presented in Table C.4-5. 
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a C.4.4.9 Uranium 

Bioloical Distribution and Retentioflharmacokinetics 

In general, uranium compounds are not easily absorbed across the human GI tract. Soluble 

uranium compounds demonstrate the best absorption. In a study in which patients drank a 

solution of uranyl nitrate hexahydrate, a water-soluble compound, only 0.5 to 5 percent of the 

dose was absorbed (Hursh et  al. 1969). Recent uranium metabolic models estimated absorption 

from the GI tract to the blood to be 0.6 percent (Wrenn et  al. 1987). Although human data 

concerning absorption by dermal exposure are sparse, water-insoluble uranium compounds were 

not absorbed in significant quantities across the skin (Yuile 1973) and are not believed to pose a 

significant risk to humans by this exposure route. 

Once absorbed into the bloodstream, uranium compounds are metabolically converted to uranyl 

ions. The uranyl ion acts as a ligand in the systemic circulation, binding to the plasma proteins 

.and bicarbonate. Although this uranyl-bicarbonate complex is stable at the pH of the plasma, the 

pH of urine favors dissociation of the complex. This leaves the uranyl ion free to bind to the 

tissues in the proximal tubule wall of the nephrons of the kidneys, resulting in cellular necrosis 

(Leggett 1989). 
* 

:The kidneys are the only soft tissue that stores uranium in any appreciable quantity and are the 

main organs of excretion (Hursh and Spoor 1973). Approximately 70 percent of an intake of 

uranium has been estimated to be excreted by the kidneys within 24 hours of intake (Berlin and 

Rudell 1979). Uranium that is not excreted is stored in the kidneys and bones. Binding to the 

bone is believed to be caused by the affinity of uranium for the phosphate groups in the bone 

structure. The bone surface is the most probable target tissue for exposure to uranium, and bone 

sarcoma as the carcinogenic effect of concern. Radiocarcinogenic effects, including bone sarcoma 

and head carcinoma, have also been observed in animals and humans from exposure to isotopes 

of radium, and studies involving exposure of mice to high specific activity U-232 and U-233 have 

also revealed an increase in bone sarcomas. 

Noncarcinogenic - Toxicitv 

In humans, exposure to uranium leads to nephritis in the kidneys. Data on human exposure to 

uranium compounds were collected from 1940 to 1960 in acute studies on terminal and volunteer a 
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patients. Single injections of 70 to 100 pgikg of uranium nitrate to terminally ill patients resulted 

in proteinuria and increased levels of catalase in the urine (Berlin and Rudell 1979; Luessenhop 

et al. 1958). In another study, patients were given uranyl nitrate injections ranging from 6.3 to 71 

pg/kg. One of the early signs of renal damage, the appearance of the enzyme catalase in the 

urine, occurred in patients receiving 55 to 71 pg/kg (Hursh and Spoor 1973; Leggett 1989). 

The EPA (1991b) has established an RfD for uranium of 3 x 10" rngk'glday. In lieu of a 

NOAEL, the RfD was based on the LOAEL of 2.8 mgkglday (Maynard and Hodge 1949) and an 

uncertainty factor of 1OOO. The uncertainty factor accounts for intraspecies and interspecies 

variability in toxicological response and for the use of the LOAEL rather than an NOAEL. No 

factor was included for the short duration of the exposure (30 days), because it has been shown 

that chronic nephrotoxic effects can be adequately characterized with experiments of 

acute/subacute duration (RAGS Part B). The RfD for uranium is presented in Table (2.4-1. 

Carcinogenicity 

Uranium can induce cancer as a result of intake into the body through inhalation or ingestion 

pathways. The induction of cancer results when organs and tissues of the body are exposed to 

alpha particles emitted from decaying uranium atoms. Alpha particles are energetic emissions that 

cause molecular ionizations in a very dense pattern along a short path through matter. The effect 

of an alpha particle is highly localized due to the short path length traveled (low penetrability) 

and the ability of the particle to produce many ionizations. The ionization events cause biological 

damage believed to be responsible for inducing cells to become cancerous. Although other 

energetic emissions from radioactive decay of atoms (such as beta particles and gamma rays) also 

cause molecular ionizations, these radiations do not produce the density of ionizations that alpha 

particles produce. The dense pattern of ionizations caused by alpha particles and the low 

penetrability of alpha particles are the factors that determine uranium to be an internal exposure 

hazard. Alpha particles are not an external exposure hazard because they do not penetrate 

sensitive tissues from outside the body. The outer layers of the skin stop the alpha particles 

before they can penetrate and damage sensitive tissues of inner layers. 

The type of uranium (Le., natural, enriched, or depleted) under consideration is important 

because different types of uranium have different specific activities (the amount of radioactivity 
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a 

0 

a 

per unit mass). The value of the specific activity of the uranium reflects the number of alpha 

particles emitted per unit mass. This has a direct impact on the magnitude of the radiological 

dose delivered internally after the uranium enters the body. Naturally occurring uranium and 

uranium processed from natural uranium is a mixture of U-234, U-235, and U-238. The 

difference between natural, enriched, and depleted uranium is defined by the percent U-235 mass 

enrichment: the higher the U-235 enrichment, the higher the specific activity of the mixture. 

Convincing epidemiological evidence of uranium-induced radiocarcinogenic effects in humans is 
difficult to obtain. Available epidemiological evidence has come from studies of workers involved 

in uranium mining and milling operations. It has been noted for some time that uranium workers 

are at risk of increased cancer mortality; however, inhalation of airborne radon progeny rather 

than uranium particulates is considered the predominant source of radiation damage to the 

respiratory tract in uranium miners. Simultaneous exposures to radon progeny and other 

elements present in uranium ore are considered confounding factors in those studies of uranium 

miners intended specifically to examine the radiological effects of exposure to uranium. 

Risk estimation for exposure to uranium is based heavily on the carcinogenic effects of other 

alpha-emitting radionuclides and on animal experiments involving exposure to uranium. Chronic 

exposure to uranium should be controlled on the basis of nephrotoxicity more than by 

radiocarcinogenicity from alpha particle emissions (NAS 1988). Quantification of the risk from 

chronic exposure to uranium alpha particles cannot be determined from published epidemiological 

studies because of confounding factors and the limited power of the studies to detect increased 

rates of cancer incidence or mortality (NAS 1988). Therefore, the BEIR N Committee's risk 

estimate for uranium was based on the carcinogenic effects of other alpha emitting radionuclides 

and animal experiments involving exposure to uranium. The most probable radiogenic effect is an 

increase in bone sarcomas. The likelihood of sarcomas from exposure to naturally occumng 

uranium is considered low and demonstrable only if a linear dose-response relationship is assumed 

(Mays et  al. 1985). If the dose-response relationship is quadratic, then virtually no effect would 

be expected from naturally occurring uranium. Assuming a linear dose-response relationship and 

a constant nonoccupational uranium intake of 1 pCi/day, then the risk of bone sarcoma induction 

over a lifetime is estimated to be 1.5 x 10" or 1.5 bone sarcomas per million persons (Mays et 
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1985). This is compared to a natural incidence of 750 bone sarcomas in the absence of excess 
exposure. 

Assuming a constant nonoccupational uranium intake rate of 1 pCi/day, an exposure frequency of 

365 daysbear, and a lifetime of 70 years, then a lifetime uranium intake of nearly 26,000 pCi is 
calculated. Using the risk factor from Mays (Mays et  al. 1985) and dividing by the calculated 

Lifetime intake, a risk factor of 5.9 x lo-" per pCi can be derived. A comparison of this risk factor 

with the cancer slope factors from HEAST for ingestion of U-234, U-235, and U-238 indicates 

that the ratios of the E A S T  values to the former value are 2.4, 2.2, and 2.2, respectively. The 

EPA derived cancer slope factors for uranium isotopes are presented in Table C.4-5. 

C.4.5 TOXICITY PROFILES: CHEMICALS 

The following is a presentation of toxicity information for chemical COCs. The varying level of 

discussion among the contaminant profiles reflects both the amount of information accessible in 

the literature about these substances and professional judgement concerning the appropriate level 

, of detail necessary to adequately discuss the toxicity of each substance. 

C.4.5.1 Antimony 

Pharmacokinetics 

Antimony exists in the tri- and pentavalent states (Budavari 1989). The pharmacokinetics of 

antimony appear to be strongly valence- and species-dependent. Elinger and Friberg (1986a) 

estimated GI absorption to be at least 15 percent in mice given a single oral dose of labeled 

trivalent antimony potassium tartrate. This estimate was based on the recovery of labeled 

antimony in urine and tissues. Actual absorption may have been considerably higher, because GI 

excretion starts immediately after absorption following an oral dose. The 15 percent absorption 

efficiency is considered sufficiently conservative and well documented for use in estimating a 

dermal RfD from the oral RfD. 

Although quantitative data were not provided, Elinger and Friberg (1986a) stated that the 

pulmonary absorption of inhaled trivalent antimony is substantial. 
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a Patterns of tissue distribution of absorbed antimony appear to be largely speciesdependent. In 

humans injected with labeled sodium antimony dimercaptosuccinate, highest amounts of antimony 

are located in the liver, thyroid, and heart (Elinger and Friberg 1986a). Smelter workers exposed 

to inhaled antimony compounds retain antimony in their lungs for several years. Single or 

repeated injections of trivalent or pentavalent antimony in monkeys, dogs, and mice result in 

highest levels in the kidney, liver, and thyroid. Rats appear to retain higher levels in the blood 

than do other laboratory animals. In rats, trivalent antimony is retained principally in the 

erythrocytes (at least 95 percent), but pentavalent antimony is retained principally in the plasma 

(about 90 percent). 

In humans, pentavalent antimony appears to be clearedlrom the body more efficiently than 

trivalent antimony (Elinger and Friberg 1986a). Urinary excretion predominates over fecal 

-excretion for both penta- and trivalent antimony, but particularly for pentavalent antimony. In 
:rats and hamsters, urinary excretion predominates for pentavalent antimony and fecal excretion 

:predominates for trivalent antimony. 

0 Noncarcinogenic Toxicity 

Chronic oral exposure studies in animal models include two briefly reported lifetime drinking 
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water studies with potassium antimony tartrate in rats and mice that reported reduced longevity in 17 
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both species and reduced mean heart weight and altered blood chemistry in the rats (EPA 1 m ) .  

A verified chronic oral RfD of 0.0oO4 mg/kg/day was based on the rat study and an uncertainty 

factor of loo0 (Table C.4-1). 20 

Chronic effects from occupational exposure include irritation of the respiratory tract, 

pneumoconiosis, pustular eruptions of the skin called "antimony spots," allergic contact dermatitis, 

and cardiac effects, including abnormalities of the ECG and myocardial changes (Elinger and 

Friberg 1986a). Cardiac effects were also observed in rats and rabbits exposed by inhalation for 

six weeks, and in animals (dogs and possibly other species) treated by intravenous injection. 

Inhalation RfC values are not available from the E P A  The heart, respiratory tract, and skin are 
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Carcinopenicity 

Data were not located regarding the human carcinogenicity of antimony. Antimony fed to rats 

did not produce excess tumors (Goyer 1991), but a high frequency of lung tumors was observed in 

rats exposed by inhalation to antimony trioxide for one year (Elinger and Friberg 1986a). The 

EPA (1991~) has not evaluated the carcinogenicity of antimony. 

C.4.5.2 Aroclors 

Pharmacokinetics 

Aroclor-1016, -1221, -1242, -1248, -1254, and -1260 are marketed commercially as PCBs. PCBs 

were detected in the serum and breast milk of women who consumed PCB-contaminated fish 

from Lake Michigan, and in the blood of volunteers who ingested PCB mixtures. These 

detections provide qualitative evidence of GI absorption in humans (ATSDR 1991). In 
volunteers who ingested PCBs in fish, blood levels peaked in approximately 5 hours after the meal 

and returned to baseline levels 17 hours later, suggesting that absorption is rapid. Quantitative 

GI absorption studies with rats, monkeys, and ferrets dosed with individual PCB congeners 

revealed retention of 75 to 95 percent of the administered dose, with some evidence that 

absorption efficiency may be inversely related to the extent of chlorination. The 75 percent GI 

absorption efficiency is considered sufficiently conservative and well documented for use in 
estimating a dermal RED and cancer slope factor from the respective oral values. 

Quantitative inhalation absorption data were not located for humans or animals. ATSDR (1991) 

reviewed the occupational exposure data presented by Wolff (1985) and concluded that inhalation 

uptake contributed up to 80 percent of the concentration measured in the adipose tissue of 

exposed workers. Dermal uptake accounted for the remainder of the concentration. Dermal 

application studies with PCBs containing 42 and 54 percent chlorine in animals revealed uptakes 

of 15 to 34 percent of the applied dose in monkeys and 56 percent in guinea pigs (ATSDR 1991). 

The dosing vehicle appeared to influence absorption; uptake in monkeys was 29 percent from 

mineral oil and 15 percent from trichlorobenzene. 

In humans, PCBs distribute preferentially to adipose tissue (ATSDR 1991). In occupationally 

exposed workers, the, adipose/plasma partition ratio ranged from 185/1 to 210/1. Inhalation and 

oral exposure data in animals revealed that distribution is biphasic, first to liver and muscle 
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followed by redistribution to adipose tissue. PCB residues were detected in human breast milk 

and in umbilical cord blood, indicating transfer to the fetus and offspring. Studies conducted on 

1 

2 

several species suggested that transfer to the offspring is greater through nursing than through 

placental transfer (ATSDR 1991). 

PCB residues in human Eat consisted largely of the more highly chlorinated congeners that were 

substituted in the meta-para vicinal positions, probably because these congeners are relatively 

more resistant to metabolism (ATSDR 1991). In vitro studies with human microsomes and animal 

studies indicate that metabolism involves hydroxylation, preferentially at the para position in the 

least chlorinated phenyl ring. Some PCB congeners were transformed to dihydrodiols, probably 

through a pathway involving formation of an arene oxide intermediate. The hydroxy derivatives 

may be conjugated with glucuronide or sulfate for excretion. Considerable interspecies variation 

was noted in the rate of metabolism of specific PCB congeners. 

' 

Animal studies indicate that both fecal and urinary excretion are important in the elimination of 

PCBs and their metabolites (ATSDR 1991). Lactation represented a major excretory pathway in 
nursing women, resulting in higher concentrations of PCB residues in infant's blood than in 

matemal blood. In humans who had consumed PCB-contaminated rice, elimination half-lives 

from blood for individual PCB congeners ranged from 4 to 24 months, with longer half-lives 

estimated for those congeners that were more resistant to metabolism. 

Noncarcinogenic Toxicity 

Targets for PCBs include the skin, liver, fetus, and neonate. Epidemiologic studies of women in 

the United States have associated oral PCB exposure with low birth weight or retarded 

musculoskeletal or neurobehavioral development of their infants (ATSDR 1991). Occupational 

exposure to PCBs has been associated with upper respiratory tract and ocular irritation, loss of 

appetite, liver enlargement, increased serum concentrations of liver enzymes, skin irritation, rashes 

and chloracne, and in heavily exposed female workers, decreased birth weight of their infants 

(ATSDR 1991). However, concurrent exposure to contaminants has confounded the 

interpretation of the occupational exposure studies. Animal models exposed to Aroclor-1254 

vapors by inhalation exhibited moderate liver degeneration, decreased body weight gain, and slight 
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renal tubular degeneration. Neither verified nor provisional chronic inhalation RfC values are 

available. 

Oral studies in animals have established the liver as the target organ in all species, and the thyroid 

as an additional target organ in the rat. Effects observed in monkeys included gastritis, anemia, 

chloracne-like dermatitis, and immunosuppression. Oral exposure in animal models induced 

developmental effects, including retarded neurobehavioral and learning development in monkeys. 

Neither verified nor provisional chronic oral RfD values were located for any of the Aroclors. 

Carcinogenicity 

The EPA (1991~) has classified the PCBs as cancer weight-of-evidence Group B2 substances 

(probable human carcinogens), based on inadequate data for humans but sufficient data for 

animals. The human data consist of several epidemiologic occupational and accidental oral 

exposure studies with serious limitations, including poorly quantified concentrations of PCBs and 

durations of exposure, and probable exposures to other potential carcinogens (EPA 1992d). 

PCB congeners vary greatly as to their potency in producing biological effects. There is some 

evidence that mixtures containin'g more highly chlorinated biphenyls are more potent inducers of 

hepatocellular carcinoma in rats than mixtures containing less chlorine by weight (EPA 1993a). 

i 

The animal data consist of several oral studies in rats and mice with various Aroclors, Kanechlors 

or Clophens (commercial PCB mixtures manufactured in the United States, Japan, and Germany, 

respectively) that reported increased incidence of liver tumors in both species (EPA 1992d). The 

EPA (1991~) has presented a verified oral slope factor of 7.7 per mg/kg/day for all PCBs, based 

on liver tumors in rats treated with Aroclor-1260 (Table (2.4-2). 

C.4.5.3 Arsenic 

Pharmacokinetics 

Arsenic occurs in compounds in the trivalent and pentavalent forms (Budavari 1989). The extent 

of the GI absorption of arsenic depends on the particular arsenic compound ingested. Several 

studies with humans and laboratory animals indicate that the GI absorption of dissolved trivalent 

or pentavalent arsenic exceeds 90 percent (Ishinishi et  al. 1986). Hamsters appear to have 
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somewhat lower (50 to 75 percent) GI absorption of soluble arsenic compounds (ATSDR 1989d). 

Organic arsenic compounds, which may occur in seafood, are also readily absorbed (70 to 99.7 

percent). The GI absorption of less soluble compoun& (e.g., arsanilic acid, arsenic trioxide) is 
determined by particle size, and pH of the gastric juice. An estimate of 95 percent GI absorption 

eEciency is considered to be sufficiently conservative and well documented for use in estimating a 

dermal RfD and cancer slope factor from the respective oral values (EPA 1993d). 

r 

The extent of absorption of arsenic from the lungs depends on the solubility of the inhaled 

compound and particle size (ATSDR 1989d; Ishinishi e t  al. 1986). In a study with arsenite in 

cigarettes and with arsenic aerosols in lung cancer patients, deposition was estimated at 

approximately 40 percent, and 75 to 85 percent of the deposited arsenic was absorbed from the 

lungs within 4 days. 

% 

The occurrence of systemic toxic effects following dermal exposure to arsenic acid or arsenic 

trichloride (Ishinishi et al. 1986) indicates qualitatively that dermal absorption of some arsenic 

compounds occurs. 

r ,: 

In most animals, all but a small fraction of systemic arsenic is rapidly cleared from the blood and 

other .tissues (ATSDR 1989d). Residual arsenic is located in tissues (liver, kidney, spleen, heart, 

skin, hair, epithelium of the upper GI tract) containing a high concentration of sulfhydryl groups, 

to which arsenic preferentially binds (Arnold 1988; Ishinishi et al. 1986). In rats, more than in the 

other laboratory animals and in humans, arsenic binds to the erythrocytes with high affinity and 

clearance from the blood is slow (ATSDR 1989d). 

Arsenic is extensively metabolized, principally in the liver, in humans and animals (ATSDR 

1989d). Metabolism involves methylation of trivalent arsenic (arsenite) to dimethylarsinic acid, or, 

to a lesser extent, to monomethylarsonic acid. Both methylation products, as well as inorganic 

arsenic, are excreted principally and rapidly through the urine. 

Noncarcinogenic Toxicity 

The only noncarcinogenic effects in humans clearly attributable to chronic oral exposure to 

arsenic are dermal hyperpigmentation and keratosis, as revealed by studies of several hundred 
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Chinese exposed io  naturally occurring arsenic in well water (EPA 1m). Similar effects were 

observed in persons exposed to high levels of arsenic in water in the western hemisphere. 

Occupational (predominantly inhalation) exposure was also associated with neurological deficits, 

anemia, and cardiovascular effects (Ishinishi et al. 1986). The EPA (1991~) has presented an RfD 

of 0.0003 mg/kg/day for chronic oral exposure, based on a NOAEL from the Chinese data and an 

uncertainty factor of 1 (Table C.4-1). The principal target organs for arsenic are the skin, 

nervous system, blood and cardiovascular system. 

Carcinogenicity 

Inorganic arsenic is clearly a carcinogen in humans (EPA 19926). Inhalation exposure was 

associated with increased risk of lung cancer in persons employed as smelter workers, in arsenical 

pesticide applicators, and in a population residing near a pesticide manufacturing plant. Oral 

exposure to high levels in well water was associated with increased risk of skin cancer. The EPA 

(1991~) has classified inorganic arsenic in cancer weight-of-evidence Group A (human 

carcinogen). An inhalation slope factor of 50 per mg/kg/day, based on absorbed arsenic, was 

derived from occupational data. Applying an absorption factor of 0.3 yielded an inhalation slope 

factor of 15 per mg/kg/day, based on an ambient or inhaled dose. The slope factor based on the 

inhaled, rather than absorbed, dose is the correct parameter to use in risk assessments. Assuming 

a human inhales 20 m3 of air, per day and weighs 70 kilograms, the EPA (1991~) estimated an 

inhalation unit risk of 0.0043 pg/m3. EPA (1993~) proposed an inorganic arsenic ingestion unit 

risk of 5.0 x 10” per mg/l. The equivalent oral slope factor is 1.8 per mg/kg/day assuming a 70 kg 

adult ingests 2 liters per day (Table C.4-2). “The uncertainties associated with ingested inorganic 

arsenic are such that estimates could be revised downward as much as an order of magnitude, 

relative to the risk estimates associated with most other carcinogens” (EPA 1993~). 

C.4.5.4 Bervllium 

Pharmacokinetics 

Absorption of beryllium from the GI tract is low, probably not exceeding 20 percent of an 

ingested dose, because the metal forms insoluble precipitates with phosphate and is eliminated in 

the feces (Reeves 1986). EPA Region V guidance is to use a GI absorption factor of 1.00 

(Saunders 1994). 
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Clearance of inhaled beryllium is multiphasic; small quantities of beryllium compounds may remain 

encapsulated in the lung parenchyma for several years (Reeves 1986). Water-soluble forms of 

beryllium with a pH of 3 are absorbed through the skin of animals (Zorn et  al. 1988), but the 

1 

2 

3 

extent of absorption is probably minimal, because most beryllium salts are insoluble at physiologic 

pH, and ionized beryllium is readily bound to epidermal contaminants (Reeves 1986). 

4 

5 

Most beryllium in the circulation probably exists as a colloidal phosphate adsorbed to serum 

protein; minor amounts exist as the citrate or hydroxide (Reeves 1986). Distribution of small 

doses is primarily to the skeleton; for larger doses, distribution is primarily to the liver. Secondary 

distribution results in movement of beryllium from the liver to the skeleton. The primary route of 

excretion is through the urine. 

Noncarcinogenic Toxicity 

Beryllium has a low order of toxicity when ingested because it is poorly absorbed from the,GI 

tract (Reeves 1986). Occupational exposure has induced dermatitis, acute pneumonitis, and 

chronic pulmonary granulomatosis (berylliosis). Berylliosis was also observed in humans living in 

the vicinity of a beryllium plant. Pulmonary effects also occurred in laboratory animals subjected 

to inhalation exposure. A verified chronic oral R€D value of 0.005 mg/kg/day (Table C.4-1) was 

basedcon a NOAEL of 0.54 mgkglday in a lifetime drinking water study with beryllium sulfate in 

the rat, and on an uncertainty factor of 100 (EPA 1991~). The target organs €or inhalation 

exposure appear to be the lungs; target organs for oral exposure are not identified. 

Carcinogenicity 

The EPA (1991~) has classified beryllium in cancer weight-of-evidence Group B2 (probable 

human carcinogen), based on inadequate human data but sufficient animal data. The human data 

consist of occupational studies that weakly associate exposure with increased risk of lung cancer, 

but confounding variables were not controlled and the studies lacked sensitivity. A significant 

increase in lung tumors occurred in three strains of rats and in rhesus monkeys subjected to 

inhalation exposure or intratracheal instillation of a variety of beryllium compounds. Osteogenic 

sarcomas were induced in rabbits and mice, but not in rats or guinea pigs injected intravenously 

with various beryllium compounds. Oral studies in animal models yielded inconclusive results. 

The EPA (1991~) derived an oral slope factor of 4.3 per mg/kg/day from a slight but statistically 
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nonsignificant increase in total tumors in a lifetime drinking water study with beryllium sulfate in 

the rat. An inhalation unit risk of 0.0024 per pg/m3, equivalent to 8.4 per mg/kg/day (assuming 

humans inhale 20 m3 of air per day and weigh 70 kilograms), was derived from a human 

occupational study (Table C.4-2). 

C.4.5.5 Carbazole 

Noncarcinogenic - Toxicity 

Only the oral LD,, in rats for carbazole has been located. The oral LD, in rats is reported to be 

greater than 5000 mg/kg (EPA 1993d). 

The EPA has not derived chronic oral and chronic inhalation reference doses,for carbazole. 

Carcinogenicity 

The EPA has classified carbazole as a cancer weight-of-evidence Group B2 substance (probable 

human carcinogen) based on the presence of liver tumors in mice that were administered 

carbazole in their diets. The EPA (1993~) has derived an oral cancer slope factor of 2.0 x 

(mg/kg/day)-' (Table C.4-2). 

C.4.5.6 Dieldrin 

Toxicity 

Dieldrin is toxic to both humans and animals. Clinical observations in humans indicate that the 

primary symptoms resulting from acute exposure to dieldrin are manifested as neurological and 

respiratory effects. Dieldrin exposures result in neurological effects which may include central 

nervous system excitation, convulsions, tremors, ataxia, agitation, nervousness and amnesia. 

Disturbances of sleep, memory and behavior may persist for several days or weeks after the acute 

phase of poisoning. In extreme overdoses, central nervous system depression may result in death 

which arises from respiratory depression. Repeated exposures to commercial dieldrin applicators 

resulted in a syndrome indistinguishable from idiopathic epilepsy which ceased when exposure was 

terminated (EPA 1994b). In addition, exposure via ingestion may cause nausea, vomiting, and 

diarrhea. Hematological changes include blood dyscrasia, anemia and leukemia. Dermal 

exposures result in irritation. Deaths associated with acute dieldrin toxic exposures were not 

reported. The EPA chronic oral RfD of 5 x 10'' mg/kg/day is presented in Table C.4-1. 
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a Carcinoeenicitv 1 

Dieldrin has been classified as a probable human carcinogen (Weight-of-evidence Group B2) 2 

based on inadequate human carcinogenicity data and sufficient animal carcinogenicity data (EPA 

1994a). Animal carcinogenicity data demonstrate that dieldrin is carcinogenic in both sexes of 

different strains of mice. Dose response data support these effects as ranging from being liver 

tumors, to hepatocarcinomas with transplantation confirmation, to pulmonary metastases. In 

studies in which tumors resulted, hepatocellular tumors were identified most frequently. Human 

carcinogenicity data are limited to one retrospective study which reported no statistically 

significant increases in cancer deaths among 1155 organochlorine pesticide manufacturing workers 

(EPA 1994a). In addition, two studies of workers exposed to aldrin and dieldrin reported no 

increase in the incidence of cancer. Van Raalte (EPA, 1994a) observed two cases of cancer 

(gastric and lymphosarcoma) among 166 pesticide manufacturing workers exposed between 4 and 

19 years and with additional follow-up from 15 to 20 years. However, exposure was not 

quantified and workers were exposed to other pesticides (endrin and telodrin). In addition, the 

population of workers studied was small and the age of the cohort was young and the number of 

expected deaths was not calculated. Finally, the durations of exposure and latency were relatively 

short. The EPA oral and inhalation cancer slope factors for dieldrin are 1.6 x 10' (mg/kg/day)-' 

and are presented in Table C.4-2. 

I. 

p 
6, 

C.4.5.7 Polvcvclic Aromatic Hvdrocarbons 

Pharmacokinetics 

Several rat studies indicate considerable chemical-specific variation in PAH pharmacokinetics 

(ATSDR 1989~). GI absorption is enhanced by solubilizing the chemical in a readily absorbed 

vehicle such as oil. Jon& and Owen (1989) reported a range of 43 to 58 percent for the GI 

absorption of benzo(a)pyrene. The lower end of this range, 43 percent, is considered sufficiently 

conservative and well documented to use in estimating dermal REDS and cancer slope factors from 

the respective oral values for all the EPA Group B PAHs. 
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The identification of metabolites of PAHs in the urine of occupationally exposed humans is 

qualitative evidence that respiratory tract uptake occurs, although quantitative uptake data were 

not located (ATSDR 1989~). Studies in rats indicate that pulmonary absorption of 

benzo(a)pyrene is rapid. PAHs carried by insoluble particulate matter, however, would be 
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retained in the lung longer than pure PAHs. Human and animal studies suggest considerable 

chemical-specific variation in dermal absorption. Quantitative estimates in animals treated with 

radiolabeled compounds range from 33 percent for dibenzo(a,h)anthracene to 93 percent for 

benzo( a)pyrene. 4 

2 

3 

Inhalation and oral studies in animals with radiolabeled benzo(a)pyrene indicate that distribution 5 

6 of absorbed material is primarily to’the lipid fractions of the liver, lung, kidney, and GI tract, with 

redistribution to the protein fractions of these organs (ATSDR 1989~). Once absorbed, 

orally treated rats. There is considerable chemical-specific variability in the distribution of the 

PAHs to the fetuses of pregnant rats. 

7 

8 

9 

10 

benzo(a)anthracene, dibenzo(a,h)anthracene, and chrysene are rapidly and widely distributed in 

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs, 

because of the structural similarities of all members of the class. Metabolism involves microsomal 

mixed function oxidase hydroxylation of one or more of the phenyl rings with the formation of 

phenols and dihydrodiols, probably via formation of arene oxide intermediates (ATSDR 1989~). 

The dihydrodiols may be further oxidized to diol epoxides, which, for certain members of the 

class, are known to be‘ the ultimate carcinogens (EPA 1992c). Conjugation with glutathione or 

glucuronic acid and reduction to tetrahydrotetrols are important detoxification pathways. 

Metabolism of naphthalene results in the formation of l,Znaphthoquinone, which induces 

cataract formation and retinal damage in rats and rabbits. 

i 

Excretion of benzo(a)pyrene is principally through the bile, although there seems to be 

considerable species variation in the pattern (biliary versus urinary) and rate of excretion 

(ATSDR 1989~). Urinary excretion predominates slightly in rats treated dermally with 

anthracene. 

Noncarcinogenic Toxicity 

A single exposure to PAHs has been associated with a number of toxic effects. The acute lethal 

toxicity of PAHs ranges from 250 mgkg for the most potent to 700 mgkg for the least potent. 

However, most exposure situations will involve a mixture of PAHs; it is impossible to determine 

whether the acute lethal toxicity for a mixture will lie between these values of whether toxicity 
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will be additive. In addition, these data were obtained following parenteral administration, a step 

which bypasses metabolism in the liver; therefore, their relevance to human exposure is 
questionable. 3 

1 

2 

Carboxylesterase activity of the intestinal mucosa was decreased in rats following intragastic 

administration of 50 or 150 mg/kg/day benzo(a)anthracene or benzo(a)pyrene for 4 days; enzyme 

activity was increased following oral exposure to 100 mg/kg/day of anthracene or phenanthrene 

(ATSDR 19w>). 

Bone marrow depression (aplastic anemia and pancytopenia) leading to death was observed in 

mice whose AHH enzyme was not inducible following oral administration of 120 mg 

benzo(a)pyrene/kg/day for 180 days (ATSDR 1990). 

Several hepatic effects (enzyme and foci induction, liver regeneration and increased weights) have 

been observed in animals administered PAHs. These effects are not life-threatening but may 

precede the onset of more serious effects. A single intragastric administration of 200 mg/kg of 

benzo(a)pyrene, benzo(a)anthracene or dibenz(a,h)anthracene induced the formation of 

preneoplastic hepatocytes in a promotiodinitiation bioassay in partially hepatectomized rats fed 2- 

acetylaminofluorene (ATSDR 1990). PAHs stimulate liver regeneration in partially 

hepatectomized rats following administration in the diet for 10 days. Noncarcinogenic PAHs 
required higher doses (ATSDR 1990). 

Immunotoxic effects have been observed following dermal and parenteral administration in 

animals. PAHs that are carcinogenic are also immunosuppressive with the same rank order of 

potency (ATSDR 1990). Effects observed have included inhibition of t-cell dependent and 

independent antibody production and inhibition of lymphocyte mediated immunity (ATSDR 

1990). 

There is no information on the developmental effects of exposure to PAHs in humans (ATSDR 

1990). 
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In animals, in utero exposure to benzo(a)pyrene (10, 40, or 160 mg/kg/day orally during gestation) 

was associated with reduced mean postnatal pup weight and increased incidence of sterility 

associated with alterations in gonadal morphology and germ-cell development in male mice 

(ATSDR 1990). An observed increased incidence of stillborns, resorptions and malformations 

following dietary administration of 120 mg benzo(a)pyrene/kg/day to the dam was associated with 

the metabolic responsiveness of the offspring and the dams (ATSDR 1990). Parental 

administration of a number of PAHs has been associated with a number of development effects: 

stillbirths, increased fetal resorptions, malformations, adverse gonadal histology, and decreased 

fetal survival. 

There is no information on the effect of PAH on reproduction in humans (ATSDR 1990). 

Benzo(a)pyrene decreased the percentage of pregnant females at parturition in pregnant 0 - 1  

mice (ATSDR 1990) and reduced the incidence of pregnancy in rats (ATSDR 1990) but had no 

effect on fertility of Swiss mice (ATSDR 1990). Decreased numbers of corpora lutea, uterine 

weights and fetal survival and increased resorptions were observed following parenteral 

administration of benzo(a)pyrene (ATSDR 1990). The implications of the results obtained 

following parenteral administration, which bypasses first-pass metabolism of the liver, to human 

exposure are that adverse effects on reproduction are possible. 

Numerous PAHs have been tested in numerous in vitro and in vivo genotoxicity studies (ATSDR 

1990). In general, several PAHs demonstrated genotoxic potential that required metabolic 

activation. Benzo(a)pyrene pryduced several genotoxic effects: DNA bindingdamage, sister 

chromatic exchange, chromosomal aberration, cell transformation; effects were observed in 

bacteria and mammalian (both somatic and germ) cells. DNA damage was also observed in 

human cells. Acenaphthene, acenaphtylene or fluorene were negative for genotoxic effects and 

anthracene, phenanthrene and pyrene were negative in all but one in vitro test. 

Carcinogenicity 

Dermal exposure to benzo(a)pyrene in humans was associated with epidermal changes indicative 

of neoplastic proliferation, chronic dermatitis and hyperkeratosis or exacerbation of preexisting 

skin lesions (ATSDR 1990). Topical application of PAHs have been associated with adverse 
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effects in animals, including skin cancer, and on sebaceous glands, increased skin melanocytes, 

dermal inflammation, allergic contact hypersensitivity and photosensitization (ATSDR 1990). 

1 

2 

Epidemiologic studies of humans exposed to coke-oven and roofing-tar emissions and cigarette 

smoke have demonstrated an increase in mortality due to lung cancer (ATSDR 1990). Skin 

tumors have been reported among individuals exposed to mixtures containing PAHs: scrotal 

These mixtures contain PAHs and several other potentially carcinogenic chemicals, tumor 

relationship to PAHs. 9 

3 

4 

5 

6 

1 

8 

cancer among chimney sweeps and skin cancer following exposure to shade oils (ATSDR 1990). 

promoters, initiators and cocarcinogens. This concomitant exposure prevents a direct causal 

Inhalation, oral and dermal exposure to PAHs have been associated with carcinogenic effects in 
animals (ATSDR 1990). These studies suggest that the site of tumor induction is influenced by 

the route of administration. Following inhalation exposure, an increased incidence of respiratory 

tract tumors was observed. Benign and malignant tumors, adenomas, papillomas, neoplasms, and 

carcinomas of the lung, alimentary tract (particularly the forestomach), and mammary glands were 

observed following ingestion of benzo(a)pyrene, benzo(a)anthracene and dibenz(a,h)anthracene 

by rodents. A dose-responsive increase in the incidence of forestomach papillomas and 

carcinomas was observed in mice following dietary administration of 33.3 mg/kg/day 

benzo(a)pyrene for 30 to 197 days (ATSDR 1990). The overall evidence suggests that exposure 
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to PAHs is associated with an increased risk of cancer. 19 

Benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, and 20 

indeno(l,2,3-cd)pyrene have been demonstrated to induce skin tumors in mice following dermal 21 

exposure (ATSDR 1990). Benzo(a)pyrene, in particular, is a potent experimental skin carcinogen. 

It is often used as a positive control in carcinogenesis bioassays. The dose-response relationship 

of benzo(a)pyrene and skin tumors has been investigated in a number of studies (ATSDR 1990). 

Benzo(a)pyrene has been demonstrated to induce malignant skin tumor at exposures as low as 

0.0054 mg/kg/day; however, the solvent and strain of mouse tested will influence the tumorigenic 

dose (ATSDR 1990). n 
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Recent reevaluations of the carcinoge~ty and mutagenicity of the Group B2 PAHs suggest that 

there are large differences between individual PAHs in cancer potency (Krewski et al. 1989). A 

recent toxicity equivalency factor (TEF) approach for the weight-of-evidence Group B2 PAHs 
was based on the induction of lung epidermoid carcinomas in female Osborne-Mendel rats in 

lung-implantation experiments (Clement International 1990). The TEFs and the associated oral 

and inhalation slope factors are presented in Table C.4-3. 

The following subsections present profiles of individual PAHs. 

Benzo(k1fluoranthene 

In a lifetime study in female rats, lung implants of 0.65, 3.4, or 17 mg/kg benzo(k)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas in the lung and 

thorax. Equivocal incidences of lung adenomas and hepatic adenomas and hepatomas were 

reported in mice administered intraperitoneal injections of 120 pg benzo(k)fluoranthene/mouse on 

days 1, 8, 15 of age (EPA 1993a). Benzo(k)fluoranthene was positive in mouse skin-painting 

assays (EPA 1993a). Based on these data, the EPA has classified benzo(k)fluoranthene as a 

weight-of-evidence probable human carcinogen (Class B2). 

Benzo(b)fluoranthene 

In a lifetime study using female rats, lung implants of 0.4, 1.2, or 4.1 mgkg benzo(b)fluoranthene 

exhibited a dose-related increase in the incidence of epidermoid carcinomas and pleomorphic 

sarcoma in the lung and thorax. Equivocal incidences of lung adenomas and hepatic adenomas 

and hepatomas were reported in mice administered intraperitoneal injections of 126 pg 

benm(b)fluoranthene/mouse on days 1, 8 , 15 of age (EPA 1993a). Injection site sarcomas were 

observed in mice administered subcutaneous injections of benzo(b)fluoranthene (2.6 mg total 

dose) over 2 months (ATSDR 1990). Benzo(b)fluoranthene was positive for complete 

carcinogenesis and initiation in mouse skin-painting assays (EPA 1993a). Based on these data, 

EPA has classified benzo( k)fluoranthene as weight-of-evidence B2 probable human carcinogen. 

Benzo[ahvrene 

There are multiple animal studies demonstrating increased incidence of carcinogenic effects 

following oral, intratracheal, inhalation and dermal administration of benzo(a)pyrene. 
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Benzo(a)pyrene has been shown to be an initiator and a complete carcinogen following dermal 

application (EPA 1993a). A dose-responsive increase in squamous cell papillomas and carcinomas 

of the forestomach was observed following oral administration of 1 to 250 ppm benzo(a)pyrene to 

rats and hamsters for 197 days (EPA 1993a). The incidences of respiratory tract and upper 

digestive tract tumors were increased following intratracheal instillation or inhalation of 

benzo(a)pyrene by guinea pigs, hamsters and rats (EPA 1993a). Inhalation exposure of hamsters 

to benzo(a)pyrene at 9.5 mg/m3/day for 10 weeks was associated with development of tumors of 

the nasal cavity, larynx, trachea and pharynx. At the next highest dose, 45 mg/m3/day, neoplasms 

were also observed in the upper digestive tract. The lowest dosed, 2.2 mg/m3/day, animals did not 

develop tumors (EPA 1993a). Intraperitoneal and subcutaneous injection of benzo(a)pyrene is 

associated with injection site tumors (EPA 1993a). The EPA has classified benzo(a)pyrene as a 

*probable human carcinogen, based on the existence of sufficient animal data, but the absence of 

human'-data. The EPA has calculated an oral slope factor of 7.3 (mg/kg/day)-' and an inhalation 

slope factor of 6.1 (mg/kg/day)-'. 

Benzo(a1anthracene 

Increased incidence of pulmonary tumors and hepatomas was observed in mice following oral 

gavage with 500 mg/kg/day benzo(a)anthracene 3 timesheek for 5 weeks (EPA 1993a). A single 

gavage dose of 0.5 mg benzo(a)anthracene was not tumorigenic while multiple gavage treatments 

(8 or 16 over 16 months) resulted in forestomach papillomas (EPA 1993a). Following 

intraperitoneal injection of benzo(a)anthracene on days 1,8, and 15 of age (638 &mouse total 

dose), the incidence of liver adenomas or carcinomas was increased in treated male mice while the 

incidence of pulmonary adenomas or carcinomas was increased in treated females (EPA 1993a). 

Benzo(a)anthracene was positive as a complete carcinogen and as an initiator in mouse skin 

painting bioassays (EPA 1993a). Injection site sarcomas were observed following subcutaneous or 

intramuscular injection of benzo(a)anthracene (EPA 1993a). EPA has classified 

benzo(a)anthracene as a weight-of-evidence B2 probable human carcinogen. 
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C.5.0 FATE AND TRANSPORT MODELING 1 

For this FS risk assessment, human-health risks were estimated for remedial action and 

postremedial action (residual) conditions. Prior to completing these risk estimates, the COC 

concentrations at receptor locations were predicted using computer models. These models begin 

with emission sources and then simulate the transport of COG through the various environmental 

media, such as air, soil, and groundwater, to the receptor end points. The objective of these 

modeling efforts is to predict the concentrations of each COC during a specific activity and for a 

specified duration at selected receptor locations. The results are termed “exposure point 

concentrations” and are’used in the risk equations shown in Section C.3.0 (risks are shown in 

Sections C.6.0 and C.7.0). 

2 

3 

4 

S 

6 

1 

8 

9 

10 

Section (2.5.1 describes the modeling efforts conducted for COC transport during the 11 

implementation of remedial activities. Section C.5.2 discusses the postremediation modeling of 12 

Operable Unit 2 for residual sources. 13 

0 C.5.1 REMEDIAL ACTION MODELING 14 

The mechanisms modeled for COC transport during remedial activities include air dispersion, 1s 

direct radiation from soil or waste material, and transportation scenarios for soil and waste. All 
steps (i.e., remedial activities) required for each remedial alternative were identified. Activities 

16 

17 

were evaluated for their potential to cause worker and/or public exposure. The activities 18 

involving the highest potential for risk were then selected to represent the bounding conditions to 

which receptors would be exposed. Activities not specifically evaluated represent risks that 

constitute only a small fraction of the risk represented by the evaluated activities. Figure C.5-1 

19 

m 

21 

presents the various potential health hazards by remedial activity and alternative. Shading 

indicates which emissions were quantified as part of this FS. The assumptions presented in 

modeled to include reasonable variations. The computer codes used are all industry-standard 

n 

23 

24 

25 

Tables C.5-1 and C.5-2 were used as a basis for the modeling. Each activity was conservatively 

models: 26 

MICROSHIELD, for direct radiation n 

0 ISCLT2, Dust Loading and Resuspension Rate Equation, RAECOM, Near Field w 
0 RADTRAN 4, for transportation 28 

Box Model, and a VOC model, for airborne concentrations 30 
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ALTERNATIVE 3 
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TABLE C.5-1 

SUMMARY OF AIR MODELING ASSUMPTIONS 

SCENARIO ASSUMPTIONIASSUMED VALUE 
Excavation 

Receptors 

Exposure Duration 
Exposure Pathways and Sources 

Direct Radiation 
Airborne 

Soil Composition 
Density 

- . COC Concentration 
Shielding for Receptors 

Remed. worker (Equip. 
.. . oDerators 

Othkr workers, Public 0 On-Site Transport (Truck) 
:Receptor 
.Exposure Duration 
;Shielding for Receptor 
Source Volume 
Soil Composition, COC concentration 

Staging of Waste, Shredding and Crushing 
Exposure not quantified 

Drgiw 
Receptor 

Source Volume 
Waste Storage 

Receptor 
Source volume 
Exposure pathways 
Shielding to receptor 
Location of silos to receptor 

Remediation workers 
Nonremediation worker 
Public 
10 hr/day (All receptors) 

Remediation worker: immersion, direct 
Remediation worker: inhalation from air loading 

at 600 pg/m3 

Source strength - 1.7 gm/cm3 
Self-shielding - 1.5 gm/cm3 
Actual by subunit (see Table C.5-4) 

Equipment cab 

NA 

Remediation worker 
60% of 10 hr/day 
None 
Fully loaded truck 15.3 m3 (540 ft3) 
See excavation scenario (above) 

Remediation worker would be exposed to COC 
concentration 2 orders of magnitude less than 
excavation air concentrations. 

VOC exposure for the nonremediation worker 

All vaccine feed material is released 
and public 

Remediation worker 
Maximum volume of single silo: 602m3 (21260 ft3) 
Direct radiation 
None 
Silo location 6.fm (20 ft) above work area 
To account for segregation, 2 x 95% UCL values 

See excavation scenario (above) 
(see Table C.5-4) 
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TABLE C.5-2 
SUMMARY OF ASSUMPTIONS 

USED IN RAIL TRANSPORTATION MODELING 

SCENARIO ASSUMPTION/ASSUMED VALUE 

Source Term To account for segregation, 2 x 95% 
UCL values (see Table C.5-4) 

Receptors 

Source Volume 

Number of Gondolas 

Gondola Shielding 

Miles Traveled 

Remedia tion worker 
Railroad worker 
Public 

100 tons, 54.3 m3/Gondola 

159 Gondolas 

-64 cm (1/4") steel including covers 

1913 miles 

C.5.1.1 

The primary mode of COC exposure during the implementation of remedial alternatives is 
through air. C O G  are disturbed and/or emitted from various sources and transported through 

the air, eventually reaching the receptor. Airborne COCs can afEect receptors through inhalation 

or radiation exposure from immersion in air. This section presents the major emission sources 

that would exist during remedial activities, the technical approach to quantifying the impact of 

these sources on the ambient air concentrations, and the subsequent exposure poh t  

concentrations for each receptor. Figure C.5-2 presents a sequential block diagram of the 

methodology used to calculate ambient air concentrations and receptor exposure concentrations. 

Table C.5-3 describes the air models used. 

Air Fate and Transport Modeling 1 

Air Modeline - Technical Approach 

Releases to the air include particulate emission (radionuclide, organics, and inorganics) and 

11 

12 

13 

14 

1s 

16 

gaseous emissions (VOCs and radon). As shown in the remedial action conceptual models 

(Section C.2.2), airborne COCs would be generated during the remedial activities of soil 

excavation, soil drying, and staging-area soil handling and moving activities. The following 

discussion describes the models used to quantlfy receptor exposure concentrations. 
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Exposureconcentratkn 

For Air 

t 
Model Transport Wrth 
Box Madel To Produce 
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I 0:. - 

voc - volatile organlc Compound 

FIGURE C.5-2 
REMEDIAL RISK AIR MODELING MEI'HODOLOGY 

The air concentrations to which these receptors would be exposed were used in the equations 

presented in Section (2.3.1 to determine the effective dose equivalent of radionuclides or chemical 

intake for the receptor. The calculated intakes and doses were then used to determine 

carcinogenic risk and noncarcinogenic HIS (see Section C.6.0). 
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TABLE C5-3 
SUMMARY OF AIR MODELS USED TO D- AIR 

CONCENTRATIONS AND RECEPTOR EXPOSURE CONCENTRATIONS 

Model Description 

Dust Loading and 
Resuspension Rate 
Equation 

Used to estimate exposure concentrations of COC in air for 
workers involved in remediation activities at the COC release point. 
A dust loading factor of 600 mg/m3 was used for all OU2 excavation 
and soil movinghandling activities. 

RAECOM 

ISCLT2 

Computer model developed by the NRC (NRC 1984) to simulate 
the emission of Rn-222 gas from soil and material containing 
Ra-226. RAECOM was used in this modeling effort to estimate 
the Rn-222 emission rate. 

\ 

Computer model developed by the EPA (EPA 1992e) to simulate 
the dispersion of gas-phase and particulate-phase COCs emitted to 
the atmosphere. ISCLT2 was used in this modeling effort to 
predict the airborne concentrations of COCs emitted during 
remedial activities. 

Near Field Box Model Used to calculate air concentrations on site adjacent to the release 
point. 

VOC Model Used to estimate an average emission rate of a VOC based on the 
total mass of a given COC on site and the duration of the clean up. 

SOURCES: 

EPA 19!22e for ISCLT2. 
NRC 1984 for RAECOM. 

- PM,, Sources and Emission Rates 

PM,, releases would be generated during soil excavation, and soil handling and moving at staging 

areas: Two staging areas would be operating simultaneously during the remediation of Operable 

Unit 2. This would result in PM,, emissions being generated from two excavation areas, and the 

dumping of excavated soil into two staging area piles (one pile for each staging area). 

Using a dust loading factor, correlation can be made between the concentration of COCs in the 

soil to the concentration of COCs in the air. This factor is a measure of the mass of soil in a unit 

volume of air. Dust loading factors for various activities are presented in the RAWPA (DOE 

1 

2 

3 

4 

5 

6 

8 'a 
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1992). A dust loading factor of 600 &m3 was used to calculate a COC concentration in air. 1 

Subunit-specific subsurface soil concentrations (as opposed to surface concentrations) were used 

in this analysis since a majority of excavated volumes would consist of subsurface soil. COC soil 
2 

3 

concentrations are based on the 95 percent UCL values. These concentrations are listed in 

Table C.5-4. Table C.5-5 lists the COC concentrations in air for each subunit. 

4 

5 

The equations used to calculate a COC air concentration from its soil concentration are @en 6 

below: 7 

(C.5-1) 
(C.5-2) 

8 

9 

(radionuclides) Ca = (Dl)(Cs) 
(chemicals) Ca = (D,)(Ca(CF) 

where 
C, = coc concentration in air (pCi/m3 or mg/m3), 

C, = COC concentration in soil (pCi/g or pglg), and 
CF = conversion factor (lo” mglpg). 

. .  
-3 D, = dust load factor (g of s0il/m3 of air = 600 mg/m3), 

10 

11 

12 

13 

14 

VOC Emission Rates 15 

The following discussion and equations are taken from the AwISuperJund National Technical 16 

17 

(EPA 19920. 18 

~ Guidance Study Series: Estimation of Air Impacts for the Excavation of Contaminant Soil 

Gaseous emissions from soil handling operations result from the exchange of COC-laden soil-pore 

gas with the atmosphere when soil is disturbed and from diffusion of C O G  through the soil. 

There are multiple potential emission points for various soil handling operations. For excavation, 

19 

m 

21 

the main emission points of concern would be emissions from: 22 

0 
0 
0 

Exposed waste in the excavation pit 
Material as it is dumped from the excavation bucket 
Wastehoil in short-term storage piles 

23 

24 

25 

The average emission rate (ER) from excavation is equal to the sum of emission rates from the 26 

soil pore space (ER,) and from difEusion (ERDm): n 

ER = ER, + ER,, (C.5-3) 

c-5-7 (900213 
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TABLE C5-4 
C O G  SUBSURFACE SOIL CONCENTRATIONS 

(95% UCL) 

COC 

South 
Solid Lime Field Active 

Waste Sludge Inactive Flyash 
Landfill Ponds" Flyash Pile" Pile 

Chemicals (mg/kg) 
Antimony 
Aroclor-1254 
Aroclor- 1260 
Arsenic 
Beryllium 
Carbazole 
Dieldrin 
Pyreneb 

Radionuclides (pCi/g) 
CS-137 
Np-237 
Pu-238 
Ra-226 
Ra-228 
Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
u-234 
u-235 
U-238 
U-Total 

22.000 
0.048 
0.077 

13.800 
1.075 
4.200 

NA 
10.72 

0.250 
0.351 
0.328 
1.550 
2.560 
1.580 
0.754 
3.390 

12.300 
3.590 

97.000 
9.93 

170.000 
446.000 

23.200 
0.043 

NA 
6.777 
1.267 

NA 
NA 

0.190 

0.168 
0.323 
0.199 
1.562 
1.800 
0.841 
1.050 
1.540 
8.381 
1.070 
6.176 
0.435 
7.468 

22.198 

NA = Not Applicable 
'Values for South Field and Inactive Flyash Pile are identical. 
bCombined concentration for all COC PAHs. 

18.700 
0.430 
0.089 

12.060 
1.438 
0.001 
0.016 
0.180 

0.237 
0.300 
0.040 
2.919 
1.656 
1.360 
0.900 
1.704 
4.263 
1.531, 
30.19 

18.460 
32.300 

104.400 

I 

2.000 
NA 
NA 

64.27 
3.375 

NA 
NA 
NA 

NA 
0.450 
0.123 
5.240 
4.336 
0.964 

NA 
5.790 

, 5.717 
3.866 
8.903 
4.720 
6.91 1 

29.960 
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TABLE C.5-5 
COC AIR CONCENTRATIONS FOR EACH SUBUNIT 

COC 

Solid Lime South Field 
Waste Sludge Inactive Active 

Landfill Ponds Flyash Pile' Flyash Pile 
~~~ 

Chemicals (Irg/m3) 

Antimony 

Aroclor- 1254 

Aroclor- 1260 

Arsenic 

Benzo( a)pyrene 

Beryllium 

Carbazole 

Dieldrin 

Radionuclides (pCi/m3) 

(3-137 

Np-237 

PU-238 

Ra-226 

Ra-228 

Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
U-234 
U-23; 

U-Total 
U-238 

1.32 x 1.39 x loe2 . 1.12 x lo-2 

2.88 10-5 2.58 10-5 -2.58 10-5 

4.62 10-~ _-- 5.34 10-5 

8.28 x 10" 4.02 x 10-3 7.24 10-3 

6.43 10-3 1.13 x 10" 1.10 x 10' 

6.45 x 10" 7.60 x 10' 8.63 x 10" 

2.52 10-3 0.00 x loo 6.00 x 10'' 
--- --- 9.60 x 10" 

1.50 x 10" 

2.11 x 10" 

1.97 x 10" 

9.30 x 10" 

1.54 10-3 

9.48 x 10" 
4.52 x 10" 
2.03 10-3 
7.38 x lo3 
2.15 10-3 
5.82 x 
5.96 10-3 
1.02 x 10-l 
2.68 x 10-l 

1-01 x 10" 

1.94 x 10" 

1.19 x 10" 

9.37 x 10" 

1.08 10-3 

5.05 x 10" 
6.30 x 10" 
9.24 x 10" 

6.42 x 10" 

2.61 x 10" 

1.33 x lom2 

5.03 103 

3-71 10-3 

4.48 10-3 

*Values for South Field and Inactive Flyash Pile are identical. 

1.42 x 10" 

1.80 x 10" 

2.40 10-5 

1.75 10-3 

9.94 x 10" 

8.16 x.10". 
5.40 x 10" 
1.02 10-3 
2-56 x 10-3 
9.19 x 10" 
1.81 x lo2 
1.11 x 
1.94 x 
6.26 x 

--- 
3.86 x 

2.70 x 10" 

7.38 10-5 

3-14 10-3 

2.60 10-3 

5.78 x 10" 
--- 

3.47 10-3 
3.43 x 10-3 
2.32 10-3 
5.34 10-3 
2-83 10-3 
4.15 10-3 
1.80 x 
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The variables ER, and ER,, were calculated using the following equations: 

r 1 

1 
= m, 

where 

C O G  = number of V O O  + radon 
= 4 Solid Waste Landfill 
= 3 Lime Sludge Ponds 
= 5 South Fieldhactive Flyash Pile 

Da(Ea)3.33 
De = ( F 4 2  

August 1994 

(C.5-4) 

(C.5-5) 

(C.5-6) 

(C.5-7) 

The term ExC in Equation C.5-4 is the fraction of the VOC in the pore space that is emitted to 

the atmosphere during excavation. All variables are defined in Table C.5-6. Values of molecular 

weight, vapor pressure at 25"C, and diffusivity in air at 25°C are given in Table C.5-7. 

Equation C.5-4 is based on the assumption that the soil pore gas is saturated with the COC of 

interest. 

The results of the calculations to determine VOC emissions are presented in Table C.5-8. After 

the total VOC emission rates due to excavation and soil handling were calculated, the Nearfield 

Box Model was used to estimate the air exposure concentration for the remedial worker. The 

calculation is shown in Table C.5-9. . 
Drver VOC Emission Rates 

Gaseous emissions from the dryer would be very low because of the high boiling temperatures 

and low vapor pressures of PAHs, Aroclors (PCBs), and the insecticide dieldrin. To quantlfy 

gaseous emissions from the dryer, it was assumed that soil agitation by the rotary kiln dryer 

(assumed operating temperature of 120 to 150°C) would release the contaminant-laden soil pore 

C-5-10 080216 
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gas to the off-gas system and then to the atmosphere. The off-gas system would have dust 

controls which reduce particulate emissions to an insignificant rate. Gaseous emissions would be 

released in a submit-specific ratio of pore space emissions to total quantity of COC available for 

release. This ratio was multiplied by the COC soil concentration and the dryer process rate to 

determine the gaseous emission rate of the COC. The maximum receptor unit concentrations 

(based on a unit emission rate of 1 g/s, from ISCLT2 modeling) for each dryer were added and 

multiplied by the COC gaseous emission rate to determine a maximum receptor exposure 

concentration for a COC. Table C.5-10 lists the calculations used to determine receptor 

concentrations. COC properties are listed below. Values were taken from the Hazardous 

Chemicals Desk Reference Lewis 1991). 

cot Boiling Point 
Aroclor-1254, -1260 340-375°C 
Benzo( a)pyrene 3 10-3 12°C 

@10mm Hg 
Carbazole 354.8"C 

Dieldrin --- 
7 7  

L . Radon Emission Rates 

10 

Melting Point 
_-- 

179°C 

244.8"C 

150°C 

Miscellaneous 
--- 
Insoluble in water 

Vapor pressure: 
400 mm Hg @323.0°C 
Insoluble in water 

The emission rate of Rn-222 from diffusion was determined from Ra-226 soil concentrations using 

the RAECOM model developed for the NRC (NRC 1984). The model accounts for the half-lives 

2 

3 

of Rn-222 and Ra-226 as well as the density, porosity, moisture content, and depth of 4 

contaminated layers and over layers in estimating a Rn-222 exit flux. Multiplying the exit flux by s . 
the diffusion area results in an emission rate. Calculated exit fluxes are summarized below. . 6  

RAECOM input files and a sample output are presented in Attachment C.I. The diffusion area 7 

was assumed to be 150m2. Table C.5-8 lists the Rn-222 diffusion emission rate for all subunits. 8 

Subunit 
Solid Waste Landfill 
Lime Sludge Ponds 
South Fieldhactive Flyash Pile 
Active Flyash Pile 

RAECOM Exit Flux 
ipCi/m*/s) 

.7209 

.7209 
1.352 
2.433 

7300217 
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TABLE C.5-6 
INPUT VARIABLES FOR EMISSIONS EQUATIONS 

~~ 

Variable Definition 
~~ 

Units Value 
~~ 

P 
MW 
R 
T 
Ea 
S" 
Q 
106 
EXC 

C 
10,Ooo 
SA 

K.9 
kp 

1 

E, 

De 
t 

M 

~~ ~ 

Vapor pressure 
Molecular weight 
Gas constant 
Temperature 
Air-filled porosity 
Volume of soil moved 
Excavation rate 
Conversion factor 
Soil-gas to atmosphere 

exchange constant 
Concentration in soil 
Conversion factor 
Emitting surface area ) 

Equilibrium coefficient 
Gas-phase mass transfer 

coefficient 
Pi 
Total porosity 
Time" 
Effective diffusivity in air 
Total mass of COC 

mm Hg 
g/g-mol 
mm Hg-cm3/g-mol O K  

OK 
Dimensionless 
m3 
m3/sec 
cm3/m3 
Dimensionless 

g/cm3 
cm2/m2 
m2 
Dimensionless 
cdsec 

Dimensionless 
Dimensionless 

cm2/sec 
g 

SeC 

COC-specific 
COC-specific 

62,361 
298 

0.440 
Area-specific 

0.01 

0.1 
- 

COC-specific - 
Assumed 150 m2 

0.15 
COC-specific 

3.14 
0.43 

COC-specific 
COC-specific 

Other Variables Required to Calculate Certain Variables Listed Above 
t, 

B Bulk density g/cm3 1.5 
P Particle density g/cm3 2.65 

Time to excavate a given SeC - 
volume of soil 

"a Diffusivity in air cm2/sec COC-specific 
U Wind speed dsec 2.0 
P a  Viscosity of air g/cm-sec 1.81 x lo4 
de Diameter of excavation m Area-specific 

'See Page 11 of Appendix A for discussion of time term. 

SOURCE: EPA (1992€'), RAWPA, standard chemical reference manuals, and EPA review 
comments of other Operable Unit RAs. 

08021.8 
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TABLE (2.5-7 
INPUT VARIABLES FOR EMISSIONS CALCULATIONS 

Vapor Pressure Diffusivity 
Molecular Weight at 25°C In Air 

coca tglg mole) tmm Hg) tcm*/s) 

Aroclor- 1254 
Aroclor- 1260 
Bern( a)pyrene 
Dieldrin 

327.00 
~ 

6.00 x lo-' 1.04 x -10Ib 
370.00 4-05 10-5 1.04 x 10-I 

380.91 1.78 x lo" 1.04 x 10-lb 
252.32 5.68 x lo4 4.30 x 

\ 

'Since vapor pressure is 400mm Hg at 323.0°C, Carbazole is assumed to be nonvolatile during OU2 remedial activities. 

bCOCspecific value could not be found. The diffusivity of Aroclor (PCB), CAS No. 1336-36-3, was used. 

TABLE C.5-8 
EXCAVATION GASEOUS EMISSIONS 

South Field/lnactive 
Solid Waste Landfill Lime Sludze Ponds Active Flyasb Pile Flvash We 

Soil soil soil soil 
Diffusion Pore Diffusion Pore Diffusion Pore Diffusion Pore 

Space spa= spa= spa= 

0 
COC 

Aroclor 1254 (us )  1.78 x 10' 1 . 5 ~  10" 1.83 x 10' 1.47 x lo7 - - 1 . 4 2 ~  10' 1 . 4 7 ~  l(r7 

- 3.06 x 10' 1.14 x l W 7  

Benzo(a)pyrene (us) 2.58 x lo3 , 9 . 4 ~  5.3 x lod 9.4 x lo"* - - 3.89 x lo'' 9.44 x 10j2 

I -- - - - 5.28 x 104 5.0 x 1010 

Aroclor 1260 (us) 2.78 x 10' 1.14 x lo7 _- -- -- 

Dieldrin (g /s )  -- 
Radon (pCis) 108.1 1,278.8 108.1 1,701.0 365.0 17,292 202.8 1,9265 

'Since vapor pressure is 400 mm H,O at 323.0°C, carbazole is assumed to be nonvolatile during OU2 remediation. 

000219 
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TABLE 42.5-9 

RADON AND VOC AIR CONCENTRATIONS (Ca) FOR THE REMEDIAL WORKXR 

Near Field Box Model (RAWPA Section 6.3.1.3): 
Ca = Q/(Hb)(Wb)(Um) (C.5-8) 

Ca = concentration of COC in ambient air on site (pCi/m3)(mg/m3), 
Q = emission rate of COC (pCi/s or mg/s), 
H, = downwind exposure height (1.83 m), 
W, = width of crosswind dimension of contaminated area (assumed to be 45m), and 
U, = average wind speed, 4.61 m/s (RAWPA Table 6-7). 

c o c / s  ubunit 0 (ds) Ca (dm") 

Solid Waste Landfill 
Benzo( a)pyrene 
Aroclor- 1254 
Aroclor- 1260 
Carbazole 
Dieldrin 
Rn-222 (pCi/s) 

Lime Sludge Ponds 
Benzo( a)pyrene 
Aroclor- 1254 
Aroclor-1260 
Carbazole 
Dieldrin 
Rn-222 (pCi/s) 

5.28 x 10" 
1.83 10-5 

--- 

--- 
1.81 x I d  

South Field/lnactive Flyash Pile 

Aroclor-1254 1.42 x lo-' 
Benzo( a)pyrene 3-89 10-5 

Aroclor- 1260 3.06 x lo-' 
Carbazole 0.00 x loo 
Dieldrin 5.28 x 10" 
Rn-222 (pC;/s) 2.13 x I d  

Active Flyash Pile 
Benzo( a)pyrene 
Aroclor-1254 
Aroclor-1260 
Carbazole 
Dieldrin 
Rn-222 (pCi/s) 

6.80 x 10" 
4.69 x 10" 
7.32 x 10" 
0.00 x loo 

--- 
3.65 x loo pCi/m3 

1.39 x 10" 
4.82 x 10" 

--- 

--- 
4.77 x IO' pCi/m3 

1.02 107 
3.74 x 10" 
8.06 x 10" 
0.00 x loo 
1.39 x 10" 

5.61 x 10' pCi/m3 

000220 
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TABLE 425-10 

AIR EXPOSURE CONCENTRATIONS FOR THE OFF-PROPERTY 
RECEPTOR DUE TO DRYER EMISSIONS 

Dryer 
Remedial Dryer Dryer Soil Proass 

Volume Volume Time Operation Operation Density Rate 
Subunit (Dried-yd3) (Dried-m3) (Months) (Months) (Sec) (g/cm3 (g SOWS) 

Solid Waste Landfill 7000 53525 14 13 8.05 x 15 997.4 

Lime Sludge Ponds 7100 5428.9 16 15 929 x 15 876.8 
Inactive Flyash Pile 6900 5276.0 34 33 2 0 4 x  10+7 15 3873 

South Field 11000 8411.0 23 2.2 1 . m  10+7 1.s m2 
South Fieldnnactive Flyash Pile 17900 13687.1 57 55 3.41 x lo+' 1.5 6028 

Active Flyash Pile 700 535.2 24 23 1.42 x 1 0 + ~  1.5 56.4 

Mar Slack Total Pore space Fraction of Total Mas 
Soil Conc Emission Rate APallabk R e k  (Pore S p a 4  Reaptor Corn 

COC (a%& Ws) (%hr) (%hr) Total Available) wm3 

SoM waste L e n d i l l l b  

Benzo(a)pyrene 10.72 1.07 x 7.30 x lo-' 3.40 x 104 4.66 x 10" 1.49 x lo-'' 

Aroclor-lZ4 0.048 4.79 x lo-' 330 x loo 5 3 0  x 104 1.61 x 104 231 x loLo 
Aroclor-1260 0.077 7.68 x leJ s 3 0 x  loo 4.10 x 104 7.14 x lo-' 1.78 x lo-'' 

Carbazole 4.2 

Dieldrin 

- - -  - - -  - - -  - - -  - - -  
\ - - -  - - -  - - -  - - -  - - -  

a 
- - -  

h e  Sludge Ponds' 

Benzo(a)pyxne 0.19 

Aroclor-1254 0.043 
Aroclor-1+ - - -  
Carbazole - - -  
Dieldrin - - -  

South Pieldnnactlve Flyash Pileb 

Benzo(a)pyrene 0.18 

Aroclor-1254 0.043 

Aroclor- 1260 0.089 

Carbazole 0.001 

Dieldrin 0.016 
, .  

1.67 x lo* 
3.77 x lo-' 

- - -  

1.09 x lo* 
2.59 x l W J  

5.37 x lo-' 
- - -  

9.65 x 106 

1.20 x loo 

290 x loo 

6.10 x loo 
- - -  

1.10 x loo 

'AFF' soil is not contaminated with anv of the above listed COCs. 
Total maximum receptor unit concentration = 3.00 x lou (g/m')/(gk). a 

3.40 x lo-. 283 x 104 9.22 x 10-14 

5 3 0 x  104 1.83 x 104 1.42 x lo-'' 

4.10 x 104 6.72 x l@' 1.08 x l o - ' O  

- - -  - - -  - - -  
1.80 x 106 1.64 x lod 4.73 x l o - I '  

(2-5-15 
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'Ihe calculation of Rn-222 emissions due to soil pole space is based on the assumption that the 

soil concentration of Rn-222 is equal to the soil concentration of Ra-226. An emanation factor of 

one-Gfth was used to quantlfy how much Rn-222 was present in the pore space. However, pore 

space is shared with VOCs. The presence of VOCs limits the pore space available to Rn-222 and 

it was assumed that Rn-222 and VOCs would occupy the pore space equally. It was also assumed 

2 

3 

4 

5 

that during excavation all pore space Rn-222 would be released when soil is dropped onto a 6 

7 storage pile. This emission rate was calculated using the following equation: 

ERE, = pore space emission rate of Rn-222 (pCi/s), 
Ra-226 soil concentration (see Table C.5-4), 

pore space factor (l/[total number of gaseous COC present in soil 

= 
= Emanation factor (.2), 
= 

c, 
E F  
PSF 

DS = soil density (1.5 g/cm3), 
Q = excavation rate (.01 m3/s), and 
CF = conversion factor (lo6 cm3/m3). 

including Rn-222), 

Table C.5-8 lists the Rn-222 pore space emission rate for all subunits. As with VOC emissions 1 0 
resulting from excavation and soil handling, the total Rn-222 emission rate was used in the Near z 

Field Box Model to estimate the air exposure concentration for the remedial worker. The 3 

4 calculation is shown in Table C.5-9. 

C.5.1.2 Direct Radiation Fate and Transport Modelins 5 

Direct radiation exposure can be quantitatively modeled when measurement data are not 6 

available. This section describes the modeling used to estimate penetrating gamma radiation dose 

rates to remediation workers during phases of cleanup that involve excavation or removal of waste 
7 

8 

material that is a source of significant gamma radiation. Section C.5.1.3 discusses the dose rates 

received during remedial alternatives involving the transportation of waste to a disposal facility. 
9 

10 

C.5.1.2.1 Direct Radiation Modeling Technical Approach I 1  

Remedial workers are receptors impacted by direct radiation. Direct exposure doses were 12 

calculated for an excavation-area remedial worker, an on-site dump truck driver, and a worker at 

the loadinghtaging area for gondola railcars. To model direct radiation exposure, the following 
13 

000222 
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items were considered: source geometries, the presence of shielding between the radiation source 

and the receptor, and the distance between the source and receptor. 

Radiation dose rates for planar source geometries (which may or may not involve shielding 

materials) and for nonplanar source geometries were modeled using the MICROSHIELD 4.1 

code. MICROSHIELD was developed for use on personal computers by Grove Engineering 

(Grove 1988) and uses the same algorithms as ISOSHIELD, a m a w m e  code developed by 

Battelle Northwest Laboratories (Engle 1966). MICROSHIELD contains a variety of source 

geometries used in RUFS risk assessments and is suitable for operable-unit-specific modeling. 

MICROSHIELD presents the estimated dose rate from a given configuration in three forms: 

activity (photons/sec), gamma flux energy density (MeV/cm2/sec), and dose rate (mradhr). Basic 

- information requirements can be grouped into three categories: source term configuration, 

shielding arrangement, and receptor/detector placement. 

The composition of the source is characterized by information on the types and densities of the 

source materials and the types and concentrations of nuclides in the source. Information on 

materials located between the source and the receptor (including air) allows the code to calculate 

the degree to which the gamma rays emitted by the source are attenuated. In addition, the code 

can use information on the chemical and physical properties of the shielding and source materials 
F- 

4 

to estimate any additional exposure caused by scattering (buildup). 

Receptor location determines the thickness of the air gap between the receptor and the source. 

The air gap provides additional shielding since gamma exposures decrease as a function of 

distance from the source. 

C.5.1.2.2 Direct Radiation Modeling Results 

Workers at the excavating and staging areas of the site may be exposed to direct radiation from 

contaminated soil and from resFpended dust resulting from remedial activities. The input 

parameters used in MICROSHIELD to calculate exposure are shown in Table C.5-11. 

MICROSHIELD results are summarized in Table C.5-12. 
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TABLE C.5-11 
MICROSHIELD INPUT PARAMETERS 

Source volume of direct exposure to remedial worker during excavation: 
Diameter = 20 m; Depth = 2 m; Volume = 6.28 x lo8 cc; 
Mass = 1.07 x 109g (1.7 g/cc for source strength); 
Density = 1.5 g/cc (for self shielding). 

Roll-off Truck: 
Length = 4.57 m; Width = 2.44 m; Height = 1.37 m; 
Volume = 1.53 x lo7 cc; 
Mass = 2.60 x lo7 g (1.7 g/cc for source strength); 
Density = 1.5 g/cc (for self shielding). 

Train Gondola Car: 
Length = 16.0 m; Width = 2.90 m; Height = 1.37 m; 
Volume = 6.36 x lo7 cc; 

Density = 1.5 g/cc (for self shielding only). 
 ass = 8-85 x 107 g; 

Remediation crews work 10 hourdday, 4 daysheek. 

Remedial activities produce mechanical suspension of soil particles in air at a 
concentration of 600 pg/m3. 

Note: COC soil concentrations are presented in Table C.5-4. 

TABLE C.5-12 
MICROSHIELD OUTPUT (mR/hr) 

Direct Expo sure Immersion 
On-property Rail On-property Excavation Excavation 

Subunit Remedial Worker Transportation Remedial Worker Remedial Worker 

5.16 10-3 1.11 x 1.59 x ' 7.10 x lo-'' Solid Waste Landfill 
Lime Sludge Ponds 2-65 10-3 5-66 10-3 8.18 10-3 3.52 x lo-'' 
South Fieldfinac tive 4.48 10" 9-63 10-3 1.38 x 6.51 x lo-'' 

Flyash Pile 
Active Flyash Pile 8.48 1 0 3  1.82 x 2.63 x 1.13 10-9 

(PO0224 
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C5.1.3 Transwrtation Modeling 

The analysis of potential impacts in this FS requires consideration of the radiation dose and risk 

to potential receptors as a result of transporting radioactive waste to an off-site disposal facility 

via gondola railcar. Potential receptors include on-property remediation workers, rail crewmen, 

and the public along the transportation route. The proposed off-site disposal facility is 

EnviroCare in Utah. Off-site disposal would be used for Alternative 3, under which all 

contaminated soils are transported off-site, or for Alternative 6, under which only the waste 

exceeding the WAC is transported off-site. 

This transportation analysis includes two distinct cases: incident-free transportation and 9 

transportation involving vehicular accidents. One waste configuration was used in the analysis of IO 

both cases. 11 

C.5.1.3.1 Transportation Modeling Technical Amroach 12 

Transportation of radioactive material involves a wide range of events with potential for 13 

environmental impact. For the remediation of Operable Unit 2, material to be disposed would be 

loaded into a gondola railcar and covered. The radiation exposure levels would be noted, railcars 

labeled with the appropriate information, and a shipping bill prepared. The railcar would then be 

14 

1s 

16 

put aside until transportation actually begins. After at least 159 railcars are accumulated, the 17 

18 covered gondolas would be taken to EnviroCare for final disposal of the radioactive material. 

RADTRAN 4 (version 4.0.16, April 12, 1994) was used to evaluate the radiological consequences 

of both incident-free transportation and transportation involving vehicular accidents. Sandia 

19 

m 

National Laboratories developed the original RADTRAN code in 1977. The analytical 

capabilities of the code have been expanded and refined in subsequent versions. 

21 

22 

The current version of W T R A N  4 contains advances in the handling of route-related data and 

in the treatment of multiple-isotope materials. It can perform route-specific analysis, model the 

risk from transportation of multiple-isotope materials, analyze multiple-package shipments made 

up of dissimilar packages, and calculate the maximum individual in-transit dose. RADTRAN 4 

contains idealized mathematical models of transportation environments; these models have been 

23 

24 

z 

26 

n 
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formulated to yield conservative estimates of integrated population dose in a way that can be 
supported by available data. These models neglect features of the transportation environment 

of divided highways). 4 

2 

that either do not affect the calculated risk values or reduce conservatism (e.g., the “divider width” 3 

C.5.1.3.2 RADTRAN Incident-Free Transportation Model 

In RADTRAN, the general population is divided into eight exposable population subgroups: 

crewmen, flight attendants, warehouse personnel (at EnviroCare), passengers on railcars, public 

along storage depots, public along transportation route, people in the Vicinity of the transporting 

vehicle while it is stopped, people surrounding the transport link on which the vehicle is moving, 

and people sharing the transport link with the vehicle. Of these eight population subgroups, only 

six were computed for this analysis (Figure C.5-3). The dose to flight attendants was not 

computed because the method of transportation is railcar. The dose to passengers on railcars was 

not computed because the railcar will be restricted to transportation personnel only. Total doses 

(in person-rem) were computed for each of the six subgroups relevant to Operable Unit 2. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 0 Table C.5-13 identifies the common input parameters used in the incident-free model. The 

amount of soil shipped to the disposal facility varies by alternative and final residual risk level. 

Table C.5-14 presents the results for the single shipment RADTRAN run. 

16 

17 

C.5.1.3.3 Transportation Accident Model 

Two factors were considered when evaluating impacts of accidents that involve vehicles carrying 

radioactive shipments: probability and consequence. The probability that an accident releasing 

radioactive material will occur can be described in terms of the expected number of accidents of a 

given severity for each transport mode, together with the package response to such an accident. 

The consequences of an accident are expressed in terms of the potential effects of the release of 

a specified quantity of radioactive material to the environment or the increased direct exposure of 

persons to ionizing radiation resulting from damaged package shielding. 

18 

19 

m 

21 

22 

23 

24 

25 
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LATENT ECONOMIC 
EFFECTS IMPACTS 

PUBUCAROUND PUBUC ALONQ 
STORAGE DEPOTS (ATPNIROCARE) 

FIGURE C.5-3 
COMPONENTS OF RADIOLOGICAL IMPACT EVALUATED BY RADTRAN 

FOR OU2 REMEDIAL ACTMTIES 
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TABLE C.5-13 
COMMON INPUT PARAMETERS FOR INCIDENT-FREE RADTRAN MODEL 

Parameter Value Units 
Gondola Rail Cars Per Shipment 
Number of Shipments 
Dose Rate at lm  (Transport Index) 
Travel in Rural Population Zone 
Travel in Suburban Population Zone 
Travel in Urban Population Zone 
Velocity in Rural Population Zone 
Velocity in Suburban Population Zone 
Velocity in Urban Population Zone 
Number of Crewmen 
Distance from source to crew 
Number of Handlings 
Stop Time per Kilometer 
Minimum Stop Time per Trip 
Zero Stop Time per Trip 
Minimum Number of Rail Inspections 
Persons Exposed While Stopped 

159. 
1 

8.5 x 

82 
14 
4 
64 
40 
24 

5 
64 

1 
3.3 x lo-* 

10 
60 

2 
100 

Average Exposure Distance While Stopped 
Storage Time per Shipment 
Number of Exposed Persons During Storage 
Average Exposure Distance While In Storage 
Number of People per Vehicle on Link 
Fraction of Urban Travel During Rush Hour 
Fraction of Urban Travel on City Streets 
Fraction of Rural-Suburban Travel on Freeways 
Traffic Count Passing a Specific Point-Rural Zone 
Traffic Count Passing a Specific Point-Suburban Zone 
Traffic Count Passing a Specific Point-Urban Zone 

20 
8 

20 
100 

3 
0 
1 
0 
1 
5 
5 

Rail Cars 
Trains 

mrem/hr 
% of total 
% of total 
% of total 

kmlhr 
kmlhr 
km/hr 
People 

m 
Trains 
h r h  

hr 
hr 

Imp. 
People 

m 
hr 
hr 
m 

People 
Unitless 
Unitless 
Unitless 

Carsrime 
Carsrime 
Carsrime 

*The number of packages for determining the dose to crew members was reduced to 1 rail car. 
The contribution from the trailing 158 cars would be negligible due to self-shielding. 
RADTRAN 4 does not take self-shielding into consideration in calculating dose. 
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TABLE C.5-14 
RADTRAN INCIDENT-FREE SUMMARY FOR ONE SHIPMENT 

Population Subgroup Person-rem 
Rail Crew 0 4.2 x lod 
Handlers (at EnviroCare) 2.22 x 
Public Along Route 4.94 10-3 
Public Passing On Trains 5.59 x lo4 
Public Along Stops 8.16 x 10-3 
Public Around Storage Depots 9.3 x 10' 
Total to Public 3.74 x 

Total for All Population Subgroups 3.74 x 10-2 

Accidents were assigned a severity category ,ased upon the duration and temperature of fire 

van transport), or puncture impact speed  (for rail transport). Eight severity categories were 

considered for this case (Table C.5-15). 

1 

occurring during the accident, and either impact speed (air transport), crush forces (for truck and 2 

3 

4 

RADTRAN uses four quantities which depend on severity category: accident severity fraction 5 

6 (n), release fraction (RF), aerosolization fraction (AER), and respirable fraction (RESP). The 

severity fraction is a three-dimensional array which defines the probability that transport accidents 7 

for each of the allowable-modes will occur in each of three population zones and each of the 

eight severity categories. Table C.5-15 identifies the default RADTRAN accident severity 

fractions used in the accident model. Table C.5-16 identifies the release fractions by severity 

group- 11 

8 

9 

10 

TABLE C.5-15 
RADTRAN ACCIDENT SEVERITY FRACTIONS 

BY POPULATION DISTRIBUTION AND SEVERITY GROUP 

Severity Group Rural Suburban Urban 
1 3.56 x lo-' 3.13 x lo-' 5.72 x 10' 
2 2.14 x lo-' 1.88 x lo-' 3.43 x 10-l 
3 3.85 x lo-' 4.51 x lo-' 7.72 x loe2 
4 3.85 x 10-l 4.51 x lo-* 7.72 x lo-* 
5 6-41 10-3 3.38 10-3 5.14 x 10' 

7 3.42 x lo4 3.76 10-~ 8.57 x lo4 
6 6.48 x 10' 1.63 x 10' 1.86 x 

8 6.41 x loe5 3.13 x lod 7.15 10-7 

000229 C-5-23 



FEMP-OUZFSRA-5 DRAFI' 
August 1994 

TABLE C.5-16 
RADTRAN RELEASE FRACTIONS BY SEYERITY GROUP 

Severity Group Release Fraction 
0 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
1 

Consideration of packaging strength of a train gondola car as a function of severity is included in 

the release fraction. This parameter varies from 0 to 1, depending on the relative damage done 

to the gondola car in the accident. If RF  is 1, the gondola car is totally destroyed from a material 

1 

2 

3 

containment point of view. If RF is 8, the gondola car is unbreached (although not necessarily 

undamaged) and the material is fully contained. Intermediate values describe conditions of 

4 

5 

increasing gondola car failure ranging from microfractures to catastrophic failure. 

Transported materials are classified according to their dispersibility based on the shipment size 

and the ChemicaVphysical properties of the material. The dispersion category in turn determines 

the fractions aerosolized and respirable. Figure C.5-4 shows the decision tree structure used to 

make this classification. The Operable Unit 2 soil was modeled as Category V, Small Loose 

Powder. 

The aerosol fraction specifies the fraction of material released from a package in aerosol form. 

The aerosol fraction used in the accident model was 0.1 and was based on material dispersibility 

of 5 (small base powder). Only those particles less than approximately 10 microns in aerodynamic 

diameter pose an inhalation hazard. The respirable fraction was introduced to quantify this 

12 

13 

14 

f 1s 

respirability fraction as a function of material dispersibility class and accident severity. 16 

C-5-24 
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MATERIAL DlSPERSlBlUM 
DESCRlPnON CATEooRY 

NONDISPERSIBE - 1  

IMMOBILIZED * II 

LOOSE CHUNKS * 111 

LAROE- N 

SMW- v 

- V I  

-Em-L 
71 SINTERED 

wmncuun (SPENT FUEL) 

- vlI 

DISPERSIBLE 

VOLATILE - SUEUJME AND SOLUTION 

LARGE PACKAGE vlll 

SMALL PACKAQE * l x  

LIQUID 

_ -  

FIGURE C.5-4 
MATERIAL, DISPERSIBILITY CATEGORIES 

The respirability fraction used in the accident model was 0.05 and based on the same material 

dispersibility of 5. In terms of ground contamination, all airborne particles are significant so the 

respirability fraction was not included. Table C.5-17 lists the accident results for one shipment. 

I 

. , 

C-5-25 00023% 



FEMP-OUZFSRA-5 DRAFT 
August 1994 

TABLE (2.5-17 
RADTRAN ACCIDENT SUMMARY FOR ONE SHIPMENT 

Expected No. of Consequences of 
Population Severity Accidents Per One Shipment 

Density Group Shipment (person-rem) 

Urban 1 
2 
3 
4 
5 
6 
7 
8 

Urban Total 

Suburban 

Rural 
Suburban Total 

1 
2 

Rural Total 

Overall Totals 

1-07 10" 
6.41 x 10' 
1.44 x 10' 
1.44 x 10' 
9-61 
3.48 x 10" 

1-34 10-9 
(2 10-3) 

1.6 x 10" 

o x  10' 
2.84 x 10' 
5.68 x 10' 
8.51 x 10' 
1.13 x I d  
1.42 x I d  
1.70 x 102 
2.84 x I d  

NA 

2.59 x 10' 0 x 10' 
1.56 x 10' 6 . 6 0 ~  10' 
3.74 x 10' 1.32 x 10' 

1.98 x 10' 
2.6 x 10' 

3.74 105 
2.8 x lo4 
1.35 10-~ 3.29 x 10' 

3.95 x 10' 
2.59 6.59 x 10' 
3.12 x 10" 

(8.29 x lo4) 
9.1 10-5 
5.47 10-5 
9.84 1 0 - ~  
9.184x 10" 
1.64 x 10" 
1-66 
8.74 x 10" 

2.56 x 10' 
1.64 x 10" 

3.1 10-3 

NA 
0 x 10' 

1.23 x lo-' 
2.46 x lo-' 
3.69 x lo-' 
4.92 x 10'' 
6.15 x lo-' 
7.38 x 10'' 
1.23 x 10' 

(NA) 

NA 
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C.5.2 RESIDUAL RISK MODELING 1 

Fate and transport modeling was conducted to determine the impacts &om the movement of 

COCs remaining in residual (postremediation) soil. Transport mechanisms modeled include 

groundwater, air, and farm products. The objective of this effort is to predict the future 

2 

3 

4 

concentrations of residual COCs at receptor locations, under assumed conditions. The following 

sections summarize the fate and transport modeling conducted for groundwater and air transport, 

s 

6 

as well as the transport of COO through food products. For a detailed discussion of the 

groundwater and air modeling effort, see Appendix D of the FS report. 

7 

8 

C.5.2.1 Groundwater Fate and Transport Modeling 9 

Operable Unit 2 subunits to potential human receptors. Different exposure scenarios were 

modeled, but all of the source terms can be identified as residual soils, in situ containment of 

Groundwater fate and transport modeling was used to simulate residual COC movement from the io 

11 

12 

waste with a cap, or waste deposited in an engineered disposal cell. Fate and transport models 

provide the only means of predicting potential groundwater concentrations at receptor locations 
13 

14 

in the future under assumed conditions. The following models were used: IS 

The Universal Soil Loss Equation (USLE) was used to estimate erosion potential 16 
in lo00 years 17 

0 Hydrological Evaluation of Landfill Performance (HELP) was used to estimate 18 

ext3tration and infiltration rates 19 

0 ODAST/SWIFTLOAD was used to predict COC movement through the vadose 20 

zone and prepare input files for the SWIFT III model 21 

0 SWIFT III was used to predict contaminant movement through the Great Miami z 
Aquifer 23 

Only a brief description of the methodology used to quantitatively predict COC concentrations is 24 

presented here. For a more complete description of the methods and parameters used for the 

Operable Unit 2 modeling, refer to Appendix A of the Operable Unit 2 RI report. 
25 

26 

C.5.2.1.1 Groundwater ConceDtual Model n 

The geology of the FEW site, is dominated by glacial sediments. Well sorted sand and gravel 

interbedded with sand and gravel glaciofluvial stringers (the glacial overburden) overlie the 

28 

glacial outwash forms the regional Great Miami Aquifer. A sequence of fine-grained till deposits 29 

30 

000233 
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glaciofluvial material of the Great Miami Aquifer. The migration of COG from sources to the 
groundwater begins with the infiltration of rainwater (Figure C.5-5). Fluid and/or leachate 

entering from the waste areas migrates first through the glacial overburden (if present), then 

tkough the unsaturated outwash deposits, and finally into the Great Miami Aquifer. 

2 

3 

4 

Based on characteristics of the geology underlying the Operable Unit 2 subunits and the on-site 

disposal facility, a conceptual model was developed for the pathways between the disposal areas 

and receptor locations. Three active pathways for COC migration from the Operable Unit 2 

source areas to the Great Miami Aquifer were identified for future conditions in Appendix D.l: 

Vadose zone pathway: 
Migration of COCs from the waste unit laterally and vertically through the vadose 
zone to the aquifer is designated as the vadose zone pathway. 

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

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Perched water subsurface seep pathway: 15 

:; @ Lateral migration of COCs occurs when perched water in sand and gravel layers 
within the glacial overburden come in contact with waste material. Perched water 
moves laterally in the sand layer until it is intercepted at the sand/gravel and waste 

interface until it comes in contact with the unsaturated Great Miami Aquifer. This 

18 . 

20 

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

water containing COG then vertically infiltrates to the aquifer. 

19 

21 

C.5.2.1.2 Groundwater Modeling Technical Amroach 22 

This section presents a summary of the modeling procedures and assumptions that were used for 23 

Operable Unit 2 risk assessment modeling. Additional information is provided in Appendix D of 24 

this FS report and Appendix B of the RI report. 25 

The groundwater COG identified in the Operable Unit 2 RI report are the uranium isotopes. Of 26 

these isotopes, only U-238 was modeled, to more efficiently use computation time. AU of the 

uranium isotopes are assumed to have the same flow and transport properties; thus, modeling 

results for U-238 were used to predict concentrations of U-234, U-235/236, and total uranium. 

n 

28 

29 

000234 
pE3uou2IFsRARJEwI0u2FsRA.a c-5-28 



r) 

0 
C 
0 
N 
c 

1333 OL 
A l 3 l V W l X O k l d d  

000235 



FEMP-OUZbRA-5 DRAF" 
August 1994 

U-238 concentrations in 7.6 x 7.6 x 0.76 meter (25 x 25 x 2.5 foot) blocks were estimated using 
three-dimensional kriging for each media type. Average waste concentrations in each 38 x 38 2 

meter (125 x 125 foot) SWIFT III grid cell were then calculated from all blocks within each cell. 

Source terms for residual soils were determined by evaluating the U-238 concentration isopleths 
. 

on a block-by-block basis against the cleanup criteria selected for the alternative. The source term 

3 

4 

s 

for fate and transport modeling for consolidation and placement under a cap was based on 6 

I maximum detected U-238 concentration in each media type. 

Vadose zone modeling was performed by using the leachate concentrations as input into a one- 8 

dimensional- unsaturated flow model to simulate transport through the vadose zone to the Great 

Miami Aquifer. The One-Dimensional Analytical Solute Transport (ODAST) model was used to 

simulate dispersion, retardation, and decay through unsaturated materials. The HELP model was 

used to estimate infiltration rates. 

9 

IO 

1 1  

12 

The improved and calibrated SWIFT groundwater flow model was then used to simulate the 13 

solute transport of C O G  in the Great Miami Aquifer. First, the vadose zone modeling results 
(for the vadose zone and perched water infiltration pathways) were incorporated into SWIFT as :: 0 
the loading rates to the Great Miami Aquifer from the subunits or disposal areas. The model 16 

then simulated the transport of COCs away from these source areas. Dispersion, retardation, and 

decay were factored into the COC transport process. SWIFT III simulations of COC transport in 
17 

18 

the Great Miami Aquifer were run for up to lo00 years. 19 

The loading from each grid cell impacted by the subunit was entered into the SWIFT III model as 
a discrete source, making multiple sources for each COC. Due to the proximity of the Inactive 

Flyash Pile to the South Field (and their similar geologies), sources from these two subunits were 

20 

21 

zz 

combined in one SWIFT III run. The modeling runs produced simulations of the aggregate 23 

24 effects of loading from these two subunits for the COG. 

C.5.2.1.3 Results of Residual Groundwater Modeling 25 

concentrations at specific receptor locations. For the on-property resident farmer, receptor 

Groundwater modeling was used €or this risk assessment to estimate the maximum groundwater 26 

n 

29 

locations were selected at the points where the highest U-238 concentrations were predicted to 

occur in groundwater, beneath each subunit, over the 1000-year modeling period. The South 
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Field and Inactive Flyash Pile as previously stated, were modeled together and have a cominon a 1 

receptor location. 2 

The on-property resident farmer scenario also includes the use of perched water from beneath 3 

the Solid Waste Landfill and Lime Sludge Ponds. For these two subunits, the assumption was 4 

made that the current perched water contamination would be completely remediated by Operable s 

Unit 5. For future contamination, the leachate concentrations from the residual waste were 6 

conservatively assumed to be representative of perched water concentrations. This approach does 

not incorporate the effects of dilution or dispersion in the perched zone. Therefore, the perched 

water receptor could be considered to be located at any point in the Solid Waste Landfill or Lime 

7 

8 

9 

Sludge Ponds where perched water is directly beneath the subunit. The C O G  for perched water 

are identified in the Operable Unit 2 RI report as carbazole, Tc-99, and the uranium isotopes for 

the Solid Waste Landfill, and Tc-99, Np-237, Sr-90, and the uranium isotopes for the Lime Sludge 

IO 

11 

12 

Ponds. 13 

For the off-property farmer, the closest point to each area at which a hypothetical farmer could 

install a well would be along the FEMP fenceline. Groundwater modeling was used to identify 

the  specific point along the fenceline at which the plume of contaminated groundwater from each 

area would reach the highest concentration over the 1000-year modeling period. This point was 

then used as the receptor location for its associated source area. 

0 
. ,  

As with the on-property resident farmer, the South Field and Inactive Flyash Pile were modeled 

together, and also have a common off-property receptor. In addition, the Active Flyash Pile was 

modeled separately for most alternatives, but was combined with the South Field and Inactive 

Flyash Pile for Alternative 2 (Consolidation and Capping). This was done because wastes from all 

three areas will be consolidated together. The single location identified by the model 

at the fenceline that had the highest U-238 concentration over the loo0 years was selected as the 

receptor location for all three sources areas. 

14 

15 

16 

17 

18 

19 

a0 

21 

22 

23 

24 

25 

Additional information on the groundwater modeling procedures and assumptions is presented in 26 

Appendix D. The predicted maximum concentrations of the C O G  in groundwater at each 

receptor location for the alternatives under each land-use scenario are listed in Table C.5-18. 

27 

28 
\ 
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TABLE C.5-18 
RESULTS OF RESIDUAL, GROUNDWATER MODELING: 

EXPOSURE POINT CONCENTRATIONS 

Alternative 2 Alternative 3&6 (Federal) Alternative 3&6 (Private) 
COG On-Property Off-Property On-Property Off-Property On-Property Oft-Property 
G m e  Sludge Ponds 
GMA 

U-234 
u-235 ' 

U-238 
Uranium-Total 

Perched Groundwater 
Np-237 
Tc-99 
Sr-90 
U-234 
u-235 
u-238 
Carbazole 

Solid Waste Landfill 
GMA 

u-234 
u-235 
u-238 
Uranium-Total 

Perched Groundwater 
Np237 
Te-99 
Sr-90 
U-234 
u-235 
u-238 
Carbazole 

South Field Area 
GMA 

u-234 
u-235 
u-238 
Uranium-Total 

1Xlo-4  
l X l O 4  
lXlo-4 
1x107 

7x104 
7x lo4 
7xlW 
210-6 

32x10' 
1.7x10-' 
3 .6~ 10' 
l.lxl02 

Disposal Cell (Alternative 6 Only) 
GMA 

u-234 
u-235 
u-238 
Uranium-Total 

1x10s 
1x10s 

1XlW 
1x10'5 

7xlW 
7x104 
7x104 
2x104 

4.5x 10 
2.4~10' 
5.0xlO'' 
1 . 5 ~  10) 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3.7~10' 

4.1x102 
1.2x10-4 

2 . 0 ~  103 

21x10'. 
1. lx 102 
2.3~10' 
6.9Xlo-4 

5 . 6 ~  10' 
2.9X10' 
6.Ix1Oo 
1.8x102 

6.6~10' 
3 . 5 ~  IO2 
7.210' 
2.2~10-3 

6.3~10' 
3 . 3 ~  1 0' 
7.0XlO" 
21x103 

'Modeling results are presented in pCiA for radionuclides and mgl for all other COO. 
GMA = Great Miami Aquifer 
NA = Not applicable 

1.9~103 

zoxio-3 
l.oxlo-4 

6.0~104 

93x10' 
1.6x102 
5.6xlW 
6.4~ lo-' 
3.4~16' 
7.0~10' 

NA 

24x1U2 

2 .6~10~ 
8.Oxlo-2 

1.mo-3 

NA 
1 . 6 ~  1U2 

NA 
6.1x10' 
3.2~10' 
6.7xlW' 
4.7xlW 

1.8x10' 
1.ox10-2 
20x10' 
6.1xlo-4 

7.1x1Cts 
3 . 7 ~ 1 0 ~  
7 . 8 ~ 1 0 ~  
23x107 

3.1x1W2 

3.4~10' 
1.ox10' 

2x10'3 

63x10' 
3 . 3 ~  1 0' 
7.Ox10-' 
21x103 

000238 
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These exposure point concentrations are used in the risk assessment equations shown in Section 

C.3.2. Results from these calculations are presented in Section C.7.0. The uranium isotopes were 

not all modeled separately, but instead were calculated as a ratio of the U-238 modeling results. 

Appendix D provides a detailed description of this process. 

I 

2 

3 

4 

(2.5.2.2 Air Fate and Transport Modeling 5 

The following discussion briefly describes the conceptual model and technical approach used to 

conduct air pathway fate and transport modeling for the FS residual risk assessment. The 

objective of this analysis was to determine the on and off-property annual average air-contaminant 

6 

7 

II 

concentrations from the remediated Operable Unit 2. 9 

C.5.2.2.1 A i r  Modelinp Conceptual Model 10 

Wind erosion and resuspension of particulate matter represents a viable transport pathway for all 11 

contaminated surface soil in Operable Unit 2. Under windy conditions, surface soil particles can 12 

be resuspended and dispersed in the atmosphere. The particulate matter emission rate from the 13 

surface depends on the ambient wind speed, representative size of surface soil particles, moisture I4 0 content and crustiness of the soil, and quantity of vegetative cover on the surface. I5 

Emission and dispersion of Rn-222 gas from surface soil containing Ra-226 represents another 

viable COC transport pathway. The emission rate of Rn-222 depends on the concentration of 

16 

17 

Ra-226 in the soil, the soil moisture content and porosity, the depth of Ra-226 contamination, and 18 

the presence or absence of cover layers over the contaminated soil layer. 19 

The subsequent dispersion of contaminated particulate matter or Rn-222 gas was determined from 20 

statistical summaries of wind speed, wind direction, atmospheric stability, ambient temperature, 21 

and mixing height. n 

C.5.2.2.2 Air Modeline Technical Approach 

Six major steps were required to achieve the objective of the air modeling: ’ 

1. Potential air quality impacts for each land use were qualitatively defined. 

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

c-5-33 
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3. The RAECOM model was used to determine the radon emission rates form each of the 
identified source areas. 2 

4. The particulate emission model was used to determine particulate emission rates from 

determine the COC-specific emission rate from each identified source area. 

3 

Operable Unit 2 sources areas. Site-specific soil concentration data were used to 4 

5 

5. Additional inputs to the air dispersion model, such as meteorological data and receptor 
locations, were obtained or developed. 

6 

1 

6. The air dispersion model (ISCLT2) was used to determine COC air concentrations. 8 

Figure C.5-6 presents the sequence and interactions of these steps. Table C.5-19 summarizes the 

major air pathway fate and transport modeling components. The results horn this modeling were 

used as exposure point concentrations in the residual risk assessment (Section C.7.0). 

9 

IO 

I1 

Source Term AssumDtions for Air Transport Analvsis 12 

The residual risks from Operable Unit 2 were evaluated for Alternatives 2, 3, and 6 (see 13 

Section C.2.1 for a summary of the alternatives). Air fate and transport analysis for Alternative 2 

was conducted only for the federal ownership land-use scenario. Therefore, the PRGs for the 

expanded trespasser and/or off-property farmer were assumed to set the upper limit on residual 

14 

I5 a 16 

surface soil contamination levels (see Section 2.0 of this FS for a discussion of PRGs). The air 17 

analysis for Alternatives 3 and 6 were conducted for both land-use scenarios. The PRGs for the 

expanded trespasser and/or off-property farmer were assumed to set the upper limit on residual 

1s 

I9 

surface soil contamination levels for the federal ownership scenario while the PRGs for the on- a0 

property resident farmer were assumed to set the upper limit on residual surface soil 21 

contamination levels for the private ownership scenario. n 

Air Emission Sources and Air Contaminants 23 

A total of 373 areas sources were used to analyze Operable Unit 2 residual air concentrations. 

These sources were combined into 13 source groups such that each source group contained 

7.4 

i5 

sources with identical emission rates. The COC concentrations in soil used to develop emission 

rates are presented in Appendix D.2 of this FS report. 

1 

n 

000240 
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Run RAECOM for 
Rn-222 Emission Rates 
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Objective A i r  Impacts 
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Run ISCLT2 
For Air 

Concentrations 

Input to ISCLT2 
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Input to ISCLT2 
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I 

Receptor Location 
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i 
Input Results to 

Residual Risk Assessment 

FIGURE C.5-6 
SEQUENCE OF AIR FATE AND TRANSPORT MODELING TASKS 
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TABLE C5-19 

MAJOR COMPONENTS OF THE AIR EMISSION AND DISPERSION MODELS 

Model Description and Use 

RAECOM Computer model developed by the NRC (NRC 1984) to simulate the 
emission of Rn-222 gas from soil and material containing Ra-226. 
R4ECOM was used in this modeling effort to estimate the Rn-222 
emission rate from FEMP surface soils and through cover soils placed 
over on-property consolidation areas. The output from RAECOM 
was used as input to ISCLT2. 

Particulate Matter 
Emission Equations 

Presented in Rapid Assessment of Exposure to Particulate Emissions 
jkom Surface Contamination Sires (EPA 1985), these equations were 
used in this modeling effort to estimate particulate matter emissions 
from surface soil caused by wind erosion. The results from these 
equations were used as input to ISCLT2. 

ISCLT;! Computer model developed by the EPA (EPA 1992e) to simulate the 
dispersion of gas-phase and particulate-phase COG emitted to the 
atmosphere. ISCLT2 was used in this modeling effort to predict the 
airborne concentrations and deposition rates of COCs emitted from 
the FEMP surface soils. The output from RAECOM and particulate 
matter emission models were used as input to ISCLT2. 

SOURCES: 
NRC 1984 for RAECOM. 
EPA 1985 for emission equations. 
EPA 1992e for ISCLT2. 

Gaseous Contaminant Emission Rates 

Emissions of Rn-222 were assumed to be the only gas-phase COC dispersed in the atmosphere. 

Volatile organics were assumed to have decayed to negligible levels prior to the time period 

studied by this residual risk analysis. Radionuclides, semivolatile and nonvolatile organics, and 

inorganics were assumed to be transported with the particulate emitted from the site. 

Rn-222 emissions were determined from the Ra-226 concentrations in surface soil using the 

RAECOM model developed for the NRC (NRC 1984). The model accounts for the half-lives of 

Rn-222 and Ra-226 as well as the density, porosity, moisture content, and depth of contaminated 

layers and cover layers in estimating Rn-222 emission rates. 
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Particulate Matter Emission Rates 

Radionuclide, inorganic, and organic COCs were assumed to be present in the suspended 

particulate matter emitted from the site. The emission rate for each COC in this particulate 

matter was calculated from the concentration of the COC in the exposed soil and from the 

estimated site-wide annual particulate matter emission rate. For concentration calculations, the 

emission rate of particulate matter less than 10 micrometers in diameter (PM,,) was used. For 

deposition rate calculations, the emission rate of total suspended particulate (TSP) was used. The 

modeled PM,, concentrations were multiplied by 2 to obtain the TSP concentrations 

(EPA 1993e). 

The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for io 

estimating wind erosion rates from flat soil surfaces at hazardous waste sites (EPA 1985). This 11 

guidance has been adopted by the EPA €or Superfund sites (EPA 1992e): The EPA methodology 

- assumes that a minimum wind speed is required for the suspension of respirable dust, and that the 

12 

13 
i: 

emission rate is a nonlinear function of the "threshold friction velocity" (TFV) and the erosion 14 

potential of the site, which depends on the modal diameter of the soil particles. Very fine soils IS 

(those with small modal diameters) have low TFVs and high potential €or erosion by wind. 16 

In addition to modal diameter, other factors such as the amount of nonerodible elements (gravel 

and pebbles with diameters greater than approximately 1 centimeter), the crustiness of the surface 

soil, and the amount of vegetative cover effect the quantity of soil that can be resuspended by the 

17 

1s 

19 

wind. m 

Meteorological Data 

Meteorological data characterizing the transport and dispersion conditions of an area are needed 

as input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric 

stability, ambient air temperature, and mixing height. Measurements for all of these 

meteorological parameters, except mixing height, have been recorded at the FEMP site as part of 

a comprehensive environmental monitoring program since August 1986. Mixing heights were 

determined from atmospheric soundings made twice daily by the National Weather Service. The 

nearest National Weather Service station is in Dayton, Ohio. 

c-5-37 000293 



FEMP-OUZFSRA-5 D M  
August 1994 

Receutor Locations 

Two receptor grid systems were used in the ISCLT2 model to determine on-property air 

concentrations. Each grid system includes receptor points on 121 x 121 meter (400 x 400 foot) 

intervals. The second system is offset 60.5 meters (200 feet) north and 60.5 meters east from the 

first, resulting in an effective 83 x 83 meter (283 x 283 foot) grid system over the center of the 

FEW. These grid systems include 985 points located across the FEW. An additional 36 

receptor points were located on the property line around the FEW to determine the off- 

property air concentrations. 

Disuersion Coefficients 

U.S. Geological Survey (USGS) maps and a site survey of the area indicate that industrial, 

commercial, and compact residential land use comprise no more than 10 percent of the area 

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

the purposes of air dispersion modeling, indicating the use of rural dispersion coefficients would 

be appropriate. 

Air Disuersion Model 

The ISCLT2 model (EPA 1992e) was designed by the EPA to assess the air quality impact of 

emissions from a wide variety of sources. It incorporates a steady-state gaussian plume equation 

that is applicable in flat or gently rolling terrain, for multiple-point, area, and volume sources. 

The ISCLT2 model calculates the annual average concentration due to airborne emissions at user- 

selected receptor locations, based on sector-averaged statistical wind summaries. Data required 

for input to the model include source emissions rates, the locations and configurations of sources, 

statistical summaries of wind speed, wind direction, atmospheric stability, and mixing height, and 

the locations of the selected receptors. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

0 
16 

17 

18 

19 

20 

21 

zz 

23 

This model is recommended by the EPA for air pathway analysis of Superfund sites (EPA 1989a). 24 

It is also identified as an acceptable air transport model in the RAWPA (DOE 1992). 25 

Model Outuut Processing 26 

The air dispersion modeling analysis was simplified by running the ISCLT2 model with an n 

29 

assumed emission rate of 1.0 g/s/m2 for each area source. Options of the ISCLT2 program were 

used to group sources and write the grouped results to a plot tile. The ISCLT2 source group 

000299 
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results were multiplied by the product of the PM,, emission rate and the surface soil 
concentrations in Appendix D (Attachment D.2.1) to determine the COC-specific annual 

calculate the COC concentrations from the ISCLT2 model output and emissions data. 

1 

2 

concentrations presented in Appendix D (Section D.2-V) of this FS. Spreadsheets were used to 3 

4 

6.5.2.2.3 Air Modeling Results 

The modeled maximum annual average COC air concentrations are presented in Tables C.5-20 

through C.5-28. The tables present a summary of subunit-specific projected air concentrations per 

alternative. The values presented are the maximum on-property concentrations and maximum off- 

property (FEMP fenceline) concentrations. Maximum on-property values represent the exposure 

point concentrations for the on-property farm receptors. Maximum off-property numbers 

represent the exposure point concentrations for the off-property farm receptors. Based on a 

comparison of the maximum off-property and average on-property concentrations, the maximum 

5 

6 

7 

8 

9 

10 

11 

12 

off-property concentrations were also used to represent conservative concentrations for receptors 13 

that were assumed to roam or wander over the operable unit (i.e., the expanded trespasser). 14 

c-5-39 
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TABLE (25.20 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOYE BACKGROUND) FOR CONSOLIDATION AND CAPPING WlTH 

FEDERAL OWNERSHIP: SOUTH FIELD AREA (SF/AFP/IFP) 

COC 

Maximum On-Propem Maximum Off-Prowrty 

Deposition Deposition 
Concentration Rate Concentration Rate 

Radionuclides @Ci/m3 or pCi/m*/s) 

Cs-137 0.00 

Np-237 2.84 x lo4 

Pu-238 0.00 

Ra-226 3.65 x 10" 

Ra-228 1.16 x 10" 

Sr-90 2.29 x 10-5 

Tc-99 5.06 x 10-6 

Th-228 0.00 

Th-230 1.67 x lo5 
Th-232 0.00 

U-234 9.12 x lo5 
U-235/236 1.45 x lo5 
U-238 9.47 x 
Inorganics and Organics (ug/m3 or ug/m*/s) 

Antimony 0.00 

Aroclor 1254 2.31 x lo7 
Aroclor 1260 0.00 

Arsenic 6.09 x lo5 
Benzo(a)ant hracene 0.00 

Benzo( a) pyrene 0.00 

Benzo@)fluoranthene 0.00 

Benzo(k)fluoranthene 0.00 

Beryllium 4.59 x lod 

Dibenzo(a,h)anthracene 0.00 

Indeno( 1,2,3-cd)pyrene 0.00 

Uranium (total) 1.06 x 10" 

Carbazole 0.00 

Dieldrin 0.00 

0.00 

1.02 x lo4 
0.00 

1.32 x 10-8 

4.16 x lo9 
8.24 x lo4 

1.82 x 10-8 

0.00 

6.02 x 10-8 

0.00 

3.28 x io7 
5.22 x 10-8 

3.41 x lo7 

0.00 

8.30 x 10'' 

0.00 

2.19 x lo7 
0.00 

0.00 

0.00 

0.00 

1.65 x 10-8 

0.00 

0.00 

0.00 

0.00 

3.83 x 10-6 

c-5-40 

0.00 

1.75 x lo7 
0.00 

1.90 x io7 
6.12 x 10-8 

1.12 x 10" 

234 x io7 
0.00 

8.64 x 10' 

0.00 

4.24 x 10-6 

6.69 x lo7 
4.55 x 10-6 

0.00 

1.06 x 10-8 

0.00 

2.84 x 10-6 

0.00 

0.00 

0.00 

0.00 

2.12 x 10' 

0.00 

0.00 

0.00 

0.00 

5.15 x 10' 

0.00 

6.29 x 10" 

0.00 

6.84 x lo'' 
2.20 x 10" 

4.02 x 10-9 

8.41 x 10"' 

0.00 

3.11 x lo9 
0.00 

153 x 10-8 
241 x lo9 
1.64 x 10-8 

0.00 

3.83 x 10" 

0.00 

1.02 x 10-8 

0.00 

0.00 

0.00 

0.00 

7.62 x 10" 

0.00 

0.00 

0.00 

0.00 

1.85 x 107 
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TABLE C.5-21 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL 

WITH FEDERAL OWNERSHIP: SOLID WASTE LANDFILL 

Maximum On-Property Maximum Off-Propertv 

COC 
Deposition Deposition 

Concentration Rate Concentration Rate 
Radionuclides @Ci/m' or pCi/m2/s) 
(3-137 
Np-237 
Pu-238 
Ra-226 
Ra-228 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
u-234 

0.00 
9.36 x 
4.68 x io7 

0.00 
0.00 

1.71 x lo4 
0.00 
0.00 

2.64 x lod 
0.00 

6.08 x lo7 
U-235/236 0.00 
u-238 5.57 x lod 
Inorganics and Organics (ug/m' or ug/m*/s) ' 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)€luoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3-cd)pyrene 
Uranium (total) 

5.29 x 10' 
0.00 
0.00 
0.00 

6.78 x lo7 
6.08 x lU7 

0.00 

4.91 x lo7 
2.57 x la7 

0.00 
4.91 x lo7 

6.78 x 10-7 

9.36 x 1 0 7  

1.01 x 105 

0.00 
3.37 1 0 9  

1.68 x 1u9 
0.00 
0.00 

6.15 x lo9 
0.00 
0.00 

0.00 
2.19 x lo9 

0.00 
2.00 x 10-8 

9.52 x 10-9 

1.90 107 
0.00 
0.00 
0.00 

2.44 x 1 0 9  
2.44 x 1 0 9  

3.37 x 10-9 

2.19 x lo9 
0.00 

1.77 x lo9 
9.26 x 10" 

0.00 
1.77 x lo9 
3.62 x 10-8 

0.00 
2.55 x 10-8 
1.28 x 10-8 

0.00 
0.00 

4.66 x 10-8 
0.00 
0.00 

7.21 x 10-8 
0.00 

1.66 x 10-8 
0.00 

1.52 x lo7 

1.44 x 10-6 
0.00 
0.00 
0.00 

1.85 x 10-8 
1.85 x 10-8 
1.66 x 10" 

0.00 
2.55 x 10" 
1.34 x 10" 

0.00 
1.34 x lo4 
2.74 x lo7 

7.02 x 1 0 9  

0.00 
9.19 x 10'' 
4.59 x 10" 
, 0.00 

0.00 
1.68 x 10-l0 

0.00 
0.00 

2.59 x 10" 
0.00 

5.97 x 10" 
0.00 

5.47 x 10'O 

5.19 x 
0.00 
0.00 
0.00 

6.66 x 10" 
6.66 x 10" 
5.97 x 10" 

0.00 
9.19 x 10" 
4.82 x 10" 
2.53 x 10" 

0.00 
4.82 x 10" 
9.87 x lo-'' 
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TABLE C5-22 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-Sm DISPOSAL 

WITH FEDERAL OWNERSHIP: LIME SLUDGE PONDS 

COC 

~ _ _  ~ ~ ~ 

Maximum On-Propem Maximum Off-Propem 
Deposition Deposition 

Concentration Rate Concentration Rate 
Radionuclides @Ci/m3 or pCi/m%) 
Cs-137 0.00 
Np-237 4.33 x io7 
Pu-238 0.00 
Ra-226 0.00 
Ra-228 0.00 
Sr-90 1.80 x 104 
Tc-99 0.00 
Th-228 0.00 
Th-230 1.73 x 106 
Th-232 0.00 

~ U-234 0.00 
U-2351236 0.00 
U-238 0.00 
Inorganics and Organics (ug/m3 or ug/m2/s) 

Aroclor 1254 0.00 
Aroclor 1260 0.00 

Antimony 0.00 

Arsenic 2.23 x 105 
Benzo(a)anthracene 0.00 
Benzo(a)pyrene 0.00 
Benzo@)fluoranthene 0.00 
Benzo( k)fluoranthene 0.00 
Beryllium 0.00 
Carbazole 0.00 
Dibenzo(a,h)anthracene 0.00 
Dieldrin 0.00 
Indeno( 1,2,3-cd)pyrene 0.00 
Uranium (total) 3.63 x los 

0.00 
1.56 x lo9 

0.00 
0.00 
0.00 

6.48 x lo9 
0.00 
0.00 

6.24 x lo9 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

8.02 x lo4 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

1.31 x lo7 

0.00 
6.19 x lQ9 

0.00 
0.00 
0.00 

2.57 x 10-8 
0.00 
0.00 

2.48 x 10-8 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

3.19 x lo7 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

5.19 x lo7 

0.00 
2.23 x 1 0 ' O  

0.00 
0.00 
0.00 

9.26 x 10" 
0.00 
0.00 

8.91 x 10" 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

1.15 x lo9 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.87 x lC9 
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TABLE C.5.23 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 

WITH FEDERAL OWNERSHIP SOUTH FIELD AREA (SF/AFP/IFP) 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL 

Maximum On-Property Maximum Off-Prowrty 

Deposition Deposition 
COC Concentration Rate Concentration Rate 

Radionuclides @Cum' or pCi/m*/s) 
CS-137 0.00 

Np-237 3.62 x 10-6 
Pu-238 0.00 
Ra-226 3.67 x 10-6 
Ra-228 5.93 x lod 

Tc-99 8.67 x lo4 
Th-228 2.73 x 106 

Th-232 1.03 x 10-6 
Ur-234 3.10 x lo5 

Sr-90 . 2.99 x 10-~ 

Th-230 9.28 x 1 0 5  

Ur-235/236 2.93 x 1 0 5  

Ur-238 1.97 x 1 0 5  

Antimony 0:00 
Inorganics and Organics (uglm' or uglm*/s) 

Aroclor 1254 3.26 x 10-6 
Aroclor 1260 2.81 x lo7 
Arsenic 8.22 x lo5 
Benzo(a)anthracene 8.13 x lob 
Benzo (a) pyrene 1.33 x 10' 
Bern@) fluoranthene 1.18 x 10' 
Benzo(k)fluoranthene 1.18 x 10' 
Beryllium 6.31 x 10-6 
Carbazole 0.00 
Dibenu,(a,h)anthracene 3.25 x lo4 
Dieldrin 7 . 1 7 ~  10-8 
Indeno( 1,2,3-cd)pyrene 4.58 x 10-6 
Uranium (total) 7.00 x 1 0 5  

0.00 
1.30 x 10" 

0.00 
1.32 x 10-8 
2.13 x 10" 

3.12 x 10" 
1.08 x 

9 . m  109 
3.34 x io7 

1.12 x io7 
1.06 io7 

3.72 x lo9 

7.08 x 108 

0.00 
1.17 x 10" 
1.01 x 10-9 
2.96 x lo7 
2.93 x 10-8 
4.79 x 10-8 
4.26 x 10" 
4.26 x 10" 
2.27 x 108 

0.00 
1.17 x 108 
2.58 x lo-'' 
1.65 x 10" 
2.52 x 

0.00 
2.50 x la7 

0.00 
1.89 x 1 0 7  

2.44 x 1 0 7  

4.44 x 10-~ 
1.62 x 10-6 

9.82 x 108 
3.89 x 106 
3.72 x 10-8 
1.66x 106 
1.44 x 106 
1.08 x 10-6 

0.00 

1.01 x lo4 
4.26 x 10-6 

4.78 x lC7 

1.23 x io7 

2.92 x 107 

4.25 1 0 7  

4.25 1 0 7  

3.21 x 
0.00 

1.17 x lo7 
2.57 x 
1.65 x lo7 
5.73 x 106 

0.00 
9.01 x 10" 

0.00 
6.79 x 10" 
8.80 x 10" 
5.85 x lo9 

3.54 x 1 0 ' O  
1.40 x 10-8 
1.34 x 10" 

5.18 x lo9 
3.89 x lo9 

1.60 x 1 0 9  

5.97 x 1 0 9  

0.00 
4.45 x 1 0 ' O  
3.63 x 10" 
1.53 x 10-8 
1.05 x lo9 
1.72 x lCT9 
1.53 x lo9 
1.53 x lo9 
1.15 x lo9 

0.00 
4.20 x 10" 
9.27 x lo-'* 
5.92 x 1 0 ' O  
2.06 x 10-8 

P 
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TABLE CJ-24 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SIlT DISPOSAL 
WITH PRWA’IX OWNERSHIP: SOUTH FIELD AREA (SF/AFP/IFP) 

COC 

Maximum On-Pmperty Maximum Off-Propertv 

Deposition Deposition 
Concentration Rate Concentration Rate 

Radionuclides @Cum3 or pCi/m2/s) 
Cs- 137 0.00 
Np-237 1.22 x 10’ 
Pu-238 0.00 
Ra-226 0.00 
Ra-228 0.00 
Sr-90 1.21 x 104 
Tc-99 0.00 
Th-228 0.00 
Th-230 6.59 x 10’ 
Th-232 0.00 
U-234 1.30 x 10’ 
U-2351236 0.00 
U-238 1.14 x 10’ 
Inorganics and Organics (ug/m3 or uglm2/s) 

Aroclor 1254 0.00 
Aroclor 1260 0.00 
Arsenic 0.00 

Antimony 0.00 

Benzo(a)anthracene 0.00 
Benzo(a)pyrene 0.00 
Benzo@)fluoranthene 0.00 
Benzo(k)fluoranthene 0.00 
Beryllium 0.00 

Dibenzo(a,h)anthracene 0.00 
Dieldrin 0.00 
Lndeno( 1,2,3-cd)pyrene 0.00 
Uranium (total) 2.48 x lo4 

Carbazole 0.00 

0.00 
4.38 x 10-8 

0.00 
0.00 
0.00 

4.35 x 1 0 7  

0.00 
0.00 

2.37 x lo7 
0.00 

4.67 x 10-8 
0.00 

4.11 x 10-8 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

8.94 x io-’ 

0.00 
1.13 x 106 

0.00 
0.00 
0.00 

5.57 x 106 
0.00 
0.00 

2.76 x 106 
0.00 

1.00 x 106 
0.00 

8.83 x lo7 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.52 x 10’ 

0.00 
4.06 x 10-9 

0.00 
0.00 
0.00 

2.01 x 10-8 
0.00 
0.00 

9.92 x 1 0 9  

0.00 
3.61 x lU9 

0.00 
3.18 x lo9 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

5.48 x 10-8 
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TABLE C5-25 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFF-SITE DISPOSAL 

WITH PRIVATE OWNERSHIP: LIME SLUDGE PONDS 

COC 

Maximum On-Property Maximum Off-Prowrty 

Deposition Deposition 

Concentration Rate Concentration Rate 

Radionuclides @Ci/m' or pCi/m2/s) 

Cs-137 0.00 

Np-237 2.23 10-7 

Pu-238 0.00 

Ra-226 0.00 

Ra-228 0.00 

Sr-90 2.45 x 

Tc-99 

Th-228 

Th-230 
* 0 Th-232 

0.00 

0.00 

2.28 x 10-~ 

0.00 

U-234 0.00 

1. : , U-235/236 0.00 

u-238 0.00 

Inorganics and Organics (uplm' or ug/m2/s) 

t- . 

Antimony 

Aroclor 1254 

Aroclor 1260 

Arsenic 

Berm (a)ant hracene 

Benzo(a)pyrene 

Benzo@)fluoranthene 

Benzo(k)fluoranthene 

Beryllium 

Carbazole 

Dibenzo(a,h)anthracene 

Dieldrin 

Indeno( 1,2,3-cd)pyrene 
Uranium (total) 

pER/0u2mmEw/0u2PRA.a 

0.00 

0.00 

0.00 

2.93 x lo4 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

8.04 x 10" 
0.00 
0.00 

0.00 

8.83 x 10-l' 

0.00 

0.00 

8.20 x lo8 ' 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.05 x 106 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

c-5-45 

0.00 

3.19 x lo9 
0.00 

0.00 

0.00 

3.50 x lCT9 
0.00 

0.00 

3.25 x 10' 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.19~ 106 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
1.15 x 18" 

0.00 

0.00 

0.00 

1.26 x 10" 
0.00 

0.00 

1.17 x la9 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.51 x 10-8 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 0 02.5 1 
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TABLE CJ-26 

PARTICULATEPHASE CONTAMINANT CONCENTRATIONS IN AIR 
(ABOVE BACKGROUND) FOR ON-SITE OR OFT-SITE DISPOSAL 

WITH PRIVATE OWNERSHIP: SOLID WASTE LANDFILL 

COC 

Maximum On-Prowrty Maximum Off-Prowrtv 

Deposition Deposition 

Concentration Rate Concentration Rate 

Radionuclides (pCi/m3 or pCi/m2/s) 

' Cs-137 0.00 

Np-237 1.32 x 1od 
Pu-238 6.15 x 106 

Ra-226 0.00 

Ra-228 0.00 

Sr-90 4.92 x io7 
Tc-99 0.00 

Th-228 0.00 

Th-230 2.37 x los 
Th-232 0.00 

u-234 2.46 x 10-6 

U-235/236 0.00 

U-238 0.00 

Inorganics and Organics (uglm3 or ug/m*/s) 

Antimony 4.09 x los 
Aroclor 1254 0.00 

Aroclor 1260 0.00 

Arsenic 0.00 

Benzo(a)anthracene 7.07 x io7 
Benzo( a) py-rene 

Benzop) fluoran t hene 

4.61 x 10-8 
4.30 x lo7 

Benzo( k)fluoranthene 0.00 

Beryllium 0.00 

Carbazole 1.98 x lo7 

Dibenzo(a,h)anthracene 1.41 x 10' 

Dieldrin 0.00 

Indeno( 1,2,3-cd)pyrene 2.24 x lo7 
Uranium (total) 0.00 

0.00 

4.76 x lo9 
2.21 x 10-8 

0.00 

0.00 

1.77 x lo9 
0.00 

0.00 

8.52 x 10% 

0.00 

8.85 x lU9 

0.00 

0.00 

1.47 x lo7 
0.00 

0.00 

0.00 

255 x lo9 
1.66 x 1 0 ' O  

1.55 x lo9 
0.00 

0.00 

7.12 x 10" 

5.09 x 10" 

0.00 

8.08 x 

0.00 

c-5-46 

0.00 

3.60 x 10-8 

1.68 x 1 0 7  

0.00 

0.00 

1.34 x 10-8 

0.00 

0.00 

6.45 x lo7 
0.00 

6.71 x 10-8 

0.00 

0.00 

1.11 x lod 

0.00 

0.00 

0.00 

1.93 x 10-8 

1.26 x lo9 
1.17 x 10-8 

0.00 

0.00 
5.39 x 109 

3.86 x 10'O 

0.00 

6.12 x lo9 
0.00 

000252 

0.00 

1.30 x 1 0 ' O  

6.03 x 10" 

0.00 

0.00 

4.83 x lo-" 

0.00 

0.00 

232 10-9 

0.00 

241 x 10'' 

0.00 

0.00 

4.01 x lU9 

0.00 

0.00 

0.00 

6.94 x 10'' 

4.53 x lou 
4.22 x 10" 

0.00 

0.00 

1.94 x 10" 

1.39 x lou 
0.00 

a 220 x 10'' 

0.00 
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TABLE CJ-27 

RADON-222 CONCENTRATION IN AIR FOR 
ON-SITE OR OFF-SITE DISPOSAL 

Maximum Maximum 
On-Property Off-Property 

Subunit or Source Concentration @cum’) Concentration @cum’) 

Private Ownership, On-Property Farmer 

Disposal Cell 2.90 x io4 
(On-Site Disposal Alternative Only) 

Federal Ownership, Expanded Trespasser 

Disposal Cell 
(On-Site Disposal Alternative Only) 

South Field Area 
(SF/AFP/IFP) 

5.62 x 10-6 

1.68 x loo 

TABLE C.5-28 

RADON-222 CONCENTRATION IN AIR FOR 
CONSOLIDATION AND CAPPING 

1.05 x 10-6 

2.03 x 10-6 

8.70 x 10’ 

Subunit or Source 

Maximum Maximum 
On-Property Off-Properly 

Concentration @cum’) Concentration @cum’) 

Federal Ownership, Expanded Trespasser 

South Field Area 
(SF/AFP/IFP/Consolidation Area) 

1.55 x 10’ 

Solid Waste Landfill 4.07 x 10’ 

Lime Sludge Ponds 2.37 x io-’ 

c-5-47 

8.00 x lo2 

1.12 x lP 

3.42 x lo9 

000253 
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C.5.2.3 Farm Product Fate Modeling 

This section describes the equations used to estimate residual exposure to chemicals and radionuclides 2 

from ingestion of contaminated farm products. 3 

C.5.2.3.1 Ingestion of Vegetables 4 

The equations used to estimate exposure to chemicals and radionuclides via ingestion of vegetables s 

irrigated with contaminated water are from the NRC (NRC 1977) and the EPA (EPA 1989b). This 6 

process involves estimating the concentrati0.n of the COC on and in the plant as a result of foliar 7 

deposition and root uptake. The model used to estimate the concentration in and on vegetation 8 

irrigated with contaminated water is (NRC 1977): 9 

(C.5-10) 

10 

l 1  @ 
For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977): 

(C.5-11) 

where 

effective depletion constant of i* COC on the plant surface (hr-'), 
effective depletion constant from root zone of soil (ld), 
radioactive or chemical decay constant of i* COC (hr-'), from Howard 1991, 
dry soil to wet plant (vegetables, forage, and h i t )  transfer coefficient of i* COC, 
concentration of i* COC in plants as a result of deposition of contaminated dust 
on plants (pCi/kg or mg/kg), 
concentration of i* COC in plants as a result of irrigating plants with 
contaminated water (pCi/kg or mgkg), 
dust deposition rate (pCi/m2/hr or mg/m2/hr), 
irrigation deposition rate (pCi/rn2/hr or  mg/m2/hr), 
fraction of year plant is irrigated (unitless), 
fraction of year plant is downwind (unitless), 
effective dry surface density of the soil (kg/m2), 
fraction of deposited dust retained on plant surface (unitless), 
fraction of water borne material retained on plant surface (unitless), 
period soil is exposed to airborne emissions (hr), 
period soil is exposed to contaminated water (hr), 

00025% 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 
23 
24 

25 
26 

29 
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te = growingseason(hr), 
th 
Y = agricultural yield (kg/m?, 

= duration of period between harvest and consumption (hr), and 

where 

1, = 1, + 1,. 

where 

where 

ciw 
I 
n 

Lid 

I(d 
hi *. 8 
(I 

'd 

VW 
Z 

= concentration of i* COC in irrigation water (pCi/I or m g ) ,  
= irrigation rate (Vm2/hr), 
= concentration of i* COC in dust (pCi/g or mg/g), 
= water to soil partitioning coeficient of COC (cm3/g), 
= leachate removal constant (hr-') 
= moisture fraction of soil in root zone (unitless), 
= density of soil in root mne (g/cm3), 
= deposition velocity for dust (g/m*/hr), 
= percolation rate (cmhr), and 
= depth of root zone (cm). 

concentration in the plant from root uptake of COG in the soil: 

Ck = (CJBJ(e-A6s) 

where 

c, = concentration of i* COC in plants as a result of root up ake from con 

4 

(C.5-12) 

(C.5- 13) 

6 
7 

(C.5-14) 
(C.5- 15) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

In addition to exposure to contaminated dust and imgation water, vegetables and livestock feed may 

be contaminated by root uptake from contaminated soil. The contribution by this pathway was 

estimated by the irrigation model; however, this pathway was also considered for areas that are not 

imgated with contaminated water but that exhibit surface soil contamination from historical 

deposition on the soil by other means. The following equation was used to estimate the COC 

1 

2 

3 

4 

5 

6 

(C.5 - 1 6) 
7 

8 

aminated 9 
soil (pCi/kg or mg/kg), and 
concentration of i* COC in dry soil at harvest time (pCi/kg or mgkg). 

10 
11 cs = 

FERlOUUFSRA/NEWIOUZFSRA.c5 c-5-49 000255 
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The total concentration of COG in vegetables (C,) was estimated using the following equation: 

c, = c,, + c, + Ck (C.5-17) 
2 

Equations of the same form were used to estimate the COC concentration in livestock feed, 

substituting concentration factors for livestock feed in place of those for vegetables ingested 

3 

4 

by humans. 5 

A summary of parameters used in the vegetable and forage uptake models is presented in 6 

Table C.5-29. Radioactive or chemical decay constants are presented in Table C.5-30. Transfer 7 

coefficients of COG from dry soil to wet plant material are presented in Table C.5-31. Source 8 

concentrations for farm product fate modeling are presented in Tables C.5-20 through C.5-26 9 

(Section C.5.2.2.3). 10 

C.5.2.3.2 Ingestion of Meat and Dairv Products 11 

Prior to the determination of intake following ingestion of animal products by humans, the 12 

concentration of chemicals and radionuclides in animal products must be estimated. The 13 

concentration of a COC in animal products, such as beef or milk, was estimated using the following 14 

equation (NRC 1977): 15 

(C.5-18) 

where 16 

- c, - 
- F, - 

concentration of i"' COC in the animal product (pC8 or mg/l for milk, pCi/kg or 17 

element (stable) transfer coefficient that relates the daily intake by an animal to 19 
the concentration of i"' COC in an edible portion of the animal product (dayfl for 20 

22 
consumption rate of contaminated forage by an animal (kg/day), 23 
concentration of i"' COC in livestock water (pCg or mg/l), 24 

25 
decay constant of i"' COC (hf'), and 26 
delay between harvest of animal product (milk or meat) and consumption (hr). 27 

mgkg for beef, 18 

milk, daykg for beef), 21 
concentration of i"' COC in forage (pCi/kg or mg/kg), 

consumption rate of contaminated water by an animal (Vday), 

Transfer coefficients of COG to milk or beef (F,) are presented in Table C.5-31. 

000254; 
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TABLE C.5-29 

SUMMARY OF PARAMEIXRS FOR VEGETABLEIFORAGE UPTAKE MODELS 

Paramete? Value Units Reference 

Irrigation Rate (I) 0.081 vm2/hr USDA 1970 
Typical Settling Velocity (vd) 
Percolation Rate (Vw) 
Depth to Root Zone (Z) 
Density of Soil (a) 
Moisture Fraction in Root Zone (e) 

6.48 m/hr EPA 1991 
0.00177 cm/hr DOE 1994a 

15 cm DOE 1994a 
1.5 g/cm3 DOE 1-994a 

0.17 unitless DOE 1994a 
Fraction of Deposited Dust Retained on Crops (rd) 
Fraction of Water Borne Material Retained 

0.25 
0.20 

0.0021 

1440 

720 
1.5 
0.8 

L D ~  
1.0' 

8,760,000 

8,760,000 

1 SOd 
24 

720 

0 

48 
48 

on Crops (rw) 

Plant Surface (AEi) 
Effective Depletion Constant of Contaminant on 

Growing Season for Vegetables and Fruit Crops 
(t,) 
Growing Season for Forage ( t d  
Agricultural Yield of Vegetables and Fruit Crop (Y) 
Agiicultural Yield of Forage cy> 
Fraction of Year Plants are Downwind (fd) 
Fraction of Year Plans are Irrigated (Sy) 
Period Soil is Exposed to Contaminated 

Period Soil is Exposed to Airborne 

Effective Dry Surface Density of the Soil ( p )  

Delay between Harvest and Consumption 

Delay between Harvest and Consumption of 

Water (t,J 

Emissions (tM) 

of Vegetables (t,,,,) 

Vegetables and Fruit (tk) 

of Forage (thg) 
Delay between Harvest and Consumption 

Delay between Milking and Consumption (tJ 
Delay between Slaughter and Consumption(t,) 

unitless 
unitless 

hr- ' 
hr 

hr 
kg/m2 
kg/m2 
unitless 
unitless 
hr 

hr 

kg/m2 
hr 

hr 

hr 

hr 
hr 

NRC 1977 
NRC 1977 

NRC 1977 

NRC 1977 

NRC 1977 
USDA 1979 
USDA 1979 

NRC 1977 
Assumed 

- 

Assumed 

USDA 1982 
NRC 1977 

Assumed 

NRC 1977 

NRC 1977 
NRC 1977 

' See the uncertainty analysis (Section C.8.0) for more information on these parameters. 
Location dependent. 
The fraction of time plants are irrigated is implicitly included in the irrigation rate. To avoid using this parameter twice 
in Equation 7-9 (RAWPA), fd has been set to 1.0. 
Corresponds to a density of 1.5 g/m3 and a depth of 10 cm. Moist bulk densities of surface soil range from 1.4 to 155 
g/m3 at the FEMP (USDA 1982). 

000257 
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TABLE C.530 
CHEMICAL AND RADIOACTIVE COC DECAY CONSTANTS 

Chemical 

Antimony 

Aroclor- 1254 

Aroclor- 1260 

Arsenic . 
Beryllium 

Carbazole 

Dieldrin 

Uranium (total) 

Radionuclides 

(3-137 

Np237 

Pu-238 

Ra-226 

Ra-228 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

u-235 

u-238 

ND = No data 
OU1 FS Report (DOE 1994c) 

4.50 x 10' 

8 . 8 6 ~  lo) 

1.07 x 10' 

2 0 x  102 

25  x 102 

ND 

ND 
ND 

1.37 x 10' 

5.0 x 10' 

1.0 x 102 
1.06 x 102 

1.06x 102 

2.50 x 10" 

7.0 x 10" 

3.2 x lo) 

3.2 x lo) 

3.2 x 10' 

1.48 x loo 

1.48x loo 

1.48x loo 

1.26 x lod 

6.42 x 10-9 

5.32 x lU9 

284 x 10-7 

227 x lo7 
5.02x 104 

5.28 x 104 

5.02x 104 

2 6 6 x  lab 

1.11 x 10-5 

1.47 x 104 

5.86 x 10-7 

8.06x 10-3 

1.43 x 10-' 

245 x lo5 
3 . 1 0 ~  104 

4.44 x 10-5 

1.88x lod 

1.78 x lod 

3.57 x 10-5 

3.57 x 10-5 

3.57 x 10' 

1 x 10-14 

0 

0 

1 x 10-14 

1 x 10-14 
1 x 10-14 

2.64 x 10-5 . 

1 x 10-14 

2.62 x lod 

3.70 x 16" 

9.02 x 10-7 

4.95 x lod 

137 x 10-' 

7.55 x 10-3 

277 x 10-6 

3.71 x lo-'' 

4.14 x lU5 

1.03 x lU9 

5.63 x lo5 
3.25 x 16'' 

1.12 x 10-13 

1.77 x W4 

1.26x 10-6 

6.42 x 10-9 

532x 10-9 

2aX 10-7 

227 x lU7 

5.02x 10-4 

5.02 x 10-4 
5.02x 10-4 

4.15 x lod 

1.11 x 10-5 

5 . a x  10-7 

5.36 x 10-7 

5.36 x 10-7 

5.02x 104 

218 x 10' 

3 . 1 0 ~  10-4 

1.78 x lod, 

1.78 x .lP 

1.78 x lod 

357 x 10-5 

357 x 10-5 

357 x 10-5 

F E R l o U 2 m ~ l o U 2 F s R A . c s  C-5-52 
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TABLE C.5-31 

K,, AND TRANSFER COEFFICIENTS 

Vegetable Forage 
COC K,,(cm3/g) Beef WFl.4 B Y2) Yl) 

Chemical 
Antimony 4.50 x 10' 1 10-3 1.0 x 10" 1.28 x 3.0 x 
Aroclor-1254 8.86 x I d  2.69 x lo-* 8.5 10-3 3.04 10-3 7.1 x 10-3 
~r0~ior-1260 1.07 x 104 3.52 x 10" 1.11 x 10-l 4-71 x 10-3 1.1 x 

Beryllium 2.5 x le 1.0 x 10-3 9.0 10-7 4.28 10-3 1.0 x lo-' 

Uranium (total) ND 2.0 x 10" 6.0 x 10" 3.64 10-3 8-50 x 10-3 

Arsenic 2.0 x I d  2.0 103 6.0 x 10-5 1.71 x 4.0 x lo-* 

Carbazole ND 8.14 x 10-5 2-57 10-5 1.55 x 10'' 3.62 x lo-' 
Dieldrin ND 9.12 x 10" 2.88 x 10" 3.83 x 8.96 x 

Radionuclides 
6-137 
Np-237 
Pu-238 
Ra-226 
Ra-228 
Rn-222 
Sr-90 
Tc-99 
Th-228 
Th-230 
Th-232 
u-234 
u-235 
U-236 
u-238 

a 

1.37 x I d  
5.0 x 10' 
1.0 x 102 

1.06 x 102 
1-06 x 102 

2.50 x 10' 
7.0 x 
3.2 x I d  
3.2 x I d  
3.2 x I d  

1.48 x 10' 
1.48 x 10' 
1.48 x 10' 
1.48x 10' 

2.0 x 
5.0 x 10-5 
5.0 x 10-7 

2.50 x 10" 
2.50 x 10" 

3.0 x 10" 

6.0 x 10" 
6.0 x 10" 
6.0 x 10" 
2.0 x lo4 
2.0 x 10" 
2.0 x lo4 
2.0 x lo4 

8.50 x 10-3 

7.0 10-3 

1.0 x 10-7 
5.0 x 10" 

4.50 x 10" 
4.50 x 10" 

1.50 10-3 
1.ox lo2 
5.0 x 10" 
5 . 0 ~  10" 
5.0 x 10" 
6.0 x 10" 
6.0 x 10" 
6.0 x 10" 
6.0 x 10" 

3.42 x lo2 

1.93 x 10" 
4.28 10-3 

6.42 10-3 
6-42 10-3 

1.07 x loo 
4.07 x 10' 
3.64x 10" 
3.64x lo4 
3.64 x lo4 
3.64 10-3 
3.64 10-3 
3.64 10-3 
3.64 10-3 

8.0 x 
1.0 x 

4.50 x 10' 
1.50 x 
1.50 x 

2.50 x 100 
9.50 x 10' 
8.50 x lo4 
8.50 x lo4 
8.50 x 10" 
8.50 x 10-3 
8.50 10-3 
840 
8-50 x 10-3 

c-5-53 



FEMP-OU2FSRA-5-DRAFT 
August 1994 

In addition to receiving intake from irrigated forage and water, cows may receive a significant intake 

from soil ingestion if the soil is also a source of contamination (Zach and Mayoh 1984). The 

following equation was used to estimate the concentration in the animal product from soil 

1 

2 

3 

ingestion (EPA 1989b): 4 

where 

C, = concentration of COC in soil (pCiAcg or mg/kg), and 
Q, = consumption rate of soil by livestock (kg/day). 

(C.5-19) 

1 

2 

3 

Animal Consumption Rates 1 

The following parameters were used to quantify the intake of COCs in food and water by beef and 2 

milk cattle at or near the FEMP: 

50 
50 

60 
50 

QI Q A "  Q. 
Feed or Forage" Water. Soilb 

Animal (kg wet weigbtlday) ( V W )  (WdaY) 
0.5 
0.5 

Milk cow 
Beef cattle 

'NRC 1977 
bZach and Mayoh (1984) 

Radionuclide and Nonradioactive Transfer Coefficients 

Transfer coefficients for radioelements and nonradioactive metals were tawen from B a a  et  al. (1984), 

Till and Meyer (1983) and EPA (1989d). The radiological properties of a t o m  do not effect their 

elemental transfer in the environment. The soil-to-plant transfer coefficient for edible plants ingested 

by humans and forage ingested by cattle used for intake models, in the absence of site-specific 

information, are listed in Table C.5-31. These factors are the ratios of the dry-weight concentration 

of an element in the reproductive or vegetative portions of the plant to the dry-weight concentration 

of the element in soil. Edible portions of the plant include grain kernels, fruits, and tubers. These 

portions are most representative of the plant foods ingested by humans. The list of elements is not 

all inclusive. The cited references were used to obtain values for additional COG in individual risk 

assessments as needed. 

. .  
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Transfer coefficients for organic chemicals were takendfrom Travis and Arms (1988). If a transfer 

coefficient was not readily available, the following regression equations based on the relationship 

between transfer and the octanol-water partition coefficient (L) were used to estimate transfer 

coefficients (Travis and Arms 1988): 

I 

1 

3 

Biv(*) (vegetables) log B, = 1.588 - 0.578 log K, (C.5-20) I 

F, (milk) log F, = -8.10 + log K, (C.5-2 1) b 

F, (beef) log F, = -7.6 + log K, (C.5-22) 1 

Chemical-specific K, values are available from several sources. The major source used for K, values 

was Hansch and Leo (1979). 

I 

9 

Concentrations in the aboveground vegetative part of plants were estimated using the following 

equation (Baes et al. 1984): 

m 

II 
I a 

civ = (CS)(Biv(l)) (C.5-23) I3 

where 

CN = concentration of the i* COC in vegetation (mgkg dry wt), 

u 

= maximum concentration in soil (mgikg dry wt), and 
= soil-to-plant transfer factor of the i* COC (mgikg dry wt plant per mg/kg dry wt 

I4 

c s  U 

soil). n 
BN(l) Y 

C.5.2.3.3 Results of Farm Product Fate Modeling IS 

The resulting COC concentrations in farm products, as modeled by alternative and by subunit, are 8 

presented in the risk calculation worksheets in Attachment C.m. These values have been 10 

incorporated into the intake equations presented in Section C.3.2. The risk results are presented in II 

Section C.7.0. n 

c-5-55 
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C.6.0 REMEDIAL ACTION RISK ASSESSMENT I 

Each remedial alternative involves a set of work activities. These activities incur varying degrees of’ 2 

physical hazards and human-health risks. This section presents the results of the risk estimates 3 

4 calculated for remedial action activities. 

C.6.1 REMEDIAL ACTION RISK CHARACTERIZATION METHODOLOGY 5 

The methods established in the RAWPA (DOE 1992) were employed to estimate potential physical 6 

hazards and human-health impacts from carcinogens and noncarcinogens to remediation workers, on- 

property nonremediation workers, off-property workers and individuals, and the public along the 

7 

a 

transportation route (for off-site disposal). The remedial action risk assessment evaluated receptor 

exposures via pathways from media impacted by remedial activities. 

transportation risks were evaluated for each remedial alternative. 

9 

10 

1 1  

Construction risks and 

Construction risks are the risks associated witli the industrial hazards posed by construction operations 12 

during the implementation of remedial activities, except those related the transportation of waste 13 

material off-site (i.e., by rail). Construction risks include risks related to excavation, waste 14 

processing, and waste packaging. The following equation was used to calculate risks due to 15 

construction: 16 

0 
Risk = (PH)(RC) (C.6-1) 17 

where 18 

Risk = risk of injury or fatality expressed as a probability, 19 

PH ’ = person-hours of construction work, (see Attachment II, Table C.11-21) and 20 

RC = injury or fatality risk coefficient (risWperson/hr). 2 i  

Risk factors (RCs) used are from the RAWPA: 22 

0 
0 

Injuries per man-hour = 3.4 x lo5 
Fatalities per man-hour = 5.0 x lo’ 

23 

24 

Construction risks from on-site trucking accidents were calculated separately, using the formula and 25 

risk factors presented in the RAWPA: 26 

Risk = (TM)(AC) (C.6-2) 27 

FEFUOU2/FSRA/NEW/OU2FSRA.C6 0811 7/94 C-6- 1 
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where 

Risk = risk of injury or fatality expressed as a probability, 2 

TM = truck miles for construction work, ( See Attachment II, Table C.11-22) and 3 

AC = injury or fatality risk coefficient (risWmile). 4 

Risk (ACs) factors are: 

0 
Fatalities per 4.1 x 
Injuries per mile = 2.1 x IO9 

5 

6 

7 

Transportation risks were evaluated separately for the rail transportation activities. These risks 8 

include exposure of the train crew to direct radiation, exposure of the public living along or using the 9 

transportation route to direct radiation, exposure of the public to material released from a 

transportation accident, and exposure of train crews and the public to nonradiologid hazards from 

10 

I 1  ' 

accidents. The RADTRAN model (Section C.5.1.3), which was used to quantify transportation risks, 

takes into account emergency response activities. The following equation was used to calculate risks 

12 

13 
~ 

due to transportation of waste to an off-site disposal facility: 14 

where 

Risk = (N)(CF)(RC) 

Risk = risk of injury or fatality expressed as a unitless probability, 17 

N = number of roundtrips made, ' 18 

RC = injury or fatality risk coefficient (risWmile). 20 

CF = mileage per round trip, and 19 

See Attachment C.11, Tables C.11-23 and 24 for N and CF values. Risk factors (RCs) are: 21 

0 
Public injuries per mile = 6.8 x 10-6 
Public fatalities per mile = 1.8 x 10-6 
Rail Worker injuries per mile = 4.6 x lo6 
Rail Worker fatalities per mile = 4.6 x lo-* 

22 

23 

24 

2s 

The sections below present the remedial action risks quantified for construction and transportation 26 

activities for each alternative. 27 

000263 
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C.6.2 REMEDIAL ACTION RISKS 
Remedial action risks were evaluated for impacts to potential human receptors from implementation of 

each remedial alternative. This section presents the remedial action risks quantified for the four 

remedial alternatives. For each alternative, construction risks are presented first, then transportation 

risks. Tables summarizing risk and hazards to potential receptors are provided by alternative. 

Complete calculation sheets of the risk values are presented in Attachment C.11. Note that 

Alternative 1, No Action, has no short-term impacts and was not evaluated in this section. 

Evaluations for on-site activities are discussed in order of airborne pathways, dermal pathways, direct 

radiation, and industrial hazards for each alternative. Transportation risks were evaluated for 

incident-free transportation (i.e., no accidents) and for accidents during rail transport. The risks from 

activities conducted in the South Field and Inactive Flyash Pile have been combined because the 

analytical information on COC concentrations was combined in the RI. 

Estimates of excavation duration were developed from engineering estimates for each phase of the 

remediation activities. The time spent at actual physical remediation was the longest time period for 

any direct exposure to contaminated materials by airborne pathways, dermal pathways or direct 

radiation exposure. This activity was evaluated in most cases, as the bounding remediation activity 

for.each alternative. Workers may be involved in more than one remediation activity, but because 

this activity will be occurring over a long period of time, workers may be limited to only this 

activity. Risks at the majority of other activities will be considerably less because of factors such as 

shielding, limited volumes, limited activity duration, etc. In those cases where a possibility existed 

for significant risks, the other activities were also evaluated. 

Based on assessment of South Field data, it would require 3 to 4 times less volumes and hours 

required to remediate under federal ownership land use, than under private ownership. Therefore, 

only the Private Ownership land use has been evaluated for risks from COG. It can be expected that 

risks under the Federal Ownership land use will be only a fraction of the Private Ownership land use 

risks. 

i 

2 

3 

4 

5 

6 

1 

8 

9 

10 

I I  

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 
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C.6.2.1 Alternative 2: Consolidation and Caminq 

For Alternative 2, risks are calculated for on-site activities. No transportation activities are 

envisioned. 

On-Site Activities 

Airborne Pathways. Inhalation pathways were evaluated for excavation activities for each subunit. 

Calculations are detailed in Tables C.11-1 through C.II-4, in Attachment CAI. Results are 

summarized in Table C.6-1. 

TABLE C.6-1 
ALTERNATIVE 2 INHALATION RISK RESULTS FROM EXCAVATION ACTMTIES 

Subunit Risk Source Risk 

Solid Waste Landfill 

Lime Sludge Pond 

South Fieldhactive Flyash Pile 

Active Flyash Pile 

Chemical COCs 

Radionuclides 

Chemical COCs 

Radionuclides 

Chemical COCs 

Radionuclides 

Chemical COCs 

Radionuclides 

2.1 x 107 

1.0 x los 
7.6 x la8 

9.1 x 107 

1.6 x 106 

7.6 x 106 

1.7 x 106 

4.0 x 106 

These risks were calculated using the dust loading factor (600 pg/m3) and the soil concentrations for 

the various COCs. The worker was assumed to inhale the entire available concentration of dust (Le., 

given by soil concentration x dust loading) regardless of particle size. The dispersion of particulate 

matter from excavation activities was based on EPA guidance for Superfund sites (EPA 1993f, 

Figure C). It was assumed that the active excavation area was approximately 0.5 acres and that the 

side of the excavation area was approximately.50 m. The distance to the nonremediation worker was 

assumed to be 300 m(1000 ft.) and the distance to the nearest fenceline was measured from the 

approximate center of each subunit, The remedial worker was assumed to be immersed in air laden 

with a dust concentration of 6 . 0 ~ 1 0 ~  g/m3 (DOE,1992). The ratio of the dispersion factor for 300 m 

to the factor for the 50m was multiplied by the remedial worker dust concentration to obtain the 

nonremediation worker dust concentration. The ratio of the dispersion factor for each fenceline 

2 

3 

4 

5 

6 

7 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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distance to the factor for 50 m was multiplied by the remedial worker dust concentration to obtain 

offsite dust concentration. The dust concentrations are presented in the Table C.6-1A. 

I 

2 

TABLE C.6-1A 3 

GENERAL PUBLIC AND NONREMEDIATION WORKER EXPOSURE 4 

DUST CONCENTRATION CALCULATIONS 5 

Subunit Distance to Fence Dispersion Factors Ratio of Dust 6 

dispersion Concentrations 

factors 

feet meter 50 meter Fenceline g1m3 

Public .- 7 

South Field/ 1 1 0 0  335 19,000 2100 9.05 6 . 6 ~  a 

Inactive Flyash 9 
I 

Pile IO 

Active Flyash 1300 396 19,000 1900 10.00 6. Ox I I  

Pile 12 

Solid Waste 1700 518 19,000 1400 13.58 4 . 4 ~  1 0-5 13 

Landfill 14 

Lime Sludge 2300 70 1 19,000 850 22.35 2 . 7 ~  IS 

Ponds 16 

Nonremediation Worker 17 

All lo00 305 19,000 2500 7.6 7 . 8 9 ~  18 

A summary of the inhalation risks for the receptors is included in Table C.6-2. 

C-6-5 
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TABLEC.6-2 . 
SUMMARY OF INHALATION RISKS FROM EXCAVATION, ALTERNATIVE 2 

Subunit Receptof‘ Total &k 

Solid Waste Landfill Remediation Workers 
Nonremediation Worker 
Public 

Lime Sludge Pond Remediation Workers 
Nonremediation Worker 
Public 
Remediation Workers 
Nonremediation Workers 
Public 

South Field/ Inactive Flyash Pile 

Active Flyash Pile Remediation Workers 
Nonremediation Worker 
Public 

1.0 x los 
1.3 x 10-6 
7.4 x 107 
9.9 x 107 
1.3 x 107 
4.4 x 1u8 
9.2 x 10-6 
1.2 x 10-6 
1.0 x 10-6 
5.7 x 10-6 
7.5 x 107 
5.7 x 107 

‘For public receptor, see Tables C.II-1, 2, 3, and 4, (Attachment C.II), Footnote 1. 

The chemical COCs responsible for the majority of the risk from inhalation are based solely on the 

relative soil concentration of each COC; no single COC determines the risk. For radionuclides, the 

risks are driven by the thorium and uranium concentrations, which are in the highest concentrations. 

Risks from radon emissions during excavation were calculated separately for a remediation worker, 

using calculations more appropriate to radon, in Table C.11-13 (Attachment C.11) and the results 

indicate risks in the 9.1 x 108’(for the Lime Sludge Pond) to 2.3 x 106 (for the Active Flyash Pile). 

The radon exposures to the nonremediation workers and the public would be reduced in the same 

fashion as the particulate inhalation. 

Dermal exposure routes include contact with contaminated soils and airborne dust. Risks are both 

carcinogenic and noncarcinogenic. These risks are presented in Table C.11-14 (Attachent C.11) and 

are summarized in Table C.6-3. Risks from dermal exposure to PAHs were not calculated. The 

EPA currently recommends using the oral exposure assessment to determine dermal exposure risk 

since it is currently inappropriate to extrapolate dermal slope factors from the oral slope factors for 

PAHs. There is no oral exposure route associated with the short-term risks from the remediation 

000267 
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activities. This does not imply that there is no risk from dermal exposure to PAHs for this activity 

Since all risks are very low, it may be expected that the risk from PAHs would also be minimal. 

TABLE (2.6-3 
REMEDIATION WORKER RISKS FROM DERMAL EXPOSURES FOR ALTERNATIVE 2 

Subunit Cancer Risk HI 

Solid Waste Landfill 

Lime Sludge Pond 

South Field/ Inactive Flyash Pile 

Active Flyash Pile 

6.0 x 2.3 x 1 0 3  

2.9 x 1.3 x 1 0 3  

2.1 x 10-7 3.4 x 1 0 3  

1.0 x 10-7 2.9 x 1V 

Direct Radiation: Direct radiation risks were calculated for excavation activities for each subunit. 

Calculations are shown in Table C.11-28 (Attachment 11) and summarized in Table C.6-4. Risks to 

public were calculated by apportioning the risk at 1 m (i.e., the remediation worker) to that at 305m 

(lo00 ft) using the inverse square law applicable to direct penetrating radiation. The risks presented 

have been calculated using the methodology and values presented in HEAST, as opposed to 

MICROSHIELD. Risks calculated using MICROSHIELD were in the same order of magnitude as 

those pmented . 

- 

TABLE C.6-4 
DIRECT RADIATION RISKS FOR ALTERNATIVE 2 

Subunit Receptors Cancer Risk 

Solid Waste Landfill Remediation Worker 

Public 

Lime Sludge Pond Remediation Worker 

Public 

Remediation Worker South Field/ Inactive Flyash Pile 

Active Flyash Pile 

Public 

Remediation Worker 

Public 

5.9 x 106 

2'.7 x 1O-I0 

2.7 x 106 
1.2 x 1 O ' O  

1.8 x 1 0 5  

5.3 x 

2.3 x 1 0 5  

1 . 1  x 1 0 9  

000268 
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Immersion doses from exposure to direct radiation of radionuclides suspended in a cloud were 

calculated by subunit using MICROSHIELD. The results are shown in Table C.11-18 

(Attachment C.11) and are summarized in Table C.6-5. Dose rates shown for the public and 

nonremediation workers are the same as those calculated for a remediation worker during excavation 

activities and would be expected to be lower in reality, but were not specifically performed for the 

. 
1 

2 

3 

4 

5 

6 public or nonremediation workers because of the very low dose levels. 

TABLE C.6-5 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, ALTERNATIVE 2 

Subunit Receptors Dose Fatal 
(-1 Cancer Risk 

Solid Waste Landfill Remediation Worker 2.9 x 106 1.8 x 10-l2 

Nonremediat ion 7.8 x 10-7 4.8 x lo-'* 
WorkerPublic 

Lime Sludge Pond Remediation Worker 1.2 x lod 7.4 x 1043 

Nonremediation 3.5 x 10'7 2.2 x 10-13 
Worker/Public 

" South Field/ Inactive Flyash Remediation Worker 4.8 x 106 3.0 x 10-l2 
Pile 

Active Flyash Pile 

Nonremediation 1.8 x 106 1.1 x 10-l2 
WorkerFublic 

Remediation Worker 8.8 x 106 5.5 x 

Nonremediation 3.0 x lod 1.9 x 
Worker/Public 

Industrial and Mechanical Hazards. Injury and fatality rates for standard industrial hazards associated 

with construction activities were used to estimate these risks for remediation activities. Table C.II-21 

I 

2 

and C.11-22, (Attachment C.11) show the calculations for on-the-job construction accidents, and for 

volumes estimated from the PRLs for both land-use scenarios federal and private ownership. Table 

remediation activities. The general accident risk rates may include a contribution from trucking 

3 

those associated with on-site trucking activities in support of remediation. Calculations were made for 4 

5 

6 

7 

8 

C.6-6 contains a summary of these results. These risks have been summed for all subunits and all 

accidents, but this information was not specified in the RAWPA. 

000269 
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TABLE C.6-6 
RISKS FROM ONSITE INDUSTRIAL HAZARDS, ALTERNATIVE 2 

Source 1niut-y Risk Fatality Risk 

Private Federal Private Federal 

General Accidents NC 4.0 NC 5.8 x lo2 
Trucking Accidents 0 3.0 x 104 0 1.5 x 10’ 

NC = Not calculated 

C.6.2.2 Alternative 3: Excavation and Off-Site DisDosal 

For Alternative 3, risks were calculated for on-site activities and transportation. 

Airborne Pathwavs. Inhalation pathways were evaluated for excavation activities for each subunit. 3 - 
Calculations are detailed in Tables C.II-5 through C.11-8 (Attachment C.II). Results are summarized 4 

5 -  in Table C.6-7. 3 

? I  

TABLE C.6-7 
WTERNATIVE 3 INHALATION RESULTS FROM EXCAVATION ACTIVITlES 

Subunit Risk Source Risk 

Solid Waste Landfill Chemical COCs 3.3 x 107 

Radionuclides 1.6 x 105 

Lime Sludge Pond Chemical COCs 1.7 x 107 

Radionuclides 1.9 x 106 

South FieldAnactive Flyash Pile Chemical COCs 

Radionuclides 

Active Flyash Pile Chemical COCs 

Radionuclides 

5.0 x 107 

4.1 x 107 

2.0 x 105 

1.1 x 10’ 

These risks were calculated using the dust loading factor (600 pg/m3) and the soil concentrations for 

the various COCs. The worker was assumed to inhale the entire available concentration of dust (i.e., 

I 

2 

given by soil concentration x dust loading) regardless of particle size. 

nonremediation worker and the general public were calculated by applying a linear downwind 

These risks to the 3 

4 
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dispersion factor (EPA 19930. A summary of the inhalation risks for-the receptors is included in 
Table C.6-8. 2 

TABLE C.6-8 
SUMMARY OF INHALATION RISKS FROM EXCAVATION, ALTERNATIVE 3 

Subunit Receptor Total Risk 

Solid Waste Landfill Remediation Workers 

Lime Sludge Pond 

Nonremediation Worker 

Public 

Remediation Workers 

Nonremediation Worker 

Public 

Remediation Workers South Field/ Inactive Flyash 
Pile 

Active Flyash Pile 

Nonremediation Workers 

Public 

Remediation Workers 

Nonremediation Workers 

Public 

1.6 x 10’ 

2.1 x 106 

1.2 x 106 

2.6 x lo6 

3.4 x 10-7 

1.2 x 1 0 7  

1.2 x 1 0 5  

1.6 x l o6  

1.3 x lo6  

2.0 x 1 0 5  

2.6 x 106 

2.0 x 106 

The chemical COCs responsible for the majority of the risk from inhalation are based solely on the 

relative soil concentration of each COC; no single COC determines the risk. For radionuclides, the 

risks are driven by the thorium and uranium concentrations, which also are in the highest 

concentrations. Doses from radon emissions during excavation were calculated separately for a 

remediation worker, using calculations more appropriate to radon, in Table C.11-13 (Attachment C.11) 

and the results indicate risks in the 3.1 x 106 to 1.9 x lo7 range. The risk to the nonremediation 

worker and the general public are reduced by dispersion of radon concentrations in the same way as 

the particulate concentrations. 

FEWOU2IFSRAINEWIOU2FSRA.C6 08/17/94 
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Dermal exposure routes include contact with contaminated soils and airborne dust. Risks are from 

carcinogens and noncarcinogens. These risks are presented in Table C.11-15 (Attachment C.II) and 

summarized Table C.6-9. Risks from dermal exposure to PAHs were not calculated. The EPA 3 

is currently inappropriate to extrapolate dermal slope factors from the oral slope factors for PAHs. 

This does not imply that there is no risk from dermal exposure to PAHs for this activity. 

I 

2 

currently recommends using the oral exposure assessment to determine dermal exposure risk since it 4 

5 

6 

7 

There is no oral exposure route associated with the short-term risks from the remediation activities. 

TABLE C.6-9 
REMEDIATION WORKER RISKS FROM DERMAL EXPOSURES FOR ALTERNATIVE 3 

Subunit Cancer Risk HI 

Solid Waste Landfill 

South Field/ Inactive Flyash Pile 

Lime Sludge Pond 

Active Flyash Pile 

1.2 x 1 0 7  

5.4 x 1 0 7  

2.8 x 1 0 7  

6.1 x lo8 

4.6 x 1 0 3  

8.9 x 1 0 3  

2.7 x 1 0 3  

8.1 x 104 

Calculations for VOC emissions from the dryer are shown in Table C.11-17 (Attachment C.11) and the 1 

results are summarized in Table C.6-10. Because of the very low risks, the off-site public was 

conservatively assumed to receive the same dose as the nonremediation worker, even though the 

public's dose would be much lower. 

2 

3 

4 

TABLE C.6-10 
CANCER RISKS FROM VOCS EMITTED FROM THE DRYER, ALTERNATIVE 3 

Inhalation 
Subunit Receptor Risk Dermal Risk 

Solid Waste Landfill 

Lime Sludge Pond 

South Field/ Inactive Flyash 
Pile 

Active Flyash Pile 

Nonremediation Worker/ 7.5 x 1 0 1 4  3.5 x 1 0 9  

Nonremediation Worker/ 1.5 x 1 0 l 2  4.0 x 1 0 9  

Public 

Public 

Nonremediation Worker/ 3.2 x 10" 1.0 x lo8 . 
Public 

Nonremediation Worker/ 
Public 

0 0 
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TABLE C.6-11 
DIRECT RADIATION RISKS FOR ALTERNATIVE 3 

Subunit Receptors Risk 

Solid Waste Landfill 

Lime Sludge Pond 

South Field/ Inactive Flyash Pile 

Active Flyash Pile 

Remediation Worker 
Nonremediation Worker/ 
Public 
Remediation Worker 
Nonremediation Worker/ 
Public 
Remediation Worker 
Nonremediation Worker/ 
Public 
Remediation Worker 
Nonremediation Worker/ 
Public 

1.2 x 105 
5.4 x lo-'' 

5.8 x l@ 
2.6 x lo-'' 

1.7 x 105 
7.6 x lo-'' 

3.1 x 105 
1.4 x 1 0 9  

Direct Radiation. Direct radiation risks were calculated for excavation activities for each subunit. I 

Calculations are shown in Table C.11-29 (Attachment 11) and summarized in Table C.6-11. Risks to 

nonremediation workers were calculated by apportioning the risk at 1 m (Le., the remediation 

2 

3 

4 0  5 

worker) to that at 305m using the inverse square law applicable to direct penetrating radiation. Risks 

have been calculated using the methodology and values presented in HEAST, as opposed to 

MICROSHIELD. Risks calculated using MICROSHIELD were in the same order of magnitude as 6' 

those presented. 7 

Immersion doses from exposure to direct radiation of radionuclides suspended in a cloud were 

calculated by subunit using MICROSHIELD. 

(Attachment C.11) and are summarized in Table C.6-12. Dose rates shown for the public and 

8 

9 

10 

The results are shown in Table C.11-19 

nonremediation workers are the same as those calculated for a remediation worker during excavation I I  

activities and would be expected to be lower in reality, but were not specifically performed for the 12 

13 public or nonremediation workers because of the very low dose levels. 
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TABLE C.612 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, ALTERNATIVE 3 

Fatal Cancer 
Subunit Receptors Dose (mrem) Risk 

Solid Waste Landfill Remediation Worker 4.4 x 106 2.7 x lo-’’ 
Nonremediation Worker 1.6 x 106 9.9 x 1043 

Lime Sludge Pond Remediation Worker 2.3 x 106 1.4 x 10-l2 
Nonremediation Worker 7.4 x 107 4.6 x 1043 

Public 

Public 
South Fieldnnactive Flyash Pile All Receptors 2.5 x 106 1.5 x 10” 
Active Flyash Pile All Receptors 3.9 x 106 2.4 x 10-l2 

Industrial and Mechanical Hazards. Injury and fatality rates for standard industrial hazards associated 

with construction activities were used to estimate these risks for remediation activities. Table CB-21 

I 

2 

and- C.11-22 (Attachment C.II) show the calculations for on-the-job construction accidents, and for 

volumes estimated from the PRLs for both land-use scenarios federal and private ownership. 

remediation activities. The general accident risk rates may include a contribution from trucking 

accidents, but this information was not specified in the RAWPA. 

3 

those associated with on-site trucking activities in support of remediation. Calculations were made for 4 

Table 5 

6 

7 

8 

C.6-13 contains a summary of these results. These risks have been summed for all subunits and all 0 
TABLE C.6-13 

RISKS FROM ON-SITE INDUSTRIAL HAZARDS, ALTERNATIVE 3 

source Injury Risk Fatality Risk 
Private Federal Private Federal 

General Accidents NC 11.0 NC . 1.6 x lo-’ 
Trucking Accidents 2.4 x 103 1.1 x lo3 1.25 x 10-4 5.8 x 105 

NC = not calculated 

TransDortation Risks I 

Transportation risks are those associated with the shipment of contaminated materials off-site by rail. 2 

Risks presented include those based on standard accident rates for the rail transport industry, doses to 3 

workers and the public along the route from normal shipping conditions, and doses to workers and 

the public from accidents along the route. Impacts from accidents were calculated using the 

4 

5 
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l .  

RADTRAN code and include direct radiation, inhalation, ingestion and immersion exposure routes. 

These results have been left in terms of doses rather than risks because of the complexity of the 

combined exposure routes. 3 

2 

Risks from accidents expected in the normal operation of a rail system are presented in Table C.11-23 

(Attachment C.11) and summarized in Table C.6-14. Calculations were made for volumes estimated 

4 

5 

from the PRLs for both land-use scenarios, federal and private ownership and are based on the 6 

number of trips required to transport the minimum number of railcars (159) at one time. Since rates 7 

are based on mileage, these risks would decrease as the number of cars increase in a train. 8 

TABLE C.6-14 
RISKS FROM EXPECTED ACCIDENTS FROM RAIL TRANSPORT, ALTERNATIVE 3 

Receptor Injury Risk Fatality Risk 
Private Federal Private Federal 

Rail Workers 1.2 5.0 x lo" 1.2 x lo2 5.0 x 1 0 3  . 
Public 1.8 7.3 x 10' 4.8 x 10' 1.9 x lo" 

Doses received by the public from rail transportation are presented in Table C.11-25 (Attachment C.11) 

for incident-free transportation (i.e., no accidents) and in Table C.II-26 (Attachment C.II) for 

accidents. Table C.6-15 summarizes the risks for various receptors for the incident-free 

transportation. Two worker-receptors were calculated using RADTRAN. These workers are 

associated with the train and are not considered remediation workers. The public consists of four 

groups, as calculated with the built-in code assumptions described in Section C.5.1. All doses are 

based on 159 cars per shipment. As the number of railcars increases, the number of shipments would 

decrease, causing a net increase in dose per shipment, but no change in the total dose per subunit. 

The RADTRAN estimated maximum individual dose per shipment is 2.2 x lo7 rem (based on 159 

cars per shipment). 

The calculations for incident-free transportation used the soil concentration levels found in the Active 

Flyash Pile as a source term for all subunit calculations, since this provided the maximum individual 

11 

12 

railcar dose rate. 

have no significant impact on the total risks. 

Other subunit source terms may be lower by a factor of 3 or more, which would 13 

14 The population total for the calculation was 549,760 

persons encountered in the various RADTRAN scenarios. 
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TABLE C.6-15 
RISKS FROM INCIDENT-FREE RAIL TRANSPORTATION, ALTERNATIVE 3 

Receptors Person-rem Rem per person 
Rail Workers Rail Crew 0.00029 NC 

Handlers 1.53 NC 
Public Along route 0.34 NC 

On other trains 0.04 NC 
At stops 0.6 NC 
At storage depots 0.06 NC 

Total 2.5 4.6 x lob 

NC = Not calculated 

Accident analyses performed with RADTRAN calculated the expected accident frequencies per 

* according to the severity of the postulated accident and associated release. The most frequently 

expected accident occurs in the frequency range of lo3 but has no associated release (Le., railcars are 

not breach). The next severity category has a postulated 0.1 fraction release and so on, up to a 

populations. Table C.II-26 (Attachment C.10 contains the calculations for resulting doses from the 

postulated accidents. The highest dose levels result from the lowest frequency accidents. 

I 

i severity group, which is described in Section C.5.1. Frequencies per shipment range from to 10  2 

- y  3 
z .  

4 

5 

100 percent release for the highest category. Accidents are calculated for urban, suburban, and rural 6 

7 

8 

L 

I 

< -  

Table C.6-16 summarizes the results of the postulated accidents along with the expected frequency per 

shipment from Table C.5-17 for those accidents with an expected per shipment frequency of greater 

than 106. For Alternate 3, the total number of train trips is estimated at 70, based on 159 railcar 

trains. The total number of accidents that would be expected based on a frequency of 10" accident 

9 

IO 

I I  

12 

13 

14 

15 

per shipment, for 70 shipments, is 7.0 x 10' for the entire waste disposal process. Results were 

calculated for both the federal and private PRL waste volumes. The federal ownership doses are 

approximately 2 orders of magnitude lower than those for the private ownership scenarios. 

C.6.2.3 Alternative 6: Excavation and On-Site Diswsal With Off-Site Disposal of Fraction 16 

Exceeding WAC 17 

For Alternative 6, risks were calculated for on-site activities and transportation. 18 

C-6- 15 
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TABLE C.6-16 
SUMMARY OF ACCIDENT RESULTS FOR TRAIN 

SHIPMENT FOR PRIVATE OWNERSHIP VOLUMES, ALTERNATIVE 3 

Population Severity Expected Total Dose for All Total Dose per 
Group Frequency per Shipments Member of the Public 

Shipment (person-rem) (-1 \ 

Urban 1 

2 

3 

4 

Suburban 1 

2 

3 

4 

5 

Rural 1 

2 

3 

4 

5 

1.1 x 103 

6.4 x 104 

1.4 x 104 

1.4 x 104 

2.0 x 103 

1.6 x l w  

3.7 x 10" 

3.7 x 105 

9.1 x 1 0 5  

5.5 x 105 

9.8 x 1 0 5  

2.8 x 106 

9.8 x 106 

1.6 x 106 

C.6.2.3.1 On-Site Activities 

0 

2.0 x 103 

4.0 x 103 
5.9 x 103 

0 

4.6 x 102 

9.2 x 102 

1.4 x 103 

1.8 x 103 

0 

8.5 x 10' 

1.7 x 10' 

2.6 x 10' 

3.4 x 10' 

0 

4.1 x 10-3 

8.2 X 10-3 

1.2 x 

0 

6.8 x 

1.4 x 

2.0 x 

2.7 x 

0 

6.8 x 

1.4 x 

2.0 x"10-2 

2.7 x 

1 

Airborne Pathways. Inhalation pathways were evaluated for excavat,m activities for each su,unit. 2 

Calculations are detailed in Tables C.11-9 through C.11-12 (Attachment C.11). Results are summarized 3 

in Table C.6-17. 4 

0 0 02 77 
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TABLE C.6-17 

ALTERNATIVE 6 INHALATION RESULTS FROM EXCAVATION ACTIVITIES 

Subunit . Risk Source Risk 

Solid Waste Landfill Chemical COCs 
Radionuclides 

Lime Sludge Pond Chemical COCs 
Radionuclides 

South Fieldhactive Flyash Pile Chemical COCs 
Radionuclides 

Active Flyash Pile Chemical COCs 
Radionuclides 

3.8 x 107 
1.8 x 105 
1.8 x 107 

4.6 x 107 
2.2 x 106 

9.9 x 106 
1.2 x 106 
2.8 x 106 

These risks were calculated using the dust loading factor (600 pg/m3) and the soil concentrations for 

the various COCs. The worker was assumed to inhale the entire available concentration of dust (Le., 

given by soil concentration x dust loading) regardless of particle size. The risks to the 

nonremediation worker and the general public were calculated by applying a linear downwind 

dispersion factor (EPA1993f). A summary of inhalation risks for the receptors is included in Table 0 C.6-18. 

TABLE C.6-18 
SUMMARY OF INHALATION RISKS FROM EXCAVATION, ALTERNATIVE 6 

Subunit Receptor Total Risk 

Solid Waste Landfill 

Lime Sludge Pond 

South Field/ Inactive Flyash Pile 

Active Flyash Pile 

Remediation Worker 
Nonremediation Worker 
Public 
Remediation Worker 
Nonremediation Worker 
Public 
Remediation Worker 
Nonremediation Worker 
Public 
Remediation Worker 
Nonremediation Worker 
Public 

1.8 x 105 
2.4 x 106 
1.3 x 106 
2.6 x 106 
3.4 x 107 
1.2 x 107 
1.4 x 105 
1.8 x 106 
1.5 x 106 
4.0 x 106 
5.3 x 107 
4.0 x 107 
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The chemical COCs responsible for the majority of the risk from inhalation are based solely on the 

relative soil concentration of each COC; no single COC determines the risk. For radionuclides, the 2 

3 

4 

risks are driven by the thorium and uranium concentrations, which also are in the highest 

concentrations. 

remediation worker, using calculations more appropriate to radon, in Table C.11-13 (Attachment C.11) 

Doses from radon emissions during excavation were calculated separately for a 

5 

and the results indicate risks in the 2.2 x lo7 to 1.8 x 106 range. The risk to the nonremediation 6 

worker and general public are reduced by dispersion of radon concentrations in the same way as the 7 

particulate concentrations. 8 

Dermal exposure routes include contaciwith contaminated soils and airborne dust. Risks are from 

carcinogens and noncarcinogens. These risks are presented in Table C.11-16 (Attachment C.11) and 

summarized Table C.6-19. Risks from dermal exposures to PAHs were not calculated. The EPA I 1  

9 

10 

currently recommends using the oral exposure assessment to determine dermal exposure risk since it 12 

is currently inappropriate to extrapolate dermal slope factors from the oral slope factors for PAHs. 

There is no oral exposure route associated with the short-term risks from the remediation activities. 

This does not imply that there is no risk from dermal exposure to PAHs for this activity. Since all 

13 

14 

I5 
D 

risks are so very low, it may be expected that the risk from PAHs will also be minimal. 

TABLE C.6-19 
REMEDIATION WORKER RISKS FROM DERMAL EXPOSURES FOR ALTERNA'ITW 6 

Subunit Cancer Risk HI 

Solid Waste Landfill 

South Field Inactive Flyash Pile 
Active Flyash Pile 

1.0 x 107 

1.9 x 107 
1.0 x 107 

Lime Sludge Pond 2.9 x lo-' 
3.8 x 103 
1.3 x 103 
3.0 x 1 0 3  

2.9 x 10-4 

Direct Radiation. Direct radiation risks were calculated for excavation activities for each subunit. 

Calculations are shown in Table C.11-30 (Attachment 11) and summarized in Table C.6-20.. Risks to 

'1 

2 

public were calculated by apportioning the risk at 1 m (Le.. the remediation worker) to that at 305m 3 

(lo00 ft) using the inverse square law applicable to direct penetrating radiation. 

calculated using the methodology and values presented in HEAST, as opposed to MICROSHIELD. 

Risks have been 4 

5 

6 Risks calculated using MICROSHIELD were in the same order of magnitude as those presented. 

Immersion doses from exposure .to direct radiation of radionuclides suspended in a cloud were 

000279 
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calculated using MICROSHIELD by subunit. The results are shown in Table C.II-20 (Attachment II) 
and are summarized in Table C.6-21. Dose rates shown for the public and nonremediation workers 

I 

2 

TABLE C.6-20 

DIRECT RADIATION RISKS FOR ALTERNATIVE 6 

Subunit Receptors Risk 5 

Solid Waste Landfill 

Lime Sludge Pond 

South Field/ Inactive Flyash Pile 
::. 

Active Flyash Pile 

Remediation Worker 

Nonremediation Worker 

Public 

Remediation Worker 

Nonremediation Worker 

Public 

Remediation Worker 

Nonremediation Worker 

Public 

Remediation Worker 

Nonremediation Worker 

Public 

1.1 x los 6 

4.9 x 1o1O 

6.6 x 106 7 

3.0 x 10" 

1.6 x los 8 

7.0 x 1Olo 

1.6 x io5 9 

7.3 x 10'O 

are the same as those calculated for a remediation worker during excavation activities and would be I 

expected to be lower in reality, but were not specifically performed for the public or nonremediation 2 

workers because of the very low dose levels. 3 
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TABLE C.6-21 
RISKS FROM IMMERSION IN A CONTAMINATED CLOUD, ALTERNATIVE 6 

Subunit Receptors 
Fatal Cancer 

Dose (mrem) Risk 
~ ~ 

Solid Waste Landfill Remediation Worker 2.4 x 106 1.5 x 1012 

Nonremediation Worker 1.4 x lod 8.7 x 1 0 1 3  

Lime Sludge Pond All Receptors 8.4 x 107 5.2 x 1013 

South Field/ Inactive Flyash Remediation Worker ' 5.3 x 106 3.3 x 1012 

Public 

Pile 

1.4 x 10l2 Nonremediation Worker 2.3 x 106 
Public 

Active Flyash Pile Remediation Worker 6.0 x 106 3.7 x lo'* 
Nonremediation Worker 2.0 x 106 1.2 x lo1* 
Public 

- Industrial and Mechanical Hazards. Injury and fatality rates for standard industrial hazards associated 

with construction activities 'were used to estimate these risks for remediation activities. Table C.II-21 

I 

2 @  and C.II-22 (Attachment C.11) show the calculations for on-the-job construction accidents, and for 

volumes estimated from the PRLs for both land-use scenarios federal and private ownership. 

remediation activities. The general accident risk rates may include a contribution from trucking 

accidents, but this information was not specified in the RAWPA. 

3 

those associated with on-site trucking activities in support of remediation. Calculations were made for 4 

Table 5 

6 

I 

8 

C.6-22 contains a summary of these results. These risks have been summed for all subunits and all 

TABLE C.6-22 
RISKS FROM ON-SITE INDUSTRIAL HAZARDS, ALTERNATIVE 6 

Source Injury Risk Fatality Risk 

Private Federal Private Federal 

General Accidents NC 11.5 NC 0.17 

Trucking Accidents 2.8 x 103 1.1 x 10-3 1.4 x 1 P  5.5 x 105 

NC = Not Calculated 

. .  
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TransDortation Risks. Transportation risks are those associated with the shipment of contaminated 

materials off-site by rail. Risks presented include those based on standard accident rates for the rail 

transport industry, doses to workers and the public along the route from normal shipping conditions, 

and doses to workers and the public from accidents along the route. Impacts from accidents were 

calculated using the radtran code and include direct radiation, inhalation, ingestion and immersion 

complexity of the combined exposure routes. 

1 

2 

. 3 

4 

5 

6 

7 

exposure routes. These results have been left in terms of doses rather than risks because of the 

Risks from accidents expected in the normal operation of a rail system are calculated in Table C.II-24 8 

(Attachment C.11) and summarized in Table C.6-23. Calculations were made for volumes estimated 

from the federal and private land-use PRLs and are based on the number of trips required to transport 

the minimum number of railcars (159) at one time. Results for the federal ownership scenario were 

Incidence rates 

9 

IO 

I I  

not specifically calculated, but would be approximately 2 orders of magnitude less. 12 

13 are based on mileage. These risks would decrease as the number of cars increases in a train. 

TABLE C.6-23 
RISKS FROM EXPECTED ACCIDENTS FROM RAIL TRANSPORT, ALTERNATIVE 6 

* -, 

Rcepior Injury Risk Fatality Risk 

Private Private 

Rail Workers 1.7 x lo2 1.7 x 10-4 

Public 2.6 x 10' 6.9 x 103 

Doses from rail transport are presented in Table C.11-25 (Attachment C.n) for incident-free 

transportation (i.e., no accidents) and in Table C.II-26 (Attachment C.U) for accidents. Table C.6-24 

summarizes the risks for various receptors for the incident-free transportation. Two worker-receptors 

were calculated by RADTRAN. These workers are associated with the train and are not considered 

remediation workers. The public consists of four groups, as calculated with the built-in code 

assumptions described in Section C.5.1. All doses are based on 159 cars per shipment. As the 

number of railcars increases, the number of shipments would decrease, causing a net increase in dose 

per shipment, but no change in the total dose per subunit. The RADTRAN estimated maximum 
individual dose per shipment is 2.2 x rem (based on 159 cars per shipment). a 
FERIOU2IFSRAINEWIOU2FSRA.C6 0811 7/94 c-6-2 1 000282 
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The calculations for incident-free transportation used the soil concentration levels found in the Active 

Flyash Pile as a source term for all subunit calculations, since this provided the maximum individual 

railcar dose rate. Other subunit source terms may be lower by a factor of 3 or more, which would 

have no significant impact on the total risks. The population total for the calculation was 549,760 

persons encountered in the various RADTRAN scenarios. 

TABLE C.6-24 
RISKS FROM INCIDENT-FREE RAIL TRANSPORTATION, ALTERNATIVE 6 

Receptors Person-rem Rem per person 
Rail Workers Rail Crew 1.3 x 10-6 NC 
Public Along route 1.5 x 103 NC 

On other trains 1.7 x 104 NC 
At stops 2.5 x 1 0 3  NC 
At storage depots 2.8 x 104 NC 

TOTAL . 4.4 x 103 8.0 x 109 

NC = Not calculated 

2 I .  

3 

4 

5 

Accident analyses performed with RADTRAN calculated the expected accident frequencies per 

severity group, which is described in Section C.5.2. Frequencies per shipment range from lo3 to 1 0  

* according to the severity of the postulated accident and associated release. The most frequently 

expected accident occurs in the frequency range of lo3 but has no associated release (i.e., railcars are 

not breach). The next severity category has a postulated 0.1 fraction release and so on, up to a '100 

percent release for the highest category. Accidents are calculated for urban, suburban, and rural 

populations. Table C.11-27 (Attachment C.10 contains the calculations for resulting doses from the 

postulated accidents. The highest dose levels result from the lowest frequency accidents. 

Table C.6-25 summarizes the results of the postulated accidents along with the expected frequency per 

shipment from Table C.5-17 for those accidents with an expected per shipment frequency of greater 

than 10-6. For Alternate 6, the total number of train trips is estimated at 48, based on 159 railcar 

trains. Results were calculated for the federal and private PRL waste volumes. The federal 

ownership doses would be approximately 2 orders of magnitude lower than those for the private 

ownership scenarios. 

0002&j 
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TABLE C.6-25 
SUMMARY OF ACCIDENT RESULTS FOR TRAIN 

SHIPMENT FOR RESIDENT FARMER VOLUMES, ALTERNATIVE 6 

Expected Total Dose for All Total Dose per 
Severity Frequency per Shipments Member of the Public 

Population Group Shipment (person-rem) (rem) 

Urban 

Suburban 

Rural 

1 

2 

3 

4 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1.1 1 0 3  

6.4 x 10-4 

1.4 x 104 

1.4 x 104 

2.0 x 103 

1.6 x 104 

3.7 x 104 

3.7 x 105 

2.8 x 106 

9.1 x 10’ 

5.5 x 10’ 

9.8 x 10’ 

9.8 x 106 

1.6 x 106 

0 

8.55 

17.1 

25.6 

0 

2.0 

4.0 

6.0 

7.9 

0 

0.037 

0.074 

0.11 

0.15 

0 

1.8 x lo-’ 

3:6 x 10-5 

5.3 x 10-5 

3.0 x 10-5 

0 

5.9 x lo-’ 

8.8 x 10” 

1.2 x lo4 

0 

2.9 x 10’ 

5.9 x 105 

1.2 x 104 

8.8 x 
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C.7.0 RESIDUAL RISK 1 

This section presents the results of residual risks calculated for potential human receptors for each 

remedial alternative and each land-use scenario (Le., private ownership and federal ownership). 
2 

3 

C.7.1 RISK CHARACTERIZATION METHODOLOGY 

Potential residual risks to human health from exposure to residual COCs (chemical and radionuclides) 

following implementation of remedial alternatives for Operable Unit 2 were estimated using the 

metbods described in the R A W A  (DOE 1992), and the Operable Unit 2 RI baseline risk assessment 

(DOE 1994a). The methods used to characterize residual risks are the same as those used in the 

baseline risk assessment for the corresponding exposure pathway and receptor combinations. 

Exposure pathway and receptor combinations quantitatively evaluated in the residual risk assessment 

are defined in the discussion of the conceptual model in Section C.2.5.2. Unless otherwise noted, all 

of the following equations are from RAGS (EPA 1989a). 

C.7.1.1 Hazardous C hemical Exposura 13 

Risks from nonradionuclide COCs were estimated for carcinogenic and noncarcinogenic effects. Risk 
values were calculated for all COCs known to have a published SF (see Section C.4.0). Those COCs 

that have an IUD available, the noncarcinogenic HQ was calculated. Some carcinogens may also pose 

a noncarcinogenic toxic hazard. Effects due to exposures from these chemicals were characterized for 

14 

u 

16 

17 

both types of health effects. 18 

C.7.1.1.1 Risk Charade rization Methodolou for Carcinogea 19 

The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of exposure 

to the substance. 

P 

At low doses, the risk of developing cancer was estimated as follows: 21 * 

Risk = (CDI)(SF) (C.7-1) 

where 2) 

Risk = risk of cancer incidence, expressed as a unitless probability, 24 

SF = slope factor (mg/kg/day)-' (see Section C.4, Tables 4-2, 4-4 and 4-5). 27 

CDI = chronic daily intake averaged over 70 years (mg/kg/day) (equivalent to the I 2~ 
m values from Section C.3), and 
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For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on absorbed 

doses of COCs rather than COC intakes. For a given pathway with simultaneous exposure of a 

receptor to several carcinogens, the following equation was used to sum cancer risks: 

2 

3 

Risk,, = Risk (chem,) + Risk (chemJ + ... Risk (chem,) (C.7-2) 4 

where J 

Risk, = total pathway risk of cancer incidence, and 
Risk (chem,) = risk associated with an individual carcinogenic chemical. 

6 

7 

C.7.1.1.2 Risk Characte rization Methodolow for Noncarcinoeew 8 

9 ?he risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing 

an exposure level or intake to a reference dose (RfD (see Section C.4.0). It is recognized that this 

as is calculated for the carcinogens. Even so, for convenience the term "risk" will continue to be 

10 

methodology for assessing the human-health effect for nonwcinogens does not give a measure of risk 11 

12 

used when discussing these evaluations. The ratio of intake/RfD for a single COC is the HQ and is 
defined as: 14 

HQ = I/RfD (C.7-3) 1s 

where 16 

HQ = hazard quotient (unitless), 17 

IUD = reference dose (mg/kg/day) (see Section 4.0, Tables C.4-1 and C.4-4). 19 

I = intake of a chemical (mg/kg/day) (see Section C.3), and 18 

When using this equation to estimate potential noncarcinogenic risk, the intake and FUD must be P 

derived from exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). 21 

For residual risk, COC exposwes were evaluated in all cases on a chronic basis, using chronic RfD P 

values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose rather ZI 

than intake. 24 

C-7-2 



FEMP-OU2FSR.A-5 DRAFT 
August 1994 

In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the 1 

sum of the HQs by: 2 

. where 

HI = hazard index (unitless), 
Ii = intake for the i"' toxicant, and 
RfDi = reference dose for the i"' toxicant. 

4 

An HI is an indicator of the potential for adverse effects associated with chronic exposures to multiple 8 

chemicals. In effect, HIS assume dose additivity for all COCs (RAGS). 9 

''. C.7.1.2 RadiolQgical Exwsurtq 10 

'' The procedures for estimating the total lifetime excess cancer risks due to exposure to radionuclides 

are described in this section. 

11 

12 

. Risk Characte rization Methodo 10- for Internal and External ExDosurq 13 

Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) was 14 

calculated as follows: 15 

Risk = @(SF) 

where 

Risk = 
I = 
SF = slope fador (pCi)'. 

risk of cancer incidence, expressed as a unitless probability, 
lifetime radionuclide intake (pCi) defined in Section C.3, and 

18 

19 

P 

For residual risk, risk characterization for external exposure to gamma-emitting radionuclides in 

contaminated surface soil was calculated as follows (IUWF'A): 

21 

P 

080287 
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(C.76) Risk = @E)(SF) 

where 

Risk 
DE 
SF = slop factor (pCi)I. 

= 
= 

risk of cancer incidence, expressed as a unitless probability, 
direct exposure defined in equation C.3-19 in Section C.3.0, and 

The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 6 

slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage 7 

and/or environmental transport. 8 

. C.7.2 Residual Risks 9 

Residual risks were evaluated for potential impacts to human receptors based on postremediation 

conditions. This section presents the residual risks quantified for each receptor, pathway, and land- 

for details, see the RI baseline risk assessment). Tables are provided to summarize the ILCR and 

10 

11 

use scenario for Alternatives 2, 3, and 6 (Alternative 1, No Action, is summarized in Section C. 1.4; 12 

13 

I4 0 hazards calculated. Complete calculation sheets of the risk values are presented in Attachment C.III. 

Residual risks at the Lime Sludge Ponds are quantified in Tables C.7-1 through C.7-19, below. 

Under Alternative 2 for this subunit the risks for all receptors are well below the 1.0 level of concern 

for HI, and better than the ILCR target risk range of lo' to lob. For Alternative 3 the HI for all 

receptors are similarly well below the 1.0 level of concern. The ILCR for most receptors is also 

better than the target risk range. For the perched groundwater user (Table C.7-9), the ILCR is within 

the lower end of this range (4.6 x 1 m .  Similarly, the on-property adult f q e r  (Table C.7-10) has 

an ILCR of 3.4 x lob. The same pattern can be seen under Alternative 6 as under Alternative 3. 
The HI for all receptors are well below the 1.0 level of concern. The ILCR is better than the target 

risk range, except 'for the perched groundwater user (Table C.7-17) at 4.6 x lod, and the on-property 

adult farmer (Table C.7-18) at 3.4 x lod. 

15 

16 

17 

18 

19 

P 

21 

P 

P 

24 

Tables C.7-20 through C.7-38 present the residual risks at the Solid Waste Landfill for Alternatives 2, 

3, and 6. Under Alternative 2 the risks for all receptors are well below the 1.0 level of concern for 

HI, and better than the ILCR target risk range of lo' to lob. Alternative 3 has HI levels below the 

This level is primarily due to the ingestion of vegetables and h i t .  ILCR levels are generally below 
1.0 level of concern, with the highest level being 7.6 x 10' for the on-property child (Table C.7-30). 
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the target risk range of lo' to lob. The exceptions are ILCR levels of 4.8 x lod for the perched 

groundwater user (Table C.7-28) ad 3.4 x lob for the on-property adult farmer (Table C.7-29). 

These levels are due to the combined effects of several pathways. Alternative 6 presents similar risk 

levels to those calculated for Alternative 3. HI levels are also below the 1.0 level of concern, with 

the highest level being 7.6 x 10' for the on-property child (Table C.7-38). This level is primarily 

due to the ingestion of vegetables and fruit. ILCR levels are also below the target risk range of lo' 

to lob, with the exception of 4.8 x lo4 for the perched groundwater user (Table C.7-36) and 3.4 x 

la6 for the on-property adult farmer (Table C.7-37). These levels are due to the combined effects of 

several pathways. 

The three southern subunits of Operable Unit 2 (South Field, Active Flyash Pile, and Inactive Flyash 

Pile) have been combined into one area for risk assessment purposes, due to their proximity. This 

combined area is identified as the South Field Area in the Tables C.7-39 through C.7-55 below. For 

Alternative 2 the HI levels are all below the 1.0 level of concern, with the highest level being 1.3 x 

l@' for the expanded trespasser (Table C.7-39). Dermal contact is the only significant pathway for 

determining this value. ILCR values range from 9.3 x log for the off-property child (Table C.7-41) 

to 1.6 x lob for the off-property adult farmer (Table C . 7 4 ) .  HI values under Alternative 3 are all 
M o w  the 1.0 standard, with the highest level being 7.2 x 10' for the off-property child with federal 

ownership (Table C . 7 4 ) .  The ingestion of vegetables, fruit and drinking water are the principal 

contributors to this risk. ILCR levels are all in the lob range or below. The highest ILCR value for 

- 

-, 

Alternative 3 is 6.4 x lod for the on-property adult farmer (Table C.7-47). The ingestion of 

particulates, vegetables, and fruit are the principal pathways for this receptor. 

Alternative 6 for the South Field afea has uniformly low HI values. The highest HI is only 7.2 x lo2 

for the offproperty child with federal ownership uable C.7-51). The ingestion of vegetables, fruit, 

and drinking water are the principal contributors to this risk. Similar to Alternative 3, the highest 

ILCR for Alternative 6 is 6.4 x lob for the on-property adult farmer (Table C.7-54). The ingestion 

of particulates, vegetables, and fruit are the principal pathways for this receptor. 

The final source area included in this risk assessment is the proposed disposal cell. Tables C.7-56 

through C.7-61 present the risks for this area, which was only evaluated under Alternative 6. HI 

values are all well below the 1.0 level of concern, with the maximum value of 6.9 x lo2 being 

calculated for both the off-property child with federal ownership (Table C.7-58), and the off-property 
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lo child with private ownership (Table C.7-61). The ingestion of vegetables, h i t ,  and drinking water 

are the principal pathways for both these receptors. ILCR values are below lob, with the exception z 

of 1.6 x lob being calculated for both the off-property adult farmer with federal ownership (Table 

drinking water is the primary contributor to risk for both of these receptors. 

3 

C.7-57), and the off-property adult farmer with private ownership uable C.7-60). The ingestion of 4 

5 
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TABLE C.7-1 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE PONDS WITH FEDERAL OWNERSHIP, ALTERNA"VE,2, 
EXPANDED TRESPASSER 

a. 
Exposure Pathway Pathway HI 0 

Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

NA 
NA 
NA 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

NA 
NA 

Total Receptor HI = NA 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 

a 5.9 10-l~ 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 

Ingestion of Meat (Radionuclides) NA 
Ingestion of Dairy Products (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 
. Ingestion of Dairy ,Products (Radionuclides) 

NA 
NA 
NA 

Ingestion of Vegetables and Fruit (Radionuclides) NA 
Direct Radiation NA 

Total Receptor ILCR = 5.9 10- l~  

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

a 
c-7-7 

000291 



FEMP-OU2FSRA-5 D m  
August 1994 

TABLE C.7-2 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

LIME SLUDGE PONDS WITH FEDERAL OWNERSHIP, ALTERNA"E 5 
OFF PROPERTY FARMER (ADULT) 

~ 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

3.5 x lo-" 
4.9 x 10-'O 
2.7 x 10" 
9.1 x 10" 

Dermal Contact While Bathing (Chemicals) 5.3 10-9 

Total Receptor HI = 1.2 io-' 
I 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 1.3 x 10-14 

Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 

NA 
NA 

Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

NA 
2.5 x lo-'' 

NA 
NA 

9.7 x 10-lS 
NA 

NA 
1.4 1043 

7.6 x 

Total Receptor ILCR = 3.3 x lo-" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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0- TABLE C.7-3 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

LIME SLUDGE PONDS WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
OW-PROPERTY FARMER CHILD 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 6.2 x lo-" 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) I 

Dermal Contact While Bathing (Chemicals) 

5.2 x 10-9 
1.0 x 10-7 
2.1 x 10-7 
8.5 x 10-9 

Total Receptor HI = 3.3 107 

; Exposure Pathway Pathway ILCR 
" Inhalation of Particulates (Chemicals) NA 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

0 6.6 x 
NA 
NA 
NA 

Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 

1.1 x 10-l2 
NA 
NA 

Ingestion of Meat (Radionuclides) 3.2 x 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
2.7 x 10-l4 

Ingestion of Vegetables and Fruit (Chemicals) 

Direct Radiation 

NA 
Ingestion of Vegetables and Fruit (Radionuclides) 5.3 x 10-13 

~~ 

Total Receptor ILCR = 1.7 x lo-'* 
HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

080293 
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TABLE C.7-4 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
EXPANDED TRESPASSER 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

Pathway HI 
NA 

3.9 x lo4 
2.8 x 

NA 
NA 
NA 
NA 
NA 

Total Receptor HI = 2.8 x 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

2.0 x 10"O 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 

Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

1.8 10-9 
NA 
NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) NA 
Ingestion of Dairy Products (Chemicals) , 

Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

NA 
NA 
NA 

Ingestion of Vegetables and Fruit (Radionuclides) NA 
Direct Radiation 2.4 x lo4 

Total Receptor ILCR = 2.6 x lo4 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C7-5 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF'-PROPERTY FARMER (ADULT) 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

Pathway HI 
NA 
NA 
NA 

6.1 x 10" 
3.4 x lo4 

4.3 10-7 

1.1 10-3 
6.5 10-5 

Total Receptor HI = 1.5 10-3 

Exposure Pathway Pathway ILCR 
L-r - Inhalation of Particulates (Chemicals) NA 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

A 

0 4.4 x 10-'O 
NA 
NA 
NA 
NA 

7.1 x 10" 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
2.7 x lo-" 

Ingestion of Dairy Products (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 

Direct Radiation 

NA 
3.9 x 10-l0 

NA 
2.1 x 10" 

Ingestion of Dairy Products (Radionuclides) 

Ingestion of Vegetables and Fruit (Radionuclides) 

Total Receptor ILCR = 9.3 x 10" 

HI = Hazard Index 
JLCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000295 
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TABLE C.7-6 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (CHILD) 

_ _ _ ~ ~  

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) 6.4 x lo-' 
Ingestion of Meat (Chemicals) 7.7 10-7 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) - 

1.3 1 0 3  
2.6 10-3 

Dermal Contact While Bathing (Chemicals) 1.0 x 10' 
Total Receptor HI = 4.1 10-3 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

2.3 x lo-" 
NA 

Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) NA 

NA 
NA 

3.0 10-9 

Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
8.9 10-13 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

7.4 x lo-" 
NA 

1.5 10-9 
Direct Radiation NA 

Total Receptor ILCR = 4.6 10-9 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

080296 
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TABLE C.7-7 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 8.0 x lo-'' 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 6.3 107 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 1.2 10-7 

1.1 x lo4 

2.1 x 10" 

2.9 x 10" Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

4.7 10-9 
NA 
NA 
NA 
NA 

1.4 x lo-'' 
NA 
NA 

8.2 10-14 
NA 

1.2 x 10'l2 
NA 

5.7 x lo-" 
NA 

Total Receptor ILCR = 4.9 1 0 9  

HI = Hazard Index 
ILCR = Incremental Lifetime Can& Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

C-7-13 
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TABLE C.7-8 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH P W A T E  OWNERSHIP, ALTERNATTVE 3, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 1.4 10-9 
Ingestion of Dairy Products (Chemicals) 1.2 10-7 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 2.0 10-7 

Ingestion of Vegetables and Fruit (Chemicals) 2.4 x 10" 
4.9 x 10" 

7.6 x 10" Total Receptor HI = 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

Pathwav ILCR 
NA 

2.4 x lo-'' 
NA 
NA 
NA 
NA 

5.8 x 10'12 
NA 
NA 

NA 

NA 

NA 

2.7 10-15 

2.2 1043 

4.0 x 

Total Receptor ILCR = 2.5 x 10-10 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000298 
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TABLE C7-9 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATZVE 3, 
PERCHED GROUNDWATER USER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

2.1 x 10' Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 3.0 107 
Ingestion of Vegetables and Fruit (Chemicals) 1.6 10-5 

Total Receptor HI = 1.7 10-5 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

NA 
NA 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 5.8 x 10' 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 

1.2 x 10" 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 1.6 x 10' 
Ingestion of Dairy Products (Chemicals) NA 

Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) 1.7 x lo4 

Inhalation of Particulates (Radionuclides) 3.3 10-7 

Ingestion of Drinking Water (Radionuclides) 

Ingestion of Dairy Products (Radionuclides) 3.0 10-7 

Direct Radiation 9.9 x 10-7 
~ 

Total Receptor ILCR = 4.6 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

FERmJm~wDU2RAc7 

Exposure route is incomplete (see Section C.2.3.4) 
(i 
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TABLE C.7-10 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

2.1 x lo4 Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 3.0 x 10-7 
Ingestion of Vegetables and Fruit (Chemicals) 1.6 10-5 
Ingestion of Drinking Water (Chemicals) 5.5 10-5 

Total Receptor HI = 7.5 10-5 

Dermal Contact While Bathing (Chemicals) 3.2 x 10" 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 3.3 10-7 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

5.8 x lo4 
NA 
NA 

3.5 x 10-9 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

NA 

NA 
1 . 6 ~  lo4 

3.0 10-7 
NA 

Ingestion of Vegetables and Fruit (Radionuclides) 1.7 x 10" 
Direct Radiation 9.9 1 0 7  

Total Receptor ILCR = 3.4 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-11 
SUMMARY OF POTENTIAL HEALTH EFFE- 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

3.7 x lo4 
Ingestion of Dairy Products (Chemicals) 3.1 x 10" 

Ingestion of Drinking Water (Chemicals) 1.3 x lo4 
Dermal Contact W e  Bathing (Chemicals) 5.1 x 10" 

Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 6.3 10-5 

Total Receptor HI = 2.0 x 104 

- Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA I 

Inhalation of Particulates (Radionuclides) 0 . Incidental Ingestion of Residual Soils (Chemicals) 
. Incidental Ingestion of Residual Soils (Radionuclides) 

Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

1.7 x lo4 
NA 

NA 
NA 

1.5 x 10-'O 

5.5 10-9 

Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
NA 

5.3 x 10-'O 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

NA 
5.8 x lo4 

NA 
Ingestion of Vegetables and Fruit (Radionuclides) 1.2 10-7 
Direct Radiation 7.4 x la8 

Total Receptor ILCR = 2.7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

C-7-17 
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TABLE C.7-12 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNATlVE 6, 
EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

3.9 x 10'' 
Dermal Contact with Residual Soils (Chemicals) 2.8 x loe2 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Dermal Contact While Bathing (Chemicals) NA 

2.8 x lo-* 

Incidental Ingestion of Residual Soils (Chemicals) 

Total Receptor HI = 

Exwsure Pathwav 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

Pathway ILCR 
NA 

2.0 x 10-*O 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4 x 10' 

1.8 10-9 

Total'Receptor ILCR = 2.6 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-13 
SUMMARY OF POTENTIAL HEALTH EFFECl'S: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) 6.1 x 10" 
3.4 x lo4 

6.5 x 10'' 

Ingestion of Meat (Chemicals) 4.3 10-7 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 1.1 10-3 

Total Receptor HI = 1.5 10" 

Dermal Contact While Bathing (Chemicals) 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

4.4 x 1 o ' O  
NA 
NA 
NA 
NA 

7.1 x 10" 
NA 
NA 

2.7 x 10'" 
NA 

3.9 x 10-l0 
NA 

2.1 x 10" 
NA 

Total Receptor ILCR = 9.3 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-14 
SUMMARY OF POTENTIAL HEALTH ETFECI'S: 

LIME SLUDGE POND WITH FEDERAL OWNERSHIP, ALTERNA'IWE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 7.7 10-7 
Ingestion of Dairy Products (Chemicals) 6.4 10-5 
Ingestion of Vegetables and Fruit (Chemicals) 1.3 1 0 3  
Ingestion of Drinking Water (Chemicals) 2.6 10-3 
Dermal Contact While Bathing (Chemicals) 1.0 x lo4 

Total Receptor HI = 4.1 10-3 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 2.3 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 
NA 

Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
3.0 10-9 

NA 
NA 

8.9 10-l~ 
NA 

7.4 x lo-" 
Ingestion of Vegetables and Fruit (Chemicals) NA 

Direct Radiation NA 
Ingestion of Vegetables and Fruit (Radionuclides) 1.5 10-9 

~ ~~~~~ 

Total Receptor ILCR = 4.6 10-9 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

0 0 0 3 0 &I 
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TABLE C.7-15 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WlTH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

8.0 x 10"O 
1.1 x lo4 

2.1 x 10" 

2.9 x 10" 

Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 6.3 x 10-7 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 1.2 107 

. 

Total Receptor HI = 

r' Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

Inhalation of Particulates (Radionuclides) 4.7 x 10-9 

Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

NA 
1.4 x lo-'' 

Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 

NA 

NA 
8.2 x 10-14 

Ingestion of Dairy Products (Radionuclides) 1.2 x lo-'* 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

NA 
5.7 x lo-" 

NA 
Total Receptor ILCR = 4.9 x 10-9 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk . 
NA = Not applicable. Exposure route is incomplete (see Section (22.3.4) 
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TABLE C.7-16 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

LIME SLUDGE POND WITH PRWATJZ OWNERSHIP, AL'IERNATIVE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 1.4 x 10-9 ' 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 2.0 10-7 

Total Receptor HI = 7.6 x lo4 

1.2 x 10-7 
2.4 x 10" 
4.9 x 10" 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation*of Particulates (Radionuclides) 2.4 x lo-'' 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

NA 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion oE Meat (Radionuclides) 

5.8 x 10-12 
NA 
NA 

2.7 x 10-15 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

2.2 x 10- l~  
NA 

Ingestion of Vegetables and Fruit (Radionuclides) 4.0 x 
Direct Radiation NA 

2.5 x lo-'' Total Receptor ILCR = 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incampiete (see Section C.2.3.4) 
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TABLE C.7-17 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATM? 6, 
PERCHED GROUNDWATER USER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 2.1 x lo4 
Ingestion of Dairy Products (Chemicals) 3.0 10-7 
Ingestion of Vegetables and Fruit (Chemicals) 1.6 105 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

NA 
NA 

1.7 x lo-' Total Receptor HI = 

2- Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 5.8 x 10' 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 

1.2 x 10" 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 1.6 x lo4 
Ingestion of Dairy Products (Chemicals) NA 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

Inhalation of Particulates (Radionuclides) 3.3 10-7 

Ingestion of Drinking Water (Radionuclides) 

Ingestion of Dairy Products (Radionuclides) 

Direct Radiation 9.9 10-7 

3.0 x 1 0 - ~  
NA 

1.7 x 10" 

Total Receptor ILCR = 4.6 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-18 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
ON-PROPERTY FARMER (ADULT) 

Exposure Pathwav Pathwav HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

2.1 x 10" 
3.0 10-7 

Ingestion of Vegetables and Fruit (Chemicals) 1.6 10-5 
Ingestion of Drinking Water (Chemicals) 5.5 x 

3.2 x 10" 

7.5 x 
Dermal Contact While Bathing (Chemicals) 

Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 3.3 10-7 
Incidental Ingestion of Residual Soils (Chemicals) 
1ncidental.Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
5.8 x 10" 

NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 1.6 x 10" 

3.5 10-9 
NA 
NA 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
3.0 10-7 

Ingestion of Vegetables and Fruit (Cherhicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

NA 
1.7 x 10" 

Direct Radiation 9.9 10-7 
Total Receptor ILCR = 3.4 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000308 
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TABLE C7-19 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

LIME SLUDGE POND WITH PRIVATE OWNERSHIP, AL'IXRNATlW 6, 
ON-PROPERTY FARMER (CHILD) 

a 
Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 3.7 x 10" 

Ingestion of Vegetables and Fruit (Chemicals) 6.3 10-5 

Dermal Contact While Bathing (Chemicals) 5.1 x 10" 

2.0 x lo4 

Ingestion of Dairy Products (Chemicals) 

Ingestion of Drinking Water (Chemicals) 

3.1 x 10" 

1.3 x lo4 

Total Receptor HI = 

Exposure Pathway Pathway ILCR 
'' Inhalation of Particulates (Chemicals) NA 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 5.5 10-9 

0:- 1.7 x 10" 
NA 

Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

NA 
NA 

1.5 x 10"O 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
5.3 x 10-'O 

Ingestion of Dairy Products (Chemicals) NA 
5.8 x 10" Ingestion of Dairy Products (Radionuclides) 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

NA 
1.2 10-7 
7.4 10-7 

Total Receptor ILCR = 2.7 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

a 
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TABLE (27-20 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 
Total Receptor HI = NA 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) NA 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) NA 
Direct Radiation NA 

Inhalation of Particulates (Radionuclides) 1.0 10-14 

Total Receptor ILCR = 1.0 1 0 ' 4  

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section (22.3.4) 

000310 
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TABLE C.7-21 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, 
ALTERNATIVE 2,0FF'-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

6.9 x 109  

9.9 x 10% 
5.5 x lo4 
1.8 x 10-5 
1.1 x 10" 

Total Receptor HI = 2.5 1 0 5  

Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

_ _ _ _ _ _ ~ ~  _ _ _ _ ~ ~  ____ ~ 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
5.3 x 10-10 

NA 

4.2 x 10-14 

1.8 x 10-9 

/ 

6.8 x 

9.6 x 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-22 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathwav 
Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

Pathway HI 
NA 
NA 
NA 

1.2 x lo4 
1.0 x 10" 
2.1 10-5 
4.3 10-5 

Dermal Contact While Bathing (Chemicals) 1.7 x 10" 

6.6 x 10" Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 2.2 1045 

Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils'(Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 
NA 

Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
7.6 x lo-'' 

NA 
NA 

2.2 1044 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

1.9 x lo-'* 
NA 

3.7 x lo-" 
Direct Radiation NA 

Total Receptor XLCR = 1.2 x 10-'O 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-23 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIW 3, 
EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 5.2 x lo4 

2.0 x lo-* 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) \ NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Dermal Contact While Bathing (Chemicals) NA 

2.0 x lo-* 

Dermal Contact with Residual Soils (Chemicals) 

Total Receptor HI = 

~~ ~~ ~~ ~ 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 

Incidental Ingestion of Residual Soils (Chemicals) 

3.1 x lo-" 
8.8 x 
9.2 x lo4 

Inhalation of Particulates (Radionuclides) 

Incidental Ingestion of Residual Soils (Radionuclides) 6.4 10-9 
Dermal Contact with Residual Soils (Chemicals) 1.7 10-7 

0 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) NA 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) NA 
Direct Radiation 1.3 10-7 

Total Receptor ILCR = 4.0 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-24 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

SOLEI WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF'-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA . 

Ingestion of Meat (Chemicals) 2.4 x 10" 
Ingestion of Dairy Products (Chemicals) 3.4 x 10-~  
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

1.9 x 10-3 
6.3 10-3 

Dermal Contact While Bathing (Chemicals) 3.6 x lo4 
8.6 x 10" Total Receptor HI = 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

Pathway ILCR 
9.0 x lo-" 

NA 
NA 
NA 
NA 

NA 
3.6 x lo-'' 
1.5 x lo-'' 

3.6 10-9 

4.0 10-7 

4.3 x 10-'O 

5.3 x 10"O 
2.2 10-9 

1.2 10-7 
Direct Radiation NA 

Total Receptor ILCR = 5.3 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-25 
SUMMARY OF POTENTIAL HEALTH EFFECIX 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (CHILD) 

a 
Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

4.3 x 10" 
Ingestion of Dairy Products (Chemicals) 3.6 x lo4 

Ingestion of Drinking Water (Chemicals) 1.5 x lo-* 

Ingestion of Meat (Chemicals) 

Ingestion of Vegetables and Fruit (Chemicals) 7.2 10-3 

Dermal Contact While Bathing (Chemicals) 5.9 x lo4 
2.3 x Total Receptor HI -= 

Exposure Pathway Pathway ILCR 
.--Inhalation of Particulates (Chemicals) 2.2 x lo-" 

1.9 x 10"O 
Incidental Ingestion of Residual Soils (Chemicals) . NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 1.7 x lo4 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) 5.6 x lo-" 
Ingestion of Meat (Radionuclides) 5.0 x 

3.9 x 10"O 
Ingestion of Dairy Products (Radionuclides) 4.2 x lo-" 
Ingestion of Vegetables and Fruit (Chemicals) 1.8 x lo-'' 

Direct Radiation NA 

Inhalation of Particulates (Radionuclides) 

Ingestion of Dairy Products (Chemicals) 

Ingestion of Vegetables and Fruit (Radionuclides) 8.4 10-9 

Total Receptor ILCR = 2.7 x lo4 
HI = Hazard Index . 

ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

a 
FEWOU2/FSRA/NEWDU2FSRAC7 C-7-3 1 
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FEMP-OUZFSRA-5 D W  
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TABLE C.7-26 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 1.4 x 10" 

1.4 x 10" Total Receptor HI = 

3.2 1 0 7  

1.3 105 
2.5 10-5 

1.0 x lo4 

Exposure Pathway PathwayILCR . 

Inhalation of Particulates (Radionuclides) 
Inhalation of Particulates (Chemicals) 2.1 x lo"* 

1.4 x lo4 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 1.5 x 10-9 

NA 
NA 
NA 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
2.3 x lo-" 
6.9 1043 

Ingestion of Dairy Products (Chemicals) . NA 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

6.5 10-9 

6.2 1049 

1.6 x 10'" 

Direct Radiation NA 
Total Receptor ILCR = 2.2 x lo4 

HI = Hazard Index' 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000316 
PEILDU2/FSRAINEWDU2FSRA.C7 C-7-32 

I 



8.80 
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August 1994 

TABLE C7-27 
SUMMARY OF POTENTIAL HEALTH E F F E m  

SOLID WASTE LANDFILL WITH P W A T E  OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (CHILD) 

h s u r e  Pathwav Pathwav HI 
~~ 

Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

Ingestion of Meat (Chemicals) 5.8 1 0 ~  
Ingestion of Dairy Products (Chemicals) 1.1 10" 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

5.0 x 
5.8 x 
2.3 x 10" Dermal Contact While Bathing (Chemicals) 

Total Receptor HI = 1.2 10" 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 

Ingestion of Dairy Products (Chemicals) 

Inhalation of Particulates (Chemicals) 5.1 1043 

7.1 x lo-'' 
NA 
NA 
NA 
NA 

6.6 x lo-'' 
NA 

3.6 x lo-'* 

NA 

5.1 x lo-'* 
4.4 x lo-" 

Direct Radiation NA 

Ingestion of Meat (Radionuclides) 2.3 10-14 

Ingestion of Dairy Products (Radionuclides) 1.3 10-9 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

Total Receptor ILCR = 2.1 10-9 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

FEIVOU2/FSMEWDU2FSRA.C7 

Exposure route is incomplete (see Section C.2.3.4) 
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FEMP-OUZFSRA-5 DRAPT 
August 1994 

TABLE (27-28 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

SOLID WASTE LANDFILL WlTH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
PERCHED GROUNDWATER USER 

~~~ ~ ~ ~ ~~ ~ 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 8.2 10-3 

Ingestion of Meat (Chemicals) 6.9 10-3 
1.7 x 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

3.4 10" 
1.7 x 10" 

NA 
Dermal Contact While Bathing (Chemicals) NA 

2.0 x lo-' Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 7.7 x 10'" 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

5.0 10-7 

2.9 10-7 
3.4 10-9 
2.6 10-7 

8.2 10-9 
3.9 1 0 7  
1.5 10-9 

6.4 1 0 7  

2.9 10-7 
4.2 10-7 
7.7 10-7 

2.7 x lo4 

1.2 x lo4 

NA 

Total Receptor ILCR = 4.8 x 10" 

HI = Hazard Index . 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

FEwoumRANEw~u2RA.c7 c-7-34 
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TABLE (2.7-29 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

SOLID WASTE LANDFILL WITH P W A T E  OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (ADULT) 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

Pathway HI 
NA 

8.2 103 

6.9 10-3 
3.4 10-3 

1.7 x 

1.7 x lo-' 
7.3 x lo4 

Dermal Contact While Bathing (Chemicals) 4.2 x 10-5 

Total Receptor HI' = 2.0 x 10-l 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 7.7 x lo-" 
Inhalation of Particulates (Radionuclides) 
.Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

0 5.0 x 10-7 

2.9 107 
3.4 x 10-9 

2.7 x 10" 

Ingestion of Drinking Water (Chemicals) NA 
4.5 x 10" Ingestion of Drinking Water (Radionuclides) 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
3.9 x 10-7 
1.5 x 10-9 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 7.7 x 10-7 

Total Receptor ILCR = 3.4 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-30 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

SOLID WASTE LANDFILL WiTH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

4.3 x lo2 
2.8 x lo-* 

Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

1.2 x 
3.6 x lo-* 

Ingestion of Vegetables and Fruit (Chemicals) 

Dermal Contact While Bathing (Chemicals) 

6.4 x 10'  

6.8 x 
7.6 x lo-' 

Ingestion of Drinking Water (Chemicals) 1.7 x 10-3 

Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 

1.8 x lo-" 
2.6 x 10" 

Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

1.2 x 10" 
2.7 x lo4 

4.7 x 10-'O 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 

1.9 1 0 9  
NA 

Ingestion of Meat (Chemicals) 6.0 x 10" 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 

5.0 x lo-" 
NA 

Ingestion of Dairy Products (Radionuclides) 1.2 10-7 
Ingestion of Vegetables and Fruit (Chemicals) 9.5 x 10' 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

2.9 x 10" 
5.8 x 10' 

Total Receptor ILCR = 4.3 10-7 

HI = Hazard Index 
ILCR .= Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

0 0 0 32 0 
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FEMP-OUZFSRA-5 DRAFT 
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TABLE C.731 
SUMMARY OF POTENTIAL HEALTH EFF'ECIS 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
EXPANDED TRESPASSER 

~~ 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

5.2 x lo4 
2.0 x 

Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Dermal Contact While Bathing (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 

Total Receptor HI = 2.0 x 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 

*-. Inhalation of Particulates (Chemicals) 3.1 x lo-" 
8.8 x lo-'' 
9.2 x 10" 

Incidental Ingestion of Residual Soils (Radionuclides) 6.4 10-9 
Dermal Contact with Residual Soils (Chemicals) 1.7 1 0 - ~  
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) NA 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) NA 
Direct Radiation 1.3 10-7 

Total Receptor ILCR = 4.0 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.23.4) 
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TABLE C.732 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOLID WASTE LANDFILL WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exoosure Patbwav Pathwav HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 

NA 
2.4 x lo4 

Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 

) 

Ingestion of Dairy Products (Chemicals) 3.4 105 
Ingestion of Vegetables and Fruit (Chemicals) 1.9 10-3 
Ingestion of Drinking Water (Chemicals) 6.3 10-3 
Dermal Contact While Bathing (Chemicals) 3.6 x lo4 

8.6 x 10" Total Receptor HI = 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

~ ~~~ 

Pathway ILCR 
9.0 x lo-" 

NA 
NA 
NA 
NA 

NA 
3.6 x lo-'' 
1.5 x lo-'' 
4.3 x lo-'' 

5.3 x 10-l0 

NA 

3.6 10-9 

4.0 10-7 

2.2 10-9 

1.2 10-7 

Total Receptor ILCR = 5.3 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

C-7-38 
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TABLE C7-33 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOLID WASTE LANDFILL WlTH FEDERAL OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 4.3 x 10" 
Ingestion of Dairy Products (Chemicals) 3.6 x lo4 
Ingestion of Vegetables and Fruit (Chemicals) 7.2 10-3 
Ingestion of Drinking Water (Chemicals) 1.5 x lo-* 
Dermal Contact While Bathing (Chemicals) 5.9 x lo4 

2.3 x lo-* Total Receptor HI = 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicak) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

Inhalation of Particulates (Chemicals) 2.2 x lo-" . 1.9 x 10-l0 
NA 
NA 
NA 
NA 

1.7 x 10" 
NA 

5.6 x lo-" 
5.0 x 10-12 
3.9 x 10-10 
4.2 x lo-'' 
1.8 x lo-'' 

NA 
8.4 x 10-9 

Total Receptor ILCR = 2.7 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000323 
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TABLE C.7-34 
SUMMARY OF POTENTIAL HEALTH EFFECM 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
OFF'-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation, of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

1.0 x lo4 
Ingestion of Meat (Chemicals) 3.2 107 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 1.3 10-5 
Ingestion of Drinking Water (Chemicals) 2.5 10-5 
Dermal Contact While Bathing (Chemicals) 1.4 x lod 

Total Receptor HI = 1.4 x lo4 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Inhalation of Particulates (Chemicals) 2.1 x lo-'* 

1.4 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 1.5 10-9 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) , 

NA 
2.3 x lo-" 

Ingestion of Meat (Radionuclides) 6.9 x 10-13 

Ingestion of Dairy Products (Radionuclides) 6.5 10-9 
Ingestion of Dairy Products (Chemicals) NA 

Ingestion of Vegetables and Fruit (Chemicals) 1.6 x 10" 
Ingestion of Vegetables and Fruit (Radionuclides) ' 6.2 x lo-'' 
Direct Radiation NA 

~~ 

Total Receptor ILCR = 2.2 x 10'8 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.23.4) 
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TABLE C.7-35 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATlW 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 

Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 

Inhalation of Particulates (Chemicals) NA . 

Ingestion of Meat (Chemicals) 5.8 10-7 
Ingestion of Dairy Products (Chemicals) 1.1 10-3 
Ingestion of Vegetables and Fruit (Chemicals) 5.0 10-5 
Ingestion of Drinking Water (Chemicals) 5.8 10-5 

Total Receptor HI = 1.2 103 

NA 
NA 

Dermal Contact While Bathing (Chemicals) 2.3 x 10" 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

Pathway ILCR 
5.1 1043 

7.1 x lo-'' 
NA 
NA 
NA 
NA 

6.6 x 10'" 
NA 

3.6 x 
2.3 1044 

1.3 10-9 
NA 

5.1 x 10'l2 
4.4 x lo-" 

NA 

Total Receptor ILCR = 2.1 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

FERX)U2/FSRA/NEWDUZFSRA.C7 

Exposure route is incomplete (see Section C.23.4) 
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TABLE C.736 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNA- 6, 
PERCHED GROUNJIWATER USER 

~~~ ~~~ ___ ~~~ 

Exposure-Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 1.7 x lo-* 
Incidental Ingestion of Residual Soils (Chemicals) 

Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

8.2 x 10-3 

6.9 x 10-3 
3.4 x 1 0 - ~  

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

1.7 x lo-' 
NA 
NA 

2.0 x 10-1 Total Receptor HI = 

Exposure Pathway Pathway ILCR 
/ Inhalation of Particulates (Chemicals) 7.7 x 10" 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

5.0 x 10-7 

2.9 x 10-7 
3.4 10-7 
2.6 x 10-7 

8.2 x 10-9 
3.9 x 10-7 
1.5 x 10-9 

6.4 x 
2.9 x 10-7 
4.2 x 10-7 
7.7 x 1 0 - ~  

2.7 x 10" 

1;2 x 10" 

NA 

Total Receptor ILCR = 4.8 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

0003263 
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TABLE C.737 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6 
ON-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 1.7 x lo-* 
Incidental Ingestion of Residual Soils (Chemicals) 8.2 10-3 

Ingestion of Meat (Chemicals) 6.9 10-3 
Ingestion of Dairy Products (Chemicals) 3.4 103 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 4.2 10-5 

Ingestion of Vegetables and Fruit (Chemicals) 1.7 x 10" 
7.3 x lo4 

2.0 x lo-' Total Receptor HI = 

Exposure Pathway Pathway ILCR 
-Inhalation of Particulates (Chemicals) 7.7 x lo-" 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

0 
I Ingestion of Drinking Water (Chemicals) 

5.0 10-7 

2.9 10-7 
3.4 10-9 

2.7 x 10" 

NA 
4.5 x 10" 

NA 
3.9 10-7 
1.5 10-9 

6.4 10-7 
2.9 10-7 
4.2 x 10-7 
7.7 10-7 

NA 

Total Receptor ILCR = 3.4 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

c-7-43 
080327 



FEMP-OU2FSRA-5 D W  
August 1994 

TABLE C7-38 
SUMMARY OF POTENTIAL HEALTH E m .  

SOLID WASTE LANDFILL WITH PRIVATE OWNERSHIP, ALTERNATIVE 6 
ON-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 4 

Incidental Ingestion of Residual Soils (Chemicals) 

Ingestion of Meat (Chemicals) 

Ingestion of Drinking Water (Chemicals) 1.7 10-3 

Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 

Dermal Contact 'While Bathing (Chemicals) 

4.3 x 
2.8 x 
1.2 x lo-2 
3.6 x 
6.4 x lo-' 

6.8 x lo-' 

7.6 x 10' Total Receptor HI = 

Exposure Pathway Pathway IU=R 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 

1.8 x lo-'' 
2.6 x 10" 

Incidental Ingestion of Residual Soils (Chemicals) 1.2 x 10" 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

2.7 x 10" 
4.7 x 10-'O 

Ingestion of Drinking Water (Chemicals) 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 

NA 

NA 
6.0 x 10" 

5.0 x lo-'' 
NA 

Ingestion of Drinking Water (Radionuclides) 1.9 x 10-9 

Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.2 10-7 
9.5 x 10" 

Ingestion of Vegetables and Fruit .(Radionuclides) 2.9 x 10" 
Direct Radiation 5.8 x 10" 

~ 

Total Receptor ILCR = 4.3 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C739  
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
EXPANDED TRESPASSER 

Exwsure Pathwav Pathwav HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 2.9 10-3 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 

1.3 x lo-' 
NA 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 
1.3 x lo-' Total Receptor HI = 

~ 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

- ..- 
* Inhalation of Particulates (Chemicals) 2.5 x 10-9 

0 5.7 x lo4 
1.5 1 0 7  

2.0 10-7  
1.4 x lo4 

Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 

NA 
NA 

Ingestion of Meat (Chemicals) NA 
. Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
NA 
NA 

Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

NA 
8.2 10-7 

Total Receptor ILCR = 1.2 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete '(see Section C.2.3.4) 

c-7-45 
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TABLE C.7-40 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
OFF-PROPERTY FARMER (ADULT) 

____~  ~ _ _ ~ _ _ ~  ~~~ ~ 

Exposure Pathway Pathway HI 

Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 

Inhalation of Particulates (Chemicals) NA 

Ingestion of Meat (Chemicals) 1.2 10-5 
Ingestion of Dairy Products (Chemicals) 7.7 105 
Ingestion of Vegetables and Fruit (Chemicals) 4.1 10-3 

NA 
NA 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

1.4 x lo-* 
7.8 x lo4 
1.8 x lo'* Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 1.2 x lo4 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

4.3 10-7 
NA 
NA 
NA 
NA 

NA 
4.3 10-9 

3.5 x 10-10 
1.0 x 10-9 
4.9 10-9 

2.6 10-7 

8.6 x 

3.1 x 10" 

Direct Radiation NA 
1.6 x 10" Total Receptor ILCR = 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000330 

c-7-46 
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TABLE C.7-41 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 2, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 

NA 
2.2 10-5 

Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

8.1 x lo4 
1.6 x lom2 
3.2 x 

Dermal Contact While Bathing (Chemicals) 1.3 10-3 
4.9 x lo-2 Total Receptor HI = 

.- . Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 2.9 10-9 
.Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

2.2 x 10" 
NA 
NA 
NA 
NA 

3.7 x 10" 
NA 

6.6 x lo-'' 
1.1 x lo-" 
9.2 x lo-'' 
9.4 x 10"O 
1.0 x 10" 
1.8 x 10" 

NA 
Total Receptor ILCR = 9.3 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

(2-7-47 
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TABLE C.7-42 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD W WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 1.1 10-3 
Dermal Contact with Residual Soils (Chemicals) 1.2 x 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 
1.3 x lo2 Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 3.5 10-9 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

5.9 x 19" 
2.3 10-7 
1.2 104 
9.5 10-7 

NA 
NA 
NA 
MA 
MA 
NA 
NA 
NA 
NA 

1.2 x 10" 

2.5 x 10" Total Receptor ILCR = 

HI = HazardIndex 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.23.4) 

000332 
FEmumRA/NEwIou2RA.c7 c-7-48 
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TABLE C.7-43 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 1.8 10-5 
Ingestion of Dairy Products (Chemicals) 1.1 x lo4 
Ingestion of Vegetables and Fruit (Chemicals) 6.0 10-3 
Ingestion of Drinking Water (Chemicals) 2.0 x 10'2 
Dermal Contact, While Bathing (Chemicals) 1.1 10-3 

2.7 x Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 

1.9 x 10" 
4.5 x 10-~ 

NA 
NA 
NA 
NA 

1.2 x 10" 
NA 

3.3 x 10" 
5.0 x 10-10 

3.5 x 10" 
7.0 x 10-9 
5.9 x 10" 

3.7 x 10-7 
Direct Radiation NA 

Incidentak Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

Total Receptor' ILCR = 2.2 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

F E R I D U Z / F S R A / N E W I D U 2 C l  

Exposure route is incomplete (see Section C.2.3.4) 

080333 
c-7-49 
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TABLE C7-44 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway 
Inhalation of Particulates (Chemicals) 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

Pathway HI 
NA 
NA 
NA 

3.2 x 10' 

2.3 x 10" 
4.6 x 

1.1 10-3 

1.8 10-3 
Total Receptor HI = 7.2 x lo-* 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
Inhalation of Particulates (Chemicals) 4.6 10-9 

2.3 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 

NA 
NA 

Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

Ingestion of Drinking Water (Radionuclides) 5.3 x 10" 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 

1.6 x 10'" 
4.3 10-9 

Ingestion of Dairy Products (Chemicals) 2.6 x 10" 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 

1.4 x 10-9 
1.8 x 10" 

Ingestion of Vegetables and Fruit (Radionuclides) 2.6 x 10" 
Direct Radiation NA 

Total Receptor ILCR = 1.6 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

F E R / O U 2 R 3 W N E W D U 2 C 7  (2-7-50 
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TABLE C.745 
SUMMARY OF POTENTIAL HEALTH EFFEmS: 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) 6.0 x lo4 
Ingestion of Vegetables and Fruit (Chemicals) 2.9 x lo4 

9.4 x lo4 

Ingestion of Meat (Chemicals) 4.4 10-7 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 5.4 10-5 

Total Receptor HI = 1.3 10-3 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 6.7 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 

5.9 x lo4 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 2.5 x lo-" 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) . 3.6 x 10" 
Ingestion of Vegetables and Fruit (Chemicals) NA 

1.8 x 10" 
Direct Radiation NA 

Ingestion of Drinking Water (Radionuclides) 

Ingestion of Vegetables and Fruit (Radionuclides) 

Total Receptor ILCR = 1.4 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000335 
C-7-5 1 
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TABLE C 7 4  
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH PRWATE OWNERSHIP, ALTERNATIVE 3, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 7.8 107 
Ingestion of Dairy Products (Chemicals) 6.3 10-5 
Ingestion of Vegetables and Fruit (Chemicals) 1.1 10-3 
Ingestion of Drinking Water (Chemicals) 2.2 10-3 

Total Receptor HI = 3.5 10-3 

Dermal Contact While Bathing (Chemicals) 8.8 x lo-' 

Exposure Pathway Pathwav ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 3.4 x 10-9 

Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

\ Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 8.4 1013 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
6.9 x lo-" 

Ingestion of Vegetables and Fruit (Chemicals) NA 

Direct Radiation NA 
Ingestion of Vegetables and Fruit (Radionuclides) 1.3 x 10-9 

7.3 x 10-9 Total Receptor ILCR = 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000334; 
C-7-52 
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TABLE C.7-47 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOUTH FIELD AREA WITH PRlVATE OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (ADULT) 

Exmsure Pathwav Pathwav HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 6.5 x lo4 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

4.2 x 10-3 
5.4 10-5 
6.5 x lo4 

Ingestion of Vegetables and Fruit (Chemicals) 5.5 10-3 
Ingestion of Drinking Water (Chemicals) 5.5 10-3 
Dermal Contact While Bathing (Chemicals) ' 3.2 x lo4 

1.7 x lo-* Total Receptor HI = 

Exposure Pathway Pathway ILCR 
malation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

1.3 x 10" 
NA 

2.8 x 10" 
NA 
NA 

NA 
NA 

3.3 x 10" 
NA 

NA 
3.7 x 10" 

3.5 10-7 

6.4 10-7 

3.4 10-7 

Total Receptor ILCR = 6.4 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

F E R X ) U Z I F S R A / N E W ~ U 2 ~ C 7  

Exposure route is incomplete (see Section C.2.3.4) 

080337 
c-7-53 
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TABLE C.7-48 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 3, 
ON-PROPERTY FARMER (CHILD) 

EXDOSUIT Pathwav Pathwav HI 
Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 

Ingestion of Dairy Products (Chemicals) 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 

Incidental Ingestion of Residual Soils (Chemicals) 3.4 10-3 

Ingestion of Meat (Chemicals) 9.8 10-5 

Ingestion of Vegetables and Fruit (Chemicals) 

6.8 x 

6.8 x 

1.3 x 
5.2 x lo4 
5.2 x 

2.1 x lo-* 

Total Receptor HI = 

Exposure Pathway Pathway L€R 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 6.7 x lo4 
Incidental Ingestion of Residual Soils (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 1.5 x lo4 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) NA 

Ingestion of Vegetables and Fruit (Chemicals) NA 

Direct Radiation 2.5 x 10" 

Incidental Ingestion of Residual Soils (Radionuclides) 2.7 10-9 

Ingestion of Meat (Radionuclides) 1.1 10-9 

Ingestion of Dairy Products (Radionuclides) 1.2 10-7 

Ingestion of Vegetables and Fruit (Radionuclides) 2.6 10-7 

Total Receptor ILCR = 4.9 10-7 

HI = HazardIndex 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000338 
c-7-54 
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TABLE C.7-49 

SUMMARY OF POTENTIAL HEALTH EFFECI'S: 
SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 

EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 1.1 103 
Dermal Contact with Residual Soils (Chemicals) 1.2 x 
Ingestion of Meat (chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Dermal Contact While Bathing (Chemicals) NA 

1.3 x lo-* Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhilation of Particulates (Chemicals) 3.5 1 0 9  
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

5.9 x 10" 

1.2 x lo4 

NA 
NA 
NA 

NA 
NA 
NA 
MA 
NA 

1.2 x 10" 

2.3 10-7 

9.5 10-7 

NA . 

Total Receptor ILCR = 2.5 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. 

FERJuumRA/NEw~u2psRAc7 

Exposure route is incomplete (see Section C.2.3.4) 

c-7-55 000339 
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TABLE C.7-50 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

1.8 x 10-5 
1.1 x lo4 

Ingestion of Vegetables and Fruit (Chemicals) 6.0 x 10-3 
Ingestion of Drinking Water (Chemicals) 2.0 x 10-2 
Dermal Contact While Bathing (Chemicals) 1.1 10-3 

Total Receptor HI = 2.7 x ( 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) 
Inhalation of Particulates (Radionuclides) 

1.9 x 10" 
4.5 x 10-7 

Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 
NA 

Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 

1.2 x 10" 
NA 

3.3 x lo4 
Ingestion of Meat (Radionuclides) 5.0 x lo-'' 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

3.5 x 10" 
7.0 x 10-9 

Ingestion of Vegetables and Fruit (Chemicals) 5.9 x 10" 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

3.7 x 10-9 
NA 

Total Receptor ILCR = 2.2 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000340 

C-7-56 
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TABLE C.7-51 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH FEDERAL OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 3.2 10-5 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 4.6 x 
Dermal Contact While Bathing (Chemicals) 1.8 10-3 

1.1 10-3 
2.3 x 

Total Receptor HI = 7.2 x 

Exposure Pathway Pathway ILCR 

Inhalation of Particulates (Radionuclides) 
%halation of Particulates (Chemicals) 4.6 10-9 

2.3 x 10" 0 Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) ' NA 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 

NA 
NA 

5.3 x 10" 
Dermal Contact While Bathing (Chemicals) NA 

4.3 10-9 
1.6 x lo-" 

Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 2.6 x 10" 
Ingestion of Dairy Products (Radionuclides) 1.4 10-9 
Ingestion of Vegetables and Fruit, (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 

1.8 x 10" 
2.6 x 10" 

Direct Radiation NA 

Total Receptor &CR = 1.6 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C7-52 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) 6.0 x 10" 
Ingestion of Vegetables and Fruit (Chemicals) 2.9 x lo4 

9.4 x lo4 

Ingestion of Meat (Chemicals) 4.4 10-7 

Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 5.4 x 10-5 

1.3 x 10-3 Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 6.7 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 

NA 
NA 

Ingestion of Drinking Water (Chemicals) NA 
5.9 x 10" Ingestion of Drinking Water (Radionuclides) 

Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
NA 

2.5 x lo-" 
NA 

3.6 x lo-'' 
Ingestion of Vegetables and Fruit (Chemicals) , NA 
Ingestion of Vegetables and Fruit (Radionuclides) 1.8 x 10" 
Direct Radiation NA 

~~~ 

Total Receptor ILCR = 1.4 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section (22.3.4) 

000342 
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TABLE C7-53 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

6.3 x 10" 
7.8 10-7 

1.1 10-3 
2.2 10-3 

Dermal Contact While Bathing (Chemicals) 8.8 x 10-5 

Total Receptor HI = 3.5 x 10-3 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 

Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 6.9 x lo-'* 
Ingestion of Vegetables and Fruit (Chemicals) NA 

Direct Radiation NA 

Inhalation of Particulates (Radionuclides) 3.4 x 10-9 

Ingestion of Drinking Water (Radionuclides) 2.5 x 10-9 

Ingestion of Meat (Radionuclides) 8.4 1043 

Ingestion of Vegetables and Fruit (Radionuclides) 1.3 10-9 

Total Receptor ILCR = 7.3 10-9 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

8 6 0  
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TABLE C.7-54 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALT'EXNATIVE 6, 
ON-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) 6.5 x lo4 
Dermal Contact with Residual Soils (Chemicals) 4.2 10-3 
Ingestion of Meat (Chemicals) 5.4 10-5 
Ingestion of Dairy Products (Chemicals) 6.5 x 10" 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

5.5 10-3 
5.5 10-3 

Dermal Contact While Bathing (Chemicals) 3.2 x 10" 
1.7 x lo-* Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 1.3 x 10" 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) 2.8 x lo4 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 3.3 x lo4 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 6.4 io-' 
Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) 3.7 x 10" 
Direct Radiation 3.4 10-7 

6.4 x 10" 

3.5 x 1 0 - ~  

Total Receptor ILCR = 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

000344 

FER/OU2/FSRA/NEWX)U2FSRAC7 c-7-60 



FEMMU2FSRA-5 DRAFT 
August 1994 

TABLE C7-55 
SUMMARY OF POTENTIAL HEALTH EFFECTS 

SOUTH FIELD AREA WITH PRIVATE OWNERSHIP, ALTERNATIVE 6, 
ON-PROPERTY FARMER (CHILD) 

~ ~~ ~ 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 

Dermal Contact with Residual Soils (Chemicals) 6.8 x 10" 

Ingestion of Dairy Products (Chemicals) 6.8 x lo3 
2.1 x 

Ingestion of Drinking Water (Chemicals) 1.3 x lo'* 
Dermal Contact While Bathing (Chemicals) 5.2 x lod 

5.2 x lo-* 

Incidental Ingestion of Residual Soils (Chemicals) 3.4 103 

Ingestion of Meat (Chemicals) 9.8 10-5 

Ingestion of Vegetables and Fruit (Chemicals) 

Total Receptor HI = 

Ex"posure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

6.7 x 10" 
NA 

NA 
NA 

1.5 x 10" 
NA 
NA 

NA 

NA 

2.5 x 10" 

2.7 10-9 

1.1 x 10-9 

1.2 10-7 

2.6 10-7 

Total Receptor ILCR = 4.9 10-7 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 
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TABLE C.7-56 
SUMMARY OF POTENTIAL HEALTH EFFECI'S: 

DISPOSAL CELL WITH FEDERAL OWNERSHIP*, ALTERNATNE 6, 
EXPANDED TRESPASSER 

~ _ _ _ ~  ~ 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 

Total Receptor HI = NA 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

1.4 1043 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total Receptor ILCR = 1.4 x 10-13 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes federal ownership of FEMP, with federal ownership of disposal cell. 

. .  
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TABLE C.7-57 
SUMMARY OF POTENTIAL HEALTH EFTE<=TS: 

DISPOSAL CELL WITH FEDERAL OWNERSHIP*, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

~ ~ _ _  ~~ 

Pathwiy HI 
~ 

Exposure Pathway 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 7.2 x 10" 
Ingestion of Dairy Products (Chemicals) 1.0 x lo4 
Ingestion of Vegetables and Fruit (Chemicals) 5.7 10-3 

Dermal Contact While Bathing (Chemicals) 1.1 10-3 
Ingestion of Drinking Water (Chemicals) 1.9 x lo2 

Total Receptor HI = 2.6 x lo-' 

Exfisure Pathway Pathway ILCR 
Inlialation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

7.7 x lo-'' 
NA 
NA 
NA 
NA 

1.2 x 10" 
NA 
NA 

4.6 x lo-'' 
NA 

NA 
6.5 10-9 

3.6 10-7 
NA 

Total Receptor ILCR = 1.6 x 10" 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes federal ownership of FEW, with federal ownership of disposal cell. 
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TABLE C7-58 
SUMMARY OF POTENTIAL HEALTH EFFECI'S 

DISPOSAL CELL WlTH FEDERAL OWNERSHIP*, ALTERNA"IVE 6, 
OFF-PROPERTY (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

1.3 x 10-5 
1.1 10-3 

Ingestion of Vegetables and Fruit (Chemicals) 2.2 x 1 0 2  

Ingestion of Drinking Water (Chemicals) 4.4 x 
Dermal Contact While Bathing (Chemicals) 1.8 10-3 

Total Receptor HI = 6.9 x 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 
Ingestion of Drinking Water (Radionuclides) 5.2 x 10' 
Dermal Contact While Bathing (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 1.5 x lo-" 
Ingestion of Dairy Products (Chemicals) NA 

Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) 2.5 x 10' 
Direct Radiation NA 

Inhalation of Particulates (Radionuclides) 3.9 1043 

Ingestion of Dairy Products (Radionuclides) 1.3 10-9 

Total Receptor ILCR = 7.8 x 10' 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes federal ownership of FEW, with federal ownership of disposal cell. 
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TABLE C7-59 
SUMMARY OF POTENTIAL HEALTH EFFECIS: 

DISPOSAL CELL WITH PRIVATE OWNERSHIP*, ALTERNATIVE 6, 
EXPANDED TRESPASSER 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) NA 
Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA 

Dermal Contact While Bathing (Chemicals) NA 
Total Receptor HI = NA 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (.Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 
Incidental Ingestion of Residual Soils (Radionuclides) 
Qermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Vegetables and Fruit (Radionuclides) 
Direct Radiation 

0- 7.3 10-14 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total Receptor ILCR = 7.3 1044 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes private ownership of FEW, with federal ownership of disposal cell. a 
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TABLE C.7-60 
SUMMARY OF POTENTIAL HEALTH EFFEmS: 

DISPOSAL CELL WITH PRIVATE OWNERSHIP*, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (ADULT) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Meat (Chemicals) 7.2 x 10" 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

1.0 x 10' 
5.7 10-3 
1.9 x lo-* 

Dermal Contact While Bathing (Chemicals) 1.1 10-3 
Total Receptor HI = 2.6 x 

Exposure Pathway Pathway ILCR 
Inhalation of Particulates (Chemicals) NA 
Inhalation of Particulates (Radionuclides) 
Incidental Ingestion of Residual Soils (Chemicals) 

4.0 x 
NA 

Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Drinking Water (Chemicals) 

NA 
NA ' 

Ingestion of Drinking Water (Radionuclides) 1.2 x 10" 
NA Dermal Contact While Bathing (Chemicals) 

Ingestion of Meat (Chemicals) 
Ingestion of Meat (Radionuclides) 

NA 
4.6 x 

Ingestion of Dairy Products (Chemicals) NA 
Ingestion of Dairy Products (Radionuclides) 6.5 x lo9 
Ingestion of Vegetables and Fruit (Chemicals) NA 

Direct Radiation NA 
Ingestion of Vegetables and Fruit (Radionuclides) I 3.6 x 10-7 

~~ 

Total Receptor ILCR = 1.6 x lod 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes private ownership of FEW, with federal ownership of disposal cell. 
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TABLE C.7-61 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

DISPOSAL CELL WITH PRIVATE OWNERSHIP*, ALTERNATIVE 6, 
OFF-PROPERTY FARMER (CHILD) 

Exposure Pathway Pathway HI 
Inhalation of Particulates (Chemicals) NA 
Incidental Ingestion of Residual Soils (Chemicals) NA 
Dermal Contact with Residual Soils (Chemicals) 
Ingestion of Meat (Chemicals) 
Ingestion of Dairy Products (Chemicals) 

NA 
1.3 x 10-5 
1.1 10-3 

Ingestion of Vegetables and Fruit (Chemicals) 
Ingestion of Drinking Water (Chemicals) 
Dermal Contact While Bathing (Chemicals) 1.8 10-3 

2.2 x 10-2 
4.4 x 10-2 

6.9 x loe2 Total Receptor HI = 

Exposure Pathway Pathway ILCR 
Irihalation of Particulates (Chemicals) NA 

Incidental Ingestion of Residual Soils (Chemicals) NA 
Incidental Ingestion of Residual Soils (Radionuclides) NA 
Dermal Contact with Residual Soils (Chemicals) NA 
Ingestion of Drinking Water (Chemicals) NA 

Inhalation of Particulates (Radionuclides) 2.0 1013 

Ingestion of Drinking Water (Radionuclides) 
Dermal Contact While Bathing (Chemicals) 

5.2 x 10" 
NA 

Ingestion of Meat (Chemicals) NA 
Ingestion of Meat (Radionuclides) 1.5 x lo-" 
Ingestion of Dairy Products (Chemicals) 
Ingestion of Dairy Products (Radionuclides) 

NA 
1.3 10-9 

Ingestion of Vegetables and Fruit (Chemicals) NA 
Ingestion of Vegetables and Fruit (Radionuclides) 2.5 x 10" 
Direct Radiation NA 

7.8 x 10" Total Receptor ILCR = 

HI = Hazard Index 
ILCR = Incremental Lifetime Cancer Risk 
NA = Not applicable. Exposure route is incomplete (see Section C.2.3.4) 

* Assumes private ownership of FEMP with federal ownership of disposal cell. 
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ANALYSIS 

Risk assessments contain various elements of uncertainty. The purpose of identifymg and 

reviewing those uncertainties is to gauge the accuracy of the risk estimates and thus aid in the 

formation of risk management decisions. For the major categories of uncertainty relevant to 

remedial and residual risks, questions were posed to evaluate the contributors to uncertainty: 

0 

COC Selection: 
Are all C O G  identified and their concentrations 

Toxicity Information and Models: 
How complete is current information concerning 
response characteristics of the COCs? 

Exposure Pathways and Parameters: 

adequately quantified? 

toxic properties and dose- 

Are all potential pathways for transporting C O G  from site environmental 
media to receptors identified? 

Receptor Characterization: 
Are land use scenarios conservative, and are all potential receptors 
identified? Are exposure factors reasonable? 

Exposure Point Concentrations: 
Are models for estimating COC transport from site media to the receptor, 
and for estimating COC exposures and intakes, realistic and reasonable? 
Are the assumptions used €or developing risks reasonable and bounding of 
potential exposure ranges? 

Risk Characterization: 
What uncertainties are associated with cancer risks or HIS for multiple COCs? 

At the FEMP site, the approach taken on an FS risk assessment differs from that of a baseline 

risk assessment. FS risk assessments estimate exposure point concentrations using models and 

assumptions about site conditions both during and following remedial actions. Baseline risk 

assessments use existing data to evaluate current risks. The results of FS risk assessments have 

much more inherent uncertainty with regard to exposure patterns, exposed populations, and 

exposure concentrations than do the results of baseline risk assessments. One purpose of this 

uncertainty analysis is to characterize the sources of uncertainty which contribute most to the 

overall uncertainty in the FS risk assessment. 

c-8-1 080352 
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C.8.1 COC SELECTION 

A major concern of this FS risk assessment is the reliability of COC identification, both in terms 2 

of ensuring that all chemicals or radionuclides have been correctly identified as C O G  and that 

their potential concentrations are adequately quantified. The accuracy of COC identification is 

3 

4 

directly related to the quality of COC characterization data, including information on contaminant s 

identification, location, and concentrations. Characterization was controlled by the CERCLA 6 

7 sampling and analysis plan, which identified sampling locations and analytical protocols. 

The source of COC data for this risk assessment was the Operable Unit 2 FU report 8 

(DOE 1994a), particularly the baseline risk assessment. The RI report was prepared according to 9 

CERCLA guidelines, and the data were validated. Whenever possible, COC identification was 

based on risk results in the baseline risk assessment from data collected according to the 

10 

11 

I 

CERCLA sampling plan. However, uncertainty is inherently high in the Solid Waste Landfill data 12 

due to the heterogeneity of the waste forms. Uncertainty of soil data is inherently higher than 

groundwater data because soils are heterogeneous. 

13 

14 

It is unlikely that major COC contributors to risk for Operable Unit 2 have been overlooked. 

Any shortcomings in the chemical data that have been gathered at the FEMP site are 

compensated for by a large database of contaminant type and concentration data. Evaluation of 

t h k e  data have identified a large number of COCs which are present in Operable Unit 2 wastes 

and associated materials, and confirm general contamination patterns indicated by past site 

operations. There is a high degree of certainty that the major COCs (uranium and other 

radionuclides, arsenic and other metals, and organics) which could credibly contribute to site risks 

have been identified. 

16 

According to RAGS ‘(EPA 1989a)) the UCLs are used for all exposure concentrations. This 23 

means that 95 percent of the time, the actual mean concentration can be less than the value used 

in the exposure assessment. Conversely, 5 percent of the time the actual mean concentration can 

24 

25 

be greater than the value used in the exposure assessment. 26 

, 
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EPA-supplied RfDs and cancer slope factors were used throughout the residual risk evaluation. 

Because of this, toxicological evaluations (upon which the residual risk evaluation is based) 

contribute no more uncertainty than in comparable CERCLA documents. 

2 

3 

4 

As described in the Operable Unit 2 RI report, considerable uncertainty is associated with 

qualitative (hazard assessment) and quantitative (dose-response) evaluations of Superfund risk 

assessments. The hazard assessment characterizes the nature and strength of the evidence of 

causation, or the likelihood that a chemical that induces adverse effects in animals will induce 

adverse effects in humans. The hazard assessment of carcinogenicity is evaluated as a weight-of- 

evidence determination, using criteria from EPA (1986). Positive results in animal cancer tests 

suggest humans may also manifest a carcinogenic response, but the animal data cannot necessarily 

;-+ be used to predict the target tissue in humans. In the hazard assessment of noncarcinogenic 

~ effects, positive animal test results may suggest the nature of the human effects, i.e., the target 

tissues and type of effects (EPA 1989a). 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

There are many sources of uncertainty in dose-response evaluation of carcinogenic (Le., slope 15 

.: factor or unit risk calculations) and noncarcinogenic effects (Le., RfD or RfC calculations). The 16 

e 
3 )  three major sources are: 11 

1. Interspecies extrapolations: 18 

Animal-to-human extrapolation, commonly used in the absence of quantitative 19 

pharmacokinetics, dosimetric, or mechanistic data, is usually based on a consider- 20 

ation of interspecies differences in body weight, surface area, or basal metabolic 21 
rate. 22 

2. Intraspecies or individual variation: 23 

Most toxicity experiments are performed with animals that are similar in age and 
genotype so that intragroup biological variation is minimal. The human population 
of concern may reflect a great deal of heterogeneity, however, including unusual 

24 

2s 
26 

sensitivity to specific toxic effects or contaminants. n 

Toxicity data from human occupational studies reflect a bias because only those 
individuals sufficiently healthy to attend work regularly and those not unusually 
sensitive to the COG are likely to be occupationally exposed. 

28 

29 

30 

3. Key study and database quality: 31 
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quality of the literature databases add to the uncertainty. For carcinogenic effects, le 2 

The quality of key studies (from which the quantitative data are derived) and the 

the uncertainty associated with some quality factors @e., group size) is 
incorporated into the 95 percent upper bound estimate of the slope factor. For 
noncarcinogenic effects, additional uncertainty factors may be applied in the 

3 

4 

5 

6 derivation of the RfD or RfC to reflect gaps in the database. 

Another source of uncertainty in the quantitative risk estimation for carcinogenicity is the method 

by which data from high doses in animal studies are extrapolated to the dose range expected for 

environmentally exposed humans. The linear multi-stage model, which is used in almost all 

quantitative estimations of human risk from animal data, is based on the nonthreshold assumption 

of carcinogenesis. A large body of evidence, however, suggests that epigenetic carcinogens 

(carcinogens, which do not induce mutations), as well as many genotoxic carcinogens may have a 

threshold dose level below which they are noncarcinogenic (Williams and Weisberger 1991). The 

linear multi-stage model is therefore regarded as being conservative for many chemicals. 

7 

8 

9 

10 

11 

12 

13 

14 

Adding to this uncertainty is the fact that the EPA-derived slope factors found in IRIS (EPA 15 

17 l6 e 
18 

19 

1994a) are set at the 95 percent UCL of the linear slope of the multi-stage model. Thus, risks 

evaluated using the slope factors may be overestimated. This consideration applies to both 

radiological and chemical estimates of carcinogenic risk. The slope factors derived by EPA for 

the evaluation of risks due to external exposure to radiation are of particular concern in this 

are likely to provide conservative risk estimates. t 21 

regard. These values were derived using conservative assumptions about exposure conditions and m 

The methods used to deGne RfD values for chemical contaminants also incorporate a large 

degree of conservatism. Sets of multiplicative uncertainty factors (UFs) are used to adjust the 

results of animal and human toxicologic studies to take into account the nature of the endpoint 

No Observed Adverse Effect Level (NOAEL) to Lowest Observed Adverse Effect Level 

(LOAEL) seen in the studies, differences in response to different dose schedules, the presence of 

especially sensitive populations, and the possible differences between human and animal sensitivity 

to contaminant exposures. Each UF may have a value as high as ten; thus, RfD values typically 

are set between 100 and loo0 times lower than the lowest dose seen to cause any adverse effects 

in animal studies. If the human and animal responses to contaminant exposures are not as 

dissimilar as reflected in the UFs (or if humans are less, rather than more, sensitive to 

a 

23 

24 

25 

26 

t7 

28 

29 

30 
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contaminants), it is possible that the use of RfDs overstates the potential for adverse health 1 

effects in humans. 2 

The level of uncertainty in the toxicologic data for different chemicals varies because information 

concerning some constituents and their associated health effects is comparatively scarce, whereas 

for others much more information is available from health effects studies. Also, different amounts 

of data may be available concerning the different types of effects for a given COC. For example, 

uranium (a key COC at Operable Unit 2) has been established as a chemical toxicant (mainly 

affecting the kidneys) based on human and animal studies. The l2ED for uranium was based on  

the results of animal studies and was calculated by applying an uncertainty factor of lo00 to a 

LOAEL for nephrotoxicity in rabbits to provide a margin of safety for extrapolation to humans. 

The uncertainty factor consists of three factors of 10 each for: 1) estimation of a NOAEL from a 11 

LOAEL, 2) extrapolation from animals to humans, and 3) the range of sensitivities among 12 

exposed humans. 13 

. .  .,r*A c 2  

5 - g  

@ 73, 

I + *  
s i 2  

There is even greater uncertainty regarding the carcinogenicity of uranium. As an alpha-particle 

emitter, uranium is also considered a carcinogen; however, epidemiological evidence of uranium- 

induced excess cancers is difficult to obtain. This is largely because the human data available on  

the radiocarcinogenic effects of uranium exposure are for underground miners who were 

simultaneously exposed to  radon and radon progeny, which are known carcinogens. The studies 

of humans sometimes lack quantitative information concerning uranium exposure, including 

potential uranium exposure through previous employment, concurrent smoking patterns, or 

concurrent radon exposure levels, all of which are needed to definitively determine the risk 

attributable to uranium exposure. These facts weaken the power of the human studies to detect 

excess risk, if any, above natural risk. These uncertainties are not well known or easily quantified. 

0 - -  

> .  
*,? 

14 

15 

16 

17 

18 

19 

m 

21 

22 

23 

Uncertainties in the interpretation of toxicologic data also affect risk assessment results for 24 

25 inhalation exposures to metals. Hazard index values associated with particulate inhalation 

contributed by exposures to antimony. 

exposures exceed one for several receptors at Operable Unit 2. Almost all of the HI values are 26 

27 

Subchronic health effects as a result of short-term exposures during remedial actions were 

assessed in this FS using chronic risk parameters. This assumption was made because the 
28 

29 
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duration of on-property exposures during remediation could potentially exceed the two-week to 

seven-year exposure period defined for subchronic exposures. The use of the more conservative 2 

chronic risk parameters provide a more conservative approximation of health effects with less 

uncertainty. . 4  

3 

Uncertainty in the derivation of reference doses in mitigated by the use of uncertainty and 

modifymg factors (MF) are assigned as follows: 

5 

6 

7 

modifymg factors that normally range. between three and ten. Uncertainty factors (UF) and 

A UF of ten is used to account for sensitive subpopulations. 8 

0 A UF of ten is used when extrapolating from animals to humans to account for 
interspecies variability. 10 

9 

0 A UF of ten is applied to a NOAEL (no observed adverse effect level) derived from 11 

a subchronic study rather than a chronic study. 12 

0 A UF of ten is applied to a LOAEL (lowest observed adverse effect level) to 13 

estimate a NOAEL. 14 

16 

0 An MF from zero to ten is applied to data to reflect the quality of the data from the 
critical study used to derive the reference does. 

As a result, a combination of uncertainty and modifymg factors may exceed 100, 1O00, or more for 17 

a particular compound. Other toxicity information used in the Operable Unit 2 risk assessment 18 

that introduces uncertainty include (DOE 1994a): 19 

The EPA inhalation slope factor of 7.7 x 
used to calculate risks resulting from indoor inhalation of radon gases. The EPA 
bases this slope factor on a 50% equilibrium ratio between Rn-222 and its short-lived 
daughters. Studies cited in NCRP Report No. 78 (NCRP 1984) report a lower value 
for this equilibrium ratio in indoor air (Le.: 100/50/30~0/20 for Ra-222, Po-218, 
Pb-214, Bi-214, and Po-214, respectively). Since the concentration of daughters 
expected in indoor air is lower than the EPA assumption, the slope factor is probably 
conservative in this respect. 

PAHs that are classified as B2 probable human carcinogens for which no toxicity 
data were available are evaluated using benzo(a)pyrene toxicity data. This 
assumption likely leads to an overestimation of the carcinogenicity of those PAHs 
because conservative assumptions were used to relate their carcinogenicity to that of 
benzo(a)pyrene. However, when toxicity equivalency factors were used in this 
assessment to evaluate their carcinogenicity, this may either underestimate or 
overestimate the carcinogenic risks. Overall, this increased conservatism does not 

pCi-' for Rn-222 plus its daughters is 

. 
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significantly impact the overall risks from Operable Unit 2 since the majority of risks I 
are posed by other COG. 2 

The only PCB with positive carcinogenicity results is Aroclor-1260. The 

of Aroclor-1260 because the dose-response data for other isomers are inconclusive. 

percentages of chlorine atoms. The conservatism introduced in the evaluation of 

did not exceed the concentration-toxicity screen. 

3 

carcinogenicity of all PCB isomers were assumed to be equal to the carcinogenicity 4 

5 

6 

7 

Statistically significant cancer results were not seen for Aroclors with lower 
. 

PCBs is not anticipated to impact the selection of C O G  for final risks because they 8 

9 

0 As with PAHs, the carcinogenicity of dioxins and furans other than the 2,3,7,8-isomer io 

were determined using EPAs  revised Toxicity Equivalency Factors (TEFs) in the 
absence of toxicity values for the different isomers. The TEFs are based on the 

1 1  

12 

assumption that all dioxin and furan congeners are carcinogenic. This may introduce 13 

a large positive bias to the results of the assessment. 14 

"*. 

F, ;.s 

A significant source of uncertainty for calculating risks from radionuclides in surface soil is the use is 

of EPA slope factors for external radiation exposure. In deriving these slope factors, EPA has 

assumed that an individual stands continuously on an infinitely thick slab of soil with a uniform 

radionuclide concentration. To manage complicated calculations for photon attenuation and 

scattering in soil, EPA has assumed that the activity in the slab source is present on an infinite 

16 

17 

18 

19 
C J  

plane with uniform surface concentration. The slope factors for external radiation exposure are, 20 

0 
;i therefore, based on calculated exposures (and associated risks of cancer incidence) from the 

hypothetical plane source. In addition, EPA calculates slope factors for ingestion of many 

that influence the magnitude of the GI absorption factor have not been considered. 

21 

22 

radionuclides using the maximum value for the GI absorption factor. The actual chemical form(s) B 

21 

C.8.3 EXPOSURE PATHWAYS AND PARAMETERS 25 

Both remedial and residual exposure pathways are derived from EPA guidance (EPA 1989a) and 

the RAWPA (DOE 1992). As such, the components for each pathway are based on information 

derived from literature or scientific hypothesis. The associated uncertainties are reviewed below. 

ai 

n 

B 

C.8.3.1 Remedial Action ExDosure Pathways 29 

In general, estimates of remedial action risks in this assessment are conservative. The estimates 30 

tend to overestimate the risks likely to be experienced by potential receptors during remedial 31 

activities. Conservative analyses are necessary to compensate for uncertainties inherent in the 32 
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assessment and to insure that potential risks are not missed. These uncertainties are examined by 

exposure mode below. 

Direct Radiation 

Excavation. Direct radiation exposure to a remediation worker during excavation requires an 

individual standing on contaminated ground during the last phase of excavation. The magnitude 

of his exposure is directly related to the time he spends standing on  the ground. The exposure 

time is very uncertain. It is likely that a person will spend very little time on contaminated 

ground, since excavation through the liner will take place without monitoring (and therefore 

without the presence of monitoring personnel) and contaminated ground should exist only in 

areas where the liner has been breached. 

If a heavy-equipment accident should occur, protection from direct radiation afforded the 

remediation worker inside the cab could be greatly diminished. Exposure parameters for this 

scenario are difficult to quantify and the results uncertain. Qualitatively, it can be stated that 

impacts would be small since exposure time would be short and radiation fields would be low. 

Drying. Direct radiation exposure to an operator from drying depends on the proximity of the 

operator to the dryer containing soil material and on the shielding afforded by the dryer. Given 

the low radiation dose rates associated with the material and the "hands-off" nature of the drying 

process, it is likely that radiation exposure would be unmeasurable using personnel dosimetry 

devices. Impacts predicted in the assessment, though small, likely overestimate the dose 

equivalent that would occur. 

Gondola Handling, Direct radiation exposure impact to a gondola handler depends on the 

proximity of the handler to the gondolas. Handlers will need to perform radiation surveys of each 

gondola. The estimate of the duration of these operations represents the primary uncertainty in 

this assessment. However, these operations comprise only a small fraction of the total time 

needed to load a gondola. 

Immersion and Inhalation 

Excavation. Similar to direct radiation from discrete sources, exposure via ionizing radiation from 

immersion in and inhalation of airborne contaminants depends on source strength (air 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 a 
16 

17 

18 

19 

m 

21 

22 

23 

24 

25 

26 

28 
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concentration) and exposure duration. For assessment of excavation risks, it is uncertain where 

the receptors will be with respect to the excavation. This assessment assumes the receptors are 

located as near as possible to the excavation site. It is likely that nonremediation workers and 

1 

2 

3 

off-site individuals would be exposed to greatly reduced concentrations, thus reducing their overall 4 

exposure. 5 

For remediation workers, inhalation impacts were ignored since the workers would use respirators. 

However, respirators do not completely eliminate intake of COCs in the air. Respirators afford a 

protection factor on the order of a factor of 50 (per 10 CFR Part 20) to the worker. This means 

6 

7 

8 

that the worker wearing a respirator is exposed to a COC concentration 50 times less than is in 

the air. However, in spite of the anticipated low risk from inhalation to nonremediation workers, 

and the lower exposure time than for nonremediation workers (a factor of 5), to be conservative, 

this risk was quantified. 

As with direct radiation, if a heavy equipment accident should occur, the protection from 

inhalation of contaminated soil afforded the remediation worker inside the cab could be greatly 

diminished. Exposure parameters for this scenario are difficult to quantify and the results 

uncertain. Qualitatively, it can be stated that impacts would be small since the exposure time 

would be short and COC concentrations low. 

13 

14 

15 

16 

17 

The remedial action risk assessment assumes that subsurface waste materials and underlying liners 

(when present) are unavailable for transport to receptors due to the high amount of moisture in 

these materials. Although a reasonable assumption, concentrations of arsenic in waste material 

would result in cancer risk of l o 3  if resuspended. Any uncertainty regarding the resuspension of 

waste material must be eliminated to reduce the resuspension risks; that is, engineering controls 

18 

19 

P 

21 

zz 

must be in place to ensure that waste materials and liner will not be resuspended during 23 

excavation. 24 

Drying. Shredding. - and Crushing 

To evaluate releases during waste processing operations, receptors were placed close to the 

release point (200 meters for nonremediation workers and 400 meters for off-site individuals), 

thus exposing them to a higher-than-expected concentration of COCs. Waste processing is 

25 

26 

n 

28 

assumed to be released from ground level, although any such release will likely be elevated (from 29 
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a stack vent). Elevated releases result in greater dispersion and lower COC exposure point 

concentrations. 2 

Finally, the off-gas system will likely remove a fraction of the C O G  assumed to be released. No 3 

credit was taken €or off-gas contaminant removal in the assessment. 4 

For nonremediation workers, a breathing rate of 3 cubic meters per hour is used. This assumes 

A nominal value of approximately 1 cubic meter, or one third as great, is probably a more 

5 

the worker is doing heavy labor continually for the 8 hours per day h e  is working and is exposed. 6 

7 

reasonable estimate. a 

Mechanical Hazards 9 

Mechanical hazard risk coefficients are based on general construction activities. Remedial 10 

activities considered in this Fs generally involve less "hands-on" work. It is likely that actual risk 

to, workers from mechanical hazards will be less than that calculated in this assessment, due to the 

use of remote operations. Also, the man-hour estimates used in the cost estimate do not have a 

fine distinction of worker type. Many of the hours could be attributable to nonlaborers. 

11 

12 

13 

Transuortation 15 

Transportation impacts were assessed with the RADTRAN 4 computer code. The exposure 16 

scenario was defined based on many of the code default parameter values. These defaults are 17 

designed to give upperbound estimates of impacts. 18 

Risk Persuectives €or Risks to Remediation Workers 19 

Remediation worker inhalation and direct radiation doses, as calculated in Tables C.II-1 through 

13, 18-21, and 28-30 were in range of lo-' to 10" for the various subunits for the total duration 

XI 

21 

of the project, approximately 4 years. These doses were calculated assuming: ' 2 2  

No worker protective equipment (PPE) 23 

Worst-case exposure durations 25 

0 The 95% UCL soil concentration 24 

Worst-case soil volumes. 

Assumes that one  worker receives the maximum exposure in each subunit for all 26 

Remediation activities n 
Inhalation and uptake (Le., is taken into the lungs) of 100% of the soil which is 
airborne at the maximum dust loading (600 &m3) for the entire exposure duration 

C-8- 10 
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The assumptions used in these calculations must be considered as bounding, and in many cases, 

dust loading ignores the following critical "dose-lowering" considerations: 

1 

far exceed even worst-case scenarios. The method of evaluating worker inhalation doses based on 2 

3 

0 Only a fraction of the soil is respirable. Dust must be of a respirable fraction to 4 

be taken into the lungs. This respirable fraction is in the size range of 0.2 - 10 pm s 
(AMAD), with the most likely intake size at 1 pm. 6 

0 Of the respirable fraction, only 60% of the amount inhaled will be taken in by the 7 

body. 8 

0 Only a fraction of the soil will contain contamination at the 95% UCL level. 9 

0 Because of the duration of some of the activities, workers will not be expad to IO 
the maximum hours for any subunit. 11 

Any+one of these considerations could be responsible €or an order of magnitude over-estimation 12 

of actual doses. Many of these considerations are "built-in" to the EPA methodology 13 

(assumptions) in order to ensure conservatism in the estimations, but they do not represent "real" 14 

risks to a worker, and were developed to ensure the safety of the public exposed to chronic 1s 

releases of contaminants over long (e.g., lifetime) exposures. A lifetime is currently defined as 70 

years. The exposure duration of this project is approximately 4 years. While it is assumed that 

16 

17 

carcinogens, once taken into the body, continue to pose a cancer risk for the rest of an 18 

individual's life, these calculational methods are based on continuous intakes (i.e., new carcinogen 19 

exposure) over the 70 years. 20 

The total doses over the life of the project as calculated in Tables C.II-1 to -12, that are 

responsible for the largest part of these risks are (given approximately): 

21 

22 

0 50 mrem inhalation 
200 mrem maximum for direct radiation 23 

24 

The dust loading for construction activities is 600 pg/m3 (RAWPA). For the most limiting 2s 

uranium isotopes (U-234, -235, and -236), DOE has calculated a derived air concentration (DAC), 

i.e., the air concentration that will give a dose of 5 rem is breathed by a worker for 2000 Wyear, 

of 2 x 10'" pCi/ml (10 CFR 835). Using a uranium soil concentration of 500 pCi/gm (based on 

26 

n 

28 

the solid waste landfill U-total listed in Table C.II-4), the following estimate can be made: 29 
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[5oO@] [6x = 0.3 - pCi = 3x10- 13 - pci 
gm m3 m3 c m 3  

Eq. C.81 

1 

When compared to the DAC of 2 x lo-" pCi/ml, this estimate is two orders of magnitude lower, z 
giving an approximate, but conservative dose of 50 mrerdyear. 3 

TABLE C.8-1 4 

SUMMARY OF CURRENT REGULATORY STANDARDS FOR 
PROTECTION OF RADIATION WORKERS 

5 

6 

Regulatory Regulatory Limit Value Conditions 
Standard Agency (rem) 

10 CFR 20, 835 US NRC, DOE 5 rem& External + internal 

10 CFR 20, 835 US NRC, DOE 25 rem Lifetime special exposure 

10 CFR 20, 835 US NRC, DOE 0.5 To a declared pregnant worker 

10 CFR 20,835 US NRC, DOE 0.05 Maximum per year without 
consideration of respiratory protection 

10 CFR 20,835 US NRC, DOE 0.1 Maximum per year in a controlled area 

10 CFR 20, 835 US NRC, DOE 0.005 rem/hr Areas which must be designated as 
radiation areas 

7 

8 

13 

29 CFR 1910.96 OSHA 1.25 Worker whole body limit 

29 CFR 1910.96 OSHA 7.5 Skin 

redquarter 

redquarter 

15 

16 

Since the project is on a four year basis, the annual doses would be about 50 mrem/yr for direct 17 

radiation and 15 mrerdyear for inhalation. 18 

The risks presented may be put into perspective for remediation workers by comparing the dose 19 

used to calculate this risk to current regulatory standards for exposure. These are summarized in 20 

Table C.8-1. 21 

As shown in Table C.8-1, the doses estimated are in the range that is considered acceptable for P 

workers in controlled areas, but these activities may not even require respiratory protection. 23 

Estimates of direct radiation performed using the MICROSHIELD code predicted dose rates up 

to a maximum of O.ooOo3 rem/hr (for excavation of the Active Hyash Pile). And the areas may 

24 
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not need to be declared as radiation areas. These doses are well within the acceptable current 

standard for exposures to members of the public from licensed sources, 100 mrem. 

1 

2 

These risks are more commensurate with those that would be acceptable for risks to members of 3 

the public (lo4 to lo4), than those deemed acceptable to workers. Workers are assumed to 4 

voluntarily be exposed to risks that are higher than those to which the public should be exposed. s 

The key is in risks assumed voluntarily as opposed to "public" risks which are assumed to be 6 

involuntary risks. This can be seen in the regulatory limits for workers (Table (2.8-1) that include 7 

OSHA, NRC, and DOE limits at 5 rem& as opposed to the public dose limit of 100 mrem/yr. 

OSHA is charged with setting safe worker levels for various work hazards while EPA has been 

tasked with ensuring public and environmental safety to hazardous materials. 

8 

9 

10 

. . A  

74,. 
Members of the public are currently exposed to background radiation of 100 mrem (New York) 11 

to 125,mrem (Denver) yearly based on their place of residence. Public risks which can be 12 

considered voluntary include those shown in Table C.8-2. The risks to workers from radiation are 13 
E :: 

$.& orders of magnitude below those posed by industrial hazards, as shown in Tables C.II-21 and -22. 14 

TABLE C.8-2 1s 

ACTIVITIES CAUSING A RISK OF DEATH OF lo4 PER YEAR 
Activity per year 

Smoking 3 cigarettes 
Drinking 1D liter of wine 

Spending 1 hour in a coal mine 
Traveling 300 miles by car 
Flying 6,000 miles by jet 

One chest X-ray 

Nature of Risk 
Cancer, heart disease 
Cirrhosis of the liver 
Black lung disease 

Accident 
Cancer caused by cosmic radiation 

Cancer caused by radiation 

16 

17 

18 

19 

m 
21 

22 

23 

Source: Jacobson, AP.  and G.P. Sakalosky, 1980. Radiation in Medicine & Industry, Public 
Information Committee of the Health Physics Society, Bethesda, Maryland. 
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C.8.3.2 Residual ExDosure Pathways 

Receptors considered in the FS residual risk assessment are the off-property farmer (adult and 

child), on-property resident farmer (adult and child), on-property perched water user, and 

expanded trespasser. Other receptors may be exposed to FEMP COCs; however, the 

conservative exposure scenarios used in this report provide a high degree-of assurance that no 

actual exposed population will receive levels of exposure greater than those estimated in the FS 
risk assessment. 

Potential exposure pathways were evaluated for each exposed receptor. All pathways which could 

be complete under either land use scenario (federal or private ownership) were evaluated 

quantitatively €or their potential to be associated with adverse health effects. Each specific 

receptor population was assumed to be exposed through all pathways which might be complete 

under minimally plausible conditions. There is a high degree of assurance that total exposures are 

not underestimated for any actual exposed populations. 

Default exposure factor values For characterizing exposures to FEMP receptors are presented in 

the RAWPA For this FS risk assessment, receptor scenarios were selected to represent the 

highest potential exposures. Exposure factors in the risk assessment are based on surveys of 

physiological characteristics and behavioral profiles across the United States. Attributes and 

activities studied in these surveys generally have a broad distribution. To account for most of this 

distribution, this risk assessment follows the EPA’s recommendation in RAGS to use the 95th 

percentile values For most exposure factors (EPA 1989a). 

Exoosure Duration 

In accordance with EPA guidance (EPA 1989a), it was assumed that farm families occupy the 

land for a full lifetime (70-year) exposure period. This is a conservative approach. The exposure 

durations for all individuals within an age bracket are realistic, because of the historic stability of 

communities in the FEMP area. 

b o s u r e  Frequencv 

It was assumed on-property and off-property families would occupy the property For 350 days per 

year, a conservative but realistic assumption for farm families. 
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Exposure Time 1 

Farming family members were assumed to spend 24 hours a day on the farm property, whether it 2 

is assumed to be on or off the FEW property. This is -a conservative assumption as it does not 3 

take into account school time, shopping time, off-farm work, and other activities. 4 

Bodv Weipht 

Body weights used in the evaluation of residual risks were derived from standard tables for United 

States body weight distributions. Values were selected from distribution midpoints because of the 

certainty regarding those distributions. The actual variation for adults is likely to be less than a 

factor of two. Although children have a wide range of body weights, the uncertainty is, at most, a 

factor of two or three (plus or minus for a given age group). Selection of the midpoint (rather 

than the 95th percentile) for this variable adds conservatism to the risk estimates because this 

quantity appears in the denominator of the intake equations @e., risk is inversely proportional to 7 . y . "  

g:, -' body weight). 

Ineestion of Soil, Food, and Water 

There has been considerable discussion in the scientific literature concerning the appropriate oral 

ingestion rate of soil and dust for adults and children. Current EPA guidance recommends 100 

mg/day for adults and 200 mg/day for children under the age of six. Since the evaluation of 

residual risk considered farmers who would be exposed to quantities of dust through fanning 

activities, a weighted value of 180 mg/day was used for the on- and off-property farmers. These 

values are realistic as a multi-year average, but soil ingestion rates could potentially be higher for 

short-term exposures. 
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The rate and type of food consumption vary greatly from locality to locality and individual to ?2 

individual. Estimates of food consumption used in the residual risk assessment are national 

noted that it was assumed that the majority of food consumed will be from local farm products. 

This is a very conservative assumption. The values presented represent conservative estimates 

23 

averages and may not be appropriate for some individuals exposed to FEW COG. It should be 2 

25 

26 

and are not likely to vary by more than a factor of two for the average individual. The greatest 

uncertainty is in the consumption of specific foods (e.g., vegetables) by children. The direction 

n 

28 

and magnitude of this uncertainty are unknown. e 29 
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Consumption of drinking water was set to EPA Region V default values, which are conservative 

estimates. Over multi-year exposures, these values are not likely to vary widely and may be 

overestimated by a factor of less than two. Most likely, drinking water consumed will be less than 

the default values. 

Dermal Exposure Factors 

Four critical assumptions have been made relating to the assessment of dermal exposure to soils: 

1) amount of exposed skin surface area, 2) quantity of soil adhering to the skin, 3) length of time 

the soil adheres to the skin, and 4) partitioning rate of the COC from soil across the skin barrier. 

In addition, intake of contaminants associated with dermal contact to water is controlled by 

dermal permeability to specific waterborne contaminants. These factors vary widely and may 

contribute substantially to uncertainty in the risk assessment by these pathways. In general, 

assumptions used to estimate dermal absorption are consistent with the conservative default 

values defined in EPA guidance (EPA 1989a). The average extent of uncertainty in dermal 

exposure factors is quite large (an order of magnitude or more). In addition, the adjustment of 

toxicity values for use in the dermal pathway risk assessment, particularly in the case of inorganic 

contaminants, was performed using conservative assumptions about contaminant intake and likely 

contributes a further, unknown degree of conservatism to the characterization of dermal pathway 

risks. 

C.8.4 RECEPTOR CHARACTERIZATION 

Receptor characterizations were developed primarily from the RAWPA and EPA comments 

dated June 27, 1994 (EPA 1994d) on the Operable Unit 2 FS risk assessment. For this FS, 

receptor scenarios for the two future land uses, government and private ownership, were selected 

to represent the reasonable maximum potential exposure. 

As described in Section C.8.3.2, exposure factors were based on surveys of physiological and 

lifestyle profiles across the Untied States and attributes and activities studies generally have a 

broad distribution. To account for most of this distribution, this risk assessment follows EPAs 

recommendation in RAGS to use the 95th percentile for most exposure factors (EPA 1989a). In 

addition, the exposure factors are consistent with EPA Region V guidance. This introduces a 

conservative bias into the results. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

l6 17 a 
18 

19 

m 

21 

22 

23 

24 

25 

26 

n 
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0 The following RME receptors were chosen for the FS remedial action risk assessment: 1 

0 Remediation workers 
0 Nonremediation workers 

0 General public 
Off-property residents at the FEMP boundary 

Exposure pathways for these receptors include inhalation of resuspended dust and gaseous 6 

1 emissions, ingestion of and dermal contact with soil, direct radiation effects, and physical injury. 

The following receptors were selected for the residual risk assessment: 8 

Federal Ownership with Access Controls Private Ownership 9 

Off-property farmer (adult) 

Off-property farmer (child) 
b; . - A  

b 

%.< r. . 
Expanded trespasser e 

On-property resident farmer (adult using water 

On-property resident farmer (child using water 

io 

fromGMA) . 

from GMA) 
11 

Off-property farmer (adult) 

Off-property farmer (child) 

12 

$-.*'- 
On-property farmer (adult using perched 

water) 

, As previously stated, other receptors may be exposed to FEMP COG; however, the conservative 

exposure scenarios addressed in this report make it likely that no actual exposed population will 

13 

14 

receive greater exposures than those estimated in the FS risk assessment. IS 

A major uncertainly associated with predicting future exposures at the FEMP is the future 16 

disposition of the property itself. Because it is not possible to accurately predict what the future 17 

uses of the land may be, the most conservative (rather than the most likely) land use was 

evaluated, as stipulated by the NCP. The receptors evaluated in this assessment have been 

18 

19 

generally selected to reflect and encompass those types of activities that would produce the 

reasonable maximum exposure. The uncertainty associated with receptors identified in the two 

2o 

21 

future land use scenarios is high (i.e., potential to overestimate risk by 2 or more orders of 22 

magnitude) due to the low probability of the site being used as a residence or for agricultural 

purposes (DOE 1994). 24 

23 

000368 
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C.8.5 EXPOSURE POINT CONCENTRATIONS 

Predicted concentrations were used as exposure point concentrations since measured data are not 

available (e.g., the future. These predictions were made using mathematical representations 

(models) of the natural systems found or suspected to exist in the study area. Due to the 

complexity of natural environments, conservative assumptions were often used in these models to 

calculate exposure point concentrations. Uncertainties associated with modeled exposure point 

concentrations in Operable Unit 2 can be attributed to the following sources: 

0 

0 

0 

0 

0 

0 

0 

Use of Toxicity Characteristic Leaching Procedure (TCLP) data to characterize 
leachate concentrations in the natural environment adds conservatism to the 
groundwater fate and transport modeling process because TCLP leaching is 
performed with an acidic solution. This tends to overestimate the leachate 
concentration of inorganics over natural (more neutral) leaching conditions. 

The selection of parameters related to the attenuation and retardation of 
constituents is a major uncertainty in the analysis. The attenuation and retardation 
factors of every constituent except uranium were determined after an extensive 
literature search. The use of site-specific values are assumed to result in lower 
uncertainty than using literature values. 

The organic decay rates at the FEMP were determined after an extensive 
literature search. The actual decay rates may or may not follow the assumed 
literature values because of site-specific conditions. The use of site data to 
determine organic decay rates is assumed to result in lower uncertainty than that 
resulting from the use of literature values. 

Transport through the vadose zone is approximated by using a one-dimensional 
model and assuming the zone is homogeneous. The unsaturated seepage flow rate 
is a function of several parameters, such as porosity, residual saturation, and pore 
size distribution index. Due to the heterogeneous nature of the till, these 
parameters change from location to location and from depth to depth. 

The total mass of each contaminant is calculated by multiplying the UCL by the 
volume of the entire waste area, except for U238 which was kriiged, thus assuming 
the UCL concentration is uniformly distributed through the entire source. 

The fate and transport modeling uses a "70-year rule" for these constituents where 
no or inadequate leachate data exist. This "rule" assumes all the chemical leaches 
from a particular waste unit in 70 years. This method is considered very 
conservative for compounds that are insoluble but may underestimate the 
maximum exposure for soluble compounds. 

Air modeling is based on a number of conservative assumptions. In combination 
these assumptions appear to overestimate the exposure point concentrations for air 
based on site air monitoring data and according to a literature search for typical 
ambient air PM,, measurements for EPA Region V. The long-term average PM,, 

37 

39 
., 
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17 
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concentrations calculated are comparable to measured dust concentrations on 
constructions. This uncertainty is expected to moderately overestimate risk (Le., 
overestimate risks by 1 to 2 orders-of-magnitude). 

1 

2 

3 

The future configuration of the OU2 subunits is uncertain at this time; thus, a 

used in this evaluation, the future source concentrations may change and the 
models will have incorrectly estimated the exposure point concentrations. 

4 

reasonable worst-case configuration is used to determine source concentrations for 
both air and surface water modeling. If the actual configuration differs from that 

s 
6 

7 

8 

The transport models individually made assumptions regarding the fate of 
individual constituents within source media. However, these models were not 
combined or linked to consider assumptions made regarding depletion of chemicals 
from one model and the effect of that assumption on another model (i.e., the 
leaching models did not consider source depletion from volatilization or fugitive 
emissions and the air emissions models did not consider losses via leaching). 
Further, the direct exposure pathways to a particular source (Le., incidental 
ingestion of surface soil) did not consider source depletion by leaching, surface 
water transport, or air emissions. Consequently, this assumption is considered very 
conservative. 

These uncertainties for modeling collectively are assumed to moderately overestimate the 

concentrations expected in groundwater and for aerial deposition (Le., overestimate concentration 

and risk by a factor of one to two orders of magnitude) based on the above discussion. Models 

were also used to calculate chemical concentrations in plants and animals. Each time 

concentrations at one level in the food chain are extrapolated from a lower level, uncertainty is 

introduced into the result. For example, soil-to-plant transfer factors (B, values) generally 

represent the maximum amount of contaminant transfer that may occur. In reality, the 

contaminant transfer is quite dependent on the form of the constituent (e.g., metal specifies) and 

other site-related physical conditions (e.g., soil type). Thus actual site transfer factors are 

unknown. The values chosen are intended to be conservative and they are likely to overestimate 

risk. 

1) 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

P 

23 

24 

25 

26 

27 

28 

29 

Each exposure factor selected for use in this risk assessment has some uncertainty associatkd with 

it. Generally these factors are based on surveys of physiological and lifestyle profiles across the 

30 

31 

Unite States. The attributes and activities studied in these surveys generally have a broad 32 

33 

34 

distribution. To avoid the underestimation of exposure, this risk assessment followed EPAs 

recommendation and used the 96* percentile for most of the exposure parameters used in this 

risk assessment. In other words, the values selected represent the observed or expected habits of 35 

. .  
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a small percentage of the population (usually the upper 5 or 10 percent). For example, the 1 .  

resident farmer scenarios were assumed to inhale air at the location of the highest annual average 

concentration for 350 days per year for 70 years. Seventy years represents the maximum exposure 

2 

3 

duration and is not based on a statistical assessment of local or regional residence time for farm 4 

families. This factor tends to overestimate risk. 5 

Few intake parameters have high uncertainty associated with them. In the risk assessment for 6 

Operable Unit 2, the particular exposure parameters with the greatest uncertainty are judged to 

be those associated with time (combination of frequency and duration on the site). The particular 

7 

8 

exposure pathway with the combination of exposure parameters with the highest uncertainty is 

exposure by one to two orders of magnitude) for exposure. 

9 

dermal contact, which is assumed to result in moderate uncertainty (over- or underestimate actual io  

11 

Values used to represent exposure point concentrations were defined to provide conservative 

estimates of exposure, thus ensuring a conservative evaluation of risks. All residual risk 

assessment exposure point groundwater concentrations are projected or modeled values. 

Uncertainties associated with exposure point concentrations estimated by models are additive or 

multiplicative and include uncertainties associated with each input parameter (diffusion 

coefficients, groundwater flow rates, etc.), model characteristics, release mechanisms, and source 

terms. Residual risk evaluation input parameters were based on site information and professional 

judgment and were designed to be conservative. Input parameters and models were selected and 

used in a manner consistent with the RAWPA Further, representation of future conditions such 

as the three southern operable units are modeled as one unit for post remediation conditions. 

This is a result of the mixing and co-location of the remediated units. 

12 

13 

l4 15 1) 
16 

17 

18 

19 

m 

21 

22 

C.8.6 RISK CHARACTERIZATION 23 

Throughout this risk assessment, potential health effects caused by the simultaneous exposure to 24 

multiple on-site COG were assumed to be additive in nature. Uncertainties associated with 

summing cancer risks or HIS for multiple substances are of particular concern in the risk 

2.5 

26 

characterization step. The assumption of dose additivity ignores possible synergism or antagonism 

among chemicals and assumes similarity in mechanisms of action. However, data to quantitatively 

assess chemical interactions are generally lacking. In the absence of adequate information on 

n 
2s 

29 01 chemical interactions, EPA guidelines indicate that carcinogenic risks should be treated as 30 

C-8-20 000371 
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0 additive, and noncancer HIs should also be treated as additive. These assumptions are made to 

help prevent an underestimation of cancer risk or potential noncancer health effects at a site 

(EPA 1989a). Table C.8-3 provides on overview of the boundary of uncertainty for risk. 

1 

2 

3 
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C.9.0 SUMMARY OF RISK ASSESSMENT RESULlS I 

This section summarizes the calculated remedial action and residual risks for eacb receptor under the 2 

four FS remedial alternatives. Six COC sources were modeled including the five subunits and 
Disposal Cell. As such, the remedial action and residual risks are presented side by side for 

3 

4 

consolidation of information. The remedial action and residual risks are not additive, due to the 

occur within the next 10 to 20 years. In contrast, residual risks are considered to occur over a 

categories of potential risk should be and are considered separately in the FS. 

S 

differing time spans in which they are likely to occur. For example, remedial action is assumed to 6 

7 

1OOO-year time span, likely peaking at least a century after remediation is complete. 'Iherefm, these 8 

9 

Within the following summary tables, the potential carcinogenic and noncarcinogenic h&ealth 

(Alternative l), the baseline risk assessment from the Operable Unit 2 RI report (DOE 1994a) was 

10 

risks, the risk of injury, and the risk of fatality are presented. For the no-action &k Scenarios I 1  

12 

used. These matrices present the complete combination of land uses, receptors remedial and residual 13 

risks, subunits, sources and alternatives. This information is provided to risk managers and 14 

stakeholders so they can select the preferred remedial alternative based on the EPA's criteria for the 15 

feasibility study. Specifically, the matrices can be compared to the EPA criteria for the o v d  

protection of human health and the environment, long-term effectiveness, and short-term 
16 

17 

effectiveness. 18 

C.9.1 REMEDIAL ACTION RISKS 19 

P Remedial action risks were calculated for carcinogenic and noncarcinogenic risks to remediation 

along the transportation route. Both construction and transportation risks were evaluated. 

workers, on-property nonremediation workers, off-site public, off-property workers, and the public 21 

P 

Transportation risks were evaluated for rail transportation. On-site trucking risks were evaluated as 
part of the on-site industrial hazards. A summary of the results is presented in Tables C.Pl through 

P 

24 

C.9-14. The following provides a brief discussion of the result. 25 

For all alternatives, risks due to inhalation ex& the 106 target risk value for remediation and on- 
site nonremediation workers exceQt for risk associated with the lime sludge pond for al-e two. 

26 

27 

Risks to the public range from less than la' to less than 10'. a 
c-9-1 

28 
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For dermal exposure, all alternatives show cancer risks less than 106 and HIS less than 1.  For d i r e  

radiation, risks for the remediation worker exceed the lab target for all alternatives. The risks for 2 

nonremediation workers and the public are below the target value. Risks from VOCs and immersion 

in a contaminated cloud are well below the targeted risk value for all alternatives. Risk from on-site 

3 

4 

industrial hazards are less for Alternative 2, increasing for Alternatives 3 and 6 respectively. J 

Remedial risks were calculated based on volumes and remediation hours developed from the public 6 

ownership land use. For the South Field, Solid Waste Landfill, and Lime Sludge Ponds, the volumes 

and remediation hours are approximately 2 to 5 times less than the volume and hours for the federal 

ownership scenario. For the Inactive and Active Flyash Piles, the volume and hours are a fraction of 

7 

8 

9 

those calculated for the federal ownership scenario. Associated risks for the federal ownership 

scenario would be less than the risk presented in this section, for the public ownership scenario. 

10 

11 

C.9.2 SU MMARY OF ESTIMATED RISKS 12 

Table C.9-15 summarizes the highest (of the four subunit areas) remedial action and residual risks and 13 

hazards estimated to potential receptors resulting from the implementation of Alternatives 2, 3, and 6, 14 

The subunits contributing these risks and hazards are denoted by a footnote. The highest risks and 
IS 0 

hazards estimated for the No Action alternative are also presented to provide a comparison of 16 

17 potential risks in the event that no remedial actions are taken. 

Risks posed by the implementation of remedial actions under Alternatives 2, 3, and 6 are generally on 18 

the order of 10’ for the remedial worker and 106 for the nonremedial worker and general public. 19 

The greatest risk and hazard is to the remedial worker (5.1 x l@’ and 8.9 x la3, respectively) from P 

the implementation of Alternative 3. The risks to the remedial worker are developed without the 

benefit of personnel protective equipment per Section 10 of the RAWPA. As such, the level of 

protection provided by personnel protective equipment would further reduce risk. 

21 

22 

23 

The greatest residual risks and hazards posed to any potential receptors, under either federal or 

while total HIS range from below 1.0 to 65. 

24 

private ownership, are from Alternative 1 (No Action). Total ILCRs are in the range of to lab z 

26 

alternatives (Le., Alternatives 2, 3, and 6). For the federal ownership scenario, the greatest risk is to 
The next greatest residual risks and hazards posed result from the implementation of remedial 

2s 
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the expanded trespasser (2.5 x 1@ under Alternatives 3 and 6. The greatest hazard for this scenario 

is to this same receptor (0.13) under Alternative 3. For the private ownership scenario, the greatest 

t 

2 

risk is to the on-property resident farmer (6.4 x 106) under Alternatives 3 and 6.  The greatest 3 

hazards for this scenario are to the on-property resident child (0.76), also under Alternatives 3 and 6. 4 

. 

0 8 0 3 '77 
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RmlFBUu. RISK 1. ACTIVE 2. INACTIM 3. SOUTB 4. LIME 
ALTERNATIVE FLYASE PtYASII FIELD- SLUDGE 

PILE PILE** POND 

5. SOLID 
WASTE 

LANDFILL 

SOURCES: RISKS 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK ASSESSMENIS 
DERNE THE SCOPE OF Q U W A T W E  ANALYSIS FOR SHOm- 
TERM (TGMEDIAL AClION) AND LONG-TERM (RESIDUAL) RISKS. 
NUTE THAT CARCINOGENIC AND NONCARCINOGENIC RISKS 
RESULTING FROM ACCIDENTS ARE NOT INDICATED AND 
THEREFORE HAVE NUT BEEN CALCULATED. 

e c m c m m E m c  =INCRJZMENTAL 
LIFETIME CANCER RISK (rusR) FROM 
CHEMICAL AND ALL RADIOLOGICAL 
W A C T S  (NCPTARGW RANGE Is 10‘ 
m 1 0 9  

0 NON CARCINOGENIC = HAZARD 
INDM (HI) (HI NUT M EXCEED 1 .O) 

e PHYSICAL INJURY = INJURIES 
PREDICTED PER WORK HOUR (PI) 

0 FATALlTES = DEATHS PREDICI’ED 
PEX WORK HOUR 0 

e WHOLE BODY DOSE EQUIVALENT ’ 
(PERSON REM. i.e.. p=rem) 

0 DOE ANNUAL DOSERATE = 5 REM 
(1oCFR20 835) 

ND=NOTDFITRMMED 

F”t = NOTAPPLICABLE 

For residual risk analysis, these subunits arc modeled as ow c o m b d .  
southern subunit, due lo poslrrmdistion comminghg. 

** F o r  r e d i a l  action risks, these subunits are modeled M one combined 
subunit, becaw the soil concentration data presented in the RI is for a 

nxzR 2.09X10J 2.7~10’  2 . 7 ~  1 e’ 3.7~106 1.6xlW 

2.9xlCT‘ 3.4~10” 3.4x1(rJ 1.3~10’ 2.3xlW’ 
~ 

CONSOLIDATION 
AND 
CAPPlNC. 

2 

DISPOSAL 

WITH OpFslTE 
I DISPOSALOF 

TABLE C.9-1 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNI 

REMEDIAL WORK 
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r 1 
REMEDIAL RISK 1. ACTIVE PNACTIYE 3. SOUTH 4. LIME 5. SOLID 

ALTERNATIVE F L Y M  FLYASH FIELD.* SLUDGE WA!XTC 
PILE PILE** POND LANDFILL 

ACTION 

I, I 75x10' I 1.3~101 I 1.3~106 I 1.3X106 I 1.3~106 I 

CAPPING 
I 

EXCAVATION 
AND OFF-SITE 
DISPOSAL 

EXCAVATION AND 0 -  
O N S T E  DISPOSAL 
WITB om-SITE 
DISPOSAL OF 
FRACTION 
EXCEEDING WAC 

SOURCES: 

I -  F 2.6~106 1 . 6 ~ 1 0 ~  1.6~106 3.4~10'  2.1xlV 

ND ND ND ND ND 

I 

HI I ND ND ND ND ND 

0 THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSMENT3 DEFINE THE SCOPE OF 
QUANTITATIVE ANALYSIS FOR SHOm-TEIW 
(REMEDIAL ACI'ION) AND LONG-TERM ' 
(RESIDUAL) RISKS. NUIT THAT CARCINOGENIC 
AND NONCARCINOGENIC RISKS RESULTING 
FROM ACCIDENTS ARE NUT' INDICATED AND 
THEREFORE HAVE NUT BEEN CALCULATED. 

Fot residual rink analysis, these subunits an modeled as am 
combined, southern subunit, due lo pos&edi l ioa commingling. 

RISKS 

0 CARCINOGENlC = INCREMENTAL. LIFElTvE 
CANCER RISK (ILCR) FROM 
CHEMICALANDALL 
RADIOLOGICAL IMPACTS (NCP 
TARGET RANGE IS 1W TO 1 0  

NON CARCINOGENIC = HAZARD INDEX 0 (HI NUT TO 

0 PHYSICAL INJURY = INJURIES PRU)ICED PER WORK HOUR 

0 FAT- = DEATHS PREDICED PER WORK HOUR (F) 
0 WHOLE BODY DOSE EQWALW (PERSON REM, i.e.. p=rem) 
0 DOE ANNUAL DOSE RATJ3 = 5 REM (IOCFRU) 835) 
ND = NUT' DEEI&UNED 

0 = NOTAPPLICABLE 

EXCEED 1.0) 

PO 

Fot redd action rinks, these subunits are modeled as ODC 

combined subunit, because the mil conceatration data prr~entod in 
bte RI ie for a Combined dunit .  

TABLE C.9-2 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

NONREMEDIAL WORKER 

FE€lJCRU2PslSKHIA€TUvA~23,1994 3:- c-9-5 0 8 0 379 
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RESIDUAL RISKS 

ACTION 

CONSOLIDATION AND 
CAPPING 

SITE DISPOSAL WITH 

SOURCES: RISKS 

THE RAWPA (DOE 1992) AND PREVIOUS FS 
RISK ASSESSMENTS DEFINETHE SCOPE OF 

(RFMEDIAL ACMON) AND LONG-TERM 
(RESIDUAL) RISKS. NOTE THAT 
CARCINOGENIC AND NONCARCINOGENIC 
RISKS RESULTING FROM ACCIDEKIS ARE 
NUT INDICATED AND THEREFORE HAVE NUT 
BEEN CALCULATED. 

Q U m A T I V E  ANALYSIS FOR SHOW-TERM 

0 cARcINuGENlc= INCREMENTAL LIFEIlME 
CANCER RISK (rtcR) FROM 
CHEMICAL AND ALL 
RADIOLQGICAL IMPACTS 
(NCP TARGm RANGE 1s l(r 

NON CARCINOGENIC = HAZARD INDEX (HI) (HI NOT TO 
EXCEED 1.0) 
PHYSICAL W Y  = INJURIES PREDI- PER WORK 
HOUR (P9 
FATALIIIES = D U l H S  PREDICTED PER WORK HOUR 0 
WHOLE BODY DOSE EQUIVALENT (PERSON REM. Le., 
P=- 
DOE ANNUAL DOSE RATE = 5 REM (IocFR20835) 

To loq 

0 

0 
0 

0 
N D i N m D E E R M N E D  

For residual riak analysis, these subunits are modeled a8 one 
c o m b i d ,  southern subunit, due to postremediation 
commingling. 

TABLE C.9-3 
RISK SUMMARY FOR 

FEDERAL OWNERSHIP WITH ACCESS CONTROL 
FEWCRU~FS/SKH/APP-C~A~~US~~~. 1994 3:oOpm c-94 0 003 60 
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For residual risk analysis, these eubunita are modeled an one 
combid ,  southern pubunit, due to postremediation commingling. 
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OFFslTE 
DISPOSAL OF 
FRACTION 
EXCEEDING WAC 

RESIDUAL RISKS 

m 7.2 x 10' 7.2 x 10' 7.2 x 10' 4.1 x 10' 2.3 x 10' 6.9 x 10' 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSMENTS DEFINE THE SCOPE OF 
QUANITATWE ANALYSIS FOR SHORT-TERhi 
-DIAL ACIION) AND LONG-= 
(RESIDUAL) RISKS. NUI'E THAT CARCINOGENIC 
AND NONCARCINOGENIC RISKS RESULTING FROM 
ACCIDENTS ARE NUT INDICATED AND 
THEREFORE HAVE NUT BEEN CAKULATED. 

e CARCINOGENIC = INCREMENTAL L F E I W E  
CANCER RISK (ILCR) FROM 
CHEMICAL AND ALL 
RADIOuXilCAL IMPAcrS 
(NCPTARGEI'RANGE IS 104 
TO 109 

e 

e 

e 

e 

e 
N D e N U T D E E R M N E D  

NON CARCINOGENIC = HAZARD INDEX 0 (HI 
NUT TO MCEED 1.0, 
PHYSICAL INJURY = INJURIES PREDICTED PER 
WORK HOUR (PI) 
F A T M I E S  = DEATHS PREDNXED PER WORK 
HOUR (F) 
WHOLE BODY DOSE EQUIVALENT (PERSON REM, 
i.e.. p=nm) 
DOE ANNUAL DOSE RATE = 5 REM (1OCFIuo 835) 

= NUTAPPUCAELE 

TABLE C.94  
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

OFF-PROPERTY FARMER (CHILD) FEDERAL OWNERSHIP WITH ACCESS CONTROLS 

pnVCRU2R/SKH/APP-Ch~73,1994 3:OOpm c-9-7 
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RESIDUAL RISKS 

SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS RlSK ASSESSMENTS 
DEFlNE THE SCOPE OF QUANmAnvE ANALYSE FOR SHORT- 
TERM (REMEDIAL ACTION) AND MNG-TERM (RESIDUAL) RISKS. 
NOTE THAT CARCINOGENIC AND NONCARCINOGENIC RISKS 
RESULT[NG FRM ACCIDENTS ARE NUT INDICATED AND 
THEREFORE HAVE N m  BEEN CALCULATED. 

I 

For residual risk d y s i s ,  these subunits am modeled as one combined, 
southern subunit, due to poslremediation commingling. 

** For redd aclioo risks, these subunits are &led ae oae combined subunit, 
because &e soil concentration data prtscnttd in the Rl is for combined 

RISKS 

0 CARCINOGENIC =IN<SREMMIAL IJFmIME 
CANCER RlSK @.cR) FROM m C A L  AND 
ALL RADI0UX;KXL M P A m  (NCP TARGET 
RANGEE l ~ T o 1 ~  
NON CARCINOGENH3 = HAZARD INDEX (HI) 
(HINOTTOMCEED1.0) 
PHYSICAL INJURY = INJURIES PREDICTED PEI 
WORK HOUR (Po 
FATAL- = DEATHS PREDICTED PER WORK 
HOUR (F) 
WHOLE BODY D05E EQUIV- (PERSON 
REM, i.e., p=rem) 
DOE ANNUAL DOSE RATE = 5 REM (lOCFR20 
835) 

0 

0 

0 

0 

0 

ND = NOT D- 

= NOTAPPLKABLE 

TABLE C.9-5 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

OFF-PROPERTY FARMER (ADULT) PRIVATE OWNERSHIP WITHOUT ACCESS CONTROLS 

000382 F E R I C R U ~ F S ~ S W A P P - C ~ V A ~ ? ~ ,  19% 3:- c-9-8 



FEMP4Uo2-5 DRAFT 
August 24, 1994 

RESIDUAL RISKS 

ACTION 

OFF-SITEDISPOSAL 
OF FRACTION HI 
EXCEEDING WAC 

’ 

3.5 x l@’ 3.5 x 10’ 3.5 x 10’ 7.6 x 106 1.2 x 10” 6.9 x 10‘ 

SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESS- DEFINE THE SCOPE OF 
QUAN‘lTAnvE ANALYSIS FOR SHORTTERM 
-DIAL ACTION) AND LONG-TERM 
(RESIDUAL) RISKS. N U I E  THAT CARCINOGENIC 
AND NONCARCINOGENIC RISKS RESULTING FROM 
ACCIDENTS ARE NUT INDICATED AND 
THEREFORE HAVE NUT BEEN CALCULATED. 

RISKS 

a CARCINOGENIC = INCREMENTAL LXFlTIME 
CANCER RISK @.cR) FROM 
CHEMICAL AND ALL 
RADIOLOGICAL IMPACIS 
(NCPTARGET RANGE IS l W  
To 109 

a 

a 

a 

a 

a 
ND = NOT D- 

NON CARCINOGENIC = HAZARD INDEX 0 (HI 
NUTTO EXCEED 1.0) 
PHYSICAL INJURY = INJURIES PREDICTED PER 
WORK HOUR (PI) 
FAT- = DEATHS PREDICTED PER WORK 
HOUR 0 
WHOLE BODY DOSE EQUIVALENT (PERSON REM, 
i.e., p = m )  
DOE ANNUAL DOSERATE = 5 REh4 (lOCFR20835) 

= NOTAPWCABLE 

For residual risk aorlysis, these subunits are modeled an one 
combined, southern subunit, due to postredition Commingling. 

TABLE C.9-6 

OFF-PROPERTY FARMER (CHILD) WITH PRIVATE OWNERSHIP WITHOUT ACCESS CONTROLS 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 



.. 

FEMP4UO2-5 DRAFT 
A u g u s t a ,  1994 

REMEDIAL ACTION RISKS 

REMEDIAL 
ALTERNATIVE 

CAPPING 

EXCAVATION 
AND om-SITE 

. DISPOSAL 

SOURCES: RISKS 

THE RAWPA (DOE 1992) AND PREVIOUS FS 
RISK ASSESSMENTS DEFINE THE SCOPE OF 
QUAHllrAnvri ANALYSIS FOR SHORT-TERM 
(REMEDIAL ACTION) AND LONG-TERM 
(RESIDUAL) RISKS. N(JI1? THAT 
CARCINOGENIC AND NONCARCINOGENlC 
RISKS RESULTING FROM ACCIDENTS ARE 
NOT INDICATED AND THEREFORE HAVE NUT 
BEENCALCULATED. 

0 CARCINOGENIC= INCREMENTAL LIFETIME 
CANCER RISK (U-CR) RlOM 
CHEMICAL AND ALL 
RADIOLOGICAL IMPACTS (NC 
TARGFT RANGE IS l(r TO 103 

0 NON CARCINOGENIC = HAZARD INDEX ofl NUT TO 

0 

EXCEED 1.0) 
PHYSICAL INJURY = INJURIES PREDICTED PER WORK 
HOUR (PD 
FATAL= = DEATHS PREDICED PER WORK HOUR 0 

For residual rink analysis, these subunits are modeled as (MC 

combined. southern subunit. due to postremedimtion 
commingling. 

0 

0 
ND = NOT DFZTRMINED 

WHOLE BODY DOSE EQUIVALENT (PERSON REM, Le., 
p=rem) 
DOE ANNUAL DOSE RATE = 5 REh4 (lOCFR20 835) 

= NOTAPPLICABLE '1 For remedial action risks, these subunits are modeled as o l l ~  

combined subunit, because the mil concentration data p d  
in the RI in for a combined subunit. 

TABLE C.9-7 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

GENERAL PUBLIC 

00 0 3 6 4 C-9-10 FEJUCRUZFSIsKwAep-CIA~23.19w 3:- 



FEMP-OUO2-5 DRAFT 
August 24,1994 

RESIDUAL RISKS 

REMEDIAL 
ALTERNATIVE 

ACTION I 

I 6 . 4 ~  106 I 6 . 4 ~  106 I 6 . 4 ~  106 I 3 . 4 ~  lod I 3 . 4 ~  106 
6 EXCAVATIONAND I ONSITEDISPOSAL 

WITH OFPSJTE I I I I I 1 
DISPOSAL OF I FRACTION 

LEGEND: 
SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS 
RISK ASSESSMENIS DEFINETHE SCOPE OF 
QUANmATIVE ANALYSIS FOR SHOKT-TERM 
(REMEDIAL ACllON) AND LONG-TERM 
(RESIDUAL) RISKS. NUTE THAT 
CARCINOGENIC AND NONCARCINOGENIC 
RISKS RESULTING FROM ACCIDEKls ARE N m  
INDICATED AND THEREFORE HAVE NUT BEEN 
CALCULATED. 

RISKS 

0 CARCINOGENIC= INcREMEwALLlFErIME 
CANCER RISK QCR) RlOM 
CHEMICAL AND ALL 
RADIOLOGICAL Ih4PACXS (NCP 
TARGET RANGE 1s 10' TO 109 

0 NON CARCINOGENIC = HAZARD INDEX (HI) (HI NUT TO 
EXCEED 1 .O) 

0 PHYSICAL INJURY = INJUREES PREDI- PER WORK 
HOUR (PO 

0 F A T A L m  = DEATHS PREDICXED PER WORK HOUR (F) 
0 WHOLE BODY DOSE EQUIVALENT (PERSON REh4, i.e., 

p = nm) 
0 DOE ANNUAL DOSE RATE = 5 REM (lOCFR20 835) 
ND = NUT DEERMNED 

= NUI'APPLICABLE 

For residual risk analysis, these subunits are modeled as ollc 

c o m b i ,  southern subunit, due to postremediitimcomiogling. 

TABLE C.9-8 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

ON-PROPERTY FARMER (ADULT) PRIVATE OWNERSHIP WITHOUT ACCESS CONTROLS 

F E W C R U 2 P s / s K H l A P I ' € h ~ ~ ,  1994 3:- C-9-11 000385 



FEMP-OU02-5 DRAFT 
August24. 1994 1 

REMEDIAL RISK 1. ACTWE 2.IsAcTTyE 3. SOUTH 4. LIME 5. SOLID 6.DlSPOSAL 
ALTERNATIVE F'LYASa FLYASR FIELD* SLUDGE WASTE CELL 

PILE. Pill? POND LANDFILL 

I 

SOURCES: 

THE RAWPA @OE 1992) AND PiEVlOUS FS RISK 
ASSESSMENTS DEFINE THE SCOPE OF 
QUANTITATIVE ANALYSIS FOR SHOFS-TERM 
(REMEDIAL ACIION) AND LONG-TERM 
(RESIDUAL) RISKS. NOTE THAT CARCINOGENIC 
AND NONCARCINOGENIC RISKS RESULTlSG 
FROM ACCIDENTS ARE NOT INDICA'IZD AND 
THEIlEFORE HAVE NOT BEEN CALCULATED. 

Far residual risk analysis, these subunits arc momepcd u mze 
combined, southern subunit, due to postradiatfm 
comingling. 

RISKS 

0 CARCINOGENIC = INCREMENTAL LIFElT4E 
CANCER RISK (ILCR) FROM CHEMICAL AND 
ALL RADIOLOGICAL IMPACE (NCP TARGET 
RANGE IS IO4 TO 106, 

0 NON CARCINOGENIC = HAZARD INDM (HI) 
(HI NOT TO EXCEED 1 .O) 

0 PHYSICAL INJURY = INJURIES PREDICTED 
PER WORK HOUR (PI) 

0 FATALITIES = DEATHS P R E D I m D  PER 
WORK HOUR 0 

0 WHOLE BODY DOSE EQUIVALENT (PERSON 
REM, i.e., p=rem) 

0 DOE ANNUAL DOSE RATE = 5 REM (lOCFR20 
835) 

ND=NOTD- a = NOT APPLICABLE 

TABLE C.9- 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNI 

ON-PROPERTY FARMER (CHILD) PRIVATE OWNERSHIP WITHOUT ACCESS CONTRO 

FERlCRU2FSISKHlAPPClvA~ 23,1994 3:oOpm c-9-12 0 (3 0 ::i 86 



FEMPOU02-5 DRAFT 
August 24.1994 

RESIDUAL RISKS 

REMEDIAL RISK 1. ACTIVE 2. INACTIVE 3. =UT8 4. Llh4E5, sOLlD6. DISPOSAL 
ALTERNATIVE FLYAsa nYm FmdP SLUDGE WASTE CELL 

SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSMENTS DEFINE THE SCOPE OF 
QUANllrAnVE ANALYSIS FOR SHORT-TERM 
(REMEDIAL ACTION) AND LONG-TERM 
(TGSIDUAL) RISKS. NUTE THAT CARCINOGENIC . 
AND NONCARCINOGENlC RlsKS RESULTING 
FROM ACCIDENTS ARE N m  INDICATED AND 
THEREFORE HAVE NUT BEEN CALCULATED. 

For &dual risk analysis, these subunite arc modeled as OIY 

combd, southern subunit, due to postmudition comingliqg. 

TABLE C.9-10 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

PERCHED GROUNDWATER USER PRIVATE OWNERSHIP WITHOUT ACCESS CONTROLS 

FERlCRUZPslsWAPP-CkAueus(23.19W 3:OOpm C-9- 13 000387 



FEMP-OUOIL-5 DRAFT 
August 24, 1994 

REMEDLAL ACTION RISKS 

ALTERNATIVE 

CONSOLIDATION 

AND OFFSITE 

DISPOSAL OF 

SOURCES: RISKS 

THE RAWPA (DOE 1992) AND PREVIOUS FS RlSK 
ASSESSMENTS DEFINE THE SCOPE OF 
QUANTnATIVE ANALYSIS FOR SHORT-TERM 
(REMZDIAL ACTION) AND LONG-TERM 
(RESIDUAL) RISKS. NUTE THAT CARCINOGEMC 
AND NONCARCINOGENIC RISKS RESULTING 
FROM ACCIDENT5 ARE NOT INDICATED AND 
THEREFORE HAVE NOT BEEN CALCULATED. 

0 CARCINOGENIC= INCREMENTAL LIFEl-IME 
CANCER RISK (ILCR) FROM 
CHEMICAL AND ALL 
RADIOLOGICAL IMPACTS (NCP 
TARGIX RANGE IS l(r TO 109 

0 NON CARCINOGENIC = HAZARD INDEX (HI) gU NUT TO 
EXCEED 1 .O) 

0 PHYSICAL INJURY = INJURIES PREDICTED PER WORK 
HOUR (PO 

0 FATALKIES = DEATHS PREDICTED PER WORK HOUR (F) 
0 WHOLE BODY DOSE EQUIVALENT (PERSON REM, Le., 

p = rem) 
0 DOE ANNUAL DOSE RATE = 5 REM (lOCFR20 835) 
ND = NUT DElZRMINED 

0 = NUI' APPLICABLE 

For residual risk analysis, these subunits are modeled 88 one 
combined, southern subunit, due lo postnmediation comminglhg. 

RISK SUMMARIES FOR O U 2  ALTERNATIVES AND SUBUNI 
TRANSPORTATION - RAILWORKER! 

FERKRU2FSISMIIAPP-CIvA~23.19W 3:OOpm C-9- 14 
0 0 0 :i 88 
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FEMP-OUM-5 D W  

August24, 1994 

REMEDIAL ACTION RISKS 

ALTERATIVE 

AND CAPPING 

AND OFF-SITE 

SOURCES: RISKS 

0 THE RAWA @OE 1992) AND PREVIOUS FS RISK 0 CARCINOGENIC = INCREMENTAL L-E 
ASSESSMENTS DEFINE THE SCOPE OF CANCER RISK (WX) 
QUAN'ITATIVE ANALYSIS FOR SHORT-TERM FROM CHEMICAL AND 
(REMEDIAL ACTION) AND LONGTERM ALL RADIOLOGICAL 
(RESIDUAL) RISKS. NOTE THAT CARCINOGENIC W A C 3 3  (NCP TARGET 
AND NONCARCINOGENIC RISKS RESULTING RANGE IS 1vTO l@j 
FROM ACCIDEN?S ARE NUT INDICATED AND 
THEREFORE HAVE NCT BEEN CALCULATED. 

ND = NOT DEERMINED 

3 = NOTAPPLICABLE 

NON CARCINOGENIC = HAZARD INDEX (HI) (ra NOT 
m EXCEED 1.0) 
PHYSICAL INJURY = INJURIES PREDICTED PER WORK 
HOUR (PO 
F A T A L m  = DEATHS PREDICTED PER WORK HOUR 
0 
WHOLE BODY DOSE EQUIVALENT (PERSON REM, i.e., 
p = rem) 
DOE ANNUAL DOSE RATE = 5 REM (lOCFR20835) 

For &dual rist analysis, these subunits aLrr modeled a8 om 
combiued. h e m  subunit, due to postnmcdiition commingling. 

TABLE C.9-12 
RISK SUMMARY FOR OU2 ALTERNATIVES AND SUBUNITS 

ROUTE FEDERAL OWNER!jHIP WlTR ACCESS CONTROL 
OFFPROPERTY PUBLIC RECETlUR ALONG TRANSPORTATfON 

O W X 9  FERICRv2PsrsKHlA€"-Ch-~23.1994 3:oOpm C-9- 15 



FEMP-OUCQ-5 DRAFT 
August24, 1994 1 

7 -  _ _ _ _ ~  - 
RJ2KEDIAL RISK 1. ACTIVE 2. INACTIVE 

ALTERNATIVE FLYASH FLYASH 
PILE* PILE* 

ILCR 4.9 1 0 5  3.0 x l-.' 1 
NO 
ACTION 

1.2 x 106 1.2 x 106 Iu3a * CONSOLIDATION AND 

CAPPING 

2.5 x 106 2.5 x 106 ILCR EXCAVATION 
AND OFFSlTE 

1.3 x 10' 1.3 x 10' DISPOSAL HI 

RESIDUAL RISKS 

2.5 x 1od 

1.3 x 10' 

2.6 x l(r  . 4.0 x 10' 7.3 x 10'' 

2.8 x 10' 2.0 x 10' ND 

1" I 4 . 2 ~  10' I 1 . 0 ~  10' 

WITH OFF-SITE 
DISPOSAL OF 
FRACTION 
EXCEEDING WAC 

1.3 x 10' tu 

6 EXCAVATIONAND 2.5 x 106 I 2.5 x 106 I ON-SITEDISPOSAL 16 I 
1.3 x 10' 

LEGEND: 
SOURCES: 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSMENTS DEFINE THE SCOPE OF 
QUANmATIVE ANALYSIS FOR SHORT-TERM 
(REJ4EDIAL ACTION) AND LONG-TERM 
(RESIDUAL) RISKS. NUTE THAT CARCINOGENIC 
AND NONCARCINOGEMC RlSK.5 RESULTING FROM 
ACCIDWIS ARE NUT INDICATED AND 
THEREFORE HAVE NOT BEEN CALCULATED. 

RISKS 

e CARCINOGENIC = INCREMENTAL L F E l T 4 E  
CANCER FUSK (ILCR) FROM 
CHEMICAL AND ALL 
RADlOuXiICAL IMPACE (NCP 
TARGEf' RANGE IS 1@ To 104 

0 

0 

e 

e 

e 
ND = NUT DETERMINED 

n = NUT APPLICABLE 

NON CARCINOGENIC = HAZARD INDEX (HI) (HI NOT 
TO EXCEED 1 .O) 
PHYSICAL INJURY = INJURIES PREDICTED PER 
WORK HOUR (PI) 
FATAL= = DEATHS PREDICTED PER WORK HOUR 
0 
WHOLE BODY DOSE EQUIVALENT (PERSON REM. Le., 
p = rem) 
DOE ANNUAL WSERATE = 5 REM (lOCFR20835) 

For residual risk analysis, these subunits arc modeled as onc 
combined, southern subunit, due to postremediation commingling. 

TABLE C.%U 
RISK SUMMARIES M)R 0U2 ALTERNATIVES AND SUBUNITS EXPANDED TRESPASSER 
RECEPTOR FEDERAL OWNERSHIP WITH ACCESS CONTROLS FOR TBE ENTIRE FEMP a 



FEMPaUOIL-5 DRAFT 
August24,1994 

OURCES. 

THE RAWPA (DOE 1992) AND PREVIOUS FS RISK 
ASSESSh4J3lTS DENNE THE SCOPE OF 
Q U m A A T f v E  ANALYSIS FOR SHORT-TERM 
(REMEDIAL ACTION) AND LONG-TERM (RESIDUAL) 
RISKS. NUl'E THAT CARCINOGENIC AND 
NONCARCINOGENIC RISKS RESULTING FROM 
ACCIDENlS ARE NOT INDICATED AND THEREFORE 
HAVE NUT BEEN CALCULATED. 

For residual risk analysis. these subunits are modeled as one 
combined, southern subunit, due to postremediation 
commingling- 

RISKS 

0 CARCINOGENIC =INCREMENTAL LIFEIlME CANCER 
RISK (rtcR) FROM CHEMICAL AND ALL RADlOuXiICAL 
IMPACTS (NCPYARGFF RANGE IS I@ TO 1m 
NON CARCINOGENIC = HAZARD INDM (HI) (HI Nm TO 
EXCEED 1.0) 
PHYSICAL INJURY = INJURIES PREDICTED PEZ WORK 
HOUR (PO 
FATAUI'IES = DEATHS PREDICTED PER WORK HOUR (F) 
WHOLE BODY DOSE EQUIVALENT (PERSON REM, i s . ,  
p-rem) 

0 

0 

0 
0 

DOEANNUALDOSERATE=5RFM(lOCFIUO835) 
ND=NOTD- 

= NUTAPPLKXBLE 

TABLE (3-14 
RISK FOR OU2 ALTERNATIVES AND SUBUNITS EXPANDED TRESPASSER BECEPTQP FOR 

PRIVATE 0- WITHOUT ACCESS CONTROLS M)R TEE FEMP AND 
FEDERAL OWNERSEIIP WITH ACCESS CONTROLS POR THE DISPOSAL CELL 





a 

000393 

i 





i 

RAECOM INPUT FILBS 

OU2 FS Active Flyash Pile 8/9/94 - Short Term RA 

300.,0,0.45,0.0000081,17 
1,0.,0.,0,0.,0.001 

OU2 FS Lime Sludge Pond 8/9/94 - Short Term RA 
1,0.,0.,0,0.,0.001 
300.,0,0.45,0.0000024,17 

OU2 FS South Field/Inactive Flyash Pkle 8/9/94 - Short Tern R?i 

300.,0,0.45,0.0000045,17 
1,0.,0.,0,0.,0.001 

- OU2 FS Solid Waste Landfill 8/9/94 - Short Term RA 
1,0.,0.,0,0.,0.001 
300.,0,0.45,0.0000024,17 

080394 



3 
l s a r 2 h p u t F b F o r ) r 0 0 2 ~  

REGRlOCARtN0-1 - 4  163 1- 1.83 1.83 
REGRIDCARTNO-1 FLAG4 1.63 1.83 1.83 149 
REGRIDCARTNO-1 - 4  1.69 
REGRlDCARTNO-1 FLAGS 1.83 1.83 1.83 1-83 
REGRlOCARTNO-1 F U G S  1.83 1.83 1.83 1.83 
REGRtOCARTNO-1 F U G S  1.83 1.83 1.83 1.83 
REGRlOCARtN0-1 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAGS 1.65 1.65 1.83 1.83 
REGRIDCARTNO-1 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 .FLAG 5 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 5 1.83 
REGRIDCARTNO-1 FLAG6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 6 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAGB 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 6 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG7 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 7 1.83 
REGRIDCARTNO-1 FLAG8 1.83 , 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG8 1.83 1.83 1.83 1.83 
REGRlOCARTNO-1 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG8 1.83 
REGRIDCARTNO-1 FLAG9 1.83 1.83 1.83 1.63 
REGRIDCARTNO-1 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAGB 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG9 1.83 ..1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG9 1.89 
REGRIDCARTNO-1 FLAG10 1.83 1.83 1.83 1.83 ' 
REGRIDCARTNO-1 FLAG10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 10 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 10 1.83 
REGROCARTNO-1 FLAG11 1.83 1.83 1.83 1.83 
REGR-TNO-1 FLAG11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 11 1.83 1.83 1.83 1.83 
REGR-TN0-1 FLAG 11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 11 1.83 
REGRIDCARTNO-1 FLAG 12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG12 1.83 1.83 1.83 1.83 
REGRiDCAKTNO-1 FLAG12 1.83 1.83 1.83 1.83 
REGR[DCARTNO-1 FLAG12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG12 1.83 1.63 1.83 1.83 
REGRIDCARTNO-1 FLAG 12 1.83 
REGRIDCARTNO-1 FLAG13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG13 1.83 1.83 1.83 1.83 
REGRtDCARTNO-1 .FLAG13 1.83 1.83 1.83 1.83 
REGRfOCARTNO-1 FLAG13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 13 1.83 1.83 1.83 1.83 
RE G R l o ~ N 0 - 1  FLAG 13 1.83 
REGRIDCARTNO-1 FLAG14 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FLAG 14 1.83 1.83 1.83 1.83 

000395 



29 100 
1.83 
1.83 
1.83 
1.83 
1.83 
1 .83 
1.83 

1.89 
1.83 
1.83 
1 -83 
1 .83 
1 .b9 
1.83 

1 .83 
1.83 
1.83 
1.83 
1 .83 
1.83 
1.83 

.00 -2400.0034 100.00 
1.83 1.83 
1.83 1.83 . 
1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.83 

1.89 1.83 
1.83 1.83 
1.83 1.63 
1.83 1.83 
1.83 1.83 
1.83 1.03 
1.83 1.83 

1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.89 
1.83 1.83 
1.83 1.83 

1.83 
1 .83 
1 .83 
1 .83 
1 .83 

1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.83 
1.83 1.83 

/ 

.- . ?  . _  _- . a a n h p d F & F o r t w ~ F s R A  - . . 
. .  . .  * - T R r n R E C E P T o R F L E H A Y : C ~  : :. . - . - .  . .  

CO STARTING 
CO TITLEONE OU2 FS - Annual Conc.: 1 dsfpa/8) pWm& lS87-92MotData 
CO rmEIW0 OW FD No. 04/42433l G.POUoQ( a/lW 
CO MODELOPT OFAUT CONC RURAL 
CO AVERTIME A N U  
CO POUWIO OTHER 
CO TERRH3TS F U T  
CO ELEVUNIT METERS 
CO FLAGPOLE 1.500000 
CO RUNORNOT RUN 
CO FINISHED 
so STARTlNG 
SO LOCATION S-WST-LF AREA 975.00 -122.00 0.00 
SO SRCPARAM S-WST-LF 1.000000 0.00 30.50 
SO LOCATION SOUT-FLD AREA 975.00 -1524.00 0.00 
SO SRCPARAM SOUT-FLD 1.000000 0.00 30.50 
SO LOCAWN NORSTAG AREA 975.00 -244.00 0.00 
SO SRCPARAM NOR-STAG 1.000000 0.00 30.50 
SO'LOCATION SOU-STAG AREA 792.00 -1402.00 0.00 
SO SRCPARAM SOUSTAG 1.000000 0.00 30.50 
SO LOCATION NOR-WIR POINT 975.00 -244.00 0.00 
SOSRCPMIAMNOR-DRIR1.000000 5.00 373.00 10- 0 . W  
SO LOCAllON SOU-DRIR POINT 792.00 -1402.00 0.00 
SOSRCPARAMSOU-ORR1.000000 5.00 373.00 10.2OOO 0.500 
SO LOCATION CONS/CAP AREA 1OS6.00 -1194.00 0.00 
SO SRCPARAM CONS/CAP 1.000000 0.00 30.50 
SO LOCATION DISP-EL AREA 1737.00 -1341 .OO 0.00 
SO SRCPARAM DISP-CEL 1.000000 0.00 30.50 
SO LOCATION LIME-SLD AREA S45.00 -640.00 0.00 
SO SRCPARAM LIME-SLD 1.000000 0.00 30.50 
SOLOCATIONSILOSAREA 884.00 -*n.OO 0.00 
SO SRCPARAM SbOS 1.000000 0.00 30.50 
SO EMISUNIT 1.000000 GRAMS/SEC GRAMSW.3 
SO SRCGROUP SRCl S-WST-LF 
SO SRCGROUP SAC2 SOU-STAG 

SO SRCGROUP SAC4 SOUT-FLD 
SO SRCGROUP SRC5 NOR-STAG 
SO SRCGROUP SRCB NOR-DRW 
SO SRCGROUP SRC7 LIME-SLD 
SO SRCGROUP SRc8 SOVr-FLD 
SO SRCGROUP SACS CONS/CAP 

SO FINISHED 
RE STARTING 
RE GRIDCART NO-1 STA 

RE GRIDCART NO-1 FLAG 1 1.83 
REGRIDCARTNO-1 FLAG1 1.83 
REGRIDCARTNO-1 FLAG 1 1.83 
RE GRIDCART NO-1 FLAG 1 ' 1.83 
REGRIDCARTNO-1 FLAG 1 1.83 
REGRIDCARTNO-1 FLAG1 1.83 
REGRIDCARTNO-1 FLAG 1 1.83 
REGRIDCARTNO-1 FLAG1 1.83 
REGRIDCARTNO-1 FLAG2 1.83 
REGRIDCARTNO-1 FLAG2 1.89 
REGRIDCARTNO-1 FLAG2 1.83 
REGRIDCARTNO-1 FLAG2 1.83 
RE GRIDCART NO-1 FLAG 2 1.83 
REGRIDCARTNO-1 FLAG2 1.83 
REGRIDCARTNO-1 FLAG2 1.83 
REGRIDCARTNO-1 FLAG2 1.83 
RE GRIDCART NO-1 FLAG 3 1.83 
REGRIDCARTNO-1 R A G 3  1.83 
RE GRIDCART NO-1 FLAG 3 1.83 
RE GRIDCART NO-1 FLAG 3 1.83 
REGRIDCARTNO-1 FLAG3 1.83 
REGRIDCARTNO-1 FLAG3 1.83 
REGRIDCARTNO-1 FLAG3 1.83 
REGRIDCARTNO-1 FLAG3 1.83 
REGRIDCARTNO-1 FLAG4 1.83 
REGRIDCARTNO-1 FLAG4 1.83 
RE GRIDCART NO-1 FLAG 4 1.83 
REGRIDCARTNO-1 FLAG4 1.83 
REGRIDCARTNO-1 FLAG4 1.83 

so SRCGROUP s ~ c 3  sou-mm 

so SRCGROUP SRCIO saos 

RE GRIDCART NO-1 XYINC -300.00 
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'2 S U T 2  hput FI. For tw OUZ FsRA 
WaRlDcraTwo-1 M a  1.83 . 'i'h 3 .  i- 

i 6 ;,5 . 
8- REGRlOCARTN0-1 F u o 2 4  1.83 1.83 1.83 1.83 

REGRIDCARTNO-1 RAG24 1.83 1.83 1.69 1.63 
REORIDCARTNO-1 FLAG24 1.63 1.69 1.83 1.83 
REGRIDCARTNO-1 -24 1.69 1.83 1.83 1.83 
EGRIDCARTNO-1 FLAG 24 1.83 1.83 1.83 1.83 
REGRtDCARfNO-1 F U G 2 4  1.83 1.83 1.63 1.63 
REGRIDCARTNO-1 F U G 2 4  1.83 1.83 1.83 1.83 
REGRlOCAATNO-1 FLAG24 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 25 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 25 1.83 
REGRIDCARTNO-1 FLAG 26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG26 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 28 1.83 
REGRIDCARTNO-1 FLAG 27 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 27 1.83 1.83 1.83 1.83 
REGRIOCARTNO-1 FLAG 27 1.83 1.83 1.83 1.83 
REGRIOCARTNO-1 FLAG 27 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 27 1.83 1.83 1.63 1.83 
REGRIDCARTNO-1 F U G  27 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 27 1.83 1.83 1.83 1.83 
RE GRlOCART NO-1 FLAG 27 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1189 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.89 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG28 1.83 
REGRIDCARTNO-1 FLAG29 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FLAG29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 29 1.83 1.83 ' 1.83 1.83 
REGRIDCARTNO-1 F U G 2 9  1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 29 1.83 1.89 -1.83 1.83 
REGRIDCARTNO-1 FLAG 29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG29 1.83 
REGRIDCARTNO-1 FLAG30 1.83 1.83 1.89 1.83 
REGRIOCARTNO-1 FLAG30 1.83 1.83 1.83 1.83 
R E G R M T N O - 1  FLAG30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 F U G 3 0  1.83 1.89 1.83 1.83 
REGRIXARTNO-1 FLAG30 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 30 1.89 .1.83 1.89 1.83 
REGRIDCARTNO-1 FLAG30 1.83 1.83 1.83 1.83 
REGRIOCARTNO-1 FLAG30 1.83 
REGRlDCARTNO-1 FLAG31 1.83 1.83, 1.83 1.83 
REGRIDCARTNO-I FLAG31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG31 1.83 1.83 1.83 1.83 
R E G R W T N O - 1  FLAG31 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG31 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 31 1.83 
REGRIDCARTNO-1 FLAG32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 32 1.83 1.83 1.83 1.83 
REGROCARTNO-1 FLAG32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG32 1.83 1.83 1.83 1.83 
REGRtDCARTNO-1 FLAG32 1.83 .1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG32 1.83 1.83 1.83 1.83 
REGRIDCAATNO-1 FLAG32 1.83 
REGRIDCARTNO-1 FLAG33 1.83 .1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG33 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG33 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG33 1.83 1.83 1.83 1.83 
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s a T 2 h p t F B 8 F o r h . ~ F s u  
WORCCARINO-1 -14 1- 1.83 1.83 1.83 - 

REGR-MO-1 -14 1.83 1.83 1.83 1.83 
REGRlOCARTNO-1 FUG14 1.83 1.65 1.83 1.83 
REGRIDCARTNO-1 FUG14 163 1.83 1.63 1.85 
REGRlOCARTMO-1 FUG14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FUG14 163 
REGRIDCARTNO-1 F U Q l S  1.83 1.83 1.85 1.83 
REGRtOCARTNO-1 M Q l S  1.83 1.83 1.63 1.65 
REGRIDCARTNO-1 F U G l S  1.83 1.83 1.85 1.83 

REGRIDCARTNO-1 FLAG 15 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 15 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 15 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 1 S 1.83 
REGRIOCARTNO-1 FUG16 1.83 1.83 1.83' 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.63 1.83 1.83 
REGRIOCARTNO-1 FLAG18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 16 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG18 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 18 1.83 
REGRIDCARTNO-1 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG17 1.83 1.63 1.83 1.83 
REGRIDCARTNO-1 FLAG17 1.83 1.83 1.83 1.83 
RE GRIOCART NO-1 FLAG 17 1.83., 
REGRIDCARTNO-1 FLAG18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 RAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 18 1.83 
REGRIDCARTNO-1 FLAG 19 1.83 1.83 1.83 1.83 
REGROCARTNO-1 FLAG19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 19 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FLAG19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG19 1.83 1.83 1.83 1.83 . 
REGRIDCARTNO-1 FLAG19 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FLAG19 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 19 1.83 
REGRIDCARTNO-1 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG20 1.63 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 20 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG20 1.83 
REGRIDCART NO-1 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 F U G  21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 21 1.83 1.83 1.83 1.83 
REGRlDCARTNO-1 FUG21 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FUG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG21 1.83 
REGRIDCARTNO-1 FLAG 22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG22 1.83 1.83 1.83 1.83 
RE GRIDCART NO-1 FLAG 22 1.83 
REGRIDCARTNO-1 FLAG 23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FUG 23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG 23 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-1 FLAG 23 1.83 1.83 ' 1.83 1.83 

REGRIDCARTNO-1 FUG15 1.83 1.83 1.83 1.83 . 
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-T’2 hput Filr F o r b  O W  FSRA 
RE D(sccraT m.00 - 147.00 0.000 
RE DLSCCART 2061 .00 -1 96.00 0.000 
RE DISCCART m.00 -245.00 0.000 
RE DLsccARf 2004.00 -294.00 0.000 
RE DlsccART W.00 -S43.00 0.000 
RE DISCCART 2068.00 -392.00 O.Oo0 
RE DISCCART 2067.00 -441.00 0.000 
RE DISCCART 2W8.00 -490.00 O.Oo0 
RE DISCCART 2069.00 -539.00 0.000 
RE DISCCART 2070.00 -588.00 0.000 
RE DISCCART 2071 .OO -637.00 0.000 
RE DISCCART 2073.00 -688.00 0.000 
RE DISCCART 2074.00 -735.00 0.000 
RE DISCCART 2075.00 -784.00 0.000 
RE DISCCART 2076.00 -833.00 0.000 
RE DISCCART 2077.00 -882.00 0.000 
RE DISCCART 2078.00 -931 .OO 0.000 
RE DISCCART 2079.00 -980.00 0.000 
RE DWCCART 2080.00 -1029.00 0.000 
RE DWCCART 2081 .OO -1078.00 0.000 
RE DISCCART 2089.00 -1127.000.000 
RE DWCCART 2084.00 -1 176.00 0.000 
RE DISCCART 2085.00 -1225.000.000 
RE DISCCART 2086.00 -1274.00 0.000 
RE DWCCART 2087.00 -1323.00 0.000 
RE DISCCART 2088.00 -1372.00 0.000 
RE DISCCART 2090.00 - 1422.00 0.000 
RE DISCCART 2092.00 - 1471 .00 0.000 
RE DISCCART 2094.00 -1521.000.000 
RE DISCCART 2096.00 -1 570.00 0.000 
RE DISCCART 2097.00 -1620.00 0.000 
RE DISCCART 2099.00 -1869.00 0.000 
RE DISCCART 2101 .00 -1719.00 O.Oo0 
RE DISCCART 2105.00 -1768.000.000 
RE DISCCART M59.00 -1778.00 0.000 
RE DfSCCART 2015.00 -1788.00 0.000 
RE DISCCART 1971.00 -1788.000.000 
RE DISCCART 1927.00 -1808.000.000 
RE DISCCART 1883.00 -1819.000.000 
RE DISCCART 1899.00 -1829.00 0.000 
RE DISCCART 1795.00 -1839.00O.Oo0 
RE DISCCART 1751.00 -1849.000.000 
RE DWCCART 1707.00 -1859.00 0.000 
RE DISCCART 1-1 .OO -1872.00 0.000 
RE DISCCART 1616.00 -188S.000.000 
RE DISCCART 1570.00 -18S8.000.000 
RE DISCCART 1524.00 -1911.000.000 
RE DlSCCARl 1478.00 -1924.000.000 
RE DlSCCART 1433.00 -1937.00 0.000 
RE DISCCART 1387.00 -1950.000.000 
RE DISCCART 1341.00 -1964.00 0.000 

RE OISCCART 1250.00 -1990.00O.Oo0 
RE DISCCART 1204.00 -2003.00 0.000 
RE DlSccARl1158.00 -2016.000.000 
RE DlSCCART 1 1  13.00 -2028.00 0.000 
RE DISCCART 1087.00 -2042.00 0.000 
RE DISCCART 1021 .OO -2032.00 0.000 
RE DISCCART 975.00 -2022.00 0.000 
RE DISCCART 950.00 -201 1 .00 0.000 
RE DISCCART 884.00 -2001 .00 0.000 
RE DISCCART 838.00 - 1981 .OO O.OO0 
RE DISCCART 792.00 -1981 .00 0.000 
RE DlSCCART 762.00 -1961 .00 0.000 
RE DISCCART 731.00 -1940.00 O.OO0 
RE DISCCART 701 .00 - 1920.00 0.000 
RE DISCCART 681.00 -1879.00 0.000 
RE DISCCART 681 .OO - 1839.00 0.000 
RE DISCCART 6 1 1  .00 - 1798.00 O.OO0 
RE DISCCART 653.00 -1761.00 0.000 
RE DISCCART fD4.00 -1725.00 0.000 
RE DISCCART 616.00 -1688.00 0.000 
RE DISCCART 587.00 -1852.00 O.Oo0 
RE DISCCART 579.00 -1615.00 O.Oo0 
RE DISCCART 552.00 - 1574.00 0.000 
RE DlSCCARTS25.00 -1534.00 O.OO0 
RE DISCCART 498.00 -1m.00 0.000 

RE DISCCART i2se.00 -1sn.ooo.ooo 

. 
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RE QRIDCART 
RE Q R M T  
RE Q R M T  

.. - I =. --. 

5 8 6 0  
.Sal2 hputF& Far* OWFSRA 

No-1 .FLAG33 1.63 1.m 1-7 1.a. 
NO-1 -35 1.63 1.8s 1m- 1 m  
'No-1 FLAG33 1.83 1.63 1.63 1.63 

R E Q R M T N o - 1  -35 1.83 
R E Q R M T N O - 1  -34 1.63 1.m 1.03 1.83 
R E Q R M T N O - 1  F U O W  1.m 1.03 1.89 1.W 
REGRIDCARTNO-1 -34 1.63 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG34 1.83 1.83 1.89 1.83 
REGRIDCARTNO-1 FUG34 1.83 1.83 1.83 1.89 
REGRIDCARTNO-1 FLAG34 1.83 1.83 1.83 1.83 
REGRIDCART NO-1 FLAG 34 1.83 1.83 1.83 1.83 
REGRIDCARTNO-1 FLAG34 1.83 
RE GRIOCART NO-1 END 
RE DISCCART 0.00 366.00 1.830 
RE DISCCART 50.00 366.00 1.830 
RE DISCCART 99.00 366.00 1.830 
RE DISCCART 149.00 366.00 1.830 
RE DISCCART 199.00 366.00 1.830 
RE DISCCART 248.00 366.00 1.830 
RE DISCCART 298.00 386.00 1,830 
RE DISCCART 348.00 366.00 1.830 
RE DISCCART 597.00 386.00 1.830 
RE DISCCART U7.00 386.00 1.830 
RE DISCCART 4S7.00 366.00 1.830 
RE DISCCART 548.00 386.00 1.830 
RE DISCCART 598.00 366.00 1.830 
RE,DISCCART 648.00 386.00 0.000 
RE DISCCART W.00 366.00 0.000 
RE DISCCART 745.00 386.00 0.OOO 
RE DWCCART 795.00 586.00 0.WO 
RE DISCCART 844.00 366.00 0.000 
RE DISCCART 894.00 366.00 0.000 
RE DISCCART 944.00 366.00 0.OOO 
RE DISCCART 993.00 366.00 0.000 
RE DISCCART 1043.00 366.00 0.000 
RE DISCCART 1OB3.00 366.00 0.000 
RE DISCCART 1142.00 366.00 0.000 
RE DISCCART 1192.00 360.00 0.000 
RE DISCCART 1242.00 366.00 0.000 
RE DISCCART 1201 .00 366.00 0.000 
RE DISCCART 1541 .00 386.00 0.000 
RE 0-T 1541.00412.000.000 
RE DISCCART 1341 .OO 457.00 0.000 
RE DLSCCART 1987.00 450.00 0.000 
RE DISCCART 1433.00 442.00 0.000 
RE DISCCART 1478.00 435.00 0.000 
RE DISCCART 1524.00 427.00 0.O00 
RE DISCCART 1567.00 433.00 0.000 
RE DISCCART 1609.00 439.00 0.O00 
RE DISCCART 1652.00 W.00 0.000 
RE DISCCART 1694.00 451.00O.O00 
RE DISCCART 1737.00 457.00 0.000 

RE DISCCART 1822.00 491 .OO 0.000 
RE DISCCART 1884.00 508.00 0.000 
RE DISCCART 1SO6.00 525.00 0.000 
RE DISCCART 1940.00 542.00 0.O00 
RE MSCCART 1991 .00 559.00 0.000 
RE DISCCART 2033.00 576.00 0.000 
RE DISCCART 2076.00 593.00 0.000 
RE DISCCART 2118.00 610.000.000 
RE DlSCCART 21 16.00 563.00 0.000 
RE DISCCART 21 13.00 516.00 0.000 
RE DISCCART 21 11 .00 469.00 0.000 
RE DISCCART 2109.00 422.00 0.000 
RE DlSCCART 2106.00 375.00 0.000 
RE DISCCART 2104.00 328.00 0.000 
RE DLSCCART 2102.00 282.00 O.OO0 
RE DISCCART 2100.00 235.00 0.000 
RE DISCCART 2097.00 188.00 0.000 
RE DISCCART 2093.00 141 .00 0.WO 
RE DSCCART 2093.00 94.00 O.OO0 
RE DISCCART 2090.00 47.00 0.000 
RE MsccAdT 2086.00 0.00 0.000 
RE D- 2051.00 0.00 0.000 

RE DISCCART 1m.w 474.00 0.000 

RE D-.2058.W -49.00 0.OOO 
RE DLSCCART 2059.00 -98.00 O.Oo0 

b 
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sal2 hptl F1 F a  troul FSRA 
EGRIDCARTW-2 F L M S  1.83 1.83 1.83 163 
REGRIDCARTUO-2 F U Q S  1.63 1.83 1.83 1.83 
REGRIDCARTNO-2 F u a S  1.63 1.83 1.63 1.63 
REGRlDCARTN0-2 F U G S  1.63 1.83 1.63 1.83 
REGRIDCARTNO-2 f u Q 6  1.63 1.89 1.63 1.63 
REGRIDCARTNO-2 FUG6 1.83 1.63 1.63 1.63 
REGRIDCARTNO-2 F U G  6 1.03 1.83 1.63 1.89 
REGRIDCARTNO-2. FUG 6 1.63 1.63 1.63 1.83 
REGRIDCARTNO-2 - 6  1.83 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 6 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG7 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 7 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG8 1.63 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG8 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG6 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 8 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG9 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 10 1.63 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 10 1.63 1.83 1.63 1.83 
REGRIDCARTNO-2 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGlO\ 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG10 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 11 1.83 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG11 1.83 1.83 1.83 1.89 
REGRIDCARTNO-2 F U G  11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 11 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 11 1.83 1.83 1.83 1.89 
RE GRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.83 
'REGRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.89 
REGRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 12 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 F U G  13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 13 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG13 1.83 1.83 1.83 1.83 
REGRUX'ARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 14 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG15 1.83 1.83 1.83 1.83 
REGRlOCARTNO-2 FLAG15 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 15 1.83 1.83 1.83 1.63 
REGRIDCARTNO-2 FLAG15 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 15 1.83 1.83 1.63 1.83 
REGRIDCARTNO-2 FLAG15 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG15 1.83 1.83 1.83 1.83 
REGROCARTNO-2 FLAG 16 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG16 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 16 1.83 1.83 1.83 1.83 

'REGRIDCARTNO-2 FLAG7 1.83 1.83 1.83 1.83 . 

REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 . 

000401. 



. .. B a T 2  hputFlrF0r)I. Ow FSRA 
- .. RE DISCCART 471 .00 - 1453.00 0.ooO . .. . 

RE DSCCXRTIU.00 -1412.00O.ooO 
RE DISCCART 410.00 -1572.000.000 
RE DWCCART MS.00 - 1531 .00 0.ooO 
RE DISCCART 962.00 -1291 .OO 0.000 
RE DWCCART 335.00 - 1250.00 0.000 
RE DISCCART so5.00 - 121 9.00 0.ooO 
RE DWCCART505.00 - 1 1 8 1 . 0 0 0 . ~  
RE DISCCART 305.00 - 1143.00 0.ooO 
RE DISCCART 305.00 - llW.OO O.OO0 
RE DISCCART 305.00 -1067.00 0.000 
RE D S M T  290.00 - 1021 .00 O.OO0 
RE DISCCART 274.00 -975.00 O.OO0 
RE DISCCART 270.00 -937.00 O.OO0 
RE DISCCART 287.00 -899.00 O.OO0 
RE DISCCART 263.00 -881 .OO O.Oo0 
RE DISCCART 259.00 -823.00 O.OO0 
RE DISCCART 247.00 -775.00 O.OO0 
RE DISCCART 236.00 -726.00 O.OO0 
RE DISCCART 224.00 -878.00 O.OO0 
RE DISCCART 212.00 -829.00 O.OO0 
RE DISCCART 201 .OO -581 .OO O.OO0 
RE DISCCART 189.00 -533.00 0.ooO 
RE DISCCART 177.00 -484.00 0.OOO 
RE DISCCART 168.00 -438.00 O.OO0 
RE DISCCART 154.00 -387.00 0.000 
RE DISCCART 143.00 -339.00 O.OO0 
RE DISCCART 131 .00 -290.00 O.OO0 
RE DISCCART 119.00 -242.00 O.OO0 
RE DISCCART 108.00 -184.00 O.OO0 
RE DISCCART 96.00 -145.00 O.OO0 
RE DISCCART 84.00 -97.00 O.OO0 
RE DISCCART 73.00 -48.00 O.OO0 
RE DISCCART 81 .OO 0.00 0.OOO 
RE DISCCART 31 .00 0.00 O.OO0 
RE DISCCART 0.00 0.00 O.OO0 
RE DISCCART 0.00 48.00 0.OOO 
RE DISCCART 0.00 92.00 O.OO0 
RE DISCCART 0.00 137.00 O.OO0 
RE DISCCART 0.00 183.00 O.Oo0 
RE DISCCAAT 0.00 229.00 O.OO0 
RE DISCCART 0.00 275.00 O.OO0 
RE DtSCCART 0.00 320.00 O.OO0 
RE DISCCART 0.00 368.00 O.Oo0 
RE GRIDCART NO-2 STA 
RE GRIDCART N O 3  
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 1 1.83 1.83 1.83 1.83, 
REGRIDCARTNO-2 FLAG2 1.83 1.83 1.83 1.63 
REGRIDCARTNO-2 FLAG2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 2 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG3 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 F U G 4  1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG4 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG S 1.83 1.83 1.83 1.83 

, 

.. 

XYINC -250.00 28 100.00 -2350.00 33 100.00 

REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 . 

- -. . .. .... . .  . . - . . -~ .__I. .-. . .~ . . 

-. . . .  . . . . . .- . . . . 
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.i -72 hputfbFa),oClo M 
. I i . ,  e- ?':,,,>.: $.& REGR(DCARTN0-2 FLAG27 lm I d )  1B 1.83 
6 ;  , .  ,: REGRfOCARtNO-2 -27 1.83 1.6S 1.83 1.83 

REGRIDCARTNO-2 -27 1.83 1.63 1.63 1.83 

REGRIDCARTNO-2 -27 1.83 1.83 1.63 1.83 

REGRIDCARTNO-2 FUG28 1.83 1.63 1.63 1.83 

REGRIDCARTNO-2 -28 1.83 1.63 1.83 1.83 

REGRIDCARTNO-2 Fuo 28 1.83 1.83 1.63 1.83 

REGRIDCARTNO-2 -28 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG 28 1.63 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG28 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG 28 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG29 1.83 1.83 1.83 1.83 

RE GRIDCARTNO-2 FLAG 29 1.83 1.83 1.83 1.83 

REGRIDCARTNO-2 FLAG 29 1.83 1.63 1.83 1.83 

REGRIDCARTNO-2 FLAG 29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 29 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2, FLAG30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 F U G 3 0  1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAGS0 1:83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 30 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 F U G  31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 F U G  31 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 31 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 32 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 39 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG59 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG33 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG93 1.83 1.83 1.63 1.83 
REGRIDCARTNO-2 FLAGS 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG33 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG S 1.83 1.83 1.83 1.83 
RE GRIDCART NO-2 END 
RE FINISHED 
ME STARTING 
ME INPUTFK C:\MOML\.FFMMOP.STR (7X.aF7.S) 
ME ANEMHGHT 1O.ooO METERS 
ME SURFDATA93814 1987 FERNALD 
ME UAlRDATA 13840 1987 DAYTON 
ME AVETEMPS ANNUAL 290.00 289.00 288.00 283.00 283.00 283.00 
ME,AVEMD(HTANNUALA 1823.00 1991.00 1791.00 16QS.00 1629.00 2313.00 
ME AVEMIXHTANNUALB 1215.00 1327.00 1164.00 1130.00 1088.00 1542.00 
ME AVEMIXHTANNUALC 1215.00 1327.00 1164.00 1130.00 1088.00 1542.00 
ME AVEMIXHTANNUAL D 1215.00 1327.00 llS4.00 1130.00 1088.00 1542.00 
ME AVEMIXHT ANNUAL E 5ooo.00 Moo.00 5ooo.00 5ooo.00 5ooo.00 SOOO.00 
ME AVEMIXHT ANNUAL F 5ooo.00 5ooo.00 5ooo.00 5ooo.00 5ooo.00 5ooo.00 
ME FINISHED 
OU STARTING 
OU RECTABLE SRCGRP 
OU MAXTABLE 10 SRCGRP SOCONT 
OU PLOTFILE ANNUAL SRCl C:\MODEL\OW.GPH 70 
OU FINISHED 

REGRIDCARTNO-2 FLAG29 1.83 1.83 1.83' 1.83 
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E G R ~ ~  2 10 im 1m-..tm.-l.a i.>--:-:: --.._ ., . . .- - .. ... . 
REGRlWXRTN012 -10 1.m 1- 1.83 1.63 
R E G R M T N O - 2  -16 1.- 163 1.83 1.83 
REGRtDCARtNO-2 -10 1.83 1.83 1.83 1.83 
REGRtOCARTNO-2 -17 1.03 ld9 1.83 1.03 
REGRlOCARTN0-2 -17 1.83 1.83 1.W 1.83 
REGRIDCARTNO-2 -17 1.83 163 1.83 1.83 
REGRIDCARTNO-2 FlAG 17 1.83 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 17 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
RE GRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCART NO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 18 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FUG 19 1.83 .1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FUG 19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG19 1.83 1.83 1.63 1.83 
REGRIDCARTNO-2 FLAG19 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG20 1.83 1.83 1.83 1.83 

. REGRIDCARTNO-2 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCART N O 3  FLAG 20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 20 1.83 1.63 1.83 1.83 
REGRIDCARTNO-2 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG20 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 21 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG22 1.83 1.83 1.83 1.85 
REGRIOCARTNO-2 FLAG22 1.89 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG22 1.83 1.89 1.83 1.83 
REGRIDCARTNO-2 FLAG22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG'22 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG23 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG24 1.83 1.83 1.83 1.83 
EGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 24 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 25 1.83 1.83' 1.83 1.83 
REGRIDCARTNO-2 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 25 1.83 ' 1.83 1.83 1.83 
REGRIDMTNO-2 FLAG 25 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 RAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG28 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG26 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG27 1.63 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG27 1.83 1.83 1.83 1.83 
REGRIDCARTNO-2 FLAG 27 1.83 1.83 1.83 1.83 

0 0040 4 



150 
50 

2450 
2950 
450 

-250 
-50 

-150 
-250 
-150 
2250 
21 50 

550 
50 

21 50 
-150 
- 250 
2450 
2350 
2250 
-50 

2350 
450 

21 50 
50 

150 
250 
350 
-50 
250 
150 
650 

1850 
2450 
2350 
2250 
21 50 
1950 

350 
1750 
-150 
2250 
2350 
2450 
- 250 
-150 
- 250 

50 
-50 

2450 
150 

2350 
2250 
21 50 
-50 

50 
350 
250 
150 
650 
550 
450 
350 
250 
450 

-300 
21 50 
1750 
2350 
2250 
2150 
1950 
1850 
1650 - 250 

-1- o.oans3 0.005123 
-1350 o.ooTr94 O.oo4067 
-1350 0.001923 o.oWsQ9 
-1650 o.ooJ659 0 . m 1 e  
-1250 0.009514 0 . m 2  
-1650 0.00952a 0.0(#1*0 
-1650 o.Ow221 O . m u n 0  
-1650 O.Owll5 0.004652 
-1250 0.- 0.007322 
-1450 0.002914 0.004747 
-1550 0.002805 0.004907 
-1850 0.003424 0.012451 
-1250 0.004253 0.009 
-1850 0.002613 0.004838 
-1550 0.00338 0.008364 
-1550 0.00320 O.OOS928 
-1650 0.002483 0.00763 
-1850 0.002557 o.oO4022 
-1650 0.002588 0.004512 
-1450 0.603685 O.oo6552 
-1450 0.002801 0.004994 
-1450 0.004408 0.016S2 
-1350 0.003181 O.OOSl63 
-1450 0.003827 0 . 0 0 B S  
-1450 0.003972 0.010788 
-1450 0.004117 0.012371 
-1450 0.004162 0.014432 
-1150 o.Oo4022 o.oO8084 
-1250 0.004661 0.011u1 
-1250 0.004453 0.010124 
-1850 0.00207 0.011338 
-1850 0.002236 0 . w 2  
-1850 0.002228 0.003394 
-1850 0.002248 0.003597 
-1850 0 . m -  0.003817 
-1850 o.Oo2265 0.004454 
-1850 o.Oo2254 0.004519 
-1350 0.004559 0.016401 
-1850 0.002211 0.005283 
-1750 O.oo3og9 O.Oo3803 
-1550 0.002786 0.- 
-1550 0.002684 0.004217 
-1450 0.002687 O.Oo4083 
-1350 0.003958 0.007251 
-1350 0.003677 0.008028 
-1750 0.002976 0.003827 
-1750 0.003251 0.004209 
-1750 0.003161 0.003838 
-1750 0.00237 0.003583 
-1550 0.003747 0.00767 
-1750 0.002997 0.003814 
-1750 0.002419 O.Oo4069 
-1750 0.002433 0.00455 
-1550 o.oosso3 0.008816 
-1550 0.003825 0.007269 

-1550 0.003868 0.007918 

-1750 0.002881 0.018874 
-1750 0.003128 0.012*91 
-1750 0.009993 0.009629 
-1750 O.Oo3509 0.0075 
-1750 0.003423 O.Oo6016 
-1550 0.004047 0.007007 
-2400 0.002184 0.003764 
-1150 0.003527 0.004707 

550 0.004898 0.001723 
550 0.009516 0.001989 
550 0.003746 0.001968 
550 0.003911 0.001Q35 
550 0.004402 0.001848 
550 0.001585 0.00179 
550 0.004687 0.001848 
650 0.002538 0.001695 

-isso 0.005907 o.ooni9 

-1750 0.- o . w n  



)r’ E -0 

X 
-150 

-50 
-250 
2250 

250 
2950 

150 
2450 
- 250 

250 
50 

2450 
14% 
21 50 
1950 
- 250 
2450 
2350 
2250 
2050 
1850 
150 

1750 
1850 
1550 
-50 

50 
21 50 
650 

-150 
lOS0 
1 750 
1850 
1550 
14% 
1350 
1250 
1150 
950 

1950 
850 
750 
850 
550 
450 
950 
250 

1850 
21 50 
2050 
-50 
350 

50 
150 
250 

-150 
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Table C.11-1, 2, 3 & 4, Attachment C.II. 
Footnote 1. 

The impact of dispersion on a contaminated dust  cloud released 
during excavation a c t i v i t i e s  can be estimated by t h e  following 
method. The basic formula for Gaussian a i r  dispersion t o  a 
receptor located a t  ground l e v e l  i s  given by 

where 
x - - ave. concentration ( p c i / m ’ )  
Q’ 

h - - a t  ack height ( h )  
U = component of wind i n  the x d i r e c t i o n  (m/aec) 

= source etrength (pCi/sec)  
- - standard deviation of  the d i e t r i b u t i o n  o f  material 

i n  the y and z directions (m) 
0 

uaing standard Figures f o r  ug and ut values, it can be seen that  
regardless of Pasquil l  s t a b i l i t y  c l a s s ,  u, increases i n  value by 
a f a c t o r  of 10 f o r  every factor of 10 increase i n  distance from 
the eource. I n  contrast ,  u. varies w i t h  the a t a b i l i t y  claee, 
increasing by a f a c t o r  of  6 for  class F and by a f a c t o r  of 4 0  for 
c l a e e  A ( t h e  two bounding a t a b i l i t y  c laeeee)  over t h e  dietancee 
100 m t o  1000 m. For case with.the least impact on the t o t a l  
dispersion, f o r  a t a b i l i t y  c l a s s  F and a t  a d i s t a n c e  o f  1000 m 
from the release point,  

uy = 4 0  
uz = 12 

0 
.and t h e  equation become8 

Q f  e-{- ( y 2  t h 2  )I 
2 ( 4 0 2 )  2 (  122) 

- 
2 1 ~ ( 4 0 ) ( 1 2 ) ( u )  

X =  

A t  100 m, 

uy = 4 
u, = 2 

As can be seen, the decrease i n  x w i l l  be a t  l e a s t  a f a c t o r  of 
100 a s  t h e  distance increases from 100 m t o  1000 rn. (The 
exponential term w i l l  be lees t h a n  1 i n  b o t h  c a s e s . )  

The r i s k  t o  the public,  baeed on the intake for remediation 
workers, w i l l  then be a t  least  one order o f  magnitude below that  
for the remediation workers, based on the e f f e c t 8  of  dispersion. 
The calculationa for remediation workera were a180 extremely 
conservative, so that  the overall  riak t o  the public w i l l  be much 
less than lo-‘. 
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Table C.ll-14 Dermal Exposure P8lhways 
Al twdva2 

sf RID 

NA 6.m-05 
l.QOE+W 2.W-04 
4.30E+W 5.WE-03 

NA 1.50E-04 

l/(mg/ka - Q mg F g - d  

Exeavatkn 0 [-- pile 
sdlconc 

2.00E+W 
6.43€+01 
3.38E+W 
3.W+01 

Antimony 
Arsenic 
Beryllium 

ED*EF brteks 

1.18E+02 7.m-09 
1.18E+02 2.436-08 
1.16E+02 1 . s - 0 8  
1.18E+M 1.1s-08 

m - d  

Aroclor-1254 
Aroclor-1260 
Carbazole 
Dieldrin 

Cancer Non-Carcin. 
Risk8 HI 
0.W+00 
4.62E-08 
5 . s - 0 8  
O.OOE+W 

O . W + W  
O.WE+W 
o.ooE+w 
O.OOE+W 

1 . s - 0 4  
8.54E-05 
2.56E-08 
7.56E-05 

O.WE+W 
0.WE+00 

0.00E+00 

-- 

ABS 

1.M-02 
1.M-03 
1.OE-02 
1 .OE-03 

6.OE-02 
6.OE-02 
3.OE-01 
3.OE-01 

1.03E+O1 5.30E-05 
1.03E+o1 5.3OE-05 
2.m-02 NA 
1.78E+O1 4.5E-05 

NA 
NA 
NA 
NA 

o.ooE+w 
O.ooE+oO 
O.ooE+OO 
O.WE+OO 

NA NA NA NA 1.18E+o2I o.ooE+wI o.ooE+w1 -- 

Antimony NA &WE-OS 2.32E+OI 1.OE-02 Q.5OE+O1 
Arsenic I.QOE+W 2.85E-04 6.78E+W 1.OE-03 Q.SoE+Ol 
Beryl I i u m 4.30E+W 5.W-03 1.27E+W 1.OE-02 Q.SoE+Ol 
U-total NA 1.50E-04 2.22E+01 1.OE-03 Q.5OE+O1 

7.m-08 O.WE+W 1.1s-W 
2.07E-09 3.W-09 7.26E-O€ 
3.87E-09 1.W-08 7.74E-07 
6.7s-09 O.OOE+W 4.52E-05 

Antimony 
Arsenic 
Beryllium 
U-tatal 

Aroclor - 1 254 
Aroclor - 1 260 
Carbazole 
Dieldrin 
PAH 

Aroclor -1 254 
Aroclor - 1 260 
Carbarole 
Dieldrin 

1.03E+O1 5.30E-05 4.3OE-02 6.k-02 Q.5OE+Ol 7.88E-10 8.12E-09 1.4QE-OC 
1.03€+01 5.30E-05 NA 6.OE-02 Q.5OE+O1 O.ooE+W O.OOE+W O.WE+O( 
2.m-02 NA NA 3.OE-01 Q.5OE+O1 O.ooE+W O.WE+W -- 
1.78€+01 4.5E-05 NA 3.OE-01 Q.gOE+Ol O.ooE+W O.WE+W O.WE+O( 

NA NA l.QOE-01 NA Q.50E+Ol o.ooE+w O . W + W  -- 

NA 
l.QoE+oO 
4.3OE+oo 
NA 

1.03E+Ol 
1.03E+Ol 
2.m-02 
1.78E+01 

NA 

Total 2.67E-08 1.25E-03 

5.30E-05 
5.30E-05 

0.016 

6.W-05 
2.85E-04 
5.m-03 
1 , s - 0 4  

1 .OE-02 
1.OE-03 
1.OE-02 
1.OE-03 

6.M-02 
6.OE-02 
3.OE-01 
3.OE-01 
NA 

1.87E+O1 
1.21E+01 
1.44€+00 
1.04€+02 

2.14E-09 2.m-08 
4.436-09 4 . s - 0 8  
2.4QE-10 5.52E-12 
3 .w-09 7.09E-08 

Solid Waste Land~ll l  
Antimony NA 8.WE-05 
Arsenic l.QOE+W 2.85E-04 
Beryllium 4.30E+00 5.a)E-03 
u-total NA 1.50E-04 

Aroclor- 1254 1.03E+OI 5.30E-05 
Aroclor - 1 260 1.03E+O1 5.30E-05 
Carbazole 2.m-02 NA 
Dieldrin 1.70€+01 4.5E-05 
PAH NA NA 

2.2OE+01 1.OE-02 1.05E+02 7 . a - 0 8  O.OOE+W 1.24E-0: 
1.38E+Ol 1.OE-03 1.05E+02 4.m-09 8.87E-09 1.64E-0! 
1.08E+W 1.OE-02 1.05E+02 3.M-09 1.56E-08 7.27E-0' 
4.46E+02 1.OE-03 1.OJE+02 1.51E-07 O.oM+W 1.OlE-O: 

4.8OE-02 6.OE-02 1.05E+02 Q.74E-10 1.WE-08 1.84E-0! 
7.7OE-02 6.OE-02 1.05E+02 1 .S -09  1.61E-08 2.m-o! 
4.2OE+W 3.OE-01 1.05E+02 4.m-07 9.46E-09 -- 
NA 3.OE-01 1.05E+02 O.WE+W 0.00E+00 O.WE+Oc 
NA NA 1.05E+02 O.WE+W O.WE+W -- 

ED = 5.8QE-01 Yr - AFP 
4.7s-01 Yr - LSP 
1.2QE+W Yr - SF/IFP 
5.m-01 Yr - SWL 

Total 
Grand Totel 

2.s-03 
3.51E-O! 
2.3QE-o( 
5.m-OI 

4.04E-o! 
8.36E-0! 
-- 

8.85E-0! 

6.01E-08 2.31E-a 
~ . Q Q E - O ~  7 . 2 ~ ~ 4  
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Beryllium 

NA 1.50E-04 1.04E+02 1.OE-03 6.72E+02 2.26E-07 O.WE+W 1.5OE-03 

1.03E+O1 5.30E-05 0.043 8.OE-02 6.72E+02 5.57E-09 5.74E-08 1 . m - W  

1.03E+01 5.30E-05 0.089 6.OE-02 6.72E+02 1.15E-08 1.19E-07 2.18E-04 

2.22E-02 NA 0.001 3.OE-01 6,72€+02 6.48E-10 1.M-11 -- 
1.78E+01. 4.5E-05 0.016 3.OE-01 %.72E+02 1.04E-08 1.85E-07 2.m-04 

NA NA 0.18 NA 6.72E+02 O.WE+W O.OOE+W -- 
Total 1 5.44E-071 8.89E-03 

Sol i  waste Landfill 
Antimony NA &WE-05 2.20E+01 I.OE-02 2.10E+02 1.49E-07 O.OOE+W 2 . e - 0 3  
Arsenic 1.9oE+W 2.85E-04 1.38E+01 1.OE-03 2.10E+02 Q.32E-09 1.77E-08 3.27E-05 
Beryllium 4.3OE+W 5.WE-03 l.OBE+W 1.OE-02 2.10E+02 7.26E-09 3.12E-08 1.45E-08 
U-total NA 1.50E-04 4.4%€+02 1.OE-03 2.10€+02 3.01E-07 O.WE+W 2.01E-03 

SF RID 
l/(fWFa -d) w/kg-d 

NA %.WE-05 
l.aOE+W 2.85E-04 
4.3OE+W 5.WE-03 

NA 1.50E-04 

ED = . l.ME+WYr-AFP 
1.01E+W Yr - LSP 
3.36E+W Yr - SF/IFP 
l.O5E+W Yr - SWL 
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soil conc ABS ED*EF Intake Cancer Non-C~cin. 
mekg mg/kg -d RiSb HI 
2.OOE+W 1.OE-02 3.30E+02 2.1s-08 O.OOE+W 3.M-04 

%.43E+01 1.OE-03 3.3OE+02 6.82E-08 1 . a - 0 7  2.39E-04 

3.38E+00 1.OE-02 3.3OE+02 3.58E-08 1.54E-07 7.1%-06 
3.OOE+01 1.OE-03 3.3OE+02 3.18E-08 O.OOE+W 2.12E-04 

0 

0 

Aroclor-1254 1.03E+O1 5.30E-05 0 6.OE-02 3.30E+M 0.WE+00 O.WE+W O.OOE+oO 

ArOCbf-1260 1.03E+OI 5.30E-05 0 6.OE-02 3.3OE+02 O.OOE+W O.OOE+W O.OOE+W 

Carbazole 2.22E-02 NA 0 3.E-01 3.30E+02 O.WE+W O.OOE+W -- 
Dieldrin 1.78€+01 4.5E-05 0 3.OE-01 3.30E+02 0.WE+00 O.ooE+W O.OOE+oO 

PAH NA NA 0 NA 3.30E+02 O.OOE+W O.OOE+00 -- 
Total 2.W-07 8.12E-04 

Lime Sludge Pond 
Antimony NA %.WE-05 2.32E+O1 1.OE-02 2.02E+02 1.51E-07 O.WE+W 2.51E-03 

Arsenic 1.=+W 2.85E-04 6.78E+W 1.OE-03 2.02E+02 4.40E-09 8.36E-09 1.54E-05 

Beryllium 4.30E+W 5.WE-03 1.27E+W 1.OE-02 2.02E+02 8.23E-09 3.M-08 1 . a - 0 8  

U-tdel  NA 1.5oE-04 2.22E+01 1.OE-03 2.02E+02 1.44E-08 O.WE+W Q.61E-05 

Aroclor - 1 254 1.03E+O1 5.30E-05 4.30E-02 6.OE-02 2.02E+02 1.BBE-09 1.73E-08 3.16E-05 

Aroclor-1260 1.03€+01 5.3OE-05 NA 6.OE-02 2.02E+02 O.WE+W O.OOE+W O.ooE+W 

Carbamle 2.m-02 NA NA 3.M-01 2.02E+02 O.WE+W O.ooE+W -- 
Dieldrin 1.78E+01 4.5E-05 NA 3.OE-01 2.02E+02 O.WE+W O.OOE+W O.a#+W 

PAH NA NA I.=-01 NA 2.02E+02 O.WE+W O.OOE+oO -- 
Total 6.1oE-08 2.66E-03 

South Feld and Inactive Flyash Pile 
Antimc#ly NA &WE-05 1.87E+01 1.OE-02 6.72€+02 4.W-07 O.OOE+W 6.73E-03 
Arsenic 1.9OE+W 2.85E-04 1.21E+01 1.OE-03 6.72€+02 2.61E-08 4.m-08 9.14E-E 
Beryllium 4.3OE+W 5.WE-03 1.44E+W l .E-02 6.72E+02 3.1lE-08 1.M-07 6 . S - 4  
U-tdel 

Arockc - 1 254 t.O3E+OI 5.30E-05 
ArOClOr-1260 1.03E+O1 5.30E-05 
Carbazole 2.m-02 NA 
Dieldrin 1.78E+01 4.5E-05 
PAH NA NA 

Arocbr-1254 
ArOClW-1260 
CarbaZOle 
Dieldrin 
PAH 

4.80E-02 8.OE-02 2.10€+02 1.94E-OB 2.WE-08 3.67E-05 
7.70E-02 6.OE-02 2.10E+02 3.12E-09 3.21E-08 5.89E-05 
4.20E+W 3.OE-01 2.10E+02 8.51E-07 1.89E-08 -- 

NA 3.OE-01 2.10€+02 O.WE+oO O.OOE+W 0.WE+00 
NA NA 2.10E+02 O.WE+W O.WE+W -- 

Total 
Grand Total 

1.20E-07 4.61E-03 
1.OlE-OB 1.7OE-02 



Table C.11-18 Dermal ~ U N  P h y 8  

usenic 
Leryllium 
J-tOtd 

~ * . .  d .  .. . . .  . .  

1.9OE+W 2.85E-04 6.43€+01 1.E-03 1.18E+M 2.43E-OS 4.82E-08 8.W-05 
4.3OE+OO 5.WE-03 3.38E+OO 1.E-02 1.18E+02 I.28E-08 5.5OE-08 2 .S -08  

NA 1.50E-04 3.WE+01 l .E-03 1.18E+02 1.1s-08 O.WE+W 7 . S - 0 5  

o.ooE+w 
O.OOE+W 
o.ooE+w 
O.W+W 

0 &E-02 l.l8E+02 
0 6.E-02 1.18E+02 
0 3.E-01 1.18E+M 
0 3.E-01 l.l8E+02 

o.m+w o.ooE+w 
O.WE+W O.OOE+W 
o.wE+w -- 
O.OOE+W O.WE+W 

'AH 

1.03E+o1 5.3OE-05 
1.03E+O1 5.30E-05 
2 . e - 0 2  NA 
1.78E+01 4.s-05 
NA NA O N A  1.18E+02I o.ooE+w~ o.wE+w~ -- ' 

htimony NA 6.OOE-05 
ken ic  1.9OE+OO 2.85E-04 
3eryilium 4.3OE+OO 5.W-03 
J-tOtd NA 1.50E-04 

2.32E+OI 1.E-02 9.5OE+O1 7.09E-OS O.WE+W 1.18E-03 
6.78E+OO 1.a-03 S.SOE+Ol 2.07E-09 3.m-09 7.28E-08 
1.27E+W l.E-02 Q.sOE+Ol 3.87E-09 I.=-08 7.74€-07 
2.22E+01 1.E-03 9.5OE+O1 6.78E-09 O.OOE+W 4.52E-05 

1.03E+O1 5.306-05 
1.03E+01 5.3OE-05 
2.m-02 NA 
1.78E+O1 4.5E-05 

4.m-02 6.E-02 9.5OE+O1 
NA &E-02 Q.SOE+OI 

. NA 3.E-01 S.SOE+OI 
NA 3.E-01 S.SoE+Ol 

Aroclor - 1 254 
Aroclor- 1260 
Carbazole 
Dieldrin 

7.W-10 
O.WE+W 
O.WE+W 
o.ooE+OO 

8.12E-09 1.49E-05 
O.WE+W O.WE+W 
O.WE+W -- 
o.ooE+w O . ~ + O o  

PAH NA NA 1 1.90E-01 NA 9.50E+01\ O.WE+W I O . W + W  I -- 

1.9OE+W 2.m-04 
4.3oE+w 5.m-03 
NA 1.5oE-04 

Arsenic 
Beryllium 
U-total 

1.21E+01 1.E-03 2.3OE+02 
1.44€+00 1.E-02 2.3OE+02 
l.W+02 1.E-03. 2 . s + 0 2  

Aroclor - 1 254 
Aroclor - 1260 
Carbazole 
Dieldrin 
PAH 

8.92E-09 
1.06E-08 
7.72E-08 

1.9oE+OO 
4.3OE+OO 
NA 

1.03E+o1 
1.03E+o1 
2.m-02 
1.78E+01 
NA 

1.BPE-08 3.13E-05 
4 . s - 0 8  21s -08  
O.OOE+W 5.1s-04 

2.85E-04 
5.WE-03 
1.50E-04 

5.30E-05 
5.30E-05 

1.03E+o1 5.3oE-05 
1.03E+o1 5.3OE-05 
2.22E-02 NA 
1.78E+01 4.5E-05 

1.38E+O1 l.E-03 1.75E+02 
1.08E+W l.E-02 1.7!5E+02 
4.46E+02 l.E-03 1.75€+02 

0.043 8.OE-02 2.3OE+02 l.9lE-09 l.07E-08 3 . e - 0 5  
0.089 6.E-02 2.3OE+02 3.95E-09 4.07E-08 7.45E-05 
0.001 3.E-01. 2.3OE+02 2.22E-10 4.m-12 -- 
0.016 3.E-01 2.3OE+02 3 . s - 0 9  8.32E-08 7.89E-05 

4.80E-02 8.E-02 1.75E+O2 
7.70E-02 &E-02 1.75€+02 
4.20E+W 3.a-01 1.75E+02 

NA 3.E-01 1.75E+02 
NA NA 1.75E+02 

PAH 

7.7s-09 
8.W-09 
2.51E-07 

1.82E-09 
2.m-09 
7.W-07 
O.WE+OO 
O.OOE+oO 

NA NA 0.18 NA 2.3OE+021 O.OOE+oOI O.OOE+W) -- 

Soil concentrations and dust loading from Tables C.11-2-5 
Dermal slope Factors (SF) from Table C.4-4 
Dermal Reference Doses (RID) from Table C.4-4 

Antimony NA &WE-05 1 2.2OE+01 1.E-02 1.75E+02 I 1.24E-07 

4.16E-07 I 8.42E-031 

1.m-08 
2.67E-08 
15%-08 
0.W+00 

Formula (red EPA RAGS): CS*AF*SA*A@S*CF*ED*EF/E$W*AT 
Dermal Absorption Codiicienb (ABS) from Table C.3-4 ED = 8.74E-01 Yr - AFP 

1.15E+OO Yr - LSP 
4.16E+03 Yr - SF/IFP 
4.20E+02 Yr - SWL 

CF = I&-8 k g l w  
AF = 1 mg/cm2 
SA assumed at 57% cm' (Adult male) 

6 W  = 70 kg , 
AT = 2556'days 
EF = 200 eventsly 
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3 . a - 0 5  
4.90E-05 

O . W + W  

-- 
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PREFACE 

The following attachment contains the detailed residual risk calculatiom for the remedial altermtives 

evaluated in this feasibility study risk Assessment. This attachment contains all the equations and 

parameters used for the quantification of exposure and subsequent risk per exposure pathway. The 

exposure equations and the parameters used in the exposure models are s- ' in Section C.3.0 of 

this report. The RAWPA (DOE 1992) is the primary sources for these values; other values were used 

in accordance with EPA and/or DOE guidance. 

The primary exposure media considered for residual risk evaluation are groundwater, air, and soil. 

Exposure to sediments are included in the group detailing soil exposure pathways. Exposure to surface 

water is not a viable pathway to potential Operable Unit 2 receptors (see Section C.2.0) and is therefore 

not included in the following attachments. The development of concentration terms for air, groundwater, 

and soil is provided in Section C.5.2. These concentrations were used to quantify intake. Food pathway 

source terms were quantified using the equations presented in Section C.5.2 of this report. The following 

attachment contains the detailed residual risk calculations for the remedial alternatives evaluated in this 

feasibility study risk assessment. This attachment contains all the equations and parameters used for the 

quantification of exposure and subsequent risk per exposure pathway. The exposure equations and 
parameters used in the exposure models are summanzed . in sedion C.3.0 of this report. The RAWPA 

(DOE 1992) is the primary sources for these values; other values were used in accordance with EPA 

and/or DOE guidance. 

The primary exposure media considered for residual risk evaluation are groundwater, air, and soil. 

Exposers to sediments are included in the group detailing soil exposure pathways. Exposure to surface 

water is not viable pathway to potential Operable Unit 2 receptors (see Section C.2.0) and is therefore 

not included in the following attachments. The development of concentration t e r n  for air. groundwater, 

and soil is provided in Section C.5.2. These concentrations were used to quantify intake. Food pathway 

sources t e r n  were quantified using the equations presented in Section C.5.2 of this report. 
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:ntake Equation 

IR 
EFa 
E F C  
EDa 
EDC 
ETa 
ETc 
CA 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
Iime Sludge Pond with Federal Ownership: Expanded Trespasser 

Via Inhalation of Gases and Particulates 

= CAXEFaXEDaXIRXETa + CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency(chi1d) 
Exposure duration 
ETposure duration 
Exposure tip (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2.4E-07 

pwd 
pwd 
pwd 
pwd 
pwm’ 

pwd 
p WM’ 

%32+lOd 
4 3 4  
4 3 5  +Id 
U?3a+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 m’/hour 
40 dayslyyear 

110 dayslyear 
32 Year 
12 Year 
1 hourlday 
2 howlday 

(see table below) 

p w d  
p w d  
pwm’ 
pwm’ 
PWJ 
pwm7 
pwm’ 

Pad 
p w m ’  

PWM’ 

CDI CSF ILCR 
Radionuclides (PCi) (pa)-’  (unitless) 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.E-04 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA ’ 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.9E- 15 

I - -  . 

5.9E- 15 - I ILCR Summation - 

0 e 0 43 0 
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ntake Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-3 
Summary o f  Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

Cw X EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake b r  radionuclides 
Concentration of radionuclides in groundwater 

%7+ld 
NhV+ld 

Ra?26+Rd 

RnZ22+4d 
srW + Id 

w3a 

R%iS+ld 

T% 
%+7d 
%w 

NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

%32+lOd 
urn 
U235 +1d 
una+, 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.OE-05 
1.OE-U5 
1.0E-U5 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 
350 dayslyear 
70 Year 

1 (Unitlen) 
(see table below) 

CDI CSF ILCR 
Radionuclides (Pa) ( P C i P  (unit less) 

%7+ld 
NP237+ld 
puzss 
R%+Rd 

%Z2+4d 
SrW+ld 
T%9 
%+7d 
-420 
%+lCd 
urn 
uPs+ld 
U23a+, 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-01 
4.9E-01 
4.9E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E- 12 
7.8E- 12 
9.8E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 11 - I ILCR Summation - 
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ntake Equation 

IR 
EF 
EDn 
ca 

Table CIII-5 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

Ca X EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3.4E-09 

% 3 2 + l f f l  NA 

uns +Id NA 
um+u NA 

urn NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

20 m3/day 
350 daystyw 
70 Year 

(see table below) 

%7+ld 
NPrn+ld 
puus 

R%+ld 
R”2?2+4d 
S‘SO+ld 
T% 

% 
%+lM 
u234 
%+ld 
u238+2cl 

R?t26+Rd 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

‘ NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-a3 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
1.1E- 07 
2.6E3’08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 14 

I 
1.3E- 14 - I ILCR Summation - 

000496 
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ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table C.III-7 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

- - Cf X EF X EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Bposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

-%ZZ+lOd 
urn 
u?35+ld 
Um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
tadionuclides (Pa) IPcm-1 [unitless) 

%7+ld 
NP25T+ld 
puus 
Ra226+8d 
R%+ld 
R”222+4d 

=% 
h + 7 d  
% 
%32+10d 
urn 
u?35+, 
uz38+2d 

%O+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-04 
1.9E-04 
1.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E-12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.0E- 1 1 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

h A  

3.OE-15 
3.OE- 15 
3.7E-15 

NA 
NA 
NA 
NA 
NA 
NA 

9.7E- 15 - I ILCR Summation - 

Q00499 
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atake Equation 

IR 
Fl 
EF 
EDn 
CP 

Table CIII-9 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy producs 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%32+lOd 
u234 
U23S+ld 
Um+z(i 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.6E-07 
3.6E-07 
3.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daystyear 
70 Year 

%37+ld 
NPZ37+ld 

R%+8d 
R%+ld 

srgO+ld 

P%38 

R”212+4d 

T% 
%+7d 
% 
,l??32+1W 
urn 
urn+, 
ups+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-03 
2.6E-03 
2.68-03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
LOE-10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-14 
4.2E- 14 
5.3E- 14 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.4E- 13 - I ILCR Summation - 

C-111- 13 
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IR 
FI 
EF 
EDn 
cv 

Table CIII-11 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclkles in vegetables 

%7+ld 
NP237+ld 
puvs 

Ra22E+ld 

T% 

w.3 

R%26+8d 

%2+4d 
% 3 + l d  

%+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%S2+1Od 
urn 
UZ3S+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.9E-05 
4.9E-05 
4.9E-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 daysbear 
70 Year 

CDI CSF ILCR 
Radionuclides (Pa) (pCi)-l (unitless) 

%37+ld 
NP237+ld 

R?226+8d 
Ra228+ld 

SrEO+ld 

h + 7 d  

put38 

hZ22+4d 

T% 

%XI 
Q32+lOd 
urn 
u?35 +ld 
upr(+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-01 
15E-01 
1.5E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E-10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E- 12 
2.3E- 12 
2.9E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

I - -  
7.6E- 12 - I ILCR Summation - 

-. 
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Radionuclides ( p a )  (pa)-  (unit less) 

%7+1d NA 2.8E- 11 NA 
NP237+ld NA 2.2E- 10 NA 
P k W  NA 2.2E- 10 NA 
R%5+8d NA 7.8E- 10 NA 
R % i + l d  NA 1.OE-10 NA 
&2?2+4d NA 1.7E-12 NA 
SrSQ+,d NA 3.6E-11 NA 

NA 1.3E-12 NA 
NA 5.5E-11 NA 'Ih228+7d 
NA 1.3E-11 NA 
NA 1.7E- 10 NA 

TC, 

% 
%+1M urn 2.1E-02 1.6E-11 3.4E- 13 
U?.SS+ld 2.1E-02 1.6E-11 3.4E- 13 
u,+, 2.1E-02 2.OE- 11 4.2E- 13 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

1.1E-12 - I ILCR Summation - 

Table CIII-13 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Limesludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

CwX EFX EDn X FIXIR - ntake Equation - 

IR 
EF Exposure frequency 
EDn Expsure duration 
FI Fractional intake fix radionuclides 
cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

%32+lOa 
urn 
u n s  +Id 
"n8+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.OE-05 
1.OE-05 
1.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 daystyear 

6 Year 
1 (Unitless) 

(see table below) 

I 

~ 0 0 5 0 8  
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Intake Equation 

IR 
EF 
EDn 
ca 

Table C-III- 15 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 

Via Inhalation of Gases and Particulates 

- - Ca X EFX EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

3.48-09 

ThW+lOd 
urn 
U m  +ld 
um+zA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 dayshear 

6 Year 
(see table below) 

CDI CSF ILCR 
Cadioouc tides (Pa) (pCi)-l (onitless) 

%7+ld 
NpZn + Id 
puurc 
R%26+8d 

SrSO+,d 
Tc99 
‘Zh?28+7d 
- 4 3 0  
%+lM 
uz34 
um+ld 
uz?8+ld 

R b + l d  
9222+4d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-05 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E-10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.6E-16 . 

6.6E- 16 - I ILCR Summation - 

I 
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Table CIII- 17 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

-_ 

itake Equation 

IR 
FI 
EF 
EDn 
Cf 

Cf X EF X EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%S2 + 1M 
urn 
u2ss +Id 
um+2A 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.OE-07 
1.OE-07 
1 .OE- 07 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
Ladionuclides ( p a )  fvcm-1 funitless) 

%37+ld 
NPZV + Id 
puufi 
R%+fid 

Rn222+4d 
jr,+ld 
rC99 
%+7d 
b 
%n+ia 
?rn 
JBS+ld 
J p s + l d  

R?22R+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E-Ob 
6.1E-06 
6.1E-Ob 

NA 
NA 
NA 
NA . 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E-12 ' 
SSE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.8E- 17 
9.8E- 17 
1.2E- 16 

NA 
NA 
NA 
NA 
NA 
NA 

3.2E- 16 - I ILCR Summation - 

C-111-25 
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stake Equation 

IR 
FI 
EF 
EDn 
cs 

Table C-III- 19 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

- - Cp X EF X EDn X FI X IR 

Ingestion rate of dairy produc& 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

&+lOd 
urn 
U23S +id 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.6E-07 
3.6E-07 
3.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daysfyear 

6 Year 

CDI CSF ILCR 
Radionuclides (Pci)  (pCi)-' (unitless) 

I 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-04 
5.1E-04 
5.1E-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1 .OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.2E- 15 
8.2E- 15 
1.OE-14 

NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 14 - I ILCR Summation - 

-. 

a 

a 
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Table C.III-21 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EFXEDn X FI XIR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fromcontaminated source 
E$posure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

~ U + l O d  
urn 
u,, +Id 
um+z.€l 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.9E-05 
4.9E-05 
4.9E-05 

NA 
NA 

~ NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 daysbear 
6 Year 

CDI CSF ILCR 
tadionuclides fP<E) (pCi)-l (unitless) 

%37+ld 
NPLV+ld 
pu, 

%22+4d 
SrSO + Id 
%9 

% 
%+lW 
b 4  
U23S+ld 
b 6 + ,  

R%+8d 
R%2S+ld 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-02 
1.OE-02 
1.OE-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E- 13 
1.6E-13 
2.1E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

5.3E- l3 - 1 ILCR Summation - 
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ntake Equation 

IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Table C.III-23 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

CDI CSF ILCR 

= CS XEFa XEDa X FI X IRa + CS XEFc X EDc X FI X IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

12.5 mg/day 
12.5 mg/day 

40 dayslyear 
110 dayslyear 
32 Year 
12 Year 
1 (unitless) 

(see table below) 

C%37+1d 
NP237+ Id 
pu238 
R%26+, 
R a m +  Id 
Rn222+4d 
Srw+ Id 
T%9 

~ 2 3 0  
Th22S+ 7d 

NA 
1.3E- 04 

NA 
NA 
NA 
NA 

NA 
NA 

5.4E-04 

5.2E-04 

pCi/mg 
pCi/mg 
pCi/mg 
pCiImg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

Th232+1od 
u, 
U, + Id 
u,+ u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCi/mg 
pCi/mg 
pCi/mg 
pCiImg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

ladionnclides (pCi) (pci1-l (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E+00 

1.8E+Ol 

1.7E+01 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.3E- 10 

6.3E- 10 

2.2E- 10 

I ILCR Summation = 1.8E-09 
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Table CIII-25 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Expanded Trespasser 
Via Inhalation of Gases and Particolates 

n e e  Equation 

IR 
EFa 
E F C  
EDa 
EDC 
ETa 
E T C  
CA 

= CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionucliies in air 

%37+ld 
NPrn+ld 
P%38 
RaZaS+Sd 
R?22S+ld 
R”2Z+4d 
’%+ld 
=%9 
%+7d 
?h, 

NA 
4.3E-07 

NA 
NA 
NA 
NA 

1.8E-06 
NA 
NA 

1.7E-06 

%?32+lOCi 
urn 
UZiS+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 mhour 
40 daystyear 

110 daystyear 
32 Year 
12 Year 

1 hourlday 
2 hourlday 

(see table below) 

CDI CSF ILCR 
Radionuclides (Pa) (pa)-’ (unitless) 

%7+ld 
NPrn+ld 
hrvs 
R??26+8d 
R?22S+1d 
%22+4d 
SrSO+ld 

%+?d 
T%9 

% 
%+1M 
uz34 
Um+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-03 

5.9E-03 

5.6E-03 

1.9E- 11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA L 

NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.1E-11 

3.6E- 13 

1.6E- 10 

2.OE- 10 - I ILCR Summation - 
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Table CIII-26 
Summary of Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Expanded Trespasser 
Via External Radiation 

kmsure muation = [CR X EFa X EDaX ETm X( 1-SH,)] +[CR X EFc X EDc X ET, X ( 1-SH,)] 

EFa 
E F C  
EDa Exposure duration (adult) 
EDC Exposure duration (child) 
ET, 
ET, 

CR 

Fraction of year spent exposured (adult) 
Fraction ofyear spent exposured (Child) 

Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (hild) 
Shield factor outdoors 
Radionuclide specific concentrations 

SH, 

%Tl+ld NA P w g  

pu236 NA P% 
R?Z16+8d NA P% 
R?2B+ld NA P a 3  
%22+4d NA P% 

NA PWi3 
NA Pcvg 

T% 

W W  

NP237 + Id 1.3E-01 pWg 

srSO+ld 5.4E-01 pWg 

%+7d 
5.2E-01 pWg 

?hwa+lOd 
urn 
%S+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

CDI CSF ILCR 
Zadionuclides (year pCi/g) (gEpCi-year1-l (unitless) 

% 3 7 + l d  
NP231 + Id 

R%26+8d 
Ra228+ld 
% 2 2 + 4 d  
sr90+ld 

%+7d 

pu, 

T% 

Th230 
%+lM 
u?34 
u235+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-02 

2.3E-01 

2.2E-01 

2.OE-06 
4.3E-07 
2.8E-11 
6.OE-06 
2.98-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8.5E-06 
3.0E- 11 
2.48-07 
5.1E-OB 

NA 

NA 
NA 
NA ' 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-08 

1.2E-11 

2.4E-08 - I ILCR Summation - 

080527 
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Table CIII-28 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

ntake Equation 

IR 
EF 
EDn 
FI 
cw 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 
NA pcvl 

%32+lOd 
4 3 4  
% S + l d  
Um+zd  

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 
350 daystyear 
70 Year 
1 (Unitles) 

(see table below) 

NA pcvl 
3.7E-02 pCifl 
2.OE-03 pcvl 
4.1E-02 pcin 

NA pcvl 
NA pcvl 
NA pcvl 
NA 
NA pcvl 
NA pcvl 

CDI CSF ILCR 
Radionuclides (pci) (pG)-l (unitless) 

%37+ld 
NP2S7 + I d  
puvs 
R%+8d 
R%+ld 

S%O+ld 
T% 
W l ? S + l d  
b 
Thz32+lOd 
4 3 4  
4 3 s  +ld 
%8+, 

h222+4d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.SE+CB 
9.8E+01 
2.OE+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA < 

2.9E-08 
1.6E- 09 
4.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

7.1E-08 - 1 ILCR Summation - 

c-111-4 1 
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lntake Equation 

IR 
EF 
EDn 
ca 

Table C.III-30 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

CaXEFXEDnXIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

20 m’lday 
350 dayslyear 
70 Year 

(see table below) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

6.2E-09 

2.6E-08 

2.58-08 

%32+1Od 
urn 
Uns +Id 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 
tadionuclides IPCi) (pCi)-l (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-03 

1.3E-02 

1.2E-02 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-OB 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.8E- 11 

7.8E- l3 

3.5E-10 

4.4E- 10 - I ILCR Summation - 
-_ 
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:ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-32 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+ld 

NP237+ld 
puus 
Ra226+8A 
R%+lA 

- 4 9  
l h 2 3 + 7 d  
%w 

h221+4d 
srW+ld 

NA 

NA 
NA 
NA 

ERR 
2.3E-06 

NA 
NA 

2.6E-08 

1.3E-08 

%32+lOCl 
urn 
u n s  +1A 
"m+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.lE-04 
2.OE-05 
4.1E-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
Radionuclides (Pa) [pU)-' (unitless) 

%37+ld 
NPzn+ld 
P%Ss 
R%m+sd 

% 2 + 4 d  

Tc99 
%+7d 
%% 
%+la 
urn 
"m+2d 

R%?B+ld 

srW+ld 

+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.9E-05 

4.2E-03 

2.5E-05 

6.9E-01 
3.7E-02 
7.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
1.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.E-10 
l.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.1E-14 

1.5E- 13 

3.2E- 16 

1.1E-11 
5.9E- 13 
1.5E-11 

NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 11 - I ILCR Summation - 

C-111-47 
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[ntake Equation 

IR 
FI 
EF 
EDn 
Q 

Table Cm-34 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Properly Farmer (Adult) 
Via Ingestion of Dairy Products 

- 

- - Q X EF X EDn X FIX IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
& p u r e  fzequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 

NA 
NA 
NA 

ERR 

NA 
NA 

2.48-09 

l.lE-05 

l.lE-08 

%?32+lOd 
urn 
U?3S+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-03 
7.2E-05 
1.5E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 days&ear 
70 Year 

CDI CSF ILCR 
Radionuclides (PCi) (pCi)-l (unitless) 

%7+ld NA 2.8E-11 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA R%+Sd 

R?22S+ld NA 1.OE- 10 NA 
%X2+dd NA 1.7E- 12 NA 

NA 1.3E-12 NA 
NA 5.5E- 11 NA 

NA 1.7E- 10 NA 

Np237+ld 1.8E-05 2.2E- 10 3.9E- 15 
%. 

Sr,+,, 8.4E-02 3.6E-11 3.OE-12 
T% 
Th21+7d 
%Xl 
%+1M 

8.2E-05 1.3E-11 1.1E- 15 

1.6E- 10 urn 9.8E+00 1.6E-11 
urns +Id 5.3E-01 1.6E-11 8.5E- 12 
urn+2d l.lE+Ol 2.OE- 11 2.2E- 10 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

* NA NA NA NA 
NA NA NA NA 

3.9E-10 - I ILCR Summation - 

C-111-50 
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ntake Equation 

IR 
FI 
EF 
EDn 
cv 

Table Cm-36 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Addt) 
Via Ingestion of Vegetables and Fruits 

CvX EFXEDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested frorncontaminated source 1 (Unitless) 
Exposure frequency 350 daydyear 
Exposure duration 70 Year 
Concentration of radionuclides in vegetables 

0.122 kgfday 

NA 

NA 
NA 
NA 

ERR 

NA 
NA 

6.2E-06 

7.4E-05 

2.78-05 

%32+lOd 
u234 
UnS+ld 
um+zA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 
9.8E-CB 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 
Radionuclides (Pa) ( p C 3 - l  (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.8E-02 

2.2E-01 

8.2E-02 

5.4E+02 
2.9E+01 
6.OE+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
LOE- 10 
1.7E-12 
3.6E-11 
1.3E-12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.1E- 12 

7.9E- 12 

1.1E-12 

8.7E-09 
4.1E- 10 
1.2E-C8 

NA 
NA 
NA 
NA 
NA 
NA 

2.lE-03 - I ILCR Summation - 

C-111-53 
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ntake Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-38 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

CWX EFX EDn X FIXIR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Ekposure frequency 
Ekposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

NA pCVl 
NA pcin 
NA pcin 
NA pcin 
NA pcin 
NA pCVl 
NA pcin 
NA pein 
NA pcin 
NA pcin 

%%?+lM 

'235 +Id 
urn 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.7E-02 
2.OE-03 
4.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 daysiyear 

6 Year 
1 (Unitless) 

(see table below) 

P a  
P a  
P a  
P a  
P a  
P a  
P a  

Pein 
P a  

CDI CSF ILCR 
Radionuclides ( p a )  ( P W - 1  (unitless) 

%7+ld 
NP137 + Id 

R??%S+Sd 
R%2S+ld. 
&222+4d 

pu, 

SrSO+ld 
T% 
- % m + 7 d  
.m, 
%+lM 
urn 
urn+, 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.8E+01 
4.2E+00 
8.6E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-09 
6.7E- 11 
1.7E-09 

NA 
NA 
NA 
NA 
NA 
NA 

3.OE-09 - I ILCR Summation - 
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Table CIII-40 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

Ca X EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
= p u r e  duration 
Concentration of radionuclides in air 

NA 
6.2E-09 

NA 
NA 
NA 
NA 

NA 
NA 

2.6E-08 

2.5E-08 

?Z..+lOd 
%%I 
U?3S+ld 
~m+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 rn’lday 
350 dayslyear 

6 Year 
(see table below) 

CDI . CSF ILCR 
tadionuclides ( p a )  (pCi1-l (unitless) 

%7+ld 
NP237+ld 
pu, 
Ra226+6d 
R?2B + Id 

S%+ld 
TC99 
%+7d 
Thvo 
E?ZU+lOd 
u?34 
Um+ld 
urn+, 

%.22+4d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-04 

6.5E-04 

6.2E-04 

1.9E- 11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E-12 
6.2E-11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E- 12 

4.OE- 14 

1.8E-11 

2.3E- 11 - I ILCR Summation - 

C-111-59 
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M 2. 

NA 
26E-(I) 

NA 
‘ N A  
NA 
ERR 

DE-06 
NA 
NA 

13E-(I) 

P c v g  
P c v g  
P c u $  
P c u $  
pa/$ 
Pa/$ 
Pcy$ 
P W  
P c v g  
P c v g  

-fhil+uld 
urn 
uns 4lA 

um4ad 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.E-04 
2OE-a 
4.lE-04 

NA 
NA 
NA 
NA 
NA 
NA 

Pcvg 
Pa/g 
Pcvg 
P a / g  
pcvg 
Pa/g 
pcu$ 
P c v g  
Pcvg 
Pcvg 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1hE-06 

l.4E-04 

82E-07 

23E-02 
lZ-(]B 
2JE-02 

NA 
NA 
NA 
NA 
NA 
NA 

ZBE- 11 
Z1E- 10 
22E- 10 
7dE- 10 
1.oE- 10 
1.E- 12 
3.6E- 11 
13E- 12 
SJE-11 
13E-11 
LIE- 10 
1.68-11 
ME-11 
2oE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3 s -  16 

5 . E -  ls 

1.1E-17 

3.6E- U 
2OE- 14 
5 . E -  U 

NA /- 

NA 
NA 
NA 
NA 
NA 
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Table CIII-44 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dahy Products 

Cp X EFX EDn X FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%?+ld 
NP237 + Id 

R%26+8d 
Ra228+ld 

+4d 
srSQ+ld 

h + ? d  

puw8 

Tcp, 

.ra, 

NA 
2.4E-09 

NA 
NA 
NA 

ERR 
l.lE-05 

NA 
NA 

1.1E-C8 

h + l O d  
urn 
Um+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-03 
7i2E-05 
1JE-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daysfyear 

6 Year 

ILCR 
(unitless) 

CDI 
tadionuclidcs (Pa) (PCi 

%?+ld 
Nk37+ld 

R%.26+8d 
Ra228+ld 
k + 4 d  
Sr50+ld 

%+?d 

puvs 

T% 

Tn, 
%+lM 
urn 
Um+ld 
~ ~ + 2 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.4E-06 

1.6E-02 

1.6E-05 

1.9E+00 
1 .OE- 01 
2.1E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- IO 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA . 

NA 
NA 

NA 
NA 

NA 

7.4E- 16 

5.8E- l3 

2.IE- 16 

3.OE-11 
1.6E- 12 
4.2E-11 

NA 
NA 
NA 
NA 
NA 
NA 

7.4E- 11 - I ILCR Summation - 

c-rr1-65 
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Intake huation I cvx EFxEDa x FIX IR I 

NA 
62E-U 

NA 
NA 
NA 

ERR 
7.4E-06 

NA 
NA 

27E-06 

P W  
pcy$ 
P W  
Pa/g 
P a / g  
pcyg 
P c v g  
P c v g  
P c v g  
P a / g  

NA 
18E-01 

- 9BE-(I3 
2OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

13E-(D 

1%-02 

SBE-Q3 

~BE+OL 
2lE+aD 
42E+01 

NA 
NA 
NA 
NA 
NA 
NA 

UE-11 
m- 10 
22E- 10 
78E- 10 
la- 10 
1.7E- 12 
3bE-11 
13E- 12 
S S - 1 1  
13E-11 
1 . z -  10 
14E- 11 
1bE-11 
2aE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

U E -  I3 

SbE- U 

7%- 14 

6.1E- 10 
33E- 11 
ME- 10 

NA 
NA 
NA 
NA 
NA 
NA 
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VN 
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11-34L 
ZI -362 
I I -393 

VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 

VN 
VN 
VN 
VN 
VN 
VN 

I I -307 
11-341 

01 -3f-1 
I1-3CI 
11-3S-s 
21 -3CI 
I I -39.f 
21-WI 
01 -30'1 
01 - 3 t L  
01 -327 
01 -m 
11-387 

rr-39.1 

VN 
VN 
VN 
VN 
VN 
VN 

OD+39-€ 

W+%f 
to-ati 

VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 

VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
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Table CIII-50 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime SIudge Pond with Private Ownership: Off-Property Farmer (Adult) 
Vi Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 
Exposure fnquency 
Exposure duration 
Concentrationof radionuclides inair 

%7+ld 
NPm+ld 

R%26+8d 
R%28+ld 
RnZp+4d 
sr%l + Id 

h + 7 d  

“u8 

*%9 

nL, 

NA pad 

NA p a n ?  
NA pWd 
NA p W d  
NA pWd 

NA p W d  
NA pWd 

3.2E-09 pad 

3SE-09 p a n ?  

3.3E-07 Q W d  

C a X E F X E D n X I R  

%+lW 
uz34 
urn+, 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 

70 Year 
350 daystyear 

(see table below) 

NA pWn? 
NA pWd 
NA pWd 
NA pWd 
NA pWd 
NA pWd 
NA pWn? 
NA p W d  
NA pWd 
NA pWu? 

CDI CSF U R  
Radionuclides (Dci) ( P G P  (unitless) 

I 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 

1.6E-CQ 

1.7E-a3 

1.6E-01 

1.9E-11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
l.lE-07 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E- 11 

NA . 

LlE- 13 

4.6E-09 

ILCR Summation 

C-111-74 



FEMP-OUOZ-5 DRAFT 

8 .- 
'I - 0 
V 

9 
I u 

- x  August 24, 1994 5 863 

u u u u u u u u u u u u u u u  zzzzzzzzzzzzzzz 

c u c c < c c u c c < u u c u  z z z z z z z x z z z z z z z  

u u u ~ u u u u u u u u U U U U  z z z p z z z z z z z z z z z z  
m a 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 

n 
! B  

C-111-76 . 



FEMP-OUM-5 DRAFT 
August 24. 1994 

[ntakc Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-52 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X FI X IR 

Ingestion rate of  meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of  radionuclides in meat 

%7+ld NA 
NPrn+ld 1.4E-08 

NA 
NA 

R%.28+ld NA 

srW + Id 3.1E-07 
NA 
NA %+7d 

%?a 1.8E-07 

%% 
R b + S d  

Rn221 +4d ERR 

T%9 

W%+lOd 
u234 
UPS+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitles) 
350 dayslyear 
70 Year 

ILCR 
(unitless) 

CDI 
Radionuclides ( p a )  
I 

%37+ld 
NP2Sl+ld 

. R b + S d  
R?12S+ld 
%22+4d 
Srm+id 
T% 
%+7d 
n4, 
%+1Od 
urn 
urn +Id 
uPs+?d 

puz38 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2JE-aS 

5.7E-04 

3.38-04 

1.3E-Q3 
6.9E-05 
1.4E-Q3 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E.-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.5E-U 

2.1E- 14 

4.2E-15 

2.1E- 14 
1.1E-U 
2.9E- 14 

NA 
NA 
NA 
NA 
NA 
NA 

I 
8.2E- 14 - LILCR Summation - 

C-111-77 
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Table CUI-54 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
V i  Ingestion of Dairy Products 

- - Cp X EFX EDn X FIX IR 

Ingestion rate of dairy producn 
Fraction ingested fromcontaminated source 
Exposure fnquency 
Exposure duration 
Concentration of radionuclides in animal products 

. 

%7+ld 
Nb + Id 

R%26+8d 
Ra228+ld 
Rn2Z +4d 
srW+ Id 

%+7d 

puus 

=% 

.Ih, 

NA 
1.2E-09 

NA 
NA 
NA 

ERR 
1.5E-06 

NA 
NA 

15E-07 

P W  
P W  
P W  
P W 4 3  
P W  
P W  
P W  
P W  
Pcincs 
P W  

h + l M  
urn 
U23S+ld 
ups+2d 

NA 
NA 
NA 

. NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350dayslyear ' 

70 Year 

CDI CSP ILCR 
Radionuclides [pa) [VC!i)-l (unitless) 

%7+ld 
Nk37+ld 

R%26+8d 
R%.28+ld 
%.22+4d 
%+ld 

%+7d 

puus 

=%9 

% 
%+lOd 
u?34 
ups+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.OE-06 

l.lE-02 

l.lE-03 

1.9E-02 
9.8E-04 
2.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
13E- 12 
ME- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.OE- 15 

4.1E-l3 

1.4E- 14 

3.OE- l3 
1.6E- 14 
4.1E- l3 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.2E- 12 - I ILCR Sommation - 
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Table CIII-56 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Vegetables and Fruits 

CvX EFXEDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested fromcontaminated source 
Exposure fnquency 
E x p u r e  duration 
Concentration of radionuclides in vegetables 

% 3 l + l d  

puus 
NPW7+ld 

Ra226+8d 
R%28+ld 
%2l+dd 
SrSO+ld 

%+ld 
=%9 

n4uo 

NA 
3.2E-06 

NA 
NA 
NA 

ERR 
1.OE-C6 

NA 
NA 

3.6E-04 

P W k  
P W  
PW 
P W  
P W  
P W  
P W b  
P W  
P W  
P W  

% Q + l O d  
urn 
uz3s+ld 
ups+?d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.5E-04 
1.8E-05 
3.88-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unities) 

350 dayslyear 
70 Year 

CDI CSF ILCR 
.adionuclides ( p a )  (pCi)-' (unitless) 

%37+ld 
'P237+ld 
'uus 
%6+8d 
%s+,d 

rCp9 

b 
b + l W  
Jm 
Jm+ld 
Jps+zd 

%+4d 
%+ld 

b + l d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.5E-a3 

3.OE-02 

l.lE+a) 

l.OE+OO 

l.lE+CO 
5.4E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1JE- 12 
5JE- 11 
1.3E- 1 1 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA . 
NA 
NA 
NA 

NA 
NA 

NA 

2.1E- 12 

l.lE-12 

1.4E-11 

1.x- 11 
8.E- 13 
2.3E-11 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 5.7E-11 

C-111-83 
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Table CIU-58 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

= CwX EFX EDn X FIXIR 

Ingestion rate of groundwater( RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

%+lOd 
urn 
Um+ld 
uPs+?A 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.1E-CB 
3.7E-06 
7.8E-05 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 days&ar 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSP ILCR 
Radionuclides (DCi) ( P C W  (unitless) 

%7+ld . NA 2.8E- 11 NA 
Nh37+ld NA 2.2E- 10 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA R??.26+8d 

R%+ld NA 1.OE- 10 NA 
%+4d NA 1.7E- 12 NA 
SrSQ+ld NA 3.6E-11 NA 

NA 1.3E- 12 NA 
NA 55E- 11 NA 

1.3E- 11 NA NA 
NA 1.7E- 10 . NA 

puvs 

T%9 
%+7d 
?a, 
%+lOd 
urn 1.5E-01 1.6E-11 2.4E- 12 
Um+ld . 7.8E-a0 1.6E-11 1.2E- U 
ups+2d 1.6E-01 2.OE- 11 3.3E- 12 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

4 NA NA NA 

5.8E- 12 - I ILCR Summation - 



FEMP-OUO2-5 DRAFT -. August 24, 1994 

5 860% 

P 

c 
X B iz 

u a a a a a a a a a u a a u a  zzzzzzzzzzzzzzz 

1 c c u u c u c u c u u c c c c  u zzzzzzzzzzzzzzz 

0 0 (3 576 
C-III-87 



FEMP-OUO2-5 DRAFT 
August 24. 1994 

C-111-88 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 5 866.  ._  

 take Equation 

IR 
EF 
EDn 
ca 

Table CIII-60 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

C a X E F X E D n X I R  

12 m3/day 

6 Year 
350 daysfyear 

(see table below) 

NA 
3.2E-09 

NA 
NA 
NA 
NA 

3.5E-09 
NA 
NA 

3.3E-07 

%+la 
u234 
ups+ld 
UPs+M 

NA 
NA 
NA 
NA 
NA 
NA 

NA p G I d  
NA pcild 
NA pad 
NA pad 
NA pUd 
NA pwn? 
NA p a d  
NA pCild 
NA pWn? 
NA p a n ?  

%37+ld 
b237 + Id 

.%+ad 

.a?28+ld 
%22+4d 
%+ld 

b + 7 d  

uu8 

'c99 

hu, 
b + l M  
'234 
Jm+ld 
JPs+M 

NA 
NA 
NA 
NA 
NA 
NA 

[ILCR Summation - - 2.4E- 10 i 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-05 

8.8E-05 

8.2E-03 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

23E- 12 

55E- U 

2.4E- 10 

C-III-89 
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IR 
FI 
EF 
EDn 
Cf 

Table CIII-62 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Fanner (Child) 
Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fmction ingested frorncontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+ld 
NP237+ld 

R%+8d 
R% + Id 
% 2 2 + 4 d  
SrSO+ld 

&+7d 

puus 

=% 

-430 

NA 

NA 
NA 
NA 
ERR 

3.1E-07 
NA 
NA 

1.4E-08 

1.8E-07 

%+?ai 

u234 
b + l d  
uPs+?.d 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daysfyear 

6 Year 

CDI CSP ILCR 
Radionuclides ( p a 1  (pCi1-l funitless) 

%7+ld 
NP237+ld 
puus 
R%+8d 
R%+ld 
% 2 2 + 4 d  
srSO+ld 

%+7d 
T% 

-430 
h + l & l  
urn 
ups+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

8.3E-07 

1.9E-05 

1.1E-05 

4.4E-05 
238-06 
4.8E-i3 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
55E-11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA . 
NA 

NA 
NA 

NA 

1.8E- 16 

6.8E- 16 

1.4E- 16 

7.0E- 16 
3.6E- 17 
9.6E- 16 

NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 15 - I ILCR Summation - 

C-111-92 
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ntakc‘Equation 

IR 
FI 
EF 
EDn 
9, 

Table CIII-64 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Prodacts 

9, XEFX EDn X FIX IR 

Ingestion rate of dairy producb 
Fraction ingested fmm contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
NP23’7 + Id 
PUUB 
R%26+8d 
R%B+ld 
%n+4d 
SrSO+ld 
=%9 
%+7d 
- 4 3 0  

NA 

NA 
NA 
NA 

ERR 
15E-06 

NA 
NA 

1.2E-09 

15E-07 

‘Ih2jz+lOd 
urn 
um+ld 
um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 vday 

350 days/year 
0.75 (Unitless) 

6 Year 

ILCR 
(unitless) 

CDI 
Radionuclides (Pa) (V ci 

I 
%7+ld 
NPZ37+ld 
puvs 
R%6+8d 
R?2ZB+ld 
%+4d 
srm+ld 

%+7d 
T% 

-43 
% + l a  
urn 
um+ld 
um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.7E-06 

2.2E-03 

2.1E-04 

3.6E-03 
19E-04 
4.OE-(a 

NA 
NA . 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
1.3E- 12 
5SE- 11 
1.3E- 11 
1.z- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.8E- 16 

7.9E- 14 

2 . z - I s  

ME-14 
3.OE- Is 
8.OE-14 

NA 
NA 
NA 
NA 
NA 
NA 

2.2E-l3 - I ILCR Summation - 

c-m-95 
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cake Equation 

IR 
FI 
EF 
EDn 
cv 

Table CIII-66 
. Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with P-te Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

CDI CSF ILCR 

- - CvX EFXEDn X F I X I R  

Ingestion rate of hits or vegetables 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

0.1 kg/day 
1 (Unitless) 

6 Year 
350 days/year 

%37+ld  
NP?37+1d 

R%26+Rd 
R%+ld 
%.22+4d 
SrsO+ld 

%+7d 

puvs 

T% 

lh, 

-+la 
u, 
um+ld 
uPg+zd 

NA 
NA 
NA 
NA 
NA 
NA 

( p a ’ )  (pci)-’ (unitless) !adionuclides 

%37+ld 
NPzS+ld 

R%26+8d 
R % z + l d  
b u ? + 4 d  
SrSO+ld 

%+7d 

b 

T% 

Th?so 
%+la 
u?34 
Um+ld  
uPg+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

6.7E-04 

2.1E-03 

7.5E-02 

7.3E-02 
3.8E-03 
8.OE-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.5E- U 

7.6E- 14 

9.8E- U 

1.2E- 12 
6.1E-14 
1.6E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

4.OE- 12 - - I ILCR Summation 

000587 
, 
~ C-111-98 
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Table CIII-67 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Incidental Ingestion of Soil 

Inta-e Equation CS XEFX EDn X FIXIR - - 

IRS 
EF 
EDII 
FI 
cs 

Ingestion rate of soil (RAGS, 1989) 
E p s u r e  fkequency 
E p s u r e  Duration 
Fractional Intake 
Concentration of radionuclides in soil 

q37+ld 
NP237+ld 
%38 

%+4d 
Sr,+1, 
T% 

%O 

R?126+@d 
R?!28+ld 

%8+7d 

NA 
5.1OE-06 

NA 
NA 
NA 
NA 

5.6OE-06 
NA 
NA 

5.2OE-04 

-%32+1, 
4 3 4  

U238+2d 
u235+1d 

NA 
NA 
NA 
NA 
NA 
NA 

180 mg/day 
350 daysfyear 
70 Year 
1 (unitless) 

NA pCihng 
2.2OE-04 pCi/mg 
9.OOE-05 pCi/mg 

NA pcimg 
NA pCihng 
NA pCi/mg 
NA pCihng 
NA pCihng 
NA pCi/mg 
NA pCihng 

CDI CSF ILCR 
tadionuclides (pCi) (pCi)-' (unitless) 

%,+Id 
Nh37+ld 
%38 

k + 4 d  

%9 

%O 
%2+1od 
4 3 4  

%26+@d 
R%8+ld  

sr90+ld 

%8+7d 

k + l d  
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

22sE+01 

247E+01 

229E+03 

9.70E+02 
3.97E+02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

280E- 11 
220E- 10 7 

220E- 10 
7.80E- 10 
1.OOE- 10 
1.70E- 12 
3.6OE-11 
1.3OE- 12 
5.50E- 11 
1.3OE- 11 
1.7OE-10 
1.6OE- 11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.95E-09 

8.89E- 10 

2.98E-08 

1.55E-08 
6.392-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 5.75E408 
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Table CIII-68 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Drinking Water 

CwX E F X  EDn X F I X I R  - ntake Equation - 

IR 
EF Exposure frequency 
EDn & p u r e  duration 
FI Fractional intake for radionuclides 
cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

%37+ld 
Nh3’7+ld 

R%26+8d 
RPL28+ld 
%2l+4d 

puvs 

SrSO+ld 
T% 

%?a 
%+7d 

NA 
9.3E-05 

NA 
NA 
NA 
NA 

5.6E-04 
1.6E-02 

NA 
NA 

’Th2Jp+lal 
u?34 
U735 +Id 
um3+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.4E-01 
3.4E-02 
7.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
350 daysbear 

1 (Unities) 
70 Year 

(see table below) 

P a  
P a  
P a  
P a  
P a  
P a  
P a  
P a  
P a  
P a  

CDI CSF ILCR 
h i i o n u c l i d c s  (Pa) (pCi1-l (witless) 

%37+ld 
NPrn+ld 
puvs 
R%+Sd 
RaU[l+ld 
%.22+4d 

T% 
%+7d 
.ra, 
%32+1034 
%4 
UPS+ld 
ups+2d 

SrSO+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

4.6E+00 

2.E+01 
7.8E+02 

NA 
NA 
NA 

3.1E+04 
1.7E+U3 
3.4E+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

1.OE-09 

9.9E-10 
1.OE-09 

NA 
NA 
NA 

5.OE-07 
2.E-08 
6.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

c-111- 100 
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Table CIII-69 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Inhalation of Gases and Particulates 

I 

- ntake Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

NA 
2.2E-07 

NA 
NA 
NA 
NA 

2.5E-07 
NA 
NA 

2.3E-05 

C a X E F X E D n X I R  

-4.32 +loci 
urn 

urn+, 
u23S +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 &/day 
350 daysbear 
70 Year 

(see table below) 

pCi/m’ 
pWm’ 
pWm’ 
pwm’ 
pwm’ 
Pad 
pwm’ 
Pad 
pwm’ 
pwm’ 

CDI CSF ILCR 
Radionuclides (PCii) (pCi1-l (unitless) 

1 
%7+1d 
NP237+ld 

R%26+Sd 
puvs 

R%28 + Id 
%22+4d 
%O+Id 
Tc99 

%+loci 
urn 
u?35+ld 
uPR+zd 

%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-01 

1.2E-01 

l.lE+Ol 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E-12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-09 

7.4E- 12 

3.2E-07 

3.3E-07 - I ILCR Summation - I 

c-111- 10 1 
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Table CIII-71 
Summarg of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Meat Products - 

otake fination - - CfX EFX EDn X Fl. X IR 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

NA 
2.8E-04 

NA 
NA 
NA 

ERR 
2.1E-01 

NA 
NA 

1.7E-03 

Th230+1od 
urn 
uns +id 
uns+za 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.1E-02 
1.7E-02 
2.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
Cadionuclides (PCi) (pCi)-' (unitleas) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.2E-01 

3.9E+02 

3.2E+00 

7.6E+01 
3.1E+01 
3.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E-11 
1.3E-12 
5.5E-11 
1.3E-11 
1 . z - 1 0  
1.6E-11 
1.6E- 11 
2.OE-11 . 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.1E-10 

1.4E-08 

4.1E-11 

1.2E-09 
4.9E- 10 
7.4E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-08 - I ILCR Summation - 

0 00 59 3 
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I Table Cm-73 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
V i  Ingestion of Dairp Products 

- ntake Fiquation - Cp X E F X  EDn X FIX IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cp 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

NA 

NA 
NA 
NA 

ERR 
l.lE+00 

NA 
NA 

2.68-05 

1.4E-Q3 

%+lCd 
u, 
uzls +Id 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-01 
5.OE-02 
7.2E-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
355 daysbear 
70 Year 

ILCR 
(unitless) 

CDI 
Radionuclides ( p a )  

%7+ld 
N h + l d  

R%26+8d 
puus 
R?US+ld 
Rn2n+4d 
SrSO+,d 
T%9 

Thuo 
‘Ih23o+lCd 
urn 

utJ8+5d 

&+7d 

UPS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.9E-01 

7.7E+U3 

l.OE+Ol 

9.OE+02 
3.7E+02 
5.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.1E-11 

2.8E-07 

1.4E- 10 

1.4E-08 
5.9E-09 
1.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

3.OE-07 - 1 ILCR Summation - 

C-111- 107 
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Table CIII-75 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Vegetables and Fruit!? 

htake Equation - - CvX EFXEDn X FI XIR 

IR 
FI Fraction ingested fmmcontaminated source 
EF Exposure frequency 
EDn Exposure duration 
Cv 

Ingestion rate of fruits or vegetables 

Concentration of radionuclides in vegetables 

%7+ld 
NPZsl+ld 

R%26+8d 
+ Id 

&222+4d 
Sr50+ld 

%+7d 
=%I 

-%w 

NA 

NA 
NA 
NA 

ERR 
1.4E+01 

NA 
NA 

5.1E-02 

4.E-01 

%+lOd 
urn 
U?3S+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E+UI 
7.7E-01 
9.8E-(13 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

CDI CSF ILCR 
ladionnc tides (PCi) (pCi)-' (unitless) 

%37+ld 
NP237+ld 

R?%+8d . 
R % 3 + l d  
b + 4 d  
srSO+ld 

h + 7 d  

puvs 

Tc99 

.rh, 
%?2+10d 
~ ? 3 4  
U235+ld 
u?3$+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA ' 
NA 
NA 
NA 

NA 
NA 

1.4E+U3 
NA 

5.6E+CQ 
' 2.3E+03 

2.9E+01 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E+02 

4.2E+04 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.4E-08 

1.5E-06 

1.SE-08 

9.OE-OB 
3.E-08 
5.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-06 - I ILCR Summation - 

-- 
7.1, . -. - 
.. 

c-HI- 1 10 
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Summary of Intake and Risk Qnantitation (radionuclides) Alternatk 3 
Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 

Via External Radiation 

h e  EqnivalenwEquat: = [DRXEFXEDnX ET'X(l-SH;)] +[DRXEFXEDnX ~ o X ( l - S H , ) ]  

EF 
ED Exposure duration 

Fraction of year spent expured  

Fraction of day spent indoors 
Fraction of dayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

ET; 
ET, 
SH; 
SHO 
DR 

NA 
5.10E-03 pWg 

NA Pwg 
NA Pcilg 
NA Pal3 
NA P a 3  

NA P W  
NA P W  

5.60E-03 p w g  

5.20E-01 p w g  

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

NA (unitless) 

70 Year 

(see table below) 

NA NA 
NA NA PWi3 
NA NA P a 3  
NA NA P a 3  
NA NA P W  

CDI CSF ILCR 
Ladionuc tides (year uCilg) . (g/pCi-ycar)-' (unitless) 

NA 2.OE-06 NA 

2.8E- 11 NA . NA 
NA 6.OE-06 NA 

,2.9E-06 NA NA 
5.98-06 NA NA 

6.OE- 13 NA NA 
NA 5.6E-06 NA 

NA 8.5E-06 NA 

2.1E-01 4.3E-07 9.1E-08 %7+ld 
NP2S7+ld 

R%%+8d 
R%28 + Id 

SrSO+ld 

%+7d 

puvs 

h + 4 d  

T% 

Thvo 
%+lOd 
4 3 4  
um+ld 
Um+u 

2.3E-01 NA NA 

2.2E+01 5.4E- 11 1.2E-09 

2.7E- 10 9.2E+00 3.OE-11 
3.7E+00. 2.4E-07 9.OE-07 

5.1E-08 NA 
NA . NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 

NA 

I ILCR Summation - - . 9.9E-07 

c-In- 1 1 1 
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Table CIII-77 
Summary of Intake and Risk Quantitation (radionuclides) Alternative '3 

Lime Sludge Pond with Federal Ownership: On-Property R M E  Resident Farmer (Adult) 
Via Incidental Ingestion of Soil 

ntake Equation 

IRS 
EF 
EDII 
FI 
cs 

CSXEFXEDn XFIXIR - - 

Ingestion rate of soil (RAGS, 1989) 
Exposure bequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

q37+1d 
NP237+ld 
Pu2M 

R%+ld 
%22+4d 

T% 

T h v O  

R??26+Rd 

sr90+ld 

%R+7d 

. NA 
5.1OE-06 

NA 
NA 
NA 
NA 

5.6OE-06 
NA 
NA 

5.2OE-04 

P C j m  
pCi/mg 
pCimg 
pCihng 
PCi& 
pCimg 
pCi/mg 
Pc&g 
P C i m  
PC&g 

%2+10d 
u234 
'235+1d 
%3R+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
22OE-04 
9.OOE-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

180 rnglday 
350 daydyear 
70 Year 
1 (unitless) 

pCihng 
pCimg 
pCihng 
pCi/mg 
pCihng 
pCimg 
P C h g  
pCimg 
P C h g  
pCi/mg 

CDI CSF ILCR 
Radionuclides (pCi) (pCi1-l (unitless) 

%37+1d 
N h 7 + l d  
Pu2M 
Ra226+M 

%+4d 

T% 

%O 
%2+10d 
4 3 4  

R??2R+ld 

sr90+ld 

%?2R+7d 

u23S+ld 
%8+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2 m + 0 1  

247E+01 

229E+03 

9.70E+02 
3.97E+M 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

280E- 11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE-10 
1.70E- 12 
3.6OE-11 
13OE- 12 
5.50E- 11 
1.3OE- 11 
1.70E- 10 
1.6OE-11 
1.6OE- 11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.9%-09 

8.89E- 10 

298E-08 

1.5%-08 
63%-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
5.7%-08 - I I L ~  summation - 

, 

WWUbUI 

c-111-112 
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Table CIII-79 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Roperty RME Resident Fanner (Adult) 
Via Ingestion of Drinking Water 

1 

/ 

CWX EFX EDn X Fl X IR 

IR 
EF Exposure frequency 
EDn Exposure duration 
FI Fractional intake br radionuclides 
cw 

Ingestion rate of groundwater (RAGS. 1989) 

Concentration of radionuclides in groundwater 

%7+ld NA pCin 
NPrn+ld NA pCin 

NA pCin 
NA pCin 

R % f i + l d  NA pCin 
%22+4d NA pCin 
Sr,+Y NA p o R  
TCP, NA pCin 
%+7d NA pCin 
?h, NA p a  

puvs 
R%+Sd 

% Z + l o A  
urn 
UPS+ld 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E-(n 
1.OE-04 
2.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 
350 daysiyear 
70 Year 

1 (Unitless) 
(see table below) 

ILCR 
(u nit less) 

CDI 
Radionuclides f P a )  . ( p a  

%7+ld 
N k + l d  
puucl 
R%+,d 

%22+4d 

=% 

la, 
- h ? l + l O d  
urn 
Um+, 
ups+2d 

R% + Id 

srsW + Id 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.3E+01 
4.9E+Ul 
9.8E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
55E- 11 
1.3E-11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-09 
7.8E-11 
2.OE-09 

NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation = 3.5E-09 

C-111- 1 15 
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Table CIII-81 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Fanner (Adult) 
Via Inhalation of Gases and Particalates 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

%7+ld 
NP257+ld 

R?226+Sd 
Ra?ZB+ld 
R”222+4d 
Sr93+ld 

%+7d 

%3s 

*% 

h 

NA 
2.2E-07 

NA 
NA 
NA 
NA 

2SE-07 
NA 
NA 

2.3E-M 

CaXEFXEDnXIR 

&+lOd 

urn 

um+&i 
+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 dayslyear 
70 Year 

(see table below) 

%7+ld 
N b + l d  
puvs 
R h + S d  
R%+ld 
%n+4d 
%+ld 
T% 
%+7d 
lh, 
- 4 3 2 + l O d  
urn 
uas+ld 
upS+&i 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA’ 

l.lE-01 

1.2E-01 , 

l.lE+Ol 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
ME-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-09 

7.4E- 12 

3.2E-07 

3.3E-07 - ILCR Summation - 

000607 

C-m-118 
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Table CIII-83 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

ntake Equation - - CfX EFXEDn XFIXIR 

IR Ingestion rate of meat 
FI 
ET Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

NA 

NA 
NA 
NA 

ERR 

NA 
NA 

1.X-a3 

2.8E-04 

2.1E-01 

%+lOd 
urn 
Um+M 
'235 + ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.1E-02 
1.7E-02 
2.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSF ILCR 
kidionuclides ( p a )  ( P C i P  (unitless) 

I 
%7+ld 
NP237+ld 
puvff 
%26+8d 
R%B+ld 
%?2?+4d 
SfgO+ld 

%+7d 
T% 

nL, 
n)u?+lOd 
urn 
"235 +Id 
U,+M 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.2E-01 

3.9E+02 

3.2E+00 

7.6E+01 
3.1E+01 
3.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 

NA 
NA 

NA 

1.1E- 10 

NA . 

1.4E-08 

4.1E-11 

1.2E-09 
4.9E- 10 
7.4E- l3 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-08 - [ILCR Summation - 

c-m-121 
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Table CIII-85 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Dairy Prodacts 

1 

[stake Equation 

IR 
FI 
EF 
EDn 
cs 

- - Cp X EF X EDn X FI X IR 

Ingestion rate of dairy products 
Fraction ingested fmmcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
NP237+ld 

R?226+Rd 

Rn222+4d 
srsU+ld 

%+7d 

puw8 

R%+ld 

T% 

.rh, 

NA 

NA 
NA 
NA 

ERR 
l . lE+O 

NA 
NA 

2.6E-05 

1.4E-00 

%+lOd 
urn 

U m + u  
'235 +Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSF ILCR 
hdionnclides ( p a )  (Pci1-1 (unitless) 

%7+ld 
NP237+ld 
puw8 

R??2t3+ld 
%+4d 

T% 

?h, 
%+lOd 
urn 
urn +ld 
uz3s+u 

R8226+8d 

Srs%+ld 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E-01 

N 4  
NA 
NA 
NA 

NA 
NA 

NA 

7.78+(3 

l.OE+Ol 

9.OE+02 
3.7E+02 
5.3E-01 

NA 
NA 
NA 
NA 
NA 
NA - 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 . 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.1E-11 

2.8E-07 

1.4E- 10 

1.4E-08 
5.9E-09 
1.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

3.OE-07 - I ILCR Summation - 
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Table CIII-87 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of  Vegetables and Fruits 

1 

CvX EFX EDn X Fl X IR - ntake Equation - 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source’ 

Concentration of radionuclides in vegetables 

%7+ld NA 

NA 
NA 

R?228+ld NA 
%22+4d ERR 
srSO+ld 1.4E+01 
Tc, NA 
%+7d NA 

NPZ37+ld 5.1E-02 
pu231I 
R%6+Sd 

-b,Xl 4.7E-01 

?hzSZ+lc*i 
urn 
UZ35+ld 
uns+u 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kdday 
1 (Unitless) 

3YJ daysfyear 
70 Year 

CDI CSF ILCR 
tadionuclides (pci) (pCi)-l (unitless) 

%7+ld 
NPW+ld 
P k W  
R%+L?d 

h 2 2 2 + 4 d  

T% 
%+7d 
.nL, 
Thwl+lOd 
u?34 
“?35+ld 
b 4 + 2 d  

R%8+ld 

srSO+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.5E+02 

4.2E+04. 

1.4E+03 

5.6E+03 
. 2.3E+03 

2.9E+01 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA’ 
NA 

NA 
NA 

NA 

3.4E-08 

1.5E-06 

1.8E-08 

9.OE-08 
3.7E-08 
5.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-c16 - I ILCR Summation - 

c-111- 127 
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Dose EqnivalcncyEqnat: = [DRXEFXEDnX r n i X ( 1 - q ) ]  +[DRXEFXEDnX ET,X(l-SH,)J 

CDI CSF ILCR 

Table C.II1-88 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Fanner (Adult) 
Via Fxternal Radiation 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of  day spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

mi 
m.3 

SH; 
SH.3 
DR 

%7+1d 
NP237+ld 

Ra2a6+Rd 
R%+ld 
%2+4d 
srX3+ld 

%+7d 

puurc 

TCP, 

Th, 

NA Pcvg 

NA PW.3 
NA PW.3 
NA PW.3 
NA Pci/g 

NA PW.3 
NA PW.3 

5.1OE-03 pci/g 

5.60E-03 pWg 

5.20E-01 pCVg 

%32+10d 
urn 
U23S + M 
Um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

NA (unitless) 

70 Year 

(see table below) 

NA P a 3  

NA PW.3 
NA P a 3  
NA PW.3 
NA PW.3 
NA PW.3 
NA P a t 3  
NA P W .  

2.20E-01 po/g 
9.00E-02 pWg 

% 3 7 + l d  
Nk?7+ld 

R??28+8d 
R%+ld 
%X2+4d 
%+ld 

%+7d 

puvs 

T% 

Thuo 
%+10d 
urn 
um+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.1E-01 

2.3E-01 

2.2E+01 

9.2E+00 
3.7E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- l3 
5.6E-06 
5.4E- 11 
8.5E-06 
3.OE- 11 
2.4E-07 
5.lE-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.1E-08 

NA 

1.2E-09 

2.E- 10 
9.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.9E-07 - I ILCR Summation - 

e'F00627 
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Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 

V i a  Incidental Ingestion of Soil 

1 

M a k e  Equation - - CS X EF X EDn XFI XIR 

IRS 
EF Exposure fkequency 
EDll Exposure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS, 1989) 

Concentration of radionuclides in soil 

O.OOE+OO 
5.1OE-06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.6OE-06 
O.OOE+OO 
O.OOE+OO 
5.20E - 04 

pCi/mg 
pCifmg 
pCimg 
P C i m  
pCimg 
pCihng 
pCi/mg 
P C h Z  
P C i g  
Pc@g 

%2+10d 
4 3 4  
U235+ld 
h 3 8 + 2 d  

0 
0 
0 
0 
0 
0 

200 muday 
350 daystyear 

6 Year 
1 (unitless) 

O.OOE+OO pCimg 
2.2OE-04 pCimg 
9.OOE-05 pCimg 
O.OOE+OO p C i g  
O.OOE+OO p C i g  
O.OOE+OO p C i g  
O.OOE+OO pCimg 
O.OOE+OO pCimg 
O.OOE+OO p C i g  
O.OOE+OO pCi/mg 

C D I  CSF ILCR 
ladionuclides (pCi) (pCi)-‘ (unitless) 

%37+ld 
%37+ld 

‘%26+8d 
‘%+ld 

%38 

%+4d 

%+ld 

%8+7d 
I h u O  
I h u 2 + 1 o d  
4 3 4  

b S + l d  
‘238+2d 

0 
0 
0 
0 
0 
0 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

214E+OO 

235E+OO 

218E+02 

9.24E +01 
3.78E+01 

NA 
.NA 
NA 
NA 
NA 
NA 
NA 

2.80E- 11 
220E- 10 
2.20E- 10 
7.80E- 10 
1.OOE- 10 
1.7OE-12 
3.6OE-11 
13E-  12 
5.50E- 11 
1.3OE-11 
1.70E- 10 
1.6OE-11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.7lE- 10 

8.47E-11 

2.84E-09 

1.48E-09 
6.05E- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.48E-09 - I ILCR Summation - 

C-III- 129 
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Table CIII-91 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Drinking Water 

CwX EFX EDn X FI X IR - ntake Equation - 

IR 
EF Ekposure frequency 
EDn Exposure duration 
FI Fractional intake b r  radionuclides 
cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of  radionuclides in groundwater 

%7+ld 
NPzsl+ld 
hrus 
R%+ld 
%.22+4d 
% O + l d  
Tc99 

lh, 

%26+8d 

%+7d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

%+la 
urn 
UZ3S+ld 
Km+u 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.9E-03 
1.OE-04 
2.OE-03 
O.OE+OO 
O.OE+OO 
O.OE+M) 
O.OE+OO 
O.OE+OO 
O.OE+O 

1 Vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
tadionuc tides ( V C i )  (VCi1-1 (unitless) 

%7+ld 
N h 7 + l d  

%6+8d 
Ra228+ld 
% +4d 
srSO+ld 

hrus 

Tc99 
Th228+7d 
.ra, 
%+lOd 
4.34 
Um+ld 
ups+2d 

O.OE+CO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
' NA 

NA 
4.OE+OO 

4.2E+00 
2.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 

. NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4E- 11 
3.4E- 12 
8.4E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

1.5E- 10 - I ILCR Summation - 

C-111- 132 
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1 

[ntake Eqnation 

IR 
EF 
EDn 
ca 

Table CIII-93 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

J 

C a X E F X E D n X I R  - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 

2.2E-07 

2.5E-07 

2.3E-05 

%+lw O.OE+OO 
urn O.OE+OO 
u235 +Id O.OE+OO 
“m+u O.OE+OO 

O.OE+OO O.OE+OO 
O.OE+a) O.OE+OO 
O.OE+OO O.OE+OO 
O.OE+OO O.OE+OO 
O.OE+GU O.OE+OO 
O.OE+OO O.OE+OO 

12 m’lday 
350 daysbear 

6 Year 
(see table below) 

CDI CSF ILCR 
Padionnc tides ( p a )  (Pt3)-1 (unitless) 

%7+ld 
N h + l d  
puvs 
R%S+Rd 

R”2?2+4d 
SrSO+ld 
=% 
%+7d 
% 
%+la 
%4 
~ m + ,  
%8+, 

R%+ld 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-03 

6.28-03 

5.7E-01 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-10 

3.8E-l3 

1.E-08 

1.7E-08 - [ILCR Summation - 

C-111- 135 
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:ntake Equation 

IR 
Fl 
EF 
EDn 
Cf 

Table CJII-95 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

O.OE+OO 
2.88-04 
O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
2.1E-01 
O.OE+OO 
O.OE+OO 
1.7E-03 

ThL10+1(M 
*m 
U, + Id 
"m+M 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
4.1E-02 
1.7E-02 
2.OE-05 
O.OE+OO 
O.OE+O 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
(Pa) fpci)-' (unitless) Radionuclides 

%7+ld 
NPZ37+ld 
PUZJS 
R?m+,d 
R % 8 + l d  
%.22+4d 
%+ld 

%+7d 
T% 

nL, 
-%32+lCd 
U m  
ups+ld 
upe+zd 

- 0  
0 
0 
0 
0 
0 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.7E-02 

1.3E+01 

1.OE-01 

2.5E+OO 

1.2E-03 
l.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.8E- 12 

4.7E- 10 

1.4E- 12 

4.OE- 11 
1.6E- 11 
2.5E- 14 

NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation - - 5.3E- 10 

C-111-138 



- FEMP-OUOZ-5 DRAFT 
4 

August 24. 1994 

E 
.- - 
9 
g 
0 
V 

5 866 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
g g g g g g g g g g g g g g g  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

9 .- : 
E .- 
I¶ - 
I u 

9 
8 u 

O O O C O O O o O o O O O O o o  

!a !a !a !a !am!a !a !a !a !a !au l !a !am 
9 9 9 ? 9 9 9 9 9 9 9 9 9 9 9 9  
O O O l w O O O O O O 0 0 0 0 0 0  

7777777777777777 

C-III- 139 0 0 0 G . 2  Q 



FEMP-OUMJ DRAFC 
August 24. 1994 

+ + + + + + + + + + + + + + + + +  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
sessss%2:w::w:g 

C-III-140 



FEMP-OUO2-5 DRAR 
August 24, 1994 

Intake Equation 

IR 
FI 
EF 
E D n  
CP 

Table CXII-97 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Dairy Products 

Cp XEFX EDn XFIX IR 

Ingestion rate of dairy producfs 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
l.lE+OO 
O.OE+OO 
O.OE+OO 

2.6E-05 

1.4E-(3 

‘Ihrt?+lod 
urn 
uns+ld 
%+2d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.2E-01 
5.OE-02 
7.2E-05 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.9 Uday 
0.75 (Unities) 
350 daysiyear 

6 Year 

ILCR 
(unitless) 

CDI 
tadionuclides (pa) 

%7+ld 
NP237+ld 
puvs 
Ra226+8d 

RnZp+4d 

T%9 
%+7d 
% 
%+rod 
4.34 
b 5 + l d  
~?3s+?d 

R?12t3+ld 

srSO+ld 

0 
0 
0 
0 
0 
0 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.6E-02 

1.5E+03 

2.OE+OO 

1.7E+02 
7.1E+01 
1.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1 .OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

8.OE- 12 

5.4E-08 

2.6E- 11 

2.8E-09 
l.lE-09 
2.OE-12 

NA 
NA 
NA 
NA 
NA 
NA 

5.88-08 - I ILCR Summation - 

C-In- 14 1 
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Table C.m-99 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownemhip: On-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

Intake Equation 

IR 
FI 
EF 
EDn 
cv 

Cv X EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%37+ld 
NP237+ld 
pu, 

R%+ld 
fi, +4d 

TC, 
-%m+7d 
% 

RaU6+8d 

%+ld 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
1.4E+01 
O.OE+OO 
O.OE+OO 

5.1E-02 

4.7E-01 

%32+10d 
u23d 
"ZS+ld 
ups+2d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+GO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.9E+OO 
7.7E-01 
9.8E-03 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.1 kdday 
1 (Unitless) 

350 dayslyear 
6 Year 

CDI CSF ILCR 
Radionuclides hCi1  (pCi1-l (unitless) 

1 
NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE+OI 

2.9E+Q3 

9.9E+01 

3.9E+02 
1.6E+02 
2.1E+OO 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
LE- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
LE-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.4E-09 

l.lE-07 

1.3E-09 

6.3E-09 
2.6E-09 
4.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.2E-07 - I ILCR Summation - 1 
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Table C.111- 100 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via External Radiation 

Dosc EquivalcncyEquat. = [DRXEZXEDnX ETiX(l-Sy)] +[DRXEFXEDnXET,X(l-SH,)] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fractionofdayspent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 

mi 
E T 0  
SHi 
S H O  
DR Radionuclide specific dose concentrations 

%7+ld 
Np?37+ld 
puvs 
R%+Sd 
R%+ld 
%+4d 

Tcpg 
%,28+7d 
lh, 

sr%+ld 

NA Pl% 

NA PWg 
NA P w 3  
NA P a 3  
NA PWi3 

NA Pci/g 
NA Pci/g 

5.10E-03 pWg 

5.60E-03 pWg 

5.20E-01 p u g  

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

0 (uni tless) 
(see table below) 

NA P c v 3  
2.20E-01 pWg 
9.00E-02 pWg 

NA 
NA P W  
NA PW.3 
NA P a 3  
NA P a 3  
NA P W  
NA PWg 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.6E-02 

1.7E-02 

1.6E+GQ 

6.8E-01 
2.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 

. 2.9E-06 
5.98-06 

6.OE- 13 
5.68-06 
5.4E-11 
8.5E-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

6.8E-09 

O.OE+OO 

8.7E-11 

2.1E- 11 
6.7E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
7.4E-CB - I ILCR Summation - 

I 
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ntake Equation 

IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Table C.III - 102 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

/ 
= CS XEFa XEDa X FI X IRa + CS XEFc XEDc X FI X IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency(adu1t) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

%7+ Id 
Nk37+ Id 

pu, 
Ra226+8d 

R%?2+4d 

%9 

Thvo 

R%28+ Id 

sr90+ Id 

n228+ 7d 

NA 
1.3E-04 

NA 
NA 
NA 
NA 

5.4E-04 
NA 
NA 

5.2E-04 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCilmg 
pCimg 
pCilmg 
pCimg 

%32+ 1od 
u, 
u238+2d 

+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12.5 mg/day 
12.5 mg/day 

40 dayslyear 
110 days/year 
32 Year 
12 Year 
1 (unitless) 

(see table below) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/rng 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CD I CSP ILCR 
Radionuclides (pCi) (pCi)-l (uni tlcss) 

%37+ Id 
Nk37+ Id . 
puvs 
Ra226+8d 

Rnm+4d 

?% 

- b o  
%2+ lod 
u234 

u238+2d 

R%28+ Id 

sr90+ Id 

%lS+ 7d 

+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E+00 

1.8E+01 

1.7E+01 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
H E -  11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.3E- 10 

6.3E- 10 

2.2E- 10 

1.8E-09 - [ ILCR Summation - 

C-III- 148 (to0637 
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Intake &pation 

IR 
EFa 
EFC 
EDa 
EDC 
ETa 
ETC 
CA 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Iime Sludge Pond with Federal Ownership: Expanded Trespasser 

Vi Inhalation of Gases and Particulates 

= CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
&pasure duration 
Exposure duration 
Exposure time (adult) 
&pasure time (child) 
Concentration of radionuclides in air 

%7+ Id 
NP2Sl+ld 

R%5+8d 
RPL28+ld 
b z P + 4 d  
%+Id 

%+7d 

puus 

T% 

Th2jg 

NA 
4.3E-07 

NA 
NA 
NA 
NA 

NA 
NA 

1.7E-06 

1.8E-06 

%+lOd 
uz34 
um+ld 
uz38+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 m3/h0ur 
40 daystyear 

110 d a y s h  
32 Year 
12 Year 

1 hourlday 
2 hourlday 

(see table &low) 

Pad 
Pad 
Pad 
Pad 
Pad 
pwm’ 
Pad 
Pad 
PWJ 
Pad 

CSF ILCR 
Radionuclides (PCi) ( V C W  (unitless) 

CDI 

%7+ld 
N b + l d  

R%26+8d 
R%+ld 
%+4d 
%+ld 

%+7d 

pu258 

Tc99 

% 
%+lOd 
urn 
up5+ld 
upS+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-03 

5.9E-03 

5.6E-03 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2JE-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.1E-11 

3.6E- l3 

1.6E-10 

2.OE- 10 - I ILCR Summation - 

C-111-151 
I 
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Table CIII- 105 
Summary of Risk Quantitation (radionuclides) Alternative 6 

Iime Sludge Pond with Federal Ownership: Expanded Trespasser 
Via External Radiation 

Exposun Equation = [CR X EFa X EDaX ma X(1-SHo)] +[CR X EFc X e X ETw X (l-SHo)] 

EFa 
EFC 
EDa 
EDC 
=oil 

nbc 
SHO 
CR 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (chiLi) 
Esposure duration (adult) 
Exposure duration (child) 
Fraction ofdayspent outdoors(adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoon 
Radionuclide specitic concentrations 

%7+ld 
NP2S7+ld 

R%26+8d 
Ra228+ld 
%+4d 
%+ld 

%+7d 

puvs 

T%9 

lh, 

NA Pcvg 

NA Pat3 
NA Pcvg 
NA P w g  
NA Pat3 

NA P W S  
NA Pal3 

1.3E-01 p W g  

5.4E-01 p W g  

5.2E-01 p W g  

%+lOd 
u234 
ups+ld 
ups+3d 

NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (uni tkss) 
0.08 (uni tless) 
NA (unitless) 

(see table below) 

CDI CSF ILCR 
Radionuclides (year pCilg) (g/pCi--year)-l (unitless) 

%7+1d ' 

Nm+ld 

% 2 6 + 8 d  
R%lS+ld 
%.22+4d . 
sr91+ld 

h + 7 d  

puvs 

T%9 

Im, 
%+la 
urn 
ups+ld 
ups,, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-02 

2.3E-01 

2.2E-01 

2.OE-06 
4.3E-07 
28E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- U 
5.6E-06 
5.4E- 11 
858-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA . 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-08 

1.2E-11 

I 
2.4E-08 - I ILCR Summation - 

C-I11-.152 
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IR 
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Table CIII- 107 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

- - CWX EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake b r  radionuclides 
Concentration o f  radionuclides in groundwater 

NA pCin 
NA pCin 
NA pCin 
NA p a  
NA pCin 
NA pCin 
NA pCin 
NA pCin 
NA pCin 
NA pCin 

%+lOd 
urn 
ups+ld 
up8+zd 

NA 
NA 
NA 
NA 
NA 
NA 

2 Uday 
350 daystyear 
70 Year 

1 (Unitless) 
(see table below) 

NA p a  
3.7E-02 p a l  
2.OE-Q3 pCin 
4.1E-02 pCin 

NA p a  
NA pCin 
NA p W l  
NA pCin 
NA pCin 
NA pCin 

CDI CSF ILCR 
Radionuclides (Pa) (pCi1-l (unitless) 

%7+ld 
NhS7+ld 

R%24+8d 
%28+1d 
b + r d  
SfiV+ld 

h + 7 d  

puvs 

T% 

?n, 
h + l O d  
urn 
Um+ld  
un8+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E+m 
9.8E+01 
2.OE+Q3 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
1.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-08 
1.6E-09 
4.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

I 
7.1E-OB - I ILCR Snmmation - 

C-111-155 
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Table Cm-109 
Summarg of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Fanner (Adult) 
Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
& p u r e  duration 
Concentration of radionuclides in air 

NA p W d  

NA p W d  
NA p W d  
NA p W d  
NA pad 

NA p W d  
NA p W d  

6.2E-09 pad 

2.6E-08 pW& 

25E-08 p W d  

CaXEFXEDnXIR 

%+1M 
"234 
um+ld 
u238+Li 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 m'lday 

70 Year 
350 dayslyear 

(see table be-low) 

%7+1d 
N h + l d  

RPL26+8d 
R??Z8+ld 
%+ad 
%+ld 

h + 7 d  

%38 

T%9 

Im, 
%+, 
u234 
Um+, 
~ p s + 2 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-03 

1.3E-02 

1.2E-02 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
LIE-M 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

ME-11 ' 

NA - 
7.8E-13 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.5E- 10 

I 
4.4E- 10 - I ILCR Summation - 

1 

C-111- 1 5 8 



- FEMP-OU02-5 DRAFT 

4 
9 

f 
V 

August 24, 1994 

5 $ 6 3  

u u u ~ u u u u u u u u u u u u  z z z p z z z z z z z z z z z z  
PI 
F! - 

8; 



FEMP-OUMJ DRAFT 
August 24, 1994 

n I n  

C-111- 160 



- FEMP-OUO2-5 DRAFT 

- August 24, 1994 
. - _  

[take Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-111 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Meat Products 

CfXEFXEDnXFIXIR 

Ingestion rate of m a t  
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in m a t  

%7+ld 
NPzSl+ld 

Ra?26+8d 
R b + l d  
%22+4d 
SrrO+ld 

%+7d 

pu238 

Tc, 

-420 

NA 
2.6E-08 

NA 
NA 
NA 

ERR 
2.3E-06 

NA 
NA 

1.3E-08 

0.101 kglday 
0.75 (Unitles) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
(unitless) Ladionuclidcs ( V C i )  ( V C W  

%37+1d 
N h + l d  

Ra226+8d 
R%.B+ld 
&2+4d 
SrSO+ld 

%+7d 

puvs 

T%9 

.Ih, 
% 3 2 + l O d  
urn 
um+ld 
u?38+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.9E-05 

4.2E-03 

2JE-0!5 

6.9E-01 
3.E-02 
7.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E- 11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.1E-14 

1.5E- l3 

3.2E- 16 

1.lE-11 
5.9E- l3 
1.5E-11 

NA 
NA 
NA 
NA 
NA 
NA 

2 . E -  11 - - I ILCR Summation 
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Table CIII-113 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

< 

Q X E X  EDn XFIX IR - ntake Equation - 

IR 
FI 
EF 
EDn 
CP 

Ingestion rate of dairy producn 
Fraction ingested fmncontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%.7+ld 
NPZS7+ld 

R%26+8d 
R%8+ld 
@ ? 2 2 + 4 d  
%+Id 

% +7d 

puue 

=%9 

lh, 

NA 
2.48-09 

NA 
’ NA 

NA 
ERR 

l.lE-a5 
NA 
NA 

l.lE-Q8 

IhUo+lOd 
urn 
um+ld 
uz38+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-03 
7.2E-(15 
1JE-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSP ILCR 
tadionuclidcs ( V C i )  (VC3-1  (unitless) 

%7+ld 
Nb + Id 

R%26+8d 
R%8+ld 
% +4d 
%+ld 

%+7d 

puue 

Tcpg 

lh, 
%+lOd 
urn 
um+ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

SA 

N .A 
NA 
NA 
NA 

NA 
NA 

NA 

1.8E-05 

8.4E-02 

8.2E-(15 

9.8E+M 
53E-01 
l.lE+Ol 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5JE-11 
1.3E-11 
1.7E-10 
1.6E- 11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.9E- Is 

3.OE- 12 

1.1E-15 

1.6E- 10 
8JE- 12 
22E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

3.9E- 10 - 1 ILCR Summation - 

c-111-164 
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Table CIII-115 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

- - CvX EFXEDn X FIX IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Eposure duration 
Concentration of radionuclides in vegetables 

%37+ld 
NP237 + Id 
puvs 
Ra226+8d 
R%.2S+ld 
%n+4d 
%+Id 
T%9 
%+7d 
Th, 

NA 
6.2E-06 

NA 
NA 
NA 

ERR 
7.4E-05 

NA 
NA 

2.7E-05 

%+lOLi 

urn 
u235 + 1A 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 
9.8E-03 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 daysbeax 
70 Year 

CDI CSF . ILCR 
RadionncIides ( p a ]  (pCi)-' (unitless) 

%7+ld 
NPZ37+ld 

R%+8d 
RpL28+ld 

SriXl+ld 

%+7d 

puus 

%.22+4d 

T%9 

'Ib, 
'Th?10+10d 
urn 
ups+ld 
*Pg+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.8E-02 

2.2E-01 

8.2E-02 

5.4E+02 
2.9E+01 
6.0E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
ME- 12 
5.5E- 11 
13E- 11 
1 . E -  10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.1E-12 

7.9E- 12 

1.1E- 12 

8.E-09 
4 . E -  10 
1.2E-08 

NA 
NA 
NA 
NA 
NA 
NA 

I 
2.1E-08 - I ILCR Summation - 
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Table Cm-117 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 

V i  Ingestion of Drinking Water 

[otake Eqmtioo 

IR 
EF 
E D n  
FI 
cw 

- - CwX EFX EDn X F I X I R  

Ingestion rate of groundwater( RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

%?+ld 
N b + l d  

R%?6+Sd 
Ri4L18+ld 
%+4d 
sriXJ+ld 

h + ? d  

puvs 

T%w 

?h, 

NA pein 
NA p a  
NA p W l  
NA p a  
NA p W l  
NA p W l  
NA pCVl 
NA p a  
NA p a  
NA pCVl 

%+lOd 
u734 
urn+, 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.7E-02 
2.OE-03 
4.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 daysbear 

6 Year 
1 (Unities) 

(see tablebelaw) . 

ILCR 
(noitless\ 

CDI 
Radioonelides (pCi\ 

%?+ld 
NP237+ld 

R%26+8d 
RpL28+ld 
%+4d 
SrSO+ld 

h + ? d  

%38 

TCP, 

?h, 
%+lOd 
urn 
ups+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA , 
NA 
NA 
NA 
NA 
NA 

7.8E+01 
42E+00 
8.6E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12' 
3.6E- 11 
13E- 12 
ME- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-09 
6.7Er 11 
1.7E-09 

NA 
NA 
NA 
NA 
NA 
NA 

3.OE-09 - I ILCR Summation - 

C-III- 170 
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Table CIII-119 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via inhalation of Gases and Particdates 

- - CaX EFX EDn X I R  

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%7+ld 
N b + l d  

R??26+8d 
R%.28+ld 
%?2+4d 
SrSO+ld 

%+7d 

puvs 

T%9 

% 

NA 
6.2E-09 

NA 
NA 
NA 
NA 

NA 
NA 

2SE-OB 

2.68-08 

%+lOd 
urn 
urn +Id 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 days- 

6 Year 
(see table below) 

Radionuclides (unitless) 
I 

%7+ld 
N b + l d  

R%+8d 
R?Z2S + Id 
% n + 4 d  
sr$U + Id 

%+?d 

%38 

T% 

.m, 
%+lOd 
u, 
u?3s+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-04 

6.5E-04 

6.2E-04 

1.9E-11 
2.9E-08 
3.9E-OB 
7.OE-09 
6.9E- 10 
7.E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-OB 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA . 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E- 12 

4.OE- 14 

1.8E-11 

I 
23E- 11 - I Summation - 
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Table CIII- 121 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Meat Prodpas 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
hposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+1d 
N k 3 7  + Id 

R?Z26+8d 
R%B+ld 

. %?l+4d 
srSO+ld 

%+7d 

puvs 

T% 

Thvo 

NA 

NA 
NA 
NA 

ERR 
2.3E-06 

NA 
NA 

2.68-08 

1.3E-08 

%+lOd 

urn 
ups+ld 
um+kl 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.7E-04 
2.OE-05 
4.1E-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daysfyear 

6 Year 

CDI CSP ILCR 
tadionuclides (PQ) (VCV-1 (unitless) 

%l+ld 
Nh37+ld 

R?Z26+8d 
R%2S+ld 
%22+4d 
SrSO+ld 

%+7d 

%+1Od 

puvs 

TCPO 

.ra, 
urn 
"m+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.6E-06 

1.4E-04 

8.2E-07 

23E-02 
1.2E-03 
2JE-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E-11 
1.3E- 12 
55E-11 

. 13E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA . 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.5E- 16 

5.OE-15 . 

l.lE-17 

3.6E-l3 
2.OE- 14 
5.OE- l3 

NA 
NA 
NA 
NA 
NA 
NA 

8.9E-l3 - I ILCR Summation - 

- . ~ _. 
f 
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Table CIII-123 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

- - QXEFX EDn XFIX IR 

Ingestion rate of dairy products 
Fraction ingested fromcontaminated source 

J2posure duration 6 Year 
Gncentration of radionuclides in animal products 

0.9 Vday 
0.75 (Unitlen) 

Exposure frequency 350 daysryear 

%7+ld 
N b + l d  

R%.26+8d 
R%!28+ld 
% ? 2 + 4 d  
Sr$O+ld 

%+7d 

pu,. 

Tcpg 

.rh, 

NA 

NA 
NA 
NA 

ERR 
1.lE-05 

NA 
NA 

l.lE-08 

2.4E-09 
%+lOd 
urn 
uPs+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-a3 
7.28-05 
1.5E-a3 

NA 
NA 
NA 
NA 
NA 
NA 

CDI CSP ILCR 
Radionuclides ( P a )  ( P < 3 i P  (u nit less) 

%7+ld 
NP2.37+ld 

R%+8d 
R?2Z3+ld 
% 2 2 + 4 d  
srm+ld 

%+7d 

puus 

- 4 9  

Thu, 
%+la 
u?34 
um+ld 
"ps+?d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.4E-06 

1.6E-02 

1.6E-05 

1.9E+a) 
1.OE-01 
2.1E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5SE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

7.4E- 16 

5.8E- l3 

2.1E-16 

3.OE- 11 
1.6E- 12 
4.2E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

7.4E- 11 - I ILCR Summation - 
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Table CIII- 125 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

Ingestion rate of h i t s  or vegetables 
Fraction ingested horn contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%7+ld 
NP237+ld 

R%26+8d 
R%28+ld 
bZD+4d 
srSO+ld 

h + 7 d  

puvs 

Tcpg 

la, 

NA 
6.2E-06 

NA 
NA 
NA 

ERR 
7.4E-@ 

NA 
NA 

2.7E-0s 

% + l U  
u234 
ups+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 
9.8E-03 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitlesp) 

6 Year 
350 days/year 

CDI CSF ILCR 
Radionuclides (pa) M 3 - 1  (unitless) 

%7+ld 
NP231+ld 

R%24+8d 
R b + l d  
% . 2 2 + 4 d  
SrSO+ld 

'Ib228+7d 

puvs 

Tcpg 

Tbuo 
% 3 2 + 1 O d  
u, 
ups+ld 
um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1JE-03 

15E-02 

5.8E-03 

3.8E+01 
2.1E+00 
4.2E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E-11 
13E-11 
1.7E-10 
l.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA - 
NA 
NA 

NA 
NA 

NA 

2.8E- 13 

5.6E-l3 

7.5E- 14 

6.1E- 10 
3.3E- 11 
8.4E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

8 I ILCR Snmmation 1.5E-09 
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Table CIII- 127 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

- - CWX EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake br radionuclides 
Conkatration of radionuclides in groundwater 

% 3 7 + l d  
Np?Jl+ld 

RPL26+8d 
R% + Id 
kz?2+4d 
% Q + l d  

h + 7 d  

hrus 

T% 

%3Ll 

NA p a  
NA p a  
NA p a  
NA p a  
NA pCin 
NA pCin 
NA p a  
NA p a  
NA p a  
NA . p W l  

NA 
7.1E-05 
3.7E-06 

Um+u 7.8E-05 

%+llM 
urn 
urn +Id 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

2 Vday 

70 Year 
350 dayslyear 

1 (Unitles) 
(see table below) 

ILCR 
(unitless) 

CDI 
!adionuclides (PCW (PCi 

%7+ld 
NP237 + Id 
puus 
RaU6+8d 
R%2S+ld 
b + 4 d  
%+ld 

%+7d 
%9 

Thuo 
%+lM 
urn 
urn+ld 
ups+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

35E+00 
1.8E-01 
3.8E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-11 
2.9E- 12 
7.6E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

- 1.4E- 10 I ILCR Summation - 
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Table CIII- 129 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownexship: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

ntake Equation 

IR 
EF 
EDn 
ca 

CaX EFX EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentralion of radionuclides in air 

%7+ld 
Nk37+ld 

R%6+8d 
R%lS+ld 
% 2 2 + 4 d  
SrSO+ld 

%+7d 

e238 

T%9 

.rh, 

NA p W d  

NA pWn? 
NA p W d  
NA pWn? 
NA pWn? 

NA pWn? 
NA pWn? 

3.2E-09 p W d  

3.5E-09 pWn? 

3.3E-07 pWn? 

%+, 
434 
ups+ld 
"ps+2d 

NA 
NA 
NA 
NA 
NA 
NA 

. 20 m3/tiay 

70 Year 
350 dayslyear 

(see table below) 

NA p W d  
NA p W d  
NA p W d  
NA pWn? 
NA pWn? 
NA pWn? 
NA pWn? 
NA pWn? 
NA p W d  
NA p W d  

CDI CSF ILCR 
tadionuclides (QC5) M51-1 (unitless) 

%7+1d 
N k 3 7 + l d  

R%.26+8d 
R%.2S+ld 
% . Z + 4 d  
SrSO+ld 

%+7d 

e238 

=%9 

Thuo 
%+lOd 
434 
ups+ld 
~ p s + z d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-03 

1.7E-03 

1.6E-01 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA' 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.5E- 11 

1.1E- U 

4.6E-09 

4.7E-09 - I ILCR Summation - 

C-111- 188 

-. 



FEMP-OU02-5 DRAFT 
August 24, 1994 -. 

m m m m m m m m m m m m m m m 

E E E E E E B E E E E E E E E  
SS%SSII%SSSSSS% 

sil m m m m m m m m m m m m m m m .D iS%%%%SS%SSSSSSS 
E E E E E E E E E E E E E E E E  

' 8 6 0  



FEMP-OUO2-S DRAFT 
August 24, 1994 -. 

c-m-190 0004479 



FEiMP-OUM-5 DRAFT 
August 24. 1994 

I 

ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIIT-131 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Prodacts 

= CfX EFX EDn X FIX IR 

Ingestion rate of  meat 
Fraction ingested fromcontaminated source 
Exposure Dequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+ld 
NP237+ld 

R%26+Sd 
R%28+ld 
%+4d 
srSO+ld 

%+7d 

pu?18 

TCPP 

nks 

NA 
1.4E-08 

NA 
NA 
NA 

ERR 
3.1E-07 

NA 
NA 

1.8E-07 

h + l O d  
urn 
U?3S+ld 
Um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.1E - 07 
3.7E-08 
7.8E-07 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

Radionuclides (unitless) 

%7+ld 
NP237+ld 

R%+sd 
R??.Z3+ld 
&222 +4d 
SrSO+ld 

%+7d 

plrus 

TC99 

Tn, 
Th232+lOd 
urn 
Um+ld 
~ p a + 2 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.5E-05 

5.7E-04 

33E-04 

13E-OD 
6.98-05 
1.4E-U3 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
1.3E- 12 
5SE-11 
13E-11 
1 . E -  10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.5E-15 

2.1E- 14 

4.2E-U 

2.1E- 14 
1.1E- l5 
2.9E- 14 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation 8.2E- 14 
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Table CHI- 133 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

ntakc Equation 

IR 
FI 
EF 
EDn 
CP 

E Cp XEFX EDn X F I X  IR 

Ingestion rate of dairy productp 
Fraction ingested lromcantaminatedsoum 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
N b 7  + Id 

R%16+8d 
R%2S+ld 
Rnu?+4d 
SrSO+ld 

k + 7 d  

puvs 

Tc, 

%3Ll 

NA 

NA 
NA 
NA 

E R R  
15E-06 

NA 
NA 

1.2E-09 

1.5E-07 

P a 4 3  
P o l k g  
P W  
P W  
P W  
P W  
P o l k g  
P W  
P W  
P W  

‘Ihuo+lOd 
urn 
ups+ld 
Um+, 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitles) 
350 dayslycar 
70 Year 

CDI CSP ILCR 
Radionuclides (Pa) (PCl1-1 (unitlcsa) 

%7+ld 
N&37+ld ’ 

R??%+8d 
R??S+ld 
Rnu? +4d 
SrSQ+ld 

h + 7 d  

puvs 

Tc, 

?b, 
%+la 
urn 
uPj+ld 
um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.OE-06 

l.lE-02 

1.1E-(a 

1.9E-02 
9.8E-04 
2.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E-11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.OE- 15 

4.1E- 13 

1.4E- 14 

3.OE- l3 
1.6E- 14 
4.1E-l3 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.2E- 12 - I ILCR Summation - 
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Table CIII- 135 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

- - CvX EFX EDn X FIXIR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%l+ld 
NPrn+ld 
puvs 
R??26+8d 

%?22+dd 
%+ld 

%+7d 
T%!a 

Thvo 

NA 

NA 
NA 
NA 

ERR 
1.OE-05 

NA 
NA 

3.6E-04 

3.2E-06 
‘IhUz+lOd 
urn 

uns+zd 
+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
33E-04 
1.8E-05 
3.8E-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitles) 

350 dayslyear 
70 Year 

CDI CSF ILCR 

% 3 7 + l d  
NP2Sl + Id 

%24+8d 
R??7S+ld 
%+dd 
srW+ld 

-+Id 

%+iOd 

pu, 

T% 

-420 

434 
ups+ld 
um+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.5E-03 

NA . 
NA 
NA 
NA 

NA 
NA 

I.lE+GU 
NA 

l.OE+OO 
. 5.4E-02 

l.lE+GU 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-02 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.1E-12 

1.1E-12 

1.4E-11 

1.E-11 
8.E- U 
23E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

5.E- 11 - I ILCR Summation - 

5 86-0 
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Table CUI- 137 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinkiilg Water 1 

CwX EFX EDn X FI X IR - Intake fination - 

IR 
EF Exposure frequency 
EDn Exposure duration 
FI Fractional intake 6or radionuclides 
cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

NA pCin 
NA pcin 
NA pOn 

. NA pCin 
NA pcin 
NA pcin 
NA pCM 
NA p a  
NA pCin 
NA pcin 

‘Ihw+lOd 
urn 
UZSS+ld 
~,+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.1E-05 
3.m-06 
7.8E-05 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 daystyear 
6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
Radionuclides (Pa) (IJCi)-l (unitless) 

%7+ld 
NPZ37 + Id 

R??24+8d 
pu, 

R%+ld 
%.22+4d 

T% 

% 
-&?.32+10d 
urn 
ups+2d 

Sr90+ld 

%+7d 

+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.5E-01 
7.88-03 
1.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 

, 1.OE-10 
1.m- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 

NA . 

N A .  . 

2.4E- 12 
1.2E- 13 
3.3E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

5.8E-12 - I ILCR Summation - 

c-n1-200 
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:nukc Equation 

IR 
EF 
EDn 
ca 

Table CIII- 139 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 

Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
& p u r e  duration 
Concentration of radionuclides in air 

NA 

NA 
NA 
NA 
NA 

3.5E-09 
NA 
NA 

3.3E-07 

3.2E-09 
?hZJo+lM 
urn 
u,, + 1 A  
Um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m’lday 
350 daystyear 

6 Year 
(see table below) 

pwm’ 
pCi/Kl’ 
pCi/m’ 
pCi/m’ 
pwm’ 
pWm’ 
Pam’ 
pwm’ 
pwm’ 
pwm’ 

CDI CSP ILCR 
tadionuclidcs (Pa) ( P C W  (unitless) 

%7+ld 
NPZ37+ld 

R?126+Sd 
RaU8+ld 
%22+4d 

puvs 

%+ld 
T% 
%+7d 
rh, 
k + l M  
~ 2 3 4  
UPS+ld 
b s + 2 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-05 

8.8E-05 

8.2E-03 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.68-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E- 12 

5.5E- 15 

2.4E- 10 

. 2.4E-10 - 1 ILCR Summation - 

C-IU-203 
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Intake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table C III- 14 1 
Summary of Intake and’Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Prodacts 

. 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 

NA 
NA 
NA 

ERR 

NA 
NA 

1.4E-08 

3.1E-07 

1.8E-07 

%+loti 
u234 

Um+?A 
uZ3S +Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (PCi)‘l (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

8.38-07 

1.9E-05 

l.lE-05 

4.4E-05 
2.3E-06 
4.8E-05 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.8E- 16 

6.8E- 16 

1.4E- 16 

7.OE- 16 
3.6E- 17 
9.6E- 16 

NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 15 - I ILCR Summation - I 

C-III-206 a 
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Intake Equation 

IR 
FI 
EF 
EDn 
CP 

Table CIII-143 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

- - Cp X E F X  EDn XFIX IR 

Ingestion rate of dairy produca 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 
1.2E-09 

NA 
NA 
NA 
ERR 

1.5E-06 
NA 
NA 

1.5E-07 

%+lM 
u234 
UPS+ld 
uzrs+24i 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.6E-06 
1.3E- 07 
2.88-06 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Radionuclides (Pa) (pal- '  (onitless) 

%7+ld . NA 2.8E- 11 NA 
NPZ37+ld 1.7E-06 2.2E- 10 3.8E- 16 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA R?226+8d 

Ra228+ld NA 1.OE-10 NA I 

%Z+4d NA 1.z- 12 NA 

NA 1.3E-12 NA 
NA 5.5E- 11 NA 

NA 1.z-10 NA 

4 . 3 8  

Srm + Id 2.2E-al 3.6E-11 7.9E-14 
Tc, 
%28+7d 
h 
h + l M  

2.1E-04 1.3E- 11 2 . z -  15 

5.8E- 14 u?34 3.6E-03 1.6E-11 
UPS+ld 1.9E-04 1.6E-11 3.OE-15 
u'a8+2d 4.OE-a3 2.OE- 11 8.OE- 14 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

2.2E- l3 - LILCR Summation - 

C-III-209 
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lntake Equation 

IR 
FI 
EF 
EDn 
cv 

Table CIII- 145 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

- - CvX EFXEDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%+1M 
u734 
u, + ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.5E-04 
1.8E-05 
3.8E-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kdday 
1 (Unitles) 

350 daysbear 
6 Year 

CDI CSF ILCR 
Cadionnclidca (PCi) (pC.i)-l (onitless) 

%7+ld 
NP257+ld 

R%+8d 
R??2S+ld 

pu, 

%22+4d 
Srm+ld 
=c, 

Thvo 
%+lOd 
urn 
ups+ld 
Um+u 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

6.7E-04 

2.1E-03 

7.5E-02 

7.3E-02 
3.8E-03 
8.OE-02 

NA 
NA 
NA 
NA 

NA 
NA - 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1 .OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
55E- 11 
1.3E-11 
1.E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.5E- 13 

7.6E- 14 

9.8E- l3 

1.2E- 12 
6.1E- 14 
1.6E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

4.OE-12 - I ILCR Summation - 

c-111-2 1 1 
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Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 

Via Incidental Ingestion of Soil 

lntake Equation 

IRS 
EF 
E h  
FI 
CS 

CS X EFX EDn XFI XIR - - 

Ingestion rate of soil (RAGS, 1989) 
Exposure kequency 
Ejrposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

NA 
5.1OE - 06 

NA 
NA 
NA 
NA 

5.6OE-06 
NA 
NA 

5.20E-04 

Thu2+loa 
u234 
% 3 5 + 1 d  
% 3 8 + 2 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 
220E- 04 
9.00E-05 

NA 
NA 

NA 
NA 
NA 
NA 

NA 

180 mg/day 
350 daysbear 
70 Year 
1 (unitless) 

CDI CSF ILCR 
Radionuclides ( p a )  (pci1-l (unitless) 

%37+1d 
N&37+ld 
pu238 
R?226+8d 

%+4d 
Sr,+,, 
Tc99 

-0 
%32+1, 
Uz34 
Uz35+ld 

%+ld 

%8+7d 

%8+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

225E+01 

247E+01 

229E+03 

9.70E+O2 
3.97E+O2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

280E-11 
220E- 10 
220E- 10 
7.80E- 10 
1.00E- 10 
1.70E- 12 
3.6OE-11 
1 3 E -  12 
S50E- 11 
1 3 E -  11 
1.70E- 10 
1.6OE-11 
1.6OE- 11 
200E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.95E-09 

8.89E- 10 

298E-08 

155E-08 
635E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

-. 

e 

e 

a 
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Table CIII- 147 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Drinking Water 

ntake Equation 

IR 
EF 
E D n  
FI 
cw 

CWX EFX EDn X F I X I R  - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake br radionuclies 
Concentration of radionuclies in groundwater 

NA p o l l  

NA p o l l  
NA pol l  
NA pol l  
NA p o l l  

NA pWl 
NA pcin 

9.3E-05 p a  

5.68-04 pcin 
1.6E-02 poll 

%S2+1Qd 
YZ34 
Uns+m 
U?3s+M 

NA 
NA 
NA 
NA 
NA 
NA 

2 Uday 
350 daystyear 
70 Year 

1 (Unitlen) 
(see table below) 

NA poll 
6.4E-01 
3.4E-02 
7.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

%7+ld 
NP237+ld 
b 3 8  
R%+,d 

Rn222+4d 

rC9, 
%+7d 
Thuo 
%+, 
ul34 
Um+ld 
~ P s + l d  

R??B+ld 

%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

4.6E+00 

2.7E+01 
7.8E+02 

NA 
NA 
NA 

3.1E+04 
1.7E+Q3 
3.4E+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
SSE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.SE-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

1.OE-09 

9.9E- 10 
1.OE-09 

NA 
NA 
NA 

5.OE-07 
2.7E-OB 
6.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - LILCR Summation - 
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Table CIII- 148 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Inhalation of Gases and Particulates 

- ntakc Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

NA 
2.2E-07 

NA 
NA 
NA 
NA 

NA 
NA 

2.3E-05 

2.5E-07 

CaXEFXELhXIR 

%+lOd 
u234 

um+u 
‘2% +Id 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 dayslyear 
70 Year 

(see table below) 

NA p a n ?  
NA pWm’ 
NA pCi/n? 
NA pWm’ 
NA pcilm’ 
NA p o l $  
NA pWm’ 
NA pWn? 
NA polm’ 
NA p a n ?  

CDI CSF ILCR 
Cadionuclidcs (UCi) (UCi)-1 (unitless) 

%37+ld 
NP2S7+ld 

R%+8d 
R%.28+ld 

srEo+ld 

%+7d 

puus 

R%n+4d 

T%9 

nL, 
%+lOd 
urn 
ups+ld 
uPs+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE-01 

1.2E-01 

l.lE+Ol 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2SE-OB 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.28-09 

7.4E- 12 

3.2E-07 

[ILCR Summation I 3.3E-07 
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Table CIII-150 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Meat Products 

Cf X EF X EJh X FI X IR - ntakc Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Bposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

NA 
2.8E-04 

NA 
NA 
NA 

ERR 
2.1E-01 

NA 
NA 

1.7E-03 

%+lM 
urn 
urn+, 
uns+Li 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.1E-02 
1.7E-02 
2.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 days/year 
70 Year 

CDI CSP ILCR 
Radionuclides (pci) (PCl)-1 (onitless) 

%7+ld 
NPZSl+ld 
%x3 

Ra226+8d 
R%+ld 
h 2 2 2 + 4 d  

Tc99 

% 
%+, 
urn 
U?3S+ld 
uns+Li 

sr91+ld 

Th228+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.2E-01 

3.9E+02 

3.2E+00 

7.6E+01 
3.1E+01 
3.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.7E-10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE-10 

1.4E-08 

4.1E- 11 

1.2E-09 
4.9E- 10 
7.4E- l3 

NA 
NA 
NA 
NA 
NA 
NA 

I 

1.6E-08 - LILCR Sammation - 

C-111-2 17 
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Radionuclides ( p a )  (Pa)-' (unitless) 

%7+ld NA 2.8E- 11 NA 

NA 2.2E- 10 NA 
NA 7.8E-40 NA 

1.OE- 10 NA 
1.7E-12 NA 

R%,+ld NA 
%22+4d NA 

T% NA 1.3E- 12 NA 
h + 7 d  NA ME-11 NA 

NA LE- 10 NA 

NPrn+ld 1.9E-01 2.2E- 10 4.1E- 11 
puu8 
R%+,d 

sr$O+ld 7.7E+03 3.6E-11 2.8E-07 

1.4E-10 

u234 9.OE+02 1.6E- 11 1.4E- 08 
UPS+ld 3.7E+02 1.6E-11 5.9E-09 
uPs+?.d 5.3E-01 2.QE- 11 1.1E-11 

l.OE+Ol 13E-11 % 
h+, 

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

I ILCR Summation = ' 3.OE-07 

August 24, 1994 

- 
Table CIII- 152 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 

Via Ingestion of Daiq Products 

:ntake Equation 

IR 
Fl 
E 3  
EDn 
9, 

9, XEFX EDn XFIX IR - - 

Ingestion rate of dairy produca 
Fmction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

. 

NA 
2.6E-05 

NA 
NA 
NA 

ERR 
l.lE+00 

NA 
NA 

1.4E-U3 

%+1M 
u73.4 

Um+2d 
u235 + 1d 

NA 
NA 
NA 
NA 

. NA 
NA 

0.4 Yday 
0.75 (Unitless) 
350 daysiyeax 
70 Year 

c-in-220 

000710 

-. 
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Table CIII- 154 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Oamership: On-Property Perched Groundwater User 

Via Ingestion of Vegetables and Fruits 

n e e  Equation CvX EFXEDn X FI XIR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

NA 

NA 
NA 
NA 

ERR 
1.4E+01 

NA 
NA 

5.1E-02 

4.7E-01 

CDI 

&+lOd 
urn 
u735 +ld 
um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E+00 
7.7E-01 
9.8E-(13 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 daysbear 
70 Year 

CSF ILCR 
Radionuclides (PCi) tpC3-1 (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.5E+02 

4.2E+04 

1.4E+a3 

5.6E+a3 
2.3E+Q3 
2.9E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.4E-08 

1.5E-06 

1.8E-08 

9.OE-08 
3.7E-08 
5.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-06 - I ILCR Summation - 

C-111-223 
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Table C.111-155 
d4 2 

Summary of Intake and Risk Qnantitation (radionuclides) A l t e r n a t h  6 
Lime Sludge Pond with Private Ownership: On-Property Perched Groundwater User 

Via External Radiation 

-. 

Dosc EquivalcncyEquat: = [ D R X E F X E D n X  ETiX(l-SH,)] +[DRXEFXEDnX.ET,X(1-SHO)] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fractionofdayspentoutdoors 
Shield factor indoors 
Shield factor outdoors 

mi 
ET, 
SHi 
SHO 
DR Radionuclide specific dose concentrations 

%7+ld 
NPrn+ld 
b 
R%+Sd 
Ra?28+ld 
%22+4d 
Sr50+ld 
Tc99 
%+7d 

NA P W  

NA P W  
NA PWg 
NA P c v g  
NA P a 3  

NA PWi3 
NA P a 3  

5.10E-03 pWg 

5.60E-03 pWg 

5.2OE-01 pcUg 

% 3 Z + l O d  
urn. 
um+u 

+Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

NA (unitless) 

70 Year 

(see table below) 

NA PWg 

NA P W  
NA P(% 
NA PWg 
NA P a l 3  
NA P W  
NA P W  
NA P W  

2.20E-01 pWg 
9.00E-02 pWg 

CDI CSP ILCR 
Radionuclides (year pCilg) [glpci -year)-' (unitless) 

%7+ld 
NP237+ld 
pu, 
R%+Sd * 

RaZ28+ld 

Tc99 
%+7d 
lh, 
%+, 
urn 
u2Js+ld 
ups+u 

%?22+4d 
Sr50+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA . 
NA . 

NA 
NA 

NA 

2.1E-01 

2.3E-01 

2.2E+01 

9.2E+00 
3.7E+m 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- l3 
5.6E-06 
5.4E- 11 
8.5E-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.1E-08 

NA 

1.2E-09 

2.7E- 10 
9.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.98-07 - 1 ILCR Summation - 

C-IU-224 

0 0 0 72 4 
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Table CHI- 156 ~ ~~ 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Federal Ownership: On- Property RME Resident Farmer (Adult) 

V i a  Incidental Ingestion of Soil 

tn-lke Equation CS X EFXEDn X FI XIR - - 

IRS 
EF 
EDXI 
FI 
CS 

Ingestion rate of soil (RAGS. 1989) 
E ipsu re  bequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

NA 
5.1OE-CKj 

NA 
NA 
NA 
NA 

5.6OE-06 
NA 
NA 

5.20E-04 

'Ih212+1M 
u234 
U23S+ld 
U23&7+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
220E-04 
9.OOE-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

180 mg/day 
350 daysiyear 
70 Year 
1 (unitless) 

CDI CSF ILCR 
Radionuclides (pCi) * ( cj)-l (unitless) 

q 3 7 + l d  NA 2.80E-11 NA 

NA 220E- 10 NA 
NA 7.80E- 10 NA 
NA 1.OOE- 10 NA 
NA 1.7OE-12 NA 

NA 1 3 E -  12 NA 
NA 5.50E- 11 NA 

NA 1.70E- 10 NA 

Np237+1d 225E+o1 220E- 10 4.95E-09 
-38 

%+4d 

TC9, 

-0 
%2+10d 
u234 9.70E+02 1.6OE-11 155E-08 

R??26+&l 
%+id 

sr90+ld 247E+01 3.6OE-11 8.89E- 10 

%8+7d 
229E+03 13E-11 298E-08 

u23S+ld 3.97E+02 1.6OE-11 6.35E-09 
%%+2d NA 200E- 11 ' NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

5.75E-08 - LECR Summation - 

C-III-225 000725 
1 
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Table CIII- 158 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Drinking Water 

Cw X EFX EDn X FI X IR - ntake Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
FI Fmctional intake for radionuclies 
Cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of rdionucldes in groundwater 

2 Vday 

70 Year 
350 dayslyear 

1 (Unitless) 
(see table below) 

NA p a  
NA pOn 
NA pcifl 
NA pcsfl 
NA pcifl 
NA p a  
NA pcEfl 
NA pWl 
NA p a  
NA p a  

‘IhUo+lM 
urn 
uns +Id 
Um+u 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E-a3 
1.OE-04 
2 .0E93 

NA 
NA 
NA 
NA 
NA 
NA 

CDI CSF ILCR 
tadionuclidcs (PCi) ( p C 3 - l  (unitless) 

%7+ld 
Np?JI+ld 

R?Z26+Sd 
puus 

R%2$+1d 
%22+4d 

TC99 

.m, 
‘IhUo+lOd 
urn 
urn+, 
ups+2d 

sf, + Id 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.3E+01 
4.9E+00 
9.8E+Ol 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA . 

1.5E-09 
7.8E-11 - 
2.OE-09 

NA 
NA 
NA 
NA 
NA 
NA 

3.5E-09 - I ILCR Summation - I 

C-III-228 
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Table CIII-160 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - .ntake %nation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

2.2E-07 

2.58-07 

2.3E-05 

pwm’ 
pwm’ 
Pad 
pwm‘ 
pwm’ 
PCilm’ 
Pad 
p wm’ 
Pad 
pWm‘ 

%+lM 
u, 
U ~ + Z d  

+Id 

NA 
NA 
NA 
NA 
NA 
NA 

20 m’lday 
350 dayslyear 
70 Year 

(see table below) 

NA pWm’ 
NA pwm‘ 
NA pCi/m’ 
NA p G / d  
NA p G l d  
NA pwm’ 
NA pwn? 
NA pwm’ 
.NA pWm’ 
NA pwm‘ 

CDI CSF ILCR 
Radionuclides ( V C S - 1  (unitless) 

1 
%7+1d 
NP237+ld 

Ra224+sn 
R??i8+ld 

T%9 

?h, 
%+lW 
u, 
um+ld 
“ps+2d 

%22+4d 
SrSO+ld 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-01 

1.2E-01 

l.lE+Ol 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-(19 
6.9E- 10 
7.7E- 12 
6.2E-11 
8.3E- 12 
7.8E-08 
2.9E-08 
1.lE-07 
2.6E-08 
2SE-OS 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-(19 

7.4E- 12 

3.2E-07 

3.3E-07 - I ILCR Summation - 

i 8 6 0  
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Table Cm- 162 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

IR 
FI 
EF 
EDn 
Cf 

CfX EFXEDn X F I X I R  - - 

Ingestion rate of meat 
Fraction ingested hmcontaminated source 0.75 (Unitlen) 
Exposure frequency 350 dayshear 
Exposure duration 70 Year 
Concentration of radionuclides in meat 

' 0.101 kg/day 

%7+ld 
NP237+ld 
puvs 
R%26+Sd 
R%2S+ld 
%12+4d 
SrSO+ld 
T%9 
%+7A 
- 4 3 0  

NA 

NA 
NA 
NA 
ERR 

NA 
NA 

2.8E-04 

2.1E-01 

1.7E-03 

- h Z + l O d  
u?34 
Urn +ld 
urn+, 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.1E-02 
1.7E-02 
2.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

ILCR 
[onitless) 

CDI 
Radionuclides [Pa) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.2E-01 

3.9E+02 

3.2E+00 

7.6E+01 
3.1E+01 
3.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E-12 
3.6E- 11 
1.3E- 12 
5.SE- 11 
1.3E-11 
1.E-10 
1.6E- 11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.1E- 10 

1.4E-08 

4.lE-11 

1.2E-09 
4.9E- 10 
7.4E-l3 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-08 - I ILCR Summation - 

C-111-234 

000724 
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I Table CIII- 164 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Dairy Products 

- ntake fination - Cp X EFX EDn X FIX IR 

IR 
FI Fraction ingested fromcontaminated source 
EF Exposure frequency 
EDn Exposure duration 
cp 

Ingestion rate of dairy products 

Concentration of radionuclides in animal products 

NA 

NA 
NA 
NA 
ERR 

l.lE+00 
NA 
NA 

2.6E-05 

1.4E-03 

%+lM 
urn 
%+ld 
"m+u 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 

' 350 daystyear 
70 Year 

CDI . CSF ILCR 
Radionuclides ( p a )  hW-1 (unitless) 

I 
%.7+ld 
NP237+ld 
puus 
Ram+,, 

%+ld 
T% 
%+7d 
?a, 
%+lM 
urn 
UPs+ld 
~ps+2d 

%28+ld 
%2+4d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.9E-01 

7.7E+m 

l.OE+Ol 

9.OE+02 
3.7E+M 
5.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E-12 
5.5E- 11 
1.3E- 11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.1E- 11 

2.8E-07 

1.4E- 10 

1.4E-Q 
5.9E-09 
1.1E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

3.OE-07 - 1 ILCR Summation - 

5 8 6 0  

C-III-237 000727 
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Table CIII-166 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

ntakc &nation 

IR 
FI 
EF 
EDn 
cv 

CvX EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%7+1d 
NPlS7+ld 
puvs 

h, +4d 

Tcpg 

?n, 

R%26+8d 
R%2S+ld 

srSU + Id 

%+7d 

NA 
5.1E-02 

NA 
NA 
NA 
ERR 

1.4E+01 
NA 
NA 

4.7E-01 

P W k 3  
P W k 3  
P W k 3  
P W  
P W  
P W b  
P W  
P W  
P W b  
P W  

%+lOd 
urn 
up5+ld 
unS+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E+aI 
7.7E-01 
9.8E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 daysiyear 
70 Year 

ILCR 
(unitless) -9 CDI 

Radionuclides (Pa) ( P a l -  

%37+ld 
NP251+ld 
puus 
R%26+8d . 
R??B+ld 
%Z+4d 
SrSU+ld 
=%9 
%+7d 
?n, 
%+lW 
urn 
UPS+ld 
u?38+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.5E+U2 

4.2E+04 

1.4E+03 

5.6E+03 
2.3E+03 
2.9E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.4E-08 

1.5E-06 

1.8E-08 

9.OE-08 
3.7E-08 
5.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-06 - I ILCR Summation - 

C-111-240 
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Table C.111-167 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via fiternal Radiation 

I ”  

lose Equivalency Eqnat: = [DR X EFX EDn X mi X (l-SH,)] +[DR X EF X EDn X m0 X (1-SH,)] 

EF 
ED Exposure duration 
mi 
*.a 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 

SH; 
SH, 
DR Radionuclide specific dose concentrations 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (uni tless) 

NA (unitless) 

70 Year 

(see table tx 

%7+ld 
NPZn+ld 
%s8 
R??26+Rd 
R% + Id 
%2l+4d 
srSO+ld 
T% 
%+?d 
Ttr, 

NA P a 3  

NA P w 3  
NA P W  
NA P c u  
NA P w 3  
NA P W  

5.10E-03 pCi/g 
NA 

5.608-03 pWg 

5.20E-01 pWg 

‘Ihuo+lOd 
urn 
uns + Id 
Um+M 

NA 
NA 
NA 
NA 
NA 
NA 

NA P W  

NA P c i l g  
NA Pwg 
NA Pci/g 
NA PWi3 
NA P a 3  
NA Pwg 
NA P a 3  

2.20E-01 po/g 
9.00E-02 prig 

CDI CSP ILCR 
Radionuclides (year pCi/n) (g/pCi-year]-’ (unitless) 

%7+ld 
NP237+ld 
puvs 

Ra22B+ld 

T%9 

.m, 
nlus+lOd 
urn 
Um+ld 
ups+2d 

R%24S+8d 

%.22+4d 
sr50 + Id 

%+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.1E-01 

2.3E-01 

2.2E+01 

9.2E+00 
3.7Ec00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.98-06 
5.9E-06 

6.OE- l3 
5.6E-06 
5.4E- 11 
ME-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.1E-08 

NA 

1.2E-09 

2.7E- 10 
9.OE-W 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.9E-07 - I ILCR Summation - 

,5 a60 
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. ' l 9  Table CIII-  168 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: On-Property Fanner (Child) 

Via Incidental Ingestion of Soil 

htake Equation 

IRS 
EF 
E% 
FI 
cs 

CSX EFX EDn X FI XIR - - 

Ingestion rate of soil (WIGS, 1989) 
Eposure hquency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

q 3 7 + l d  
N%37+ld 
pu238 
R??26+&i 

%+4d 

*% 

-0 

Ra228+id 

Sr90+id 

%8+7d 

O.OOE+OO 
5.10E - 06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.60E-06 
O.OOE+OO 
O.OOE+OO 
5.20E-04 

?hUZ+lod 
u 2 3 4  
'235+ld 
%8+2d 

0 
0 
0 
0 
0 
0 

200 mg/day 
350 dayslyear 

6 Year 
1 (unitless) 

O.OOE+OO pC@g 
22OE-04 pCi/mg 
9.OOE-05 pCimg 
O.OOE+OO pCihng 
O.OOE+OO pCimg 
O.OOE+OO pCimg 
O.OOE+OO pCi/mg 
O.OOE+OO pCihng 
O.OOE+OO p C d g  
O.OOE+OO p C i g  

CDI CSF ILCR 
ladionuclides (pCi) (pci)-l (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

214E+OO 

235E+OO 

218E+02 

9.24E+O1 
3.78E+01 

NA 
0 NA 
0 NA 
0 NA 
0 NA 
0 NA 
0 NA 

28OE-11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.70E- 12 
3.60E- 11 
1,UE- 12 
55OE-11 
1 3 E -  11 
1.7OE-10 
1.6OE-11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.71E- 10 

8.47E-11 

284E-09 

1.48E-09 
6.OSE- 10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

[ ILCR Summation - 5.48E-09 
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5' 86-0 
1 

[ntake Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII- 170 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Drinking Water 

- - CWX EFX EDn X FIXIR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Eposure duration 
Fractional intake br radionuclides 
Concentration of radionuclides in groundwater 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

WS2+10d 
4 3 4  
%3S+ld 
uPs+u 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.9E-03 
1.OE-04 
2.OE-03 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

1 Vday 
350 daysfyear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSP U C R  
tadionnclides ( V C i )  (lJCi)-1 (unitless) 

%7+ld 
N h S 7 + l d  

R b + 8 d  
R%28+ld 
b + 4 d  
srW+ld 

h + 7 d  

puvs 

T% 

Thuo 
%2+, 
4 3 4  

uz35+ld 
ups+2d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE+OO 
2.1E-01 
4.2E+OO 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E- 11 
13E- 12 
5.5E- 11 
1.3E-11 
1 . z -  10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4E- 11 
3.4E- 12 
8.4E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

LILCR Summation = 1SE- 10 
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Radionnclides fpci) (PCi)” (unitless) 

%7+ld NA 1.9E-11 NA 

NA 3.9E-08 NA 
NA 7.OE-09 NA 
NA 6.9E- 10 NA 

NA 

NA 8.3E- 12 NA 
NA 7.8E-08 NA 

NA l.lE-07 NA 
urn NA 2.6E-08 NA 
ups+ld NA 2.5E-08 NA 
ups+2d NA 2.48-08 NA 

O.OE+OO NA NA NA 
O.OE+OO NA NA NA 
O.OE+OO NA NA NA 
O.OE+OO NA NA NA 
O.OE+OO NA NA NA 
O.OE+OO NA NA NA 

NkSY+ld 5.6E-03 2.9E-08 1.6E- 10 
puvs 
R%+Sd 
R%+ld 
%+4d NA 7.7E- 12 
SrEO+ld 

%+7d 

6.2E-03 6.2E- 11 3.8E- U 
T%Q 

% 
%+lOd 

5.7E-01 2.9E-08 1.7E-08 

1.7E-08 - I ILCR Summation - 

Table Clm-172 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR - Intake Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

%7+ld 
NP237+ld 
puzjs’ 
R%+8d 
R%28+ld 
%+4d 
%+Id 

%+7d 
T%9 

% 

O.OE+OO 
2.2E-07 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
25E-07 
O.OE+OO 
O.OE+OO 
2.3E-05 

%+lOd 
urn 

um+u 
u?35 + l d  

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

12 m3/day 
3% daysbear 

6 Year 
(see table below) 

O.OE+OO pGlm’ 
O.OE+OO pWm’ 
O.OE+O pam’ 
O.OE+OO pCi/m’ 
O.OE+a) pCi/m’ 
O.OE+OO pci/m’ 
O.OE+OO pWn? 
O.OE+OO pWn? 
O.OE+OO pci/n? 
O.OE+IX) pWm’ 

C-III-248 000738 
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CDI CSF ILCR 
Radionuclides ( p a )  (pCi1-l (unitless) 

ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

L Table CIII- 174 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Owoership: On-Property Farmer (Child) 
Via Ingestion of Meat Products 

‘ 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+ld 
N h 3 7 + l d  

R % S + S d  
R%28+ld 
% 2 2 + 4 d  
SrSO+ld 

pu, 

=c, 
%+7d 
?h, 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
2.1E-01 
O.OE+OO 
O.OE+OO 

2.8E-04 

1.7E-03 

-432+1OCi 
u, 
UB.5 +Id 
upR+u 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
4.1E-02 
1.7E-02 
2.OE-OS 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.039 kg/day 
0.75 (Unitles) 
350 daysiyear 

6 Year 

%7+1d 
NP237 + ld 

%6+Sd 

%+4d 
SrSO+ld 

%+7d 

pu, 

R”L2s+ld 

T% 

Thvo 
%+lOd 
u?34 
um+ld 
um+zd 

0 
0 
0 
0 
0 
0 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.7E-02 

1.3E+01 

1 .OE- 01 

25E+M) 
l.OE+OO 
1.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
SSE- 11 
1.3E-11 
1.m-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.8E- 12 

4.7E- 10 

1.4E- 12 

4.OE- 11 
1.6E-11 
2.SE- 14 

NA 
NA 
NA 
NA 
NA 
NA 

S.3E- 10 - LILCR Summation - 1 
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Radionuclides ( p a 1  (pCI1-l (unitless) - 
%7+ld NA 2.8E- 11 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA 

1.OE- 10 NA 
1.7E- 12 NA 

NP237+ld 3.6E-02 2.2E- 10 8.OE- 12 
puus 
R h + 8 d  
R%28+ld NA 
%+4d NA 
SrSO+ld 1.5E+03 3.6E- 11 5.4E-08 
*% NA 1.3E- 12 NA 

h 
Thu2+lOd 

urn+, 
uPg+2d 

%+7d NA 5.5E- 11 NA 

NA 1.7E- 10 NA 
2.OE+OO 1.3E- 11 2.6E-11 

urn 1.7E+02 1.6E-11 2.8E-09 
7.1E+01 1.6E-11 l.lE-09 
1.OE-01 2.OE- 11 2.OE- 12 

0 NA NA NA 
0 NA NA NA 
0 NA NA NA 
0 NA NA NA 
0 NA NA NA 
0 NA NA NA 

5.8E-08 - [ ILCR Summation - 

-. 

Table CIII- 176 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Dairy Products 

ntake Equation 

IR 
FI 
EF 
EDn 
Cp 

CpXEFX EDnXFIX IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
Np2S7+ld 

R%26+Sd 
R%+ld 
%?2+4d 
SrSO+ld 

%+7d 

puvs 

=% 

%30 

O.OE+OO 
2.6E-05 
O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
l.lE+OO 
O.OE+OO 
O.OE+OO 
1.4E-U3 

%32+1M 
urn 
U, +ld 
U236+2d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.2E-01 
5.OE-02 
7.2E-05 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.9 Vday 
0.75 (Unitles) 
350 daysiyear 

6 Year 

0 0 0 7 4 4 
C-III-254 
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Table Cm-178 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

[ntake &nation 

IR 
FI 
E3: 
EDn 
cv 

- - CvX EFX EDn XFI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%7+ld 
NPZ37+ld 

R%26+8d 
R%i3+ld 
Rn?p+4d 

SrEO+ld 

%+7d 

puus 

T%9 

?h, 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
1.4E+01 
O.OE+OO 
O.OE+a) 
4.7E-01 

5.1E-02 
%.+la 
urn 
UPS+ld 
U m + u  

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
1.9E+OO 
7.7E-01 
9.8E-Q3 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.1 kg/day 
1 (Unitless) 

350 daysiyear 
6 Year 

ILCR 
(unitless) 

CDI 
Radionuclides (Pa) 

%7+ld 
NP231+1d 

R%26+8d 
R%2S+ld 
% 2 2 + 4 d  
Sr90+ld 

%+7d 

%Y3 

=%I 

Th, 
%+loti 
urn 
u,+ld 
um+, 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE+Ol 

2.9E+03 

9.9E+01 

3.98+02 
1.6E-I-02 
2.1E+OO 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
SSE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA . 
NA 
NA 

NA 
NA 

NA 

2.4E-09 

1.1E-07 

1.3E-09 

6.3E-09 
2.6E-09 
4.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.2E-07 - I ILCR Summation - 
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Table C.111-179 k, y c .I v.3 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Lime Sludge Pond with Private Ownership: On-Property Farmer (Child) 

Via External Radiation 

lose Equivalency Equat: = [DRXEFXEDnXETiX(l-SHJ] +[DRXEFXEDnX EToX(l-SHd] 

EF 
ED Exposure duration 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoon 
Shield factor outdoors 

' DR RdiDnuclide specific dose concentrations 

mi 
n o  
SH; 
SH, 

%7+ld 
NP231+ld 

Ra226+Sd 
% 8 + l d  
%+ad 
SrSO+ld 

puvs 

TC9, 
%+'Id 
.ra, 

NA Pcilg 

NA PWLG 
NA Pwg 
NA P W  
NA Pwg 

NA PW.3 
NA P w 3  

5.10E-03 pWg 

5.60E-03 pWg 

5.20E-01 pCVg 

%+1M 
urn 
uPs+ld 
ups+2d 

0 
0 
0 
0 
0 
0 

0.96 (uni tkss) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

0 (unitless) 
(see table below) 

NA P a r 3  

NA Pwg 
NA PWi3 
NA P W  
NA Pwg 
NA Pwg 
NA PWt3 
NA P W  

2.20E-01 pWg 
9.00E-02 pWg 

CDI CSF ILCR 
Radionuclides PCilK) (g/pCi-ycar)-' (unitless) 
I 
%l+ld 
NhS7+ld 

R%26+Sd 
R% + Id 

srSO+ld 

%+7d 

%+lM 

puvs 

%+4d 

=c, 

.ra, 
urn 
Um+ld 
um+2d 

0 
0 
0 
0 
0 
0 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.6E-02 , 

1.E-02 

1.6E+00 

6.8E-01 
2.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E-11 
6.OE-06 
2.98-06 
5.9E-06 

6:OE- l3 
S4E-06 
5.4E- 11 
8.SE-06 
3.OE- 11 
2.4E-07 
S.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

6.8E-09 

O.OE+OO 

8 . E -  11 

2.1E-11 
6.E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 
[ILCR Summation = 7.48-08 
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Iotakc &matiom = CAXEFaXEDaXIRXEI’a+ CAXEFc EDcXIRXETc 

1R 
EFa 
EFC 
EDa 
EDC 
ma 
E T C  
CA 

(3Jm+ld 

pups 
b a d  

R%+, 
%+ld 
T%9 
%.la 
.ra, 

N h 3 7 + l d  

’%E+ Id 

NA 
NA 
NA 
NA 
NA 

4.1E-07 
NA 
NA 
NA 
NA 

%+ tal 
u, 
Ut3S+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E-03 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
62E- I1 
83E- 12 
7.8E-08 
29E-08 
l.lE-07 
2.68-08 
2 s - 0 8  
24E-08 

NA 
NA 
NA 
NA 
NA . 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE- 14 

I I K R  Samomtioo 1 1.OE- 14 

4 
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. .  c-m-260 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 

n 

000751 C-III-26 1 



FEMp-OUO2-5 DRAFT 
August 24. 1994 

-. 

C-III-262 
008752 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

1 

intake Eauation 

IR 
EF 
EDn 
FI 
cw 

Table CIII- 182 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

Ox X EFX EDn X FIX 1R - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Vday 

70 Year 
350 daystyear 

1 (Unitless) 
(see table below) 

O137+ld 
NP237+ld 
pups 

R"m+4d 

Tc99 

~ h p o  

R??2b+8d 
R%+ld 

Sr90+ld 

%8+ 7d 

NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
pCi/l 
p C i  
p C i  

NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

n232+ 1od 
uz34 

Um+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA p C i  
7.OE-04 pCi 
7.OE-04 pCi/l 
7.OE-04 p C i  

NA pCffl 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

CDI CSF ILCR 
tadioauclidcs (pCi) (pci)-' (unitless) 

O137+ Id 
NP237+ld 
pups 

RnpL+4d 

TC99 

%ul 
%32+ 1od 
4 3 4  

"ps+2d 

R%26+8d 
R%+ld 

Sr90+ id 

%23+7d 

UZ35+ld 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E+01 
3.4E+01 
3.4E+01 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

55E- D 
5.5E- 10 
6.9E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.8E-09 - I ILCR Summation - 

C-111-263 000753 
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htate Equation 

1R 
EF 
EDn 
ca 

Table C.111- 184 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

l.lE-08 

pcim’ 
pciim’ 
pcim’ 
pci/m’ 
pcim’ 
pcim’ 
pci/m’ 
pci/m’ 
pcim’ 
pcim’ 

CaX EF X EDn X IR 

%32+ 1od 
urn 

u238+24l 
“PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/ciay 
350 daystyear 
70 Year 

(see table below) 

NA pcim’ 
NA pcim’ 
NA pCim3 
NA pcim’ 
NA pcim’ 
NA pcim’ 
NA pcim’ 
NA pcim’ 
NA pcim’ 
NA pcim’ 

CSF ILCR 
ladionuclides (pCi) (pCi)-‘ (unitless) 

CDI 

1 
cs137+ Id 
NP237+ld 
h1238 

R”Pr+4d 

Tc99 

~m 
%32+ 1od 
u, 
‘235+ld 
U m + m  

R%Z6+8d 
R?28+ld 

sr90+ Id 

%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.58-03 

1.9E-11 
2.9E - 08 
3.9E - 08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
l.lE-07 
2.68-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

4.2E- 14 

NA. 

4.2E- 14 - I ILCR Summation - 
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Table CIII- 186 
Summary o f  Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

CfXEFXEDnXFIXIR - Intake Eauation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

n,+ 1od 
urn 

UZU)+M 
"235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.OE-06 
7.OE-06 
7.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
3SO dayslyear 
70 Year 

CDI CSF ILCR 
ladioouclides (pCi) (pa)-'  (unitless) 

&137+ld NA 2.8E-11 NA 
NP237+ld NA 2.2E- 10 NA 
pu?38 NA 2.2E- 10 NA 
R%26+8d NA 7.8E- 10 NA 
R%28+ld NA 1.OE- 10 NA 
%22+4d NA 1.E-12 NA 

3.6E- 11 NA 
1.3E- 12 NA 

SrgO+ Id NA 
TC99 NA 
%28+7d NA 5.SE-11 NA 
%30 NA 1.3E-11 NA 
%32+ 1od NA 1.E-10 NA 
urn 1.3E-02 1.6E-11 2.1E-13 
%+Id 1.3E-02 1.6E-11 2.1E-13 
b a + 2 d  1.3E-02 2.OE- 11 2.6E- 13 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

6.8E- 13 - I ILCR Summation - 

5 8 6 0  

C-111-269 



FEMP-OUO2-5 DRAFT 
August 24, 1994 -. 

U 

< < < < < < < < e < < < < < <  
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z  

C-In-270 etOO?GO 



I 

..kMP-OU02-5 DRAFT 
4.igust 24, 1994 -. 

3 8 6 0  

C-111-27 1 UOQ761 



FEMP-OUO2-5 DRAFT 
August24  1994 -. 

Table CIII- 188 
Summary of Intake and Risk Quaotitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Iogestioo o f  Dairy Products 

CpX EFX EDn X FI X IR - Intake Equation - 

1R 
Fl 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

O137+1d 
Np237+ Id 

R%+8d 
R%28+ld 

sr90+ Id 

P"m 

%Z2+4d 

Tc99 

~ 2 3 0  
%+ 7d 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

ERR' 

1od 
up4 

u m + 2 d  
'D5+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

NA p C i g  
2.58-05 pCi/kg 
2.5E-05 p C i g  
2.5E-05 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF I U l R  
(pCi) (pci1-l (onitless) ladionuclides 

O137+ld 
NP237+ld 
p"L38 

R"m+4d 

*c99 

Th230 
?232+ lod 
"234 

u m + 2 d  

R%+8d 
R%28+ld 

Sr90+ld 

nPII+7d 

%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-01 
1.9E-01 
1.9E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE- 12 
3.OE- 12 
3.7E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

9.6E- 12 - [ILCR Summation - 

C-111-272 
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IR 
Fl 
EF 
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c v  

Table C.111-190 
Summary of Intake and Risk Quaotitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Fanner (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

137+ Id 
NP'237+ld 
P% 

R n z + 4 d  

TC, 

%o 

R%+8d 
Ra228+ld 

sr90+ Id 

nhzzs+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

I?z32+ 1od 
'234 

'23Lt+2d 
"235  + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.48-03 
3.48-03 
3.48-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 daysbear 
70 Year 

CDI  CSF ILCR 
tadioouclides (pCi) (pCi\-' (uoitless) 

(%37+ld 
NP237+ld 

R%26+8d 
R%+ Id 

"W+ld 

nhpg+7d 

pups 

R%2+4d 

TC99 

lh, 
%2+ 1M 
u, 
'238+2d 

' 235  +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.OE+Ol 
l.OE+Ol 
l.OE+Ol 

NA 
NA 
NA 
NA 
NA 
NA. 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E- 10 
1.6E- 10 
2.OE- 10 

NA 
NA 
NA. 
NA 
NA 
NA 

5.3E- 10 - [ ILCR Summation - 

I 
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Intake Equation 

IR 
EF 
EDn 
FI 
cw 

Table (2.111- 192 
Summa6 of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

CwX EFX EDn X Fl X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

O137+ld 
NPP7+ld 
pu238 

Rnm+4d 

Tc99 

-%30 

R%6+8d 
Ra228+ld 

Sf 90+ id 

%28+7d 

NA p C i  
NA p C i  
NA p C i  
NA pCin 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

%32+ lod 
u, 
u238+2d 
' 2 3 5  + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.OE-04 
7.OE-04 
7.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 

1 Itday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
pcin 
pCin 
p C i  
p C i  
p C i  
pci/l 
p C i  
pCiA 

CDI CSP ILCR 
tadionuclides (vCi) (pci)-' (unitless) 

(%37+ld 
N b 7 + l d  
%3a 
R%+8d 

R"m+4d 

Tc99 

n23a 
%2+ 1od 
u, 
U?38+Y 

Id 

sf90+ id 

?72S+ 7d 

'?35+ld 

N A  
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

15E+00 
15E+00 
1.5E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 . 

1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E- 11 
2.4E-11 
2.9E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

7.6E- 11 - I ILCR Summation - 

-. 
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Intake Equation 

IR 
EF 
EDn 
ca 

Table CIII- 194 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%37+ld 
NP237+ld 
% 

Rnm+4d 

Tcs9 

- 4 3 0  

R??26+8d 
R%2E+ld 

Sr90+ld 

?hZ8+ 7d 

NA 
NA 
NA 
NA 
NA 

1.1 E-08 
NA 
NA 
NA 
NA 

pCim3 
pCim3 
pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

C a X  EF X EDn X IR 

%32+ 1od 
urn 
u2u)+2d 
‘235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m3Jday 
350 dayslyear 

6 Year 
(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pci/m3 
pci/m3 
pc im’  
pCim3 
pCim3 
pCim3 

ILCR 
(unitless) 

CDI 
ladionuclidcs (pCi) 

cs137+ Id 
NPP7+ld 

R%+8d 
R%+ld 

Sr90+ld 

%28+ 7d 

pu238 

Rnm+4d 

TC99 

%30 
%32+ 1od 
uz34 

%+ai 
%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.8E , 7 0 4  

1.9E- 11 
2.98-08 
3.98-08 
7.OE-09 
6.9E-10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.88-08 
2.9E-08 
l.lE-07 
2.6E-08 
25E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E- 1S 

2.2E- 15 - 1 ILCR Summation - 
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Table CIII- 196 
Summary of Intake and Risk Quaotitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

CfX EFX EDn X FIX IR - otake Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

CS137+1d 
NP237+ Id 

R%+8d 
pups 

RnpZ+4d 

Tc99 

-%a 

R%+ld 

sr90+ Id 

%28+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%32+ lod 
urn 

"2u1+2d 
' 235+  Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.OE-06 
7.OE-06 
7.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
tadioouclides ( p a )  (pci)-' (uoitless) 

Cs137+ld 
NPZ37+ld 

R%?b+8d 
Ra228+ Id 

"Wid 

n228+7d 

pups 

R%+4d 

Tcw 

%30 
-%?32+ 1od 
u234 

"238+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.3E-04 
4.38-04 
4.38-04 

NA i 

NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.9E- 15 
6.9E- 15 
8.6E- 15 

NA 
NA 
NA 
NA 
NA 
NA 

2.2E- 14 - . 1 ILCR Summation - 
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IR 
Fl 
EF 
EDn 
CP 

Table CIII- 198 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Logestion of Dairy Products 

- - .CpX EFX EDn X FI X 1R 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

m232+ 1od 
urn 

%+7d 

' 235  + id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.5E-05 
2.5E-05 
2.5E-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daysiyear 

6 Year 

ILCR 
(unitless) 

CDI 
ladionuclides (pCi) 

&137+ld 
NP237+ Id 

R%+8d 
Ra228+ld 

sr90+ ld 

pu278 

Rn,+4d 

Tc99 

%3ll 

"234 

u238+2d 

n2?8+ 7d 

%3Z+ lod 

'23, +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-02 
3.6E-02 
3.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.7E- 13 
5.7E- 13 
7.1E-13 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-12 - I ILCR Summation - 
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itakc Equation 

IR 
FI 
EF 
EDn 
cv 

Table CIII-200 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestioo of Vegetables and Fruits 

Cv X EF X EDn X FI X 1R - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

cs137+ Id 
NP?37+ld 

R%26+8d 
R%+ Id 

pu238 

Rnza+4d 

Tc99 

n230 

SrW Id 

nps+7d'  

NA 
NA 
NA 
NA 

' NA 
ERR 

NA 
NA 
NA 
NA 

%32+ 1od 
urn 

u238+2d 
'PS+ Id 

NA 
NA 

NA 
NA 
NA 

NA 

NA 
3.4E-03 
3.4E-03 
3.4E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 dayslyear 
6 Year 

CDI CSP ILCR 
tadioouclidcs (pCi) (pci)-' (uoitlcss) 

Ol37+ld 
N b 7 + l d  
pups 
R%26+8d 

Rn2?2+4d 

TC99 

- 4 3 0  
%3z+ 1od 
urn 
u235 + Id 
%s+m 

R%+ld 

'"X)+ld 

'Th228+ 7d 

NA 
NA 
NA 
NA 

NA 
NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.2E-01 
7.2E-01 
7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E-11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-11 
1.2E- 11 
1.4E-11 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-11 - I ILCR Summation - 
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lata-a Eauation 

I Ra 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Table C.111-202 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

= CS X EFa X EDa X FI X IRa + CS X EFcX EDcX F1 X IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

"l37+ Id 
NP237 + Id 
'938 
%26+M 
R?228+1d 

Sr90+Id 

n228+7d 

Rn222+4d 

Tc99 

n 2 3 a  

NA 
4.OE-04 
2.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 

l.lE-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

Th232+10d 

'235+ld 
u234 

'238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.68-04 

NA 
2.48-03 

NA 
NA 
NA 
NA 
NA 

. NA 

12.5 mg/day 
12.5 mg/day 

40 days/year 
110 days/year 
32 Year 
12 Year 
1 (unitless) 

(see table below) . 

pCi/mg 
pCi/mg 
pCi/rng 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
Radionuclides (pCi) (pci1-l (unitless) 

I 
'%37+ld 
NP237+ Id 
"238 
R%6+M 
R%28+ld 
Rn222+4d 

Tc99 

Th2, 

"234 

"90+ld 

Th228+7d 

lh232+10d 

"235+ Id 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E+01 
6.5E+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E+01 

~ S E + O O  

7.7E+01 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E-11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-09 
1.4E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.8E- 10 

I 

1.4E- 10 
NA 1 

1.SE-09 
NA 
NA 
NA 
NA 
NA 
NA 

I 

6.4E-09 - 1 ILCR Summation - 
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Table CIII-205 
Summary of Iotake and Risk Quaotitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

r l 2 - t  . ._ 

[otake Esuatioa = C A X  E F a X  EDa X 1R X ETa + C A X  EFc EDcX IR X ETc 

. IR 
EFa 
EFc 
EDa 
EDc 
ETa 
E T C  
CA 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

0.83 m3/hour 
40 daysbear 

110 daystyear 
32 Year- 
12 Year 
1 hour/day 
2 hour/day 

(see table below) 

‘%37+ld 
NP237+ Id 

R%+8d 
R%+ld 

Sr90+ Id 

nhps+7d 

pu, 

% 2 + 4 d  

Tc W 

~ 2 3 0  

NA 
9.48-07 
4.78-07 

NA 
NA 

. NA 
NA 
NA 
NA 

2.6E-06 

pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pcim’ 
pCim3 

%32+ 1od 
“234 

% 8 + 2 d  
b 5  + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-07 

NA 
5.6E-06 

NA 
NA 
NA 
NA 
NA 
NA 

pcim’ 
pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pci/m3 

CDI csq ILCR 
tadioouclides (pCi) (pCi)- (unitless) 

cs137+ Id 
Np237+ Id 

R%+8d 
R%?8+ld 

srW+ld 

%ZS+ 7d 

pk?38 

Rnm+4d 

TCW 

%32+ 1M 
u?34 

%+2d 
‘235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE-03 
1.5E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

8.6E-03 

2.OE-03 

1.8E-02 

1.9E- 11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.98-08 
l.lE-07 
2.68-08 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
N A 

NA 
8.8E- 11 
5.9E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 10 

5.1E-11 

4.3E- 10 

8.8E- 10 - I ILCR Summation - 

~~~ 
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Table CIII-206 
Summary of Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: Expanded Trespasser 
Via External Radiation 

Loosure Equation = [CR X EFaX EDaX ET,, X (l-SH,))+[CR X EFc X EDcX ET=X (1-SH,)] 

EFa 
EFc 
EDa Exposure duration (adult) 
EDc Exposure duration (child) 
ETOa 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (child) 

Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoors 
Radionuclide specific concentrations 

ET, 
SH, 
CR 

&137+ld 
NP237+ Id 
p!z3s 

R"Pl+4d 

Tc, 

%30 

R%2b+8d 
R%+ld 

"gO+ld 

Th'Z2S+ 7d 

NA PCig 

NA P W  
NA PCi/p 
NA PCiP 
NA PCiP 
NA PCig 
NA P W  

4.OE-01 pCig 
2.OE-01 pCig 

l.lE+W pciig 

?232+ tod 

' 235+  Id 
u234 

um+2d 
NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

CDI CSP ILCR 
Ladionuclides (year pCi/g) (g/pCi -year)-' (unitless) 

O137+ld 
Np237+ Id 

R%2b+8d 
Ra228+ Id 

Sr90+ld 

%28+ 7d 

Thp2+1Od 

'235+td 

pu238 

Rnm+4d 

Tc99 

nL, 

u, 
Um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E-01 
8.68-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA ' 
NA 
NA 

4.8E-01 

l.lE-01 

l.OE+OO 

2.OE-06 
4.38-07 
2.8E- 11 
6.OE-06 
2.98-06 
5.98-06 

6.OE- 13 
5.68-06 
5.4E- 11 
85E-06 
3.OE- 11 
2.48-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.48-08 
2.4E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 

2.6E- 11 

3.3E- 12 

5.2E-08 

NA . 

1.3E - 07 - I ILCR Summation - 

-. 
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12 8 ,  ; -1 t -3 *.* Table CIII-207 
Summary of Intake and RirL Chant i tah  (rsdionudida) Altern8tive 3 

Solid Waste bndfill with Federal Omexship: Off-Roperty Fanner (Adult) 
Via Ingestion of Drinking Water 

itake Eauatioa 

IR 
EF 
EDn 
Fl 
car 

CWX EFX EDa X Fl X IR - - 

Ingestion rate of groundwater (RAGS. 1989) 

kposure duration 
Fractional intake for radionuclides 
Coactatration of radionuclides in pundwater 

Exposure frequellq 

%7+ld 

% 
RaZas+ad 

R%+, 
%+ld 
TC99 
%+m 
Ta, 

Nh37+ Id 

R%28+ Id 

NA pCd 
NA pCd 
NA pCd 
NA pCd 
NA pCd 
NA pCd 
NA pCin 
NA pCin 
NA pCd 
NA 61 

%2+ la 
Urn 
.u?3s+ld 
%+ai 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
21E-01 
1.1E-M 
23E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 uday 

1 (Unitlur) 

350 &wear 
70 Year 

(ree table below) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE+04 
5.4E+M 
l.lE+04 

NA 
NA 
NA 
NA 
NA 
NA 

28E- 11 
2.2E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 

3.6E- 11 
13E-12 
55E- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
20E- 11 

1.7E-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-07 
8.68-09 
238-07 

NA 
NA 
NA 
NA 
NA 
NA 

4.OE-07 - I ILCR Summation - 

-. 
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NA 1.9E-11 NA 
%7+ld 1.2E-02 2-98-08 3.6E- 10 
Nk37+1d 63E-03 3.98-08 L4E- 10 

NA 7.OE-09 NA 
NA 6.9E- 10 NA 
NA 7.7E- 12 NA R%Za+ld 

6.2E- 11 NA NA 
8.3E- 12 NA sr90+ld 

NA 
NA 7.88-08 NA 

%+7d 

Thpo NA 1.lE-07 NA 

uw NA 25E-08 NA 
uzU+ld 

%+ai NA NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

% 
Ra226+.3d 

R%+4d 

Tcp9 

%2+ lod 

35E-02 2-98-08 1.OE-09 

8.1E-03 L6E-08 21E- 10 

24E-08 ME-09 7.4E-02 

NA 
NA 
NA 
NA 

CI~ I 
! 

j 
I 

I 

I I Intake Ehuation 
I 

i 
I 
I 
j 
i 
i 

I 
I 

I 
i 
I 

i 
j 
I 
! 
I 
! 

i 
i 
I 
! 

I 
! 

! i 
I 
I 
1 

IR 
EF 
EDn 
ca 

Table CIU-210 
Summary of Intake and Risk Quantitation (radionuclides) Alternrtkc 3 

Solid Waste Landfd with Federal Oanedip: Off-Propertp Farmer (Adult) 
Via Inhdrtkm of Casu and Particulates 

Inhalation rate of ga%e.5 (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

% $ 7 + l d  
Nk37+ld 
pups 
Rapg+8d 

Rnp2+4d 

Tc99 

-ra, 

R%+ld 

Id 

%+ 7d 

NA 
2.68-08 
13E-08 

NA 
NA 
NA 
NA 
NA 
NA 

7.2E-08 

pc i3  
p c i 3  
pc i3  
p c i 3  
c u m 3  
p c i i 3  
pc i3  
P c i 3  
p c i 3  

pc i3  

CaX EFX EDn X IR 

%+ 1QL 
urn 
Um+m 
u?35+ld 

NA 
NA 
NA 
NA 

NA 
N A., 

20 m3/day 
350 d a w  
70 Year 

(see table below) 

NA pGi3 

NA pCii3 
13E-07 pCi/m3 

NA pCh3 
NA p C i 3  
NA pGi/m3 
NA p C b 3  
NA p C i 3  
NA p C i 3  

1.7E-08 p c i 3  
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Table CIII-212 
Summary of Intake and Risk Quantitation (radiondida) Alternative 3 

Solid Waste Landfill ritb Federal Ownerrhip: OH-Rpperty Parmcr (Adult) 
Via Ingestion of Meat Products 

CfX EF X EDn X Fl X IR - 9-e Fhuation - 

IR Ingestion rate of meat 
FI 

ED0 Exposure duration 
Cf 

Fraction inguced from conmminatcd source 
EF Exposure frequency 

Concentration of radionuclides in meat 

NA 
l.lE-07 
4.9E- 10 

NA 
NA 

ERR 
NA 
NA 
NA 

3.98-08 

Tam+ 1od 
uz34 

uz38+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
21E-03 
l.lE-04 
23E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSP ILCR 

% 3 7 + l d  
N k T l + l d  
RLas 
Rap6+ad 

Rnp2+4d 

T% 

%o 
%2+ 1od 

h + m  

R%+ Id 

sr,D, Id 

%+7d 

:t 
"'3) 

%+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
20E-04 
9.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.28-05 

3.9E+00 

43E+00 
LOE-01 

NA 
NA 
NA 
NA 
NA 
NA 

t8E- 11 
' 22E-10 
?E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
13E- 12 
S5E- 11 
13E-11 
l.E- 10 
1.6E- 11 
1.6E-11 
LOE- I1 

NA 
NA 
NA 
NA 
NA 

1 NA 

NA 
4.4E- 14 
2OE- 16 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.4E- 16 

6.2E- I1 
33E- 12 
85E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

15E- 10 - I ILCR Sammatioo - 
I 
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TPble CIII-2l4 
Summaq of Intake and Risk Quaotitatioo (radiooudidca) Alternative 3 

Solid Waste Landfilf with Federal Ownership: Off-Ropctty Farmer (Adult) 
Via Ingestion of Dairy Products 

1 

C p  X EF X EDn X Fl X 1R 

1R 
Fl 

EDn Exposure duntion 
CP 

Ingestion rate of dauy products 
Fraction ingested from contaminated source 

EF Exposure frequency 

Concentration of radionuclides in animal products 

0.4 Uday 
0.75 (Unitless) 
350 daysbear 
70 Year 

NA 
9.88-09 
9 . E -  11 

NA 
NA 
ERR 

NA 
NA 
NA 

3.2E-OS 

%+7d 
-%30 
%+ im 
urn 
"?3S+lb 
uz38+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.2E-OS 
7.1E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
248-04 

5.6E+01 

6.1E+01 
29E+00 

NA 
NA 
NA 
NA 
NA 
NA 

=E- 11 
ZZE- 10 
22E- 10 
78E- 10 
1.OE-10 
1.7E- 12 
3.6E- 11 
13E- 12 
55E- 11 
13E- 11 
1 . E -  10 
1.6E-11 
1.6E- 11 
ZOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.6E-14 
1.6E- 16 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E-15 

8.9E- 10 
4.7E- 11 
l lE-09  

NA 
NA 
NA 
NA 
NA 
NA 

I 
2.28-09 - 1 ILCR Sommation - 1 

C-111-3 13 
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Table CIII-216 
Summary of Intake and Risk Quantitatioa (radionudides) Alternative 3 

Solid Waste Landfill witb Federal h e r s h i p :  On-Property Farmer (Adult) 
V i  Ingestion of Vegetables and Fruits 

- - CvX EF X EDn X Fl X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Exposure duration 
Concentration of radionuclides in vegetables 

Exposure frequency 

%+ IM 
u, 

Id 
h + m  

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 

m YU 
1 (Unitless) 

350 dam 

%l+M 

pups 
R%ad 

R%+4d 
sr, ld 
Tcpp 

'Ibm 
%n+ 101 
u234 

Um+m 

NPr)7+ld 

R%28+ld 

%+ 7d 

'?3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.6E-02 
3.88-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
24E-01 . 

3.1E+03 
1.6E+02 
3.4E+(n 

NA 
NA 
NA 
NA 
NA 
NA 

28E- 11 
22E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
13E- 12 
SJE- 11 
13E-11 
1 . E -  10 
1.6E-11 
1.6E- 11 
LOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1 . E -  11 
83E- 12 

NA 
NA 
NA 
NA 

NA 

NA 

I 
I 

NA I 
3.1E- 12 

4-98-08 
268-09 
6.E-08 

NA 
NA 
NA 
NA 
NA 
NA 

I 

1.2E-07 - I ILCR Summrtioo - I 

-. 

C-III-3 16 
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Radionuclides (Pel) (pCi1-1 (onitleu) 

%37+ld NA 2.8E- 11 NA 
N?B7+ Id NA 2.2E- 10 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA 

R%+ id NA 1.OE- 10 NA 
R%+U NA 1 . E -  12 . NA 

NA 3.6E- 11 NA 
NA 13E- 12 NA 

"90, Id 

NA SJE-11 NA 
NA 13E-11 NA 
NA 1.E- 10 NA 

pups 
R%M 

T% 
%+7d 
- 4 3 0  

'235 + Id 23E+01 1.6E-11 3.E- 10 
Um+M 4.8E+m 2.OE- 11 9.E-09 

%+ 1M 
u, 4.4E+02 1.6E- 11 7.1E-09 

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

- 

a~&e Equation 

IR 
EF 
EDn 
Fl 
cw 

Table CIII-218 
Summary of Intake and Risk Quantitatim (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

1 CW X EF X EDn X FI X IR 

Ingestion rate of groundwater (RAGS. 1989) 

Exposure duration 
Fractional io- for radionuclides 
Concentration of radionuclides in groundwater 

Exposure lrcquency 

NA p C i  
NA p C i  
NA pCii 
NA p C i  
NA p C i  
NA pCii 
NA p C i  
NA p C i  
NA p C i  
NA p C i  

nZ3Z+ lM 
u?34 
'235+ld 
%+ai 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-01 
l.lE-02 
23E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 

1 ( u i t i e s j  

3SO dayslyear 
6 Year 

(see table below) 

C-III-3 19 0'30809 
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Table CIII-221 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 3 

Solid Waste bodfi l l  with Federal Ownership: OfF-Pmpcrty Farmer (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDnX IR - - 

Inhalation rate of g a ~ e s  (RAGS, 1989) 

Exposure duration 
Concentration of radionuclides in air 

Exposure frequency 

%37+Id 

% 

R%2+44 
Sr, Id 
Tcpg 

.ra, 

Nh37+ Id 

R%6+8d 
R%+ld 

%+ 7d 

NA 
26E-08 
13E-08 

NA 
NA 
NA 
NA 
NA 
NA 

7.28-08 

6 i m 3  
po/m3 
pciim3 
pciim3 
pciim3 
pci/m3 
pciim3 
6 i m 3  
po/m3 
6 i m 3  

%+ IOL 
UZM 

U m + M  
‘23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.X-08 

NA 
1JE-07 

NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 dayslyear 

6 Year 
(see table below) 

p c i 3  
6 i m 3  
p ~ i i m ’  
p ~ i i m ’  
p ~ i i m ~  
6 i m 3  
p c i 3  
p c i 3  
6 i m 3  
m’ 

CDI CSF ILCR 
Ldioauclider ( 6 1 )  (PCi\” ( witless) 

cF 137+ Id 
N%37+ Id 
4 3 8  
R’Las+sd 

R%2+4d 
s%+ Id 
Tc99 
%+ 7d 
nrn 
%+ 1OL 
u, 
uz38+2d 

R%%3+ Id 

“BS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.48-04 
3.28-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

lAE-03 

4.28-04 

3.88-03 

1.9E- 11 
2.98-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7 . E -  12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
1.1E-07 
26E-08 
2JE-08 
24E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E-11 
13E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

53E- 11 

1.lE-11 

9.2E- 11 

1.9E- 10 - 1 ILCR Sammatioa - 

-. 

5 8 6 0  
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Table CIII-223 
Summaq of Intake and Risk Quantitatioa (radionuclides) Alternative 3 

Solid Waste h d 6 U  with Federal Ownership: OtT-bpertJr Farmer ( a d )  
Via Ingestion of Meat Products 

Cf X EFX EDn X FI X 1R - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 

Exposure duration 
Coocentration of radionuclides in meat 

Exposure frequency 

l37+ Id 
N b 7 +  Id 
RLL38 
R%6+6d 

R??22+4d 

TC99 

% 

R%+ld 

"gDCld 

%+ 7d 

NA 
l.lE-07 
4.9E- 10 

NA 
NA 
ERR 

NA 
NA 
NA 

3.98-08 

%+ l M  

'235+ld 
ugc 

um+al 
NA 
NA 
NA 
NA 
NA 
NA 

0.039 &day 
0.75 (Unidest) 
350 w e a r  

6 Year 

%7+ld 

RLPS 
R%M 

RnpZ+4d 

Tcpp 
%+m 
nLP0 
-%E+ 1M 
u, 

Um+m 

N%7+ Id 

R%+ id 

s'90+ld 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-06 
3.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
24E-06 

13E-01 
6.88-03 
1.4E-01 

NA 
NA 
NA 
NA 
NA 
NA 

211E- 11 
2.2E-10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 .x -  12 
3.6E- 11 
13E- 12 
5JE- 11 
13E-11 
1.E- 10 
1.6E- 11 
1.6E-11 
LOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1JE- 15 
6.6E- 18 

NA 
NA 
NA 
NA ' 

NA 
NA 

NA 
3.1E-17 

L1E-12 
1.1E- 13 
LBE-12 . 

NA 
NA 
NA 
NA 
NA 
NA 

5.0E- 12 - 1 ILCR Sommation - 

C-III-325 
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Table CIII-225 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: OBT-Proptrty Farmer (Child) 
Via Ingestion of Dairy Products 

itskc muation P CpX EF X EDn X Fl X IR 

IR 
Fl 

EDn Expure duration 
CP 

Ingestion rate of dauy products 
Fraction ingested from contaminakd source 

EF Exposure frequeacy 

Concentration of radionuclides in animal products 

NA 
9.88-09 
9.7E- 11 

NA 
NA 

ERR 
NA 
NA 
NA 

3.28-08 

%+ 1QI 
Urn 

%+a 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.6E-03 
4.OE-04 
838-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.7s (Unitless) 
3SO daydyear 

6 Year 

% 7 + l d  

b 
R%+M 

R%+4d 
%o+ Id 
Tc99 
%+ 7d 
- 4 3 0  
%32+ 1M 
Urn 
uz)s+ld 
Una+m 

Nh37+ld 

R%+ld ' 

' NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.4E-OS 
1.4E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.6E-OS 

l.lE+Ol 
5.6E-01 
12E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
L2E- 10 
L2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E- 12 
SSE- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
ZOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E- 15 
3.OE- 17 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.OE- 16 

1.7E- 10 
9.OE- 12 
23E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation P 4.2E- 10 

C-III-328 000826 
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Table CIII-227 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownexship: Off-Propem Farmer (Child) 
Via Ihgertion of Vegetables and Fruits 

CvX EFX EDn X Fl X IR - - 

Ingestion rate of fruits or vcgefables 
Fraction ingested from contaminated source 

Exposure duration 
Coocentration of radionuclides in vegetables 

Exposure frequency 

Ql37+ld NA 
N&37+ Id UE-05 

13E-05 
NA 

R%+ Id NA 

Sr90+ ld NA 
TC99 NA 

NA 

% 
Ra?26+M 

%2+4d ERR 

%+M 
- k o  8.OE-05 

%2+ 1QI 

%+ld 
Um+M 

NA 
NA 
N A  
NA 
N A  
N A  

0.1 k@&y 

3SO daysbear 
1 (UnitlCJJ) 

6 Year 

NA Pcing 
1.OE+00 p c i i  

l.lE+W pCiig 
NA Pcing 

5.4E-02 pCi/kg 

NA pCi* 
NA Pcing 

NA pc* 
NA PCing 

NA p C i g  

%7+ld 
N%+ ld 
puas 
Ra226+ad 

R~z2+4d 

T%9 

- k 3 0  
%+ 1orl 
u234 

%+ad 

R%8+ ld 

SrW Id 

%28+7d 

'DS+ld 

NA 
NA 
N A  
NA 
NA 
N A  

NA 
53E-03 
26E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.E-02 

UE+02 
l.lE+Ol 
2.48+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
U E -  10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
13E- 12 
5JE-11 
13E- 11 
1 . z - 1 0  
1.6E-11 
1.6E- 11 
2.OE- 11 

N A  
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-12 , 

5.8E- 13 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
22E- 13 

3m-09 
1.8E-10 
4.z-09 

NA 
NA 
NA 
NA 
NA 
NA 

[ ILCR Summation = 8.48-09 

C-III-33 1 
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1R 
EF 
Eon 
FI 
car 

= ClWX EFXEDnX F I X  IR 

O.OE+OO pcin 
O.OE+m pcin 

OAE+OO pcin 
O.OE+OO pcin 
O.OE+OO pein 
O.OE+m pcin 
O.OE+OO p#l 
O.OE+OD pcin 

O.OE+OO p#l 
O.OE+OO pCn 

%+ lod 
um 
UDS+M 
b + m  

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+ 00 
8-OE-(#, 
4.OE-M 
9.OE-04 
O.OE+OO 
O.OE+OO 
O.OE+00 
O.OE+oO 
O.OE+a) 
O.OE+OO 

%+ld 

% 
R%+M 

R%2+4d 
b90+ld 
Tcgp 
%+M 
m, 
%+ lln 
"m 
Um+ld 
U a + m  

N % 7 + l d  

R%+ld 

O.OE+OO 
O.OE+OO 

O.OE+OO 

O.OE+OO 

O.OE+OO 

O.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E+01 

4.4E+01 
Z.OE+OO 

NA . 
NA 
NA 
NA 
NA 
NA 

ME-11 
-E- 10 
22E- 10 
7BE- 10 
1.OE-10 
1.7E-12 
3.6E-11 - 13E-12 
SJE- 11 
13E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
LOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

63E- 10 
3.1E-11 
8.8E- 10 

NA 
NA 
NA 
NA ' 

NA 
NA 

c-m-368 ' 
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Table CIII-232 - 
Summary of Intake and Risk Quaotitation (radionuclides) Alternative 3 

Solid Waste Landfdl with Private Ownership: Off-Property Farmer (Adult) 
Via Iohalation of Gases and Particulates 

CaX EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

137+ Id 
N b 7 +  Id 
pups 

R"m+4d 

Tc99 

nL, 

R%3+ld 

sr90+ Id 

%+7d 

O.OE+OO 
3.68-08 
1.7E-07 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
65E-07 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pciim3 
pCim3 

n h p 2 +  1od 
uz34 

U238+~ 
Id 

O.OE +OO 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO O.OE+OO 
O.OE+OO O.OE+OO 
O.OE+OO O.OE+OO 
O.OE+OO O.OE+OO 
O.OE+OO O.OE+OO 

6.78-08 

\ 

20 m3/ciay 
350 days/year 
70 Year 

(see table below) 

pCim3 
pCim3 
pCim3 
pCim' 
pCim3 
pCim3 
pCim3 
p c i m 3  
pCim3 
pcim' 

CDI CSF 1LCR 
Radionuclides (pCi) (pCi>-' (unit less) 

1 
%37+ld 
NhT7+ld 
pups 
R%+, 

Rnpy+4d 

Tc99 

ThtM 
%2+ 1M 
u, 
"23L)+aI 

R%+ld 

Sr90+ Id 

%+ 7d 

u235+ Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 
1.8E-02 
8.28-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-01 

338-02 

1.9E- 11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
1.1 E - 07 
268-08 
25E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.1E-10 
3.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

9.28-09 

85E- 10 
YA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA . 

I 
ILCR Summation = 1.4E-08 

C-III-373 
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Table CIII-234 
Summary of  Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of  Meat Products 

-l 

= CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

O.OE+OO 
1JE-07 
6.48-09 
O.OE+OO 
O.OE+OO 

ERR 
0.OEsOO 
O.OE+OO 
O.OE+OO 
35E-07 

mnz+ iod 
urn 
'PS+ Id 
uzu)+Zi 

O.OE+OO 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 

O.OE+OO 
9.OE-06 
4.OE-07 
9.OE-06 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.101 kg/&y 
0.75 (Unitless) 
350 & w e a r  
70 Year 

CDI CSF ILCR 

Ol37+1d 
N h 7 + l d  
pup8 
R%8d 

R*pZ+44I 

Tcgp 

~ T h ,  
%2+ 1lm 
um 
ups+ld 
uPs+?d 

R%+ Id 

sr90+ id 

%+7d 

0 
0 

. o  
0 
0 
0 

NA 
2.88-04 
12E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6JE-04 

1.7E-02 
1.48-04 
1.E-02 

NA 
NA 
NA 
NA 
NA 
NA . 

28E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
13E- 12 
55E- 11 
1JE- 11 
LIE- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.2E- 14 
2.6E- 15 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.4E- 15 

LIE- 13 
12E- 14 
3.3E- X3 

NA 
NA 
NA 
NA ' 

NA 
NA 

6.9E- 13 - I ILCR Summation - 

C-111-376 
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Table CIII-236 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with M a t e  Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

- - Cp X EF X EDn X Fl X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%37+ld  
N h 7 + l d  

R+26+8d 
hLas 

R"Za+4d 

Tcpg 

nL, 

Id 

sr9fJ+ Id 

%+ 7d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

%3tt 1Od 

u23S+ Id 
urn 
urn-, 

O.OE-00 
O.OE-00 
O.OE-00 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
2.38-02 
1.2E-03 
2.5E-02 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
tadioouclidcs (pCi) (pCi)-' (unitless) 

%37+1d 
N h 7 + l d  
pups 
R*8d 

R%+4d 

Tcpg 

~ 2 3 0  
77932, Iod 
upc 
U23S+ld 
Um+a 

R%+ld 

sr90+ Id 

%+ 7d 

0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E+O2 

1.8E+02 
a.Z+oo 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
22E- 10 
L2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
13E-12 
53E-11 
1.3E-11 
1.E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NIA 
NA 
NA 
NA 
NA 
NA 

2.7E-09 
1.4E- 10 
3.E-09 

NA 
NA 
NA 
NA 
NA 
NA 

LILCR Summatioo = 6.58-09 

c-III-379 
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Table CIII-238 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Laodfd with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

CvXEFXEDnXFIXIR - lotake Ehuatioo - 

IR 
FI 
EF Exposure Gequency 
EDn Exposure duration 
cv 

Ingestion rate of Guiu or vegetables 
Fraction ingested Gom contaminated source 

Concentration of radionuclides in vegetables 

%7+ld 
NPt37+ld 
% 
R%+.%l 

R%22+4d 

=%I 

.m, 

R%+ld 

"90+ Id 

%+ 7d 

O.OE+OO 
3.68-05 
1.7E-04 
O.OE+OO 
O.OE+OO 

ERR 
O.OE+OO 
O.OE+OO 
O.OE+OO 
7.1E-04 

%+ 1od 
urn 

 ai 
b S +  Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
4.OE-03 
2.OE-04 
4.48-03 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 

0.122 kg/day 
1 (Unitless) 

350 daypEyear 
70 Year 

CDI CSP ILCR 
Cadionuclides (vCi) lpCi)-' (uoitlesr) 

%7+ld 
Nh37+ld 
pups 
R%ad 

RnpZ+4d 

T%I 

nL, 
%2+1od 
uzY4 
'PS+ld 
%+m 

R%+ld 

sr90+ Id 

% 2 8 + 7 d  

0 
0 
0 
0 
0 
0 

NA 
l.lE-01 
4.9E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
21E+00 

12E+01 
5.9E-01 
13E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
22E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
55E- 11 
13E- 11 
1.m- 10 
1.6E- 11 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
24E- 11 
1.lE-10 

NA - 

NA 
NA 
NA 
NA 
NA 

NA 
2.8E- 11 

1.9E- 10 
9.4E- 12 
26E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summatioo = 6.2E- 10 

-. 

000838 
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Table CIII-240 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

Intake Equation 

IR 
EF 
EDn 
FI 
cw 

Cw X EFX EDn X Fl X IR 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cs131+ld 
NP237+ld 
puZ.38 

R%?2+4d 

Tc99 

nm 

R%!b+8d 
R%?S+ld 

Sr90+ Id 

nZS+7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

%32+ 1M 
u234 

um+zd 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-04 
4.OE-05 
9.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 &ys&ar 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSP ILCR 
(vCi) ( D C i P  (uoitlcss) ladioouclidcs 

%7+ld 
N&l+ld  

R?2b+8d 
R%+ld 

sr90+ld 

%28+ 7d 

p%3 

%22+4d 

Tc, 

%30 
%32+ 1M 
urn 

ups+zd 
"ZS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E+OO 
8.4E-02 
1.9E+OO 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2:OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 11 
1JE- 12 
3.8E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

' 6.6E-11 - [ ILCR Summation - 

5 R fj o-. 

C-III-385 



FEMP-OUO2-5 DRAFT 
August 24. 1994 -. 

C-111-386 Odd0692 



FEMP-OUO2-5 DRAFT 

a 
August 24. 1994 

58466 

r 

c 

C-III-387 



FEMP-OUM-5 DRAFT 
August 24, 1994 

.p\ 

J,? ;> R 

I 

n n n n n n n n n n n n n n n n  
E E ~ E E E E E E E E E E E E E  
9999992929999999 

-. 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 5.86 c)' 

C-111-389 



FEMP-OUO2-5 D W  
August 24, 1994 -. 

ntake Eauation 

IR 
EF 
EDo 
ca 

Table CIII-242b 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownexship: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

i CaX EFX EDn X IR 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA pcim’ %32+ 1M NA pciim’ 
3.68-08 pciim’ u, 6.7E-08 pciim’ 
1.7E-07 pciim’ UPS+ld NA pciim’ 

NA pcim’ UPs+a NA pciim’ 
NA pciim’ NA NA pciim’ 
NA pciim’ NA NA pciim’ 
NA pciim’ NA NA pciim’ 
NA pCim3 NA NA pciim’ 
NA pCim3- NA NA pciim’ 

65E-07 pCim’ NA NA pCim3 

12 m3/day 
350 daydyear 

6 Year 
(see table below) 

CDI CSF ILCR 
Radionuclides (vCi) (vci\-’ (unitleu) 

cs137+Id 
N b 7 + l d  
fi238 
Ra226+ad 

Rnm+4d 

Tc99 

’Ih, 

u, 

%+m 

Ra228+ld 

Sr90+ Id 

%28+7d 

’IbZ32+lM 

%+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.1E-04 
4.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA , 

NA 
NA 
NA 
NA 
NA 

1.6E-02 

1.E-03 

1.9E- 11 
2.9E-08 * 

3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
838-12 
7.8E-08 
2.98-08 
l.lE-07 
2.68-08 
25E-OS 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.6E- 11 
1.7E-10 

J 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.7E- 10 

4.4E- 11 

I 

. IILCR Summatioo - - 7.1E-10 

0008.36 
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Table CIII-243b 
Summary of Intake aod Risk Quaotitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

Cf X EF X mn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
1SE-07 
6.4E-09 

NA 
NA 

ERR 
NA 
NA 
NA 

35E-07 

%32+ 1od 
urn 

u238+2d 
"23Srld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.OE-06 
4.OE-07 
9.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslycar 

6 Year 

I %36 
I R%2b+8d I R%+ld 
RnpZ+4d 
Sr90+ld 
TC99 
%28+ 7d 
-&M 1 Tb23Z+ 1M 
urn 
"PS+ld 
U m + m  

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.4E-06 
3.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-05 

55E-04 
ZSE-05 
5SE-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
22E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1 .E-  12 
3.6E- 11 
1.3E-12 
5SE-11 
13E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-15 
8.6E-17 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.8E- 16 

8.9E- 15 
3.9E-16 - 
1.1E- 14 

NA 
NA 
NA 
NA 
NA 
NA 

I 

2.3E- 14 - 1 ILCR Summation - 
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Table CUI-244b 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: Off-Property FaGer  (Child) 
Via Ingestion of Dairy Products 

CpX F I X  EDn X FI X IR - - 

Ingestion rate of daby products 
Fraction ingested from conraminatcd source 

Exposure duration 
Concentration of radionuclides in animal products 

Exposure frequency 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

-%?2+ 1od 
u234 

Um+M 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 vday 
0.75 (Unitless) 
350 daysryCar 

6 Year 

NA p C i g  
13E-02 p C i  
12E-03 p C i  
258-02 pCikg 

NA p C i g  
NA p C i g  
NA p C i g  

. N A  p C i g  
NA p C i g  
NA pCikg 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

1 

R%+ld 

Sf 9Qt Id 

%28+7d 

R%2+4d 

Tc99 

- 4 3 a  
-%32+ 1M 
u, 
"f3s+ld 

U a + m  
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

32E+01 
l.E+OO 
3JE+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
22E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
13E-12 
5JE- 11 
13E- 11 
1.E- 10 
1.6E-11 
1.6E- 11 
2OE-11 

- N A  
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.2E- 10 
2.E- 11 
7.1E-10 

NA 
NA 
NA 
NA 
NA 
NA 

I 

I ILCR Summation E 1.3E-09 

(900652 
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Table CIII-246 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Chiid) 
Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X R X IR - ntakc Eauation - 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

cs 137+ Id 
NP237+ld 

R%26+8d 
R%+ Id 

"90+ Id 

%ZS+ 7d 

pups 

Rnpz+4d 

T% 

'Ih, 

NA 
3.6E-OS 
1.E-04 

NA 
NA 

ERR 
NA 
NA 
NA 

7.1E-04 

'Ih232+ 1od 
u234 

u238+2d 
'235 + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.OE-03 
2.OE-04 
4.48-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 daystyear 
6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pcil-' (unitless) 

I 

%?7+ Id 
N h + l d  
Pups 

R"m+4d 

TC99 

w30 
%32+ lln 
u, 
UTy)+u 

R?226+8d 
R%+ld 

sr90+ld 

'IhY3+ 7d 

"23S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
758-03 
358-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
15E-01 

8.4E-01 
4.1E-02 
9.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E-12 
5.5E- 11 
13E- 11 
1.E- 10 
1.6E-11 
1.6E- 11 
ZOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E- 12 
7.6E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E- 12 

13E- 11 
6.6E- 13 
ME- 11 

NA 
NA 
NA 
NA 
NA 
NA 

I 

4.4E-11 - I ILCR Summation - 

C-III-399 
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Table C.111-248 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: O n  - Property Perched Groundwater User 
V i a  Incidental Ingestion of Soil 

ntake Equation 

IRS 
EF 
EDn 
FI 
cs 

(3 XEFX EDn XFI X IR - - 

Ingestion rate of soil (RAGS. 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of  radionuclides in soil 

CS137+Id 
NP237+ld 

%+ad 
R%3+ld 

%a 

b+, 
Tcg9 

n230 

%O+ld 

?b228+7d 

NA 
43E-05 
2oOE-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.70E - 04 

%2+10d 
'234 

'238+2d 
'US+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

180 mg/day 
350 dayslyear 
70 Year 
1 (unitless) 

NA pCimg 

NA pCimg 
NA pCimg 
NA pCimg 
NA p C i g  
NA pCi/mg 
NA p C i g  
NA p C i g  
NA p C i g  

8.OOE-05 p C i g  

CDI CSF ILCR 
Uionuclides (pCi) (pCi)-' (unitless) 

%37+1d 
NP237+ld 
%a 

%22+4d 

Tc99 

-0 
%Z+lOd 
'234 

%+ad 
%+ld - 

Sr90+ld 

%+7d 

'23S+ld 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
l.!JOE+02 
8.82E+o2 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.40E+03 

353E+02 

28OE-11 
22OE- 10 
22OE- 10 
7.80E- 10 
1.OOE- 10 
1.70E- 12 
3.6OE - 11 
13OE-12 
550E- 11 
13OE-11 
1.70E- 10 
1.6OE- 11 
1.6OE-11 
ZOOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.17E-08 
1.94E-07 

NA 
NA 
NA 
NA 
NA 
NA 
4.4lE-08 

NA 
5.64E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2S6E-07 - I ILCR Summation - 

-. 
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Table CHI-251 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 

Via Ingestion of Drinking Water 

1 

Intake Jhuation 

IR 
EF 
EDn 
FI 
cw 

= CW X EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS. 1989) 
Expure frequency 
E x p u r e  duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

1.6E-02 

p C i  %z+ 1od 
p C i  uz34 

p C i  u238+2d 
p C i  'Z3S+ld 

p C i  NA 
p C i  NA 
p C i  NA 
p C i  NA 

NA 
NA 

pcln 
p C i  

NA 
6.1E-01 
3.2E-02 
6.E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
350 dayslyear 

1 (Unitless) 

7 
70 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
PCi 
p C i  

CDI CSP ILCR 
Zadiooaclidcs (pCi) (pCi)-' (anitless) 

CS137+ld 
NP231+ Id 

R%+8d 
R%+ld 

",O+ id 

lhZ28+7d 

pups 

Rn222+4d 

Tc99 

732w 
%+rod 
Uz34 

Um.+M 
"StS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA * 

7.8E+02 
NA 
NA 
NA 

3.OE+04 

33E+04 
1.6E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
22E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E- 12 
SJE- 11 
13E- 11 
1 .E-  10 
l.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

1.OE-09 

4.8E-07 
25E-08 
6.68-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

C-III-407 
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Table CIII-254 
Summary of Intake and Risk Quaotitatioo (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Inhalation of Gases and Particulates 

ita-c Esuation CaX EF X EDn X IR 

IR 
EF 
EDn 
ca 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

% 7 + l d  
N%7+ Id 
pups 
Ra226+&l 

R%+4d 

Tc99 

nL, 

R%+ld 

Sr90+ld 

%+ 7d 

NA pCim’ -%2+ 1M 

NA pcim’ u238+2l 

13E-06 , pCim’ u?34 
6.2E-06 pCim’ ‘?Xi+ Id 

NA pCim3 NA 
NA pcim’ NA 
NA pCim’ NA 
NA pcim’ NA 
NA pcim’ NA 

248-05 pCim’ NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.5E-06 

20 m3/day 
350 daystyear 
70 Year 

(see table below) 

pcirn’ 
pci/m3 
pcim’ 
pcim’ 
pCim3 
pCim3 
pcim’ 
pcim’ 
pcim’ 
pCim’ 

%7+ Id 
Np37+ Id 
pups 
R*8d 

R%+4d 

Tc99 

%o 
%2+ 1M 
“234 

U a + m  

RaZ28+ld 

“9O+ld 

nZ?8+ 7d 

‘35, Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.5E-01 
3.OE+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

- 1.2E+01 

1.2E+00 

1.9E- 11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.88-08 
2.98-08 
l.lE-07 
268-08 
258-08 
248-08 

NA 
NA 

NA 
NA 
NA 

NA . 

NA 
1.9E-08 
12E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.48-07 

3.1E-08 

I 
5.OE-07 - I ILCR Summation - 

-. 

c-m-412 
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Table CIII-256 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: On-Property Perched-Groundwater User 
Via Ingestion of Meat Products 

CfX EFX EDn X R X IR - lntate Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
EDn E x p u r e  duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

%7+ld 
N h 7 +  Id 

R%.+i3d 
R?Z28+ Id 

"90+ Id 

n228+7d 

pu238 

Rnp?+4d 

TC99 

-%o 

NA p C i g  
2.4E-03 p C i g  
5.28-05 p C i g  

NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

258-03 p C i g  

%z+ 1od 
u234 

upa+2d 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
15E-02 
1.2E - 05 
2.68-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 days/year 
70 Year 

ILCR 
funitless) 

CDI 
tadionuclides (pCi) (VCI 

%7+ Id 
Nk37+ Id 

R%26+8d 
R?Z28+ld 

RLas 

Rn222+4d 

TC, 

w30 
%2+ 1od 
u, 
"08+2d 

Id 

%28+7d 

'235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.4E+00 
9.E-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.7E+00 

2.8E+01 
2.2E-02 
4.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
22E- 10 
7.8E- 10. 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
55E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-I1 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.E- 10 
2.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-11 

4JE- 10 
3.6E- 13 
9.7E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 15E-09 

5 8 6 0  

C-111-4 15 
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Table CIII-258 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill With Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Dairy Products 

1 .z 

-. 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

CpX EFX EDn X FI X IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+M 

pups 

Rn222+4d 

T% 

'Ib, 

N b + l d  

R%?b+8d 
R%+ld 

sf*, 
'IhztB+7d 

NA PCJkg 
7.9E-05 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  

ERR p C i g  
2.4E+00 p C i g  

NA p C i g  
NA p C i g  

3.5E-04 p C i g  

%32+ 1od 
up0 
uz38+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daystyear 
70 Year 

NA p C i  
2.48-02 p C i g  
3.68-04 p C i g  
238-02 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Radionnclidcs (pCi) (pci)-* (unitless) 

cS U7+ Id 
NP?37+ld 

RaP6+8d 
pups 

R"222+4d 

Tc99 

%a 
-%z+ 1od 
urn 
UPS+ld 
Uty)+m 

R%+ld 

SrgO+ld 

%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.8E-01 

1.8E+04 

26E+00 

1.8E+U2 
26E+00 
1.7E+U2 

NA 
NA 
NA 
NA 
NA 
NA 

28E- 11 
22E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5JE- 11 
13E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

13E- 10 

6.4E-07 

3.4E- 11 

28E-09 
43E- 11 
33E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 
. I ILCR Summation f 6.48-07 

c-m4 18 
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q Table CIII-260 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Vegetables and Fruits 

! 
Cv X EF X EDn X FI X I R - ! Intake Epuatioo - 

I 

IR Ingestion rate of fruits or vegetables , 
FI 

EDn Exposure duration 
cv 

Fraction ingested from contaminated source 
EF Exposurc frequency 

Concentration of radionuclides in vegetables 

CS137+ld 
NPP7+ld 

R??2b+8d 
R%S+Id 

srW+ Id 

%+7d 

pups 

Rnm+4d 

Tc99 

.rh, 

NA 
. 43E-01 

9.6E-02 
NA 
NA 

ERR 
NA 
NA 
NA 

6.8E-01 

%z+ IM NA 
u, 8.OE-01 
'23S+Id 5.98-03 
uz18+2d 1.3E-01 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

0.122 kgday 
1 (Unitless) 

3SO days&ear 
70 Year 

CDI CSF ILCR 
Radionuclides (vCi) (vCi)-' (unitless) 

% 3 7 +  Id 
N b 7 + l d  
nL, 

Rnm+4d 

Tc, 

7hpo 
-%2+ IM 
"234 

U ~ + 3 l  

R%6+8d 
R%?S+Id 

"W+ Id 

%'28+7d 

uPS+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
13E+03 
29E+02 

NA 
NA . 
NA 
NA 
NA 
NA 

2.OE+03 
NA 

. 2.48+03 
1.8E+01 
3.88+02 

/ 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 

. 22E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5JE- 11 
138-11 
1 . E -  10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.88-07 
638-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.E-08 

3.88-08 
28E- 10 
7.68-09 

NA 
NA 
NA 
NA 
NA 
NA 

42E-07 - I ILCR Summation - 

c-111-42 1 
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Table CIII-261 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Rivate Ownership: On-Property Perched Groundwater User 
Via External Radiation I 

EF 
ED Exposure duration 
mi 
ET, 

Fraction of  year spent expasured 

Fraction of  day spent indoors 
Fraction of  day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

SHI 

%7+ld 
Nh37+ld 
p%ll 
% 2 b + 8 d  

R%+4d 

Tc99 

-%30 

R%28+ld 

sr90+ld . 

%+Id 

NA P W 3  

NA P W 3  
NA Pc'ii3 
NA P W  
NA P a  
NA PCiP  
NA P C i P  

4308-02 pCig 
2 0 E - 0 1  pCig 

7.70E-01 pCig 

%2+ IM 
"234 

Um+u 
"ZfS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.00E 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 
NA (unitless) 

70 Year 

(see table below) 

CDI CSF ILCR 

%37+ Id 
N % ? + l d  
pups 
R%+8d 

Rn222+4d 

Tc99 

Thp, 
%n+ IQI 
urn 
ups+ld 
~ps+2d 

R%28+ld 

sr90+Id 

% 2 ' I 4 7 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E+00 
83E+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

32E+Ol 

33E+00 

20E-06 
4.38-07 
2.8E- 11 
6.OE-06 
2.98-06 
5.98-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8.5E-06 
3.OE- 11 
24E-W 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.E-07 
23E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-09 

1.OE- 10 

7.78-07 - I ILCR Summation - 

-. 

c-m-422 
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Table C.111-263 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: On-Property R M E  Resident Farmer (Adult) 
V i a  Incidental Ingestion of Soil 

I 

htake Equation 

IRS 
EF 
EDn 
FI 
cs 

CS X EFX EDnXFI X IR - - 

Ingestion rate of soil (RAGS. 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

Cs137+ld 
NP237+ld 

% 2 6 + 8 d  
%+ld 

sr90+ Id 

ThPs+7d 

%a 

R11222+4d 

Tc99 

-0 

NA 
43OE-05 
2OOE-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.70E - 04 

pCimg 
pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
P C i g  

% 3 2 + 1 o d  NA 
us4 8.oOE-05 
'235+ld NA 
U238+2d NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

180 muday 
350 daystyear 
70 Year 
1 (unitless) 

pCimg 
pCi/mg 
pCi/mg 
pCimg 
pCimg 
pCimg 
P C i g  
pCimg 
pCimg 
PCQw 

CDI CSF ILCR 
tadionuclides (pCi) (pci)" (unitless) 

%37+ld 
NP237+ld 
%a 
%+ad 

%+, 

Tc99 

-0 
%2+10d 
u234 

U238+M 

%!?28+1d 

sr90+1d 

%+7d 

Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9OE+O2 
8.82E+O2 

NA 
NA 
NA 
NA 
NA 
NA 
3.40E+03 

NA 
353E+O2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

280E- 11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.70E- 12 
3.60E- 11 
13OE-12 
5.50E- 11 
13OE- 11 
1.70E- 10 
1.6OE- 11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.17E-08 
1.94E - 07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.41E-OS 

5.64E-09 

28GE-07 - I ILCR Summation - 
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Table CIII-266 
Summary of Intake and Risk Quaotitatioo (radioouclides) Alternative 3 

Solid Waste Landfill an-& Federal Ownership: On-Property RME Resideot Farmer (Adult) 
Via Ingestion of Drinking Water 

I 

IR 
EF 
EDn 
FI 
cw 

Cw X EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Expure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

%7+ Id 
Nh7+ld 
pu238 
R%+ad 

R"PT+4d 

Tc99 

%a 

R%+ld 

sr90+Id 

%+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
pCin 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

%2+ 1M 
u234 

"23a+a 
'2?5+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-02 
1.2E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
3SO dayslyear 

1 (Unitless) 
70 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSP ILCR 
tadioauclidcs (uCi) (uCi)-' (unitless) 

%37+1d 
Nh37+ld 
pups 
R*ad 

R"P2+4d 

Tc99 

%xl 
%+ 1M 
u234 

U233+2d 

R % 8 + l d  . 

sr90+1d . 

%a+ 7d 

'P5+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

-NA 

1.2E+03 
5.9E+01 
13E+03 

NA 
NA 
NA 
NA 
NA 
NA 

28E-11 
22E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5SE- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A  

1.9E-08 
9.4E- 10 
2JE-08 

NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Sommatioa = 4.58-08 
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(unitless) .Radionuclides (pCi) (PCI 

%37+ld NA 1.9E-11 NA 
NP237+ld 6.5E-01 2.9E-08 1.98-08 

3.OE+00 3.98-08 1.2E-07 
NA 7.OE-09 NA R%+8d 

R%?8+ld NA 6.9E- 10 NA 
RnPZ+ki NA 7.7E-12 NA 
sr90+Id NA 6.2E-11 NA 
T% NA 83E- 12 NA 

7d NA 7.8E-08 NA 
12E+01 2.98-08 3.48-07 

NA l.lE-07 NA 
uz34 12E+00 2.68-08 3.1E-08 
‘DS+ld NA 258-08 NA 
uz38+2d NA 2.48-08 NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

pupe 

w30 
%?2+ 1od 

1 ILCR Summation =I 5.OE-07 

-. 

~ 

Table CIII-269 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Inhalation of Gases and Particulates 

- Intake Equation - CaX EFX EDn X IR 

IR 
J3 Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

% 7 + l d  
NP237+ld 
pu, 
R%+,d 

R”PZ+4d 

Tc99 

la, 

Id 

“90+ld 

%+7d 

NA 
138-06 
6.28-06 

NA 
NA 
NA 
NA 
NA 
NA 

2.48- 05 

pcim’ 
p ~ i m ’  
pcim’ 
pcim’ 
pcim’ 
pcum5 
pCim5 
pcim’ 
pcim’ 
pCim3 

%32+ IM 
uz34 

U t u I 4  
‘23S+Id 

NA 
NA 
NA 
NA 

’ NA 
NA 

NA 
2SE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 dayslycar 
70 Year 

(see table below) 

p C i m 5  
pCim5 
p c i m 3  
p c i m ’  
pCim5 
p c i m 5  
pCim5 
p c i m ’  
p c i m ’  
pCim5 

5 8 6 0  
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Table CIII-271 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: &-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

ntate Eauation 

IR 
FI 
EF 
EDn 
Cf 

Cf X EF X EDn X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+ld 
NP2?7+ id 

R?26+8d 
R%+ld 

Sr90+ld 

pups 

R"222+M 

'T% 

%a 
%+7d 

NA 
2.4E-03 
S2E-OS 

NA 
NA 

ERR 
NA 
NA 
NA 

25E-03 

%32+ 1M 

'DS + Id 
ut34 

Um+Y 
NA 
NA 
NA 
NA 
NA 
NA 

0.101 kdday 
0.75 (Unitless) 
3SO daysiyear 
70 Year 

NA p C i g  
1.5E-02 p C i g  
1.ZE-OS p C i g  
2.6E-04 pCi/kg 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

ILCR 
(unitless) 

CDI . 
Radionuclides (pCi) (VCI 
I 

NA 
4.JE+OO 
9.E-02 

NA 
NA 
NA 
NA 

Tc99 NA 
% 2 8 + 7 d  NA 

%32+ 1od NA 
ut34 2.8E+01 
'f3S+ id 22E-02 
UtY)+M 4.8E-01 

%a 4.7E+OO 

NA NA 
NA NA 
NA NA 
N A  NA 
NA NA 
NA NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
SJE- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
20E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.7E- 10 
2.1E-11 

NA . 
NA 
NA 
NA 
NA 
N A  

NA 
6.1E- 11 

4.5E- 10 
3.6E- 13 
9.7E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

1.5E-09 - LILCR Summation - 
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Table CHI-273 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Dairy Products 

I 

- Intake fiuatioo - C p X  EF X EDn X Fl X IR 

IR 
Fl 
EF Exposure frequency 
EDn Exposurc duration 
CP 

Ingestion rate OP dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

(%37+ld 
N b 7 +  Id 

R%+8d 
R%+ Id 

''90+ld 

%28+7d 

pups 

R%+, 

TC99 

%a 

NA 
7.9E-05 

NA 
NA 
NA 

ERR 
2.4EcOO 

NA 
NA 

35E-04 

%32+ 1od 
" 3 4  

u3+2d 
' 3 S +  Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Uday 
0.75 (Unitless) 
350 days&ear 
70 Year 

NA p C i g  
2.48-02 p C i g  
3.6E-04 p C i g  
23E-02 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
tadionuclides (pCi) (pCi)-' (uoitless) 

cs137+ Id 
N b 7 + l d  

R%+6d 
pups 

R%2+4d 

T% 

%a 
-%2+ 1w 
u?34 
u238+26 

Id 

Sr90+ Id 

%?E+ 7d 

uZ3S+ld 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.8E-01 

1.8E+04 

2.6E+00 

1.8E+02 
2.6E+00 
1.7E+02 

NA 

2.8E- 11 
L1E- 10 
22E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
13E-12 
5.5E- 11 
13E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
LOE- 11 

NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

13E- 10 

6.4E-07 

3.48-11 . 

2.88-09 
4.2E-11 
33E-09 

NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA N A 
NA NA NA NA . 
NA NA N.4 NA 

. .  

6.48-07 - I ILCR Summatioo - 
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Table CIII-275 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Vegetables aod Fruits 

[otakc Equation 

IR 
Fl 
EF 
EDn 
cv 

- - CvX EF X EDn X R X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

cs137+1d 
N%+ld 

R%2b+8d 
R%28+ld 

% O +  Id 

ThZ?S+ 7d 

pups 

R"PZc4d 

Tc99 

%' 

NA 
43E-01 
9.68-02 

NA 
NA 

ERR 
NA 
NA 
NA 

6.88-01 

%32+ 1od 
urn. 
'238+td 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kdday 
1 (Unitless) 

350 days/year 
70 Year 

NA p C i g  
8.OE-01 p C i g  
5.9E-03 p C i g  
1.3E-01 pCi/kg 

NA pCi/kg 
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Radionuclides f pCi) (pCi)-' (unitless) 

j am+u NA 28E- 11 NA 
! Nf)?37+ld 13E+03 22E- 10 2.88-07 

2.9E+U2 2.2E- 10 638-08 
NA 7.8E-10 NA . I Raz?6+8d 
NA 1.OE- 10 NA ' R%+Id 

i Rn222+4d NA 1.78- 12 NA 
* % O +  Id NA 3.6E- 11 NA 
I Tc, NA 13E- 12 NA ' Th23+7d NA 5.5E- 11 NA 

NA 1 . E -  10 NA 

I 
i 
I 
I 

:pu238 

1 2.OE+03 138- 11 2.E-08 

'23.4 24E+03 1.6E- 11 3.88-08 I U;?5S+Id 1.8E+01 1.6E- 11 28E- 10 
3.88+02 2.OE- 11 7.68-09 

nL, 
l L 2 + I M  

NA NA NA NA 
NA NA NA NA 

I NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

I 
1 

iUylra 

i 

4.26-07 - I ILCR Summation - 

-. 
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Table CUI-276 
Summary of Iotake and Risk Quaotitatioo (radionuclides) Alternative 3 

Solid Waste Landfill with Federal h e r s h i p :  On-Property RME Resident Farmer (Adult) 
Via External Radiation 

1 

Dose Equivalency Equat = [DRXEFXEDnXETiX(l-SHi)] +(DRXEFXEDnXEToX(l-SH,)] 

EF 
ED 
mi 
m0 

SHO 
SHi 

DR 

Fraction of year spent exposured 
Exposure duration 
Fraction of day spent indoors 
Fraction of d a y  spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

O l 3 7 + l d  
N&37+ Id 

R%?6+8d 
Rp128+ld 

sr90+ Id 

%8+ 7d 

Rn,+4d 

Tc99 

%30 

NA PCiP 

NA P W  
NA PCig 
NA PCiP 
NA P W  

NA PCiP 

4308-02 pCig 
LOOE-01 pCig 

NA . pCig 

7.70E-01 pCig 

%72+ 1 
u, 
u238+2l 
'DS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 
NA (unitless) 

70 Year 

(see table below) 

Zadioauclides (year pCilg) (unitless) 
I 

O l 3 7 + l d  
NPZ37+ld 
P%8 

Rn222+4d 

Tc99 

%a 
n3t+ 1od 
u734 

U238+2d 

R%26+8d 
R%+ld 

!jr9O+ Id 

n22.?.+7d 

'DS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E+00 
83E+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+01 

3.3E+OO 

2.OE-06 
438-07 
2.8E-11 
6.OE-06 
2.9E-66 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8JE-06 
3.OE- 11 
248-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.7E-'07 
23E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-09 

1.OE- 10 

7.7E-07 - I ILCR Summation - 
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itake Equation 

LRS 
EF 
EDn 
FI 
cs 

Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 

Via Incidental Ingestion of Soil 

CS X EFX EDn X FI X IR - - 

Ingestion rate of soil (RAGS. 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

O 1 3 7 +  Id 
NP dl+ld 
R%26+8d 
%?8+ Id 
%+.ad 

- 4 3 9  

m230 

Sr90+td 

%+7d 

NA 
4.30E - 05 
200E-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.7OE-04 

pCihng 
pCi/mg 
pCi/mg 
pCimg 
P C h g  
P C i g  
pCimg 
PChf3  
pCimg 
P c h g  

%32+ tod 
u 2 3 4  
'235+td 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.oOE-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

200 mg'day 
350 dayshear 

6 Year 
1 (unitless) 

pCi/mg 
P C d g  
pCihng 
pci/mg 
pCimg 
pci/mg 
P C i g  
P C i g  
P C i g  
pCimg 

CDI CSF ncR 
Zadionuclides (pCi) (pCi)-' (unitless) 

Cs137+ld 
NP237+ld 

%+8d 
R % 8 + t d  

sr90+ Id 

&+7d 

p u u 8  ' 

%?2+4d 

Tc99 

- 4 3 0  
%3z+tod 
urn 

U238+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8lE+01 
8.40E+01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.23E+02 

3-%E+O1 

280E- 11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.70E- 12 
3.60E- 11 
13OE- 12 
550E- 11 
13OE- 11 
1.70E- 10 
1.6OE- 11 
1.60E- 11 
2.OOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.m-09 
1.8sE-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.20E-09 

538E- 10 

27%-08 - ILCR Summation - 
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ntake Eauation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-281 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

Cw X EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

(%37+ld 
Np237+ Id 
pups 

Rnp2+4d 

Tc, 

%30 

R%2b+8d 
R%+ld 

sr90+ Id 

%28+7d 

NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA pCih 
NA pCffl 
NA p C i  
NA p C i  
NA p C i  
NA p C i  

?732+ 1Od 

u.Z3S + Id 
u234 

u738+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-02 
1.2E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p c i  . 
p C i  
p C i  
p C i  
p C i  
p C i  

P C i  
PCT 

CDI CSF ILCR 
Radionuclides (pCi) (pCi>-' (unitless) 
I 

I R??28+ld I Sr90+ Id 
Rnp2+4d 

Tcw 

-l-h230 

u234 

%8+2d 

%28+7d 

Th232+ 1Od 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA i 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE+01 
25E+00 
5.5E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.1E-10 
4.OE- 11 
LlE-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.9E-09 - I ILCR Summation - 
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ntate Euuation 

1R 
EF 
EDn 
ca 

Table CIII-284 
Summary of Intake and Risk Quantitation (radionuclides)-Nternatives 3 

Solid Waste Landfdl with Private Ownership: Off-Property Farmer (Chiid) 
Via Inhalation of Gases and Particulates 

- - CaX EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%37+ Id 
NP137+ld 

R%26+8d 
puwl 

Rnm+4d 

=c, 

Th, 

R??28+ld 

SrW+ld 

n228+7d 

NA 
1.3E-06 
6.2E-06 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 

pCim3 
pCim3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim' 
pCim3 
pcirn3 
pCim3 

%32+ 1Od 
u234 

uwl+2d 
"13s + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.5E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 dayslyear 

6 Year 
(see table below) 

pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

ILCR 
(unitless) 

CDI 
Ladionuclides (pCi) (VCI 

Cs137+Id ' 

NP237+ Id 

'%6+8d 
R%+ld 
Rnm+4d 

TC, 

%3Ll 

urn 

ups+2d 

Sf 90+ Id 

%?28+7d 

113232+ 1Od 

'BS+ld 

NA 
NA 
NA 

NA 
NA 

NA I 

NA 
3.3E-02 
1.5E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-01 

6.2E-02 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.58-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.6E- 10 
6.OE-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-08 

1.6E-09 

2.6E-08 - I ILCR Summatioo - 
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ntakc Equation 

1R 
Fl 
EF 
EDn 
Cf 

Table CIII-286 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

Cf X EFX EDn X R X 1R - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Cs137+ld 
NP237+ Id 
pu, 

Rnz22+4d 

TC, 

%30 

R?22b+8d 
R%+ld 

Sr90+ld 

%28+7d 

NA 
2.48-03 
5.28-05 

NA 
NA 

ERR 
NA 
NA 
NA 

2.5 E - 03 

%32+ 1od 
u234 

Um+zd 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E-02 
1.2E-05 
2.68-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kglday 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
tadionuclidcs (pCi) (pci)-' (unitless) 

%37+ld 
NP237+ld 

R?Z?b+8d 
pu238 

R"2ZZ+4d 

T=, 

%o 
%32+ 1od 
urn 

U238+2d 

R%+ld 

Sr90+ld 

m22S+ 7d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E-01 
3.28-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E-01 

9.3E-01 
7.48-04 
1.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.2E- 11 
7.1E-13 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.OE- 12 

1.5E-11 
1.2E- 14 
3.2E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

5.OE- 11 - I ILCR Summation - 
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Table CHI-288 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

1 

Make Equation - - . CpX EF X EDn X FIX 1R 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

cS 137+ id 
NP?37+ld 

R%26+8d 
R??28+ld 

"90+ld 

%28+ 7d 

pu238 

R%2+4d 

Tc9!? 

%30 

NA p C i g  %32+ 1od 

NA p C i g  u238+2d 

7.9E-05 p C i g  u234 
NA p C i g  '235+ld 

NA p C i g  NA 
ERR p C i g  NA 

2.4E+00 p C i g  NA 
NA p C i g  NA 
NA p C i g  NA 

3.5E-04 p C i g  NA 

NA 
2.48-02 
3.68-04 
2.38-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

cS 137+ Id 
N b 7 + l d  
P h  

Rnm+4d 

TC, 

-%o 

urn 

u238+2d 

R?226+8d 
R%?S+ld 

SrW+ id 

%28+7d 

%32+ 1Od 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE-01 

3.4E +. 03 

5.OE-01 

3.4E+01 
5.1E-01 
3.2E-I-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E-10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.5E-11 

1.2E- 07 

6.5E- 12 

5.5E- 10 
8.2E- 12 
6.5E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E- 07 - I ILCR Summation - 
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Table CIII-290 
Summary of Intake and Risk Quantitation (radionuclidesTmternatives 3 

Solid Waste Landfrll with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 
-. 

CvX EFX EDn X Fl X IR - Intake Equation - 

IR ingestion rate of fruits or vegetables . 
Fl 
EF Exposure frequency 
EDn Exposure duration 
cv 

Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

137+ Id 
NP237+ld 
PUB8 

Rn222+4d 

=cw 

'Ihm 

R%+8d 
R%+ id 

SrgO+ld 

%28+ 7d 

NA 
4.3E-01 
9.6E-02 

NA 
NA 

ERR 
NA 
NA 
NA 

6.8E-01 

%32+ 1od 
u234 

"238+zd 
'235 + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-01 
5.98-03 
1.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 daystyear 
6 Year 

CDI CSF ILCR 
tadioauclides (pCi) (pci)-' (unitless) 

Cs137+ld 
NP237+ld 
p"as 

Rnm+4d 

Tcw 

??m 
'Ih232+ 1Ln 
u234 

U23a+?d 

Ra226+8d 
R%+ld 

sr90+ld 

'IhZ28+ 7d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.1E+01 
2.OE+01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.4E+02 

1.7E+02 
1.2E+00 
2.7E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.OE-08 
4.4E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E-09 

2.E-09 
2.OE- 11 
5.3E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

2.9E-08 - I ILCR Summation - 

C-III468 
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Table CIII-291 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via External Radiation 

Dose fhuivalcnw Quat = [DRXEFXEDnXETiX(l-SHi)J +[DRXEFXEDnXET,X(l-SH,)] 

EF 
ED Exposure duration 
ETi 

SHi 
SH, . Shield factor outdoors 
DR Radionuclide specific dose concentrations 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 

E T 0  

%37+ Id 
NPZ37+ld 
PUm 

Rnm+4d 

Tc99 

m, 

R%+8d 
R%+ld 

srgo+ld 

%28+ 7d 

NA Pcig 

NA P C i P  

NA pci/g 
NA P e a  
NA PCi/P 
NA PC% 

4.30E-02 pCi/g 
2.00E-01 pcig 

NA pCi/g 

7.70E-01 pCig 

%32+ 1od 
u234 

"ps+2d 
'BS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.00E 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 
NA (unitless) 

(see table below) 

PCig 
,702 pcig 

PCig 
PCii3 
PCiB 
pcig ' 

PCi/g 
P w 3  
P w 3  
pcig 

CDI CSF ILCR 
kadionuclides (year pCilg) (g/pCi-year)-' (unitless) 

cs137+ Id 
NP237+ld 
%38 

R"m+4d 

Tc99 

%30 

urn 

u238+2d 

R%26+8d 
R?ZB+ld 

sr90+ld 

%2R+7d 

%32+ 1od 

%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-01 
6.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 

2.4E+00 

25E-01 

NA . 

2.OE-06 
4.38-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.68-06 
5.4E-11 
85E-06 
3.OE- 11 
2.48-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.8E-08 
1.7E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E- 10 

7.5E- 12 

5.8E-08 - I ILCR Summation - 

C-III-469 
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itate Equation 

1Ra 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Table C.111-293 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

. 

= CS X EFa X EDa X FI X IRa + CS X EFc X EDc X FI X IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

"137+1d 
p237 + Id 

"238 
R%?26+8d 
R%28+ld 

Sr90+ld 

n228+7d 

R%22+4d 

T%9 

n 2 3 0  

NA 
4.OE-04 
2.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 

l.lE-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

n232+ lod 
UZ34 
'235+ld 
'238+2d 

NA 
NA - 

NA 
NA 
NA 
NA 

12.5 mg/day 
12.5 mg/day 

40 days/year 
110 daydyear 
32 Year 
12 Year 

\ 1 (unitless) 
(see table below) 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.68,-04 

2.48-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCilmg 
pCi/mg 
pCi/mg 

- 
C D I  C S F  ILCR 

Zadionuclides (pCi) (pci1-l  (unitless) 

%37+ld 
p237 + ld 

'938 
R%26+8d 
R%28+ld 
R"222+4d 

T%9 

7h2, 

u234 

"W+ld 

?h228+7d 

n232+10d 

'23S+ld 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E+01 
6.5E+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.7E+01 

8.5E+00 

7.7E+01 
NA. 

NA . 
NA 

NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.9E-09 
1.4E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.8E- 10 

1.4E- 10 

1.5E-09 

6.4E-09 - I ILCR Summation - 
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1 Table CIII-296 
Summary of Intake and Risk Quaotitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Federal Ownership: Expanded.Trespasser 
Via Inhalation of Gases and Particulates 

Intake Equation 

IR 
EFa 
EFc 
EDa 
EDc 
ETa 
E T C  
CA 

= C A X  EFaX EDa X IR X ETa + CA X EFc EDcX IR X ETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

cS 137+ Id 
NP237+ Id 
PUWI 

Rnm+4d 

R??2fi+8d 
R%+ld 

srSil+Id 
. Tc, 
%28+7d 

NA pCim3 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

9.48-07 pCim3 
4.78-07 pCim3 

2.6E-06 pCim3 

Th232+ 1od 
u234 

U m + 2 d  
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-07 

NA 
5.68-06 

NA 
NA 
NA 
NA 
NA 
NA 

0.83 m3/hour 
40 daysiyear 

110 daysiyear 
32 Year 
12 Year 
1 hourfday 
2 hourlday 

(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

CDI CSF ILCR 
Radionuclides (pCi) (pci)" (unitless) 

cS137+ Id 
NP237+ l d  
%za 

Rnm+4d 

Tc99 

-%30 
- 4 3 2 ,  lod 
uz34 

U238+2d 

R%26+8d 
R%+ld 

sr90+ Id 

Th228+7d 

"PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE-03 
1.5E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

8.68-03 

2.OE-03 

1.8E-M 

1.9E- 11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
l.lE-07 
2.68-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.8E- 11 
5.9E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.5E- 10 

5.1E-11 

4.3E- 10 

8.8E- 10 - I ILCR Summation - 

000933 
C-111-477 
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Table CUI-297 
Summary of Risk Quaotitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Expanded Trespasser 
Via External Radiation 

h m s u r e  Equation = [CR X EFaX EDa X ETo, X (1-SH,)]+[CR X EFc X EDc X ET, X (1-SHo)] 

I 
EFa 
EFc 
EDa 
EDc 
moa 
ET, 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (child) 
Exposure duration (adult) 
Exposure duration (child) 
Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoors 
Radionuclide specific concentrations 

Cs137+ld 
NP237+ld 

I 4 3 8  
R%26+8d 
R%+ld 

sr90+ Id 
Rn222+4d 

Tc99 

- 4 3 0  
%28+7d  

NA pCi/g 
4.OE-01 pCig 
2.OE-01 pCig 

NA P a 3  
NA P W  
NA Pc ig  
NA P W  
NA Pcig 
NA P c i g  

l.lE+00 p c i g  

%2+ 1od 
u234 . 

u2u+2d 
'235+ Id 

NA 
NA 
NA 
NA 
NA 

i NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

NA PCiP 

NA PC@ 

NA PCii3 
NA p c i g  ' 

NA Pcig  
NA PCig 
NA P c y  
NA P W  

2.6E-01 pG/g 

2.4E+00 pCig 

I CDI CSF ILCR 

I 

Ladionuclides (year pCilg) (g/pCi-year)-' (unitless) 

3137+ld 
%37+ Id 
pu238 

R"zz2+4d 

TCW 

%o 

u234 

u238+2d 

R??26+8d 
R%+ld 

jr90+ld 

Ih22S+ 7d 

%Z+ 1M 

'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E-01 
8.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.8E-01 

l.lE-01 

1.OE+00 

2.OE-06 
4.38-07 

6.OE-06 
2.98-06 
5.98-06 

6.OE- 13 
5.68-06 
5.4E-11 
8.5E-06 
3.OE- 11 
2.4E-07 
5.1E-08 

. 2.8E- 11 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.48-08 
2.4E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA . 
NA 
NA 
NA 

2.6E- 11 

3.3E- 12 

5.2E-08 

1.3E-07 - I ILCR Summation - 

000934 

C-III-478 
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Table CIII-299 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

Intake Equation 

IR 
EF 
EDn 
FI 
cw 

CwX EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
kposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cS 137+ Id 
NP237+ld 

R?Z26+8d 
R%28+ld 

fim 

Rnm+4d 

Tc99 

%a 

Sr90+ Id 

m228+7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
pcii  

P C i  
p C i  
p C i  
p C i  
p C i  

P C p  

%32+ 1od 
uz34 

u23a+zd 
'235 + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-01 
1.1 E-02 
2.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 daysiyear 

1 (Unitless) 
(see table below) 

pCiA 
p C i  
p C i  
p C i  
p c i i  
pcin 
p C i  
p C i  
p C i  
p C i  

CDI CSF ILCR 
tadionuclides (PCi) (pCi)-' (unitless) 

CS137+ld 
NP237+ld 
fi, 

%22+4d 

Tc99 

%30 
%32+ 1od 
urn 
U,+2d 

R%+8d 
R%+ld 

"90+ Id 

%28+ 7d 

'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE+04 
5.4E+02 
l.lE+04 

NA 
NA 
NA 
NA 

J J A  
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E-11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-07 
8.68-09 
2.3E-07 

NA 
NA 
NA 
NA 
NA 
NA . 

IIWR Summation - - 4.OE-01 
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Table CIII-302 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property-Farmer (Adult) 
Via Inhalation of Gases and Particulates 

I 

I 

Intake Equation - - CaX EFX EDn X IR 

FEMP-OUOZ-5 DRAFT 
August 24. 1994 

EF Exposure frequency 
EDn Exposure duration 
ca Concentration of radionuclides in air 

O137+ld 
NP237+ Id 
puvs 
R%?b+8d 

Id 
Rnpr+4dfl 
"W+ Id 

I 
Tc99 

%30 
7d ! 

NA pCim3 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

2.68-08 pCim3 
1.3E-08 pCi/m3 

7.2E-08 pCim3 

20 m'lday 
350 daysiyear 
70 Year 

(see table below) 

%32+ 1od NA pCim3 
u234 1.7E-08 pCim3 

Id NA pCim' 
U?38+2d 1.5E-07 pCim3 

NA NA pCim3 
NA NA pCim3 

NA NA pCim3 
NA NA pCim3 
NA NA pCim3 

NA NA pCi/m3 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-' funitless) 

%7+ Id 
NP237+ld 
b?38 
R%?b+8d 
R"L28+ld 
Rnp2+4d 
sr90+ld 
Tc99 
%28+ 76 
- 4 3 0  
%32+ 1od 
u234 

uz38+2d 
'235 +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-02 
6.38-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.5E-02 

8.1E-03 

7.48-02 

1.9E- 11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E-12 
6.2E-11 
8.3E- 12 
7.8E-08 
2.98-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.6E- 10 
2.4E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.OE-09 

2.1E-10 

1.8E-09 

3.6E-09 , 
- I ILCR Summation . - 

-. 

C-111-486 
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u23S+ id 
um+2d 

NA 
NA 
NA 
NA ' 

NA 
NA 

FEMP-OUO2-5 D W  
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ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-304 
Summary of Intake and Risk Quadtitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

- - CEX EF X EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

(%37+ld 
NP277+ld 
pups 

RnZ22+4d 

Tcgg 

n23a 

R%+Od 
R?220+ld 

%O+ Id 

n228+7d 

NA 
l.lE-07 
4.9E- 10 

NA 
NA 

ERR 
NA 
NA 
NA 

3.98-08 

-@?32+ 1od 
u234 

uzu+2d 
%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-03 
l.lE-04 
2.38-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

NA 
2.OE-04 
9.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.2E-05 

3.9E+00 

43E+00 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E-11 . 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.4E- 14 
2.OE- 16 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.4E- 16 

6.2E- 11 
3.3E- 12 
8.5E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

1.5E- 10 ~ILCR Snmmation - - 

C-III-489 
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ntake Equation 

IR 
FI 
EF 
EDn 
CP 

Table CIII-306 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

C p X  EFX EDnX FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

Cs137+ld 
Np237+ Id 

R%6+8d 
R%+ld 

sr90+ld 

% 2 3 + 7 d  

pups 

R~222+4d 

Tc, 

%.30 

NA p C i g  
9.8E-09 p C i g  
9.7E-11 p C i g  

. NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

3.28-08 p C i g  

n232+ 1M 
u234 

u238+2d 
'235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Uday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

NA p C i g  
7.68-03 p C i g  
4.OE-04 p C i g  
8.38-03 pCi/kg 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Radionuclides (pCil (pcil-' (unitless) 

%37+ld 
NP237+ld 

R%6+8d 
R%+ld 

Sr90+ Id 

% 2 8 + 7 d  

% 

R"222+4d 

I TC, 

T?30 
113232+ 1od 
% 4  

u238+2d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.2E'-05 
7.1 E- 07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.48-04 

5.6E+01 
2.9E+00 
6.1E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E-10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.6E- 14 
1.6E- 16 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E- 15 

8.9E-10 
4.7E- 11 
1.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

1 

2.28-09 - I ILCR Summation - 

-. 
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Table CIII-308 

Summary of M a k e  and Risk Quantitation (radionuclides) Alternative 6 
Solid Waste Landfill with Federal Ownership: Off-Property Fanner (Adult) 

Via Ingestion of Vegetables and Fruits 

Intake Equation 

IR 
FI 
EF 
EDn 
cv 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

Cs137+ld 
NPP7+ld 
pu23fJ 

R%+4d 

Tc99 

'Ihm 

R%?6+8d 
R%+ Id 

Sr90+ Id 

'IhpS+ 7d 

NA p C i g  
2.5E-05 pCinCg 

NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

1.3E-05 p C i g  

8.OE-05 p C i g  

m23Z+ 1M 
u234 

u2u)+2d 
u23S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
l.OE+OO 
5.4E-02 
l.lE+00 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kglday 
1 (Unitless) 

350 daysbear 
70 Year 

ILCR 
(unitless) 

CDI 
Radionuclides (oCi) 

O137+ Id 
NP217+ld 

R%2b+8d 
R%28+ld 

Sr90+ Id 

'Ih22S+ 7d 

hlpe 

R%+4d 

Tc99 

mm 
%32+ IM 
u234 

UpI1+2d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.6E-02 
3.8E-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-01 

3.1E+03 
1.6E+02 
3.48+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

t 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E- 11 
83E-12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E- 12 

4.9E-08 
2.6E-09 
6.X-08 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-07 - I ILCR Summation - 

r 
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ntate Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-310 
Summary of Intake aod Risk Quantitatioo (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

- - Cw X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

(%37+ld NA 
NP237+ld NA 

NA 
NA R%+8d 

R%28+ld NA 
Rnz22+4d NA 
"SO+ Id NA 
Tc99 NA 
Ih228+ 7d NA 
- k U l  NA 

P% 

p C i  
p C i  
p c i  1 

p C i  
p C i  
p C i  
p c i  
p C i  
p C i  
p C i  

n ? 3 2 +  1od 
u234 

UpS+Y 
U23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E-01 
1.1 E- 02 
2.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 daysiyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
pcin 
p C i  
p C i  

CDI CSP ILCR 
Radionuclides .(vCi) (pCi)-' (unitless) 

Cs137+ld 
NP237+ld 

R??26+8d 
P% 

R"222+4d 

Tc99 

n, 
%32+ 1od 
uz34 

um+?d 

R%+ld 

"90+ld 

%2828+7d 

%5+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.4E+02 
23E+01 
4.8E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.1E-09 
3.7E- 10 
9.78-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 

1.7E-08 - LILCR Summation - 
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itate Equation 

IR 
EF 
EDn 
ca 

Table CIII-313 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Federal Ownership: Off-Property Farmer (Child) 
Via Inbalation of Gases and Particulates 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

CaX EF X EDn X 1R 

%37+ld 
. NP237+ld 

R??26+8d 
R%+ld 

Sr90+ Id 

% 2 8 + 7 d  . 

puz38 

Rn,+4d 

Tc99 

rnIhP0 

NA 
2.68-08 
1.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 

7.28-08 

pCim3 
pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pci/m3 
pCim3 
pCim3 
pCim3 

m232+ 1od 
uz34 

u238+2d 
'235+ld 

NA 
NA 

NA 
NA 
NA 

N P  

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-08 

1 SE- 07 

12 m3/day 
350 daystyear 

6 Year 
(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 

(%37+ld 
NP237+ld 

R??26+8d 
R??28+ld 

Sr90+ Id 

m228+ 7d 

pups 

%22+4d 

Tc99 

nm 
nZ?2+ 1od 
u?34 

~ P e + ? d  
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.48-04 
3.2E-04 

NA 
NA 
NA 
N A  
NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
N A  
NA 

1.8E-03 

4.2E-04 

3.8E-03 

1.9E-11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
1.1E- 07 
2.6E-08 
2-58-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E- 11 
1.3E- 11 

N A  
NA 
NA 
NA 
NA 
NA 

N A  

NA 

NA 
NA 
NA 
NA 
NA 
NA 

5.3E- 11 

1.lE-11 

9.2E- 11 

I 

1.9E- 10 - 1 ILCR Summation - 
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' &137+1d 
NP237+ld 

R%+8d 
R%+ld 

Sr90+ Id 

mz28+ 7d 

%?32+ 1Od 

'23S+ld 

pups 

Rnm+4d 

TC99 

%30 

urn 

u238+2d 
NA 

i NA 
NA 
NA 
NA 
NA 
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I 

ntakc Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-315 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X Fl X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+1d 
NP237+ld 
pups 

R%4+4d 

TC, 

'Th, 

R%?b+8d 
R%+ Id 

sr90+ Id 

%?~3+ 7d 

NA 
1.1 E-07 
4.9E- 10 

NA 
NA 

ERR 
NA 
NA 
NA 

3.9E-08 

%2+ 1M 
urn 

u238+2d 
'235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1 E-03 
l.lE-04 
2.38-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daysbear 

6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

NA 
6.6E-06 
3.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-06 

, 1.3E-01 
6.8E-03 
1.4E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E- 15 
6.68-18 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E-17 

2.1E-12 
1.1E- 13 
2.8E- 12 

NA 
NA 
NA 
NA 
NA 
NA . 

I 
5.OE- 12 - I ILCR Summation - 
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Table CIII-317 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

CpX EF X EDnX Fl X IR - atate Guation - 

IR 
Fl 
EF Exposure frequenky 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

137+ Id 
Np237+ ld 

R%2b+8d 
h238 

Rnm+4d 

Tc99 

-bIl 

id 

"90+ld 

%+7d 

NA 
9.88-09 
9.7E-11 

NA 
NA 

ERR 
NA 
NA 
NA 

3.28-08 

%32+ 1od 
u234 

U238+2d 
'23S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 vday 
0.75 (Unitless) 
350 daysbear 

6 Year 

NA pWkg 
7.6E-03 pCikg 

8.38-03 pCikg 
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

4.OE-04 p C i g  

CDI CSF ILCR 
tadionuclides (pCi) (pCi)-' (unitless) 

137+ Id NA 2.8E- 11 NA 
NP237+ld 1.4E - 05 2.2E- 10 3.1E-15 

1.4E-07 2.2E- 10 3.OE- 17 
R%2b+8d NA 7.8E- 10 NA 
Ra228+ld NA 1.OE- 10 NA 
Rnm+4d NA 1.7E-12 NA 
Sr90+ld NA 3.6E- 11 NA 
Tc99 NA 13E- 12 NA 
%+7d NA 5.5E- 11 NA 
Th230 4.6E-OS 1.3E- 11 6.OE- 16 
m232+ 1M NA 1.7E- 10 NA 
urn l.lE+Ol 1.6E- 1 1 1.7E-10 
'235+ld 5.6E-01 1.6E-11 9.OE- 12 
u238+2d 1.2E+Ol 2.OE- 11 2.3E- 10 

P~238 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

4.2E-10 - I ILCR Summation - 

c-III-5 10 
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R%+ld 
R"P2+4d 

Tc99 

%30 
mZ32+ 1Od 
urn 

u278+2d 

"90+ Id 

I n228+7d 

%5+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

August 24. 1994 

Table CIII-319 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

Intake Equation 

IR 
FI 
EF 
EDn 
cv 

Cv X EF X EDn X Fl X 1R - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

Cs137+ld 
NPP7+ Id 

R%+8d 
Id 

pum 

R"ZP+4d 

Tc99 

%30 

sr90+ld 

%28+ 7d 

NA 
2.5E-05 
1.3E-05 

NA 
NA 

ERR 
NA 
NA 
NA 

8.OE-05 

m232+ 1Od 

uZ3S+ld 
u234 

um+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
l.OE+OO 

l.lE+00 
NA 
NA 
NA 
NA 
NA 
NA 

5.48-02 

0.1 kg/day 
1 (Unitless) 

350 dayslyear 
6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 
! 

NA , 
5.3E-03 
2.68-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E-02 

2.2E+02 
l.lE+Ol 
2.4E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E- 12 
5.8E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.2E- 13 

3.58-09 
1.8E- 10 
4.7E-09 

NA 
NA 
NA 

. NA 
NA 
NA 

I 
8.4E-09 - I ILCR Summation - 

C-111-5 13 
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IR 
EF 
EDn 
Fl 
cw 

Table CUI-321 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

CWX EFX EDn X Fl X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of  radionuclides in groundwater 

O137+ Id 
NP237+ Id 

R%2b+8d 
P"m 

Rn,+4d 

Tc99 

-%a 

R%+ Id 

sr90+ld 

%28+7d 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

pCiA 
p C i  
pcin 
p C i  
pcin 
p C i  
p C i  
p C i  
p C i  
p C i  

%32+ 1M 
urn 

~ 2 3 8 + 2 d  

'235+ Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
8.OE-04 
4.OE-05 
9.OE-04 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

2 vday 
350 daysiyear 

1 (Unitless) 
70 Year 

(see table below) 

p C i  
pcin 
p C i  
p C i  

p C i  
p C i  
p C i  

P C i  

pCiA 

PC'" 

ILCR 
Radioouclides (pCi) (uCi)- -5 ( uni tlcss) 

CDI 

O137+1d 
NP237+ Id 

R??26+8d 
Id 

%38 

R"222+4d 

TCw 

%30 

urn 
"235+ld 
um+m 

Sr!JO+ld 

nlhzu1+7d 

?h232+ 1M 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E+01 
2.OE+OO 
4.4E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E-12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.3E-10 
3.1E-11 
8.8E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.5E-09 - 1 ILCR Summation - 

C-III-5 16 
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Table CIII-324 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X 1R - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency I 

Exposure duration 
Concentration of radionuclides in air 

%37+ Id 
NP237+ld 

R%26-t8d 
R%+ld 
RnZU+4d 
“90+ Id 

P u a  

Tc, 

’Ihm 
’Iht?8+7d 

O.OE+OO 
3.6E-08 
1.7E-07 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
6.SE-07 

pci/m’ 
pc im’  
pCim3 
p c i i ’  
pciim3 
pCim’ 
p ~ i / m ’  
pCim’ 
pci/m3 
p c i m ’  

%32+ 1ln 
urn 
U a + u  
‘23, + Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
6.7E-08 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

20 m%ay 
350 daysbear 
70 Year 

(see table below) 

pc im’  
pc im’  
pCim’ 
pci/m’ 
pc im’  
pCim’ 
pCim’ 
pCim3 
pc im’  
pCim3 

ILCR 
(uoitlers) 

CDI 
tadioouclidcs (pCi) 

O137+ld 
NP237+ld 

R%+8d 
R%28+ld 

Sr50+ Id 

’Ih=+ 7d 

Rn222+4d 

TC, 

’Ihm 
’Ih232, 1ln 
urn 

U238+Y 
h + l d  , 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

NA 
1.8E-02 
8.2E-02 

NA 
NA 
NA ’ 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

- 3.2E-01 

3.3E-02 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.1E-10 
3.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.28-09 

85E- 10 

1.4E-OS - [ILCR Sommatioo - 

C-111-52 1 
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Table CIII-326 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 6 

Solid Waste Landfdl with Private Ownership: Off-PropertyFamer (Adult) 
Via Ingestion of Meat Products 

Intake Eauation 

IR 
Fl 
EF 
EDn 
Cf 

- - CIX EFX EDn X Fl X 1R 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

O.OE+OO p C i g  
1.5E-07 p C i g  
6.48-09 p C i g  
O.OE+OO p C i g  
O.OE+OO p C i g  

ERR p C i g  
O.OE+OO pCiRg 
O.OE+OO p C i g  
O.OE+OO p C i g  
3.58-07 p C i g  

fhP2+ 1Rl 

u238+2d 

- 
U235+ld 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.101 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

O.OE+OO p C i g  
9.OE-06 p C i g  
4.OE-07 p C i g  
9.OE-06 p C i g  
O.OE+OO p C i g  
O.OE+OO p C i g  
O.OE+OO pCi/kg 
O.OE+OO pCiRg 
O.OE+OO p C i g  
O.OE+OO p C i g  

CDI CSF ILCR 
Radionuclides (vCi) (vCi)-' (unitless) 

O137+Id 
%?37+ld 

R%26+8d 
R%!2S+Id 

sr90+ Id 

% 2 8 + 7 d  

b 3 8  

R k z + 4 d  

Tc99 

%30 
%2+ 1Rl 
u2w 

Utu)+?d 
'PS+ld 

0 
0 
0 
0 
0 
0 

NA 
2.8E-04 
1.2E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.5E-04 

1.7E-02 
7.4E-04 
1.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E-12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.2E- 14 
2.6E- 15 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.4E- 15 

2.7E- 13 
1.2E- 14 
3.3E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

6.9E- 13 - I ILCR Summation - 
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Table CHI-328 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownemhip: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

CpX E F X  EDn X FIX IR - itate Eguation - 

IR 
F1 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

0.4 Vday 
0.75 (Unitless) 
350 daystyear 
70 Year 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

ERR 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

%32+ 1w 
u234 

'238+2d 
'23, + Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
2.38-02 
1.2E-03 
2.SE-02 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

ILCR 
(unitless) 

CDI 
Radionuclides (PCi) 

c5137+ Id 
Nh37+ Id 

R%?6+8d 
R%+ld 

Pu, 

R"222+4d 

I Tc99 
I "90+ Id 

0 
0 
0 
0 
0 
0 

NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E+02 
8.7E+00 
1.8E+U2 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E-12 
3.6E- 11 
13E- 12 
SSE-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.7E-09 
1.4E- 10 
3.E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 
IILCR Summation Ei 6.58-09 

5 86-0 
r, 
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Table CIII-330 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Laadfill with Private Ownership: Off-Property Fanner (Adult) 
Via Ingestion of Vegetables and Fruits 

lotate Ekwatioo 

IR 
FI 
EF 
EDn 
cv 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

O.OE+OO 
3.6E-OS 
1.7E-04 
O.OE+OO 
O.OE+OO 

ERR 
O.OE+OO 
O.OE+OO 
O.OE+OO 
7.1E-04 

'Ih73z+ 1Lm 
urn 

utUI+zd 
' 7 3 ,  + Id 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
4.OE-03 
2.OE-04 
4.4E-03 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

CDI -CSF ILCR 
Radioouclides (pCi) (pci1-l (unit less) 

Ol37+ld  
NP237+ Id 
%Ki 

m230 
%32+ 1Lm 
"234 

u?38+2d 
'235+ld 

0 
0 
0 
0 
0 
0 

NA 
l.lE-01 
4.9E-01 

NA 
NA 
NA 
NA 

NA 

NA 

-NA 

2.1E+OO 

1.2E+01 
5.9E-01 
1.3E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 . 
1.OE-10 
1.E- 12 
3.6E- 11 
13E- 12 
5JE- 11 
13E-11 
1.7E-10 
1.6E-11 
1.6E- 11 
2.OE- 11' 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E- 11 
l.lE-10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.8E- 11 

1.9E- 10 
9.4E- 12 
2.6E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I 

6.2E-10 - I ILCR Summation - 

C-111-530 
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R??26+8d 
R?28+ld 

SrgO+ld 

?228+7d 

Rnm+4d 

Tc, 

%30 
%32+ 1M 
urn 

uzu)+td 
UZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

August 24, 1994 

Intake huation 

IR 
EF 
EDn 
Fl 
(3w 

Table CIII-332 
Summay of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property--Farmer (Child) 
Via Ingestion of Drinking Water 

-. 
i 

= CW X EF X EDn X Fl X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cs137+ Id 
NP237+Id 
puus 
%?b+,d 

Rn2Y?+4d 

Tc99 

R%?8+Id 

Sr90+ld 

%28+ 7d 

NA 
NA 
NA 
NA . 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  %2+ 1M 
p C i  u234 

p C i  uzu)+2d 
p C i  "23S+ld 

p C i  NA 
p C i  NA 
p C i  NA 
p C i  NA 
p C i  NA 
p C i  NA 

NA 
8.OE-04 
4.OE-OS 
9.OE-04 

NA 
' NA 

NA 
NA 
NA 
NA 

1 vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  

pcin 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

pCin 

NA 
NA 
NA 
NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E+00 

1.9E+00 
8.48-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5.5E- 11 
13E-11 
1.7E-10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.7E- 11 
13E-12 
3.8E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

I 

6.6E- 11 - 1 ILCR Summation - 

0009239 

. .- 
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Table CIII-335 
Summary of Intake and Risk Qumtitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

Intake Equation 

IR 
EF 
EDn 
ca 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%37+ Id 
NP237+ Id 

R%+8d 
R%?8+ld 

sr!90+ld 

%28+ 7d 

%3.3 

Rn222+4d 

Tc99 

’Ihm 

NA 
3.68-08 
1.7E-07 

NA 
NA 
NA 
NA 
NA 
NA 

6.5E-07 

pcim’ 
pcim’ 
pcim’ 
p~i /m’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 

CaX EFX EDn X IR 

l-h232+ 1od 
u, 

uge+2d 
Ut3S+Id 

NA 
‘ NA 

NA 
NA 
NA 
NA 

12 m3/day 
350 daysbear 

6 Year 
(see table below) 

NA pci/m3 
6.7E-08 pCim’ 

NA pci/m3 
NA pcim’ 
NA pcim’ 
NA pCim3 
NA pcim’ 
NA pcim’ 
NA pcim’ 
NA pcim’ 

CDI CSF ILCR 
Radionuclides (pCi) (vCi)-’ (unitless) 

%7+ Id 1 N b 7 + l d  

1 R%26+8d 
R%?8+ld 

SrPO+ld 

’Ih=+ 7d 

Puge 

Rnm+4d 

Tc99 

NA 
NA 
NA 
NA 

NA 
9.1E-04 
4.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-02 

1.E-03 

. 1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 

~ 6.2E-11 
83E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
25E-08 
2.4E-08 

- 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.6E- 11 
1.E- 10 

NA 
NA 
NA . 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.E-  10 

4.4E-11 

1 
I ILCR Summation = 7.1E-10 

-. .. 

C-III-53 8 
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- 

1 

atate Euuatioa 

pura 

RnpZ+4d 

Tc99 
%a+ 7d 
- 4 3 0  
%2+ 1od 
u231 

uYa+2d 

R%2b+8d 
R%+ld 

% J +  Id 

%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

IR 
Fl 
EF 
EDn 
Cf 

Table CIII-337 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private h e r s h i p :  Off-Property Farmer (Child) 
Via Ingestion of  Meat Products 

CfX E F X  EDn X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA p C i g  
1.SE-07 p C i g  
6.4E-09 p C i g  

NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

3.58-07 p C i g  

Th232+ 1od 
u234 

U m + u  
'?JS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

NA p C i g  
9.OE-06 p C i g  
4.OE-07 pCi/kg 
9.OE-06 pCi/kg 

NA pCi/kg 
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

ILCR 
(noitless) 

CDI 
Radionuclides (pCi) 

NA 
9.48-06 
3.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

2.1 E- 05 
NA . 

5.5E-04 
2.5E-05 
5JE-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5JE- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.1E- 15 
8.6E- 17 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.8E- 16 

8.9E- 15 
3.9E- 16 
1.1E-14 

NA 
NA 
NA 
NA 
NA 
N A 

L 

23E- 14 - I ILCR Summation - 

c-m-54 I 
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Intake Equation 

IR 
FI 
EF 
EDn 
CP 

Table CIII-339 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property F a p e r  (Child) 
Via Ingestion of Dairy products 

C p X  EF X EDn X Fl X 1R - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

nnz+ iod 

uz34 

u238+2d 
"235 + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.3E-02 
1.2E-03 
2.5E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Radioouclides (DCi) ( D C i P  (noitless) 

I 

(%37+ld 
NP237+ Id 

'%8d 
R%?8+ld 

Sr90+ld 

% 2 8 + 7 d  

P U B 8  

Rnm+ld 

T% 

-%a 
%32+ 1od 
uz34 ' 
u238+2d 

u235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+01 
1.7E+00 
35E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.E-12 
3.6E- 11 
13E-12 
55E- 11 
13E-11 
1.E-10 
1.6E-11 
1.6E- 1 1 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

N 4  

52E- 10 
2.E-11 
7.1E-10 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Snmmatioo = 13E-09 

00H008 
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Intake Euuatioo 

IR 
Fl 
EF 
EDn 
cv 

Table CIII-341 
Summay of Intake and Risk Quaotitatioo (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FIX IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%37+ Id 
NPZ37+ld 

R%+8d 
R%+ld 

sr90+ Id 

%28+ 7d 

P"238 

R n m + u  

Tc99 

m230 

NA 
3.6E-OS 
1.E-04 

NA 
NA 

ERR 
NA 
NA 
NA 

7.1E-04 

%2+ 1Od 

"23S+ Id 
u234 

U238+M 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.OE-03 
2.OE-04 
4.48-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 dayslycar 
6 Year 

ILCR 
(unitless) 

CDI 
Radionuclides (pCi) 

O137+ld 
NP237+ Id 

R%+8d 
R%+ld 

"90+ld 

%28+ 7d 

%a 

Rn,+,, 

Tc99 

%o 
%32+ 1Od 
u234 

u238+2d 
'235+ld 

NA 
NA 

NA 
NA 
NA 

. NA 

NA 
75E-03 
3SE-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
15E-01 

8.4E-01 
4.1E-02 
9.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E-12 
SJE- 11 
13E-11 
1.E- 10 
1.4E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.7E-12 
7.6E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9E- 12 

13E-11 
6.6E- 13 
1.8E-11 

NA 
NA . 
NA 
NA 
NA 
NA 

I ILCR Summation = 4.4E-11 

c-III-547 



EMp-OUO2-5 DRAFT 
August 24, 1994 

-. 

E u 4 < * < < 4 < < < * < < < <  SI z z z z z z z z z z z z z z z 



EMP-OUO2-5 DRAFT 5 8 6 0  
August 24, 1994 

C-III-549 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 

Table C A I - 3 4 3  
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Incidental Ingestion of Soil 

ntake Equation 

IRS 
EF Exposure frequency 
EDn Exposure Duration 
FI Fractional Intake 
cs 

Ingestion rate of soil (RAGS. 1989) 

Concentration of radionuclides in soil 

CS X EFX EDn X F I  X IR 

CS137+ld 
NP237+ld 
%38 
R%26+8d 
R?22S+ld 
% 2 2 + 4 d  
"90+ld 

'Ih228+7d 
Tc99 

n u 0  

NA 
4..30E - 05 
2OOE-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.7OE-04 

'IhU?+lOd 
u u 4  
'235+ld 
U238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.00E - 05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

180 mg/day 
350 daysfyear 
70 Year 
1 (unitless) 

CDI CSF ILCR 
tadionuclides (PCi) (pci)-' (unitless) 

O137+ld 
NP237+ld 
% 3 8  
%+8d 
R%28+ld 
R"2u+4d 

Tc99 

'Ih230 
n232+10d 
u234 

"90+ld 

'IhUg+7d 

'235+1d 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9OE+O2 
8.82E+M 

NA 
NA 
NA 
NA 
NA 
NA 
3.40E+03 

NA 
353E+O2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

28OE-11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.7OE-12 
3.6OE-11 
1 3 E -  12 
55OE-11 
1 3 E -  11 
1.70E- 10 
1.6OE- 1 1 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.17E-08 
1.94E-07 

NA 
NA 
NA 
NA 
NA 
NA 
4.4lE-08 

NA 
5.64E-09 

NA 
- NA 

NA 
NA 
NA 
NA 
NA 
NA 

286E-07 - I Summation - 

-. .. 
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Table CIII-346 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion of Drintiog Water 

I 

I 
! 
I 

I 
! 

I 
i 

I 
I 

I 

i 

Cw X EFX EDn X Fl X IR - Intake Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
FI Fractional intake for radionuclides 
cw 

Ingestion rate of groundwater (RAGS. 1989) 

Concentration of radionuclides in groundwater 

Cs137+Id 
NP?37+ld 

R%?b+Od 

Rntt?+4d 

P"238 

R%+ld 

sr90+ Id 

% 2 8 + 7 d  
. Tc, 

'Ih, 

NA pCiA 
NA pCiA 
NA pCiA 
NA pCiA 
NA p C i  
NA pCiA 
NA p C i  

1.6E-02 p C i  
NA p C i  
NA p C i  

%32+ 1od 
urn 
Um+?d 
' 2 3 S +  Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-01 
3.26-02 
6.7E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
350 dayslyear 

1 (Unitless) 
70 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  

p C i  
p C i  
p C i  
p C i  
p C i  

pCiA 

Radionuclides (pCi) (unitless) 

CS137+ld 
NP237+ Id 

R%2b+8d 
R%8+ld 

SrpO+ld 

%28+7d  

%3i3 

R"222+4d 

Tc99 

n 2 w  
%32+ 1od 
u234 

u238+2d. 
%S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

7.8E+02 

3.OE+04 
1.6E+03 
33E+04 

NA 
NA 
NA 
NA 
NA 
NA 

D E -  11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E-12 
3.6E- 11 
13E- 12 
55E- 11 
13E- 11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

1.OE-09 

4.8E-07 
25E-08 
6.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

C-111-554 
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Table CIII-349 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Inhalation of Gases and Particulates 

- Intake Equation - CaX EFX EDn X IR 

IR 
EF Exposure frequency 
EDn Exposure duration 
ca 

Inhalation rate of gases (RAGS. 1989) 

Concentration of radionuclides in air 

Cs137+ld 
NP237+ld 
pu, 

R"222+4d 

Tc, 

lh, 

R??2b+8d 
R??2€i+ld 

sr90+ld 

ThZ28+ 7d 

NA 
1.3E-06 
6.2E-06 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 

pCim3 
pcim' 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

%232+ 1Od 

"235+ld 
urn 
Um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 daysbear 
70 Year 

(see table below) 

NA pCim3 
Z.SE-M pCim3 

NA pci/m3 
NA pci/m3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

C D I  CSF I L C R  
Radionuclides (pCi) (pCi)-' (unitless) 

Cs137+ld NA 1.9E- 11 NA 
NPZ37+ld 6.5E-01 2.98-08 1.9E-08 

1.2E-07 3.OE+00 3.9E-08 
NA 7.OE-09 NA RaZ26+8d 

'%+ld NA 6.9E- 10 NA 
R%z+4d NA 7.7E- 12 NA 
SrW+ Id NA 6.2E- 11 NA 
TC, NA 8.3E- 12 NA 
IhZ28+ 7d NA 7.8E-08 NA 

'131Z32+ 1od NA l.lE-07 NA 

'235+ld NA 2.5E-08 NA 
u238+2d NA 2.48-08 NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

P% 

%o 1.2E+01 2.9E-08 3.48-07 

u, 1.2E+00 2.68-08 3.1E-08 

5.OE-07 - I ILCR Summation - 
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Table CIII-351 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perctied Groundwater User 
Via Ingestion of Meat Products 

itake Equation - - CfX EFX EDn X FI X IR 

1R Ingestion rate of meat 
Fl 
EF Exposure frequency 
ED0 Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

Cs137+ld 
NP237+ Id 
PU, 

Rnm+4d 

Tc99 

.rh, 

R??2b+8d 
R%+ Id 

% O + l d  

%+7d 

NA p C i g  
2.48-03 pCi/kg 

NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

5.28-05 p C i g  

2.5E-03 p C i g  

CDI 

-%32+ 1od 
up4 
Um+zd 
'235+ id 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kgday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

NA p C i g  
1.5E-M p C i g  
1.2E-05 p C i g  
2.68-04 p C i g  

NA pCi/kg 
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CSF ILCR 
tadionuclides (pCi) (pCi)-' (unitless) 

I 
O137+ld 
N%+ld 
hLas 

Rnm+4d 

Tc99 

%ul 
%32+ 1od 
u23b 

u238+2d 

Ra226+8d 
R%+ld 

Sr90+ld 

%8+7d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.4E+00 
9.78-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.7E+00 

2.8E+01 
2.2E-02 
4.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
13E- 12 
5.5E- 11 
1.3E- 11 
1.7E-10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.7E- 10 
2.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-11 

4.5E- 10 
3.6E- 13 
9.7E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

15E-09 - 1 ILCR Summation - 

001018 
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Table CIII-353 
Summary o f  Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via Ingestion o f  Dairy Products 

1 

C p X  EFX EDn X FI X IR - Intake Eqnatioo - 

IR 
Fl 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

CS137+ld NA 
NP237+ld 7.98-05 

NA 
NA R??X+8d 

R%+ Id NA 
R ~ m + 4 d  ERR 
Sr!XJ+ id 2.4E+00 
Tc99 NA 
%28+ 7d NA 
%w 3.58-04 

puvs 

%32+ illd 
urn 

h + 2 d  
'235+ id 

NA 
NA 
NA 
NA 
NA 
NA 

5 860 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

NA p C i g  
2.48-02 p C i g  
3.68-04 p C i g  
2.3E-02 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

C D I  CSF ILCR 
tadionnclidcs [pCi) (pCi)-' [ unitless) 

O137+ld 
NP237+ id 

R%+8d -. 

R%+ld 

Sr90+ld 

nZ2i3+7d 

pups 

R"P2+4d 

Tc99 

n-930 
%32+ llld 
u, 

Um+2d 
uP5+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.8E-01 

1.8E+04 

2.6E+00 

1.8E+U2 
2.6E+00 
1.7E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E-  12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.3E- 10 

6.4E-07 

3.4E- 11 

2.88-09 
4.2E- 11 
3.38-09 

NA 
NA 
NA 
NA 
NA 
NA 

6.4E-07 - I ILCR Snmmation - 
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Table CIII-355 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfrll with Private Ownership: 00-Property Perched Groundwater User 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FI X IR - intake Equation - 

IR 
Fl 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Cs137+ld 
Np237+1d 
%u 

R%+4d 

Tc99 

Thpo 

R%+8d 
R%+ld 

sr90+ld 

%+Id 

NA 
4.3E-01 
9.6E-'02 

NA 
NA 

ERR 
NA 
NA 
NA 

6.8E-01 

%32+ 1od 
u234 

u?38+2d 
' 235  +id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-01- 
5.98-03 
1.3E-01 

NA 
NA 
NA 
NA . 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

%37+ld 
N b 7 +  Id 
pups 

R%+, 

Tc99 

'Ihm 
%32+ 1od 
"a 

UZu)+Y 

R%+8d 
R%+ld 

Sr90+ld 

%28+ 7d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E+03 
2.9E+02 

NA 
NA 
NA 

NA 
NA ' 

2.OE+03 
NA 

2.4E+03 
1.8E+01 
3.8E+02 

N P  

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.8E-07 
6.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.7E- 08 

3.88-08 
2.8E- 10 
7.68-09 

NA 
NA 
NA 
NA 
NA 
NA 

4.28-07 - I ILCR Summation - 

C-111-568 
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Table CIII-356 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: On-Property Perched Groundwater User 
Via External Radiation 

1 

Dose Ehivalcncy Equat = [DRXEFXEDnXETiX(l-SHi)J +[DRXEFXEDnXET,,X(l-SHo)J 

- 
EF 
ED Exposure duration 
mi 
E.r, 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors SHi 

SH, Shield factor outdoors 
DR Radionuclide specific dose concentrations 

(%37+ Id 
NP237+ld 

R%+8d 
R%?28+1d 

"90+ld 

%2S+ 7d 

pups 

Rnm+4d 

Tc99 

-%o 

NA P W 3  

NA P w 3  
NA P W 3  
NA PCi/p 
NA P W  
NA P c y  
NA P W  

4.30E-02 pCig 
2.00E-01 pCig 

7.7OE-01 pCig 

% 3 2 +  rod 

U215+ld 
u234 

U238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 
NA (unitless) 

70 Year 

(see table below) 

CDI CSF ILCR 
Radionuclides . (year pCi/g) (g/pCi -year)-' (unitless) 

% 3 7 + l d  
NPP7+ld 
pupa 

R%.22+4d 

TC99 

%3cl 

u, 
%+2d 

% ? 6 + 8 d  
R%?28+ld 

"90+ld 

%?8+7d 

%2+1od 

%5+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8Ea00 
8.3Ea00 

NA' 
NA 
NA 
NA 
NA 
NA 

NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+01 

3.3Ei-00 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
858-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.7E-07 
2.3E- 10 

NA 
NA 
NA 
NA 
NA 
NA . 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-09 

1.OE- 10 

7.7E-07 - 1 ILCR Summation - 

083025 

C-Ill-569 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

E 
.- - 
$ 
$ 
u 

a 

e e e e 4 e e e e e e e e .4 e 
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z  

C-111-570 



' 5 8 6 0  
-. .. FEMP-OUO2-5 DRAFT 

August 24, 1994 

C-111-57 1 



FEMP-OUOZ-5 DRAFT :: 

August 24, 1994 

Table C.111-358 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: On- Property-RME Resident Farmer (Adult) 
Via Incidental Ingestion of Soil 

ntake Equation 

IRS 
EF 
EDII 
FI 
cs 

CS X EF X EDn X FI X IR . - - 

Ingestion rate of soil (RAGS. 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

&137+1d 
Np237+ Id 
%38 
Ra226+8d 
R%Z8+ld 

"90+ld 

n228+7d 

%+a 

Tc99 

n230 

NA 
4.30E - 05 
2OOE-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.70E - 04 

pCihng 
pCi/mg 
pCihng 
pCihng 
P C b g  
pCimg 
P C b g  
P C b g  
pCimg 
P C b g  

Th232+ 1w 
u234 
%S+ld 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OOE-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
Np 

180 rng/day 
350 daysbear 
70 Year 
-1 (unitless) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCimg 
P C h g  
pCimg 
pCimg 
P C h g  

CDI CSF ILCR 
Xadionuclides (pCi) (pci1-l (unitless) 

Cs137+ld 
NP237+ld 
%8 
R%26+8d 
%+ld 

"90+ld 

n228+7d 

%22+4d 

Tc99 

' - 4 3 0  
%32+ 1od 
u234 
u23S+1d 
u238+'2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.9OE+02 
8.82E+02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 

3.40E+rn 

3.53E+02 

Nt! 

280E-11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.7OE-12 
3.6OE-11 
1 3 E -  12 
5.5OE-11 
1 3 E -  11 
1.7OE-10 
1.6OE- 11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.17E-08 
1.94E - 07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.41E-08 

5.64E - 09 

286E-07 - I ILCR Summation - 

C-111-572 

.- 

m ,  

a 

a 



a 

2 
X 
LL 
U 
X 

8 

-. 
FEMP-OUO2-5 DRAFT 

< i -  

August 24, 1994 

c-m-573 



. :. 
FEMP-OUOZ-5 DRAFT 
August 24, 1994 

c-m-574 



.-.. 
- FEMP-OU02-5 DRAFT 

August 24. 1994 

.̂  

4/ 5222222255522229 

C-In-575 



.-.. 
FEMP-OUO2-5 DRAFT 
August 24. 1994 

C-111-576 

001032 
c 



-. 
FEMP-OU02-5 DRAFT ... z 
August 24, 1994 

Table CIII-361 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Drinking Water 

1 

Intake Equation 

IR 
EF 
EDn 
Fl 
Cw 

CwX EFX EDn X F IX  IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

Cs137+ld 
NP217+ld 

R?22b+0d 
R??20+ld 

sr90+ Id 

%220+ 7d 

puw3 

Rn,+, 

Tc99 

-%o 

NA 
NA 
NA 
NA 
NA 
NA ' 

NA 
NA . 
NA 
NA 

pCiA 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

m232+ 1od 
urn 

U230+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.48-02 
1.2E-03 
2.68-02 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 daysiyear 

1 (Unitless) 
(see table below) 

p C i  
p C i  
p C i  
p C i  
PCF 
P.Ci 
p C i  
p C i  
p C i  
p C i  

CDI CSF ILCR 
Ladionaclides (pCi) (pCi)-' (onitless) 

Cs137+ld 
NP237+ld 
pu, 

%22+4d 

=% 

%ul 
%2+ 1od 
u234 

U230+2d 

R%+Od 
R??28+ld 

Sr90+ Id 

Th2ur+ 7d 

"235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E+ 03 
5.9E+01 
1.3E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-08 
9.4E- 10 
2.5E-08 

NA 
NA 
NA 
NA 
NA 
NA 

4.58-08 - I ILCR Summation - 
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Table CIII-364 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Inhalation of Gases and Particulates 

Intake Equation 

IR 
EF 
EDn 
ca 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

Cs137+ld 
NP237+ld 

R%+8d 
P U B 3  

R"P2+4d 

TCW 

nL, 

R??28+ld 

sr90+ Id 

mTh,+ 7d 

NA 
1.3E- 06 
6.28-06 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 

pCim3 
pCim3 
pCim3 
pci/m' 
pCim3 
p c i m '  
pc im'  
pCim3 
pciirn' 
pCim3 

CaX EF X EDnX IR 

%32+ 1od 
urn 

uB3+zd 
' 235+  Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.58-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 rn3/day 
350 daystyear 
70 Year 

(see table below) 

p c i m '  
pCim3 
pCim' 
pCim3 
pCim3 
pCim3 
pCim3 
p C i m 3  
p c i m 3  
p C i m 3  

CDI CSF ILCR 
tadionuclidcs (pCi) (pCi)-' (unitless) 

cs137+ Id 
N b 7 + l d  

R%!6+8d 
R%+ld 

"90+ld 

'ThzLLI+ 7d 

pups 

R%2+4d 

T=99 

- 4 3 0  
%2+ 1od 
u234 

uz38+zd 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.5E-01 
3.OE+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E+01 

1.2E+00 

1.9E-11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.8E-08 
2.98-08 
l.lE-07 
2.68-08 
2.58-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
i .9~-08  
1.2E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-07 

3.1E-08 

5.OE-07 - I ILCR Summation - 

C-111-582 
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Table CIII-366 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

I 

. CfX EFX EDn X F1 X IR - Intake Equation - 

1R Ingestion rate of meat 
Fl 
EF Exposure frequency 
EDn Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

NA 
2.4E-03 
5.28-05 

NA 
NA 

ERR 
NA 
NA 
NA 

2.58-03 

%32+ 1od 
uz34 

u238+2d 
'235+ld 

NA 
NA 
NA 
NA ~ 

NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

NA p C i g  
1JE-02 p C i g  
1.2E-05 p C i g  
2.6E-04 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
tadionoclidcs (pCi) (vci)-' (unitless) 

137+ Id 
NP237+ld 
pu238 

R"m+4d 

TC, 

'Ih, 
'Ih232+ 1od 
urn 

u238+2d 

R%b+8d 
R??2B+ld 

"90+ld 

'IhZ?a+ 7d 

'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.4E+00 
9.7E-02 

NA 
NA 
NA 
NA 

NA 

NA 

NA . 

4.7E+00 

2.8E+01 
2.2E- 02 
4.8E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.7E- 10 
2.1E-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.1E-11 

4.5E- 10 
3.6E- 13 
9.7E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

1.5E-09 - I ILCR Summation - 

C-III-585 
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Table CIII-368 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Dairy Products 

atate Equation - - CpX EF X EDnX F1 X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

O U 7 +  Id 
NP237+ld 

R%2b+8d 
R%28+Id 

"90+ Id 

%28+7d  

R"tt2+4d 

Tc99 

%30 

NA 
7.9E-05 

NA 
NA 
NA 

ERR 
2.4E+00 

NA 
NA 

35E-04 

'lh232+ 1od 
u234 

u238+2d 
" 2 3 S +  Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Uday 
0.75 (Unitless) 
350 daysbear 
70 Year 

NA p C i g  
2.48-02 p C i g  
3.68-04 p C i g  
23E-02 p C i g  

NA p C i g  
NA pCi/kg 
NA pCi/kg 
NA p C i g  
NA p C i g  
NA p C i g  

C D I  CSF ILCR 
Radionuclides (pCi) [pci)-' funitless) 

cs137+ Id NA 2.8E-11 NA 
NPt37+ld 5.8E-01 2.2E- 10 13E- 10 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA R%2b+8d 

R%28+ld NA ' 1.OE- 10 NA 
R%2+4d NA 1.7E-12 NA 

Tc99 NA 13E-12 NA 
%28+ 7d NA 55E-11 NA 
%XI 2.6E+00 1.3E-11 3.4E- 11 
%2+ 1od NA 1.7E-10 NA 
urn 1.8E+02 1.6E-11 2.8E-09 
U23S+ld 2.6E+00 1.6E-11 4.2E- 11 
u238+2d 1.7E+02 2.0E- 11 33E-09 

pups 

Sf, Id 1.8E+04 3.6E- 11 6.4E-07 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

6.4E-07 - I ILCR Summation - 

0 0 10 4 4 
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Table CIII-370 
Summary of Intake and Risk Quantitation (radionuclides)_Alternative 6 

Solid Waste Landfill with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

1 

Cv X EF X EDn X FI X IR - Intake Equation - 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

NA 
4.3E-01 
9.6E-02 

NA 
NA 

ERR 
NA 
NA 
NA 

6.8E-01 

n232+ 1Od 

u23S+ Id 
uz34 

u238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-01 
5.9E-03 
1.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

CDI CSF I L C R  
tadionuclides (pCi) (pCi)-' (unitless) 

CS137+ld 
NP237+ld 

R%6+8d 
R%28+ld 
R"t22+4d 

Tc99 

m230 
%32+ 1od 
u, 
uz38+7d 

sr,O+ id 

%28+7d 

Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E+03 
2.9E+02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.OE+03 

2.4E+03 
1.8E+01 
3.88+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E- 12 
55E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.8E-07 
6.3E - 08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.7E-08 

3.8E-08 
2.8E- 10 
7.6E-09 

NA 
NA 
NA 
NA 
NA 
NA 

4.2E-07 - I I K R  Summation - 

C-IIl-59 1 
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Table CIII-371 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Federal Ownership: On-Roperty RME Resident Fanner (Adult) 
Via External Radiation 

h e  Equivalency Equal = [DRXEFXEDnXETiX(l-SHi)] +[DRXEFXEDnXET,X(l-SH,)] 

EF 
ED Exposure duration 
mi 
ET0 

S H O  

Fraction of year spent exposured 

Fraction of day  spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield faclor outdoon 
Radionuclide specific dose concentrations 

SHi 

DR 

%7+ Id 
NP237+1d 

R%26+8d 
R%+ Id 

sr90+ Id 

%28+ 7d 

%%3 

R"Zp+4d 

Tcw 

- h 3 0  

NA p c i g  

NA pCig 
NA PCil? 
NA P W  
NA Pci/p 
NA PCi/B 

4.30E-02 pCi/g 
2.oOE-01 pCig 

NA pCi/g 
7.70E-01 pCig 

-%t+ lod 
UYU 

Um+?d 
UBS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.00E- 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

NA (unitless) 

70 Year 

(see table below) 

pCi/g 
02 p c i g  

PCdB 

PCi/B 
P c i g  
P W  
pCig 
PCiP 
P W  

pCi/g 

CDI CSF ILCR 
tadionuclides (year pCig)  (g/pci-year)-l (unitless) 

"137+ld 
NP237+ Id 

R%26+8d 
R%+ld 

Sr90+ld 

m22R+7d 

~, 
R%2+4d 

Tc, 

%30 
%32+ 1od 
uz34 

u238+2d 
U235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E+00 
8.3E+00 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+01 

33E+00 

2.OE-06 
4.38-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
85E-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.7E-07 
23E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-09 

1.OE- 10 

7.E-07 - I ILSR Summation - 

-. 
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Table C.111-373 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Incidental Ingestion of Soil 

Intake Equation 

IRS 
EF 
EDIl 
Fl 
cs 

CS X EFX EDn X F l  X IR - - 

Ingestion rate of soil (RAGS. 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

%37+ld 
NP237+ld 

%26+8d 
R??28+ld 

sr90+ Id 

n228+7d 

%38 

h222+4d 

Tc99 

n230 

NA 
4-WE - 05 
2OOE-04 

NA 
NA 
NA 
NA 
NA 
NA 

7.7OE-04 

pCihng 
pCihng 
pCihng 
pCi/mg 
pCihng 
pCi/mg 
P c h g  
pCihng 
P c i g  
P c i g  

n232+10d  NA 
'23* 8.OOE - 05 
'23S+ld NA 
'238+2d NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

200 mg/day 
350 dayslyear 

6 Year 
1 (unitless) 

CDI CSF ncx 
Radionuclides (vCi) (pci )-' (unitless) 

%37+1d ' 

NP237+1d 
h238 

%22+4d 

Tc99 

n230 
%32+1od 

R%26+8d 
R%2S+ld 

sr90+1d 

n228+7d 

'234 

'238+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.81E + 01 
8.40E+01 

NA 
NA 
NA 
NA 
NA 
NA 
3.23E+O2 

NA 
3-m+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

280E- 11 
220E- 10 
22OE- 10 
7.80E- 10 
1.OOE- 10 
1.7OE-12 
3.6OE-11 
1-WE-12 
55OE-11 
13E-11 
1.7OE-10 
1.6OE-11 
1.6OE-11 
2OOE-11 

NA 
NA 
NA , 
NA 
NA 
NA 

NA 
3.97E-09 
1.85E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2QE-09 

5 3 E -  10 

272E-08 - I ILCR Summation - 

c-m-595 
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Table CIII-376 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

-. 

ntake Equation - - CW X EFX EDn X Fl X IR 

IR 
EF Exposure frequency 
EDn Exposure duration 
Fl Fractional intake for radionuclides 
cw 

Ingestion rate of groundwater (RAGS. 1989) 

Concentration of radionuclides in groundwater 

C5137+~d 
NP237+1d 
PU-3 

R%+8d 
R%+ Id 

NA p C i  %32+ 1M NA 
NA p C i  u, 2.48-02 
NA pCiA U23S+ld 1.2E-03 
NA p C i  u238+2d 2.6E-02 
NA p C i  NA NA 
NA . p C i  NA NA 
NA p C i  NA NA 
NA p C i  NA NA 
NA p C i  NA . NA 
NA p C i  NA NA 

1 vday 

1 (Unitless) 

350 daysbear 
6 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
PCi 
p C i  

CDI CSF ILCR 
tadionuclides (vCi) (pCi)-' (unitless) 

O137+ld 
NP237+ld 
h238 

R%.z2+4d 

Tc99 

-%30 
%2+ 1M 
"234 

Um+m 

R%26+8d 
R??Z8+ld 

sr90+ Id 

nTh,+ 7d 

. 

'23S+ld 

NA . 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA ' 

NA 
NA 
NA 
NA 
NA 
NA 

N 4  

5.OE+01 
2JE+00 
5.5E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
55E- 11 
13E-11 
1.E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.1E-10 
4.OE- 11 
l.lE-09 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-09 - I ILCR Summation - 

c-111-600 
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ntakc Equation 

IR 
EF 
EDn 
ca 

Table CUI-379 
Summay of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste. Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Inhalation of .Gases and Particulates 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

O137+ld  
NP237+ Id 
b230 

4 2 2 + 4 d  

TC99 

nbll 

R%2b+8d 
R%2Ei+ld. 

Sr90+ Id 

np8+7d 

NA 
13E-06 
6.2E-06 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E-05 

pCim’ 
pCim3 
pci/m3 
pci/m3 
pci/m3 
pCim3 
pCim3 
pCim3 
pcim’ 
pCim3 

CaX EFX EDn X IR 

%32+ 1od 
u234 

“238+2d 
‘235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.5E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m’lday 
350 dayslyear 

6 Year 
(see table below) 

pcim’ 
pCim3 
p ~ i / m ’  
pCim3 
pCim3 
pci/m3 
pCim3 
pCim3 
pCim’ 
pCim3 

ILCR 
(unitless) 

‘ CDI 
Radionuclides IoCi) 

I 

cs137+ Id 
NP237+ld 
%xl 

Tc99 

- k U l  
%32+ Iod 
“234 
%+Id 
U m + m  

’%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

! 

NA 
3.38-02 
1.5E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.OE-01 

6.28-02 

1.9E-11 
2.98-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.9E-08 
l.lE-07 
2.68-08 
23E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.6E- 10 
6.OE-09 

NA 
NA 
NA - 

NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-08 

1.6E-09 

I 
2.6E-08 - I ILCR Summation - J 

C-III-605 
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otake Eanatioo 

1R 
Fl 
EF 
EDn 
Cf 

Table CHI-381 
Summaryof Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill with Private Ownership: Off-Roperty Farmer (Child) 
Via Ingestion of Meat Products 

= CfX EFX EDn X Fl X IR 

ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+Id 
NP237+ld 
%a 

R"z22+4d 

Tc99 

%ul 

R % b + 8 d  
Id 

''90+ld 

nZ28+ 7d 

NA 
2.4E-03 
5.2E-05 

NA 
NA 

ERR 
NA 
NA 
NA 

2.5E-03 

%32+ 1M 

'23S+ld 
u234 

UUB+M 
NA 
NA 
NA 
NA 
NA 
NA 

0.039 kglday 
0.75 (Unitless) 
350 dayshear 

6 Year 

NA p C i g  
1.5E-02 p C i g  
1.2E-05 p C i g  
2.68-04 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA pCi/kg 
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Radioonclidcs (pCi) (pcil-' (onitless) 

CS137+ld 
Nh37+ld  
%8. 
% b + 8 d  
R%+ Id 
RnpZ+4d 
"90+ld 
Tc99 
n228+ 7d 
-%cl 
%32+ 1M 
u234 
%S+ld 
Um+m 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1JE-01 
3.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA ' 

1SE-01 

9.3E-01 
7.4E-04 
1.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E-10 
21E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3dE-11 
13E- 12 
5SE- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
N 4  

NA 
3.2E- 11 
7.1E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.OE- 12 

1JE-11 
11E- 14 
3.2E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

I 

5.OE- 11 I ILCR Snmmatioo = .  

C-III-608 
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NP237+ld 

R??26+8d 
R%+ Id 

fim 

R"tZZ+4d 

Table CIII-383 
Summary of Lqtake aod Risk Quaotitatioo (radionuclides) Alteraative 6 

Solid Waste Landfill with Private Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

I 

atakc Ehuatioa - - C p X  EFX EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

0.9 Ilday 
0.75 (Unitless) 
350 daysbear 

6 Year 

Cs137+ld 
NP237+ld 

R%+8d 
R%+ld 
Rn222+4d 
Sr9CI+ Id 

'IhZ?8+ 7d 

PUUS 

Tc99 

'Ihm 

NA p C i g  

NA p C i g  
NA p C i g  
NA p C i g  

ERR p C i g  
2.4E+00 p C i g  

NA p C i g  
NA p C i g  

7.9E-05 p C i g  

3.5E-04 p C i g  

CDI 

'Ih232+ 1od NA p C i g  
u234 2.4E-02 p C i g  
' 2 3 5  +Id 3.68-04 p C i g  
um+a 2.38-02 p C i g  

NA NA p C i g  
NA NA p C i g  
NA NA p C i g  
NA NA p C i g  
NA NA p C i g  
NA NA p C i g  

CSF ILCR 
Radionuclides (pCi) (vCi)-' (onitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE-01 

3.4E+03 

5.OE-01 

3.4E+01 

3.2E+01 
5.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 

'1.OE- 10 
1 .E-  12 
3.6E-11 
1.3E- 12 
5SE- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2JE-11 

1.2E- 07 

6.5E- 12 

5SE- 10 
8.2E-12 
6.5E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Sommation E 1.2E-07 

0 C-HI-6 1 1 
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Radionuclides (pCi) (pci)-' (uaitlcss) 

(%37+ld . N A  2.8E-11 NA 
Np237+ Id 9.1E+01 2.2E- 10 2.OE-08 
%38 2.OE+01 2.2E- 10 4.4E-09 
R%2b+0d NA 7.8E- 10 NA . 

R%+ id NA 1.OE- 10 N A  
R%2+4d NA 1.7E- 12 NA 
Sr90+ld NA 3.6E- 11 N A  
T% NA 13E-12 N A  
%20+ 7d NA SSE- 11 N A  

%32+ 1od NA 1.7E- 10 N A  

'PS+ld llE+00 1.6E-11 2.OE- 11 
uf3L)+2d 2.7E+01 ZOE- 11 53E- 10 

%a 1.4E+02 13E-11 1.9E-09 

uzw 1.7E+02 1.6E- 11 2.7E-09 

NA N A  NA N A  
NA N A  NA N A  
NA NA NA N A  
NA N A  NA N A  
NA N A  NA N A  
,NA NA NA N A  

- 

Table CIII-385 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfill witb Private Ownership: Off-Roperty Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

OXEFXEDnXFIXIR - Intake Equation - 

IR 
F1 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

Cs137+ld 
NP237+ld 
b230 
Razts+0d 

Rn,+4d 

=c, 

- 4 3 0  

R%+ld 

Sr90+ld 

%28+ 7d 

NA 
4.3E-01 
9.6E-02 

NA 
NA 

ERR 
NA 
NA 
NA 

6.8E-01 

%32+ 1od 
uzw 

uz18+2d 
u23S + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-01 
5.9E-03 
1.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 dayslyear 
6 Year 

c-m-6 14 
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Table CHI-386 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Solid Waste Landfdl with Private Ownership: Off-Property Fanner (Child) 
Via External Radiation 

)we E4uivPleocv Euuat = [DRXEFXEDnXETiX(l-SHJ] +[DRXEFXEDnXEToX(l-SH,)] 

EF 
ED Exposure duration 
mi 
E T 0  
SHi Shield factor indoors 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 

Shield factor outdoors 
Radionuclide specific dose concentrations 

cs137+ Id 
NP737+1d 
PuW, 

Rnt22+4d 

Tc99 

%30 

R%+8d 
R%+Id 

"%I+ Id 

%?.S+ 7d 

NA PCig 

NA PCig 
NA PCig 

NA PCiP 
NA P C a  
NA PCdP 

4.3OE-02 pCig 
2.00E-01 pCi/g 

NA pCi/g 

7.70E-01 pCig 

CDI 

%32+ 1od 
u, 
"TUI+M 

Id 

NA 
NA 
NA 
NA 
NA 
NA 

CSF 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
05 (unitless) 
NA (unitless) 

(see table below) 

ILCR 
Radionuclides (year pCi/g) (g/pci-ycar)-' (ooitless) 

I 
Cs137+ld 
Nh37+Id 

R%+8d 
Id  

%%3 

R"m+4d 

Tc, 

%3a 
%2+ 1ai 
urn 

ups+zd 

sr,O, Id 

nbz?11+7d 

%+ld 

N A  
N A  
NA 
NA 
NA 
N A  

NA 
1.3E-01 
6.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E+00 

2JE-01 

2.OE-06 
4.3E-07 
2.8E-11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.68-06 
5.4E-11 
85E-06 
3.OE- 11 
248-07 
5.1E-08 

N A  

N A  
N A  
N A  
NA 
NA 
NA 

NA 
5.8E-08 
1.7E- 11 

NA - 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E-10 

73E- 12 

LILCR Sommatioo = ' ME-08 

-. 

L .  

C-IU-6 15 
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Intake Eanation 

IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Table C.111-388 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of SoillSediment 

= CS XEFa X EDa X FI X IRa + CS X EFc X EDc X FI X IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in 

“137+1d 
Nk37+ld 
P%38 
Ra226+ed 

Rn222+ld 

TC99 

n 2 ,  

R%8+td 

Sr90+ld 

%8+7d 

NA 
2.OE-04 

NA 
2.1E-04 , 

6.5E-05 
NA 

l.lE-03 
2.3E-04 

NA 
9.5E-04 

soil 

pCilmg 
pCi1mg 
pCi1mg 
pCi1mg 
pCimg 
pCi1mg 
pCimg 
pCimg 
pCi/rng 
pCilmg 

Th232+10d 

‘23S+ld 
u234 

‘238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.2E-03 
6.7E-04 
4.6E-03 

NA 
NA 
NA 
NA 
NA 
NA 

12.5 mg/day 
12.5 mg/day 

40 days/year 
110 days/year 
32 Year 
12 Year 
1 (unitless) 

(see table below) 

pCilmg 
pCi/mg 
pCi1mg 
pCi1mg 
pCi1mg 
pCi1mg 
pCi1mg 
pCi1mg 
pCi1mg 
pCi1mg 

CDI CSP ILCR 
Radionuclides (pCi) fpCi)-l . (unitless) 

%37+ld 
Nfi37+ld 
P%38 
RaU6+8d 

Rnm+ld 

TC99 

n 2 ,  

u234 

% 2 8 + l d  

sr90+ld 

%28+7d 

n232+10d 

U23S+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6.4E+00 

6.7E+00 
2.1E+00 

3.7E+01 
7.6E+00 

3.1E+01 

1.4E+02 
2.2E+01 
1.5E+02 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.4E-09 

5.2E-09 
2.1E-10 

1.3E-09 
9.8E- 12 

4.OE- 10 

2.2E-09 
3.5E- 10 I 

3.OE-09 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.4E - 08 - I ILCR Summation - 

C-m-6 I8 0 0 1 0 94 

.- . 

a 

a 

a 
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Table CUI-391 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
South Field Area with Federal Ownenhip: Expanded Trespasser 

Via Inhalation of Gases and Particulates 

ntakt Equation 

IR 
EFa 
EFC 
EDa 
EDC 
ETa 
E T C  
CA 

= CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Qmsure duration 
Exposure duration 
Esposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

%37+ld 
Nk37+1d 

R%+8d 
R%?8+ld 

pu238 

RnZ22+4d 
Srwld 
Tc99 

.m, 
%28+ 7d 

NA 
2.8E-06 

NA 
3.7E-06 
1.2E-06 
1.6E+00 
=E-05 
5.1E-06 

1.7E-05 
NA 

pc im3  
pcim’ 
pci/m’ 
pCim3 
pCim3 
pCim3 
pCim3 
pcim’ 
pCim3 
pCim3 

-%32+ 1od 
uz34 

U m + m  
‘235+ Id 

NA 
NA 
NA 

’ NA 
NA 
NA 

NA 
9.1E-05 
1JE-05 
9.5E-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.83 m’hour 
40 daysmear 

110 daysbear 
32 Year 
12Year - 
1 hour/day 
2 hourlday 

(see table below) 

pcirn’ 
pCim3 
pcim’ 
pcim’ 
pCim3 
pCim3 
pCim3 
pcim’ 
pCim3 
pcim’ 

ILCR 
[unitleas) 

CDI 
Radionuclides (PCi) 

NA 
NA 
NA 
NA 
NA 

NA 

NA 
9.2E-03 

1.2E-02 
3.8E-03 
5.OE+03 
7.5E-02 
1.6E-02 

5.4E-02 

3.OE-01 
4.E-02 
3.1E-01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
LIE-07 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
2.7E- 10 

8.3E- 11 
2.6E- 12 
3.9E-08 
4.6E- 12 
1.4E- 13 

1.6E-09 

7.E-09 
1.2E-09 
7.4E-09 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

5.7E-08 - I ILCR Summation - 

003099 
C-III-623 

- .  
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Table CIII-392 
Summaxy of Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Expanded Trespasser 
Via External Radiation 

= [CR X EFa X EDa X ET, X (l-SH,)]+,[CR X EFc X EDc X ET- X (1-SHo)] 

EFa 
E F C  
EDa Exposure duration (adult) 
EDC Exposure duration (child) 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (child) 

Fraction of day spent outdoors (adult) 
Fraction of day spent outdoon (child) 
Shield factor outdoors 
Radionuclide specific concentrations 

moa 
ET, 

NA PCdi3 

NA PCdg 

NA P W  

NA PCdl3 

2.OE-01 pCdg 

2.1E-01 pCdg 
6.5E-02 pCdg 

l.lE+00 pCdg 
23E-01 pCdg 

9.5E-01 pCdg 

'IhPZ+ 1M 
urn 

u238+2d 
u23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

NA . pCdg 
4.2E+00 pCig 

4.6E+00 pcdg 
6.7E-01 pCdg 

NA PCdl3 
NA PCdP 
NA PCdP 
NA P W  
NA PCdS 
NA PCdP 

(nnitlcss) adionnclidcs (year pCin)  

%37+ld 
%37+ld 
'ups 

k z + 4 d  

h 9  

m, 
J234 
JPS+ld 
Jm+m 

b 6 + 8 d  
b 8 + l d  

"9O+ld 

%28+7d 

b 2 +  1M 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
8.4E-02 

8.8E-02 
2.88-02 

4.9E-01 
1.OE-01 

4.1E-01 

1.8E+00 
2.9E-01 
2.0E+00 

NA 

NA 

NA 

NA 
NA' 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.98-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
85E-06 
3.OE- 11 
2.48-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.6E-08 

5.3E-07 
8.1E-08 

NA 
NA 

NA 

'NA 

6.0E- 14 

2.2E- 11 

5.4E- 11 
6.98-08 
1.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

8.2E-07 - - I ILCR Summation 

I. 
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Table CUI-394 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area With Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

Intake &nation 

IR 
EF 
E D n  
FI 
cw 

- - CwX EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency , 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA pCin 
NA p C i  
NA pCy 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA pCin 
NA p C i  
NA p C i  

%32+ 1od 
uz34 
U235+ Id 
upa+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.5E-01 
2.4E-02 
5.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 daysbear 

1 (Unitless) 
(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p c i i  
p C i  
p C i  

CDI csq ILCR 
Radionuclides (pCi) (pCi)- (onitless) 

Ol37+ld 
N h 7 + l d  

R%26+8d 
R%+ld 

pupa 

%22+4d 

Tc99 
Sr90+ld 

% 2 8 + 7 d  

%232+ 1od 
uz34 
%+ld 
"238+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E+04 
1.2E+03 
2.4E+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- IO 
1.7E-12 
3.6E-11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
l.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.5E-07 
1.9E-08 
4.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

I 

8.6E-07 - I ILCR Summation - 
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Table CIII-397 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

ntake Equation 

IR 
EF 
EDn 
ca 

CaX EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
1.8E-07 

NA 
1.9E- 07 
6.1E-08 
8.OE-02 
l.lE-06 
2.3E-07 

NA 
8.6E-07 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pcim' 
pCim3 
pCim3 
pCim3 

mnz+ 1m 

'235+ld 
u278+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.2E-06 
6.7E-07 
4.6E-06 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3fday 
350 dayslyear 
70 Year 

(see table below) 

pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 
pc1m3 

CDI CSF ILCR 
bdionuclides ( K i )  [vci\-' [unitless\ 

% 3 7 + l d  
N!%37+ld 

Ra226+8d 
pu238 

Rnm+u 

Tc, 

'Ih, 

u234 
U235+ld 
"238+2d 

R%+ld 

Srm+ld 

n228+7d 

%Z+lM 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
8.6E-02 

9.3E-02 
3.OE-02 
3.9E+04 
5.5E-01 
l.lE-01 

4.2E-01 

2.1E+00 
3.3E-01 
2.2E+00 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
2.58-09 

6.5E- 10 
2.1E-11 
3.OE-07 
3.4E- 11 
9.5E- 13 

1.2E-08 

5.48-08 
8.2E-09 
5.48-08 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.3E-07 - I ILCR Summation - 
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Intake Equation 

IR 
Fl 
EF 
EDn 
Cf 

Table CIII-399 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

Cf X EFX EDn X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
fiposure duration 
Concentration of radionuclides in meat 

NANA 
7.4E-M 

NANA 
6.2E-06 
1.2E-06 

ERR 
9.9E-05 
2.8E-04 

NANA 
4.7E-07 

%32+ 1M 

U23S+ld 
u234 

U m + m  
NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

0.101 kgday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

4.6E-03 p C i g  
2.5E-04 p C i g  
5.OE-03 p C i g  

NANA p C i g  
NANA p C i g  
NANA p C i g  
NANA p C i g  
NANA p C i  
NANA p C i g  

CDI CSP ILCR 

%7+ld 
Nk37+ld 

R%2b+8d 
R%28+ld 

pu238 

%22+4d 
% + l d  
Tc99 

%a 
%2+ 1M 
u234 
uPs+ld 
Um+m 

%28+7d 

NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

NA 

NA 
1.4E-03 

1.1E-02 
2.2E-03 

1.8E-01 
5.2E-01 

8.7E-04 

85E+00 
4.6E-01 
93E+00 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.E-12 
3.6E- 11 
1.3E- 12 
55E- 11 
1.3E- 11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.OE- 13 

9.0E- 12 
2.2E- 13 

6.6E- 12 
6.8E- 13 

1.1E-14 

1.4E- 10 
7.4E- 12 
1.9E- 10 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.5E- 10 - I ILCR Summation - 

(2-111-635 
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Table CUI-401 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
South Field Area with Federal Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Dairy Products 

.- 

Intake Equation . - - CpX EF X EDnX Fl X IR 

IR 
Fl 
EF &posure frequency 
E D n  Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

NANA p C i g  %32+ 1M 
6.7E-08 p C i g  u, 

NANA p C i g  U?35+ld 
1.1E-05 p C i g  uzu1+2d 
2.1E-06 p C i g  NANA 

ERR p C i g  NANA 
5.OE-04 p C i g  NANA 
338-04 pCi/kg NANA 

NANA pCi/kg NANA 
3.9E-07 p C i g  NANA 

NANA 
1.6E-02 
8.9E-04 
1.8E-02 

NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

%7+ld 
N&37+ld 
pups 
R b + 8 d  

RnpZ+4d 
%o+ld  
%J9 
m228+ 7d 
%.3a 
%32+ 1M 
uz34 
Um+ld  
U m + m  

R%28+ld 

NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

NA 

NA 
5.OE-04 

8.28-02 
1.6E-02 

NA 
3.6E+00 
2.4E+00 

2.9E-03 

1.2E+02 
6.6E+00 
13E+02 

NA I 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.1E- 13 

6.4E- 11 
1.6E- 12 

1.3E- 10 
3.2E- 12 

3.7E- 14 

1.9E-09 
1.1E-10 
2.6E-09 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA ~ 

NA 
I 

4.98-09 - I ILCR Summation - 

C-III-638 



FEMP-OUOZ-5 DRAFT -. 
August 24, 1994 

333332333333333 
E ~ ~ ~ E E ~ ~ E E ~ ~ E E E  

.; . .  . c 



. .  
FEMP-OUM-5 DRAFT 
August 24. 1994 

.-. .- 

c-III-640 



FJ2MP-OUOZ-5 D F  
August 24. 1994 

I 

. n e e  &nation 

IR 
FI 
EF 
E D n  
cv 

Table CIII-403 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
South Field Area with Federal Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Vegetables and Fruits 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

cs137+ld 
NP237+ld 
pups 

R%z+4d 
S'90+ld 
Tc, 

'Ih230 

'%+ad 
R%+ld 

Thps+ 7d 

NANA 
1.7E-04 

NANA 
2.8E-04 
6.1E-OS 

ERR 
3.2E-03 
3.6E-04 

NANA 
9.6E-04 

%32+ IM 
urn 

Um+2d 
%S+ld 

NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

NANA 
2.2E+00 
1.2E-01 
2.4E+00 

NANA 
'NANA 
NANA 
NANA 
NANA 
NANA 

0.122 kglday 
1 (Unitless) 

350 dayslyear 
70 Year 

ILCR 
( m i  tless) 

CDI 
Radionuclides (pCi) (PCI 

cs137+1d 
NP237+ld 

Ra226+8d 
R%?8+ld 

pu238 

Rn222+4d 
%mid 
Tc99 

m, 
%32+ 1M 
Urn 
uZ3S+ld 
u238+2d 

?b228+7d 

NANA 
NANA 
NANA 
NANA 
NANA 
NANA 

NA 

NA 
5.2E-01 

, 8.2E-01 
1.8E-01 

9.6E+00 
l.lE+00 

2.9E+00 

6.68+03 
3.5E+02 
7.3E+03 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5JE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.1E-10 

6.4E- 10 
1.8E- 11 

3.4E-10 
1.4E- 12 

3.7E- 11 

1.lE-07 
5.6E-09 
1JE-07 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.6E-07 - I ILCR Summation - 

c-III-641 1381097 
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ntakc Equation 
- 

IR 
FF 
EDn 
FI 
cw 

Table CUI-405 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinking Water 

CDI CSP ILCR 

- - CW X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

1 Vday 
350 dayslyear 

6 Year 
1 (Unitless) 

-, (see table below) 

%37+ld 
NP237+ld 

R%+8d 
R"L28+ld 

Sr90+ld 

%28+ 7d 

PuPg 

R"272+4d 

Tc99 

~m 

NA p C i  
NA pCffl 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA pCiA . 
NA p C i  

%z+ 1M 
"234 

u238+2d 
%S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.5E-01 
2.48-02 
5.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
pcin 
p C i  
p C i  
p C i  
p C i  
p C i  
p c i  
p C i  

tadionoclidcs f DCi) (eCi)-' (unitless) 

Ql37+ld 

pu238 

R%+4d 

Tc, 

%30 
.m,,+ 1od 
.JPq 
Jm+ld 
Jm+m 

Nh37+ld 

R%+8d 
R%+ld 

sr90+ld 

%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

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

95E+02 
S.OE+Ol 
1 .OE+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA . 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-08 
8.1E- 10 
2.1E-08 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-08 - I ILCR Summation - 
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Table CIII-408 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

ntakc Equation 

IR 
EF 
ED0 
ca 

- - CaX EF X EDnX IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA pcim’ 
i .8~-07 pcim’ 

NA pcim’ 
1.9E-07 pCim3 
6.1E-08 pCim’ 
K O E - ~  pcim’ 
i . i ~ - ~  pcim’ 
2.3E-07 pCdm3 

NA pcim’ 
8.6E-07 pCim’ 

%32+ 1od 
u?34 

b + m  
uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

12 m’lday 
350 dayslyear 

6 Year 
(see table below) 

NA pcim’ 
4.2E-06 pCdm’ 
6.7E-07 pCim3 
4.6E-06 pCdm3 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pcim’ 

NA 

NA 
4.4E-03 

4.8E-03 
15E-03 
2.OE+03 
2.8E-02 
5.98-03 

2.2E-02 

1.1E-01 
1.7E-02 
l.lE-01 

NA 

NA 

NA 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA / 

C D I  CSP ILCR 
Cadionuclidcs (pCi) (pci1-l (anitless) 

NA 

NA 
1.3E- 10 

3.4E- 11 
1.1E- 12 
1.6E-08 
1.7E- 12 
4.9E- 14 

63E- 10 

2.8E-09 
4.2E- 10 
2.8E-09 

cs137+ld 
Nh37+ld 
pups 

R”m+4d 
S‘m+ld 
Tc99 

m232+ lod 

%S+ld 

R%7.6+8d 
R%2&+ld .. 

NA 

NA 

% 2 8 + 7 d  

U m + m  NA NA 
NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA . ‘NA NA . 

I ILCR Summation - - 2.2E-08 

c. \‘I449 e 
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Intake EQuation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-410 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Ekposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
7.4E-07 

6.2E-06 
1.2E-06 

ERR 
9.98-05 
2.8E-04 

NA 
4.7E-07 

NA 

%32+ 1Ln 
u234 

"tUI+M 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.6E-03 
2.5E-04 
5.OE-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daysfyear 

6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

%7+ld 
NPZ17+ Id 
%38 

Rn2z2+4d 

Tc99 

%3z+ 1od 
u234 
%+ld 
U ~ + Y  

R%b+8d 
R??Z8+ld 

sr!B+ld 

Ibps+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA . 

NA 
4.68-05 

3.8E-04 
7.2E-05 

6.1E-03 
1.7E-02 

2.9E-OS 

2.8E-01 
15E-02 
3.1E-01 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.OE- 14 

3.OE- 13 
7.2E- 15 

2.2E- 13 
2.2E- 14 

3.7E- 16 

4.5E- 12 
2.5E- 13 
6.2E-12 r 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.1E-1.1 - I ILCR Summation - 1 



-I FEMP-OUOZ-5 DRAFT - 
August 24, 1994 

1, 

C-In-653 



. '  . .  .:. 
'_' , 

FEMP-OUO2-5 DRAFT 
August 24, 1994 

-. .- 

C-111-654 

, 



FEMP-OUO2-5 DRAFT -. 
August 24. 1994 

Table CIII-412 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 2 

South Field Area with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products 

ntakc Equation 

IR 
FI 
EF 
EDn 
CP 

- - CpX EFX EDn X FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA p C i g  

NA p C i g  

ERR p C i  

NA p C i  

6.7E-08 pC&g 

1.1E-05 pC&g 
2.1E-06 pC@ 

5.OE-04 pC&g 
33E-04 p C i  

3.9E-07 pC&g 

'IhPZ+ 1LM 
u234 
UPS+ld 
ups+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.6E-02 
8.9E-04 
1.8E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

C D I  CSP ILCR 
Ladionuclidcs (pCi) (pCi1-I (unitleas) 

NA 2.8E- 11 NA 

NA 2.2E- 10 NA 
2.1E- 14 9.6E-05 2.2E- 10 

1.6E-02 7.8E- 10 1.2E- 11 
3.OE-03 1.OE- 10 3.OE- 13 

NA 1.7E-12 NA 
7.OE-01 3.6E- 11 2.5E-11 

- 4.7E-01 1.3E- 12 6.1E- 13 
NA 5.5E- 11 NA 
5.5E-04 13E-11 7.2E- 15 

NA 1.7E- 10 NA 

u234 1.3E+00 1.6E- 11 2.OE- 11 
5.1E- 10 

%7+ld 

pups 
R%+ad 

RnZp+4d 
Sr9O+ld 
Tc99 

%30 
%2+ 1LM 

"PS+ld 
upS+zd 

NP?37+ld 

R%+ld 

%28+7d 

23E+01 1.6E-11 3.7E- 10 

2.OE- 11 
NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

2.6E+01 
NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 9.4E- 10 J 
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Table CIII-414 

Summary of Intake and Risk Quantitation (radionuclides)-Alternative 2 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X FI X IR - ntakc Quation - 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
Cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

cs137+ld 
Nk37+ld 

R%+8d 
R%+ld 

pu238 

Rnm+4d 
s r w l d  
Tc99 

%30 
?bZ?8+ 7d 

NA pCjnCg 

NA p C i g  
1.E-04 p c i g  

2.8E-04 p C i  
6.1E-05 p C i g  

3.28-03 p C i g  
3.6E-04 p C i  

9.6E-04 p C i  

ERR p C i  

NA p C i  

-%z+ rod 
u234 

u2u)+2d . 
"235+1d 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kglday 
1 (Unitless) 

350 daysjyear 
6 Year 

NA pCiJkg 
2.2E+00 p C i g  

2.4E+00 pCi/kg 
NA p C i  
NA p C i  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i  

1.2E-01 p C i g  

CDI CSP ILCR 
Radionuclides (pCi) (pci1-1 (unitless) 
I 
cs137+ld 
N&37+ld 
pu238 

RnZp+4d 

Tc99 

- b o  
%Z+lOd 
u, 
uPs+ld 
U a + m  

Ra126+8d 
R%+ld 

Srgg+ld 

mZ?8+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.7E-02 

5.8E-02 
13E-02 

6.7E-01 
7.68-02 

2.OE-01 

NA 

NA 

NA 
4.6E+02 
25E+01 
5.1E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E-10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E- 11 
13E-11 
1.E-10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
8.OE-12 

4.5E- 11 
1JE- 12 

2.4E- 11 
9.9E- 14 

2.6E- 12 

7.4E-09 
4.0E- 10 
1.OE-08 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

L 
1.8E-08 - 1 ILCR Summation - 
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Table C.111-416 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of SoilJSediment 

Intake Equation = CS XEFa XEDa X FI X IRa + CS X EFc X EDc X FIX IRc 

IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

%37+ld 
NP237+ Id 
"23.9 
R??26+&l 
R%28+ld 

Sr90+ld 

% 2 8 + 7 d  

Rn222+4d 

T% 

Th2, 

NA 
1.9E-04 

NA 
1.7E-04 
2.2E-04 

NA 
1.3E-03 
4.OE-04 
9.1E-05 
3.6E-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCilmg 
pCi/mg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 

Th232 + lod 

'23S+ld 
'238+2d 

u234 

NA 
NA 
NA 
NA 
NA 
NA 

3.4E-05 
1.4E-03 
1.3E-03 
9.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 

12.5 mg/day 
12.5 mg/day 

40 dayslyear 
110 days/year 
32 Year 
12 Year 
1 (unitless) 

(see table below) 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

C D I  CSF ILCR 
aadionuclidcs (pCi1 (pCi1-l (unitless) 

'%37+ld 
Nh37+ld 
'%38 
R%26+&! 
R%2.9+ld 
Rn222+4d 

T% 

Th2m 

u234 

Sr90+ld 

%28+7d 

m232+10d 

"235+ld 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6.1E+00 

5.5E+00 
7.3E+00 

4.1E+01 
1.3E+01 
2.9E+Ob 
1.2E+02 
l.lE+OO 
4.7E+01 
4.2E+01 
3.1E+01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.88- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.3E-09 

4.3E-09 
7.3E- 10 

1.5E-09 
1.7E-11 
1.6E- 10 
1.5E-09 
1.9E- 10 
7.5E- 10 
6.7E- 10 
6.2E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-08 - I ILCR Summation - 

C-III-66 1 
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7 .  Table CIII-419 
I , * ?  ' 
'b' . ' Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Erpanded Trespasser 
Via Inhalation of Gases and Particulates 

',take Eglurtion = CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

IR 
EFa 
EFC 
EDa 
EDC 
ETa 
E T C  
CA 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

NA 
3.6E-06 

NA 
3.7E-06 
5.9E-06 
1.7E+OO 
3.OE-05 
8.7E-06 
2.7E-06 
938-05 

pcim' 
pcim' 
pCim3 
pci/m3 
pCim3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 

-%2+ 1od 
"234 

U238+2d 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

1.OE-06 
3.1E-05 
2.9E-OS 
2.OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

0.83 m'hour 
40 daysbear 

110 daysbear 
32 Year 
12 Year 
1 houdday 
2 hour/day 

(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pciim' 
pCim3 
pci/m' 

ILCR 
* (unitless) 

CDI 
Zadionnclidcs [uCi) (UCI 

Ql37+ld 

P% 

R%+4d 
S'#)+ld 
T% 

la, 
%32+ 1od 
~ 2 3 4  
"m+ld 
u238+24l 

Nk37+ld 

R%+8d 
R??Z3+ld 

%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
12E-02 

1.2E-02 
1.9E-02 
5.5E+03 
9.7E-02 
2.88-02 
8.98-03 
3.OE-01 
3.4E-03 
1.OE-01 
958-02 
6.4E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.4E- 10 

8.4E- 11 
1.3E-11 
4.2E-08 
6.0E- 12 
23E- 13 
6.9E- 10 
8.8E-09 
3.7E- 10 
2.6E-09 
2.4E-09 
1.5E-09 

NA 
NA 
NA 
NA 
NA 
NA 

5.98-08 - I ILCR Summation - 

008122 
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Table CIII-420 
Summary of Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Expanded Trespasser 
Via External Radiation 

[CR X EFa X EDa X ETm X (1-SH,)] +[a X EFc X EDc X ETm X ( 1-SH,)] 

EFa 
E F C  
EDa Exposure duration (adult) 
EDC Exposure duration (child) 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (child) 

Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoors 
Radionuclide specific concentrations 

moa 
mm 
SHO 
CR 

%7+ld 
NP237+ld 

R??26+8d 
R%?E+ld 
RnpL+4d 

Tc99 
sr90+ld 

%?&+ 7d 

NA PC& 

NA P a 3  

NA PCiP 

1.9E-01 pCdg 

1.7E-01 pCdg 
2.2E-01 pCig 

13E+00 pCig 

3.6E+00 pCig 

4.OE-01 pCdg 
9.1E-02 pCdg 

%32+ 1od 
u234 
uPS+ld 
Um+m 

NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

3.4E-02 pCig 
1.4E+00 pc ig  
1.3E+00 pCdg 
9.5E-01 pCdg 

NA PCdi3 
NA PCil3 
NA PCilg 
NA P W  
NA PCdS 
NA PCdi3 

CDI CSP ILCR 
adionuclidcs (year p C i g )  (n/pCi-ycar)-' (unitless) 

3su7+ld 
'PZ37+ld 

%?6+8d 
R%?E+ld 
Rn222+4d 
%l+ld 
r%9 
%a 
%32+ 1od 
u234 
UPS+ld  
um+m 

%Z3+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
8.1E-02 

7.2E-02 
9.6E-02 

5.4E-01 
1.7E-01 
3.9E-02 
1.6E+00 
1.5E-02 
6.2E-01 
5.5E-01 
4.1 E- 01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8.5E-06 
3.0E- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.5E-08 

4.3E-07 
2.8E-07 

NA 
NA 

1.OE- 13 
2.2E-07 
8.4E- 11 
1.3E-07 
1.9E- 11 
13E-07 
2.1E-08 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - - 1 ILCR Summation 

L 
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Intake Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-422 
Summary of Intake and Risk Quantitatiori (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

CWX EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration . 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pcin 
p C i  
p C i  
p C i  
p C i  
pcin 
p C i  
p C i  
p C i  
p C i  

%32+ 1M 
uz34 

u238+2d 
%5+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-01 
3.5E-02 
7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 daysbear 

1 (Unitless) 
(see table below) 

PC? 

PC? 

P C i  
p C i  

P C i  
p c i i  
p C i  
p C i  
p C i  
p C i  

csl37+ld 

pu238 

Rn222+4d 

TC99 

~ 2 3 0  

u234 

u238+2d 

NP237+ld 

R%+8d 
R%+ld 

srW+ld 

%28+ 7d 

%32+ 1M 

k + l d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+04 
1.7E+M 
3.5E+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.m- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-07 
2.7E-08 
7.1E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1 
1.2E-06 - LILCR Summation - 
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itakc Equation 

IR 
EF 
EDn 
ca 

Table CIII-425 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Federal Ownership: Off-Property Farmer (Adult) 

Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

(%37+ld 
Nk??37+ld 
fi, 

Rnz+Qd 

*cw 

%30 

R%26+8d 
Ra228+ld 

Sr90+ld 

nh228+ 7d 

NA pCim3 
2.5E-07 pCim3 

NA pCim3 
1.9E-07 pCim3 
2.4E-07 pCim3 
8.7E-02 pCim3 
1.6E-06 pCim3 
4.4E-07 pCim3 
9.8E-08 pCim3 
3.9E-06 pCim3 

CaX EF X EDnX IR 

20 m3/day 
350 daysbear 
70 Year 

(see table below) 

m232+10d 3 . 7 ~ 4 8  pCim3 
1.7E-06 pCim3 
1.4E-06 pCim3 

urn 
u238+2d i . i ~ - ~  pcim' 

NA NA pCim3 

'235+ld 

NA NA &im3 
NA NA pCim3 
NA NA pCim3 
NA NA pCim3 
NA NA pCim3 

cnr CSF ILCR -- - 
ladioaoclidcs (pCi) (pCi1-l (unitless) 

NA 1.9E- 11 NA 

NA 3.9E-08 NA 
csU7+ld 1.2E-01 2.9E-08, 3.6E-09 
NP237+ld 

9.3E-02 7.OE- 09 6.5E- 10 
1.2E-01 6.9E- 10 8.2E- 11 R%+Od 

4.3E+04 7.7E-12. 3.3E-07 Ra228+ld 

7.9E-01 6.2E- 11 4.9E- 11 
8.3E-12 1.8E- 12 sr90+ld 

2.2E-01 
4.8E-02 7.8E-08 3.8E-09 
1.9E+00 2.9E-08 5.5E-08 %h228+ 7d 

- b o  1.8E-02 l.lE-07 2.OE-09 
8.1E-01 2.68-08 2.1E-08 

urn 7.1E-01 25E-08 1.8E-08 
'235+ld 5.3E-01 2.4E-08 . 13E-08 
Um+m NA NA NA NA 

NA NA NA 
NA 

NA NA NA 
NA NA NA 

NA 

hlt38 

Rnm+4d 

Tcw 

%32+ 1od 

NA 
NA NA NA 
NA 
NA 
NA NA NA 

I ILCR Summation - - 4.5E-07 
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Table CIII - 427 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

Intake Equation 

IR 
FI 
EF 
EDn 
Cf 

Cf X EFX EDn X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated s o w  
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+ld 
NP237+1d 
pu238 

Rnm+u 

TC99 

'Ih, 

Ra226+8d 
R%+ld 

sr90+ Id 

mhp8+7d 

NA 
LlE-06 

NA 
6.2E-06 
4.7E-06 

ERR 
1.4E-04 
53E-04 
4.3E-08 
2.1E-06 

%3z+ 1od 
u234 
UZ3S+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

2.OE-08 
6.6E-03 
3.7E-04 
7.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 wday 
0.75 (Unitless) 
350 dayshear 
70 Year 

CDI . CSF ILCR 
Radionuclides (pCi) (pcil-' (unitless) 

cs137+ld NA 2.8E- 11 NA 
Nk37+ld 2.OE-03 2.2E- 10 43E- 13 
fi, NA 2.2E- 10 NA 
Ra226+8d l.lE-02 7.8E- 10 8.9E- 12 
R%+ld 8.7E-03 1.OE- 10 8.7E- 13 
R"m+4d NA 1.E- 12 NA 
"90+ld 2.7E-01 3.6E-11 9.6E- 12 

9.9E-01 1.3E- 12 1.3E- 12 
8.1E-05 5.5E- 11 4.4E- 15 %Z3+ 7d 
3.98-03 . 13E- 11 5.1E- 14 
3.7E-05 1.E- 10 6.3E- 15 

Ua.4 1.2E+01 1.6E-11 2.OE- 10 
%S+ld 6.9E-01 1.6E-11 1.lE-11 

Tc99 

-%Al 
%32+ 1od 

u238+2d 1.3E+01 2.0E- 11 2.7E- 10 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

5.OE- 10 - 1 ILCR Summation - 
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Table CUI-429 
Summay of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Addt) 
Via Ingestion of Daiq Products 

8 6 0  

ktake Eauation 

IR 
Fl 
EF 
EDn 
CP 

- - CpX EF X EDnX Fl X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
& p u r e  frequency 
l3posure duration 
Concentration of radionuclides in animal products 

(%37+ld 
NP277+ld 

R%26+8d 
R%+ld 

Sr90+ld 

mZ?a+ 7d 

pups 

Rnm+4d 

TC, 

nL, 

NA 
9.6E-08 

NA 
1.1E-05 
8.5E-06 

ERR 
7.2E-04 
6.3E-04 
3.7E-08 
ME-06 

-%32+ 1od 
u?34 
UPS+ld 
Um+a 

NA 
NA 
NA 
NA 
NA 
NA 

1.E-08 
2.4E-02 
1.3E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

ILCR 
(unitless) 

CDI 
tadionuclides (pCi) 

.%37+ld 
NP237+ld 
hLt?s 

Rnp2+4d 

Tc99 

'Tbm 
m232+ 1od 
u, 
u?35+ld 
U m + m  

R??26+8d 
R%+ld 

Sr90+ld 

%28+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
7.1E-04 

8.1E-02 
6.2E-02 

5.3E+00 
4.6E+00 
2.7E-04 
1.3E-02 
1.2E-04 
1.7E+02 
9.7E+00 
1.9E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.6E- 13 

6.3E- 11' 
6.2E- 12 

1.9E- 10 
6.OE- 12 
15E- 14 
1.E- 13 
2.1E- 14 
2.8E-09 
1.6E- 10 
3.88-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 - - I ILCR Summation 
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Table CIII-431 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

ntake Fiquation CVX EFX EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv Concentration of radionuclides in vegetables , 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

cs137+ld 
NP217+ld 

R%+8d 
R%+ld 

Sr90+ld 

%3a 

R%+4d 

Tc99 

%w 
%28+ 7d 

NA 
2.5E-04 

NA 
2.E-04 
2.4E-04 

ERR 
4.6E-03 
6.9E-04 
9.6E-05 
4.38-03 

-932+1od 
u234 

u238+2d 
uPS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

4.1 E - 05 
3.2E+00 
1.7E-01 
3.5E+00 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kglday 
1 (Unitless) 

350 dayslyear 
70 Year 

ILCR 
(unitless) 

CDI 
Zadionuclides (PCi) (PCI 

%37+ld 
Nb37+ld 
fi, 

R"m+4d 

Tc99 

%.IO 
%32+ 1od 
u234 

%+2d 

Rap6+8d 
R%+ld 

Sr90+ Id 

%28+7d 

uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
7.4E-01 

8.2E-01 
7.3E-01 

1.4E+01 
2.OE+00 
2.9E-01 
1.3E+01 
1.2E-01 
9.6E+03 
5.2E+M 
l.lE+04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E-11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.6E- 10 

6.4E- 10 
7.3E-11 

5.OE- 10 
2.7E- 12 
1.6E-11 
1.E- 10 
2.1E-11 
1.5E-07 
83E-09 
2.1E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-07 - LILCR Summation - 
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Table CIII-433 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinking Water 

- - Cw X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

%32+ 1od 
u, 
U235+td 
uz38+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-01 
3.5E-02 
7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
pcin 
p C i  
p C i  
p C i  

CDI CS? ILCR 
Radionuclides (uCi) (uCi)- (unitless) 

%37+ld 
NP237+1d 

Ra226+8d 
R%28+ld 

srW+ld 

?IlIh228+7d 

P b  

Rn222+4d 

Tc99 

~ 2 3 a  
n 2 3 2 +  1od 
u234 
%+ld 
ups+zd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E+03 
7.4E+01 
1.5E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-08 
1.2E-09 
3.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 1 

5.3E-08 - I ILCR Summation - 



- 
-. .- 

FEMP-OU02-5 DRAFT 
August 24, 1994 

U 

u u u u u u u u u u u u u u u  
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z  

1 u u u u u u u ~ u u u u u u u  
0 z z z z z z z z z z z z z z z  a 

a 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

C-III-689 

5 8 6 0  



-. .- 

FEMP-OUOZ-5 DRAFT 
AI ?* Q 4.; $3 August 24, 1994 

C-III-690 



-. .- 

a 

c 

FEMP-OU02-5 DRAFT 
August 24. 1994 

c-III-691 

5 8 6 0  



-. FEMP-OUOZ-5 DRMT .- 

August 24, 1994 
. r,. ’ 

[ntake Eanation 

IR 
EF 
EDn 
ca 

Table CIIf-436 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Inhalation of Gases and Particulates 

a CaX EF X EDnX IR 

Inhalation rate of gases (RAGS, 1989) 

Exposure duration 
Concentration of radionuclides in air 

Enposure frequency 
12 m%ay 

3SO dayshar 
6 Year 

(see table below) 

NA 
2JE-07 

NA 
1.9E-07 
2.4E-07 
8.E-02 
1.6E-06 
4.48-07 
9.88-08 
3.98-06 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
p ~ m ’  
pcim’ 
p~i im’  

%32+ 1od 
u, 
UPS+ld 
Um+M 

NA 
NA 
NA 
NA 
NA 
NA 

3.78-08 pWm’ 
1.7~-06 pcim’ 
1.4E-06 pcim’ 
i.i~-a pcim’ 

NA pcim’ 
NA pcim’ 
NA pcim’ 
NA p~ i im’  
NA pcim’ 
NA pcim’ 

ladioauclidcr (uCi) (uci)-’ (unitleas) 

%7+, NA 1.9E-11 NA 
Nb37+ld 6.38-03 2.9E-08 1.8E- 10 

NA 3.9E-08 NA 
4.88-03 7.OE-09 3.3E- 11 

R%+ld 6.1E-03 6.9E- 10 4.2E- 12 

Sr,, 4.1E-02 6.2E-11 2SE- 12 
. 1.1E-02 8.3E- 12 9.3E-14 

nm+m 258-03 7.8E-08 1.9E-10 
9.88-02 2.9E-08 2.8E-OQ 
9.48-04 l.lE-07 1.OE- 10 
4.28-02 2.68-08 l.lE-09 
3.68-02 2SE-08 9.1E-10 

~m+2d 2.7E-02 2.4E-08 6.5E- 10 

pups 

R%+U 2.28+03 7.7E-12 1.7E-08 

TC99 

%30 
’IhP2+1od 
u234 
ups+, 

R?Z?6+8d 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

2.38-08 - I ILCR Summation - 
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Table CHI-438 
Summary of Intake and Risk Quantitation (radionuclides)-Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

= Cf X EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

cs137+ld 
Nb37+ld 

R%+8d 
R%+ld 

pupa 

RnpZ+4d 

TC, 

%3ll 

sr90+ld 

%+ 7d 

N A  
l.lE-06 

N A  
6.28-06 
4.E-06 

ERR 
1.4E-04 
5.3E-04 
4.3E-08 
2.1E-06 

%32+ 1od 
urn 
U235+ld 
um+m 

N A  
N A  
N A  
N A  
N A  
N A  

2.OE-08 
6.6E-03 
3.E-04 
7.28-03 

N A  
N A  
N A  
N A  
N A  
N A  

0.039 kglday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSP ILCR 
Ladionuclides (pCi) (pci)" (unitless) 

N A  2.8E-11' N A  
2.2E- 10 1.4E- 14 6JE-05 
2.2E- 10 N A  N A  

3.8E-04 7.8E- 10 2.9E- 13 
2.98-04 1.OE- 10 2.9E- 14 

3.6E-11 3.2E- 13 8.8E-03 
4.3E- 14 3.38-02 1.3E- 12 

2.7E-06 5.5E-11 1.5E- 16 
13E- 11 1.7E- 15 1JE-04 

1.2E-06 1.7E- 10 2.1E-16 
1.6E-11 6JE- 12 4.OE-01 

2.3E-02 1.6E-11 3.E- 13 
2.OE- 11 8.9E- 12 4.4E-01 

%7+ld 
N b 7 +  Id 
pups 
R%5+gd 

R%22+4d 

Tc99 

%40 
%32+ 10d 
urn 
U'LIS+Y 
um+m 

N A  1.7E- 12 N A  Ra228+ld 

%+Id 

%8+ 7d 

N A  NA NA N A  
N A  N A  N A  N A  
N A  N A  N A  N A  
N A  NA N A  N A  
N A  N A  NA N A  
N A  N A  NA N A  

I ILCR Summation - - 1.6E-11 
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Table CIII-440 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Federal Ownexship: Off-Property Farmer (Child) 

Via Ingestion of Dai~y Products 

n e e  Equation 3 CpX EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

NA 
9.6E-08 

NA 
1.1E-05 
8.58-06 

ERR 
7.2E-04 
6.3E-04 

1.8E-06 
3.7E-9 

%2+ 1od 
u234 
U23S+ld 
uz111+2d 

NA 
NA 
NA 
NA 
NA 
NA 

1.E-08 
2.48-02 
1.3E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 uday 
0.75 (Unitless) 
350 daysbear 

6 Year 

CDI CSP ILCR 

Ql37+ld 

pups 
R%+ad 

Rn?a+U 
S'm Id 
=c, 
%m+M 

%32+ 1od 
u234 
UDS+ld 
Uzuczd 

Nk31+ld 

R%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.4E-04 

1.6E-02 
1.2E-02 

1.OE+00 
8.9E-01 
5.2E-05 
2.5E-03 
2.4E-OS 
3.4E+01 
1.9E+00 
3.7E+01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
SSE-11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.OE- 14 

1.2E- 11 
1.2E- 12 

3.7E-11 
1.2E- 12 
2.9E- 15 
3.2E- 14 
4.OE- 15 
5.4E- 10 
3.OE- 11 
7.4E- 10 

NA 

NA 
NA 

NA 
NA 
NA 

NA . 

1.4E-09 - [ ILCR Summation - 
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Table CIII-442 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

- - CvX EFX EDn X R X IR 

Ingestion rate.of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA pCi/kg 

NA p C i g  

ERR p C i  

2.5E-04 pCi/kg 

2.7E-04 pci 
2.48-04 

4.6E-03 pCi/kg 
6.9E-04 pCi/kg 
9.6E-05 pCi/kg 
4.38-03 p C i  

m232+ IM 
urn 
u23S + id 
Um+m 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 daysbear 
6 Year 

4.1E-05 p C i  

1.7E-01 pC&g 
3.2E+00 p C i g  

3.5E+00 p C i  
NA p C i  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i  
NA p C i  

CDI CSP - ILCR 

NA 2.8E- 11 NA 
5.28-02 2.2E- 10 1.1E-11 

NA 2.2E- 10 NA N%37+ld 

pu, 5.8E-02 7.8E- 10 4.5E- 11 
5.1E-02 1.OE- 10 5.1E- 12 R%+13d 

R%+ld NA 1.7E- 12 . NA 
9.7E-01 3.6E- I1 3.5E-11 

Srwld 1.4E-01 1.3E- 12 1.9E- 13 
2.OE-02 5.5E- 11 1.1E-12 

1.2E- 11 9.OE-01 1.3E- 11 
8.6E-03 1.7E- 10 1.5E- 12 

%32+ 1M 6.7E+02. 1.6E-11 l.lE-08 
u234 3.6E+01 1.6E-11 5.8E- 10 
U23S+ld 7.4E+02 2.OE- 11 1.5E-08 

% 3 7 + l d  

Rnm+4d 

*c99 
n z a + m  
Thpo 

NA NA NA 
NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

Um+m 
NA 
NA NA NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 2.68-08 

C-111-70 1 0031657 
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Table CIII-444 

Summay of Wake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of JXnking Water 

ntake Ewat ion  

IR 
EF 
EDn 
FI 
cw 

- - CW X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cs137+ Id 
NPZ37+ld 
w33 

Rn222+4d 
Srm+ld 
Tc99 

%3ll 

R%+8d 
R%+ld 

%28+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
'NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

%z+ 1od 
u?34 
U235+M 
Uza+zd 

NA 
NA 

NA 
NA 
NA 

-. NA 

NA 
3.1E-02 
2.OE-03 
3.4E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 dayslycar 

1 (Unitless) 
(see table below) 

p C i  
p c i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

ILCR . 
(unitless) 

CDI 
Radionuclides (pCi1 

I 

(%37+ld 
NPZ37+ld 
pupa 

Rn222+4d 
srm+ld 
T% 
%28+ 7d 
nrn 
%z+ lod 

"m+ld 
Um+m 

R%26+0d 
R??LS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E+03 
9.8E+01 
1.7E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E-12 
3.6E- 11 
1.3E-12 
5.5E-11 
1.3E-11 
1.7E-10 
1.6E- 11 
1.6E- 11 
2.OE-11 

NA 
NA. 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

J NA 

2.48-08 
1.6E-09 
3.38-08 

NA 
NA 
NA 
NA 
NA 
NA 

I I ILCR Summation = 5.9E-08 1 
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Table CIII-446 
Summaq of Intake and Risk Quantitation (radionuclides) AIternative 3 
South Field Area with Private Ownenhip: Off-Property Farmer (Adult) 

Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS, 1989) 

Exposure duration 
Concentration of radionuclides in air 

E;xposure frequency 

NA 
3.38-07 

NA 
NA 
NA 
NA 

2.2E-07 
NA 
NA 

2.88-06 

pci/m3 
pcim’ 
pCim3 
pcim’ 
pCim3 
pCim3 
pcim’ 
pCim3 
pciim’ 
pciim’ 

CaX EF X EDnX IR 

%32+ 1od 
UPr 

Um+zd 
” D S + l d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.OE-06 

NA 
8.8E-07 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 dayslyear 
70 Year 

(see table below) 

pcim’ 
pCim3 
pcim’ 
pCim’ 
pCim3 
pCim3 
pCim3 
pcim’ 
pcirn’ 
pcim’ 

ILCR 
(unitless) 

CDI 
tadionaclidcs (pCi\ (DCI 

%7+, 

pups 

R%+, 
Sr,, 
Tc99 
%23+7d 
%o 
%32+ 1od 
urn 
UPS+ld 
%3+M 

Nh‘57+1d 

R%+8d 
R%28+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-01 

l.lE-01 

1.4E+00 

4.9E-01 

4.3E-01 

1.9E-11 
2.9E-08. 
3.98-08 
7.OE-09 
6.9E- 10 
7.x- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.98-08 
1.1E-07 
2.68-08 
2JE-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.68-09 

6.6E- 12 

3.98-08 

1.3E-08 

1.OE-08 

6.7E-08 - 1 ILCR Summation - 
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D 15 $3 c-  Table CIIl-448 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Propew Farmer (Adult) 

Via Ingestion of Meat Products 

itakc Eauation 

IR 
Fl 
EF 
EDn 
Cf 

=I CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 

Exposure duration 
Concentration of radionuclides in meat 

J 3 p u r e  hequency 

NA 
1.4E-06 

NA 
NA 
NA 

ERR 
1.9E- 05 

NA 
NA . 

15E-06 

%32+ 1IM 
u, 
u?38+2d 
uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kdday 
0.75 (Unitless) 
350 daysNar 
70 Year 

NA p C h g  
3.3E-04 p C i  
2.OE-05 p C i  
3.SE-04 pC& 

NA pC&g 
NA pCi/kg 
NA p C i  
NA p C i  
NA p C i g  
NA p C i g  

CDI CSF ILCR 

% 3 7 +  Id 
N%l+ld 
fi, 
Rapa+ffl 

Rnn2+4d 
Sr90+ld 
Tcpg 

'%m 
%z+ l(Li 

u, 
ups+ld 
Um+m 

R%+ld 

%23+7d 

NA 
NA 
NA 
NA 
NA 
NA 

LILCR Summalion - - 2.SE- 11 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.68-03 

3.6E-02 

2.8E-03 

6.OE-01 
3.7E-02 
6.6E-01. 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E-12 
3.6E-11 
1.3E- 12 
SSE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA . 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.6E- 13 

13E- 12 

3.6E- 14 

9.7E- 12 
5.9E-13 
1.3E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

-. .- 
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Table CIII-450 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Owneffhip: Off-Property Fanner (Adult) 

Via Ingestion of Dahy Products 

- - CpX EF X EDn X FIX IR 

Ingestion rate of dairy producu 
Fraction inpsted from contaminated source 

Exposure duration 
Concentration of radionuclides in animal producu 

frequency 

NA p C i  

NA p C i g  
NA p C i  
NA p C i  

ERR p C i  
9.6E-05 p C i  

NA p C i  
NA p C i  

1.3E-07 p c ' i  

1.2E-06 p C a  

'Ih?32+ tal 
u, 
Um+Y 
ut3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Uday 
0.75 (Unitless) 
350 dayslycar 
70 Year 

NA p C i g  
1.2E-03 p C i g  
7.28-05 p C i  
1.3E-03 pC&g 

NA p C i  
NA p C i  
NA p C i g  
NA p C i g  
NA p C i  
NA p C i  

ILCR 
LadionucIidcs (vCi) (pC1 7; (unitleas) 

%37+Y 9.2E-04 2.2E- 10- 2.OE- 13 
N b 7 + l d  

CDI 

NA 2.8E- 11 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA 
NA 1.OE- 10 NA 
NA 1.7E- 12 NA 

NA 1.3E- 12 NA 
NA . 5.5E-11 NA 

NA 1.7E- 10 NA 

pups 
R%+ati 
R%8+ld 
Rnpr+4d 

Tc99 

.rh, 
-%2+ lal 
u?34 

3.6E- 11 2.5E- 11 7.1E-01 

9.1E-03 1.3E-11 1.2E- 13 

1.4E- 10 8.5E+00 1.6E-11 
8JE- 12 53E-01 1.6E-11 

UPS+ld 9.3E+00 2.OE- 11 1.9E- 10 
U a + m  NA NA NA NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

% 2 8 + 7 d  

NA 
NA 
NA 
NA 
NA NA NA . NA 

I ILCR Summation - - 3.6E- 10 

C-III-7 13 



FEMP-OU02-5 DRAFT 
August 24, 1994 

u u u u u u u u u u u u u u u  
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z  

6;. e3 1 170 
C-III-7 14 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 

-. 
.- 

a 

a 
I 4  S 

C-111-7 15 

5 8 6 0  



.- 

FEMP-OUM-5 DRAFT 
August 24. 1994 

Radionuelidea (pCi) (pCi)-' funitleas) 

%37+ld NA 2.8E- 11 NA 
N b 7 + l d  9.7E-01 2.2E- 10 2.1E- 10 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA 

R??Z8+ld NA 1.OE- 10 NA 
RnpZ+4d NA LE- 12 NA 
S'#)+ld 1.9E+00 3.6E- 11 6.E-11 

NA 1.3E- 12 NA 
NA 5.SE- 11 NA 

NA 1.E- 10 NA 

pu238 
Rapg+8d 

T%J 
%28+7d 
la, 
na2+ 1od 

ups+ld 2.9E+01 1.6E-11 4.E- 10 

9.1E+00 1.3E-11 1.2E- 10 

u234 4.6E+02 1bE-11 7.3E-09 

U a + m  5.OE+02 2.0E- 11 1.OE-08 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

1.8E-08 - I ILCR Sammation - 

IR 
FI 
EF 
EDn 
cv 

Table CIII-452 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
SGuth Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Vegetables and Fruits 

=t CvX EF X EDn X FI X IR 

Ingestion rate of hits or vcgetablca 
Fraction ingested from contaminated source 

Exposure duration 
Concentration of radionuclides in vegetables 

Exposure frequency 

%7+ld 
Nfb7+ld 
pups 
Raps+8d 

R%+4d 
sr9o+ld 
*% 

.rh, 

R%Z3+ld 

%+ 7d 

NA p C i g  

NA p C i  
NA p C i  
NA p C i  

ERR p C i  

NA p C i g  
NA p C i  

3.2E-04 p C i  

6.2E-04 p C i  

3.1E-03 p C i  

%32+ 1od 
urn 
UBS+ld 
U m + m  

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kgday 
1 (Unitless) 

350 dayslyear 
70 Year 

NA p C i  
1.5E-01 p C i  
9.88-03 p c i g  
1.7E-01 p c i  

NA p C i  
NA p C i  
NA p C i g  
NA p C i  
NA p C i  
NA p C i  

C-111-7 16 
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Table CIII-454 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinking Water 

- - CWX EFX EDn X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 1 Vday 
Exposure frequency 350 daysfyear 
Exposure duration 6 Year 
Fractional intake for radionuclides 1 (Unitleu) 
Concentration of radionuclides in groundwater (see table below) 

N A .  p c i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA pCii 
NA p C i  
NA p C i  

131232+ 1od 
uz34 

U238+2d 
' 235  +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA p C i  
3.1E-02 pCffl 
2.OE-03 p C i  
3.4E-02 p C i  

NA pCiA 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA pCbl 

CDI CSF ILCR 
Radionuclides (pCi) (vCi1-l (unitless) 

cs137+ld 
NP237+ld - 
Rnm+4d 

Tc99 

-%a 
%2+ 1od 
us4 
u235+ld 
U m + m  

RaZ26+8d 
R%+ld 

sr9Cl+1d 

'Ih228+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.5E+01 
4.2E+00 
7.1E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E- 12 
5.5E- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-09 
6 . Z -  11 
1.4E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sammation - - 2.5E-09 

C-III-7 19 
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Table CIII-456 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Inhalation of Gases and Particulates 
i.3 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
m u r e  duration 
Concentration of radionuclides in air 

NA pcim’ 
3.3E-07 pCim3 

NA pCim3 
NA pCim3 
NA pcim’ 
NA pCim3 

2.2E-07 p c i m ’  
NA pcim’ 
NA p c i m ’  

2.8E-06 pcim’ 

CaX EFX EDn X IR 

%3z+ 1od 
uz34 

un8+2d 
UPS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 dayshear 

6 Year 
(see table below) 

NA pcim’ 
LOE-M p c i m ’  

NA p c i m ’  
8.8E-01. pCim3 

NA pCim3 
NA pCim3 
NA pcim’ 
NA pCim3 
NA pCim3 
NA pcim’ 

%37+ld 
Nk37+ld 
pun8 

Rnp2+4d 
%+ld 
T% 

Thpo 
%32+ 1M 
u234 
“23S+ld 
Un8+M 

R??2b+8d 
Ra228+ld 

%?8+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

8.2E-03 

5.58-03 

7.0E- 02 

25E-02 

22E-02 

1.9E- 11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
83E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E- 10 

.3.4E- 13 

2.OE-09 

6.6E- 10 

53E- 10 

3.48-09 - - I ILCR Summation 

C-In-722 0 er 1 1 ? 8 
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Table CIII-458 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Meat Products 

Ingestion rate of meat 
Fraction ingested from contaminated source 
k p u r e  frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
1.4E-06 

NA 
NA 
NA 

ERR 
1.9E-05 

NA 
NA 

1.5E-06 

%32+ 1Od 
urn 
Um+zd 
u235 +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.3E-04 
2.OE-05 
3.5E-04 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR __  - 
(pCi) (pcij-' (unitless) .adionuclides 

%37+ld 
%7+ld 
p%3 

Rn222+4d 

rc99 

%30 

urn 
b S + l d  
UZUI+M 

R??Z6+8d 
R%+ld 

%+ld 

%28+7d 

%32+ 1Od 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

8.5E-05 

1.2E-03 

9.2E-05 

2.OE-02 
1.2E-03 
2.2E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.9E- 14 

4.2E- 14 

1.2E- 15 

3.2E- 13 
2.0E- 14 
4.3E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

8.4E- 13 - - I ILCR Summation 
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.b Table CHI-460 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Dairy Products 

- - CpX EF X EDnX FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

&137+ld 
NP237+ld 
pups 

RnZp+4d 
S r w l d  
=%9 

n230 

R%?6+8d 
R%+ld 

nz7.8+ 7d 

NA 
1.3E-07 

NA 
NA 
NA 

ERR 
9.6E-05 

NA 
NA 

1.2E-06 

-%32+ 1M 
u, 
u235+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-03 
7.2E-05 
1.3E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 vday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Zadionuclidcs (pCi) (pci1-l (unitless) 

&l37+ld 
Nf??37+ Id 
pu238 

Rn222+4d 
Srw+ld 
T% 

'Ih230 

uz34 
UPS+ld 
u238+?d 

R%?6+8d 
R%+ld 

n278+ 7d 

n232+ 1M 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.8E-04 

1.4E-01 

1.8E-03 

1.6E+00 
1.OE-01 
1.8E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.7E-10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA . 
NA 
NA 
NA 

NA 
NA 

NA 

3.9E-14 

4.9E- 12 

2.3E- 14 

2.6E- 11 
1.6E- 12 
3.6E-11 

NA 
NA 
NA 
NA 
NA 
NA 

6.9E- 11 - I ILCR Summation - 
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Table CIII-462 
Summarg of Intake and Risk Quantitation (radionuclides) Alternative 3 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Vegetables and Fruits 

- - CvX EFX EDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA p C i g  

NA p C i g  
NA pCAg 
NA p C i g  

ERR p C i g  

NA p C i  
NA p C i g  

3.2E-04 pChg 

6.2E-04 p C i g  

3.1E-03 p C i g  

%32+ 1od 
u234 

um+Y 
"23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kglday 
1 (Unitless) 

350 daysbeyear 
6 Year 

NA pChg 
1.5E-01 p C i g  
9.8E-03 p C i g  
1.7E-01 p C i g  

NA pC&g 
NA pC&g 
NA p C i g  
NA p C i  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Ladionuclides (pCi) (pCi1-l (unitless) 

NA 2.8E- 11 NA 
2.2E- 10 1.5E-11 
2.2E- 10 NA NA 

NA 7.8E-10 NA 
NA 1.OE- 10 NA 
NA 1.7E- 12 NA 

3.6E-11 4 . E -  12 
1.3E- 12 NA NA 

NA 5.5E- 11 NA 

NA 1.7E- 10 NA 

% 3 7 + l d  
NP237+ld 6.8E-02 
h3.S 

Rnzz2+4d 
5'so+ld 

%m 
b Z +  1od 
4.34 
k + l d  
b + 7 d  

Ra226+8d 
R%+ld 

1.3E-01 

1.3E-11 8.3E- 12 6.4E-01 

1.6E- 11 5.1E-10 3.2E+01 
2.1E+00 1.6E-11 3.3E-11 

2.0E- 11 7.OE- 10 3.5E+01 

7d 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA 
NA NA 

NA NA 
NA NA 
NA NA NA NA 

I ILCR Summation - - 1.3E-09 

C-111-73 1 
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Table C.111-464 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Incidental Ingestion of Soil 

htake Eauation 

IRS 
EF 
EDn 
FI 
cs 

ThZ3Z+lOd 
u234 

U238+2d 
%S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

180 muday 
350 dayslpar 
70 Year 

1 (unitless) 

NA pCihng 

NA pCihng 
27OE-05 pCimg 

NA pCihng 
NA p C i g  
NA pcihng 
NA pCihng 
NA p C i g  
NA p C i g  

3.m-05 pcihng 

CSX EFXEDn XFIX IR - - 

Ingestion rate ofsoil (RAGS, 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

Cs137+ld 
NP'Z37+ld 

%+Ed 
%+ld 

"90+ld 

p u v 8  

~w+4d 

Tc9, 

%O 
%+7d 

NA 
155E-05 

NA 
NA 
NA 
NA 

1.28E-05 
NA 
NA 

1.19E-04 

CDI CSF ncR 
tadionuclides (pCi) (pci1-l h i t l e s s )  

Cs137+ld 
NPZ37+ld 

R%+8d 
R?28+ld 

"90+ld 

%+7d 

p u u 8  

Rn,+4d 

Tc99 

T b u O  
%32+1w 
4 3 4  

b + 2 d  
h 3 5 + 1 d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.84E+01 

5.64E+Ol 

5.24E+o2 

1.35E+o2 

1.19E+(n 

280E- 11 
220E-10 
220E- 10 
7.80E- 10 
1.OOE-10 
1.70E- 12 
3.6OE-11 
13E-12 
5SE-11 
13E-11 
1.70E - 10 
1.6OE-11 
1.6OE- 11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

150E-08 

203E-09 

6.8lE-09 

2 1 s - 0 9  

238E-09 

284E-08 - - I Summation 

C-In-734 
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Table CIII-467 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Drinking Water 

itake fination 

IR 
EF 
EDn 
FI 
cw 

X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure fkequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

mnz+ 1od 
u234 
%S+ld 
Um+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 
1.OE-02 
2.OE- 0 1 

NA 
NA 
NA 
NA 
NA 
NA 

2 Vday 

70 Year 
350 dayslyear 

1 (Unitless) 
(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

ILCR 1 

( unitless) 
CDI 

Ladionuclidcs (pCi) 

%7+ld 
Nh37+ld 
% 

Rnza+4d 

Tc, 

%a 
%3z+ 1od 
uz34 
u235+ld 
Uz38+M 

R%26+8d 
R%+ld 

sr90+ld 

% 2 8 + 7 d  

NA 
NA 
NA 
NA 
NA 

- NA 

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

9.OE+03 
4.9E+02 
9.98+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-07 
7.8E-09 
2.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

3.5E-07 - - I ILCR Summation I 

C-111-739 
c 

001195 
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Table CIII-468@) 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

.*uth Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Inhalation of Gases and Particulates .r, 

,.. 
1 

lntakc Equation 

IR 
EF 
Wn 
ca 

- - CaX EFX EDnX IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

Ql37+ld 

pups 

Rnm+4d 

Tc99 

.ra, 

N&37+ld 

R%+8d 
R%+ld 

sr90+ld 

%+7d 

NA 
4.3E-06 

NA 
NA 
NA 
NA 

3.1E-06 
NA 
NA 

6.6E-05 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pCim3 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 

%32+ 1od 
u234 
%S+ld 
ups+zd 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/& 
350 dayshear 
70 Year 

(see table below) 

NA pCim3 
1.3E-05 pCdm’ 

NA pci/m3 
1.1E-05 pCim’ 

NA pciim’ 
NA pcim’ 
NA pCim3 
NA pcim’ 
NA pCim3 
NA pcim’ 

CDI CSF ILCR 

%7+ld 

pups 

Rn222+4d 
Srwld 
T% 

’Ib, 
-43Z+lod 
u234 
ups+ld 
up8+2d 

Nk37+ld 

R&r26+8d 
R%+ld 

Thpa+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA ’ 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.1E+00 

15E+00 

3.2E+01 

6.4E+00 

5.6E+00 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.8E-08 
2.9E-08 
LIE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.1E-08 

9.4E- 11 

9.48-07 

1.7E-07 

13E-07 

I 
LILCR Summation = 1.3E-06 

’. C-III-742 
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' % 3 7 + 1 d  
Nh37+ld 

'%?6+0d 
h1238 

Rnpl+4d 
Sr,, 
T%9 
m22a+7d 
ThzM 
u234 
UPS+, 
ups+zd 

R??28+ld 

%32+ 1M 

NA 
NA 
NA 
NA 
NA 
NA 

August 24, 1994 
.- 

I 

4 

Table CUI-470 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

I 

ntakc Equation 

IR 
FI 
EF 
EDn 
Cf 

- - Cf X EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%7+ld 

pu, 

Rnpl+Qd 

=%9 

%30 

NP237+1d 

R%26+0d 
R??28+ld 

sr90+ld 

%+7d 

NA p C i g  

NA p C i  
NA p C i g  
NA p C i g  

ERR p C i g  

NA pCjncS 
NA p C i  

8.7E-04 p C i g  

4.8E-01 pC@ 

4.2E-04 p C i g  

%32+ 1od 
uz34 

u238+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 Wday 
0.75 (Unitless) 
350 daystyear 
70 Year 

NA p C i g  
7.7E-03 
1.OE-04 
7.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

ILCR 
(unitless) 

CDI 
Radionuclides (vCi) (VCI  

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.6E+00 

8.9E+02 

7.8E-01 

1.4E+01 
1.9E-01 
13E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12- 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.6E- 10 

3.2E-08 

1.OE-11 

2.3E-10 
3.0E- 12 
2.E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 3.3E-08 

5 , 8 6 0  

c-III-745 
(1 0 120 1 
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8 Table CIII-472 
t Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property Rb4E Resident Farmer (Adult) 

ntakc Ehuation 

IR 
FI 
EF 
EDn 
CP 

Via Ingestion of Dairy products 
& 

- - CpX EF X EDnX FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 

NA 
NA 
NA 

ERR 
2.4E+00 

NA 
NA 

7.9E-05 

3.5E-04 

%32+ 1M' 
uz34 

um+2d 
%35+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-02 
3.68-04 
2.3E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 dayshear 
70 Year 

ILCR 
(unitless) 

CDI 
tadionuclidcs (pCi) 

(%7+ld 
N%7+ld 

R%26+8d 
R b + l d  

pu238 

R~zzz+4d ' 
Sr,, 
Tc99 

-%o 
%32+ 1od 
434 
"ps+ld 
Upe+zd 

'Ihrre+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.8E-01 

1.8E+04 

2.6E+00 

1.8E+U2 
2.6E+00 
1.7E+O2 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E-10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5JE- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.3E- 10 

6.4E-07 

3.4E-11 

2.88-09 
4.2E- 11 
3.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 

6.48-07 - I ILCR Summation - 

C-HI-748 
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Table CIII-474 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

1 

-.. .- 

Intake Equation 

IR 
FI 
EF 
EDn 
cv 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA 

NA 
NA 
NA ' 

ERR 
3.2E+01 

NA 
NA 

1.6E-01 

1.9E-01 

'Ih232+ 1M 
u, 

uzu1+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E+00 

1.2E+00 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-02 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

ILCR 
(onitless) 

CDI 
Zadionuclides (pCi) 

cs137+ld 
Nk37+ld 

R%+8d 
R%28+ld 

pups 

R"2.22+4d 

T% 

n23a 
'Ih232+1od 
4 3 4  

&a+m 

sr90+ld 

%28+ 7d 

%S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.8E+02 

9.6E+04 

55E+02 

35E+03 
15E+02 
3.7E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E- 12 
5JE- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.OE-07 

3.4E-06 

7.28-09 

5.6E-08 
23E-09 
7.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 

3.E-06 - 1 ILCR Summation - 

3 8 6 0  

G O 1 2 0 7  
C-111-75 1 
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Table CIII-475 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 3 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via External Radiation 

ty 2 L 

)we Equivalcncv &oat = [DR X EF X EDn X ETi X (l-SHJ] +[DR X EFX EDn X EToX (l-SHo)] 

EF 
ED Exposure duration 
mi 
nb 
SHi 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

NA P W 3  

NA PCig 
NA PCig 
NA PCY3 
NA PCiP 

NA PCig 
NA PCilg 

1.55E-02 pCig 

1.28E-02 pCig 

1.19E-01 pCig 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 
NA (unitless) 

70 Year 

(see table below) 

CDI CSF ILCR 
Radionuclides (year pCi/g) (n/pCi-year)-' (unitless) 

cs137+ld 
NP237+ld 
pu238 

Rnm+4d 

TCs9 

%32+ lod 
urn 
UPS+ld 
%+zd 

R%+8d 
R%?8+ld 

"90+ld 

n27X+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.5E-01 

5.3E-01 

4.9E+00 

13E+00 

l . lE+O 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.0E- 13 
5.6E-06 
5.4E- 11 
ME-06 
3.OE-11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-07 

NA 

2.E-10 

3.8E-11 

5.E-08 

3.4E-07. - 1 ILCR Summation - 

C-111-752 (3 0 I2 8 8 
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[ntake Equation 

IF& 
EF 
EDn 
FI 

' C S  

Table C.111-477 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area with Private Ownership: On-Property Farmer ( C h i w  

Via Incidental Ingestion of Soil 

Ingestion rate of soil (RAGS, 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

NA 
1.55E-05 

NA 
NA 
NA 
NA 

1 .%E- 05 
NA 
NA 

1.19E-04 

CS X EFX EDn X FI X IR 

Th232+10d 

%35+ld  
U238+2d 

u234 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.06E-05 

NA 
2.7OE-05 

NA 
NA 
NA 
NA 
NA 
NA 

200 mg/day 
350 daystyear 

6 Year 
1 (unitless) 

pCi/mg 
pCi/mg 
P C i g  
pCi/mg 
pCi/mg 
pCimg 
pCihng 
pCihng 
pCimg 
pCimg 

0 1  CSF ILCR __ - 
ladionuclides (pCi) (pci)-' (unitless) 

&137+ld 
NP237+ld 

R%26+8d 
R%28+ld 

Sr90+ld 

m228+7d 

fi238 

h 2 2 2 + 4 d  

-439 

- 4 3 0  
Thu2+1w 
u234 
'235+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA - 
NA 
NA 
NA 
NA 
NA 
NA 

6.5lE+00 

5.38E+00 

4.99E+O1 

1.29E+O1 

1.13E+Ol' 

280E-11 
220E- 10 
2.20E- 10 
7.80E- 10 
1.00E- 10 
1.70E- 12 
3.6OE- 11 
1.3oE- 12 
55OE-11 
1.3OE-11 
1.70E- 10 
1.6OE-11 
1.6OE-11 
200E-11 

NA . 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.43E-09 

1.94E-10 

6.49E- 10 

2.06E- 10 

227E-10 

2.71E - 09 - I I L ~  Summation - 

C-111-755 



FEMP-OU02-5 DRAFT 
August 24, 1994 . 

-. . -- 

:e.. 

u a a u < a a < u u u u u u u  z z z z z z z z z z z z z z z  

1 
d < < < < < < < < < d < < < U  JI 2 z z z z z z z z z z z z z z 



FEMP-OUM-5 DRAFT 
August 24, 1994 

-. .- 

I 

c-m-757 



FEMP-OU02-5 DRAFT 
August 24, 1994 

2222552522222222 

C-111-758 



-. .- 

FEMP-OUOZ-5 D R A n  
August 24, 1994 

$1 8 

t; e n a  
2?k 

C-111-7 59 001.215 



-. FEMP-OUO2-5 DRAFT 
August24, 1994 

. -- 

Table CIII-480 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area with Private Ownership: On-Property Fanner (Child) 

Via Ingestion of Drinking Water 
- 1  - 
. t  

CwX EFX EDn X FI X IR - Intake Equation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
Fl Fractional intake for radionuclides 
Cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

NA p C i  
NA pCffl 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

%2+ 1od 
uz34 

um+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.8E-01 
1.OE-02 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 uday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSF ILCR 
Radionuclides (VCi) (pci1-l (mi  [less) 

%37+ld  
Nk37+ld 

R%8d 
R%?S+ld 

pu2Js 

Rnpl+4d 
Srm+ld 
Tc99 

n23a 
'Th232+lOd 
urn 

UP8+Y 

%28+7d 

'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
3.9E+02 
2.1E+01 
4.2E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1 . E -  10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.2E-09 
3.4E- 10 
8.5E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 

1.5E-08 - I ILCR Summation - 

a 
C-111-760 
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ntakc Equation 

IR 
EF 
EDn 
ca 

Table CIII-482 ~ 

Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area with Private Ownership: &-Property Fanner (Child) 

Via Inhalation of Gases and Particulates 

- - CaX EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA pCim3 
4.3E-06 pCim3 

NA pCim3 
NA pci/m3 
NA pcim’  
NA pCim3 

3.1E-06 pCim3 
NA pCim3 
NA pCim3 

6.6E-05 pCdm3 

lh232+ 1M 

%S+ld 
u, 
U238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 daysiyear 

6 Year 
(see table below) 

NA pCim3 
1.3E-05 pCi/m3 

NA pci/m3 
l.lE-05 pCim3 

NA pcim’ 
NA pcim’ 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

CDI csq ILCR 
Ladionuclidcs (pCi) fpCi)- (unitless) 

&137+ld 
NP237+ld 
p%38 

%22+4d 

Tc99 

Ra226+8d 
Ra228+ld 

%O+ld 

%Z3+7d 

%32+ 1M 
urn 
u235+ld 
upa+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

l.lE-01 

7.8E-02 

1.7E+00 

3.3E-01 

2.9E-01 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E-12 
6.2E- 11 
8.3E- 12 
7.8E- 08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.1E-09 

4.8E- 12 

4.8E-08 

8.5E-09 

6.9E-09 

I ILCR Summation - - 6.7E-08 

5 8 6 0  
.. 

C-111-763 



-.. - 
FEMP-OUOZ-5 D W  
August 24, 1994 

6: 
Y 

I 



-. 
.- 

FEMP-OUO2-5 DRAFT 
August 24, 1994 

I -  

C - I I I - 7 6 5 



-. FEMP-OUO2-5 DRAFT 
August 24, 1994 

Intake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-484 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
Soutb Field Area with Private Ownership: &-Property Farmer (Child) 

Via Ingestion of Meat Products 

CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

137+ Id 
NP237+ld 
%3s 

Rnm+4d 

TC99 

m, 

R%+8d 
R%+ld 

''gO+ld 

mZ2S+ 7d 

NA 

NA 
NA 
NA 

ERR 
4.8E-01 

NA 
NA 

4.2E-04 

8.7E-04 
m232+ 1M 
uz34 

u238+2d 
u23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

NA p C i g  
7.7E-03 pCi/kg 
1.OE-04 p C i g  
7.2E-03 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

(&37+ld 
N&37+ld 

R%+8d 
R%+ld 

hz3a 

R%z+4d 

TC99 

- 4 3 0  
-%32+ 1M 
u, 
UPg+zd 

SrgO+ld 

mZ2S+ 7d 

uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.3E-02 

3.OE+01 

2.6E-02 

4.7E-01 
6.1E-03 
4.4E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 

.2.2E- 10 
7.8E- 10 
1.OE-10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.2E- 11 

l.lE-09 

3.4E- 13 

7.6E- 12 
9.8E- 14 
8.8E-12 . 

NA 
NA 
NA 
NA 
NA 
NA 

l.lE-09 - I ILCR Summation - 

C-111-766 
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Table CIII-486 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area %th Private Ownership: On-Property Farmer (Child) 

Via Ingestion of Dairy Products 

.. 

- - CpXEFXEDnXFIXIR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

t37+ Id 
NPP7+ld 
P U B 3  

Rnm+4d 

Tc99 
n228+7d 
-%a 

R%?6+8d 
R??Za+ld 

SrXI+ld 

NA 
7.9E-05 

NA 
NA 
NA 

ERR 
2.4E+00 

NA 
NA 

3.5E-04 

%32+ 1M 

U235+ld 
u234 

U m + a  
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-02 
3.6E-04 
2.3E-02 

NA 
NA 
NA 

. NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 d-ayshear 

6 Year 

Radionuclides [pCi) [unitless) 

cs137+ Id 
NPP7+ld 

Ra226+8d 
Ra228+ld 

srSQ+ld 

n228+ 7d 

%32+ 1M 

&S+ld 

pu238 

% 2 + 4 d  

TC, 

'Ib, 

u234 

U238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA . 
NA 

NA 
NA 

NA 

l.lE-01 . 

3.4E+03 

5.OE-01 

3.4E+01 
5.1E-01 
3.2E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.m- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.5E- 11 

1.2E-07 

6.5E- 12 

ME- 10 
8.2E- 12 
6.5E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

I 
1.2E-0'7 - I ILCR Summation - 

5 8 6 0  
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Table CIII-488 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area with Private Ownership: On-Property Farmer (Child) _. . , .  

1 .  .I Via Ingestion of Vegetables and Fruits [ $  c; 

Intake Eauation 

IR 
Fl 
EF 
EDn 
cv 

CvX EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%37+ld 
NP237+ld 

R%+8d 
R%+ld 

"9O+ld 

Pum 

R"222+4d 

Tc99 

'Ibm 
%28+ 7d 

NA 

NA 
NA 
NA 

ERR 
3.2E+01 

NA 
NA 

1.6E- 01 

1.9E-01 

m232+ 1od 
u234 

um+?d 
'235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kg/day 
1 (Unitless) 

350 dayslyear 
6 Year 

NA p C i g  
1.2E+00 p C i g  

1.2E+00 p C i g  
NA p C i g  
NA p C i  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

4.9E-02 p C i g  

CDI CSF ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

(%37+ld 
Nh37+ld 

R%+8d 
R%+ld 

sr90+ld 

Th2U)+ 7d 

fi238 

Rnp2+4d 

Tc99 

nrn 
'Th?32+ 1od 
u234 

Um+m 
Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.3E+01 

6.7E+03 

3;9E+01 

25E+02 
l.OE+Ol 
2.6E+02 

NA . 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E-10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

7.4E-09 

2.4E-07 

5.1E- IO 

3.98-09 
1.6E- 10 
5.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 
2.6E-07 - 1 ILCR Summation - 

C-111-772 
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Table CIII-489 
Summary of Intake and Risk Quantitation (radionuclides) Alternatives 3 
South Field Area with Private Ownership: O n - h p e r t y  Farmer (Child) 

Via External Radiation 

Dose Eauivalency Equat = [DRXEFXEDnXETiX(l-SHi)] +[DRXEFXEDnXEToX(l-SHo)] 

EF 
ED Exposure duration 
mi 
E T 0  

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

SHi 

NA PCi/p 

NA P m  
NA P C a  
NA PCi/g 
NA PCi/p 

NA PCi/g 

1.55E-02 pCig 

1.28E-02 pCdg 

NA 
1.19E-01 pCig 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 
NA (unitless) 

(see table below) 

- 4 3 2 +  1od 
un4 

uz38+2d 
"235 + ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA PCiP 
3.06E-02 pCig 

2.70E-02 pCig 
NA pCi/g 

NA PCig 
NA P W 3  
NA PCi/p 
NA P W 3  
NA PCi/g 
NA P W  

CDI CSF ILCR 
Radionuclides (year pCig) (g/pci-year)-' (unitless) 

cs137+ld 
NP237+ld 

R%+8d 
R??28+ld 

pups 

%22+4d 
srsil+ld 

mm 
%2+ 1od 
"234 

Um+zd 

m22A+7d 

%5+ id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA - 
NA 

4.8E-02 

4.OE-02 

3.E-01 

9.5E-02 

8.4E-02 

2.OE-06 
4.3E-07 
2.8E-11 
6.OE-06 
2.98-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8JE-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.1E-08 

NA 

2.OE- 11 

2.9E- 12 

4.3E-09 

2.5E-08 - I ILCR Summation - 

c 

-. .- 

5 8 6 0  

001229 
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IRa 
IRc 
EFa 
EFc 
EDa 
EDc 
FI 
cs 

I 

Table C.III-491 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

= CS X EFa X EDa XFI X IRa + CS X EFc X EDc X FIX IRc 

Ingestion rate of soil (adult) 
Ingestion rate of soil (child) 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure Duration 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

"137+1d 
Nh37+ld  

R%6+8d 
R%8+ld 

% O + l d  

'Ib228+7d 

P%38 

Rnuz+4d 

Tc99 

'Ib230 

NA 

NA 
1.9E -04 

1.7E-04 
2.28-04 

NA 
1.3E-03 
4.OE-04 
9.1E-05 
3.6E-03 

pCi/mg 
pCilmg 
pCi1mg 
pCi1mg 
pCimg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi1mg 
pCimg 

'Ih232+10d 

'235+ld 
U234 

'238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-05 
1.4E-03 
1.3E-03 
9.58-04 

NA 
NA 
NA 
NA 
NA 
NA 

12.5 mg/day 
12.5 mglday 

40 dayslyear 
110 dayslyear 
32 Year 
12 Year 
1 (unitless) 

(see table below) 

pCi/mg 
pCi/mg 
pCi1mg 
pCilmg 
pCi/mg 
pCi1mg 
pCi/mg 
pCi1mg 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
aadionuclidea (pCi) (pCi1-l (unitleas) 

"137+ld 
Nh37+ld  

R%26+8d 
P%38 

R"222+4d 

Tc99 

-%M 

4 3 4  

R%8+ld 

sr90+ld 

'IbZ8+7d 

%32+1W 

"235+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6.1E+00 

5.5E +00 
7.3E+00 

4.1E+01 
1.3E+01 
2.9E+00 
1.2E+02 
l.lE+00 
4.7E+01 
4.2E+01 
3.1E+Ol 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
.7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E-11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.3E - 09 

4.3E-09 
7.3E- 10 

1.5E-09 
1.7E- 11 
1.6E- 10 
1.5E-09 
1.9E- 10 
7.5E- 10 
6.7E- 10 
6.2E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-08 - I ILCR Summation - 

0 01 2 :3 2 
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IR 
EFa 
E F C  
EDa 
EDC 
ETa 
E T C  
CA 

Table CIII-494 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

= C A X E F a X E D a X I R X E T a +  CAXEFc E D c X I R X E T c  

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Ekposure time (child) 
Concentration of radionuclides in air 

0.83 m3hour 
40 daysbear 

110 daysbear 
32 Year 
12 Year 
1 hourlday 
2 hour/day 

(see table below) 

a 137+ Id 
NP237+ld 

R?226+8d 
R%+ld 

sr90, Id 

Th228+7d 

Rnp2+4d 

TCW 

- b o  

NA pCim3 ~ h ~ , + , ,  LOE-M pCim3 
3.6E-06 pCim3 urn 3.1E-05 pCim3 

NA pcim’ ‘235+ id 2.9E-05 pCim3 
3 . 7 ~ 4 6  pcim’ ups+zd 2.OE-05 pCim3 
5.9E-06 pCim3 NA NA pCim3 
1.7~+00 pCim3 NA NA pci/m3 
3.OE-05 pCim3 NA NA pCim3 
8.7E-06 pCim3 NA NA pCim3 
2.7~-06 pCim3 NA NA pci/m3 
9.3E-05 pCim’ NA NA pCim3 

ILCR 
(unitless) 

CDI 
Radionoclides (PCi) (PCl 

&137+ld 
Nb37+ld 

R??26+8d 
R??28+ld 

SrW+ld 

Th228+7d 

%a 

Rnzz2+4d 

TC99 

%30 
%32+ 1od 
urn 
u23i3+2d 
“23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.2E-02 

1.2E-02 
1.9E-02 
5.5E+03 
9.7E-02 
2.8E-02 
8.9E-03 
3.OE-01 
3.4E-03 
1.OE-01 
9.5E-02 
6.48-02 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.4E-10 

8.4E- 11 
1.3E-11 
4.2E-08 
6.OE- 12 
2.3E- 13 
6.9E- 10 
8.8E-09 
3.7E- 10 
2.6E~09 
2.4E-09 
1.5E-09 

NA 
NA 
NA 
NA 
NA 
NA 

5.9E-OS - I ILCR Summation - 
Y 

C-III-78 1 



Table CIII-495 
Summary of Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Expanded Trespasser 
Via External Radiation 

3posure Equation = [CR X EFa X EDa X ET, X (l-SH,)]+[CR X EFc X EDc X ETm X (1-SH,)] 

EFa 
E F C  
EDa Exposure duration (adult) 
EDC Exposure duration (child) 
ET, 

Fraction of year spent exposured (adult) 
Fraction of year spent exposured (child) 

Fraction of day spent outdoors (adult) 
Fraction of day spent outdoors (child) 
Shield factor outdoors 
Radionuclide specific concentrations 

SHO 
CR 

O137+ld 
NP237+ld 
pups 

R"222+4d 

Tc99 

'Ihm 

R%+8d 
R??28+ld 

"90+ id 

%+ 7d 

NA P W  

NA PCdg 
1.7E-01 p c i g  

NA PCiP  

1.9E-01 pCdg 

2.2E-Dl pCig 

1.3E+00 pCig 
4.OE-01 pCdg 
9.1E-02 pCig 
3.6E+00 pCig 

'Ih232+ 1M 
uz34 

u m + 2 d  
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.11 (unitless) 
0.3 (unitless) 
32 Year 
12 Year 

0.04 (unitless) 
0.08 (unitless) 
NA (unitless) 

(see table below) 

3.4E-02 pCig 

1.3E+00. pCig 
9.5E-01 pCig 

1.4E+00 pCig 

NA PCig 
NA P W  
NA P W 3  
NA P W  
NA PCig 
NA P C i B  

CDI CSF ILCR 
Radionuclides (year pCin) (n/pCi-ycar)-' (unitless) 

1 
Ol37+ld  
NP237+ld 

R%+8d 
P b  

%?2.2+4d 

Tc99 
'Ih228+7d 
nm 
n232+ 1M 
u234 

u?38+2d 

R??28+ld 

sr90+ld 

%5+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
8.1E-02 

7.2E-02 
9.6E-02 

5.4E-01 
1.7E-01 
3.9E-02 
1.6E+00 
1.5E-02 
6.2E-01 
5.5E-01 
4.1E-01 

NA 

NA 
NA 
NA 
NA ' 

NA 
NA 

2.OE-06 
4.38-07 
2.8E-11 
6.OE-06 

' 2.9E-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
8.5E-06 
3.OE- 11 
2.48-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.5E-08 

4.3E-07 
2.8E-07 

NA 
-NA 

1.OE- 13 
2.2E-07 
8.4E- 11 
13E-07 
1.9E-11 
1.3E-07 
2.1E-08 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - 1 ILCR Summation - 

001238 

c-m-7-82 
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Table CIII-497 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

Cw X EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Vday 

70 Year 
350 dayshear 

1 (Unitless) 
(see table below) 

cs137+ld 
NP237+ld 
p?.?3.3 

Rnm+4d 

Tc99 

w3a 

R%+8d 
R%+ld 

sr90+ld 

%28+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
pcin 
p C i  
p C i  
p C i  

%32+ 1M 
u234 

u2u1+2d 
%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-01 
3.5E-02 
7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  

P C i  
p C i  
pcin 
p C i  
p C i  
p C i  

PC'" 

Zadionuclides (unitlcss) 

cs137+ld 
Nh37+ld 

R%+8d 
Qt?S 

R"222+4d 
R%+ld 

'%+Id 

n228+7d 
~ P O  
n232c 1M 
u234 

u?38+2d 
%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E+04 
1.7E+O3 
3.5E+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-07 
2.7E-08 
7.1E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

C-111-785 
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Table CIII-500 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South FieId Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

. 

Makc Equation 

IR 
EF 
EDn 
ca 

Ca X EF X EDn X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 

NA 
2.5E-07 

1.9E-07 
2.4E-07 
8.7E-02 
1.6E-06 
4.4E-07 
9.8E-08 
3.9E-06 

pcim’ 
pCim3 
pCim3 
pcim’ 
pCim3 
pCim3 
pCim3 
pcim’ 
pcim’ 
pci/m3 

%32+ 1od 
u, 
Um+2d 
‘PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-08 
1.7E-06 
1.4E-06 
l.lE-06 

NA 
NA 
NA 
NA 
NA 
NA 

20 m31day 
350 daystyear 
70 Year 

(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pci/m’ 

CDI CSP 1LCR 
Radionaclidcs (pCi) (pCi1-l (unitless) 

%7+ld 
Nh7+1d 
pun8 

Rn222+4d 

T% 

-%w 
%32+ 1od 
u, 
“m+ld 
Um+m 

Ra226+8d 
R%+ld 

Sr90+ Id 

n228+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.2E-01 

9.3E-02 
1.2E-01 
4.3E+04 
7.9E-01 
2.2E-01 
4.8E-02 
1.9E+00 
1.8E-02 
8.1E-01 
7.1E - 01 
5.3E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E-12 
7.8E-08 
2.9E-08 
1.1E-07 
2.6E-08 
2JE-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.6E-09 

6.5E- 10 
8.2E-11 
3.3E-07 
4.9E- 11 
1.8E- 12 
3.8E-09 
5.5E-08 
2.OE-09 
2.1E-08 
1.8E-08 
1.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 

4.5E-07 - I ILCR Summation - 

-. 
.- 
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Table CIII-502 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Off-Property Fanner (Adult) 
Via Ingestion of Meat Products 

- - Cf X EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

cs137+ld NA 
Nk37+ld l.lE-06 
%3l3 NA 
R%+8d 6.2E-06 

Rnm+4d ERR 
R%+ld 4.7E-06 

Tc99 
%+Id 1.4E-04 

5.3E-04 
4.3E-08 lh228+7d 
2.1E-06 

’IhP2+ 1od 
urn 

U238+2d 
‘235 +Id 

NA 
NA 
NA 
NA 
NA 
NA 

2.OE-08 
6.6E-03 

7.2E-03 
NA 
NA 
NA 
NA 
NA 
NA 

3 . E - 0 4  

0.101 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci)-* (onitless) 

%37+ld 

%30 

Rnm+4d 

Tc99 

%30 
%32+ 1w 
urn 

U m + Y  

NPP7+ld 

R”L26+8d 
R??Z3+ld 

sr9Ll+ Id 

% 2 8 + 7 d  

% 3 5 + l d  

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
2.OE-03 

l.lE-02 
835-03 

2.E-01 
9.9E-01 
8.1E-05 
3.9E-03 
3.E-05 
1.2E+01 
6.9E-01 
1.3E+01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

. NA 

NA 
4.3E- 13 

8.9E- 12 
ME- 13 

9.6E- 12 
1.3E- 12 
4.4E- 15 
5.1E-14 
6.3E- 15 

. 2.OE-10 
1.1E-11 
2.m- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

5.OE- 10 - I ILCR Summation - 

C-III-793 
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Table CIII-504 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Off-Property F k e r  (Adult) 
Via Ingestion of Dairy Products 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

CpX EFX EDn X FI X IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
& p u r e  duration 
Concentration of radionuclides in animal products 

cs137+ld 
NP237+ld 

Ra226+8d 
R%?.8+ld 

sr90+ld 

n22a+ 7d 

pu238 

R%+4d 

Tc, 

'Ihm 

NA 
9.6E-08 

NA 
1.1E-05 
8.5E-06 

ERR 
7.2E-04 
6.3E-04 
3.7E-08 
1.8E-06 

- 4 3 2 +  lod 
u, 
u238+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

1.7E-08 
2.4E-02 
1.3E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitless) 

&l37+ld 
N?237+ld 

Ra226+8d 
R%?.8+ld 

sr90+ld 

n22a+ 7d 

Rnzz.z+4d 

Tc, 

.rh, 
%z+ lod 
u234 

U738+2d 
'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
7.1E-04 

8.1E-02 
6.2E-02 

5.3E+00 
4.6E+00 
2.7E-04 
1.3E-02 
1.2E-04 
1.7E+O2 
9.7E+OO 
1.9E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 

. 1.3E-12 
5.5E-11 
1.3E-11 
1.E- 10 
1.6E- 11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.6E- 13 

6.3E- 11 
6.2E- 12 

1.9E- 10 
6.OE- 12 
1.5E-14 
1.7E- 13 
2.1E-14 
2.8E-09 
1.6E- 10 
3.8E-09 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

7.OE-09 - I ILCR Summation - 

C-In-796 
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Table CIII-506 
Summaty of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

CVX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

(%37+ld 
Nk37+ld 
fi238 

Rn,+4d 

Tc99 

%3a 

*%+sd 
R%+ld 

Sf 90+ Id 

%28+ 7d 

NA pCig  

NA pCig  
2.5E-04 pCig  

2.7E-04 pCig  
2.4E-04 pCig  

4.6E-03 .' p C i  
6.9E-04 p C i g  
9.6E-05 p C i  
4.3E-03 p C i  

ERR pCig  

%32+ 1od 
uz34 

u238+2d 
'?35+ld 

NA 

4.1E-05 
3.2E+00 
1.7E-01 
3.5E+00 

NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

0.122 kglday 
1 (Unitless) 

350 daystyear 
70 Year 

CDI CSF . ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

%37+ld 
Nh37+ld 

R%+8d 
R%+ld 

Sr90+ld 

% 2 8 + 7 d  

%?a 

% 2 2 + 4 d  

Tc99 

%30 
%32+ 1od 
uz34 
U235+ld 
u238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
7.4E-01 

8.2E-01 
7.3E-01 

1.4E+Ol 
2.OE+00 
2.9E-01 
1.3E+01 
1.2E-01 
9.6E+03 
5.2E+M 
l.lE+04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 

,- 2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.6E- 10 

6.4E- IO 
7.3E- 11 

5.0E- 10 
2.7E- 12 
1.6E- 11 
1.7E-10 
2.1E-11 
1.5E-07 
8.3E-09 
2.1E-07 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-07 - I ILCR Summation - 

001255 
c-III-799 
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Table CIII-508 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

Cw'X EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

'Ih232+ 1od 
u234 

Um+2d 
uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-01 
3.5E-02 
7.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 Vday 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
pciA 

CDI CSF ILCR ' 

tadionuclides (pCi) (pCi1-l (unitless) 

(%37+ld 
N b 7 + l d  
pu238 

R"P2+4d 

Tc99 

Th230 
113232+ 1od 
u?34 

Um+2d 

R?Z?6+8d 
Ra228+ld 

%+ld 

lh228+7d 

u?3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E+03 
7.4E+01 
1.5E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E-08 
12E-09 
3.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

5.3E-08 - I ILCR Summation - 
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CDI CSP ILCR 
Radionuclides (pCi) (pCi)-’ (unitless) 

[ntake Equation 

IR 
EF 
E D n  
ca 

Table CIII-511 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Federal Ownership: Off-Property Fanner (Child) 

Via Inhalation of Gases and Particulates 

CaX EF X E D n  X IR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA pcim’ 
2.5E-07 pCim’ 

NA pcim’ 
I .~E-M pcim’ 
2.4E-07 pCim3 
8.x-02 pcim’ 
1.6E-06 pCim’ 
4.4E-07 pcilm’ 
9.8E-08 pCim3 
3.9E-06 pCim3 

%z+ 1od 
uY34 

“m+2d 
%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

3.7E-08 
1.7E-06 
1.4E-06 
l.lE-06 

NA 
NA 
NA 
NA 
NA 
NA 

12 m’/day 
350 daysiyear 

6 Year 
(see table below) 

pcim’ 
pCim3 
pci/m3 
pcim’ 
pCim3 
pcim’ 
pcim’ 
pcirn’ 
pcim’ 
pcim’ 

%37+ Id 
N b 7 + l d  
pups 

R~?22+4d 

Tc99 

-%o 
%32+ 1od 
u234 
u235+ld 
U m + m  

R%?6+8d 
Rap8+ld 

’%O+ld 

% 2 8 + 7 d  

NA . 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6.3E-03 

4.88-03 
6.1E-03 
2.2E+03 
4.1E-02 
l.lE-02 
2JE-03 
9.8E-02 
9.48-04 
4.2E-02 
3.6E-02 
2.7E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.9E-08 
l.1E-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.8E- 10 

33E- 11 
4.2E- 12 

, 1.7E-08 
2.5E- 12 
9.3E- 14 
1.9E- 10 
2.8E-09 
1.OE-10 
l.lE-09 
9.1E-10 
65E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

2.3E-08 - LILCR Summation - 

a 
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Table CUI-513 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Meat Products 

ntake %nation 

IR 
FI 
EF 
EDn 
Cf 

- - CfX EFX EDn X FIX IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+ld 
NP237+ld 
%3a 

R"2P+4d 

Tc59 

R%+8d 
R??28+ld 

srSQ+ld 

nZ28+ 7d 

NA 

NA 
l.lE-06 

6.2E-06 
4.7E-06 

ERR 
1.4E-04 
5.3E-04 
4.3E-OS 
2.1E-06 

F ? 3 2 +  1M 
b 3 4  

u238+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

2.OE-08 
6.6E-03 
3.7E-04 
7.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
tadionuclides (pCi) (pci)" (unitless) 

O137+ld 
Nh37+ Id 
%8 

R"P2+4d 

Tc99 

n%lI 
'Ih232+ 1M 
u, 
u238+2a 

R%+8d 
R??28+ld 

sr90+ld 

Th228+7d 

'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
6.58-05 

3.88-04 
2.9E-04 

8.8E-03 
3.3E-02 
2.7E-06 
1.3E-04 
1.2E-06 
4.OE-01 
2.3E-02 
4.4E-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA , 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.4E- 14 

2.9E- 13 
2.9E- 14 

3.2E- 13 
4.3E- 14 
1.5E- 16 
1.7E- 15 
2.1E- 16 
6.5E- 12 
3.7E- 13 
8.9E- 12 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-11 - I ILCR Summation - 

C-111-810 
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Make Equation 

IR 
FI 
EF 
EDn 
CP 

Table CIII-515 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Dairy Products 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal produc.ts 

Ol37+ld 
NP237+ld 

Ra22fj+8d 
R%?28+ld 

sr90+ld 

Ih22S+ 7d 

Rn222+4d 

TC99 

%30 

NA p C i g  

NA p C i g  
9.6E-08 p C i g  

l.lE-05 p C i g  
8.5E-06 p C i g  

7.2E-04 p C i g  
6.3E-04 pC*g 

1.8E-06 p C i g  

ERR p c i g  

3.E-08 p c i g  

%32+ 1Od 

%iS+ld 
u234 

Urn+% 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-08 
2.48-02 
1.3E-03 
2.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daystyear 

6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pCi1-l (onitless) 

Ol37+ld 
Nh37+ld 
p%a 
R??2b+8d 
R%+ld 
Rn222+4d 
Sr90+ld 
TC, 
n228+ 7d 
n230 
%32+ 1od 
u234 

Urn+% 
'235+ld 

NA 
NA 
NA 
NA 
NA 

' NA 

NA 

NA 
1.4E-04 

1.6E-02 
1.2E-02 

NA 
l.OE+OO 
8.9E-01 
5.2E-OS 
2JE-03 
2.4E-05 
3.4E+01 
1.9E+OO 
3.E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
3.OE- 14 

1.2E-11 
1.2E- 12 

3.E-11 
1.2E- 12 
2.9E- 15 
3.2E- 14 
4.OE- 15 
5.4E- 10 
3.0E- 11 
7.4E- 10 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.4E-09 - I ILCR Summation - 

C-III-8 13 
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Table CIII-517 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Vegetables and Fruits 

[ntake Eonation 

IR 
FI 
EF 
EDn 
cv 

CvX EFX EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

137+ Id 
NP237+ld 

R?Z26+8d 
R%+ld 

srW+ld 

ThZ?8+ 7d 

Rn222+4d 

Tc99 

NA 
2.5E-04 

NA 
2.7E-04 
2.4E-04 

ERR 
4.6E-03 
6.9E-04 
9.68-05 
4.3E-03 

-%32+ 1od 
u, 
u238+2d 
uZ35+ld 

NA 
NA 
NA 
NA 
NA 
NA 

4.1E-05 
3.2E+00 
1.7E-01 
3.5E+00 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kglday 
1 (Unitless) 

350 dayslyear 
6 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci1-l (unitless) 

Cs137+ld 
NP237+ld 
pu;, 

R"222+4d 

Tc99 

%32+ 1od 
urn 
"m+aa ' 

R?Z26+8d 
Ra228+ld 

sr90+ld 

%28+ 7d 

%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
5.2E-02 

5.8E-02 
5.1E-02 

9.7E-01 
1.4E-01 
2.OE-02 
9.OE-01 
8.6E-03 
6.7E+02 
3.6E+01 
7.4E+02 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- I O  
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
1.lE-11 

4.5E- 11 
5.1E- 12 

3JE-11 
1.9E- 13 
1.1E-12 
1.2E-11 
1.5E- 12 
l.lE-08 
5.8E- 10 
1.5E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.6E-08- 
~ - I ILCR Summation - 
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.- 

a 

a 

a 0 a 2 '72 C-111-816 



FEMP-OUO2-5 DRAFT 
AI vst  24, 1994 - 

. .  . .  L 

d/ f f f f f ? f f f f f f f 2 f f 

C-III-817 



EMP-OUO2-5 D m  
August 24, 1994 -. .- 

m 0 



FEMP-OU02-5 DRAFT 
August 24, 1994 

-. . -- 

I 

Intake Equation 

IR 
EF 
EDn 
Fl 
cw 

Table CIII-519 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Private Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Drinking Water 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Vday 

70 Year 
350 daysbear 

1 (Unitless) 
(see table below) 

NA pCffl 'Ih?32+ 1M NA pCffl 
NA p C i  u234 3.1E-02 pCffl 
NA pCffl h + l d  2.OE-03 pCffl 
NA pCffl u238+7d 3.4E-02 pCffl 
NA pCffl NA NA pCffl 
NA pCffl NA NA pCffl 
NA pCffl , NA NA pCiA 
NA pCffl NA NA pCffl 
NA pCffl NA NA p C i  
NA pCffl NA NA pCffl 

CDI CSF ILCR 
\ adionnclides (pCi] (pci1-l (unitless) 

cs137+ld' 
NP237+ld 
pu238 

Rnm+4d 
S%+ld 
TC99 

'Ih230 
uZ34 . 

ups+zd 

Ra226+8d 
R%+ld 

%2S+ 7d 

%Z+ 1M 

'PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

15E+03 
9.8E+01 
1.7E+03 

NA 
NA 
NA 
NA 

NA 
N 4  

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.m- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 

NA 
NA 
NA 

NA - 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.4E-08 
1.6E-09 
3.3E-08 

NA 
NA 
NA 
NA 
NA 
NA 

5.9E-08 - LILCR Summation - 

5 8 6 0  
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Table CIII-521 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Inhalation of Gases and Particulates 

itake Equation 

IR 
EF 
EDn 
ca 

Inhalation rate of gases (RAGS. 1989) 
Eposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
3.3E-07 

NA 
NA 
NA 
NA 

2.2E-07 
NA 
NA 

2.8E-06 

pCim3 
pCim3 
pCim3 
pcim' 
pCim3 
pCim3 
pCim3 
pCim3 
pcim' 
pCim3 

CaX EF X EDnX IR 

'Ih?32+ 1od 
u234 

uz38+zd 
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

20 m31day 
350 daystyear 
70 Year 

(see table below) 

NA pCim3 
LOE-M pcim' 

NA pCim3 
8.8E-07 pCim3 

NA pcim' 
NA pCim3 
NA pCim3 
NA pCim3 

*. NA pCim3 
NA pCim3 

cmr CSF ILCR 
(unitless) (pCi)-' 

-- - 
!adionnclides (pCi) 

%37+ld 
'P237+ld 
pu238 

Rnm+4d 

==, 
%3o 
%32+ 1od 
u234 
U?35+ld 
um+m 

R%+8d 
R%+ld 

sr90+ Id 

%28+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E-01 

l.lE-01 

1.4E+00 

4.9E-01 

4.3E-01 

1.9E-11 
2.9E-08 
3.9E-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.5E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.6E-09 

6.6E- 12 

3.9E-08 

1.3E-08 

1.OE-08 

6.7E-08 - - I ILCR Summation 

C-In-822 001298 
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ntake Equation 

IR 
FI 
EF 
EDn 
Cf 

Table CIII-523 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Meat Products 

Cf X EFX EDn X Fl X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

O137+ld 
NP?37+ld 
pu238 

R"222+4d 

*% 

'Ihm 

R%+8d 
R%+ld 

Sr90+ld 

7d 

NA p C i g  

NA p C i g  
NA p C i g  
NA pChg  

ERR p C i g  

NA p C i g  
NA p C i g  

1.4E-06 pCi/kg 

1.9E-05 p C i g  

1.5E-06 pChg 

'Ih232+ 1od NA 
urn 3.3E-04 
u235 +Id 2.OE-05 
um+2d 3.5E-04 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

0.101 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

I. . 

CDI CSF ILCR 
ladionuclides (pCi) (pci1-l (unitless) 

NA 2.8E- 11 NA 

NA 2.2E- 10 NA 
NA 7.8E-10 NA 
NA 1.OE- 10 NA 
NA 1.7E- 12 NA 

1.3E- 12 NA NA 
NA 5.5E-11 NA 

1.3E-11 3.6E- 14 2.8E-03 
' NA 1.7E- 10 NA 

6.OE-01 1.6E-11 9.7E- 12 
3.E-02 1.6E-11 5.9E- 13 
6.6E-01 2.OE- 11 13E- 11 

2.6E-03 2.2E- 10 5.6E- 13 %37+ld 
NP237+ld 

R%+8d 
R%+ld 

sr90+ld 

%28+7d 

k 3 8  

Rn222+4d 

rc99 

%3a 
%32+ 1od 
urn 
h + l d  

3.6E- 11 1.3E- 12 3.6E-02 

u238+2d NA NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

NA 
NA 
NA 
NA 
NA 

2.5E- 11 - I ILCR Summation - 

00128% C-111-825 
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Table CIII-525 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Dairy Products 

0 f t  5 3 

ntake Equation 

IR 
FI 
EF 
EDn 
CP 

- - CpX EFXEDnX FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Esposure duration 
Concentration of radionuclides in animal products 

%37+1d 
NP237+ld 

R%+8d 
R%+ld 

Sr90+ld 

ThZ?8+ 7d 

p”as 

R”222+4d 

TC, 

%30 

NA 
1.3E -07 

NA 
NA 
NA 

ERR 
9.6E-05 

NA 
NA 

1.2E-06 

%Z+ 1M 

U23S+ld 
u234 

u238+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E- 03 
7.2E-05 
1.3E-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci1-l (unitless) 

NA 2.8E- 11 NA 
Nh37+ld 9.2E-04 

NA 2.2E-10 NA 
NA 7.8E- 10 NA 
NA 1.OE- 10 NA 

R%!6+8d 

Rn222+4d NA 1.7E- 12 NA 
R??B+ld 

Srmld  7.1E-01 3.6E- 11 2.5E- 11 
NA 1.3E- 12 NA 
NA 5.5E-11 NA 

NA 1.7E- 10 NA 

2.OE- 13 2.2E- 10 
Gm+ld 

pu238 

Tc99 

ThTh, 
%32+ 10d 
u234 
u?3S+ld 
U m + m  

1.3E-11 1.2E- 13 9.1E-03 

1.4E-10 85E+00 1.6E-11 
5.3E-01 1.6E- 11 8.5E- 12 
9.3E+00 2.0E- 11 1.9E- 10 

% 2 0 + 7 d  

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

1 ILCR Summation - - 3.6E-LO 
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% 3 7 + l d  
Nh37+ld 
pu23.3 

R%+u 
' srw+ld 

'zhm 
%32+ 1M 
u234 
%+ld 
U238+m 

Rap6+8d 
R%+ld 

~ %:+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

I 

htake auation 

-IR 
FI 
EF 
EDn 
cv 

Table CIII-527 
Summary of Intake and Risk Quantitation (radionudides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Adult) 

Via Ingestion of Vegetables and Fruits 

- - CvX EFX EDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

cs137+ld 
NP237+ld 
PU238 

Rnm+4d 

- 4 9  

'Thm 

Rap6+8d 
R?4a+ld 

Sf 90+ Id 

Ihm+ 7d 

NA 
3.2E-04 

NA 
NA 
NA 

ERR 
6.2E-04 

NA 
NA 

3.1E-03 

m232+ 1od 
u234 

u238+2d 
u235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E-01 
9.8E-03 
1.7E-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kg/day 
1 (Unitless) 

350 dayslyear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pci1-l (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

9.E-01 

1.9E+00 

9.1E+00 

4.6E+02 
2.9E+01 
5.OE+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
LOE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

2.1E- 10 

6.7E- 11 

1.2E- 10 

7.3E-09 
4.7E-10 
1.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Summation - - 1.8E-08 

C-111-83 1 0441287 
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Table CIII-529 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinking Water 

[ntake Equation 

IR 
EF 
EDn 
FI 
cw 

CwX EFX EDn X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cs137+ld 
NPZ37+ld 

R??26+8d 
R??2S+ld 

Sr90+ld 

%28+ 7d 

Rn222+4d 

Tc, 

-%30 

NA p C i  
NA p C i  

NA pCffl 
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

NA p C i  . 

%32+ 1od 
u, 
ups+2d 
uZ3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E-02 
2.OE-03 
3.4E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  

P C i  
p C i  
p C i  
p C i  
p C i  
p C i  

PCfl 

PC'" 

PC! 

CDI CSP ' ILCR 
Radionuclides (pCi) (pCi1-l (nnitlcsa) 

&137+ld 
NP237+ld 

R%26+8d 
R%28+ld 

%la 

R%2+4d 
Sr9O+ld 
Tc99 

nlm 
-%32+ 1od 
urn 
UPS+ld 
ups+2d 

lh228+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.5E+01 
4.2E+00 
7.1E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
l.E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
-2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-09 
6 . E -  11 
1.4E-09 

NA 
NA 
NA 
NA 
NA 
NA 

2.5E-09 - . I ILCR Summation - 

001290 C-HI-834 
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IR 3 

EF 
EDn 
ca 

Table CIII-531 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Inhalation of Gases and Particulates - 

CaX EFX EDnX IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 350 daysbear 
Exposure duration 
Concentration of radionuclides in air 

12 m3/day 

6 Year 
(see table below) 

cs137+ld 
NP237+ld 
pups 

R"222+4d 

*c, 

R%26+8d 
R?22S+ld 

sr90+ld 

%B+ 7d 

NA p c i m '  
3.3E-07 pCim3 

NA pCim3 
NA pCim3 
NA pCim3 
NA p c i m '  

2.2E-07 pCim3 
NA pCim3 
NA pCim3 

2.8E-06 pCim3 

'IbPZ+ llkl 
u234 

u2u)+2d 
uPS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA pCim3 
LOE-M pCim3 

NA pCim3 
8.8E-07 pCim3 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

cnr CSF ILCR -- - 
ladionuclidcs (pCi) (pCi1-l (unitless) 

NA 1.9E-11 NA 

NA 3.9E-08 NA 
NA 7.OE-09 NA 

Ra226+8d 

NA 7.7E- 12 NA Ra228+ld 

%Jo+ld NA 8.3E- 12 NA 
NA 7.8E-08 NA 

NA l.lE-07 NA 

NA 2.5E-08 NA 

NA NA NA 
NA NA NA 
NA NA NA 

NA 
NA NA NA 

NA 

%7+ld 8.2E-03 2.9E-08 2.4E- 10 
NP237+ld 
b3 .3  

NA 6.9E-10 NA - 

Rnm+4d ME-03 6.2E- 11 3.4E- 13 

7.OE-02 2.9E-08 2.OE-09 

25E-02 2.6E-08 6.6E- 10 

"235+ld 2.2E-02 2.48-08 5.3E- 10 

7d 

%32+ 1Od 
urn 

U'LU+M 
NA 
NA 
NA 
NA NA NA 
NA 
NA NA NA 

I ILCR Summation - - 3.4E-09 

C-111-837 00 a 29 3 
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Table CIII-533 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Meat Products 

- - CfX EFX EDn X FI X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
& p u r e  frequency 
Exposure duration 
Concentration of radionuclides in meat 

(%37+ld 
NP237+ld 
pupa 

Rnm+4d 
srw+ld 
T% 

~ 2 3 0  

R%+8d 
R%+ld 

%28+7d 

NA 
1.4E-06 

NA 
NA 
NA 
ERR 

1.9E-05 
NA 
NA 

1.5E-06 

%32+ 1M 
uz34 

~ 2 u I + z d  
u235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 daystyear 

6 Year 

NA p C i g  
3.38-04 p C i g  
2.OE-05 pCi/kg . 
3.5E-04 p C i g  

NA p C i g  
NA pChg 
NA p C i g  
NA pC&g 
NA pCUkg 
NA p C i g  

CDI CSF ILCR 
(pCi) (pci1-l (unitless) :adionuclidcs 

>137+ld 
% 3 7 + l d  

R%+8d 
R%+ld 

pups 

R%.z2+4d 
Sr!m+ld 
TC99 

%2+ 1M 
u234 
uZ35+ld 
Um+m 

%28+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

8.5E-05 

1.2E- 03 

9.2E-05 

2.OE-02 
1.2E-03 
2.2E-02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1 . E -  12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.9E- 14 

4.2EL 14 

1.2E- 15 

3.2E- 13 
2.OE- 14 
4.3E- 13 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation - - 8.4E- 13 

c-111-840 
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IR 
FI 
EF 
EDn 
CP 

Table CIII-535 I 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Fanner (Child) 

Via Ingestion of Dairy Products 

CDI CSF ILCR 

- - CpX EF X EDn X FI X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Eqmure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.9 Vday 
0.75 (Unitless) 
350 daysfyear 

6 Year 

O137+ld 
NP237+ld 

R%+8d 
R%+ld 

sr90+ld 

n228+ 7d 

Q38 

R"222+4d 

=c, 

n230 

NA 
1.3E-07 

NA 
NA 
NA 

ERR 
9.6E-05 

NA 
NA 

1.2E-06 

%32+ 1Dd 
4 3 4  

uz38+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-03 
7.2E-05 
1.3E - 03 

NA 
NA 
NA 
NA 
NA 
NA 

%37+ld 
N!??37+ld 
4 3 8  

Rn222+4d 

Tc99 

%?30 
n P z +  1od 
uz34 
%S+ld 
U m + m  ' 

Ra226+8d ' 

R%+ld 

Sr90+ld 

lh228+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

1.8E-04 

1.4E-01 
NA I 

NA 

NA 
1.8E-03 

1.6E+00 
1.OE-01 
1.8E+00 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E-10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E-11 
1.z- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.9E- 14 

4.9E- 12 

2.3E- 14 

2.6E-11 
1.6E- 12 
3.6E-11 

NA 
NA 
NA 
NA 
NA 
NA 

6.9E-11 - 1 ILCR Summation - 
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Table CIII-537 
Summay of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: Off-Property Farmer (Child) 

Via Ingestion of Vegetables and Fruits 

ntakc Equation 

IR 
FI 
EF 
EDn 
cv 

E CvX EFX EDn X Fl. X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA 
3.2E-04 

NA 
NA 
NA 
ERR 

6.2E-04 
NA 

,NA 
3.1E-03 

- 4 3 2 +  1od 
urn 

um+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.5E-01 
9.8E-03 
1.7E-01 

NA 
NA 
NA 
NA 
NA 
NA 

0.1 kdday 
1 (Unitless) 

350 daysbear 
6 Year 

CDI CSF ILCR 
ladionuclides (pCi) 'tpCi)-* funitless) 

%37+ld NA 2.8E-11 NA 
Nk37+ld 6.8E-02 2.2E- 10 1JE-11 
fi238 NA 2.2E-10 NA 
R%+8d NA 7.8E- 10 NA 
Rap8+ld NA 1.OE- 10 NA 
RnpZ+4d NA 1.7E- 12 NA 

Tc99 NA 1.3E-12 NA 
Th228+7d NA 5.5E-11 NA 

NA 1.7E-10 NA 

. 

Srm+ld 1.3E-01 3.6E- 11 4 . E -  12 

6.4E-01 1.3E-11 8.3E-12 

uz34 3.2E+01 1.6E- 11 5.1E- 10 
%S+ld 2.1E+00 1.6E-11 3.3E- 11 
u238+?d 3.5E+01 2.OE-11 7.OE- 10 

-%lo 
%32+ 1M 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

1.3E-09 - I ILCR Summation - 

C-111-846 
ao 1 :;Q2 
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1 O137+ld 
~ NP237+ld 

%26+8d 
R%28+ld 

"90+ Id 

Th228+7d 

p u u s  

Rn222+4d 

Tc99 

m230 
%2+1w 
u234 

U238+2d 
%5+ld 

NA 
NA 
NA 
NA 
NA 
NA 

Table C.111-539 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On -Property R M E  Resident Farmer (Adult) 
Via Incidental Ingestion of Soil 

CS X EFX EDnXFI X IR - Ltake Equation - 

IRS 

EDn Exposure Duration 
FI Fractional Intake 
CS 

Ingestion rate of soil (RAGS. 1989) 
EF Exposure frequency 

Concentration of radionuclides in soil 

cs137+1d 
NP237 + ld  

R%226+8d 
h238 

hzz2+4d  

Tc99 

n230 

R h + l d  

"9O+ld 

%?28+7d 

NA 
15%-05 

NA 
NA 
NA 
NA 

1.28E-05 
NA 
NA 

1.19E-04 

%32+1w 
4 3 4  

U23a+zd 
u23S+ld 

NA 

NA 
3.CKX-05 

NA 
27OE-05 

NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

180 mg/day 
350 daystyear 
70 Year 
1 (unitless) 

CDI CSF ILCR 
Radionuclides (pCi) (pCi1-I (unitless) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.84E+O1 

5.64E+Ol 

5.24E+M 

1.35E+O2 

1.19E+112 

280E- 11 
220E- 10 
220E- 10 
7.80E- 10 
1.OOE- 10 
1.7OE-12 
3.60E- 11 
13OE- 12 
5.5OE-11 
1-WE-11 
1.70E- 10 
1.6OE-11 
1.60E- 11 
2ooE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

1 SOE- 08 

2aE-09 

6.8lE-09 

216E-09 

238E-09 

1 ILCR summation - 284E-08 
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Table CHI-542 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Drinking Water 

- ntake Ehuation - Cw X EFX EDn X FI X IR 

IR 
EF Exposure frequency 
EDn Exposure duration 
Fl Fractional intake for radionuclides 
cw 

Ingestion rate of groundwater (RAGS, 1989) 

Concentration of radionuclides in groundwater 

2 vday 
350 daysfyear 

1 (Unitless) 
70 Year 

(see table below) I 

NA pCffl n23Z+ 1M NA p C i  
NA pCffl urn ME-01 pCffl 

1.OE-02 p C i  NA p C i  U?35+M 
NA p C i  upe+?d 2.OE-01 p C i  
NA pC/l NA NA p C i  
NA pCffl NA NA p C i  
NA p C i  NA NA p C i  
NA pCd NA NA pCii 
NA p C i  NA NA p C i  
NA p C i  NA NA p C i  

CDI CSF ILCR 
tadionuclides (vCi) (pCi\-' (unitless) 

% 3 7 + l d  NA 2.8E-11 NA 
N b 7 + l d  NA 2.2E- 10 NA 

NA 2.2E-10 NA 
NA 7.8E- 10 NA R%+8d 

Rap8+ld NA 1.OE- 10 NA 
R'lp2+4d NA 1.E- 12 NA 
sr90+ld NA 3.6E-11 . NA 

NA 1.3E- 12 NA 
NA 5.5E- 11 NA % 2 8 + 7 d  .m, NA 1.3E- 11 NA 

%2+ IM NA 1 . E -  10 NA 
un4 9.OE+03 1.6E- 11 1.4E-07 
u235+ld 4.9E+02 1.6E- 11 7.88-09 
u238+2d 9.9E+03 2.OE- 11 2.OE-07 

% 

Tc99 

NA NA NA NA 
.NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA - NA NA 

3JE-07 - ILCR Summation - 

C-111-854 
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Table CUI-544 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: 00-Property RME Resident Farmer (Adult) 
Via Inhalation of Gases and Particulates 

CaX EFX EDnX IR - M a k t  auation - 

IR 
EF Exposure frequency 
EDn Exposure duration 
Ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

NA 
4.38-06 

NA 
NA 
NA 
NA 

3.1E-06 
NA 
NA 

6.6E-05 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pC/m3 
pc im3  

nm+ 1od 
u, 
"pS+Zd 
U235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

20 m3/day 
350 daysbear 
70 Year 

(see table below) 

NA pcim' 
1.3E-05 pCim3 

NA pCim3 
1.1E-05 pCdm3 

NA p ~ i m '  
NA pCim3 
NA pCim3 
NA pCim3 
NA pcj/m3 
NA pCim3 

CDI CSF ILCR 
Cadionuclides (pCi1 (pci1-l (unitless) 

(%37+ld 
NP237+ld 

R%2b+8d 
R%?S+ld 

pups 

Rn2p+4d 

Tc, 

nm 
%32+lrki 
u, 
u235+ld 
upS+Zd 

SrSO+ld 

Thps+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.1E+00 

1.5E+00 

3.2E+01 

6.4E+00 

5.6E+00 . 

1.9E- 11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.98-08 
l.lE-07 
2.68-08 
25E-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.1E-08 

9.4E- 11 

9.4E-07 

1.7E-07 

1.3E-07- 

1.3E-06 - ILCR Summation - 

i 8-6 0 
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Table CIII- 546 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Meat Products 

[ntake muation - - C f X  EFX EDn X FIX IR 

IR 
FI 
EF 
EDn 
Cf 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA p C i g  

NA p c i g  
NA p c i g  
NA p C i g  

ERR p C i  

NA p C i g  
NA p c i  

8.7E-04 p c i g  

4.8E-01 p C i g  

4.2E-04 p C i g  

%2+ lad 
Uz34 

Um+2d 
'235+1d 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kg/day 
0.75 (Unitless) 
350 daysfyear 
70 Year 

NA p C i g  
7.E-03 p C i g  
1.OE-04 p C i g  
7.2E-03 p C i g  

NA p C i  
NA p c i g  

. NA p C i  
NA p C i g  

NA p c i  

NA p c i  

ILCR 
[unitless) 

CDI 
Radion\lclidcs (pCi) [UCl 

%7+ld 

% 

RnZL2+4d 

Tc99 

m, 
%+ lad 
urn 
%35+ld 
Um+2d 

NP237+ld 

R%?6+8d 
R%+ld 

sr9Ll+ld 

%+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA . 
NA 
NA 
NA 

NA 
NA 

NA 

1.6E+00 

8.9E+02 

7.8E-01 

1.4E+01 
1.9E-01 
1.3E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E-12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
13E-11 
l.E- 10 
1.6E- 11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.6E-10 ' 

3.2E-08 

1.OE- 11 

23E- 10 
3.OE- 12 
27E-10 

NA 
NA 
NA 
NA 
.NA 
NA 

I / ILCR Summation = 3.3E-08 
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Table CHI-548 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Dairy Products 

CpX EF X E D n  X FI X IR - intake a n a t i o n  - 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

NA 

NA 
NA 
NA 

ERR 
2.4E+00 

NA 
NA 

3.5E-04 

7.9E - 05 %32+ 1od 
'234 . 
'238+2d 
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-02 
3.6E-04 
2.3E-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

ILCR 
funitless) 

CDI 
Xadionaclides (pCi) 

%37+ld 
NP237+ld 

R%+8d 
R%+ld 

%xl 

R%2+4d 
Sr90+ld 

n2%+ 7d 

%2+ 1od 
urn 

Urn+% 
'23S+fd 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.8E-01 

1.8E+04 

2.6E+00 

1.8E+02 
2.6E+00 
l.E+02 

NA 

NA 
NA 
NA 
NA 

NA . 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1.E- 10 
1.6E- 11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.3E- 10 

6.4E-07 

3.4E- 11 

2.8E-09 
4.2E- 11 
3.3E-09 

NA 
NA 
NA 
NA 
NA 
NA 

6.48-07 - 1 ILCR Summation - I 
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. -- 

%7+ld 
NP237+ld 
pups 

Rnm+4d 

T% 

- 4 3 l l  
%+ 1M 
uz34 

upe+2d 

R%?6+8d 
R?28+ld 

Sr90+ld 

n228+ 7d 

'PS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

5 . 
? 

Table CHI-550 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

Intake anation - - CvX EFX EDn X FI X IR 

IR Ingestion rate of fruits or vegetables . 0.122 kg/day 
FI Fraction ingested from contaminated source 1 (Unitless) 
EF Exposure frequency 350 dayslyear 
EDn Efposure duration 70 Year 
cv Concentration of radionuclides in vegetables ( 

NA 
1.6E-01 

NA 
NA 
NA 

ERR 
3.2E+01 

NA 
NA 

1.9E-01 

-2, la 
urn 

U;?UI+Y 
u?3S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA p C i g  
1.2E+00 p C i  

1.2E+00 p C i g  
NA p C i g  
NA p C i g  
NA p C i  
NA p C i g  

NA p c ' i g  

4.98-02 p C i g  

NA- p C i g  

ILCR 
(noitless) 

CDI 
Radionuclides (pCi) 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

4.8E+02 

9.6E+04 

55E+02 

3.5E+03 
1.5E+02 
3.7E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.E- 12 
3.6E- 11 
13E-12 
55E-11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E- I1 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.OE-07 

3.4E-06 

7.28-09 

5.68-08 
23E-09 
7.38-08 

NA 
NA 
NA 
NA 
NA 
NA 

I 

3.E-06 - 1 ILCR Summation - 

C-Ul-866 
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Table CIII-551 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

South Field Area with Federal Ownership: On-Property RME Resident Farmer (Adult) 
Via External Radiation 

Dose E4uivalcncv Euuat = (DR X EF X EDn X ETi X (1 -SHi)] +[DR X EF X E b n  X ETo X (1 -SHo)] 

EF 
ED Exposure duration 
mi 
E T 0  

SHO 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

SHi 

DR 

(%37+ld 
Nk37+ Id 

R%?6+8d 
Ra228+ld 

sr90+ld 

pupe 

*. Rnm+4d 

TC!m 

' 'Ihm 
'Ihps+ 7d 

NA 
1.55E-02 pCig 

NA PCii3 

NA P W  
NA PCii3 

NA PCile 
NA P W  

NA 

1.28E-02 pCig 

1.19E-01 pCig 

%?Z+ 1Od 
u, 
~ p s + 2 d  
U23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (uni tless) 

NA (unitless) 

70 Year 

(see table below) 

CDI CSF ILCR 
Radionuclides (year pCiIg) (n/pCi-year)-' (unitless) 

%7+ld 
Np237+ ld 
%%? 

RnZLZ+4d 

Tcw 

nL, 

u234 

Um+Y 

R%+8d 
R%+ld 

sr90+ld 

'Ih2211+7d 

'Ih23Z+ 1Od 

%+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6.5E-01 

5.3E-01 

4.9E+00 

1.3E+00 

l.lE+00 

2.OE-06 
4.38-07 
2.8E- 11 
6.OE-06 
2.9E-06 
5.9E-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
85E-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-07 

NA 

2.7E- 10 

3.8E- 11 

5.7E-08 

I 
ILCR Summation - - 3.48-07 

5 8 6 0  
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Table C.111-553 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

Via  Incidental Ingestion of Soil 

<q ,'si ; 

itake Equation 

IRS 
EF  
EDIl 
FI 
cs 

Ingestion rate of Ail (RAGS, 1989) 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

NA 
1.5% - 05 

NA 
NA 
NA 
NA 

1.28E-05 
NA 
NA 

1.19E-04 

CSXEFXEDn XFIX IR 

- 
200 mg/day 
350 daysear 

6 Year 
1 (unitless) 

%32+1od 
u234 
u23S+ld 
'238+2d 

NA 
NA 
NA 
NA 
NA 
NA 

NA pCdmg 
3.06E-05 pCdmg 

NA pCdmg 

NA pCimg 
NA pCi/mg 
NA pCimg 
NA pCi/mg 
NA pCi/mg 
NA pCimg 

27OE-05 p C h g  

m1 CSF ILCR -- - 
(pCi) (pCi)-' (unitless) Radionuclides. 

I 

CS137+ld 
NP237+ld 

R%26+8d 
R%28+ld 

sr90+ld 

'Ih2U)+7d 

pu238 

%2+4d 

TC99 

'Ih230 
ThUZ+lod 
u234 
%S+ld 
U238+2d 

NA 
NA 
NA 
NA 
NA 

. NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

65lE+OO 

538E+OO 

4.99E+O1 

1.29E+Ol 

1.13E +01 

280E-11 
220E- 10 
220E- 10 
7.80E- 10 
1.oOE- 10 
1.70E- 12 
3.6OE-11 
13E- 12 
5.5OE-11 
13E-  11 
1.70E- 10 
1.6OE-11 
1.6OE- 11 
2OOE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
6.49E- 10 

NA 
206E- 10 

NA 
227E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

1.43E-09 

1.94E- 10 

1 271E-09 - - 1 ILCR Summation 

. ,  

C-III-870 



FEMP-OUO2-5 DRAFT 
August 24. 1994' 

.- .-.. 

u < < < < < < < < < < < < ~ <  zzzzzzzzzzzzzzz 

001327 

C-111-87 1 



FEMP-OUM-5 DRAFT 
August 24, 1994 

- .  

f w 

a 

C-111-872 001,728 



FEMP-OU02-5 DRAFT 
August 24. 1994 

C-III-873 



8 . . .  
FEMP-OUMJ DRAFT 
August 24, 1994 

i- . . . , . 
C-In-874 

001330 

I 



FEMP-OU02-5 DKAhT 
August 24. 1994 

I 

take Equation 

IR 
EF 
EDn 
FI 
cw 

Table CIII-556 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

Via Ingestion of Drinking Water 

- - CwX EFX EDn XFIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

%2+ 1M 
urn 
um+2d 
%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
ME-01 
1.OE-02 
2.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 vday 
350 dayslyear 

6 Year 
1 (Unitless) 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

ILCR 
(unitless) 

CDI 
Xadionuclides (pCi) 

I 
Ol37+ld 
NP237+ld 

'%+8d 
R%28+ld 
~%22+4d 

Tc99 

%30 
%32+ 1od 
urn . 
u235+ld - 
um+2d 

sr!30+ id 

%228+ 7d 

NA 
NA 
NA 
NA 
NA 
NA- 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E+02 
2.1E+01 
4.2E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.2E-09 
3.4E- 10 
8.5E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 1.5E- 08 

001331 
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~takc &nation 

IR 
EF 
EDn 
ca 

Table CIII-558 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

’ 

Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

cs137+ld 
NP237+ld 

R&6+8d 
hLL38 

Rnp2+4d 
Sr90+ld 
Tc99 

R b + l d  

%+ 7d 

NA 
4.3E-06 

NA 
NA 
NA 
NA 

3.1E-06 
NA 
NA 

6.68-05 

pcim’ 
pCim3 
pCim3 
pcim’ 
pcim’ 
pCim3 
p ~ m ’  
pcim’ 
pCim3 
pcim’ 

CaX EF X EDn X IR 

%z+ 1od 
uz34 

u2u)+zd 
Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.3E-05 

NA 
1.1E-05 

NA 
NA 
NA 
NA 
NA 
NA 

12 m3/day 
350 daysbear 

6 Year 
(see table below) 

pcim3 
pcim’ 
pCim3 
pcim’ 
pCim3 
pCim3 
pcim’ 
pcirn’ 
pCim3 
pcim’ 

ILCR 
.adionnclidcs (pCi) (pC1 7; (unitleas) 

NA 1.9E-11 NA 
%37+ld l.lE-01 2.9E-08 3.1E-09 
%37+ld NA 3.98-08 NA 
’% NA 7.OE-09 NA 
%26+8d NA 6.9E- 10 NA 
R b + l d  NA 7.E- 12 NA 
Rn,+4d 7.8E-02 6.2E- 11 4.8E- 12 
jr90+ld NA 83E- 12 NA 
rc99 NA 7.8E-08 NA 

l.E+OO 2.9E-08 4.8E-08 %+ 7d 
%O 

NA 1.1E-07 NA %3Z+ 1M 
3.3E-01 2.6E-08 8.5E-09 

Uz34 
NA 25E-08 NA 

U?S+ld 
2.9E-01 24E-08 6.98-09 b + a i  NA 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

CDI 

NA 
NA 
NA 
NA 
NA 

ILCR Summation - - 6.E-08 
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ntakc Equation 

IR 
FI 
EF 
EDn 
Cf 

. Table CIII-560 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

Via Ingestion of Meat Products 

Cf X EF X EDn X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

NA 
8.7E-04 

NA 
NA 
NA 

ERR 
4.8E-01 

NA 
NA 

4.2E-04 

%32+ 1od 
urn 

Um+M 
'2'35 +Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayshear 

6 Year 

NA p C i g  
7.78-03 p C i g  
1.OE-04 p C i g  
7.2E-03 p C i g  

NA p C i g  
NA p C i  
NA p C i  
NA p C i g  

NA pC&g 
NA PCW 

ILCR 
(unitless) 

CDI 
Radionuclides (pCi) 

(%37+ld 
NP237+ld 
pups 

Rnp2+4d 

Tc99 

'Th, 
%2+ 1M 
urn 
UZ?S+ld 
U?38+M 

R%+i3d 
R%+ld 

sr90+ id 

%22J3+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

5.38-02 

3.OE+01 

2.6E-02 

4.7E-01 
6.1E-03 
4.4E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E-10 
7.8E- 10 
LOE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E-11 
1 . E -  10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

1.2E-11 

l.1E-09 

3.4E- 13 

7.6E- 12 
9.8E- 14 
8.8E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Sammation - - l.lE-09 

r 

C-HI-88 1 
001337 
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Table CIII-562 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

Via Ingestion of Dairy Products 

. 

Intake Equation 

IR 
FI 
EF 
EDn 
CP 

CpX EF X EDnX FI X IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
NP237+1d 
pu238 
R%+ad 

Rnm+4d 

Tc99 

-%?a 

R%S+ld 

sr90+ld 

%+ 7d 

NA 
7.98-05 

NA 
NA 
NA 

ERR 
2.4E+00 

NA 
NA 

3.5E-04 

%32+ 1M 
urn 

ups+2d 
'235, Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Uday 
0.75 (Unitless) 
350 daysbear 

6 Year 

NA p C i  
2.48-02 p C i g  
3.68-04 p C i g  
2.3E-02 p C i g  

NA p C i  
NA p C i g  
NA p C i  
NA pCi/kg 
NA p C i  
NA p C i g  

CDI CSP ILCR 
tadionnclidcs (pCi) (pCi\-' (unitless) 

%37+ld 
Nf??37+ld 
pups 
R??26+ad 

Rnm+4d 

Tc99 ' 

% 
-%2+ 1M 
u?34 
u235+ld 
"ps+zd 

R%+ld 

sr90+ Id 

mh2zs+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

l.lE-01 

3.4E+03 

5.OE-01 

3.4E+01 
5.1E-01 
3.2E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5SE- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.0E- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

25E- 11 

1.2E-07 

6SE- 12 

ME-10 
8.2E- 12 
6SE-10 

NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Summation = 1.2E-07 

C-IU-884 
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Table CIII-564 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Fanner (Child) 

Via Ingestion of Vegetables and Fruits 

- - CvXEFXEDn X FI X IR 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

NA 

NA 
NA 
NA 
ERR 

3.2E+01 
NA 
NA 

1.9E-01 

1.6E-01 
%2+ 1M 
u, 
Um+Y 
u23S+ld ' 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E+00 

1.2E+00 
NA 
NA 
NA 
NA 
NA 
NA 

4.98-02 

0.1 kg/day 
1 (Unitless) 

350 dayslyear 
6 Year 

ILCR 
(unitless) 

CDI 
Radionuclides (pCi) (VCI  

cs137+ld 
NP?37+ld 

R%2b+8d 
Ra228+ld 

srgo+ld 

'Ihpa+7d 

m?32+ 1M 

U235+ld 

~ 2 u ,  

R"m+4d 

Tc, 

- 4 3 0  

uz34 

Um+Y 
NA 
NA 
NA . 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

3.3E+01 

6,7E+03 

3.9E+01 

2JE+02 
l.OE+Ol 
2.6E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5SE- 11 
1.3E-11 
1.m-10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

7.48-09 

2.4E-07 

5.1E- 10 

3.9E-09 
1.6E-10 
5.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Summation = 2.6E-07 

5 8 6 0  

00 I34 3 
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Table CIII-565 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
South Field Area with Private Ownership: On-Property Farmer (Child) 

Via External Radiation 

Dose Fhuivalcncv Eunat = [DRXEFXEDnXETiX(l-SHJj  +(DRXEFXEDnXEToX(l-SH,)] 

EF 
ED Exposure duration 
mi 
ET, 

SHO 

Fraction of year spent exposured 

Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

SHi 

DR 

OU7+ld 
Nh37+ld 

R%+8d 
pups 

R%+4d 
s%+ Id 
Tc¶9 

nL, 

R%+ld 

%+ 7d 

NA PC/s  

NA PCi/B . 
NA . PCig 
NA PC% 
NA PC% 

NA P C i P  
NA PCig 

155E-02 pCig 

1.28E-02 pCig 

1.19E-01 pCig 

%32+ l(ld 

u, 

um+2d 
u235+ld 

NA 
NA 
NA . 
NA 
NA 
NA 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
OS (unitless) 
NA (unitless) 

(see table below) 

NA P W 3  
3.06E-02 pCig 

NA PCiP  
2.708-02 pCig 

NA PCdB 
NA P C i B  
NA PCUP 
NA P a 3  
NA PCiP  
NA PCdP 

Radionuclides (unitleas) 
\ 

O137+ld 
NP237+ Id 
-8 . 
Rapg+8d 

Rnz?z+4d 

Tc99 

~ 2 3 0  
%32+ 1od 
uz34 
uz35+ld ' 
ups+2d 

R%+ld 

sr90+ld 

n228+7d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

4.88-02 

4.OE-02 

3.E-01 

95E-02 

8.48-02 

2.OE-06 
4.3E-07 
2.8E- 11 
6.OE-06 
2.98-06 
5.98-06 

6.OE- 13 
5.6E-06 
5.4E- 11 
85E-06 
3.OE- 11 
2.48-07 
5.1E-08 

NA 

NA, 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

2.1E-08 

NA 

2.OE- 11 

29E- 12 

43E-09 

258-08 - I ILCR Summation - 

C-111-888 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 

M a t e  Equation 

IR 
EFa 
EFc 
EDa 
EDc 
ETa 
E T C  
CA 

Table CIII.-566 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

= CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency(adu1t) ' 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

%7+ Id 
NP237+ Id 

R%6+8d 
P% 

Rnm+4d 

TC, 

%30 

R%+ id 

sr90+ id 

%+ld 

NA pCim3 
NA p ~ i m '  
NA pCim3 
NA pCim3 
NA pCim3 

NA pCim3 
NA pCim3 
NA pCim3 
NA .pCim3 

5.68-06 pCim3 

n232+ 1Od 
u?34 

u238+2d 
'235+ld 

NA 
NA 
NA 
NA 
NA 

'NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 m3/hour 
40 daysiyear 

110 daysiyear 
32 Year 
12 Year 
1 hourlday 
2 hourlday 

(see table 

pCim3 
pci/m3 
pCim3 
pCim3 
pCim3 
pCim3 
pciim' 
pCim3 
pCim3 
pCim3 

.low) 

ILCR 
(unit less) 

CDI 
Radionuclides (pCi) 

&137+ld 
NP237+ Id 
P"m 

Rn,+4d 

Tc99 

- 4 3 0  

"234 

u238+2d 

R%+8d 
R%+Id . 

Sr90+ld 

n22R+ 7d 

nrhp2+ 1Od 

u23S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

1.8E-02 

NA . 

1.9E- 11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.8E-08 
2.9E-08 
l.lE-07 
2.6E-08 
2.58-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E- 13 

1.4E-13 - 1 JLCR Summation - 

5 8 6 0  
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Table CIII-568 
Summary of Intake and Risk Quatitation (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Off-Property Farmer (Adult) 
P n L  ,* 3 Via Ingestion of Drinking Water 0 l;? 8 a* 

ntate muat ion  

1R 
EF 
EDn 
FI 
Cw 

t Cw X EFX EDn X FIX IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration ot radionuclides in groundwater 

% 3 7 + 1 d  
Np237+ Id 

R % 6 + 8 d  
R%+ Id 

''90+ Id 

%+ 7d 

RnP2+4d 

Tc99 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p c i  
p C i  
pci 
pci 
p C i  
p C i  
p c i  
p C i  
p C i  
p C i  

%z+ 1od 
u?34 

Um+M 
UPS+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA p c i  
63E-01 pci 
338-02 p C i ,  
7.OE-01 p C i  

NA p c i  
NA p C i  
NA p C i  
NA p c i  
NA p c i  
NA p C i  

2 vday 
350 daysiyeax 

1 (Unitless) 
70 Year 

(see table below) 

CDI CSF ILCR 
Radionuclides (pC11 (pci1-l  (unitlcss) 

(%37+ Id 
Nf%7+ Id 
pups 

Rnp2+4d 

Tc99 

%nl 
%3z+ 1od 
u?34 

upa+2d 

R%+8d 
R%?E+ Id 

sr90+ Id 

%28+ 7d 

uZ3S4 Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E+04 
1.6E+03 
3.48+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
LOE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E-11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE-07 
26E-OS 
6.88-07 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-06 - I ILCR Summation - 

C-111-892 
001398 
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Intake Equation 

1R 
EF 
EDn 
ca 

Table CIII-570 
Summary o f  Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal Cel l  with Federal Ownership: Off-Property Farmer (Adult) 
Via Inhalation of Gases and Particulates 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%7+ld 
NP237+ld 
pu, 

R%+4d 

TCw 

.rh, 

R%26+8d 
R??28+ Id 

Sr90+ld 

-%28+7d 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2.OE 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

-06 pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

Ca X EF X EDn X IR 

20 m3/day 
350 daystyear 
70 Year 

(see table below) 

%32+ 1od 
u234 

u238+2d 
Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 

ILCR 
(onitless) 

CDI 
Zadionuclides (pCi) 

Ol37+Id 
NP237+ Id 

R%+8d 
R%+ld 

S'90+ld 

pups 

Rn222+4d 

Tc99 

- b Z +  1od 
u234 

Um+u 

?h228+7d 

'PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

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

9.9E-01 ' 

1.9E-11 
2.9E - 08 
3.98-08 
7.OE- 09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.9 E- 08 
l.lE-07 
2.68-08 
258-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.7E- 12 

7.7E- 12 - I ILCR Summatioo - 

C-111-895 
001351 
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Table CIII-57lb 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

ntate Equation 

IR 
Fl 
EF 
EDn 
Cf 

CfX EFX EDn X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

%37+ Id 
NP237+ Id 
hLas 
R%+8d 

R%2+4d 

TCW 

%w 

R%+ld 

Sr90+ Id 

nZ?S+ 7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%3z+ l(ld 

u234 

u238+2d 
%S+!d 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
638-03 
33E-04 
6.9E- 03 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kgfday 
0.75 (Unitless) 
350 dayshear 
70 Year 

CDI CSF ILCR 
(pCi) (pCi\-' (unitless) tadionuclides 

Cs137+1d 
NP237+ Id 
pu238 
R%+8d 

Rnm+4d 

TCW 

n h p o  

u?34 

LJ238+2d 

R%?S+ld 

sr90+ Id 

7d 

%2+1M 

'PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E+01 
6.1E-01 
13E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1i3E- 12 
5.5E- 11 
13E-11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E- 10 
9.8E- 12 
26E-10 

NA 
N A  
NA 
NA 
NA 
NA 

1 ILCR Summation - - 4.6E- 10 

C-III-898 
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Table CIII-573 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Dairy Products 

- - CpX EFX EDn X Fl X IR 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

l%37+ Id 
NP237+ld 
%38 

Rnp2+4d 

Tc99 

Th, 

R%26+8d 
R%+ld 

"90+ Id 

Thz28+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%32+ 1od 
u234 

Um+td 
'235+ ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.3E-02 
1.2E-03 
2.5E-02 

NA 
NA 

NA 
NA 
NA 

. NA 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSP ILCR 
Radionuclides (pCi) (pci)-' (unitless) 

(%37+ Id 
NpZ??+ Id 

R%'26+8d 
R%28+ Id 

Sr90+ld 

ThPS+7d 

pu238 

R k 2 + 4 d  

TC99 

Th, 
%32+ 1od 
u234 

um+2d 
%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA * 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l . E + 0 2  
8.7E+OO 
1.8E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E-09 
1.4E- 10 
3.E-09 

NA 
NA 
NA 
NA 
NA 
NA 

I 
65E-09 - LILCR Summation - 

c-IU-901 
0191357 
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Table CIII-575 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 6 

Disposal Cell with Federal Owoership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

otake Eqnatioo = Cv X EF X EDn X FI X IR 

IR 
FI 
EF Exposure frequency 
EDn Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

137+ ld 
NPZ37+ld 
pups 
Ra226+8d 

R%22+4d 

=c, 

.rh, 

R%+ld 

sr90+ Id . 

'Tb228+ 7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

-%32+ 1od 
u, 

ups+2d 
'Z35+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E+00 
1.6E-01 
3.4E+00 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 k g h y  
1 (Unitless) 

350 dayslyear 
70 Year 

ILCR 
(unit less) 

CDI 
Radionuclides (pCi) (PCI 

R%+Xd 
R%+Id 

"90+ Id 

% 2 8 + 7 d  

Rnp2+4d 

TC99 

Thpo 
%z+ 1od 
us4 
u p s + 2 d  
'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

I 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.38+03 
4.88+02 
1.OE+04 

NA 
NA 
NA 
NA 
NA - 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E- 11 
1.3E-11 
1.7E-10 
1.6E-11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

15E-07 
7.7E-09 
2.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

I 
3.6E-07 - [ILCR Summatioo - 

c-III-904 0 0% 3 G 8 
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IR 
EF 
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Table CIII-577 
Summary of Intake aad Risk Quaatitation (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestion of Drinking Water 

CW X EFX EDn X FIX IR - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

Cs137+ld 
NP237+ Id 
pu238 

Rn222+4d 

=c, 

Th270 

R%+8d 
R%+ Id 

sr90+ Id 

%+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

%32+ 1od NA 
"234 6.3E - 01 
%S+ld 3.38-02 
u?UI+zd 7.OE-01 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1 Vday 
350 daysbear 

6 Year 
1 (Unitlcss) 

(see table below) 

p C i  
p c i i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  

CDI CSP ILCR 
ladionuclidcs (pCi) (pCi\-' (uoitlcss) 

%37+ Id 
NP237+ Id 
% 

R " m + 4 d  

Tc99 

~ 2 3 0  
%32+ 1od 
"234 

u m + 2 d  

R%+8d 
R%+ Id 

sr90+ld 

npa+ 7d 

'23S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E+03 
6.9E+01 
15E+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8.E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E-12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E-08 
l.lE-09 
2.98-08 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Sommatioo 5.28-08 

f 
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Table CIII-579 
Summary of Intake and Risk Quantitatioa (radionuclides) Alternative 6 

Disposal Cell with Federal Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

mtakc E?uoatioo 

IR 
EF 
EDn 
ca 

- - CaX EFX EDn X IR 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

OU7+ld 
NP?37+ id 
hLas 

R%+4d 

Tc99 

R%6+8d 
R%+ld 

%O+ld 

%+ 7d 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA p c i m '  

2.OE-06 pCim3 
NA p c i m '  
NA pCim3 
NA pCim3 
NA p c i m '  

%32+ 1M 

uBS + id 
u, 
&.$+a 

NA 
NA 
NA 
NA 
NA 
NA 

12 m3/iay 
350 daysi'year 

6 Year 
(see table below) 

NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA p C m 3  
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 
NA pCim3 

CDI CSP ILCR 
ladiooaclider (DCi) tuci1-1 (anitleaa) 

%37+ Id 
NPB7+ld 

R%6+8d 
R??28+ld 

%+ld 

rips+ 7d 

pups 

b 2 2 + 4 d  

*c99 

%3Q 
%32+ 1M 
u, 
"ps+a 
U235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-02 

1.9E- 11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7 . E -  12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
1.1 E- 07 
2.68-08 
258-08 
24E-OS 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E- 13 

3.9E- 13 - 1 ILCR Summation - 

c-III-9 10 
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Intake Equation 

IR 
Fl 
EF 
EDn 
Cf 

Table CIII-581 
Summary of Intake and Risk Quaatitation (radionuclides) Alternative 6 

Disposal Cell with Federal Owaersbip: Off-Property Farmer (Child) 
Via Ingestion of Meat Products 

CfX EFX EDn X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

(%37+ Id 
Np237+ Id 

% .  

R"P2+4d 

Tc99 

%o 

R??2b+8d 
R%2S+ld 

Sr90+ld 

%+ 7d 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

%32+ 1od 
urn 

um+2d 
'PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.38-03 
3.38-04 
6.98-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.039 kg/day 
0.75 (Unitless) 
350 dayslyear 

6 Year 

ILCR 
(unitless) 

CDI 
tadioauclides (pCi) 

%37+1d 
NP237+ Id 
pups 

R ~ z n + 4 d  

Tc99 

rh, 
%32+ 1od 
urn 
Um+a 

R%+8d 
R%+ Id 

sr90+ Id 

m228+ 7d 

' 235 ,  ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

3.9E-01 
2.OE-02 
43E-01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E- 11 
1.6E-11 
2OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 

NA 

6.2E- 12 
3.2E- 13 
85E- 12 

NA 
NA 
NA 
NA 
NA 
NA 

1JE-11 - I ILCR Summation - I 

C-In-9 13 
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Table CIII-583 
Summary of Intake aod Risk Quaotitatioo (radionuclides) Alternative 6 

Disposal Cell with Federal Owoership: Off-Property Farmer (Child) 
Via Ingestion of Dairy Products . 

O137+ Id NA 2.8E- 11 NA ' 

ntake Equation 

npS+7d NA 55E- 11 NA 
-%w NA 1.3E- 11 NA 
IhP2+ 1Od NA 1.7E- 10 NA 

3.2E+01 1.6E-11 5.2E- 10 
'pS+ld 1.7E+OO 1.6E- 11 27E- 11 
u?38+ai 3.5E+01 20E-11 7.lE-10 

uz34 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

IR 
FI 
EF 
EDn 
CP 

Cp X EF X EDn X F I X  IR - - 

Ingestion rate of dairy producu 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

Cs137+ld 
NP237+ld 
pupa 

R%+4d 

Tc99 

-%w 

R%+8d 
R%+ld 

s'90+ld 

%+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%32+ lod 

uz34 
u238+2d 
U23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
238-02 
1.2E-03 
2.58-02 

NA 
NA 
NA 
NA 
NA 
NA 

0.9 Vday 
0.75 (Unitless) 
350 daysbear 

6 Year 

C-111-916 
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ntake muation 

II 

IR 
FI 
EF 
EDn . 
cv 

Table CIII-585 
Summary of Intake and Risk Quantitatioo (radioouclides) Alternative 6 

Disposal Cell with Federal Owaersbip: Off-Property Farmer (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EF X EDn X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 1 (Unitless) 
Exposure frequency 350 daysbear 
Exposure duration 6 Year 
Concentration of radionuclides in vegetables 

0.1 kg/day 

137+ Id 
NP237+ Id 
%a 

R"P2+4d 

Tc99 

la, 

R%26+8d 
R%+ Id 

sr90+ Id 

%+ 7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%32+ 1od 
u234 

ups+2d 
u23S+Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E+00 
1.6E-01 
3.4E+00 

NA 
NA 
NA 
NA 
NA 
NA 

CDI CSP ILCR 
Radionuclides (pCi) (pci)-l f unitless) 

cS 137+ Id 
NP237+1d 

R%26+8d 
R%Z8+Id 

sr90+ Id 

nhps+ 7d 

h Z 2 + 4 d  

TC99 

%30 
n232+ 1od 
uz34 

uPs+?d 
%S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6JE+02 
3.4E+01 
7.1E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-.ll 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1.E-12 
3.6E-11 
1.3E-12 
5.5E- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-08 
5.4E- 10 
1.4E-08 

NA 
NA 
NA 
NA 

NA 
NA . 

2.5E-08 - 1 ILCR Summation - 

I 
c-rn-9 19 
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ntate Equation 

IR 
EFa 
EFc 
EDa 
EDc 
ETa 
E T C  
CA 

Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Disposal Cell with Private Ownership: Expanded Trespasser 

Via Inhalation of Gases and Particulates 

Table CIII-586 

CDI CSP ILCR 

= CAXEFaXEDaXIRXETa+ CAXEFc EDcXIRXETc 

Inhalation rate of gases 
Exposure frequency (adult) 
Exposure frequency (child) 
Exposure duration 
Exposure duration 
Exposure time (adult) 
Exposure time (child) 
Concentration of radionuclides in air 

0.83 m3/hour 
40 dayslycar 

110 dayshear 
32 Year 
12 Year 
1 hour/day 
2 hour/day 

(see table below) 

%7+ld 
NP237+1d 
% 

R%2+4d 

Tc99 

-%30 

R%6+8d 
R?28+ld 

sr90+ Id 

%+7d 

NA 
NA 
NA 
NA 
NA 

2.98-06 
NA 
NA 
NA 
NA 

pCim3 
pCim5 
pCim3 
pCim3 
pCim3 
pCim3 
pcim’ 
pcim’ 
pCim3 
pCim3 

%+ 1M 
urn 

%33+zd 
id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

pCim3 
pci/m5 
pCim3 
pCim3 
pCim3 
pCim3 
p C i m 3  
pCim3 
pCim’ 
pciim3 

Radionuclides (pCi) (pci)-‘ (unitless) 

Cs137+ld 
NP237+ ld 

R%6+8d 
R%+ld 

Sr90+ld 

%28+7d 

P% 

Rnm+4d I Tc, 

.m, 
“, 
um+?d 

%+ 1M 

uZ3S+ld 

NA 
. NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

9.48-03 

NA - 

1.9E- 11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- IO 
7.E-  12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
l.lE-07 
2.6E-08 
238-08 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.3E- 14 

I 

7.3E- 14 - I ILCR Summation - 

C-III-920 
001396 
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cw 

Table CIII-588 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Adult) 
Via logestion of Drinking Water 

- - Cw X EFX EDn X Fl X IR 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

(%37+ld 
NP?37+ Id 
pupa 

%2+4d 

*?a, 

Thpo 

Rap6+8d 
R%!S+ld 

Sr90+ Id 

%+ 7d 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

p C i  
p C i  
pci 
p C i  
p C i  
p C i  
p C i  
p C i  
p C i  
pci 

%2+ lod 

u234 

%a+ai 
'PS+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

2 vday 
350 dayshear 

1 (Unitless) 
70 Year 

(see table below) 

NA p C i  
6.3E-01 p C i  
3.38-02 p C i  
7.OE-01 p C i  

NA p C i  
NA p C i  
NA pci 
NA p C i  
NA p C i  
NA,  pci 

ILCR 
(unitless) 

CDI 
Ladioaoclides (pCi) (pC1 

%37+ld 
Np237+1d 
p u ,  

RnZ22+4d 

Tc99 

%32+ 1od 
u234 

Um+a 

R%+8d 
R%!S+ Id 

Sr90+ld 

nz28+ 7d 

'PS+ ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.1E+04 
1.6E+03 

-3.48+04 
NA 
NA 
NA ' 

NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.E- 10 
1.6E-11 
1.6E-11 
2.OE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE-07 
2.68-08 
6.8E-07 

NA 
NA 
NA 
NA 
NA 
NA 

1 ILCR Sommatioo - - 1.2E-06 

C-111-923 
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Table CIII-590 

ntate maation 

IR 
EF 
EDn 
ca 

Summary of Intake and Risk Quantitation (radionuclides) Alteraative 6 
Disposal cell with Federal Ownership: Off-Property Farmer (Adult) 

Via Inhalation of Gases and Particulates 

CaX EF X EDn X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

%37+ld 
NP237+ld 

R%2b+8d 
R%+ld 

pups 

R"P2+4d 

Tc, 

% 

Id 

%+ 7d 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

l.lE-06 

pcirn3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pcirn' 
pciim3 

%2+ 1od NA 

um+2d NA 

UPC NA 
'?3S+ld NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

20 m3/day 
350 daystyear 
. 70 Year 

(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCirn3 
pc im3 

ILCR 
(unitless) 

CDI CSP 
Radionuclides (pCi) (pcil-' 
I ' 
1 137+ Id 

Nk37+1d 

R%2b+8d 
R%?8+ld . 

"90+ld 

%ZS+ 7d 

i- 

Rn2p+4d 

Tc* 

w 3 0  
%z+ 1od 
urn 
um+a 
'?#+ld 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-01 

1.9E-11 
2.98-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
8.3E- 12 
7.88-08 
2.98-08 
l.lE-07 
2.68-08 
2JE-08 
24E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

4.OE- 12 

NA . 

~ 

4.OE- 12 - [ ILCR Summation - 
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ntake Equation 

1R 
FI 
EF 
EDn 
Cf 

Table CIII-592 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Meat Products 

- - CfX EFX EDn X Fl X IR 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

(%37+ Id 
NP237+ld 
pum 

Rn222+4d 

Tc99 

.ra, 

. Rap6+8d 
R%+ Id 

Sr90+ Id 

%+Id 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

n232+ 1od 

b a + 2 d  
'235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.38-03 
3.38-04 
6.98-03 

NA 
NA 
NA 
NA 
NA 
NA 

0.101 kdday 
0.75 (Unitless) 
350 daysiyear 

70 Year 

CDI CSP ILCR 
ladionuclides (pCi) (vCi)-' (unitless) 

Cs137+Id 
Np237+Id 
pu238 

Rn,+, 

TC99 

nL, 

uZ34 

ups+2d 

R%6+8d 
Ra228+ld 

"90+ Id 

%28+7d 

Thp2+1M 

'235, Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E+01 
6.1E-01 
13E+01 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
5.5E- 11 
1.3E- 11 
1.7E- 10 
1.6E-11 
1.6E- 11 
2.OE-ll 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E- 10 
9.8E- 12 
2.6E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

4.6E- 10 - I ILCR Summation - 

7 C-III-929 
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Table CIII-594 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestioo of Dairy Products 

Radionuclides (pCil (pcil-' (unitless) 

cs137+ Id NA 2.8E- 1 1  NA 
N h 7 +  Id NA 2.2E- 10 NA 

. NA 2.2E- 10 NA 
NA 7.8E- 10 NA R%+8d 

R%+ld NA 1.OE- 10 NA 
Rnm+4d NA 1.E- 12 NA 
sr90+ld NA 3.6E-11 NA 
TC99 NA 13E- 12 NA 
Th22a+ 7d NA 55E- 11 NA 

NA 13E- 11 NA 
NA 1.E- 10 NA 

I 

- \  

Tnpo 
'Th232+ rod u, 1.7E+a2 1.6E-11 2.E-09 

upo+td 1.8E+02 2.OE- 11  3.E-09 
%+ld 8.7E+OO 1.6E-11 1.4E- 10 

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

Cp X EF X EDn X fl  X IR - ntate Equation - 

IR 
Fl 
EF Exposure Gequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

CSU7+1d 
NP'Z37+1d 
hLas 

R%+, 

Tc99 

%?30 

R%26+8d 
R%+ld 

"90+ld 

%+ 7d 

NA 
NA 

NA 
NA 

ERR 
NA 
NA 
NA 
NA 

NA ~ 

%32+ 1od 
urn 

"m+?d 
'235+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

0.4 Uday 
0.75 (Unitless) 
3SO daysbear 
70 Year 

NA p C i g  
2.38-02 p C i g  
1.2E-03 p C i g  
2.SE-02 p C i g  

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

C-III-932 
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Intake Euuation 

B 

IR 
Fl 
EF 
EDn 
c v  

Table CIII - 596 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Adult) 
Via Ingestion of Vegetables and Fruits 

C v X  EFX EDn X R X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

(%7+ld 
NP237+ Id 
pups 

R%+4d 

TC, 

R%26+8d 
R%+ld 

"90+ld 

%+ 7d 

NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

ERR p C i g  
NA p C i g  
NA p C i g  
NA p C i g  
NA p C i g  

%32+ lod 
u, 
uu8+2d 
%3S+ id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E+00 
1.6E-01 
3.4E+00 

NA 
NA 
NA 
NA 
NA 
NA 

0.122 kglday 
1 (Unitless) 

350 daysiyear 
70 Year 

CDI CSF ILCR 
Radionuclides (pCi) (pcil-' (onitless) 

cs137+ld 
NP237+ Id 
hL238 

Rnm+4d 

Tc99 

Th230 
%32+ 1od 
u?34 

uu8+2d 

R%+8d 
Ra228+ Id 

"90+ld 

%28+7d 

'23S+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

93E+03 
4.88+02 
1.OE+04 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E- 11 
1.3E- 12 
55E- 11 
13E- 11 
1.7E- 10 
1.6E-11 
1.6E-11 
2.OE-11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.5E-07 
7.E-09 
2.OE-07 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Snmmation - - 3.6E-07 

5860 
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Table CIII-598 
Summary of Intake and Risk Quantitation (radionuclides) Alternatke 6 
Disposal cell with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Drinking Water 

CW X EFX EDn X Fl X IR - - 

IR 
EF 
EDn 
Fl 
cw 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

cs137+ Id 
NP?37+ld 

R??26+8d 
R%Z8+ld 

"90+ Id 

n22i3+ 7d 

R"tT+4d 

Tc99 

nrn 

NA p C i  
NA p C i  
NA p C i  
NA pCiA 
NA pCiA 
NA. p C i  
NA p C i  
NA p C i  
NA p C i  
NA p C i  

%sz+ 1od 
UP,, 

"ps+2d 
'23, +Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.3E-01 
3.3E-02 
7.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

1 Yday 

1 (Unitless) 

350 days/year 
6 Year 

(see table below) 

p C i  
p C i  
p C i  
p C i  
p C i  
PCi 
p C i  
p C i  
pcin 
pci 

CDI CSP ILCR 
Radionuclides ( K i )  (pcij-' (unitlens) 
I 

Tc99 

%30 
%32+ 1od 
u234 

"238+2d 

%28+ 7d 

%+Id 

NA 
NA 
NA 
NA 
NA 
NA i 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E+03 
6.9E+01 
1JE+03 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E- 11 
2.2E- 10 
2.2E- 10 
1.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E-12 
5JE-11 
13E- 11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
ZOE- 11 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

21E-08 
l.lE-09 
29E-08 

NA 
NA 
NA 
NA 
NA 
NA 

I 

[ILCR Summation = 52E-08 

063 I39 4 
C-III-938 
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1R 
EF 
EDn 
CA 

Table CIII-600 
Summay of Intake and Risk Quantitatioa (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX EDn X IR 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

NA 
NA 
NA 
NA 
NA 

l.lE-06 
NA 
NA 
NA 
NA 

pcim’  
p ~ i m ’  
p c i m ’  
p ~ i r n ’  
pCim3 
pCim’ 
p c i m ’  
pCim3 
pCim3 
p ~ i m . ’  

%32+ 1Od 

‘235+ Id 
u234 

uzJ8+2d 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 m%day 
350 daysbear 

6 Year 
(see table below) 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pcirn.’ 
pCim3 
6 i m 3  

ILCR 
(unit leu) 

CDI 
Radionuclides (vCi) (VCI 

O137+Id 
NP237+1d 
h238 

Rn222+4d 

Tc99 

’Ih, 
m232, 1od 
u234 

b + ? d  

R%+8d 
R%2S+ Id 

s r ~ +  Id 

ThTh,+ 7d 

‘PS+ld 

NA 
NA 
NA 
NA 
NA I NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.68-02 

1.9E-11 
2.9E-08 
3.98-08 
7.OE-09 
6.9E- 10 
7.7E- 12 
6.2E- 11 
838-12 
7.88-08 
2.98-08 
l.lE-07 
26E-08 
23E-08 
2.48-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE- 13 

I 
1 ILCR Summation = 2OE- 13 

0 

001:397 
C-III-94 1 
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Table CIII-602 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 6 

Disposal cell with Federal Ownership: Off-Property Farmer (Child) 
Via Ingestioo of Meat Products 

= CfX EFX EDn X Fl X 1R 

Ingestion rate of mea1 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

cs137+ Id 
Np237+ld 
pu, 

R"22?+4d 

TC99 

w30 

R%+Ed 
R%?S+ld 

sr90+ Id 

%28+ 7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
N A  

CDI CSP ILCR 

-%2+ 1M 
u?34 

"2u1+2d 
u23S + Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
63E-03 
3.38-04 
6.98-03 

NA 
NA 
NA 
NA 
N A  
NA 

0.039 kglday 
0.75 (Unitless) 
3SO days&ear 

6 Year 

"137+ Id 
NP?37+ld 
PUm 

Rn222+4d . 

=c99 

%Do 
%32+ 101 
u734 

uty)+2d 

R%2b+8d 
R%?S+ld 

srW+ Id 

7d 

'235+ld 

NA 
NA 
NA 
NA 
N A  
N A  

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA . 

3.9E-01 
20E-02 

, 43E-01 
NA 
NA 
NA 
NA 
NA 
N A  

2.8E- 11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE-10 
1 . E -  12 
3.6E- 11 
13E-12 
5JE- 11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2OE- 11 

NA 
NA 
NA 
NA 

NA 
NA . 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
N A  
N A  

63E- 12 
3.2E- 13 
85E- 12 

N A  
NA 
N A  
N A  
N A  
N A  

[ILCR .Sammatioa 3 1JE-11 

L 

c-In-944 001400 



FEW-OUOZ-5 DRAFT 
August 24. 1994 

o o l q s l  
C-In-945 



FEMP-OUO2-5 DRAFT 
August24. 1994 

C-111-946 '001402 



FEMP-OUOZ-5 DRAFT 
August24, 1994 

.-- 

I Table CIII-604 
Summary of Intake and Risk Quantitation (radionuclides) Alternative 6 
Disposal cell with Federal Ownership: Off-Property Farmer (Child) 

Via Ingestion of Dairy Products 

Intake Epuation - - C p X  EF X EDnX Fl X IR 

IR 
Fl 
EF Exposure frequency 
EDn Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

0.9 Vday 
0.75 (Unitless) 
350 daysbear 

6 Year 

%37+ ld NA p C i g  %z+ lod NA p C i g  
Np237+ Id NA p C i g  uz34 23E-02 p C i g  

NA p C i g  U23S+ld 1.2E-03 p C i g  
2.58-02 p C i g  

%38 
R%+8d NA p C i g  Um+?d 
R%Ei+ Id NA p C i g  NA NA p C i g  
Rn?z2+4d ERR p C i g  NA NA p C i g  
Sr90+ld NA p C i g  NA NA p C i g  
TC99 NA p C i g  NA NA p C i g  

NA p C i g  NA NA p C i i g  
Thpa+7d NA p C i g  NA NA P C i g  . 

CDI CSF ILCR 
Radionuclides (pCi) (vCi)-' (unitless) 

%37+ Id NA 2.8E- 11 NA 
NP237+ld NA 2.2E- 10 NA 

NA 2.2E- 10 NA 
NA 7.8E- 10 NA R%+8d 

Ra228+ld NA 1.OE- 10 NA 
R!ZZL+4d NA 1.7E- 12 NA 
Sr9fJ+ Id NA 3.6E- 11 NA 
Tc99 NA 13E-12 NA 
n?Z&.+ 7d NA 5JE- 11 NA 
%30 NA 13E- 11 NA 

NA 1.7E- 10 NA 

%3a 

3.2E+01 1.6E- 11 52E- 10 
l.E+OO 1.6E-11 27E- 11 ' 235 ,  ld 

uz?S+at 3JE+01 20E- 11 7.1E- 10 

%+ 1od 
uz34 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

\ ILCR Summation - - 1.3E-09 

3 8 6 0  

C-III-947 
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Table CIII-606 
Summary of Intake and Risk Quantitatioo (radionuclides) Alternative 6 
Disposal cell with Federal Ownership: Off-Property Farmer (Child) 

Via Iogestioo of Vegetables and Fruits 

CvX EFX EDn X Fl X IR - ntakc Equation - 

1R 
Fl 
EF Exposure frequency 
EDn Enposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

cs137+ Id 
NpZ37+ Id 
Pu, 
R%+ad 

R n m + 4 d  

Tc59 

'Ih, 

R%+Id 

Sf, Id 

%28+7d 

NA 
NA 
NA 
NA 
NA 

ERR 
NA 
NA 
NA 
NA 

%2+ llM 
u, 

u2f8+td 
'Z3S+ Id 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.1E+00 
1.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

3.4E+00 

0.1 kg/day 

350 days/year 
1 (Unitless) 

6 Year 

CDI CSF ILCR 
Radionuclides (vCi) ( ci)-l. (unitlean) 

(%37+ Id 
NP237+ld 
k x 3  

R n m + 4 d  

Tc99 

-%o 
%2+ 1od 
urn 

u238+2d 

Raa6+8d 
R%?8+ld 

"!Wtld 

%?S+ 76 

U235+ld 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

65E+02 
3.4E+01 
7.1E+02 

NA 
NA 
NA 
NA 
NA 
NA 

2.8E-11 
2.2E- 10 
2.2E- 10 
7.8E- 10 
1.OE- 10 
1.7E- 12 
3.6E-11 
13E-12 
5JE-11 
13E-11 
1.7E- 10 
1.6E- 11 
1.6E- 11 
2.OE- 11 

NA 
HA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-08 
5.4E- 10 
1.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

I ILCR Snmmation i 2.5E-08 

c-m-950 
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contaminant of concern 

constituent of potential concern 

DI deionized water 

DOE U.S. Department of Energy 

EPA 

Eb oxidatiodreduction potential 

FEMP Fernald Environmental Management Project 

U . S . Environmental Protection Agency 

FS 
foot 

feasibility study 

GMA Great Miami Aquifer 

ILCR incremental lifetime cancer risk 
in. 

IT 

inch 

International Technology Corporation 

ITAS 

Kd partition coefficients 

International Technology Corporation Analytical Services 

Ks 
L 

kilogram 

liter 

m meter 

m2 square meter 

MCL maximum con taminant level 

mg milligram 

milliliter mL 
- _ _ _  _ _  - _ _  __ - -- - - -  -- - - -- - - - -  

--Nws Natiod- Weather Service 
_ -  - - -  

ODAST One-Dimensional Analytical Solute Transport 
0 0 14 2 3 

- -  



PE 

PRG 
RI 
RUFS 
scs 
SWIFTLOAD 

TCLP 

TFV 

TSP 

Pg/g 
UCL 

USGS 

USLE 

WAC 

FEMp-oUO2-5 DRAFT 
August 24. 1994 

LIST OF ACRONYMS 

(Continued) 

precipitation index 

preliminary remediation goal 

remedial investigation 

remedial investigatiodfeasibility study 

Soil Conservation Service 

Sandia Waste Isolation Fate and Transport Loading 

toxicity characteristic leaching procedure 

threshold friction velocity 

total suspended particulate 

micrograms per gram 

upper confidence level 

U.S. Geological Survey 

Universal Soil Loss Equation 

waste acceptance criteria 
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. . 

D.l.O GROUNDWATER FATE AND TRANSPORT FOR 
CONTAMINANTS OF CONCERN 

This section summarizes the results of fate and transport modeling that was used to simulate 

constituent movement from the Operable Unit 2 subunits to potential human receptors from residual 

soils, in situ containment of waste with cap, and waste deposited in an engineered disposal cell. The 

fate and transport models provide the only means of predicting potential groundwater concentrations 

at receptor locations in the future under assumed conditions. Results of the fate and transport 

modeling are needed to evaluate various alternatives and are used in the risk assessment to evaluate 

residual risk from Operable Unit 2 waste. Conservative assumptions were used to simulate “worst- 

case” contaminant migration scenarios. Impacts of deposition of airborne contaminated dust and 

leaching of sediments were not considered here. Impacts of those mechanisms will be considered 

under Operable Unit 5 modeling efforts. The models used were as follows: 

The Universal Soil Loss Equation (USLE) model was used to estimate erosion potential in 
1,Ooo years. 

The Hydrological Evaluation of Landfill Performance (HELP) model was used to estimate 
exfiltration and infiltration rates. 

The One-Dimensional Analytical Solute Transport/Sandia Waste Isolation Fate and 
Transport Loading (ODAST/SWIFTLOAD) model was used to predict contaminant 
movement through the vadose zone and prepare input files for the SWIFT I11 model. 

The SWIFT 111 model was used to predict contaminant movement through the Great Miami 
Aquifer 

Only a brief description of the methodology used to quantitatively predict concentrations of 

contaminants is presented here. For a more complete description of the methods and parameters used 

for the Operable Unit 2 modeling, refer to Appendix A of the Remedial Investigation (RI) Report for 

Operable Unit 2 (DOE 1994). 

D. 1.1 SOIL EROSION POTENTIAL 

Depths of erosion were calculated to determine the minimum topsoil and vegetative support zone 

thickness. The USLE model was us& to estimate the yearly amount of sediments released from the 

South Field andInactiveFlyash Pilearea annually. Depth of soil erosion WaS then calculated by- 

dividing the sediment loss by area and the bulk density. Details of the calculations are included in 

Attachment D. 1-II. Table D. 1-1 presents the summary of soil erosion depths in 1,000 years for a 

~ _ _ ~ _  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 
23 

24 

25 

26 

28 

29 

30 

31 

32 

33 

34 

35 

- __ 
M 

37 

38 

F E R \ C R U 2 F s ~ \ A W D - 3 . ~ ~ 1 9 . 1 9 W  1055am ’ D-1-1 
001426 



FEMP-OUM-5 DRAFT 
August 24, 1994 

Area 

A 

B 
C 

TABLE D.l-1 

SUMMARY OF SOL EROSION CALCULATIONS~ 

R 
(100m-tonnecd K 

Ha-hr) (bMeS/Ha/R) c 
303.6 0.55 2.2 0.003 

303.6 0.55 6 0.003 

303.6 0.55 3 0.003 

I I  Erosion 
Depth 

( C d Y d  

Erosion Erosion 
Depth Depth 

(cm/l,OOO (in/l,OOO 
Yr) Yr) 

1.3 8.48B-03 

2.31B-02 1.3 

8.48 3.34 

23.12 9.10 

1.3 4.55 

Attachment D. l.II for definitions of parameters. 
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number of cross-sections shown in Figure D. 1-1. For the future slope scenario, soil erosion depths 

range from 8.4 to 23.1 centimeters (cm) [3.3 to 9.1 inches (in.)] in 1,OOO years. Therefore, less than 

30.5 cm (12 in.) of topsoil/vegetative cover will erode in 1,000 years, and surface runoff will not 

carry contaminants. 

D.1.2 

The geology of the FEMP site is dominated by glacial sediments. Well-sorted sand and gravel glacial 

outwash forms the regional Great Miami Aquifer. Beneath the site, this aquifer is divided by a 0.3 to 

6.6 meter (m) [l  to 20 foot (ft)] thick clay interbed at an approximate depth of 37 m (120 ft) (Figure 

D.l-2). The receptor pathway considered for this modeling is the upper part of the Great Miami 

Aquifer above the clay interbed. The term glacial overburden has been selected to describe the 

deposits located stratigraphically above the glaciofluvial material of the Great Miami Aquifer. A 

sequence of fine-grained till deposits interbedded with sand and gravel glaciofluvial stringers forms 

CONC EPTUAL GROUNDWATER FLOW MODEL 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

the glacial overburden at the site. 14 

15 

The migration of contaminants from sources to the groundwater begins with the infiltration of 

rainwater (Figure D.l-3). As the water percolates through the waste, contaminants in the waste are 
16 '. 17 

dissolved into the water to form a leachate. Fluid and/or leachate entering from the waste areas 

migrates first through the glacial overburden (if present), then through the unsaturated outwash 
18 

19 

deposits, and finally into the Great Miami Aquifer. Downward movement of water, driven by the 

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

potential, mobilize the constituents and carry them through the vadose zone. 

\ 

Based on characteristics of the geology underlying the Operable Unit 2 subunits and the on-site 

disposal cell, a conceptual model was developed for the pathways between the subunits and potential 

receptor locations. Five pathways for contaminant migration from the Operable Unit 2 subunits to the 

Great Miami Aquifer were identified in the RI Report: 

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

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

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

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

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

This appendix considers all of the steps of the vadose zone, perched water infiltration pathways, and 

perched water subsurface seep. The seep pathway was not included because seeps are present at only 

two limited sites, and under every scenario these seeps would be excavated. The RI modeling 

indicated that the impact of the surface water (runoff) pathway on the Great Miami Aquifer is very 

small for contaminants of concern (COCs). Furthermore, all remediation areas would be covered 

with backfill and vegetated to eliminate surface water pathways to the Great Miami Aquifer. 

Therefore, the surface water pathway was not included in the fate and transport modeling for 

groundwater. 

Vadose Zone Pathway: The vadose zone, applicable to all subunits and modeled disposal areas, was 

modeled as two layers (Figure D. 1-3), the glacial overburden underlying the subunits (Layer 1) and 

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

tills in the glacial overburden. The travel time through the sand and gravel unit within the glacial 

overburden was not included in the vadose zone modeling, because this layer has much higher 

permeability and less adsorption potential than the clays and silts in the glacial overburden. 

Similarly, weathered till was not included in the vadose zone modeling since vertical permeability of 

this zone can be significantly higher than the unweathered till. The thickness of till (till below the 

perched water) for the vadose zone model ranges between 0 and 6.7 m (0 and 22 ft) for Operable 

Unit 2 subunits. Beneath the till is the unsaturated sand and gravel outwash layer (Layer 2), which is 

present beneath all the subunits. The thickness of Layer 2 ranges from 4.8 to 10.1 m (16 to 33  ft). 
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The lithology under the Inactive Flyash Pile and South Field is variable. The southwestern portion 

contains virtually no tills, while the till thickness increases to 6.7 m (22 ft) toward the northeastern 

portion of the South Field. When leachate from waste arrives at the interface of waste and till, a 

portion of the leachate infiltrates through the glacial overburden (till and sand/gravel stringers) and 

the remainder drains laterally to areas where till does not exist. Figure D.1-4 shows the conceptual 

model for lateral drainage. ,The area receiving lateral drainage, has increased flow. One vadose zone 

modeling run was used to simulate vertical infiltration. A separate vadose zone modeling run was 

used to simulate contaminant contribution from lateral drainage, and contaminant mass loading was 

added to the Great Miami Aquifer. Lateral drainage and infiltration through waste were summed to 

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

drainage from upgradient waste areas. 

Perched Water Infiltration Pathwav: Another pathway that would apply after remediation is the 

perched water infiltration pathway. The conceptual model for the perched water infiltration pathway 

is similar to that of the vadose zone pathway. This pathway was modeled with two layers. Layer 1 

soils consist of tills below the perched water zone, and Layer 2 soils consist of the unsaturated portion 

of the Great Miami Aquifer. Contaminant mass in the perched water and adsorbed to the sand layer, 

were considered in the source term for the perched water infiltration. The perched water was 

simulated as an additional source of contaminant loading based on the contaminant concentrations 

detected in the 1,000-series wells located within the Operable Unit 2 subunits. 

Perched Water Subsurface Seeo Pathwav: Perched water not only represents a source for vertical 

infiltration, but it also serves as a source for perched water subsurface seeps. Figure D.l-5 shows the 

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

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

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

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

of waste and till interface until it comes in contact with the unsaturated Great Miami Aquifer. The 

subsurface seep water then infiltrates vertically to the aquifer. 

Based on characteristics of the material underlying each Operable Unit 2 subunit and the disposal cell, 

a detailed conceptual model was developed for the pathways between each subunit and the receptor 

locations. These more detailed models were developed to account for the variable stratigraphies of 

6301433 
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the soils of the subunits of Operable Unit 2. Areas overlying each SWIFT III grid block in all 

subunits were modeled separately with individual stratigraphy, contaminant concentration, and 

infiltration rate parameters, and each COC was simulated using retardation and decay factors taken 

from literature studies or site-specific data. 
- 

Contributions to COC concentrations from other FEMP sources and from soils at background 

concentrations were not included in the modeling and results presented in this appendix. The results 

presented here represent the incremental change in COC concentrations in the Great Miami Aquifer 

due to loading from Operable Unit 2 areas only. 

D. 1.3 TECHNICAL APPROACH 

This section describes the technical approach used for defining parameters required for groundwater 

modeling. Section D. 1.4 provides a brief description of the models used in groundwater fate and 

transport modeling. The groundwater COCs identified in the final RI Report for Operable Unit 2 

were uranium isotopes. Of these isotopes, only uranium-238 was modeled in order to more 

efficiently utilize computation time. Uranium-238 was selected for modeling because more samples 

were analyzed for uranium-238 than any other uranium isotope, and uranium-238 constitutes more 

than 99 percent of total uranium mass. All uranium isotopes are assumed to have the same flow and 

transport properties (for example, adsorption) as uranium-238. Furthermore, the radioactive half- 

lives of uranium-234, uranium-235, uranium-236, and uranium-238 exceed 200,000 years. 

Therefore, modeling results for uranium-238 can be used to predict concentrations of uranium-234, 

uranium-235/236, and total uranium. Preliminary remediation goals (PRGs) for other uranium 

isotopes were estimated by applying scaling factors proportional to their groundwater incremental 

lifetime cancer risk (ILCR) concentration. For example, lob ILCR groundwater concentrations for 

uranium-238 and uranium-234 are 0.72 pCi/L and 1.10 pCi/L, respectively. Therefore, if the 

modified soil PRG for uranium-238 was 5 pCi/g, then the modified soil PRG for uranium-234 was 

7.64 [=(5)(1.1)/(.72)] pCi/g. 

The modified soil PRGs were first estimated using the ECTran model. Results of the ECTran 

modeling were used as the initial estimates of the modified soil PRGs to be used in the 

ODAST/SWIFI' models. These concentrations were adjusted so that groundwater concentrations at 

the receptor points do not exceed risk-based concentrations. If the predicted groundwater 

concentration at the receptor point was close to the desired concentration level, the modified soil 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

a0 

21 

P 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 

FER\CRU~FSULGWPD~.TX~U~~UE~~~. 1994 10SSam D-1-11 



FEMP-OU02-4 DRAFT 
April 29. 1994 

PRGs were calculated by applying a scaling factor to the maximum soil concentration used in the 

model. The scaling factor was calculated as a ratio of risk-based groundwater concentration to the 

model-predicted groundwater concentration. 

For long-term risk estimation, concentrations of uranium-234 and uranium-239236 were estimated by 

using site-specific activity ratios for uranium. The following relationships were derived between 

various uranium forms in the Final RI Report for Operable Unit 2: 

Uranium-234 = 0.91 (Uranium-238) activity ratio 

Uranium-235/236 = 0.048 (Uranium-238) 

Uranium-238 = 0.9925 (Uranium-total) 

activity ratio 

mass ratio 

Note that these ratios 'are very close to the uranium isotope ratios for naturally occurring uranium. 

Although these relationships were developed from soil samples, the relationships should apply to 

uranium concentrations in the groundwater, because all uranium isotopes have very long half-lives 

(greater than 10,OOO years). The simulation time period of 1,OOO years was selected based on the 

Risk Assessment Work Plan Addendum (DOE 1992). 

D. 1.3.1 Source Terh DeveloDment 

The source included waste as well as the impacted till. The impacted till was defined as the till' 

immediately below the fill and waste to a depth of 0.8 m (2.5 fi) for the Solid Waste Landfill, 1.2 m 

(4 fi) for the South Field, 0.6 m (2 fi) for the Inactive Flyash Pile, and 0.8 rn (2.5 ft) for the Active 

Flyash Pile. Depths of impacted till were selected from the analytical results for uranium for the soil 

samples. See Section 1.7.1 of the FS for more detail on defining impacted till thickness. 

The uranium-238 concentration in each block was estimated using kriging, as described in Appendix 

A.2 of the Operable Unit 2 RI Report. This approach was selected for uranium, because uranium 

controls the risk from groundwater pathways and to simulate known hot spots identified during field 

investigations. All validated uranium-238 results from Remedial InvestigatiodFeasibility Study 

(RI /FS)  Phase I and Phase II field investigations for each subunit were segregated by waste/fill, 

impacted till, remaining glacial overburden, and the unsaturated Great Miami Aquifer soils. 

Uranium-238 concentrations in each 7.6 x 7.6 x 0.76 m (25 x 25 x 2.5 ft) block were estimated using 

three-dimensional kriging for each media type. Average waste concentrations in each 38 x 38 m 
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(125 x 125 ft) SWIFI' 111 grid cell were then calculated from all 7.6 x 7.6 x 0.76 m (25 x 25 x 2.5 ft) 

thick blocks within each SWIFT I11 grid cell. 

Source terms for residual soils were determined by evaluating the kriged uranium-238 concentration 

on a block-by-block basis against the remediation criteria selected for the alternative. All blocks 

above a block containing a uranium-238 concentration exceeding the remediation level were removed 

from the source term. Within a grid cell, when uranium-238 concentration in any block exceeded the 

remediation level, then all remaining blocks in that grid cell were conservatively assigned a uranium- 

238 concentration equal to the remediation level. However, if all the blocks in a grid cell were below 

the remediation level, the kriged average concentration in that grid cell was used as the source term 

for modeling purposes. 

Because excavated soils can be placed anywhere under the cap, the source term for fate and transport 

modeling for consolidation and placement under a cap was based on maximum detected uranium-238 

concentration in each media type. If existing soils in a grid cell contained uranium-238 (at the South 

Field, for example), the uranium-238 mass from existing soils was added to the total mass for that 

grid cell. However, leachate concentrations were estimated from the layer containing the highest 

level of uranium-238. This approach was selected to simulate a "worst-case" scenario, since the 

sequence of contaminated soil removal and placement was not determined in detail during this 

Feasibility Study. 

0 

The source terms for perched water infiltration pathways were estimated using the following equation: 

Mass = (4 C, + pbI<dCw) Ab @. 1-1) 

where 

A 
b 
C, 

concentration 
K,, = distribution coefficient 
t$ = porosity 
pb = bulk (dry) density 

= area of cell [1,452 square meters (m'> (125 ft x 125 ft)] 
= average perched water zone thickness 
= upper 95 percent confidence level on the mean (UCL) of the perched water 
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D. 1.3.2 

An exponentially declining source leachate concentration term was used: 

Methods of Estimating Leachate Concentrations 

where 
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@.I- 2) 

@. 1-3) 

A = area of the grid cell [1,452 m2 (125 ft x 125 ft)] 
C, = initial leachate concentration 
M = mass of contaminant in the grid cell 
q = infiltration rate 

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

estimating initial contaminant concentrations (CJ in leachate was analyses of in situ leachate or 

toxicity characteristic leaching procedure (TCLP) analysis. However, in-situ leachate or TCLP 

analyses were not available for uranium-238 at all soil concentration levels needed for PRG 

development. Therefore, initial leachate concentration (CJ for uranium-238 was estimated from the 
ratio between waste concentration and distribution coefficient for the waste. Distribution coefficients 

(Kd) for the uranium-238 were 75 mL/g for the Solid Waste Landfill, 200 mL/g for the Lime Sludge 

Ponds and berm material, 177 mL/g for the South Field waste, and 37.5 mL/g for flyash. These 

values represent the lowest desorption &’s measured on waste/fill samples collected at the Operable 

Unit 2 subunits (see Appendix D.3). 

D . 1 .3.3 Parameters 

Most of the input parameters were taken directly from the Operable Unit 2 RI fate and transport 

modeling sections. Physical parameters of the media for the Operable Unit 2 subunits are presented 

in Table D. 1-2. These parameters values were taken from the Final RI report for Operable Unit 2. 

~ 

The vertical hydraulic conductivity values for Layer 1 were obtained from the geometric average 

horizontal hydraulic conductivities of 1000-series wells completed in dark gray clay or clayey silt or 

from the maximum permeability measurements conducted on core samples. ’The vertical hydraulic 

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

Miami Aquifer by 10. The factor of 10 (or a ratio of 0.1) represents a typical horizontal to vertical 
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hydraulic conductivity ratio. Results of the recent South Plume pump test calculated aquifer values 

for vertical to horizontal hydraulic conductivity ratios from 0.07 to 0.17 (i.e., over a range which 

includes this value) (Parsons 1993). The vertical hydraulic conductivity was estimated to be 2.4 x 10- 

6 to 1.4 x 

Layer 2 was estimated to be 1.6 x 

area. 

centimeter per second (cdsec) for Layer 1. The vertical hydraulic conductivity of 

c d s e c  for all Operable Unit 2 subunits and the disposal cell 

The vertical seepage velocities (v) used in the vadose zone transport model were calculated from the 

infiltration rates and equations presented in the EPA's Superfund Exposure Assessment Manual (EPA 

1988). For the saturated glacial till, seepage velocities were calculated from: 

(D. 1-4) 

where 

q =  
P, = 
e, = 
e, = 

infiltration rate (lengthhime) 
effective porosity (volume fraction) 
saturated moisture content (volume fraction) 
wilting point moisture content (volume fraction) 

The seepage velocity in the unsaturated Great Miami Aquifer was calculated from: 

v = -  4 
9 

(D. 1-5) 

where 

q = infiltration rate (lengthhime) 
8 = moisture content (volume fraction) 

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

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

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

D = 0.6 + 2.93 vl.li 
where 

D = dispersion coefficient in square centimeters per second (cm2/sec) 
v = seepage velocity in c d s e c  

00144% 

(D. 1-6) 
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Flow and solute transport through the porous media are not only determined by the parameters 

considered in the conceptual model description above, but they are also affected by decay rates and 

retardation factors (R). The radioactive half life for uranium-234 is 2.45 x l@ years, for uranium- 

235, 7.04 x 10s years, and for uranium-238, 4.47 x 109 years. The retardation factor was used to 

account for those reversible reactions that slow the arrival of a contaminant front, but do not act as a 

sink. The retardation factor can be expressed as the ratio between the rate of groundwater movement 
and the rate of contaminant movement. These parameters are both chemical- and media-specific. 

The retardation factors were calculated from Walton (1984) and Mills et al. (1982): 

where 

K d =  

e =  
R =  
P b =  

R = l +  l?&i 
0 

distribution coefficient 
retardation factor 
bulk dry density 
soil moisture content 

@. 1-7) 

During the improvement of the SWIFT-based Great Miami Aquifer model and subsequent calibration, 

the distribution coefficient for uranium-238 in the Great Miami Aquifer was determined to be 1.78 

mL/g. The uranium-238 distribution coefficient for glacial overburden used in the RI modeling was 

200 mL/g. The Operable Unit 5'Geochemical Study presented in Appendix D.4 recommends that 24 

mL/g be used as the I<d for uranium-238 in glacial overburden. This value is considered to be 

applicable at the Operable Unit 2 subunits. Attachment D. 1-III describes how lysimeter data from 

Operable Unit 5 were matched with the ODAST model using a & value of 3.1 mL/g for glacial till. 

Since a disposal cell could receive waste from sources outside Operable Unit 2, it seems possible that 

the geochemical circumstances that resulted in the lysimeter data could present themselves again. 

Therefore, preliminary waste acceptance criteria (WAC) for the on-site disposal of Operable Unit 2 

material were developed using the conservative assumption that 3.1 mL/g is the glacial till &. 

Till (Layer 1) thickness at the South Field for the ODAST/SWIFTLOAD model was modified from 

the RI values to delete impacted till that is now included in the source term. Furthermore, only the 

thickness of &e gray till below the perched water was used as Layer 1 thickness, Thus, it is assumed 

that travel time to the perched water is negligible due to increased hydraulic conductivity or potential 

for fractures in the brown till layer above the perched water. 
0 01 44 2 
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D.1.3.4 -g 

Vadose zone modeling was performed by using the leachate concentrations as input to a one- 

dimensional unsaturated flow model to simulate transport through the vadose zone to the Great Miami 

Aquifer. The ODAST model was used to simulate dispersion, retardation, and decay through unsatu- 

rated materials. The HELP model was used to estimate infiltration rates. For estimating infiltration 

rates, it was assumed that the geomembrane water barrier will deteriorate and that the leachate 

collection system in the liner will be ineffective. Waste above each SWIFT 111 grid cell was modeled 

separately with individual stratigraphy, contaminant type and concentration, and infiltration rate 

parameters. 

D. 1.3.5 

The improved and calibrated SWIFT-based groundwater flow model for the FEMP site was used to 

simulate the solute transport of COCs in the Great Miami Aquifer. The Operable Unit 2 fate and 

transport modeling involved incorporating the vadose zone modeling results (for the vadose zone and 

perched water infiltration pathways) to determine loading rates to the Great Miami Aquifer from the 

subunits or disposal areas. The model then simulated the transport of constituents away from these 

source areas. Dispersion, retardation, and decay were factored into the contaminant transport 

process. SWIFT III simulations of COC transport in the Great Miami Aquifer were run for up to 

Great Miami Aauifer Modeling 

1,Ooo years. 

The loading from each grid cell impacted by the subunit was entered into the SWIFT 111 model as a 

discrete source, making multiple sources for each constituent. Due to the proximity of the Inactive 

Flyash Pile to the South Field, sources from the Inactive Flyash Pile and South Field were combined 

into one SWIFT III run. The modeling runs produced simulations of the aggregate effects of loading 

from these two subunits for the COCs. 

D. 1.4 MODEL DESCRIPTIONS 

A description of each of the models used in the groundwater fate and transport modeling is contained 

in the following sections. 

D. 1.4.1 HELP Model 

Infiltration (seepage) rates through the waste to the Great Miami Aquifer for various conceptual 

models were calculated using the HELP model. The HELP model is a quasi-twodimensional 

- -  - _  - - 
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hydrologic model of water movement across, into, through, &d out of a waste unit. The model 

accepts climatologic, soil, and design data and simulates a number of hydraulic processes, including 

surface storage, runoff, infiltration, percolation, evapotranspiration, soil moisture storage, and lateral 

drainage. The systems that can be simulated by the HELP model include various combinations of 

vegetation, cover soils, waste cells, drainage layers, and relatively impermeable barrier soils. 

The HELP model is designed to perform water budget calculations for a system having as many as 12 

layers. Each layer must be identified as either a vertical percolation, lateral drainage, barrier soil 

layer, or barrier soil layer with a geomembrane. Two barrier layers, other than geomembrane over 

the soil barrier layer, next to each other cannot be simulated in the HELP model. The identification 

of each layer used in the model is critical because the program models water flow through various 

types of layers in different ways. Runoff is calculated using the Soil Conservation Service (SCS) 

runoff curve number method by considering daily precipitation. Percolation and vertical water 

routing are modeled using Darcy's Law for saturated flow, with modifications for unsaturated 

conditions. Evapotranspiration is estimated by a modified Pe&an method adjusted for limiting soil 

moisture conditions. a 

1 
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16 

17 

The HELP model output consists of input data echo, optional simulation details, and a summary of 18 

results. The input data echo includes all the information used for input, including the values chosen 19 

from the model's built-in data base and manually input data. Following the input data echo, the 

program produces a table of daily results, monthly totals, and annual totals for each year if the option 

for detailed output was used. The summary includes average monthly totals, average annual totals, 

peak daily values on any day during the simulation period, and final moisture contents in all layers 

20 

21 

22 

23 

modeled. The average totals include precipitation, runoff, evapotranspiration, percolation, and lateral 

drainage for appropriate layers. 

D. 1.4.2 ODAST/SWIFTLOAD Model 

The ODAST/SWIFIZOAD model was used in the Operable Unit 2 analysis to define vertical 

contaminant transport from contaminated soil or perched water to the Great Miami Aquifer. ODAST, 

which is a subroutine of SWIFTLOAD, evaluates the basic onedimensional analytical solute transport 

equation as a function of seepage velocity, dispersion coefficient, source decay, retardation factor, - 

depletion time, and source rate. SWIFTLOAD has been developed as a data processing program to 

create an appropriate input file for the SWIFT model. It runs ODAST as a subroutine on a cell-by- 
4s 0 1 a 4 4 

F E R \ C R U ~ F S U I ~ ~ W P D ~ . ~ U ~ U ~ ~ ~ ~ .  1994 1055am D-1-19 

24 

25 

26 

n 

28 

29 

30 

31 ... . ~ _  

32 

33 



._\ .. - .  

. I  

cell basis using the same 120-by-1 12 grid as the SWIFI’ Great Miami Aquifer 

.- . -  

FEMP-OU024 D W  
April 29, 1994 

model. SWIFTLOAD 

- 

reads an external file defining the layer thickness for each model cell and hydraulic and transport 

properties for each block. 

The ODAST computer code is based on the solution originally developed by Ogata and Banks (1961) 

and calculates the normalized concentrations of a given constituent in a uniform flow field from a 

source having a constant or varying concentration in the initial layer (Javendel et al. 1984). ODAST 

has been extensively verified against STRIPlB (Batu 1989). 

The ODAST model implements an analytical solution to the partial differential equation 

C = solute concentration (mass/volume) 

D = dispersion coefficient (length*/time) 
V = seepage velocity (lengthltime) 
R = retardation factor (dimensionless) 
x = vertical distance (length) 
t = time (time) 
X = solute decay factor (the-’) 

and with the constant coefficients 

The solution must satisfy the initial and boundary conditions 

c (x,O) = 0 

VC, e-&, -D- ac + vc lxlo = o, ax 

ac -Ix- = o  ax 
where the constants 

C, = 
cr = source depletion factor (time-’) 
T, = source depletion time (time) 

initial source concentration (mass/vol) 
I 
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0 The solution is obtained using a Laplace transform technique and involves products of exponential and 

complementary error functions (Javandel et al. 1984). The solution for C is divided by C, to yield 

normalized concentrations. 

Because the coefficients in the governing equation are constant, and the solution must satisfy a zero 

concentration gradient condition as x approaches infinity, ODAST is only strictly applicable to one- 

dimensional transport in homogeneous, semi-infinite media. However, the present application of 

ODAST is intended only to provide conservative estimates of aquifer mass loading. 

ODAST model runs can be executed for only one constituent at a time, and the solution may be 

applied over any arbitrary segment of a waste area that is judged to contain a subsurface which does 

not change over time. A superposition technique is used to combine calculations for the two 

homogeneous layers comprising the vadose zone conceptual model. The ODAST solution at the 

bottom of Layer 1 is divided into 1,OOO small time steps and a Layer 2 run is performed for each of 

these steps. Each of these Layer 2 runs assumes no source decay, a recharge period 1/1,000 of the 

total modeling time, and a source concentration equal to the averaged Layer 1 solution for that time 

period. The solution at the bottom of Layer 2 is obtained by summing the results of the 1,OOO Layer 

2 runs at specified time steps. For RIFS modeling, concentrations are calculated for up to 1,000 

years, typically in steps of 20 years. Constituents that migrate quickly, such as technetium-99, 

require smaller time steps for accurate representation of loading curves. 

Input parameters for ODAST are the dispersion coefficient, seepage velocity, retardation factor, 

source depletion time, solute decay factor, and source depletion factor. These are discussed below. 

Seepage velocity and the dispersion coefficient depend on the characteristics of the waste 
area and the vadose zone medium. Seepage velocity is calculated as an empirical function 
of the percolation rate obtained from the HELP model, saturated hydraulic conductivity, 
and effective porosity @PA 1988). The dispersion coefficient is obtained as an empirical 
function of seepage velocity (Biggar and Nielsen 1976). 

The retardation factor accounts for transport delays due to reversible reactions between 
the chemical constituent and the vadose zone solid matrix. It is thus dependent on both 
solute and medium characteristics, and is calculated as a function of the constituent’s 
partitioning coefficient and the vadose zone bulk density and moisture content (walton 
1984; Mills et al. 1985). _ .  ~ 
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The solute decay factor is constituent dependent. This parameter accounts for 
biodegradation in organics and radioactive decay in radionuclides, and is zero for stable 
inorganics . 
Source depletion time and factor control the mass flux history of the constituent at the top 
of the modeled layer. Based on the upstream boundary condition, source mass flux 
decays exponentially. To calculate depletion time and factor for the waste at the top of 
Layer 1, the timedependent expression for mass flow from the source is integrated from 
zero to the source depletion time. This integral is equated to the depleted mass of the 
constituent to provide a single equation in two unknowns. A second equation is obtained 
by arbitrarily specifying a mass depletion fraction. This is the level (very close to, but 
less than one) at which the source is declared depleted; technically, the source is depleted 
only as time approaches infinity. As stated previously, depletion factor is zero and 
depletion time is 1/1OOO of the total modeling time for the Layer 2 runs. 

D.1.4.3 SWIFT Model 

The SWIFT model is used for simulating three dimensional contaminant transport in the Great Miami 

Aquifer. The SWIFT code is a fully coupled, transient, three-dimensional finitedifference model for 

groundwater flow and transport through both porous and fractured media. The mass transport 

equations solved include terms for convection, dispersion, retardation by sorption, and decay or 
degradation of the contaminant. The SWIFT code, originally developed by Sandia National 

Laboratory in the late 1970s for the High Level Waste Program (GeoTrans 1987), has been revised 

several times to increase its capability and to change computer platforms. These revisions include the 

addition of fractured media, a free water surface, extended boundary conditions, conversion to 

Fortran 77, and extended options for matrix solutions and post processing. GeoTrans has converted 

SWIFT for use on 386 and 486 personal computers and made additional changes to improve user 

friendliness and input and output control, the most recent version being SWIFT 2.52 (GeoTrans 

1992). 

SWIFT was selected from among several codes for use in developing a flow and transport model of 

the Great Miami Aquifer in the vicinity of the FEMP. Subsequent to selection of the code, the 

SWIFT code was specifically verified for use at the FEMP (IT 1990). A model of the Great Miami 

Aquifer (using SWIFT) was originally developed and calibrated from 1988 through 1990 (DOE 

1993a). This model-building effort consisted of 

Developing and calibrating two- and three-dimensional regional flow models 

Developing and calibrating a telescoped and more refined grid of a three-dimensional flow 
model of the FEMP and its adjacent areas 
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Developing and calibrating two- and three-dimensional solute transport models on the 
more refined grid. 

The original model consisted of five layers. The two uppermost layers represented the upper and 

lower parts of the upper Great Miami Aquifer, the middle layer included a clay interbed that is 

present beneath the FEMP site and the lower two layers represented the lower Great Miami Aquifer. 

The layers extended laterally into bedrock at the edges of the buried valley that contains the aquifer. 

This original FEMP steady-state flow model was calibrated to 1986 water elevation data. 

Since that time, additional data have been collected, new wells have been installed, and a large-scale 

pumping test (South Plume Pumping Test) has been conducted. Based on these factors and agency 

comments, a model improvement program was initiated (DOE 1993b). The essential elements of this 

model improvement program were completed in March 1994 (DOE 1994~). The Operable Unit 2 

Feasibility Study modeling makes use of this "improved" model. Model improvements consisted of 

the following: 

The model grid for steady-state flow and solute transport was expanded. The previous 
solute transport grid of 78 cells by 102 cells was enlarged by adding a band approximately 
5,250 feet wide along the eastern side and a band approximately 1,250 feet wide along the 
northern side. The new grid contains 120 cells by 112 cells, each 125 feet square. The 
layering of the model also has been refined. The five layers of the original model have 
been replaced with six layers to better match existing well screen elevations. This 
allowed field data to be more accurately depicted and provided better vertical control over 
contaminant dispersion. 

Geostatistical analysis has been conducted to understand and correlate the spatial 
distribution of key data sets. These data sets include the water elevation data and the 
uranium analytical data from the 2000-, 3000- and 4000-series monitoring wells. 
Calculations included the sample semivariogram, and kriging and cokriging estimators, 
along with their estimation variance. This analysis was used to help determine calibration 
criteria and to identify areas of the site where there is lower confidence in the analyzed 
data sets. 

A transient flow calibration was performed using the South Plume Pumping Test results. 
Parameter values for porosity and rock compressibility were developed from this 
calibration. Because of the scale and orientation of the pumping test wells, a telescoped 
grid (25 foot cell size) was created in the south plume area to effectively simulate the 
results of the pumping test. 

A steady-state flow calibration w& conducted using the expanded and rec6nstructed 
steady-state grid. Steady-state heads were matched to the established calibration criteria. 
This recalibrated steady-state model is the primary model used for flow and solute 
transport simulations. 
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. The solute transport model was recalibrated to determine reasonable values of I(d (for 
uranium) and dispersivity for a representative source loading. The range of acceptable 
uranium I(d values has been established by reviewing site data related to K,, and by 
reviewing sensitivity runs of previously utilized I<d values corresponding to retardation 
factors of 9 and 12. 

The historical source loading terms were decoupled from the model and monitoring data 
were used to define initial conditions of uranium concentrations. Results from the glacial 
overburden and Paddys Run models were used to define future loading terms. 

Sensitivity analysis was performed on horizontal hydraulic conductivity 0, ratio 
between horizontal hydraulic conductivity and vertical hydraulic conductivity (I(b/IQ, 
porosity, uranium distribution coefficient, and dispersivity (a) in order to understand the 
effect of variation of these parameters on the maximum concentration and transport of a 
normalized plume. 

Quality assurance/quality control procedures for modeling were defined to control and 
confirm the quality of the modeling effort. 

New data sets have been used in the construction and calibration of the model. In summary, new 

data sets include: 

e 

e. 

e 

0 

e 

e 

a 

Monitoring data from the 1990 to 1993 time period 

Monitoring data from new wells installed since the original calibration 

Results of additional aquifer analysis to define I(d 

Geostatistical analysis of data sets 

Results from the South Plume Pumping Test 

Results from construction and operation of the South Plume Recovery Well System 

Output from additional models (glacial overburden, surface water) to define hydraulic and 
solute loading terms 

Model simulations of the improved site SWIFT model were performed using a Silicon Graphics 

Computer (vnix based). Simulation execution times for 1,OOO-year solute transport NUIIS varied 

between 30 and 40 hours. These 1,000-year simulations generate extremely large output files and 

require peripheral hardware. Output was written to files from which relevant data was extracted 

using data manipulation programs written for that purpose. Contour plots were made using SURFER 
for selected constituents at different simulation times. Report graphics were imported into Intergraph 

workstations for preparation of final graphics. 
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D. 1.5 Cross-Media PRG Development to be Protective of the Great Miami Aquifer = 5 8 6 0  2 

- 0  
D. 1.5.1 Solid Waste Landfill 

Without Source Controls 

Figure D.14  shows the SWIFT III grid blocks directly beneath the waste at the Solid Waste Landfill. 

Table D. 1-3 presents the physical parameters for the SWIFT grid cells impacted by the Solid Waste 

Landfill. The HELP model was used to estimate the infiltration rate (see Attachment D. 1-1) as 24 

centimeters per year (cndyr) [9.61 inches per year (in./yr)J. Calculated seepage rates were 153 and 

320 cm/yr (60.4 and 126 in./yr) in the glacial till and unsaturated Great Miami Aquifer, respectively. 

The vadose zone and the perched water infiltration pathways were applicable for this alternative. 

Based on the Operable Unit 2 RI data, initial perched water concentration was set to 15.2 pCi/L. 

. 

Figure D. 1-7 shows the loading curve for the Solid Waste Landfill without source controls. Based on 

the parameters shown in Table D. 1-3, the fenceline maximum uranium-238 concentration predicted by 

the SWIFT model was 0.80 pCi/L. This run assumed that maximum uranium-238 concentration in 

the source will be 45 pCi/g. Therefore, for uranium-238 concentrations at the FEMP fenceline not to 

exceed 0.72 pCiL (la" ILCR level), the source concentration should not exceed 40.5 pCi/g. In 
other words, the modified soil PRG for the off-property resident farmer is 40.5 pCi/g. Modified soil 

PRGs for other risk levels were similarly calculated. Table D.14 provides a summary of modified 

soil PRGs for the off-property resident farmer without source controls. The lo4 ILCR groundwater 

concentration for uranium-234 and uranium-235/236 is 1.1 pCi/L. Modified soil PRGs for uranium- 

234 and uranium-235/236 are greater than uranium-238. Modified soil PRGs for uranium-234, 

uranium-235/236, and total uranium are also shown in Table D. 1-4. 
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The maximum on-subunit concentration predicted by the SWIFT model was 23.3 pCi/L for the 

parameters shown in Table D. 1-3. Therefore, for uranium-238 concentrations at the subunit not to 

exceed 0.72 pCi/L (la" ILCR level), the source concentration should not exceed 1.39 pCi/g 

(45*0.72/23.3). In other words, the modified soil PRG for the on-property resident farmer is 1.39 
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pCi/g. Modified soil PRGs for other risk levels were similarly calculated. Table D.1-4 also proovides 30 
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With Source Controls 

Consolidation and capping was another alternative for which PRGs were developed. Table D. 1-5 

provides the physical parameters of various layers for each of the blocks modeled. The HELP model 

was used to estimate infiltration as 2.9 cm/yr (1.14 idy r ) .  Infiltration is controlled by the cap, and 

glacial overburden properties have negligible influence on the infiltration rate. 

Based on the parameters shown in Table D.l-5, the predicted maximum uranium-238 concentration 

was 4.3 x 10' pCi/L. This run assumed that none of the waste was removed. In other words, 

current uranium-238 concentration under a cap at the Solid Waste Landfill will not cause the Great 

Miami Aquifer concentrations to exceed the 106 ILCR level. Table D.1-6 provides a summary of 

modified soil PRGs with source controls for the off-property resident farmer. 

D. 1.5.2 Lime Sludge Ponds 

Without Source Controls 

Figure D.l-8 shows the SWIFT III grid blocks directly beneath the waste at the Lime Sludge Ponds. 

Table D.l-7 presents the physical parameters for the SWIFT grid cells impacted by the Lime Sludge 

Ponds. The HELP model was used to estimate the infiltration rate (see Attachment D. 1-1 as 24 cm/yr 

(9.61 inJyr). Calculated seepage rates were 153 and 320 cndyr (60.4 and 124 in./yr) in the glacial 

till and unsaturated Great Miami Aquifer, respectively. The vadose zone and the perched water 

infiltration pathways were applicable for this alternative. Based on the Operable Unit 2 RI data, 

initial perched water concentration was set to 2.72 pCi/L. 

Figure D. 1-9 shows the loading curve for the Lime Sludge Ponds without source controls. Based on 

the parameters shown in Table D. 1-7, the FEMP fenceline maximum uranium-238 concentration 

predicted by the SWIFT model was 0.041 pCi/L. This run used current source uranium-238 

concentration. Because maximum FEMP fenceline uranium-238 concentrations does not exceed 0.72 

pCi/L (lo4 ILCR level), the modified soil PRG for the off-property resident farmer is greater than 

current source concentrations. Table D. 1-8 provides a summary of modified soil PRGs for the off- 
property resident farmer without source controls. 

The maximum on-subunit concentration predicted by the SWIFT model was 1.07 pCi/L for the 

parameters shown in Table D. 1-7. Therefore, for uranium-238 concentrations at the subunit not to 

exceed 0.72 pCi/L (10-6 ILCR level), the source concentration should not exceed 4.66 pCi/g 
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TABLE D.1-6 

SOLID WASTE LANDFILL 
MODIFIED SOIL PRGs 

PROTECTIVE OF THE GREAT MIAMI AQUIFER USING A CAP 

COCs Impacting 
Groundwater Units 

Uranium-234 pCi/g 

Uranium-235/236 pCilg 

Uranium-238 pCi/g 

Uranium-Total m g k  

Modified Soil PRGsa 
(Off-Property Farmer) 

Background 
I L C R ~  0.2 HIC ARAR Concentration 

> 100,000 N A ~  NA 1.04 

> 100,000 NA NA 0.15 

> 100,000 NA NA 1.12 

NA > 100,000 > 100.000 3.4 

aModified soil PRGS are based on ODASTlSWIFT modeling and assume an infiltration rate of 1.14 in./yr through the cap and 
soils (HELP model results). Glacil till K,, and Great Miami Aquifer K,, were assumed to be .24 mL/g and 1.78 mL/g, 
respectively. 

bILCR = incremental lifetime cancer risk. 

'HI = hazard index. 

dNA = not applicable. 

_ _  
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(= 6.94*0.72/1.07). In other words, the modified soil PRG for the on-property resident farmer is 

4.66 pCi/g. Modified soil PRGs for other risk levels were similarly calculated. Table D.l-8 also 

provides a summary of modified soil PRGs for the on-property resident farmer without source 

controls. 

With Source Controls 

On-property resident farmer PRGs are not applicable for the consolidation and capping alternative. 

Furthermore, current uranium-238 concentrations are less than the 106 ILCR level for the off- 

property resident farmer. Therefore, modified soil PRGs for source control alternatives were not 

developed for the Lime Sludge Ponds. 

D. 1.5.3 
Figure D. 1-10 shows the areal extent of the waste in the South Fieldhactive Flyash Pile and the 

SWIFT III grid cells impacted by direct loading from these subunits. The vadose zone pathway, the 

perched water infiltration pathway, and the perched water subsurface seep pathway were applicable 

for FS modeling for the South Fieldhactive Flyash Pile. The lithology of the South Field/Inactive 

Flyash Pile area is variable. The southwestern portion contains virtually no glacial overburden, while 

the glacial overburden thicknesses increase to 6.7 m (22 ft) toward the northeastern side. The 

thickness of the unsaturated zone in the Great Miami Aquifer (Layer 2) ranges from 4.9 to 10.1 m 

(16 to 33 ft). Therefore, the vadose zone model depicting flow in the subsurface soils at the South 

Fieldhactive Flyash Pile used two layers in the area where till is present and used one layer 

(unsaturated Great Miami Aquifer) where till is not present. The HELP model was used to estimate 

infiltration through the residual soils and the composite cap. Results from the HELP run are 

presented in Attachment D. 1-1. 

Inactive Flvash Pile/South Field 

D. 1.5.3.1 ImDact of the Perched Water Subsurface SMD Pathway 

Fate and transport modeling for the Operable Unit 2 RI indicated that the perched water subsurface 

seep pathway has a major impact on the Great Miami Aquifer. This modeling scenario quantifies the 

impact of the perched water subsurface seep pathway on the Great Miami Aquifer. Figure D. 1-10 

identifies grid cells that may receive perched water from the subsurface seep pathways. Figure D. 1-5 

shows the conceptual model for perched water subsurface seeps. Perched water has-been observed in 

0 to 1 m (0 to 3 ft) thick sand and gravel layers in the glacial overburden. Perched water not only 

represents a source for vertical infiltration, it also serves as a source for the current surface seeps and 

003b462 
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\ 0 subsurface seeps. As shown in Figure D. 1-5, perched water moves laterally in the sandlgravel layer 

until it is intercepted at the sand/gravel and waste interface. At that point, perched water moves 

along the slope of waste and till interface until it comes in contact with the unsaturated Great Miami 

Aquifer. The subsurface seep water then infiltrates vertically to the aquifer. The travel time for 

lateral movement of the perched water was assumed to be short compared to the travel time for the 

1 

2 

3 

4 

5 

vertical movement of the perched water. 6 

The source term for the perched water subsurface seep pathways included uranium-238 in perched 

water, as well as uranium-238 adsorbed in the sand and gravel in the glacial overburden underneath 

the Inactive Flyash Pile and South Field. Table D. 1-9 shows the physical parameters for this 

simulation. Figure D. 1-1 1 shows the loading curve for uranium-238 to the Great Miami Aquifer due 

to the perched water subsurface seep pathway. The predicted maximum uranium-238 loading 

concentration for the Great Miami Aquifer was 1,670 pCi/L. This loading curve was used as input to 

the SWIFT model to calculate impact of the perched water subsurface seep pathway on the Great 

Miami Aquifer. The maximum predicted uranium-238 concentration in the Great Miami Aquifer was 

303 pCi/L, and maximum concentration at the FEMP fenceline was 15.6 pCi/L. The maximum 

uranium-238 concentrations on site and at the FEMP fenceline,were predicted to,occur at 80 and 160 

years, respectively. Figure D. 1-12 shows the projected increase in uranium-238 concentrations due 

the perched water subsurface seep pathways at 80 years. Figure D. 1-12 indicates that uranium-238 

concentrations due to perched water subsurface seeps alone may exceed the lo" L C R  level and total 

uranium concentration may exceed maximum contaminant level (MCL) (20 pg/l). Therefore, perched 

water lateral migration should be controlled. Furthermore, if perched water is not remediated, 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

P 

21 

22 

modified soil PRGs at the Inactive Flyash Pile/South Field are zero. 

D. 1.5.3.2 Remediated Perched Water and No Source Controls 25 

This alternative assumes that the perched water is remediated and no source controls are applied. 

the areal extent of the waste in the South FieldAnactive Flyash Pile and the SWIFT III grid cells 

23 

24 

In 26 

other words, perched water is clean for the purposes of this modeling scenario. Figure D.l-10 shows n 

28 

impacted by direct loading from these subunits. Tables D. 1-10 and D. 1-1 1 presents the physical 

parameters and infiltration rates for the SWIFT grid cells impacted by the Inactive Flyash Pile/South 

29 

30 

Field. The HELP model was used to estimate infiltration . _  rates - -  (see Attachment - -  D. 1-1). The vadose 

zone pathway was the only applicable pathway for this alternative. Note that the vadose zone 

31 

32 

pathway includes lateral migration of infiltrated leachate at the top of the gray till (see Figure D. 14) .  33 

0 Q 14 6.1 
F E R \ C R U Z F S ~ \ A p P D 3 . ~ q u n t 1 9 .  1994 1055am D- 1-39 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 

D- 1-40 



FEMP-OU02-5 DRAFT 
August 24, 1994 

I I I t 

i 
I 

,t I 
A A 
f I 
i A 
i 
1 

8 
2 

e, - 
b 

0 O I  

(PQ14C.X 

I I  



FEMP-OUOS-5 DRAFT 

LEGEND: 
CONCENTRATION 

CONTOUR (pCi/L) 
BEDROCK 

C 0 FIGURE 0.1-12 
PROJECTED INCREASE IN URANIUM- 238 CONCENTRATIONS 

IN THE GREAT MIAMIAQUIFER AT 80 YEARS DUE TO 
LOADING FROM THE INACTIVE FLYASH PILE/SOUTH FIELD 

0 
0 
r- 
(v 
0 
0 
al 
(r 
VI 

m 

VIA SUBSURFACE PATHWAY c 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

0 
I 
F 

I 

860 d 
6) 

I 

m 
Y 
3 
0 
I 

a 
7 

a-- - -  

t21 

D-1-43 

, 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 

* 

U c 
4 
U 
U 
b 

a 

i 
n 
C 
b 
U 
1 
b 
2 
C 
U c 
0 

C 
U 

I 

U 

- - 

T 

- 
L 
C 
I 

o! 
v 

C 0 .- c 
F 
$ a 
U 
la 

0 
Y 
3 
0 
I 

7 

D a 
la 

D-1-44 



I N  

W 

3 
0 
VI 

ii 

& 
I- 
W 
W 
LL 
b 
z < 
I 
I- 
tn 
VI 

i 
F 
0 
U 
W 
N 

I 

W 
z 0 

-J 

r 

a a a a a a a  a a  
z z z z z z z  z z  

k a a a a a a  a a  
z z z z z z z  z z  

FEMP-OUO2-5 DRAFT 
b 
b, 

August 24, 1994 

I 
I 
~ 

I 

i 
I 

I 

I 

I 
l 

D-1-45 



FEMP-OUMJ DRAFT 
August 24, 1994 

. 
I 

U c 
4 

U 
U 
C 

4 

U c 
4 

C 
2 
C 
2 
4 

z 
- 
a 

- 

- - 
F 
I: 

5 
u: 
4 
U 
P 
4 

I 
Q 
U z 
I\ 
I 

c o c o c o c u  

cu 
0 
cu 
e-- 

c a a a a a a a a a a a  
L Z Z Z Z Z Z Z Z Z Z Z  

a z 

O+ Z 

F a a a a  4 SI z z z z  2 

c. 7 0 7 

Z 
II a b  i? t- 

m o o <  
N O O C  

- 7 c u c u c u c u c u 0 0 0 6 w  
9 0 0 0 0 0 0 0 0 0 0 4  

D-1-46 



FEMP-OU02-4 D R M T  
April29, 1994 = w 5 $ 0 

For this modeling scenario, the maximum source uranium-238 concentration was 2.5 pCi/g. It was 

assumed that source material above this concentration has been excavated. 

Figure D. 1-13 shows the loading curve. The maximum on-subunit concentration predicted by h e  

SWIFT model was 2.02 pCi/L for the parameters shown in Tables D. 1-10 and D. 1-1 1. Therefore, 

for uranium-238 concentrations at the subunit not to exceed 0.72 pCi/L (106 ILCR level), the source 

concentration should not exceed 0.89 pCi/g (= 6.94*0.72/2.02). In other words, the modified soil 

PRG for on-property resident farmer is 0.89 pCi/g. Modified soil PRGs for other risk levels were 

similarly calculated. Table D.l-12 also provides a summary of modified soil PRGs for the on- 

property resident farmer without any source controls and remediated perched water. 

Based on the parameters shown in Tables D. 1-10 and D. 1-1 1, the FEMP fenceline maximum 

10 

1 1  

12 

uranium-238 concentration predicted by SWIFT model was 0.34 pCi/L. This run limited source 

uranium-238 concentrations to 2.5 pCi/g. Therefore, for uranium-238, concentrations at the FEMP 

fenceline did not exceed 0.72 pCiL (10" ILCR level). Tables D. 1-13 and D. 1-14 present parameter 

and infiltration rates for SWIFT cells impacted by source material at 5 pCi/g on the Great Miami 

Aquifer and on the terrace face. For this case, the maximum predicted fenceline concnetration was 

0.49 pCi/L. Table D. 1-12 provides a summary of modified soil PRGs for the off-property resident 

farmer if source material on the Great Miami Aquifer is left at 5 pCi/g uranium-238. In this case, 

source material above 2.1 pCi/g on top of the terrace may result in uranium-238 concentrations at the 

FEMP fenceline that exceed 10" ILCR levels. Table D.l-12 provides a summary of modified soil 

PRGs for the off-property resident farmer without any source controls and remediated perched water. 

0 

D. 1 S.3.3 Sou rce Controls for Lateral Migration of Perched Water 

This alternative assumes that lateral migration of perched water is controlled. However, perched 

water is assumed to provide a source to the Great Miami Aquifer via vertical infiltration. For this 

alternative, two sets of PRGs were developed. The first set of PRGs were applicable for source 

material directly underlain by the Great Miami Aquifer or source material on the terrace face. Figure 

D.1-14 identifies the location of terrace face at the Inactive Flyash Pile and South Field. It is defined 

as the area where glacial overburden thickness is less than 5.5 m (18 ft). The second set of PRGs 

was developed for the source material underlain by at least 5.5 m (18 ft) of glacial overburden. This 

area is also referred to as "top of terrace." 0 
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Source Directlv Underlain bv The Great Miami Aquifer and on Terrace Face 

This alternative assumes that the only source material impacting the Great Miami Aquifer is directly 
underlain by the Great Miami Aquifer, or the source material is on the terrace face. The source 

material directly underlain by the Great Miami Aquifer provides only a source for vertical infiltration. 

However, the leachate from the source material on the terrace face can infiltrate vertically through the 

gray till or can migrate laterally before vertically infiltrating through the unsaturated sands and 

gravels of the Great Miami Aquifer. Tables D. 1-13 and D. 1-14 present the physical parameters and 

infiltration rates for the SWIFT grid cells impacted for this scenario. The HELP model was used to 

estimate infiltration rates (see Attachment D. 1-1). The vadose zone pathway was the only applicable 

pathway for this alternative. Note that the vadose zone pathway includes lateral migration of 

infiltrated leachate at the top of the gray till (see Figure D. 1-4). For this modeling scenario, 

maximum source uranium-238 concentration was 5 pCi/g. It was assumed that source material above 

this concentration has been excavated. 

Figure D. 1-15 shows the loading curve. The maximum on-subunit concentration predicted by the 

S W I F T  model was 3.55 pCi/L for the parameters shown in Tables D.l-13 and D.l-14. For the same 

parameters, the F E W  fenceline maximum uranium-238 concentration predicted by the SWIFT model 

was 0.49 pCi/L, less than 0.72 pCiL (106 ILCR level). To be conservative, the source 

concentration of 5 pCi/g used for this modeling scenario was also taken as the modified soil PRG for 

the off-property resident farmer. Table D.l-15 provides a summary of modified soil PRGs for the 

off-property resident farmer with source controls for lateral migration of perched water. 

0 

Tables D. 1-16 and D. 1-17 present the physical parameters and infiltration rates for the modeling run 
to estimate PRGs for la5 ILCR. The HELP model was used to estimate infiltration rates (see 

Attachment D. 1-1). For this modeling scenario, the maximum source uranium-238 concentration was 
60 pCi/g. It was assumed that source material above this concentration has been excavated. 

Figure D. 1-16 shows the loading curve. The maximum on-subunit concentration predicted by the 

SWIFT model was 50.5 pCi/L for the parameters shown in Tables D. 1-16 and D. 1-17. For the same 

parameters, the F E W  fenceline maximum uranium-238 concentration predicted by the SWIFT model 

was 4.29 pCi/L, less than 7.2 pCi/L ( l a5  ILCR level). To be conservative, the source concentration 

of 60 pCi/g used for this modeling scenario was also taken as the modified soil PRG for the off- e 
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property resident farmer. Table D.l-15 provides a summary of modified soil PRGs for the off- 

property resident farmer with source controls for lateral migration of perched water. 

Tables D.l-18 and D.l-19 presents the physical parameters and infiltration rates for the modeling run 

to estimate PRGs for lo" ILCR. The HELP model was used to estimate infiltration rates (see 

Attachment D. 1-1). For this modeling scenario, maximum source uranium-238 concentration in each 

grid cell was used. It was assumed that no source material is removed. 

Figure D.l-17 shows the loading curve. The maximum on-subunit concentration predicted by the 

SWIFT model was 498 pCi/L for the parameters shown in Tables D.l-16 and D.l-17. For the same 

parameters, the FEMP fenceline maximum uranium-238 concentration predicted by the SWIFT model 

was 36.2 pCi/L, less than the 72 pCi/L (104 ILCR level). Therefore, the modified soil PRG for off- 
property resident farmer exceeds the maximum uranium-238 concentration (819 pCi/g) by about a 

factor of 2. Table D.l-15 provides a summary of modified soil PRGs for the off-property resident 

farmer with source controls for lateral migration of perched water. 

0 Source on the TOD of Terrace 

This alternative assumes that the only source material impacting the Great Miami Aquifer is on the 

top of terrace [Le., underlain by at least 5.5 m (18 ft) of glacial overburden]. For modeling 

purposes, only gray till in the glacial overburden is assumed to provide any barrier. The leachate 

from the source material and perched water infiltrate vertically through the gray till and the 

unsaturated sands and gravels of the Great Miami Aquifer. Tables D. 1-20 and D. 1-21 present the 

physical parameters and infiltration rates for the SWIFT grid cells impacted for this scenario. The 

HELP model was used to estimate infiltration rates (see Attachment D. 1-1). For this modeling 

scenario, the maximum source uranium-238 concentration was 70 pCi/g. It was assumed that source 

material above this concentration has been excavated. 

Figure D. 1-18 shows the loading curve. The maximum on-subunit concentration predicted by the 

SWIFT model was 3.11 pCi/L for the parameters shown in Table D. 1-20. For the same parameters, 

the FEMP fenceline maximum uranium-238 concentration predicted by the SWIFT model was 0.40 

pCi/L, less than0.72 pCi/L (10-6 ILCR level). To beconservative, the source concentration - -  of 70 - 

pCi/g used for this modeling scenario was also taken as the modified soil PRG for the off-property 
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Row Column Vertical Layer 2 Layer 1 
Infiltration Moisture Seepage 

Rate Content Rate 
(in Jyr) (Vol %) (in Jyr) 

TABLE 0.1-21 

Layer 2 
Seepage 

Rate 
(inJyr) 

HELP MODEL RESULTS FOR THE SWIFT CELLS FOR 
PRG DEVELOPMENT FOR THE TOP OF TERRACE 

SOUTH FIELD AND INACTIVE FLYASH PILE 

34 60 2.55 6.31 
35 61 2.55 6.31 

16.04 40.4 
16.04 40.4 

TABdl-21 .wk3 

31 65 3.05 6.46 19.18 
31 66 3.05 6.46 19.18 
32 64 3.05 6.46 19.1 8 

. 33 59 3.05 6.46 19.1 8 
33 60 3.05 6.46 19.1 8 
33 61 3.05 6.46 19.18 
33 62 3.05 6.46 19.1 8 
33 63 3.05 6.46 19.18 
34 61 3.05 6.46 19.18 
34 62 3.05 6.46 19.18 

D-1-70 

47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 
47.2 

1 8-Aug - 94 

31 64 3.68 

32 60 3.68 
32 61 3.68 
32 62 3.68 
32 63 3.68 

32 I 59 3.68 
6.63 I 23.1 4 I 55.5 
6.63 23.1 4 55.5 
6.63 23.1 4 55.5 
6.63 23.1 4 55.5 
6.63 23.1 4 55.5 
6.63 23.1 4 55.5 
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resident farmer. Table D.l-15 provides a summary of modified soil PRGs for the off-property 

resident farmer with source controls for lateral migration of perched water. 2 

D.l.5.3.4 Consolidation and Gaming with Source Controls for Lateral Migration of Perched Water 

Figure D.l-19 shows the areal extent of the South Field, Inactive Flyash Pile, and Active Flyash Pile 

waste consolidation area and the SWIFT III grid cells impacted by direct loading from this area. For 

this alternative, waste containing uranium-238 at concentrations greater than 5 pCi/g was consolidated 

and capped as shown in Figure D.l-19. This modeling scenario evaluates the impact of the 

consolidation area on the Great Miami Aquifer from the South Field, Inactive Flyash Pile, and Active 

Flyash Pile. These three units are evaluated together, because wastes from these areas will be placed 

under one capped consolidation area. The fate and transport modeling assumed that the lateral 

migration of the perched water will be controlled and, therefore, will not require seepage modeling. 

However, the perched water still represents a source for. vertical infiltration, and was modeled. 

Table D. 1-22 shows the physical parameters for this alternative. To be conservative, all source 

material form a subunit was assumed to be at its maximum concentration. In other words, all source 

from the Inactive Flyash Pile was assumed to be at 1,570 pCi/g, while all source material from the 

South Field was assumed to be at 397 pCi/g, and all source material from the Active Flyash Pile was 

assumed to be at 12.6 pCi/g. These assumptions were made because exact placement of the waste is 

not known and to calculate worst-case modified soil PRGs. The maximum predicted loading 

concentiation and maximum on-subunit Great Miami Aquifer concentrations were 2.17 x 104 pCi/L 

and 1.46 x 106 pCi/L, respectively. These concentrations are well below 0.72 pCi/L (106 ILCR 

level). Therefore, consolidation and capping should be protective of the Great Miami Aquifer. Table 

D.l-23 provides a summary of modified soil PRGs for the off-property resident farmer for 

consolidation and capping with source controls for lateral migration of perched water. 

D.1.5.4 Active Flvash Pile 

Two alternatives were considered for the Active Flyash Pile. The first alternative (Alternative 3) 

deals with excavation and disposal away from the subunit. The Operable Unit 2 RI modeling 
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indicated that the Active Flyash Pile is nearly homogenous with respect to the uranium-238 30 

concentrations. Furthermore, the Active Flyash Pile is either underlain by the Great Miami Aquifer, 31 

~ 

F E R \ C R U 2 F S ~ W P D - 3 . T X l U ~ l 9 . 1 9 ! 3 4  lO55am D- 1-72 

\ 



FEMP-OUOS-5 DRAFT 
5 8 6 0  

LEGEND 

-575- ELEVATION CONTOURS 

-575- PROPOSED CONTOURS 
\ _ -  

- = =  ROADS 

PROPOSED ROADS -_ - _- 
.\ STREAM 

\*, FENCE 

\ RAILROAD 

(35,64) SWIFT GRID (COLUMN,ROW) 

NOTE: 
Surface contours based on 
1992 f lyover.  

SCALE (FT)  

1 
0 100 200 400 

SCALE (METER) 1- 
96 0 24 48 

OOIr’c3g 

FIGURE 0.1-19 
SITE RE ST ORATION 

CONSOLIDATION/CONTAINMENT 
SWIFT MODEL GRID 

FOR INACTIVE 
FLYASH PILE, SOUTH FIELD, 

__ 

AND ACTIVE FLYASH ‘PILE 

D-1-73 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

5 8 6 0  

3 o o o c  
D l n l n l n l r  
- b b b b  3 m m m c ?  
3 o o o c  
U ( v ( v ( v c \  

R O O O C  
D ( D ( D ( D K  

.c 
0 
'CI c 
a, 
c 
([I 

B 0 
II: 
0 
0 

c 

.c 
a, 
a, cn 

(v 

0 
c 

7 

a, 
al 
([I a 

D- 1-74 



FEMF'4UO2-5 DRAFT 
August 24, 1994 

D- 1-75 



FEMP-OUO2-5 DRAFT 
August 24. 1994 

v) 
Y .d 

5 

d 
8 

D- 1-76 



FEMP-OU024 DRAFT 
April29, 1994 

I 1 "'! ? !  n q  

or it is on the terrace face. Therefore, PRGs developed for the simiIar scenario for the South 

Fieldhactive Flyash Pile are applicable to the Active Flyash Pile. Table D. 1-24 provides a summary 

of modified soil PRGs for the Active Flyash Pile for excavation. 

- 3  ' t  

The second alternative (Alternative 2) considered was consolidation and capping. Figure D. 1-19 

shows the SWIFT III grid blocks directly beneath the flyash from the Active Flyash Pile after 

consolidation. As shown in Section D.1.5.3.4, impact of the Active Flyash Pile source was included 

in the modeling for the Inactive Flyash Pile and South Field. Modeling indicated that modified soil 

PRGs are much higher than the maximum soil concentrations detected in the Active Flyash Pile. 

D.1.6 PRELIMINARY WASTE ACCEPTANCE CRITERIA FOR ON-SITE DISPOSAL OF 

OPERABLE UNIT 2 MATERIALS 

Figure D. 1-20 shows the proposed Operable Unit 2 disposal cell in relation to the area available for 

an overall disposal facility for the F E W .  The proposed Operable Unit 2 disposal cell is relatively 

small compared to this area. Figures D.l-21 and D.l-22 show the gray till and unsaturated Great 

Miami Aquifer thicknesses. The minimum gray till thickness in the proposed disposal cell area is 3.7 

m (12 ft). Furthermore, groundwater flow is from the west toward the east-southeast under the 

disposal cell. To consider cumulative impacts on the groundwater, preliminary WAC were developed 

from modeling an area which included the proposed Operable Unit 2 disposal cell and areas to the 

east and west of the proposed cell (see Figure D. 1-20). 

Wastes from the Lime Sludge Ponds, South Field, Inactive Flyash Pile, Active Flyash Pile, and Solid 

Waste Landfill were considered for containment at the disposal cell. If a contaminant was not a COC 

for subunits based on the Baseline Risk Assessment, it did not become a COC at the disposal cell 

because the infiltration rate is much less at the disposal cell than at the unremediated subunits. 

Because uranium isotopes were the only COCs at the Operable Unit 2 subunits, the only COCs for 

groundwater at the proposed disposal cell were uranium isotopes. It was assumed that waste will not 

be treated before disposal; this represents the worst-case scenario. Furthermore, wastes from other 

operable units might be placed in a site-wide disposal facility. Due to the unknown nature of the 

geochemistry of wastes from other sources, 3.1 mL/g was.used as the I<d of the gray till. Only the 

vadose zone pathway was applicable for the disposal cell. 
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0 The vadose zone model depicting flow in the subsurface soils at the disposal cell considers two layers. 

Layer 1 soils consist of gray tills with thickness ranging from 3.6 to 6.1 m (11.9 to 20 ft). Brown till 

and interbedded sand and gravel stringers within the glacial overburden were not considered as a 

barrier layer in the vadose zone pathway. Beneath the till layer is more than 10.7 m (35 ft) of 

unsaturated sand and gravel as Layer 2. Figures D.l-21 and D.l-22 show the thicknesses of the two 

layers used in the modeling. The HELP model was used to estimate infiltration through the 

composite cap. Outputs of the HELP model are included in Attachment D. 1-1. Infiltration through 

the cap was estimated to be 3.1 cm/yr (1.2 in./yr). The seepage velocity in the gray till was 19.6 

c d y r  (7.7 in./yr) and in the unsaturated Great Miami Aquifer was 77.5 cm/yr (30.5 in./yr). 

Using a constant leachate concentration of 10 mg/L (3,360 pCi/L), the maximum concentration in the 

Great Miami Aquifer was predicted to be 0.93 pCi/L (2.78 pg/L). The maximum predicted fenceline 

concentration was 0.032 pCi/L. If uranium-238 leachate concentration is 71.38 mg/L (23,980 

pCi/L), the maximum on-site concentration in the Great Miami Aquifer will be 20 pg/L of total 

uranium (19.85 pg/L uranium-238 or 6.67 pCiL uranium-238) and the maximum FEMP fenceline 

concentration will be 0.23 pCiL uranium-238. Thus, to be acceptable for on-site disposal, waste 

should not result in uranium-238 leachate concentrations exceeding 71.38 mg/L. The waste 

concentrations are a function of waste leachability, which can be quantified with use of the 

distribution coefficient for leaching (KJ. Table D. 1-25 presents WAC as a function of K,. The 

Operable Unit 2 waste with the lowest K, is flyash (see Appendix D.3). For flyash, K, is 37.5 

mL/g; this results in a preliminary WAC of 2,677 mg/Kg uranium-238 or 900 pCi/g uranium-238. If 

K, was 15 mL/g, the WAC would be 1,070 mg/Kg or 360 pCi/g uranium-238. 
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To confirm the protectiveness of the preliminary WAC, an alternate modeling approach was utilized. 

That modeling is presented in Attachment D.5-IV. That alternate approach ignores any contribution 

of the unsaturated Great Miami Aquifer to the retardation of uranium. However, it does include the 

infiltration rate that accounts for all layers in the disposal cell cross-section except for geomembranes. 

This alternate approach results in an even lower loading to the Great Miami Aquifer than the original 

modeling simulates. 30 

24 

25 

26 

contribution of a clay liner having a K, of 24 mL/g. Also, the alternate approach uses a recalculated n 

28 

29 
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Desorption Distribution 
Coefficient 

(mL/g) . 

15 

3 7 9  

7 9  

1 77d 

200e 

TABLE D.l-25 

PRELIMINARY WASTE ACCEYI', ~ 

Preliminary WAC Concentrationa 

U ranium-2 3 8 Total Uranium 
(PCik) (PPm) 

360 1070 

900 2680 

1800 5360 

4250 12600 

4800 14300 

.r CE CRITERIA 
PROTECTIVE OF THE GREAT MIAMI AQUIFER 

FOR ON-SITE DISPOSAL OF OPERABLE UNIT 2 MATERIALS 

aPreliminary WACS are based on leachate concentration of 71.38 mg/L uranium-238, which results in 
a GMA concentration of 20 pg/L under the disposal cell and is below lo4 ILCR levels at the fenceline. 

bDesorption distribution coefficient for Inactive Flyash and Active Flyash waste. 

CDesorption distribution coefficient for the Solid Waste Landfill waste. 

dDesorption distribution coefficient for the South Field waste. 

r 

I 

eDesorption distribution coefficient for the Lime Sludge Ponds and berms material. 

001508 
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Distribution coefficient &) is the most important parameter in PRG and preliminary WAC 

development. Distribution coefficients developed from different tests/studies for the glacial 

overburden indicate that the Kd for this layer may vary from about 3.1 mL/g to more than 200 mL/g. 

All of the PRGs developed in this appendix are based on a K,, of 24 mL/g for the glacial till. If the 

I(d for the glacial till is set at 200 mL/g, the PRGs for all areas with more than 2.1 m (7 I?) of gray 

till would be more than the maximum source concentrations in the Operable Unit 2 subunits. On the 

other hand, if a I(d of 3.1 mL/g is selected, the PRGs would decrease significantly. Table D.l-26 

shows the sensitivity of the PRGs (at 106 ILCR) to the glacial till K,, values. Table D.l-26 also 

shows that at the disposal cell the preliminary WAC would increase to a large number for a glacial 

till I<d of 24 mL/g and higher. This would be due to no breakthrough of the uranium-238 from the 

soil layers beneath the disposal cell. 

1 

2 

3 

4 -  
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10 
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12 
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D. 1.1 INFILTRATION CALCULATIONS FOR ODAST/SWIFT MODELING I 

MODELING APPROACH 

Infiltration rates (seepage rates) through the waste to the Great Miami Aquifer for various conceptual 

models were calculated using the Hydraulic Evaluation of Landfill Performance (HELP) model. 

and out of a waste unit. The model accepts climatologic, soil, and design data and simulates a 

number of hydraulic processes, including surface storage, runoff, infiltration, percolation, 

4 

The 5 

6 HELP model is a quasi-two-dimensional hydrologic model of water movement across, into, through, 

7 

a 

evapotranspiration, soil moisture storage, and lateral drainage. The systems that can be modeled by 

the HELP model include various combinations of vegetation, cover soils, waste cells, drainage layers, 

and relatively impermeable barrier soils. 

9 

IO 

II 

I2 

The HELP model was run in 5-year steps using the climatologic data (precipitation and mean monthly 

temperatures) from 1974 to 1978 for Cincinnati, Ohio. 

I3 

These data were obtained from the HELP 14 

model database. The HELP model was run to "steady state," that is, until successive simulations I5 

showed less than 0.005 change between initial- and final-year soil moisture content in any of the 

layers. 

16 

A successive substitution procedure was used' to reach steady-state conditions. 17 

Physical properties of waste, glacial till, and the Great Miami Aquifer soils were the same as 

properties used in the Operable Unit 2 RI fate and transport modeling (Appendix A.2 of the RI 

IS 

19 

20 

Report). These values were defined based upon RI sampling activities, or literature values for similar 

soil types. 22 

21 

23 

Figure D. 1-1-1 shows a typical section for the composite cap and liner. Design data for conceptual 24 

models available up to July 12, 1994, were used for infiltration calculations. Topsoil, vegetative soil 

compacted structural fill were simulated as HELP soil texture number 6, 5, 2, 1 ,  1 ,  18, 18, and 17, 

conductivities for these layers were 1 x lo", 5 x lo", 1 x 10.0, 1 x lo2,  1 x lo8 ,  1 x lo-', and 

was conservatively estimated to be 18 inches. 

25 

26 support, sand filter, cobbles, pea gravel, bentonite geocomposite, clay liner with bentonite, and 

21 

respectively. HELP default hydraulic conductivities were modified to match the design. Hydraulic 28 

29 

2.6 x l o 5  cdsec ,  respectively. Grass cover was assumed to be fair, and the evaporative zone depth 30 

31 - . _  ~- -. - 
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The bentonite geocomposite was assumed to be 0.6 cm (0.25 in.) thick, with properties of 

recompacted clay. The high density polyethylene (HDPE) geomembrane was assumed to have 

deteriorated, and the drainage layer in the liner was assumed to be ineffective. The bentonite 

geocomposite (a barrier layer) is on top of clay soil liner with a bentonite layer (another barrier 

layer). However, the HELP model cannot simulate two barrier layers next to each other. Therefore, 

a vertical percolation (sand) layer with hydraulic conductivity of 10.0 cm/sec was inserted between 

the two barrier layers. 

For conceptual models with a cap, the HELP model simulation showed that the infiltration rate is not 

sensitive to the thicknesses of waste, glacial overburden, or the unsaturated Great Miami Aquifer. 

This may be because infiltration through these caps is very small and is within the transmissive 

capability of the glacial overburden under gravity drainage. 

The remaining conceptual models were simulated with typical thicknesses of waste, glacial till, and 

unsaturated Great Miami Aquifer obtained during field activities for the RI and were modified.to 

account for any source removal considered. It was assumed that 30.5 cm (12 in.) of soil fill material 

will be added on top of all areas from which wastes are removed. Sand/gravel layers within the 

Glacial Overburden and weathered till were ignored while calculating glacial till thickness. An 

attempt was made to estimate worst-case infiltration rates. 

2 

3 

4 

5 

6 

7 

a 

9 

I O  

I I  

12 

13 

14 

15 

18 

19 

20 
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VEGETATIVE 
LAYER 

FILTER LAYER 

BIOTIC 
BARRIER 

DRAINAGE 
LAYER 

INFILTRATION 
BARRIER 
LAYER 

CONTOURING 
LAYER 

CONTAMINATED 
SOIL/DEBRIS/ 
FLYASHILIME 
SLUDGE 

GRASS COVER - FERTILIZE. 
SEED AND MULTCH 
6' T 0 P SO I L 
21' COMMON SOIL 
VEGETATIVE SUPPORT 
GEOTEXTILE FABRIC 
6'SAND FILTER 
GEOTEXTILE FABRIC 

36' COBBLES 

GEOTEXTILE FABRIC 

12' PEA GRAVEL 
GEOTEXTILE FABRIC 
COMPOSITE SHEET OF 
HOPE AN0 BENTONITE 

24' COMPACTED C L A Y  

COMPACTED F I L L  
DEPTH VARIES - 
(MIN. 12'- MAX.24') 

GEOGRID - LIME SLUDGE 

3 to 5% 

,GEOCOMPOSITE (GMLIGCC) 

CUSHION LAYER 

LEACHATE 
COLLECTION SYSTEM 

PRIMARY LINER 

LEAK DETECTION 
SYSTEM 

SECONDARY LINER 

LEGENO 

bFq TOPSOIL 

n PONDS, CONSOLIDATION 
ALTERNATIVE ONLY 

COMPOSITE CAP 

MIN. 12' CUSHION LAYER 
(CONTAMINATED SOIL/ 6' DIA. PERFORATED HDPE 
FLYASHILIME SLUDGE LEACHATE COLLECTION 
WINO SHARP OBJECTS) PIPING 

GEOTEXTILE FABRIC 

36' COMPACTED C L A Y  

COMPACTED 
SUBGRAOE 

COMPOSITE LINER 

SAND kmd PEA GRAVEL 

bTq COBBLES COMPACTED C L A Y  VEGETATIVE SUPPORT 

CUSHION LAYER - HDPE FLEXIBLE MEMBRANE LINER (FML) 

COMPACTED SUBGRADE - BENTONITE GEOCOMPOSITE (GCC) - - ~ - -  -~ --- . -- ~ . - . .. .- - . - . ~ .. - .. - ~ .. -. - ~ - - - GEOTEXTILE FABRIC r{ CONTOURING LAYER 

GRASS COVER 

r. 

! COMPOSITE CAP AND LINER 

FIGURE 0.1.1-1 
TYPICAL DETAIL 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i:' '; ' 

LOW LEVEL RADIOACTIVE WASTE DISPOSAL FACILITY FOR OPERABLE UNIT 2 

M I N I M U M  WASTE THICKNESS February 28. 1994 
GEOCOMPOSITE CAP AND LINER - NO HDPE LINER AND FAILED LEACHATE COLLECTION SY 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
6.00 INCHES 
0,4530 VOL/VOL 
0.1901 VOL/VOL 
0.0848 VOL/VOL 
0.3243 VOL/VOL 

- - 
- - 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC 

- - 
- - 
- 

VERTICAL PERCOLATION LAYER 
21.00 INCHES - - 

0.4570 VOL/VOL 
0.1309 VOL/VOL 
0.0580 VOL/VOL 
0.2440 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCT1 VITY = 0.000500000024 CM/SEC 

- - 
- - 
- 

VERTICAL PERCOLATION LAYER 
6.00 INCHES 
0.4370 VOL/VOL 
0.0624 VOL/VOL 
0.0245 VOL/VOL 
0.1581 VOL/VOL 

- - 
- - 

THICKNESS 
POROS I TY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC 

- - 
- - 
- 

1 -  

3 

4 

5 

6 

7 

8 

9 

10 

I I  
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 .* 
25 

2 6 a  21 

28 

79 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 

41 

42 

43 

44 

45 

46 

41 

48 

49 

50 :* 
53 
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LAYER 4 

3.8 6 0 - - - - - - - - 

VERT I CAL PERCOLATION LAYER 
- - 36.00 INCHES 
- - 0.4170 VOL/VOL 

0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 

0.0454 VOL/VOL 

THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 10.000000000000 CM/SEC 

- - 

- - 

LAYER 5 
- - - - - - - - 

LATERAL DRAINAGE LAYER 
- - 12.00 INCHES 

0.4170 VOL/VOL 
0.0454 VOL/VOL 

- - 0.0200 VOL/VOL 
0.4170 VOL/VOL 

- - THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 
SLOPE - - 4.00 PERCENT 
DRAINAGE LENGTH = 800.0 FEET 

- - 

- - 

LAYER 6 
- - - - - - - - 

BARRIER SOIL LINER 
- - 
- - 

THICKNESS 
POROSITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 

- - 
- - 
- - 

0.25 INCHES 
0.4000 VOL/VOL 
0.3560 VOL/VOL 
0.2899 VOL/VOL 
0.4000 VOL/VOL 
0.000000010000 CM/SEC 

VERTICAL PERCOLATION LAYER 
2.00 INCHES 
0.4170 VOL/VOL 

- - 
- - 

THICKNESS 
POROSITY 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

0.0200 VOL/VOL 
0.0564 VOL / VOL 

- - 
- WILTING POINT 

INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 10.000000000000 CM/SEC a 51 

52 

53 
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LAYER 8 
- - - - - - - - 0, ; -  8 - 2 -  

BARRIER SOIL LINER 
24.00 INCHES - - 

0.4300 VOL/VOL 
0.3663 VOL/VOL 
0.2802 VOL/VOL 
0.4300 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- - 
- - 
- 

LAYER 9 
- - - - - - - - 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.3808 VOL/VOL 
0.1924 VOL/VOL 
0.1043 VOL/VOL 
0.2523 VOL/ VOL 

- - 
THICKNESS 

- - 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SO1 L WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000026000000 CM/SEC 

- - 
- 

LAYER 10 
- - - - - - - - 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.2794 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - .  

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

LAYER 11 
- - - - - - - - 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.4170 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0454 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC 

- - 
- - 
- 

031537 
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LAYER 12 
- - - - - - - - 

5 8 6 0  BARRIER SOIL  LINER 
6 0 . 0 0  INCHES 

I - - 
0 . 4 3 0 0  VOL/VOL 
0 . 3 6 6 3  VOL/VOL 
0 . 2 8 0 2  VOL/VOL 
0 . 4 3 0 0  VOL/VOL 

- - THICKNESS 
POROS ITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  SOIL  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC 

- - 
- - 
- - 

6 8 . 0 0  
= 1 1 0 2 5 0 0 .  SQ F T  
- - 1 2 . 0 0  INCHES 
- - 5 . 4 6 0 9  INCHES 
- - 3 . 4 0 9 8  INCHES 

0 .0000 INCHES 

- - 58.2148 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

- - 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 3 0 0  

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

i 
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IO 
I I  
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28 

29 
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31 

32 

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

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - - - - - -  - _ _ _ - - -  - - - _ - _ _  - - - - - - -  - - - - - - -  - - _ - - - _  

P RE C I P I TAT I ON 
- - _ _ _ _ _ _ _ _ _ _ _  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 .17  1.37 1.35 1.99 

RUNOFF 

TOTALS 0 .000  0.004 0.000 0 . 0 0 0  0 . 0 0 0  0.000 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 1  0 . 0 0 0  0.005 

STD. DEVIATIONS 0 .000  0.009 0.000 0 . 0 0 0  0 . 0 0 0  0.000 
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0.002 0 . 0 0 0  0 . 0 1 1  

EVAPOTRANSPIRATION 

TOTALS 0.853 1.535 2.424 2.871 2.814 4.791 
3.826 4.116 2.198 1.959 1..683 0.905 

i- 

3 

4 

5 

6 

7 

8 

9 

IO  

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

STD. DEVIATIONS 0.188 0.312 0.120 0.265 1 . 7 1 2  1 . 2 0 2  
1.451 0.997 1.704 0.567 0.120 0.179 

LATERAL DRAINAGE FROM LAYER 5 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 1.3155 1.4678 1.1784 0.9902 0.6175 0.5255 
0.. 5178 0.4965 0.6843 0.4741 0.4245 0.7490 

STD. DEVIATIONS 0.6603 1.2556 1.1494 0.6790 0.1245 0.0628 
0.0694 0.0626 0.4737 0.1049 0.1121 0.7123 

PERCOLATION FROM LAYER 6 

TOTALS 0.1141 0 .1071 0.1175 0.1157 0.1173 0.1063 
0.1024 0.0937 0.0851 0.0842 0.0811 0.0921 

STD. DEVIATIONS 0.0405 0.0405 0.0441 0.0333 0.0261 0.0272 
0.0269 0.0232 0.0273 0.0336 0.0341 0.0355 

2a 

29 

30 

31 
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PERCOLATION FROM LAYER 8 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.1077 0 .0983 0.1082 0.1048 0.1084 0.0978 
0,1012 0.1018 0.0970 0.0983 0.0918 0.1010 

STD.  D E V I A T I O N S  0.0025 0.0034 0.0023 0.0024 0.0026 0.0179 
0.0184 0.0169 0.0194 0.0236 0.0257 0.0161 

PERCOLATION FROM LAYER 12 
IO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  

TOTALS 0.1050 0 ,0919 0.0998 0.0975 0.1018 0.0994 I I  

0.1035 0.1042 0.1013 0.1050 0.1017 0.1051 12 

13 
S T D .  D E V I A T I O N S  0.0016 0.0088 0.0120 0.0100 0.0084 0.0064 14 

0.0050 0.0036 0.0024 0.0017 0.0013 0.0014 15 

16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

18 

19 

20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

RUNOFF 0.010 ( 0.014)  920. 0 .02  

EVAPOTRANSPIRATION 29.974 ( 2.728)  2753890. 73 .75  

LATERAL DRAINAGE FROM 9.4411 ( 3.7889)  867399. 23 .23  
LAYER 5 

PERCOLATION FROM LAYER 6 1 .2163 ( 0.3337)  111743. 2 . 9 9  

PERCOLATION FROM LAYER 8 1.2162 ( 0.1433)  111743. 2 . 9 9  

PERCOLATION FROM LAYER 12 1.2162 ( 0.0607)  111741. 2 .99  

CHANGE I N  WATER STORAGE 0 .000 ( 3.907)  34. 0 . 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

, *******$*********_ ..................................................... 

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - _ - - - - _ -  

P RE C I P I T A T  I ON 

RUNOFF 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

HEAD ON LAYER 6 

PERCOLATION FROM LAYER 8 ~ 

HEAD ON LAYER 8 

PERCOLATION FROM LAYER 12 

HEAD ON LAYER 12 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  

( INCHES 1 

2.40 

0.025 

0.5774 

0.0045 

_ _ _ _ _ _ - _ 

1 2 . 2  

0.0036 

1 .4  

0.0034 

0.4 

1.18 

0.3497 

0 .0711  

( C U .  F T . )  

220500.0 

2269.9 

53045.4 

415.1 

- - - - - - - - _ 

331.4 

314.4 

108843.8 

....................................................................... 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

F I N A L  WATER STORAGE A T  END OF YEAR 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ -  

LAYER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

_ _ _ _ _  

SNOW WATER 

( INCHES 1 
- - - - - - - - 

1.95 

5.12 

0.95 

1.64 

5.00 

0.40 

0.11 

10.32 

3.03 

3.35 

0.55 

25.80 

0 . 0 0  

(VOL/VOL)  

0.3243 

0.2440 

0.1581 

0.0454 

0.4170 

0.4000 

0.0564 

0.4300 

0.2523 

0.2794 

0.0454 

0.4300 

_ - - - - - - - - 

_ _  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

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

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

GRAY TILL ONLY 
SOL I D  WASTE LANDF I LL 

July 12.  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
99.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL . 
0.3140 VOL/VOL 
0.000199999995 CM/SEC 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATU RATED HY DRAU L I C CON DUCT I V I TY 

- - 
- - 
- - 
= 

3 

4 

5 

6 

7 

a 
9 

10 

I I  
12 

13 

14 

15 

16 

17 

18 

19 

20 

'I 

22 
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24 

25 

28 

29 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

BARRIER SOIL LINER 
= 155.00 INCHES 
- - 0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000001900000 CM/SEC 

VERTICAL PERCOLATION LAYER 
= 384.00 INCHES 
- - 0.. 3900 VOL/VOL 

0.0454 VOL/VOL 
0.0200 VOL/VOL 

- - 0.0762 VOL/VOL 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 

GENERAL SIMULATION DATA 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 4.7640 INCHES ’ 

- - 0.0000 INCHES 

- - 128.6608 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE I N  

SOIL AND WASTE LAYERS 

SOIL WATER CONTENT INITIALIZED BY USER. 

. 

a 

i 

2 5 8 6 0  3 

4 
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6 

7 
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10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

CL I MATOLOG I CAL DATA 
- - - - - - - - - - - - - - - - - - -  8 ;j ;! 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

MARISEP APRIOCT MAY I NOV JUNIDEC 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

F EB I AUG 
- - - - - - - 

J A N I J U L  
- - - - - - - 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

. 001525 

I I  

12 

13 

14 

15 

16 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
- -  3 8 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ - _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - - - - - _ - - - - _ _ _ -  

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ -  _ _ _ _ _ _ _  _ _ _ - _ _ _  

PRECIPITATION 
_ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ _ _ _ _ -  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  

TOTALS 

STD. DEVIATIONS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1 . 7 1  0.63 1.78 1 . 2 4  
2.04 1.04 2 . 1 7  1.37 1.35 1.99 

0 . 0 0 0  0 . 0 2 0  0 . 0 0 0  0.019 0 . 0 0 0  0 . 0 2 7  
0 . 0 2 2  0.043 0 . 0 0 8  0 .027  0 . 0 0 0  0 . 0 1 6  

0 . 0 0 0  0.044 0 . 0 0 0  0.042 0 . 0 0 0  0.061 
0.048 0.096 0.014 0.046 0 . 0 0 0  0.036 

0.848 1.534 2.470 2.879 3.165 4.809 
4.073 4.272. 2.250 1.983 1.672 0.892 

0.189 0.311 0.128 0.331 1.635 1.381 
1 .402  1.207 1.767 0.526 0.138 0 .170  

PERCOLATION FROM LAYER 3 
_ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

TOTALS 1.6208 1.6289 1.5251 1.1168 0.5161 0.2535 
0.1939 0.0844. 0.3983 0.5914 0.3213 1.3635 

STD. DEVIATIONS 0.8551 0.6425 0.5794 1.0308 0.9119 0.4921 
0.4335 0.1746 0.8906 0.6639 0.4839 0.8907 

PERCOLATION FROM LAYER 4 
_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _  

TOTALS 0.7604 0.8614 1.1076 1.1059 1.0855 0.9203 
0.7868 0.6540 0.5747 0.5912. 0.5591 0.6059 

STD. DEVIATIONS 0.3140 0.3531 0.4679 0.4935 0.5676 0.5443 
0.3844 0.2586 0.2095 0.2819 0.2379 0.2442 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

(CU.  FT. )  PERCENT 

+ .-) , P  . , 

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

- - - - - - - - - - -  - - - - - - - 
( INCHES ) 

- - - - _ - - - - - - - - - _ _  
P REC I P I T A T  I ON 40.64 ( 6.929) 155794. 100.00 

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 3 2.971) 118246. 75.90 

PERCOLATION FROM LAYER 3 9.6141 ( 3.8484) 36854. 23.66 

PERCOLATION FROM LAYER 4 9.6128 ( 3.9916) 36849. 23.65 

CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 4.532) 5 .  0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0.0719 275.7 

HEAD ON LAYER 3 17.5 

PERCOLATION FROM LAYER 4 0.0613 234.8 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.4811 

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  0.1391 
........................................................................ 
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FEMP-OU02-5 DRAFT 8 6 0 
August 24. 1994 

2 31.09 0.3140 

3 63.55 0.4100 

4 29.27 0.0762 

SNOW WATER 0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

; {.: & 3<.;.q. 
U" * .................................................................. 

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

GRAY TILL ONLY 
LIME SLUDGE PONDS 

July 1 2 .  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 
- - 0.1400 VOL/VOL 

0.3970 VOL/VOL 
= 0.000199999995 CM/SEC 

- - 
THICKNESS 
POROS I TY 
F I ELD CAPACITY 
WILTING POINT . 

INITIAL SOIL WATER CONTENT 
SATU RAT E D H Y DRAU L I C CON DUCT I V I TY 

- - 

VERTICAL PERCOLATION LAYER 
= 102.00 INCHES 

0.5500 VOL/VOL 
0.3782 VOL/VOL 

I 0.2650 VOL/VOL 
0.3969 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC 

- - 
- - 
- - 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

LAYER 3 

BARRIER SOIL LINER 
= 139.00 INCHES 
- - 0.4100 VOLIVOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = . 0.000001900000 CM/SEC 

VERTICAL PERCOLATION LAYER 
= 283.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 
- - 0.0775 VOL/VOL 

TH I CKN ESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 

.. SATURATED HYDRAULIC CONDUCT1 V ITY = 0.015900000930 CM/SEC 

GENERAL SIMULATION DATA 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 4.7640 INCHES 
- - 0.0000 INCHES 

- - 124.1703 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE I N  

SOIL AND WASTE LAYERS 

SOIL WATER CONTENT INITIALIZED BY USER 

CLIMATOLOGICAL DATA 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION -FOR CINCINNATI - - O H I O  

MAXIMUM-LEAF AREA INDEX = 2.00 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  
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29 
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31 

32 

33 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

? 

>'$FA@@ OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 . 33.80 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PREC I P I TAT I ON 
_ - _ - - _ _ _ _ _ - - _  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1.35 1.99 

RUNOFF . 
_ - - - - -  

TOTALS 0.000 0 . 0 2 0  0.000 0.019 0 . 0 0 0  0 .027  
0 . 0 2 2  0.043 0.008 0 .027  0 . 0 0 0  0.016 

STD. DEVIATIONS 0 .000  0.044 0.000 0.042 0 . 0 0 0  0.061 
0.048 0.096 0.014 0.046 0 . 0 0 0  0.036 

EVAPOTRANSPIRATION 
- - - - - - - _ _ - _ _ _ _ _ - - -  

TOTALS 0.848 1.534 2.470 2.879 3.165 4.809 
4.073 4.272 2.250 1.983 1.672 0.892 

STD. DEVIATIONS 0.189 0.311 0.128 0.331 1.635 1.381 
1.402 1 . 2 0 7  1.767 0.526 0.138 0 . 1 7 0  

PERCOLATION FROM LAYER 3 

TOTALS 1.6514 1.6575 1.4936 1.1343 0.4894 0.2146 
0.1939 0.0844 0.4052 0.5871 0.3187 1.3832 

STD. DEVIATIONS 0.8784 0.6590 0.6206 1.0523 0.9363 0.4053 
0.4334 0.1746 0.9060 0.6559 0.4785 0.9085 
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FEMP-OUO;?TS DRAFT 

i 

z 

5 8-6:O August 24. 1994 

PERCOLATION FROM LAYER 4 
_ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - -  a 

TOTALS 0.7951 0.9575 1.2453 1.1995 1.1204 0.8924 
0.7153 0.5712 0.5005 0.5331 0.5077 0.5752 

S T D .  D E V I A T I O N S  0.3698 0.4286 0.5697 0.5952 0.6519 . 0.5845 
0.3538 0.2145 0.1782 0.2985 0.2409 0.2645 

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

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

E V APOTRAN S P I RAT I ON 30.847 ( 2.971)  118246. 75.90 

PERCOLATION FROM LAYER 3 9.6133 ( 3.8256) 36851. 23.65 

PERCOLATION FROM LAYER 4 9.6132 ( 4.2193) 36851. 23.65 

CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 4.424) 3 .  0 . 0 0  
........................................................................ 

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

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0.0751 287.9 

HEAD ON LAYER 3 22.5 

-PERCOLATION FROM LAYER -4- ~- 0.0659 - -  252.4 

SNOW .WATER 1.18 4541.3 
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.i I.?.* : ; 
.r 3v- I- . MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.4811 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1391 

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

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

F I N A L  WATER STORAGE AT END OF YEAR 78 

LAYER ( INCHES 1 ( VOL/VOL 1 

1 4.76 0.3970 

2 40.49 0.3969 

3 56.99 0.4100 

4 21.93 0,0775 

SNOW WATER 0 . 0 0  

FEMP-OUO2-5 DRAFT 
August 24, 1994 

3, 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND .!i\ACTIVE FLYASH PILE 
ZONE 1 June 8.  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- -_ 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WA.TER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

a 

VERTICAL PERCOLATION LAYER 
32.40 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3472 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

5 8 6 0  , \  
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FEMP-OU02-5 DRAFT 
August 24. 1994 

VERTICAL PERCOLATION LAYER 
= 249.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0 .0200  VOL/VOL 
- - 0.0795 VOL/VOL 

THICKNESS 
POROS I TY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 4.7640 INCHES 
- - 0.0000 INCHES 

- - 35.8088 INCHES 

- - 

I N  

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.0'0 
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

FER\CRU2FS\JLG\APPD-lI.TXIlAugust 16. 1994 4.26pm D- 1-1-24 
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FEMp-OUO2-5 DRAFT 
August 24, 1994 

....................................................................... 5 8 6 9  
2 

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ - - _ _ _  _ _ - - - - -  - - - - - - -  - - - _ _ - -  - - - - - _ -  - - - - - - _  

PRECI P I T A T  I O N  
_ _ _ _ _ _ _ _ _ _ _ _ -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

RUNOFF 
_ _ _ - - -  

TOTALS 0.000 0.020 0.000 0.019 0 . 0 0 0  0 .027  
0 .022  0.043 0.008 0 .027  0 .000  0.016 

STD. DEVIATIONS 0.000 0.044 0.000 0.042 0 .000  0.061 
0.048 0.096 0.014 0.046 0.000 0.036 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  

TOTALS 0.848 1.534 2.470 2.879 3.165 4.809 
4.073 4.272 2.250 1.983 1.672 0.893 

STD. DEVIATIONS 0.189 0.311 0.129 0.331 1.635 1.381 
1.402 1 . 2 0 7  1.767 0.526 0.138 0.170 

PERCOLATION FROM LAYER 3 

TOTALS 0.8069 1.0173 1.2504 1.2871 1.0878 0.8236 
0.6931 0.5819 0.5128 0.5267 0.4737 0.5507 

STD. DEVIATIONS 0.3686 0.4689 0.6940 0.9485 0.6910 0.4383 
0.3016 0.2016 0.1713 0.2508 0.2071 0.2316 

....................................................................... 
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5 8 e O  
FEMP-OUO2-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
PREC I P I TAT I ON 

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.970) 118246. 75.90 

PERCOLATION FROM LAYER 3 9.6120 ( 4.3781) 36846. 23.65 

CHANGE I N  WATER STORAGE 0 . 0 0 2  ( 4.529) 9 .  0 . 0 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

P R E C I P I T A T I O N  

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0 .1002  384.0 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.4810 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 
....................................................................... 
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FEiMP-OU02-5 DRAFT 
August 24, 1994 

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

2 

3 

11.25 

19.81 

0.3472 

0.0795 

SNOW WATER 0 . 0 0  

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

....................................................................... 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 2 June 8 .  1994 

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

- - 0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 

0.1400 VOL/VOL 
0.3970 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 

LAYER 2 

VERTICAL PERCOLATION LAYER 
= 202.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 

0.3348 VOLIVOL - 

FER\CRUZFSULG\APPD-I I.TXnAugust 16, 19944:26pm 
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FEMP-OUOZ-5 DRAFT 
August 24, 1994 

LAYER 3 
- _ - - _ _ _ - 

VERTICAL PERCOLATION LAYER 
= 228.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL / VOL 
- - 0.0200 VOL/VOL 
- - 0.0733 VOL/VOL 

THICKNESS 
POROS ITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

DATA 

2 

3 

4 

5 

6 

1 

8 

9 

IO 
I I  
12 

13 

14 

15 

16 

17 

18 

SCS RUNOFF CURVE NUMBER - 68.00 19 - 

= 46000. SQ F T  20 

- - 12.00 INCHES 21 

- - 6.2400 INCHES 22 

- - 4.7640 INCHES 23 

- - 89.1060 INCHES 

TOTAL AREA OF CGVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

- - 0.0000 INCHES 24 

27 

SOIL WATER CONTENT INITIALIZED BY USER. 

CL I MATOLOG I CAL DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ -  

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) 7 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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= 5 8 6 0  
FEMP-OU02-5 DRAFT 
August 24, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 
_ _ _ _ _ _ _  _ _ _ - - - -  - - - - _ - -  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ - -  

P R E C I P I TAT I ON 
_ _ _ _ _ _ _ _ _ - - - -  

TOTALS . 3.33 1.59 3.86 3.11 3.36 -4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1.35 1.99 

RUNOFF 
_ _ _ _ - _  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

0 . 0 0 0  0 .020  0 . 0 0 0  0.019 0 . 0 0 0  0 . 0 2 7  
0 . 0 2 2  0.043 0.008 0 .027  0 . 0 0 0  0.016 

0 . 0 0 0  0.044 0 . 0 0 0  0.042 0 . 0 0 0  0.061 
0.048 0.096 0.014 0.046 0 . 0 0 0  0.036 

0.848 1.534 2.470 2.879 3.165 4.809 
4.073 4.272 2.250 1.984 1.672 0.892 

0.189 0.311 0.128 0.332 1.635 1.381 
1.402 1 .207  1 .767-  0.527 0.138 0 . 1 7 0  

PERCOLATION FROM LAYER 3 
- - - - - - - - - - - - _ _ _ _ _ _ _ _ - - - - -  

TOTALS 0.6935 0.7015 0.8605 0.9339 1.0061 0.9334 
0.8931 0.8170 0.7321 0.7192 0.6619 0.6623 

STD. DEVIATIONS 0.2001 0.2161 0.3007 0.4161 0.4980 0.4525 
0.4011 0.3302 0.2673 0.2518 0.2221 0.2052 

....................................................................... 
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EMP-OUO2-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL T O T A L S . &  ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

(CU.  FT. I PERCENT 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

_ _ _ _ _ _ _ - _ _ _  - - - - _ _ - 
( INCHES 1 

- - _ _ - - - _ - _ - - - - - -  
P RE C I P I T A T  I ON 40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.971) 118248. 75.90 

PERCOLATION FROM LAYER 3 9.6146 ( 3.6066)- 36856. 23.66 

CHANGE I N  WATER STORAGE - 0 . 0 0 1  ( 4.935) -.3 . 0 . 0 0  
*****************x***************************************************** 

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

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ - _ _ _ _ _ _ - _ _ _ _ - - _  

(CU.  FT. )  
_ _ _ _ _ _ _ _ _ 

( INCHES 1 
- _ _ _ - _ _ _ 

PREC I P I T A T  I ON 2.40 9200.0 

RUNOFF 0.214 819.0 

PERCOLATION FROM LAYER 3 0.0570 218.4 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.4811 

MINIMUM VEC. S O I L  WATER ( V O L / V O L )  0.1391 
....................................................................... 
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k****** ** k **, * 

FINAL WATER STORAGE AT END OF YEAR 

5 8 6 . 0  
FEMP-OU02-5 DRAFT 
August 24. 1994 

***************** 

78 

( VOL/VOL 1 _ _ - - _ - - _ _ 
( INCHES 1 
- _ _ _ _ _ _ _ 

LAYER 
_ _ _ - -  

1 4.76 0.3970 

2 67.64 0.3348 

3 16.70 0.0733 

SNOW WATER 0 .00  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 3 June 8 .  1994 

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

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

F A I R  GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

LAYER 2 

BARRIER SOIL LINER 
19.00 INCHES - - 
0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- - 
- - 
- 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

LAYER 3 
- - - - - - - - 

VERTICAL PERCOLATION LAY.ER 
= 317.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOLIVOL 
- - 0.0200 voLlvoL 
- - 0.0595 VOL/VOL 

THICKNESS 
POROS ITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCT1 V ITY = 0.015900000930 CMISEC 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 

S O I L  AND WASTE LAYERS 
I N I T I A L  TOTAL WATER STORAGE 

68.00 
= 46000. SQ FT 
- - 12.00  INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- - 32.8915 INCHES 

- - 

I N  

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 2 .00  
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

F E B I  AUG MARISEP MAY I NOV JUNIDEC APRIOCT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

JAN1 JUL 
- - - - - - - 

28.90 32.10 41.80 53 .50  63.00 71.40 
75.40 74.10 - 6 7 . 5 0 -  - 55.30 43 .40  - - -33.80 - -  

081595 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREC I P I TAT I ON 
- - - - - - - _ _ - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD . DEVIATIONS 

STD. DEVIATIONS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2 .04  1.04 2 . 1 7  1.37 1.35 1.99 

1.804 0.747 1 . 0 7 2  0.427 0 . 0 0 0  0 . 2 0 1  
0 . 0 2 0  0.043 0.239 0.026 0 . 0 0 0  1.651 

1.121 1.656 1.655 0.513 0 . 0 0 0  0.421 
0.045 0.097 0.517 0.046 0 . 0 0 0  1.630 

0.848 1.533 2.471 2.865 3.121 5.061 
5.631 4.307 2.301 1.986 1.659 0.901 

0.186 0.308 0.124 0.279 1.675 1.216 
1.340 1.247 1 . 7 7 2  0.496 0.157 0.169 

PERCOLATION FROM LAYER 2 
_ _ _ _ _ _ _ _ _ - - - - - - - _ _ _ _ - - - - -  

TOTALS 0.1990 0.1969 0.2109 0.1995 0.1966 0.1843 
0 .1071 0.0186 0.0402 0.0716 0.1238 0.1786 

STD. DEVIATIONS ~ 0.0879 0.0274 0.0242 0.0098 0.0076 0.0148 
0.0297 0.0324 0.0898 0.0785 0.0898 0.1004 

PERCOLATION FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.1407 0.1316 0.1483 0.1470 0.1547 0.1518 
0.1574 0.1502 0.1389 0.1383 0.1322 0.1377 

STD. DEVIATIONS 0.0198 0.0200 0.0213 0.0203 0.0203 0.0189 
0.0183 0.0163 0.0143 0.0154 0.0164 0.0183 

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

2 a 
3 

4 

5 

6 

1 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 ;* 27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

so 

FER\CRU2FS\JLG\APPD-I 1.TXnAugust 16. 1994 4:26pm D- 1-1-35 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & CSTD. D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

(CU.  FT . )  PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

- - - - - - - 
( INCHES 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ - - - - - - - - -  
P R E C I P I T A T I O N  40.64 ( 6.929) 1.55794. 1 0 0 . 0 0  

RUNOFF 6.231 ( 3.526) 23887. 15.33 

EVAPOTRANSPIRATION 32.684 ( 3.084) 125288. 80.42 

PERCOLATION FROM LAYER 2 1 .7270  ( 0.3920) 6620. 4.25 

PERCOLATION FROM LAYER 3 1.7288 ( 0 .2070)  6627. 4.25 

CHANGE I N  WATER STORAGE - 0 . 0 0 2  ( 2.820) - 7 .  0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

RUNOFF 2.237 8575.0 

PERCOLATION FROM LAYER 2 0.0078 30.0 

HEAD ON LAYER 2 12.5 

PERCOLATION FROM LAYER 3 0.0058 22.4 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.5200 

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  0.1391 
....................................................................... 
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2 7 :79 0.4100 

3 

SNOW ‘WATER 

18.85 

0 . 0 0  

0.0595 

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

....................................................................... 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 3 - L a t e r a l  Drainage June 8 .  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

- - 0.5200 VOL/VOL 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 

0.2942 VOL/VOL 
. O .  1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
- - 
- - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
24.00 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.3463 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000036000001 CM/SEC 

- - 
- - 
- 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

LATERAL DRAINAGE LAYER 
- - 11.00 INCHES 
- - 0.3900 VOLIVOL 
- - 0.0454 VOL / VOL 
- - 0.0200 VOL/VOL 
- - 0.2535 VOL/VOL 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HY DRAUL I C  CONDUCT1 V ITY = 0.004000000190 CM/SEC 
SLOPE - - 10.00 PERCENT 
DRAINAGE LENGTH = 125.0 FEET 

BARRIER SOIL LINER 
= 102.00 INCHES 
- - 0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

VERTICAL PERCOLATION LAYER 
= 361.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 
- - 0.0588 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATU RATED H Y DRAU L I C CON DUCT I V I TY = 0.015900000930 CM/SEC 

FER\CRUZFS\JLG\APPD-I I TXnAugust  16. 1994 4:26pm D-1-1-39 
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FEMP-OUO2-5 DRA F - 3 8 R d P  
August 24, 1994 

68.00 
= 46000. SQ F T  
- - 12.00  INCHES 
- - 6.2400 INCHES 

4.7640 INCHES 
0.0000 INCHES 

78.91 05 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE . 
I N I T I A L  SNOW WATER CONTENT . 
I N I T I A L  TOTAL WATER STORAGE I N  

- - 
- - 

- - SOIL  AND WASTE LAYERS 

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON (JUL IAN DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

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

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  

PREC I P I TAT I ON 
- - - - - - - - - - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. D E V I A T I O W  0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

- - - - _ _  - 

. .  :I 
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, 

RUNOFF 
_ _ - - - -  

TOTALS 0 .000 0.020 0 .000  0.019 
0.022 0 .043  0 .008  0.027 

STD. DEVIATIONS 0 . 0 0 0  0.044 0.000 0.042 
0.048 0 .096  0 .014  0 .046  

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0 .848  1 .534  2 .470  2 .879  
4 .073  4 .272  2.250 1 .983  

STD. DEVIATIONS 0.189 0.311 0.129 0 .331  
1 .402  1 .207  1 .767  0 .526  

LATERAL DRAINAGE FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - - - - - - - - - - -  

TOTALS 1.5655 1.4884 1 .1401 1 .1149 
0.1454 0.0605 0.2601 0.2950 

STD. DEVIATIONS 1.0236 0.8340 0.8940 1.0176 
0.1792 0.1084 0.5448 0.5054 

PERCOLATION FROM LAYER 4 
_ _ _ _ _ _ _ _ _ _ _ - _ - _ - - - - - - _ - - -  

TOTALS 0.1311 0.1359 0.1517 0.1472 
0 .1183 0.1113 0.1104 0.1030 

STD. DEVIATIONS 0.0499 0.0101 0.0044 0.0057 
0.0411 0.0362 0.0399 0.0398 

PERCOLATION FROM LAYER 5 

TOTALS 0.1272 0.1163 0.1288 0.1256 
0.1308 0.1300 0.1251 0.1282 

STD. DEVIATIONS 0.0087 0.0098 0.0092 0.0087 
0.0079 0.0077 0.0065 0.0060 

FEMP-OUO2-5 DRAFT 
August 24. 1994 

0.000 
0.000 

0.000 
0.000 

3 .165  
1 . 6 7 2  

1 .635  
0 .138  

0.7642 
0.2205 

0.8788 
0.3177 

0.1497 
0.1089 

0.0036 
0.0491 

0.1308 
0.1232 

0.0087 
0.0064 

0 .027  
0 .016  

0 .061  
0 .036  

4 .809  
0 . 8 9 3  

1.381 
0.170 

0.2630 
0 .7765 

0.3571 
0 .7719 

0.1245 
0.1284 

0.0271 
0.0477 

0.1270 
0.1270 

0.0081 
0.0077 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( C U .  FT. I PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

_ _ _ _ - - - - - - -  - - - - - - - 
( INCHES 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.970) ' 118245. 75.90 

LATERAL DRAINAGE FROM 8.0941 ( 3.5454) 31027. 19.92 
LAYER 3 

PERCOLATION FROM LAYER 4 1.5204 ( 0.2203) 5828. 3.74 

PERCOLATION FROM LAYER 5 1.5200 ( 0.0848) 5827. 3 .74 '  

CHANGE I N  WATER STORAGE 0 .000 ( 3.739) 1. 0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - -  

(CU.  F T . )  
- - - - - - - - - 

( INCHES 1 
- - - - - - - - 

P REC I P I T A T  I ON 2.40 9200.0 

RUNOFF 0.214 819.0 

LATERAL DRAINAGE FROM LAYER 3 0 .1007  386.0 

PERCOLATION FROM LAYER 4 0.0054 2 0 . 7  

HEAD ON LAYER 4 14.3 

PERCOLATION FROM LAYER 5 0.0045 17.3 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.4810 

- M I N I M U M  VEG. - S O I L  WATER (-VOL/VOL) 0.1391 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

001553 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 . 
I I  
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

40 

41 

42 

43 

44 

45 

06 

41 

48 

49 

50 

51 

52 

53 

FER\CRU2FS\JLG\APPD-I I.TXnAugust 16. 1994 4:26pm D- 1-1-42 



FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

2 8 .31 0.3463 

3 2.79 . 0.2535 

4 41.82 0.4100 

5 21.23 0.0588 

SNOW WATER 0 .00  

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

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

, 
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FEMP-OUO2-5 DRAFT 5 Q C O  
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

REMOVE'FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 4 June 8 .  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 

- - 0.5200 VOL/VOL 
= 0.000199999995 CM/SEC 

- - 
THICKNESS. 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HY DRAU L I C CON DUCT I V I TY 

- - 
- - 

VERTICAL PERCOLATION LAYER 
92.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 

- - 0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
TH I CKN ESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.0001999.99995 CM/SEC 

- - 

- - 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 
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36 

37 

38 

39 
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42 

43 
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45 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

BARRIER SOIL LINER 
- - 73.00 INCHES 
- - 0 .41  00 VOL / VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOLIVOL 
- - 0.4100 VOL/VOL 
= 

THICKNESS 
POROS ITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HY DRAUL I C  CONDUCT I V I TY 0.000000140000 CM/SEC 

VERTICAL PERCOLATION LAYER 
= 358.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 
- - 0.0670 VOL/VOL 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 

. SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

GENERAL SIMULATION DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- - 107.9960 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE I N  

SOIL AND WASTE LAYERS 

SOIL WATER CONTENT INITIALIZED BY USER 

CL I MATOLOG I CAL DATA 
_ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ - -  

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

001556 

L -  
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28 
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5 8 6 0  
FEMP-OUO2-5 DRAFT 
August 24, 1994 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

i 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

15 

001.557 
. >  . 

' .  . . ,.., 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78 

JANIJUL  FEBIAUG MARISEP APRIOCT MAYINOV JUNIDEC 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ - _ _ _ _  

P RE C I P I TAT I ON 
_ _ _ _ _ _ _ _ - - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0 .63  1.78 1.24 
2.04 1.04 2 .17  1.37 1.35 1.99 

RUNOFF 
- - - - - -  

TOTALS 1.664 0.724 1.008 0.339 0 . 0 0 0  0 . 0 2 7  
0 . 0 2 1  0.043 0.136 0 .027  0 . 0 0 0  0.810 

STD. DEVIATIONS 1.042 1.620 1.588 0.487 0 . 0 0 0  0.061 
0.047 0.097 0.286 0.046 0 . 0 0 0  1.453 

EVAPOTMNSP I RATION 
_ - - - - - - - - - - - - - _ _ - -  

TOTALS 0.849 1.535 2.473 2.866 3.169 5.001 
4.867 4.268 2.252 2 . 0 0 0  1.671 0.901 

STD. DEVIATIONS 0.186 0.307 . 0.123 0.279 1.636 1.320 
1.184 1 .201  1.766 0.497 0.153 0.173 

PERCOLATION FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.3483 0.3159 0.3449 0.3330 0.3418 0.3283 
0.3342 0.3307 0.3213 0.3305 0.3207 0.3414 

STD. DEVIATIONS 0.0178 0 .0171 0.0155 0.0083 0.0067 0.0078 
0 .0020  0 .0007  0.0082 0.0081 0.0107 0.0161 

PERCOLATION FROM LAYER 4 
- - - - _ _ _ - _ _ - - - - - _ _ _ _ _ _ _ _ _ _  

TOTALS 0.3376 0.3081 0.3394 0.3289 0.3402 0.3292 
0.3399 0.3391 0.3274 0.3376 0,3261 0.3369 

STD. DEVIATIONS 0.0051 0.0081 0.0064 0.0066 0.0068 0.0066 
0.0066 0.0060 0.0054 0.0053 0.0050 0.0051 

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

0691558 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

(CU.  FT..) PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

_ _ _ _ _ _ _ _ _ _ _  - - - - - - - 
( INCHES 1 

_ _ _ - _ - _ _ _ _ _ _ _ _ _ _  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 4.800 ( 3.566) 18398. 11.81 

EVAPOTRANSPIRATION 31.851 ( 3.432) 122097. 78.37 

PERCOLATION FROM LAYER 3 3.9910 ( 0.0871) 15299. 9.82 

PERCOLATION FROM LAYER 4 3.9904 ( 0.0687) 15297. 9.82 

CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 3.872) 2 .  0 . 0 0  
*******************x*************************************************** 

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

RUNOFF 2.194 8411.9 

PERCOLATION FROM LAYER 3 0.0116 44.3 

HEAD ON LAYER 3 104.6 

PERCOLATION FROM LAYER 4 0.0112 43.0 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.5200 

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  0.1391 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

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

F I N A L  WATER STORAGE A T  END OF YEAR 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - ~ - - - - - -  

( INCHES 1 ( VOL/VOL 1 
- - - - - - - - - - - - - - - - - 

LAYER 
- - - _ -  

1 6.24  0.5200 

2 47 .84  0.5200 

3 29 .93  0.4100 

4 23.99 0.0670 

SNOW WATER 0 .00  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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5 8 6 0  
FEMP-OUO2-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 4 - L a t e r a l  Drainage June 8 .  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HY DRAUL I C  CONDUCT I V I TY = 0.000199999995 CM/SEC 

- - 
- - 
- 

VERTICAL PERCOLATION LAYER 
33.60 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOLI VOL 
0.1400 VOL/VOL 
0.4969 VOL/VOL 

- 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAIJL I C  CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- - 
- - 
- 
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21 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

LATERAL DRAINAGE LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 
SLOPE - 
DRAINAGE LENGTH = 125.0 FEET 

- -  
- - 
- - 
- 

10.00 PERCENT - 

BARRIER SOIL LINER 
73.00 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- 

LAYER 5 

VERTICAL PERCOLATION LAYER 
= 358.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0628 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY . 

WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ F T  
- - 12.00 INCHES 
- - 6.2400 INCHES 

4.7640 INCHES 
- - 0.0000 INCHES 

- - 80.1122 INCHES 

- - 

- - 

~- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER 

CL I MATOLOG I CAL DATA 
_ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ _  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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21 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

J A N I J U L  FEBIAUG MARISEP APRIOCT MAYINOV JUNIDEC 

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1.35 1.99 

RUNOFF 
_ _ _ _ _ _  

TOTALS 0.000 0.361 0.567 0.074 
' 0 . 0 2 2  0.043 0.008 0.027 

STD. DEVIATIONS 0 .000  0.808 1.268 0.119 
0.048 0.096 0.014 0.046 

EVAPOTRANSPIRATION 

. 0.850 1.538 2.477 2.855 
4.138 4.272 2.250 2.018 

STD. DEVIATIONS 0.187 0.307 0 .121  0.281 
1.353 1 . 2 0 7  1.767 0.510 

TOTALS 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 0.5551 0.5675 0.6161 0.5775 
0.4824 0.4356 0.4147 0.4097 

STD. DEVIATIONS 0.1867 0.2036 0.2313 0.1856 
0.1518 0.1312 0.1613 0.1669 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.2249 0.2138 0.2332 0.2241 
0.2164 0.2108 0.2031 0.2071 

STD. DEVIATIONS 0.0235 0.0275 0 ..0298 0.0240 
0.0184 0.0165 0.0207 0.0210 

0 . 0 0 0  0 . 0 2 7  
0 . 0 0 0  0.016 

0 . 0 0 0  0.061 
0 . 0 0 0  0.036 

3.167 4.813 
1.687 0 . 9 0 1  

1.634 1.383 
0.160 0.180 

0.5557 0.5014 
0.3785 0.4533 

0.1797 0.1767 
0.1434 0.1471 

0.2265 0.2140 
0.1982 0.2127 

0.0232 0 .0221 
0.0187 0.0184 
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5860 
FEMP-OUO2-5 DRAFT 
August 24. 1994 

PERCOLATION FROM LAYER 5 

TOTALS 0.2178 0,1990 0.2197 0.2135 0,2212 0 .2143 
0.2212 0.2207 0.2128 0.2191 0.2112 0.2175 

STD. DEVIATIONS 0.0114 0.0125 0.0113 0.0112 0.0118 0.0117 
0 .0123 0.0124 0.0120 0.0125 0.0121 0 ,0122 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 

3 

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

AVERAGE ANNUAL TUTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( INCHES 1 (CU.  FT. I PERCENT 

P REC I P I T A T  I 0 N 40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 1.144 ( 2.032) 4387. 2.82 

EVAPOTRANSPIRATION 30.965 ( 3.096) 118700. 76.19 

LATERAL DRAINAGE FROM 5.9475 ( 1.8922) 22799. 14.63 
LAYER 3 

PERCOLATION FROM LAYER 4 2.5848 ( 0.2420) 9908. 6.36 

PERCOLATION FROM LAYER 5 2.5881 ( 0.1346) 9921. 6.37 

CHANGE I N  WATER STORAGE -0.003 ( 4.369) -11. - 0 . 0 1  
....................................................................... 
....................................................................... 

/ 

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 . 
( INCHES ( C U .  , F T . )  

P R E C I P I T A T I O N  2.40 9200.0 

RUNOFF 1.806 6923.3 

LATERAL DRAINAGE FROM LAYER 3 0.0279 107 .1  

PERCOLATION FROM LAYER 4 0.0085 32.7 

HEAD ON LAYER 4 58.0 

PERCOLATION FROM LAYER 5 0.0076 29.1 

SNOW WATER 1.18 4541.3 

. MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 
*****************~t**************************************************** 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 

3 

16.70 

6 .24  

0.4969 

0.5200 

4 29.93 0.4100 

5 22.47 0.0628 

SNON WATER 0 . 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 5 P C I / G  ON TERRACE SLOPE . 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 5 - L a t e r a l  Zrainage June 8 .  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - -  
- - 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
62.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 
0.4129 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC - 

- - 
- - 
- 

3 

4 

5 

6 

1 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

FER\CRU2FS\JLG\APPD-I I.TXnAugust 16. 1994 4:26prn D-1-1-57 



FEMP-OUOZ-5 DRAFT 
August 24, 1994 

LAYER 3 

LATERAL DRAINAGE LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL 
- - 0.2942 VOL/ VOL 
- - 0.1400 VOL/VOL 
- - 0.5200 VOL/VOL 

THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 
SLOPE - - 10.00 PERCENT 
DRAINAGE LENGTH = 125.0 FEET 

BARRIER S O I L  L I N E R  
= 153.00 INCHES 
- - 0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 

THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILT ING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HY DRAUL I C  CONDUCT1 V ITY = 0.000000140000 CM/SEC 

- - 0.4ioo VOL/VOL 

a 
LAYER 5 

VERTICAL PERCOLATION LAYER 
= 381.00 INCHES 

0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 

0.0200 VOL/VOL 
0.0616 VOL/VOL 

- - 
THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILT ING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 'CM/SEC 

- - 
- - 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

GENERAL SIMULATION DATA a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - -  

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ F T  
- - 1 2 . 0 0  INCHES 
- - 6.2400 INCHES 

4.7640 INCHES 
- - 0,0000 INCHES 

- - 122.8034 INCHES 

- - 

- - 

I N  

SOIL  WATER CONTENT I N I T I A L I Z E D  BY USER. 

MAXIMUM LEAF AREA INDEX ’ = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

5860 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 29 

30 

MAR1 SEP APRIOCT JUNIDEC 31 

32 

33 

- - - - - - - 
MAY I NOV 
- - - - - - - - - - - - - - - - - - - - - 

JAN/JUL F EB I AUG 
- - - - - - - - - - - - - - 

28.90 32.10 41.80 53.50 . 63.00 7 i  .40 34 

75.40 74.10 67.50 55.30 43.40 33.80 . 35 

36 

37 

38 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L -  

3 

4 

5 

6 

7 

8 

9 

IO 

I I  
12 

13 

14 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 
_ _ _ _ _ _ _ _ _ - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1 .35  1.99 

15 

RUNOFF 16 

17 _ _ _ _ _ _  
TOTALS 0.000 0 . 0 2 0  0.000 0.019 0.000 0.027 18 

STD. DEVIATIONS 0 .000  0.044 0 .000  0.042 0 . 0 0 0  0.061 21 

0.048 0.096 0.014 0.046 0 . 0 0 0  0.036 22 

0.022 0.043 0.008 0 .027  0.000 0.016 19 

20 

23 

24 

25 

EVAPOTRANSP I RATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0.848 
4.073 

1.534 
4.272 

2.470 
2.250 

2.879 3.165 4.809 
1.983 1.672 0.892 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

41 

48 

0.331 1.635 1.381 
0.526 0.138 0 .170  

STD. DEVIATIONS 0.189 
1.402 

0.311 
1 . 2 0 7  

0.128 
1 .767  

LATERAL DRAINAGE FROM LAYER 

TOTALS 0.6474 
0.6080 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
3 

0.6642 
0.5484 

_ _  
0.7522 
0.5174 

0.7653 0.7356 0.6404 
0.5112 0.4693 0.5420 

STD. DEVIATIONS 0.2162 
0.2508 

0.2375 
0.2169 

0.3092 
0.2122 

0.3478 0.3369 0.2899 
0.2103 0.1820 0.1574 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.1888 
0.1869 

0.1894 0.1930 0.1833 
0.1817 0.1745 0.1837 

0.1757 
0.1839 

0.1939 
'0 .1771  

0.0165 0.0161 0.0145 
0.0118 0.0106 0.0089 

STD. DEVIATIONS 0.0115 0.0138 0.0157 
0.0128 0.0116 0.0117 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

PERCOLATION FROM LAYER 5 

TOTALS 0 . 1 8 6 6  0 .1700  0 . 1 8 7 2  0 .1816  0 . 1 8 8 1  0 . 1 8 2 2  
0 . 1 8 8 3  0 .1881  0.1817 0 .1875  0 . 1 8 1 1  0 . 1 8 6 8  

STD.  D E V I A T I O N S  0 .0062  0 . 0 0 7 8  0 . 0 0 5 8  0 .0056  0 .0058  0 . 0 0 5 8  
0 .0061  0 .0063  0 .0062  0 . 0 0 6 4  0 .0062  0 .0062  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

L 

P R EC I P I T A T  I ON 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM 
LAYER 3 

PERCOLATION FROM LAYER 4 

PERCOLATION FROM LAYER 5 

CHANGE I N  WATER STORAGE 

( C U .  FT. PERCENT 
- - - - - - - _ - - - - - - - - - -  

( INCHES I 
_ - - - - - - _ - - - - - - - -  

40.64 ( 6.929) 155794. 100.00 

0.181 ( 0.096) 694. 0.45 

30.847 ( 2.971) 118246. 75.90 

7.4015 ( 2.7185) 28372. 18.21 

2.2120 ( 0.1419) 8479. 5.44 

2.2092 ( 0.0686) 8469. 5.44 

0.003 ( 4.792) 13. 0 . 0 1  

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

PREC I P I T A T  I ON 

RUNOFF 

LATERAL DRAINAGE FROM LAYER 3 

PERCOLATION FROM LAYER 4 

HEAD-ON LAYER 4 

PERCOLATION FROM LAYER 5 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  

( INCHES 1 

2.40 

0.214 

0.0441 

0.0072 

- - - - - - - - 

77.4 

0.0063 

1.18 

0.4811 

, 0.1391 

( C U .  FT . )  
- - - - - - - - - 

9200.0 

819.0 

169.0 

27.5 

24.2 

4541.3 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 
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I I  
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2 25.60 0.4129 

3 6.24 - 0.5200 

4 62.73 ~ 0.4100 

5 23.48 0.0616 

SNGh WATER 0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUOZ-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 6G P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 3 June 8 .  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

- - 0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- - 

LAYER 2 

BARRIER SOIL LINER 
40.80 INCHES - - 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- - 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

VERTICAL PERCOLATION LAYER 
= 317.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 V O L I V O L  
- - 0.0200 VOL/VOL 
- - 0.0583 V O L D O L  

THICKNESS 
POROS I T Y  
F I E L D  CAPACITY 
W I L T I N G  P O I N T  
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

G.ENERAL SIMULATION DATA 

68.00  
= 46000. SQ F T  
- - 12 .00  INCHES 
- - 6.2400 INCHES 

6.2400 INCHES 
- - 0.0000 INCHES 

- - 41.4491 INCHES 

- SCS RUNOFF CURVE NUMBER - 

TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG . STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

- - 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. a 
C L  I MATOLOG I CAL DATA 
_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

DEFAULT R A I N F A L L  W I T H  SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR R A D I A T I O N  FOR C I N C I N N A T I  O H I O  

MAXIMUM L E A F  AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32 .10  41.80 53.50 63.00 71.40 
75.40 - 74.10 - 67 .50-  - 55730 43 .40-  33.80 
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28 

29 
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31 

32 

33 

34 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - - - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _  

JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ - - - - -  

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

3.33 
3.54 

0.56 
2.04 

1.835 
0 . 0 2 0  

1.133 
0.045 

0.848 
5.749 

0.186 
1.414 

PERCOLATION FROM LAYER 2 
_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.1602 
0 .1017  

STD. DEVIATIONS 0.0662 
0.0252 

STD. DEVIATIONS 0.0143 
0.0126 

1.59 
4.80 

1.34 
1.04 

0.761 
0.043 

1.669 
0.097 

1.533 
4.307 

0.308 
1.246 

0.1637 
0 .0177  

0.0133 
0.0312 

0.1121 
0.1285 

0.0143 
0.0112 

- - - - - - - 

3.86 
2.89 

1 . 7 1  
2 ..17 

1.096 
0.241 

1.681 
0.523 

2 . 4 7 1  
2.302 

0.124 
1 .771  

0.1776 
0.0340 

0.0112 
0.0759 

0.1258 
0.1195 

0.0147 
0.0097 

_ _ _ _ _ - _ 

3.11 
3.33 

0.63 
1.37 

0.451 
0.026 

0.523 
0.046 

2.865 
1.985 

0.279 
0.496 

0.1696 
0.0639 

0.0043 
0.0698 

0.1242 
0 .  I195 

0.0139 
0.0106 

MAY/NOV JUN/DEC 
_ - - _ _ - - 

3.36 
2.69 

1.78 
1.35 

0 . 0 0 0  
0 .007  

0 . 0 0 0  
0.016 

3.121 
1.658 

1.675 
0.157 

0 .1711  
0.1103 

0.0034 
0.0764 

0.1306 
0.1145 

0.0139 
0 .0117 

- - - - - - - 

4.79 
3.36 

1.24 
1.99 

0.218 
1.704 

0.438 
1.647 

5.021 
0.900 

1.245 
0.169 

0.1630 
0.1462 

0.0065 
0.0812 

0.1283 
0.1191 

0.0130 
0.0133 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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5 8 6 8  
FEMP-OU02-5 DRAFT 
August 24, 1994 

....................... e k **, k************************************* 

RUNOFF 6.403 ( 3.594) 24545. 15.75 

EVAPOTRANSPIRATION 32.760 ( 3.107) 125580. 80.61 

PERCOLATION FROM LAYER 2 1.4789 ( 0.3159) 5669. 3.64 

PERCOLATION FROM LAYER 3 1.4762 ( 0.1435) 5659. 3.63 

CHANGE I N  WATER STORAGE 0.003 ( 2.779) 1 0 .  0 . 0 1  

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

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

RUNOFF 2.252 8631.3 

PERCOLATION FROM LAYER 2 0.0062 23.7 

HEAD ON LAYER 2 12.4 

PERCOLATION FROM LAYER 3 0.0048 18.5 

, SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 
f ....................................................................... 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

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

3 18.49 0.0583 

SNOW WATER 0 .00  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 60 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 4 - L a t e r a l  Drainage June 8 ,  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

- - 0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- - 

VERTICAL PERCOLATION LAYER 
80.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3810 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAU!. I C  CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

’ WILTING POINT 

1 
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EMP-OUO2-5 DRAFT 
August 24. 1994 

LATERAL DRAINAGE LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 

'WILTING POINT 
INITIAL SOIL NATER CONTENT 

- - 
- - 
- - 

SATURATED HY DRAUL I C  CONDUCT I V I TY = 
SLOPE - - 10.00 PERCENT 

0.000199999995 CM/SEC 

DRAINAGE LENGTH = 125.0 FEET 

BARRIER SOIL LINER 
- - 73 .00  INCHES 
- - 0.4100 VOL/VOL 

0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 

0.4100 VOL/VOL 

THICKNESS 
POROSITY 
F I ELD CAPAC ITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 

- - 

L -  

3 
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5 
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9 

IO 

I I  
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15 

16 

17 
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19 
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21 

22 

23 

24 

2.5 

VERTICAL PERCOLATION LAYER 
= 358.00 INCHES 

0.3900 VOL/VOL 
0.. 0454 VOL/ VOL 
0.0200 VOL/VOL 
0.0629 VOL/ VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = . 0.015900000930 CM/SEC 

- - 
- - 
- - 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

GENERAL SIMULATION DATA 

68.00 
= 46000. SQ FT 
- - 12.00  INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

- - -6.2400 INCHES 
4.7640 INCHES 
0.0000 INCHES 

- - 93.9322 INCHES 

- - 
- - 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER 

CL I MATOLOG I CAL DATA 
_ - - - - - - - - - - - - - - - - - -  

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N A T I  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00.  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

J A N I J U L  F EB I AUG MAR1 S E P APRIOCT MAY1 NOV JUNIDEC 
D 

28.90 32.10 41.80 . 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

JAN/ JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 
_ _ - _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ - _  - - _ _ - _ _  _ _ - - - - _  

P R EC I P I TAT I ON 
- - - - - - - - _ - - _ -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24 
2.04 1.04 2.17 1.37 1..35 1.99 

RUNOFF 
- - - _ - -  

TOTALS 0 .000  0.020 0.000 0.019 0.000 0.027 
0.022 0.043 0.008 0.027 0.000 0.016 

STD. DEVIATIONS 0.000 0.044 0.000 '0.042 0.000 0.061 
0.048 0.096 0.014 0.046 0.000 0.036 

EVAPOTRANSPIRATION 
- - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _  

TOTALS 0.848 
4.073 

STD. DEVIATIONS 0.189 
1.402 

LATERAL DRAINAGE FROM LAYER 

TOTALS . O .  6089 
0.5686 

_ - _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

STD. DEVIATIONS 0.2086 
0.2405 

PERCOLATION FROM LAYER 4 
- - - - - - _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _  

TOTALS 0.2300 
0.2256 

STD. DEVIATIONS 0.0242 
0.0265 

FER\CRUZFS\JLG\APPD-I I.TXnAugusr 16. 1994 4:26pm 

1.534 . 2.470 2.879 3.165 4.809 
4.272 2.250 1.983 1.672 0.892 

0.311 0.128 0.331 1.635 1.381 
1.207 1.767 .0.526 Oil38 0.170 

3 

0.6270 0.7105 0.7246 0.6933 0.6011 
0.5107 0.4816 0.4751 0.4288 -0.5054 

0.2293 0.2991 0.3389 0.3255 0.2792 
0.2072 0.2033 0.2016 0.1842 0.1521 

0.2171 0.2403 0.2360 0.2383 0.2234 
0.2192 0.2104 0.2148 0.2040 0.2190 

0.0273 0.0326 0.0340 0.0335 0.0300 
0.0238 0.0242 0.0244 0.0235 0.0186 

D- 1-1-72 
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5 8 6-0 
FEMP-OU02-5 DRAFT 
August 24. 1994 

TOTALS 0.2251 0.2055 0.2267 0.2205 0.2288 0.2218 
0.2292 0.2287 0.2206 0 .2271 0.2188 0.2252 

STD. DEVIATIONS 0.0145 0.0157 0.0139 0.0135 0.0143 0.0143 
0.0152 0.0155 0.0151 0.0157 0.0151 0.0152 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.971) 118246. 75.90 

LATERAL DRAINAGE FROM 6.9354 ( 2.6264) 26586. 17.06 

PERCOLATION FROM LAYER 4 2.6783 ( 0.2955) 10267. 6.59 

PERCOLATION FROM LAYER 5 2.6778 ( 0.1651) 10265. 6.59 

CHANGE I N  WATER STORAGE 0.001 ( 4.812) 3 .  0 . 0 0  

LAYER 3 

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

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

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 
- - - - - - - - - - - - - _  

P R E C I P I T A T  I ON 

RUNOFF 

LATERAL DRAINAGE 

PERCOLATION FROM 

HEAD ON LAYER 4 

PERCOLATION FROM 

SNOW. WATER 

( INCHES 1 

2.40 

0.214 

- - - - - - - - 

FROM LAYER 3 0.0422 

LAYER 4 0.0096 

73.5 

LAYER 5 0.0080 

1.18 

( C U .  F T . )  

9200.0 

819.0 

161.7 

36.6 

- - - - _ -  - - -  

30.6 

4541.3 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.4811 

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  0.1391 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

FINAL WATER STORAGE AT END OF YEAR 78 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

( VOL/ VOL 1 
- - - - - - - - - 

( INCHES 1 
- - - - - - - - 

LAYER 
_ _ _ _ _  

1 4 . 7 6  0.3970 

30.48 

6.24 

29.93 

22.52 

0.3810 

0.5200 

0.4100 

0.0629 

SNOW WATER 0 .00  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 60 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 5 - L a t e r a l  Drainage June 8 .  1994 

8 

9 

in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F A I R  GRASS 
, 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCT1 V ITY = 0.000199999995 CM/SEC 

- 
- - 
- - 
- 

/ 

LAYER 2 

VERTICAL PERCOLATION LAYER 
47.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.4491 VOL/VOL 

- - 
TH I CKN ESS 
POROS I TY 
FIELD CAPACITY . 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

.- 
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i ' 5 8 6 9  
FEMP-OUO2-5 DRAFT 
August%, 1994 

LAYER 3 I 

2 
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21 
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43 

44 

45 

LATERAL DRAINAGE LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 
- - 0.1400 VOL/VOL 
- - 0.5200 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 
SLOPE - - 10.00 PERCENT 
DRAINAGE LENGTH = 125.0 FEET 

INITIAL SOIL WATER CONTENT 

BARRIER SOIL LINER 
= 141.00 I INCHES 
- - 0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

THICKNESS 
POROSITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

LAYER 5 
- - - - - - - -  

VERTICAL PERCOLATION LAYER 
= 372.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 
- - 0.0617 VOL/VOL 
= 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HY DRAUL I C  CONDUCT I V I TY 0.015900000930 CM/SEC 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

GENERAL SIMULATION DATA i 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00  
= 46000. SQ F T  
- - 12 .00  INCHES 
- - . 6.2400 INCHES 
- - 4.7640 INCHES 
- - 0,0000 INCHES 

- - 112.8741 INCHES 

- - 

I N  

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

CLIMATOLOGICAL DATA 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00  
START-OF-GROWING SEASON (JULIAN DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71 .40  
75 .40  74.10 67.50 55.30 43.40 33 .80  

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

Ia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 2 

3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - _ - - - - - -  

PREC I P I TAT I ON 
_ _ _ - - _ - - _ _ - - _  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  

TOTALS 

STD. DEVIATIONS 

3.33 
3.54 

0.56 
2.04 

0 . 0 0 0  
0 . 0 2 2  

0 . 0 0 0  
0.048 

0.848 
4.074 

0.189 
1.400 

LATERAL DRAINAGE FROM LAYER 

TOTALS 0.6245 
0.5702 

- - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

STD. DEVIATIONS 0.2054 
0.2096 

PERCOLATION FROM LAYER 4 

TOTALS 0.1911 
0.1883 

STD. DEVIATIONS 0.0122 
0.0121 

1.59 
4.80 

1.34 
1.04 

0 . 0 2 0  
0.043 

0.044 
0.096 

1.534 
4.272 

0.311 
1 . 2 0 7  

3.86 3.11 3.36 
2.89 3.33 2.69 

1.71 0.63 1.78 
2 . 1 7  1.37 1.35 

0.395 0.019 0 . 0 0 0  
0.008 0.027 0 . 0 0 0  

0.884 0.042 0 . 0 0 0  
0.014 0.046 0 . 0 0 0  

2.470 2.879. 3.165 
2.250 1.983 1.672 

0.128 0.331 1.635 
1.767 0.526 0.138 

3 

0.6447 0.7270 0.6962 0.6725 
0.5152 0.4890 0.4849 0.4461 

_ -  

0.2303 0.3006 0.2631 0.2592 
0.1816 0.1930 0.1978 0 . 1 7 0 1  

0.1782 0.1971 0.1905 0.1942 
0.1851 0.1784 0.1831 0.1758 

0.0146 0.0177 0.0151 0.0149 
0.0109 0.0118 0.0122 0.0109 

0.1718 0.1892 0.1836 0.1901 
0.1900 0.1835 0.1893 0.1828 

4.79 
3.36 

1.24 
1.99 

0 .027  
0.016 

0.061 
0.036 

4.809 
0.892 

1.381 
0 . 1 7 0  

0.5962 
0.5196 

0.2401 
0.1539 

0.1846 
0.1855 

0.0137 
0.0096 

0.1841 
0.1885 

0.0078 0.0059 0.0058 0.0061 STD. DEVIATIONS 0.0062 0.0060 
0.0064 0.0065 0.0064 0.0066 0.0064 0.0065 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 

5 
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7 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 
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20 

21 
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23 

24 

25 

27 “a 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
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49 
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0 

FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78 

(CU. FT. ) PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - _ - - _ - - - - - - - - _ - - -  

- - - - - - - 
( INCHES 1 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ - - - - - - -  
PRECIPITATION 40.64 ( 6.929) 155794. 100.00 

RUNOFF 0.576 ( 0.919) 2209. 1.42 

EVAPOTRANSPIRATION 30.848 ( 2.971) 118251. 75.90 

, 

LATERAL.DRAINAGE FROM 6.9860 ( 2.3927) 26780. 17.19 
LAYER 3 

PERCOLATION FROM LAYER 4 2.2319 ( 0.1426) 8556. 5.49 

PERCOLATION FROM LAYER 5 2.2314 ( 0.0710) 8554. 5.49 

CHANGE I N  WATER STORAGE 0.000 ( 4.600) 1. 0.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREC I P I  

RUNOFF 

LATERAL 

PERCOLA 

HEAD ON 

AT I ON 

DRAINAGE FROM LAYER 3 

ION FROM LAYER 4 

LAYER 4 

PERCOLATION FROM LAYER 5 

SNOW WATER 

MAXIMUM'VEG. S O I L  WATER (VOL/VOL) 

( INCHES (CU. F T . )  

2.40 9200.0 

0.601 2303.7 

0.0378 145.0 

0.0072 27.4 

- - - - - - - - - - - - - - - - - 

71.0 

0.0064 24.4 

1.18 4541.3 

0.5200 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

- .  - _ _  _ _  ._ - - - -  ----49 - - 

- -MINIMUM -VEG-. SOIL- WATER- (VOL-/VOL--- -- -- o~i39i 50 

51 

52 

53 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
001.598 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

FTNAL WATER STORAGE A T  END OF YEAR 78 

LAYER ( INCHES 1 ( VOL/VOL 1 

1 4.76 0.3970 
- - - - -  - - - - - - - - - - - - - - - - - 

2 21.11 0.4491 

3 6.24 0.5200 

4 57.81 0.4100 

5 22.96 0.0617 

SNOW WATER 0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 900 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 1 July 7 ,  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3970 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
= 166.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.3374 VOL/VOL 

- - 
THICKNESS 
POROSITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

1 

2 

3 

1 

5 

h 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 ~ 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
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40 
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47 

. . .. 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

LAYER 3 

VERTICAL PERCOLATION LAYER 
= 262.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0733 VOL/VOL 

- - 
THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- - 

GENERAL SIMULATION DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

68.00 

12.00 INCHES 

- SCS RUNOFF CURVE NUMBER - 

TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE I N  

S O I L  AND WASTE LAYERS 

= 46000. SQ F T  - - 
6.2400 INCHES 
4.7640 INCHES 
0.0000 INCHES 

79.9770 INCHES 

- - 
- - 
- - 

- - 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER 

CL I MATOLOG I CAL DATA 
_ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 2 .00  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON (JUL IAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53 .50  .63 .00  71 .40  
75.40 74 .10  67.50 55 .30  - 4 3 . 4 0  33 .80  

3 

4 

5 

b 

1 

8 

9 

10 

II 

12 

13 

14 
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33 
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0 5 8 6 0  
FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JAN/JUL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - - - - _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ -  _ _ _ - - _ _  _ _ _ _ _ _ _  

PREC I P I TAT I ON 
_ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1.35 . 1.99 

RUNOFF 

TOTALS 0 .000 0 .020  0.000 0.019 0 . 0 0 0  0 . 0 2 7  
0 . 0 2 2  0.043 0.008 0 . 0 2 7  0 . 0 0 0  0.016 

STD. DEVIATIONS 0 .000 0.044 0 .000  0.042 0 . 0 0 0  0.061 
0.048 0.096 0.014 0.046 0 . 0 0 0  0.036 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ - - _ - _ _ _ - _  

TOTALS 0.848 1:534 2.470 2.879 3.165 -4.809 
4.073 4.272 2.250 1.984 1.672 0.892 

STD. DEVIATIONS 0.189 0.311 0.128 0.332 1.635 1.381 
1.402 1 .207  1..767 0.527 0.138 0 . 1 7 0  

PERCOLATION FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.6834 0.6988 0.8672 0.9518 1.0246 0.9432 
0.8952 0.8131 0.7246 0.7095 0.6508 0.6504 

STD. DEVIATIONS 0.2029 0.2207 0.3159 0.4493 0.5347 0.4778 
0.4174 0.3395 0.2724 0.2563 0.2253 0.2075 

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

1 

2 

3 

4 

5 

6 

1 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

FER\CRUZFSULG\APPD-I 1.TXnAugust 16. 1994 4:26pm D- 1-1-84 



FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & (STD.  DEVIAT IONS)  FOR YEARS 74 THROUGH 78 

( INCHES 1 (CU. FT. 1 PERCENT ,- 

PREC I P I T A T  I ON 40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.971) 118247. 75.90 

PERCOLATION FROM LAYER 3 9.6125 ( 3.7688) 36848. 23.65 

CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 4.903) 5 .  0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

MAXIMUM VEG. S O I L  WATER. (VOL/VOL)  0.4811 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 
....................................................................... 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

2 56.01 0.3374 

3 19.21 0.0733 

SNOW WATER 0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FXMP-OU02-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 900 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 2 July 7 ,  1994 

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

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

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

LAYER 2 

VERTICAL PERCOLATION LAYER 
= 104.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOLNOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
'THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 
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21 
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5 8 6 0  
FEMP-OU02-5 DRAFT 
August 24. 1994 

BARRIER SOIL LINER 
76.00 INCHES - - 

- 0.4100 VOL/VOL 
THICKNESS 

0.3710 VOL/VOL 
POROSITY 

- 0.2510 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4100 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- - 
- 

LAYER 4 

VERTICAL PERCOLATION LAYER 
= 355.00 INCHES 

0.3900 VOL/VOL 
THICKNESS 

- 0.0454 VOL/VOL 
POROS ITY 

0.0200 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0674 ‘VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- 
- - 

GENERAL SIMULATION DATA 

68.00 
= 46000. SQ FT 
- 12.00 INCHES 
- 6.2400 INCHES 
- 6.2400 INCHES 

0.0000 INCHES 

SOIL AND WASTE LAYERS - - 115.4070 INCHES 

- SCS RUNOFF CURVE NUMBER - 

TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT - 
INITIAL TOTAL WATER STORAGE I N  

- 
- 
- 
- 

SOIL WATER CONTENT INITIALIZED BY USER. 

i 

7 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  
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14 

15 

16 

17 
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19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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42 
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4 6 .  

(joa.-<-. d39 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

CL- IMATOLOG I C A L  DATA 
_ - _ - - _ - - _ _ - - - - - - - - -  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI  OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN I JUL  F E B I  AUG MAR1 S E P APRIOCT MAY I NOV JUNIDEC 
- - - - - - _ - - - - - - - _ _ -  _ - _  - - - - - - - - - - - - - - - - - - - - - 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

3 

4 

5 

6 

7 

8 

9 

10 

I I  
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14 

15 

16 
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20 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 
_ _ - - - - _ - _ _ _ _ _ - _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ - - - - _ _ - - - - - - - - - - - - - - - _ - - - - - - - _ - - -  

a 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - _ _ _ _ _  _ _ _ - _ _ _  _ _ _ - - _ _  _ _ _ _ _ _ _  - - _ _ _ - _  _ - - - _ - -  

P R E C I P I TAT I ON 
- - _ _ - - - _ - - _ _ _  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1 . 0 4  2 . 1 7  1.37 1.35 1.99 

RUNOFF 
_ _ - _ - -  

TOTALS 1.610 0 . 7 2 2  1 .001  0.333 0 . 0 0 0  0 , 0 2 7  
0 . 0 2 1  0.043 0.123 0 . 0 2 7  0 . 0 0 0  0 . 7 7 4  

STD. DEVIATIONS 0.995 1.615 1.580 0.481 0 . 0 0 0  0.061 
0.047 0.097 0.259 0.046 0 . 0 0 0  1.397 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ - _ _ _ - - - _ -  

TOTALS 0.849 1.535 2.474 2.866 3.169 5.001 
4.801 4.269 2.252 2 . 0 0 1  1 .672  0.901 

STD. DEVIATIONS 0.186 0.307 0.123 0.279 1.637 1.320 
1.183 1 .201  1.766 0.498 0.152 . 0.173 

a 
PERCOLATION FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.3633 0.3296 0.3601 0.3476 0.3569 0.3430 
0.3497 0.3464 0.3363 0.3461 0.3356 0.3564 

STD. DEVIATIONS 0.0175 0 .0171 0.0154 0.0085 0 . 0 0 7 1  0.0080 
0 , 0 0 2 1  0 .0007  0.0080 0.0079 0.0103 0.0158 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.3529 0.3220 0.3546 0.3437 0.3555 0.3440 
0.3551 0.3544 0.3422 0.3529 0.3409 0.3521 

STD. DEVIATIONS 0.0052 0.0084 0.0065 0.0068 0 .0070  0.0068 
0.0068 0.0061 0.0055 0.0054 0.0051 0 .0052  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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28 

29 
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31 

32 

33 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( C U .  FT. 1 PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

_ _ _ _ _ _ _ _ _ _ _  - _ - - - - - 
( INCHES 1 

_ _ _ _ _ _ _ _ _ - - - - - - -  

P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 4.682 ( 3.527) 17947. 11.52 

EVAPOTRANSPIRATION 31.789 ( 3.486) 121859. 78.22 

PERCOLATION FROM LAYER 3 4.1710 ( 0.0879) 15989. 10.26 

PERCOLATION FROM LAYER 4 4.1702 ( 0 . 0 7 0 1 )  15986. 10.26 

CHANGE I N  WATER STORAGE 0.001 ( 3.890) 3 .  0 . 0 0  

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

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

P R E C I P I T A T I O N  

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  

MINIMUM VEG. S O I L  WATER (VOL/VOL)  

2.40 

2.189 

0 .0121  

116.6 

0.0117 

1.18 

0.5200 

0.1391 

9200.0 

8391.5 

46.2 

44.9 

4541.3 

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

2 I. 

3. 
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29 
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31 
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33 
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5 8 6 0  
FEMP-OU02-5 DRAFT 
August 24, 1994 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 54.08 0.5200 

3 31.16 0.4100 

4 23.93 0.0674 

SNOW WATER .o.oo 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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29 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 900 P C I / G  
SOUTH FIELD AND INACTIVE 

ON TERRACE SLOPE 
FLYASH PILE 

ZONE 2 - L a t e r a l  Drainage , J u l y  7 .  1994 

I ....................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 

- - 0.3970 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 

VERTICAL PERCOLATION LAYER 
92.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 
0.3702 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

3 
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21 
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5 8 6 0  
FEMP-OUOZ-5 DRAFT 
August 24. 1994 

LATERAL DRAINAGE LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 

0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 
SLOPE - - 10.00 PERCENT 
DRAINAGE LENGTH = 125.0 FEET 

- - 
- - 

BARRIER SOIL LINER 
- - 76.00 INCHES 

0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 

0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
TH I CKN ESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- 

8 
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IO 
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45 

VERTICAL PERCOLATION LAYER 
= 355.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0628 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- 
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EMP-OU02-5 DRAFT 
August 24. 1994 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L IMIT  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

SOIL  AND WASTE LAYERS 

68.00 

12.00 INCHES 

- - 
= 46000. SQ F T  

- - 6.2400 INCHES 
4.7640 INCHES 

- - 0.0000 INCHES 

- - 98.5164 INCHES 

- - 

- - 

I N  

SOIL WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OH I O  

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

28.90 
75.40 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

MAY I NOV JUN/DEC 
- - - - - - - - - - - - - - 

APRIOCT 
- - - - - - - 

FEBIAUG MARISEP 
- - - - - - - - - - - - - - 

32.10 41.80 53.50 63.00 71.40 
74.10 67.50 55.30 43.40 33.80 

FER\CRUZFSULC\APPD- 1 I .TXllAugust 16. I994 4:26pm D- 1-1-95 
001606 
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5860 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3:54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  
2.04 ;1.04 2 . 1 7  

RUNOFF 
- - - - - -  

TOTALS 0 .000  0 . 0 2 0  0.000 
0 .022  0.043 0.008 

STD. DEVIATIONS 0 .000  0.044 0.000 
0.048 0.096 0.014 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0.848 1.534 2.470 
4.073 4.272. 2.250 

STD. DEVIATIONS 0.189 0.311 0.128 
1.402 1 .207  1.767 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 0.6127 0.6307 0.7144 
0.5720 0.5139 0.4846 

STD. DEVIATIONS 0.2090 0.2298 0.2997 
0.2410 0 .2077  0.2039 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.2272 6 0.2142 0.2370 
0.2229 0.2167 0.2081 

STD. DEVIATIONS 0.0232 0.0263 0.0314 
0.0254 0.0229 0.0232 

P 

0.63 1.78 1.24 
1.37 1.35 1.99 

0.019 0 . 0 0 0  0 .027  
0 . 0 2 7  0 . 0 0 0  0.016 

0.042 0 . 0 0 0  0.061 
0.046 0 . 0 0 0  0.036 

2.879 3.165 4.809 
1.983 1 .672  0.892 

0.331 1.635 1.381 
0.526 0.138 0 . 1 7 0  

0.7285 0.6971 0.6045 
0.4737 0.4287 0.5083 * 

0.3395 0.3261 0,2798 
0.2083 0.1897 0.1530 

0.2327 0.2351 0.2206 
0.2118 0.2015 0.2165 

0.0327 0.0321 0.0288 
0.0245 0.0234 0,0179 
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28 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

PERCOLATION FROM LAYER 5 
- _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  

TOTALS 0.2222 0.2028 0.2237 0.2176 0.2258 0 .2189 
0.2262 0.2257 0.2177 0.2242 0.2160 0 .2223 

STD. DEVIATIONS 0.0141 0.0152 0.0134 0.0131 0.0138 0.0138 
0.0146 0.0149 0.0146 0.0151 0.0145 0.0147 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24. 1994 

*****************~*c*************************************************** 

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( C U .  FT. I PERCENT 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - _ - _ - _ _ _ - _ - - - - - - - - - - - - - -  

_ _ - - _ _ _ _ _ _ _  - - - - - - - 
( INCHES 1 

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 100 .00  

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.971) 118246. 75.90 

LATERAL DRAINAGE FROM 6.9692 ( 2.6448) 26715. 17.15 
LAYER 3 

PERCOLATION FROM LAYER 4 2.6445 ( 0.2858) 10137. 6.51 

PERCOLATION FROM LAYER 5 2.6432 ( 0.1592) 10132. 6.50 

CHANGE I N  WATER STORAGE 0 . 0 0 2  ( 4.813) 6 .  0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - - - _ - - - - - _ - - - - - - - - - - _ _ - - - - - - - - - - - - - - -  
(CU.  F T . )  
- - - _ - - _ - - 

( INCHES 1 
- - - - - - - - 

P R E C I P I T A T I O N  . 2.40 9200.0 

RUNOFF 0.214 819.0 

LATERAL DRAINAGE FROM LAYER 3 0.0423 162.3 

PERCOLATION FROM LAYER 4 0.0094 36.0 

HEAD ON LAYER 4 73.7 

PERCOLATION FROM LAYER 5 0.0079 30.1 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.4811 

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  0.1391 - 
_ _  -- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24. 1994 
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‘ 5 8 6 0  
FEMP-OUO2-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 900 P C I / G  ON TERRACE SLOPE 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 3 - Latera l  Drainage July 7 .  1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ’ 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL 
- - 0.2942 VOL/VOL 
- - 0.1400 VOL/VOL 
- - 0.3970 VOL/VOL 

.’ THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
- - 82.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 

- - 0.1400 VOL/VOL 
0.3836 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 

- - 

i 

2 

3 

4 

5 

6 
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21 
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LAYER 3 

FEMP-OU02-5 DRAFT 
August 24. 1994 

LATERAL DRAINAGE LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOLI VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

10 .00  PERCENT . 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVlTY = . 0.000199999995 CM/SEC 
SLOPE - 
DRAINAGE LENGTH = 125.0 FEET 

- - 
- - 
- 

- 

LAYER 4 

BARRIER SOIL LINER 
= 141.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- 

VERTICAL PERCOLATION LAYER 
= 362.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOLI VOL 
0.0200 VOL/VOL 
0.0617 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- 

FERKRUZFSULCAAPPD-I LTXnAugust 16. 1994 4:26pm D- 1-1- 101 
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5 8 6 0  
FEMP-OUOZ-5 DRAFT 
August 24, 1994 

GENERAL SIMULATION DATA 
. . . . . . . . . . . . . . . . . . . . . . .  

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 1 2 . 0 0  INCHES 
- - 6.2400 INCHES 
- - 4.7640 INCHES 
- - 0,0000 INCHES 

- - 122.6046 INCHES 

- - 

I N  

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATIOF! FOR C I N C I N N A T I  OHIO 

MAXIMUM LEAF AREA INDEX = 2.00 
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80. 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

I ?  

13 

14 

15 

16 

17 

18 

19 

20 

7-1 
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21 
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EMP-OUOZ-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ - _ _  _ _ _ _ _ _ _  - - - - - - -  - - - - - - -  

PREC I P I TAT I ON 

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2 . 8 9 .  3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 .17  1.37 1.35 1.99 

RUNOFF 

TOTALS 0 .000  0.020 0 . 0 0 0  0.019 0 . 0 0 0  0 . 0 2 7  
0 . 0 2 2  0.043 0.008 0 .027  0 . 0 0 0  0.016 

STD. DEVIATIONS 0 .000  0.044 0.000 0.042 0 . 0 0 0  0.061 
0.048 0.096 0.014, 0.046 0 . 0 0 0  0.036 

EVAPOTRANSPIRATION 

TOTALS 0.848 .1.534 2.470 2.879 3.165 4.809 
4.073 4.272 2.250 1.983 1.672 0.892 

STD. DEVIATIONS 0.189 0.311 0.128 0.331 1.635 1.381 
1.402 1 .207  1.767 0.526 0.138 0 . 1 7 0  

LATERAL DRAINAGE FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.6443 0.6612 0.7488’ 0.7630 0.7321 0.6372 
0.6047 0.5452 0.5145 0.5082 0.4665 0.5390 

STD. DEVIATIONS 0.2156 0.2368 0.3084 0.3490 0.3359 0.2890 
0.2499 0.2160 0.2115 0.2097 0.1814 0.1569 

PERCOLATION FROM LAYER 4 

TOTALS 0.1921 0.1790 0.1976 . 0.1931 0.1967 0.1866 
0.1901 0.1868 0.1799 0.1845 0.1771 0.1866 

STD. DEVIATIONS 0.0125 0.0149 0 .0170  0 .0177  0.0175 0.0157 
0.0139 0.0125 0.0127 0.0128 0.0115 0.0096 

PERCOLATION FROM LAYER 5 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.1897 0.1729 0.1904 0.1848 0.1914 0.1854 
0.1916 0.1914 0.1849 0.1907 0.1841 0.1899 

STD. DEVIATIONS 0 .0070  0.0086 0.0066 .O. 0064 0.0067 0.0066 
0 .0070  0 .0072 0.0070 0.0073 0 .0070  0 . 0 0 7 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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31 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e i 

z 

P R E C I P I T A T I O N  

RUNOFF 0.181 ( 0.096) 694. 0.45 

EVAPOTRANSPIRATION 30.847 ( 2.971)- 118246. 75.90 

LATERAL DRAINAGE FROM 7.3647 ( 2.7123) 28231. 18.12 
LAYER 3 

PERCOLATION FROM LAYER 4 2.2500 ( 0.1538) 8625. 5.54 

PERCOLATION FROM LAYER 5 2.2471 ( 0.0778) 8614. 5.53 

CHANGE I N  WATER STORAGE 0 . 0 0 2  ( 4.794) 9 .  0 . 0 1  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

( INCHES 1 (CU.  F T . )  

P R E C I P I T A T  I ON 2.40 9200.0 

RUNOFF 0.214 819.0 

LATERAL DRAINAGE FROM LAYER 3 0.0440 168.5 

PERCOLATION FROM LAYER 4 0.0073 28.0 

HEAD ON LAYER 4 75.6 

PERCOLATION FROM LAYER 5 0.0065 24.8. 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.4811 

__ __ - - -MINIMUM -VEG. S O I L  WATER-(-VOL-/-VOL)-- __ 0~1391-- - ~ - - ~  
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28 
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31 
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33 
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41 

42 

43 

44 
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47 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

F I N A L  WATER STORAGE AT 

LAYER ( INCHES 1 

1 4.76 
- _ _ _ _  - - - - - - - - 

2 31.45 

3 

4 

5 

SNOW WATER 

6.24 

57.81 

22.35 

0 . 0 0  

END OF YEAR 78 
_ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - -  

( VOL/VOL ) 

0.3970 

0.3836 

0.5200 

0.4100 

0.0617.  

_ - - - - - - - - 

. .  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
. August 24, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

3 

4 

5 TOP OF THE TERRACE - TILL PRG DEVELOPMENT - 70 pCi /g  
SOUTH FIELD 4 

ZONE 1 J u l y  12,  1994 7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I  

8 

9 

a 

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL . 

0.2942 VOL/VOL 
- - 0: 1400 VOL/VOL 

0.5200 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 

- - 

12 

13 

14 

15 

16 

17 

18 
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20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

VERTICAL PERCOLATION LAYER 
47.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SO1 L WATER CONTENT 
SATURATED HYDRCdl I C  CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- - 

41 

42 

43 

44 

45 

46 

47 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

BARRIER SOIL LINER 
= iio.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- - 

, VERTICAL PERCOLATION LAYER 
= 374.00 INCHES ‘ 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0631 VOL/VOL 

- - 
THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- 
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I I  
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14 

15 
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. 24 

25 

68.00 

12.00 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT - 

INITIAL TOTAL WATER STORAGE I N  
SOIL AND WASTE LAYERS - 

= 46000. SQ FT - - 
6.2400 INCHES 
6.2400 INCHES 
0 .0000 INCHES 

99.3794 INCHES 

- - 
- - 
- 

- 

SOIL WATER CONTENT INITIALIZED BY USER, 
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DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

FEMP-OUO2-5 DRAFT 
August 24. 1994 

.~ 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

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

- 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

P R EC I P I TAT I ON 
_ _ _ - _ _ _ - _ - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- _ _ - - -  

TOTALS 

STD. DEVIATIONS 

3.33 
3.54 

0.56 
2.04 

1.814 
0 . 0 2 0  

1.125 
0.045 

0.848 
5.485 

1.59 3.86 3.11 3.36 4.79 
4.80 2.89 3.33 2.69 3.36 

1.34 1.71 0.63 1.78 '1.24 
1.04 2 .17  1.37 1.35 1.99 

0.750 1.075 0.381 0 . 0 0 0  0.034 
0.043 0.186 0 .027  0 . 0 0 0  1.292 

1.660 1.659 0.535 0 . 0 0 0  0.061 
0.097 0.399 0.046 0 . 0 0 0  1.597 

1.533 2.472 2.865 3.167 5.021 
4.291 2.263 1.965 1.662 0.901 

5 8 6 0  

STD. DEVIATIONS 0.186 0.308 0.123 0.279 1.634 1.285 
1.280 1.228 1.781 0.509 0.155 0.169 

i 
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28 

29 
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31 

32 

33 

34 
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36 

37 
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PERCOLATION FROM LAYER 3 

TOTALS 0.2215 0.2010 0.2198 0.2126 0.2182 0 .2098 
0.2129 0.2098 0.2043 0.2108 0 .2054 0.2185 

STD.  DEVIATIONS 0.0098 0 .0093 0.0079 0.0029 0 .0026 0 .0036 
0 .0013 0.0004 0.0051 0.0049 0.0069 0 .0091 

PERCOLATION FROM LAYER 4 
_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

TOTALS 0.2157 0.1966 0.2164 0.2096 0.2167 0.2098 
0.2167 0.2163 0.2089 0.2156 0.2084 0.2153 

STD. DEVIATIOb!S 0.0022 0.0044 ' 0.0027 0.0027 0 .0028 0.0027 
0.0026 0.0025 0.0023 0 .0023 0 .0021 0 .0022 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 5 8 6 0  
August 24. 1994 

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

AVERAGE ANNUAL TOT.ALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78 

(CU. F T . )  PERCENT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _ - - _ _ _ _ _ _ -  - - - - - - - 
( INCHES I 

_ _ _ _ _ _ _ _ _ _ - _ _ - _ _  
PREC I P ITAT I O N  40.64 ( 6.929) 155794. 100 .00  

RUNOFF 5.623 ( 3.794) 21557. 13.84 

EVAPOTRANSPIRATION 32.474 ( 3 .083)  124483. 79.90 

PERCOLATION FROM LAYER 3 2.5447 ( .0.0433) 9755. 6 .26 

PERCOLATION FROM LAYER 4 2.5460 ( 0.0292') 9759. 6 .26 

CHANGE I N  WATER STORAGE -0.001 ( 3.438) -5 .  0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

PEAK DAILY VALUES'FOR YEARS 74 THROUGH 78 

( INCHES 1 (CU.  FT.)  

PREC I P I TAT I ON 2.40 9200.0 . 

RUNOFF 2.241 8590.7 

PERCOLATION FROM LAYER 3 0.0073 2 8 . 1  

HEAD ON LAYER 3 59 .4  

PERCOLATION FROM LAYER 4 0.0071 27.2 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5200 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.1391 

....................................................................... 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I N A L  WATER STORAGE AT END OF YEAR 78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( VOL/VOL 1 
- - - - - - - - - 

LAYER ( INCHES 1 
- - - - -  - - - - - - - - 

1 6 .24  0.5200 

2 24.44 0.5200 

3 45.10 0.4100 

4 23.59 0.0631 

S N Old WATER 0 . 0 0  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 5 8 0 
August 24. 1994 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
TOP OF THE TERRACE - TILL PRG DEVELOPMENT - 70 pCi /g  
SOUTH FIELD 
ZONE 2 July 12. 1994 

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

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

i 

1 

3 

4 

5 

b 

7 

8 

9 

IO 
I I  

12 

13 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 

- - 
POROS I TY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- a 

LAYER 2 

VERTICAL PERCOLATION LAYER 
75.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT . 
INITIAL SOIL WATER CONTENT - 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 
- 

14 

15 

16 
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18 

19 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

BARRIER SOIL LINER 
= 104.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- 
- - 
- - 
- 

LAYER 4 

VERTICAL PERCOLATION LAYER 
= 375.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0646 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- - 
- - 
- 

GENERAL SIMULATION DATA 

68.00 

12.00 INCHES 

- SCS RUNOFF CURVE NUMBER - 

TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT - 
INITIAL TOTAL WATER STORAGE I N  

SOIL AND WASTE LAYERS - 

= 46000. SQ FT 
- - 

6.2400 INCHES 
6.2400 INCHES 
0.0000 INCHES 

112.1050 INCHES 

- - 
- - 
- 

- 

SOIL WATER CONTENT INITIALIZED BY USER. 

~ ~ ~~ ~~ 
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5860 
FEMP-OUO2-5 DRAFT 
August 24. 1994 . 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

. NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

i 
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FEMP-OU02-5 ‘DRAFT 
August 24. 1994 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ - -  - - - - - - -  - - - - - - -  - - - - - - -  

PRECIPITATION 
_ _ _ _ _ _ _ - _ - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1.35 1.99 

RUNOFF 
_ _ _ _ _ _  

TOTALS 1.779 0.737 1.052 0.367 0 . 0 0 0  0.028 
0 . 0 2 1  .0.043 0 . 1 7 0  0 . 0 2 7  0 . 0 0 0  1 .127  

STD. DEVIATIONS 1 . 1 0 7  1.649 1.634 0.519 0 . 0 0 0  0.062 
0.046 0.097 0.364 0.046 0 . 0 0 0  1.573 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ _ - - _ _ - - - -  

TOTALS 0.849 1.534 2.473 2.865 3.168 5.021 
5.252 4.280 2.263 1.967 1.666 0.902 

STD. DEVIATIONS 0.186 0.307 0.123 0.279 1.636 1.285 
1 . 2 0 2  1.215 1.781 0.510 0.154 0.169 

PERCOLATION FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  

TOTALS 0.2650 0.2406 0.2631 0’. 2543 0.2613 0.2513 
0.2558 0.2528 0.2458 0.2535 0.2465 0.2614 

STD. DEVIATIONS 0 .0111  0.0109 0.0093 0.0041 0.0035 0.0045 
0 .0012  0.0005 0.0055 0.0054 0.0075 0.0103 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.2582 0.2354 0.2591 0.2510 0.2596 0.2513 
0.2595 0.2591 0.2503 0.2583 0.2496 0.2579 

STD. DEVIATIONS 0.0026 0.0054 0.0032 0.0033 0.0034 0.0033 
0.0033 0.0030 0.0027 0.0027 0.0026 0.0026 

....................................................................... 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( C U .  F T . )  PERCENT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - - - - - - - _ - -  - - - - - - - 
( I N C H E S )  

- - - - - - - - - - - - _ - - -  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 100 .00  

RUNOFF 5.351 ( 3.694) 20513. 13.17 

EVAPOTRANSPIRATION 32.239 ( 3.193) 123584. 79.33 

PERCOLATION FROM LAYER 3 3.0514 ( 0.0513) 11697. 7.51 

PERCOLATION FROM LAYER 4 3.0493 ( 0.0351) 11689. 7.50 

CHANGE I N  WATER STORAGE 0 . 0 0 2  ( 3.625) 8 .  0 . 0 1  

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

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

P REC I P I T A T  I ON 

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM V E L .  S O I L  WATER (VOL/VOL)  

MINIMUM VEG. S O I L  WATER (VOL/VOL)  

( INCHES 1 ( C U .  F T . )  

2.40 9200 : 0 

2.225 8530.3 

0.0088 33.6 

- - - - - - - - - - - - - - - - - 

87.5 .  

0.0085 32.6 

1.18 4541.3 

0.5200 

0.1391 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 8 6 0  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

2 39.00 0.5200 

3 42 .64  0.4100 

4 24.24 0.0646 

SNOW WATER 0 .00  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOP OF THE TERRACE - TILL PRG DEVELOPMENT - 70 pCi /g  
SOUTH FIELD 
ZONE 3 Ju ly  12. 1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL - - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 

0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- - 
- - 
- - 

SATURATED HYDRAULIC CONDUCT1 V ITY = 0.000199999995 CM/SEC 

VERTICAL PERCOLATION LAYER 
= 114.00 INCHES 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 
0.000199999995 CM/SEC 

- 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 

SATU RATED H Y DRAU L I C CON DUCT I V I TY = 

- 
- - 
- - 
- 
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August 24. 1994 
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BARRIER S O I L  L I N E R  
= 105.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0 .41  00 VOL / VOL 

- - 
THICKNESS 
POROS I T Y  
F I E L D  C A P A C I T Y  
W I L T I N G  P O I N T  
I N I T I A L  S O I L  WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- 

VERTICAL PERCOLATION LAYER 
= 372.00 INCHES 

0.3900 VOL/VOL 
0.0454 VOL/VOL 
0.0200 VOL/VOL 
0.0663 VOL/VOL 

- - 
THICKNESS 
POROS I T Y  
F I E L D  C A P A C I T Y  
W I L T I N G  P O I N T  
I N I T I A L  S O I L  WATER CONTENT - 

SATURATED HYDRAULIC CONDUCT1 V I T Y  = 0.015900fl00930 CM/SEC 

- - 
- - 
- 

68.00  

12 .00  INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER L I M I T  VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT - 

I N I T I A L  TOTAL WATER STORAGE I N  
S O I L  AND WASTE LAYERS - 

= 46000. SQ FT 
- - 

6.2400 INCHES 
6.2400 INCHES 
0 .0000 INCHES 

133.2336 INCHES 

- - 
- - 
- 

- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 
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FEMP-OUOZ-5 DRAF@ 
August 24. 1994 

5 8 6 8 

CLIMATOLOGICAL DATA 

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I N C I N N A T I  OH I O  

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

J A N I J U L  F EB I AUG MAR1 SEP APRIOCT MAY I NOV JUNIDEC 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

17 

28.90 32.10 41.80 53.50 63.00 71.40 18 

75.40 74.10 67.50 55.30 43.40 33.80 19 

20 

21 

22 

23 

24 

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

25 
26 

27 

J A N I J U L  FEBIAUG MARISEP APRIOCT MAYINOV JUNIDEC 28 

P R E C I P I TAT I ON 
_ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ _ _ _ _ _  

TOTALS 

STD. D E V I A T I O h S  

._ - . - -- 

STD. DEVIATIONS 

3.33 
3.54 

0.56 
2.04 

1.. 728 
0 . 0 2 1  

1.081 
0.047 

0.849 
4.984 

0.186 
1.170 

1.59 3.86 3.11 3.36 4.79 
4.80 2.89 3.33 2.69 3.36 

1.34 1 . 7 1  0.63 1.78 1.24 
1.04 2.17 1.37 1.35 1.99 

0.729 1.025 0.349 0 . 0 0 0  0.028 
0.043 0.150 0 .027  0 . 0 0 0  0.913 

1.631 1.605 0.499 0 . 0 0 0  0.062 
0.097 0.320 0.046 0 . 0 0 0  1.534 

1.534 2.473 2.866 3.169 5.006 
4.268 2.262 1.971 1 .670  0.903 

0.307 0.123 0.279 1.636 1.311 
1 . 2 0 1  1.782 0.512 0.153 0 , 1 7 0  

- ~- - - 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 - -  - 
50 

SI 
52 

53 
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PERCOLATION FROM LAYER 3 

TOTALS 0.3181 0.2889 0.3161 0.3055 0.3141 0.3023 
0.3087 0.3061 0.2972 0.3063 0.2973 0.3139 

S T D .  D E V I A T I O N S  0.0119 0.0121 0.0103 0.0052 0.0043 0 .0051 
0.0013 0.0006 0.0056 0.0057 0.0077 0 .0109 

PERCOLATION FROM LAYER 4 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  

TOTALS 0.3116 0.2840 0.3126 0.3028 0.3131 0.3030 
0.3129 0 .3123 0.3018 0.3114 0.3009 0.3109 

S T D .  D E V I A T I O N S  0.0035 0.0064 0.0042 0.0044 0 .0045 0 .0043 
0.0043 0.0040 0.0036 0.0036 0.0034 0 .0035 

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

FEMP-OUOZ-5 DRAFT 
August 24. 1994 
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4 

5 

6 

7 

8 

9 

IO 
I I  

12 

13 

14 

IS 

16 

17 

18 
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 
0 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - -  
( C U .  F T . )  PERCENT . 

_ _ _ _ _ _ _ _ _ _ _  - _ - _ _ _ - 
( INCHES 

_ _ _ _ _ - _ _ _ _ _ _ - _ _ _  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 5.013 ( 3.604) 19216. 12.33 
/ 

EVAPOTRANSPIRATION 31.955 ( 3.330) 122492. 78.62 

PERCOLATION FROM LAYER 3 3.6746 ( 0.0578) 14086. 9.04 

PERCOLATION FROM LAYER 4 3.6771 ( 0.0461) 14096. 9.05 

CHANGE I N  WATER STORAGE -0.003 ( 3.842) -10 .  - 0 . 0 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

RUNOFF 2.206 8456.9 

PERCOLATION FROM LAYER 3 0.0105 40.2 

HEAD ON LAYER 3 126.5 

PERCOLATION FROM LAYER 4 0.0103 39.3 

SNOW WATER 1.18 4541.3 

MAXIMUM VEG. S O I L .  WATER ( V O L / V O L )  0.5200 

MINIMUM V E L .  S O I L  WATER (VOL/VOL)  0.1391 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 
08 163 3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 
I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

79 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

~- 49 . - 
so 
51 

52 

53 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

2 59.28 . O .  5200 

3 43.05 0.4100 

4 24.65 0.0663 

SNOW WATER 0 . 0 0  

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

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

FER\CRUZFSULG\APPD-I I.TXnAL:usr 16. 1994 4:26pm 
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I I  

12 

13 

14 

15 
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19 

20 
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24 

28 

29 
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31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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FEMP-OUO2-5 D R A S  8 0 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REMOVE FILL TO 90 P C I / G  ON TOP OF TERRACE - CLEAN PERCHED WATER 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 1 June 13. 1994 

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

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

FAIR GRASS 

LAYER ' 1 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 
0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL . 

0.5200 VOL/VOL 

- - 
. THICKNESS 

- - 
POROSITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 

VERTICAL PERCOLATION LAYER 
- - 
- - 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDR/.JL I C  CONDUCTIVITY = 

- - 
- - 
- 

80.00 INCHES 
0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 
0.000199999995 CM/SEC 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

_ _  
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FEMP-OU02-5 DRAFT 
August 24, 1994 

BARRIER SOIL LINER 
- - 54.00 INCHES 
- - 0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 
- - 0.4100 VOL/VOL 

THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIV,ITY = 0.000000140000 CM/SEC 

LAYER 4 

VERTICAL PERCOLATION LAYER 
= 384.00 INCHES 
- - .  0.3900 VOL/VOL 
- - 0.0454 VOL / VOL 
- - 0.0200 VOL/VOL. 
- - 0.0678 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
W I LTI  NG POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

3 

4 

5 

6 

7 

8 

9 

IO 
I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE 

SOIL AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 12.00 INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0.0000 INCHES 

- - 96.0152 INCHES 

- - 

I N  

SOIL WATER CONTENT INITIALIZED BY USER. 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
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'41 

42 

43 

44 

45 

46 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES. DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

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

J A N I J U L  FEBIAUG MARISEP APRIOCT MAYINOV JUNIDEC 
- - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  

PRECIPITATION 
- - - - - - - - - - - - -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3,33 2 .69  3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 2 .17  1.37 1.35 1.99 

RUNOFF 
- - - - - -  

TOTALS 1.519 0.718 0.988 0.325 0 . 0 0 0  0 .027  
0 . 0 2 1  0.043 0.109 . 0.027 0 . 0 0 0  0.729 

STD. DEVIATIONS 0.910 1.606 1.566 0.472 0 . 0 0 0  0.061 
0.047 0.097 0.228 0.046 0 . 0 0 0  1.331 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0.849 1.535 2.474 2.866 3.169 5.001 
4.768 4.269 2.252 2 . 0 0 1  1.673 0.901 

STD. DEVIATIONS 0.186 0.307 0.123 0.279 1.637 1.320 
1.179 1 . 2 0 2  1.766 0.498 0.152 0.173 

__ ~ ~ ~~ -- ~ - -- - - 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

?I 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

- - 

001637 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

PERCOLATION FROM LAYER 3 
- - - _ - - - - - _ - _ - _ _ _ _ _ - _ _ _ _ _ _  

TOTALS 0.3854 0.3491 0.3804 0.3668 0.3757 0.3600 
0.3655 0.3606 0.3505 0.3600 0.3491 0.3745 

STD.  DEVIAT IOhS 0.0255 0.0237 0.0225 0.0128 0.0108 0.0120 
0.0035 0.0018 0.0118 0.0118 0.01'49 0.0227 

PERCOLATION FROM LAYER 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.2696 0.3377 0.3722 0.3609 0.3734 0.3614 
0.3730 0.3719 0.3589 0.3699 0.3571 0.3687 

STD.  DEVIATIONS 0.0076 0.0107 0,0092 0.0096 0.0099 0.0096 
0.0097 0.0089 0.0080 0.0080 0.0075 0 .0077  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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IO 
I I  
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19 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i e 2 

PREC I P I T A T  I ON 40.64 ( 6.929) 155794. 1 0 0 . 0 0  7 

8 

RUNOFF 4.507 ( 3.460) 17276. 11.09 9 

_ -  

EVAPOTRANSP I RAT I ON 31.757 ( 3.473) 121737. 78.14 
10 

II 

12 

PERCOLATION FROM LAYER 3 4.3777 ( 0.1342) 16781. 1 0 . 7 7  13 

14 

PERCOLATION FROM L.AYER 4 4.3746 ( 0.1004) 16769. 10.76 15 

16 

CHANGE I N  WATER STORAGE 0.003 ( 3.881) 12. 0 . 0 1  17 

18 

19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

RUNOFF 2.180 8356.3 

PERCOLATION FROM LAYER 3 , 0.0129 49.5 

HEAD ON LAYER 3 92.7 

PERCOLATION FROM LAYER 4 0.0124 47.5 

SNOW WATER 1.18 4541.3 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Po 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
___ --__ __ - ~ - -~ - _ -  

MAXIMUM VEG. S O I L  WATER ( V O L / V O L )  0.5200 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
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FEMP-OUOZ-5 DRAFT 
August 24, 1994 

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

2 41.60 0.5200 

3 22 .14  0.4100 

4 26.05 0.0678 

SNOW WATER 0 .00  

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

....................................................................... 
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FEMP-OUOZ-5 DRAFT 5 8 6 0  
August 24. 1994 

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

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

REMOVE FILL TO 90 P C I / G  ON TOP OF TERRACE - CLEAN PERCHED WATER 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 2 June 13.  1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/ VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- 
THICKNESS 
POROSITY 
F I ELD CAPACITY 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- - 
- - 
- - INITIAL SOIL WATER CONTENT 

VERTICAL PERCOLATION LAYER 
26.00 INCHES - - 

0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 
0.5200 VOL/VOL 

- 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- 
- - 
- - 
- 

1 

7 

1 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

13 

24 

25 

26 

21 

28 

29 

30 

31 ' 

32 

33 

34 

35 

36 

37 

38 

39 

4 0 .  

41 

42 

43 

44 

45 

46 
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FEMP-OU02-5 DRAFT 
August 24, 1994 

BARRIER SOIL LINER 
= 112.00 INCHES 

0.4100 VOL/VOL 
- - 0.3710 VOL/VOL 
- - 0.2510 VOL/VOL 

0.4100 VOL/VOL 

- - 
THICKNESS 
POROS ITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 

LAYER 4 

VERTICAL PERCOLATION LAYER 
= 271.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 

0.0619 VOL/VOL 

THICKNESS 
POROS ITY 
F I ELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

- 

GENERAL SIMULATION DATA 

68.00 

12.00 INCHES 

- SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE I N  

SOIL AND WASTE LAYERS 

= 46000. SQ FT 

- - 6.2400 INCHES 
- 6.2400 INCHES 
- - 0.0000 INCHES 

82.4549 INCHES 

- - 

- 

- - 

SOIL WATER CONTENT INITIALIZED BY USER. 

3 

4 

5 

6 

7 

8 

9 

I O  

I I  

12 

13 

14 

15 

16 

17 

18 

19 

' 20 

21 
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24 

25 

29 

30 

31 

32 
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34 

35 
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37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

CLIMATOLOGICAL DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

DEFAULT RAINFALL WITH SYNTHETIC DAILY  TEMPERATURES AND 
SOLAR RADIATION FOR ' CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

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

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ - - - - -  

P R E C I P I TAT I ON 
_ _ _ _ _ _ _ _ _ _ _ _ -  

TOTALS 3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

STD. DEVIATIONS 0.56 1.34 1 . 7 1  0.63 1.78 1.24 
2.04 1.04 ' 2 . 1 7  1.37 1.35 1.99 

RUNOFF 
- - - - - -  

TOTALS 1.832 0.759 1.091 0.390 0 . 0 0 0  0.041 
0 .020  0.043 0.196 0.026 0.000 1.402 

STD. DEVIATIONS 1.131 1.668 1.676 0.545 0 . 0 0 0  0.062 
0.045 0.097 0.421 0.046 0 . 0 0 0  1.618 

EVAPOTRANSP I RATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0.848 1.533 2.471 2.865 3.167 4.981 
5.682 4.299 2.263 - - - ._ __ __ . _ _  .- 

1.963 1.659 

STD. DEVIATIONS 0.186 0.308 0.124 0.279 1.634 1.311 
1.407 1.237 1.781 0.509 0.157 0.169 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

PERCOLATION FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.1928 0.1749 0.1912 0.1849 0.1897 0.1824 
0.1846 0.1812 0.1767 0.1824 0.1781 0 .1901 

STD.  D E V I A T I O h S  0.0092 0.'0085 .0 .0072 0.0024 0.0023 0.0031 
0.0015 0.0004 0.0049 0.0046 0.0067 0.0086 

PERCOLATION FROM LAYER 4 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -  

TOTALS 0.1868 0.1704 0.1876 0.1819 0.1881 0.1821 
0.1881 0.1876 0.1811 0.1868 0.1805 0 .1865 

STD.  D E V I A T I O N S  0.0022 0.0041 0.0028 0.0028 0.0028 0.0027 
0.0026 0.0024 0.0021 0.0022 0 .0021 0 .0022 

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

, 
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FEMP-OUO2-5 D&FT 5 8 6 0  
August 24. 1994 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( INCHES ) ( C U .  F T .  ) PERCENT 

P R E C I P I T A T  I ON 40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 5.802 ( 3.865) 22239. 14.27 

E V APOTRAN S P I RAT I ON 32.632 ( 3:013) 125087. 80.29 

PERCOLATION FROM LAYER 3 2.2090 ( 0.0396) 8468. 5.44 

PERCOLATION FROM LAYER 4 2.2075 ( 0.0286)’ 8462. 5.43 

CHANGE I N  WATER STORAGE 0 . 0 0 1  ( 3.326) 6 .  0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

’ ( I N C H E S )  (CU.  F T . )  

P R E C I P I T A T  I ON 2.40 9200.0 

RUNOFF 2.251 , 8630.5 

1 

2 

3 

4 

5 
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12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

PERCOLATION FROM LAYER 3 0.0064 24.5 34 

35 

HEAD ON LAYER 3 38.4 36 

31 

PERCOLATION FROM LAYER 4 0.0062 23.7 38 

SNOW WATER 1.18 4541.3 40 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  0.5200 43 

MINIMUM VEG. S O I L  WATER (VOL/VOL)  0.1391 45 

39 

41 

42 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OU02-5 DRAFT 
August 24. 1994 

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

F I N A L  WATER STORAGE AT END OF YEAR 78 

!LAYER ( INCHES 1 (VOL/VOL 1 

1 6 . 2 4  0.5200 

2 13 .52  0.5200 

3 . 45 .92  0.4100 

4 16 .78  0.0619 

SNOW WATER 0 .00  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

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

REMOVE FILL TO 90 P C I I G  ON TOP OF TERRACE - CLEAN PERCHED WATER 
SOUTH FIELD AND INACTIVE FLYASH. PILE 
ZONE 3 June 13. 1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
12.00 INCHES - - 

- - 0.5200 VOL/VOL 
- - 0.2942 VOLIVOL 
- - 0.1400 VOLIVOL 
- - 0.5200 VOLIVOL 

THICKNESS 
POROS I TY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SO1 L WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

VERTICAL PERCOLATION LAYER 
53.00 INCHES - - 

- - 0.5200 VOL/VOL 
0.2942 VOL/VOL 
0.1400 VOL/VOL 

- - 0.5200 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 
- - 

1 

2 

1 
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21 . 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 

?o 

41 

42 

43 

44 

45 

46 

47 

FER\CRUZFS\JLG\APPD-I I.TXTlAugust 16. 1994 4:26pm D-1-1- 136 



FEMP-OU02-5 DRAFT 
August 24. 1994 

LAYER 3 

BARRIER SOIL LINER 
- - 96.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0 .2510 VOL/VOL 
0.4100 VOL/VOL 

- - THICKNESS 
POROS ITY 
FIELD CAPACITY ’ 

WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- - 

LAYER 4 

VERTICAL PERCOLATION LAYER 
= 260.00 INCHES 
- - 0.3900 VOL/VOL 

- - 0.0200 VOL/VOL 
- - 0.0638 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.015900000930 CM/SEC 

0.0454 VOL/VOL . - - 

, 

GENERAL SIMULATION DATA 
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - -  

68.00 

- - 12.00 INCHES 
- - 6.2400 INCHES 
- L ’ 6.2400 INCHES 
- - 0.0000 INCHES 

- - 89.7480 INCHES 

- SCS RUNOFF CURVE NUMBER - 

EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

. = 46000. SQ FT . TOTAL AREA OF COVER 

SOIL WATER CONTENT INITIALIZED BY USER 
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FEMP-OUO2-5 DRAFT 5 8 6 
August 24. 1994 

CL I MATOLOG I CAL DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  

DEFAULT RAINFALL  WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNATI  OHIO 

MAXIMUM LEAF AREA INDEX = 2 . 0 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) . -  = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  
12 

13 

14 

15 

16 

17 

28.90 32.10 41.80 53.50 63.00 71.40 18 

75.40 74.10 67.50 55.30 43.40 33.80 19 

20 

21 

22 

23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 74 THROUGH 78 

P R EC I P I T A T  I ON 
- - - - - _ _ _ _ _ _ _ _  

TOTALS 

STD.  D E V I A T I O k S  

RUNOFF 
_ _ _ _ _ -  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSP I RATION 
- - - - - - _ _ _ _ - - - _ _ _ _ _  

TOTALS 

3.33 1.59 3.86 3.11 3.36 4.79 
3.54 4.80 2.89 3.33 2.69 3.36 

0.56 1.34 1 . 7 1  0.63 . 1.78 1.24 
2.04 1.04 2 . 1 7  1.37 1.35 1.99 

1.798 0.744 1.064 0.375 0 . 0 0 0  0 . 0 2 9  
0 .021  0.043 0.179 0.027 0 . 0 0 0  1 . 2 2 1  

1.117 1.655 1.647 0.529 0 . 0 0 0  0.062 
0.046 0.097 0.384 0.046 0 . 0 0 0  1.584 

0.849 1.533 2.472 2.865 3.168 5.021 
5.385 4.287 2.263 1.966 1.664 0.902 

- _ _ _  - _ _ _  -. -- -- - - - - ---- - 

STD. DEVIATIONS 0.186 0 .307  0.123 0.279 1.635 1.285 
1.245 1.222 1.781 0.509 0.155 0.169 
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

PERCOLATION FROM LAYER 3 

TOTALS 0.2413 0.2189 0 .2393 0.2314 0.2374 0.2281 
0.2313 0.2280 0.2220 0.2289 0.2230 0.2376 

STD. DEVIATIONS 0.0116 0.0109 0.0094 0.0037 0.0033 0.0043 
0.0015 0.0005 0.0059 0.0057 0.0080 0.0107 

PERCOLATION FROM LAYER 4 
- - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ - -  

TOTALS 0.2341 0.2136 0.2353 0.2281 0.2360 0.2284 
0.2358 0.2351 0.2269 0.2339 0.2260 0.2335 

STD. DEVIATIONS 0.0034 0.0055 0.0043 0.0043 0 .0043 0 .0041 
. 0.0040 0.0036 0.0032 0.0032 0.0031 0 .0033 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
August 24, 1994 

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

RUNOFF 5.501 ( 3.744) 21087. 13.54 

EVAPOTRANSPIRATION 32.374 ( 3.128) 124099. 79.66 

PERCOLATION FROM LAYER 3 2.7674 ( 0.0519) 10608. 6.81 

PERCOLATION FROM LAYER 4 2.7669 ( 0.0430) 10606. 6.81 

CHANGE I N  WATER STORAGE 0 .000 ( 3.518) 2 .  0 . 0 0  

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

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

PEAK D A I L Y  VALUES FOR YEARS 74 THROUGH 78 

PR EC I P I T A T  I ON 

RUNOFF 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

PERCOLATION FROM LAYER 4 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  

MINIMUM VEG. S O I L  WATER (VOL/VOL)  

( INCHES 1 

2.40 

2.234 

0.0080 

- - - - - - - - 

65.5 

0.0078 

1 +18 

0.5200 

0.1391 

( C U .  FT. 1 

9200.0 

8562.5 

30.7 

- - - - - - - - - 

29.8 

4541.3 
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31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FEMP-OUO2-5 DRAFT 
. August 24, 1994 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I N A L  WATER STORAGE A T  END OF YEAR 78 

....................................................................... 
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FEMP-OUOZ-5 DRAFT 
August 24. 1994 

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

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

REMOVE FILL TO 90 P C I / G  ON TOP OF TERRACE - CLEAN PERCHED WATER 
SOUTH FIELD AND INACTIVE FLYASH PILE 
ZONE 4 June 13. 1994 

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

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

FAIR GRASS 

VERTICAL PERCOLATION LAYER 
- - 12.00 INCHES 
- - 0.5200 VOL/VOL 
- - 0.2942 VOL / VOL 
- - 0.1400 VOL/VOL 

0.5200 VOL/VOL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000199999995 CM/SEC 

- - 

LAYER 2 

BARRIER SOIL LINER 
= 133.00 INCHES 

0.4100 VOL/VOL 
0.3710 VOL/VOL 
0.2510 VOL/VOL 
0.4100 VOL/VOL 

- - 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000140000 CM/SEC 

- - 
- - 
- - 
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21 

28 

29 
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EMP-OUOZ-5 DRAFT 
August 24. 1994 

LAYER 3 

VERTICAL PERCOLATION LAYER 
= 265.00 INCHES 
- - 0.3900 VOL/VOL 
- - 0.0454 VOL/VOL 
- - 0.0200 VOL/VOL 
- - 0.0576 VOL/VOL 

THICKNESS 
POROS ITY 
F I E L D  CAPACITY 
WILT ING POINT 
I N I T I A L  S O I L  WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY = ' 0.015900000930 CM/SEC 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
I N I T I A L  VEG. STORAGE 
I N I T I A L  SNOW WATER CONTENT 
I N I T I A L  TOTAL WATER STORAGE 

S O I L  AND WASTE LAYERS 

68.00 
= 46000. SQ FT 
- - 12 .00  INCHES 
- - 6.2400 INCHES 
- - 6.2400 INCHES 
- - 0,0000 INCHES 

- 76.0340 INCHES 

- - 

I N  
- 

S O I L  WATER CONTENT I N I T I A L I Z E D  BY USER. 

DEFAULT RAINFALL WITH SYNTHETIC D A I L Y  TEMPERATURES AND 
SOLAR RADIATION FOR C I NC I NNAT I OHIO 

- MAXIMUM LEAF AREA INDEX = 2 .00  
START OF GROWING SEASON ( J U L I A N  DATE) = 133 
END OF GROWING SEASON ( J U L I A N  DATE) = 300 

. 
NORMAL KF4N. MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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28 
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i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 

_ _ _ _ _ _ - - - - - - -  
TOTALS 3.33 1.59 3.86 3.11 3.36 

3.54 4.80 2.89 3.33 2.69- 

STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 
2.04 1 . 0 4  2 . 1 7  1.37 1.35 

4.79 
3.36 

1.24 
1.99 

RUNOFF 
- - - - - -  

TOTALS 1.859 0.769 1.111 0.462 0 . 0 0 0  0.231 
0 . 0 2 0  0.043 0.243 0.026 0 .013  1.732 

STD. DEVIATIONS 1.145 1.677 1.697 0.530 0 . 0 0 0  0.456 
0.045 0.097 0.526 0.046 0.030 1.654 

EVAPOTRANSP I RAT1 ON 
_ _ _ _ _ _ - - - - - - - - - - - -  

TOTALS 0.848 1.533 2.471 2.864 3.121 5.021 
5.797 4.307. 2.302 1.985 1.657 0.900 

STD. DEVIATIONS 0.186 0.308 0.124 0.279 1.675 1.245 
1.419 1.246 1 . 7 7 1  0.496 0.156 0.169 

PERCOLATION FROM LAYER 2 

TOTALS . 0.1366 0.1434 0.1569 0.1512 0.1550 0.1492 
0.0973 0.0174 0.0302 0.0591 0.1019 0.1264 

STD. DEVIATIONS 0.0530 0.0050 0.0034 0.0013 0 . 0 0 1 0  0.0019 
0.0226 0.0304 0.0675 0.0645 0.0685 0.0698 

PERCOLATION FROM LAYER 3 
- - - - - - - - - - - - - - _ - _ _ _ _ _ _ _ _ _  

TOTALS 0.1083 0.1005 0.1129 0.1115 0.1175 0.1157 
0.1208 0.1159 0.1074 0 .1071 0.1027 0.1069 

STD. DEVIATIONS 0.0135 0.0132 0.0133 0.0124 0.0123 0.0115 
0 .0111 0.0098 0.0084 0.0095 0.0109 0.0126 

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

AVERAGE ANNUAL TOTALS & ( S T D .  D E V I A T I O N S )  FOR YEARS 74 THROUGH 78 

( C U .  FT. I PERCENT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _ _ _ _ _ _ _ _ _ _  - - - - - - - 
( INCHES 1 

- - - - - - _ _ _ - - - - - - -  
P R E C I P I T A T I O N  40.64 ( 6.929) 155794. 1 0 0 . 0 0  

RUNOFF 6.511 ( 3.632) 24959. 16.02 

EVAPOTRANSPIRATION 32.806 ( 3.122) 125758. 80.72 

PERCOLATION FROM LAYER 2 1.3245 ( 0.2675) 5077. 3.26 

PERCOLATION FROM LAYER 3 1.3271 ( 0.1290) 5087. 3.27 

CHANGE I N  WATER STORAGE -0.003 ( 2.768) -10. -0.01 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

P R E C I P I T A T  I ON 

RUNOFF 

PERCOLATION FROM LAYER 2 

HEAD ON LAYER 2 

PERCOLATION FROM LAYER 3 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (VOL/VOL)  

MINIMUM VEG. S O I L  WATER ( V O L / V O L )  

2.253 8635.1 

0.0052 2 0 . 0  

1 2 . 4  

0.0043 16.7 

1.18 4541.3 

0.5200 

0.1391 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 54.53 0.4100 

3 15.25 0.0576 

SNOW WATER 0 . 0 0  

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

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

i 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

FER\CRUZFS\JLG\APPD-I I.TXnAugust 16. 1994 4:26pm D-1-1-146 



a 
5 8 6 0  

APPENDIX D.1 

ATTACHMENT D.l-I1 

SOIL EROSION CALCULATIONS 



FEMP-OUOZ-5 .DRAFT 
August 24, 1994 ' 

D.1-11- SOIL EROSION CALCULATIONS 

PURPOSE 

5 8  6 0  i 

2 

3 

To calculate the depth of erosion on the South Field for Operable Unit 2 for the proposed conditions. 

PROCEDURE 

Use the universal soil loss equation (D.1-11-1) to estimate the yearly amount of sediment released 

from the South Field. The amount will then be converted to a depth using the area and the soil bulk 

density. The 1,000-year depth will be calculated by multiplying the annual depth of soil lost 

by 1,000. 

To account for distinct changes in slope, the amount of soil loss for each segment will be calculated 

using the average slope for that segment. Then the erosion depth will be developed. The maximum 

erosion amount for all the segments will be taken as the erosion amount for the South Field. 

CALCULATION 

The universal soil loss equation takes the following form (EPA 1985; EPA 1988; Maidment 1993): 

M = R x K x L S x C x P x A  

where 

M = annual soil loss (metric tonslyear) 
R = rainfall erosivity factor (100 m-tonne-cdha-hr) 
K = soil erodability factor (metric tons/ha/R) 
LS = slope length steepness factor (dimensionless) 
C = cover factor (dimensionless) 
P = erosion control practice factor (dimensionless) 
A = subbasin area (Ha) 

The depth of soil lost per year is given by 

M 
100 pA 

Depth = 

4 
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Location* 
A 
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.Steep Slope Portion 
Slope Length (ft) LS 
9% 425 2.2 

i t *  & ,.{ : 

’ where ’ 

M = annual soil loss (metric tonslyear) 
Depth = the depth of soil lost per year (cm) 
P = soil bulk density (g/cm3) 

therefore 

B 
C 

R x K x LS x C x P 
p x 100 

Depth = 

22 % 125 6.0 35 

1 1 %  400 3.0 36 

The values of the parameters are 

R = 303.6 

(D. 1-11-3) 8 

From Figure 111-10 of EPA (1985). Value of 175 converted to 
metric units with 

( 100 m -tonne -cm/ha -hr) 
(10 ft-ton-€lac-hr) 

1.735 

K = 0.55 tonne/ha/R Assume that cover soil is similar to natural soils around FEMP. 
Use Ho A (Henshaw) from USDA (1982) converted to metric 
with factor 1.29 (EPA 1988): 

C = 0.003 

P = 1.0 

LS 

0.43 x 1.292 = 0.55 tonnes/ha/R 

From Table 2-4 of EPA (1988), 95 percent ground cover, no 
appreciable canopy, surface covered with grass. 

Assume no special erosion control practices. Use 1.0 for 
uncontrolled hazardous waste sites (EPA 1988, p. 22). 

Use following table based on Figure 2-6 of EPA (1988). Use 
steep slope. Do not average slope, since steep slope controls 
erosion. 
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*See Figure D. 1-11- 1 for locations. 
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p = 1.30 g/cm3 See explanation for K factor. 
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5860 

Area 

RESULTS 

(100 m-tonne-cm/ 
ha-hr) 

Results of soil erosion calculations are summarized 

I R 

SUMMARY OF SOIL EROSION CALCULATIONS 

C I 303.6 

in the following table. 

303.6 

303.6 

K 
(tonnes/ha/R) 

0.55 

0.55 

0.55 

2.2 0.003 1 

6 0.003 1 

3 10.0031 1 

1.3 

1.3 

1.3 
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Erosion 

( C d l  ,000 

Y 2.31E-02 23.12 

1.16E-02 I 11.56 

Erosion 
Depth 

(in/l,OOO 
Yr) 

3.34 

9.10 

4.55 
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D.l-111- CALIBRATION OF FATE AND TRANSPORT MODEL AGAINST 
LYSIMETER DATA 

Three pairs of lysimeters were installed at the FEMP site by Operable Unit 5. At each location, one 

lysimeter was installed in the gray till and another in the unsaturated Great Miami Aquifer. Details of 

lysimeter installation and data collected from these lysimeters are reported in the Operable Unit 5 RI 
Report. Typically, lysimeters were installed 0.9 m (3 ft)'above and 0.9 m (3 fE) below the contact 

between the gray till and the Great Miami Aquifer. Lysimeter pair 11130/11131 is in the area of the 

proposed disposal cell for Operable Unit 2. Lysimeter pair 1 1  129/11234 is close to the South Field, 

and lysimeter pair 11132/11133 is located in the northeast part of the FEMP. Table D.1-111-1 shows 

the uranium concentrations measured in the water samples collected from the lysimeters. With one 

exception, this data show that the uranium concentration is higher in the lysimeter in the unsaturated 

Great Miami Aquifer than in the one in the gray till. Average uranium concentrations in the water 

samples collected from the unsaturated Great Miami Aquifer are approximately 4 .8  times higher than 

water samples collected from the gray till. Typical barrier layer (i.e., gray clay) thickness is . 

' 

about 3 m (10 ft). .e 
The ODAST model was used to simulate the fate and transport of uranium in the glacial overburden 

and unsaturated Great Miami Aquifer. Under similar conditions to what has occurred at the 

lysimeters. The model was first set up to simulate average hydrogeologic conditions for all 3 of the 

lysimeter sites. The infiltration rate was estimated to be 8.4 inch/year at the lysimeters (Operable 

Unit 5 RI Report). Soil properties shown in Table D. 1-2 of Appendix D. 1 were used. Seepage 

velocities, dispersion coefficients, and retardation factors were calculated as described in Section 

D.1.3.3. For example, the seepage velocity in the glacial till was calculated to be 52.8 in/yr. Large 

quantities of the soluble forms of uranium were dispersed and deposited over the site during the first 

5 years of operations at the FEMP (see Appendix D.4). This was simulated by using a source term 

with constant loading for the initial 5 year period of the model. I was then run, and current measured 

concentrations were compared to the model predictions at 40 years. This is the approximate time 

period that has elapsed since the operations began at the FEMP and initial uranium release occurred. 

- 

0 
- Table D. 1-111-2 shows model predictions based on the assumption that the-distribution coefficient (KJ 

is 3.1 mL/g for the gray till and 1.78 mL/g for the unsaturated Great Miami Aquifer. The ODAST 

model predicted that the ratio of uranium concentration between the unsaturated Great Miami Aquifer 
0 0 1GG4 
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.. 
1ys;meter and gray till lysimeter is 5 at 40 years. This is considered a good agreement between 

model predictions and field measured data. Observed average concentration data were matched by 

assuming the leachate concentration at the source to be constant at 175 pg/L. 

The model was also calibrated against data from a specific lysimeter pair instead of average data. 

Lysimeter pair 11 129/11234 was selected for calibration because of good soil sample recovery during 

installation of lysimeters and clear indications of breaks in lithology. At this location, soil boring data 

indicate that gray till thickness is approximately 2.4 m (8 ft). Lysimeter 11234 was installed 

approximately 1.4 m (4.5 ft) into gray clay [approximately 1 . 1  m (3.5 ft) above the unsaturated Great 

Miami Aquifer and gray till interface]. Lysimeter 1 1  129 was installed in the unsaturated Great Miami 

Aquifer approximately 0.96 m (3 ft) below gray till. Average uranium concentrations in the 

unsaturated Great Miami Aquifer were about 4.9 times that in the gray till at these lysimeters (Table 

D. 1-111-1). Table D. 1-111-3 shows model predictions based on the assumption that the distribution 

coefficient (a is 4.3 mL/g for the gray till and 1.78 mL/g for the unsaturated Great Miami Aquifer. 

The ODAST model predicted that the ratio of uranium concentration between the unsaturated Great 

Maim Aquifer lysimeter and gray till lysimeter is 4.7 at 40 years. This is considered a good 

agreement between model predictions and field-measured data. Observed concentration data were 

matched by using 375 pg/L as the leachate concentration. 

Model calculations indicate that lysimeter data can be explained by glacial till K,, values in the range 

of 3.1 to 4.3 mL/g and leachate concentrations in the range of 175 to 375 pglL for first the 5 years 

of operations at the FEMP. 
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I b : ,  .: 
TABLE D.1-111-2 

Time 
(Years) 
5 
10 
15 
20 
25 
30 
35 
40 
45 

PREDICTED URANIUM CONCENTRATIONS 
FOR TYPICAL LYSIMETER INSTALLATION 

Predicted Uranium Concentrations 
Unsaturated GMAa Ration of Unsaturated 

Lysimeter Gray Till Lysimeter GMA to Gray Till 
( P g W  ( P g m  Concentration 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 1.6 0.0 
0.0 31.0 0.0 
0.0 71.3 0.0 
0.1 49.6 0.0 
3.1 17.0 0.2 
18.9 3.8 5.0 
50.3 0.1 584.8 

FEMP-OU02-5 DRAFT 
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Time 
(Years) 
5 
10 
15 
20 
25 

Predicted Uranium Concentrations 
Unsaturated GMAa Gray Till Ration of Unsaturated 

Lysimeter 1 1 129 Lysimeter 11234 GMA to Gray Till 

0.0 0.0 0.0 
0.0 0.4 0.0 
0.0 32.6 0.0 
0.0 128.3 0.0 
0.0 126.9 0.0 

( P g w  (PglL) Concentration 

TABLE D.1-I113 

35 
40 
45 

PREDICTED URANIUM CONCENTRATIONS 
FOR SOUTHWEST LYSIMETER PAIR 11129/11234 

3.6 19.6 0.2 
23.3 5 .O 4.7 
63.8 1 . 1  59.4 

11 30 I 0.2 I 60.9 I 0.0 

%MA = Great Miami Aquifer 

. *  
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ATTACHMENT D.l-IV 

ALTERNATE MODELING APPROACH 
FOR PRELIMINARY WASTE ACCEPTANCE CRITERIA 

I 

2 

3 

A 

In order to evaluate the protectiveness of the proposed waste acceptance criteria (WAC), additional 5 

modeling was performed using a conceptual model for the vadose zone that differed from the model 6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

16 

used throughout the remainder of the groundwater modeling. The differences were as. follows: ~. 

The infiltration was recalculated using less conservative assumptions than those 
used in the original HELP modeling. 

The 3 feet thick disposal cell liner, which was not used in the original modeling, was 
included in the ODAST simulation. 

The unsaturated sand and gravel layer in the Great Miami Aquifer, which was used in the 
original modeling, was not included in the ODAST simulation. 

17 

Infiltration was calculated by the HELP model using the entire disposal cell cross section. 

value of 1.22 in./yr. A summary of the HELP model input and output is presented in Table D.5-IV- 

The HELP 18 

model output indicates that the infiltration rate would be 0.89 in./yr which is lower than the original 19 

0 20 

1. In contrast to the original infiltration calculation, the current calculation includes the overburden 21 

waste material layer and the underlying natural material beneath the disposal cell. Also, while the 

original calculation included only a 1-foot lateral drainage layer with a hydraulic conductivity of 1 x 
lo-* c d s ,  which does not provide much lateral drainage, the updated HELP model simulation 

includes a 4.5-foot combined lateral drainage layer consisting of the sand filter (0.5 feet of sand), 

22 

23 

24 

25 

biotic barrier (3 feet of cobbles), and the drainage layer (1 foot of sand) functioning together as a 

unit. 

26 

Together these layers are capable of sufficiently draining water above the infiltration barrier, 27 

thus preventing the buildup of excessive hydraulic head above the infiltration barrier. The hydraulic 28 

conductivity in this combined lateral drainage layer is estimated to be 1 x 10 '  cm/s. All of the layers 29 

utilized in the updated HELP run are present in the disposal cell cap cross section and can be 

accounted for in the simulation. 31 

geomembranes in the system. 32 

30 

However, conservatism is still maintained by omission of the 

33 

34 The clay liner was set at 3 feet thick and assumed to consist of clay with a K,, value of 24 L/Kg. 

.This K,, value, which is higher than that in the original modeling, was based on the assumption that 
-_____ 

35 

the quality of clay from a borrow source would be controlled to ensure the higher value.' The 36 

0 0 l G G 9  
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August 24, 1994 0 19 percent. Because of the updated infiltration rate and moisture content, the retardation factor is 31.2, 

higher than the original value of 14.99, which was based on the original, higher infiltration rate and 

moisture content. 

The thickness of the unsaturated sand and gravel layer in the Great Miami Aquifer was assumed to be 

zero (compared to approximately 35 feet in the original modeling). Thus, any retardation in the sand and 

gravel is eliminated. 

Using the updated layers, infiltration rate, and retardation factor, an ODAST/SWIFT modeling run was 

completed. The simulated 

maximum uranium concentration in the Great Miami Aquifer in 1,000 years was about 1.4 ug/L, well 

below the target MCL value of 20 ug/L. The uranium plume at the end of the simulation is shown in 

the Figure D.5-IV-1. This result serves to support the current preliminary WAC proposed in this FS. 

Confirmation of the preliminary WAC by a different modeling approach also serves to demonstrate that 

the proposed criteria are robust. 

The source leachate concentration was assumed to be 24,000 pCi/L. 
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D.2.0 AIR TRANSPORT MODELING FOR LONG-TERM RESIDUAL RISK i 

D.2.1 INTRODUCTION 

This section presents the approach, methodology, and results of the long-term air transport analysis, of 

the Operable Unit 2 remedial alternatives. The objective of this analysis was to determine the 

maximum on-property and off-property annual average air contaminant concentrations and deposition 

rates from the remediated Operable Unit 2 subunits. These concentrations were used for the residual 

risk assessment described in this FS. The discussion and results of the site-wide air transport analysis 

for all operable units is presented in the Operable Units 1 and 2 CRARE submitted with this FS. 

The analysis was conducted in accordance with EPA guidance (EPA 1989a). Two emission models 

and an air dispersion model were used to estimate air emissions from each source and to calculate 

annual average concentrations and deposition rates at various receptor locations. One emission model 

predicted the quantity of exposed soil that would be resuspended by the wind, and the other emission 

model estimated the flux of radon-222 gas from soil containing radium-226. Particulate-phase 

contaminants examined include radionuclides and inorganic compounds, as well as semivolatile and 

nonvolatile organic compounds. The only gas-phase contaminant evaluated in this analysis was 

radon-222. VOCs were not analyzed, as they would be lost to the atmosphere prior to the start of the 

postremediation periods analyzed in the FS. The air dispersion model accounted for dispersion and 

dilution of the contaminants under defined meteorological conditions, such as wind speed and 

direction, atmospheric stability, and mixing height. The meteorological parameters used were 

collected from an on-property meteorological station, as well as from the National Weather Service 

(NWS) in Dayton, Ohio. 

0 

Five major steps were required to achieve the objective of this analysis: 

1. Scenarios for the air transport analysis were defined. 

2. Sources of air emissions and contaminants released were identified based on site- 
specific information. 
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3 .  The appropriate EPA regulatory air dispersion model was selected which best 
represented the site characteristics and the objective of the analysis. 

26 
27 

-- __- _ _  _ _  
- - _ _  - -  - __ __  _ _  __ 

4. Particulate or gaseous air emissions were estimated from site-specific soil 28 
. contaminant concentrations, and additional inputs to the model, such as 29 

30 meteorological data and receptor locations, were determined. 

ci 0 16'2 .a 
FEWOUZFS-S/ZFSDZAIR. DOC/& I 1  -94 D-2- 1 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

5. Results of the air dispersion model were processed 
on- and off-property annual average concentrations 
residual risk calculations. 

to determine the maximum 
and deposition rates for 

Figure D.2-1 presents the sequential block diagram of these steps and indicates the sections below that 

describe them. 

Throughout the analysis, site-specific data were used where available. When such data were not 

available, conservative assumptions were made. Regulatory default options and values were used 

where applicable in the air emission and dispersion models. The intent of the assumptions was to 

make the results relevant to the site so that the risk associated with the air exposure pathway 

was realistic. 

D.2.2 SOURCE TERM ASSUMPTIONS FOR AIR TRANSPORT ANALYSIS 

The residual risks from remediated Operable Unit 2 subunits were evaluated for a number of exposure 

scenarios under two land-use assumptions: future with federal ownership and future with private 

ownership. The impact that the RME receptor was assumed to have on the generation of air 

emissions from the FEMP was different between these two scenarios. With federal ownership, the 

expanded trespasser was assumed to have little impact on the generation of fugitive particulate matter 

emissions. With private ownership, the on-property resident farmer was assumed to significantly 

contribute to the generation of fugitive particulate matter emissions, primarily from agricultural ' 

tilling. Therefore, separate sets of air emissions and concentration estimates were developed for each 

of the future land-use scenarios. 

A detailed analysis of four remedial alternatives is presented in Section 5.0 of this FS. These 

alternatives include no action (Alternative l) ,  consolidation and capping (Alternative 2), excavation 

and off-site disposal (Alternative 3), and excavation and on-site disposal with off-site disposal of 

fraction exceeding the waste acceptance criteria (Alternative 6). Therefore, exposure point 

concentrations were'required for Alternatives 2, 3, and 6 to complete the risk assessments for these 

alternatives. Exposure point concentrations were determined for Alternative 1 in the Operable Unit 2 

RI Report Baseline Risk Assessment (DOE 1994). The assumptions regarding the air pathway 

impacts associated with the other three remedial alternatives are discussed in the following 

paragraphs. - 
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D.2.2.1 Alternative 2: Consolidation and Carwing 

This alternative involves excavation, consolidation, and capping within each Operable Unit 2 subunit. 

Air fate and transport analysis for this alternative was conducted only for the future land use with 

federal ownership. Therefore, the expanded trespasser and/or off-property resident farmer PRLs 

were assumed to set the upper limit on residual surface soil conthination levels. 

The consolidation area for the South Field area (South Field, Active Flyash Pile, and Inactive Flyash 

Pile) will be located on the deep till in the northeast portion of the South Field and Active Flyash 

Pile. The contaminated material directly overlying the Great Miami Aquifer (GMA) and/or down 

surface from the old terrace face in the South Field area will be excavated and placed in the 

consolidation area. A multi-layer capping system, as shown in Appendix E, will be constructed over 

the consolidation area. The excavated areas may be backfilled or covered with clean material. 

Several layers of South Field area soil containing residual contamination were assumed to be exposed 

to the atmosphere after completion of remedial activities for this analysis. The Contaminant 

concentrations in the GMA soil (from Appendix A) were assumed for the areas excavated down to the 

GMA. The contaminant concentrations in the old terrace face (listed as "Other Till" in Appendix A) 

were assumed for the Inactive Flyash Pile area that was excavated to the old terrace. The 

contaminant concentrations in the impacted till below portions of the South Field and Active Flyash 

Pile were used for those areas where excavation was completed just below the fill or source material. 

Radon emissions were estimated from residual radium concentrations in the exposed soil. The multi- 

layer cap over the consolidation area will be constructed to last 1,000 years without exposure of 

contained material. Therefore, the consolidation area was not assumed to contribute particulate matter 

emissions. However, gaseous radon emissions through the cap were quantified and included in radon 

dispersion modeling. 

Contaminated material in the Solid Waste Landfill with concentrations exceeding the expanded 

trespasser and off-property resident farmer PRLs will be consolidated within the landfill and a 

composite cap constructed over the material. The excavated areas will be backfilled with clean soil. 

The capped area was assumed to cover most of the surface area of the Solid Waste Landfill. 

Therefore, no significant contribution to particulate matter emissions was assumed for this subunit, 

Gaseous radon emissions through the cap were quantified and included in radon dispersion modeling. 
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The Lime Sludge Ponds will be capped in place with a multi-layered cap. No significant contribution 

to particulate matter emissions was assumed for this subunit. However, gaseous radon emissions 

through the cap were quantified and included in radon dispersion modeling. 

D.2.2.2 Alternative 3: Offsite Disposal 

This alternative involves excavation of all contaminated material, segregation, staging, size reduction, 

drying, packaging, and off-site disposal. Air fate and transport analysis for this alternative was 

conducted for both future land-use scenarios. With federal ownership, the expanded trespasser and/or 

off-property resident farmer PRLs were assumed to set the upper limit on residual surface soil 

contamination levels. With private ownership, the on-property resident farmer PRLs were assumed to 

4 

set the upper limit on residual surface soil contamination levels. 10 

As in Alternative 2, the contaminated material directly overlying the GMA and/or down surface from 

the old terrace face in the South Field area will be excavated. The contaminant concentrations in the 

GMA soil (from Appendix A) were assumed for the areas excavated down to the GMA. The 

contaminant concentrations in the old terrace face (listed as "Other Till" in Appendix A) were 

assumed for the areas that were excavated to the old terrace. The contaminant concentrations in the 

impacted till were used for those areas where excavation was completed just below the fill or source 

material. The contaminant concentrations in the surface soil in the northeast corner of the South Field 

and Active Flyash Pile were assumed to be at or below the appropriate PRL values for each land-use 

scenario. Radon emissions were estimated from residual radium concentrations in the exposed soil. 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

The material in the Solid Waste Landfill with contaminant concentrations which exceed the 

appropriate PRL values will be excavated. The excavated areas will be backfilled with clean soil. 

The residual soil concentrations were assumed to be at or below the PRL values. Radon emissions 

20 

21 

22 

23 were estimated from residual radium concentrations in the surface soil. 

The material in the Lime Sludge Ponds with contaminant concentrations which exceed the appropriate 24 

25 PRL values will be excavated. The excavated areas will be backfilled with clean soil. The residual 
- - soil concentrations were assumed to be at-or below the PRL Yalues. Radon-emissions were estimgted -. -26- 

from residual radium concentrations in the surface soil. 21  
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D.2.2.3 Alternative 6: Excavation and On-Site Disposal with Offsite Disuosal of Fraction 
Exceeding the WAC 1 

This alternative involves excavation of contaminated material and transportation to an on-site disposal 3 

cell: Material with contamination exceeding the on-site disposal cell waste acceptance criteria (WAC) 

will be disposed off site at a permitted commercial facility. Air fate and transport analysis for this 

trespasser and/or off-property resident farmer PRLs were assumed to set the upper limit on residual 

4 

5 

6 

7 

alternative was conducted for both future land-use scenarios. With federal ownership, the expanded 

surface soil contamination levels. With private ownership, the on-property resident farmer PRLs 

were assumed to set the upper limit on residual surface soil contamination levels. 

As in Alternatives 2 and 3, the contaminated material directly'overlying the GMA and/or down 

surface from the old terrace face in the South Field Area will be excavated. The contaminant 

concentrations in the GMA soil (from Appendix A) were assumed for the areas excavated down to the 

GMA. The contaminant concentrations in the old terrace face (listed as "Other Till" in Appendix A) 

were assumed for the areas that were excavated to the old terrace. The contaminant concentrations in 

the impacted till were used for those areas where excavation was completed just below the fill or 

source material. The contaminant concentrations in the surface soil in the northeast corner of the 

South Field and Active Flyash Pile were assumed to be at or below the appropriate PRL values for 

each land use scenario. Radon emissions were estimated from residual radium concentrations in the 

exposed soil. 

The material in the Solid Waste Landfill with contaminant concentrations which exceed the 

appropriate PRL values will be excavated. The excavated areas will be backfilled with clean soil. 

The residual soil concentrations were assumed to be at or below the PRL values. Radon emissions 

were estimated from residual radium concentrations in the surface soil. 

The material in the Lime Sludge Ponds with contaminant concentrations which exceed the appropriate 

PRL values will be excavated. The excavated areas will be backfilled with clean soil. The residual 

soil concentrations were assumed to be at or below the PRL values. Radon emissions were estimated 

from residual radium concentrations in the surface soil. 

The excavated material which meets the disposal cell WAC' will be placed in the on-site disposal cell. 

This cell will be covered with a multi-layered cap designed to last 1,000 years. Therefore, the 

0 0 1 & 3 
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disposal cell was not assumed to contribute particulate matter emissions. However, gaseous radon I 

emissions through the cap were quantified and included in radon dispersion modeling. 2 

To analyze the Operable Unit 2 subunits, a total of 373 area sources were used. 

combined into 13 source groups; each source group contained sources with identical emission rates. 

These sources were 3 

4 

The eight major source groups in the South Field Area are presented on Figure-D.2-2.- The - 

Cell, and the Consolidation Area (north end and south end). 

5 

6 

7 

remaining five source groups included the Solid Waste Landfill, Lime Sludge Ponds, On-Site Disposal 

D.2.3 AIR TRANSPORT MODELS 8 

The annual average contaminant concentrations and deposition rates were determined using the 

ISCLT2 model (EPA 1992a). This model is recommended by EPA for air pathway analysis of 

Superfund sites (EPA 1989a). The annual average deposition rates were calculated by multiplying the 

contaminant concentrations in air by the particulate deposition velocity of 0.0018 m/s (DOE 1992). 

9 

10 

I I  

12 
/ 

@ The ISCLT2 model was designed by the EPA to assess the impact on air quality of emissions from a 

wide variety of sources. 

flat or gently rolling terrain, for multiple point, area, and volume sources. 

calculates the annual average concentration due to airborne emissions at user-selected receptors, based 

on sector-averaged statistical wind summaries. 

13 

It incorporates a steady-state gaussian plume equation that is applicable in 14 

The ISCLT2 model I5 

16 

17 

18 

19 

Data required for input to the model include source 

emission rates, the locations and configurations of sources, statistical summaries of wind speed, wind 

direction, and atmospheric stability, and the locations of the selected receptors. 

D .2.4 PARTICULATE CONTAMINANT EMISSION RATES 20 

Radionuclide, inorganic, semivolatile organic, and nonvolatile organic contaminants were assumed to 

be present in the suspended particulate matter emitted from the site. 

21 

22 The emission rate for each 

contaminant in this particulate matter was calculated from the concentration of the contaminant in the 23 

24 exposed soil and from the estimated average particulate matter emission rates from Operable Unit 2. 

For concentration calculations, the emission rate of particulate matter less than 10 micrometers in 

diameter (PM ) was used. 

25 

26 

21 

28 

For deposition rate calculations, the emission rate of total suspended 
__. . --- - - _ _ _ _  ____. - --__- -- ~ _ _ -  -10- - - ~ ~.___ 

particulates (TSP) was used. The TSP emission rate was determined by assuming that PM,, 

represented 50 percent of the TSP value (EPA 1993). 0 
~ 0 1 6 6 0  
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D.2.4.1 Contaminated Soil Concentrations e 
The contaminant concentrations in soil used to develop of emission source terms are presented in 

Attachment D.2-I. The initial contaminant soil concentrations were selected from data in Appendix A 

of this FS. 

Because this analysis assumed that the site has been remediated, any soil concentrations exceeding the 

expanded trespasser or on-property resident farmer PRLs identified in this FS were reset to the 

appropriate PRL value. For COCs which did not exceed the.PRL value, the exposed soil 

concentration terms were used. These layers included the upper GMA and till in the Flyash Piles and 

South Field (all alternatives) as well as the fill in the South Field (Alternatives 3 and 6). This 

approach assumed that the residual contamination after remediation will not be worse than currently 

measured levels. 

D.2.4.2 Suspended Particulate Emission Estimate 

The method used to estimate PMIo emission rates for the FEMP is based on EPA guidance for 

estimating wind erosion rates from flat soil surfaces at hazardous waste sites (EPA 1985a). The EPA 

methodology assumes that a minimum wind speed is required for the suspension of respirable dust, 

and the emission rate is a nonlinear function of the "Threshold Friction Velocity" (TFV) and the 

erosion potential of the site, which depends on the particle size distribution of the soil. Very fine 

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

@ 

In addition to modal diaiiieter, other factors such as the amount of nonerodible elements [gravel and 

pebbles with diameters greater than approximately 1 cm (0.4 in.)], crustiness of the surface soil, and 

the amount of vegetative cover effect the quantity of soil that can be resuspended by the wind. 
\ 

The on-property resident farmer receptor would be continuously breaking up the soil crust in the 

farmed area. Therefore, crustiness was not applied as a factor in determining the particulate 

.emissions for this receptor. To conservatively estimate the emissions from an on-property farm, only 

the modal diameter was used to calculate the flux of particulate matter for determining risk under this 

scenario. For all other receptors/scenarios, the ability of the soil to form a crust, as well as moisture 
-- ~ - ~~ ~ -~ ~ _. ~ ~~ ~ ~..~. ~ ~~ ~ ~ _ _ _ _  .- ~~~~ ~~ 

content and presence of nonerodible elements, was taken into account. 
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D.2.4.2.1 Emission Rates with Private Ownership 
The modal diameter of Operable Unit 2 exposed soil was estimated from particle size distributions 

presented in the Operable Unit 2 RI Report (DOE 1994). From the data in that report, the modal 

diameter occurs in the silt fraction, which is between 0.002 and 0.075 mm (0.000001 and 0.00003 

in.). The modal diameter selected was approximately 0.021 mm (0.00001 in.), which is in agreement 

with the typical 50 percent particle size diameter for the FEMP (Mulder 1993). 

Using an exposed soil modal diameter of 0.021 mm, the TFV can be determined from the EPA 

guidance document (EPA 1985a, Figure 3-4). The relationship between the modal diameter and the 

TFV can be represented by the equation: 

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

TFV = threshold friction velocity ( c d s )  near the soil surface, and 
4 = modal diameter of soil sample (mm). 

(D .2- 1) 

The calculated TFV is approximately 13.0 c d s  (5 in./s) based on a modal diameter of 0.021 mm 

(0.00001 in.). The calculated TFV should be corrected based on the surface roughness, crustiness, 

and quantity of nonerodible elements. The ratio of the corrected TFV to the uncorrected TFV is a 

nonlinear function of the ratio of the silhouette area of the roughness elements to the total area of bare 

loose soil (EPA 1985a). For this FS, no correction was applied to the calculated TFV based on the 

assumption that the exposed surface would behave like dry, loose silt. This assumption is obviously 

conservative, since the site has enough clay in the soil to form a nonerodible crust, the surface 

contains nonerodible elements, and the vegetation present will significantly increase the TFV 

necessary to resuspend surface soil. 

The calculated TFV is less than the 75 c d s  (30 in./s); therefore, the FEMP surface soil was 

considered to have an "unlimited" erosion potential (EPA 1985a). The equation for respirable 

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

E,, = 0.036 x (l-V) x [(u/Q3] x F(y) (D.2-2) 

where 

E,, = annual average PM,, emission rate per unit area of contaminated surface (g/hr/m2), 
0016G3 
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PM,, = 

v =  
u =  

u, = 

Y =  
~ F(y) = ~ 

F(Y) = 

F(Y) = 

particulate matter with a diameter 1. 10 meters, 

fraction of soil covered by vegetation, 

mean annual wind speed (m/s). 

TFV at the height of "u" (m/s), 

0.886 x u, / u, 

1.91 for y -< 0.5, 

0.18 x (y3 + 12y) x EXP(-y2) for y > 2, and 

See Figure 4-3, EPA 1985a, for 0.5 < y < 2. 

- 

For the on-property resident farmer exposure scenarios, the farmed land will be periodically plowed 

and planted, harvested, plowed, and left fallow. Under these scenarios, the topsoil is assumed to be 

covered with vegetation for only 50 percent of the year. 

The TFV must be corrected to the anemometer height [lo m (30 ft)] used to collect site wind speed 

data. The corrected TFV is calculated from the following equation (EPA 1985a): 0 
UjTFV = (U0.4) In (Z/Z,) 

where 
(D .2-3) 

Z = anemometer height (m), and 

Z, = surface roughness height (m). 

The surface at the FEMP will be covered with grass and other vegetation after completion of remedial 

actions. Using an approximated value of 0.03 m (0.1 ft) for grassland (EPA 1985a) as Z,, the value 

of U, was calculated to be 1.89 m/s (6 ft/s). 

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

multiplying the emission rate for a single mean annual wind speed value by an estimated annual wind 

speed probability distribution. This method allows for rapid calculation of annual PM,, emissions 

knowing only the mean annual wind speed. The highest annual average wind speed from the on-site 

meteorological data set was 2.28 m / s  (DOE 1993~). Using this wind speed value in Equation D.2-2 - -~ - ~. ~ .~ - ____ _ _  

provides.an estimated PM,, emission flux of 1.59 x g/sec/m2. a 
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I 

The annual average contaminant emission rates from each subunit under each alternative is presented 

in Attachment D.2-11. Only those emission rates associated with soil concentrations which exceed 

background are included in the attachment. 

D.2.4.2.2 Emission Rates with Administrative Controls 

Observations of the surface soil at the FEMP indicate that the surface may have a limited erosion 

potential, based on comparison of the FEMP surface to photographs of limited erosion potential 

surfaces presented in the reference document (EPA 1985a). Therefore, the limited erosion potential 

equation, presented below, is used to estimate particulate emissions for the expanded trespasser/off- 

property farmer exposure scenarios: 

E,, = 0.83 x f x P(u+) x (1 - V) / (PE/50)2 (D.2-4) 

where 

E,, = 

f = frequency of disturbance per month, 

annual average PM,, emission rate per unit area of contaminated surface (g/hr/m2), 

P(u+) = 

u+ = 

v =  
PE = 

erosion potential, the quantity of erodible particles present 

onset of wind erosion (g/m2), 

observed (or probable) fastest mile, of wind for the period 

W S ) 9  

fraction of soil covered by vegetation, and 

on the surface prior to the 

between disturbances 

Thornthwaite's Precipitation Index (a measure of average soil moisture content). 

The erosion potential in Equation D.2-4 depends on the fastest mile as follows (EPA 1985a): 

P(u+) = 6.7 x (u+ - uJ, for u+ 1 ut, 

= 0, for U+ < ut. 

(D.2-5) 

A typical fastest mile for the region is 24 m/s (EPA 1985a) at 7 m above the ground. Correcting the 

threshold friction velocity previously determined for the unlimited erosion potential to 7 m above the 

ground (using Equation D.2-3) results in a value of 1.77 m/s for ut. The calculated value for P(u+) is 

148.93 g/m2. 
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Since the remediated site under scenarios other than the on-property resident farmer will be 
e 

infrequently disturbed, the value o f f  was assumed to be 1. Thornthwaite’s Precipitation Index (PE) 

for the southwest corner of Ohio is 103 (EPA 1985a). 

Currently, the FEMP is 80 to 85 percent covered with vegetation. After remediation, each subunit 

will be planted with appropriate vegetation- for erosion control and aesthetics. The region easily 

supports plant life, and a 100 percent vegetative cover is expected over the postremediated site, with 

or without continued maintenance. For this air transport analysis, the site was conservatively 

assumed to be 85 percent covered with vegetation. The 85 percent value is in line with EPA 

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

The limited erosion potential of PM,, for the FEMP is then calculated to be 1.21 x g/s/m2 

Note that the ISCLT2 model calculates dispersion for six wind speed categories (EPA 1992a). The 

use of a single emission rate for dispersion under all six wind speed categories will overestimate the 

concentrations for low wind speeds and underestimate concentrations for high wind speeds. The 

frequency of wind speeds in the lower wind speed categories is much greater than the frequency of 

wind speeds in the upper wind speed categories. Therefore, using a single emission rate for all wind 

speed categories in ISCLT2 will tend to overestimate the ground level PM,, concentrations. Evidence 

indicates (EPA 1985b) that no substantial fugitive particulate emissions occur for wind speeds less 

than 5 m/s (16.4 ft/s or 12 mph). These wind speeds include the lower three wind speed categories 

analyzed by ISCLT2. 

0 

The annual average contaminant emission rates from each subunit under each alternative is presented 

in Attachment D.2-11. Only those emission rates associated with soil concentrations which exceed 

background are included in the attachment. 
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D.2.5 GASEOUS CONTAMINANT EMISSION RATES 23 

Emissions of radon-222 were estimated for exposed soil as well as from capped or covered areas. 24 

25 

No 

other gaseous emissions were estimated. Volatile organics were assumed to have decayed to 
~- _ _  _ _ _ _  _ _ _ _ _  ~- 

negligible levels prior to the time period studied by this analysis. Radionuclides, semivolatile and 26 

21 nonvolatile organics, and inorganics were assumed to be transported with the particulates emitted 

from the site. 

FER/OU2FS-5/2FSD2AIR.DOC18-11 :‘.4 D-2- 13 



FEMP-OU02-5 DRAFT 
August 24, 1994 

Radon-222 emissions were determined from the radium-226 concentrations in the contaminated soil 

using the RAECOM model algorithms developed for the NRC (NRC 1984). The model accounts for 

the half-lives of radon and radium, as well as the density, porosity, moisture content, and depth of 

contaminated layers and cover layers in estimating radon-222 emission rates. The model converts 

radium-226 soil concentrations (in pCi/g) to radon-222 fluxes (in pCilslm*). The basic equations are 

presented in the Risk Assessment Work Plan Addendum (DOE 1992). The RAECOM model input 

parameters and output are presented in Attachment D .2-III. 

D.2.6 METEOROLOGICAL DATA 

Meteorological data characterizing the transport and dispersion conditions of an area are needed as 

input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric stability, 

ambient air temperature, and mixing height. Measurements. for all of these meteorological 

parameters, except mixing height, have been recorded at the FEMP site as part of a comprehensive 

environmental monitoring program since August 1986. 

Direct measurements of wind speed, wind direction, and ambient air temperature were taken at a 

height of 10 m (30 ft) above the ground. Atmospheric stability was derived from direct 

measurements of the standard deviation of the horizontal wind direction (ae) during the day and the 

low-level temperature difference (AT) at night. Measurements of a, were taken at a height of 60 m 

(180 ft) above the ground. The temperature difference was calculated from air temperature 

measurements taken at 60 a d  10 m (180 and 30 ft) above the ground. Site-specific hourly 

measurements were obtained for 1987 through 1992, excluding 1990 due to poor data recovery. A 5- 

year composite joint frequency distribution of wind speed, wind direction, and atmospheric stability is 

presented in Attachment D.2-IV. The composite distribution was used in the ISCLT2 dispersion 

model. 

Mixing heights were determined from twice-daily atmospheric soundings made by the N W S .  The 

nearest N W S  station is in Dayton, Ohio. 

D.2.7 RECEPTOR LOCATIONS 

As previously stated, the objective of the air transport analysis was to determine the maximum on- 

and off-property contaminant concentrations for risk assessment calculations. Two rectangular 

(4036;57 
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receptor grid systems were used to determine the maximum on-property concentrations and 1 

approximate locations. The first grid consisted of 676 receptor points in a 121.9 x 121.9 m (400 x 

400 ft) pattern which extended over the entire FEMP property. The 1927 State Planar coordinate 

2 

3 

system was used for origin and location. The second grid consisted of 360 receptor points, also in a 

121.9 x 121.9 m (400 x 400 ft) pattern, located over the center of the FEMP. The second grid was 

offset 200 ft north and 200 ft east of the first grid, resulting in an effective 86.2 x 86.2 m (283 x 

283 ft) pattern over the miter of the FEMP. 

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

analysis to identify the maximum off-property receptor. These fenceline receptor locations were 

determined from the intersection of the FEMP fenceline and imaginary lines extending in 36 

directions at 10-degree intervals from a point located at 1,381,000 ft East and 480,000 ft North (1927 

State Planar coordinates). The analysis results for the fenceline receptor with the highest air quality 

impacts are reported as the maximum off-property concentrations in Section D.2.10. 

0 Figure D.2-3 shows the layout of the receptor grid considered in the air dispersion modeling. 

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

activities, the receptors were assumed to be 1.5 m (5 ft) above the ground to simulate a typical 

person’s breathing height for outdoor activities (EPA 1989b). The variation of ground level 

concentration within 0 to 1.5 m (0 to 5 ft) is negligible. 

D.2.8 DISPERSION COEFFICIENTS 

The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on a 

land-use typing procedure to determine whether the characteristics of the area around the FEMP are 

primarily rural or urban. The procedure involved classifying the land use within an area 

circumscribed by a 3 km (1.9 mi) radius about the site. Urban dispersion coefficients were 

recommended for use if land-use types of heavy industrial, light-to-moderate industrial, commercial, 

single-compact residential, and multi-compact residential account for 50 percent or more of the area. 

Otherwise, rural dispersion coefficients were recommended. 

A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 

industrial, commercial, and compact residential land use comprise no more than 10 percent of the 

O O I G & B  
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area within a 3 km (1.9 mi) radius of the site. Therefore, the area was classified as rural for the 

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

appropriate. 3 

I 

2 

D.2.9 MODEL OUTPUT PROCESSING 4 

The air dispersion modeling analysis was simplified by-running the ISCLT2 model with an assumed 5 

6 emission rate of 1 .O g/sl:n' or 1 .O pCi/s/m2 for each area source. The source group and plot file 

options of the ISCLT2 program were used to group sources and write the grouped results to a plot 

The ISCLT2 source group results were multiplied by the contaminant emission rates listed in 

7 

8 

9 

file. 

Attachments D.2-I1 and D .2-III to determine the contaminant-specific annual concentrations presented 

Spreadsheets were used to calculate the contaminant-specific concentrations from 

the ISCLT2 model output and emissions data in Attachments D.2-I and D.2-11. 

were combined into 13 source groups: 

in Section D .2.10. Id 

The 373 area sources I I  

12 

1. Active Flyash Pile - exposed GMA (26 sources) 13 

2. Active Flyash Pile - exposed till, consolidationkapping alternatives (36 sources) 14 

3.  Active Flyash Pile - exposed till, additional sources for on-site disposal cell and off-site I5 

16 disposal alternatives (2 1 sources) 

4. Inactive Flyash Pile - exposed GMA (32 sources) 17 

5. Inactive Flyash Pile - exposed till (22 sources) 18 

6: South Field - exposed GMA (40 sources) 19 

7. South Field - exposed till (43 sources) P 20 

8.  South Field - exposed fill, on-site disposal cell and off-site disposal alternatives (58 
sources) 22 

21 

9. Consolidation Area - Inactive Flyash Pile and South Field end (49 sources for radon-222 23 

emissions only) 24 

10. Consolidation Area - Active Flyash Pile end (22 sources for radon-222 emissions only) 1 25 

12. Lime Sludge Ponds (4 sources) 

13. On-site disposal cell (16 sources for radon-222 emissions only) 

21 

28 

001630 
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D.2. IO RESULTS OF AIR DISPERSION MODELING 

This section discusses.the modeled air concentrations for each alternative. Values are presented for 

the maximum on-property and maximum off-property (fenceline) concentration or deposition rate for 

each contaminant in Attachment D.2-V. 

D.2.10.1 Alternative 2 - Consolidation and Cawing 

The modeled maximum annual average contaminant concentrations (above background) under the 

consolidation and capping altemative are presented in Tables D.2-V- 1 and D.2-V-9. 

Gaseous radon-222 emissions resulted in the highest activity concentrations of any radionuclide 

analyzed by at least four orders of magnitude. The maximum on- and off-property (fenceline) 

concentrations of radon-222 were modeled at 1.55 and 0.080 pCi/m3, respectively, from the South 

Field area. The exposed till in the South Field and Active Flyash Pile were the major contributors to 

the radon-222 impacts under this alternative. Radon-222 emissions from the capped areas are 

approximately five orders of magnitude below the emissions from exposed soil. Therefore, assuming 

that capped areas provide insignificant contribution to gas and particulate air emissions should be 

reasonable. The operable unit-wide radon-222 air concentrations are presented on Figure D.2-4. 

The maximum radon-222 value is over three orders of magnitude below the EPA action level of 4,000 

pCi/m3 (4 pCi/l) for indoor radon concentrations. The maximum value is approximately three orders 

of magnitude below the annual average U.S. residential radon concentration of 1,250 pCi/m3 

(Marcinowski and Napolitano 1993). 

P 

Modeled concentrations of uranium-238 typically represented one of the more prevalent radionuclides 

in the particulate phase. The maximum on- and off-property concentrations of uranium-238 in PM,, 

were modeled at 9.47 x 

maximum on- and off-property deposition rates of uranium-238 were modeled at 3.40 x lo-' and 1.64 

x IO-' pCi/m2/s, respectively, for the South Field area. The exposed till in the South Field was the 

major contributor to the uranium-238 impacts under this alternative. The operable unit-wide uranium- 

238 air concentrations are presented on Figure D.2-5. 

and 4.55 x 10" pCi/m3, respectively, for the South Field area: The 
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The modeled maximum annual average contaminant concentrations under the off-site disposal 

alternative with federal ownership are presented in Tables D.2-V-2, D.2-V-3, D.2-V-4, and D.2-V-8. 

The modeled maximum annual average contaminant concentrations under the off-site disposal 

alternative with private ownership are presented in Tables D.2-V-5, D.2-V-6, D.2-V-7, and D.2-V-8. 

D.2.10.2.1 Future Land Use with Federal Ownership 

Gaseous radon-222 emissions resulted in the highest activity concentrations of any radionuclide 

analyzed by at approximately four orders of magnitude under this alternative and land use. The 

maximum on- and off-property concentrations of radon-222 were modeled at 1.68 and 0.087 pCi/m’, 

respectively, for the South Field area. The exposed till and fil l  in the South Field were the major 

contributors to the radon-222 impacts. The operable unit-wide radon-222 air concentrations are 

presented on Figure D.2-6 for Alternative 3 with federal .ownership. 

Again, the maximum radon-222 value is over .three orders of magnitude below the EPA action level of 

4,000 pCi/m3 (4 pCi/l) for indoor radon concentrations. The maximum value is approximately three 

orders of magnitude below the annual average U.S. residential radon concentration of 1,250 pCi/m3 

(Marcinowski and Napolitano 1993). The difference between Alternatives 2 and 3 is insignificant with 

regard to radon-222 air concentrations. 

a 

The maximum on- and off-property concentrations of uranium-238 were modeled at 1.97 x 10” and 

1.08 x lo4 pCi/m3, respectively, from the South Field area. The maximum on- and off-property 

concentrations of uranium-238 were modeled at 5.57 x lo4 and 1.52 x lo-’ pCi/m3, respectively, from 

the Solid Waste Landfill. The exposed till and fill in the South Field and were the major contributors 

to the uranium-238 impacts. The operable unit-wide uranium-23 8 air concentrations are presented on 

Figure D.2-7 for  Alternative 3 with federal ownership. 

D.2.10.2.2 Future Land Use with Private Ownershiu 

Residual radium-226 concentrations in exposed soil were estimated to be at or below background 

concentrations for all subunits under Alternative 3 with private ownership. Therefore, - no emissions of 

radon-222 above background were assumed and no radon-222 concentrations were estimated. 
____ 
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The maximum on- and off-property concentrations of uranium-238 were modeled at 1.14 x lo-’ and 

8.83 x lo” pCi/m3, respectively, from the South Field area. The exposed GMA in the Inactive 

Flyash Pile was the major contributor to the uranium-238 impacts. The operable unit-wide uranium- 

238 air concentrations are presented on Figure D.2-8 for Alternative 3 with private ownership. 

D.2.10.3 Alternative 6 - Excavation on On-Site Disposal with Off-site Disuosal of Fraction 
Exceeding Waste Acceutance Criteria 

The modeled maximum annual average contaminant concentrations under the on-site disposal 

alternative with federal ownership are also presented in Tables D.2-V-2, D.2-V-3, D.2-V-4, and D.2- 

V-8. The modeled maximum annual average contaminant concentrations under the on-site disposal 

alternative with private ownership are presented in Tables D.2-V-5, D.2-V-6, D.2-V-7, and D.2-V-8. 

D.2.10.3.1 Future Land Use with Federal Ownershius 

Gaseous radon-222 emissions for Alternative 6 with federal ownership are essentially identical to . 

emissions for Alternative 3 with the same land use. The only difference is the additional radon-222 

emissions from the disposal cell. The disposal cell emissions were approximately five orders of 

magnitude below the exposed soil emissions from the South Field area. Therefore, the air impacts 

from the disposal cell are insignificant compared to impacts from the South Field area. The operable 

unit-wide radon-222 air concentrations are also presented on Figure D .2-6 for Alternative 6 with 

federal ownership. 

Estimated uranium-238 emissions for Alternative 6 with federal ownership are identical to emissions 

for Alternative 3 with the same land use. Therefore, the operable unit-wide uranium-238 air 

concentrations are also presented on Figure D .2-7 for Alternative 6 with federal ownership. 

D.2.10.3.2 Future Land Use with Private Ownershig 

Residual radium-226 concentrations in exposed soil were estimated to be at or below background 

concentrations for all subunits under Alternative 6 with private ownership. The only source of radon- 

222 emissions above background was the disposal cell. The maximum on- and off-property 

concentrations of radon-222 were modeled at 2.90 x 

the disposal cell. The operable unit-wide radon-222 air concentratih are presented on Figure D.2-9 

for Alternative 6 with private ownership. 

and 1.05 x pCi/m3, respectively, from 
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Estimated uranium-238 emissions for Alternative 6 with private ownership are identical to emissions 

for Alternative 3 with the same land use. Therefore, the operable unit-wide uranium-238 air 

concentrations are also presented on Figure D.2-8 for Alternative 6 with private ownership. 
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On-Property Fanner - 106 AIternatives: &-Property Disposal Cell; Off-Site 

D.2-1-8 Contaminant Concentrations in Exposed Soil - South Field - Exposed GMA - Expanded 
Trespasser/Off-Property Farmer - lo4 Alternatives: On-Property Disposal Cell; 

Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-6 

\ 

Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-7 

Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-8 

D.2-1-9 Contaminant Concentrations in Exposed Soil - South Field - Exposed Till - Expanded 
Trespasser/Off-Property Farmer - 106 Alternatives: On-Property Disposal Cell; 
Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-9 

Expanded TrespassedOff-Property Farmer - 106 Alternatives: On-Property Disposal 
Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . .  D.2-1-10 

Expanded Trespasser/Off-Property Farmer - 10-6 Alternatives: On-Property Disposal 
Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-11 

D.2-1-10 Contaminant Concentrations in Exposed Soil - South Field - Exposed Fill - 

D.2-1-11 Contaminant Concentrations in Exposed Soil - Active Flyash Pile - Exposed Till - 

D.2-I=12-Contaminant-Concentrations-in.Exposed.S0il~Active_Flyash_Pile~E~-T~l- 
Expanded TrespassedOff-Property Farmer - 106 Alternatives: On-Property Disposal 
Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-12 

F E R C R U 2 F S V D R U P P B ~ 2 2 .  I9W S:12pn D-2-14 
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I 
D.2-1-13 Contaminam Concentrations in Exposed Soil - Active Flyash Pile - Exposed GMA - 

Expanded Trespasser/Off-Property Farmer - 106 Alternatives: On-Property 
Disposal Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-13 

On-Property Disposal Cell; Off-Site Disposal 

Disposal Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-15 

Disposal Cell; Off-Site Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-16 

ConsolidationlCapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-17 

D.2-1-14 Contaminant Concentrations in Exposed Soil - Inactive Flyash Pile - 
Exposed Till - Expanded Trespasser/Off-Property Farmer - 106 Alternatives: 

. . . . . . . . . . . . . . . . . . . . . . .  D.2-1-14 

D.2-1-15 Contaminant Concentrations in Exposed Soil - Solid Waste Landfill - Exposed 
Till - Expanded Trespasser/Off-Property Farmer - 106 Alternatives: On-Property 

D.2-1-16 Contaminant Concentrations in Exposed Soil - Lime Sludge Ponds - Exposed 
Till - Expanded Trespasser/Off-Property Farmer - lob Alternatives: On-Property 

D.2-1-17 Contaminant Concentrations in Exposed Soil - South Field - Exposed GMA - 
Expanded Trespasser/Off-Property Farmer - lo4 Alternatives: 

D.2-1-18 Contaminant Concentrations in Exposed Soil - South Field - Exposed Till - 
Expanded Trespasser/Off-Property Farmer - lo4 Alternatives: 
ConsolidationKapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-18 

D.2-1-19 Contaminant Concentrations in Exposed Soil - Active Flyash Pile - Exposed GMA - 
Expanded Trespasser/Off-Property Farmer - lob Alternatives: 
ConsolidationKapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-I- 19 

D.2-1-20 Contaminant Concentrations in Exposed Soil - Active Flyash Pile - Exposed Till - 
Expanded Trespasser/Off-Property Farmer - lo4 Alternatives: 
ConsolidatiodCapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D .2-1-20 

ConsolidatiordCapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.2-1-2 1 

Consolidation/Capping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D .2-1-22 

D.2-1-21 Contaminant Concentrations in Exposed Soil - Inactive Flyash Pile - Exposed GMA - 
Expanded Trespasser/Off-Property Farmer - 106 Alternatives: 

D.2-1-22 Contaminant Concentrations in Exposed Soil - Inactive Flyash Pile - Exposed Till - 
Expanded TrespassedOff-Property Farmer - lob Alternatives: 

808784 
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Table D.2-I- 1 
Contaminant Concentrations in Exposed Soil 

South Field - Exposed GMA - On Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

South Field OU2 Minimum of o u 2  Post- 

Con tam in ant Conc. Terma (SF Soil)b Conc. Term . Backgroundb Incr. Conc.' 
- I  ~ ~ GMA Inside- .. ~ Soil PRL . ~ P R L o r ~  ~ _ _  Remedial- . ~~. ~ ~ ~ ~- 

a 

Radionuclides (pCi/g'): 
Cesium - 137 
Neptunium-237 
Plutonium-238 
Radium - 226 
Radium-228 
Strontium - 90 
Technetium-99 
Thorium- 228 
Thorium - 230 
Thorium - 232 
Uranium- 234 
Uranium - 2351236 
Uranium-238 
horganics and Organics (me/k& 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo( a) an thr ac en e 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthen e 
Beryllium 
Carbazole 
Dibenzo(a.h)anthracene 
Dieldrin 
Indeno( 1.2.3 - cd)pyrene 

0.000 
0.000 

NC 
0.676 
0.461 
0.700 
0.000 
0 . 3 3  
1.370 
0 . 3 3  
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 

NC 
0.000 
0.000 
0.000 

7.20E-01 
4.30E - 02 

NA 
1.43E+00 
1.26E +00 
1.60E - 02 
2.10E - 02 
1.43E+00 
2.74E+00 
1.36E+00 
2.00E +00 
2.40E - 01 
1.47E +00 

NA 
1.50E-03 

' 2.30E-04 
8.20E+00 
2.30E- 02 
1.50E-03 
1.40E - 02 ' 

4.7OE-02 
6.00E-01 , 

NA 
4.60E-04 
4.00E - OS 
7.30E-03 

0.000 
0.000 
NC 
0.676 
0.461 
0.016 
0.000 
0 .33  
1.370 I 

0.3.30 
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 
NC 
0.000 
0.000 
0.000 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.000 
0.000 
0.000 
0.000 
0.016 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 10..300 3.4OE+OO 3.400 3.4 0.000 

NA = Not applicable. 
NC = Not characterized. 
Toncentrations from Appendix A. 
bPRL and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-2 
Contaminant Concentrations in Exposed Soil 

Alternatives: On -Property Disposal Cell; Off-site Disposal 
Active Flyash Pile - Exposed G M A  - On Property Farmer - 

Active Flyash OU2 Minimum of o u 2  Post- 
GMA Inside Soil PRL PRL or Remedial 

Contaminant Conc. Terma (AFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium- 137 
Neptunium - 237 
Plutonium - 238 
Radium-226 
Radium-228 
Strontium - 90 
Technetium- 99 
Thorium -228 
Thorium-2-30 
Thorium-232 . 
Uranium -234 
Uranium-235/236 
Uranium - 238 
Inorganics and Organics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)an thracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryl1 iu m 
Carbazole 
Dibenzo( a.h)an thracene 
Dieldrin 
Indeno( 1.2.3-cd)pyrene 
Uranium (total) 

0.000 
0.000 

0 
0.594 
0.537 
0.500 
0.000 
1.190 
1.420 
0.965 
0.921 
0.000 
0.754 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

8.416 

7.20E-01 
4.3OE-02 

NA 
1.43E + 00 
1.26E+00 
1.6OE-02 
2.10E-02 
1.43E+00 
2.74E+00 * 

1.36E+00 
2.00E+00 
2.40E-01 
1.47E+00 

NA 
1.50E-03 
2.30E-04 
8.20E+00 
2.30E-02 
1 .50E - 03 
1.40E-02 
4.70E-02 . 

6.00E-01 
NA 

4.60E - 04 
4.00E -05 
7.30E-03 

0.000 
0.000 
NC 
0.594 
0.537 
0.016 
0.000 
1.190 
1.420 
0.965 
0.921 
0.000 
0.754 

NC 
NC 
NC 
8.200 
NC 
NC 
NC 
NC 
0.600 
NC 
NC 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.000 
0.000 
0.000 
0.000 
0.016 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

- 2.40E+01 8.416 3.4 5.016 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-3 
Contaminant Concentrations in Exposed Soil 

Active Flyash Pile - Exposed Till - On Property Farmer - 
Alternatives: On -Property Disposal Cell; Off-site Disposal 

Contaminant 
Radionuclides (pcilg): 
Cesium- 137 
Neptunium-237 
Plutonium - 238 
Radium -226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium - 228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium- 2351236 
Uranium - 238 

Active Flyash 
Till-Other 

Conc. Term" 

0.000 
0.190 

NC 
1.140 
0.900 
1.200 
0.000 
1.760 
2.670 
1.200 
1.000 
0.034 
1.050 

Inorganics and Organics (mdkg& 
Antimony NC 
Aroclor 1254 NC 

OU2 Minimum of 
PRL or 

(AFP Soil)b Conc. Term 

- - Soil-PRL.- - - 

7.20E-01 
4.30E-02 

NA 
1.43E+00 
1.26E+00 
1.60E-02 
2.10E-02 
1.43E+00 
2.74E+00 
1.36E+@ 
2.00E+00 
2.40E-01 
1.47E+00 

0.000 
0.043 
NC 
1.140 
0.900 
0.016 
0.000 
1.430 
2.670 
1.200 
1 .ooo 
0.034 
1.050 

NA NC 
1.50E-03 NC 

o u 2  Post- 
Remedial 

Backgroundb Incr. Conc.' 

~~ - ~ _ _ _  . -  - -  

0.7 1 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0.000 
0.043 
0.000 
0.000 
0.000 
0.016 
0.000 
0.000 
0.700 
0.000 
0.000 
0.000 
0.000 

'0 0.000 
0 0.000 

Aroclor 1260 NC 2.30E-04 NC 0 0.000 
Arsenic 14.000 8.20E+00 8.200 8.2 0.000 
Benzo( a)anthracene NC 2.30E-02 NC 0 0.000 
Benzo( a)pyrene NC 1.50E - 03 NC 0 0.000 
Benzo( b)fluoran thene NC 1.40E-02 NC 0 0.000 
Benzo(k)fluoranthene NC 4.70E-02 NC 0 0.000 
Beryl1 iu m 1.100 6.00E-01 0.600 0.6 0.000 
Carbazole NC NA NC NA 0.000 
Dibenzo( a.h)anthracene NC 4.60E-04 NC 0 0.000 
Dieldrin NC 4.00E -OS NC 0 0.000 
In deno( 1.2.3 - cd)pyene NC 7.30E - 03 NC 0 0.000 
Uranium (total) 4.270 2.40E+01 4.270 3.4 0.870 

NA = Not applicable. 
NC = Not characterized. 
"Concentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
.'A zero value indicates that the residual concentration is at or below background. This subuniflayer does 
not contribute to risks above background. 
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Table D.2-1-4 
Contaminant Concentrations in Exposed Soil 

Inactive Flyash Pile - Exposed G M A  - On Property Farmer - 
Alternatives: On -Property Disposal Cell; Off-site Disposal 

Inactive Flyash OU2 Minimum of o u 2  Post- 
GMA Inside Soil PRL PRL or Remedial 

Con tamin ant Conc. Term" (IFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/p): 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium-226 
Radium-228 
Strontium-90 
Technetium- 99 
Thorium-228 
Thorium - 2 3  
Thorium-232 
Uranium-234 
Uranium -2W236 
Uranium -238 
Inorganics and Organics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo( b)fluoran thene 
Benzo(k)fluoran thene 
Beryllium 
Carbazole 
Di benzo( a.h)an th r acen e 
Dieldrin 
Indene( 1.2.3 -cd)pyrene 

NC 
0.180 

0 
0.870 ~ 

0.530 
NC 

0.000 
0.410 
2.030 
0.760 
1.290 
0.080 
1.440 

NC 
NC 
NC 

5.100 
NC 
NC 
NC 
NC 
NC 
NC 

0.000 
NC 
NC 

7.20E-01 
4.30E-02 

NA 
1.43E+00 
1.26E+00 
1.60E -02 
2.10E-02 
1.43E+00 
2.74E+00 
1.36E+00 
2.00E+00 
2.40E-01 
1.47E+00 

NA 
1 .50E - 03 
2.3OE-04 
8.20E+00 
2.30E -02 
1.50E -03 
1.40E-02 
4.70E-02 
6.00E -01 

NA 
4.60E-04 
4.00E - OS 
7.30E - 03 

NC 
0.043 
NC 
0.870 
0.530 
NC 
0.000 
0.410 
2.030 
0.360 
1.290 
0.080 
1.440 

N C  
NC 
NC 
5.100 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.043 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.060 
0.000 
0.250 
0.000 
0.220 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 5.860 2.10E+01 5.860 3.4 2.460 

NA = Not applicable. ' 

NC = Not characterized. 
"Concentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 

~ not contribute to risks above background. ~~~ ~ ~ ~ ~ ~~ 
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Table D.2-1-5 
Contaminant Concentrations in Exposed Soil 

Inactive Flyash Pile - Exposed Till - On Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Inactive Flyash OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Con tamin ant Conc. Terma (IFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium -226 
Radium-228 
Strontium - 90 
Technetium-99 
Thorium - 228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 a Uranium-238 
Inorganics and Organics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoran th ene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo( a.h)anthracene 
Dieldrin 
Indeno( 1.2.3-cd)pyrene 

NC 
0.160 

NC 
1.010 
0.730 

NC 
NC 

0.833 
1.620 
0.732 
0.770 
0.052 
0.850 

NC 
NC 

NC 
6.900 

NC 
NC 
NC 
NC 
NC 
NC 

0.000 
NC 
NC 

7.20E-01 
4.30E-02 

NA 
1.43E + 00 
1.26E+00 
1.60E - 02 
2.10E-02 
1.43E+oO 
2.74E+oO 
1.36E+oO 
2.00E +oO 
2.40E-01 
1.47E+00 

NA 
1.50E-03 
2.30E - 04 
8.20E+oO 
2.30E-02 
1.50E - 03 
1.40E -02 
4.70E-02 
G.00E-01 

NA 
4.6OE-04 
4.00E-05 
7.3OE-03 

NC 
0.043 
NC 
1.010 
0.730 
NC 
NC 
0.833 
1.620 
0.732 
0.770 
0.052 
0.850 

NC 
NC 
NC 
6.900 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 

0.71 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 

. 1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.043 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 4.390 2.10E+01 4.390 3.4 0.990 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 

'A zero value indicates that the residual concentration is at or below background. This subuniflayer does 
not contribute to risks above background. 

bpRr;s-- - .  . . - ~. - . - . -  
and Background Concentrations from Section 2. 
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Table D.2-1-6 
Contaminant Concentrations in Exposed Soil 

Alternatives: On-Property Disposal Cell; Off-site Disposal 
Solid Waste Landfill - Exposed Till - On Property Farmer - 

Solid Waste OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Con tamin ant Conc. Term' (SWL Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/& 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium - 226 
Radium - 228 
Strontium- 90 
Technetium-99 
Thorium -228 
Thorium-2-70 
Thorium - 232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Inorganics and Organics (mg/kg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a.h)anthracene 
Dieldrin 
Indeno( 1.2.3- cd)pyrene 

NC 
0.400 

0 
1.000 
0.900 
0.730 
0.000 
1.100 
3.100 
0.900 
1.300 
0.100 
3.600 

23 
NC 
NC 

7.700 
0.290 
0.290 
0.260 

NC 
1.000 
0.210 
0.110 

NC 
0.210 

NA 
4.30E-02 
4.00E -01 
1.43E+00 
1.26E+00 
1.60E-02 
1.89E-03 
1.43E+00 
2.74E+00 
1.36E+00 
1.12E+00 
2.30E-01 
1.17E+00 

1.33E+00 
NA 
NA 

8.20E+00 
2.30E-02 
1 SOE - 03 
1.40E-02 

NA 
6.00E-01 
6.43E - 03 
4.60E-04 

NA 
7.30E - 03 

NC 
0.043 
0.200 
1.000 
0.900 
0.016 
0.000 
1.100 
2.740 
0.900 
1.120 
0.100 
1.170 

1.330 
NC 
NC I 

7.700 
0.023 
0.002 
0.014 
NC 
0.600 
0.006 
0.000 
NC 
0.007 

0.71 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
0.00E+00 

0 
0 
0 

0.000 
0.043 
0.200 
0.000 
0.000 
0.016 
0.000 
0.000 
0.770 
0.000 
0.080 
0.000 
0.000 

1.330 
0.000 
0.000 
0.000 
0.023 
0.002 
0.014 
0.000 
0.000 
0.006 
0.000 
0.000 
0.007 

Uranium (total) 7.700 3.40E +00 3.400 3.4 0.000 

NA = Not applicable. 
NC = Not characterized. 
'Concentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-7 
Contaminant Concentrations in Exposed Soil 

Alternatives: On -Property Disposal Cell; Off-site Disposal 
Limc Sludge Ponds - Exposed Till - On Property Farmer - 

Lime Sludge OU2 Minimum of o u 2  Post- 
~~~ . . ~~ Till Other - Soil PRL ~ P R L o r ~  -Remedial- - 

Con tamin ant Conc. Terma (LSP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium -226 
Radium -228 
Strontium-90 
Technetium -99 
Thorium - 228 
Thorium - 230 
Thorium - 232 
Uranium - 234 
Uranium - 235/236 
Uranium-238 

0.000 
0.130 

NC 
1.190 
1.110 
0.540 
0.000 
0.970 
2.490 
1.050 

NC 
NC 

1.140 
Inorganics and Organics (mg/kg): 
Antimony NC 
Aroclor 1254 NC 
Aroclor 12GO NC 
Arsenic 14.890 
Benzo( a)anthracene NC 
Benzo( a)pyren e NC 
Benzo( b)fluoran then e NC 
Benzo(k)fluoranthen e NC 
Beryllium NC 
Car b azo1 e NC 
Dibenzo( a,h)an thracene NC 
Dieldrin NC 
Indeno( 1.2.3 -cd)pyrene NC 

7.20E-01 
5.10E-03 

NA 
1.43E + 00 
1.26E + 00 
5.60E - 03 
1.89E-03 
1.43E+00 
2.74E+00 
1.36E + 00 
1.26E +00 
2.40E-0 1 
1.26E + 00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.000 
0.005 
NC 
1.190 
1.110 
0.006 
0.000 
0.970 
2.490 
1.050 
1.260 
0.240 
1.140 

NC 
NC 
NC 

14.890 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.005 
0.000 
0.000 
0.000 
0.006 
0.000 
0.000 
0.520 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
6.690 . 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 14..300 3.40E+00 3.400 3.4 0.000 

NA = Not applicable. 
NC = Not characterized. . 

aConcentrations from Appendix A. 

- _ _ ~ _  ~ .~ bPRL ~~~~~ and Background . ~ Concentrations ~ from ~ - Section 2. ~ -~ 

'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-8 
Contaminant Concentrations in Exposed Soil 

Alternatives: On -Property Disposal Cell; Off-site Disposal 
South Field - Exposed G M A  - Expanded Trespasser/Off-Property Farmer - 

South Field OU2 Minimum of o u 2  Post- 
GMA Inside Soil PR.L PRL or Remedial 

Con t am in ant Conc. Terma (SF GMA)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g'): 
Cesium- 137 
Neptunium-237 
Plutonium-238 
Radium -226 
Radium - 228 
Strontium-90 
Technetium- 99 
Thorium - 228 
Thorium - 230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Inorganics and Orpanics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole - 

Dibenzo( a.h)anthracene 
Dieldrin 
Indeno( 1.2.3 - cd)pyrene 

0.000 
0.000 

0 
0.676 
0.461 
0.700 
0.000 
0.330 
1.370 
0.330 
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 

NC 
0.000 
0.000 
0.000 

NA 
NA 
NA 

1.80E +00 
2.00E+00 

NA 
7.10E + 0 1 
1.80E +00 
4.02E+02 
1.50E + 00 
8.68E +00 
7.79E+00 
6.12E+00 

NA 
NA 

2.50E+01 
NA 
NA 

2.86E + 00 
NA 
NA 
NA 
NA 

2.00E + 00 
NA 

1.20E + 04 
1.90E + 0 1 

NC 
NC 
NC 
0.676 
0.461 
0.700 
0.000 
0.330 
1.370 
0.3.70 
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 
NC 
0.000 
0.000 
0.000 

10..700 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

3.4 

0.000 
0.000 
0.000 
0.000 
0.000 
0.700 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
6.900 Uranium (total) 10.300 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Apperidix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-9 
Contaminant Concentrations in Exposed Soil 

Alternatives: On-Property Disposal Cell; Off-site Disposal 
South Field - Exposed Till - Expanded Trespasser/Off-Property Farmer - 

South Field OU2 Minimum of o u 2  Post- 
Till Impacted Soil PRL PRL or Remedial 

Contaminant Conc. Term' (SF Till)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium - 137 
Neptunium- 237 
Plutonium-238 
Radium - 226 
Radium-228 
Strontium - 90 
Technetium-99 
Thorium-228 
Thorium - 230 
Thorium - 232 
uranium - 234 
Uranium -2351236 0 Uranium -238 

0.000 
0.291 

NC 
1.9W 
1.444 
1. 100 
0.900 
1.426 
4.410 
1.332 

17.205 
2.730 

17.888 
Inorganics and Organics (mdkg): 
Antimony NC 
Aroclor 1254 0.041 
Aroclor 12GO 0.000 
Arsenic 11.WO 
Benzo(a)anthracene 0.000 
Benzo( a)pyren e 0.000 
Benzo( b)fluoranthene 0.000 
Benzo( k)fluoranthen e 0.000 
Beryllium 0.8-SO 
Carbazole NC 
Dibenzo( a.h)anthracene 0.000 

Indeno( 1.23 - cd)pyrene 0.000 
Dieldrin 0.000 

NA 
NA 
NA 

1.80E +00 
2.00E +00 

NA 
7.10E+01 
1.80E +00 
4.02E + 02 
1.50E+00 
4.24E+OO 
3.3.5E+oo 
3.22E +00 

NA 
NA 

2.50E+01 
NA 
NA 

2.86E+00 
NA 
NA 
NA 
NA 

2.00E +00 
NA 

1.20E +04 

0.000 
0.291 
NC 
1.800 
1.444 
1.100 
0.900 
1.426 
4.410 
1.332 
4.240 
2.730 
3.220 

NC 
0.041 
0.000 

11.WO 
0.000 
0.000 
0.000 
0.000 
0.850 
NC 
0.000 
0.000 
0.000 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.291 
0.000 
0.380 
0.194 
1. 100 
0.900 
0.000 
2.440 
0.000 
3.200 
2.580 
2.000 

0.000 
0.041 
0.000 
3.700 
0.000 
0.000 
0.000 
0.000 
0.250 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 189.000 8.00E+00 8.000 3.4 4.600 

NA = Not applicable. 
NC = Not characterized. 
'Concentrations from Appendix A. 

. bPRIs-and-Background Concentrations from-Section-2.-- - - ___ _____ __ 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-I- 10 
Contaminant Concentrations in Exposed Soil 

South Field - Exposed Pill - Expanded Trespasser/Off-Property Farmer 
Alternatives: On -Property Disposal Cell; Off-site Disposal 

South Field OU2 Minimum of o u 2  Post- 
Fill Soil PRL PRL or Remedial 

Contaminant Conc. Terma (SF Till)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium - 137 0.692 
Neptunium - 237 0.369 
Plutonium-238 NC 
Radium 1226  9.210 
Radium- 228 3.740 
Strontium- 90 1.360 
Technetium-99 0.900 
Thorium - 228 13.400 
Thorium - 230 13.800 
Thorium - 232 12.mo 
Uranium-234 78300 
Uranium-235/236 4.050 
Uranium-238 82.700 
Inorganics and Organics (mdkg): 
Antimony NC 
Aroclor 1254 0.430 
Aroclor 12GO 0.038 
Arsenic 6.975 

1.100 
Benzo( a)pyren e 1.800 
Benzo( b)fluoranthene 1.600 
Benzo(k)fluoranthen e 1.600 
Beryllium 0.880 
Carbazole NC 
Dibenzo( a,h)anthracene 0.440 
Dieldrin 0.010 
Indeno( 1.2.3 - cd)pyrene 0.620 

Benzo( a) an thr ac ene 

NA 
NA 
NA 

1.80E+ 00 
2.00E+00 

NA 
7.10E+01 
1.80E + 00 
4.02E +02 
1.50E +00 
4.24E+00 
3.35E+00 
3.22E+00 

NA 
NA 

2.50E+01 
NA 
NA 

2.86E + 00 
NA 
NA 
NA 
NA 

2.OOE+OO 
NA 

1.20E +04 

0.692 
0.369 
NC 
1.800 
2.000 
1.360 
0,900 
1.800 

13.800 
1.500 
4.240 
3.350 
3.220 

NC 
0 . 4 3  
0.038 
6.975 
1.100 
1.800 
1.600 
1.600 
0.880 
NC 
0.440 
0.010 
0.620 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.369 
0.000 
0.380 
0.750 
1.3g0 

0.900 
0.370 

11.830 
0.140 
3.200 
3.200 
2.000 

0.000 
0.430 
0.038 
0.000 
1.100 
1.800 
1.600 
1.600 
0.280 
0.000 
0.440 
0.010 
0.620 

Uranium (total) 297.000 8.00E+00 8.000 3.4 . 4.600 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-I- 11  
Contaminant Conccotrations io Exposed Soil 

Active Flyash Pile - Exposed G M A  - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On -Property Disposal Cell; Off-site Disposal 

Active Flyash OU2 Minimum of o u 2  Post- 
GMA Inside Soil PRL . PRLor Remedial 

Con tam in ant Conc. Term" (AFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium- 137 
Neptunium-237 
Plutonium-238 
Radium-226 
Radium - 228 
Strontium - 90 
Technetium-99 
Thorium-228 
Thorium -230 

Thorium - 232 
Uranium-234 
Uranium-235/236 
Uranium-238 

0.000 
0.000 

0 
0.594 
0.537 
0.500 
0.000 
1.1% 
1.420 
0.965 
0.921 
0.000 
0.754 

Inorganics and Organics (mdkg): 

Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic NC 
Benzo( a) an thr ac ene NC 
Benzo( a)pyrene NC 
Benzo(b)fluoranthene NC 
Benzo(k)fluoranthen e NC 
Beryllium NC 
Carbazole NC 
Dibenzo(a.h)anthracene NC 
Dieldrin NC 
Indeno( 1.2.3-cd)pyrene NC 

Antimony . NC 

NA 
4.99E+00 

NA 
1.80E +00 
2.00E +00 

NA 
NA 

1.80E +00 
NA 

1.50E +00 
8.64E +00 
7.7.E + 00 
6.12E+00 

NA 
NA 
NA 

1.69E +O 1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.000 
0.000 
NC 
0.594 
0.537 
0.500 
0.000 
1.1% 
1.420 
0.965 
0.921 
0.000 
0.754 

NC 
NC 
NC 

16.900 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.000 
0.000 
0.000 
0.000 
0.500 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
8.700 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 8.416 2.80E+01 8.416 3.4 5.016 

NA = Not applicable. 
NC = Not characterized. 
"Concentrations from Appendix A. 

'A zero value indicates that the residual.concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 

bPRLs-and-Background Concentrations -from-Section-2.- -- ~ ~~ -~ . 
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Table D.2- I- 12 
Contaminant Concentrations in Exposed Soil 

Active Flyash Pile - Exposed Till - Expanded Trespasser/Off-Property Farmer - . 
Alternatives: On -Property Disposal Cell; Off-site Disposal 

Active Flyash OU2 Minimum of o u 2  Post- 
Till Impacted . Soil PRL . PRL or Remedial 

Con tamin ant Conc. Terma (AFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCi/g): 
Cesium- 137 0.000 
Neptunium -237 . 0.400 
Plutonium-238 NC 
Radium-226 1.730 
Radium-228 1.330 
Strontium-90 3.610 
Technetium-99 0.000 
Thorium-228 1.400 
Thorium - 230 3.600 
Thorium-232 1.350 
Uranium -234 1.270 
Uranium-235/236 0.069 
Uranium - 238 2.600 
Inorganics and Organics (mg/kgb 
Antimony NC 
Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic 18.700 

. Benzo(a)anthracene NC 
Benzo( a)pyrene NC 
Benzo( b)fluoran thene NC 
Benzo( k)fluoranthen e NC 
Beryllium 1.400 
Carbazole NC 
Dibenzo( a,h)anthracene NC 
Dieldrin NC 
Indeno( 1.2.3- cd)pyrene NC 
Uranium (total) 7.170 

7.20E-01 
4.30E-02 

NA 
1.43E +00 
1.26E+00 

NA 
NA 

1.43E+00 
NA 

1.36E+00 
2.00E +00 
2.40E-01 
1.47E+OO 

NA 
NA 
NA 

1.69E + 0 1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.80E + 0 1 

0.000 
0.043 
NC 
1.430 
1.260 
3.610 
0.000 
1.400 
3.600 
1.350 
1.270 
0.069 
1.470 

NC 
NC 
NC 

16.!200 
NC 
NC 
NC 
NC 
1.400 
NC 
NC 
NC 
NC 
7.170 

0.71 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.24 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

3.4 

0.000 
0.043 
0.000 
0.010 
0.010 
3.610 
0.000 
0.000 
1.630 
0.000 
0.030 
0.000 
0.250 

0.000 
0.000 
0.000 
8.700 
0.000 
0.000 
0.000 
0.000 
0.800 
0.000 
0.000 
0.000 
0.000 
3.770 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Colxtntrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-1-13 
Contaminant Concentrations in Exposed Soil 

Inactive Flyash Pilc - Exposed G M A  - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On -Property Disposal Cell; Off-site Disposal ’ 

Inactive Flyash OU2 Minimum of o u 2  Post- 
GMA Inside Soil PRL PRL or Remedial 

Contaminant Conc. Term” (IFP GMA)b Conc. Term Backgroundb Incr. Conc.‘ 
Radionuclides (pCi/g): 
Cesium - 137 NC 
Neptunium-237 0.180 
Plutonium -238 0 
Radium - 22, 0.870 
Radium-228 0.530 
Strontium - 90 NC 
Technetium-99 0.000 
Thorium- 228 0.410 
Thorium- 230 2.030 
Thorium - 232 0.360 
Uranium -234 1.290 
Uranium - 235/236 0.080 
Uranium-238 1.440 
Inorganics and Organics ( m a g )  
Antimony NC 
Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic 5. 100 
Benzo( a) an th r ac ene NC 

Benzo(b)fluoranthene NC 
Benzo( k)fluoran then e NC 
Beryllium NC 
Carbazole . NC 

Dieldrin NC 
Indeno(l.2.3-cd)pyrene NC 

a 

Benzo( a)pyren e NC 

Dibenzo( a.h)anthracene 0.000 

NA 
NA 
NA 

1.80E +00 
2.00E +00 

NA 
NA 

1.80E+00 
NA 

1.50E+00 
8.68E + 00 
7.79E + 00 
6. 12E+00 

NA 
NA 
NA 

1.69E +01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NC 
0.180 
NC 
0.870 
0.530 
NC 
0.000 
0.410 
2.0.70 
0.360 
1.290 
0.080 
1.440 

NC 
NC 
NC 
5.100 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.180 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.060 
0.000 
0.250 
0.000 
0.220 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000. 
0.000 
0.000 

Uranium (total) 5.860 1.90E+O 1 5.860 3.4 2.460 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
‘A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 

. ~ ~ ~ - ~. ~ ~ 
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Table D.2-I- 14 

. -- 

Contaminant Concentrations in Exposed Soil 

Alternatives: On -Property Disposal Cell; Off-site Disposal 
Inactive Flyash Pile - Exposed T i l l  - Expanded TrespasserlOff-Property Farmer - 

Inactive Flyash OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Contaminant Conc. Terma (IFP Till)b Conc. Term Backgroundb Incr. Conc.‘ 
Radionuclides (pCi/g): 

.Cesium-137 NC 
Neptunium-237 0.160 
Plutonium-238 NC 
Radium-226 1.010 
Radium - 228 0.730 
Strontium-90 . NC 
Technetium - 99 NC 
Thorium - 228 0.833 
Thorium- 230 1.620 
Thorium-232 0.732 
Uranium - 234 0.770 
Uranium - 235/236 0.052 
Uranium-238 0.8SO 
Inorganics and Org&ics (mdkg): 
Antimony NC 
Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic 6.900 
Benzo(a)anthracene NC 
Benzo( a)pyren e NC 
Benzo( b)fluoranthene NC 
Benzo(k)fluoranthene NC 
Beryllium NC 
Carbazole NC 
Dibenzo(a,h)anthracene 0.000 
Dieldrin NC 
Indeno( 1.2.3 - cd)pyrene NC 

NA 
NA 
NA 

1.80E + 00 
2.00E+00 

NA 
NA 

1.80E +00 
NA 

1.50E+00 
4.24E +.OO 
3.3-SE +oo 
3.22E+00 

NA 
NA 
NA 

1.69E+01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NC 
0.160 
NC 
1.010 
0.730 
NC 
NC 
0.833 
1.620 
0.732 
0.770 
0.052 
0.850 

NC 
NC 
NC 
6.900 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0- 
0 
0 

0.000 
0.160 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
.0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 4.390 8.00E+00 4.390 3.4 0.990 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
‘A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-I- 15 
Contaminant Concentrations in Exposed Soil 

Solid Waste Landfill - Exposed ‘rill - Expanded ‘rrespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Solid Waste OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Contaminant Conc. Term” (SWL Soil)b Conc. Term Backgroundb Incr. Conc.‘ 

_ _  - .  

Radionuclides (pCi/g): 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium -226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium -232 
Uranium-234 
Uranium -235/236 
Uranium -238 
Inorganics and Organics (mlr/k& 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( k)fluoranthen e 
Beryllium 
Carbazole 
Dibenzo( a.h)anthracen e 
Dieldrin 
Indeno( 1.2.3 - cd)pyren e 

NC 
0.400 

0 
1.000 
0.900 
0.730 
0.000 
1.100 
3.100 
0.900 
1.300 
0.100 
3.600 

23 
NC 
NC 

7.700 
0.290 
0.290 
0.260 

NC 
1.000 
0.2 10 
0.110 

NC 
0.210 

NA 
NA 
NA 

1.80E + 00 
2.00E + 00 

NA 
NA 

1.80E +00 
NA 

1.50E+00 
6.29E +O 1 
6.3 1E+O 1 
5.48E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Uranium (total) 7.700 9. 56E + 02 

NC 
0.400 
0.200 
1.000 
0.900 
0.730 
0.000 
1.100 
3. 100 
0.900 
1.300 
0. 100 
3.600 

22.600 
NC 
NC 
7.700 
0.290 
0.290 
0.260 
NC 
1.000 
0.210 
0.110 
NC 
0.210 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 

Q 
0 
0 
0 

0.6 
O.OOE+ 00 

0 
0 
0 

0.000 
0.400 
0.200 
0.000 
0.000 
0.730 
0.000 
0.000 
1.1-30 
0.000 
0.260 
0.000 
2.380 

22.600 
0.000 
0.000 
0.000 
0.290 
0.290 
0.260 
0.000 
0.400 
0.210 
0.110 
0.000 
0.2 10 
4.300 7.700 3.4 

NA = Not applicable. 
NC = Not characterized. 
”Concentrations from Appendix A. 

‘A zero value indicates that the residual concentration is at or below background. This subunitflayer.does 
not contribute to risks above background. 

____~ ~- bPRLs.and..Background-~~ncentrations from.Section.2;---------- - ~ - ~ - ~ ~ -  -- ----____ ~~ - -- ~ - ~ ~ - -  -- - 
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Table D.2-I- 16 
Contaminant Concentrations in Exposed Soil 

Alternatives: On-Property Disposal Cell: Off-site Disposal 
Lime Sludge Ponds - Exposed Till - Expanded Trespasscr/Off-Property Farmer - 

Lime Sludge OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Contaminant Conc. Term” (LSP Soil)b Conc. Term Backgroundb Incr. Conc.‘ 
Radionuclides (pCi/g’): 
Cesium - 137 0.000 
Neptunium -237 0 . 1 3  
Plutonium-238 NC 
Radium-226 1.190 
Radium-228 1.110 
Strontium - 90 0.540 
Technetium-99 0.000 
Thorium - 228 0.970 
Thorium-230 2.490 
Thorium -232 1.050 
Uranium-234 NC 
Uranium-23SR36 NC 
Uranium - 238 1,140 
Inorganics and Organics ( m g / k a  
Antimony NC 
Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic 14.890 
Benzo( a)anthracene NC 
Benzo( a)pyrene NC 
Benzo( b)fluoranthene NC 
Benzo( k)fluoranthen e NC 
Beryllium NC 

. Carbazole NC 
Dibenzo(a.h)anthracene NC 
Dieldrin NC 
Indeno( 1.2.3-cd)pyrene NC 

NA 
NA 
NA 

1.8OE +00 
2.00E + 00 

NA 
NA 

1.80E +00 
NA 

1.50E +00 
1.96E + 02 
1.9SE + 02 
5.48E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.000 
0.1-70 . 
NC 
1.190 
1.110 
0.540 
0.000 
0.970 
2.490 
1.050 

196.000 
19s.000 

1.140 

NC 
NC 
NC 

14.890 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.130 
0.000 
0.000 
0.000 
0.540 
0.000 
0.000 
0.520 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
6.690 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Uranium (total) 14.30 1.36E +02 14.?X)O 3.4 10.900 

NA = Not applicable. 
NC = Not characterized. 
’Concentrations from Appendix A. 
bPRLs and Background Coi-centrations from Section 2. 
‘A zero value indicates thal the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 

~ 
~ a ~~ ~ ~ ~~ 
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Table D.2-I- 17 
Contaminant Concentrations in Exposed Soil 

Alternatives: Consolidation/Capping 
South Field - Exposed GMA - Expanded Trespasser/Off-Property Farmer - 

South Field OU2 Minimum of o u 2  Post- 
- - Remedial ~ 

~ _ _  - GMA Inside - - Soil-PRL ~ - - PRLor- ~ ~ - _ _  

Contaminant Conc. Terma (SF GMA)b Conc. Term Backgroundb Incr. Conc.' 

_ _ _ _  ~ 

Radionuclides (pCi/g): 
Cesium- 137 
Neptunium-237 
Plutonium-238 
Radium - 226 
Radium - 228 
Strontium-90 
Technetium - 99 
Thorium-228 
Thorium - 230 
Thorium-232 
Uranium-234 
Uranium-235/236 

' Uranium-238 
Inorganics and Organics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo( a) an thrac en e 
Benzo( a)pyrene 
Benzo( b)fluoranthene 
Benzo( k)fluoranthen e 
Beryllium 
Carbazole 
Dibenzo(a.h)anthracene 
Dieldrin 
Indeno( 1.2.3 - cd)pyrene 

0.000 
0.000 

0 
0.676 
0.461 
0.700 
0.000 
0.3.30 
1.370 
0.330 
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 

NC 
0.000 
0.000 
0.000 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.00E+04 
1.00E+04 
1.00E+04 

NA 
NA 
NA 
NA 
NA 
NA 

' NA 
NA 
NA 
NA 
NA 
NA 
NA 

NC 
NC 
NC 
0.676 
0.461 
0.700 
0.000 
0.330 
1.370 
0.330 
0.585 
0.020 
0.660 

NC 
0.000 
0.000 
6.200 
0.000 
0.000 
0.000 
0.000 
0.000 
NC 
0.000 
0.000 
0.000 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 

8 

0.000 
0.000 
0.000 
0.000 
0.000 
0.700 
0.000 ' 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 ' 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 . 
0.000 
0.000 

Uranium (total) 10..700 1.00E+04 10.3QO 3.4 6.900 

NA = Not applicable. 
NC = Not characterized. 
"Concentrations from Appendix A. 

'A zero value indicates that the residual concentration is at or below background. This suhunitAayer does 
not contribute to risks above background. 

" P R L  and Background Concentrations from Section 2. - 
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Table D.2-1-18 
Contaminant Concentrations in Exposed Soil 

Alternatives: Consolidation/Capping 
South Field - Exposed Till - Expanded Trespasser/Off-Property Farmer - 

_. 

South Field OU2 Minimum of o u 2  Post- 
Remedial 

Contaminant Conc. Term’ (SF Till)b Conc. Term Backgroundb Incr. Conc.‘ 
Till Impacted Soil PRL PRL or 

Radionuclides (pCi/g): 
Cesium- 137 0.000 
Neptunium -237 0.291 
Plutonium-238 NC 
Radium - 226 1.9m 
Radium-228 1.444 
Strontium - 90 ljlOO 
Technetium- 99 0.900 
Thorium-228 1.426 
Thorium-230 4.4 10 
Thorium - 232 1.332 
Uranium - 234 17.205 
Uranium - 235/236 2.730 
Uranium-238 17;888 
Inorganics and Organics (mglkg): 
Antimony NC 
Aroclor 1254 0.041 
Aroclor 12GO 0.000 
Arsenic 11.900 
Benzo(a)anthracene 0.000 
Benzo( a)pyren e 0.000 
Benzo( b)fluoranthene 0.000 
Benzo( k)fluoranthen e 0.000 
Beryllium 0.850 
Carbazole NC 
Dibenzo( a.h)anthracene 0.000 

Indeno( 1.2.3-cd)pyrene 0.000 
Dieldrin 0.000 

Uranium ftotal) 189.000 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.00E+04 
1.00E +04 
1 .OOE + 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA. 
NA 

1.00E+04 

0.000 
0.291 
NC 
1.990 
1.444 
1.100 
0.900 
1.426 
4.410 
1.332 

17.205 
2.730 

17.888 

NC 
0.041 
0.000 

11.9000 
0.000 
0.000 
0.000 
0.000 
0.850 
NC 
0.000 
0.000 
0.000 

189.000 

i 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

3.4 

0.000 
0.291 
0.000 
0.570 
0.194 
1.100 
0.900 
0.000 
2.440 
0.000 

16.145 
2.580 

16.668 

0.000 
0.041 
0.000 
3.700 
0.000 
0.000 
0.000 
0.000 
0.250 
0.000 

. 0.000 
0.000 
0.000 

185.600 

NA = Not applicable. 
NC = Not characterized. 
’Concentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
‘A zero value indicates that the residual concentration is at or below background. This subunitaayer does 
not contribute to risks above background. 
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‘I‘ablc D.2- I - 9 
Contaminant Conccntrations in Exposed Soil 

Alternatives: Consolidation/Capping 
Active Flyash Pilc - Exposed GMA - Expandcd Trcspasscr/Off-Property Farmer - 

Active Flyash O,U2 Minimum of o u 2  Post- 
.. ~ ~ ~ - _ _  . .  - . . -  

GMA Inside Soil PRL ~. ~ PRL or Remedial 
Contaminant Conc. Terma (AFP Soil)b Conc. Term Backgroundb Incr. Conc.‘ 
Radionuclides (pCi/g): 
Cesium- 137 
Neptunium-237 
Plutonium-238 
Radium - 226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium - 228 
Thorium -230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Inorganics and Organics (mg/kg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo( a) an thracen e 
Benzo( a)pyren e 
Benzo( b)fluoranthene 
Benzo( k)fluoranthen e 
Beryllium 
Carbazole 
Dibenzo( a,h)anthracene 
Dieldrin 

0.000 
0.000 

0 
0.594 
0.537 
0.500 
0.000 
1.190 
1.420 
0.965 
0.921 
0.000 
0.754 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

Indeno( 1.2.3 - cd)pyrene NC 
Uranium (total) 8.416 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.00E +04 
1.00E +04 
1 .OOE + 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.000 
0.000 
NC 
0.594 
0.537 
0.500 
0.000 
1.190 
1.420 
0.965 
0.921 
0.000 
0.754 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

0.7 1 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

0.000 
0.000 
0.000 
0.000 
0.000 
0.500 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

1 .OOE + 04 8.416 3.4 5.016 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 

‘A zero value indicates that the residual concentration is at or below background. This subunit/layer does 
not contribute to risks above background. 

-9Rb-and Background-Concentrations from-Section-2; - ~- - - ~ - ~~ -~ - ~ - - . -.. .~ ~ . ~ 
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Table D.2-1-20 
Contaminant Concentrations in Exposed Soil 

Alternatives: Consolidation/Capping 
Active Flyash Pile - Exposed Till - Expanded Trespasser/Off-Property Farmer - 

Active Flyash 0 u 2  
Ik Impacted Soil PRL 

Contaminant Conc. Terma (AFP Soil)b 
Radionuclides (pCi/g): 
Cesium- 137 0.000 
Neptunium-237 0.400 
Plutonium-238 NC 
Radium-226 1.730 
Radium - 228 1.3.70 
Strontium- 90 3.610 
Technetium-99 0.000 
Thorium - 228 1.400 
Thorium - 230 3.600 
Thorium - 232 1 x 0  
Uranium-234 1.270 
Uranium-235/236 0.069 
Uranium - 238 2.600 
Inorganics and Organics (me/kp& 
Antimony NC 
Aroclor 1254 NC 
Aroclor 1260 NC 
Arsenic 18.700 
Benzo( a) an thrac ene NC 
Benzo( a)pyrene NC 
Benzo(b)fluoranthene NC 
Benzo( k)fluoranthen e NC 
Beryllium 1.400 
Carbazole NC 
Dibenzo( a.h)anthracene NC 
Dieldrin NC 
Indeno( 1.2.3-cd)pyrene NC 
Uranium (total) 7.170 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 

NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 

1 .OOE + 04 
1.00E+04 
1.00E +04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Minimum of o u 2  Post- 
PRL or Remedial 

Cow. Term BackgrGundb Incr. Conc.‘ 

0.000 
0.400 
NC 
1.730 
1.330 
3.610 
0.000 
1.400 
3.600 
1.350 
1.270 
0.069 
2.600 

NC 
NC 
NC 

18.700 
NC 
NC 
NC 
NC 
1.400 
NC 
NC 
NC 
NC 

0.71 
0 
0 

1.42 
1.25 

0 
0 

1.43 
1.97 
1.36 
1.24 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

1.00E +04 7.170 3.4 - 

bPRLs and Background Concentrations from Section 2. 

0.000 
0.400 
0.000 
0.310 
0.080 
3.610 
0.000 
0.000 
1.6.30 
0.000 
0.0% 
0.000 
1.380 

0.000 , , 

0.000 
0.000 

1o.soo 
0.000 
0.000 
0.000 
0.000 
0.800 
0.000 
0.000 
0.000 
0.000 
3.770 

‘A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute’to risks above background. 

(301724 
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Table D.2-1-21 
Contaminant Concentrations in Exposed Soil 

Alternatives: Consolidation/Capping 
Inactive Flyash Pile - Exposed GMA - Expanded Trespasser/Off-Property Farmer - 

Inactive Flyash OU2 Minimum of o u 2  Post- 
GMA Inside Soil PRL PRL or Remedial 

Contaminant Conc. Term” (IFP GMA)b Conc. Term Backgroundb Incr. Conc.‘ 
Radionuclides (pCi/g): 
Cesium - 137 
Neptunium-237 
Plutonium -238 
Radium-226 
Radium - 228 
Strontium-90 
Technetium-99 
Thorium - 228 
Thorium - 230 
Thorium - 232 
Uranium-234 
Uranium-235/236 a Uranium-238 
Inorganics and Organics (mdkg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyren e 
Benzo( b)fluoranthene 
Benzo( k)fluoranthen e 
Beryllium 
Carbazole 
Dibenzo( a.h)anthracen e 
Dieldrin 
Indeno( 1.2.3- cd)pyrene 

NC 
0.180 

0 
0.870 
o.s.70 

NC 
0.000 
0.410 
2 . 0 3  
0.360 
1.290 
0.080 
1.440 

NC 
NC 
NC 

5. 100 
NC 
NC 
NC 
NC 
NC 
NC 

0.000 
NC 
NC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 .OOE + 04 
1.00E+ 04 
1.00E+04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 .OOE + 04 

NC 
0.180 
NC 
0.870 
0.5.70 
NC 
0.000 
0.410 
2.0-30 
0.360 
1.290 
0.080 
1.440 

NC 
NC 
NC 
5.100 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 
5.860 

0.71 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

3.4 

0.000 
0.180 
0.000 
0.00d 
0.000 
0.000 
0.000 
0.000 
0.060 
0.000 
0.250 
0.000 
0.220 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
2.460 Uranium (total) 5.860 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
-9RLs and Background-Concen tr ati ons from- Sec ti on 2. - ___ - 

‘A zero value indicates that the residual concentration is at or below background. This subunit/layer does 
not contribute to risks above background. 
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Table D.2-1-22 
Contaminant Concentrations in Exposed Soil 

Alternatives: Consolidation/Capping 
Inactive Flyash Pile - Exposed Till - Expanded Trespasser/Off-Property Farmer - 

- \ 

Inactive Flyash OU2 Minimum of o u 2  Post- 
Till Other Soil PRL PRL or Remedial 

Contaminant Conc. Terma (IFP Soil)b Conc. Term Backgroundb Incr. Conc.' 
Radionuclides (pCilg): 
Cesium- 137 
Neptunium - 237 
Plutonium-238 
Radium - 226 
Radium - 228 
Strontium-90 
Technetium - 99 
Thorium - 228 
Thorium-230 
Thorium - 232 
Uranium-234 
Uranium-235/236 . 
Uranium - 238 
Inorganics and Organics (mg/kg): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoran thene 
Benzo( k)fluoranthen e 
Beryllium 
Carbazole 
Di benzo(a,h)anthracen e 
Dieldrin 
Indeno ( 1.2.3 - cd)pyren e 

NC 
0.160 

NC 
1.010 
0.730 

NC 
NC 

0.833 
1.620 
0.732 
0.770 
0.052 
0.850 

NC 
NC 
NC 

6.900 
NC 
NC 
NC 
NC 
NC 
NC 

0.000 
NC 
NC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.00E +04 
1.00E+04 
l.OOE+O4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.00E+04 

NC 
0.160 
NC 
1.010 
0.730 
NC 
NC 
0.833 
1.620 
0.732 
0.770 
0.052 
0.850 

NC 
NC 
NC 
6.900 
NC 
NC 
NC 
NC 
NC 
NC 
0.000 
NC 
NC 
4.393 

0.71 
0 
0 

1.42 
1.2s 

0 
0 

1.43 
1.97 
1.36 
1.04 
0.15 
1.22 

0 
0 
0 

8.2 
0 
0 
0 
0 

0.6 
NA 

0 
0 
0 

3.4 

0.000 
0.160 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.990 Uranium (total) 4.393 

NA = Not applicable. 
NC = Not characterized. 
aConcentrations from Appendix A. 
bPRLs and Background Concentrations from Section 2. 
'A zero value indicates that the residual concentration is at or below background. This subunitflayer does 
not contribute to risks above background. 
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Table D.2-11-1 
Contaminant Emission Rates 

South Field - Exposed GMA - On Property Farmer - lod6 
Alternatives: On- Property Disposal Cell; Off- site Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium - 137 O.OOE+OO O.OOE+OO 
Neptunium -237 O.OOE+OO O.OOE+OO 
Plutonium-238 O.OOE+OO O.OOE + 00 
Radium -226 
Radium -228 
Strontium-90 
Technetium- 99 
Thorium -228 
Thorium-230 
~horium-232 
Uranium-234 
Uranium-235/236 
Uranium -238 
Inorganics and Organics (ds/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo( k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 

J 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
2.54E-07 

O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0,00E+00 
O.OOE+ 00 
O.OOE+OO 
O.OOE +00 

O.OOE+ 00 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

5.09E - 07 

O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 

Uranium (total) O.OOE+OO O.OOE +00 

FER\CRU2FSWPD2\2FSD2ATT. WK3 
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Table D.2-11-2 
Contaminant Emission Rates 

Alternatives: On - Property Disposal Cell; Off- site Disposal 
Active Flyash Pile - Exposed GMA - On Property Farmer - 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 

O.OOE+OO O.OOE+OO Cesium- 137 
Neptunium -237 0. OOE + 00 O.OOE+ 00 
Plutonium-238 O.OOE+OO O.OOE + 00 

O.OOE+OO O.OOE + 00 Radium -226 
Radium - 228 O.OOE+ 00 O.OOE + 00 
Strontium-90 2.54E-07 5.09E - 07 
Technetium-99 O.OOE+OO O.OOE+OO 

0. OOE + 00 O.OOE+OO Thorium -228 
Thorium - 230 O.OOE+OO O.OOE + 00 
Thorium -232 O.OOE+OO O.OOE+OO 
Uranium-234 O.OOE+ 00 O.OOE+OO 

O.OOE+ 00 O.OOE+ 00 Uranium -235/236 
Uranium-238 O.OOE+OO O.OOE + 00 
Inorganics and Organics (pjs/m2): 
Antimony O.OOE + 00 O.OOE + 00 
Aroclor 1254 O.OOE+OO O.OOE + 00 
Aroclor 1260 O.OOE+OO O.OOE + 00 
Arsenic 0. OOE + 00 O.OOE+OO 
Benzo(a)anthracene O.OOE+OO O.OOE+OO 
Benzo(a)pyrene O.OOE+OO O.OOE + 00 
Benzo(b)fluoranthene O.OOE+ 00 O.OOE + 00 
Benzo(k)fluoranthene O.OOE+ 00 O.OOE+OO 
Beryllium O.OOE+OO O.OOE + 00 
Carbazole O.OOE+OO O.OOE + 00 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE + 00 
Dieldrin O.OOE+OO O.OOE+OO 
Indeno(l,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) 7.98E-OS 1.60E -04 

.. 
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Table D.2-11-3 , 

Contaminant Emission Rates 
Active Flyash Pile - Exposed Till - On Property Farmer - 

Alternatives: On -Property Disposal Cell; Off- site Disposal 

- .  ~ 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 
Cesium- 137 O.OOE+OO O.OOE + 00 

Plutonium-238 O.OOE+OO O.OOE + 00 
Radium - 226 O.OOE+OO O.OOE + 00 
Radium - 228 O.OOE+OO O.OOE + 00 

Technetium- 99 O.OOE+OO O.OOE+OO . 
Thorium -228 O.OOE+OO O.OOE +00 

Neptunium -237 6.84E-07 1.37E -06 

Strontium-90 2.54E-07 S.09E-07 

Thorium -230 1.1 1 E - OS 2.23E-OS 
Thorium -232 e Uranium-234 
Uranium -23S/236 
Uranium-238 
Inorganics and Organics (dslm'): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

O.OOE+OO 
O.OOE + 00 

O.OOE+OO 
O.OOE +00 

O.OOE+ 00 O.OOE+OO 
O.OOE+ 00 O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+ 00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE + 00 
O.OOE+OO O.OOE + 00 
O.OOE+OO O.OOE + 00 
O.OOE+OO O.OOE+OO 
O.OOE+ 00' O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+ 00 O.OOE+OO 
1.38E - OS 2.77E-05 

001732 
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Table D.2-11-4 

Contaminant Emission R a - x  

Alternatives: On-Property Disposal Cell; Off-site Disposal 
Inactive Flyash Pile - Exposed GMA - On Property Farmer - 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 

O.OOE+OO O.OOE + 00 Cesium- 137 
Neptunium -237 6.84E-07 1.37E -06 
Plutonium-238 O.OOE+OO O.OOE+OO 
Radium -226 O.OOE +00 O.OOE+OO 
Radium -228 O.OOE+OO O.OOE + 00 
Strontium-90 O.OOE+OO O.OOE+OO 
Technetium-99 0. OOE + 00 . O.OOE+OO 
Thorium -228 . 0.00E+00 O.OOE +00 

Thorium-232 O.OOE+OO O.OOE+OO 

Uranium -2351236 O.OOE+OO O.OOE + 00 

Thorium -230 9.54E -07 1.91E-06 

Uranium-234 3.98E -06 7.95E-06 

Uranium-238 3.50E -06 7.00E - 06 
Inorganics and Organics (ds/m2): 
Antimony O.OOE+OO O.OOE+OO 
Aroclor 1254 O.OOE+OO O.OOE+ 00 
Aroclor 1260 O.OOE + 00 O.OOE+ 00 
Arsenic O.OOE+ 00 O.OOE+OO 
Benzo(a)anthracene O.OOE+OO O.OOE+OO 

Benzo(b)fluoranthene O.OOE + 00 O.OOE+OO 
Benzo(k)fluoranthene O.OOE+ 00 O.OOE+OO 
Beryllium O.OOE+OO O.OOE + 00 
Carbazole O.OOE+OO O.OOE+ 00 
Dibenzo(a,h)anthracene O.OOE+ 00 O.OOE+OO 
Dieldrin 0.00E+00 O.OOE+OO 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+ 00 

Benzo(a)pyrene O.OOE+OO . O.OOE+OO 

Uranium (total) 3.91E -05 7.82E - OS 

o o w x  
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. Table D.2-11-5 
Contaminant Emission Rates 

Inactive Flyash Pile - Exposed Till - On Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/mz): 

O.OOE+OO O.OOE+OO Cesium- 137 
Neptunium -237 
Plutonium-238 O.OOE+OO O.OOE+OO 
Radium -226 O.OOE+OO O.OOE +00 
Radium -228 O.OOE+OO O.OOE+OO 
Strontium -90 O.OOE+OO O.OOE + 00 
Technetium- 99 O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO Thorium -228 
Thorium -230 O.OOE+ 00 O.OOE+OO 

6.84E - 07 1.37E -06 

Thorium -232 a Uranium-234 
Uranium -235/236 
Uranium-238 
Inorganics ahd Organics (g/s/m2): 
Antimony 

O.OOE+OO 

O.OOE+OO 
O.OOE + 00 

O.OOE+OO 

O.OOE+ 00 

O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
O.OOE + 00 

O.OOE+OO 
Aroclor 1254 O.OOE+OO O.OOE + 00 
Aroclor 1260 O.OOE+OO O.OOE + 00 
Arsenic O.OOE+OO O.OOE+OO 
Benzo(a)anthracene O.OOE+ 00 O.OOE + 00 
Benzo(a)pyrene ‘ O.OOE+OO O.OOE+OO 
Benzo(b)fluoranthene O.OOE+ 00 O.OOE+OO 
Benzo(k)fluoranthene O.OOE+OO O.OOE + 00 
Beryllium O.OOE+OO O.OOE+OO 
Carbazole O.OOE+OO O.OOE+ 00 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE+OO 
Dieldrin O.OOE+OO O.OOE+OO 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) 1.57E-05 3.15E - OS 

0 0 I ‘73 iq 
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Table D.2-11-6 
Contaminant Emission Rates 

Alternatives: On-Property Disposal Cell; Off-sit? Disposal 
Solid Waste Landfill - Exposed Till - On Property Farmer - 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 
Cesium- 137 
Neptunium -237 
Plutonium-238 
Radium -226 
Radium-228 
Strontium-90 
Technetium- 99 
Thorium -228 
Thorium-230 
Thorium -232 
Uranium -234 
Uranium-235/236 
Uranium-238 
Inorpanics and Organics (ds/m*): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 

Dibenzo(a,h)anthracene 
Dieldrin 
Indeno(l,2,3 -cd)pyrene 

Carbazole 1 

O.OOE +00 
6.84E-07 
3.18E -06 
O.OOE+ 00 
O.OOE+OO 
2.S4E -07 
O.OOE+ 00 
O.OOE+ 00 
1.22E -OS 
O.OOE+OO . 

O.OOE+ 00 
1.27E - 06 

O.OOE+ 00 

2.1 1E - OS 
O.OOE+ 00 
O.OOE+OO 
O.OOE+ 00 
3.66E-07 
2.39E-08 
2.23E-07 
O.OOE+ 00 
O.OOE +00 
1.02E - 07 
7.3 1E - 09 
O.OOE+ 00 
1.16E - 07 

O.OOE+OO 
1.37E -06 
6.36E-06 
O.OOE+OO 
O.OOE+OO 
S.09E -07 
O.OOE+OO 
O.OOE+OO 
2.4SE-OS 
O.OOE+ 00 

O.OOE + 00 
O.OOE + 00 

2.54E-06 

4.23E -OS 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
7.3 1 E - 07 
4.77E-08 
4.4SE -07 
O.OOE+OO 
O.OOE + 00 
2.04E - 07 
1.46E - 08 
O.OOE+OO 
2.32E-07 

Uranium (total) .. O.OOE+OO O.OOE+OO 

081735 
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Table D.2-11-7 

Contaminant Emission Rates 
I 

Lime Sludgc Ponds - Exposed Till - On Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 
Cesium - 137 O.OOE+OO O.OOE+OO 

Plutonium-238 O.OOE+OO O.OOE+ 00 
Neptunium - 237 8.11E -08 1.62E-07 

Radium -226 
Radium -228 
Strontium - 90 
Technetium- 99 
Thorium -228 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

8.90E-08 

O.OOE + 00 
O.OOE+OO 
1.78E -07 
O.OOE+OO 
O.OOE+OO 

Thorium-230 8.27E-06 1.65E -OS 
~horium-232 
Uranium -234 
Uranium -235/236 
Uranium-238 
Inorganics and Organics (g/s/m2): 
Antimony 
Aroclor 1254 

O.OOE+ 00 
O.OOE+ 00 

Aroclor 1260 O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 

Arsenic 1.06E - 04 2.13E -04 
Benzo(a)anthracene O.OOE+ 00 O.OOE+OO 
Benzo(a)pyrene O.OOE+OO O.OOE+OO 
Benzo(b)fluoranthene O.OOE+OO O.OOE+OO 
Benzo(k)fluoranthene O.OOE+OO O.OOE+OO 
Beryllium O.OOE+OO O.OOE + 00 

. Carbazole O.OOE+OO O.OOE+ 00 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE+ 00 
Dieldrin O.OOE+OO O.OOE+OO 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) O.OOE+OO O.OOE+OO 
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Table D.2-11-8 
Contaminant Emission Rates 

Alteraatives: On-Property Disposal Cell; Off-site Disposal 
South Field - Exposcd GMA - Expanded Trespasser/Off-Property Farmer - 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/mz): 
Cesium- 137 
Neptunium -237 
Plutonium-238 
Radium-226 
Radium -228 
Strontium -90 
Technetium- 99 
Thorium -228 
Thorium-230 
Thorium -232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Inorganics and Organics (g,'s/mzk 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
8.47E - 07 
O.OOE+OO 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 

O.OOE+ 00 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE +00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
0.00E+00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 
1.69E -06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Uranium (total) 8.3SE-06 1.67E -OS 
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Table D.2-11-9 
Contaminant Emission Rates 

South Field - Exposed Till - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

~~ ~ 

Contaminant 
Radionuclides (pCi/s/m2): 
Cesium- 137 
Neptunium -237 
Plutonium-238 
Radium -226 
Radium-228 
Strontium-90 
Technetium- 99 
Thorium -228 
Thorium -230 
Thorium -232 
Uranium-234 
Uranium-235/236 
Uranium-238 
Inorganics and Organics (p;/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene . 

Benzo( k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

Emission Rates Above Background 
Inhalable Particulates (PM10) Total Particulates (TSP) 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE + 00 
3.S2E-07 7.04E - 07 

4.60E-07 9.20E - 07 
2.3SE-07 4.69E - 07 
1.33E-06 2.66E-06 
1.09E - 06 2.18E-06 
O.OOE+ 00 

O.OOE+ 00 
2.9SE - 06 

3.87E-06 
3.12E-06 
2.42E - 06 

O.OOE+ 00 

O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

4.96E-08 

4.48E-06 

3.03E - 07 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
S.S7E -06 

O.OOE+OO 

O.OOE+OO 
S.90E -06 

7.74E-06 
6.24E-06 
4.84E - 06 

O.OOE+ 00 
9.92E-08 
O.OOE+OO 

O.OOE+ 00 
8.9SE-06 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+ 00 

6.05 E - 07 

1.11E - OS 
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Table D.2-11-10 
Contaminant Emission Rates 

South Field - Exposed Fill - Expanded Trespasser/Off - Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Emission Rates Above Backeround 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium- 137 O.OOE+OO O.OOE+ 00 
Neptunium -237 
Plutonium-238 
Radium - 226 
Radium -228 
strontium-90 

4.46E -07 
O.OOE+OO 
4.60E - 07 
9.08E-07 
1.6SE - 06 

8.93E - 07 
O.OOE+OO 
9.20E-07 
1.82E -06 
3.29E -06 

Technetium- 99 1.09E - 06 2.18E -06 
Thorium -228 4.48E - 07 8.95E7 07 
Thorium - 230 1.43E - OS ' 2.86E - OS 
Thorium - 232 1.69E -07 3.39E - 07 
Uranium-234 3.87E - 06 7.74E -06 
Uranium -235/236 3.87E - 06 7.74E - 06 
Uranium-238 2.42E-06 4.84E - 06 
Inorganics and Organics c$s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 

O.OOE+OO 
5.20E - 07 
4.60E -08 
O.OOE+OO 
1.33E-06 
2.18E -06 

O.OOE+OO 
1.04E - 06 
9.20E - 08 
O.OOE+OO 
2.66E -06 
4.36E -06 

Benzo(b)fluoranthene 1.94E -06 3.87E - 06 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno(l,2,3 -cd)pyrene 

. .  

1.94E - 06 
3.39E - 07 
O.OOE+OO 
S.32E -07 
1.17E -08 
7.5OE-07 

3.87E -06 
6.78E -07 
O.OOE + 00 
1.06E - 06 
2.3SE - 08 
1.50E - 06 

Uranium (total) SS7E -06 1.1 1E - OS 
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Table D.2-11-11 
Contaminant Emission Rates 

Active Flyash Pile - Exposed GMA - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On -Property Disposal Cell; Off -site Disposal 

Emission Rates Above Backeround 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2k 
Cesium- 137 O.OOE+ 00 O.OOE+OO 
Neptunium -237 O.OOE+ 00 O.OOE+ 00 
Plutonium-238 O.OOE+OO O.OOE + 00 
Radium -226 O.OOE+OO O.OOE + 00 
Radium -228 O.OOE+OO O.OOE + 00 

Technetium- 99 O.OOE+ 00 O.OOE + 00 
Thorium -228 O.OOE+OO O.OOE + 00 
Thorium-230 O.OOE+OO O.OOE+ 00 

Strontium-90 6.OSE-07 1.21E -06 

e Thorium-232 Uranium -234 
Uranium -23S/236 
Uranium -238 
Inorganics and Organics (g/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a, h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

O.OOE + 00 
O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+ 00 
O.OOE+ 00 O.OOE + 00 

O.OOE+ 00 O.OOE +00 
O.OOE+OO O.OOE+OO 
O.OOE+ 00 O.OOE + 00 
O.OOE+OO O.OOE + 00 
O.OOE+OO O.OOE + 00 
O.OOE+ 00 O.OOE + 00 
O.OOE+OO O.OOE+OO 

. 0.00E+00 O.OOE+ 00 
O.OOE+OO O.OOE+ 00 

1 .OS E - OS 2.11E -OS 

6.07E -06 1.21E - OS 
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Table D.2-11-12 
Contaminant Emission Rates 

Active Flyash Pile - Exposed Till - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium- 137 O.OOE+OO O.OOE + 00 

Plutonium-238 O.OOE+OO O.OOE+OO 
Neptunium-237 S.20E -08 1.04E - 07 

1.21E - 08 2.42E -08 
Radium -228 1.21E - 08 2.42E -08 

4.37E -06 8.74E - 06 

Radium-226 

Strontium -90 

Thorium -228 O.OOE+OO O.OOE+OO 
Technetium- 99 O.OOE +00 O.OOE+OO 

Thorium-230 1.97E - 06 3.94E - 06 
Thorium -232 
Uranium -234 
Uranium-235/236 
Uranium - 238 
Inorganics and Organics (g/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo( a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

0. OOE + 00 
3.63E - 08 . 

O.OOE+OO 
3.03E - 07 

O.OOE+OO 
O.OOE+ 00 
O.OOE+ 00 

O.OOE+OO 
O.OOE+ 00 

1.0SE - OS 

O.OOE+OO 
O.OOE+OO 
9.68E-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
4.S6E-06 

a O.OOE + 00 
7.26E-08 
0. OOE + 00 
6. OS E - 07 

O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 

O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

2.1 1 E - OS 

1.94E - 06 

O.OOE+OO 
9.12E - 06 

0 0 1.7 4 1 
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Table D.2-11-13 

Contaminant Emission Rates 

Inactive Flyash Pile - Exposed GMA - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

~. 

Emission Rates Above Background 
Inhalable Particulates (PM10) Total Particulates (TSP) 

O.OOE+ 00 O.OOE+OO 

Contaminant 
Radionuclides (pCi/s/m2): 
Cesium - 137 

Plutonium-238 
Radium-226 
Radium-228 
Strontium-90 
Technetium- 99 
Thorium-228 . 
Thorium -230 
Thorium-232 
Uranium-234 
Uraniurn-235/236 

Neptunium -237 2.18E - 07 4.36E-07 
O.OOE + 00 O.OOE+OO 
O.OOE+OO O.OOE+ 00 
O.OOE+ 00 O.OOE+ 00 
O.OOE + 00 O.OOE+OO 
.O.OOE+OO O.OOE+ 00 
O.OOE + 00 O.OOE+OO 

O.OOE+ 00 O.OOE+ 00 
3.03E - 07 6.OSE-07 
O.OOE+ 00 O.OOE+OO 

7.26E-08 1.4SE-07 

Uranium -238 2.66E - 07 S.32E -07 

Inorganics and Organics (ds/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
2.98E-06 

O.OOE + 00 

O.OOE+OO 
O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

I S.9SE - 06 

O.OOE+ 00 

. .  
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Table D.2-11-14 
Contaminant Emission Rates 

Alternatives: On-Property Disposal Cell; Off-site Disposal 
Inactive Flyash Pile - Exposed T i l l  - Expanded Trespasser/Off- Property Farmer - 

. 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium- 137 O.OOE+OO O.OOE + 00 
Neptunium -237 1.94E - 07 3.87E -07 
Plutonium-238 O.OOE+OO O.OOE+ 00 
Radium -226 
Radium -228 
Strontium-90 
Technetium-99 
Thorium -228 

O.OOE +00 
O.OOE + 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 

O.OOE+ 00 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 
O.OOE + 00 

Thorium -230 O.OOE+OO O.OOE + 00 
Thorium -232 
Uranium-234 
Uranium -235/236 
Uranium -238 
Inorganics and Organics (e/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+ 00 
O.OOE +00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE +00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

a O.OOE + 00 
O.OOE + 00 
O.OOE + 00 
O.OOE + 00 

O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) 1.20E -06 2.40E - 06 
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Table D.2-11-15 
Contaminant Emission Rates 

Solid Waste Landfill - Exposcd Till - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-sitc Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m*): 
Cesium - 137 O.OOE+OO O.OOE+OO 
Neptunium-237 4.84E - 07 9.68E-07 
Plutonium-238 2.42E-07 4.84E-07 
Radium -226 

I Radium-228 
Strontium - 90 
Technetium- 99 
Thorium -228 

O.OOE+OO 
O.OOE+OO 
8.83E-07 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
1.77E -06 
O.OOE + 00 
O.OOE + 00 

Thorium-230 1.37E-06 2.73E-06 
Thorium -232 
Uranium -234 

O.OOE+OO 
3.1SE - 07 

O.OOE+OO 
6.29E-07 

Uranium -23S/236 O.OOE+OO O.OOE+OO 
Uranium -238 2.88E-06 . S.76E - 06 
Inorganics and Organics (g/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 
Indeno( 1,2,3 -cd)pyrene 
Uranium (total) 

2.73E-OS 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
3 .S 1E - 07 
3 .S 1E - 07 
3.1SE - 07 
O.OOE+OO 
4.84E - 07 
2S4E - 07 
1.33E - 07 
O.OOE+OO 
2S4E -07 
S.20E - 06 

5.47E -OS 
O.OOE +00 
O.OOE + 00 
O.OOE+OO 
7.02E - 07 
7.02E - 07 
6.29E - 07 
O.OOE+ 00 
9.68E-07 
S.08E - 07 
2.66E-07 
O.OOE+OO 
5.08E-07 
1.04E -OS 

0 01 74 4 
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Table D.2-11-16 
Contaminant Emission Rates 

Lime Sludge Ponds - Exposed Till - Expanded Trespasser/Off-Property Farmer - 
Alternatives: On-Property Disposal Cell; Off-site Disposal 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium - 137 O.OOE+OO O.OOE+OO 
Neptunium -237 1.S7E-07 3.1SE - 07 
Plutonium-238 O.OOE+OO O.OOE + 00 
Radium -226 
Radium -228 
Strontium - 90 
Technetium- 99 
Thorium -228 
Thorium-230 
Thorium -232 
Uranium -234 
Uranium -23S/236 
Uranium-238 
Inorganics and Organics (p/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 

O.OOE+OO 
O.OOE+OO 
6.S3E-07 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 

6.29E -07 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.09E - 06 
O.OOE + 00 

O.OOE + 00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE+OO 

1.3 1E -06 

1.26E-06 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE +00 
1.62E-OS 

Benzo(a)pyrene O.OOE +00 O.OOE + 00 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a, h)anthracene 
Dieldrin 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+ 00 
0. OOE + 00 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 

I O.OOE+OO 

Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) 1.32E -OS 2.64E -OS 

FER\CRU2FSWPD2\2, SD2A’IT. WK3 D.2-11- 16 
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Table D.2-11-17 
Contaminant Emission Rates 

South Field - Exposed GMA - Expandcd Trcspasser/Off-Property Farmer - 
Alternatives: Consolidation/Capping 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2): 
Cesium- 137 O.OOE + 00 O.OOE + 00 
Neptunium -237 O.OOE +00 O.OOE +00 
Plutonium-238 O.OOE+ 00 O.OOE+ 00 
Radium -226 
Radium-228 
Strontium-90 
Technetium-99 
Thorium -228 
Thorium-230 
Thorium-232 
Uranium -234 
Uranium -2351236 
Uranium 2238 
Inorganics and Organics (g;/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

O.OOE + 00 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 

8.47E-07 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 

O.OOE+ 00 
O.OOE+OO 

O.OOE + 00 
O.OOE + 00 
O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

1.69E -06 

O.OOE+ 00 
. 0.00E+00 

O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 
O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 

Beryllium O.OOE + 00 O.OOE+OO 
Carbazole O.OOE+OO O.OOE + 00 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE + 00 

O.OOE+OO O.OOE+OO Dieldrin 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 

8.3SE-06 1.67E - OS ' Uranium (total) 

0 0 1 7 4 ~  
FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2- I1 - 17 12 -Aug-94 
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Table D.2 - I1 - 18 
Contaminant Emission Rates 

South Field - Exposed 'rill - Expanded Trespasser/Off-Property Farmer - 
Alternatives: Consolidation/Capping 

Emission Rates Above Background 
Inhalable Particulates (PM10) Total Particulates (TSP) 

Radionuclides (pCi/s/m2): 
Cesium- 137 O.OOE+OO O.OOE+OO 
Neptunium -237 3.S2E -07 7.04E-07 
Plutonium-238 O.OOE+OO 0. OOE + 00 
Radium -226 6.90E - 07 1.38E-06 
Radium -228 . 2.3SE-07 4.69E -07 
Strontium -90 1.33E -06 2.66E-06 
Technetium-99 1.09E -06 2.18E - 06 
Thorium -228 O.OOE + 00 O.OOE + 00 

Thorium-232 O.OOE+OO O.OOE + 00 

Contaminant - 

Thorium-230 2.9SE-06 S.90E- 06 

Uranium -234 1.96E -OS 3.9 1 E -OS 
Uranium-2W236 3.12E - 06 6.24E - 06 
Uranium-238 2.02E - OS 4.03E - OS 
Inorganics and Organics (n/s/m2): 
Antimony O.OOE+OO O.OOE + 00 

Aroclor 1260 O.OOE+OO O.OOE+OO 
Aroclor 1254 4.96E -08 9.92E-08 

Arsenic 4.48E-06 8.9SE-06 
Benzo(a)anthracene O.OOE+OO O.OOE+ 00 
Benzo( a)pyrene O.OOE+OO O.OOE+OO 
Benzo(b)fluoranthene O.OOE+OO O.OOE+ 00 
Benzo(k)fluoranthene O.OOE+OO O.OOE + 00 

Carbazole O.OOE + 00 O.OOE+OO 
Dibenzo(a, h)anthracene O.OOE+ 00 O.OOE+ 00 
Dieldrin O.OOE+OO O.OOE + 00 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+ 00 

Beryllium 3.03E - 07 . .  6.0SE - 07 

Uranium (total) 2.2SE-04 . 4.49E-04 

FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2- I1 - 18 
0 0 17 4 7 
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Table D.2-11-19 
Contaminant Emission Rates 

Active Flyash Pile - Exposed GMA - Expanded Trespasser/Off-Property Farmcr - 
Alternatives: Consolidation/Capping 

Emission Rates Above Background 
Contaminant Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m’): 
Cesium- 137 O.OOE+OO O.OOE+OO 
Neptunium -237 O.OOE+OO O.OOE + 00 
Plutonium - 238 
Radium -226 
Radium -228 
Strontium -90 
Technetium- 99 
Thorium -228 
Thorium-230 
Thorium -232 
Uranium-234 
Uranium -235/236 
Uranium -238 
Inorganics and Organics (ddm’): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo( k)fluoranthene 
Beryllium 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
6.0SE -07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 
1.21E-06 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 

’ O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Carbazole O.OOE+OO O.OOE+OO 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE+OO 
Dieldrin O.OOE+OO O.OOE+OO 
Indeno( 1,2,3 -cd)pyrene O.OOE+ 00 O.OOE+OO 
Uranium (total) __ 6.07E-06 1.21E - OS 

FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2-11- 19 12 -Aug -94 
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Table D.2-11-20 
Contaminant Emission Rates 

Active Flyash Pilc - Exposed Till - Expanded Trespasser/Off -Property Farmer - lod6 
Alternatives: Consolidation/Capping 

Contaminant 
Radionuclides (pCi/s/m'). 
Cesium- 137 
Neptunium -237 
Plutonium-238 
Radium - 226 
Radium-228 
Strontium -90 
Technetium-99 
Thorium - 228 
Thorium-230 

' Thorium -232 
Uranium-234 
Uranium -2351236 
Uranium~238 

Emission Rates Above Background 
Inhalable Particulates (PM10) Total Particulates (TSP) 

Inorganics and Organics (n/s/m*): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a, h)anthracene 
Dieldrin 

O.OOE + 00 

O.OOE+OO 
4.84E - 07 

3.7SE - 07 
9.68E -08 
4.37E-06 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

1.97E - 06 

3.63 E - 08 

1.67E - 06 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE +00 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 

1.27E -OS 

9.68E -07 

O.OOE+OO 
9.68E-07 
O.OOE + 00 
7.SOE -07 
1.94E -07 
8.74E-06 
O.OOE + 00 
O.OOE+OO 
3.94E -06 
O.OOE + 00 

O.OOE+OO 
7.26E-08 

3.34E - 06 

O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE + 00 
O.OOE + 00 

2.S4E-OS 

O.OOE+OO 

1.94E - 06 

O.OOE+OO 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO O.OOE+OO 
Uranium (total) 4.S6E - 06 9.12E-06 

0 0 5.7 3 9 
FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2 - 11-20 12 - Aug - 94 
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Table D.2-11-21 
Contaminant Emission Rates 

Inactive Flyash Pile - Exposed GMA - Expandcd Trespasser/Off-Property Farmer - 
Alternatives: Consolidation/Capping 

Contaminant 
Radionuclides (pCi/s/m2): 
Cesium - 137 
Neptunium -237 
Plutonium- 238 
Radium -226 
Radium -228 
Strontium -90 
Technetium- 99 
Thorium -228 
Thorium-230 . 
Thorium -232 
Uranium -234 
Uranium-23W236 
Uranium-238 

Emission Rates Above Background 
Inhalable Particulates (PM10) Total Particulates (TSP) 

O.OOE + 00 O.OOE + 00 

O.OOE+OO O.OOE + 00 
O.OOE+OO O.OOE + 00 
O.OOE+OO fl O.OOE+OO 

9 O.OOE+OO O.OOE+OO 

2.18E - 07 4.36E-07 

e. 
O.OOE+ 00 . 6  : . O.OOE + 00 

.O.OOE+ 08%, c. .=, . O.OOE+OO ' 
7.26E-08 .., . '..y l.4SE-07 

... 'B6.OSE-07 3.03E - 07 
O.OOE+OO 
2.66E - 07 

: o.oo~+oo O.OOE+OO 
L.. -i' 

5. 

' v  4 '  

'. 3:. ., "f ' 0.00~.-F00 
S.35E - 07 

Inorvanics and Organics (ds/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beryllium 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 

O.OOE + 00 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE+OO 

, 

O.OOE + 00 
O.OOE + 00 
O.OOE + 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

Indeno( 1,2,3 -cd)pyrene O.OOE + 00 O.OOE+OO 
Uranium (total) 2.98E -06 5.95E - 06 

FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2 - 11-21 12 -Aug - 94 
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Table D.2-11-22 
Contaminant Emission Rates 

Alternatives: Consolidation/Capping 
Inactive Flyash Pile - Exposed Till - Expanded Trespasser/Off-Property Farmer - 

Emission Rates Above Background 
Contaminant . .  Inhalable Particulates (PM10) Total Particulates (TSP) 
Radionuclides (pCi/s/m2) 
Cesium- 137 O.OOE+OO O.OOE + 00 
Neptunium -237 1.94E - 07 3.87E - 07 
Plutonium- 238 
Radium-226 
Radium -228 .>. 

Strontium-90 
Technetium- 99 

;, 

~ ,. 

Thorium -228 
Tiorium T 23 o 

1 ~horium-232 ” 

Uranium-234 
Uranium -235123’6 
Uranium*- 238 
Inorganics and Organics (g/s/m2): 
Antimony 
Aroclor 1254 
Aroclor 1260 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE + 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0. OOE + 00 

O.OOE+OO 
O.OOE+ 00 
O.OOE+ 00 
O.OOE+OO 
O.OOE+OO 

O.OOE+ 00 

Beryllium O.OOE+ 00 O.OOE + 00 
Carbazole 
Dibenzo(a,h)anthracene 
Dieldrin 

O.OOE+ 00 
O.OOE+ 00 
O.OOE+ 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

Indeno(l,2,3 -cd)pyrene O.OOE+ 00 O.OOE+OO 
Uranium (total) 1.20E-06 2.40E-06 

FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2 - 11-22 12 - Aug - 94 
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OU2 DISPOSAL CELL: PRIVATE OWNERSHIP (ON-SITE FARMER) 

NUMBER OF LAYERS: 7 
W O N  FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 3 EXCEEDS SATURATION. MOISTURE CHANGED FROM .285 TO .277 

BARE SOURCE FLUX (Jo) FROM LAYER 1: 2.126 pCi/m2/sec 

LAYER THICKNESS 
(cm) 
900. 
30. 
60. 
30. 
60. 
50. 
15. 

DIFF COEFF 
( cm2 / SEC 1 
.1044E-01 
.1044E-01 
.6184E-04 
. 4  84 54- 0 1 
.4845E-01 
.1044E-01 
.1044E-01 

POROSITY 

.4570 

.4570 

.4300 

.4170 

.4170 

.4570 

.4570 

SOURCE 
( pci / cm3 / s e c ) 

.6600E-05 

.0000E+00 

.0000E+00 

.0000E+00 . OOOOE+OO 

.0000E+00 

.0000E+00 

MOISTURE 
(dry wt. %) 
16.90 
16.90 
27.66 
2.95 
2.95 
16.90 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2 /sec 1 (pci/li ter 1 

1 900. .63773+00 .2200E+05 .5988 
2 30. .4353E-O1 .19893+05 -5988 
3 60. .13553-05 .3733E-O2 -2674 

30. -1043E-05 .1104E-01 .9176 
5 60. .53023-06 .8729E-02 .9176 
4 

6 50. -3724E-06 -11543-02 .5988 
7 15. .3642E-06 .0000E+00 .5988 

D-2-111-2- 1 
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OU2 DISPOSAL CELL: ADMIN. CONTROLS (EXPANDED TRESPASSER) 

NUMBER OF LAYERS: 7 
RADON FLUX INTO LAYER 1: . O O O  pCi/d!/aec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 3 EXCEEDS SATURATION. MOISTURE CHANGED FROM .285  TO .277  

BARE SOURCE FLUX (Jo) FROM LAYER 1: 4.124 pCi/m2/sec 

LAYER THI CKNES S 
( cm) 
900.  

30.  
60. 
30.  
60 .  
50 .  
15. 

DIFF COEFF 
( d / S E C )  

-1044E-01 
.1044E-01 
.61843-04 
.4845E-01 
.4845E-01 
.1044E-01 
.1044E-01 

POROSITY 

-4570  
.4570 
.4300 
.4170 
-4170 
-4570  
-4570  

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

SOURCE 
(pCi/cm3/sec) 

.12803-04  

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

LAYER THICKNESS EXIT FLUX EXIT CONC. 
(cm) (pCi/m2/sec 1 (pci / li t er ) 

1 900.  .12373+01 .42673+05 
2 30 .  .8441E-01 .38583+05 
3 60 .  .2628E-05 .72403-02 
4 30 .  .2022E-05 .2140E-01 
5 60.  .1028E-05 -16931-01  
6 50.  .7223E-06 .2238E-02 
7 1 5 .  .70633-06 .0000E+00 

MOISTURE 
(dry wt. %I 

1 6 . 9 0  
1 6 . 9 0  
2 7 . 6 6  

2 .95  
2 .95  

1 6 . 9 0  
1 6 . 9 0  

MIC 

- 5 9 8 8  
.5988 
.2674 
.9176 
.9176 
.5988 
-5988  

FERIOU2FS-SIZFSD2AIR. DOC18- 12-94 D-2-111-2-2 
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OU2 AFP EXPOSED TILL: ON/OFF-SITE DISPOSAL, EXP. TRESPASSER 

- - - _ _  NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: - . O O O - -  pCi/d/sec - 

SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 0.005 pCi/d/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .1044E-01 -4570 -14603-07 16.90 
(an) ( cm2 / SEC 1 (pCi/cm3/sec) ( d r y  w t .  % )  

*****  RESULTS OF M D O N  DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) ( p Ci /m2 / s ec 1 (pCi/liter) 

1 3 0 0 .  .47023-02 . OOOOE+OO 

MIC 

.5988 

, .  
FEWOU2FS-JI2FSD2AIR. DOC18- 12-94 D-2-111-2-3 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

OU2 SF EXPOSED TILL OR FILL: ON/OFF-SITE DISPOSAL, EXP. TRESPASSER 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: - 0 0 0  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .1932 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 300. .1044E-01 - 4 5 7 0  .6000E-06 16.90 
(cm) (cm2 /SEC) (pCi/cm3/sec) (dry wt. %) 

*****  RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. 
(cm) (pCi/mZ/sec) (pCi/liter) 

1 300. .1932E+OO .0000E+00 

MIC 

.5988 

D-2-111-2-4 



FEMP-OUO2-5 DRAFT 
August 24, 1994 

OU2 SF CONSOLIDATION AREA: CONSOLIDATION/CAPPING (EXPANDED TRESPASSER) 

- - _  
6 

- 0 0 0  pCi/d/sec 
NUMBER OF LAYERS: 
RADON FLUX INTO LAYER 1: 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 3 EXCEEDS SATURATION. MOISTURE CHANGED FROM .285 TO .277 

BARE SOURCE FLUX (Jo) FROM LAYER 1: 5.445 pCi/d/sec 

LAYER THICKNESS 
(cm) 

1 900. 
2 30. 
3 60. 
4 30. 
5 45. 
6 15. 

DIFF COEFF 
( cm2 / SEC 1 
.1044E-01 
.1044E-01 
.61843-04 
.4845E-01 
.1044E-01 
.1044E-01 

POROSITY SOURCE 
( pci / cm3 / s e c 1 

. .4570 -1690E-04 
.4570 .0000E+00 
.4300 .0000E+00 
,4170 .0000E+00 
.4570 .0000E+00 
.4570 .0000E+00 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCi/m2 /set) (pCi/li ter ) 

1 900. .16333+01 .56343+05 
2 3 0 .  . lll5E+00 .5093E+05 
3 60. .3456E-05 .12273-01 
4 30. .24113-05 .3776E-Ol 
5 45. .1781E-05 .55173-02 
6 15. .17413-05 .0000E+00 

MOISTURE 
(dry w t .  %) 
16.90 
16.90 
27.66 
2.95- 
16.90 
16.90 

MIC 

.5988 

.5988 

.2674 
-9176 
-5988 
-5988 

FE!UOU2FS-5/2FSD2AIR. DOCl8-12-94 D-2-111-2-5 



-- 
FEMP-OUO2-5 DRAFT 

August 24, 1994 

OU2 AFP EXPOSED TILL: CONSOLIDATION/CAPPING, EXP. TRESPASSER 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .1610 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 

1 3 0 0 .  -1044E-01 .4570 .5000E-06 16.90 
(cm) (cm2 /SEC) (pCi/cd/sec) ( d r y  w t .  %) 

*****  RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. 
(cm) (pCi/m2 /eec 1 (pCi/li ter) 

1 300. .1610E+00 .0000E+00 

MIC 

.5988 

FEWOU2FS-512FSD2AIR. DOC18- 12 -4  D-2-111-2-6 
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FEMP-OUO2-5 DRAFT 
August 24. 1994 

5 8 6 0  

OU2 SF EXPOSED TILL: CONSOLIDATION/CAPPING, EXP. TRESPASSER 

NUMBER OF LAYERS: 

SURFACE RADON CONCENTRATION: -000 pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .2576 pCi/m2/sec 

-RADON FLUX INTO LAYER i: - ~ - 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE . 
(cm) (cm2 /SEC) (pCi/cm3/sec) (dry wt. %) 

1 3 0 0 .  .10443-01 -4570 .8000E-06 16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 

(cm) (pCi/m2 /sec) (pci/li ter) 

1 300. .2576E+00 .0000E+00 .5988 

FEWOU2FS-SI2FSD2AIR. DOC18-12-94 D-2-111-2-7 



EMP-OUO2-5 DRAFT 
August 24, 1994 

OU2 SWL CAP: CONSOLIDATION/CAPPING, EXP. TRESPASSER 

NUMBER OF LAYERS: 6 
RADON FLUX INTO LAYER 1: . O O O  pCi/m2/sec 
SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 3 EXCEEDS SATURATION. MOISTURE CHANGED FROM .285 TO .277 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .4187 pCi/m2/sec 

LAYER THICKNESS 
(a) 

1 300. 
2 30. 
3 60. 
4 30. 
5 15. 
6 15. 

DIFF COEFF 
( cm2 / SEC) 
.1044E-01 
.1044E-01 
.61843-04 
.4845E- 01 
.1044E-01 
-1044E-01 

POROSITY SOURCE 
( pci / cm3 / s ec ) 

-4570 .1300E-05 
.4570 . OOOOE+OO 
. 4 3 0 0  .0000E+00 
.4170 .0000E+00 
.4570 .0000E+00 
-4570 .0000E+00 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX EXIT CONC. 

(cm) (pCi/mZ/sec) (pCi/liter) 

1 300. .1256E+OO .43333+04 
2 30. .85733-02 .3918E+04 
3 60. .2672E-06 -6655E-03 
4 30. .21213-06 -19291-02 
5 15. .1986E-06 .61543-03 
6 15. .19423-06 . OOOOE+OO 

MOISTURE 
(dry w t .  %) 
16.90 
16.90 
27.66 
2.95 

16.90 
16.90 

MIC 

.5988 
-5988 
-2674 
-9176 
.5988 
.5988 

FEWOU2FS-S/2FSD2AIR. DOC/% 12-94 D-2-111-2-8 



FEMP-OU02-5 DRAFT ' 

August 24. 1994 

0U2 LSP CAP: CONSOLIDATION/CAPPING, EXP. TRESPASSER 

NUMBER OF LAYERS: 5 
- RADON FLUX INTO LAYER 1: -. 000 pci/m2/sec - - - 

SURFACE RADON CONCENTRATION: . O O O  pCi/LITER 

LAYER 3 EXCEEDS SATURATION. MOISTURE CHANGED FROM .285 TO .277 

BARE SOURCE FLUX (Jo) FROM LAYER 1: .6078E-OlpCi/m2/sec 

POROSITY SOURCE MOISTURE LAYER THICKNESS DIFF COEFF 
( cm) (cm2 /SEC) (pCi/cm3/sec) (dry wt. %) 

1 15. .1044E-01 .4570 .9000E-06 16.90 
2 30. .1044E-01 -4570 .0000E+00 16.90 
3 60. .61843-04 -4300 .0000E+00 27.66 
4 15. .1044E-01 .4570 .0000E+00 16.90 
5 15. .1044E-01 .4570 .0000E+00 16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) '(pCi/m2/sec) (pCi/liter) 

1 15. .4081E-01 .1408E+04 .5988 
2 30. .2786E-02 .1273E+04 .5988 
3 60. .8677E-07 .23003-03 .2674 
4 15. .81273-07 -25183-03 .5988 
5 15. .79463-07 .0000E+00 .5988 

FEWOU2FS-SI2FSD2AIR. DOCl8-12-94 D-2-111-2-9 
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FEMP-OUO2-5 DRAFT 

August 24, 1994 

Stability 
Class 

A 

.B 

Table D.2-IV-1 
FEMP Standard Joint Frequency Distribution (8130193) 

Wind 
Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

Wind Speed (kts) 
13 56 110 116 121 221 

0.000263 0.000904 0.000904 0.000058 0.000000 0.000000 
0.000292 0.001 546 0.000671 0.000000 0.000000 0.000000 
0.00081 7 0.002888 0.001 196 0.000029 0.000000 0.000000 
0.001 430 0.004434 0.002042 0.0001 17 0.000000 0.000000 
0.001 050 0.00201 3 0.000204 0.0001 46 0.000000 0.000000 
0.000700 0.00081 7 0.000058 0.000000 0.000000 0.000000 
0.000467 0.000438 0.000000 0.000000 0.000000 0.000000 
0.000583 0.000554 0.000000 0.000000 0.000000 0.000000 
0.000700 0.001 575 0.001 196 0.000000 0.000000 0.000000 
0.001 021 0.004347 0.003793 0.000146 0.000000 0.000000 
0.001 284 0.005076 0.004755 0.000554 0.000000 0.000000 
0.001 750 0.004755 0.003647 0.000204 0.000000 0.000000 
0.000992 0.003880 0.003267 0.000467 0.000000 0.000000 
0.00061 3 0.001 809 0.002626 0.000525 0.000000 0.000000 
0.000583 0.001 575 0.001 400 0.0001 17 0.000000 0.000000 
0.000350 0.001313 0.001 284 0.000058 0.000000 0.000000 

0.000029 0.00081 7 0.000700 0.0001 17 0.000000 0.000000 
0.0001 17 0.000525 0.000496 0.000058 0.000000 0.000000 
0.000350 0.000963 0.00061 3 0.000058 0.000000 0.000000 
0.000321 0.001 459 0.000554 0.0001 46 0.000000 0.000000 
0.000467 0.000671 0.0001 75 0.000029 0.000000 0.000000 
0.000263 0.000263 0.000029 0.000000 0.000000 0.000000 
0.000233 0.000204 0.000029 0.000000 0.000000 0.000000 
0.000263 0.000467 0.000088 0.000029 0.000000 0.000000 
0.000408 0.001 138 0.000321 0.000000 0.000000 0.000000 
0.000525 0.001 546 0.001 313 0.0001 75 0.000000 0.000000 
0.00061 3 0.002042 0.002071 0.000233 0.000000 0.000000 
0.00061 3 0.001 692 0.001 284 0.0001 75 0.000000 0.000000 
0.000671 0.001 167 0.001225 0.000146 0.000000 0.000000 
0.000233 0.000788 0.000875 0.000204 0.000000 0.000000 
0.000263 0.000671 0.001021 0.000204 0.000000 0.000000 
0.0001 46 0.000642 0.000904 0.000088 0.000000 0.000000 

FEWOU2FS-512FSD2AIR. DOC18- 12-.J4 D-2-IV- 1 



FEMP-OU02-5 DRAFT 
August 24, 1994 

Table D.2-IV-1 
FEMP Standard Joint Frequency 'Distribution (8/30/93) 

Stability 
Class 

C 

D 

Wind 
Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

. Wind Speed (kts) 
s3 16 110 116 121 ' 221 

~~ ~ 

0.000204 0.000846 0.001 079 0.000233 0.000000 0.000000 
0.0001 75 0.001 313 0:000729 0.000058 0.000000 0.000000 
0.000408 0.001 488 0.001 021 0.000088 0.000000 0.000000 
0.000700 0.001 721 0.000438 0.000263 0.000000 0.000000 
0.001 050 0.000875 0.000204 0.000058 0.000000 0.000000 
0.000671 0.000583 0.000058 0.000000 0.000000 0.000000 
0.000321 0.000467 0.000088 0.000000 0.000000 0.000000 
0.000146 0.000467 0.000058 0.000058 0.000000 0.000000 
0.000321 0.001 167 0.000554 0.000058 0.000000 0.000000 
0.000554 0.001 750 0.001 575 0.000058 0.000029 0.000000 
0.000904 0.002742 0.001 750 0.0001 75 0.000000 0.000000 
0.000759 0.002421 0.001 254 0.000204 0.000000 0.000000 
0.000788 0.001 284 0.001 138 0.000321 0.000000 0.000000 
0.000321 0.001 342 0.001 254 0.000204 0.000000 0.000000 
0.000233 0.001342 0.001 138 0.0001 17 0.000029 0.000000 
0.000233 0.001 079 0.000963 0.000029 0.000000 0.000000 

0.002101 0.008723 0.009219 0.001079 0.000000 0.000000 
0.002830 0.01 0532 0.008256 0.001 138 0.000000 0.000000 
0.004464 0.01 3420 0.007498 0.000496 0.000000 0.000000 
0.006331 0.01 7825 0.0091 61 0.002042 0.000000 0.000000 
0.004493 0.0061 27 0.001 079 0.000088 0.000000 0.000000 
0.003238 0.002976 0.0001 17 0.000000 0.000000 0.000000 
0.002626 0.002626 0.000350 0.000000 0.000000 0.000000 
0.002801 0.00361 8 0.001 109 0.000204 0.000000 0.000000 
0.003063 0.006593 0.002888 0.000321 0.000000 0.000000 
0.005806 0.01 4091 0.007439 0.001 809 0.000000 0.000000 
0.007848 0.01 4470 0.008023 0.001050 0.000058 0.000000 
0.008373 0.01 1203 0.006272 0.001 167 0.000000 0.000000 

0.004785 0.01 041 5 0.01 0619 0.001 546 0.000000 0.000000 
0.003734 0.009044 0.007264 0.000963 0.000088 0.000000 
0.002976 0.008840 0.005631 0.001 050 0.000058 0.000000 

0.007060 0.01 1553 0.009482 0.001430 0.000000 - 0.000000 

FEWOU2FS-512FSD2AIR. DOC18- 12-94 D-2-IV-2 



FEMP-OUOZ-5 DRAFT 
August 24. 1994 

Stability 
Class 

F 

~~ 

Wind 
Direction 

_ _ _ ~  

- -  N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

5 8 6 0  
Table D.2-IV-1 (Continued) 

Wind Speed (kts) 
1 3  1 6  I 1 0  I 1 6  121 221 

0.00361 8 0.003880 -0.000759 0.000029 0.000000- 0.000000 - - - - 
0.002596 0.003092 0.000788 0.0001 75 0.000000 0.000000 
0.002976 0.003472 0.000438 0.000000 0.000000 0.000000 
0.008694 0.00921 9 0.001809 0.000000 0.000000 0.000000 
0.0081 98 0.002742 0.000233 0.000000 0.000000 0.000000 
0.004785 0.001 254 0.0001 46 0.000000 0.000000 0.000000 
0.004843 0.001 721 0.000292 0.000000 0.000000 0.000000 
0.005572 0.00341 3 0.001284 0.000204 0.000000 0.000000 
0.006973 0.007673 0.003355 0.000642 0.000000 0.000000 
0.01 1582 0.01 4033 0.006798 0.001 692 0.000000 0.000000 
0.01 8496 0.01 8263 0.00741 0 0.000671 0.000000 0.000000 
0.01 7796 0.01 0328 0.003297 0.000642 0.000000 0.000000 
0.01 2486 0.01 0007 0.0041 43 0.0001 46 0.000000 0.000000 
0.009482 0.00761 4 0.003297 0.000583 0.000000 0.000000 
0.008344 0.004668 0.001 109 0.0001 75 0.000000 0.000000 
0.00621 4 0.003822 0.001 079 0.000263 0.000000 0.000000 

0.004988 0.0001 17 0.000000 0.000000 0.000000 0.000000 
0.005251 0.000088 0.000029 0.000000 0.000000 0.000000 
0.005076 0.0001,17 0.000000 0.000000 0.000000 0.000000 
0.0091 02 0.001 605 0.0001 17 0.000000 0.000000 0.000000 
0.01 3361 0.000904 0.000000 0.000000 0.000000 0.000000 
0.008927 0.000058 0.000000 0.000000 0.000000 0.000000 
0.005922 0.000321 0.000000 0.000000 0.000000 0.000000 
0.005456 0.0001 75 0.000000 0.000000 0.000000 0.000000 
0.007002 0.000467 0.000000 0.000000 0.000000 0.000000 
0.01 1815 0.001 196 0.000263 0.000000 0.000000 0.000000 
0.019576 0.002101 0.000029 0.000000 0.000000 0.000000 
0.02681 1 0.001 867 0.000058 0.000000 0.000000 0.000000 
0.029757 0.000671 0.000029 0.000000 0.000000 0.000000 
0.02931 9 0.000233 0.000029 0.000000 0.000000 0.000000 
0.022785 0.000758 0.000058 0.000000 0.000000 0.000000 
0.01 1523 0.000876 0.000058 0.000000 0.000000 0.000000 

FEWOU2FS-512FSDZAIR. DOC18- 12-94 D-2-IV-3 
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CONTAMINANT CONCENTRATIONS IN AIR 
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FEMP- OU02 - 5 DRAFT 
August 24.1994 - 5 8 6 0  

Table D.2-V- 1 
Particulate- Phase Contaminant Concentrations -J A i r  , ove Background) 

South Field Arca (SFIAFPIIFP) - Expanded Trespasser/Off - Property Farmer - 
Alternatives: ConsolidationKapping 

- - Maximum On- Property Maximum Off-Property 
- _  . -  

Deposition Deposit ion - 

Contaminant Concentration Rate Concentration Rate 
Radionuclides (pCi/m3 or pCi/m2/s): 
Cesium- 137 
Neptunium - 237 
Plutonium- 238 
Radium- 226 
Radium-228 
Strontium- 90 
Technetium- 99 
Thorium-228 
Thorium-230 
Thorium- 232 a Uranium-234 

O.OOE +00 
2.84E-06 
O.OOE +00 
3.6SE-06 
1.16E-06 
2.29E-OS 
S.06E- 06 
O.OOE+OO 

O.OOE +00 
1.67E-OS 

9.12E-OS - 
Uranium- 23Si236 1.4SE-OS 
Uranium-238 9.47E-OS 
Inorganics and Organics (udm3 or ug/m2/s): 
Antimony ~ O.OOE+OO 

Aroclor 1260 O.OOE+OO 

Benzo(a)anthracene O.OOE+OO 

Benzo(b)fluoranthene O.OOE +00 
Benzo(k)fluoranthene O.OOE +00 

Aroclor 1254 2.3 1E - 07 

Arsenic 6.09E-OS 

Benzo(a)pyrene O.OOE+OO 

Beryllium 4.S9E-06 
Carbazole O.OOE+OO 
Dibenzo(a,h)anthracene O.OOE + 00 
Dieldrin O.OOE +00 
Indeno( 1,2,3 -cd)pyrene O.OOE+OO 

O.OOE +00 
1.02E-08 
O.OOE+OO 
1.32E-08 
4.16E-09 
8.24E - 08 
1.82E - 08 
O.OOE +00 

O.OOE +00 
6.02E - 08 

3.28E-07 
S.22E - 08 
3.41E-07 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

8.30E- 10 

2.19E - 07 

1.6SE -08 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

r 

O.OOE+OO 

O.OOE+OO 
1.7SE-07 

1.90E-07 
6.12E- 08 
1.12E- 06 
2.34E-07 
O.OOE+OO 

O.OOE+OO 
8.64E-07 

4.24E - 06 
6.69E-07 
4.SSE - 06 

O.OOE+OO 

0.OOEt-00 

O.OOE+OO 
O.OOE +00 
O.OOE +00 
O.OOE +00 

O.OOE +00 

1.06E-08 

2.84E-06 

2.12E-07 

O.OOE+OO 

O.OOE +00 
O.OOE +00 

O.OOE+OO 
6.29E- 10 
O.OOE+OO 
6.84E- 10 
2.20E- 10 
4.02E - 09 
8.41E- 10 
O.OOE+OO 

O.OOE+OO 
‘ 3.11E- 09 

1.S3E-08 
2.41E-09 
1.64E - 08 

O.OOE+OO 

O.OOE+OO 
1.02E- 08 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

3.83E- 11 

7.62E- 10 

Uranium (total) 1.06E - 03 3.83E -06 S.1SE-OS 1.8SE - 07 
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Table D.2-V-2 
Part.;uIate- Phase Contaminant Concentrations A A i r  (Above Background) 

South Field Area (SF/AFP/IFP) - Expanded TrespassedOff- Property Farmer - 
Alternatives: On- Property Disposal Cell; Off-site Disposal 

* 

Maximum On- Property Maximum Off- Properly 
Deposition Deposition 

Contaminant Concentration Rate Concentration Rate 
Radionuclides (pCi/m3 or pCi/m2/s): 
Cesium- 137 O.OOE +00 

Plutonium- 238 O.OOE +00 
Neptunium- 237 3.62E - 06 

Radium-226 3.67E-06 
Radium- 228 S.93E-06 
Strontium- 90 2.99E-OS 
Technetium- 99 8.67E-06 
Thorium-228 2.73E-06 
Thorium- 230 9.28E- OS 
Thorium-232 1.03E - 06 
Uranium- 234 3.10E - OS 
Uranium-235/236 2:93E-05 
Uranium-238 1.97E-OS 
Inorganics and Organics (up;/m3 or ug/m2/s): 
Antimony O.OOE +00 
Aroclor 1254 3.26E-06 
Aroclor 1260 2.81E - 07 
Arsenic 8.22E-OS 
Benzo(a)anthracene 8.13E- 06 
Benzo( a) pyrene 1.33E-OS 
Benzo( b)fluoranthene 1.18E - OS 
Benzo(k)fluoranthene 1.18E-OS 
Beryilium 6.3 1E - 06 
Carbazole O.OOE +00 
Dibenzo(a,h)anthracene 3.2SE - 06 
Dieldrin 7.17E-08 
Indeno( 1,2,3 -cd)pyrene I 4.58E-06 

O.OOE +00 O.OOE+OO O.OOE +00 

O.OOE +00 O.OOE +00 O.OOE +00 
1.30E-08 2.SOE-07 9.01E- 10 

1.32E-08 l39E - 07 6.79E- 10 
2.13E-08 2.44E-07 - 8.80E- 10 
1.08E - 07 
3.12E- 08 
9.84E- 09 
3.34E- 07 
3.72E-09 
1.12E-07 
1.06E - 07 
7.08E - 08 

O.OOE +00 
1.17E-08 
1.01E-09 
2.96E-07 
2.93E- 08 
4.79E- 08 
4.26E - 08 
4.26E - 08 
2.27E - 08 
O.OOE +00 
1.17E - 08 
2.58E- 10 
1.6SE-08 

1.62E - 06 
4.44E - 07 
9.82E-08 
3.89E-06 
3.72E - 08 
1.66E - 06 
1.44E - 06 
1.08E - 06 

O.OOE +00 
1.23E - 07 
1 .O 1E - 08 
4.26E-06 
2.92E - 07 
4.78E - 07 
4.2SE-07 
4.2SE- 07 
3.21E - 07 
O.OOE +00 
1.17E - 07 
2.S7E - 09 
1.6SE- 07 

S.8SE-09 
1.60E - 09 
3.S4E- 10 
1.40E - 08 
1.34E- 10 
S.97E-09 
S.18E-09 
3.89E- 09 

O.OOE+OO 
4.4SE- 10 
3.63E- 11 
1.53E - 08 
1.OSE- 09 
1.72E - 09 
1.53 E - 09 
1 .S3E - 09 
1.1SE - 09 
O.OOE +00 
4.20E- 10 
9.27E- 12 
S.92E- 10 

Uranium (total) 7.00E-OS 2.52E- 07 S.73E-06 2.06E-08 

0 1’7 ‘7 L l  

FER\CRU2FSWPD2\2FSDZAn. WK? D.2-V-2 13 -Aug-94 



. -- 
FEMP -0U02 - 5 DRAFT 

August 24.1994 

Table D.2-V-3 ' 

Particulate- Phase Contaminant Concentrations in A i r  (Above Background) 5 8 6 0 
Solid Waste Landfill 7 Expanded Trespasser/Off- Property Farmer - 

Alternatives: On-Property Disposal Cell; Off-site Disposal . 

Maximum On- Property 

Contaminant Concentration Rate Concentration Rate 

Maximum Off - Property 
Deposition Deposition 

Radionuclides (pCi/m3 or pCi/m2/s): 
Cesium- 137 
Neptunium- 237 
Plutonium- 238 
Radium- 226 
Radium - 228 
Strontium- 90 
Technetium- 99 
Thorium-228 
Thorium-230 
Thorium - 232 a Uranium-234 
Uranium-235/236 
Uranium-238 

O.OOE+OO 
9.36E-07 
4.68E-07 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

1.7 1E- 06 

2.64E- 06 
O.OOE+OO 
6.08E-07 
O.OOE+OO 
5 S7E - 06 

Inorganics and Orianics (un/m3 or u'n/m2/s): 
Antimony S.29E - OS 
Aroclor 1254 O.OOE+OO 
Aroclor 1260 O.OOE+OO 
Arsenic O.OOE+OO 
Benzo(a)anthracene 6.78E-07 
Benzo(a)pyrene 6.78E-07 
Benzo( b)fluoranthene 6.08E-07 
Benzo(k)fluoranthene O.OOE +00 
Beryllium 9.36E - 07 
Carbazole 4.91E-07 
Dibenzo(a,h)anthracene 2.57E-07 
Dieldrin O.OOE +00 
Indeno( 1,2,3 -cd)pyrene 4.91E-07 

O.OOE + 00 
3.37E-09 
1.68E - 09 
O.OOE +00 
O.OOE+OO 

O.OOE+OO 
O.OOE +00 

O.OOE +00 

6.1SE-09 

9.52E-09 

2.19E-09 
O.OOE+OO 
2.00E-08 

1.90E-07 
O.OOE+OO 
O.OOE +00 
O.OOE +00 
2.44E - 09 
2.44E - 09 
2.19E-09 
O.OOE+OO 
3.37E - 09 
1.77E - 09 
9.26E- 10 
O.OOE + 00 
1.77E-09 

O.OOE +00 
2.SSE- 08 
1.28E - 08 
O.OOE+OO 
O.OOE + 00 

O.OOE +00 
O.OOE +00 

O.OOE+OO 

4.66E-08 

7.21E- 08 

1.66E-08 
O.OOE+OO 
1 .S2E-07 

1.44E - 06 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 
1.8SE- 08 
1 ME-  08 
1.66E- 08 
O.OOE+OO 
2.5SE-08 
1.34E - 08 
7.02E - 09 
O.OOE +00 
1.34E - 08 

O.OOE +00 
9.19E-11 
4.59E- 11 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+OO 

O.OOE+OO 

O.OOE +00 

1.68E- 10 

2.59E- 10 

S.97E- 11 

5.47E- 10 

5.19E-09 
O.OOE+OO 
O.OOE+OO 
O.OOE'+OO 
6.66E- 11 
6.66E- 11 
S.97E- 11 
O.OOE + 00 
9.19E- 11 
4.82E- 11 
2.53E- 11 
O.OOE+OO 
4.82E- 11 

Uranium (total) 1.01E- OS 3.62E-08 2.74E-07 9.87E- 10 

D.2- V-3 13 - Aug-94 0 0 177 5 



FEMP-OU02-5 DRAFT 
August 24, 1994 

0 P: r-- .c  ̂

'-I 
Table D.2-V-4 

d c: Particulate-Phase Contaminant Conccntrations in A i r  (Above Background) 
Lime Sludge Ponds - Expanded Trespasser/Off-Property Farmer - 

Altcrnatives: On- Property Disposal Cell; Off-site Disposal 

Contaminant 

Maximum On-Property 

Concentration Rate 
Deposition 

Radionuclides (pCi/m3 or pCi/m2/sk 
Cesium- 137 O.OOE + 00 
Neptunium- 237 4.33E-07 
Plutonium- 238 O.OOE + 00 
Radium-226 O.OOE+ 00 
Radium - 228 O.OOE+ 00 

Technetium-99 O.OOE +00 
Strontium- 90 1.80E- 06 

Thorium-228 O.OOE+OO 

Thorium - 232 ' O.OOE +00 
Uranium-234 O.OOE +00 
Uranium- 235t236 O.OOE +00 
Uranium- 238 O.OOE+OO 
Inorganics and Organics (upjm3 or ug/m2/s): 
Antimony O.OOE + 00 
Aroclor 1254 O.OOE +00 

Thorium-230 1.73E-06 

Aroclor 1260 O.OOE +00 
Arsenic 2.23E-05 
Benzo(a)anthracene O.OOE + 00 

Benzo(b)fluoranthene O.OOE + 00 
Benzo(k)fluoranthene O.OOE + 00 
Beryllium O.OOE +00 

Benzo(a)pyrene O.OOE +00 

Carbazole O.OOE + 00 
Dibenzo(a,h)anthracene O.OOE+OO 
Dieldrin O.OOE + 00 
Indeno( 1,2,3 -cd)pyrene O.OOE + 00 
Uranium (total) 3.63E- OS 

O.OOE +00 
1.56E- 09 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE +00 
O.OOE+OO 
6.24E-09 
O.OOE +00 
O:OOE+00 
O.OOE+OO 

6.48E - 09 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

8.02E - 08 

1.31E-07 

Maximum Off- Property 

Concentration Rate 
Deposition 

O.OOE +00 

O.OOE+OO 
O.OOE+OO 
O.OOE +00 

6.19E - 09 

2.57E-08 
O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

2.48E- 08 

O.OOE+OO 
O.OOE + 00 
O.OOE+OO 
3.19E-07 
O.OOE+OO 
O.OOE+OO 
O.OOE+ 00 
O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE + 00 
O.OOE +00 
O.OOE +00 
S.19E-07 

O.OOE+OO 
2.23E-11 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
9.26E- 11 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE +00 
O.OOE+OO 
O.OOE+OO 

8.9lE- 11 

.0.00E+00 
O.OOE+OO 
O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE +00 
O.OOE+OO 

1.1SE-09 

1.87E - 09 
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Table D.2-V-5 
Particulate- Phase Contaminant Concentrations in Air  (Above Background) 

Alternatives: On- Property Disposal Cell; Off-site Disposal 
South Field Area (SF/AFP/IFP) - On-Property Farmer - 

_ _  ~- _ _  Maximum - _ _  On- Property 

Contaminant Concentration Rate 
Radionuclides (pC;/m3 OK pCi/m*/s): 
Cesium- 137 O.OOE +00 O.OOE + 00 

Plutonium- 238 O.OOE+OO O.OOE + 00 
Radium-226 O.OOE+OO O.OOE +00 
Radium-228 O.OOE+OO O.OOE +00 

Technetium- 99 O.OOE +00 O.OOE + 00 
Thorium- 228 O.OOE+ 00 O.OOE +00 

Thorium- 232 O.OOE +00 O.OOE +00 

Uranium- 235/236 O.OOE +00 O.OOE +00 

Inorganics and Organics (ug/m3 or ug/m2/s): 
Antimony O.OOE +00 O.OOE +00 
Aroclor 1254 O.OOE+OO O.OOE +00 
Aroclor 1260 O.OOE+OO O.OOE +00 
Arsenic O.OOE+OO O.OOE +00 
Benzo(a)anthracene O.OOE+OO O.OOE +00 
Benzo(a)pyrene O.OOE+OO O.OOE + 00 
Benzo(b)fluoranthene O.OOE+OO O.OOE + 00 
Benzo(k)fluoranthene O.OOE+OO O.OOE + 00 
Beryllium O.OOE+OO O.OOE+OO 
Carbazole O.OOE+OO O.OOE + 00 
Dibenzo(a,h)anthracene O.OOE+OO O.OOE +00 
Dieldrin O.OOE+OO O.OOE +00 
Indeno( 1,2,3 - cd)pyrene O.OOE+OO O.OOE + 00 

Deposition 

Neptunium- 237 4.28E-06 1.54E- 08 

Strontium- 90 3.10E-06 1.12E-08 

Thorium-230 6.59E- OS 2.37E-07 

Uranium-234 1.30E-OS 4.67E - 08 

Uranium-238 1.14E - OS 4.1 1E-08 

Uranium (total) 2.48E-04 8.94E-07 

- - - -  -~ 
Maximum Off - Property 

Concentration Rate 

.~ 

Deposition 

0 .OOE + 00 
3.26E - 07 
0 .OOE + 00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE +00 

2.17E -07 

2.76E-06 

1.00E-06 

8.83E -07 

O.OOE + 00 
O.OOE +00 
O.OOE +00 
O.OOE + 00 
O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE +00 

O.OOE +00 
O.OOE +00 

O.OOE+OO 

1.52E- OS 

O.OOE+OO 

O.OOE+OO 
O.OOE +00 
O.OOE+OO 

O.OOE + 00 
O.OOE+OO 
9.92E- 09 
O.OOE+OO 

O.OOE+OO 

1.17E - 09 

7.81E- 10 

3.61E-09 

3.18E - 09 

O.OOE+OO 
O.OOE+OO 
O.OOE + 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+OO 
O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
S.48E-08 

FER\CRU2FSWPD2\2FSD2ATT. WK3 D.2-V-S 
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Table D.2-V-6 
Particulate- Phase Contaminant Concentrations in A i r  (Above Background) 

Alternatives: On-Property Disposal Cell; Off-site Disposal 
Solid Waste Landfill - On-Property Farmer - 

Maximum On-Property 

Contaminant Concentration Rate Concentration Rate 

Maximum Off - Property 
Deposition Deposition 

Radionuclides (pCi/m3 or pCi/m*/s): 
Cesium- 137 
Neptunium- 237 
Plutonium- 238 
Radium-226 
Radium-228 
Strontium- 90 
Technetium- 99 
Thorium- 228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium- 23S/236 
Uranium-238 

O.OOE+OO 
1.32E-06 
6.15E-06 
O.OOE + 00 
O.OOE + 00 

O.OOE+ 00 
4.92E-07 

O.OOE+OO 
2.37E-OS 
O.OOE + 00 

O.OOE +00 
2.46E - 06 

O.OOE +00 
Inorganics and Organics (ug/m3 or ug/m'/s): 
Antimony 4.09E - OS 
Aroclor 1254 O.OOE +00 

Arsenic O.OOE+OO 
Benzo(a)anthracene 7.07E - 07 
Benzo(a)pyrene 4.61E - 08 
Benzo(b)fluoranthene 4.30E - 07 

Aroclor 1260 O.OOE+OO 

Benzo(k)fluoranthene O.OOE+OO 
Beryllium O.OOE+OO 
Carbazole 1.98E - 07 
Dibenzo(a,h)anthracene 1.41E-08 
Dieldrin O.OOE+OO 
Indeno(l,2,3 -cd)pyrene 2.24E - 07 

O.OOE +00 
4.76E-09 
2.21E - 08 
O.OOE +00 
O.OOE +00 

O.OOE +00 
O.OOE +00 

1.77E-09 

8.52E-08 
O.OOE +00 
8.8SE-09 
O.OOE +00 
O.OOE +00 

1.47E-07 
0 .OOE + 00 
O.OOE+OO 
O.OOE+OO 
2.5SE-09 
1.66E - 10 
1.55E-09 
O.OOE+OO 
O.OOE +00 
7.12E- 10 
5.09E- 11 
0 .OOE + 00 
8.08E- 10 

O.OOE + 00 
3.60E-08 
1.68E-07 
O.OOE +00 
O.OOE+OO 

O.OOE + 00 
1.34E -08 

O.OOE + 00 
6.4SE- 07 
O.OOE + 00 
6.71E - 08 ' 

O.OOE+OO 
O.OOE+OO 

1.1 1E-06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.93E-08 
1.26E-09 
1.17E- 08 
O.OOE + 00 
O.OOE +00 
5 39E-09 
3.86E- 10 
O.OOE+OO 
6.12E - 09 

O.OOE+OO 
1.30E- 10 
6.03E- 10 
O.OOE+OO 
O.OOE+OO 
4.83E- 11 
O.OOE+OO 
O.OOE +00 
2.32E-09 
O.OOE +00 
2.41E- 10 
O.OOE +00 
O.OOE +00 

4.00E-09 
O.OOE +00 
O.OOE +00 
O.OOE +00 
6.94E-11 
4.53E- 12 
4.22E - 11 
O.OOE +00 
O.OOE+OO 
1.94E- 11 
1.39E- 12 
O.OOE +00 
2.20E- 11 

Uranium (total) O.OOE+OO O.OOE +00 O.OOE +00 O.OOE +00 

0 63 177 8 
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Table D.2-V-7 

Particulate- Phase Contaminant Concentrations in A i r  (Above Background) 
Lime Sludge Ponds - On-Property Farmer - 

Alternatives: On-Property Disposal Cell; Off-site Disposal 

Contaminant 

Maximum On- Property Maximum Off- Property 
Deposition Deposition 

Concentration Rate Concentration Rate 
Radionuclides (pCi/m3 or pCi/m2/s): 
Cesium- 137 
Neptunium-237 
Plutonium- 238 
Radium-226 
Radium-228 
Strontium-90 
Technetium- 99 
Thorium- 228 
Thorium- 230 
Thorium-232 
Uranium-234 

O.OOE +00 

O.OOE +00 
O.OOE +00 
O.OOE +00 

O.OOE +00 
O.OOE +00 

O.OOE +00 

2.23E-07 

2.4SE - 07 

2.28E-OS 

O.OOE +00 
Uranium-235/236 O.OOE +00 
Uranium-238 O.OOE +00 
Inorganics and Organics (udm3 or udm*/s): 
Antimony O.OOE +00 

Aroclor 1260 O.OOE+OO 

Benzo(a)anthracene O.OOE+OO 
Benzo(a)pyrene O.OOE+OO 
Benzo(b)fluoranthene O.OOE+OO 
Benzo(k)fluoranthene 0 .OOE + 00 
Beryllium O.OOE +00 
Carbazole O.OOE +00 
Dibenzo(a,h)an thracene O.OOE+OO 

Aroclor 1254 O.OOE+OO 

Arsenic 2.93E-04 

Dieldrin O.OOE + 00 
Indeno( 1,2,3 -cd)pyrene O.OOE +00 
Uranium (total) - O.OOE+OO 

O.OOE+.OO 
8.04E- 10 
O.OOE +00 
O.OOE +00 
O.OOE+OO . 

O.OOE +00 
O.OOE +00 

O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE +00 

8.83E- 10 

8.20E-08 

O.OOE +00 
O.OOE +00 
O.OOE +00 

O.OOE +00 
O.OOE +00 
O.OOE+OO 
O.OOE +00 
O.OOE + 00 
O.OOE+OO 
O.OOE + 00 
O.OOE + 00 
O.OOE+OO 
O.OOE+ 00 

1.0SE-06 

O.OOE + 00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE + 00 
O.OOE+OO 
O.OOE + 00 
O.OOE+OO 

3.19E-09 

3 .SOE - 09 

3.2SE- 07 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE +00 
O.OOE + 00 
O.OOE +00 
O.OOE+OO 
O.OOE +00 

4.19E- 06 

O.OOE + 00 

O.OOE + 00 

O.OOE + 00 
O.OOE + 00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE +00 
O.OOE +00 
O.OOE +00 
O.OOE +00 

1.1SE- 11 

1.26E- 11 

1.17E-09 

O.OOE +00 
0.OOE +00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE + 00 

1 .S 1E - 08 
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Table D.2-V-8 
Radon-222 Concentration in Air 

Alternatives: On-Property Disposal Cell; Off-site Disposal 

Maximum Maximum 
On-Property Off-Property . 

Subunit or Source Concentration (pCi/m3) Concentration (pCi/m3) 
Private Ownership, On-Property Farmer: 

Disposal Cell 2.9OE-06 
(On-Property Disposal Alternative only) 

Administrative Controls, Expanded Trespasser: 

Disposal Cell S.62E-06 
(On-Property Disposal Alternative only) 

South Field Area 1.68E+00 
(SF/AFP/IFP) 

1.0SE-06 

2.03E -06 

8.70E-02 

Table D.2-V-9 
Radon-222 Concentration in Air 

gw Alternatives: Consolidation and Capping ... ,. . 
I 

r*- Maximum Maximum 
On - Property Off-Property 

Subunit or Source Concentration (pCVrn3) Concentration (pCi/m3) 
Administrative Controls, Expanded Trespasser: 

South Field Area l.SSE+OO 
(SF/AFP/IFP Consolidaiton Area) 

8.00E -02 

Solid Waste Landfill 4.07E -07 1.12E -08 

Lime Sludge Ponds 2.37E-07 3.42E -09 

L 
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D.3.0 URANIUM PARTITION COEFFICIENT EVALUATION STUDY 

This appendix documents the results of the Uranium Partition Coefficient Evaluation Study carried out 

in support of the Remedial Investigation/Feasibility Study (RUFS) for Operable Unit 2 - Other Waste 

Units at the U.S. Department of Energy (DOE), Fernald Environmental Management Project (FEMP) 

at Fernald, Ohio. The study consisted of laboratory analyses conducted to determine the partition 

coefficients (KJ for waste, soils, and geologic formations in Operable Unit 2 as an input in fate and 

transport modeling. This appendix will focus on the K,, for total uranium, which is prevalent 

throughout the Operable Unit 2 waste units. The I<d results are based on both adsorption and 

desorption tests conducted at the FEMP laboratory. 

To identify Operable Unit 2-specific K,, values, a laboratory study was conducted on Operable Unit 2 

waste and soil. Waste and soil samples were collected from the waste units and associated geological 

layers for each of the subunits. These waste or soil samples underwent laboratory tests in which they 

were mixed with a leachate solution in a batch-type reactor. Two separate tests were conducted: one 

test evaluated the amount of uranium that was leached from the waste and soil, and the other test 

evaluated the amount of uranium that was adsorbed by the waste or soil. The first test was conducted 

on samples (collected in the subunits where the media was contaminated) that were considered to be 

contaminated. The second test was conducted on samples which analysis showed had little or no 

contamination. 

< 

D.3.1 Soil SamDle Selection 

Table D.3-1 is a summary of the samples which were used to develop K,, values and the location 

where they were sampled. The samples were collected from the ongoing field sampling activities or 

retrieved from the FEMP sample archives. The contaminated samples were identified by the beta- 

gamma field readings conducted during the field sampling program. Samples with beta-gamma field 

readings above background were considered contaminated. Once the appropriate sample(s) were 

located, sample numbers were identified for retrieval from FEMP archives. Since the RI field 

sampling program was in progress at the time, some soil samples were collected directly from the 

field. 
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Sand and Gravel 
Samples 
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Great Miami 
Aquifer Samples 

TABLE D.3-1 

SUMMARY OF Kd STUDY SAMPLES 
FOR OPERABLE UNIT 2 

Solid Waste Landfill 

Glacial Overburden 

Boring 1985 (depth 0-3 ft.) 
Boring 1986 (depth 5-7.5 ft.) 

Boring 1986 
(depth 12.5-15 ft.) 
Boring 11037 
(depth 20-22.5 ft.) 

Samples I Waste Material Samples I Waste Subunits 

Boring 2953 
(depth 46 ft.) 

Boring 2953 
(depth 70 ti.) 

I I 

I I 
Lime Sludge Ponds LSP-SS-03 (depth 0-12 in.) N/Sa 

LSP-SS-05 (depth 0-6 in.) 
LSP-SS-06 (depth 0-6 in.) 

I I 

I I 
NIS NIS NIS Inactive Flyash Pile 

I I 

Boring 11001 (depth 0.5-2.5 ft.) 
Boring 11003 (depth 3.5-5.5 ft.) 

N/S NIS NIS 

South Field 

Active Flyash Pile Boring 1980 (depth 4-5.5 ft.) 

aN/S = no sample collected. 

Trench No. 1 (depth 2 ft.) Boring 11187 
(depth 6.5-7 ft.) 
Trench No. 4 (depth 7 
ft.1 

Boring 2944 
(depth 25-51 ft.) 

Boring 2944 
(depth 50-65 ft.) 

I 
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The main purpose for collecting samples directly from.the field was to ensure that samples with 

significant levels of contamination were used. The field samples included both Trench Nos. 1 and 4 

samples in the South Field; Boring No. 1985 in the Solid Waste Landfill: and the sand and gravel 

samples from Boring No. 2944 in the South Field and Boring No. 2953 in the Solid Waste Landfill. 

The samples with the highest contamination based on hand-held beta-gamma measurements were 

found in the South Field trench locations and at Boring No. 1985 in the Solid Waste Landfill. The 

sand and gravel samples from Boring Nos. 2944 and 2953 were collected because the samples were 

the last two borings to be drilled in the RI sampling program, and all the previous borings contained 

low concentrations in the sand and gravel zones. After collection, however, these samples also 

showed no or little contamination. 

The sample volume required for the test was approximately two liters; however, the archive samples 

were usually in 500 milliliter (mL) jars. Therefore, three to four archive samples were required at 

slightly different depths to make one I<d sample. However, all of the samples were from the same 

split spoon interval, with the exception of samples from Boring No. 2944. Samples from Boring 

No. 2944 in the South Field were collected over a 7.9 m (26 ft) interval and a 4.6 m (15 ft) interval 

for the unsaturated and saturated sand and gravel, respectively. These samples were composited in 

the field, whereas the archive samples were combined and' homogenized in the FEMP laboratory. 

D.3.1.1 Waste SamDles . 

A waste material sample was collected from each subunit. All were identified as containing elevated 

levels of uranium, except the Active Flyash Pile sample. The waste material was considered the 

flyash for the Active Flyash Pile and the Inactive Flyash Pile. One sample from each pile was 

collected. A second sample at the Inactive Flyash Pile was collected for the earthen cover material 

overlying the flyash. The waste material at the Lime Sludge Pond was the lime sludge. Two samples 

were taken at the north Lime Sludge Pond and composited into one. Another sample of the ,earthen 

berm material was also collected. 

Two waste samples were collected for the Solid Waste Landfill. Both were in the boundaries of the 

waste cells and were taken at different depths. Two waste material samples were collected for the 
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identified the samples as fill material. Sample No. 113721 was taken at a depth of approximately 

1.8 m (6 ft) in Trench No. 4 where the fill appeared to transition to natural till. 
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D.3.1.2 Glacial Overburden Laver 

The glacial overburden was characterized using soil samples collected from two separate areas 

composed of Operable Unit 2 subunits. The areas were the Solid Waste LandfilVLime Sludge Ponds 

and the Active Flyash Pilehactive Flyash Pile/South Field. This approach was based on similarities 

in lithologic descriptions taken from boring logs from each collection area. Additionally, the South 

Field and the Solid Waste Landfill were considered to have the greatest potential for future impact to 

the Great Miami Aquifer. All of the glacial overburden samples collected for the study were 

contaminated. 

Two samples were collected from Solid Waste Landfill: one in a blue clay just below the bottom of 

the Solid Waste Landfill at a depth of 3.8 to 4.6 m (12.5 to 15.0 ft) and the other in an olive clay 

area below the blue clay at a depth of 6.1 to 6.9 m (20 to 22.5 ft). One sample was collected from 

the South Field at Boring No. 1974 in a light olive brown silty clay at a depth of 21 m (7 ft). 

D.3.1.3 Sand and Gravel Laver 

The sand and gravel samples were considered to be similar at all the subunits. This approach was 

based on the Great Miami Aquifer being continuous over the site. All the sand and gravel 'samples 

collected for the K,, study were relatively free of contamination. The samples were collected at two 

locations. One set of samples (saturated and unsaturated) was collected at the Solid Waste 

LandfilVLime Sludge Ponds in an area between the two units. The other set of samples was collected 

in the South Field. 

D. 3.2 Laboratorv Procedures 

Two types of batch tests were used to perform the laboratory K,, studies. One was a desorption test 

used on the contaminated samples and was based on determining the amount of total uranium that 

leached into solution. The other was an adsorption test used on the samples which contained low 

concentrations of total uranium and was based on determining the total uranium adsorbed by the 

soil/waste from a uranium spiked water solution. The desorption and adsorption tests meet the same 

objectives but operate in reverse of one another. Both tests will determine the equilibrium uranium 

concentrations of the soil and 1iquid.solution. The selection of the appropriate K,, test was based on 

the soil sample's initial total uranium concentration. A total of 19 tests were performed on the soil 

samples, which consisted of 1 1  desorption tests and 8 adsorption tests. 

001785 
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The desorption test was performed for all of the samples that had a total uranium concentration above 

background. The adsorption test was performed on the remaining soil samples. For some samples, 

both the adsorption and desorption' tests were performed for comparison purposes. A total uranium 

analysis on the initial waste/soil samples was performed by both the FEMP and International 

Technology Corporation Analytical Services (ITAS), which participates in the U. S . Environmental 

Protection Agency's (EPA) Contract Laboratory ~ Program (CLP). ~ 

The American Society for Testing and Materials (ASTM) D 4319-83 Standard Test Method for 

Distribution Ratios by the Short-Term Batch Method was evaluated and used as guidance in the 

preparation of the procedure used in the K,, evaluation. Where appropriate, specifis preparatory 

procedures of the ASTM were used. The I& evaluation procedure is provided in Attachment D.3-I. 

D.3.2.1 Desomtion Test 

In general, the desorption test consisted of placing a 400-gram portion of the 'sample into a 1-gallon 

Nalgene plastic jarheactor with 3,500 mL of a water solution. This equated to a liquid-to-soil ratio 

of 8.75. The soil and liquid mixture was tumbled continuously at approximately 29 revolutions per 

minute until the total uranium concentration in the water solution reached equilibrium. 

Soil preparation started with compositing several archive samples for the same boring and depth (due 

to the small volumes archived) into a 600-gram sample. The 600-gram sample was then filtered to 

remove any free liquids. No drying was performed. The only samples requiring filtering were the 

saturated sand and gravel samples. After filtering, a 400-gram sample was weighed and placed in a 
L 

reactor with the water. 

The remaining portion of the wastehoil sample that was not placed in the jar was prepared for 

laboratory analysis on total uranium and moisture content. A 200-gram sample was oven dried at 

103°C for 24 hours. The moisture content was calculated by using the weight of the sample before 

oven drying and the weight of the sample after oven drying. A 10-gram portion of the oven dried 

sample was used for the FEMP total uranium analysis and a 135-gram portion was used for the off- 

site laboratory analysis. . 
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distilled-water solution adjusted to 5.6 pH with a 60/40 mixture of sulfuric acid to nitric acid solution 

was used. This water solution was used to represent the rainwater percolating through the waste 

material. The glacial overburden soil samples used a distilled-water-solution with no pH adjustment. 

The unsaturated and saturated sand and gravel samples were mixed with FEMP groundwater from a 

3000- series background well. The groundwater was considered to have a uranium concentration that 

was representative of the background level at the site. 

The time period for the desorption test samples to reach equilibrium was approximately 2 weeks. 

During each test, a sample of the water solution was periodically analyzed for total uranium to verify 

when the sample reached equilibrium. This was performed by drawing off 20 mL of leachate and 

filtering the sample through a 0.45 micron size membrane filter to remove any solids. The sampling 

frequency for some of the water samples was adjusted on occasion because of holidays or weekends. 

All of the intermediate water samples were analyzed for total uranium at the FEMP laboratory to 

allow quick turnaround times which were required during the test. The final samples from each test 

were split between the ITAS and FEMP laboratory. 

Other parameters such as pH, oxidatiodreduction potential (E,,), and specific conductivity can effect 

the "sorption" process and I<d value (ASTM D-43 19). Therefore, during each adsorptioddesorption 

test, periodic measurements were made for temperature, pH, E,, and specific conductivity. The 

measurements were made at the same time that samples of the water solutions were collected for total 

uranium analysis during the test. 

All of the subunits' waste samples and glacial overburden samples underwent the desorption test, 

except for the Active Flyash Pile flyash. The Active Flyash Pile flyash was not contaminated above 

background concentrations. Also, the Inactive Flyash Pile flyash sample did not leach uranium at 

concentrations which were detectable, and, therefore, was discontinued after ten days. Attachment 

D.3 .I1 provides the laboratory desorption test results. 

D.3.2.2 Adsomtion Test 

In the adsorption test, the same type of water solutions were prepared as in the desorption tests, 

depending on the location of the sample. The exception in the preparation activities between the two 

tests was that the water solutions were spiked with uranium for the adsorption test. The spiked 

solution was a 1.0 mg/mL concentration of uranium nitrate in 2 percent nitric acid. The water was 

(901787 
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resulted in a uranium concentration of 2 mg/L for the initial water solution in all of the adsorption 

tests. 

The testing period on the adsorption of non-contaminated samples focused more on the first 72 hours 

of the test. During this period, a sample was ~- collected each day. Literature review ~ indicates most 

adsorption tests reach equilibrium within that time period (ASTM D-4319). If equilibrium was not 

reached, periodic sampling would continue after the 72-hour period until equilibrium was reached. 

Equilibrium was determined by evaluating results from two consecutive samples. If the samples were 

within 5 percent (+ or -) or less, the sample was considered at equilibrium, and the test was stopped. 

All of the sand and gravel samples underwent the adsorption test, since they were not contaminated. 

The soil samples from the glacial overburden at Boring No. 1986 in the Solid Waste Landfill, flyash 

at both the Active Flyash Pile and Inactive Flyash Pile, and Trench No. 4 in the South Field were 

also tested. These soil samples, except for the Active Flyash Pile flyash, had total uranium 

concentrations which were considered too low to leach into solution under the desorption test. The 

desorption test was performed on these three samples, with the adsorption test performed for 

comparison purposes. The flyash sample from the Inactive Flyash Pile (Sample No. 114068) did not 

leach any measurable quantity of uranium during the desorption test. The other two glacial 

overburden samples (Sample Nos. 11 1457 and 113721 ) had detectable uranium concentrations in the 

leachate. Attachment D.3.111 provides the laboratory adsorption test results. 

D .3.2.3 Analytical Methods/Procedures 

The total uranium analysis was performed by both the FEMP laboratory and the ITAS. The FEMP 

analysis was at an analytical support level B and the ITAS analysis was at an analytical support 

level C. The FEMP laboratory used calorimetric analysis for the soil analysis and laser 

phosphorimetry for the water analysis. The volume requirements were 5 grams for the soils and 10 

mL for the water. The FEMP Analytical Laboratory Services methods used were 3002 and 3062 for 

soils and water, respectively, which is consistent with the FEMP Site-Wide Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) Quality Assurance 
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The ITAS used gamma spectrometry for the soil analysis and pulsed laser phosphorimetry for the 

water analysis. The volume requirements were 135 grams for the soils and 210 mL for the water. 

The standard operating procedures used were OR7003 and OR7127 for soils and water, respectively, 

and was consistent with the EPA-approved CLP operating procedures. 

The pH, E,, conductivity, and temperature were measured by placing the instrument probe directly 

into the jarkeactor. The instrument was calibrated each day for E,, conductivity, and pH. The E, 

and conductivity calibration was performed by zeroing the meter. The pH was calibrated by using a 

4.0 and 7.0 pH buffer. Also, when using the probe, the jars were organized to be sampled in 

increasing aqueous uranium concentrations; the probe was also raised with deionized water between 

samples to avoid cross-contamination of the samples. 

D. 3.3 Partition Coefficient Calculations 

The I(d values for both the adsorption and desorption tests were calculated by dividing the 

concentration of uranium in the test media oisoil (at equilibrium) by the concentration of uranium in 

the test liquid or groundwater (at equilibrium), as follows: 

(D.3-1) 

where 

C,' = concentration of uranium in soil or test media (minus background) 

C, = concentration of uranium in liquid (at equilibrium) 

The concentration of uranium in the liquid (at equilibrium) was obtained directly from laboratory 

analytical results; however, the concentration of uranium in the soil was calculated. 

Desorption Calculations: 

In order to calculate the concentration of uranium in the soil (at equilibrium), the mass of uranium in 

the water (at equilibrium) must first be determined. The mass of uranium was calculated by 

multiplying the concentration of uranium in the liquid (at equilibrium) by the total volume of the test 

liquid used during the desorption test, as follows: . 

m, = CI x V (D.3-2) 
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where 

m, = mass of uranium in liquid (at equilibrium) 

V = volume of liquid used during desorption testing 

The initial mass of uranium in the soil was calculated by multiplying the initial concentration of 

uranium in the soil by the mass of the soil, as follows: 
~- - .~ 

m, = C , x M  

where 

m, = 

C, = 

M = mass of soil or test media 

initial mass of uranium in soil or test media 

initial concentration of uranium in soil or test media 

(D.3-3) 

Once these two values were determined, the concentration of uranium in the soil (at equilibrium) was 

calculated by subtracting the mass of uranium in the liquid (at equilibrium) from the initial mass of 

uranium in the soil and dividing the difference by the mass of the soil, as follows: 

c, = m, - m, 
M 

(D.3-4) 

J 

where 
C, = concentration of uranium in soil or test media (at equilibrium) 

In calculating the K,, values, the liquid source has an impact on determining the total uranium 

concentration in the soil. The background uranium concentration in soil was assumed to be in 

equilibrium with groundwater. In tests where groundwater was used as the desorption test liquid, the 

background uranium concentration was not subtracted from the concentration of uranium in the soil 

(at equilibrium); therefore, C,’ equals C,. However, in tests where groundwater was not used as the 

adsorption test liquid, the background uranium concentration was subtracted from the concentration of 

uranium in the soil (at equilibrium), as follows: 

(D.3-5) 
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The background total uranium concentration in soil was calculated to be 3.7 micrograms per gram 

(pg/g) by using the FEMP background activity for uranium isotopes. The equation used for the 

calculation is found in Data Validation Program, Rev. 0, DOE Oak Ridge Operations Office, 1991, 

pages D-3 through D-5 

The I<d calculations for the desorption tests were based on the analytical results for the ITAS 

laboratory and can be found in Attachment D.3-IV. A summary of the off-site analytical results and 

the I(d values for the desorption tests are provided in Table D.3-2. 

Desomtion Test Calculation Example: 

The following is an example of desorption testing calculations for Sample No. 11 1457 to determine 

the I(d value. 

C, = 18.3 pg/g 
C, = 10.6 pg/L 
M = 400 g 
v = 3.5 L 

m, = 
m, = 

c, = 3.7 pg/g 
C, x V = 10.6 pg/L x 3.5 1 = 37.1 pg 
C, x M = 18.3 pg/g x 400 g = 7,320 pg 

I& = 1370 L/kg 
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Total Uranium 

Equilibrium Equilibrium 
Soil Water 

Concentration Concentration 

Initial Sample 
No. Locationd Soil Concentration 

(pg/L) - - -  . . __ - - - - __ - - (ccg/g) - - - --(pg/g) - 

Solid Waste LandfiW1986 - 146.0 127.4 1700.0 
11 1455 Waste Material 

111440 Solid Waste Landfill/1985 - 74.0 63.9 726.0 
Waste Material 

111457 Solid Waste LandfiW1986 - 18.3 14.5 10.6 
Glacial Overburden 

115370 Solid Waste LandfiWllO37 - 9.0/2.6Sh 2.0 10.0 

114472 Lime Sludge Pond/SS03 - 18.9 14.8 41.6 

Glacial Overburden 

Waste/Berm Material 

114494 Lime Sludge Pond/SSO5&06 - 14.3 10.6 4.0 
Lime Sludge 

114067 Inactive Flyash Pile11 1001 - 147.0 127.5 1810.0 
Cover Material 

c --- _-_ 114068 Inactive Flyash Pile/llOO3 - 16.9 
Flyash 

114070 South Field111187 - 308.0 304 32.5 
Glacial Overburden 

113717 South Field/Trench No. 1 - 278.0 261.4 . 1480.0 
Waste Material 

113721 South FieldITrench No. 4 - 4.34 0.6 2.16 
Waste Material 

TABLE D.3-2 
OPERABLE UNIT 2 K,, VALUES FOR DESORPTION TEST 

K, Values 
( L W .  
- - 

75 . 

88 

1370 

200 

360 

2650 

70 

--- 

9350 

180 

280 

- . .... . 

"Identifies subunit and boring number 

hUsed average of FEMP and IT soil concentration 

'Concentration below detection limit 
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Adsorption Calculations: 

In order to calculate the concentration of uranium in the soil (at equilibrium), the amount of uranium 

adsorbed to the soil must first be calculated. The mass of uranium adsorbed was calculated by 

multiplying the initial concentration of uranium spiked in the liquid by the volume of the liquid used 

during adsorption testing, as follows: 

m , = S x V  (D .3-6) 

where 
m, = initial mass of uranium spiked in liquid 

S = initial concentration of uranium spiked in liquid 

V = volume of liquid used during adsorption testing 

Then, the mass of uranium in the solution (at equilibrium) was calculated by multiplying the 

concentration of uranium in the liquid (at equilibrium) by the volume of the liquid used during 

adsorption testing, as follows: 

mf = C, x V (D .3-7) 

where 

mf = mass of uranium in liquid (at equilibrium) 

C, = concentration of uranium in liquid (at equilibrium) 

The concentration of uranium adsorbed in the soil was calculated by subtracting the mass of uranium 

in the liquid (at equilibrium) from the initial mass of uranium spiked in the liquid and dividing the 

difference by the total soil mass, as follows: 

mi - m, 

M 
Ca = - (D .3-8) 

where 

C, = concentration of uranium adsorbed in soil or test media 

M ' = mass of soil or test media 

The final concentration of uranium in the soil (at equilibrium) was calculated by adding the 

concentration of uranium adsorbed in the soil to the initial concentration of uranium in the soil, as 

follows: 

c, = c, + c, (D.3-9) 
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where 
Cs = concentration of uranium in soil or test media (at equilibrium) 
C, = initial concentration of uranium in soil or test media 

The background uranium concentration in the soil was assumed to be in equilibrium with the 

groundwater concentrations; therefore, in tests where groundwater was used as the adsorption test 

liquid,- the background uranium concentration was -not-subtracted from-the concentration of uranium-in - 

the soil (at equilibrium); therefore, Cs’ equals Cs. In tests where groundwater was not used as the 

adsorption test liquid, the background uranium concentration was subtracted from the concentration of 

uranium in the soil (at equilibrium), as follows: 

- ~. 

where 
c b  = background concentration of uranium 

The K,, calculations for the adsorption tests were based on the analytical results for the ITAS 

laboratory and can be found in Attachment D.3-V. A summary of the off-site analytical results and 

the K,, values for the adsorption test are provided in Table D.3-3. 

Adsomtion Test Calculation Example: 

The following is an example of adsorption testing calculations for Sample No. 11457 to determine the 

K,, values. 

Given: 

C, = 18.3 pg/g 

M = 400 g 
c, = 357 pg/L 

v = 3.5 L 
s = 2000pg/L 

5 

6 

8 

9 

10 

11 

12 

I ?  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Calculations: 

mi = S x V = 2000 pg/L x 3.5 L = 7000’pg 
m, = C, x V = 357 pg/L x 3.5 L = 1249.5 pg 

M 400 g 400 g 38 

39 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37 
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"Identifies subunit and boring number 

hUsed FEMP average water analysis result 

TABLE D.3-3 
OPERABLE UNIT 2 K, VALUES FOR ADSORPTION TEST 

Flyash Pile/1980 - 
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C ,  = C, + C, = 14.4 pglg + 18.3 pglg = 32.7 pglg 

C,. = C, - C, = 32.7 pglg - 3.7 pglg = 29.0 pglg 

The off-site results were used, because they were performed by a laboratory using EPA CLP 

procedures. 

D.3.4 Summarv and Conclusions 

This section presents the K,, values that were calculated for all tests, and discusses the significance of 

these test results. 

D.3.4.1 Desomtion Versus Adsomtion 

A summary of K,, values for desorption and adsorption tests is provided in Table D.3-4. Two values 

were provided wherever there were two samples from the same area, and for the sand and gravel 

samples since they were similar. The K,, values, based on desorption values, were significantly 

higher then the adsorption test based K,, values. Results for Solid Waste Landfill Sample No. 1 1  1457 

and South Field Sample No. 113721 provide a direct comparison between the two tests. 

a 

I 

2 

3 

9 

IO 

I I  

I 

4 

5 

6 

7 

a 

9 

IO 

I I  

Measurement of the Solid Waste Landfill sample yielded a K,, of 1,370.0 Llkg from the desorption I2 

test and a K,, of 81.0 L/kg from the adsorption test. On the South Field sample, the desorption test. 

showed a K,, value of 280.0 Llkg and the adsorption test showed a K,, value of 12.0 L/kg. 

13 

14 

15 

The results between the adsorption and desorption tests were different and can be attributed to the 

difference in the tests. 

the adsorption test, uranium was added to the leachate at the beginning of the test. 

’ 16 

One difference was the generation or presence of uranium in the leachate. In 

In the desorption 

17 

18 

test, the uranium was leached, during the test, from the soil sample in the leachate. 19 

20 

The uranium in the leachate was also different between the tests. In the adsorption test, the uranium 

was in the form of uranium nitrate. In the desorption test, the uranium varied chemically depending 

21 
.~ . - ~  ~ - - - ~ ~ - ~ - ~ 

~ ~~~~ . 

22 

on the source and/or chemical changes that may have occurred during its presence in the soil. 

addition, the desorption test was different than the adsorption test by. the process. The desorption test 

In 23 

24 

001796 
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Sample Location Desorption Test K, 
WKg)  

TABLE D.3-4 

SUMMARY OF I(d VALUES 
FOR OPERABLE UNIT 2 

Adsorption Test I(d 
WKg) 

Solid Waste Landfill - Waste Material 

Solid Waste Landfill - Glacial Overburden 

75.0/88.0 

200.01 1370.0 81 .O 

Inactive Flyash Pile - Cover Material ll ~ 

~~ 

Lime Sludge Pond - Berm Material 360.0 

1 Lime Sludge Pond - Lime Sludge 2650.0 

South Field - Waste Material 180.0/280 12.0 

70.0 

Inactive Flyash PilejActive Flyash Pile - Flyash 37.0/ 10,230.0 

South Field - Glacial Overburden ll 
South Field/Solid Waste Landfill - 
Unsaturated Sand and Gravel 

9350.0 

12.0/ 14.0 

South FieldISolid Waste Landfill - 
Saturated Sand and Gravel 

8.0/10.0 

I1 I I 
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worked on the process of removing absorbed uranium from the soil. The adsorption test used the 

process of soil particles absorbing uranium from solution. 
\ 

The desorption test is considered more representative for the fill and till layers of the subunits, 

because it depicts the behavior of the uranium migration in the contaminated soil layers upon contact 

with infiltration and perched groundwater. Whereas the adsorption test better depicts the sand and 

gravel layers since, in these layers, the media is free of uranium contamination and would act in an 

adsorption fashion on contaminated groundwater moving through the media. The adsorption values 

were mainly used in the unsaturated and saturated sand and gravel zones where the desorption test 

was not practical, because the soils were not contaminated or not,contaminated to a level that would IO 

leach at detectable concentrations. I I  

12 

D.3.4.2 ODerable Unit 2 K,, Values Versus Literature Values 13 

Several literature reviews were performed to evaluate the range of K,, values for uranium. One 14 

reference (Thibault et al. 1990) provided a range of K,, values from 46 to 395,100 L/kg for clay-rich 15 

soils and 0.03 to 2,200 L/kg for sandy soils. 

roots uptake nutrients, the K,, value for uranium ranged from 10.5 to 4,400 L/kg (Baes et al. 1984). 

For agriculture soils or the soil layer where plants and 16 

17 

18 

Both the waste layer and glacial overburden layer soils at the Solid Waste Landfill and South Field 19 

were clay-rich soil with IC,, values from 12 to 180 L/Kg for the waste layer and 9,350 L/kg for the 20 

glacial overburden layer. In comparison with the literature values, the Operable Unit 2 K, values 

were on the low end of the range. Likewise, for the sand and gravel at the Solid Waste Landfill and 

21 

22 

23 South Field, the K,, values ranged from 8.0 to 14.0 L/kg, which was on the low end of the literature 

values for sandy soils. No literature values were obtained for the flyash and lime sludge. 24 

25 

D.3.4.3 Ouerable Unit 2 K, Values Versus In Situ Values 26 

A final assessment of the Operable Unit 2 K,, values was made by comparison with in situ samples. 

soil and water sample at the same location in 1000-series wells. Because the perched water flow 

21 

28 

29 

The in situ K,, determination was conducted by Operable Unit 5 and was determined by analyzing a 

velocities are low in the glacial overburden, it was assumed the measured soil and liquid phase 30 

. .  . 
~_~-concentrations-were-in_equilibrium.- _____ 31--- 
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Before the in situ K,,s were calculated, the soil concentration was corrected for the uranium contained 

in the soil moisture. Approximately 25 percent of the soil uranium concentration was subtracted to 

adjust for the soil moisture. The Operable Unit 5 in situ I(d values ranged from 16 to 235 L/kg, 

which were similar to the range of Operable Unit 2 & values for the Solid Waste Landfill and South 

Field in the glacial overburden (12 to 280 L/kg) when the high & values are deleted from the Solid 

Waste Landfill (1,370 L/kg) and South Field (9,350 L/kg). 

The Operable Unit 2 RI sampling program collected a soil (silty sand) and water sample from Inactive 

Flyash Pile Boring No. 11003 at 7.9 m (26 ft), which produced an in situ K,, value of 525 L/kg. 

Also, a K,, value was calculated for the South Field saturated sand and gravel layer by removing the 

free liquid from the sample and analyzing the free liquid and sand and gravel material. The sand and 

gravel were considered to be in equilibrium with the groundwater. ’ A K,, value of 64 L/kg resulted. 

These two Operable Unit 2 in situ K, values were much higher then the Operable Unit 2 laboratory 

I(d values for the sand and gravel layer. The in situ K,, at Boring No. 11003 was believed to be high 

due to the uranium contamination not being soluble and was probably specific to that area of 

contamination. 

. 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 
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ATTACHMENT D.3-1 

LABORATORY PROCEDURES 

i 

7 

3 

D.3-I. 1 Procedure A (Contaminated Samples for Uranium K,, Determination) 

D.3-I. 1.1 Sample Homogenization 

The sample will be thoroughly homogenized using a stainless steel mixing spoon in a stainless steel 

mixing bowl. 

.- .-__ -~ ~.~ .. ~ - - -  ____.  .~ . -~ ~. . . 

D.3-I. 1.2 Sample Filtration 

If the sample has any free liquid, it should be vacuum filtered through a .45 micron filter paper. 

(Note that it may be necessary to use several filtration steps.) Any filtrate should be collected and 

analyzed for total uranium. 

D.3-I. 1.3 Initial Characterization of Soil Sample 

4 

5 

a 

Samples for the total uranium soil analysis should be split between the FEMP laboratory and the off- 0 ' site laboratory if adequate sample is available. If there is inadequate sample for the off-site analysis, 

then samples should only be analyzed at the FEMP laboratory. Sample volumes should be collected 

for total uranium and placed in the containers as shown in Table D.3-1-1. Additionally, a 10-gram 

sample should be analyzed for moisture content at the FEMP laboratory. 

D.3-I. 1.4 Sample Preparation 

Place 400 grams (dry weight) of soil sample in the 4.0 liter reactor and add 3,500 ml of the 

appropriate leachate solution to the reactor. For soil samples collected in the subunits, the leachate 

solution will be 3,500 ml of deionized (DI) water adjusted to a pH of 5.6 using a mixture of sulfuric 

acid and nitric acid at a 60/40 ratio. For soil samples collected from the glacial overburden below the 

subunits, use DI water with no pH adjustment. For soil samples from the sand and gravel zone 

9 

IO 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

(unsaturated or saturated) below the subunits, the leachate solution will be clean groundwater from a 

background well. 

28 

A sample of the background groundwater must be submitted for total uranium 29 

analysis to the off-site laboratory and the FEMP laboratory according to the volumes and container 

requirements-shown-in-Table -D.3-1-1-.--This-analysis will-serve-as-a-background-concentration-for the ~ 31 ---___ 

30 

-~ 

groundwater used for the testing. (Note: Background groundwater only requires one analysis to 32 

establish a baseline concentration.) 33 

081881 
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D.3-I. 1.5 Sample Mixing 

The samples should be placed in the rotating tumbler and mixed continuously until completion of the 

testing. The extractor must be operated at 29 +/- 2 rpm. 

D.3-I. 1.6 Sample Collection 

Samples of the leachate should be collected by stopping the tumbler for a sufficient time period 

(minimum of 10 minutes) to allow the solids to settle. An appropriate volume of the leachate (see 

Table D.3-1-1 for sample volumes required for analysis) should then be decanted from the reactor and 

filtered through a .45 micron filter paper or separated with a constant temperature centrifuge capable 

of separating greater than 0.1 micron particles. Any solids from the separation step should be 

returned to the reactor. 

Intermediate samples should be collected at 72, 144, 168, 240, 288, 360, and 384 hours and analyzed 

at the FEMP laboratory for total uranium. The study may be stopped earlier if the data indicates that 

uranium is in equilibrium with the soil and liquid. Equilibrium will be determined by plotting each 

concentration (Y-axis) versus time (X-axis) to determine when the curve begins to flatten, which 

indicates that an equilibrium concentration is achieved. Prior to stopping the test earlier or collecting 

intermediate samples for one of the radionuclides, confirm with the Operable Unit 2 representative 

that the contaminant is in equilibrium. 

The final sample will be collected after the results indicate that uranium is in equilibrium and will be 

split between the FEMP laboratory and the off-site laboratory. The final sample will be collected and 

analyzed for total uranium. If a sample does not reach equilibrium after 384 hours, then the Operable 

Unit 2 representative (Bert Crapse at extension 6974) should be notified to determine the appropriate 

action to be taken. (Note: The final water samples should only be split with the FEMP and off-site 

laboratories if the soil samples were initially split between the two laboratories.) 

At the completion of the study, the soil will be stored for possible future leaching tests to determine 

the extractable concentrations of the radionuclides. Prior to storing the sample, the sample will be 

vacuum filtered through a .45 micron filter paper to remove all free liquid. The Operable Unit 2 

representative will identify which samples will be used to determine the extractable. portion. 

-- 

i 0 
2 

3 

4 

5 

b 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

I 6  17 e 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 @ 
33 
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D.3-1.2.1 Sample Homogenization 

The sample will be thoroughly homogenized using a stainless steel mixing spoon in a stainless steel 

mixing bowl. 

- -  

D. 3-1.2.2 Sample Filtration 

If the sample has any free liquid, it should be vacuum filtered through a .45 micron filter paper 

(Note that it may be necessary to use several filtration steps.) 

D.3-1.2.3 Initial Characterization of Soil Sample 

Samples for the total uranium soil analysis should be split between the FEMP laboratory and the off- 

site laboratory if an adequate sample is available. If there is inadequate sample for the off-site 

analysis, then samples should only be analyzed at the FEMP laboratory. Sample volumes should be 

collected'for total uranium and placed in the containers as shown in Table D.3-1-1. Additionally, a 

10-gram sample should be analyzed for moisture content at the FEMP laboratory. a 
D.3-1.2.4 Sample Preparation 

Place 400 grams (dry weight) of soil sample in the 4.0 liter reactor and add 3,500 ml of the 

appropriate leachate solution to the reactor. For soil samples collected in the subunits, the leachate 

solution will be 3,500 ml of DI water adjusted to a pH of 5.6 using a mixture of sulfuric acid and 

nitric acid at a 60/40 ratio. For soil samples from the sand and gravel zone (unsaturated or saturated) 

below the subunits, the leachate solution will be clean groundwater from a background well. If 

baseline concentration is not established for .groundwater, then a sample must be submitted for total 

uranium analysis to the off-site laboratory and the FEMP laboratory according to the volumes and 

container requirements shown in Table D.3-1-1. 

Once the proper leaching solution has been prepared, the proper mass of radionuclides must be added 

to obtain a liquid concentration of approximately 100 times the MCL concentration. The following is 

the MCL (proposed) for uranium: 
. . ~ ~ .. ~ . . ~ - .. - ~ . ~ .  

0 Radionuclide 

Uranium 

MCL 

20 pg/L 

Mass of Radionuclide to be Spiked 

7.0 mg Uranium 238 

i 

1 

3 

4 

5 

b 
. - -~ 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

~ . 

31 

32 

33 
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Place 400 grams (dry weight) of soil/waste in the 4.0 liter reactor, and add 3,500 ml of the 

appropriate leachate solution to the reactor. 2 

D.3-1.2.5 Samule Mixing 

The samples should be placed in the rotating tumbler and mixed continuously until completion of the 

testing. The extractor must be operated at 29 +/- 2 rpm. . 

D. 3-1.2.6 Samule Collection 

Samples of the leachate should be collected by stopping the tumbler for a sufficient time period 

(minimum of 10 minutes) to allow the solids to settle. An appropriate volume of the leachate (see 

Table D.3-1-1 for sample volumes required for analysis) should then be decanted from the reactor and 

filtered through a .45 micron filter paper or separated with a constant temperature centrifuge capable 

of separating greater than 0.1 micron particles. Any solids from the separation step should be 

returned to the reactor. 

10 

I I  

I2 

13 

14 

Intermediate samples should be collected at 4, 24, 48, and 72 hours. After the 72 hour data point is 

obtained, verify that the uranium is at an equilibrium concentration between the soil and the leachate 17 

solution. Equilibrium will be determined by plotting each concentration (Y-axis) versus time (X-axis) 

achieved. If a sample does not reach equilibrium after 72 hours, then the Operable Unit 2 

representative contact person (Bert Crapse at extension 6974) should be notified to determine the 

appropriate action to be taken. 

18 

to determine when the curve begins to flatten, which indicates that an equilibrium concentration is 19 

20 

21 

7 1  -- 
23 

All of the intermediate samples will be analyzed for total uranium at the FEMP laboratory. The final 

sample will be collected after the results indicate that uranium is in equilibrium. The final sample 

24 

25 

will be split between the FEMP laboratory and the off-site laboratory and analyzed for total uranium. 

(Note: 

26 

The final water samples should only be split with the FEMP and off-site laboratories if the 27 

soil samples were split .) 28 
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D.4.0 OPERABLE UNIT 5 GEOCHEMICAL STUDY 

The attached study was originally published as part of Appendix F.3 in the Operable Unit 5 Remedial 

Investigation (RI) Report. It is included here without any changes from the original. Cross- 

references in the study refer to sections of the Operable Unit 5 RI, rather than to this Feasibility 

Study . 

. 

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

FER\CRU2FSULG\APPD-4.TXnAugust 18. I994 2:28pm D-4- 1 



APPENDIX F3 

ATTACHMENT I 

HImORICAL AIRBORNE RELEASE OF URANIUM 
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ATTHEFERNALDSITE 
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F3.1.1.0 INTRODUCTION 

Remediation of uraniumcontaminated soil is considered a high priority at the Fernald Environmental 

Management Project (FEMP). The concepts of leaching and subsequent transport of uranium must be 

understood for predicting the environmental impact this soil could potentially have on the underlying 

groundwater quality in the Great Miami Aquifer. This report was prepared to summarize _ -  - historical 

airborne uranium releases, type of deposition, form of uranium, and the geochemical conditions 

which have and will affect uranium migration through the soil column. Finally, this report relates 

these concepts to the leaching and distribution coefficients (K, and KJ used in the uranium fate and 

transport model for the Operable Unit 5 Remedial Investigation (RI) Report. 

Historical releases of uranium are covered in Section F.3.1.2.0 to introduce the forms of uranium 

present in the existing source areas. In general, uranium releases from the process plants at the site 

have occurred in the past either as repetitive emissions or as singular, and in some instances, 

episodic, welldocumented events. An example of a singular airborne release is the 1966 UF6 tank 

leak at the pilot plant. Episodic UF, releases occurred at Plant 7 in the mid-1950s and repetitive 

airborne releases of various forms of uranium oxide have been emitted from Plants 213, 4, and 5. 

Examples of former repetitive point source releases to the soil are acid bath spills at Plants 213, 6, 

and 8. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

In Section F.3.1.3.0, the mobilization of the various uranium forms in the source will be examined 

from a geochemical perspective. 

and particulate forms will migrate downward through the soil column with infiltrating rainwater. 

general, the soil column is dominated by carbonate minerals in the glacial overburden which is 

predominently highly fractured and weathered (brown) glacial overburden in the upper 8 to 15 feet of 

Fractured glacial overburden has a brown appearance due to the oxidation of iron, as this 

sediment and groundwater are in contact with oxygen in the atmosphere. The gray glacial overburden 

has not been oxidized because the absence of fractures eliminates the principal atmospheric pathway 

primary crntrol on-the porewater and groundwatercompositiZk, resulting in carbonate-rich waters 

that is effective at complexing and transporting uranium. Adsorption of uranium by the weathered 

tz 

Rainwater will leach the various uranium forms and both dissolved 

In 

23 

24 

25 

26 

the column underlain by dense gray glacial overburden to a depth of 20 to 50 feet across most of the 

site. 
zI 

t8 

29 

x) 

for oxygen exchange. Dissolution reactions between rainwater and carbonate minerals are the 31 
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I. and unweathered glacial overburden is not significantly different, as the aqueous form of uranium is 

homogenous throughout the glacial overburden. The surface of the water table in the glacial 

overburden is about 3 to 5 feet below land surface. 3 

4 

Below the glacial overburden is the highly permeable sand and gravel that contain the Great Miami 

upper portion of the sand and gravel is unsaturated and the Great Miami Aquifer exists as a second 

5 

Aquifer. Due to the high hydraulic conductivity contrast between the glacial overburden and the 6 

7 

unconfined water table as much as 45 feet below the bottom of the glacial overburden. The 8 

composition of groundwater in the Great Miami Aquifer is very similar to groundwater in the glacial 

overburden. Therefore, the nature and mobility of uranium species in these groundwaters is similar. 

Airborne releases of uranium particles have been deposited site wide on the surface of the soil as both 

highly soluble uranium fluorides and less soluble uranium oxides. Over the 1951 to 1989 period of 

operation, the uranium fluoride forms in this airdeposited source have been leached and transported 

into the soiI column by infiltrating rainfall. Additionally, uranium oxide particles may have been 

suspended and carried into the subsurface by infiltrating rainwater. The aqueous uranium derived 

primarily from dissolution of the uranum fluoride forms migrated into the soil first and the less 

soluble uranium oxide particles remained at or near the surface. As time progresses, the uranium 

fluoride forms are depleted from the source and uranium concentrations in the infiltrating rainfall 

begin to decrease, as the less soluble uranium oxide particles become the primary source for leaching. 

The nature and extent of these migrating fronts with respect to past, present, and future distribution of 

uranium is evaluated in Section F.3.1.4.0. 

Section F.3.1.5.0 of this report will relate the historical releases and geochemical concepts to the 

leaching and distribution coefficients (K, and KJ used in the uranium fate and transport model for the 

Operable Unit 5 RI Report. Leaching coefficients are used to determine the input uranium loading as 
a function of time, and the large range in observed and calculated values (about 1 to 3500 L/kg) 
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21 

reflects the heterogeneity of uranium forms in the source. In contrast, the large range in distribution 29 

coefficients (about 1 to 2400 L/kg) reflects the kinetics of adsorption versus desorption, rather than a 

variety of uranium forms. Adsorption distribution coefficients are well constrained to the range of 11 

29 

Y) 

to 40 L/kg, while desorption coefficients vary from 75 to 2433 L/kg. The lower adsorption values 31 

are used to model uranium migration when the source is present, and desorption coefficients are 
applicable once the source has been removed. 
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F3.1.2.O AIRBORNE RELEASE HISM)RY i 

Uranium releases at the FEMP (known until 1991 as the Feed Materials Production Center F M P Q  

are addressed in this section through discussions of the release mechanism, routine discharges from 

production operations, significant episodal releases from plant operations, and nonproduction source 

- - _ _  releases of primary contamination. - - ~ .  

F.3.1.2.1 AIRBORNE RELEASE MECHANISMS 

The major features of the F E W  are illustrated in Figure F.3.1.2-1. Plant process operations were 

limited to a fenced, 136-acre tract known as &e production area. Liquid and solid wastes that were 

generated by the various chemical and metallurgical processes were stored or disposed of in the waste 

storage area located west of the production area. The cessation of production operations in 1989 

essentially eliminated further primary releases to environmental media; secondary release mechanisms 

and resultant contaminant migration are continuing. 

Several mechanisms of airborne release exist for the transport of radiological contaminants to 

environmental media primarily from process operations and waste management practices. Secondary 

releases, such as air resuspension of contaminated soil, contributed to further migration and likely 

transport to other media as outlined in Table F.3.1.2-1. 

F.3.1.2.1.1 Primarv Discharges From Production Ouerations 

Uranium processing operations within the FEMP production cycle resulted in both routine and 

episodal primary releases of airborne radiological contaminants to environmental media. Airborne 

particles and gases were generated during most production, storage and handling operations over 

some 38 years of processing uranium materials. The principal sources of routine airborne emissions 

from process operations were dust collector discharges, wet scrubber discharges, and acid-pickling 

fume stacks. Episodal releases resulted from unplanned incidents arising from either human error, 

equipment malfunctions, procedures, or situational conditions. 
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F.3.1.2.1.2 Secondarv Releases From NonDroduction Sources 31 

Emissiomof uranium fromnonprodZtion sources included b i s e  fromwaste-m-anagemGt s t o r m  __ _ _  _ _  
32 0 practices, incinerator Operations and building exhausts. Fugitive dust generated from the waste 33 
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storage pits can be attributed to load-in/load-out operations, wind erosion of stored materials, and 

vehicle movement in the storage area. Five nonproduction solid/Iiquid waste incinerators supported 

the general site operations. Exhausts from buildings located within the production area and the 

laboratory contributed uranium releases. 

F.3.1.2.2 ROUTINE DISCHARGES FROM PRODUCTION OPERATIONS 

Routine operations at the FEMP resulted in occasional discharges from the process stacks and 

by-products, which were handled in a variety of ways. Figure F.3.1.2-2 is a schematic flow diagram 

of the FEMP process and identifies the major products by each plant, Contamination of 

environmental media resulted from releases during process operations and from handling and 

disposition of the by-products that were treated as waste streams. Descriptions of process operations 

and waste management practices are presented from a broad perspective of how these activities 

contaminated the environmental media. 

The total airborne emissions since operations began in 1951 amount to 179,058 kilograms of uranium 

(kg U), and are compiled in Table F.3.1.2-2. The total releases are determined by summing the 

estimated and measured uranium emissions from a number of process stacks, and vents. For the 

purpose of analysis, releases through 1984 were considered inasmuch as airborne emissions beyond 

that time were relatively insignificant. Uranium discharges from monitored stacks were the only 

measured emissions. Table F.3.1.2-2 summarizes the annual airborne emissions from all sources at 

the FEMP since operations were started in the 1950s. 

. 

F.3.1.2.2.1 DescriDtion of Plant-bv-Plant Operations and History 

The FEMP began operations in 1951 upon completion of the pilot plant, the site’s first operational 

facility. This plant served as the prototype for the entire F E W  process during the design and 

construction of the other plants. Plant 6 began operations in 1952, followed by Plants 1, 2/3, 4, 5 

and 8 in 1953. Plants 7 and 9 became operational in 1954. Production peaked in 1960 at 

approximately 12,000,000 kg U. A product decline began in 1964 and reached a low of 1,230,000 

kg U in 1975. 

The following paragraphs provide a highlight overview of the chemical and metallurgical processes 

used at the FEMP for the manufacture of uranium metal products (Figure F.3.1.2-3). In general, 

these processes O C C U K ~  in seven of the FEMP’s more than 50 production, storage and support 
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Emphasis is placed on the process chemistry, equipment and uranium species discharged 

airborne releases during different periods of operation. 

F.3.1.2.2.1.1 Plant 1 (Samuline - Plant) 

Operations began in 1951 for the sampling of impure uranium feed materials. The plant received 

large quantities of natural, enriched and depleted uranium materials which were sampled and analyzed 

for uranium assay and isotopic enrichment. Drummed K-65 materials w-ere temporarily stored on the 

Plant 1 pad in the early 1950s. The plant had 15 dust collectors; dust particles were generally 8 to 24 

microns in size and in the form of uranium ores concentrates, and oxides. 

F.3.1.2.2.1.2 Plant 2/3 IRefinerv) 

Operations began in 1953 for the conversion of impure feed materials (received from Plant 1) to pure 

uranium trioxide (UO,). This was accomplished by dissolving the feeds in nitric acid; purification by 

solvent extraction; and thermal decomposition of the purified uranyl nitrate (UNH) solution to 

produce U03, commonly called orange oxide. 

0 Plant 2/3 processed three classes of materials: pitchblende ores as they were mined and shipped to 

the FEW; domestic uranium concentrates that had undergone a preliminary refining process at the 

mill sites; and residues recovered at various stages of FEMP operations. Pitchblende ores contained 

elevated levels of radium and were processed from 1953 to 1955. 

Beginning in 1962, Plant 2/3 was used for processing quantities of residues that were generated by the 

FEMP processing plants along with those received from several DOE facilities. Residing within the 

residues received from off site were trace quantities of fission products and transuranics. These feed 

streams generally contained less than 3 parts per billion (ppb) of transuranics such as plutonium 

(Pu)-239 and less than 10 parts per million (ppm) of fission products such as technetium (Tc)-99. 

Plant 2/3 contained four dust qdlectors and two scrubbers. Releases included small UO, particles 

which penetrated the scrubbers, uranyl nitrate hexahydrate, and radium (Ra)-226. 

F.3.1.2.2.1.3 Plant 4 (Green Salt Plant) 

Operations began in 1953 for the conversion of pure UO, (received from Plant 2/3) to pure uranium 
- -  - __ - 

tetrafluoride (UF,), co&onlycalled gr&n salt: This was accomplished b y a  two-step pr& that- 

reduced UO, with hydrogen to form uranium dioxide (UOJ, which was then converted to UF4 by e . 
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reaction with anhydrous hydrogen fluoride. Plant 4 contained 12 dust collectors. Dust particles were 

2 to 22 microns in size and ranged from 50 to 81 percent uranium (UQ, U03, &OB, and UF,). 

Discharges of UF, are estimated to contain 2 percent UOJ,, a uranium species side product from the 
-e 
3 

Plant 4 process. 

F.3.1.2.2.1.4 Plant 5 Metals Production Plant1 

Operations began in 1953 for the conversion of pure UF, (received from Plant 4) to uranium metal 

derbies by high-temperature reduction using magnesium metals granules. After heating for 3 to 

4 hours at approximately 1200"F, the UF, and the magnesium would initiate an exothermic reaction. 

The resulting product was a 300- to 375-pound piece of pure uranium metal and a by-product, 

magnesium fluoride slag. The resultant piece of uranium metal had the shape of a gentleman's hat, or 

derby; therefore, these pieces were called derbies. Most of the derbies were recast to form ingots for 

further processing at the FEW, but some were shipped directly or cast into flat billets. Graphite 

b 

J 

6 

7 

8 

9 

10 

11 

12 

13 

crucibles were machined and the magnesium fluoride slag milled for reuse in reduction pots. 

contained 17 dust collectors. Dusts in the reduction area were mostly UF, and U,O, in magnesium 

fluoride slag. Remelt area dusts were mostly U30,. Dust particles were 0.5 to >44 microns in size. 

Plant 5 14 

15 

16 

F.3.1.2.2.1.5 Plant 6 Metals Fabrication Plant) 

Operations began in 1952 for the fabrication of finished cores from normal uranium cylindrical ingots 19 

received from Plant 5 via rolling mill, heat treat and machining operations. Later, enriched and 

depleted uranium ingots were machined in Plant 9 and heat treated in Plant 6 for shipment to Reactive 

Metals, Inc. (RMI) Company located in Ashtabula, Ohio. At RMI, uranium ingots were extruded 

to final dimensions, and inspected for final product quality. The completed target element cores were 

shipped to the Savannah River Plant. Ingots consisting of slightly enriched uranium were upset 

forged, machined, and shipped from RMI to the Hanford site. Scrap metal that was generated during 

a, 

21 

n 

into tubes for return to Plant 6 at the FEMP where they were cut into sections, heat treated, machined n 

24 

25 

26 

the various metal production and fabrication steps was pickled in nitric acid to remove oxide 

contamination and progeny products before recycling via remelt casting operations. Chips and lathe 

n 

m 

turnings were crushed, pickled, rinsed, dried, briquetted, and recycled to remelt casting operations. 

Plant 6 contained three dust collectors and three electrostatic precipitators. The principal airborne 

emission path from Plant 6 was the acid-vapor exhaust from the smk that ventilated the pickling 

29 

a 

31 

tank, two wash tanks, and the exhaust from the briquetting operations. n 
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F.3.1.2.2.1.6 Plant 7 (Hex Reduction Plant) 

Operations began in 1954 for the conversion of UF6 received from the gaseous diffusion plants to 

produce high purity UF, as a supplement to the Plant 4 production. Actual production ran from 1954 

to 1956; the plant contained four dust collectors. 

F.3.1.2.2.1.7 Plant 8 (Scrap Recovery Plant) 

Operations began in 1953. Plant 8-processed impure metals and residues including off-specification 

UO, and UF,, magnesium fluoride slag, crucible burnout, ingot top crops, sump cakes, chips, and 

sawdust received from nearly all the production plants. High-grade scrap, such as machining chips 

and turnings, were oxidized to U,08 in an oxidation furnace or burned in a box furnace. Fine 

material (< 8 mesh) was sent to Plant 2/3; coarse material (> 8 mesh) was further oxidized in a 

muffle furnace. The furnaces were vented to wet scrubbers before gases were discharged to the 

atmosphere. 

F.3.1.2.2.1.8 Plant 9 (Soecial Products Plant) 

Uranium operations began in 1957. Plant 9 originally conducted casting and cropping of ingots from 

Plant 5. Cropped billets from Plant 5 were drilled and machined for further processing in Plant 6. 
Beginning in 1961, the Zirnlo process was used to recover rejected coextrusion sections from the fuel 

fabrication operation at Hanford. The process used dilute hydrofluoric acid to remove zirconium 

followed by nitric acid for copper removal from uranium cores. The decladded cores were then 

recycled through Plant 5 remelt casting operations. The acid tanks had an exhaust stack with a 

blower. Core pickling was used from 1961 to 1963; briquetting of uranium and thorium was 

performed from 1953 to 1963. 

F.3.1.2.2.1.9 Pilot Plant 

Operations began in 1951. During the early years, the pilot plant produced limited quantities of 

enriched uranium metal. Box furnaces were used to process &Os, enriched uranium turnings and 

"sawdust" generated in the production of enriched uranium cores. Crucibles were plasma coated in 

the pilot plant. Material up to 3.85 percent enrichment was processed to metal via the UF6 reduction 

process. Most uranium operations were suspended during the thorium production that occurred 

between 1967 and 1975. 
- - -_ _ _  - -_ - - -  _ _  - - _ _  -- - - 
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Conversion of-UF, to uranium tetrafluoride (UF,) began by heating the UF6 in an autoclave to 

transform the solid into a gas. The gaseous UF, was then reduced with hydrogen to form UF,. The 

UF, was feed material for Plants 5 and 9. The offgas from the production of UF, consisted of 

hydrogen, nitrogen, hydrogen fluoride, uranium tetrafluoride, a carbon trap to remove unreacted 

uranium hexafluoride, a two-stage refrigerated condenser system to remove anhydrous hydrogen 

fluoride, and a water scrubber to remove trace aqueous hydrofluoric acid before being vented to the 

atmosphere. Equipment in the pilot plant was used for a variety of special production operations. 

The dust from the collectors in the pilot plant was 9 to 44 microns in size and assayed approximately 

80 percent uranium in the form of U03, &Os, and UF,. 

F.3.1.2.2.2 TimeNorm Characterization of Plant Discharges 

The principal sources of airborne emissions from FEMP processing operations were: 

Dust collector stack discharges 
Wet scrubber discharges 
Acid-pickling fume stacks 

Airborne releases from these sources totaled 169,147 kg U through 1984, and are characterized in the 

following subsections. 

When combined with the release of 8891 kg U from nonproduction sources (Sections F.3.1.2.3 and 

F.3.1.2.4), the FEMP total comes to 178,038 kg U through 1984 (see Table F.3.1.2-2). 

F.3.1.2.2.2.1 Dust Collector Stack Discharges 

Dust collector stack discharges were the principal sources of airborne emissions during the span of 

FEMP operations from 1951 to 1984. Airborne releases of uranium from plant stacks totaled 

94,590 kg U (Table F.3.1.2-2) and are characterized, as follows: 

Plant ~ Stacks (kg U) Percent Principal U Species 
1 985 1 U Ores, U,08 
213 3219* 3 U Ores, U308, UO, 
4 33,217 35 uo3, u& UF4m02F2 
5 26,189 28 u 3 0 8 ,  UF4m02F2 
6 1204 1 U308 
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Plant Stacks (kg U) Percent Principal U Species 

8 10,773 12 U30,, UAP, UCl, 
7 13,272 14 UF, 

9 2599 3 u308, uF4/u02F2 

Pilot 3132 3 u308, UF4 

Total 94,590 100 

4 

5 

6 

- - -  - - - - 

*Estimated releases due to gulping operations (38179.3 kg U) have 
been subtracted from the Table F.3.1.2-2 total for Plant 2/3 and will 
be covered in Section F.3 A.2.2.2.2. 

The Plant 8 scrubbers discharged another 36,378 kg U, primarily in the form of uranyl ammonium 

phosphate (UAP) and urannous tetrachloride from the dissolution of U-metal in hydrochloric acid. 

Each plant discharged dust as uranium residues from processing operations. Plants 4, 5, and 9 

discharged U02F2 as a companion side-product contained in UF,. Estimates of dust collector 

discharges from all FEMP processing plants categorized by U species follow: 
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Uranium Species kg U Percent of Total 18 

ores 

uo3 
UF4 
U02F2 
UCI, 
UAP*, ADU** 
Total 

u3°S7 u02 

3590 4 
66,649 70 

1 49 < 1  
23,387 25 

194 < 1  
28 < 1  

593 < 1  
94,590 

*Uranyl ammonium phosphate 
**Diammonium diuranate 

Ninety-five percent of the discharges were oxides and green salt. Stack discharges from Plants 4 

and 5 comprised 63 percent of the total discharged from the FEMP processing plants. It should be 

noted that dust collector discharges from Plants 2/3 and 8, when combined with emissions from 

gulping operations and-the wet scrubber discharges, together - accounted for __ 52 .- percent, -_  - - 
(88,549 kg U), as discussed in Section F.3.1.2.2.2.2. Also, Plant 7 discharged 14 percent of the 

FEW total in just three years of its operation between 1954-56. Most of the FEMP releases 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 - 

36 

37 

001852 



FEMP-05RI-4 DRAFT 
Juac23.1994 

occurred during the first 20 years of plant operations (Section F.3.1.2.2.2.3). A breakdown of 

uranium stack discharges by plant, species and time is summarized in Table F.3.1.2-3. 

F.3.1.2.2.2.2 Wet Scrubber and Acid-Pickline Discharpes 

Wet scrubber discharges over the four decades of FEMP operations resulted from Plant 2/3 gulping 

operations and wet scrubbers in Plant 8. Acid-pickling operations in Plants 6 and 9 further 

contributed to these uranium emissions. Releases of 38,179 kg U as uranyl nitrate are estimated from 

the Plant 213 gulping operations Vable F.3.1.24) and 36,378 kg U from the Plant 8 wet scrubbers 

(Table F.3.1.2-2). Emissions from the Plant 6 and 9 acid-picuing sources are judged to be relatively 

insignificant. The impact of these emissions to the environmental media is in the discharge of acidic 

vapors that are conducive to promoting solubilization of particulate uranium species released from 

other sources. 

F.3.1.2.2.2.3 Historical Discharges of FEMP Dust Collector and Wet Scrubbers 

Historical discharges of FEMP dust collector and wet scrubbers are listed below: 

Discharges (kg U) 
Plant 1950s 1960s 1970s 1980s Total 

1 
213 
4 
5 
6 
7 
8 
9 

Pilot 
Total 

Percent 

642 
14,556 
27,861 
22,978 

449 
13,272 
12,25 1 

1096 
1934 

95,039 
37 

252 
13,249 

4350 
2407 
75 1 

0 
2 1,675 

1159 
1179 

56,022 
33 

57 
12,804 

336 
332 

2 
0 

1952 
168 
13 

15,664 
9 

34 
789 
670 
472 

2 
0 

273 
176 

6 
2422 

1 

985 
41,398 
33,217 
26,189 

1204 
13,272 
47,151 

2599 
3132 

169,147 
lo0 

The significance of the time characterization is that the substantial quantities of uranium discharged 

during the initial years of operation have had ample opportunity to come into solubility equilibrium 

with environmental media, undergo slow hydrolysis to other uranium species, or have migrated by 

transport to other media. 
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F.3.1.2.2.3 Dose Reconstruction Pro iect Release Es timam 1 

In November 1993 a draft report entitled "The Fernald Dosimetry Reconstruction Project - 
Radionuclide Source Terms and Uncertainties" was issued for review by the Radiological Assessments 

prepared to support an initiative being undertaken by the CDC to reconstruct the potential radiological 

discharges - during . -  the facility's 38-year operational - history. - - 

2 

3 

Corporation (RAC) under contract to the Centers for Disease Control (CDC). The report was 4 

5 

doses received by members of the public residing around the FEMP as a result of environmental 6 

8 

Within the draft CDC report, RAC evaluated the projected quantities and characteristics of 

radiological contaminants released to the environment from facility operations. Existing FEMP 
historical release estimates, as presented in the U.S. Department of Energy's (DOE'S) remedial 

investigatiodfeasibility study (RVFS)  documents, were based upon an evaluation of historical stack 

monitoring data and production records by FEMP scientific staff members. The RAC estimates 

employed a probabilistic approach to projecting these same historical release levels. 

The probabilistic-based estimates completed by RAC included use of Monte Carlo methods to evaluate 

the propagation of uncertainty in the estimating process. These Monte Carlo simulations were 

completed for total site dust collector emissions, Plant 8 scrubber emissions, Plant 213 scrubber 

discharges, and radon released from the site. In general, the best estimate of the mass of releases 

from these sources, as projected by RAC, were, on average, approximately 250 percent higher than 

similar estimates completed by the FEMP. The primary differences reside in the estimation of 

releases from the Plant 8 scrubbers (385 percent higher release estimates) and &e site-wide dust 

collection systems (265 percent higher emission estimates). 
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No attempt has been made to reconcile the differences between the two estimates of total mass of 

historical site emissions. For the purposes of this report, it is the types of uranium chemical forms 

(species) that are of significance to the report's findings, not the total mass of contaminants released. 

identification of geochemical parameters for fate and transport modeling, which is dependent on the 

species of uranium forms historically released. 
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F.3.1.2.3 SIGNIFICANT EPISODAL RELEASES FROM PLANT OPERATIONS 

F.3.1.2.3.1 Plant 7 Releases of UF, in 1954-55 

Eyewimess accounts have stated frequent releases of UF6 during the start-up and early operation of 

Plant 7 in the 1954 period. During these incidents, building windows were closed and laboratory 

ventilation hoods were shutdown until the visible white plume of UF6 dissipated from cylinders placed 

on-line for operations. Quantities released as UF, have been estimated to be 252 kg U during the 

operation of Plant 7. 

F.3.1.2.3.2 Pilot Plant Releases of UF, in 1966 

On February 14, 1966, an unmonitored release of 1195 kg U as UF, occurred during a one-hour 

period, beginning at 8:40 a.m. At that time winds were from the north/northwest at 5 mph. The 

release point was about six feet above the ground and resulted from a valve being inadvertently 

removed. Releases of another 264 kg U have been estimated for other intermittent periods of 

operation. 

F.3.1.2.3.3 Plant 2/3 Releases of UNH/Nitric Acid VaDor 

Quantities of uranium were emitted from the Plant 2/3 gulping system as a vapor mist of UNH 
solution in nitric acid. These emissions occur when UO, was removed by vacuum gulping from 

denitration pots. Estimates of 38,179 kg U discharged were based on uranium production records; 

measurements of U content in acid mists; and collection efficiency expected from the entire particulate 

control system. Releases totaling 272 kg U have been estimated based on two specifically 

documented incidents. 

F.3.1.2.3.4 Other Nonroutine Production Discharges 

Emissions of uranium from metal fires and solid spills occurring outdoors have been estimated to be 

907 kg U and 1059 kg U, respectively, over the period of F E M P  operations through 1984. Uranium 

metal fires generally occurred on the east storage pads of Plants 6 and 8, where drums of machining 

chips and turnings were stored for the pickling and briquetting operations. Outdoor spills amounting 

to 37 kg U occurred during the interplant shipment of uranium compounds, usually from a drum 

falling from a transport trailer. 
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F.3.1.2.4 NONPRODUCTIO N SOURCE RELEASES OF PRIMARY CONTAMINATION 

F.3.1.2.4.1 Incineration 

Five non-production incinerators supported the general site operations. Discharges (Table F.3.1.2-2) 

from these incinerators were as follows; 

- _ _ _  - - - - - - -- Old sogd-wgtg inc@erigol_g fhe- sewage . treatment - - - plant - - - (2480 - - kg - U) - - - - - . - - - __ - - - - 
Oil burner (463 kg U) 
Graphite burner (125 kg U) 
New solid waste incinerator (12 kg U) 
Liquid organic waste incinerator (17 kg U) 

Uranium releases from these sources are estimated to be 3087 kg U for the FEMP’s operational 

period. The likely form of release is U308. 

F .3 .I.2.4.2 Storape 

Up to 1984, on-property disposal of solid and slurried wastes at the F E W  occurred in pits and silos. 

Transport of solid wastes to the pits was dependent on the type of wastes generated and the type of 

storage containers. In general, drummed wastes were transported on flat-bed trailers; metal 

dumpsters were carried by dumpster vehicles; bulk wastes were transported by dump trucks and 

trailers; and drummed pyrophoric metal was conveyed on four-wheeled flat-bed trailers pulled by two 

tractors. At the waste storage area, dump trucks, dump trailers, dumpster Units, and drummed wastes 

were emptied directly onto the pits’ edges. The material was then pushed into the pits by either a 

bulldozer or a dragline scraper. Loose contamination was washed from bulldozers, the dragline 

scraper, vehicles, dumpsters, and fork trucks with water at the pits. Fugitive airborne uranium 

emissions at the waste pits have been estimated to be 1371 kg U for the F E W  operational period 

through 1984 (Table F.3.1.24). 

@ 

F.3.1.2.4.3 Other Emissions 

Estimates of uranium releases from building exhausts and laboratory emissions have been estimated to 

be 379 kg U and 68 kg U, respectively, for the FEMP operational period through 1984 (columns 

numbered 4 and 5 ,  Table F.3.1.24). The likely form of release is UJOs or intermediate uranium 

- - compounds specific to-each-processing plant.---- ~ -__--__ - ~~ 
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TABLE F3.1.2-3 

IWI'IMATE OF TIME/FORM URANIUM mACK DISCHARGES 

Uranium Discharged (kg) Species Plant 
Plant Species 1950s 1960s 1970s 1980s Total Total 

1 ORES 642 1 49 0 0 79 1 
- -- -- -- U308 - _ _  - _ _  -0- _ _  - - 103 57- - - - 34-- - - 194 - 985- _ _  -,_- 

213 ORES 1,788 414 597 0 2,799 
U308 199 45 105 6 355 
U08 0 0 62 3 65 3,219 

4 uo3 0 75 0 8 83 
U308 21,349 3,468 29 18 24,864 
UF4 6,382 79 1 30 1 63 1 8,105 
U4F* 130 16 6 13 165 33,217 

5 U308 22,185 2,230 322 436 25,173 
UF4 777 176 10 36 999 

UO2F2 16 0 0 0 16 26,188 

6 U308 449 75 1 2 2 1,204 1,204 

7 UF4 13,272 0 0 0 13,272 13,272 

4,089 5,239 706 119 10,153 
0 593 

8 U308 

UAP 222 37 1 0 
UCI, 9 19 0 0 28 10,774 

9 U308 672 696 168 176 1,712 
UF4 416 371 0 0 874 
UO2F2 8 5 0 '  0 13 2,599 

Pilot U308 1,912 1,064 13 5 2,994 
UF4 22 115 0 1 138 3,132 

PGH\OUS-RAD-O1-9e7\J~ 21. 1% 1:57pm 
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F3.13.0 GEOCHEMICAL PROCESSES INFLUENCING TtIE URANIUM DISTRIBUTION -a 
3 

F.3.1.3.1 RAINWATEWSOIL CHEMISTRY 

Rainwater falling on soil media will react with minerals/solids and organic material to form 
porewater. The geochemistry of porewater is controlled by the pH of the rainwater, activity of 6 

carbon dioxide (COJ in the waterhoil system, and the solubility of various minerals or leaching of 

F E W  site, the moderately low pH of the rainwater (about 5 )  is raised by dissolution reactions with 

carbonate mineral fragments (dolomite and calcite) present in the soil. Rainwater dissolution reactions 

are most likely to occur in the upper few feet of the glacial overburden, and these reactions affect the 

leaching of uranium from near-surface sources. The pH of the waterhoil system will be buffered in 

7 

solids in the soil. A mineralogical summary of FEMP soils is'provided in Table F.3.1.3-1. At the 8 

Q 

10 

11 

13 

the range of 7 to 8 by carbonate mineral (e.g., CaCO,) dissolution, CO, dissolution, and carbonic 13 

acid (H2C03) dissociation. Important reactions in this system are: 

(1) CaCO, + H,O < - > Ca', + HCO,- + OH- 

(2) CO, + H,O <-> H,CO, 

(3) H,CO, < - > H' + HCO,- 

The dissolution of CaCO, in water (Reaction 1) contacting air containing about 0.03 percent CO, 

results in an equilibrium pH of about 8. Lower pH values are generally observed in FEMP soil 

because the activity of C02 (Le., partial pressure of COJ in the soil is greater than in the air, due to 

decomposition of organic debris and respiration of microorganisms. The higher CO, activity in soil 

drives Reaction 2 to the right to produce more H2C0,, which dissociates immediately (Reaction 3) to 

release H' and lower the pH. The large reservoir of carbonate minerals (30 to 50 percent of the soil) 

and biogenic sources of CO, allow the water/soil system to be buffered between 7 and 8 by the 

interplay of the above three reactions. 

Silicate minerals present in the soil (e.g., quartz, feldspar, and clay minerals) have less influence on 

the chemistry of the porewater due to their low solubilities (relative to carbonate minerals) at near 

neutral pH values. These minerals provide silica, potassium, sodium, aluminum, and various trace 

metals to the porewater via dissolution and ionexchange reactions. The weathered surface area of 

these minerals plays an important part in the adsorption of ions from the porewater. 
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F.3.1.3.2 LEACHING OF URANIUM SOLID 
Uranium solids present in near-surface sources :ill be leached by rainwater to form a portion of the 

dissolved constituents (i.e., solute) delivered to the porewater. Leaching refers to removing 

constituents from the solid by desorption, ion exchange, and dissolution reactions. In this sense, 

dissolution of a solid is a subset process of leaching. The degree to which individual uranium solids 

will dissolve is a function of bond type (e.g., ionic, covalent, etc.) in the mineral structure, which is 

reflected by the composition of the solid. The-extent of dissolution is express-@ ma@ematically by 

the solubility product. For example, consider the solubility of U 0 2  and UF, in distilled water of 

pH 7 at 25°C with an oxygen partial pressure of 1 x 

0.24 volts at pH 7). The reactions are: 

@ 

atmospheres (corresponding to an Eh of 

(4) UO, + ‘AOz + 2H’ < - > UOZ” + H 2 0  
.(5) UF, + ?4Q + H 2 0  < -> UO,+z + 2H+ + 4F- 

Using the equilibrium constants reported in the EQ3/6 thermodynamic data base (Version 7.2; Wolery 

1992; Wolery and Daveler 1992) for the above reactions, U Q  will dissolve to yield 0.3 milligrams of 

uranium per kilogram of water (mg U/kg water) and dissolution of UF, yields 28,000 mg U/kg water. 

Therefore, the solubility of UF, under these conditions (i.e., pH = 7, Eh = 0.24 volts, and U Q ”  is 

the only uranium species formed) is almost 6 orders of magnitude greater than U Q .  It is important 

to highlight that the calculation above assumes U02+z is the only uranium species formed. In natural 

groundwater systems, a variety of common ions (e.g., CO,-’) are available to complex U02+’, 

@ 

resulting in increased dissolution of uranium solids. Most of these complexing ions are provided by 

dissolution reactions between rainwater and soil minerals. This important point is discussed in more 

detail below. 

The example above illustrates that U 0 2  will remain in the environment much longer than UF, if the 

particle sue  and emitted quantities (Le., moles) are similar for each uranium form. As the dissolution 

rate of a solid is a function of the particle surface area, leaching of very fine UO, particles can yield 

uranium concentrations that are similar to those derived from leaching of coarser UF, particles - if 
the leaching time period is less than that required to establish solubility equilibrium. From the 

example above, note that if the water is allowed to equilibrate with the solids the uranium yield would 
- -  

-be 6 ordersof magnitude greater for the UF, relative to UO,, regardless of partiae size. 
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Another point to emphasize from the preceding discussion is that release of uranium to the glacial 

overburden is tied to the solubility of the'uranium solid in the source. Particles of UF, will release 

more dissolved uranium to the glacial overburden than U Q  particles during any given storm event, 

given that the quantity (i.e., moles) and particle size of each form are similar. Additionally, UF, is 

not expected to persist in the environment for long periods of time due to its high solubility. This 

implies that little, if any, of the UF, released from operations/accidents remains in the FEMP soil 

today. 

The use of solubility calculations can be extended to all uranium forms believed to have been released 

from FEMP sources (Section F.3.1.2.0) to develop a leaching hierarchy for uranium minerals. A 

relative ranking of mineral solubility in rainwater was obtained by computing the saturation indicies 

for most F E W  uranium minerals of interest. The saturation index (SI) is equal to the log of the ion 

activity product (iap) minus the log of the solubility product (sp), or SI = log(iap/sp). An SI value of 

zero (iap = sp) indicates the mineral is saturated in the solution (i.e., the mineral is at its solubility 

limit). When SI values are compared among the uranium minerals, minerals with the lowest SI 
values are most soluble and those with the highest values are least soluble. SI calculations were 

carried out with the EQ3/6 geochemical computer code (Version 7.2; Wolery 1992; Wolery and 

Daveler 1992) and results are summarized in Table F.3.1.3-2; results are listed in qualitative 

categories of most leachable (Le., most soluble), moderately leachable, and least leachable. 

TABLE F.3.1.3-2 

LEACHABILITY OF URANIUM SOLIDS IN RAINWATER AT 25°C 

3 

a 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

21 

22 

23 

2* 

Most Leachable (SI') Moderately Leachable (SI) Least Leachable (SI) 25 

U02(N03)2 - 6 H 2 0  ( - 95.6)) UF, (-33.2) U308 (-8.88) 

UF6 (- 89.9) NaJ2O, (-20.1) U 0 2  (-8.42) 

(NH32U20,b U03  (-7.10) 

NH,UO,PO," 

. Saturation Index (SI) calculated with the EQ3/6 geochemical code using pH = 
5 ,  Eh = 0.4 Volts, and U = 0.001 mg/L. Lowest SI values correspond to 
most soluble, or leachable, uranium forms. 
Mineral is not in EQ3/6 thermodynamic database; therefore, SI is unavailable. 
Ammonium salts are generally very soluble, and this assumption is used to 
support the placement of these minerals in the most leachable category. 
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Important dissolution reactions for uranium minerals in past and present near-surface sources 
Oable F.3.1.3-2) are given below: 

(6) U02(N03)2 -6H,O + H20 < - > UO?’2 + 2NQ- + m2O 

(7) UF, + 2H20 < - >  U02+z + 4H’ + 6F- 

(8) (NH4)&07 + 3H20 < - > 2NH4’ + 2 U 4 + 2  + 60H‘ 

(9) NH,U02P04 - + 3H20 < - - > NH4’ - + U02+2 + po4--3 - -  - _ -  _ -  

(10) UF, + %02 + H 2 0  < - > U02+2 + 2H’ + 4F- 

(1 1) Na$,O, + 3H20 < - > 2Na’ + 2UQ’2 + 60H- 

(12) U308 + IhO2 + 6H’ 
(13) UO, + ‘h02 + 2H’ C - > U02+2 + H2O 

(14) UO, + 2H’ < - > UQ” + H,O 

- > 3U4” + 3H20 . 

As Reactions 6 through 11 involve uranium salts of moderate to high solubility (Table F.3.I.3-2), 

rainwater contacting these solids would result in rapid dissolution and subsequent mobilization of 

uranium. Because of their soluble nature, the uranium salts in Reactions 6 through 11 are not 

expected to be present in near-surface sources today due to the high annual rainfall (greater than 

40 inches) and the cessation of production activities at the FEMP in 1989. 

Under the wet and oxidizing surface soil conditions present at the F E W ,  uranium will be leached 

from near-surface sources and released initially as the uranyl ion (U02”). U02’2 readily forms 
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aqueous complexes with carbonate (CO,-’>, phosphate (PO,-’), and hydroxide (OH-) ions present in 

groundwater compositions that reflect equilibrium with carbonate minerals, resulting in waters 

composed primarily of the ions Ca”, HC03-, Mg+2, and CO,”. The C03-’ ion has a strong affinity 

for U02+2 and readily forms aqueous uranium complexes as follows: 

P 

porewater and groundwater. The rainwater/soil reactions discussed above produce porewater and n 
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(17) 2U02+' + C03-2 + 30H- < - > (UOJCO3(OH)3- 
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The formation of uranium complexes in FEW porewater and perched groundwater enhances the 

dissolution of uranium minerals by decreasing the activity (Le., concentration) of UQ', in the water. 

As the U02+' activity is lowered in Reactions 15 through 20 by the formation of the indicated 

complexes, the affinity to drive Reactions 6 through 14 to the right is increased, resulting in 

dissolution of additional uranium solids. The principle illustrated here is that formation of aqueous 

uranium complexes increases the uranium concentration in solution. 

Another important observation is that the predicted uranium speciation in perched groundwater 

(Reactions 15 through 20) is dominated by negatively charged complexes, which have greater mobility 

in most water/soil systems. Most water/soil systems are dominated by particles that have a net 

negative charge on their surface, creating favorable conditions for the adsorption of positively charged 

ions (e.g., a+', Ra+,, etc.). The adsorption of negatively charged species is controlled largely by 

the presence of iron, manganese, and aluminum oxyhydroxide coatings on weathered mineral grains. 

F.3.1.3.3 ADSORPTION AND ION-EXCHANGE REACTIONS 

As the speciation of uranium into carbonate complexes enhances the solubility of uranium solids, it is 

unlikely that precipitation of uranium solids from perched groundwater (HC03- = 470 mgL) will 
occur at observed uranium concentrations below about 100 mg/L (discussed below). Therefore, the 

most important processes affecting the migration of uranium in glacial overburden media are 

adsorption and ionexchange reactions with the surfaces of soil particles. Examples of these reactions 

for UO,(CO,~-' are given below: 

(21) site+, + U02(C03),-' < - > site-UO,(CO,), 

(22) site-CO, + U0,(C03)2-2 - > site-UO,(CO,), + CO," 

Adsorption (Reaction 21) refers to two distinct processes: physical adsorption and chemisorption 

(Lasaga 1981). Physical adsorption results from the intermolecular or van der Waal's forces acting 

between the particle surface and ion. This is the initial step in removing the ion from solution. 
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Chemisorption involves the formation of chemical or ionic bonds between the surface atoms and the 

adsorbed species. Although physical adsorption occurs rapidly, chemisorption is slow and requires 

that the physically adsorbed specie “age” on the site to allow time for the bonding reaction to take 

place. Once chemisorption has O C C U K ~ ~ ,  it is very difficult to desorb the specie from the solid. 

Therefore, adsorptioxddesorption reactions become irreversible with time (i.e., only a fraction of what 

is initially adsorbed to the solid can be removed or extracted by desorption), which is in contrast to 

the fully reversible assumption invoked in-fate and transport models by the use of the solid/liquid - 

partition coefficient (i.e., KJ. The use of adsorption and desorption values in fate and transport 

modeling, via the K,, approach, is discussed in Section F.3.1.5.0. 

Ion exchange (Reaction 22) is physical adsorption that is accompanied by desorption of a different 

specie. The exchangeability of an adsorbed ion depends on how it is attached to the soil particle; i.e., 

physical adsorption versus chemisorption. Species physically adsorbed to the soil particle surface are 

readily exchanged, while chemisorbed particles are more commonly exchanged only when they are on 

the comers or edges of particle fragments. In this paper, the term adsorption is used in a generic 

sense to include all processes in the continuum of physical adsorption, chemisorption, and ion 

exchange. 

Adsorption of negatively charged uranyl carbonate species can take place on mineral surfaces that 

have a pH zero point of charge (pH,) above the water/soil system pH. The p H ,  is the pH at which 

the net charge on a mineral’s surface is zero. When the pH of the waterlsoil system is below the 

mineral’s pH,, there is a net positive charge on its surface and the mineral has an affinity for 

negatively charged.species. At the FEW, the pH of perched groundwaters is generally near 7.5. 

Therefore, minerals with a pH, above 7.5 will contain potential adsorption sites for negatively 

charged uranyl carbonate species. Minerals present in the glacial overburden that fit this description 

are summarized in Table F.3.1.3-3, along with the p H ,  reported by S t u k  and Morgan (1981) for 

oxide and hydroxide minerals and values calculated by the EQ3/6 geochemical code for calcite and 

dolomite. 
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TABLE F.3.13-3 

GLACIAL OVERBURDEN MINERALS WITH p H ,  GREATER THAN 7.5' 

Mineral P% 
Calcide CaCO, 8.4b (7.6') 

Dolomite MgCa(CO3), 8.3b (7.5') 

Aluminum oxide CY - N2O3 9.1 

Aluminum oxyhydroxide y - AlOOH 8.2 

Iron oxyhydroxide OL - FeOOH 7.8 

Amorphous iron hydroxide Fe(OH), 8.5 

.Oxide and hydroxide minerals compiled from Stumm and Morgan (1981). 
bpHW calculated with EQ3/6 geochemical code for P, = 
TH, calculated with EQ3/6 geochemical code for P, = 

The most important oxide and hydroxide surfaces are found on minerals containing aluminum and 

iron (Table F.3.1.3-3). Weathering of feldspar and amphibole minerals (Table F.3.1.3-1) to clay 

minerals can produce the oxide and hydroxide phases noted in Table F.3.1.3-3. Additionally, clay 

minerals (illite, corrensite, chlorite, and iron oxyhdroxide minerals in Table F.3.1.3-1) can provide 

the aluminum and iron oxyhydroxide surfaces to catalyze the adsorption reactions. 

For the carbonate minerals present in the glacial overburden (Table F.3.1.3-1), the p& is dependent 

on the partial pressure of CO, (Table F.3.1.3-3). Rainwater equilibrated with air (P, = 10-3.5) has 
a lower CO, partial pressure than soil containing organic material and microorganisms. Measure- 

ments of the composition of gas samples from soil generally show CO, partial pressures from lo-' to 

10'' (Freeze and Cherry 1979). The higher CO, partial pressure in soil atmosphere drives Reaction 2 

to the right to produce more H,CO,. Dissociation of the additional H,C03 leads to higher 

concentrations of HC03- and H', which lowers a carbonate minerals pH,pc (Stumm and 

Morgan 1981). In Table F.3.1.3-3, the p)I, for calcite drops from 8.4 to 7.6 as P, is raised from 

10-3.5 to lo-'.'. This implies that carbonate minerals in the fractured, weathered glacial overburden 

should be more efficient at adsorption of uranyl carbonate species because P, will be kept near 

by communication with the air reservoir. Specific adsorption values used to model uranium 10-3.5 

migration in the glacial overburden are discussed in Section F.3.1.5.0. 
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F.3.1.3.4 URANIUM MINERAL SOLUBILITY IN PERCHED GROUNDWATER 

The concentration of uranium in perched groundwater will be controlled by the dissolution rates of 

uranium solids in the soil, the adsorption of uranium onto glacid overburden solids, and/or the 

solubility of uranium minerals in perched groundwater. Observed uranium concentrations in perched 

groundwater at the FEMP range from 0.0oO1 to 136 mg/L (based on the statistical reduction of 

preliminary data). Using the average groundwater constituent concentrations and a uranium 
_ _  _- - - - concentration-of- 136-mg/L, mineral SIs-were calculated to-evaluate the saturation state-of uranium- - 

phases in perched groundwater (Table F.3.1.3-4). 

Five uranium phases are predicted to be saturated (Table F.3.1.34) in perched groundwater when 
pH = 7.4, U02+* = 154 mg/L (i.e., U = 136 mg/L), SiqO = 4.5 mg/L, and Eh = 200 mV. The 

most saturated (Le., least soluble or leachable) phases are the uranyl silicate phases soddyite and 

haweeite. However, the kinetics of nucleation and precipitation of silicate minerals is considered to 

be on the order of lo+’ to 

doubtful that uranyl silicate phases have precipitated from groundwater in the 43-year history of the 

F E W .  Table F.3.1.3-4 suggests that triuranyl diphosphate, saleeite, and calcium uranate are the 

phases controlling uranium concentrations in perched groundwater. Given the uncertainty in the SI 
calculations (about f0.4 SI units), schoepite is close to saturation and may also play a role in 

controlling uranium concentrations. .As the SIs in Table F.3.1.34 are dependent on solution pH, Eh, 
and composition, large deviations from the average groundwater composition can change the order 

and magnitude of the listed Sls. 

years at ambient temperatures (Lasaga 1981). Therefore, it is 

It is important to emphasize that mineral solubility is only one of several geochemical processes that 

may control uranium concentrations in perched groundwater. Table F.3.1.34 indicates that uranium 

concentrations in groundwater have to be on the order of 100 mg/L (at pH = 7.4, Eh = 0.2 V, 

Ca+’ = 304 mg/L, and Po4-’ = 4.4 mg/L) before (uoJ3(Po4)2 4H20, Mg(UOJ2(P04)2, or CaUO, 

will precipitate. Therefore, if the soluble uranium phases in the source have been removed by 

leaching, future uranium concentrations in groundwater may never reach saturation with respect to 

(UOJ3(P04)2.4H20 or other uranium solids. Under this future scenario, the uranium concentration in 

perched groundwater will be controlled by dissolution rates in the source and adsorption reactions in 

the soil. This scenario is hypothesized to be the most probable case for present sources of uranium 

oxide particles derived from air emissions, while mineral solubility may control some uranium 
- - - ~ __ _____ -- __ _ _ . ~  - - -- - 

PGH\OUS-RI\D-OI-94-7\J~ 21. 1994 l:J2pm . F. 3 J.3-8 

_- 

i 

2 

3 

4 

5 

b 

---.I- -- 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

a, 

21 

22 

t3 

28 

25 

26 

n 

za 

23 

30 

31 _ _  _- 

32 

0 (4 3.8 ‘I 0 



FEMP43SRI.4 DRAFT 
Juac23.1994 

concentrations observed in present groundwater contaminated by past spills of uranyl nitrate and other 

uranium solutions. 

F.3.1.3.5 SUMMARY 
Uranium will be mobilized in source areas by rainwater leaching and aqueous complexation of the 

uranyl ion with carbonate ion. Leaching in the source takes place by dissolution of uranium solids 

and desorption of uranium from soil particles. As the mobilized uranium migrates away from the 

source, the plume encounters lower portions of the glacial overburden where adsorption of uranium 

and/or precipitation of uranium may occur. Precipitation of uranium will be controlled primarily by 

the concentration of carbonate ion, with wakrs having higher aqueous carbonate concentrations 

suppressing uranium precipitation by formation of uranyl carbonate complexes. 

. 

Finally, it is important to highlight the contrast between the heterogeneous uranium forms in the 

source area and the homogeneous uranium forms in the water/glacial overburden system. The 

heterogeneity of uranium forms in the different source areas results in a wide range of release 

concentrations to porewater and groundwater (Table F.3.1.3-2 and Reactions 6 through 14). 

However, once the uranium has been released to the porewater and groundwater, the uranium is 

homogenized throughout the FEMP area as uranyl carbonate species (Reactions 15 and 16). This 

conceptual picwe is important to recall throughout the discussion presented in Sections F.3.1.4.0 and 

F.3.1.5.0. 
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. TABLE F3.ISl  

MINERAU)GICAL SUMMARY OF F'EMP GLACLAL OVERBURDEN SOIL 

Phasefldeal Formula Modal Percen? 
~ 

Calcite CaCO, 25.75 f 11.62 

Feldspar KAlSiO, 14.76 f 6.49 

Illite KAl$i,O,(OH), 9.15 f 17.37 

Corrensite NaCaMg,Fe,Al,Si,,O,(OH), 4.27 f 8.30 

Organic debris (humus) 3.49 f 3.68 

Chlorite Mg,Fe4Al,Si,0,(OH),, 1.13 f 1.50 

Amphibole K~MgJe.&,Si,O,(OH), 0.95 f 0.72 

Iron oxyhydroxide minerals 0.83 f 0.72 

'Average and standard deviation of 20 soil samples analyzed by 
McCrone Associates, Inc. (1992). Modal percent is based on the 
mineral area exposed on a thin section prepared for microscopic 
examination. 
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SATURATION INDICIES FOR 
URANIUM MINERALS IN PERCHED GROUNDWATER' 

Mineral Formula (name) SIb 

Saturated Phases 

(UOJ,SiO, - 2H20 (soddyite) 

Ca(UOJ,(Si,O,), 5H20 (haweeite) 

(U0J3(P032 4 W  

Mg(UOJ,(P032 (Saleeite) 

CaUO, 

Undersaturapxl Phases 

UO, 2H20 (schoepite) 

8-UO,(OH), 

a-uo, 0.9H20 

Mg(H3O),(U0J,(Si03 - 4H,O (sklodowskite) 

U0,C03 (rutherfordine) 

U308 

u409 

UO,HPO, - 4H20 

8-Us0, 

UO,HPO, 

UO, (uraninite) 

Y-uo, 
, USiO, (coffinite) 

Ca(LJOJ,(SiO,),(OH) (uranophane) 

, 

4.569 

3.634 

0.642 

0.165 

0.035 

-0.601 

-0.751 

4.820 

-0.926 

-1.133 

-1.357 

-1.559 

-2.217 

-2.612 

-2.653 

-3.059 

-3.659 

-3.774 
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~~ 

Mineral Formula (name) SIb 

4.243 

4.283 

4.630 

4.675 

4.965 

- - - _ -  - _ .  - _ -  - 

-5.176 

-5.343 

-5.502 

-5.786 

-7.527 

'Using preliminary average groundwater concentrations from working 
drafts, except SiO; = 4.55 mg/L. The slight differences in constituent 
concentrations derived from the most recent statistical reduction of data 
(contained in this report) will slightly change the SI numbers in this 
table, but the ranking of the minerals will be unchanged. 
bSaturation Index (SI) calculated with EQ3/6 geochemical code 
(Version 7.2) for pH = 7.4, Eh = 0.2 volts, and UQ" = 154 mg/L. 

C 
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F3.1.4.0 DEZRIBUTION OF URANIZTM IN THE GLACIAL OVERBURDEN 

F.3.1.4. I INTRODUCTION 

Past releases of uranium from the FEMP occurred in two ways: spills from the handling of uranium 

solutions in Plants 2/3, 6, and 8 (estimated to be 1,300 kg of uranium; RAC 1994); and air emissions 

from the pilot plant and Plants 1, 2/3,4, 5 ,  and 8 (estimated to be 179,000 kg of uranium; 

Table F.3.1.2-2). Accidental spills resulted in concentrated, mobile point sources in the form of 

uranyl nitrate, ammonium uranyl, and other uranium solutions, while air emissions led to site-wide 

deposition of uranium fluoride and oxide solids. The leachability, and hence mobility, of uranium 

solids processed at the FEMP is summarized and discussed in Table F.3.1.3-2 and Section F.3.1.3.0. 

Discussed in this section is the past, present, and future uranium distribution in the glacial overburden 

based on the uranium solids given in Table F.3.1.3-2 and the aqueous uranium forms discussed in 

Section F.3.1.2.0. The temporal distribution will be discussed with respect to releases in the 

production area (i.e., aqueous spills and air emissions) and those areas outside of the production area, 

Operable Units 1, 2, and 4 (i.e., air emissions only). 

F.3.1.4.2 INITIAL URANIUM DISTRIBUTION AT TIh4E OF RELEASE 

Figure F.3.1.4-la is a schematic cross-section of FEMP glacial overburden showing a conceptual view 

of the initial uranium distribution in the production area. Although the release events occurred over a 
30-year period (1955 to 1985), the conceptual view in Figure F.3.1.4-la depicts all releases as 

occurring simultaneously at some time in the past. In the illustrated scenario on Figure F.3.1.4-la, 

aqueous acid spills released mobile forms of uranium that immediately began to percolate into and 

react with the glacial overburden. If uranium concentrations in the aqueous spills exceeded mineral 

solubilities after reactions with glacial overburden, precipitation of (UOJ3(POJ2 4H20, CaUO,, 

Mg(U0J2(P0J2, U03.2H20, and/or other uranium solids may have occurred (see Table F.3.1.3-4 in 

Section F.3.1.3.0). The initial distribution of solids released by air emissions is restricted to the top 

18 inches of the soil. 

Figure F.3.1.42a illustrates the initial conditions for uranium release in areas outside of the 

production area. In these areas, aqueous forms of uranium are absent during the initial deposition, as 
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uranium is deposited as particles derived from air emissions. The more soluble form of these 

@ uranium particles (e.g., UFd is rapidly dissolved upon the first storm event. 

F.3.1.4.3 URANIUM DISTRIBUTION AT THE PRESENT TIME 

The present-day scenario under the production area is conceptualized in Figure F.3.1.4-lb, which 

shows uranium distributed throughout most of the glacial overburden. Soluble uranium forms have 

-_been removed by_leaching,-leaving-the-less-soluble U308,-U02, and U03.-The-primary uranium -- 

phases may be mixed with alteration products like U03 2H,O and precipitates of CaUO, and 

(Uo~3(Po,), 4H,O throughout the upper portion of the brown glacial overburden. The uranium 

plume generated from the dissolution of soluble U02(N03), - 6H,O, UF,, UF,, and Na,U20, particles 

commingles with the plume derived from spills of aqueous uranium solutions. Principal aqueous 

species in the migrating plumes are predicted to be UQ(CO,),-' and UO,(CO,),-', with minor 

formation of (U0J2C03(OH)3- UO,(OH),", and UO,PO,-. 

may be accompanied by precipitation of (UoJ3(Po4)2 4Hz0, CaUO,, Mg(U0J2(P0&, and/or 

U03 2H20. Site-specific data supporting this conceptual scenario are presented after discussing the 

uranium distribution in areas outside of the production area. 

Adsorption of uranium on soil particles 

Figure F.3.1.4-2b summarizes the present conceptual model for uranium distribution in areas impacted 

solely by uranium particles derived from past atmospheric releases. The uranium plume generated 

from the dissolution of soluble UF,, UF,, and NaJ,O, particles has reached the lower section of the 

glacial overburden in some,areas. Principal aqueous species in the migrating plume are predicted to 

be U0,(C03),'2 and U02(C03)3-*, with minor formation of (UOJ,CO,(OH),-, U02(0H);, and 

UO,PO,-. Adsorption of uranium on soil particles may be accompanied by precipitation of 

(UOJ3(PO4), 4H,O, CaUO,, Mg(UOJ,(PO,),, and/or U03 - 2H,O, if a large mass of soluble uranium 

particles was present initially. Site-specific data supporting this conceptual scenario are presented 

below. 

Across most of the FEMP site, the released uranium is concentrated in the upper 1.5 feet of the 

glacial overburden and may reach uranium concentrations of beater than loo0 mg/kg of soil 

(Plates D-10 through D-19; see Plates in DOE, 1994). The uranium forms in the upper 15 feet of 

weathered and fractured soil are expected to be dominated by the less soluble oxides U30,, UO,, and 
_ _  - __ _ _ _ _  -- - - -- --__ 

U03, possibty mixed with precipitates of CaUO, and (UOJ3(POJ,*4H,0. CaUO, and 

(U0J3(PO&*4H@ are predicted to be present based on EQ3/6 modeling results using solution 0 
m\OUs-RAlMl-94-nJrme 21. 19% 1:58pm 
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analyses obtained from a 7O-day leach of surface soil contaminated with uranium oxide particles (Lee 

et al. 1993). Much of the uranium in the upper 15 feet of the glacial overburden may have been 

distributed by mechanical processes after deposition. For example, air emission particles that have 

been reworked into the upper portion of the glacial overburden by construction activities are 

transported into fractures by percolating rainwater. However, neutralization of acidic uranyl nitrate 

spills by carbonate minerals may have produced local areas of intense uranium precipitation in the 

upper few feet of soil. The persistence of these areas through time is dependent on the solubility of 

the precipitated solid and the volume of percolating water that contacts the precipitate. 

Analytical data collected on subsurface soil samples indicate that uranium is distributed throughout the 

glacial overburden to a depth of 20 feet in the general area surrounding the pilot plant, Plant 2/3, and 

Plants 6 and 9 (Plates D-10 through D-19). Uranium concentrations in the 15- to 20-foot interval of 

{unfractured gray glacial till reach values greater than 100 mg/kg. The presence of uranium in this 

interval implies geochemical, rather than mechanical processes are responsible for the distribution. 

Aqueous spills, rainwater dissolution of U02(N03), - 6H20, UF6, UF,, and Na?U20, particles, and 

reactions with carbonate minerals in the glacial overburden mobilize the uranium primarily as the 

aqueous species U02(COJ2-’, U02(C03)3-4, and to a lesser extent as (U0&co3(0H)3-, U02(OH);, 

and U02P04-. Percolating rainwater transports the species into the subsurface were adsorption and 

possibly precipitation occur to redistribute the uranium in the subsurface soil. Solids predicted to ‘ 

precipitate in the subsurface include (Uo&(Po,)2 4H20, CaU04, Mg(UOJ2(P04),, and/or 

UO, 2H,O. 

As noted in Section F.3.1.3.0, uranium concentrations range from O.OOO1 to 136 mg/L in 

groundwater perched within the glacial overburden. Groundwater or porewater containing high 

uranium concentrations will partition some of the uranium into and onto the soils by precipitation and 

adsorption processes. A uranium concentration of 136 mgL is in close agreement with the predicted 

solubility limits for (UO&(P04)2 - 4H20, Mg(UOJ,(PO,),, and CaUO, in perched groundwater having 

high bicarbonate activity (Table F.3 J . 3 4 ,  implying (Uo&(Po4)2 4H20, Mg(UOJ,(PO,),, and/or 

CaUO, have precipitated in some of the perched water zones. Scanning electron microscope work 

conducted on FEMP soil by Oak Ridge National Laboratory (ORNL) noted the association of calcium 

and phosphate with uranium particles (Lee and Marsh 1992), supporting the presence of CaUO,, . 

(U0J3(P04)2 4H20 or other calciudphosphate uranium phases in the soil. 
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Lysimeters placed near the base of the unweathered glacial overburden recovered fluid samples with 

uranium concentrations that varied from 0.002 to 0.052 mgL: This information indicates uranium 

mobilized on the surface of the glacial overburden is capable of infiltrating to the base of the glacial 

overburden in less than 40 years. Major ions in the porewater have concentrations similar to perched 

groundwater, but pH, silica, and phosphate measurements are unavailable. Using major ion analyses 

of the porewater from Boring 1 1  133, a uranium concentration of 0.052 mgL, and silica and 

phosphate analyses - from perched groundwater, mineral saturation in the _ _  pore ~ fluid - was evaluated at a ~ 

pH of 7.2 (based on the pH for calcite saturation in the porewater). Results of the EQ3/6 run 

indicate all uranium minerals are undersaturated in the porewater. This implies that the uranium 

distribution in soil at the base of the unweathered glacial (i.e., in excess of background) is controlled 

by adsorption. 

0 

F.3.1.4.4 URANIUM DISTRIBUTION AT SOME FUTURE TME 

Most of the present source of U30s, UO,, and U 0 3  2H20, and possibly CaUO, and 

(uo33(Po4)2 - 4H20, in the upper 1.5 feet of glacial overburden will be remediated through soil 

washing and/or removed for solidification. ’ Therefore, the future distribution of uranium in the glacial 

overburden will be controlled by desorption of physically adsorbed uranium and dissolution of 

(uo2)3(Po4)2 4H20, Mg(U02)2(P04)2, CaUO,, U 0 3  - 2H20, and/or other uranium particles in the 
subsurface. This scenario is depicted in Figures F.3.1.4-lc and F.3.1.4-2c. Semiquantification of this 

future uranium distribution is addressed in the remaining discussion of this section. 

Based on a hypothetical Operable Unit 5 FS clean-up level of 150 mg U/kg soil, future uranium 

concentrations in subsurface soil will be less than or equal to 150 mg/kg. If the uranium is assumed 

to be physically adsorbed, then bounds can be placed on the future concentration of uranium in glacial 

overburden porewater and groundwater by using the calculated adsorptionldesorption values for the 

15- to 20-foot depth of glacial overburden (Wells 1348, 1354, 1360, 1266, 1317, 1341, 1225, 1230, 

and 1250 in Table F.3.II.3-3 of Attachment F.3.II). The lowest and highest adsorptiotddesorption 

values for the indicated well locations are 12 and 2433 L/kg, yielding respective uranium 

concentrations of 12.5 and 0.064 mg/L in groundwater equilibrated with a soil containing 150 mg 

U/kg soil (Le., 150 mg/kg i 12 L/kg and 150 mg/kg i 2344 L/kg). 

.. . _ -  As noted in Section Fi3.1.3.0, desorption of adsorbedraniurn will depend on the-extent of- 

chemisorption, with the expectation that with time desorption values will be higher than adsorption 
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values as uranium is retained or incorporated isto the solid by chemisorption (which is evident in the 

75 to 2433 L/kg range of values reported in Table F.3.II.3-3. Therefore, a uranium concentration of 

12.5 mg/L can be considered the maximum future groundwater concentration (Le., a conservative 

estimate) derived from a kilogram of soil containing 150 mg of adsorbed uranium. 

For particulate uranium that remains in FEMP soil after remediation efforts are completed, useful 

information can be extracted from the ORNL leaching study (Lee et al. 1993) to estimate the fraction 

of uranium leached and released during a three’ day storm event. A conclusion from the leaching of 

A-14 and B-16 soil is that 0.1 to 4.5 percent, respectively, of the available uranium may be leached 

from this soil in three days of leaching (i.e.* a large storm event). If FEMP soil of density 1.8 kg/L 

contains 150 mg of particulate uranium per kg of soil (Operable Unit 5 hypothetical clean-up level) 

and the porosity is 30 percent,. 1 liter of water will contact 3.3 liters of soil - or 891 mg of uranium 

(Le., 1.8 kg/L * 3.3 L * 150 mg U/kg). Using the 0.1 and 4.5 percent extractable uranium values 

from the ORNL study, the calculated uranium solution concentration after three days of leaching is 

0.89 and 40 mg/L, respectively. Assuming the uranium forms are similar to the particles present in 
the ORNL study, these calculated solution concentrations indicate that uranium pore water 

concentrations derived from the leaching of uranium particulates (as indicated by lysimeter data) can 

exceed the solubility limit of (UOJ3(P04)2 - 4H20,  Mg(UOJ2(P04),, and/or CaUO, if bicarbonate 

concentrations in the porewater remain below 300 mg/L. The effect of bicarbonate concentrations on 

uranium solubility is addressed in the summary presented below. 

F.3.1.4.5 SUMMARY OF URANIUM DISTRIBUTION 

Dissolution of uranium particles (derived from past. releases) and precipitates (derived from leaching 

of uranium source materials) will occur as undersaturated wakr percolates through the glacial 

overburden. The rate of dissolution will be highly variable and depend on the surface area and 

composition of the solid, the pH and composition of the water, and the resident time of the water 

(Le., the infiltration rate). As water percolates from the surface to greater depths, total dissolved 

solids increase and the concentration of individual ions can have a significant effect on uranium 

concentrations (e.g., HC03-). For example, distilled water contacted with FEMP soil in the ORNL 
study simulate the conditions in the surface and near surface soil, perched groundwater analyses 

represent complete equilibration of the waterlsoil system, and lysimeter data have solute 

concentrations between these two end members that serve as an analog of percolating porewater. A 

significant factor influencing the uranium concentration in the watedsoil system is the increase in 
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HC03- concentration as water moves from the near surface (121 m a ,  ORNL study), to subsurface 

(310 mgL, lysimeter data), to the perched groundwater (470 mgk). The geochemical conditions in 
each of these three zones is discussed with respect to the future distribution of uranium in the glacial 

overburden. 

The ORNL study provides analytical data that can be used to estimate the uranium concentrations that 

may be attajnable if rainwater interacts_ with surface and near-surface-soil contajning - -  

(uo33(Po4)2 4H20 or CaUO,. Based on the O W L  analytical results after 70 days of leaching, 

EQ3/6 solubility calculations indicate both solutions are supersaturated with the uranium silicate 

phases haweeite and soddyite and saturated with quartz, while one solution is saturated with calcite, 

dolomite, and CaUO, @H = 7.7, Ca’2 = 40.7 mgL, U02” = 9.5 mg/L, HC03- = 121 mgL, 

PO,-’ = 0.12 mg/L) and the other solution is saturated with (uOJ3~&*4HzO @H = 7.1, Ca” = 

31.8 mg/L, U02+’ = 0.84 mg/L, HC03- = 90 mgL,  PO,-’ = 4.2 mgL). The predicted 

supersaturated state for haweeite and soddyite is in agreement with current understanding on the long 

time periods required to nucleate and precipitate silicate minerals, as discussed in Section F.3.1.3.0. 

Saturation of CaUO, in the B-16 solution indicates that uranium concentrations may reach about 

9 mg/L when CaUO, is present in the glacial overburden and the PO,-’ concentration is kept below 

1 mg/L. In contrast, (U0&(P0,)2-4H20 will be stabilized if the PO4-’ concentration increases to 
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about 4 mg/L, resulting in a lower uranium concentration of about 1 mgL. Therefore, the presence 19 

of PO4-’ in moderate concentration will stabilize the more insoluble phase and prolong the time al 

needed to flush uranium from the soil. 21 

z? 

As water percolates into the subsurface, HC0,- concentrations increase as the C02 partial pressure in 

the soil atmosphere rises (Reactions 2 and 3). As the HC0,- concentration increases, the CO,-’ 

concentration also increases and additional uranium can be complex4 by Reactions 15 and 16. 

Therefore, the solubility of uranium solids is enhanced by the formation of uranyl carbonate species 

and waters containing higher HC0,- concentrations that have the ability to dissolve and flush more 

uranium out of the soil. Solubility calculations performed with the lysimeter data indicate that 

uranium concentrations in the watedsoil system rise to 42, 17, and 12 mg/L when the lysimeter 

porewater is saturated with CaUO,, Mg(U032(P04)2, and (Uo3](Po4)2 4H@, respectively. 
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uranium precipitates persist in the subsurface soil, their dissolution will increase the t h e  needed to 

desorb uranium from underlying soil. 
3 

Groundwater present in perched bodies within the glacial overburden has the highest observed 

concentrations of HC0,- in the watedglacial overburden system. and therefore the highest observed 

uranium concentrations. As noted in previous discussions, the uranium concentration in perched 

groundwater will be close to 100 mg/L when the water is near saturation with CaUO,, 

Mg(UOJ2(P04)2, or (UOJ3(P04)2 - 4H20. In line with the same arguments presented for the lysimeter 

data, the increased HC0,- concentrations allow a greater portion of the precipitated uranium to be 

solubilized and carried out of the system. However, the presence of these precipitates in the perched 

groundwater system will result in less desorption of uranium along the flow path, with the possibility 

of additional uranium being partitioned onto the soil. 

In summary, the future distribution of uranium forms will be similar to the present day distribution 

with the exception of the removed uranium oxide particles from the surface source. Remediation 

activities will result in uranium concentrations in the glacial that are less than or equal to 150 mg/kg. 

Uranium,concentrations in groundwater will be lowered as a result of soil remediation and source 

removal, and will continually decrease with time as fresh water percolates through the soil and 

removes uranium by dissolution and desorption. Dissolution of uranium solids will be enhanced as 
the fresh water increases its HC0,- concentration, but the extent of desorption will be suppressed if 

the dissolution of uranium solids takes place in advance of encountered adsorbed uranium. 
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F3.1.5.0 GEOCHEMICAL P- FOR FATE AND TRANSPORT MODELING 1 

2 

3 

F.3.1.5.1 DEFINITION OF GEOCHEMICAL PARAMETERS 
Available site-specific data on uranium concentrations in soil and aqueous media are used to define 

the following geochemical parameters used in the Operable Unit 5 fate and transport model. 

K, - FEMP term defined as the leaching coefficient in units of L/kg. This coefficient is 
determined using a batch test that contacts waste or contaminated soil with a distilled 
water solution adjusted to a pH of 5.6 with sulfuric acid. The batch test is run for 15 to 
20 days by tumbling the solid and solution in a reaction vessel, and the final solution is 
analyzed for uranium. A leaching coefficient is calculated by dividing the uranium 
concentration on the solid (only uranium in e x m s  of background) by the uranium 
concentration in solution (i.e., mgkg i mg/L = L/kg). 

K,& - FEMP term defined as the calculated leaching coefficient in units of L/kg. This 
coefficient represents the in situ leaching coefficient as determined by dividing the 
uranium concentration for the contaminated soil (only uranium in e x m s  of background) 
by the uranium concentration in perched groundwater contacting the soil (Le., mg/kg 9 

mg/L = L/kg). The calculated leaching coefficient applies to soils .in the upper 15 feet of 
glacial overburden, where weathering and fractures allow particulate uranium to be 
transported to depth. 

& - the adsorption/desorption value or partition coefficient in units of L/kg. The 
partition coefficient is determined by batch tests that contact soil with spiked uranium 
solutions (adsorption) and distilled water (desorption). A partition coefficient is calculated 
by dividing the uranium concentration on the solid (only uranium in excess of 
background) by the uranium concentration in solution (i.e., mg/kg i mg/L = L/kg). In 
general, only an adsorption or desorption value is determined from the batch test and the 
assumption is made that the reaction is reversible (Le., adsorption = desorption = KJ. 
These tests are conducted with uncontaminated soil (adsorption) or contaminated soil that 
are known to contain only adsorbed uranium (desorption). 

- the calculated adsorption/desorption value or calculated partition coefficient in 
units of Lkg.  The calculated partition coefficient represents the in situ partition 
coefficient as determined by dividing the adsorbed uranium concentration for the 
contaminated soil (only uranium in excess of background) by the uranium concentration in 
perched groundwater contacting the soil (Le., mg/kg i mg/L = L/kg). The calculated 
partition coefficient applies to soil in unweathered gray till at depths of 15 to 20 feet 
below the surface, where weathering and fractures are absent and uranium is transported 
only as a dissolved specie. 

- _ _  0- K,-- the extractable uranium present-in contaminated soil in units of percent total - - - 

uranium. This parameter represents the extractable portion of uranium that can be 
removed from contaminated soil by washing techniques proposed for the Operable Unit 5 
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FS. Preliminary batch tests indicate 30 to 90 percent of the total uranium present can be 
extracted using soil washing reagents. 

The distinction between the parameters K, and & is based on the type of uranium solid that is present 

in the soil. For K,, uranium may be present as particulate and adsorbed uranium, and the leaching 

coefficient measures uranium mobilization due to dissolution and desorption. The K,, is a 

measurement of adsorptiorddesorption equilibrium between soil and water, and solid uranium in 

excess of background is present only as adsorbed uranium. 

In the Operable Unit 5 fate and transport model describing uranium migration in the glacial 

overburden, K, or K,& is used to define the initial aqueous loading of uranium based on the 

extractable portion of uranium (i.e., KJ in the soil. For example, a kilogram of soil contains 150 mg 

of uranium of which 50 percent can be extracted by soil washing techniques, and K, is determined to 

be 20 L/kg. Using these values, the first pore volume of rain water to move through this soil is 

estimated to have a uranium concentration of 3.75 mg/L (i.e., (150 rng/kg * 0.5) i 20 Lkg). Each 

successive pore volume of water will have a lower uranium concentration as the extractable percent of 

uranium becomes depleted. A calculated depletion curve is used to determine the uranium loading as 
a function of time. Once uranium is loaded into the aqueous medium and transport begins through 

the glacial overburden, K,, or K.,& is used to calculate the uranium retardation factor for the glacial 

overburden. Further details on the use of these parameters are developed below. 

F.3.1.5.2 SITE-SPECIFIC GEOCHEMICAL PARAMETERS 

Available information that can be used to assign geochemical parameters for fate and transport 

modeling include site-specific batch tests with waste materials and contaminated and uncontaminated 

soil, existing uranium analytical data on glacial overburden and perched groundwater, and pertinent 

literature studies conducted with similar soil. The current range of site-specific geochemical 

parameters is given in Table F.3.1.5-1. 

For contaminated soil defined as waste materials (Table F.3.1.5-1), the K, values range from 12 to 

1708 L/kg and I(ldC from 0.6 to 3558 L/kg. This wide range in leaching coefficients reflects both the 

variation in solubility of the uranium solids present in the soil (see Table F.3.1.3-2) and the amount of 

time adsorbed uranium has been present on the soil particles. Soil (containing soluble uranium forms 

(e.g., UFA and physically adsorbed uranium (as opposed to chemisorbed uranium) readily release the 

uranium to, solution, resulting in low leaching cuefficients. Conversely, less soluble uranium particles 
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(e.g., UOJ and chemisorbed uranium are slowly released to solution, resulting in high leaching 

@ coefficients. 

For the Operable Unit 5 fate and transport model, the leaching coefficients that reflect the present 
release of uranium from contaminated soil range from 12 to 311 L/kg uable F.3.1.5-1). This range 

is in good agreement with the mean values reported for Kp" in the production area, with 14 L/kg 

- __  ___ . representing-the soluble uranium_forms a d  301_L/kg _the less- solubLe u w k m  soiids. - Therefore, . - 

uranium loadings in the fate and transport model will be derived using leaching coefficients near 12 

L/kg when aqueous spills and/or soluble uranium forms are known or suspected to be present (Le., in 
the Plant 2/3, Plant 6, and Plant 9 areas) and by using values near 31 1 L/kg when less soluble forms 

of uranium are present. This latter condition presently holds for most of the site soil where residual 

uranium oxide particles are the dominant source of uranium. 

After uranium is leached from the source it is free to migrate through the glacial overburden; the fate 

and transport model uses & or K.,& to describe the retardation of uranium by the glacial overburden. 

Glacial overburden K., values derived from adsorption batch tests range from 1 1  to 40 L/kg, with a 

combined mean of 25 L/kg for the four reported values (Table F.3.1.5-1). The &OlS values are 

grossly different for production area soil associated with aqueous spills (12 to 32 L/kg) as compared 

to the soil known to be contaminated solely by release of uranium from surface particles (75 to 2433 

L/kg). Discreet ranges of IC.,& for these two areas are interpreted to reflect the difference in surface 

reaction kinetics associated with adsorption and desorption, as discussed in Section F.3.1.3.0 and 

conceptualized below. 

0 

\ 

Leaching of uranium results in a migrating plume away from the source. The front of this plume 

reaches an underlying soil horizon and the uranium concentration in the plume continues to increase 

at this horizon as the plume passes through. As long as the surface source is present, the uranium 

concentration in the plume will increase toward its maximum concentration and adsorption of uranium 

will be the dominant process at this soil horizon if the maximum concentration (Le., the peak) of 

uranium remains below the solubility limit of uranium solids. To illustrate, assume partition- 

coefficient equilibrium (a tenet of the fate and transport model) between the aqueous and solid phases 

is given by: 
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where 24 L/kg is the average I(d value for the Operable Unit 2 and Brookhaven National Laboratory 

(BNL) adsorption studies gable  F.3.1.5-1). As the aqueous uranium concentration increases, 

uranium must be adsorbed onto the solid to satisfy the partitioncoefficient equilibrium. Therefore, 

desorption is not favored as long as the aqueous uranium concentration is increasing toward the peak 

concentration. 

Removal of the uranium source will result in dilution of the uranium plume by fresh infiltrating 

rainwater, which will lower aqueous uranium concentrations and initiate desorption to satisfy the 

partitioncoefficient equilibrium. However, as noted in Section F.3.1.3.0, desorption values are 

greater than adsorption values when enough time is available (Le., months to years) for chemisorption 

to occur because chemisorption imparts a hysteresis to the adsorptioddesorption process that prevents 

desorption of the entire mass of adsorbed uranium. Using the partitioncoefficient expression above 

and the principle of chemisorption, adsorbed uranium will not completely desorb in response to a 

decreasing aqueous uranium concentration and the partition coefficient must increase to account for 

the hysteresis phenomenon. Therefore, if the migrating plume takes years to pass a given horizon of 

the soil (a common observation), ample time has passed for chemisorption to occur and calculated 

desorption values will exceed adsorption values. 

These adsorption and desorption concepts can be applied to glacial overburden in the production area. 

Glacial overburden soil contaminated by aqueous spills is experiencing active adsorption (12 to 

32 L/kg, Table F.3.1.5-1), due to the presence of a soluble uranium source that is leaching to produce 

increasing uranium concentrations'in the plume. Soil contaminated by the release of uranium from air 

emissions are experiencing desorption (75 to 2,433 L/kg, Table F.3.1.5-1), because past releases of 

soluble particles (e.g., UFJ have been dissolved by rainwater and the peak concentration from the 

dissolution of these particles has passed through the overburden. The less soluble uranium oxides 

remaining on the surface do not leach as readily as uranium fluoride particles, resulting in a decrease 

in the aqueous uranium concentration in the plume and initiation of the desorption process. 

Historical information on uranium releases (Section F.3.1.2.0) supports the conceptual model of 

adsorption in areas of aqueous spills/leaks versus desorption in areas that received only uranium 

particles from air emissions. Aqueous spills and leaks occurred on a continuous basis from 

production activities associated with Plants 2/3, 6, and 9, and thefe activities have placed a large 

source of soluble uranium in local areas of the glacial overburden. Air emissions of uranium fluoride 
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and oxide particles cover the entire production area, with uranium oxides comprising about 75 percent 

of the released mass (Section F.3.1.2.0). As rainwater rapidly dissolved the soluble uranium fluoride 

particles, the resulting plume reached its maximum uranium concentration quickly and this peak has 

passed through the glacial overburden in most areas (Le., desorption is now occurring in these areas). 

Around Plants 2/3, 6, and 9, the large source of soluble uranium has not been depleted, and the 

uranium concentration in the migrating plume continues to increase (i.e., adsorption is occurring in 

these areas). _ _  Therefore, adsorption values best describe uranium - retardation in areas having - soluble - -_ 

uranium sources. 

Independent evidence for active adsorption in the Plant 2/3, Plant 6, and Plant 9 areas can be found in 

the adsorption values obtained from the Operable Unit 2 and BNL studies (Table F.3.1.5-1). The 

average K,, value derived from these adsorption studies is identical to the I(d* average reported for 

production area soil contaminated by aqueous spills (i.e., 24 L/kg). Given the Operable Unit 2 and 

BNL batch-test results and in situ measurements from the production area, a & value of 24 L/kg is 

recommended for the fate and transport model to describe the adsorption of uranium onto glacial 

overburden, if the migrating plume hasn’t reached its peak concentration. When soluble forms of 

uranium have been depleted from the source and the plume peak has passed through the glacial 

overburden, larger I& values are warranted to describe the desorption. The best estimate of K, for 

the fate and transport model when desorption is occurring is the I(dQLC geometric mean of 270 L/kg 

(Table F.3.1.5-1). A sensitivity analysis conducted with the fate and transport model has bounded the 

uranium migration using values of 15 and 222 L/kg. The slight difference in these and the 

recommended values will produce no significant change in the existing sensitivity analysis. 

Numerous uranium adsorption values have been reported in the literature, and a summary by 

Sheppard et al. (1984) lists several studies conducted under a variety of conditions that cover a range 

of uranium adsorption values from 0.13 to 790,000 L/kg. The studies summarized in Sheppard et al. 

(1984) that are most pertinent to the FEMP glacial overburden and Great Miami Aquifer are those of 

Rancon (1973) and Yamamoto et al . (1 973). 

Rancon (1973) studied the adsorption of uranium on carbonate soil and reported uranium adsorption 
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Yamamoto et al. (1973) investigated uranium adsorption onto sandy soil from carbonate solutions and 

reported uranium adsorption values of 0.13 to 0.25 L/kg. These low values reflect the coarse particle 

size (Le., reduced surface area) and composition (Le., lack of carbonate minerals, alumhum and iron 

oxyhydroxide surfaces, and clay minerals) of the sandy soil and the complexation of uranium by 

carbonate ion (Reactions 15 and 16 in Section F.3.1.3.0). Results from this study are close to the 

lowest value reported for the saturated sand and gravel aquifer in the south plume area (Table F.3.1.5- 

1). and may be appropriate for examining adsorption in the Great Miami Aquifer. 

F.3.1.5.3 SUMMARY 

Experimental data derived from batch tests, site-specific uranium concentrations in soil and 

groundwater, and literature studies are used to define and justify the assignment of geochemical 

parameters to the ODAST fate and transport model of the glacial overburden. Leaching of uranium 

from near-surface Operable Unit 5 soil sources has been investigated with batch tests and analytical 

measurements on site-specific soil and groundwater samples to define the 12 to 311 L/kg range for K, 
and K,& values. The K, and K,* values are used to develop uranium loading curves as a function of 

time, and these curves are used as input data to the fate and transport model. The large range in K, 
and && values reflects the heterogeneity of uranium forms in the contaminated soil. 

Adsorption batch tests, uranium analyses of site-specific soil and groundwater samples, and literature 

studies indicate that the adsorption of uranium onto glacial overburden soil is best defined using a I(d 
value of 24 L/kg. The uniform range of adsorption values for several independent studies reflects the 

homogeneous distribution of uranyl carbonate species in the groundwatedglacial overburden 

environment. Desorption of uranium will occur when the plume peak has passed through the 

overburden or when the uranium source is removed from the glacial overburden, and a & value as 
high as 270 L/kg may be used to model the desorption of uranium. A large range in the observed 

desorption values (75 to 2433 Lkg) reflects chemisorption of uranium by the soil particle surface; 

with chemisorption favored by increasing residence time. Modeling a desorption scenario will apply 

to source areas depleted of their soluble uranium or areas where the source is excavated and removed. 

\ 
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TABLE F3.1.5-1 

RANGE OF SITESPECIFIC GEOCHEMICAL P- 

Waste M&& 
Plant 2l3, Plant 6.  and Plant 9 contamirrpted 

Remaining production area contnrninrred soil 

o u 2  w e  

OU2 contnmiawd soil 

OU4 contamhad soil 

ous conbuninad soil 

Contnminnted soil studies by Oak Ridge 
National Ldmratory 

._ -  soils 

Glacial Ovabandon 

o u 2  soils 

BNL mdy 

.Production area subsurface soils contnminsttd 
by aqueous spills 

Production area subsurface soils contaminnted 
by air emissions 

Unsaturated Sand and Gravel 

OU2 South Field Ana 

Saturated Sand and Gravel 

ou1 waste pit area 

OU2 South Field area 

South Plume area 

Calibration of SWIFT model 

. __ 
0.6 - 8.35"' (14"') 

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

75 - 3,558"' (301@3 

37 - 1 n C '  

200 - 280" 

12 - 15'' 

12 - 311'" 

64 - 1708'" 

11 - a=' 
23 - 25'n 

12 - 320 (24'h') 

75 - 2,4330 (270"') 

10 - 12'=' 

2 - 68'" (14"') 

6 - 9'' 
0.8 - 4.4'3 (2.79 

1.8 

'Production area soil contaminated by unnium releases, IS Mcwd in Table F.3.U.3-3. 
bGeometric mean for indicated range. 
'DOE (1993~). K, determined from 17-day batch test wth deionized water at initial pH of 5.6. 
Adsorption K, dettnmned ' from 17d.y batch test with spiked solution. 
"Unpublished pnliminary results from OU5 soil wvrshing studies. 14 dcrerrmned . from 1 7 4 y  batch 
test with deionized water at initial pH of 5.6. 
'Lee et al. (1993). K, determined from 21-day batcb test with deionized water. 
'IT (1993). K, d&ermined from M y  batch test spiked with perched groundwater. 
aProduction area subsurface soil between 15 and 20 feet Mow the surface contanrinated by uranium 
releases, as i n d i d  by W e b  1348, 1354, 1360. 1266, 1317, 1341, 1225, 1230, and 1250 in 

"Arithm-c meaa for indicated range. 
'DOE (1993d). Appendix A, Issue 3 md 5 Report. 

- - -~ -~ --Table Fr3;nr ~ - ~ -_ -__-- ____--- __ -~ ___ -- ~ -- 
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TABLE F3.1.5-1 

RANGE OF SITESPECIFIC GEOcHEMlCAL P- 

Medio 

Wasre M~tcrirle 

Plant 2/3, Plant 6, and 9 co ' red 

Reamking production area con- soil 

o u 2  waste 

o u 2  contpmiarted soil 

OU4 c o n t a m k k d  soil 

ou5 contaminated soil 

Contaminnted soil studied by Oak Ridge 
N a t i o d  Lpborotory 

__~__~I_ - _d- - ~ ~ 

Glacial Overburden 

o u 2  soil 

BNL mdy 

ProQction area subsurface soil contaminated 
by aqueous spills 

Production area subsurface soil contamktd 
by air emissions 

Unsaturated Sand and Gravel 

OU2 South Field 

Sahlrated Sand and Gravel 

OU1 waste pit area 

OU2 South Field 

South Flume area 

Calibration of SWIFT model 

Kp" 

14* 
14 
14 
14 
K, 
14 

_ _  - _- .- - 

Adsorption K, 
Adsorption K, 
Adsorption 

Desorption 
I(d* 

I(d* 

I(d 

I(d* 
I(d 
Kd* 
I(d* 

0.6 - 8.35'*' (14*') 
- - . __-__ - 

75 - 3,558'*' (301"') 

37 - 177" 

200 - 28W' 

12 - 15'" 

12 - 31 1'" 

64 - 1708"' 

11 - W'. 

23 - 25'0 

12 - 32W (249  

75 - 2,433W (27W') 

10 - 12'" 

2 - 68" (14") 

6 - 9"' 
0.8 - 4.4'9 (2.7b)) 

1.8 

'ProQction area soil contnminated by uranium releases, as indicated in Table F.3.U.3-3. 
bGeomehic mean for indicated range. 
'DOE (1993~). K, detcrrmn ' ed from 17day htfh tcst witb deionized water a! initial pH of 5.6. 
Adsorption K, determined from 17-day batch test with spiked solution. 
dunpublished prelimuwy results from OU5 soil washing studies. K, determined from 17-day batch 
test with deionized water at initial pH of 5.6. 
"Lee et 81. (1993). K, d#ermined from 2l-day batch test with deioaized water. 
'IT (1993). K, determined h m  60day batch test with spiked perched groundwater. 

.gRoduction PM subsurface soil berween 15 and 20 feet below the surface contaminated by uranium 
re leak,  as indicated by Wells 1348, 1354, 1360, 1266, 1317, 1341, 1225, 1230, and 1250 in 
Table F.3.U. ' 

'DOE (1993d). Appemhx A, Issue 3 and.5 Report 
. -- . . - b . i ~ & c . m e a n . f o r - ~ & ~  ~- ~ ~ - ~ _ _ _  
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D.5.0 DEVELOPMENT OF MODIFIED SOIL PRGS PROTECTIVE 
OF SEDIMENTS AND SURFACE WATER 

3 

The following section summarizes the calculation of PRGs for use in the FS. PRGs and PRLs are 

presented in Section 2.0, utilized in Section 3.0 to calculate volumes, and utilized in Section 5.0 to 

define long-term residual risks. PRGs were calculated for- COCs that were defined in the Baseline 

Risk Assessment. These COCs are listed in Table 2-1. PRGs are separated into four categories: risk 

based, land-use modified, cross-media modified, and source control modified. 

D.5.1 

Risked based soil PRGs were calculated in the Baseline Risk Assessment for the on-property resident 

farmer, the expanded trespasser, and the off-property resident farmer. The risk based soil PRGs were 

calculated by' proportioning the risk due to a COC from all pertinent pathways to the COC's soil 

concentration and equating that value to the ratio of an acceptable ILCR (1 x 

Risked Based Soil PRG Development 

to the PRG. 

PRGi = [ILCRMC.,) 
Criski 

where: 

(D.5-1) 

PRGi = Preliminary remediation goal for constituent "i" in surface soils 

ILCR = Target risk level lo4 to for carcinogens 

C risk, = Sum of risk from all direct and indirect exposure pathways from Great Miami 
. River water 

Csi = Concentration of COC "i" in surface soils 

The soil PRG for a COC is calculated for those subunits where the COC applies by using the risk and 

soil concentrations from the Baseline Risk Assessment. Since the relationship between risk and 

exposure point concentration is linear, the resulting PRG will remain the same when concentrations 

and risks vary for the individual Operable Unit 2 subunits. Only a small variation occurs in the PRGs 

between the Operable Unit 2 subunits due to rounding and changes in the exposure pathways. 

Because the PRGs are similar, the South Field PRGs were chosen to represent the Operable Unit 2 

risk based PRGs. The South Field was chosen because it had the most COCs, and it's PRGs were 

conservative when compared to other subunits (i.e. South Field PRGs were lower than other I 
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subunits). For those COCs that were not in the South Field (e.g. 

Landfill) the most conservative PRG from the other subunits was 
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carbazole in the Solid Waste 

used. Table D.5-1 contains the risk 2 

i 

values and soil concentrations used to develop the risk based soil PRGs for Operable Unit 2 COCs. 

An example calculation for the risk based soil PRG is provided below: 

. 3  

4 

5 

PRG=2.5E-l pCi/g 

The values shown in the above equation are for the South Field (see Table D.5-1). The soil 

concentration is the concentration term for uranium-238 in surface soils in the South Field, and the 

risk is the ILCR for uranium-238 exposure to the on-property resident farmer. The resulting PRG is 

the risk based soil PRG for uranium-238 in the South Field. 

D.5.2 Land-use Modified Soil PRG DeveloDment 

*Land-use modified soil PRGs are calculated using equation D.5-1, the same as risk based PRGs; 

however, the ILCR is for the expanded trespasser or off-property resident farmer, rather than the on- 

property resident farmer. Table D.5-2 contains the data from the RI Report that was used to calculate 

expanded trespasser PRGs. The risk to soil is due to ingestion, inhalation, dermal contact, and 

external radiation. Table D.5-3 contains the data from the RI Report that was used to calculate off- 

property resident farmer PRGs for federal ownership. 

D.5.3 Cross Media Modified PRG DeveloDment 

This section provides the details of development of the modified soil PRGs protective of sediments. 

surface water, and air (radon). Modified soil PRGs were based on the following: 

For chemical toxicants, a HI 2 0.2 
For chemical and radiation carcinogens, an ILCR 2 1.0 x 
Dose limits, ARARs, and TBC requirements 
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TABLE D.5-2 

COC Soil Concentration Risk Due to 
(mg/kg or pCi/g) Ingestion, Dermal 

Contact, and Direct 
Radiation From Soil 
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PRG 
1 x 10" ILCR 0.2 HI ' 

EXPANDED TRESPASSER FEDERAL OWNERSHIP MODIFIED SOIL PRGs 
SOUTH FIELD CONCENTRATIONS AND RISKS 

Neptunium - 237 

Radium - 226 

Radium - 228 

Thorium - 228 

Thorium - 232 

0.21 4.2E-8 4.99 

30.8 8.3E-5 3.69E-1 

3.88 5 .OE-5 7.7E-1 

4.41 l . lE-5 3.99E-1 

3.99 1.5E-5 2.63E-1 

Uranium - 238 

Arsenic 

9.31 1.7E-7 53.6E+1 

7.27 4.3E-7 1.69E+ 1 

Benzo(a)pyrene 

Arsenic* 

9.4 3.3E-6 2.86 

7.27 1.3E-3 1E+3 

*These PRGs are HI based. 
data is from the Lime Sludge Ponds. 

Uranium Totala 

FER\CRU~FS\JLG\TABDS-~\AU~US~ 19. 1994 8: 17m D-5-5 
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COC 

- - 

Thorium - 228 

TABLE D.5-3 

Soil Risk Due to Risk Risk Due 
Concentration Inhalation Due to to 
--(mg/kg or- -- -of--- -- - Ingestion- -Ingestion- 

Particles Produce Beef/Milk 
PCik) Suspended of  Home of 

4.41 2.9E-8 2.6E-10 2.6E-13 
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Thorium - 230 

Thorium - 232 

OFF-PROPERTY FARMER FEDERAL OWNERSHIP MIDIFIED SOIL PRGs 
SOUTH FIELD CONCENTRATIONS AND RISKS 

13.8 3.4E-8 2.OE-10 1.1E-12 

3.99 3.7-E8 7.4E-10 4.2E-12 

Uranium - 238 

Benzo(a)pyrene 

Dibenzo(a,h)anthrance 

Indene( 1,2,3-cd)pyrene 

Aroclor - 1260 

9.31 4.1E-8 2.8E-10 2.9E-11 

9.4 2.7E-9 4.3E-8 1.3E-7 

1.9 5.5E- 10 8.5E-9 1.4E-7 

6 1.7E-10 2.7E-9 2.4E-8 

0.05 3.7E-10 4.4E-8 

7 Risk or 1 x 10" 

2.9E-8 I 1.5E+2 

3.4E-8 4.OE+2 + 3.8E-8 1.1E+2 

1.5E-7 1.3E+1 & 
4.48-8 I 1.1 
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D.5.3.1 Cross-Media Imuact on Groundwater 

Cross Media impacts to groundwater occur when soil concentrations leach into a drinking water 

supply. Cross media impacts to groundwater are calculated by defining the highest acceptable 

groundwater concentration at the receptor and reverse model to determine the soil concentration that 

would produce the desired groundwater concentration. Appendix D. 1 discusses the process of 

calculating cross-media impacts to groundwater. 

D. 5.3.2 Cross-Media Imuact on Surface Water 

D.5.3.2.1 Great Miami River 

Modified soil PRGs were developed to be protective of the Great Miami River surface water for the 

South Field. Other Operable Unit 2 subunits had no COCs that impacted the Great Miami River 

surface water. Modified soil PRGs were calculated from the results of the RI modeling and the 

Baseline Risk Assessment. The relationships between surface soil concentrations, the Great Miami 

River concentrations, and risk are linear. Therefore, the modified PRGs can be calculated using 

equation D.5-1. Table D.5-4 presents modified soil PRGs protective of the Great Miami River 

surface water from the South Field surface soils. These modified soil PRGs were developed assuming 

no source controls and apply for continued administrative controls as well as private ownership of the 

FEMP . 

- D.5.3.2.2 Paddys Run 

Surface water concentrations on the subunits determined in the Baseline Risk Assessment (no action 

alternative) were compared to water quality standards for Paddys Run (see Appendix B). Only the 

South Field surface water concentrations were high enough to cause the surface water concentrations 

in Paddys Run to exceed water quality standards for Dieldrin and polynuclear aromatic hydrocarbons 

(PAHs). Therefore, modified soil PRGs were developed for the South Field so that concentrations in 

Paddys Run surface water will not exceed ARARs.  Other Operable Unit 2 subunits had no COCs 

with concentrations exceeding ARARs in Paddys Run. 
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KOCs Impacting - 

Great Miami River 

Radium-226 

Technetium-99 

TABLE D.5-4 

Modified Soil PRGsa - _ -  - - 
- - Surface Soil Baseline- 
Units Concentration Risk lo4 ILCRb lo-’ ILCR lo4 ILCR Background 

pCi/g 30.8 1.3E-6 2,400 240 24 1.42 

pCi/g 142 2.OE-6 7,100 710 71 0 

SOUTH FIELD 

PROTECTIVE OF THE GREAT MIAMI RIVER SURFACE WATER 
WITHOUT SOURCE CONTROLS 

CROSS-MEDIA MODIFIED PRGS 

aModified soil PRGs were calculated using Equation D.5-1. 

bILCR = incremental lifetime cancer risk. 
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1. 
The ARARs are concentration-based requirements; therefore the PRGs are calculated by the following 

equation: 2 

3 

ARAR Concentration - - Paddys Run Concentration 
PRG (Soil) Surface Soil Concentration 

4 

5 
ARAR * Surface Soil Concentration 

Paddys Run Concentration 
PRG (soil) = 

6 

This equation is possible because the relationship between surface soil concentrations and Paddys Run 

concentrations is linear. For total PAHs, the ratio of the concentration of one PAH to the total PAH 

concentration is assumed to'be the same for the PRG (e.g., benzo(a)pyrene contributes 10 percent of 

the total PAH concentration in Paddys Run; therefore, it contributes 10 percent of the PRG 

concentration). Table D.5-5 presents modified soil PRGs for the South Field contaminated 

material/soil that would not exceed ARAR water quality standards in Paddys Run. These modified 

soil PRGs were developed assuming no source control and apply for continued federal ownership as 

well as private ownership of the FEMP. 

D. 5.3.3 

Modified soil PRGs were developed to be protective of sediments. Modified PRGs were required for 

the Solid Waste Landfill, South Field, and Active Flyash Pile. The Lime Sludge Ponds and Inactive 

Flyash Pile had no COCs that impacted sediments; therefore, no modified soil PRGs were necessary 

for these two subunits. 

Cross-Media Imuact on Sediments 

Modified soil PRGs were calculated from the results of the RI modeling and the Baseline Risk 

Assessment. The relationship between surface soil concentrations and sediment concentration is' 

linear. The relationship between sediment concentration and the risk is also linear. Therefore, the 

modified PRGs can be calculated from equation D.5-1. 

Table D.5-6 presents the modified soil PRGs that were calculated to be protective of sediments. 

These modified soil PRGs were developed assuming no source controls and apply to continued 

administrative controls (i.e., expanded trespasser). 
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COCs Impacting Surface Soil Paddys Run Modified Soil 
Paddys Run Concentration Concentration PRGs-and.PRLs.- __  - - _ _  _ _  _ _  _ _ _ ~  - - - 

(mg/kg) (mg/L) (mg/kg) 

Dieldrina 9.7E-3 7.73E-4 9.57 x 10-3 

Benzo(a)anthraceneb 5.5E-3 3 S2E-3 4.55 x 10-1 

7.77 x 10-I 

5.13 x 10-1 

6.03 x lo" 
1.57 x 10-I 

4.96 x 10-1 

1.90 x 10-1 

FEMP-OUOZ-5 DRAFT 
August 24. 1994 

_- 

TABLE D.5-5 

SOUTH FIELD 

MEETS ARARs IN THE PADDYS RUN WITHOUT SOURCE CONTROL 
CROSS-MEDIA MODIFIED SOIL PRGs AND PRLs 

~ ~~ ~- ~ 

Benzo(k) fluorant heneb 7.3E-3 2.70E-4 

Dibenzo(a, h)anthraceneb 1.9E-3 5.20E-4 

Indeno( 1 ,2,3-cd)pyreneb 6.OE-3 3.37E-5 

Phenanthreneb 2.3E-3 3.75EO 

1 1  Benzo(a)pyreneb 

11 Benzo(b)fluorzheneb -16.2~-3 4.26E-4 

FERKRU~FS/VDR/TABDS-~.NEW/AU~US~~~. 1994 8:23pm D-5- 10 
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104 
I L C R ~  

TABLE D.5-6 

10-5 104 0.2 
ILCR ILCR HIC 

Impacting 
Sediments 

Uranium-Total 

CROSS-MEDIA MODIFIED SOIL PRGs AND PRLs 
PROTECTIVE OF SEDIMENTS WITHOUT SOURCE CONTROLS 

mg/kg 225 NAe 0.26 -d 180 3.7 

Radium-226 

Background 

pCi/g 30.8 1.3E-5 NA 240 24 2.4 NA 1.42 

Solid Waste Landfill 

Radium-226 pCi/g 

Arsenic , mg/kg 

4.6 2.2E-6 NA 230 23 2.3 NA 1.42 

90 1 .OE-6 NA 8,600 860 86 NA 8.2 

aModified PRGs were developed using Equation D.5- 1. 

bILCR = incremental lifetime cancer risk. 

'HI = hazard index. 
. .  

dFor total uranium, PRGs/PRLs were developed for a non-carcinogenic HI of 0.2. 

eNA = not applicable. 

. 

i 
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D.5.3.4 Radon PRG Development 

Radon-222 is a COC for four of the five Operable Unit 2 subunits (Solid Waste Landfill. Active 

Flyash Pile, Inactive Flyash Pile, and South Field). Radon concentrations in air result from 

radium-226 concentrations in the soil. Radon concentrations were estimated using the REACOM 

model algorithms developed for the NRC (NRC 1984) which converts radium-226 concentrations 

(pCi/g) to radon-222 fluxes (pCi/s-m2). 
- 

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

Radon-222 is a cross-media impact from radium-226 in soils, therefore the PRG developed to be 

protective of human health due to exposure to radon is a cross media modified soil PRG for 

radium-226. The PRG is calculated by proportioning the risk due to radon-222 to the radium-226 soil 

concentration and equating that value to the ratio of an acceptable ILCR (1 x to the PRG. 

Radium-226 soil concentration(pCi/g) lxlo -6 ILCR PRG = 
risk, inhalation of radon-222 

The cross media modified soil PRG for radium-226 is calculated for those subunits where radon-222 

is a COC by using the risk and soil concentrations from the Baseline Risk Assessment. Table D.5-7 

contains the risk values and soil concentrations used to develop the cross media modified soil PRGs 

for radium-226. 

An example calculation for the cross media modified soil PRG is provided below: 

PRG=5.lE-l pCi/g 

The values shown in the above equation are for the South Field (see Table D.5-7). The soil 

concentration is the concentration term for surface soils in the South Field, and the risk is the ILCR 
- -  - ~ _ _ .  . -  - - -  

-for the on-property resident farmer: The resulting PRG &the private ownership cross media 

modified soil PRG for radium-226 in the South Field. 
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y Farmer 

PRG 

NA 

7.OE+00 

NA 

c 

On-Property Farmer 

Risk PRG 

1.5E-06 3.1E+00 

6,OE-05 5.1E-01 

4.2E-06 4.7E-01 

Subunit 

3.1E+01 

. 2.OE+00 

1.4E+00 

Active Flyash 
Pile 

1.9E-06 1.6E+01 4.4E-06 

NA NA ’ NA 

NA NA NA 

South Field . 

Inactive Flyash 
Pile 

Solid Waste 
Landfill 

~~~ 

Lime Sludge 
Pond 

, 
TABLE D.5-7 

RADON PRG CALCULATIONS 

I I 1 I 
Risk Off-Prope 

Expanded 
C:::;; I T r T F  1 ’,”,” Risk 

NA I NA 1 NA 1 NA 

NA I 1.4E-06 1 l.OE+OO 

NA I NA I NA 

aNA means not applicable to that receptor or subunit. 
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Source control modified PRGs are generated by controlling exposure pathways or contaminant 

migration through engineering source controls. Source controls in this FS are capping and lateral 

migration. Capping source controls prevent direct-contact exposure pathways and limit source 

migration to groundwater. Lateral migration source controls limit the source migration laterally, 

2 

3 

4 

5 

thereby reducing overall source migration. The calculation of source control modified soil PRGs is 6 
- - -  -~ _ _  _ _  -- __--- -__-  - 

covered in detail in Appendix D. 1. 7 

001912 
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