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Sand 

Fine 
Sand 

Silt 

60 

10 

1 .o 

0.1 

.o 1 

n m  

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

A t t e r b e r g  L i m i t s :  LL- NP PL- NP PI- NP 
Description: F\C SAND, trace gravel, 
trace silt 

S 
i 
e 
V 
e 

S 
i 

e 
Z 

S 

22 



SIEVE ANALYSIS-GRAIN SIZE ACCUMULATION 
e 

BroJ@ctr€RM=MIDWEST, INC. WORTHINGTON 
Bot ing# M W-9D Sample# Depth: B5’-96.5’ 

Partical Diameter (mm) 

Coarae 
Gravel 

Coarse 
Sand 

Medium 
Sand 

Fine 
Sand 

60 I Y 2’ 

1’ 

3/4’ 

10 

1 .o 

40 

0.1 
00 

Silt 

.o 1 

.006 

Clay 

,001 ‘ I I I I I I I I I J 

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

Atterberg Limits: LL- NP PL- NP PI- NP 
Description: SILTY, F\C SAND and GRAVEL, 0 trace clay 

S 
i 
e 

e 
V 

S 
i 
Z 

s 
e 

23 



SIEVE ANALYSIS-GRAIN SIZE ACCUMULATION 
Project:ERM-MIDWEST, INC. WORTHINGTON 
Boring# M W-18D Sample# Depth:22.7’-24.5’ 

Partical Diameter (mm) 

Coarse 
Gravel 

Coarse I Sand 

60 

10 

1 .o 

0.1 

.o 1 

,006 

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

Atterberg Limits: LL- NP PL- NP PI- NP 
Description: F\C SAND, trace silt, trace 
gravel, trace clay 

S 
i 
e 
V 
e 

s 
i 
Z 

S 
e 



0 
SIEVE ANALYSIS-GRAIN SIZE ACCUMULATION 

Project:ERM-MIDWEST, INC. WORTHINGTON 
Boring# M W-18D Sample# Depth:72.5'-74.6' 

Partical Diameter (mm) 
60 

Coarse 
Qravel 

10 

Coarse 
Sand 

Medium 
Sand 1.0 

2' 
I. - .  

:$' - 
__-_. 

F---- 
-- ; 

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

0.1 

Silt  

.o 1 

Clay 

.oo 1 

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

Atterberg Limits: LL- NP PL- NP PI- NP 
Description: FINE SAND, little silt, 

@ trace m sand, trace clay 

S 
i 
e 
\I 
e 

z 

S 
e 

25 



SIEVE ANALYSIS-GRAIN SIZE ACCUMULATION 
Project:ERM-MIDWEST, INC. WORTHINGTON 

Boring# MW-20D Sample# Depth:72’-74’ 

Part i c ai Di am8 te r (m m) 

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

Attetberg Limits: LL- NP PL- NP PI- NP 
Description: GRAVELLY F\C SAND, trace 
silt, trace clay 

S 
i 
e 

e 
V 

S 
i 

e 
Z 

S 

a 
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SIEVE ANALYSIS-GRAIN SIZE ACCUMULATION 
Project:ERM-MIDWEST, INC. WORTHINGTON 

Boring# MW-21D Sample# Depth: 65’-67’ 

* 

Partical Diameter (mm) 
60 

Coarse 
Gravel 

10 

Coarse 
Sand 

Medium 
Sand 1.0 

Fine 
Sand 

0.1 

Silt 

.o 1 

,006 

Clay 

.oo 1 

- 2’ 
r 1’ 
r3/4’ 

-3/8’ 

- 4  

- 10 

-40  

-200 

0 10 20 30 40 50 60 70 80 90 100 

Percent Passing 

Atterberg Limits: LL- NP PL= NP PI- NP 
De s c r i p t i o n:G RAVE L LY F \ C SA N 0, t r ac e 
silt 

S 
i 
0 
V 
e 

S 
i 

e 
2 

8 
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-- -- ..-. f i ~ F a d e 0  4 
w w  L O W  Ab SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

4 7 0 0-0 16 Site PRRS BORING SB-01 Sh 1 of 1 
3/01/90 Completed 3/22/90 Ground Elev. 527.5 

Location A & W/Mobil Logged by B. Bera 
~ ~ ~ ~ % ~ d  14.0 Ft 

Remarks 

Depth 
Feet 

- - - 
- 2  - - - 
- 4 -  - - - 
- 6  
7 - 

I Sample 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# 6-" 

6 

17 
20 
5 

8 
22 
16 

31 
20 
11 

13 

01 16 0-2 2 

02 8 2-4 2 

03 33 4-6 1.5 

04 13 6-a 1.5 

Lithologic Description 

Top Soil 

Stiff, brown, clay with 
some coarse sand, moist 

Dense, brown, medium, sand 
moist 

Stiff, brown to tan clay with 
Some sand, moist-to-wet 

Dense, tan, medium to coarse 
fine gravels: moist to 
wet 
Sround Water encountered 
at approximately 14 feet. 

OVA 
Readings 
(in Units) 
C Remarks 

0 Units 
no odor 
no v i s u a l  

1.4 Units 
no odor 
no v i s u a l  

0 Units 
no odor 
no v i s u a l  

4 Units 
no odor 
no v i s u a l  

1.6 Units 
no odor 
no v i s u a l  

>lo Units 
no odor 
no v i s u a l  

0 Units 
no odor 
no v i s u a l  

ENSR 

2 
DRAFT 



ir SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/PS - CROSBY TOWNSHIP, OHIO 

Sh 1 of 1 11 Project 4700-016 Site PRRS BORING SB-02 
3ate Started 2/22/90 Completed 2/22/90 Ground Elev. 
Total Depth 12.0 Ft Location A t W/Mobil Logged by 

~ 

Remarks 

Depth Split L 
01 

2 

02 

4 

03 

6 _. 

04 

a 
05 

10 

06 

12 _. 

14 

16 

18 

Sample 

Blows 
Per 
6- 11 

12 
34 
37 
14 
13 
20 
30 
34 
20 

- 

25 
1s 
18 
17 
25 
34 
21 
43 
- 
4s 
39 
27 
27 
43 
42 
41 

- 

- 

Depth Rec. 
Range (Ft) 

4-6 

~ 

6-8 

10-12 

2 

2 

2 

Lithologic Description 

Very stiff, black, sand 

Very stiff, brown, silty, clay 

Very stiff, tan, sandy clay 
with gravel and sand 

Very dense, tan, fine gravels 
with sand and clay 

Ground Water encountered at 
approximately 12.0 feet. 

OVA 
Readings 
(in Units) 
& Remarks 

o Units 
no odor 

asPhalt note 

o Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 

--7 0 Units 

no odor 
no visual 

0 Units 
no odor 
no visual 

DRAFT 
3 



I n f l V Q Q  1 
"-.&#A 

SOIL BORING LOG 
PADDY8 RUN ROAD SITS RI/FS - CROSEY TOWNSHIP, OHIO 

BORING SB-03 Sh 1 of 1 4 7 00-0 16 Site PRRS 
2/22/90 Completed 2/22/90 Ground Elev. 528.1 
12.0 Ft Location A & W/Mobil Logged by B. Berq 

~ ~ ~ ~ & ; d  

Remarks 

Lithologic Description 

rop Soil 

Stiff to medium stiff, tan to 
brown clay with trace to some 
graveis, sand and silt, moist 

Very dense, gray, medium 
to coarse sand 

Koist,stiff,gray to green,clay 
with some sand. moist 

B 
I 

Dense, medium sand and gravel, 
wet 

OVA 
Readings 
(in Units) 
C Remarks 

0 Units 
no odor 
no visual 

4 Units 
no odor 
no visual 

o Units 
no odor 
no visual 

1.8 Units 
no odor 
no visual 

1 Unit 
gray stair 
sliaht odor 

1 Unit 
gray stair 

sliaht odor 

4 



ir SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

11 P r o j e c t  4700-016 S i t e  PRRS BORING SB-04 Sh 1 o f  1 

T o t a l  Depth 1 2 . 0  F t  Location A & W/Mobil Logged by B. Bercr 
)ate S t a r t e d  2/23/90 Completed 2/23/90 Ground Elev. 5 2 8 . 0  ( 

Remarks 

Sample OVA 
Readings 
( i n  U n i t s )  
& Remarks 

~ 

s p l i t  
Spoon 

# 

Blows 
Per 
6 'I 

Depth 
Range 

Rec . 
( F t )  

L i t h o l o g i c  D e s c r i p t  , ion Depth 
Feet 

7 
12 
1 7  
17 
10 

8 
10 

01 0-2 . 7 5  0 U n i t s  
no odor 
no v i s u a l  

S t i f f ,  brown, c l a y  

2 

4 

6 

8 

10 

12 

14 

16 

18 

2 0  

Medium dense, brown, f i n e  t o  
medium 
Sand, moist  

o U n i t s  
no odor 
no v i s u a l  

02 2-4 2 

I :: I 4-6 
03 o U n i t s  

no odor 
no v i s u a l  

2 

Very s t i f f ,  brown, c l a y  3 0  
0 6  
14  
12 
10 
09 
25 
3 3  

- 

- 
6-8 . 7 5  o U n i t s  

0 U n i t s  
no odor 
no v i s u a l  

04 

2 8-10 05 

Very dense, brown, g r a v e l  w i t h  
some clay and f i n e  t o  medium 
sand 10-i2 0 U n i t s  

no odor 
no v i s u a l  

0 U n i t s  
no odor 
no v i s u a l  

12-14 2 40 
42 
61 

Ground water encountered a t  
approximately 12 feet.  

ENSR 

5 



Y p R  1 - -  
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Split 
Spoon 

# 

roject 4700-016 Site PRRS BORING SB-05 Sh 1 of 1 
te Started 2/23/90 Completed 2/23/90 Ground Elev. 528.0 

12.0 Ft Location A C W/Mobil Logged by B. Bera 

Blows Depth Rec. 
Per Range (Ft) 
6-t1 

Remarks 

Depth 
Feet 

Sample 

16 

08 

13 
15 
07 

20 

04 11 6-8 2 

05 18 8-10 1 . 7  

I I 
I 1 4  - -  

06 

04 1 1 15 
07 

6-8 1 2 

Lithologic Description 

OVA 
Readings 
(in Units) 
& Remarks 

Very stiff, light brown clay 
with some gravel 

ENSR 

.5 Units 
no odor 
asphalt chips 

1 Units I no odor 

observed 
Very stiff, brown clay with 
some fine gravel 
Clay absent gravel beyond 4 ft 

Very dense, yellow to brown, 
fine gravel, some clay 

Ground Water encountered 
at approximately 12 feet.. 

no v i s u a l  

0 Units II 
no odor 

1 Units 
no odor 

3.5 Units 
no odor 
no v i s u a l  .,. 

3 Units 
no odor 
no v i s u a l  ~ , _  

6 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/PS CROSBY TOWNSHIP, OHIO 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 

11 Project 4700-016 Site PRRS BORING SB-06 Sh 1 of 1 
Date Started 2/23/90 Completed 2/23/90 Ground Elev. 528.0 (I 
Total Depth 14.0 Ft Location A t W/Mobil Logged by B. Bera 

,_ 

- 

Remarks 

I Sample 

2 

4 

6 

a 

10 

12 

14 

16 

18 

20 

~ ~~~~ 

Lithologic Description 

Very dense, brown, gravel with 
medium sand 

Stiff to very stiff, brown, 
clay, moist 

Very dense, yellow, gravel 
and coarse sand with some 
clay. 

~~~ 

Ground Water encountered 
at approximately 12.0 ft. 

OVA 
Readings 
(in Units) 
t Remarks 

0 Units no 
odor black 
charcoal like . 

substance 

o Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units II 



SOIL BORING LOG 7 3 6  1 
PADDY8 RUN ROAD S I T E  RI/F8 - CROSBY TOFJrJ8EIP, OHIO 

1 Unit 
slight odor 
no visual 

47 00-016 Site PRRS BORING SB-07 Sh 1 of 1 
2/27/90 Completed 2/28/90 Ground Elev. 528.0 
18.0 Ft Location A & W/Mobil Logged by B. Bera 

~ ~ ~ ~ ~ & t g d  

Remarks SB-07 conmleted as monitorina well MW-07s 

,_ 

Depth 
Feet 

Lithologic Description 

Asphalt and subgrade 

Very stiff, brown, clau. 
Some sand at 6 to 8 feet. 

Very dense, tan, fine to 
medium gravels with 
coarse sand and clay 

Ground Water encountered 
at 12.0 ft. 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 
2 Units 

slight odor 
Gray stainin 



~~~ 

SOIL BORING LOG 
PADDYS RUN ROAD S I T E  RI/FS CROSBY TOWNSHIP, OHIO 

11 Project 4700-016 Site PRRS BORING SB-08 Sh 1 of 1 
Date Started 2/28/90 Completed 2 ,I 2 8 / 9 0 Ground Elev. 
Total Depth 12.0 Ft Location A & W/Mobil Logged by B. Ber % 
Remarks 

Sample OVA 
Readings 
(in Units) 
& Remarks 

Blows 
Per 

6 I 8  

Depth 
Range 

Rec . 
(Ft) 

Split 
Spoon 

# 

Lithologic Description Depth 
Feet 

Medium dense, gravel with some 
sand and clav 

10 
14 
1s 
22 
12 
14 
13 

01 0-2 2 0 Units 
no odor 
no visual 

Medium stiff to stiff, brown, 
clay with trace of sand, moist 

02 2-4 2 0 Units 
no odor 
no visual 11 

3 
- 
03 9 

13 
4-6 2 0 Units 

no odor 
no visual 
0 Units 

slight nat. 
gas odor 

Medium dense, tan, fine to 
medium' sand, moist 18 

17 
- 

2 04 6-8 21 
48 
87 
4 
90 
114 

no visua 

slight nat. 

- 
1.5 8-10 Very dense, tan, medium to 

coarse gravels, with sand, 
and clay, moist 

os 
gas odor 

no visual 
24 
109 
44 
84 

1042 06 
07 

1 Unit 
no odor 
no visual 

2.0 

Ground Water encountered 
at approximately 11 ..O feet . 

9 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CR0SBY TOWNSHIP, OHIO 

r o j e c t  4700-016 S i t e  PRRS BORING SB-09 Sh 1 of 1 
a t e  S t a r t e d  2/28/90 Completed 2/28/90 Ground Elev. 528.2 
o t a l  Depth 14.0 Ft Location A L W/Mobil Logged by B. Bercr 

Remarks 
~ ~~ 

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

;ample 7 Range S p l i t  
Spoon 

# 

Blows 
Per 

6 II 

L i t h o l o g i c  D e s c r i p t i o n  Depth 
Feet 

I Loose, l i g h t  brown, f i n e  
gravel,  moist 

1 
7 

13 
32 
9 

18 
27 
24 

69 

02 13 2-4 2 

03 70 4-6 2 

o-2 I 0 U n i t s  
no odor 
no v i s u a l  

01 

S t i f f ,  t a n ,  clay,  moist 

0 U n i t s  
no odor 
no v i s u a l  

0 U n i t s  
no odor 
no v i s u a l  qT 40 

I 
Dense t o  very dense, t a n  med- 
ium t o  coarse sand w i t h  t r a c e  
o f  f i n e  g r a v e l ,  moist 

6-8 1 2 >lo U n i t s  
s l i g h t  odor 
no v i s u a l  - 

05 

41 
48 
59 
100 
57 
48 
91 
72 

- 

7 

2 1 U n i t  
s l i g h t  odor 
no v i s u a l  

8-10 

Dense t o  very dense, g r a y ,  
very coarse sand t o  c o b b l e s ,  
moist t o  wet 

0 U n i t s  
no odor 

b l a c k  s t a i n s  

06 10-12 0 . 5  

61 
60 
57 
80 

~ 

07 3 U n i t s  
s l i g h t  odor 

12-14 2 

Sround Water encountered 
a t  approximately 11 feet.  

10 



. =  

SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING SB-10 Sh 1 o f  1 
3ate S t a r t e d  2/28/90 Completed 2/28/90 Ground Elev. 528.9 ( 
T o t a l  Depth 12.0 Ft Location A & W/Mobil Logged by B.  Bera 
Remarks 

____ _ _ _ _ ~  ~ 

L i t h o l o g i c  Description 

Sample OVA 
Readings 
( i n  U n i t s )  
& Remarks 

Depth 
Range 

Rec . 
( F t )  

S p l i t  
spoon 

# - 
Blows 
Per 
6 *' 

Depth 
Feet  

22 
113 
47/1" 

7 
6 
6 
8 
8 
7 
6 
5 
8 
14 
27 
48 
27 
32 
31 
91 

31 
45 
47 

- 

- 

- 

- 

- 
28 

Very dense, f i n e  g r a v e l  w i t h  
some c l a y  

01 0-2 1 o U n i t s  
no odor 
no v i s u a l  

Medium s t i f f ,  t a n ,  c l a y ,  moist 02 2-4 2 o U n i t s  
no odor 
no v i s u a l  
0 . 8  U n i t s  
no odor 
orange 
s t a i n i n a  

______~  

4-6 2 0 3  

0.6 U n i t s  
no odor 

6-8 04 

Very dense, tan t o  gray,  f i n e  
t o  coarse sand w i t h  some 
g r a v e l ,  t r a c e  of  c l a y ,  moist 
t o  wet 

05  8-10 2 no odor 
b l a c k  s t a i n -  
ina (9-10 ft 

o U n i t s  
no odor 
-no v i s u a l  

06 10-12 2 
Very dense,brown,fine t o  grav- 
pis-with t r a c e  of coarse sand, 
Ground Water encountered 
a t  approximately 12 f e e t .  





. . .  
I .  SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

11 P r o j e c t  4700-016 S i t e  PRRS BORING SB-12 Sh 1 o f  1 

Logged by 
Date S t a r t e d  3/01/90 Completed 3/01/90 Ground Elev. 
Total Depth 1 6 . 0  F t  Location 
Remarks SB-12 comDleted a s  monitorina well MW-05s 

S p l i t  Blows 
Spoon Per 

# -61, 

Depth 
Feet 

Depth Rec. 
Range ( F t )  

Sample 

07 

08 

36 
43 12-14 .5  
84/ 

4 " 

98 1 4 - 1 6  .5  
114/ 

4 1' 

27 8-10 

L i t h o l o g i c  D e s c r i p t i o n  

Fine,  g r a y ,  g r a v e l  ( f i l l )  

S o f t ,  brown, c l a y  

Medium dense t o  dense, t a n ,  
f i n e  t o  medium sand, w i t h  some 
c l a y  and t r a c e  g r a v e l s ,  moist  
t o  wet 

Very dense, brown, medium t o  
coarse g r a v e l s ,  wet 

Ground Water encountered 
a t  approximately 1 0 . 5  feet.  

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

0 U n i t s  
no odor 
no v i s u a l  

0 U n i t s  
no odor 

D 

urav s t a i n i n q  

0 U n i t s  (I 
no odor 
no v i s u a l  

30 U n i t s  
g a s  odors 

g a s  odors 11 

7 U n i t s  
s l i g h t  odor 

0 U n i t s  
s l i g h t  odor 

a s t a i n i n  

0 U n i t s  )I 
s l i g h t  odor 11 

7 

13. 



A 

SOIL BORING LOG W W ’ Q 3 k j A  
PADDYS RUN ROAD SITE R I / F 8  - CROSBY TOWNSHIP, OHIO 

4700-016 S i t e  PRRS BORING SB-13 Sh 1 of 1 
3 / 0 1 / 9 0  Completed 3 01/90 Ground Elev. 527.7 
10.0 F t  Location A & W/Mobil Logged by B. Beru 

~ ~ ~ % ~ d  

Remarks 

Depth 
Feet 

- 
S p l i t  
Spoon 

# - 
01 

02 

0 3  

- 
0 4  

05 

Sample 

Blows 
Per 

6 ’’ 
7 

2 1  
47 
2 7  

9 
1 6  
12 
1 8  

3 
2 
2 
3 
2 
2 
3 
4 
4 

10 
4 6  
5 1  

7 Range 

1 
0-2 2 

2-4 2 

4-6 2 

6-8 2 

8-10 2 

i 

L i t h o l o g i c  Description 

Medium dense, gray,  f ine grave 
w i t h  some sand, t r a c e  clay- 

S o f t ,  gray-green c l a y  w i t h  
t r a c e  o f  s i l t  and g r a v e l s ,  
moist . 

Very dense, gray,  coarse,  
sand, w i t h  f i n e  g r a v e l s ,  wet 

Ground water encountered 
a t  approximately 10 feet.  

OVA 
Readings 
( i n  U n i t s )  
C Remarks 

0 U n i t s  
s t r o n g  odor 
urav s t a i n  

0 U n i t s  
no odor 
no v i s u a l  

0 U n i t s  
no odor 
no v i s u a l  

1 U n i t  
no odor 
no v i s u a l  

1 . 5  U n i t s  
no odor 
no v i s u a l  

1 4  



r- . -  
SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWHSHIP, OHIO 

Project 4700-016 Site PRRS BORING SB-14 Sh 1 of 1 

Depth 
Feet 

Split 
Spoon 

# 

Sample 

Blows 
Per 
-6 1t 

Depth 
Range 

Rec. 
(Ft) 

03 
1 

01 
5 
5 
6 

20 

04 

05 

06 

0 
2 
1 
0 
3 
5 
6 
7 
6 
8 
10 
12 

0-2 1 

2-4 

4-6 

6-8 

- 
1 

1 

8-10 

10-12 

1.5 

. 5  

I 

Lithologic Description 

Soft, brown to green-gray 
clay, with trace of fine 
gravels, moist to 
wet 

Medium dense, tan, fine to 
medium sand and fine to medium 
gravels with some coarse sand 
and clay, moist to wet 

Ground Water encountered 
at approximately 12 feet. 

OVA 
Readings 
(in Units) 
t Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

50 Units 
slight odor 
ureen stain 

0 Unit 
slight odor 

slight odor 
ureen stain 
150 Units 
slight odors 
slight green 

stain 

15 



- A w e  a 
SOIL BORING LOG u u 6 a w  fb 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

roject 4700-016 Site PRRS BORING SB-15 Sh 1 of 1 
ate Started 3/02/90 Completed - 3/02/90 Ground Elev. 528.1 
otal Depth 8.0 Ft Location A & W/Mobil Logged by B. Bercr 

Remarks 

OVA 
Readings 
(in Units) 
& Remarks 

Sample 

Depth 
Range 

Rec . 
(Ft) 

Split 
Spoon 

# 

Blows 
Per 

6 It 

Lithologic Description Depth 
Feet 

~ 

11 
6 
4 
5 
7 

Gravel Fill 
0-2 1.8 01 0 Units 

no odor 
black stain 

0 3  21 + - 18 31 

8 

0 Units 
no odor 
no visual 

Medium stiff,brown,clay,with 
some fine sand, moist 

4-6 2 0 Units 
no odor 
no visual 

Dense to very dense, tan to 
brown, fine to coarse, sand 
with some fine gravels & clay 

0.4 24 
33 
67 - 

6-8 2 3 Unit 
slight odor 

no visual 
Ground water encountered 
at approximately 7.5 feet. 

16 



SOIL BORING LOG 
PADDYB RUN ROAD BITE RI/FS CROSBY TOWNSHIP, OHIO 

!I P r o j e c t  4700-016 S i t e  PRRS BORING SB-16 
)ate S t a r t e d  3 / 0 5 / 9 0  Completed 3 /05 /90  Ground E l e v .  528.7 

T o t a l  Depth 16.0 Ft Location RNCC Logged by B.  Bera B 

B 

Remarks 

OVA 
Readings 
(in U n i t s )  
h Remarks 

Sample 

S p l i t  
Spoon 

# - 
Blows 

Per 
6 I' 

Rec . 
( F t )  

L i t h o l o g i c  D e s c r i p t i o n  Depth 
Feet 

Depth 
Range 

~~ 

1.5 
TOD s o i l ,  brown, s o f t  1 

3 
4 
4 
4 
5 
6 
5 
2 
2 
3 
2 
4 
4 
3 
5 
7 
12 
8 

- 

- 

- 

0-2 o U n i t s  
no odor 
no v i s u a l  

01 

S o f t ,  brown, c l a y ,  w i t h  t r a c e  
o f  f i n e  g r a v e l ,  moist  

02 2-4 100 U n i t s  
no odor 
no v i s u a l  

1.5 

03 4-6 2 >loo0 U n i t s  
s t r o n g  odor 

q r a v  s t a i n s  

1.5 0.4 6-8 >loo0 U n i t s  
s-;gs;q 

950 U n i t s  
s t r o n g  odor 

q r a v  s t a i n s  

Medium dense, dark gray,medium 
t o  coarse sand with some 
f i n e  g r a v e l ,  moist.  

05 8-10 2 

06 
6 
9 
14 
16 
16 
36 
52 
31 
18 
25 
32 
50 

- 

- 

- 

10-12 2 1000 U n i t s  
s t r o n g  odor 
b l a c k  s t a i n s  

~~ 

.75 07 12-14 400 U n i t s  
s t r o n g  odor 
b l a c k  s t a i n s  

Very dense, g r a y ,  f i n e  t o  
medium g r a v e l  w i t h  t r a c e  t o  
some coarse sand and c l a y ,  
moist t o  wet 

50 U n i t s  
s t r o n g  odor 
black s t a i n  

08 14-16 2 

tarry appear- 

/I ance Ground Water encountered 
a t  approximately 14 feet.  

. . . . .  " . , 
%. . . .  ,:-. 5 ' 

17 



SOIL BORING LOG owwx-!l 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OBI0 

Blows 
Per 
6” 

4 7 0 0-0 16 Site PRRS BORING SB-17 Sh 1 of 2 
3/05/90 Completed 3 1 05/90 Ground Elev. 
2 2 . 0  Ft Location RNCC Logged by B. Beru 

Remarks Soil borina SB-17 is ComDleted as monitorina well MW-165 

Depth Rec. 
Range (Ft) 

Sample 

4 
2 
4 
2 
3 
2 
3 
2 
1 
1 
1 
1 
1 
3 

Depth 
Feet 

4-6 2.0  

6-8 1.8 

8-10 2.0 

10-12 1.8 

Split 
spoon 

# 

01 

02 

0 3  

0.4 

05 

06 

07 

08 

09 

10 

s 

18-20 0 

3 
4 I 0-2 I 0.5 

16 
12 I I 
12 

16-18 

Lithologic Description 

Medium stiff, lite brown to 
brown clay with trace of 
silt and fine sand 

Dense to very dense, gray 
to medium gravels, and 
cobbles, with some clay 

Clay content decreasing 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 
no visual 

0 Units 
no visual 

18 Units 
gray stain 

- I 

40 Units 
gray stain 

480 Units 
gray-black 

stain 

650 Units 
black 
stain 

10 Units 
black 
stain 
5 Units 

black tarry 
stain 

no recovery 

4 units 
black stain 

18 



-~ _ -  ~ 

SOIL BORING LOG 
PADDYB RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING SB-17 Sh 2 of 2 
Date Started 3/5/90 Completed 3/5/90 Ground Elev. 
Total Depth 22 ft. Location WCC Logged by 

I 

Remarks 
I I I 

lgravel with some coarse sand,w 

Lithologic Description 
Dense, black, medium to fine 
sand, wet 

Dense, black, fine to medium 

Readings 
(in Units) 
& Remarks 

7 Units 
black to 

Depth 
Range 

Depth 
Feet 

Rec . 
(Ft) 

Split Blows 
Spoon Per 

# 6 '' 

t t Ground Water encounterd at approximately 16 feet. 
Ground Water encounterd at 
approximately 16 feet. 

t green-gray 
stain 

I 

19 



O ~ V a , ,  0 9 - W W L  
SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, O B I 0  

Depth 
Range 

Sh 1 of 1 4700-016 Site PRRS BORING SB-18 
3/06/90 Completed 3/06/90 Ground Elev. 530.4 
16.0 Ft Location RNCC Logged by B. Bera 

~~2;;Lt&d 
Remarks 

Rec. 
(Ft) 

Depth 
Feet 

06 

Sample 

3 
5 
2 

Split Blows -* 

10-12 

12-14 

14-16 

02 I :  

2 

2 

2 

07 

08 

3 
9 
11 
16 
22 
11 
26 
24 
112 

t 
o-2 I 

* 
Lithologic Description 

Topsoil, Brown 

Soft to medium stiff, 
brown to gray clay, with 
trace of silt, sand and fine 
gravels, moist 

Dense to very dense, tan, fine 
to med.gravel,with some clay 
and coarse sand, moist to wet. 

Sround Water encountered 
st approximately 15.5 to 16 
feet 

OVA 
Readings 
(in Units) 
C Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

450 Units 
strong odor 

black stains 

2 Units 
slight odor 
sliaht stain 

1.5 Units 
no odor 

no visual 

0 Units 
no odor 

no visual 

0 Units 
no odor 

green stain 

1.0 Units 
slight odor 
dk.crrav to 
black stain 
(15.5 to 16) 

feet 

20 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING SB-19 Sh 1 of 1 
3ate Started 3/06/90 Completed 3 / 06/90 Ground Elev. 
.rota1 Depth 16.0 Ft Location RNCC Logged by 

Depth 
Feet 

Remarks 

Sample 

Split Blows Depth Rec. Lithologic Description 
Spoon Per Range (Ft) 

# 6 '' 

Medium dense to very dense, 
fine to medium 
Gravel with some coarse 
black, sand, trace of clay, 
moist to wet. 

Ground Water encountered 
at approximately 16 feet. 

OVA 
Readings 
(in Units) 
&I Remarks 

0 Units 
no odor 
no visual 

o Units 
slight odor 
no visual 

100 Units 
strong odor 
black stain 

( 5 . 5 ' )  

950 Units 
strong odor 

>lo00 ppm 
strong odor 
black stains 

>lo00 Units 
strong odor 
bl.tarrv sta 

>lo00 Units 
strong odor 
bl-tarn sta 

>IO00 Units 
strong odor 
black stains 

21 
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PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

S p l i t  
Spoon 

# 

01 

02 

0 3  

04 

05 

06 

4700-016 S i t e  PRRS BORING SB-20 Sh 1 o f  1 
3/06/90 Completed - 3/06/90 Ground Elev. 5 3 1 . 3  

E $ i z $ ; d  1 2 . 0  F t  Location Logged by B. Bera 
Remarks 

Sample 

Blows 
Per 

6 I' 

2 
3 
3 
4 
2 
4 
4 
7 
2 
3 
2 
1 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 
0 

Depth 
Feet 

2 

4 

6 

8 

10 

12 

14 

1 6  

1 8  

2 0  

Depth 
Range 

~ 

0-2 

2-4 

4-6 

6-8 

~ 

8-10 

~~ 

10-12 

Rec . 
( F t )  

1 

1 

1 

1.5 

.5  

1 

L i t h o l o g i c  Description 

Gravel  f i l l  

S o f t ,  brown, c l a y  

Loose, brown, f i n e  t o  medium 
sand and coarse g r a v e l s ,  with 
some coarse sand, wet 

Soft ,brown,clay,with some 
green mottl ing,  wet 

Ground Water encountered 
a t  approximately 10 feet.  

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

~~ 

0 U n i t s  
no odor 
s l i g h t  

urav s t a i n  

o U n i t s  
no odor 
no v i s u a l  
6 Units  
no odor 

green-gray 
s t a i n  

3 0  U n i t s  
s l i g h t  odor 
urav s t a i n  

100 Units  
s l i g h t  odor 

s t a i n i n a  

400 Units  
s t r o n g  odor 
ureen s t a i n  

22 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWN8BIPI OHIO 

Depth 
Feet 

I( 

Project 4700-016 Site PRRS BORING SB-21 Sh 1 of 
Date Started 3/06/90 Completed 3 L 06/90 Ground Elev. 529.0 
Total Depth 16.0 Ft Location RNCC Logged by B. Bera 

Split Blows Depth Rec. 
Spoon Per Range. (Ft) 

# 6" 

Remarks 

I Sample 

Lithologic Description 

Dense, brown, fine to medium 
gravel, with fine sand. 

Medium stiff, brown, clay, 
moist- 

Medium dense, brown, fine to 
coarse sand with trace of 
gravels, moist 

Soft, tan, clay, with some 
sand and silt, moist 

Dense to very dense, black, 
fine to medium gravel, and 
zobbles, with some coarse sand 
m d  clay, moist to wet - 

Ground Water encountered at 
approximately 14 feet. 

OVA 
Readings 
(in Units) 
& Remarks 

85 Units 
Ammonia O d o r  
areen stains 

450 Units 
Ammonia O d o r  
black stains 

30 Units 
Ammonia O d o r  
black stains 

100 Units 
Ammonia 04 
no visual 

50 Units 
Ammonia O d o r  
green-gray 
stain 
150 Units 

Ammonia O d o r  
green-gray 
stain 

650 Units 
Ammonia O d o r  
t a r n  stain 

600 Units 
Ammonia Odor 
t a r n  stain 

I 
I 



1 
SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OBI0 

)Project 4700-016 Site PRRS BORING SB-22 Sh 1 of 1 
Date Started 3/7/90 Completed 3/07/90 Ground Elev. 529.89 
Total Depth 14.0 Ft 'Location RNCC Logged by B. Bera 
Remarks 

Depth 
Feet 

Sample 

3 

5 
7 
10 

9 
12 
7 

9 

04 3 6-8 2 

05 12 8-10 2 

06 12 10-12 2 

11 
5 

17 
11 

07 10 12-14 2 

Lithologic Description 

Gravel F i l l  

Dense, brown, fine to medium 
sand and fine gravels, with 
some large cobbles, trace of 
clay,. moist 

Soft, brown, clay, moist 

Medium dense, tan, medium to 
coarse sand and fine to medium 
gravels, with trace of clay, 
moist to wet 
Ground Water encountered 
at approximately 12 feet. 

~~~ ~ ~ 

OVA 
Readings . 
(in Units) 
C Remarks 

400 Units 
sour odor 

Stainina 

500 Units 
strong odor 
no visual 

No recovery 

90 Units 
strong odor 
green-gray 

stain 
1000 Units 
strong odor 
slight gray 
stain 
1000 Units 
strong odor 
slight gray 
stain 

1000 Units 
slight odor 
no visual 

ENSR 
24 



. . .  ir 

Depth 
Feet 

SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS CR08BY TOWNSHIP, OHIO 

Split 
Spoon 

11 

BORING SB-23 
Sh 529.0 1 of 11 Project 4700-016 Site PRRS 

Date Started 3/07/90 Completed - 3/07/90 Ground Elev. 
Total Depth 14.0 Ft Location RNCC Logged by B. Bera 

5 
2 
4 
4 
7 
3 
3 
5 
3 
3 
4 
4 
4 
2 
1 
2 
3 
2 
1 
1 
6 

Sample I 

4-6 

6-8 

8-10 

10-12 

12-14 

680 Units 
Slight Odor 
black stain 

150 Units 
Strong Odor 
black stain 

100 Units 
Slight odor 
black stain 

01 

02 

03 

04 

05  

06 

07 

,. 

,,. 

Blows 
Per 

6 I' 

Depth 
Range 

12 
24 
10 
9 
11 
13 
12 

- 

~~ 

0-2 

2-4 

Rec . 
(Ft) 

1.5 

1.8 

1.8 

2 

2 

2 

2 

Lithologic Description 

~~~ ~~ ~ 

Dense,gray,fine,to medium sand 
& fine grave1,moist 

Ked.stiff,tan,clay,with trace 
of gravel. 

Med.dense,gray,coarse sand 
with some fine gravel 

Soft,brown to gray green, 
clay,with some fine sand 
and trace silt, 
moist to wet 

gose , gray, medium sand, wet- 
Ground water encountered 
at approximately 12 to 13 feet 

OVA 
Readings 
(in Units) 
& Remarks 

25  Units 
no odor 
asphalt 
0-0.5 ft. 

120 Units 
strong odor 

1 0 0 0  Units 
Slight odor 
black stain 

1000 Units 
Strong Od 
S l i  ht st .a 



noxgr3y - 

S O I L  BORING LOG 
PAODYS RUN ROAD S I T E  RI/FS CROSBY TOWNSHIP, OHIO 

)Project 4700-016 Site PRRS BORING SB-24 Sh 1 of 1 
Date Started . 3/7/90 Completed 3/07/90 Ground Elev. 529.1 
Total Depth 12.0 Ft Location RNCC Logged by B. Bera - 

Remarks 

Depth 
Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

Sample 

Spoon 
# 

01 

02 

03 

04 

05 

06 

3lows Depth Rec. 
Per Range (Ft) 
6 '' 
6 
8 0-2 1.5 
12 
7 
12 
18 2-4 2 
11 
14 
4 
5 4-6 2 
7 
4 
4 
6 6-8 2 
4 
6 
2 
2 8-10 2 
3 
3 I I 
3 

Lithologic Description 

Gravel Fill 

Medium, stiff, brown, clay 

Med.dense,tan,fine to 
med.gravel,with some coarse 
sand and trace of clay, moist 

Medium stiff, brown, clay, 
with some silt, moist 

Ground Water encountered 
at approximately 12 feet. 

OVA 
Readings 
(in Units) 
C Remarks 

0 Units 
Slight odor 
no visual 

0 Units 
Slight odor 
no visual 

300 Units 
Slight odor 
no visual 

2 Units 
No Odor 
no visual 

35 Units 
Slight Odor 
urav stain 

2 Units 
Slight Odor 
green-gray 
stain 

ENSR 
26 



- 

SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING SB-25 Sh 1 of 4 
Date S t a r t e d  3/07/90 Completed 3/07/90 Ground E l e v .  532.6 
T o t a l  Depth 18.0 F t  Location RNCC Logged by B. Bera 
Remarks 

OVA 
Readings 
( i n  U n i t s )  
t Remarks 

Sample 

S p l i t  
Spoon 

# 

maws 
Per 
6 I1 

Depth 
Range 

Rec . 
( F t )  

L i t h o l o g i c  D e s c r i p t i o n  Depth 
Feet 

2 
4 
5 
4 
3 
2 
4 
3 
2 
5 
5 
7 
2 
5 
4 
4 
6 
14 
19 
15 
14 
22 
28 
19 
8 
8 
9 

- 

- 

- 

- 

01 0-2 1 0 U n i t s  
no odor 
no v i s u a l  

2-4 1.75 02 0 U n i t s  
no odor 
no v i s u a l  

S o f t ,  brown, clay w i t h  some 
s i l t  

0 3  4-6 2 0 U n i t s  
no odor 
no v i s u a l  - 

2 04 2;: ::;sa 
ureen s t a i n  

0 U n i t s  
no odor 

green-gray 
s t a i n  
10 U n i t s  

no odor 
green-gray 

6-8 

8-10 2 

06 10-12 2 

s t a i n  
, 0 U n i t s  Dense t o  v e r y  dense, gray-gree 

f i n e  t o  coarse g r a v e l s ,  w i t h  
some c o a r s e  sand, moist  t o  wet 

07 12-14 2 no odor 
green-gray 

s t a i n  6 
10 

08 14-16 2 650 U n i t s  
no odor 

b l a c k  s t a i n  

20 
26 
31 
45 
35 
38 
35 

- 
09 16-18 2 1000 U n i t s  

s t r o n g  odor 
b l a c k  s t a i n  

Ground Water encountered 
a t  approximately 17  feet. 

8 ENSR oooo :. . = 
. . ... 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

)Project 4700-016 Site PRRS BORING SB-26 Sh 1 of 1 
Date Started 3/08/90 Completed 3/08/90 Ground Elev. 530.1 
Total Depth 16.0 Ft Location RNCC Logged by B. Bera 
Remarks 

Depth 
Feet 

c 

c 

c 

- 2  - - - 
- 4 -  - - - 
- 6 -  - 
- 
- 8 -  - - - 
- 10 - - - 
- 12 - - - 
- 14 - 

Lithologic Description 

Sample 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# 6" 

9 

7 
8 
6 

7 
8 
8 

21 
17 
15 

18 
19 
12 

24 
21 
21 

38 
23 
28 

31 
22 

01 6 0-2 1.5 

d 

02 11 2-4 2 

03 15 4-6 2 

04 15 6-8 2 

2 05 22 8-10 

06 30 10-12 2 

2 07 32 12-14 

Concrete and gravel fill 

- 08 14-16 - 
- 16 - - 
- 
- 18 - - - 
- 2 0  4 

/ 
Medium stiff, gray, clay 

2 

Dense'to very dense, tan to 
orange, fine to medium, gravel 
with some coarse sand, 
trace of clay, moist to 
wet. 

Ground Water encountered 
at approximately 15 feet.. 

OVA 
Readings 
(in Units) 
C Remarks 

180 Units 
strong odor 
black stain 

80 Units 
slight odor 
no visual 

200 Units 
no odor 

no visual 

110 Units 
slight odor 
no visual 

60 Units 
slight odor 
arav stain 

5 5 .  Units 
slight odor 
no visual 

20 Units 
slight odor 
no visual 

25 Units 
slight odor 
black stain 

ENSR 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING SB-27 Sh 1 of 
Date Started 3/08/90 Completed 3 [ 08/90 Ground Elev. 529.6 
Total Depth 14.0 Ft Location RNCC Logged by B. Bera 

ll 

100 Units 
slight odor 

400 Units 
slight odor 
stainina 

300 Units 
slight odor 
black stain 

Remarks II 

,_ 

I Sample 

150 Units 
slight odor 
arav stain 

900 Units 
strong odor 
black stain 

1000 Units 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20  

, _  

Lithologic Description 

Asphalt 
Gravel F i l l  

Medium stiff, green-brown to 
gray, silty, clay, moist 

Medium dense to dense, gray, 
fine to medium gravel with 
some coarse sand, trace of . 

clay, moist to wet 

Ground Water encountered 
at approximately 14 feet. 

OVA II 
Readings 
(in Units) 
& Remarks , 

1' 

29 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

'Project 4700-016 S i t e  PRRS BORING SB-28 Sh 1 of 1 
Date S t a r t e d  3/12/90 Completed 3/12/90 Ground Elev. 529.6 
T o t a l  Depth 14.5 Ft Location Logged by M.Cousino 
Remarks 

Sample 
Readings 

C Remarks 
L i t h o l o g i c  D e s c r i p t i o n  ( i n  U n i t s )  S p l i t  

Spoon 
# 

Blows 
Per 

6 'I 

Rec 
( F t )  

Depth 
Range 

Depth 
F e e t  

0-1.5 Concrete 

01 13,5, 1.5- 
3.0 

>lo00 U n i t s  
odor 
no v i s u a l  
700 U n i t s  
s l i g h t  odor 
no v i s u a l  
>lo00 u n i t s  

s t r o n g  odor 
b l a c k  s t a i n s  
>lo00 u n i t s  

s t r o n g  odor 
no v i s u a l  

>lo00 u n i t s  
s t r o n g  odor 
b l a c k  s t a i n  

-% 
02 5,2,5 3.0- 

4.5 

4.5- 
6.0 

6.0- 
8.0 

=F 04.. 7 

- 
05 

Medium dense t o  very dense, 
gray t o  b l a c k ,  g r a v e l s ,  and 
cobbles,  w i t h  some sand, 
t r a c e  of c l a y ,  moist t o  
wet 

8 
17 
14 
14 

16 
16 

8.0- 
10.0 

I > ~ O O O  u n i t s  10 . 0- 
11.5 I s t r o n g  odor 06 

b l a c k  s t a i n  I >lo00 u n i t s  11 5- 
13.0 07 I 17 s t r o n g  odor 

b l a c k  s t a i n  

s t r o n g  odor 
b l a c k  s t a i n  

>loo0 u n i t s  13 0- 
14.5 

o8 I 4!1 

30 



SOIL BORING LOG 
PADDY8 RUN ROAD SITB RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING SB-29 Sh 1 of 4 
Date Started 3/09/90 Completed 3/09/90 Ground Elev. 528.8 
Total Depth 16.0 Ft Location Logged by B. Bera - 

Remarks 

Sample S OVA 
Readings 
(in Units) 
& Remarks 

Split 
Spoon 

# 

Blows 
Per 
6 " 

Depth 
Feet 

Depth 
Range 

Rec . 
(Ft) 

Lithologic Description 

5 
3 
4 

Topsoil 
01 0-2 1 0 Units 

no odor 
cinders 5 

5 
- 

1.75 02 2-4 Medium stiff, brown, clay, wit: 
some silt 

, 0 Units 
no odor 
no visual 

4-6 1.75 0 3  0 Units 
slight odor 
no visual 6 

5 
- - 

04 7 
8 
6 
5 
10 
11 
10 
9 

12 
18 

- 

- 

6-8 2 o Units 
slight o d q  
no visua 

05 0 Units 
no odor 
no visual 

10-12 2 Medium dense to dense, 
light brown, medium to fine 
gravels and coarse sand, with 
some clay, moist to wet 

4 Units 
slight odor 
no visual 

06 

15 
10 
- 

07 18 
23 

12 
18 
21 
27 

21 

- 

12-14 2 0 Units 

sliuht stain 
no odor - 

2 08 14-16 100 Units 
moderate 
odor Black 

stain Ground Water encountered 
at approximateley 14 feet.. 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

)Project 4700-016 Site PRRS BORING SB-30 Sh 1 of 2 
Date Started 3/09/90 Completed 3 / 09/90 Ground Elev. 528.9 
Total Depth 2 2 . 0  Ft Location RNCC Logged by B. Miller 
Remarks SB-30 completed as monitorina well MW-15S 

Sample 

Depth Split Blows 
Feet Spoon Per 

# 6 'I 

7 2 
2 
4 

- 2  4 
2 
4 
3 - 4 -  4 
3 
6 
6 

- 6  5 
3 
5 
5 - 8 9 _. 
8 
10 
19 - 10 19 
12 
16 
14 - 12 15 
12 
14 
16 - 14 27 
12 
14 

- - 
- - - 
- - - 
- 
- 
- - - 
- - - 
- - - 
- - 

16 

18 

7 Range 

1 

0-2 2 

2-4 2 

4-6 2 

6-8 2 

8-10 2 

10-12 2 

12-14 2 

14-16 2 

16-18 0.5" 

~ 

Lithologic Description 

Soft, brown, silt with some 
clay, damp 

Soft to medium stiff, yellow- 
brown clay with some silt 
and sand, damp 

Medium dense, yellow-brown, 
fine sand, trace of clay, damp 

Dense to very dense, brown 
to black, gravel with some 
sand, damp to wet 

OVA 
Readings 
(in Units) 
t Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

3 Units 
slight odor 
no visual 

3 Units 
slight odor 
no visual 

1 Unit 
slight odor 
no visual 

5 Units 
slight odor 
no visual 

10 Units 
strong odor 
no visual 

ENSR 



ir SOIL BORIXG LOG 
PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

11 

Project 4700-016 Site PRRS BORIXG SB-30 Sh 2 of 4 
Date Started 3/09/90 Completed 3/09/90 Ground Elev. 528.9 
Total Depth 22.0 Ft Location m c c  Logged by B. Miller 

I Sample 

Blows 
Per 
6" 

30  
101 
97 
47 
18 
21 
1 4  
21 

- 

- 

Depth 
Range 

18-20 

_ _ _ ~  

20-22 

Rec . 
(Ft) 

2 

2 

Lithologic Description 

Dense, brown, medium sand, 
wet 

OVA 
Readings 
(in Units) 
& Remarks 

200 Units 
Strong odor 
no visual 

1000 PPM 
Strong odor 
no visual 

".- 
r 

33 
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007361 
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Depth 
Feet 

kroject 4700-016 Site PRRS BORING SB-31 Sh 1 of 1 
Date Started 3/13/90 Completed 3/13/ 90 Ground Elev. 528.9 
Total Depth 8.0  Ft Location A & W/Mobil Logged by M.Ferlin 
Remarks 

I I 

Sample 

Split Blows Depth Rec. Lithologic Description 
Spoon Per Range (Ft) 

# 6 '' 
6 

OVA 
Readings 
(in Units) 
C Remarks 

0.2 Units 
odor 
no visual 

0.1 Units 
odor 
no visual 

o Units 
no odor 
no visual 

ENSR .. : .:.9 . .  7-. ' . 
.. , 

. . .  
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SOIL BORIXG LOG 
PADDY8 RUN ROAD SITE RI/PS 0 CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORIXG SB-32 Sh 1 o f  
Date S t a r t e d  3/14/90 Comp 1 e t  ed 3/14/90 Ground Elev. 528.2 
T o t a l  Depth 15.0 F t  Location A & W/Mobil Logged by M.Cousino 
Remarks SB-32 comDleted a s  monitorina well MW-02s 

Depth 
Feet 

Depth Rec. 
Range ( F t )  

Oo2 I 

5.5- 
7 . 0  1.2 

11.5- 1.0 
13.0 

L i t h o l o g i c  D e s c r i p t i o n  

S o f t ,  brown, s i l t  and c l a y ,  
damp 

S o f t ,  brown t o  gray,  c l a y ,  
with some s i l t  t r a c e  
of sand, damp 

Loose, gray,  coarse sand w i t h  
some c l a y ,  and t r a c e  of 
g r a v e l s ,  wet 

Ground Water encountered 
a t  approximately 7 feet. 

OVA II 
ll Readings 

( i n  U n i t s )  

ll t Remarks 

0 U n i t s  
no odor 

0 U n i t s  
no odor 

0 U n i t s  
no odor 
no v i s u a l  
0 U n i t s  
no odors 
no v i s u a  Q 0 . 2  uni 
no odors 
no v i s u a l  
0 U n i t s  
no odors 
no v i s u a l  
0.2  U n i t s  
no odors 
no v i s u a l  
0 U n i t s  
no odors 
no v i s u a l  



~~ ~ ~~~ 

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

'Project 4700-016 Site PRRS BORING SB-33 Sh 1 of 1 
Date Started 3/19/90 Completed 3/19/90 Ground Elev. 531.0 
Total Depth 17.0 Ft Location Logged by M.Fer1i.n 
Remarks SB -33 ComDleted as monitorina well MW-01s 

Depth 
Feet 

Sample 

Split B l o w s  
Spoon Per 

# 6 'I 

6 
01 11 

13 
21 
22 

02 32 
21 

10 

20 
04 

06 + 8 

07 11 
9 
19 

oa 12 
13 
12 

09 12 

7 
a 

Depth Rec. 
Range (Ft) 

4-6 1.4 

I + 
13 . 5-1 
15-17 

1.5 

1.6 

- 

Lithologic Description 

~~ 

Top Soil 

Dense, tan, medium to 
coarse sand and fine 
gravels, moist to 10 feet 
Wet from 10 feet to 17 feet 

Sround Water encountered 
at approximately 10 feet. 

OVA 
Readings 
(in Units) 
C Remarks 

0.6 Units 
no odor 
no visual 

2.0 Units 
no odor 
no visual 

0.6 Units 
no odor 
no visual 

3.2 Units 
no odor 
no visual 

3.8 Units 
no odor 
no visual 

0.4 Units 
no odor 
no visual 

1.2 Units 
no odor 
no visual 

0.9 Units 
no odor 
no visual 

0.4 Units 
no odor 
no visual 

ENSR 
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SOIL BORING LOO 
PADDY8 RUN ROAD SITE RI/FS - CROSBP TOWHSHIP, OHIO 

Project 4700-016 Site PRRs BORING SB-34 Sh 1 of 4 
Date Started 3/19/90 Completed 3/19/90 Ground Elev. 528.0 
Total Depth 15.5 Ft Location A L W/Mobi& Logged by M.Ferliin 
Remarks SB-34 comDleted as monitorinff well MW-03s 

Blows 
Per 
6 I' 

Depth 
Feet 

Depth Rec. 
Range (Ft) 

Sample 

NR 

Split 
Spoon 

# 

7 .5 -  
9.0 1.2 

9.0- 

01 

100/311 9.3 

40 12- 
110/4 14 

? 

1 3  14 - 
44 15.5 

9813 

02 

0 . 2  

1.8 

1.5 

03 

04 

05 

07 

os 

77 

Lithologic Description 

Concrete 

~ ~~ 

Soft, brown to orange clay, 
trace of silt 

Very dense brown medium 
to coarse sand and 
gravels with trace of clay 

Ground Water encountered 
at approximately 11 feet. 

OVA 
Readings 
(in Units) 
C Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 

no odor 
no visual 

0 Units 
no odors 
no visual 

0.2 Units 
no odors 
no visual 

37 



LOCATION M A P  

;&:$OG. 4 1/40 Hollow Stem Auger 

1 

2 

3 

4 

5 

6 

7 

e 

9 

10 

ROJE 

PG:!Gc 3 IN. split Spoon 

Dry 

Moist 

kloist 

Moist 

Moist 

Wet 

Wet 

Sat  

AT WATER COMPLETION LEVEL H.M.P. 

& a 
3 
iii 

Compact 

Medium 
Dense 
to Loose 

soft 
to 

Very Soft 

Very Soft 

Very Soft 

soft 

Stjff 

Dense 

3913B35.DRW 

TOTAL 
DEPTH 16 m. 

ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 1 

I LOCATION b Paddy's Run Road Site BORE 
NUMBER SB-35 

ELEVATION 529.74 R: I GROUT, Bentonite 

GRAPHIC 
LOG 1 

. . . . .. . .. . .. . . . . ._ . .. Gsay-brom SAND and GRAVEL 

Sampled soil to 16.0 FT. 
Sampled groundwater at 16 FT. with Hydropunch II. 
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LOCATION MAP 

BORE 
NUMBER, sB36 

DATE b 10/08/91 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

"5 

LOCATION b Paddy's Run Road Site 

WEATHER b Cold, Clear, 4O'sF 

Hoist 

B.G.S. WATER INITIAL LML 15.35 IT. 0 B.M.P. 

WATER LEVEL 
AT COMPLETION H.Y-P. 

Hoist 

HOLE 8-25 IN. DIA. 
TOTAL 17.75 
DEPTH m. 

Uoist 

Uoist 

Uoist 

Moist 

Wet 
to 

Sat 

Very 
Compact 

Stiff 

LooSe 
to 

Medium 
Dense 

Medium 
Dense 

SOftto 
Firm to 

Stiff 

Compact 

Compact 

Loose 
to 

Compact 

- 
h 

f a 
a 
I 

Y 

0.0 

0.5 

0.5 

0.0 

0.0 

1 0-x 

0.0 

0.0 

I ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of 2 I 

l.bvGGED D. Jakim I Mathes &Associates 

GRAPHIC I LOG 1 

Sampled soil to 16.0 FT. Augered to 17.75 FT. 
Sampled groundwater at 17.75 FT. with Hydropunch II. 

19 

20 

39 



LOCATION MAP 
ERM-MIDWEST SOIL BORING LOG 

- 
0 

Y 
z 

2 - 
1 

2 

3 

4 

5 .  

6 

7 

8 

9 

IO 

3JEc 

P a g e 1  of - 1 

- 
W 
E !  
a i  k !  
B i  = z <  
- 

MOL 

Moi 

Moi: 

Moi: 

Wok 

Wei 

Wei 

Wet 

Sat 

- 
3B-1 

DATE b ioiioigi 

b D. Jakim BY 

6 
B + 
v) 
E 

B 

Medium 
Dense 

Very Son 

Firm 

son 
to 

Stiff 

LOOSe 

Very Soil 
to 

Stiff 

Loose 

Dense 

Compaa 
to 

very 
Cornpad 

1913837.DFiw 

WEATHER . Cloudy, 5oF 

BY . Mathes & Associates 

- 
E 
I 
v) 

B - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

iRgtf. 4 1/4' Hollow Stem Auger 

ELEVATION b 528.75 FT. 

;Et:G. 3 IN. split Spoon 

GROUT, Bentonite 

I 

LOCATION b Paddy's Run Road Site BORE 
NUMBER s537 

B.G.S. WATER INMAL LEVEL 14.7 FT. 0 B.M.P. 

H.M.P. 
WATER LEML 
AT COMPLETION 

HOLE 8.25 IN. DIA. 

DEPM 21m- 
TOTAL 

L 

& 2 %  

3 :  E8 E 2: x u  E! LITHOLOGY / REMARKS 
a a  

GRAPHIC I LOG 1 

40 



LOCATION MAP 

- 
0 z 
W 2 

5 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

RQlE 

Dry 

Uoist 

Hoist 

Moist 

Moist 

Moist 

Moist 

Wet 

soft 

Soft 

Dense 

Dense 

Medium 
Dens0 
to 

Dense 

Loose 
to 

Dense 

Compact 

Compact 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
L a 
a 
I 

Y 

- 

0.0 

0.0 

5.0 

60 

110 

250 

180 

220 

ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - ' I  
LOCATION b Paddy's Run Road Site BORE 

DATE ' io/io/gi WEATHER Rainy, SOF 

NUMBER' SB38 

~R~"Jo"o"b 4 1/4' Hollow Stem Auger I yG#Gb 3 IN. split Spoon I 
ELEVATlON b 530.10 Fr. I GROUT, Bentonite I 

41  



LOCATION MAP 

BORE 

DATE b 10107i91 

NUMBER S- 

- 
0 2 

k! n 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 
ROJE 

LOCATION b Paddy's Run Road Site 

WEAMER b Clear, 55F 

Moisl 

Wet 

Moisl 

Moisl 

Moisl 

Moisl 

Moisl 

Wet 

> 
0 

#- 

E? 
v) z 
0 0 

t 

Dense 
to 

Compact 

Compact 

Stiff 

Medium 
Dense 

Loose 

Medium 
Dense 
to 

Compact 

Dense 
to 

Compact 

Dense 
to 

Compact 

Dense 

391383amw 

- 
E 
I 
v) B - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - l I  

ELEVATION b 529.49 FT. I GROUT, Bentonite I 

WATER LEVEL H-Y-P. 18 FT. 
AT COMPLETION DEPTH 

h 

k n 
a 
v 

I - 

100 

120 

2 

4 

0 

0.0 

10 

4 

0.0 

I .. 42 



LOCATION MAP 

BORE 

DATE . 10/08/91 

NUMBER' S- 

- 
0 

Y 
z 

1 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

LOCATION b Paddy's Run Road Site 

WEATHER . Sunny, Cool, 6OF 

Dry 

4 114' Hollow Stem Auger 

ELEVATION . 529.11 R. 

Wet 

;$oUDNG. 3 IN. split spoon 

GROUT, Bentonite 

Sat 

WATER LEVEL 15.1 R. B.G.S. 
INITIAL 0 B.H.P. 

WATER LEVEL 
AT COMPLETION "-'.'. 

Vlok 

HOLE 8-25 IN. DIA. 
TOTAL 22.8 
DEPTH R. 

Wet 

Wet 

Wet 

Wet 

Sat 

Compact 

Compact 
to 

Dense 

Soft 
to 

Compact 

Stiff 
to 

Firm 

soft 

Very 
Soft 

Compact 
to 

Very 
Compact 

Compact 
to 

Compact 
very 

E z 
v) B - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

h 

L a 
v 

a 
I - 

20 

50 

190 

400 

50 

500 

1200 

900 

200 

- 

ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 1 I 

GRAPHIC 1 LOG 1 
I I i I 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Sampled groundwater at 22.8 FT. with Hydropunch II 

m 
43 



LOCATION MAP 

BORE 

1 

2 

3 

4 

5 

6 

7 .  

8 

9 

10 

RQlE 

LOCATION . Paddy's Run Road Site 

Dry 

Moid 

Moid 

Moisl 

Moist 

Moist 

Moist 

Sat. 

ER&!t$. 4 114' Hollow Stem Auger 

ELEVATION . 528.69 IT. 

soft 

p$!#G. 3 IN. split Spoon 

GROUT, Bentonite 

Very Soft 

B.G.S. WATER INITIAL 16.0 IT. 0 B.M.P. 

H.M.P. WATER LEVEL 
AT COMPLETION 

soft 

HOLE 
DIA. 

23 FT. 

Compact 

I 

Compact 

GRAPHIC 
LOG 

& s g  
# z 2  
3 :  i5g 

LITHOLOGY / REMARKS I O  t i v ,  

Compact 

3913842oRw 

E r 
v) x 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

E a a 
a 
I 

v 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 .o 

7 2 ~  n 
I 

ERM-MIDWEST SOIL BORING LOG1 P a g e 2  of - l l  



LOCATION MAP ' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lQlECT 

D i  

Dry 

Moist 

Moist 

Moist 

Moist 

Moist 

Moist 

Wet 

Wet 
to 

Sat 

> 0 
z w 5 
z 
0 0 

Compact 

very 
Compact 

Compact 
to 

Dense 

Stiff 

Firm to 
Stiffto 
Soft 

Loose 
to 

Dense 

Dense 

Compact to 

Compact 
very 

Dense 

Compact 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

f a 
a 
x 

v 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

OD 

0 a 

- 

ERM-MIDWEST SOIL BORING LOG/ P a g e 1  of - 1 

LOCATION b Paddy's Run Road Site BORE 
NUMBER 

DATE b ioloslsi WEATHER b Clear, Sunny SOF 

'- 

I GROUT, Bentonite ELEVATION 532.15 IT. 

WATER LEVEL 
AT COMPLETION H-M.P. lTOTAL DEPTH *'S5 m. 

& 5 8  
E 2 g  3 3  
g LITHOLOGY / REMARKS 1 0  t G  

b L  

GRAPHIC I LOG 

45 



Compact 
to 

SER 

BORE 

DATE b 10/09/91 

NUMBER S- 

soft 

LOCATION b Paddy's Run Road Site 

WEATHER b Sunny, Breezy, 70F 

Finn 
to 

Hard 

Compactto 

Comoact 
Very 

very 
Compact 

Compact 

very 
Compact 

very 
Compact 

very 
Compact 

1913W.DRW 

I 
ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 1 

I 

I BY b Mathes & Associates LOGGED b D. Jakim BY 

ELEVATION b 529.59 FT. I GROUT, Bentonite 

& z g  GRAPHIC 
LOG LITHOLOGY / REMARKS 

iz $ 8  !2 i5E $9 

t Sampled soil to 18.0 FT. Augered to 20.0 FT. 
Sampled groundwater at 20.0 FT. with Hydropunch It 

20 



. ., .. . - . . 

LOCAllON MAP'-- 

4 114' Hollow Stem Auger 

ELEVATION . 529.96 FT. 

- 
0 

Y 
z 

3 

EKt:Gb 3 IN. split Spoon 

GROUT, Bentonite 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

m 

H.M.P. 
WATER LEVEL 
AT COMPLEllON 

Dly 

D v  

Moisi 

MOW 

Moisl 

Moisi 

Moisl 

Moisi 

Sat. 

Sat 

- 
-1 2 

TOTAL 
DEPTH 2o FT- 

z5 
E 

. 8  

c 
u) z 
v, 

& 
Y Y  
4 8  
i5E 

Medium 
Dense 

L 

S 8  GRAPHIC 

t iLC 
ZIS 

LOG LITHOLOGY / REMARKS Q 
a n  

Soft 

Dense 

Medium 
Dense 

Dense 

Medium 
Dense 

Compact 

Compact 

Very 
Compact 

9 1 3 M D R W  

t 

- 
E 
7 
VI 
0 
0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

E n a 
Y 

3 

I 

0.0 

0.0 

0.0 

0.0 

2.0 

5.0 

0.0 

105 

40 

40 

ERM-MIDWEST SOIL BORING LOG1 Page- ' o f - I  1 

I 
LOCATION b Paddy's Run Road Site BORE 

DATE . 1oioaIgi WEATHER b Clear, 37F 

NUMBER . SB* 

medium sand. 

Black staining on 60% of sample. 

Black staining 100% 

I I 
I I I Sampled groundwater at 20.0 FT. with Hydropunch I1 I I 



a 

a 

E 
Y a 

LOCATION MAP 

GRAPHIC 
LOG 

& B g  

LITHOLOGY / REMARKS 2 g  z g  
1 0  tl9 
$ E  a a  

n a  

0 

Y 
z 

3 - 
1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

m 

Dry 

doisi 

JlOiSi 

doisl 

Wet 

JlOiSl 

Aoist 

Wet 

S a t  

- 
39-1 3 

> 0 

a 

8 
z 

Dense 

Dense 

Loose 

Medium 
Dense 

Loose 
to 

Compact 

Compact 

Compact 

very 
Compact 

913W.DRW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

h 

f n 
v 

3 

I - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I 

LOCATION b Paddy's Run Road She BORE 
NUMBER SB46 

[Wi& , Clear, 65F 

ELEVATION b 529.45 FT. I GROUT, Bentonite I 

Brown to dark gray SILTY SAND with trace fine to COarSe gravel. 

Black stained 50% 

Black stained 100% 

Sampled soil to 20.0 FT. 
Sampled groundwater at 20.0 FT. with Hydropunch II 

$0803,9 . I.:?. I,'*,, 
~ '&. 1; .<a I. i . 

4 8. 



LOCATlON MAP 

WATER LEVEL 16.5 B.G.S. I N ITlAL 0 B.M.P. 

WATER LEVEL H.M.P. 
AT COMPLETION 

4 7  I - 
0 

Y 
z 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ROJE 

HOLE 8-25 IN. DIA. 
TOTAL 
DEPTH 22 - 

Dry 

E 
2 

Dry 

& 5 8  GRAPHIC 
LOG LITHOLOGY / REMARKS 5 %  53 n o  

P O  tie 
3 :  5 8  

a a  

lrlois 

lrlois 

Moisl 

Mok 

Mok 

Wet 

G 
z w I- 

In z 
2 

8 

Loose 

Medium 
Dense 

Dense 

Compact 

Compact 

Compact 

very 
Compact 

.- 

E z 
In x 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1913847.DRW 

h 

f n 

a 
Y 

I 

0.0 

0.0 

0.0 

0.0 

1 .o 

5.0 

200 

250 

500 

- 
LQ 

ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - 4 
BORE 

DATE . ioIo9lgi WEATHER . Clear, 65F 

LOCATION b Paddy's Run Road Site NUMBER Si347 

ELEVATION b 529.20 FT. I GROUT, Bentonite 



LOCATION MAP ERM-MIDWEST SOIL BORING LOG P a g e 1  of 1 
BORE 
NUMBER . S B a  

DATE . 1 on 1/91 WEATHER . Cloudy, 5OF 

LOGGED . D. Jakim 
BY 

LOCATION b Paddy's Run Road Site 

BY . Mathes & Associates 

- 
0 

5 n 

2 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

G 

/ 

doist 

w B.G.S. 
WATER IN lTlAL 15.5 FT. 0 B.M.P. 

WATER LEVEL 
AT COMPLETION H-M-P. 

doist 

HOLE iN. 
TOTAL 19.5 
DEPTH m. 

DIA. 

doist 

loist 

loist 
to 
Net 

Wet 

Wet 

Sat 

& z 
W t- 

In z 
v, 

8 

Stiff 
to 

Hard 

Stiff 
to 

Hard 

Stiff 
to 

Hard 

Stiff 
to 

Hard 

Soft 

Soft 

very 
SOft 

Compactto 
very 

Compact 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

k a 
a 
I 

Y 

- 

0.0 

2 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ELEVATION . 528.57 FT. I GROUT. Bentonite I 

L 

& GRAPHIC 
LOG 

X x x u  $ 3  t v ,  LITHOLOGY / REMARKS 
i%E g g  

Sampled soil lo 16.0 FT. Augered lo 19.5 FT. 
Sampled groundwater at 195 FT. wilh Hydropunch II. 
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-0CATION MAP 

WATER LEVEL FT. B.G.S. 
IN ITWL 0 B.M.P. 

WATER LEVEL 
AT COMPLETION H*'-P. - 

0 z 
W 2 

3 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

HOLE 8-25 IN. DIA. 
TOTAL 20.0 
DEPTH n. 

Dry 

doisl 

doisi 

doid 

Moist 

MOiSl 

Wet 

.$ 
g 

- 
5341: 

z & z g  

$ 3  i5E 
LITHOLOGY / REMARKS :g p 

I O  v, 

a a  

Stiff 

Firm 
to 

Stiff 

Loose 

Loose 

Loose 

Loose to 
Medium 
Dense 

Loose to 
Medium 
Deme 

B13B49.DRW 

a 
tl z 
w 

m 
g - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

E, 
n 

a 
I 

Y 

- 

5 .O 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

ERM-MIDWEST SOIL BORING LOG/ P a g e 1  of - 1 

LOCATION b Paddy's Run Road Site BORE 
NUMBER . SB49 

DATE b io i i i lg i  WEATHER . Overcast, 6oF 

I ELEVATION . 527.89 FT. I GROUT, Bentonite I 

GRAPHIC 1 LOG 1 
I I , I I 

Brown SILTY CLAY, motlled, rootlets. 

Brown SILTY SAND fine grain, motfled. Brown SILTY fine to 
medium SAND. 

Trace gravel and coarse sand. 

Sampled soil to 16.0 Ff. Augered to 20.0 Ff. 
Sampled groundwater a! 20.0 Ff. with Hydropunch II. 

19 

20 



~~ 

-0CATION MAP 

B.G.S. WATER INITIAL LEVEL 15.0 FT. 0 B.M.P. 

WATER LEVEL 
AT COMPLETION H-Y*P. . _  - 

0 z 
Y n 

3 - 

1 

2 

3 

4 '  

5 

6 

7 

8 

9 

10 

HOLE IN. 

TOTAL 20.5 
DEPTH FT. 

DIA. 

Aois 

* 
t 
lg 

Aois 

z 
& 2 8  GRAPHIC 

LOG LITHOLOGY / REMARKS Y 9  5. n o  x u  tu, 
b U  Z B  

n a  

Aois 

blOiS 

Wet 

F i n  

soft 
to 

F i n  

Loose 
to 

soft 

Loose to 
Medium 
Dense 

Dense to 
Medium 
Dense 

Loose 
to 

Dense 

913BSO.DRW . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

E, a 
Y 

3 C 
II: 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 
LOCATION b Paddy's Run Road Site BORE 

NUMBER . 

ELEVATION b 527.80 FT. I GROUT. Bentonite 

0 

1 

2 

3 -- 2.0' 

4 

- Not sampled. 
-- -- - - 

6 
15 
15 
5 

Dark brown to grayish green SILlY CLAY motlled. 2 

- 
- Sampled soil to 16.0 FT. Augered to 20.5 FT. 

Sampled groundwater at 20.5 FT. with Hydropunch 11. 17 -- 
18 

19 

20 

-- 
- 

-- 
- 

-- -- - 
7 

-- 

) i  , - .  * .. + 
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LOCATION MAP .. 

B.G.S. 
0 B.M.P. WATER INITIAL LEVEL 13.85 FT. 

WATER LEVEL 
AT COMPLETION H-M-P- 

0 

I? 
z 

3 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 
RCUE 

HOLE 8.25 IN. DIA. 
TOTAL 20.0 
DEPTH FT. 

loisl 

loid 

doisi 

doisi 

Wet 

Wet 

Wet 

Sat 

Dense 
to 

Compact 

Medium 
Dense 

Soft 
to 

Stiff 

soft 

Loose 

Medium 
Dense 
to 

h p c t  

Vety 
Compact 

313851 .DRW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

5 
n 

a 
v 

I - 

0.0 

0 .o 

3.0 

8.0 

8.0 

0.0 

13.0 

8.0 

ERM-MIDWEST SOIL BORING LOG/ P a g e 1  of - ' I  
LOCATION Paddy's Run Road Site BORE 

DATE . iolioigi WEATHER . Cloudy, Post Rain Cool, 60F 

NUMBER. SBdl  

4 114' Hollow Stem Auger I z$!i!$:Gb 3 IN. split Spoon 

ELEVATION . 527.70 FT. I GROUT, Bentonite I 

z 
& g g  GRAPHIC 

LOG LITHOLOGY / REMARKS 
E 2 g  5 3  

1 0  
3 :  

Gray-brown CLAYEY SAND. 

Sampled groundwater at 20.0 FF. wilh Hydropunch II. 

20 l9 M t I 
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LOCATION MAP 

B.G.S. WATER INITIAL 15.0 n. 0 B.M.P. 

WATER LEVEL 
AT COMPLETION - 

0 z 
W 2 

b - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

HOLE IN. DIA. 
TOTAL 20.0 
DEPTH FT- 

doist 

doist 

dOiSt 

doist 

Moist 

Moist 

Wet 

& 

3 %  
z v  

- 
539-1 5 

g z  GRAPHIC 
LOG LITHOLOGY / REMARKS s s  

t G  

b 0 .  
z W 

In z 
E 
8 

Very Soft 
to 

soft 

soft 
to 

Firm 

Soft 

Loose to 
Medurn 
Dense 

Dense 
to 

cow 

Dense 

compact 
to 

Dense 

91 3BSZDRW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

5 n 
Y 

a 
I 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

I ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - 1 

I LOCATION b Paddy's Run Road Site I BORE 
NUMBER, *Be* 

I ELEVATION b 527.73 FT. I GROUT, Bentonite 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

Brown to dark brown SILTY CLAY mUJed. 

Brown SILTY CLAY h c e  fine sand. 

Same as above with W e  clay. 
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LOCATION MAP 

BORE 
NUMBER ' sB53 
DATE b 10114191 

I ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 1 1  

LOCATION b Paddy's Run Road Site 

WEATHER b Sunny, Cool, 5oF 

0 

3 
2 

n. 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

_ -  m 

E 

Hoisl 

floisi 

doisi 

Wet 

Dry 

Hoisi 

Sat 

z 
& g z  

3 9  $2 
4 8  t k  
8 :  

LITHOLOGY / REMARKS 

> 0 
t 
E 
8 
v) z 

soft 
to 

Firm 

soft 
to 

Stiff 

soft 

Medium 
Dense 

to Dense 

Medium 
Dense 
to Lmse 

- .  

31 3BU.ORW 

ai 
E 
3 
n 8 - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c 

CI 

fi a 
a 
v 

I - 

0 .o 

0.0 

0.0 

0.0 

4.0 

4.0 

5.0 

l.gGGED b D. Jakim -FILLED Mathes & Associates 

I ELEVAllON b 528.0 FT. I GROUT, Bentonite I 

I I TOTAL 20.0 
H.M*P. DEPTH m. 

GRAPHIC 
LOG 

Gradab'on to clayey fine sand. 
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-0CATION MAP ERM-MIDWEST SOIL BORING LOG 

- 
0 

Y 
z 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ROJE 

P a g e 1  of - 1 

Aoist 

Aoisl 

hoisi 

Moist 

uoisi 

Sat 

1341: 

very 
Compact 

Firm 

Loose 

Loose to 
Medium 
Dense 

Compact 

Compactto 
very 

compact 

1913653.DRW 

a 

I 
EJ 
v) 

8 - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
!i a 
Y 

a 
I 
- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

BORE 
NUMBER, 

DATE , io/2il91 WEATHER b Sunny, 4OF 

LOCATION b Paddy's Run Road Site 

LOGGED BY b D. Jakim I :!ILLED Mathes & Associates 

I 

0 B.M.P. HOLE 8-25 IN. B.G.S. 
DIA. WATER LEVEL 14.0 FT. IN ITlAL 

WATER W E L  
AT COMPLETION 

TOTAL 21.0 
DEPTH FT. H.M.P. 

> s g  GRAPHIC 
LOG 

= F  

LITHOLOGY / REMARKS E 2: $ 2  
0 z g  B 

a a  
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LOCATION MAP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ROJEl 

Dry 

Aoisl 

doist 

bloist 

Sat 

- 
39-1 3 

Very 
Compact 

Loose 

Loose 

Compact 
to 

Loose 

Medium 
Dense 
to 

Compact 

Dense 
to 

Compact 

Cornpactto 
very 

-pas 

Cornpact 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - 1 

LOCATION b Paddy's Run Road Site ' BORE 

DATE . 10114lgi WEAMER . Cloudy, SOF 

NUMBER . SB- 

I GROUT, Bentonite ELEVATION . 528.68 FT. 

TOTAL 21.7 
DEPTH FT. H.M.P. 

WATER LEVEL 
AT COMPLETION 

GRAPHIC 1 LOG 

- Sampled soil to 16.0 IT. Auger4 to 21.7 IT. ' 17 -- - Sampled groundwater at 21.7 FT. wilh Hydropunch 11. -- 
- 

18 

19 

20 
1 

-- 
- 
- -- -- 
- 

-- 
- 
- - 
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a 

a 

0 

iRgt:, 4 114' Hollow Stem Auger 

E W A T I O N  b 528.36 FT. 

~~ ~ 

LOCATION MAP 

pK:!Gb 3 IN. spiff Spoon 

GROUT, Bentonite 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

RaBc 

B.G.S. 
0 B.M.P. WATER LEVEL 15.0 FT. INITIAL 

W A G  L M L  
AT COMPLETlON H.M.P. 

Moist 

Moist 

Moist 

uoist 

Moist 

Moist 

Moisi 

Wet 

HOLE IN 

TOTAL 20.0 
DIA. 

DEPTH FT. 

soft 

Loose 

Looseto 
Medium 
Dense 

Medium 
Dense 

Dense 

Dense 

Dense 

& 
5 
E r n  

8 
Lowe to 

Dense to 
Very Soft 

Medium 

E ;  
2 -  
v J 2  B =  

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 4.0 

0.0 0.0 

BORE 
N ~ M B ~  fi SB-56 I LOCATION, Paddy's Run Road Site 

E 
8 

& g g  GRAPHIC 
LOG LITHOLOGY / REMARKS :g s s  

3:  8; 
x v  t v ,  

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Brown GRAVEL with coarse to fine sand. 

15% reddish stain on gravel. 

- Sampled soil to 16.0 FT. Augered to 20.0 FT. 
-- - Sampled groundwater at 20.0 FT. with Hydropunch II  -- 
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LOCATION MAP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Uoist 

Moist 

Moist 

doist 

Uoist 

Moist 

Wet 

sat 

>. 0 

E 
v) 
E z 
0 .  u 

very 
Compact 

sort 

soft 
to 

Loose 

Dense 
to 

Compact 

Compact 

very 
Compact 

Dense 
to 

Compact 

)13857.CfiW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

k a 
v 
3 

I - 

2.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 1 
I 

LOCATION b Paddy's Run Road Site BORE 
NUMBERg sB-57 

1 

ELEVATION b 528.20 FT. I GROUT, Bentonite 

WATER LEVEL TOTAL 21.0 
AT COMPLETION DEPTH H-U-P* 

. _  . 

Slag and coarse sand FILL (strong sulfur odor). 

Olive brown SANDY CLAY grading to clayey sand 
grading to olive brown clayey sand grading to coarse sand 

:o.-0:o:o.-0:o:o: 
Brown SAND and GRAVEL ..................... 

:0.-0:0:0:0:0:0~ ................... 

Reddish brown staining. 
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, -  007361 
I 

BORE 

DATE 10/17/91 

NUMBER SB- 

0 

5 
z 

3 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ROJE( 

LOCATION b Paddy's Run Road Site 

WEATHER Clear, 30F 

noist 

iRg$:b 4 114' Hollow Stem Auger 

ELEVATION 529.03 FT. 

noist 

;K$Gb 3 IN. split Spoon 

GROUT, Bentonite 

Aoist 

Aoist 

Wet 

Wet 

sat 

Medium 
DenSe 
to Dense 

Medium 
Dense 

to Loose 

soft 
to 

Loose 

Loose 

Loose 

Loose 

Very. 
Compact 

very 
Compact 

i13ByI.DRW 

E z 
v) B - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

k 
n 
Y 

3 

I - 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

50 a 

0.0 

1 I ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of - 

I.byGGED D. Jakim I i!'llED . Mathes i? Associates 

I 

0 B.H.P. HOLE 8.25 IN. B.G.S. 
DIA. WATER 14.4 FT. INITIAL 

WATER LEVEL 
AT COMPLETION lTOTAL DEPTH 18-4 Fr'. 

GRAPHIC 1 LOG 

some clay, trace pebbles. 

r o m  CLAYEY SAND with sand lenses. 

Gray CLAY and SAND. 

Gray CLAYEY SAND trace pebbles. 

Grayish brown CLAYEY SAND with lenses of gray sand. 

Gray coarse SAND and GRAVEL 

. . !  

. >  
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LOCATION MAP ERM-MIDWEST SOIL BORING LOG 

- 
0 

Y 
z 

t - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

P a g e 1  of - 1 

very 
soft 

very 
Soft 

Loose 
to 

very son 

Firm to 
Stiffto 

Dense to 
Compact 

Dense 
to 

compact 

Dense 

- 
E z 
n - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- - 
!i a 

a 
I 

v 

- 

0.0 

0 .o 

O D  

0.0 

0.0 

0.0 

0.0 

0.0 

E B 
- 
0 -  

1 -  

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

8 -  

9 -  

10 - 
11 - 

12- 

13- 

14 - 

15 - 

16 - 
17 - 

18 - 

19 - 

20 - 

1 DATE b i o/i 5/91 I WEAMER b Overcast, 5oF 

TOTAL 20.0 
DWW FT. H.M.P. WATER L k E L  

AT COMPLETION . -  . 
L 

- 
& 2 8  GRAPHIC 

LOG 2 g  1 0  z s  L E  
Z Y  

LITHOLOGY / REMARKS 
a a  

Brown mottled SILTY CLAY 

. .. . .. . .. . . . . . . . . . . .. 
:o:o-o:o:o:o:o: 

FT. with Hydropunch II 

6 1  



LOCATION MAP 

~ ~ ! $ , ~  4 1/40 ~ o l l o w  Stem Auger 

- 
0 

3 
z 

2 - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

$!$$% 2 IN. Split Spoon 

Uoist 

17 

18 

19 

20 

21 

Uoisi 

- Sampled soilto 16.0 IT. Augered to 20.0 IT. 
Groundwater sampled at 20.0 FT. with Hydropunch I I  -- - -- 

- 
-- 

- 
-- - -- 
- 

-- 
- - - - ^ _ _ _  

doisi 

Uoisi 

Moist 

Moist 

Wet 

som 
to 

Loose 

Soft 
to 

Loose 

Sofl 

Loose 

Soft 

Loose 
to 

Dense 

Compact 

Dense 

386Q.DRW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .o 

0 .o 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

ERM-MIDWEST SOIL BORING LOG/ P a g e 1  of - ' I  
I 

LOCATION b Paddy's Run Road Site BORE 
NUMBER' s&.60 
1- I 

ELEVATION 527.88 IT. I GROUT, Bentonite I 
I 

0 E.M.P. HOLE 825 IN. B.G.S. 
DIA. 15.0 FT. IN ITlAL 

WATER LEVEL TOTAL 20.0 
AT COMPLETION DEPTH FT. H-M-P- 

. _  . 



LOCATION MAP 

- 
0 

!Y n 

2 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Moisl 

Moisi 

bloisi 

uloisi 

Moisi 

Moist 

Wet 

Sat. 

very 
Compad 

stirf to 
very stiff 

soft to 
stiff 

stiff 

Firm 

Dense to 

Compact 
Very 

very 
compact 

13B61.W 

E 
H 
ln x - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 
h 

k n 

a 
v 

I - 

0.0 

0 .o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - ' I  
LOCATION b Paddy's Run Road Site BORE 

NUMBER. sB-61 

DATE b 10/16/91 WENHER b Foggy, 40F 

ELEVATION 528.19 FT. I GROUT, Bentonite I 

WATER LEVEL TOTAL 17.9 
AT COMPLETION DEPTH m. H-M*P. 

I -  I 
L 

& n g  GRAPHIC 
LOG 2 2  % O  z s  t lv ,  LITHOLOGY / REMARKS 

n i2E $ g  

Sampled soil to 16.0 IT. Augered lo 17.9 FT. 
Sampled groundwater at 179 FT. with Hydropunch II. 

18 

20 l 9  #4 
63 



-0CATiON MAP 

Dry 

doisi 

vloisi 

Wet 

wet 

Sat. 

Very 
Compact 

Very 
Compact 

very 
Compact 

Very 
Compact 

Very 
Compact 

vev 
compact 

vev 
Compact 

13W.DRW 

- 
a 

5 
0 n 

E 
m 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- - 
E 

a 
I 

4 
v 

- 

2.0 

0 .o 

65.0 

20 

150S 

100.1 

170 

1 I ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - 
I 

LOCATION Paddy's Run Road Site BORE 

DATE W '  1 O/I 5/91 WWMER Overcast, 40F 

NUMBER ' * 8-62 

D. Jakirn i!IuED , Mathes &Associates RY 

I GROUT, Bentonite I ELEVATION b 528.05 IT. 

TOTAL 22.5 
DEPTH m. H.M-P. WATER LEVEL 

AT COMPLETION . _  . 
& E8 

0 g g  LITHOLOGY / REMARKS 
= !i z g  z s  

GRAPHIC 1 LOG 

. .. . .. . .. . .. . .. . .. . .. 
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LOCATION MAP 

BORE 

DATE . . 10/17/91 

NUMBER’ SB-63 

- 
0 

Y 
z 

3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

LOCATION b Paddy’s Run Road Site 

WEAMER ’ Sunny, 60F 

Dry 

iR$/f’ 4 1/4’ Hollow Stem Auger 

ELEVATION 528.60 FT. 

noist 

i$pt:Gb 3 IN. Split Spoon 

GROUT, Bentonite 

Aoist 

B.G.S. 
0 B.M.P. 

WATER 
I N M  
WATER LEVEL 
AT COMPLETION 

13.6 FT. 

H.Y.P. 

Moist 

HOLE 8-25 IN. DIA. 
TOTAL 21.4 
D E P M  FT. 

Sat. 

3413\1 

Dense to 
very 

Compact 

Firm to 
Very Hard 

very 
Compact 

Very 
Compact 

Very 
Compact 

Very 
Compact 

z 
0 n 
cn 

- 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

E, 
0 
Y 

a 
I - 

0.0 

0 .o 

0.0 

0.0 

0.0 

ERM-MIDWEST SOIL BORING LOG1 P a g e 1  of 1 I 
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b:GGED b D.Jakim I DR'LLED BY Mathes 81 Associates I 
ELEVATION b 527.88 FT. 1 GROUT, Bentonite I 

Crushed l i n e  FlL some brown CLAYEYSAND. 

Reddish brown CLAYEY SAND with day layers. 

Gray to yellow brown CLAYEY SAND, trace gravel. 

Yellow brown GRAVEL and coarse SAND. 

Sampled soil to 14.0 IT. Augered to 20.0 IT. 
Sampled groundwater at 20.0 FT. with Hydropunch II. 
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Sampled soil to 14.0 IT. Augered to 18.4 Ff. 
Sampled groundwater at 18.4 FT. with Hydropunch It. 
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-- 1.0' - 

27 

Ref. 

-- 0.2' - 
- 

Ref. 

16 

17 
t I  

WATER LEVEL. I INrrlAL 

WATER LEVEL I AT COMPLETION 
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"A-'. DEPTH FT. 
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Sampkd soil to 15.0 FT. Augered to 20.0 FT. 
Sampled groundwater at 20.0 n. with Hydropunch II. 
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Sampled groundwater at 17.0 FT. with Hydropunch II. i I 
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NUMBER' sB-74 

DATE b 10118/9i WEATHER b Clear, 5OF 
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Sampled soil to 16.0 FT. Augered to 20.0 FT. 
Sampled groundwater at 20.0 FT. with Hydropunch II. 
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Sampled groundwater at 22.0 FT. with Hydropunch 11. 
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" - Augered-sample collected and described during surface 
soil investigation. 1 -- - -- 
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Dark brown to brow SlLlY CLAY, mottled. 

6 
5 5 -- 1.7 

SAND with pebbles. 

Same as above, gray, trace pebbles. 

..................... ..................... :0:0:0:0~0:0:0: Gray coarse to fine GRAVEL with medium to coarse SAND. 
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Sat 

$!i!$!oUDNG~ 2 IN. Split Spoon 

>- 0 

l- ln 
ln z 

E 

8 
- 

Denseto. 
Medim 
Dense 

SM 

soft 

very 
SOit 

to sot 

sol? 

Loose 
to 

Dense 

Dense to 
compact 

Compact to 
Very 

Compact 

1881DFiW 

B.G.S. WATER INW LEVEL 15.5 FT. 0 B.H.P. 

WATER LEVEL 
AT COMPLETION H*M-P- 

I -  I 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h 

HOLE 

TOTAL 20.0 
D E P M  n. 

DIA. 

- 
h 

5 a 
a 
v 

I - 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.0 

2.0 

z 
8 

1 I ERM-MIDWEST SOIL BORING  LOG^ P a g e 1  of - I 

L 

& g g  GRAPHIC 
LOG LITHOLOGY / REMARKS 2: s2 

3: @ a a  

19 

20 
21 

-- - - 
- 
I 

I ELEVATION 52820 FT. I GROUT, Bentonite I 

# Sampled $01 to 16.0 IT. Augered to 20.0 IT. 
Sampled groundwater at 20.0 Ff. with Hydropunch 11. 

18 

P 
83  
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MUNl I OKlNG WLLL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO O W 3 6  1 
Idantlfldon: Y W d l S  . 

Of I n s t a l l a t ! o n : 3 / r p l ~ ,  
ell Location: Off Sitr 

Drtliing Ndhod: Hollow 
Top Of Caslng EIov.(YSL):933.39 
Gooiogist/Engfnoo~ &F. 

Drilling Contractor: - Pmiod Numbor: 4700 - 016 

I 

Yoaruring Point Lock for \ 
Sunqfng  & Water Loveis- 

Concrete Pad .-e 
Coment-Bontonfto or 
Bentonfte Slurry Grout 

901: Cemont 
10% Bwtonlte 

Q I: 
..... .... ..... .... ..... .... ..... .... 111 

Depth from 
Ground Surface 

(feet) 

3.15 
Top of Stool Guard Pipa 

Top of Risor Rpa ..................... .. ......... 
-round Surfam ................................ 0.00 

304 Stalnlorr Stool Riser Pfpe 

Insldo Dfamdor (ID) 2 inch 

‘ Q I  Bottom of Grout ........ 2.3 
Top of Bontonlto Seal ................................... 2.3 
Bontonlte Soat Thickness ........ 2.2 
TOP of Sand ............................................... 4.5 .... 

ZO .... Top of S c m n  ............................................... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
304 Stahloss Stool Screen .... .... Length 10 feet 

Inside Dlamdor (1D) 2 inch 
.... Slot 320 0.01 inch .... .... 
.... 
.... .... .... .... .... 

Sand Pack Thfcknors 3’ .... .... .... .... ..... .... ..... .... .... 
..... ,“I> m o m  of well - 17.0 .. -.......... .. .................. .... .... ..... I 

.... L ............. ............ .................. - 17.0 Boltorn of 9onholo .............. - ....................... I I 

? .- ........... .~ . .  - . . . . . . . . . .  - 



PAD 
C 

I Y S  RUN ROAD SITE RI/FS 
ROSBY TOWNSHIP, OHIO 

I Well I d o n t i f l c o ) i o n : , U W d l D ,  
. W d I  L o c a t i o n : d .  

Dah Of Installdon: 3 /yCPO 

Drilling Method: Cablo Tool 
Top 01 Casing Elev.(MSt): 
boiogist/Englnne a. 

...- 

Drilling Contradoe MMSLUME - Pro/od Numbor: 4700-01 6 

Uoarurlng Polnt for -b-- 

Cemont-Bentonite or 
Bontonk Slurry Gmut 

90Z Comont 
102 BontonHo 

~ .... .... 

Depth from 
Ground Surfaco 

.c (f.4 
lop of Stool G a d  P I p  .-- ' _-.. 

Top of Riser Ptpa - .............................. 
&found surf=,-. .... r.....-d.* . .  ..... " ...... 

2.0 

0.00 

304 Stalnloss Stool Rlsor Pip0 

Inrido Diameter (ID) a 

Bottom of Grout 60.58 ........ 
60.58 Top of Bontontto Soal .......... " ....................... 

TOP of Sand 66.17 
........ Bontontto Soai Thicknort 5.59 

.... ............................................... ....  top of Scnon ............................................... ' 70.79 

.... 

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

.... . . .  

.... .... .... .... ::::I 

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

304 Stalnloss Stool Screon 
bngt)l 10 foot 
Insfdo Dlamotor (ID) 2 Inch 
Slot size 0.01 inch 

.... ,.... .... .... .... .... .... ..... 
l--Sand ..... Pack Thickness 3' 
..... ..... ..... 
..... 
..... 80.79 

80.83 l e- I Boltom of Bonhok ..... ;-.Y.-...~U..U*"....C... 
Bottom of WoII ....-,.-. .............. ..... ...U...... ................. . .  . .  

. . . .  - . .  
. .  



SOIL BORING LOG 
PADDY8 RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

Sh 1 of 4 Project 4700-016 Site PRRS BORING MW-O1D 
Date Started 3/20/90 Completed 3/21/90 Ground Elev. 531.0  
Total Depth 8 1 . 0  Ft Location O f f  Site Logged by J.Starkes 
Remarks See SB-33 Lou f o r  Litholosv above 17 Ft. 

1 

I Sample OVA 
Readings 
(in Units) 
& Remarks 

Blows 
Per 

6 '' 
Depth 
Range 

Lithologic Description 

~~ ~ 

Previously logged to 
17 feet from MW-1s 

19 l]ss-l 

-~ 

50 1 . 7  Units 17-19 1 . 7  
~~ 

1 . 9  Units I ss-2 
2 5  19-21 1.9 

21t- 
1 . 4  Units I s s - 3  26 21-23 1 . 4  

23+- 
2 2 Units 

25 I ss-4 

s s - 5  

47 23-25 

38 25-27 1 . 4  1.4 Units 

271-- 
22 2gF s s - 7  

27-29 1.5 1 .5  Units 

~~ 

1.8 
Brown, fine to coarse sand 
some clay and silt, trace of 
medium gravel, moist to 
wet 

1 3 8  29-3 1 1.8 Units 

311 - 
26 1 32F 31-33 

ENSR DRAFT . 



Depth 
Range 

31-33 

33-35 

35-37 

37-39 

Rec. 
( F t )  

1 

2 

1 . 3  

1 .3  

39-41 

41-43 

43-45 

47-49 

47-49 

0 

. 7  

1.8 

1 .5  

1 .3  

S O I L  BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWllSHIP, OHIO 

P r o j e c t  4700-016 Site PRRS BORING MW-O1D Sh 2 of 4. 
Date S t a r t e d  3 /20 /90  Completed 3 / 21 /90  Ground Elev. 5 3 1 . 0  
T o t a l  Depth 81.0  F t  Location O f f  S i t e  Logged by J. Starkes 
Remarks 

OVA 
Readings 
( i n  U n i t s )  
t Remarks 

- 
Blows 
Per 

6 '' 
S p l i t  
Spoon 

# 

Depth 
Feet 

L i t h o l o g i c  Description 

1 Unit  SS-8 26  

33  

3 5  

3 7  

3 9  

4 1  

43  

4 5  

4 7  

ss-9 2 U n i t  - 

ss-10 24 2 . 8  U n i t s  

Brown, f i n e  sand, some 
and f i n e  g r a v e l ,  wet 

clay 2 U n i t s  

2 
0 U n i t s  

ss-11 4 6  

ss-12 24 

Brown, medium t o  c o a r s e  sand 
some f i n e  sand, wet 

0 U n i t s  SS-13 39  

SS-14 158 

ss-15 5 6  
Brown, g r a v e l l y  sand, some si1 
and c l a y ,  moist t o  wet 

~~ 

SS-16 1 . 4  U n i t s  5 8  

ENSR - DRAFT 
88 



- 

Depth 
Range 

Rec. 
(Ft) 

Depth 
F e e t  

S p l i t  
Spoon 

# 

48-50 

50-52 

52-54 

54-57 

57-59 

59-61 

61-63 

1 . 3  

1 . 6  

1 . 9  

2 

1 . 7  

1 . 5  

1 

SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRs BORING MW-10 Sh 3 of 4 
Date S t a r t e d  3/20/90 Completed 3/21/90 Ground E l e v .  5 3 1 . 0  
T o t a l  6epth 8 1 . 0  Ft Location O f f  S i t e  Logged by J . S t a r k e s  
Remarks See SB-33 Loa f o r  Litholoav above 1 7  F t .  

~~ ~ 

OVA 
Readings 
( i n  U n i t s )  
C Remarks 

Sample 

Blows 
Per 

6 '' 
L i t h o l o g i c  Description 

1 U n i t s  

. 2  U n i t s  

28 SS-17 

SS-18 

53 

Brown, c o a r s e  sand, some f i n e  
t o  medium sand, some s i l t ,  wet 

23  

Brown, f i n e  to coarse sand 
and f i n e  t o  medium g r a v e l ,  
t r a c e  of s i l t ,  wet 

2 U n i t s  83 ss-19 

s s - 2 0  

57 

49  4 U n i t s  

Brown, f i n e  t o  coarse sand, 
some s i l t ,  t r a c e  f i n e  g r a v e l ,  
wet 

I ss-21 6 1  2 U n i t s  

. 4  U n i t s  29 s s - 2 2  

6 1  

SS-23 

6~ 

30 

. .  

ENSR DRAFT . 

as 



- 
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-O1D Sh 4 of 4. 
Date Started 3/20/90 Completed 3/21/90 Ground Elev. 5 3 1 . 0  
Total Depth 8 1 . 0  Ft Location Logged by J. Starke: 
Remarks 

Depth 
Feet 

65 

67 

69 

7 1, 

7 3  

7 5  

7 7  

i 
7 9  

Sample 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# 6 '' 

SS-24 -0 63-65 -- - 

SS-25 53 65-67 1 . 7  

SS-26 40 67-69 1 . 5  

SS-27 7 7  69-71 1 . 6  

SS-28 37 71-73 1 . 7  

SS-29 46 73-75 1 . 6  

SS-30 123 75-77 1 . 8  

SS-31 67 77-79 1 . 8  

SS-32 69 79-81 1 . 4  

Drilled t h ru  sample 

Brown, fine sand, some silt 
trace of medium gravel, wet 

Brown, fine to coarse sand, 
trace fine gravel, wet 

Brown, fine to coarse sand, 
and fine to medium gravel, 
some claay, silt and fine 
sand, wet 

Brown, fine to coarse sand, 
some fine to coarse gravel, 
silt and clay, brown, wet 

OVA 
Readings 
(in Units) 
61 Remarks 

0 Units .. 

1 Unit 

1 . 4  Units 

1 Units 

1 Units 

1.2 Units 

.8  Units 

ENSR 

90 



MWNl I WKlNG WLLL CONSTKUC 1 ION DETAIL 

i 

PADDYS RUN ROAD SITE RI/FS 
CROSBY TOWNSHIP, OHIO 0 0 7 3 6 1  

Drilling Method: Hollow 
Top 01 Casing EIOV.(MSL):&SS 
Goologist/Englno~ M A C .  
P w o d  Numkr: 4700 - 016 

l o p  of StHl rn Plpo . . 
Uoawurtng Point for 
Suneyhg & Wator Lmls 

Concrete Pad "111 0 

. P  

Comont-Bontonite or 
Bmntonfto Sluny Grout 

90% Cement 
10% Bontonite 

Dopth from 
Ground Surface 

(f.4 
l op  of R i m  Pipa .............................. 3. 1 t 

A r o u n d  Surface (G.S.) 

. 
4 

O .  
& 

P 
0 . 

* 4  

i ... .... ... .... ... .... ... - ... .... ... .... ... .... ... .... ... ..-. ... .... ... .... ... .... ... -* .... ... .... ... .... ... .... ... .-.. ... .... ... .... ... .... .-. .... ... .... 
... .... ... .... ... .... ... .... ... .... ... 

................. ................. ................. L ................. 

0.00 

- 304 Stainlus Stool Riser Pip. 

Inside Dfamdor (ID) 2 inch 

Bottom of G r o u t  1.5 
1.5 

........ 
-Top of Bentonfto- Soai ................................... 
c-eentonfte S.al Thickness 1.5 ........ 
-Top of Sand 3 0  ............................................... 

4.5 lop of Sttoon ............................................... - 

- 304 Stainloss Stool Smon 
Length 10 foot 
Inside Dlamdor (ID) 2 Inch 
Slot size 0.01 inch 

- Sand Pack 
-Sand Pack fhklcnoss 3' 

14.5 
- 14.5 

Boitom of W d I  .................. .................. -... - Bohm of Bonhob ..: ........... '- ....................... 
- 



M U N I  I UMNG WLLL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
Well IdonHficdlon: YW-03s Drllling Mdhod: H o b  S t u r  
Well LocaHon: A W Top Of  Caring E l r v . ( M S L ) : m  
Doti Of Indallatlon: -90 Grologld/Englnrer: E F a  a 
Drilling Contractor: - Project Numbor: 4700 - 016 

Lock 1 

Yeaaurrlng Polnt for -k - 
Sunrylng & Wotor Lwelr- 

Concrete Pad -4 
. 
4 

- 
Cement-Bentonlte or  
Bantonlte S h y  Grout 

90% Camant 
1 OX Bentonlte a 

.... ..... .... ..... I........ .... 

..... 

Depth from 
Ground sUr fOC8 

( fed)  

Top of Rhor priH ................................ 27 t - .  

-round Surfac.: ... .; ... Y......... i, ............. 0.00 P-, 
Q 

0 
0 
. 

b 
D 

. 

i ... 
.... ... .... ... .... ... - ... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
I - . .  .... 
'* .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
w .... .... .... .... .... ... .... ... .... ... .... - ............ ................. .................. ................. I 

- 304 Stainless Steel Rlwr Plpe 

Inside Dlamdrr (ID) 2 inch 

Buitom of Grout ........ 5.5 
-Top of Bentonite Seal ................................... 55 

........ a -Bentonite Seal Thlcknerr 1.5 
-TOP of Sand ............................................... ZO 

lop of Screen ............................................... 9.0 - 

- 304 Stalnlm Steel Screen 
Lengh 10 feat 
Inside Dlomuter (ID) 2 inch 
Slot size 0.01 Inch 

-Sand Pack Thlcknerr 3' 

Bottom of Well ...u..u....r..... ...... ..... ..... A .... 
-Boltom of Bonhob .."..........-..-........* ......... 

. .  - 
. . .  

' .  ' 19.0 - -  
L- lr 

Dorcrlbo. Neasurlng Point: Bonhoh Dlomettri 
Mark on TOD of Riser Ploq 

9 2. 



MONITORING WELL CONSTRUCTION DETAIL 

CROSBY TOWNSHIP, OHIO 
PADDYS RUN ROAD SITE RI/FS 0 0 7 3 6 1  

I- 

Concrete Pad 
b V 

0 

Measuring Point. for 
Suneying a Water t.we1s-4' - 

4 
. 

TOP of Rlrer -Rp ...........A. O. 30 

0.00 

......... . . . .  .F 
~ .- .. 
. .  

'i-. . ... - .. . . .  . . .  . '. -1;. . '. . .  
-l --round Surfa ........ ..;..... ; ..... ....: ..... 

4 '  4 

10% Bentonite 0 .  P 
i o  0 

O Q  

0 
- 

Cement-Bentonite or 
Bentonlto Slury Grout 0 

90% Cement . b  b 
. 

4 

* o  0 

304 Stainless Steel Riser Plpe 

Inslde Dlamoter (ID) 2 hch 

Bottom of Grout ........ 5-00 

..... .... .-.. ..... ..... .... .... ..... ..... .... .... ..... ..... .... # 9.60 Top of Screen ............................................... ..... - __ - ..... .... ..... ---- ' e . -  ---- . - - - e  .... ..I. ..... ..... ---_ .... ---- .... ..... ---- ..... .... ---- .... ..... -e-- ..... .... ---- .... . . . . . . . . . . .  .... - - - - .... ..... --- -' - - - 

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

..... 
Inside Dlamoter (ID) 2 hd, 

.... Slot size am ihdl 

___I - __ - ..... .... ..... ---- ---- ---- ..... ---- .... ---- ..... ---- .... - -- - ..... - - - - .... - __ ..... ---- - - - e  ..... .... Qobd No. 7 .---- .... .- - Type/Sfze of Sand ---- ---- .... 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-04s Sh 1 of 1 

-Iota1 Depth 20 Feet Location Off-Site Logged by 
Remarks See Soil Borina LOCI SB-31 for 0-6 Foot Interval 

?ate Started 1 2 / 1 4 / 9 0  Completed 12 /14 /90  Ground Elev. 

I 

Sample 

Depth 
Feet 

Split 
Spoon 

Blows Depth Rec. 
Per Range 

Number 2 f t .  

1 210/  
0 . 8  

2 226/  
0 

3 254 
0.1 

4 270/ 
0.1 

5 186/  
0.5 

6 190 /  
1.0 

- 7 

Lithologic Description 

Feet Feet 

6-8 0 . 8  

8-10 0 

10-12 0 . 1  

12-14 0 

14-16 0 

16-18 0 . 8  

18-20 - 

Very dense, medium to 
coarse sand and coarse 
gravels and boulders 

Light brown, very dense 
medium sand and coarse 
gravels, wet 

~~ 

;round water encountered 
st 1 0 . 7  ft. 

OVA 
Readings 
(in units) 
& Remarks 

0 Units 
no odor 

no 
recovery 

0 Units 
no odor 

no 

no 
recovery 

0 Units 
no odor 

drilled 
interval 
to install 
well 

94 



PADDYS RUN ROAD SITE RI/FS 
CROSBY TOWNSHIP, OHIO 

Describe. Moasurtng Point: B o r h l e  Diamdor 
Mark on loo of Ri ser Pior 

2 

Vel1 L o t a t i o n : . A a W  
D a h  Of Indalldon: J_/r/lae,-------- 

4 

~. 
Drilling Conhdor:  -FR - 

Drilling Method: 
Top Of Casfng EIw.(MSL):m 
hoiogist/Engineor: W.R.B. 
Pro/ed Numbor: 470041 6 

Measuring 
Surveying 

Point for 
& Wator b e l s  

Concrete Pad 4 
1 : I  fl 

1 - 1  O 1  

Cement-Bentonite or 
Bentonlte Slurry Grout 

90% Coment 
102 Bontontte 0 

k 

0 Top of Steel WidPlpo 

Depth from 
Ground Surface 

(feet) 

Top of RIur Pfpo ................................ 1.8 

Sudaco -....... ....... ... ............. 0.00 

304 Stainless Steel Riser Pip0 

Inside Diameter (ID) 2 inch 
0 . 

Bottom of Grout ........ 20 
O 4  I 

Top of Bentonfto Seal ................................... 

.... TOP of Sand ............................................... 

2.0 

4.0 

59 

Bentonfte Seal fhkkness ........ 2.0 

.... .... .... .... .... .... 
Top of Semen ............................................... .... .... .... .... .... .... .... .... .... .... .... .... ,.... .... ,.... .... 
304 Stainless Stool Semen 

10 feet 

.... .... Inside Diameter (ID) 2 inch 
bnath ..... 

.... ..... Slot si20 0.01 inch .... ..... .... ..... .... ..... .... ..... .... ..... 
T S a n d  ..... Pack Thickness s 
..... ..... 
..... ..... ..... ..... 16.0 4- Bottom of Well .................. .... ..................... 

i 
PI. 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

. CROSBY TOWNSHIP, OHIO 
Well Idantifl cutlon: YW-OGS Drllling Mothod Hollow 
Well Location: A W Top of Casing Eiw.(MSL):- 
Data Of Installation: 3!l/Qll Gooiogist/Eng Inoor: -. 
Drllllng Contractor: B d W S E R F R  - Plojoct Number: 4700 - 016 

Dopth from 
Ground Surfaco 

(fed) 
Top of Stool cwrd plp, 

2.1 Top of Riser -Pipa .......... .................... 
. -. 

Yoasurlng Point for  

Concrete Pad 4 

Cemmt-Bentonite or 
Bontonite Slurry Grout 

90% Cement 
1OX Bentonite 0 

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

..... ri.-,;II, ............ 0.00 
q I I=='--"" 

y+ 304 Stainloss Stool Riser Pipe 

0 
P 

0 . 
O Q  I 

Insido Dlamdor (ID) 2 inch 

Bottom of Grout ........ 4.0 
l o p  of Bontonito Seal ................................... 
Bontonito Soal Thickness ........ 2.0 

.... ............................................... 6.0 

a 8.0 .... Top of Scroon ............................................... 

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

.... .... .... .... .... .... .... .... .... .... .... .... .... .... .... %y .... 304 Stalnloss Stool Scnen .... Longth 10 feet ::::::::I .... .... 
Insido Diamator (ID) 2 inch 
Slot Sfre 0.01 inch .... .... .... .... .... .... .... .... .... 't-""" Pock Thicknus 

.... .... 
Bottom of WoII ....".... ;.." ........ YU........a ..... 

. ... /-C' ... . - .  . _ ~ . -  . .  
. .  

0 0 t&2 
Bottom of b n h o k  ........ ..i-r..i~...........~ ..... 



r r A m m m 4  

w w  6 gPw A SOIL BORING LOG 
PADDYS RON ROAD SITE'RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-06s Sh 1 of 1 
3/01/90 Completed 3 / 01/90 Ground Elev. 528.3 Date Started 

Total Depth 18.0 Ft Location A & W/Mobil Logged by B. Berq 
Remarks 

B 

5 
2 
3 
5 

3 
5 
5 
7 
15 
37 
36 
51 
17 
48 
59 
49 
17 
27 
23 

7' 

6-8 

8-10 

10-12 

12-14 

14-16 

Sample OVA 
Readings 
(in Units) 
& Remarks 

Split 
Spoon 

# 

Depth 
Range 

Rec . 
(Ft) 

Depth 
Feet 

Blows 
Per 
6" 

Lithologic Description 

10 
20 
13 

Sand and Gravel, Grav 
Asphalt 
Sand, hard 

0 Units 
No odor 

01 0-2 1.5 

2 

4 

6 

8 

1c 

12 

14 

16 

ia 

9 
7 
7 
2 
4 
5 

- 
2-4 1.5 02 45 Units 

Sour Odor 
areen stain Medium stiff, dark green to 

brown,. clay, moist to wet 
- 
4-6 03 2 500 Units 

Sour Odor 
areen stain 

04 2 >lo00 Units 
Sour Odor 

am-bl .stair 

05 2 500 Units 
Sour Odor 

areen stain 

06 2 300 Units 
Sour Odor 

qreen stain 

07 2 50 Units 
Sour Odor 

ureen stain 

Dense to very dense brown, 
fine to medium gravel and 
coarse sand with trace of clay, 
Moist to wet 

100 Units 
No Odor 

areen stain 

0 Units 
No Odor 

no visual 

13 
6 
5 
6 
11 

- 

- 
09 16-18 

Ground Water encounterd at 
approximately 11 feet. 

I- 

ENSR DRAFT 
97 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
1WIdmrmcotion: .VW~ZS- 

'doll Locatfon:,- 
Data Of Indafiutlon: 2/27/96- 

Drilllng Y d h o d  
lop Of Caring Uov.(YSL):531.29 
G o o l o g i r t / E n g f n o o ~ ~  

Drilling Contractor: -YdRNER - Pmjod Numbor: 4700-61 6 

Suneying & Wator Lwolr- 
Yoaturing Point for 

Concreto Pad 

Cemont-Bontonfto or 
Bentonite Slurry Grout 

9OX Cemont 
10% Bontonlto 0 

I O 0  

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

4 
c- 
0 

0 
. 
b 

0 

O 4  

i .... 
.... .... .... .... .... .... 
.c .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... :* .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... * .... .... .... .... .... 
..I. .... .... .... .... .... 

................. ................. ................. L ................. 

Dopth from 
Ground Surfaco 

(f.4 

Top of Rlror J3po ................................ 2.8 

=a -found surfam- .. .............................. 0.00 

- 304 Stainloss Stool Riror Plpo 
Inrido Dlamrtor (ID) 2 inch 

Bottom of Grout ........ 3.5 
-Top of Bontonito So01 .......... .. ....................... 3.5 
-Bentonite Soal Thicknoss ........ 2.0 
-Top of Sand ...................... u 5.5 ....................... 

Z6 Top of Scnon - ............................................... 

- 304 Stainloss Stoel Scnen 
Longth 10 foot 
Inrido Dlamder (ID) 2 inch 
Slot si20 0.01 inch 

-Sand Pack Thlcknon 3' 

lZ6 Bottom of WoII ...."............ .. .....-. 
18.0 - Bottom of Bonholo .............. .-.. ..................... 

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

II 

a 
I Mark on Too of R b r  P& 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
Well I d a n t l f l c a f i o n : , Y W - O B S ~  Drllllng Uothod 

e11 L o c a H o n : , d  Top o f  Casing EIov.(MS~):529.h0 
Goologist/Englnoor:N. - Pro/oct Number: - Dtilllng Contractor: D F R  MQWB 

Moasudng Point for \ 
Surveyfng ik Wator Cowls- 

Concrdo Pad 

I. 
Cemont-BontonHo or 
Bentonite S l u r  Grout 

90% Cement 
10% Bentonite 

I 
- 
0 

b 

0 

Dopth from 
Ground Surface 

(fed) 

1.9 lop of Riser plp. ............."........... ...... 
--round surf- . .  ** .... Y ......................... 0.00 + 
304 Stainless Stod Rhor Pipe 

Inside Diameter (ID) 2 inch 

Boltom of Grout ........ 3.6 _ -  J. 6- lop of Bontonite Seal ................................... 
bntonito kal Thickness ........ 
TOP of sand .. 5.6 

2.0 

..... ...................... ....................... .... ..... .... ..... .... 
e 8.0 lop of Scnen ............................................... ..... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... 
..... 304 Stainloss Stool Screen 
..... bng)h 10 feet 
..... .... Insido Diametor (ID) 2 inch 
..... Slot site 0.01 inch 

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

.... .... ..... .... ..... ..-. ..... .... ..... .... ..... .... .... - Sand Pack Thickness s ..... .... ..... .... ..... .... ..... .... ..... 
18.0 ...... L Bottom of Wdl ..L..u'.................-.....w..U.WI. ..... .' - 

. .  ................. . . .  ' _ . .  
-. 18.0 . . . .  -_ . . .  ................. Bohm of Bonhok .............. .. ....................... 

- 06dGA&0 
Yadc on loo of Riser P IOQ 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-08s Sh 1 of 1' 
Date Started 3/02/90 Completed 3/20/90 Ground Elev. 527.6 
Total Depth 18.0 Ft Location A t W/Mobil Logged by B-Miller 
Remarks 

I Sample OVA 
Readings 
(in Units) 
t Remarks 

I 
Depth 
Range 

Rec . 
(Ft) 

Blows 
Per 
6 'I 

Lithologic Description 

~ 

6 
5 
5 
9 
3 
5 
5 
7 
3 
4 
5 
5 
3 
3 
5 
7 
4 
5 
16 
15 
8 
12 
9 
8 
7 
14 
9 
8 
11 
19 
24 
19 
18 
24 
19 
22 

- 

- 

- 

- 

- 

Gravel Fill 
0-2 2 0 Units 

no odor 
no visual 

01 

2 

02 

4 

03 

6 

04 

8 

Silt, and some clay, 
damp 

2-4 2 o Units 
no odor 
no visual Medium stiff, yellow, clay, 

damp . 
4-6 2 . 5  Units 

no odor 
no visual Medium stiff, yellow-brown 

sandy silt, trace of sand, 
damp 6-8 2 

no units4 odor 
no visual 

8-10 2 4 Units 
no odor 
no visual 

05 

10- 

06 

12 

07 

14 

08 

16 

09 

18 

10-12 2 4 Units 
no odor 

no visual Medium dense to dense, yellow 
to brown, gravel, with some 
coarse sand, trace of cobbles 
('17 feet), damp to wet 

12-14 2 4 Units 
no odor 
no visual 

14-16 2 4 Units 
no odor 
no visual 

16-18 2 4 Units 
no odor 
no visual 

Ground Water encountered 
at approximately 11.0 feet  1 

ENSR DRAFT 
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M ON IT0 RI NG WELL CONSTR UCTlON DETAl L 

.... ..... .... ..... .... ..... .... ..... - __ - .... ..... ---- .... ---- ..... ----. .... ---- ..... ---- .... ---- ..... ----.. ... 

0 0 7 3 6 1  
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

.... ..... , .... ..... .... ..... 
..... TOP .... ..... .... .... .... ..... .... ... .... 

Well Idonflficotfon: UW-psD Dtilnng Method: Cable fool 
oil Location: A h W Top Of Cartng tlov.(YSL): 
ate Of installation:J&qa hologist/Enginoer: J.S. - Pro/& Numbo~ 4700 - d l 6  

5 
Drililng Coniractor: 

Yoaruring Point for 
Surveying & Water Lwob- 

Concrote Pad ,-& 

Comont-Bontonfio or 
BentonHe Slurry G r o u t  

9OX Comont 
102 Bontonfte 

'1 

Dascrfk. Yoasurlng Point: 
l4& on TOD of Ris or P I D ~  

Dopth from 
Ground Surface 

(f.4 
2.60 

Top of Stool Guard P!p 

Top of Riror Pipa ..- ............ .............. 

4?j 
..... 

304 Stainloss Stool R i m  Pipe 

1°q I 

Inrido Dlamdor (ID) 2 Inch 

Bottom of G r o u t  ........ 59.70 

of Scnon ............................................... 70.79 

.........t" .... -+;;.:.! 
304 Stainloss Stool Scnen --- ..... --- . . . .  

Longlh 10 f e d  
Inside Dlamdor (ID) 2 inch 
Slot SI20 0.01 inch 

3' 

:.:.:.:.:f=== .... --- ]:::::j .... ............. .... --- 
Sand Pack Thfcknms 

..... ----..... .... .... ~ .... ..... ..... .... .... ..... ..... .... .... ..... ..... .... Bottom of W d I  ......................................... 80.79 
c Bottom of Bonhok ' . 8034 

.................. ................. .................. ................. ...................................... . .  . . . .  , * '  (Jo(jxsj2 A --i; .. :. .... , 
Boroholo Dlamdor 
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Project 4700-016 Site PRRS BORING MW-09D Sh 1 of 4 
Date Started 2/28/90 Completed Ground Elev. 527.9 
Total Depth 101.0 Ft Location A & W/Mobil Logged by J.Starkes 
Remarks 

Depth 
Feet 

I Sample 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# ' 6" 

and silt, wet 
Sand, medium to coarse grained 
some fine gravel, reddish 
brown, trace clay 

ENSR 

3 Units 

Lithologic Description 

OVA 
Readings 
(in Units) 
& Remarks 

Previously logged to 14' 
SB-04 

Reddish brown, medium to coars 
sand, some fine gravel, trace 
of clay, wet 

Brown, fine sand, 
wet 

3 Units 

. 6  Units 

.2 Units 

. 4  Units 

. 4  Units 

D 

D 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-09D Sh 2 of 5 
Date Started 2/28/90  Completed Ground Elev. 527.9 
Total Depth 101 .0  Ft Location A & W/Mobil Logged by J.Starkes 
Remarks 

OVA 
Readings 
(in Units) 
& Remarks 

Sample 
~ 

Depth Rec. 
Range (Ft) 

Split 
Spoon 

# 

Blows 
Per 
6 '' 

Depth 
Feet 

Lithologic Description 

SS-08 45 29-31 I 2 

Fine gravel, trace of silt 
Gray to brown, fine to coarse 
sand and fine to medium gravel 
trace of silt- 

.4 Units ss-09 100 l 2  31-33 

- 
135 33-35 I 2 0 Units ss-10 

.4  Units 111 ss-11 35-37 2 

Brown, fine sand, some medium 
gravel and clay, moist 

1 Units ss -12  7 5  

1 Units SS-13 40  39-41 2 

~ 

SS-14 3 Units 69 41-43 2 

7 5  
Brown, fine gravel and fine 
sand 
Stiff, may. silt, moist 

Brown fine sand, moist 

ss-15 2 Units 43-45 2 

~~ ~ 

SS-16 30 2 Units 43-45 2 

ENSR 
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SOIL BORING LOG II PADDYS RUN ROAD SITE RI/FS 0 CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-09D Sh 3 of 
Date Started 2/28/90 Completed Ground Elev. 527.9  
Total Depth 101.0 Ft Location A & W/Mobil Logged by J-Starkes 

SS-19 

SS-20 

Remarks 

- 51-53 0 

27 53-55 1 

Depth 
Feet 

Sample 

SplitlBlowslDepth I Rec. 
Per Range’ (Ft) ‘Poonl # 618 I I 

ss-22 100 57-59 ll-r 
SS-23 100 59-61 ln- 

Lithologic Description 

NO sample 

Gray, coarse sand, some 
gravel, trace silt 

fine 

Gray, fine to medium 
gravel, some fine sand, 
some silt and clay, wet 

Gray, fine to coarse sand, 
trace of fine gravel 
to silt, wet 

OVA 
Readings 
(in Units) 
C Remarks 

.4  Units 

1 Unit 

0 Units 

. 6  Units 

1 
1.2  Units 

2 Units 

. 4  Units 

. 6  Units 

ENSR , 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Site PRRS BORING MW-09D Sh 4 of 5 Proj ect 
Date Started 2/28/90 Completed Ground Elev. 527 .9  
Total Depth 1 0 1 . 0  Ft Location A & W/Mobil Logged by J.Starkes 

4 7 00-0 16 

Remarks 

OVA 
Readings 
(in Units) 
& Remarks 

~ 

Depth 
Feet 

Sample 
~ 

Depth 
Range 

Rec . 
(Ft) 

Lithologic Description 

I 
. 8  Units 65-67 2 

;ray, fine to medium gravel, 
some coarse sand, wet 

2 Unit 67-69 1 . 5  SS-27 75' 

I I 1 

1 Units :ray, fine sand and silt, mois 67-71 1 . 7  SS-28 90 

SS-29 9 6  

SS-30 50 

SS-31 50 

SS-32 6 5  

s s -33  4 5  

s s -34  5 0  

3 Units 71-73 2 ;ray, medium to coarse sand 
some silt, trace fine gravel - 

2 73-75 1 Units 
;ray, medium sand, and fine 
Favel, trace of silt, moist 
to wet 

- 
. 5  . 6  Units 75-77 

2 Units 77-79 2 

;ray, fine sand, trace silt,we - 
2 

~ 

79-81 4 Units 

2 Units 81-83 1 . 6  

ENSR 
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Lithologic  Description 

OVA 
Readings 
( i n  Units)  
& Remarks 

-2 Units  

- 2  Unit  

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSRIP, OHIO 

Project  4700-016 S i t e  PRRS BORING MW-09D Sh 5 of 5 
Date Started 2/28/90 Completed Ground Elev.  527.9 
Total  Depth 101.0 F t  Location A f W/Mobil Logged by J.Starkes 
Remarks 

Sample 

Depth 
Range 

Rec . 
( F t )  

Depth 
Feet 

ss-35 4 5  83-85 1.8 

85-361 50 85-87 2 

I 2 Units ss-37 75 
- 

87-89 2 

SS-38 40 89-91 2 0 Units 

4 
ss-39 9 1  91-93 2 3 Units 

Gray to tan, coarse sand, and I- 
coarse gravel ,  some c l a y ,  t r a c  

- 
119 93-95 1.7 SS-40 4 Units 

of silt, moist 

6 Units SS-41 200 95-97 1.5 

- 
4 5  

S t i f f  t o  hard, gray t o  dark 
gray, clayey s i l t ,  moist SS-42 97-99 2 o Units 

.. 

Gray, medium t o  coarse sand, 
some s i l t  and c l a y ,  wet ss-43 20 99-101 0 Units 1.8 

ENSR 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSEY TOWNSHIP, OHIO 
Woll IdontifItotfon:~-lOS 
WolI Location: RNCC 
Oat0 Of Installation: x,/Wqn I 

Drilling Contractor. - 

- 

Drilling Y d h o d  Hollow u r  
l op  Of Casing tlwv.(YSL):529,a 
Goologlst/Englnoo.c A. C. 
Proioct Numbor: 47DO - 016 

Dopth from. 
Ground Surface 

(f.4 Lack - 
- lop of Stool Guard ptpr 

4 fop of Rhn Qlp. ................................ 0 flUSfi MOUNT Moasurlng Point for 
Suneying & W u t w  Lovok - - 

Concroto Pad -6 I . --round Surface ................................ 0.00 
P 0 . 

4 
. 

b *  I . I 

304 Stainloss Stool Rlsor Plpo 

Insldo Diamdor (ID) 2 inch 

Comont-BontonIto or 
Bontonfto Siury Grout 

901. Comont 
102 Bontonito P 

0 

4 

b o  

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

of Scraon ............................................... I / .  9 

Bottom of Grout ........ Z9 
l op  of Bontonfte Seal ................................... Z9 

..... TOP of Sand ...................... " ....................... 9.9 

Bontonlto Seal Thicknur ........ 2.0 

..... ..... .... -e-- .... ..... ---- ..... .... ---- .... - - - - ..... ..... .... --- ..... ..... .... .... ..... ..... ---a ---- .... ---- .... ..... ---- ..... .... . ----, 304 Stainloss Stool Swoon ..... ---- .<. . .... .... ---- ..... ..... t n g t h  10 foot 
.... ---a .... In8ido Diornotor (ID) 2 inch 

.... --- .... Slot Sit. 0- 

---- .... ---- - - - - ..... __ - ..... 
.... ---- .... ..... ..... ..... ..... ---- ..... ---- ..... .... ---- .... ..... ,- - - - ..... .... - __ - .... ..... - __ ..... 
.... ---- .... ... ..---- ..... 
.... ---- e - . -  ..... ..... 

Sand Pack lhiclcnm 3' .... .---- ..... .... - - - - .... ..... - - - - ..... .... .... ..... ..... 
.(... 

---- .... ---- .... ..... .... .... ..... ..... .... .... ..... ..... .... - 21.9 .................. Buitom of Wdl .................. ............" .... -..;.. ................. .................. ................. Bottom of Bonhob 22 0 ....................................... 



SOIL BORING LOG 

4 PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-10s Sh 1 of 2 
Date Started 3/13/90 Completed 3/13/90 Ground Elev. 529.8 
Total Depth 22.0 Ft Location Logged by M.Cousino 
Remarks 

Depth 
Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

Split 
Spoon 

# 

01 

02 

03 

04 

06 

07 

08 

09 

Sample 

Blows Depth Rec. 
Per Range (Ft) 
6 

2 
7 0-2 0.7" 
10 
4 I 
3 I 1 2-4 1 1.7" 

4-6 1.1" 

4 6-8 
4 
7 
4 
4 8-10 
11 
13 
11 
13 10-12 
9 
9 
13 
44 12-14 
37 

14-16 
3 1  
33 

0.7" 

1.1" 

1.0" 

1.5" 

1.3" 

Lithologic Description 

Medium stiff, brown, clay, and 
silt, with a trace of gravels 
damp 

Dense, brown, coarse gravels 
snd cobbles with trace of 
Eine sand and trace to some 
silt and clay 
noist to wet 

OVA 
Readings 
(in Units) 
& Remarks 

o Units 
no odor 
no visual 

> 10 Units 
slight odor 

no visual 

21 Units 
slight odor 

no visual 

slight odo 
no visual 

270 Units 
slight odor 
no visual 

92 Units 
slight odor 
no visual 

>lo00 Units 
strong odor 
black stain 

>lo00 Units 
strong odor 
black stain 

>lo00 Units 
strong odor 
black stain 

108 
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0 0 1 3 6  1 

Depth 
Feet 

SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-10s Sh 2 of 2 
Date Started 3/13/90 Completed 3/13/90 Ground Elev. 529.8 
Total Depth 22.0 Ft Location Logged by M.Cousino 

Sample 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# 6 '' 

Remarks 

18 

20 

2 2- 

16 

19 
19 
44 

33 
27 
44 

18 
19 

09 17 16-18 0.7 

010 31 18-20 1-1" 

011 22 20-32 1.2" 

Lithologic Description 

OVA 
Readings 
(in Units) 
& Remarks 

>IO00 Units 
strong odor 
black stains 

400 Units 
strong odor 
black stains 

450 Units 
strong odor 
black stains 

:NS R 

.t . ... . 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

. CROSBY TOWNSHIP, OHIO 
I Well Idenlfficution: YW-11s 

Well Localfon: RNCC 
Date Of Installation: 3!13/sa 
Drilling Contractor: - 

~ 

Drflling Method Hollow 
Top Of Cadng E I o v . ( Y S L ) : ~ i  
G e o l o g l s t / E n g l n e o c ~  
Proioct Numbor- - 

Lock 1 

Sunqing & Water L m l r  
Yeasurlng Point for 

0 

Concnfr Pad 

Cement-Bentonite or 
Bentonite Slurry Grout 

96% Coment 
102 Bentonite 

4 I., 
. . . . .  1:;:::; .... 

111 

- Top of Stool 6wd'Pipe 

Dopth from 
Ground Surface 

0 Mom Top of Rfmr P@o ............. ..-.... ............ . .  

. . .  
. .  

--found Surfak ................................. 0.00 F- 
304 Stalnlw Steel Rlwr Pfpo 

Inslde Diomoter (ID) 2 bch t- O 4  Bottom of Grout ........ 7.0 
l o p  of Bontonlte Seal ................................... 
Bentonlte Soal Thickness ........ 2.0 

. .  'O m 
..... TOP of Sand ............................................... 9.0 .... ..... ....I 
..... 

TOP Of SCn8n ............................................... 11.8 

..... .... ..... .... ..... .... 
304 Stalnlm Stool Scnon 

bngth 10 f e d  ..... .... 2 inch ..... .... Inside Dlamder (ID) 
Slot size 0.01 inch ... .\ .... ..... .... ..... .... ..... .... ..... .... . _ _ - .  

: r S a n d  ..... ..... Pack Thlclmom . J 
.... ..... .... ..... ..... 

21.6 ..... i.~rr..r...rr.rii.~i~-r. - 
22 0 

. .  
- <  Bdtom irf WoI1 

Bottom of Bonhole ...................................... 
................. . . .  . . . .  . :. , .. 

a= 

1.10 ~ ~ i 



Lithologic Description 

Asnhalt and Gravel Fill 

Loose, gravel fill and 
-clay , wet 

_Soft, silt and clay, moist to - 
wet with trace of sand. 

- 

Sand, stained black 
- 
Dense coarse gravel and cobbles>1000 

OVA 
Readings 
(in Units) 
& Remarks 

No reading 
no odor 
no visual 

12 Units 
Slight Odor 
no visual 

>lo00 Units 
Slight Odor 
no visual 

>IO00 Units 
Slight Odor 

>lo00 Units 
Strong Odor 
black stain 

>lo00 Units 
Strong Odor 
Stains 

Units 

Split 
Spoon 

# 

01 

Blows Depth 
Per Range 

6 I' 

5 
4 0-2 
5 

with some coarse sand and 
trace of clay, moist to wet 

- 

- 

Strong Odor 
Black stain 

>loo0 Units 
Strong Odor 

>lo00 Units 
Strong Odor 

I 18 I 

S O I L  BORING LOG 
PADDY8 RUN ROAD S I T E  RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-11s Sh 1 of 2 
Date Started 3/13/90 Completed 3/13/90 Ground Elev. 530.1 
Total Depth 22.0 Ft Location Logged by M.Cousino 
Remark i 

Rec . 
(Ft) 

Depth 
Feet 

0 . 5" 

2 

4 

6 

8 

10 

12 

14 

16 

18 

- 

O2 I : I 2-4 
0.3" 

1 
0 
1 

03 4-6 0 . 3  

I 0 I 
1 1  

O4 I : I 6-8 
10" 

0-8" 05 * 10-12 1.0" 

- 
07 

6 
7 
16 12-14 
12 
27 
3 
7 14-16 
17 
12 
7 
18 16-18 
21 

1.3'8 

1.5" 08 

1.5" 09 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-11s Sh 1 of 2 
Date S t a r t e d  3 / 1 3 / 9 0  Completed 3 / 1 3 / 9 0  Ground Elev. 5 3 0 . 1  
T o t a l  Depth 22-0 F t  Location Logged by M.Cousino 

Sample 

I lo 
2 0  

11 

2 2- 

- 

- 

6 '' 
4 1  I 
12 118-19.5 1.0 

L i t h o l o g i c  Description 

Ground.Water encountered 
a t  approximately 15 feet.  

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

>lo00 U n i t s  
Strong Odor 
Black S t a i n s  

>lo00 U n i t s  
Strong Odor 
Black S t a i n s  

1 
ENSR 

I .  

49004G3 

112 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO OQ136% 
Well Idrntfficotion: YW-12s 

e11 L o c a H o n : , H  

Dtilling Contractor: -FR - 

~ ~~ 

Drilllng M d h o d  Ho- 
Top Of Carfng EIev.(MSL):= 
Geologfrt/Engfn~.r: Y.A.C. 
Project Number: 4700 - 016 

Measuring Polnt Lock for \ 
Suneying & Water Levels- 

Concrete Pad 

I' 
Cement-Bentonite o r  
Bentonite S luy  Grout 

90% Cement 
1 OX Bentonite t 

4 I: 
.... .... .... .... .... .... .... .... 

D 

0 Top of Stool cuord'.$lpa . , 

Depth from 
Ground Surface 

(f.4 

Top of Riser Rpo - .............................. 2.6 

&found Sur fak  ..A* ........................*.. 0.00 F- 
304 Stafnless Steel Rfser Pipe * 

Inside Diameter (ID) 2 Inch 

O Q  Bottom of Grout z5 t ........ 
Top of Bentonite Seal ................................... 25 
Bentonite Seal Thickness ........ 2.0 

............................................... 9.5 

Top of Screen ............................................... 12 0 .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
304 S t a i n l m  Steel Scnen . .  . e.. .... .... Langth 10 feet 

.... In;lde Diameter (ID) 2 inch 
.... .... .... 
.... .... 0.01 inch .... Slot size .... .... .... .... .... .... .... .._. .... 

J' .._. 
.... Sand Pack Thickness .... .... .... .... .... .... .... .... 

.... 22.0 ................. I Bottom of Wall .................. .. ..... .. ................ t. I- 

................. .................. ................. . 22.0 . .  LA- Bottom of Bonhoh ............ ..- ....................... 
- OOGkGea 

I 

Dascrlbe. on loa Yeasurlng of Riser Point: Pipm (8orahok Diametat! 
Mark < (  . . *_ 
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Sh 1 o f  2 

Logged by M .  Cousino t S O I L  BORING LOG 
I r P L Y S  RUN ROAD SITE RI/FS - CROSBY TOWWSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-12s 
Date Started 3/12/90 Completed 3/12/90 Ground E l e v .  530.2 
T o t a l  Depth 21.5 Ft Location 

sample OVA 

i L i t h o l o g i c  Description 

.. 

I 

iDepth 
Range 

I 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

Rec. 
( F t )  

0 . 8  

0 . 6  

0 . 6  

1 . 3  

1.2 

0 . 6  

ENSR 

Depth 
F e e t  

2- 

4 

6-, 

8 

- - 
- 10 - - - 
- 12-, - - - 

J 
- 14 - - - 
- 1 6  - - - 

S p l i t  Blows 
Spoon Per 

# 6 '' 
1 

01 2 
3 
3 
2 

02 3 
3 
4 
3 

03 4 
3 
3 
1 

04 3 
4 
8 
4 

05 11 
10 
9 
6 

06 4 
2 
2 
7 

07 8 
11 
14 
5 

08 1 5  
30 
20 
58 

09 69 
30 

14-16 1.1  

16-18 1.3 4- 

Sand and s i l t ,  brown, damp 
( F i l l  Material)  

S o f t ,  brown, c l a y  and s i l t ,  
moist 

Sand, g r a y ,  damp, black 
S t a i n i n g  
hdiun sti.cT, btwq, cloy Jet 

Dense, t o  very dense, gray t o  
b l a c k  g r a v e l s  and cobbles w i t h  
some coarse sand and t r a c e  o f  
c l a y ,  moist t o  wet 

C l a y ,  some g r a v e l ,  brown 
wet, s t a i n e d  black 

Gravel and cobbles, some 
s i l t ,  b l a c k  s t a i n e d  and water 
a t  1 5 . 5 '  

o U n i t s  
no odor 

700 U n i t s  

S o l v e n t  Odor 

S o l v e n t  O d  
~~ 

> l o 0 0  U n i t s  
Strong Odor 

800 U n i t s  
S o l v e n t  Odor 

> l o 0 0  U n i t s  
S o l v e n t  Odor 

> l o 0 0  U n i t s  
S o l v e n t  Odor 

>lo00 U n i t s  
S o l v e n t  Odor 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

20 

22 

- 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-12s Sh 2 of 2 
Date S t a r t e d  3/12/90 Completed - 3/12/90 Ground Elev. 530.2 
T o t a l  Depth 21.5 F t  Location Logged by M. Cousin0 

010 

011 

Remarks 

Sample 

Depth S p l i t  
F e e t  Spoon 

# 

ii ~ 18-201 1.8" 

58 
17 

L i t h o l o g i c  Description 

OVA 
Readings 
(in Units)  
& Remarks 

>lo00 u n i t s  
s o l v e n t  odor 
b l a c k  s t a i n  
>lo00 u n i t s  
s o l v e n t  odor 
b l a c k  s t a i n  

ENSR 



MONITORING WELL CONSTRUCTION DETAIL 
PADOYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
I Well Idontfflcdfon: YW-1% Ddlling Ydhod: Hallor u r  

W d I  M l o n : . R H C C ,  Top Of M n g  Elmt.(YSL):= BQ 

. 1 

Dah Of Installation: =sa 
Orllllng Controdor: - 

Yoarurfng Pofnt for \ 
Sunoying & W a t n  krh- 

Concrdo Pad .-d 

- 
Cemont-Bontonh or 
Bentonite Slurry Grout 

90% Comet 
lot, Bontonite 

4 '  
0 

o b  

0 .  
0 

a 
0 

@ a  

.... .... .... .... .... .... .... .... - .... --- .... ---. ........E===. .... 
.... --- .... ---. .... --- 

lop of Stool clrord prpr 

Depth from 

(f.4 
Ground Surfaco 

2.9 lop of Risw ?@a .......... .. .................... . .  

--round Surfam ..... I .......................... 0.00 ri" 
. 

0 
D 

0 

O Q  

Inrldo Dlamdor (ID) 2 lnch 

Bottom of Grout........ 3 2  
Top of kntonfto Setal ................................... 3.2 

.... ............................................... 5 0  

lop of smm ............................................... 10.0 

Bontonite SIal Thlcknm ........ 1.8 

.... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
e-. . . . .  304 Stalnlm Steel Scnrn 

.... .... Inside. Dfamhr (ID) 2 lnch 
.... Slot SI20 0.01 lnch 

. . .  .... .... hngih 10 fWf .... .... 
.... .... .... .... .... .... .... .... .... .... .... 

Sand Pack Thicknm - 
.... 
.... 

20.0 Buttom of Wdl ........................................... -.::.! ................. ................. ................. 20.0 . .  ................. 
Battom of Bonhok .............. - ....................... I 

a 

a 
Descrlb. Ywwrfng Point: 

on Too of Riser Pia* 
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.' . 

I 

S p l i t  Blows Depth 
Spoon P e r  Range 

# 6 

~ ~~ 

SOIL BORING LOG 
PMDYS RUN ROAD SITE RI/FS - CROSBY TOUNSHIP, OHIO 

Rec. 
( F t )  

Sh 1 o f  2 P r o j e c t  4700-016 S i t e  PRRS BORING MW-13s 1 
Date Started 3/10/90 Completed 3/10/900 Ground E l e v .  528.9 
T o t a l  Depth 20.0 Ft Location RNCC Logged by M.Ferlin  
Remarks 

Depth 
F e e t  

I 10 I I 
4 I 

6-8 1.3 I ::I I 04 

I 10 1 I 
5 

27 
20 
11 

2 8  

05 17 8-10 1.3 

06 29 10-12 1.5 

I 21 I I 
11 I 

08 1 1 1 4 - 1 6 !  1.5 

~ 

6 

15 
20 

09 12 16-18 1.2 

L i t h o l o g i c  D e s c r i p t i o n  

S o f t ,  brown, c lay  and 
g r a v e l  

Dense, brown, medium t o  
zoarse sand and gravels,  
moist to wet 

Zobbles 

OVA 
Readings 
( i n  U n i t s )  
61 Remarks 

0 U n i t s  
no odor 
no v i s u a l  

0 U n i t s  
no odor 

0 U n i t s  
no odor 

0 U n i t s  
no odor 

7 U n i t s  
no odor 

7 . 4  U n i t s  
s l i g h t  odor 

>lo00 U n i t s  
s t r o n g  sol-  
v e n t  odor 
product ob- 
served 
>lo00 U n i t s  
s t r o n g  sol- 
v e n t  odor 

>loo0 U n i t s  
s t r o n g  sol- 
v e n t  odor 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-13s 
Date Started 3/10/90 Completed 3/10/90 Ground Elev. 528.9 
Total Depth 20.0 Ft Location RNCC Logged by M. Ferlin 
Remarks 

Depth 
Feet 

18 

20 

Split 
Spoon 

# 

010 

Sample 

Blows 
Per 
6 

7 
35 
17 
21 

Depth 
Range 

18-21 

Rec . 
(Ft) 

- 
1.7" 

~ 

Lithologic Description 

Cobbles 

~~~~~ ~ 

Ground Water encountered 
at approximatey 14 feet. 

OVA 
Readings 
(in Units) 
61 Remarks 

>io00 units 
strong sol- 
vent odor 
black stain 
and material 

1 

ENSR 



MONl TORlN G WELL CONSTRUCTION DETAIL 

CROSBY TOWNSHIP, OHIO 
PADDYS RUN ROAD SITE RI/FS 00'5361 

Well Identification: YW-145 
Well Locution: Off Site 

Drilling Contractor: - 

Drilling Method: Hollow 
Top O f  Casing Elov.(YSL):532.12 
Gaoiogist/Enginoor: J.S. 
Project Numbor: 4700-016 

Dopth from 
Ground Surfaco 

(feet) 
I lop of Stool kwd PlpoB ' *::- - 

Measuring Point for 
Suneying & Water h o b  - 

Concrote Pad f i O  
P 

L 
0 

E r o u n d  S u r f m  (G.S.) 

e *  

0.00 

Cement-Bontonfto or 
Bentonite Slury Grout 

907. ~oment \ 
10% Bontonfte 

Top of Riser plp, ...-......... :I... .......... - 2.5 

304 Stainless Stool Riser Pip. 

Inside Dkmder (ID) 2 lnch 

O 4  Bottom of Grout ........ 6.0 
lop of Bentonite Seal ................................... 6.0 
Bontonfte Soal Thickness ........ 2.0 

8 0  TOP of Sand ............................................... 

Top of Scnon ...................... .. ....................... 12.15 
.... 
.... .... .... 
.... .... .... .... 
.I.. .... .... 

304 Stainless Steel Screen :rr .... Length 10 fed  
Inside Dfamdor (ID) 2 lnch 

.... Slot size 0.01 inch .... El- 
.... 
. . .  Sand Pack Thicknm 3' .... .... ..... .... ..... .... ..... .... ..... 

22 19 .................. Bottom of Well ......... "............. u....-.......... ~ ~ . . - .  ................. .................. ................. 22.19 
I Bottom of Bonholo .............. -.. ..................... 

Describe. Yoasudng Point: 
Mark on Top of Rlsor P I D ~  
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS 0 CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-14s Sh 1 o f  2 
Date S t a r t e d  3/20/90 Completed 3/20/90 Ground E l e v .  529.7 
T o t a l  Depth 22.0 Ft Location Logged by J . S t a r k e s  
Remarks 

Sample OVA 
Readings 
( i n  U n i t s )  
& Remarks 

s p l i t  
spoor 

# 

Depth 
Range 

Rec . 
( F t )  

Depth 
F e e t  

Blows 
Per 
6 'I 

L i t h o l o g i c  D e s c r i p t i o n  

Topsoil,  s i l t y ,  -sand, brown 
Damp 

2 
1 
2 
1 
4 
4 
6 
7 
4 
8 
8 
8 
4 
5 
6 

- 

- 

0-2 1.3 o U n i t s  
no odor 

01 

2 

4 

6 

8 

10 

12 

14 

16 

18 

0 U n i t s  
no odor 

02 2-4 0 Large cobble i n  spoon t i p  

1.8 Medium dense, brown, medium 
sand w i t h  some g r a v e l  and 
s i l t ,  moist 

0.6 U n i t s  
s l i g h t  odor 

03 4-6 

04 6-8 1.5 
s l i g h t  Unit=l odo 

8 
5 
- 

05  6 
6 

8-10 1.3 22 U n i t s  
s l i g h t  odor 
no v i s u a l  10 

12 
1.5 

Dense to v e r y  dense, c o a r s e  
g r a v e l s  and f i n e  sand w i t h  
some s i l t ,  moist 

06 12 
12 

10-12 10 U n i t s  
s l i g h t  odor 

8 
21 

07 0.8 2 U n i t s  
s l i g h t  odor 

23 
28 

12-14 

Very dense, brown, f i n e  to 
zoarse sand and c o a r s e  g r a v e l s  
iJith some s i l t ,  moist  

32 
16 

08 31 
35 
43 
5 
11 
12 
15 

- 

- 

14-16 1.8 >lo00 U n i t s  
strong odor 

>lo00 U n i t s  
strong odor 

.. 

09 16-18 1.5 

ENSR 



SOIL BORING LOG 
PADDYS RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

BORING MW-14s Sh 2 of 2 P r o j e c t  4700-016 S i t e  PRRS 
Date S t a r t e d  3/20/90 Completed 3/20/90 Ground Elev. 529.7 
T o t a l  Depth 22.0 Ft Location Logged by J. S t a r k e s  

1 

Remarks 

Depth 
F e e t  

c 

S p l i i  
spool 

# 

010 

011 

Sample 

Blows 
P e r  

6 ‘I 

8 
1 3  
107 

20 
22 
22 
24 - 

Depth 
Range 

18-20 

20-22 

2.0 

2.0 

L i t h o l o g i c  Description 

Sand 

Gravel,  f i n e ,  some f i n e  t o  
coarse sand, b l a c k  s t a i n i n g  
saturated 

Ground Water encountered 
a t  approximatley 1 5  f e e t  

OVA 
Readings 
( i n  U n i t s )  
t Remarks 

>lo00  Units 
Strong odor 

>1000 U n i t s  
Strong odor 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Yo11 Id&iflcotforr: W-1U 
&ell Location: Off-* 
D a h  Of Installotlon: 
Drilling Contractor: - 

. .  

I 
Drilling Mothod: 
lop  Of Casing E~ov.(MSL): 531.84 
Goologist/Englno~ J&& 
Pro/oct Numbor: 4700 - 062 

_- 

Top of Steal Guard Plpo 
Measuring Point for 
Suneying & Water Levels- 

Concrete Pad 

Cement-Bentonite or 
Bentonite Slurry Grout 

90% Cement 
1 OX Bentonite 

1 .... .... 
.... .... .... . .__ 1111 

Depth from 
Ground Surfaco 

(feet) 

l o p  of Rlsor Pipa ................................ 2.00 t 
k l  &round Surfaco 0.00 ................................ 

304 Stalnlrss Steel Rlser Plpe 

Intfdo Dlamdor (ID) 2 hch 

Bottom of Grout ........ 3.00 I 
lop of Bontonfto Seal ................................... 3.5 00 

fop of Sand ............................................... 37.00 

Top of Sereon ............................................... 39.60 

9ontonfto Seal Thickness ........ 2.00 

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

..... it13 R 304 Stafnlm S M  Scram .... ..... Length 

..... .... Inside Dlamdor (ID) .2, ..... 0.01 mch .... Slot size 

.... 

..... .... ..... .... ..... .... ..... .... ..... ..... ..... Typo/Sbo of Sand G&dNa 7 .... Sand Pack Thicknm r ..... .... ..... .... ..... .... ..... .... ..... .'.'.'.'.I 

u 
0 0 l Y i ' 3  .................. Bottom of Wdl .... ............................... ........ ................. .................. ................. 50.80 Boltom of Bonholo .............. .. ....................... 
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007361 
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 
Project 4700-062 Site PRRS BORING MW-141 Sh 1 of 2 
ate Started 12/10/90 Completed 12[10/90 Ground Elev. 529.89 

Remarks See Soil Borina LOCI MW-14s for 0-22 Foot Interval 
K otal Depth 50.0 Feet Location Off-Site Logged by BEM 

Depth 
Feet 

Sample 

Split Blows Depth Rec. 
Spoon Per Range 
Number Z f t .  Feet Feet 

1 40 22-24 1.3 

2 60 24-26 1.7 

3 31 26-28 1.7 

5 23 32-34 1.3 

6 81 32-34 1.3 

7 15 34-36 1.3 

8 15 36-38 1.5 

9 15 38-40 1.7 

10 51 40-42 1.5 

Lithologic Description 

Brown-gray, dense, 
fine to coarse sand and 
fine gravel, wet 

Brown, dense, fine to 
coarse sand, silty, 
wet 

Brown, dense fine to 
coarse sand, trace of 
fine gravels, wet 

Brown, medium dense, 
fine sand, wet 

OVA 
Readings 
(in Units) 
& Remarks 

25 Units 
strong 
organic 
odor 
30 Units 
slight 
organic 
odor 
30 Units 
slight 
organic 
odor 
20 Units 
slight 
organic 
odor 
25 Units 
slight 
organic 
odor 
20 Units 
slight 
organic 
odor 
15 Units 
slight 
organic 
odor 
10 Units 
slight 
organic 
odor 
8 Units 
slight 
organic 
odor 
0.8 Units 

I 
ENSR 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

11 Project 4700-062 Site PRRS BORING MW-141 Sh 2 of 2 
?ate Started 1 2 / 1 0 / 9 0  Completed 12/10/90 Ground Elev. 529.89 1 
rota1 Depth 50.0 Feet Location Off-Site Logged by BEM 7 
Remarks See Soil Borina Loa MW-14s for 0-22 Foot Interval 

~~ ~ 

Lithologic Description 

OVA 
.Readings 
(in units) 
& Remarks 

Sample 

Numbe 

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet 

2 f t .  

1.0 Units 41 42-44 1.5 11 

Brown, dense, fine to 
medium sand and fine 
gravel, wet 

- 
23 . O  Units 1.7 1 2  44-46 

o Units 13 27 46-48 1.5 

o Units 14 26 48-50 1.3 

ENSR 
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MONITORING WELL CONSTRUCTION DETAIL 
PAD[ 

Cf OQ7361 
IYS RUN ROAD SITE RI/FS 
Iosw TOWNSHIP, OHIO 

Well ldrntifl d o n :  MU-1 SS 

D o t ,  Of Indallotlon: 3 / ! p a  
1 WoII Locoffon: RWCC 

Drllllng Contradoc - 
Drllllng Yethod: 
Top Of Caaing Elov.(YSL):~i.73 
G o o l o g l s t / f n g i n o ~ ~  
Project Numbor. 4700 - 016 

Lock 1 

Yoasurlng Point for -= 
3; Cement-Bentonlte or 

Bentonite Slurry Grout 
90% Cemont 
10Z Bentonite 0 

B 
I 

Depth from 
Ground Surface - - Top of Stool Gaord Pfpa . (foot) 

TOP of Msor PIPO ................................ 2.7 

-round SJrfac. ................................ 0.00 

- 304 Stahless Stool Riser Pipe 

Inrldo Dlomotor (ID) 2 inch 

........ Bdom of Grout 8.0 
Top of Bentonite Soal ................................... 8.0 
Bontonfte S a l  Thlcknosr ........ 2.0 

TOP of Sand ............................................... 10.0 

Top of Screen ............................................... 12.0 

..... 

..... 

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

.... q- 

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

304 Stalnlm Stool Scnen 
Lngth ‘ 10 foot 
Inslde Dlamoter (ID) 2 Inch 
Slot si20 0.01 inch 

q-Sand Pack Tilickn= 3’ 

..... ..... ..... 
.... -.- 22.0 

. . .  ._:.I%, ..... Bottom of ~ o i l  ........A ..... ..- ...... -.....-.- .... I-, ............ ................. ..: . ’ ... . .  . .  

22.0 . .  
Bottom of Bonhob ...................................... 

I .  
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
Well Identfficutton: MU-1 50 
Well L o c a t i o n : , R N C C ,  
Dab Of I n s t a l J d l o n : 3 / 2 4 / 9 6 ,  Gdoglt)/Engino~& 
Drflilng Confmdm JWSLU&D - Pm/rct N u m k  4706-616 

Drilling Y h o d  
Top Of Coring E l a v . ( Y S L ) : ~  

..... ..... - - - ..... TOP of Scmn ............................................... 70.1 .... --- .--. ..... ____ -. .... .... .... ..... ---- ..... .... ---- .... ..... ---- ..... .... ---- .... ..... e--- ..... .... ---- .... ..... _---..... .... - __ - .... ..... - __ - ..... 
.... ---- .... ..... ---- ..... 
.... ..... ---- ..*-..,.. 
..... ---- .ir.. .... .. 304 Stoin~oss Sbol Scmn ----. .... .... ---- .... ..... Lengfh 10 fret .---- .... ____ .... ..... - __ - ..... 
.... ---- .... .... .... ..... ---- ..... Inrlde Dfametrr (ID) 2 Inch 
.... ---- .... Slot Size 0.01 lnch ..... ..... ---- ..... ---- ..... .... ---- .... ..... -- --..... .... ---- .... ..... - __ - ..... ---- --.- .... ---- .... .... .---- ..... 
.... ..... ..... 
.... .... ---- s' 

Lock 7 

Suneying & W u t r t  hrh- 
Yeasudng Pdnt for 

Cemont-Bentonite or 
Bentonite Slurry Grout 

902 Cement 
101. Bentonite 

4 

0 0  

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

Dopth from 
Ground Surface 

.... . . .  . .. (f-9 
fop o f  R h r  ............. 2.7 

. ._ . * . : _  - -. . z .  - 
lop of S t d  ..W.plgl' _-'  - .  

. .  ..... . ..I. -. . < .  . .  
--mnd surfaci ................................. 0.00 

304 Stalnlm Stmi Rfmr Pipe 

Imide Dlamdtrr (ID) 2 Inch 
0 

....... 59.1 Battom of Grout, 

-Top of Bentonlto kal  ................................... 59.1 @ 
Bentonite Sol  Thicknm ........ 6.0 

- - - T O P  of Sand ............................................... 65.7 
I'::::I ..... 
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087368 
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-15D Sh 1 of 4 
Date Started 
Total Depth 81.0 Ft Location RNCC Logged by _ _ _  - 

3/22/90 Completed 3/22/90 Ground Elev. 528.4 
B 
Remarks 

Running sands 
No sample taken 

OVA 
Readings 
(in Units) 
& Remarks 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

BORING MW-15D Sh 2 o f  4 Project  4700-016 S i t e  PRRS 
Date Started 3/22/90 Completed 3/22/90 Ground Elev.  5 2 8 . 4  
Total  Depth 81.0 Ft Location RNCC Logged by M. Ferl in  
Remarks 

Blows 
Per 

6 'I 

20 

Depth 
Feet 

Depth 
Range 

4 1 - 4 3  

S p l i t  
Spoon 

# 

70  

4 1. 

4 3  

45 

47 

49 

5 1  

53 

55 

57 

47-49 

Sample 

~~~ ~ 

55 

36 

7s 

49-51 

51-53 

53-55 

53 55-57 

Rec . 
( F t )  

1.5 

1.8 

2 

2 

2 

~ 

2 

2 

2 

Lithologic Description 

Sray, f i n e  t o  coarse sand, 
some s i l t ,  trace f i n e  t o  
coarse g r a v e l ,  wet 

Greenish-brown, f i n e  g r a v e l  
trace medium to coarse g r a v e l ,  
some s i l t y  c l a y  

Gray, f i n e  s i l t y  sand, some 
clay,  trace fine g r a v e l ,  wet 

Gray, f i n e  t o  coarse sand, 
trace f i n e  gravel ,  wet 

OVA 
Readings 
( i n  Units) 
& Remarks 

40 Units 

1 8  Units 

10 Units 

20 Units 

10 Units 
s l i g h t  odor 
no v i s u a l  

10 U n i t s  
s l i g h t  odor 

no v i s u a l  

. 6  U n i t s  
solvent  odor 
no v i s u a l  

1.2 Units 
solvent  odor 

no v i s u a l  
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SOIL BORING LOG 

PADDY8 RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

k r o j e c t  4700-016 S i t e  PRRS BORING MW-150 Sh 3 of 4 
Date S t a r t e d  3/22/90 Completed 3/22/90 Ground Elev. 528.4 
T o t a l  Depth 81.0 F t  Location RNCC Logged by M-Ferlin 
Remarks 

OVA 
Readings 
( i n  U n i t s )  
61 Remarks 

I Sample 

Depth 
Range 

Rec . 
(Ft) 

L i t h o l o g i c  Description 

I 1 5 2  
57-59 2 Gray, f i n e  sand, t r a c e  of c l a y  

wet 
1 . 4  Units 

S l i g h t  Odor 

59-61 1 . 8  1 . 8  Units 
S l i g h t  Odor 

Gray, f i n e  t o  medium sand, 
some f i n e  g r a v e l ,  wet 0 Units 

S l i g h t  Odor 
61-63 1 . 4  

Gray, medium t o  coarse sand 
and f i n e  g r a v e l ,  wet 1 . 2  U n i t s  

S l i g h t  Odor 
63-65 .9 

2 . 4  Units 
S l i g h t  Odor 

65-67 2 

0 Units 
S l i g h t  Odor 

67-69 1 

10 Units 
S l i g h t  Odor 

69-71 2 

71-78 2 2 0  Units 
S l i g h t  Odor 

11 Units 
S l i g h t  Odor 

73-75 1.2 
Sray, medium t o  coarse sand 
soem fine g r a v e l ,  wet 

ENSR 
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S O I L  BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-ISD Sh 4 of 4' 
Date Started 3/22/90 Completed 3/22/90 Ground Elev. 529.7 
Total Depth 81.0 Ft Location RNCC Logged by M.Cousino 
Remarks 

~ ~ ~~ 

OVA 
Readings 
(in Units) 
C Remarks 

Sample 

split 
Spoon 

# 

Depth 
Range 

Depth 
Feet 

Blows 
Per 
6 'I 

Lithologic Description 

75-77 Gray, meidum to coarse sand, 
wet 

6.2 Units 
Slight Odor 

a7 2 

7 7, 

7 9, 

81 

91 77-79 2 1.8 Units 
Slight Odor 

79-81 1 . 3  3.2 Units 
Slight Odor 

3 3  



MONITOF 
PA 

ING WELL CONSTRUCTION DETAIL 
IDYS RUN ROAD SITE RI/FS 
CROSBY TOWNSHIP, OHIO 7 ' 6  1 

Dlllllng Ylthod: ,Hoilow--, 
Top Of Cadng tlw.(USL):S2-69 
Gwlogist/tnginac - 
Project Numbrr: 4700-016 

lop of Strd c u d  Plpo - -.= 
Yeasurlng Point for 
Suwrylng & Wutrr L.rrls- 

B 

B 

1OX h t o n l t r  

.... .... .... .... .... ..... .... .... 111 

Doptt~ from 
Ground Surface 

(fd 
1.7 Top of Rlrrr ....U........L....... ......... t- - . -found Surfam': .................................. 0.00 

P '  

0 1  

4 
. 
0 
0 

304 Stainloss Strd Riser Pipe . 
0 Insfdo Dlamdrr (IO) 2 inch 

b 
0 

adtorn of Grout........ 7.8 
-lop of kntonfte S a l  Z8 
-Bentonite S a l  Thicknm ........ 2.0 

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

P of sand 9.8 .............................................. .... ..... ..._I ..... ..... 11.9 lop of Smm ................................................ ..... ..... ..... ..... ..... ..... !y 
..... .... ..... ..... 

304 Stainloss Stool Scrwn ..... 10 feet 
..... .... Inside Dlamdrr (IO) 2 Inch 
.... ..... 

0.01 Inch Slot k r  

Sand Pack Thickness J' 
.... ..... .... ..... .... ..... .... ..... ..... Horn of W d I  22.0 ..... 4- ...... .. ......... .U.....*....U.D.U..L... 

................. Worn of Bonhok .............. -.. ..................... - 
lei Q ( j G 1 8 2  

Dutrlbr. Moasudng Point: b o h o l o  D ~ u ~ w  
on fop of RImr P f ~ e  



MONITORING WELL CONSTRU CTl ON DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
I Well Identifledon: YW-18s 

Well L o c a t i o n : , O f f ,  
Date Of Indollation: 3./7./M 

Drilllng U&od a Tool 
Top Of Cadng Uov.(MSL): -75 
Goologist/Enginoor. 3s. 

Drilling Contractor. B d W S E R F R  - Proloct Numbor. 4700 - 016 

Yeasurlng Point Lock for \ 
Sunuying & Wator Lovols- 

Concreto Pad 

I( 
Cement-Bentonite or 
Bentonite Sluny Grout 

90% Cemont 
10X Bentonite 

Q I. 
.... .... .... .... .... .... .... .... 111 

304 Stainloss Stool Rlsor Pipe 

Inside Diamdor (ID) 2 Inch 

O Q  I Bottom of Grout ........ 1.9 
lop of Bontonlto Soat 7.9 
Bentmite Soal lhlcknoss 21 
fop of Sand 4.00 

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

............................................... ..... 
..... 
..... 
..... 5.40 ..... of Scroon ............................................... 

-flop 

..... 

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

..... 

..... .... ..... 
304 Stainloss Stool Scnen 

bnglh 10 foot 
.... Insido Diamdor (ID) 2 inch 
.... ..... 
..... 
......... .... Slot Size 0.01 inch ..... .... ..... .... ..... .... ..... .... ..... 
Y F S a n d  ..... .... Pack lhickno+r 3' 
..... .... . .  ..... 
..... .... ..... . .  .. . -. . . . . . . .  .... . .  

%ohm of WoII . . . . . . . . .  .....r.r.rwr.-A+.-.. ..................... 
.. -,;- *..: :....'-.-. .... -2*: +-+ . --_ w:. . Bottom of Bonhok ..... ;.rr...d.............. ......... 

L .... 
. . __- ,*e.-. . .................. .--; .. .. ....... ...-< --". 15.45 

QQOIBi3 
I 

132 



S O I L  BORING LOG 
PADDYS RUN ROAD S I T E  R I / F S  - CROSBY TOWNSHIP, OHIO 

hroject 4700-016 Site PRRS BORING MW-18s Sh 1 of 1 
Date Started 3/06/90 Completed 3/06/90 Ground Elev. 528.4 
Total Depth 1 6 . 0  Ft Location O f f  Site Logged by J.Starkes 

Depth 
Feet 

Remarks 

Split Blows Depth Rec. 
Spoon Per Range (Ft) 

# 6 '' 

I Sample 

- 8 - - - 
- 10 - - - 
- 12 - - - 
- 14-, - - 
- 

ss-4 50 6-8 1 . 8  

8-10 2 SS-5 7 0  

10-12 1 . 6  SS-6 65 

12-14 2 SS-7 8 0  

14-16 1 . 7  SS-8 102 

Lithologic Description 

Silt-sandy, fine grained, some 
clav. hard brown, moist 
Brown, fine sand and silt, 
moist 

Brown, fine to coarse sand 
with some medium gravels, trac 
of silt and clay 

Gravels 
d 

Brown, fine to coarse sand, 
and fine gravels with trace 
ofsome silt and clay, wet 

;round Water encountered at 
spproimately 8 . 4  feet. 

OVA 
Readings 
(in Units) 
t Remarks 

0 Units 
No odor 

0 Units 
no odor 

4 Units 
no odor 

2 Units 
no odor 

10 Units 
Petroleum 

Odor 

10 Units 
Petroleum 

Odor 

10 Units 
Petroleum 

Odor 

10 Units 
Petroleum 

Odor 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
I Wil l  Idantificution: YW-18D 

Wall Locotlon: O f f  Stto 
Data Of lndallatlon: x/t4/@tl 

Drllling N&d.  Cablo Tool 
Top Of Caring E Ir*.(NSL): a .dB 
Geologld/Englnom a. 

Drflllng Conhador: - Project Numbm 1760 - 016 

Lack \ 

Yaasurlng Polnt for - 
Sunqfng & Wotrr k o l r - +  

Concrete Pad 
L . 

4 
0 

Camant-Bontonito or 4 '  
Bintontto Slurry Grout 0 

901. Comont . P  
102 Bmtonite P .  

i e  
0 

b e  1 .... 
.... .... 

Dopth from 
Ground Surface 

(fret) 

2 72 
Top of Stool cltard Pipa 

Top of Riwr PI$a ....... ........ A... " 
.. - 

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

0.00 - .  - .  ==1 SurfaCii -... .- ......*..-......... 

Q 
c. 
0 
0 
. 

b 
a 

O Q  

... .... ... .... ... .... ... - ... .... ... .... ... .... ... .... ... .... ... .... ... .... ... .... ... -* .... ... .... ... .... ... .... ... .... ... .... ... .... ... .... ... .... ... .... -.. ... .... ... .... ... .... ... .... ... .... ... ................. ................. ................. 

k 
* Dascrlbo. Y~wlr(n9 Point: Borehob Diamd4 

Mark on Ton of 'Rihr P b g  

- 304 Stalnlou Stool Rlsor Pipe 

lnslde Ohmetor (ID) 2 inch 

Bottom of Grout ........ 59.90 
-Top of Bontonlto Soul ................................... 59.90 

-Top of Sand ............................................... 65 00 
........ -Bontonltr S o d  Thicknost 5 10 

- Top of Semen ............................................... 68.27 

- 304 Stainless Stool Scroon 
hngth l o  fort 

2 inch 
0.01 Inch 

lnrldo Diameter (ID) 
Slot 920 

-Sand Pack Thlcknm S' 

Bottom of WoII ...C...;.W.....-.Y.-.."" ........ 
c-- Bottom of Boroholr .... ".-....~.."U...-..~..m... 

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

' 78.3 . . .  ..- .-,. . ...... 
. .  
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0873 6 1  
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project  4700-016 S i t e  PRRS BORING MW-18D Sh 1 of 4 
Date Started 3/08/90 Completed Ground Elev.  528.3  
Total  Depth 7 9 . 0  Ft Location Off S i t e  Logged by J.Starkes 

67 

6 5  

44 

12  

4 2  

16-18 

18-20 

20-22 

21-23 

23-25 

Sample OVA 
Readings 
( i n  Units)  
& Remarks 

- 
S p l i t  
Spoon 

# 

Lithologic  Description Depth 
Feet 

Logged previously a t  MW-18s 

1 6  

18 

20 

21 

23 

25 

27 

29 

Brown, medium t o  coarse gravel  
and f i n e  to coarse sand, some 
s i l t  and c l a y ,  wet 

ss-1 1.8 3 U n i t s  
Petroleum 

Odor 

Brown t o  gray, f i n e  t o  
sand some medium gravl  
t r a c e  of c l a y  

30 U n i t s  
no odor 

s s -2  1 . 6  coarse 
, s i l t  - 

ss-3 1.6 . 6  Units 
no odor - 

s s -4  0 .8  Units 
no odor 

1.8 ss-5 . 4  U n i t s  
no odor - 

SS-6 
Brown, f i n e  t o  coarse sand, 
some s i l t  and c l a y ,  trace of 
f i n e  gravel ,  moist t o  wet 

2 1 . 2  U n i t s  
no odor - 

3s-7 

43 I 28-29 

2 . 2  U n i t s  
no odor 

2 

t 
ENSR 



.. 

Sample 

Split Blows Depth 
Spoon Per Range 

# 6 '' 

SS-8 6 0  2 9 - 3 1  

ss-9 7 5  31-33 

ss-10 - 33-35 

SS-11 50 35-37 

SS-12 5 0  37-39 

S S - 1 3  50 39-41  

S S - 1 4  65 41-43 

SS-15 3 5  43-45 

SS-16 50 45-47 

S O I L  BORING LOG 
PADDYS RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

Rec. 
(Ft) 

2 

1 . 8  

2 

1 . 8  

2 

1 . 3  

1.9 

1 

1.7 

Project 4 7 0 0 - 0 1 6  Site PRRS BORING MW-18D Sh 2 of 4 -  
Date Started 3 / 0 8 / 9 0  Completed Ground Elev. 5 2 8 . 3  
Total Depth 7 9 . 0  Ft Location Logged by J.Starkes 
Remarks 

Depth 
Feet 

Lithologic Description 

Brown, fine to medium sand, 
some fine gravel, some silt 
wet 

Reddish-Brown, sand, fine to 
coarse, some silt, trace of 
clay, wet 

Brown, fine to medium sand, 
trace medium gravel, wet 

Brown, medium to coarse sand 
trace of fine gravel, trace 
of silt wet 

OVA 
Readings 
(in Units) 
t Remarks 

2.2 Units 

3 . 8  Units 

2 Units 

O unitl 
0 Units 

0 Units 

o Units 

0 Units 

o Units 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

) P r o j e c t  4700-016 S i t e  PRRS BORING MW-18D Sh 3 o f  4 
Date S t a r t e d  3/08/90 Completed Ground Elev. 528.3 
T o t a l  Depth 7 9 . 0  F t  Location Logged by J . S t a r k e s  
Remarks 

OVA 
Readings 
( i n  Units)  
& Remarks 

Sample - 
Blows 

Per 
6 ‘I 

S p l i t  
spoor 

# 

Depth 
Range 

Rec . 
( F t )  

Depth 
F e e t  

L i t h o l o g i c  Description 

Brown, f i n e  t o  coarse sand, 
t r a c e  of f i n e  gravef and 
s i l t ,  wet 

45 

51 

53 

55 

57 

59 

6 1  

63 

65 

- SS-17 

ss-ia 
24 

62 

- o Units 

0 Units 

47-49 

49-51 

1.7 

1 .7  

ss-19 45 51-53 1 . 7  list 0 Unit: Brown, f i n e  t o  coarse grave1,n 

Brown, f i n e  t o  coarse sand 
some s i l t ,  t r a c e  o f  c l a y ,  wet 

53-55 1 . 7  t SS-2Q 50 0 Units 

ss-21 46 55-57 1 .6  0 Units 
Brown, f i n e  t o  medium g r a v e l ,  
some medium sand, wet c-j 

57-59 1 .8  f 59-61 1 . 6  

ss-22 50  0 Units 

Brown, f i n e  t o  coarse sand, 
some g r a v e l ,  t r a c e  o f  s i l t  
and c l a y ,  wet 0 Units SS-23 74  

3 Units 
S l i g h t  odor 

SS-24 85 61-63 1 .7  

3 Units SS-25 85 63-65 1.7 

c 

ENSR 



SOIL BORING LOG 

1 PADDYS RUN ROAD SITE RI/FS CROSBY TOmSHIP, OHIO 

Project 4700-016 S i t e  PRRS BORIbIG MW-18D Sh 4 of 4 
Date Started 3/08/90 Completed Ground Elev. 528.3 
Total Depth 79.0 F t  Location Off Site Lagged by J.Starkes 
Remarks 

OVA 
Readings 
( i n  U n i t s )  
C Remarks 

Sample 

S p l i t  
Spoon 

# 

Lithologic Description Depth 
Feet 

Blows 
Per 

6 " 

Depth Rec. 
Range ( F t )  

I 
3.2 Units 70 65-67 2 SS-26 

67-69 1 .8  7- o U n i t s  SS-27 50 

69-71 1 .7  

--- 71-73 1.8 

o Units SS-28 60 

ss-29 80 

Brown and gray, fine t o  coarse 
sand, some fine to medium 
gravel, some s i l t  & c l a y ,  wet 

_ _ _ ~  ~ 

SS-30 0 U n i t s  

Brown to gray, very fine sand 
and s i l t ,  some clay 

o U n i t s '  SS-3 1 

1 U n i t s  SS-32 Sand, medium t o  coarse 
trace fine gravel, trace s i l t  

1 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

00 7 6 I . CROSBY TOWNSHIP, OHIO 

Woll Identiflcutlon: MU-1 9s Drilling Y l t h o d  Hollow Auarr 
well b c a t f o n : H  
D a h  O f  Installation: 3!2b/9d GoologM/Engfnror:W,gg. 

Top Of Caring flov.(MSL):522.26 

Drflllng Conhetor: - Project Mumbe 4700 - d l 6  

Yoaarurlng Polnt for 
Sunqing water ~ n o ~ r - + '  - - 

5 0  . Concrdo Pad 
o V 

4 
0 

* 4  

2 5  TOP of Riwr b o  ............. ._ .................. 
. . .  ... 

=a &round Surfam ................................ 0.00 

Mark on loa of Rlw 
- - - - - -  

f PlD4 

139 

4 '  

90% Comont . o  
1 OX Bontonlto 0 .  

i o  
6 

0 0  

Bontonlte Sluny Grout 0 

Cimmt-Bontonlte or 0 
0 

304 Stalnlou Stool Riser Plpo . 
0 Inrido Dlamotor (ID) 2 lnch 

P 
0 

O Q  Bottom of Grout ........ 2.0 
0 20 Top of Bontonlte Soal ................................... 

I 

..... ..... ............................................... 4.0 .... .... ..... ..... .... .... ..... ..... 

..... ..... .... .... 
. . . . .  ..... - - - - ..... - Top of Scroon ............................................... 4.9 .... ..... .... ---- * ---- -.--. ..... ---- ..... .... ---- .... .... 

..... ---- ..... .... ---- .... ..... ---- ..... .... ---- .... ..... - __ ..... .... - - - - .... ..... ..... 
---a .... ..... .... ..... ---- .... ---- .... .... .---- ..... .... .... 

.....I---- . . . .  .... .... ---- 304 Stainless Storl Scroon ---- 

.... .---_ ..... Length 10 f e d  
,.... ..... .... lnrldo Dlamotor (ID) 2 Inch 
.... - __ .... ..... ____ -. .... 
.... ---- ..... .... Slot Size 0.01 Inch 

---- ..... .... ---- .... ..... ..... ---- ..... ---- .... ---- .... ..... --__ ..... .... - -- - .... 
- - - - * - . - .  ---- * - - ' ..... 

I.... ..... ..... .... ---- 
.... ---- .... .... .... .---- ..... 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-19s Sh 1 of 1 
Date Started 2/z(P/40 Completed 2/26 /qo Ground Elev. 519.0 
Total Depth 16.0 Ft Location o f f  srrt: Logged by B.Bera 

/I 

Remarks 

Depth a Sample 

Feet Spoon Per Range 
Lithologic Description 

Topsoil, soft, dark brown 
moist 

Medium stiff to stiff, brown 
clay 

Loose to dense, brown, 
fine to medium sand 
and fine gravels, wet 

Ground Water encountered 
at approximately 7.5 feet 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

0 Units 
no odor 
no visual 

no odor 
no visual 

0 Units 
no odor 

no visual 

0 Units 
no odor 

no visual 

0 Units 
no odor 

no visual 

0 Units 
no odor 

no visual 



MON 

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

TORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 0 0 7 3 6 1  

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

Well idonntlficdton: wW-2ps 
W d I  Location: Off Sit0 
Data Of Installation: 7,/21,/Qa 

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

Drilling Ydhod: Hollow 
Top Of Caring EIov.(YSL): - 
Goo log is t/tng in ooc -&&E. 

- - - ..... - - - ..... .... ---_ ..... ..... ..... .... ..... .... ..... 

Drllllng Contractor: - Project Numbor: 4700 - 016 

..... 4 ................. ................. 

Top of Stod Guard P b o  
Yoasurlng Point for 
Sunoying & Wator Lovolr- 

Bottom of Woil "......." 15.15 ...................... ......... 

Concreto Pad 4 

Coment-Bontonito or 
Bontonite S l u y  Grout 

90% Corned 
1 O x  Bontonits 

Doscrlbo. Yoarudna Point: 

4 '  
0 

. b  
0 .  

4 

@ a  

I ... 
.... ... .... ... .... .... 

Dopth from 
Ground Surface 

(fed) 

Top of Risor Plpo ................ ..- ........... 3.0 *- 
304 Stainloss Stool Riser Pipe 

Inrldo Diamoter (ID) 2 lnch 

Bottom of Gm ut.... .... 2.0 
lop of Bontonito So01 ................................... 2.0 
Bentonite Soal Thicknoss ........ 1.9 

T O P  of Sand ............................................... 3.90 .... ..... .... ..... 
l . . . . I  

of Scraon ............................................... 4.90 

304 Stainlosa Stool Scroon 
10 foot 

lnsldo Diamotor (ID) 2 inch 
Slot Site 0.01 inch 

................. ................. - . .  15.15 Boltom of Bonhoii .............. - ....................... 0 0 fjx3:z a 
torohoh Diamotoi 

w 

Mark on TOD of Rlser P I D ~  

141 



SOIL BORING LOG 
PADDY'S RUN ROAD SITE RI/FS CROSBY TORNSHIP, OHIO 

S p l i t  
Spoon 

# 

Blows 
Per 

6 

Depth 
Range 

Rec. 
( F t )  

14-16 2 

project  4700-016 S i t e  PRRS BORING MW-20s Sh 1 o f  1 
ite Started 2/21/90 Completed 2/21/90 Ground Elev. 5 1 8 . 8  

x o t a l  Depth 16.0 F t  Location Logged by B.BERG 
Remarks 

Sample OVA 
Readings 
( i n  Units)  
& Remarks 

Lithologic  Description Depth 
Feet 

Top s o i l ,  s o f t ,  brown 2 
5 
8 

o Units  
No odor 
no v i s u a l  2 

4 

6 

8 

10 

12 

14 

16 

S t i f f ,  brown, c l a y  o Units  
No odor 
no v i s u a l  

4-6 2 o Units  
No odor 
no v i s u a l  

I :i Sandy 
6-8 2 o Units  

No odor 
no v i s u a l  

8-10 1 0 U n i t s  
No odor 
no v i s u a l  

Dense t o  very dense, medium 
t o  coarse sand and f i n e  t o  
medium g r a v e l ,  wet 

10-12 
No recovery 

12-14 1 0 Units  
No odor 
no v i s u a l  

0 Units  
No odor 
no v i s u a l  

Ground Water encountered 
a t  approximately 7 . 5  f e e t .  

142 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

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

007361 

..... ............................................... .... ..... .... ..... .... ..... - - __ - ..... l op  of Scnon ....................................... ........ 
--e- - * __ - ..... ----..... 

- 
.... ---- .... ---- ..... ---- .... ---_ ..... ---- .... - - - - ..... . . . . . . . .  ..... .... ..... ---a ---- ---- .... .---- ..... 

oII L o c a t l o n : , M f ,  

.... ---a .... ..... ---- ..... .... - __ - .... ..... __ - . . . . . .  ..... .... ..... ..... .... .... ---- 
c--- ..... ---- ..... .... ---- .... ..... - - - _ . . . e .  .... ---- .... ..... - - - - ..... .... - __ - .... ..... - - - - ..... .-.. * ..... ..... ---- - .... ---- .... .....- --- ..... .... .... 3' ---- 

Sand Pack Thlcknm .... .---- ..... .... - - - - .... ..... - - - - ..... .... .... ..... ..... ---- - -- - ..... ..... ..... ..... .... .... ..... ..... ..... .... ..... ..... . -  . .  ....- _- Bdom of W d 1  .... +... ....... rrr.....uA..., ....... 
. Bottom of Bonhob .............. _. ............... ; ....... 

.................. ................. .................. , . . .  . . . .  . . .  . . -. 
. . .  

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

Drilllng Ydhod: Tool 
Top Of Catlng f lov. (YSL):~1.31 
Goologl~t/Englnooc J.S. 

Drilling Contradoc AMSEAQWR - Projrd Numboc 4700 - 016 

Yoowring Polnt bd\ for 
Suwqlng & Wator Lwols- 

Concreto Pad 

- 

Dopth from 
Ground Surface 

. . .  . -  . .  ( fod)  

2.35 

0.00 

e fop of Stool -,'-- .- .-.: . 
. -  

Top of Rlur ................................ 
--round surf= ................................. . _  - .  

304 Stainloss Stool Rlser Pipe 

Inrldo Diametmr (ID) 2 Inch 

Cement-Bentonlto or 
Bentonite Slurry Grout 

9OX Commnt 
10% Erntonlte 

B 

D 

304 Stainlow Stool Scnon 
Length 10 fed 
Inrldo Dlamdor (ID) 2 inch 
Slot size 0.01 inch 

64.25 
64.25 

69.00 

72.22 

. 82.22 
82.47 

143  



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

I 
BORING MW-20D Sh 1 of  4 P r o j e c t  4700-016 S i t e  PRRS 

Date Started 2/23/90 Completed 2 / 2 4 / 9 0  Ground Elev. 518.9 
T o t a l  Depth 80.5 F t  Location Logged by M.Ferlin 
Remarks See MW-20s Lou f o r  l i t h o l o a v  above 16 f t .  

Sample OVA 
Readings 
( i n  Units)  
& Remarks 

Depth S p l i t  
Feet 

Depth 
Range 

Rec . 
( F t )  

L i t h o l o g i c  Description Blows 
P e r  
24" 

16 

20 

Sand, f i n e  to medium, some 
s i l t  t r a c e  g r a v e l ,  brown 
aet 

o U n i t s  
No odor 

5 0 '  16-18 

;ravel,  medium some sand 
and s i l t ,  brown saturated o U n i t s  

No Odor 45 18-20 
0 

0 U n i t s  
No odor - some c l a y  47 20-22 1 3 

22 

4 
24 

5 
26 

6 
28 

7 
3 0  

8 
32 

0 U n i t s  i 
No odor 1.3 49 22-24 

Sand, coarse, and gravel  
trace c l a y  0 U n i t s  

No odor 51 24-26 1.2 

No recovery 
26-28 0 

;ravel and sand, 

Some c l a y  

brown and gra: 
0 Units  
No odor 30-31. 0 . 3  

0 Units  
No odor 

000x3s ENSR 



SOIL BORING LOG 
PADDY8 RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-016 Site PRRS BORING MW-20D Sh 2 of 4 
Date Started 2/23/90 Completed 2/24/90 Ground Elev. 518.9 
Total Depth 80.5 Ft Location Logged by M.Ferlin 
Remarks See MW-20s Loa for litholouv above 16 ft. 

Depth 
Feet 

Sample 

Split Blows Depth Rec. 
'Spoon Per Range (Ft) 

# 24"  

3 2  

9 

33 

10 
35 

Readings 

& Remarks 
Lithologic Description (in Units) 

56 31.5-  .7 
33.5 

33*5- 
76 3 5 - 5  1 . 3  

I 
1 

Sand, medium to coarse, and 
gravel some clay, trace 
cobbles, gray e 

No recovery, drilled through 
sample 

Sand, fine, some gravel, gray 
saturated 

~~ ~ 

Sand, medium to coarse, and 
gravel, some silt, trace 
cobbles, brown 

II I- I I I I I . .  

O Units 
No odor 

o Units 
No odor 
~~ 

o Units 
No odor 

No Recovery 

o Units 
No odor 

0 Units 
No odor 

0 Units 
No odor 

ENSR 
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II SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-0 16 Site PRRS BORING MW-20D Sh 3 of 4. 
Date Started 2/23/90 Completed 2/24/90 Ground Elev. 518.9 
Total Depth 80.5  Ft Location Logged by M.Ferlin 
Remarks See MW-20s Loa for litholoav above 16 ft. 

Sample 

~ 

OVA 
Readings 
(in Units) 
C Remarks 

Depth 
Range 

Rec . 
(Ft) 

Lithologic Description Depth 
Feet 

48 

50 

52 

54 

56 

58 

60 

62 

64 

o Units 
No odor 

48-50 1.5 

.5  
o Units 
No odor 

Sand, medium to coarse, some 
fine gravel, gray 50-52 

o Units 
No odor 1.5 Trace clay 52-54 

1.5 No Recovery 

Sand, fine to medium, 
trace clay, gray 0 Units 

No odor 56-58 1.5 

No recovery, drilled through 
sample 

Sand, fine to medium 
some gravel, gray I 0.8 Units 

No odor 1.5 

Sand, medium to coarse, some 
gravel, fine, gray 0.6 Units 

No odor 
62- 
64 1.5 

I 
ENSR 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

)Project 4700-016 Site PRRS BORING MW-20D Sh 4 o f  4 
Date Started 2/23/90 Completed 2/24/90 Ground Elev. 518.9 
T o t a l  Depth 80.5 F t  Location Logged by M.Ferlin 
Remarks See MW-20s Lou for l i t h o l o a v  above 16 ft. 

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

Sample - 
Blows 

Per 
24" 

S p l i t  
Spoon 

# 

Depth 
Range 

Rec . 
( F t )  

L i t h o l o g i c  Description Depth 
F e e t  

0 . 2  U n i t s  
No odor 

75 64-65 1.4 2 3  

24 
o U n i t s  
No odor 

0 
70 66-68 1 

~~ 

68-70 
2 . 5  U n i t s  
No odor 1 . 3  25 45 

1.0 U n i t s  
No odor 70-72 1 . 3  6 25 

0 U n i t s  
No odor 27 100 1.5 - 

Sand, coarse,  and g r a v e l ,  f i n e  
gray 0 U n i t s  

Natural Gas 
odor 

28 75 74-76 1.3 

o U n i t s  
No odor 76-78 1 . 3  100 - ~~ 

78-80 
Equipment 
Malfunction 1.5 30 80 

ENSR 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Lock \ 

Dopth from 
Ground Surface 

. . . . . . . .  
,...:-- ..:.. . . . .  . . . .  . ' * -  (foot) 

3. I 

. -..,a. .-. . .- 
. . . .  

-. 
TOP Of St-l -Qtord 'm' ;--.=: 

. .- .... TOP of R1s.r I q W  e...- 0.0. 0 OW... u .OW... 

Uoasurlng Point for 
. . .  

3 Concrde Pad 

Cemont-Bontonite or 4 '  
Bentonite S l u r  Grout 

902 Comont 
102 Bontonite 

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

304 Stafnius Stool Ritor Pipe 

Insfdo Diamotor (ID) 2 inch 

'" I I 2.0 
W o r n  of Grout ........ 

2.0 

4.0 

Top of Bontonite Sod ................................... 
Bontontte Soul Thicknott ........ - 2.0 
TOP of Sand ...................................*........... .... 

.... 
Top of S c m n  ............................................... 50 

.-.- 
304 Stainloss Stool Scrron 

10 foot 
.... Insfdo Dlamoter (ID) 2 inch 
.-. Slat size 0.01 inch 
... 
... ... ... ... ... ... ... ... _ _ _  

I ..... ..... +-,Sand Pack Thfcknoss .... --- .... ..... __ - ..... --- --.. ..... - - - ..... .. ..... ..... .... ..... : :: : 1-1.. ..... .... .. - . - ,-;. . ' t L  -. . . . . .  . . . . . .  
.....- ..... i..L'.'.' '..'A$. 75.2 Bottom of Woll .... ...L-:-,...r...U....-. 

....... ' 'C 15.2 ..-..+- ::. 
8O))om of Bonholo .............. .. ......... ..,... ........ 

. .- 

i .  . .  .~ .  ,...:::+-:. .. . . .  
0 0 01 3 '3 

Descrlbo. Yoasurfng 
. . I .  

rk on Too of Riser pin* 
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S O I L  BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

oject 4700-016 Site PRRS BORING MW-21s Sh 1 of 1 
te Started 2/26/90 Completed 2/28/90 Ground Elev. 518.7 

16.0 Ft Location Off-Site Logged by B.BERG s .total Depth 
Remarks 

Sample OVA 
Readings 
(in Units) 
C Remarks 

~ 

Depth 
Range 

Rec . 
(Ft) 

Split 
Spoon 

# 

Blows 
Per 
6 

Lithologic Description Depth 
Feet 

Top soil, clayey, stiff 
brown 

2 
4 
9 

0-2 .75 0 Units I No odor 

.75 Soft-to stiff, brown to 
green-gray, clay 

12 
15 

2-4 0 Units 
No odor 
no visual 

0 Units 
No odor 
no visual 

4-6 1 

6-8 1 0 Units 
No odor 
no visual 7 1 8-10 2 0 Units 
No odor 

200  Units 
Strong odor 
dark stain 
at 11 feet 
100 Units 
Strong odor 
dark stain 

10-12 2 

12-14 1.7 Dense, brown, medium to 
coarse sand, and fine 
gravels, wet 

11 
17 

~ 

300 Units 
Strong odor 
dark stain 

1.7 39 I 17 14-16 

T Ground Water encountered 
at approximatley 9 feet. 

I 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

- I  

I Well I d M d o n :  YW-211 
Well Location: Off-me . 

Data Of Installotion: 12/ 10/90 

Drilllng Mothod: Tool 
Top Of Caslng EIev.(YSL):,120.45 
Geologfd/Englneer: Y.A.F. 

Drllllng Contractor: - Proied Numbor: 4700 - 062 

Measuring Point for F 
Concrato Pad 

Cement-Bentonltr or 
Bentonite Slurry Grout 

90% Cement 
10% Bentonite 

6 I: 
.... .... .... .... .... .... .... .... 

D e p h  from 
Ground Surface 

' *  (feet) - Top of Steel Guord-?lpc .:: 

Top of Riser . .  2.00 ...................... - ........ 
-round Surfa- . .......-.e........ * 0.00 ............. + 

r 
0 

304 Stainless Stool Rlrer Pipe 

b 

b 
0 

O 6  

Imido Dlamdor (ID) 2 hd, 

Bottom of Grout ........ 35.70 
Top of Bentonite Seal ................................... 35.70 

TOP of Sand ............................................... 37.90 
a Benbnite Seal Thickness ........ 220 

..... .... ...:..:I ..... 
.... ..... c Top of Screen 40.00 ..... ............................................... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... . .  ..... .... 304 Stalnlm Steel Screen 
..... bngth 10.4 R 
..... Inside Diamoter (ID) 2 hd 
.... Slot size 0.01 mcil 

.... .... ..... ..... .... ..... .... ..... .... ..... .... ..... 
Type/Slze of Sand Ghbd No. 7 

.... Sand Pack Thfcknoss . r  ..... .... ..... .... ..... .... ..... .... ..... 
. .  .... .-:::.1 ......... 

Bdiom of Woll ;..L.-...~.-......... .... . - ..: .... ........... ......... . . . . . . .  . . .  50.20 Boltom of Bonholo ..;...A. G-C.;...~............~... 
. r L c  
-. ..:-... ..?-<;- .,+::,: 3 .  B-:. ; -:. ',. . . .  . .  

d 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, O H I O  

4700-062 Site PRRS BORING MW-211 Sh 1 of 1 
12/18/90 Completed 12/10/90 Ground Elev. 518.55 
50 Feet Location Off-Site Logged by 

Remarks 

Depth 
Feet 

Sample 
Readings 

Lithologic Description (in Units) 

I 
See Soil Boring 
Logs From 
MW-21s and MW-21D 
For Geologic 
Record at Location 
Mw-211 

ENSR 
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Oopth from 
Ground Surface 

(feet) 
. - -  - 

-fop of Stool .& Plpa - :- 
Ywsuring Pold for 
Suwoying & Wator Levols- TOP of Rf8.r pb. ................................ .~ 2.88 

* P  
I02 Bentonite 3 0 .  

Concrdo Pad 

Csment-Bentoniio or 
Bentonite Slurry Grout  

SOX Cement 

4 I: 0 

..... .... ..... .... ..... ..... ..... ..... ...... .... ( ..... .... ..... .... ..... .... ..... ...... ..... 

. .  . .  
i 

--found Surfaio ................................ .- 0.00 p? . 

304 Stalnloss Stool Riwr Pipe 

Inrido Diameter (ID) 2 inch 

Bottom of Grout ,-, 61.00 

8. 
........ 

9 .  

-Top of Bontonfto Soal ................................... 
-Bentonfto Soal Thlcknoss ........ - ZO 67.00 0 

TOP of Sand ............................................... .-, 68.00 .... ... 
.-::.J ... 

:+TOP of Scmn ............................................... 71.39 .._. ... .... ... ... ... ... ... ... ... 
..I ... ... .... .... 

304 Stalnlm Stool Scroon 
10 foot 

..... --- Insldo Diamdor (ID) 2 Inch .... --- .... ..... .... .... Slot si20 0.01 Inch --- .... --- .... .... ..... ..... .... .... --- .... --- .... ..... --- 

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

.................. Bottom of Well ........ A..~....,...,,;;;~L,., . . .  . -, 87.39 
-: . .--# - . y.- - . 

~ 

1 j. 
................. . . . . . .  I .................. -t- ................. . . . .  . .  . -  . .  87.43 

Bottom of Borrholo .............. - ....................... I a= I 
0 



nA3 P f h  e 1 
u w  0 1 

SOIL BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

oject 4700-016 Site PRRS BORING MW-21D Sh 1 of 4 
te Started 3/13/90 Completed 3/14/90 Ground Elev. 518.5 

80.0 Ft Location Logged by J. Starkes 
Remarks 

I Sample 

16 

17 

18 

19 

20- 
3 25/1" 20-21 1.0 

2 1- 

22 

23 
4 50 21-23 2.0 

3 25/1" 20-21 1.0 
2 1- 

22 

23 
4 50 21-23 2.0 

Lithologic Description 

Sand, medium to coarse 
some clay and silt, greenish 
-brown, black staining 

~~~ 

Sand, fine to medium, some fin 
gravel, some clay, greenish- 
brown, some black staining 
wet . 

Sand, fine, trace coarse, 
some clay, trace medium gravel 
trace silt, brown, wet 

OVA 
Readings. 
(in Units) 
& Remarks 

100 Units 
Slight Odor 

20 Units 
Slight odor 

70 Units 

56 Units 
Slight odor 

3 Units 
No odor 

7 Units 
NO odor 

26 Units 
slight odor 

4 Units 
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S O I L  BORING LOG 
PADDY'S RUN ROAD S I T E  RI/FS - CROSBY TOWNSHIP, OHIO 

~~ 

S p l i t  
Spoon 

# 

9 

10 

11 

12 

Sh 2 of 4 Droyect 4700-016 S i t e  PRRS BORING MW-21D 
ite S t a r t e d  3 / 1 3 / 9 0  Completed 3 / 1 4 / 9 0  Ground Elev. 5 1 8 . 5  

T o t a l  Depth 8 0 . 0  F t  Location Logged by J. Starkes 
Remarks 

Blows Depth 
Per Range 
2 4 "  

100 3 1 - 3 3  

90 33-35 

80 35-37 

73 37-39 

14 

15 

16 

65 41-43 

90 43-45 

81 45-47 

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

Sample 

Rec . 
( F t )  

L i t h o l o g i c  Description Depth 
F e e t  

Sand, fine t o  coarse,  t r a c e  
f i n e  g r a v e l ,  some s i l t y  
brown, wet 

3 1  

3 3  

35 

37 

39 

41 

4 3  

45 

47 

25 U n i t s  2 

12 U n i t s  2 

2 1 8  U n i t s  

Sand , 
c l a y  I 
s i l t ,  

f i n e  t o  medium, some 
some g r a v e l ,  t r a c e  
g r a y ,  wet 

40 U n i t s  
Strong Odor 1 . 7  

1 3  I 139-41 1 . 7  2 0  U n i t s  
S l i g h t  odor 

1 7 0  I 
9 U n i t s  

No odor 
2 

40 U n i t s  
S l i g h t  odor 

2 

1 8  U n i t s  
S l i g h t  odor 

2 

. .  
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S O I L  BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  - CROSBY TOWNSHIP, OHIO 

4700-016 Site PRRS BORING MW-21D Sh 3 of 4 
3/13/90 Completed 3/14/90 Ground Elev. 518.5 

iota1 Depth 8 0 . 0  Ft Location Logged by J. Starkes 
Remarks 

Sample OVA 
Readings 
(in Units) 
& Remarks 

~~ ~ 

Split 
Spoon 

# 

Blows 
Per 
24" 

Depth 
Range 

Rec . 
(Ft) 

Lithologic Description Depth 
Feet 

47 

49 

51 

53 

55 

57 

59 

61 

63 

7 Units 47-49 2 17 100 

- 
39 

;ravel, fine, some sand, fine 
to coarse, gray to brown, wet 1.5 49-51 18 Units 

Slight odor 
18 

Sand, fine to medium, some 
;ravel, medium, some clay, 

~~ 

51-53 89 2 3 Units 
slight odor 

19 
trace 
wet 

silt, brown to gray 
~ 

76 20 53-55 2 3 Units 
Slight 
odor 

1 Unit 
slight odor 

60 55-57 1.8 

2 Units 
slight odor 

22 64 57-59 1.9 

Sand, fine, some silt, gray 
noist 

23 41 59-61 1.7 

24 2 Units 75 61-63 1.5 

..._ . . .  . .- 
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SOIL BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

medium, some c l a y ,  brownish- 
gray, wet 1 4  Units  

Project  4700-016 S i t e  PRRS BORING EPW-21D Sh 4 of 4 
a t e  Started 3 / 1 3 / 9 0  Completed 3 / 1 4 / 9 0  Ground Elev. 5 1 8 . 5  

Total  Depth 8 0 . 0  Ft Location Logged by J. Starkes 
Remarks 

~~ ~ ~ 

L i t h o l o g i c  Description 

Sample OVA 
Readings 
( i n  U n i t s )  
t Remarks 

S p l i t  
Spoon 

# 

Blows 
Per 
2 4 "  

Depth 
Range 

Rec . 
(Ft) 

Depth 
Feet 

63 

65 

67 

69 

7 1  

73 

75 

77 

79 

80 

63-65 1 . 7  1 8  U n i t s  25 75 

~~ 

1 8  U n i t s  65-67 1 . 5  2 6  

67-69 2 
7 

3 Units  27 Gravel,  f i n e  t o  coarse, some 
band, f i n e  t o  coarse, brownish 

L 
-gray, wet 

28 69-71 1 . 6  - 2 Units  
Sand, f i n e ,  some s i l t ,  t r a c e  
c l a y ,  brownish-gray, moist t o  
wet 

60 - 
10 Units  29 71-73 1 . 8  

60 

3 0  73-75 1 . 7  
75 

8 U n i t s  
I- 

Sand, coarse, some g r a v e l ,  f i n e  
to medium, t r a c e  c l a y ,  brownish 
-gray, moist t o  wet I 

3 1  75-77 1 . 6  

77-79 6 U n i t s  3 2  1 . 5  

1- 
35/1' 

- 
79-80 0 . 8  

- 
4 U n i t s  33 
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M ON ITOR1 NG WELL CO NSTRUCTl ON D ETA1 L 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
Well I d d f I d o n :  UW-22S Drllllng Mathod: -r 
W d 1  Location: Off Slim Top Of Casing E I e v . ( M S l ) : ~ ~ i  
Dab O f  Installdon:J/ICIPa G.ologlst/Englnoor:YA.F. 
Drilling Contractor: -YbRNER - Pmjoct Numboc 4700616 

Ywsuring Point for - 
Cement-Bentonlto or 
Bentonito Slum Grout - 

90% ~emoht 
10% bntonlto \ 

1:;::;:l J ............. 
b............. 

Deph from 
Ground Surface 

(f.4 
3.3 

. -  ... . . .  C 
_. . 

TOP of Stool g;otd P ? p  - ' 

Top of Rfur Ptpo ......... ....." ................ 
. -. 

0.00 
. .  

-round Surfam ..A. .......................... 9- 

4- 304 Stainloss Steel Rlwr Plpr 

b Inrldo Diamder (ID) 2 tnch 
b 

o . 
m 4  I Bottom of Grout ........ 1.5 

Top of Ikntonito SI41 .......... ....................... 1.5 
Bentonite kal  Thfcknoss ........ 1.5 

...................... ...................... " 0 3.0 ... 

...................... ....................... Top of Scmn ~ 4.5 
.... ... .... ... .... ... .... ... .... ... .... ... .... ... 

304 ~ t a ~ n ~ o s s  stoat ~ c n o n  
.... kngth 10 fed ... .... ... .... ... 
)..I ... .... ... .... ... .... ... .... ... .... 

Inslde Oiamder (ID) 2 inch 
Slot SI20 0.01 tnch 

: r S a n d  Puck Thfcknoss 3' 

... ... ... ... ... 
Bottom of Wall ............ ............... ................ 14.5 ..... --I-- .................. ................. M u m  of Bonholo..., ..... ....- ....................... 14.5 

I I 



SOIL BORING LOG 
PADDY’S RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-22s Sh 1 of 1 

T o t a l  Depth 14.0 F t  Location 
Remarks 

Ground Elev. 517.0 ( 
Logged by M.Ferlin 

ate S t a r t e d  3/14/90 

- 
0 U n i t s  
No odor 
no v i s u a l  

Sample I OVA 
Readings 
( i n  U n i t s )  
& Remarks 

S p l i t  
Spoon 

# 

Depth 
Range 

Rec . 
( F t )  

L i t h o l o g i c  D e s c r i p t i o n  Depth 
F e e t  

Blows 
Per 

6 

1 
1 
2 

0-2 0 . 3  o U n i t s  I No odor 
o no v i s u a l  

o U n i t s  
No odor 
no v i s u a l  

o U n i t s  
No odor 
no v i s u a l  

3 
2 
2 
4 

Soft, brown, c l a y  and s i l t  
moist  

02 2-4 0.6 

3 
1 
- 

4-6 2 
2 

1.5 03 

2 
2 
- 

1.5 0 U n i t s  
No odor 
no v i s u a l  

0 U n i t s  
No odor 
no v i s u a l  

- .  
4 
2 

6-8 04 

4 
1 
- 

8-10 05 2 
4 
3 
2 
4 
4 

- 
1.1 

06 10-12 1.1 0 U n i t s  
No odor 
no v i s u a l  3 

3 
- 

Loose, medium t o  c o a r s e  
sand and f i n e  g r a v e l s  w i t h  
c o b b l e s ,  wet 

6 
6 
3 - 

12-14 3.6 07 

Ground Water encountered 
a t  approximately 7 . 0  feet 
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MON JTORl N G WELL CONSTRUCT1 ON DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 641 
Well IdentIfIcutlon: MU-= Drlliing Method 
Well Locution: Off Sflo top Of Casing EIW.(YSL):- 
Doto Of Installation: s!f4!fit1 Gaologlst/Englnmr:~.F. 
Oriillng Contmctoc - Proloct Numbm 4700 - 016 

P 0 . 
4 

. 
0 * I  

4 '  Q Cement-Erntonfte or 
Bentonite S l u r  Grout  0 

90% Cement O D  0 
101. Bentonite 0 .  D 

i o  a 

0 
L 

4 

0 0 0  

Depth from 

304 Stainless Steel Riser P i p  

Inside Diameter (IO) 2 inch 

. M o m  of Grout........ Z8 
Z8 

.... ..... ..... ..... .... .... ..... ..... .... .... ..... ..... 
fop of Scmm , ..................... " ....................... 12 15 

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

..... .... ..... .... ..... .... ..... ...., ..... 

..... ---- ---- .... Slot size 0.01 Inch ---_ ..... ---- .... - -- - ..... - __ - .... ..... ---- * - * - ..... 

.................. ............................ ................. .................. ................. - 22.35 Bottom of Bonhoh ...................................... 



SOIL BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

2-4 

4-6 

6-8 

1.3 

2 

2 

10 

43 
26 18-20 
16 
12 

20-22 2 

P r o j e c t  4700-016 S i t e  PRRS BORING MW-23s Sh 1 o f  1 

Total  Depth 6 . 0  F t  Location Off-site Logged by M.Ferlin 
Remarks 

.te S t a r t e d  2/26/90 Completed 2/26/90 Ground Elev. 

~ ~ _ _ _ _ ~  ~~ ~ 

L i t h o l o g i c  Description 

OVA 
Readings 
( i n  U n i t s )  
& Remarks 

Sample 

S p l i t  
Spoon 

# 

Blows 
Per 
6 

Depth 
Range 

Rec . 
( F t )  

Depth 
Feet 

-I 
1 4  

Medium, s t i f f ,  brown, 
s i l t  and c l a y  

o U n i t s  
No odor 

01 0-2 1-1 7 
7 
20 
4 
5 
5 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

02 0 U n i t s  
No odor 
no visual  Medium s t i f f ,  tan,  s i l t  

and f i n e  sand, moist 4 
4 
4 

03 0.2 U n i t s  
No odor 
no visual  

0.4 U n i t s  
No odor 
no visual  

Loose, t a n ,  f i n e  sand 
with some s i l t ,  moist 5 

31 
04 20 

14 
21 
7 
4 
21 
26 
6 

36 
65 

8-10 
3.2 U n i t s  

Natural Gas 
Odor 
no visual  

7 . 0  Units  
No odqr 
no v i s u a l  

05 

Very dense, gray,  medium, to 
coarse sand and g r a v e l ,  moist  
t o  wet 

- 
06 10-12 1.5 

0.6 U n i t s  
No odor 
no visual  

38 
78/6" 07 12-14 1.1 

- 
1.6 U n i t s  
No odor 
no v i s u a l  14-16 1.3 I 
6.4 U n i t s  
No odor 
no v i s u a l  

54 

I 
16-18 1.5 

3 . 0  U n i t s  
No odor 
no v i s u a l  

Very dense, brown, medium, to 0 . 8  Units 
zoarse sand with t r a c e  of g r a v e l ,  No odor 
#et no I 

- ' .  . Zround Water encountered a t  
approximately 1 5  f e e t .  
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MONITORING WELL CONSTRUCTION DEVAIL 
PADDYS RUN ROAD SJTE RI/FS 

CROSBY TOWNSHIP, OHIO 0 0 7 3 6 1  
Well Identiflcatfon: MU-24s 
Well M o n :  Off Slim 
Dah Of Installdon: M a n  

1 
Drflllng Conhadoc - 

Depth from 
Grwnd Surfoco . -  . . . .  

(f.4 
3.0 

-, - .  - .- 

lop of Stod amrd Pip.. - 
Yeaaurrfng Polnt for 
Sunrylng & Watot ~ o l r -  Top of Rirot Plpm ........ w...-,w ...... ... ..... 

Cornmi-Bontonito or 
Bentonlto Slurry Grout 

90% &mekt 
l O I I  Bentonite \ 

.I. 4 0 

4 '  
0 

a b  

0 '  

4 

& (  

I .... .... .... .... .... .... .... .... II 

. . -  . . .  . .  _ .  

--mind Surfam ................ ..............., 0. 00 tP- 
304 S l a l n h  Stool Rlwr pipe 

.Inrid@ Dlomdor (ID) 2 Inch 

M o m  of Gm ut........ 4.5 
Top of kntonlta S a l  .......... - ....................... 4.5 
Bentonite Seal lhltkness ........ 5.3 

..... TOP of Sand ............................................... 9.8 

..... 

..... ..... lop of Screen ............................................... 12.05 .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... .... ..... 

..... .... ..... 7- ..... .... 
304 Stalnlm Steel Scroon 

Length 10 fmt 
Insldo Diarndor (ID) 2 Inch .... ..... .... Slot She ..... .... ..... .... ..... .... ..... .... 

0.01 Inch 

..... 

..... Sand Puck Thlcknus J' 

..... ..... ..... ..... ..... Worn of W d I  ..... .. .... . .  22.05 ..... ...... . . . .H...~H ......... ............. ................. .................. ................. 
! . ,22005 M o m  of Bonhoh ..............-..............f.i....*,..- 

A .  . .  d I 



SOIL BORING LOG 
PADDY'S RUN ROAD SITE R I / F S  CROSBY TOWNSHIP, OHIO 

4 
01 6 0-2 

4 
5 
3 

02 3 2-4 
3 

it P r o j e c t  4700-016 S i t e  PRRS BORIXG MW-24s Sh 1 of 1 

A*otal Depth 22.0 F t  Location Off-site Logged by M.Ferlin I 

Remarks 

nte S t a r t e d  6 / 1 3 / 9 0  Completed 6/13/90 Ground E l e v .  

0 . 8  

2 

Depth 
Feet 

L 

4 

E 

8 

ia 

12 

1 4  

1 6  

1 8  

20 

22 

Sample 

S p l i t  I Blows 1 Depth I R E  
Per Range ( F t )  s p o o n l  # 6 I I 

45 * 68/2" 

i-TF 60/ 6 *' 10-12 

0 . 8  

1.1 

09 17 

t 
1 6 - 1 8  1.0 

L i t h o l o g i c  Description 

S o f t ,  brown, s i l t  and c l a y  

S o f t ,  t a n ,  s i l t  w i t h  some 
f i n e  sand 

Very dense, gray t o  t a n ,  
medium t o  coarse sand 
w i t h  some f i n e  g r a v e l ,  
wet 

Dense, gray,  medium t o  
coarse sand and f i n e  
g r a v e l ,  wet 

;round Water encountered a t  

OVA 
Readings 
( i n  U n i t s )  
&I Remarks 

0 U n i t s  
No odor 

0 U n i t s  
No odor 

--It 
II Natural Gas 

Odor 

/I no v i s u a l  
1.0 U n i t s  

Natural Gas 
Odor 
no v i s u a l  

0 . 8  U n i t s  
Natural Gas 
Odor 
no v i s u a l  d- 
Natural Gas 
Odor 
no v i s u a l  
0 . 6  U n i t s  

Natural Gas 
Odor 
no v i s u a l  

4 2  U n i t s  
Natural Gas 
Odor 
no v i s u a l  

78 U n i t s  
Natural Gas 
Odor 
no v i s u a l  

2 8  U n i t s  
Natural Gas 
3dor 
no v i s u a l  

4 2  U n i t s  
gatural Gas 
3dor 
no v i s u a l  

approximately 1 4 . 6  feet. 
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1 

! 

L Yoarurlng Point for 
Sunrylng & Wdor  h o h  - - 

Concreto Pad 6 0  . 
b 0 

4 
0 0 

MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO OW?361 

lop of R i w  ffpo 2.00 

-mJnd surf- ................................ 0.00 

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

. 
Cemont-Bontonlte or 4 '  
Bontonlto Slurry Grout 0 

902 Comont . b  
102 Buttonib 0 .  

i o  
4 

b o  

4 
.r 304 Stainlorr Stool Riser Pipe 
0 

b 
. 

Inrido Dlamdor (ID) 
P 

0 . 
O 4  Bottom of Grout ........ 36.00 

0 36.00 lop of Bontonlto Soal ................................... 

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

TOP of Sand ................................................ 

e 40.00 Top of Scnon ................................................ 
.... ..... .... ..... .... ..... ____ ..... .... ..... .... ---a ---- ----. .... ---- .... ---- ..... ---- .... ---- ..... ---- .... ____.... . - __ _ .... ..... ---- ..-. ---- .... ---- ..... ---- ..... 

. .  

' 

B 

..... - -- - bngth 10.4 R 

..... ..... Slot Slto 0.01 md, 

..... .... Inddo Dlamdor (ID) 2 ---- - - .  - ..... __ - ..... 
.... ---- .... ..... ----..... .... ---- .... ..... ---a ..... .... ---- .... ..... - _- - ..... .... - __ - .... 

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

..... - - - - . - - - *  .... .... ..... ..... Gl&dNa 7 ---- .... --- .... lype/Sizo of Sand .... .---- ..... - 
.---e y' 

.... ---- .... 3- .... .. Sand Pack lhicknom .... ---a .... .... ..... .... - - - .... ..... __ - ..... .... .... ..... ..... .... .... ..... ..... .... .... ..... ..... .... .... 
---a ---- 

..... ..... - 50.40 .... Bottom of Well ............................. .. ............ 
50.40 

.................. ................. .................. ................. . .  
- Bdtom of Bonholo ....................................... - 

r -l 0002~4 r 



~~ 

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Depth 
Range 
Feet 

24-26 

26-28 

28-30 

30-32 

32-34 

34-36 

Project 4700-062 Site PRRS BORING MW-241 Sh 1 of 2 

,otal Depth 50.0 Feet Location Off-Site Logged by 
Remarks See Soil Borina Loa MW-24s for 0-24 Foot Interval 

ate Started 12/10/90 Completed 12/11/90 Ground Elev. 

Rec. 

Feet 

1.0 

- 

0.8 

1.4 

1.1 

1.2 

Depth 
Feet 

Split 
Spoon 

24 

26 

28 

30 

- 32 

Blows 
Per 

Sample 

3 48 

I loo 

5 

2 1 -  

18 

6 

4 1 2 9  

20 

7 54 36-38 

38-40 

40-42 

42-44 

1.4 

1.6 

1.0 

1.3 10 18 

~ ~~~ ~ 

Lithologic Description 

Gray to dark gray, very 
dense, medium to coarse sand, 
fine to coarse gravel, and 
cobbles, with some silt, wet 

Gray, medium dense to dense, 
medium to coarse sand and fine 
gravels, with trace of 
silt, wet 

Gray, medium dense, medium 
to coarse sand and fine 
to coarse gravels, with 
some silt, wet 

Gray, very dense, medium 
to coarse sand trace of silt 
wet 

~~ 

OVA 
Readings 
(in uni.ts) 
& Remarks 

120 Units 
moderate 
organic 
odor 

Drilled 
through this 
interval 

30 Units 
slight 
organic 
odor 
120 Units 
slight a 20 Units 
slight 
organic 
odor 
38 Units 
very slight 
organic 
odor 

58 Units 
no odors 

24 Units 
no odors 

12 Units 
no odors 

18 Units 
no odors 

. .  

ENSR 
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0 0 7 3 6 :  
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

J 

Rec. 

Feet 

0 . 8  

0.7 

- 
0.7 

- 

roject 4700-062 Site P ~ S  BORING MW-241 Sh 1 of 2 
p a t e  Started 12/10/90 Completed 12 /11/90 Ground Elev. 521.31 
&<otal Depth 50.0 Feet Location Off-Site Logged by MAF 
Remarks See Soil Borins Loa MW-24s for 0-24 Feet Interval. 

Lithologic Description 

Gray, medium dense, medium 
to coarse sand and fine to 
coarse gravels trace of silt, 
wet 
(running sands) 

Brown, loose,' medium to coarse 
sand and fine gravels, some 
s i l t ,  wet 

Gray, loose, medium to 
coarse sand, some 

Depth 
Feet 

4 6  

48 

5 0  

Sample 

I 
'1 

3- 

Depth 
Range 
Feet 

44-46 

46-48 

48-50 

OVA 
Readings 
(in Units) 
& Remarks 

4 Units 
no odors 

7 Units 
no odors 

1.8 Units 
no odors 

ENSR 
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ICATION MAP I ERM-MIDWEST WELL LOG I P a g e 1  of - 4 

DATE b 10/21/91 WEATHER b Clear, Cool 

'BY b Mathes 4% Associates BY P.L.G. 

iR$tfb 4 114" Hollow Stem Auger ;KoUDNGb Drill Cuttings 

GRAVEL b #78068FT. SEAL b Bentonite Sluny 68-43 FT. 

B.G.S. HOLE 

T.O.C. 523.46 FT. 
Ground 521 5 8  FT. PACK 

X I N G  b W E  DIAMETER2 IN. LENGTH 70 FTIKAg LEVEL 25.0 FT. 0 B.M.P. DIA. . IN- 
306 
S.S. 
306 SCREEN b W E  

LITHOLOGY / REMARKS 

0-50 FT IS DESCRIBED IN SOIL BORINGS 
MW-26 AND MW-24 

8 .i--H 

166 

GRAPHIC I .WELL 
LOG COMPLETION 
I 



b MW-24D NUMBER. ERM - MI DWEST WELL LOG P a g e 2  of - 4 

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 

-- 
-- 

-- 

-- 

-- 

-- 
-- 
-- 

-- 

-- 

-- 

-- 
-- 

-- 

LITHOLOGY / REMARKS 
GRAPHIC 

LOG 

~~ 

WELL 
COMPLETION 

167 



- .  . .. . 
I I 

B n 

WELL b MW-24D NUMBER. 

& E8 GRAPHIC WELL 
? g  d f  L E  LITHOLOGY / REMARKS LOG C O M P L E ~ O N ~  z z  5 8  n z  

45 

46 

47 

48 

49 -- 
50 -- 

51 -- 

52 -- 
53 -- 
54 -- 

55 -- 
56 -- 

57 -- 

58 -- 
59 -- 

60 -- 
61 -- 

62 -- 
63 -- 
64 -- 

65 -- 

66 -- 

67 -- 
68 -- 
69 -- 
70 -- 

I 
I 

I I I I 
~~ 

-- 

-- 
-- 
-- 

- - - - - _ _ _ _ _ - -  
Becauie of heaving sands no split spoon 
samples could be collected. Therefore, 
the lithology was described from the cuttings. 
SAND and GRAVEL 

> 
U a 
3 
0 
w 

k m 
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0 

0 

a 

WELL b MW-24D NUMBER. I ERM-MIDWEST WELL LOG I P a g e 4  of - 4 

'ROJt 5391: 

70 -- 
71 -- 

72 

73 

74 

75 

76 -- 

77 

78 -- 

79 

80 

81 

82 

83 -- 

84 

85 -- 
86 -- 
87 

88 -- 

89 

90 

91 

92 -- 

93 

94 

95 

-- 

-- 
-- 

-- 

-- 

-- 
-- 
-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 
-- 

SAND and GRAVEL 

GRAPHIC 
COMPLETION 

I 
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M 0 N ITOR I N G WELL CONSTRU CTI ON D ETA1 L 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 
a , .  , * .  . 

----. ... ..... ---- .... .... ---- .... ..... ---e .... .... ---- .... . . . . . . . . . .  .... ---- * - - *  ..... .... ---- .... .... ---- ..... .... .... ---- .... ..... ---- .... .... --- ..... -----:e .... ---- .... ..... - -_ - .... .... ____ .... ---- .-.- 
.... ---- .... ..... ---- .... .... ---- .... 
..... .... .... - -- - ..... .... 
..... ---- .... ..... - __ - .... .... _ _ _ _  .... .... ---- .... 
..... .... ---- .... .... ---- ..... .... .... ---- .... ..... ---- .... .... ---- .... 
. . . . . . . .  ..... - __ - .... .... .... ..... .... ---e .... ---- ..... ..... .... .... .... ..... .... .... .... ..... .... ..... - 

~~ 

Woll Idmtfflwtlon:YW-25S 
WoII Locution: Off-SRo 
Date Of Indollatlon: 12112- 

Drlliing Mlrthod: Cablr Tool 
lop Of Cadng Elrv.(YSL): 518.44 
G.ologist/Englnooc JJ .U. 

Drilling Contradoc - Pro/od Numbec 4700 

Measuring Point lack for \ 
Sunoying & Wator Lruols- 

Concnto Pad 

I' 
!=I 0 P 

Coment-Eontonfto or ' 

EentonHo Slurry Grout 
90% Comont 
107. Bontonito 0 

i 0 4  I I:, 

H 1  

Dopth from 
Ground Surface 

(fed) 

e Top of Stool Gead Plpo - 

lop of Rlsor fVpo ................................ 2.00 

h -round %Jrfa-. ...... " .... 0 .... 0 0.00 .............. 

- 304 Stalnlon Stool Riser Plpo 

Insfdo Dlamdor (ID) 2 hch 

Bottom of Grout ........ 4.00 
-lop of EontonRo Soat 4.00 
c---Bontonlto Sod Thlcknm ........ 2.00 

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

-Top of Sand 6.00 ............................................... 

-Top of Scroen ............................................... 8.00 

- 304 Stalnlm S h d  Swoon 
k n f l  10.3 R 
Intldo Dlamoter (ID) 
Slot st0 0.01 md 

G!&d No. 7 - lypo/Sizo of Sand 
-Sand Pack Thlcknm r 

I &  00 e o t m  of w.11 .... ....................... .. .............. - 
. .  19.00 - Eattom of Bonholo ..................................... 

a 

a 
I 
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q p # m * n ?  
V 

SOIL BORING LOG 6 A 

Split 
Spoon 

PADDYS RON ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Blows Depth 
Per Range 

Sh 1 of 1 4700-062 Site PRRS BORING MW-25s 
12 / 12 /90 Completed 12/12/90 Ground Elev. 516.58 FFieEEarted 18 
Feet Location Off-Site Logged by BEM ,&a1 Depth 

Remarks 

Number 2Ft. 

Depth 
Feet 

Feet 

Sample 

5 

6 

18 8-10 

18 10-12 

7 

8 

14 12-14 

22 14-1E 

Rec . 
Feet 

1.3 

1.5 

2.0 

1.7 

1.5 

1.5 

1.7 

1.3 

Lithologic Description 

Brown, soft, silt with trace 
to some sand, moist 

Brown, loose, sand, with 
some silt, moist 

Gradins into sand and Gravel 

Brown, medium dense, 
fine to coarse sand 
and fine to medium 
gravels, moist to 
wet 

Groundwater encountered 
at 9.8 Feet. 

OVA 
Readings 
(in units) 
& Remarks 

0 Units 

0 Units 

_ _ _ _ ~  

o Units 

~~ 

0 Units 

0 Units 

0 Units 

o Units 

3 Units 
slight 
organic 
odor 
20 Units 
moderate 
organic 
odor 

ENSR 



MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

. CROSBY TOWNSHIP, OHIO 
I Wall Idontff Ication:~-26S 

Well Location: - 
Data Of Installation: -go 

Drflllng Ydhod: Cabla Tool 
Top Of Casing Elov.(YSL): 3 6.44 
G o o l o g f s t / E n g i n o o c ~  

Dlillfng Contractor: - Project Numbor: 4700 - 062 

Yeasuring Point for 
Suneying b Wator bvols 

Concrete Pad 

0 

Dopth from 
Ground Surfaco 

(fed) 

2.00 
e l o p  of  Stool Gurrrd 

Top of Risw Ptpr ................................ 
-rwnd Surf a- .... *.*. . 0.00 ........................ i" 
304 Stainless Stool Rlror Plpo ' 

inrldo Diamdor (ID) 2 hd, 

Cemmt-Bentonlto or 
Bentonlte S l u y  Grout 

90% Comont 
1 O X  Bentonite 

I " I  l0d Bottom of Grout ........ 4.00 
Top of Bentonite Soal ................................... 4.00 

..... TOP of Sand ............................................... 6.00 

Berrtonlto Soal Thickness ........ 2.00 

..... ..... 1'.---:.-1 ..... I'.'.'.'.'1 ..... 
Top of Screen ............................................... 230 

..... --- ..... .... --- .... I::::: ..... ::::I; - ,, __ 1:::: ..... j:::j 

..... .... --- ..... .... Type/Size of Sand ClobtdNa 7 .... .... --- --- .... --- .... ..... --- ..... 3' ..... Sand Puck Thlcknm .... .... ..... ..... .... ..... .... ..... ..... .... .... ..... ..... .... lZ30 Bdom of WoII ............. .-......-... .............. ..... ..... (::::I .................. 
I . . . . . . . . . . . . . . . . .# .................. ................. 20 00 Bottom of Bonholo .............. .......,...... ........... 

a 

e 
172 



1 P 
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 
Project 4700-062 Site PRRS BORING MW-26s Sh 2 of 2 
ate Started 12 / 04 /90 Completed 12/04/90 Ground Elev. 514.47 

kotal Depth 22.0 Feet Location Off-Site Logged by BEM 
Remarks 

~~ 

Lithologic Description 

OVA 
Reading.s 
(in Units 
& Remarks 

~ 

Depth 
Feet 

Sample 

Number 2ft. 

~ ~~ 

Depth 
Range 
Feet 

Rec . 
Feet 

~~ 

o Units 
3rOWn, soft, silt, with 
:race to some fine sand 

4 0-2 1 - 

0 Units 1.5 4 2-4 

o Units 1 . 2  4-6 
3rown, very loose, fine sand, 
qith some silt, damp 

0 Units 4- 6-8 1.5 

8-10 1.5 

10-12 1 . 3  

12-14 1 . 3  

o Units 5 1 5  
o Units 3rown, medium dense, 

nedium sand and fine gravel, 
some medium grave1,damp to wet 

6 8 

o Units 

o Units 14-16 I 1.7 

o Units 16-18 1.6 

o Units 10 21 18-20 1.5 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Ground Elev. 
Project 4700-062 Site PRRS BORING MW-26s 
ate Started 12 / 14 / 90  Completed 12/14/90 
,otal Depth 22.0 Feet Location Off-Site Logged by 

Depth 
Feet 

22 I 
Sample 

11 

Lithologic Description 

Ground water encountered 
at approximately 12 feet. 

~ ~ 

OVA 
Reading.s 
(in Units) 
& Remarks 

0 Units 

. .  i", ;'? -. . -... .i 

t - - .  
.:_..I. . .. - .  . .  
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 00 7 6 

CROSBY TOWNSHIP, OHIO 

Well Location: Off-Silo 
Date Of Installation: 12/51-- 

Drilling Mdhod: 
Top Of Casing Clov.(YSL): 518.64 
Gwlogist/Englnoor: A F .  

' 

Drilling Contractor: - Pmieef Numbec 4700 - 062 

D 

D 

Lock I 

Yeasurlng Point for 

Concrete Pad 

Cernmt-Bontonito or Q'  

9OX Coment . P  
102 Bentonite 0 .  

L O  

4 

0 0  

Bentonito Slurry Grout 0 

0 

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

Oepth from 
Ground Surface 

( f a 4  

.......... 2 00 

d r o u n d  Surfam .......... : ..................... 0.00 

- TOP O f  Stool Goord Pw . 

Top of Rlwr ffpo -..- ................ 

304 Stainloss Stool Risor Plpe 

Insldo Dlametor (ID) 2 ht3 
0 

O Q  I Bottom of Grout ........ 5.10 
Top of Bentonfto S a l  ................................... 5 10 
Bentonfte S o d  Thlcknoss ........ 2 10 
Top of Sand z20 .... ............................................... .... .... .... .... 
Top of Scmon 9.60 ............................................... 

.... .... ,.... .... .... .... 
304 Stainloss Stool Scroon 

10.2 R 
..... Inside Dlamuter (ID) 2 bd, 
.... Slot SIze 0.01 hd, 
.... 
..... .... ..... .... ..... .... ..... .... 

-Typo/SIte of Sand clabat No. 7 
Sand Pack Thlcknm 3' ..... .... ..... .... .... .... ..... .... ..... 
Bottom of WoiI .. 19.80 ;-j .................. ....................... ................. .................. ................. 22.00 . .  BdOm Of Bonhob .............. .. ....................... 1 I 

I 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

11 Project 4700-062 Site PRRS BORING MW-27s Sh 1 of 2 
ste Started 12 /04 /90 Completed 12/04/90 Ground Elev. 516.88 

iota1 Depth 22.0 Feet Location Off-Site Logged by MAF 
Remarks - - 

OVA 
Reading.s 
(in Units) 
& Remarks 'Ret./ Lithologic Description Depth 

Range 
Feet Feet I 

Tan, medium dense, medium 
sand and silt, with some 
fine gravels, moist 0-2 1.0 o Units 

Brown, soft, clay, with 
some silt, moist 2-4 1.0 o Units 

O o 9  I 0.1 Units 

3.2 Units Brown, medium stiff silt and 
medium to coarse sand and 
fine gravels, moist 

"natural 
gas odori1 Y 6-8 1.1 

0.8 Units 

gas odortt 
"natural 1.1 8-10 

H Lite gray, medium dense, 
fine to coarse sand and 
fine gravels, with 
some silt and clay, 
moist to wet 

I1 6.4 Units 
no odor 

10-12 1.0 

II 
12-14 1 . 2  10.0 Units 

natural 
aas odort1 

1.3 Units 
no odors 

Coarse gravels from 12-14 feet 

14-16 0.7 

II 
Brown, loose, medium 
sand, trace of silt, 
wet 

0.4 Units 
no odors I/ 16-18 I 1.7 

18-20 30 Units 

as odort1 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-27s Sh 2 of 2 
ate Started 12/04/90 Completed 12/04/90 Ground Elev. 516.88 

kotal Depth 22 Feet Location Off-Site Logged by MAF 
Remarks 

Depth 
Feet 

22 

Sample 

Lithologic Description 

Brown, loose, medium to coarse 
sand and fine gravels, wet7 

Ground water encountered 
at approximately 16 feet 

OVA 
Readings 
(in Units) 
& Remarks 

20 Units 
%atural 
gas odor" 

ENSR 
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Lock \ 

Doscrlba, Yoasuuring Point: 
Y 1 7 R  

. .  . . .  . .:.;... . :... : ....... . -  _- 

Depth from 
Ground Surface 

(foot) 
Top of Stod Gvwd -0 

... 

fop of Rfsw Pipe ............. ... ................ 2.00 Sunoying b Water h e l a -  - .. Yeaauring Point for 

MO N ITORI NG WELL CONSTRUCTION D ETA1 L 
PADDYS R U N  ROAD SITE Rl/FS 

CROSBY TOWNSHIP, OHIO 
Well I dmt i f l don :  UW-m Orlinng Y d h o d  Cable fool 
Well Locdon: Mf-Sh 
Data Of  Inttallatlon: 12/6/90 Goologfst/Englnooc Y.A.F. 

lop O f  Casing Nov.(MSL):~4.17 

Drilling ContmdocBdWSfR - M Q W R  Pro/oct Numbor: 4700 - 662 

Concreto Pad ,-& 

Cemont-Bontonito or 
Bentonh S l u r  Grout 

90% Cemont 
1 OX Bentonite 7 

- 
0 

4 '  

* b  
0 .  

4 

b o  

0 

1 .... .... .... .... .... .... .... .... 

. .  . . <.- . _. . .  pr --round Surfacr ................................ 0.00 

* *  

304 Stolnlm Stool Riaor Plpo 

@ 

0 
0 

. Insfdo Diamotw (ID) 2 hch 

Bottom of Grout ........ 10.40 O Q  I 
Top of Bontontto Soat ................................... 10 .40 .  
Bentonite Seal Thickness ........ 2 10 
TOP of Sand ............................................... 12.50 .... !p of Screen ............................................... 13.60 

.... .... .... .... .... .... .... 
304 Stainloss Stool Scnon 

bnsth 10.4 f t  
.... .... Inside Dlametor (ID) 2 hd 
.... Slot stto 0.01 md 

.... 
.... 

.... 

.... Twe/Sizo of Sand Gla4dNa 7 
T S a n d  Pack Thtlcknm J' 
.... .... 

B d o m  of WoII ............. .......... ..... ............... -. - 24.00 0 

! 

................. ................. 26.00 
Bottom of Bonhoie .............. - ....................... d I -  

r 
- 

loreholo Diomo?r 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Split B l o w s  Depth 
Spoon Per Range 
Number 2ft. Feet 

1 - 0-2 

2 -  - 2-4 

3 15 4-6 

4 43 6-8 

5 23 8-10 

roj’ect 4700-062 Site PRRS BORING MW-28s Sh 1 of 2 
ate Started 12 /05/90 Completed 12/05/90 Ground Elev. 522.22 

Depth 26 Feet Location Off-Site Logged by MAF 

Rec. 

Feet 

1.1 

0.5 

1.6 

2.0 

1.4 

Remarks 

Depth 
Feet 

Lithologic Description 

Brown, silt and clay moist 

~~~~~~ 

Gray, loose, medium to 
coarse sand and fine gravels 
trace of silt, moist 

Tan,medium dense, fine to 
medium sand, trace 
of silt, moist 

Gray, medium dense, 
Medium to coarse sand 
and fine to coarse gravels, 
moist 

Gray, medium dense, 
medium to coarse sand 
and fine to coarse gravels, 
moist 

Cobbles from approximately 
11.5 to 16 feet. 

Gray, medium dense, 
medium to coarse sand 
and fine to coarse gravels 
moist to wet 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 
no odors 

2.6 Units 
no odors 

6.6 Units 
no odors 

0.7 Units 
no odors 

2.4 Units 
no odors 

1.6 Units 
no odors 

0.2 Units 
no odors 

0.6 Units 
no odors 

1.2 Units 
no odors 

10 Units 

uas .odort1 
!‘natural 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Ground Elev. 522.22 ""'1 Project 4700-062 Site PRRS BORING MW-28s 
)ate Started 12/05/90 Completed 12 / 0 5 / 9 0 
Total Depth 26 Feet Location Off-Site Logged by 

Split 
Spoon 

Remarks 

Blows Depth 
P-er Range 

Depth 
Feet 

Number 2ft. 

22 

24 

26 

Feet 

Sample 

- 

16 

17 

20-22 

22-24 

24-46 

11 

12 

1 3  

Rec. 

Feet 

0.6 

1.2 

0 . 8  

Lithologic Description 

Brown, medium dense, 
medium to coarse sand 
and fine gravels, trace 
of silt, wet 

Ground water encountered 
at approximately 19 feet. 

OVA 
Readings 
(in Units) 
f Remarks 

40 Units 

uas odor" 
"natural 

0.1 Units 
no odor 

0.1 Units 
no odor 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Contrrt, Pod 6; 
. 

4 

Well Idmlificatlon: &-29S Ddlllng Mothod: ChhkM 

D& Of instahtion: 
Drllllng Contractor: -)rlORNfR - proled Numb= 4700 - 662 

011 Lwatlon: Off-Sltr Top Of Casing Uov.(YSl): A5.61 
Gtmioglst/Enginoo~ JJ U. 

- . * -r-lound Surface ................................ 0.00 
P 

e .  

Depth from 
Ground Surfacm 

Lock 1 

Cement-Bentonite or 
&ntonfte Slurry Grout 

90% Cement 
10% Bentonite 0 

Iii I::::; ..... 
..... 

304 Stolnless Steel Riser Plpe IT. Inrlde Dlamder (ID) ,- 

Bottom of Grout ........ 5.00 
Top of.  Bentonite Soai .......... .. ....................... 5 00 

" z 00 
Bentonlte S a l  Thicknms ........ 2.00 

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

lop of Screen 9.50 ...................... -....................... 

lype/Slzo of Sand 
Sand Pack Thickness J' 

CYabd Na 7 

- 
10.3 R 304 Stainless Steel Scnen 

Length 
Insido Dfamotor (ID) 
Slot YZO U U L  

..... ..... ..... ..... 19.50 .................. Battom of WdI ........................................... 
19.50 Mom of eonhole .............. Y ...... w ............... 

................. .................. ................. . .  b 
ooQ-&xz 

Dercribr. Mraturln Point: h ~ h o b  DIOmdar 
Nark on Too of RSQ P Pip. 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-29s 
)ate Started 12/05/90 Completed 12 /05/90 Ground Elev. 513.54 
Total Depth 18 Feet Location Off-Site Logged by BEM 
Remarks 

ENSR 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

I= 

Concreto Pad . 
b 0 

Measuring Point for 
Surveying & Water L4Vels-1~ - 

* .  
4 

0 & . 

~~ 

,Well I d o n t i f i d o n : ~ O S  
Well Location: Off-Sit0 
D a b  Of Indolldon: 1 2 / 7 / 3 0 ,  
Drilling Contractor: - 

- 

lop of RiNr Prpr ................ .. .............. 
-round surfoei ..... 0 ......... ;: ................ 

2.00 

0.00 
_ .  

. .  _. * 
. 

Drilllng Method ,-. 

lop O f  Carlng EIov.(MSL): 533.13 
Goologid/Enginoer .~~.  
Pro/ect Number: 4700 - 062 

4 
It 

Cement-Bentonite or 4 '  
Bentonlte Slum Grout 0 0 

901; Cemont . b  0 
102 Bentonite P '  P 

i o  0 

O Q  

4 

0 0  

Lock Y 

304 Stainloss Sted Rlrer Pipe 

Inside Dlamder (ID) 2 hd, 

Bottom of Grout ........ 9.50 

. .  

11.80 

..... ..... 13.80 .... lop of Screen ............................................... 

............................................... ..... ..... .... .... ..... ..... .... .... ..... ..... .... .... 
e . . . . . . . . . .  .... ___ .... ..... ..... .... .... ..... ..... ---- 

---a .... ---- .... ..... ----..... .... ---- .... ..... ---_ ..... .... ---- .... ..... - __ - ..... .... - __ - .... ..... ..... .... ---- .... ..... ---- ..... .... ---- . . * .  ..... ---- ..... .... ----. . 304 Stainless Stool Screen 
.... .... 10.4 R Longth 
..... - - - - ..... lnslde Diameter (ID) 2 ..... ..... Slot *z* 0.01 mch 

..... --- .e.. ---- , .... .---- ..... .... .... - __ .... .... ---- .... ---- .... ..... ---- ..... .... ---- .... ..... ---- ..... .... ---- .... ..... ----. .... .... - -_ - .... ..... - __ ..... .... ---- - ' . e  ..... ..... .... ---- .... Type/Slze of Sand Glabd No. 7 ..... ---- ..... .... .... ---- ..... s Sand Pack lhicknott --- Y... 

..... --- ..... .... - __ .... ..... ::::I:::]:::: - - - ..... ..... - 

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

Depth from 
Ground Surface 

(fed) 

..... .... ..... . .  24.00 

. -. 24.00 Bohm of Bonholo .............. -.. ..................... - 
.................. Buttom of WoII .... i. ....... ..Y.-..i....... .... --... 

. -  ................. . .  .................. . . .  .:, .. ... ................. 

\ +  ..I Desctrlbe. Measuring Point: B o d ~ l O  Diamotw I ,.: . OQ@&?,QQ I) 
i 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/PS CROSBY TOWNSHIP, OHIO 

Remarks 

Sample OVA 
Readings 

Depth Split Blows Depth Rec. Lithologic Description (in Units) 
Feet Spoon Per Range & Remarks 

Number 2ft. Feet Feet 

0 Brown, soft, silt, cobble 
1 9 0-2 0.4 in tip 0 Units 

no odor 

2 
Gray, very dense, medium 

fine to coarse gravels, no odor 

clay, moist 

0.9 Units 2 17 2-4 1.3 to coarse sand and 

4 with some silt and 

3 48 4-6 1.6 Cobbles from 6 to 22 feet 100 Units 
no odor 

6 - 
4 38 6-8 1.7 1.4 Units 

"natural g 

11 project 4700-062 Site PRRS BORING MW-30s Sh 1 of 2 

11 Total Depth 24 Feet Location Off-Site Logged by 
Ground Elev. gk.18 it ate Started 12/06/90 Completed 12 / 06 / 9 0 

8 

8-10 1.3 5 42 - 
- 10 
- 6 18 10-12 1.6 

- 12 

- 
- 

1 
- - 7 18 12-14 1.2 - 
- 14 - - 8 20 14-16 1.0 - 
- 16 
- 9 39 16-18 0.9 

- 18 
- 10 45 18-20 1.2 - 20 

- 
- 
- 
- 

odor" 

0.6 Units 
no odor 

Dark gray, dense to 
very dense, medium to 0.8 Units 
coarse sand and fine l*natural gas 

with some silt, 
to coarse gravels, odor1* 

moist to wet 35 Units 
!*natural gas 
odor" 

14 Units 
"natural gas 

4 Units 
"natural gas 

25 Units 
"natural gas 

odor1I 

odor1# 

odoruf 

ENSR .... . . . , i . '  . . .. 
- .  

' .  .:. 



Sample 

Split 
Spoon 

Blows Depth Rec. 
Per Range 

Number 2ft. 

Lithologic Description 

Feet Feet 

silt content increasing 
c - - - 
- 22 - 
- - 
- 24 - - 
- - - 

Brown to light orange, 
dense, medium to coarse 
sand and fine gravels, wet 

12 

Sround.water encountered 
at approximately 17 feet. 

26 22-24 1.0 

OVA 
Readings 
(in Units) 
& Remarks 

14 Units 
Itnatural gas 
odortt 

5 Units 
"natural gas 
odortt 

ENSR 
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MONITORING WELL CONSTRUCTION DETAIL 
.PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

'Yell IdontiflcuHon:- Drilling Method: 
Well Location: Off-Sb 
D a h  Of Installdon: J&L G e o i o g f s t / E n g l n e o c ~  - 

lop Of Casing Eiev.(USL): 533.42 

0 Pro/ed Number: 4700 - 062 
. ^ .  Drilllng Contmdor: 

Lock \ 

Depth from. 
Ground Surface 

(feet) 

lop of Steel Guard Pipe 

fop of Rher Pipe ................................ 2.00 
Surveying & Water Levels- 
Measurfng Point for 

Concreto Pad .-A I -  

Cement-Bentonite or 
Bentonite Slurry Grout 

90% Cement 
1OX Bentonite 7 

4 Owcribo. Measuring Point: 

0 . 
0 

4 '  
0 

. b  
@ *  

4 

b o  

I .... .... .... .... .... .... .... .... 

.... :-:-:-:-I .... 

-mind SlJrface ................................ 0.00 Pi 
0 *I' 
b+ 304 Stainless Steel Rlser Pipe 
P 

P 
0 

O 4  

-Insfdo Dlomdor (ID) 2 hch 

Bottom of Grout ........ 34.70 
lop  of Bentonite Seal ................................... 34.70 
Bentonite Seal Thickness ........ 3.30 

.... TOP of Sand ...................... " ....................... 38.00 .... .... .... .... 
l op  of Screen ............................................... 40.00 

.... .... 

.-.. .... .... 
304 Stainloss Steel S e w n  

10.0 R 
.... Inslde Dlamotw (ID) 2 hdr .... Slot size QM h& 
.... 

.... 

.... .... .... .... Type/Sbo of Sand 
Sand Pack Thicknm s' 

.... .... .... .... .... 50.00 ..... Bottom of WdI .... ..............-............ ........... .... ............ ................. ................. 50.00 Bottom of Bonholo .............. .. ....................... ................. 
d I 

lorehole Diamo)r7 

-. 

e 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-301 Sh 1 of 2 
.ate Started 1/07/91 Completed 1/08/91 Ground Elev. 531.61 

'fotal Depth 50 Feet Location Off-Site Logged by BEM 
Remarks See Soil Borina Loa MW-30s for 0-24 Foot Interval 

Depth 
Feet 

Sample 

Split Blows Depth Rec. 
Spoon Per Range 
Number 2ft. Feet Feet 

1 24 24-26 1.4 

2 -  30 26-28 1.4 

3 28 28-30 1.5 

4 28 30-32 1.8 

5 18 32-34 1.0 

6 I 65 134-36 1 1.1 

8 I 21 138-40 1 1.5 

9 20 40-42 1.6 

10 17 42-44 1.7 

~ ~ ~ ~~ ~~~ 

Lithologic Description 

Brown, medium dense, medium 
to coarse sand and fine to 
medium gravel, trace 
to some silt, wet 

Cobbles from 24-26 feet 

Brown, medium dense, medium 
sand, wet I 

Brown, medium dense, 
very fine to fine 
sand, wet 

OVA 
Readings 
(in Units) 
t Remarks 

1.0 Units 

1.0 Units 

1.0 Units 

2.0 Units 

0.5 Units 

o Units 

o Units 

o Units 

~ 

o Units 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

BORING MW-301 Sh 2 of 2 Project 4700-062 Site PRRS 

fotal Depth 50 Feet Location Off-Site Logged by 
Remarks See Soil Borina Lou MW-30s for 0-24 Foot Interval 

ate Started 1/07/91 Completed - 1/08/91 Ground Elev. iZ.64 

OVA 
Readings 
(in Units) 
& Remarks 

Sample 

Depth 
Range 
Feet 

Rec . Depth 
Feet 

Lithologic Description 

Feet Number 2ft. - 
0 Units 

31 11 44-46 1.8 
Brown, medium dense, 
medium to coarse 
sand and medium 
gravel, wet 

46 

48 

50 

4- 46-48 1.7 0 Units 

13 18 48-50 0 Units 1.7 

Ground water 
at 17.2 feet 

encountered 1 

ENSR 
.. c -. 

188 



M 0 N IT0 R I NG WELL CON STR UCTI 0 N D ETA1 L 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

ell Idmtffi catton: W-315 
dl Location: Off-Slto 

Date 01 I n d a l l a t l o n : , ~ ,  
Ddlnng Conkador: - - 

(la- 
Depth from 

Ground Surfaco 
(f.4 Lock 

lop of Stre1 Guard Pipe 
Measuring PoInt for Top of Riser Pipe 2.00 

Concrwto Pad 4; . * --round Surfat@ ................................ 0.00 

................................ Surveying & Wahr h o b  - +- - - 
P 0 . . 

4 

I" 
.L 304 Stainless Steel Riser Pipe Cement-Bentonite or Q '  0 

Bentonlte S l u y  Grout 
902 Cement instde Diameter (ID) 
10% Bentonlte 

Boitorn of Grout ........ 8.00 
Top of Bentonite Soal ................................... 6.00 

2.00 kntonlte Seal Thickness ........ 
8.00 TOP of Sand ............." ................................ 

10.70 lop of screm ............................................... 

la3 R 304 Stainless Steel Semen 
bngth 
lnsido Dbmeht (ID) 
Slot She 0,Or inch 

acw Na 7 -Type/Stro of Sand 
Sand Pack fhIcknu3 3' 

..... 1': ::: .... 
..... ..... 20.40 
..... ..... .... I::::, .................. Bottom of WdI .................. - ....................... 



. ,  - - 

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-31s 

total Depth 22 Feet Location Off-Site Logged by BEM 
ate Started 12/06/90 Completed 12/06/90 Ground Elev. Sh5i6?$02( 

Depth 
Feet 

2 

4 

6 

8 

10 

12 

14 

16 

1 8  

20 

Sample 

Split Blows Depth Rec. 
Spoon Per Range 
Number 2ft. Feet Feet 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

9 0-2 1.7 

9 2-4 1.7 

9 4-6 1.3 

10 6-8 1.7 

18 8-10 1.3 

38 10-12 1 . 3  

42 12-14 2.0 

42 14-16 1.3 

60 16-18 1 . 3  

~~ ~ 

Lithologic Description 

Brown, soft, silt 
with some clay, damp 

Brown, loose, silty, fine to 
medium sand, moist to wet 

Gray to Black, dense, fine to 
medium sand and fine to mediun 
gravels, some silt from 11-14 
feet, damp to wet 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 

0 Units 

o Units 

o Units 

I 
0 Units 

2 Units 
odor 

10 Units 
organic 
odor 

900 Units 
strong 
organic 
odor 
100 Units 
strong 
organic 
odor 
80 Units 
strong 
organic 
odor 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/PS - CROSBY TOWNSHIP, OHIO 

roject 4700-062 Site PRRS BORING MW-31s Sh 2 of 2 
ate Started 12 /06/90 Completed 12/06/90 Ground Elev. 526.20 P Total Depth 22 Feet Location O f f  -Site Logged by BEM 

Remarks 

Depth 
Feet 

22 

Sample 

Number 2ft. 

I- * t 
Depth Rec. 
Range 
Feet Feet 

20-22 1.5 

Lithologic Description 

Brown, medium dense, medium 
sand, trace of fine gravel 

Ground water encountered 
at 12.8 feet 

OVA 
Readings 
(in Units) 
C Remarks 

3 0  
moderate 
organic odor 

ENSR 
'- . 
. .. -. 
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LOCATION MAP 

BORE NUMBER b MW-311 

DATE 04/18/91 

Ground 525.78 FT. 
Top of Casing 527.76 FT. 

LOCATION b PRRS Site; Femald, Ohio 

WEATHER b Sunny, 5OF 

c 
rn z 
W 0 

WELL LOG I P a g e 1  of - ERM- M I DW EST 3 1  
LOGGED. JDK b Bowser Morner 
BY I B Y  

DRIuNG, 4 114 IN. Hollow Stem Auger1 SAMPLING, 300 Ib. Hammer 
METHOD METHOD 3 IN. Split Spoon 
GRAVEL b #7 Sand 49.5-36.5 FT. 

PACK I SEAL, Bentonite 36.5-6.0 FT. 

I B 0 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1.4 

15 

16 

17 

18 

19 

20 

- 

I 

I I i I I 

ul 

I. 
192 



I 

E 

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 

WELL 
NUMBER., MW-311 

I 

& 
Y Y  a o  
i5E 
1 0  

. 

--2.O' 

1.0' 

1.2 

-- 1.0' 

--0.7 

--a7 

- - 0 7  

--0.7 

--0.4' 

_ _  1.0 

-- 
-- 
-- 

g +  2 s  E!s 
0 0  I0 
- 

Wet 

Wet 

Wet 

Wet 

Wet 

I 

Wet 

Wet 

Wet 

Wet 

Wet 

I 

Tux 

0 E 
8 
- 

Poor 

Mod. 

Mod. 
to 

Poor 

Mod. 

Mod. 

Poor 

Poor 

Poor 

Poor 

Mod. 

Hard 

Stiff 

Stiff 

Hard 

Stiff 

Stiff 

Stiff 

Stiff 

Hard 

Soh 

Non 

NOfl 

NOfl 

Non 

Non 

Non 

Non 

N0t-l 

Non 

NOfl 

- 
0 

Y a 
z 

$ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

72 

25 

21) 

2.0 

9 .o 

2.0 

1 .o 

1 .o 

1 .o 

OD 

I ERM-MIDWEST 

. .  - 
21 
14 
17 

- 
- 

WELL LOG I P a g e 2  of - 3 

LITHOLOGY / REMARKS 

Gray SAND, fine to coarse grained with 
some GRAVELS. Mean grain size finer 
than 22-24 IN. No sheen or discoloration. 

:0:0:0:0:0:0:0: . .. . .. . .. . .. . .. . .. . .. 

light to medium brown. 

grain, bottom 1 IN. brown SAND. 

Brown SAND, fine to coarse grain. 

Same, bottom 1 IN. dry. 

Same as above. 

Gray SAND, silt to very m e  grain, some 
pebbles at bottom of spoon. 
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I ERM-MIDWEST WELL LOG I P a g e 3  of 3 

u 

E 
0 z 

ii 
z > e g 8  . 

B 2E d f  LITHOLOGY / REMARKS . 
0 3: g; 

n a  

45 

46 -- 

47 

48 -- 

49 

50 -- 

51 

52 -- 

53 

54 

55 

56 -- 

57 

58 

59 

60 

61 -- 

62 -- 

63 -- 

64 -- 
65 -- 
66 -- 

67 -- 

68 -- 
69 -- 

70 -- 

-- 

-- 

-- 

-- 

-- 
-- 
-- 

-- 
-- 

-- 
-- 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Q ( j Q Z &  
Do~r lbo .  Yoasuring Point: B o r d ~ k  D1mflet@r 
Top of Riur Pip0 

: 

011 Identification: UW-325 
011 Location: Off-Site 

Date Of installation: 1 2 / 1 1 ,  
Drilling Confroctor: % O W S E R F R  - 

Mlling Method: U Tool 
Top Of Casing EIov.(YSL):X7 98 
~ o l o g i s t / E n g t n o o ~ ~ .  
Pro/od Numbor: 4700 

Lack 

Measuring Point for 
Sunqing  ato or ~ovris-+' 

4; - - 
Concreto Pad 

b 0 
* .  . 

0 P 
4 - . 

Depth from 
Ground Surfaco 

(f4 

2.00 

. .  ____. . . .  . :.-. - 
fop of Stool Qu& Iqia 
Top of Rlsor Plpo'.~.. ....... ....- .............. 

;? ........ . .  

. . .  . _  

surfam . 'i..i ... ...... -.. ................ 0.00 

Coment-Bentonite or 
Bentonite S l u y  Grout 

90% Comont 
102 Bontonlte 

304 Stalnlorr Stool Risor Pip. 

Insfdo Diamdor (ID) 

Bottom of Grout ........ 3.00 
Top of Bontonfto 5001 ................................... 3.00 
Bontonito S d  Thlcknoss 2.00 
TOP of Sand " 5 00 

........ 
..... ..... ...................... ....................... .... /::::) ..... 
: : : : : : : : : r i r ~ o p  ..... .... --- - - - ..... -.-. of senon ............................................... Z 40 

..... --- --- ..... ..... .... .... --- .... ..... --- ..... .... --- .... ..... --- ..... .... --- .... ..... - - - ..... .... __ - .... ..... ..... --- --- ..... ..... .... .... -- .... ..... --- ..... 
304 Stainloss S h d  Scmon 

insldo Diameter (ID) 
L@ngt)l 

slot site 
..... ---- ..... ..... --- .... - .... ..... ---- ..... .... ---- .... ..... ---a ..... .... --- .... ..... _--_... .. .... - __ - .... ..... - __ ..... .... .... ..... ..... ---- .... ---- ..... .... .---- ..... .... .... s ---- 

..... ..... .... ---- .... ..... ..... .... .... ..... ..... .... .... ..... ..... ..... + . .  lZ40 .................. Bottom of ' WoII ................. r.....m..u ........ b . "  

Typo/Sfzo of Sand 
Sand Pack Thlcknm 

GMOlNa 7 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-32s 

Split 
Spoon 

Blows 
Per 

1 

2 

3 

4 

17 

35 

- 

18 

6 95 

7 

8 

9 

18 

4 9  

4 4  

Sample OVA 
Readings 
(in Units) 
& Remarks 

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet' 

Lithologic Description 

0 

2 

4 

6 

8 

0-2 1.7 Yellow-brown, stiff clay and 
silt, moist 

0 Units 

2-4 0 Units 1.3 

Light brown, fine to coarse 
sand, dry 4-6 1.5 0 Units 

6-8 1.5 0.5 Units 

Light brown to yellow, 
medium dense, fine to 
medium sand and fine to 
gravels, dry to wet 

0.3 Units I 25 

8-10 1.3 

medium 

5 Units 10-12 1.5 

~~ 

12-14 1.0 5 Units 

14-16 1.3 1 Unit 

0 Units 16-18 1.3 Fine to coarse gravels 

Ground water encountered 
at approximately 10 feet 

3NSR >'..A. .. ... .- . , 
z :  :e. ' . ; '- 

.a. .. I ' . .. 



MONITORING WELL CONSTRUCTION DETAIL 

00136 1 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Dopth from 
Ground Surface 

( f a 4  
- Top of Steel G& Plpa -= 

3r Top of Risor PJpe ...................... - ........ 2.00 

Concnte Pad 4; . -==l --round Surfac8 ................................ 0.00 

Measuring Polni for 
Surveying & Wuter Levels-* - - 

b V . 
4 

0 0 

4 
304 Stainless Steel Rber Pipe Cement-Bentonite or ' 4 '  

Bentonlte Slum Grout 0 0 

 OX Cement 
10% Bentonite 

Inside Diameter (ID) 2 hrd, 

Bottom of Grout ........ 35.00 
lop of Bentonfte Seal ................................... 35 00 

TOP of Sand 38.00 
Bentonlte S a l  Thlckness ........ 3.00 

..... ................. ......................... .... ..... 
..I. .... ..... ..... .... .... ..... ..... .... .... ..... ..... 

c 39.70 ..... Top of Scrwn ............................................... ..... - __ - ..... .... .... ---- ..... - - - ..... ..... ----..... .... ---- .... .... .... 
..... ---- ..... .... ---- .... ..... --- d... .. .... ---- .... . . . . . . . . . .  . . . . . . . .  ..... ..... .... .... ---- ..... ---- ..... .... ---- .... 

10.3 R 304 Stainloss Stool Screen .... .... --- ..... - __ -, ..... b n M  

..... ..... .... Slot sze 0.07 hd 
.... .... ____ ..... __ - ..... Inddo Dlameter (ID) ,2, .... .... ---- ---- .... ..... ----... .. .... ---- .... ..... ---- ..... .... c--- .... ..... _--_... .. .... .... 

..... - --..... .... - __ .... ..... +==]---* __ - ..... ..... ..... .... ..-. ..... ..... .... .... 

..... ..... 50.00 .... Bottom of Well .................. .... .... ...... ....-...G...........~ 
1'"'"'1 l-....:..~ . .  

. .  ................. .................. ... ' ' ..' 50.00 Bottom of Bonhole .............. i. ...................... 
.. ................. 

I d 1 -  

I 
i 197 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-331 
ate Started 12 / 12 190 Completed 12 /12 /90  Ground Elev. Sh5:7?93g 
&'otal Depth 50 Feet Location A C W/Mobil Logged by MAF & BE 
Remarks 

OVA 
Readings 
(in Units) 
&I Remarks 

Sample 

Split 
Spoon 

Blows 
Per 

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet 

Lithologic Description 

Numb€ 2ft. 

0 

2 

4 

6 

8 

10 

1 2  

14 

16 

18 

20 

~~ ~ 

Brown, soft, silt and clay, 
moist 

1 0-2 1.0 0 Units 
no odor 

2 2-4 1.5 0 Units 
no odor 

Tan, medium stiff, clay, moist 
3 15 4-6 1.5 0 Units 

no odor 
Brown, medium stiff, silt, 
with some fine sand, moist 

4 14 6-8 0 Units 
no odor 

Black, medium dense, medium 
to coarse sand, with some 
silt, moist 

~~ 

8-10 5 24 1 . 5  0.6 Units 
no odor 

~~ 

10-12 6 27 1 . 5  2 . 0  Units 
no odor 

7 12-14 1.0 2 . 5  Units 
no odor 

~ 

1 . 4  8 93 14-16 2 . 2  Units 
no odor 

~~ 

16-18 9 47 0 Brown, very dense, medium to 
coarse sand and fine to coarse 
vavels, with some silt, wet 

4.0 Units 
no odor 

10 27 18-20 1 . 2  3 . 2  Units 
no odor 

..-. . .  . .  

. .  , .  . .. . ., ,. 
A 

198 



0 0 7 3 6 1  
SOIL BORING LOG 

PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 
roject 4700-062 Site PRRS BORING MW-331 Sh 2 of 3 
ate Started 12 / 12 /90 Completed 12/12/90 Ground Elev. 527.79 

%,,tal Depth 50 Feet Location A & W/Mobil Logged by MAF & BEP 
Remarks 

Sample OVA 
Readings 
(in Units) 
& Remarks 

Split 
Spoon 
Numbe 

Blows 
Per 
2ft. 

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet 

Lithologic Description 

2.0 Units 
no odor 11 37 1.4 20-22 

22-24 
1.8 Units 
no odor 12 25 1.5 

3.2 Units 
no odor 13 27 24-26 1.2 

0.2 Units 
no odor 14 26-28 1.3 30 

- Brown, very dense, medium 
sand, trace of fine 
gravel, 'wet 

0 Units 
no odor 15 60 28-30 1.3 

0 Units 
no odor 16 '18 30-32 1.0 

0 Units 
no odor 17 59 32-34 1.3 

Brown, very dense, coarse 
sand,trace fine sand 
and gravels, wet 

0 Units 
no odor 18 64 34-36 1.1 

Brown, very dense, fine 
to medium gravel, with 
some fine to medium sand 
and silt, wet 

0 Units 
no odor 19 60 36-38 1.3 

0 Units 
no odor 58 38-40 1.3 

ENSR 
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~~ ~~~ ~~ 

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

11 Project 4700-062 Site PRRS BORING MW-331 Sh 3 of 3 
)ate Started 12 /12/90 Completed - 12/12/90 Ground Elev. 527.74 
fotal Depth 50  Feet Location A & W/Mobil Logged by MAF & BE 
Remarks 

Depth 
Feet 

42 

44 

46 

48 

50 

Sample 

Number 2ft. 

Depth 
Range 
Feet 

40-42 

Rec . 
Feet 

1 . 3  

l- 
42-44 

44-46 

46-48 

48.-50 

1.3 
- 

1 . 3  - 
1.7 - 
1.5 
- 

Lithologic Description 

Brown-gray , dense, fine 
sand, wet 

Grading into a medium 
sand from 46 to 50 feet 

Ground water encountered 
at approximately 12 feet. 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 
no odor 

o Units 
no odor 

o Units 
no odor 

0 Units 
no odor - 
0 Units 
no odor 

;, . .. . .  

. .. .. .. I ... 
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MONITORING WELL CONSTRUCTION DETAIL 
PADDYS RUN ROAD SITE Rl/FS 

..... -..* ..... .... ..... .... .... .... .... 
- . a -  ..... .... ..... .... ..... .... ..... .... ..... ..... 

CROSBY TOWNSHIP, O H I O  

---. ---- --- ---- --- .---- --- .---- --- - __ - --- ---- 

~ 

Well Idontlficatfon: UW-34!3 1 we11 L o c a t i o n : , d  
Date Of Indallatlon: 1 2 / 1 2 / 9 6  
Drilling C o ~ c t o r .  - 

Drifnng Method: -001 

Top 01 Casing EIov.(MSL):532.89 
Gootog fs t /Eng inooc~ .  
Pro(ed Numbor. 479O-062 

Measuring Point for 7.c 
Surveying & Wator Lwels- 

Concroto Pad 1 -  

Cernmt-Bontonito or 
Bontonih S luy Grout 

90% Cemont 
1 OX Bontonlte 

b 
Detcrlbo. Yoamiring Point: 

I 

Dopth from 
Ground Surface 

(fed) 

2.00 
-Top of Stool cuczrd' Pipe i- l?. 

lop of Riser pfp, ................................ 
-round surfacb . .'L ...... Am.,. 0.00 ................. F- 

- 304 Stainloss Stool Riror Plpr 

Imido Diamdor (ID) 2 hdr 

Bottom of Grout ........ z 00 
-Top of Bontonito Soal ................................... z 00 
-8ontonito Soal Thicknou ........ 2.00 

-TOP of Sand ............................................... 9.00 .... ...-:..I .... 
11.00 Top of Scroen ............................................... 1 .... .... 

.... 

.... 

.... 

.... .... 
304 StaInloss Stool S m o n  .... 10.4 R 

Insido Dlamdor (ID) 2 bch .... Slot Sho 0.M mdl 

knsttc .... 
.... 
.... .... ..... .... ..... .:..:.:.I ~ ..... lypo/S1ze of Sand 6YobdNa 7 

Sand Pack Thicknm T ..... ..... ..... .... ..... .... ..... 
..... 21.20 ..... Buttom of WoII .................. ..... .................... ............. ................. .................. ................. 22.00 Bottom of Eonholo .............. ....... .... :.. ........... ... I 

I 
201 
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SOIL BORING LOG 
PADDYS RUN,ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-34s 
'ate Started 12 /12 /90 Completed 12 / 12 / 90 Ground Elev. 
fotal Depth 22 Feet Location Off-Site Logged by 
Remarks 

Sample 

Lithologic Description 

OVA 
Readings 
(in Units) 
& Remarks 

Split 
Spoon 
Numbe 

Blows 
Per 
2ft. 

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet 

~~ 

0-2 

0 

2 

4 

6 

Brown, stiff, clay and 
silt, trace of fine 
sand, moist 

1 17 1.5 o Units 
no odor 

2 23 2-4 o Units 
no odor 

1.5 

3 4-6 1.8 0.2 Units 
no odor - 

43 4 6-8 1.8 0.2 Units 

- 8  

5 22 8-10 1.4 2.8 Units 
no odor 

6 47 10-12 1.5 Brown, medium to 
coarse sand and fine 
to coarse gravels, with 
trace to some silt, 
moist to wet 

0.6 Units 
no odor 

7 12-14 1.0 0.4 Units 
no odor - 

45 
Flame out 
organic odor 
black stains 

8 14-16 1.7 

9 5 3  16-18 1.5 120 Units 
organic odor 
black stains 
>lo00 Units 
strong 
organic odor 

10 59 1.3 18-20 

black stai 
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BOIL BORING LOG 007361 
PADDYS RUN ROAD SITE RI/F8 - CROSBY TOWNSHIP, OHIO 

4700-062 Site PRRS BORING MW-34s Sh 2 of 2 
iEgiez~arted 12/12/90 Completed 12/13/90 Ground Elev. 530.68 
2otal Depth 22 Feet Location RNCC Logged by MAF 
Remarks 

Sample 

Depth Split Blows 
Feet Spoon Per 

Number 2ft . 

22 

Depth 
Range 
Feet 

20-22 

~ ~~ 

Rec . 
Feet 

0.5 

OVA 
Readings 

& Remarks 
Lithologic Description (in Units) 

>loo0 
Medium sand from 21.5 strong 
feet to 22 feet organic 

odor black 
stains 

Ground water encountered 
at approximately 10 feet 
on 12/12/90. 
Ground water was measured 
at 8.5 feet on morning 
of 12/13/90. 

I 

. . .  . . I. A 
... 
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MONITORING WELL CONSTRUCTION DETA 
.PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

................. 
I - 22 00 Bottom of Bon,.ok ...................................... 
A 

L 

Dr 
To 

Vel1 IdmHfkdfon: YW-S- 
Well Location: W-Sne 
D a h  Of  Installatfon: m- 
Drilling Contractor: JQWrR - UQRMEB 

illlng Method: Cable Toel 
~p Of  Casing EIev.(YSL): 2 . 9 8  

Geologlst/fngineec B F A .  
Pm/ed Numbec 4700 - 062 

Depth from 
Ground Surfote 

(feet) 

2.00 
- Top of Steel Guard Plpe 

Top of Riser Pipe ................................ 

Lock T 

Surveying & Water Levels 
Measuring Point for 

Concrete Pad --& --Eround Surface 0.00 ................................ P- 
4 '  

. b  
0 .  

4 

0 

b 

& a  

I .... 
.... .... .... .... .... .... .... 

Cement-Bentonite or 
Bentonite Slury Grout 

90% Cement \ 
102 Bentonite 

304 Stainless Stool Riser Plpe 

-Intido Dtarnetar (ID) 2 hdr 

Bottom of Grout ........ 13.00 
Top of Bontonfte Seal ................................... 13.00 
Bentonite Seal Thickness ........ 1.00 
TOP of Sand 15 00 ..... ............................................... .... ..... .... ..-.. 

..... .... L-/!TTop __- .  .... of Screen ............................................... I Z O O  

..... ..... --- .... ..... --- ..... .... --- .... ..... --- ..... .... --- .... ..... --- ..... .... --- .... ..... - - - ..... .... - - - .... :$===]:-:I .... --- .... --- ..... .... --- ..... --- .... .... -- .... 304 Stainless Sted Scmn 
Length 10.4 R 
Insido Dfamotor (ID) 2 hch 
Slot size 0.01 hd 

.... 
..... -- .... ..... ..... -- .... ..... .... ..... .. ,,. ..... .... ..... ..... .... .... Typa/Stro of Sand UddNa 7 ..... ..... .... .... Sand Pack Thicknm 3' ..... ..... .... .... ..... .... ..... --- .... ..... ..... .... .... ..... ..... .... ..... 

. 21.00 ............. -.*."...*.......**.*...*.... ..... ---.l+~ottom ..... of WOII .................. ................. .................. 

Describe. Yoasuuring Poi* I 
I 7114 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

BORING MW-35s Sh 1 of 2 
p ~ ~ ~ e ~ ~ a r t  ed 1/08/91 Completed - 1/09/91 Ground Elev. 523.97 

4700-062 Site PRRS 

Total Depth 26 Feet Location Off-Site Logged by BEM 
Remarks 

Sample OVA 
Readings 
(in Units) 
& Remarks 

Split 
Spoon 
Numbe 

Blows 
Per 
2 f t .  

Depth 
Range 
Feet 

Rec . 
Feet 

Depth 
Feet 

Lithologic .Description 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

Brown-black, very loose,silt 
and medium sand, moist 

1 3 0-2 2.0 0 Units 

Brown, loose, medium sand, 
moist 0 Units 2 .  7 2-4 1.9 

- 
11 Brown-Black., 

moist 
soft , silt 3 4-6 1.8 0 Units 

4 12 6-8 2.0 0 Units 

Brown, soft, sandy (fine), 
silt, moist 5 8 8-10 2.0 0 Units 

6 12 10-12 1.7 0 Units 3rown, loose medium gravel and 
some fine sand, moist. 
Brown, loose, sandy (fine) 
silt trace of fine gravels, 
moist "shells noted" 

7 13 12-14 2.0 0 Units 

- 
1.3 

~~ 

0 Units 28 14-16 Brown, dense, fine to medium 
sand and medium to coarse 
gravels, moist to wet 

0 Units 9 -5 5 1.9 16-18 

10 30 18-20 1.0 0 Units 

ENSR 
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

Ground Elev. 523.97 
Sh Of 1 Project 4700-062 Site PRRS BORING MW-35s 

ate Started Completed - 
iota1 Depth Feet Location Off-Site Logged by BEM 

~~ - 
Remarks 

Depth 
Feet 

22 

24 

26 

~~~~ ~~ 

Sample 

Lithologic Description 

OVA 
Readings 
(in Units) 
& Remarks 

0 Units 

Brown, medium dense, 
medium to coarse sand, wet 

Trace of fine gravels f r o m  
24 to 2 6  feet 

0 Units 

0 Units 

I 

Ground water encountered at I 
approximately 19.5 feet 

ENSR . ._ . 
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MO N IT0 R I N G WELL CONSTRUCTION DETAl L 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

.ell Idantiffcation: UW-365 
ell Lodon: Mf-Sitr 

D a b  Of Installation: ,- 

Ortlllng Confrador: - 
t 

~~ 

Drilling Method: 
Top O f  Casing Elrv.(YSL):518.15 
G a o l o g i s t / E n g l n o o c ~  
Pm/ect N u m b o c 4 7 0 6 - Q 6 2  

~ ~~ 

Depth from 
Ground Surface 

( fad) Lock 

Ueasurfng Polnt for 
Surveying Water ~me~s- - -+ '  

Top of Steel Guard Plpe 

1- Top of Msar Pfpo ................................ 2.00 

C o n d o  Pad . =a &round surface ................................ 0.00 
- 

b v 
4 

0 P . 
Q 

4 304 Stainless Stool Rlsar Pipr Cement-Bentonite or a '  
Bontonlte Sluny Grout 0 0 . 

0 .Insfdo Dfamder (ID) 2 hch 
P 

90% Cement 
102 Bentonite 

0 . 
O Q  ' Bottum of Grout ........ 9.00 

9.00 

11.40 

. 
0 -Top of Bentonite Seal .......... " ....................... 01 

Benbnlte Seal Thickness ........ 2.40 

...................... " ....................... 
Top of Screen - 13.35 ...................... ....................... 

......... .... ...... .... ..... 
304 Stainloss Stool Scnon Longfh 10.15 tt. 

.... -0- ..... .... Slot slto 0.01 inch 
Inddo Dfamdor (ID) a - __ - ..... ..... .... 

..... ---- ..... .... --- .... ..... ..... ..... ..... .... 
Type/Sizo of Sand GbbdNa 7 
Sand Pa& Thickness 3' 

..... ..... .... .... I ..... ..... .... .... ..... ..... 23.50 ..... guttom o f  Wdl .. O..............." ....................... .................. ................. .................. ................. 
L Q@+-jr2&3, 23.50 Bobm of Bonholo .............. .. ..... 

A u t 3  llrl 
Ducribo. Ueusuring Point: Bor@hol@ D ~ a n d u  
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SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/F8 - CROSBY TOWNSHIP, OHIO 

Project 4700-062 Site PRRS BORING MW-36s Sh 1 of 2 

iota1 Depth 26 Feet Location Off-Site Logged by MAF 
ate Started 1/07/91 Completed 1/07/91 Ground Elev. 516.19 4 

Remarks 

Sample OVA 
Readings 
(in Units) 
C Remarks 

Split Blows 
Spoon I Per 
Number 2ft. 

Depth 
Range 
Feet 

Depth 
Feet 

Rec . 
Feet 

Lithologic Description 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

~~ 

1.2 

Brown, soft, silt, with some 
fine sand, moist 

1 10 0-2 0 Units 

2 12 1.5 0.1 Units 
no odor 

2-4 

3 9 4-6 1.2 0.9 Units 
no odor - 

7 4 6-8 0.9 Brown, loose, fine to medium 
sand, moist 

0.3 Units 
no odor 4 

5 8 8-10 0.9 0.8 Units 
no odor 

6 22 10-12 0.3 0.6 Units 

aas odortt 
%atural 

7 12-14 .1.7 Units 
no odor 

0.8 

- 
53 

Brown, very dense, medium to 
coarse sand and fine to coarse 
gravels, moist 

8 14-16 0.9 1.0 Units 
no odor 

~~ 

1.0 9 68 16-18 2.6 Units 
no odor 

18-20 2.6 1.5 Units 
“natural gas 
odorts 

10 93 

ENSR . .  . . 
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f i f i p j m n  * 
w w  SOIL BORING LOG 

PADDYS RUN.ROAD SITE RI/FS CROSBY TOWNSHIP, OHIO 

4700-062 Site PRRS ' BORING MW-36s Sh 2 of 2 
1/07/91 Completed 1/07/91 Ground Elev. 516.19 
24 feet Location Off-Site Logged by MAF 

Remarks 

Depth 
Feet 

Sample 

Depth 
Range 
Feet 

20-22 

Rec 

Feet 

.8 

1 . 3  

Lithologic Description 

Tan, very dense, medium to 
coarse sand and fine to coarse 
gravels, with trace to some 
silt, wet 

Ground water encountered 
at 16.7 feet. 

OVA 
Readings 
(in Units) 
t Remarks 

6.2 Units 

aas odorat 
"natura 1 

2.6 Units 
"natural 
aas odortt 
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3CAllON MAP 
ERM - M I DW EST WELL LOG P a g e 1  of - 2 

Ground 516.31 FT. ELEVATION b, - _ _  - - - - 

LOCATION PRRS, Fernald, Ohio BORE 
NUMBER ' MW-361 

I3d-E ' 10101191 WEATHER b Clear, Sunny, W'sF 

- 
0 2 

2 
3 - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

- 
'WE1 

CONSISTENCY 

...-.. .-- ?r i K P # G ,  split Spoon 

~ GEE! #7 36-19 FT. SEAL, Bentonite siurry, 19-9 FT. 

SING b TYPE 306 
S.S. 

I .U.L 51 8.44 r I .  

a B.G.S. HOLE 8 IN. 
0 B.M.P. DIA. DIAMETER 2 IN. LENGTH 21 FT.::Ey 23.0 FT. 

TOTAL 36-5 
"M'. IN.DlAMETER 2 IN. LENGM15 FT. r;F&bsiN 23.0 FT. 

z 
& s?: GRAPHIC WELL 

2 g  LOG COMPLETION I $ 2  LITHOLOGY / REMARKS s g  E f i  
cia 

Loose 

LOOSe 

Loose 

Loose 

Loose 

Loose 

Medium Dense 

Compact 

Dense 

Medium Dense 

OQQ261 

391 3361.DRw 

h 

f a 
v 

a 
I 

1 !wt: b 4 114' Hollow Stem Augc 

I I I I I 

I I I 
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a 

a 

WELL b MW-361 NUMBER. 

11 

12 

13 

14 

15 

16 

17 

18 

'amp 

Jloisl 

Net 

Net 

Wet 

Wet 

Wet 

Wet 

Dense 

Medium Dense 

Medium Dense 

Dense 

Medium Dense 

Medium Dense 

Dense 

Dense 

- 
h 

k a 
a 
I 

- 
- 

0 

0 

0 

0 

0 

0 

0 

0 

I ERM-MIDWEST WELL LOG I Page- 2 of - 2 

----- T 
L 

& 2 g  
W :g $ 2  v, LITHOLOGY / REMARKS 
0 z g  s E  

a a  

I I 
1 9  I 20 

22 21 M 
24 t 
26 

28 

Browngrayish coarse SAND and 
pebbles and gravel, rounded pebbies 
and gravel, odor. 

Brown GRAVEL, pebbles and coarse 
sand. 

Brown coarse SAND, pebbles and 
gravel, well sorted, slight odor. 

Coarse, poorly sorted SAND to fine 
well sorted sand and gravel, trace 
odor. 

Coarse SANDS and pebbles, rare 
brown gravel, trace odor. 

Coarse SAND and pebbles rare brown 
gravel. no odor. 

Brown medium to coarse SAND and 
pebbles, no odor. 

WELL GytlC I COMPL€llON 

s v) s 
v) 
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M 0 N IT0 RI N G WELL C 0 N STRU CTI 0 N D ETA1 L 
PADDYS RUN ROAD SITE RI/FS 

CROSBY TOWNSHIP, OHIO 

Yell Idantiflcotfon: MW-37s Drltling Method: C-1 
WoII Locotlon: Off-Slto Top Of Casing EIw.(MSL): 51835 
D a h  Of Installation: U L ,  
Ddlllng Contractor: mER, 

Geologist/Engineec E X  Y. 
P r o i d  Numbor: 4700 - 662 

Depth from 
Ground ' Surfaco 

lop of Steel Guard Pipe 

lop of Rlser Pipe ................................ 2.00 
Suneying & Wator 
Measuring Point for 

304 Stainless Steel Riser Plpe 

inddo Diameter (ID) 2 hd, 

Cement-Bentonito or 
Bentonlto S l u y  Grout 

90% & m o t  
102 kntonlto 

0 

I O 4  Bottom of Grout ........ 8.50 1'1 
Top of Bentonite Seal .......... .. ....................... 8.50 

TOP of Sand 11.80 
-Bentonlto Seal Thlckness 2.30 ........ 

............................................... 
I L.;:.:.l I . . . .  ,. .... ..... !::::. 

Top of Screen ...................... .. 13.90 ....................... 
..... --- .... --- ..... --- ..... .... --- .... ..... ..... .... .... ..... .... ..... .... ..... --- .... .. .c--- ..... 

304 Stalnloss Stool S m o n  

lnrido Dlamotor (ID) 
bngth 10.1 R 

..... ..... ---- . .... - * - 
..... .... Slot srzr aoi in& 

.... 
..... ..... --- ---_ - ..... ----..... ..... --- .... ..... e---.. ... ..... --- .... .....---'..... ..... __ - .... ..... - __ ..... .... ___- .... 
..... J a i # k L  ---- .... , -Typa/Sttr of Sand 
..... --- Sand Pack Thicknm - ..... ..... ..... --- ..... 

.... .... - - - - .... ..... - - - ..... ..... ..... ..... --e- * f * ' ..... ..... .... ..... .... ..... . 24.00 .... Bottom of Wall .... ...................................... 
c 24.00 Battom of Bonhok ....................................... 

................. ................. ................. QU-Jx;.y& .................. 
a' 

a 

a 



0-2 

2-4 

4-6 

1.3 

1.6 

2.0 

SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOWNSHIP, OHIO 

4700-062 Site PRRS BORING MW-37s Sh 1 of 2 
t:EiezEarted 1/08/91 Completed 01/08/91 Ground Elev. 517.13 
,Iota1 Depth 26 Feet Location Off-Site Logged by MAF 
Remarks 

OVA 
Reading.s 
(in Units) 
& Remarks 

Sample 

Depth 
Feet 

Lithologic Description 

Numb€ 

I 
1 

Brown, medium stiff silt with 
some fine to medium 
sand, moist 

9 0 Units 
no odor 

2 12 0.1 Units 
no odor 

3 4 8.8 Units 
no odor Medium' sand from 5.0-5.3 feet 

Brown, medium stiff, clay 

4 2.2 Units 
no odor Brown, loose, medium to 

coarse sand, and fine 
7 gravels, moist f 

5 4.8 Units 
no odor 

6 2.6 Units 
"natural gas 
odor'# Tan, loose, medium sand, 

with trace of silt, moist 
0 7 11 12-14 no 

recovery 

8 1.7 1.7 Units 
"natural gas 

5.5 Units 
"natural gas 

3.2 Units 
no odor 

odor" 

odorat 

14-16 

16-18 9 0.9 

Brown, very dense, medium to 
coarse sand and fine to coarse 
gravels, trace to some silt, 
moist to wet 

60 18-20 0.7 10 

ENSR 



SOIL BORING LOG 
PADDYS RUN ROAD SITE RI/FS - CROSBY TOUNSHIP, OHIO 

Project 4700-062 Site PRRs BORING MW-37s 

fotal Depth 26 Feet Location Off-Site Logged by 
Remarks 

>ate Started 1/08/91 Completed 1/08/91 Ground Elev. 

Rec. 

Feet 

1.0 

Depth 
Feet 

Lithologic Description 

Brown, very dense, medium to 
coarse sand and fine gravels, 
wet 

22 

24 

26 

- t 
1.3 

Sample 

Brown, medium dense, medium 
sand, trace of silt,wet 

I ' O  

Depth 
Range 
Feet 

20-22 

22-24 

24-26 

I 
-I 

Brown, medium dense, 
medium to coarse 
sand with trace of 
silt, wet 

Ground water encountered -I 17.6 feet. 
at 

OVA 
Readings 
(in Units) 
& Remarks 

1.0 Units 
no odor 

0.1 Units 
no odor 

0.1 Units 
no odor 

' ENSR 

' .  . 
I .  

; .. . . 

I . . , . - . . 
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OCAllON MAP 
ERM -MI DW EST WELL LOG P a g e 1  of - 2 

0 

5! n 

Z 

3 

b P. Gephard 
'BY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

FRsJEi 

:FILLED b Math- &bsociates  

w %Z 
CONSISTENCY 

0 0  
Z V  

iR$t: b 4 1/4' Hollow Stem Auger 

GFEk . #7 36-19 FT. Ground 517.42 FT. 
ELEVAnoN . T.O.C. 519.1 5 FT. 

Split Spoon 

SEAL, Bentonite Sluny 19-9 FT. 

Loose 

Loose 

LOOM 

LOOSe 

Loose 

Very Stiff 

Dense 

B.G.S. 
0 B.M.P. CASING b MPE306 DIAMEIER 2 IN. LENGTH 21 FT. LEVEL 25 n. 

S.S. 
306 WATER LEVEL H.M.P. SCREEN M P E  s-s- SLOT 0.010 IN-DIAMETER 2 IN- LENGTHIS FT. AT COMpL+lON 25 FT. 

-1 3\5J913371.DRW 

HOLE IN. DIA. 

LgLyH 36 FT. - 
h 

E, n 
Y 

3 

I - 

0 

0 

0 

0 

2 

0 

1 

1 

' 0  

0 

- 

I 
z z GRAPHIC 

F !g 251 LOG 
B n t!z LITHOLOGY / REMARKS 

nrx 

WELL 
COMPLETION 

Dry 

Dry 

Stiff 

Medium Dense 



. ,  

I I 
b MW-371 NUMBER. 

11 

12 

13 

14 

15 

16 

17 

dOiSl 

d0U 

Wet 

Wet 

Wet 

Wet 

Wet 

ONSISTPICY 

Dense 

Dense 

Medium Dense 

Medium Dense 

Dense 

Dense to Compact 

Compact 

. . . . . .  

I ERM-MIDWEST WELL LOG I Page- 2 of - 2 

WELL 
L 

& g %  GRAPHIC 
y y  4 2  LOG COMPLETION E n o  LITHOLOGY / REMARKS 

E I O  
3: $4 

No Sample I I 
36 + I I I I 

I 

s 
v) 



OCATION MAP WELL LOG 1 P a g e 1  of __ ERM - M I DWEST 
M W - S  LOCATION b PRRS Site; Fernald, Ohio 

DATE , 04/17/91 WEATHER , Sunny, 75F 

BY 
300 Ib. Hammer 

MEMOD SAMPLING, MEMOD 31N. lit Spoon DRILLING. 4 114 IN. Hollow Stem Auger 

GRAVEL PACK b #7Sand20-8FT. SEAL, Bentonite 8.0-6.0 FT. 

b Bowser Morner BY 
b JDK 

Top of Casing 528.36 FT. 
Ground 526.32 FT. 

CASING b MPE S.S. 306 DIAM€ER 2 IN. LENGTH g. LEVEL 'I 13.20 FT. :$-- !:LE 8 IN. 

SCREEN b lYPE S.S. 306 SLOT 0.01 IN.DIAM€ER 2 IN. LENGTH lo FT- WATER LEVEL 019.20 FT. T.O.C. ;!;$20 FT. AT COMPLmON 

.DW 

Dry 

ImF 
to 

Mois 

>ami 

3mr 

Dry 

Wet 

Wet 

Wet 

Wet 

Xm 

Well 
to 

Poor 

Well 

Pool 

Poor 

Poor 

Poor 

Poor 

Poor 

K35c 

- 
t 
E v) 

n 

- 

soft 

son 

son 

son 

Stiff 

Stiff 

Stiff 

soft 

Soft 

soft 

m 

- 
P 
IJ 

3 
n 
I 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

m 

- - 
n 
Y 

- 

0.0 

0.0 

0.0 

0.0 

02  

OD 

0.0 

0.4 

0.0 

OD 

--. ... ~~ - - -  
z & s?g GRAPHIC WELL 

LOG COMPLETION E x 2 2  z z  k g  LITHOLOGY / REMARKS 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

to & grained with gravels of varying 
sizes, same faidy well rounded, rock 
fragments at bottom. 

Same, SAND and GRAVEL but more buff 
cobred. Gravels are angular to fairly well 
rounded. 

Wet SAND and GRAVEL fine to coarse 
gravels, well rounded. 

Browwust colored SAND and GRAVEL. 
fine to coarse, gravels well rounded. 

Same, but not as many gravels. 

Same as above. 

orange-brown SILTY CLAY. 

:0:0:0:0:0.-0:0: . .. . . . . .. . .. . .. . .. . .. 
:o:o:o:o:o.-0:o: 

End of Boring 20.0 Fr. 
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3C4llON MAP I ERM-MIDWEST 1 of - 1 WELL LOG I Page- 
I 

LOCATION b PRRS, Fernald, Ohio BORE 
NUMBER MW-39s 

DATE 04/22/91 W~ATHER HOC Clear 

.LOGGED WF DRILLED Bowser Momer 
BY BY 

iRAu;: b 4 1/4' Hollow Stem Auger 

GRAVEL b #7 Sand 17-5 FT. 

SMPUNG, 300 Ib. Hammer 
MmOD 

SEAL, Bentonite 5-3 FT. 

IN. Split spoon 
Ground 524.71 FT. 
Top of Casing 527.64 FT. PACK 

B.G.S. HOLE 8 IN. CASING b W E  S.S. 306 

SCREEN b WES-S. 306SLOTO-010 IN- DIAMETER 2 IN. LENGTH 10 FT. AT 9.0 FT. DEPTH 

DIAMETER 2 IN. LENGTH 10 FT. ~~~~~ LEVEL 9.0 m. 0 B.M.P. DIA. 

WATER LEVEL H-'.P- 18 FT. 

Dry 

)m 

Wet 

Wet 

Wet 

Wet 

Wet 

- 
0 z 
E 
8 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

06 
L .. . 
N34 

w P 
n 

;oft -r Slight 

;oft Slight 

;oft Slight 

;oft Slight 

Stiff Non 

Stiff Non 

Stiff Non 

Stiff Non 

Stiff 

02 

Non 

6;64 
d 

- 
P 
Y 
2 
R 

v) - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

910 

a 
v 

8 - 

0 

0 

0 

25 

3 

12 

0 

0 

0 

0 

- 
0900 

GRAPHIC 
COMPLETION 1 LOG 1 WELL 

L 

& e g  
E Y 9  z?j 

3: z g  nrx 

8 tu, LITHOLOGY / REMARKS 
I 
I I I I I 

_ _  

Chocolate brown SILW CLAY, trace silt, 
light brown mottles. 

Brown SILTY CLAY with fine sandldayey 

Brown SILTY CLAY trace gand, gravel. 

Angular GRAVEL and brown silty day. 

visual contamination. 

Same as above. 
No visual contamination. 

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

visual contarnination. 
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0 

a 

0 

Ground 525.79 FT. 
TOP of Casing 527.94 FT. ELEVAnoN 

. b RAF/SGB I :!IuD b Bowser Morner 
BY 

METHOD 4 1/4" Hollow Stem Auger METHOD 3oo Ib Hammer 

GRAVEL b #7 Sand 19-7 FT. 

SAMPLING, 3 IN. Split Spoon/ 

SEAL, Bentonite 7-5 FT. PACK 

lamp 

lamp 

Dry 

Dry 

Dry 

Wet 

Wet 

Wet 

Wet 

Wet 

lRaE 

. B.G.S. CASING b TYPE S.S. 306 DIAMETER 2 IN. LENGTH 12 FT. LY!:: LEVEL 11.0 R. 0 B.M.P. 

WATER LEVEL H*M.P. SCREEN b lYP@-s- 306sLOTo.010 INsDlAMETER2 IN. LENGTH10 FT. AT 11.0 FT. 

Slight 

Slight 

NCUI 

Non 

Non 

NCUI 

Non 

Non 

Non 

NOfl 

ix5F 

HOLE 8 IN. 
DIA. 

19 Fr. DEPTH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Tim 

h 

f 
n 
Y 

0 

25 

0 

1 .s 

10 

25 

4 

8 

>loo( 

430 

>lo01 

200 

z 
g s g  GRAPHIC WELL 

= Y 9  LOG COMPLETION LITHOLOGY / REMARKS t;v, z s  
c2 3: i5E 

I 

219 



JCATlON MAP 

BORE 
NUMBER MW-41S 

DATE b 04/24/91 

I ERM-MIDWEST WELL LOG I P a g e 1  of - 2 1  

LOCATION b PRRS, Fernald, Ohio 

WEATHER b Cool, Clear 

Ground 529.40 FT. 
ELEVATION . T~~ of casing 529.14 m. 

b RAF/SGB FILLED b Bowser Morner 
'BY 

ER$t: b 4 114' Hollow Stem Auger MmOD IN. 

GgF b #7 Sand 24-12 FT. 

SAMPLING, 300 Ib. Hammer 

SEAL b Bentonite 12-1 0 FT. 

- 
0 z 
E :: - 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Poor 

Well 

Wdl 

c 

B.G.S. 
0 B.M.P. CASING b TYPE S.S. 306 

SCREEN . 7fPES.S. 306 SLOTO-010 IN- DIAMETER2 IN. LENGTH10 FT. tfF:M%$N 16.0 FT. 

DIAMETER 2 IN. LENGTH 14 FT. i:,! LEVEL 16.0 FT. 

Soft 

;oft 

Soft 

soft 

Soft 

soft 

soft 

soft 

Soft 

soft 

oc 
Q6\M 

HOLE 8 IN. 
DIA. 

24 FT. DEPTH 

t 
D 

5 n 

Non 

Non 

Non 

Non 

Non 

Non 

Non 

Non 

Non 

Non 

-, K .  
LA< 

m 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

'910: 

z 
& 98 GRAPHIC WELL - 

Y a E : z  5~ LOG COMPLfTION 

0 P L T  FLUSH 

k 
LITHOLOGY / REMARKS I 3 3: & 

>low 

0 

1 

2 

rlm 3 

4 

.lo00 5 

6 

- 7  

8 

.1m g 

10 

>lo00 

>low 

>loo0 

>low 

>1 m 

11 

12 

13 

14 

5 

6 

7 

8 

19 

20 

Black sand and gravel FILL 
Sweet odor. 

Same as above. 

Pea gravel, black mixed with black 
SILTY CLAY (Fill). 

Same as above, sand medium grain, black 
oil on sand and gravel (Fill). 

Same, abundant black oil on FILL material. 

FILL, same as above. 

..................... 
GRAVEL >3 IN. :o:o:o:o:o:o.-0. 

... .......... 
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6 1  
I I 

h 

E 
n 

4 W c n 

20 

750 21 

22 

9 23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

25 

ma 

WELL MW-41s 
NUMBER. 

& 

8 %  
2 8  

--20' 

--2.0' 

-- 
-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 
-- 
-- 

-- 

-- 

-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

Wet 

Wet 

Well 

Well 

soft 

soft 

Non 

Non 

P 

?i 

Y a 

11 

12 

I ERM-MIDWEST WELL LOG I Page- 2 of - 2 

(1 8 IN. fine grain SAND, 6 IN. coarse 
SAND and GRAVEL). 
Same, @ace large well rounded GRAVEL 
>2 IN. 

Fine grain to medium grain SAND with 

8 
15 

12 
19 GRAVEL bladc stain. 
17 
22 
- Total Depth 24.0 FT. 

20 

I 

I 

1 
221 



)CATION MAP 

b 4 114" Hollow Stem Auger 

GFiF b #7 30-11 FT. 
Gmond 51 1.82 R: 

ELEVAnoN T.O.C. 514.04 FT. 

1 ERM-MIDWEST WELL LOG 1 P a g e 1  of 

;Kpo8NGb Spla Spoon 

Bentonite 11-8.5 FT. 

BORE 1 NUMBER b MW42S I LOCATION b PRRS, Femald, Ohio 

B.G.S. 
0 B.M.P. X I N G  b TYPE 306 

S.S. 

S.S. 

DIAMETER 2 IN. LENGTH 13 FT.tgiF LEVEL 18.5 FT. 

WATER LEVEL SCREEN b M P E  306 SLOT 0.010 IN. DIAMETER 2 IN. LENGTH15 FT. AT C O M p m O N  18.5 FT. H.M.P. 

HOLE 8 IN. DIA. 
TOTAL 30 n. 
DEPTH - 

0 z 

2 z - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

m 

- 
W 

I- 5 ;  
E E  
0 0  I O  
- 

Moist 

Moist 

Moist 

Moisi 

Moisl 

Moisl 

Moisl 

Moisi 

Moisi 

Wei 

m m  

CONSISTENCY 

Loose 

soft 

Very Soft 

Very Soft 

Loose 

Medium Dense 

Dense 

Dense 

Dense 

Medium Dense 

QOC 
%INS.DRW 

GRAPHIC & 6 w  WELL 1 LOG 1 COMPLETION I r g  
I- z g  2-s B n 3~ 5; 

g i2  
LITHOLOGY / REMARKS 

- 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
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f i  

NUMBER. b MW42S ERM - MI DW EST WELL LOG w~ 

11 

12 

13 

14 

15 

00" 

- 
! j z  & E  
0 0  
I O  - 

Wet 

Wet 

Wet 

Wet 

Wet 

Medium Dense 

Medium Dense 

Very Compact 

Dense 

Dense 

5 
12 
13 

Tan to gray, medium to coarse 
GRAVEL, 25% coarse to fine sand. 

20 

21 -- 1.1' - - 
Tan to gray, medium to coarse 
GRAVEL, 25% fine to coarse sand. 

Tan to gray, medium to fine GRAVEL, 
minor medium sand, sanstone 
refuasl at 24.5 IT. bored to 26. FT. 25 

26 
Greenish gray CLAY, mottled. 18 27 -- 0.8' 

t 20 

28 'MI Greenish gray CLAY, mottled. 

29 1.5' . 

1 26 1 30 I 
31 -- 

32 -- 
33 

34 

35 

36 -- 

37 

38 -- 

39 

40 -- 

41 -- 

42 -- 

43 

44 

-- 

-- 
-- 

-- 

-- 

-- 
-- 

Total Depth 30.0 IT 

WELL GEt'C I COMPLETION 
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REV. 1: MAY 1994 

PIEZOMETER CONSTRUCTION 
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~ 

1 pz-ol  S h l  of 4700-016 Site PRRS 
Project 
Date St8ned 6-18-89 Completed 6-18-89 TOC Elevation 532.19 FT. 
Tot81 Depth 21 ' ~ocation R-N S i t e  Logged by 
casing I.D. 2- inch  PVC conWactor Bows er-Yorne r 

~~~~d~ 

M. F e r l i n  

Water l e v e l  d u r i n q  d r i l l i n c  - 1 4 . 5  f e e t  

Samplo I 

. -2-2 
- 5  

1-5-7 
-13 

-8-1( 
9 

1.2 

1.8 

1 . 7  

1.1 

: l ay ,  brown, w i t h  . 

some f i n e  s a n d ,  w e t  

Sand, - medium t o  c o a r s  
and G r a v e l ,  t a n  t o  
g r a y  t o  b l a c k ,  w e t  
( 2 "  o r g a n i c  s i l t  l a y e  
found above sand and 
g r a v e l  1 

T o t a l  Depth - 2 1 . 7 '  

WIndicates no deflectic 
on the l inear  display 
scale. 

WA-Value represents equj 
alent concentratiors 
of methane ( h p ~ m ) .  

noted on the linear d& 
play scale. 

SM-CountS per & U t e  aS 

NP. - Value not recorded. 

Equipment 
Installed 

I 
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Sampio 

4-11-16 
-14 

8-23-70 

25-37- 
37-30 

16-21- 
50-42 

35-15- 
27-27 

08f ; i-/2 
45J 

1-21 

1-6' 

' -11 ' 

4 '-16 

9'-21 

Simplo Dostription 

lav, brcwn, w i t h  trace 
o sane fine sand/silt, 
o i s t  

- and, medim t o  coarse, 
nd Gravel, large, tan 
D light qray, mist to  
ret 

7ater level 13.3' 

rota1 Depth - 22.0' 

m- No deflection on the 

m-Value not recorded. 
3VA-Value represents equil 

lent cor,centrations of 
methane (inppn). 

sM-count!s par minute as 
noted on the linear 
display scale. 

linear display scale. 

Equipment 
Installed 

227 
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II 

a 

~ 

1 Site m s  , P Z - 0 3 , S h  1 of Project 4700-016 
Date Strned 6-20-89 Completed 6-20-89 TOC Elevation 528 - 8 3  

Casing I . D .  *-inch ? v ~  ConWactor Bowser-Xomer 
Remarks 

Total Depth Location U W  S i t e  Ioggedby M. Ferl in  

Water level 5uri.w drillinc - 10.5 f e t  
I 

5 -u 10 

F'; 

Simplo 

:-6-9- 
.o 

,-11-9 
-11 

L8-82 

L7-23- 
32/0.4 

I -11 

1'-16' 

Samplo Darcription 

j i l t ,  - bram, w i t h  sane 
:lay, trace sand, mist 

=, medim. to  coarse, 
md Gravel, fine to 
nedium to l aqe ,  t a n  to  
Dranqe, damp ts Eet 

JD-NO deflection on the 

NA-Value represents 
linear display scale. 

wivalent concentrati 
of methane (in P~TL). 

jM-Counts per minute as 
noted on the linear 
display scale. 

Equipment 
Inst8lled 

Stick UP-1.6' 

ls 

J 
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~ 

1 Sh 1 of PZ-04 Projoct 4700-016 Site PRRS 

Tot81 Depth 21-5 Location Harrlsons F o u n d a t i o ~  
Coring 1.0. 2-inch W C  Contractor E!mser+-omer 

Remarks 

Data Strnad 6-20-89 Completed 6-20-89 TOC Elevation 57P. Q A  ET. 
M. Ferlln 

wed by 

Water level durinq drillina - 12.8 feet 

Sunpie 

10-3 1- 
17-21 

i-8-7- 
1 

5-50- 
0 

5-35- 
1-36 

-5-8- 
1 

0'-2' 

4'-6' 

1 1 - 1 1 '  

4'-16' 

9'-21' 

- 
ci 
a e 
1 - 

:.O 

I .7 

..2 

L . l  

1.0 

- 

LUES 

ND/ ' 
407 

0.1/ 
3 95 

- 

0.4/ 
385 

0.3/ 
377 

NR - 

I 

Samplo Description 

Sil t ,  brown, with  gravel 
and sand, mist; to  
clay, liqht tan, w i t h  
fine sand and sil t ,  
mist to  w e t  

- 

- Sand, medium to coarse, 
ana Gravel, wet 

~~ ~ 

Total Depth - 21.5' 

YD-Indicates no deflection 
on the lineardisplay 
scale. 

3vA-Value represents equivi 
lent concentrations of 
methane. ( ~ P P ) *  

SM-Cumulative counts per 
0.10 minutes as recordec 
on the digital readout. 

NR-No recovery. 

229 
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1 Sroject 4700-016 Site m s  "-Oi S h  1 of 
>ate Started 6-21-59 Completed 6-21-89 TM: Elevation 531.82 FT- 

h i n g  1.0. 
Remarks 

M. Fer l in  rota1 Depth 22.0 toationHarrison' s Foun&tiop, w e d  by 
2-inch W C  Contractor Sowser-Yorner 

Water level durinq dr i l l inq  - 14.0 f e e t  

I 
i 1 1 Sarnplo 

-10- 
.7-24 

i-4-6- 
1 

-4-6- 

3-13- 
8-23 

.3-31- 
,8-52 

3'-2' 

4 ' 4 '  

l ' - l l '  

4 ' -16 

9'-21 

I 
Samplo Do8tripuon Equipment 

Inrxalled 

8 ND/ 
485 

, 7  ND/ 
471 

I 
. 2  

.9  

lav, w i t h  trace to sane 
ilt, and trace sand a t  
ottom, dark brown to 
ight  bmwn to tan, 
me orange m t t l i n q  a t  
otm., mist 

e, medm t o  coarse, 
md G r a v e l ,  oraqqe, 
m i s t  to w e t  

To ta l  Depth - 22.0' 

4WIndicates no def lecti~r. 
on the  linear display 
scale. 

JVA-Value represents 
equivalent concentratic 
of methane (in m). 

-1ative counts per 
0.10 minute as recorded 
on the d ig i t a l  readout. 

-a 

3 



Sampio 

j-5-10 
-12 

3-3-4- 

8-12- 
16-22 

4-36- 
3-60 

a-24- 
8-31 

5-30- 
0-3 8 

Q a 
- 
..2 

, 6  

3 .a 

.8 

.o 

.3 

I1-2l 

51-6' 

3'-11' 

4 -16 

9'-21 

4 '-2E 

L .2  
542 

3.3 
545 

3.2 
5 13 - 

Sample Doatription 

ND/ 
Clav, w i t h  trace silt, 
b m  to tan, mist 

322 I 

?JD/ 
514 

1 Sand, meciiunto cozrse, 
and Gravel, fine to I -' m e ,  tan to  orange to  

F a 1  Depth - 26 .O ' 
NPNo deflection on the 

OVA-Value represents 
linear display scale. 

equivalent concentrat 
of methane (in ppn). 

SM-Currrulative counts per 
0.10 minute as remrde 
on the digital readout 

~~ 

Equipment 
Instalied 
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1 .-.Sh 1 of PZ-07 Project 4700-016 Site PRRS 
Date Started 6-2L-Eg Cornpietad 6-21-89 TOC Elevation 529.09 FT. 

Casing 1.0. 2 - h c h  W C  Contractor Bowser-Yomer 
Remarks 

TOt8i Depth 1': - 5  ' Location Logged by M. Ferlin 

Kzter level durma d r i l l i n a  - 9.2 feet 

Sample 

1-3-4- 

1-3-5- 
! 

1-7-14 
13 

3'-111 

4'-16' 

- 
J 
a B 

- 
.7 

..2 

. . 3  

- 

Sample Doscription 

- S i l t ,  w i t h  trace fine 
sand, brown, mist 

- Sand, m&m to fine to 
medium, w i t h  saw fine 
qravel an& coarse sand 
gray, mist tc  wet 

Total Depth - 17.5' 

W-Fo deflection on the 

IVA-Value represents 

%-Cumulative counts per 

linear display scale. 

equivalent concentratic 
of methane !in ppnL 

0.10 rrinute as recorded 
on the digits1 readout. 

Equipment 
Installed 

S 
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1 Sh 1 of 
Date Staned 6-22-80 Completed 6-22-89 TOC Eievation 530.84 
Total Depth 21 e 5  ' Location.'ogged by M. Ferlin 

2-inch wc c 0 ntractor mer-Yomer Casing 1.0. 
Remarks 

project 4700-016 Site ERRS 

Water level durina dr i l l ina  - 12.4 fee t  

Sal 

~ 

-7-15 
7 

0-21- 
0-9 

.o-90 

5-501 
.3  

15-40- 
.8-3 0 

~~ ~ 

1'-2' 

4 ' 4 '  

' -11 ' 

4 '-16 

9 ' -21 

- 
ri e 
E 
- 
. .2  

. .2  

. 4  

1.5 

- 

Sampio Doscription 

S i l t ,  - with trace fine 
sand to  trace to sane 
clay, brown, mist 

Sand,. m d m n  m coarse 
and Gravel, f i n e  to 
medium to coarse, tan 
t o  oranae, w e t  

- 

Total D e p t h  - 21.5' 

'OVA readings not taken 
due to pump malfunction. 
SM-Curm;llative counts per 

0.10 minute as recode 
on the digital readout 
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Sample 

5-6-11 
-12 

4-4-11 
-11 

.5-40- 
IO 

4-27- 
7-24 

1-9- 
8-30 

ri 
0 
U 
- 
..2 

..3 

..o 

1.9 

.o 

Sample Description 

Clay and - S i l t ,  w i t h  
trace very find sand, 
brown, mist to  m, medium and Gravel 
fine, w i t h  clay, light 
brown, wet 

s, m e ~ u m  t o  coarse, 
ana Gravel, fine to  
coarse, tan to  l ight  
gray to oranae, wet 

~~ 

Total Depth - 21.0' 

OVA readings not taken 
due to punp malfunction. 
SM4mulative counts per 

0.10 minute as record& 
on the digital readout. 

NR-No recovery. 
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Remarks 

i' 
L 

Sampia 

3-7-16 
-19 

3-8- 
15-21 

18-42 
-58 

0'-2' 

4 ' - 6 '  

3 '-11' 

4 '-16 ' 

6 
a o 

- 
..2 

1.9 

L.0 

Simplo Doscription 

dark tan, r b l a t  

Sand, medium t o  coarse, 
and Gravel, fine t o  
coarse, m- to  gray to  
brown, \.%til trzce of 
silt, wet 

- 

16.0 

Equipment 
I nttrlled 

medium w i t h  trace silt, 

Total Depth - 19.0' 8 
readinss not taken 

due to pump malfunction. 
%-Cumulative counts per 

0.10 minute as record& 
on the d i g i t a l  readout. 
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a 

e 

1 Sh 1 of 
O8tO Sttnod 6-23-89 Completed 6-23-89 TOC Elevation 529.65 
Tot81 Depth Locadon Logged by 
Caring 1.0. *-inch W C  Contractor Sowser-Elorner 
Remarks Water level durina 6rillinc - 8.4 feet 

PRRS PZ-11 Site 4 7 0 0-016 PlQjOCt 

M. Ferlin 

t 

3-4-5- 
1 

3-3-3- 
1 

LL.5- 

L 

- 
3 
a a 

- 
:.O 

!.O 

1.6 

Samplr Doscription 

~~ ~~~ 

Clav, with soine silt,  
ana trace to sane fine 

mist to  w e t ,  w i t h  some 
orange mottling 

- 
Sand, gray to brown, 

sand, medium to coarse, 
and Gravel, tan to 
brown, wet 

- 

Total Depth - 16.5' 

OVA readings not taken 
due to pump malfunction. 
SM-Cumulative counts per 

0.10 minute as r e c o d  
on the digital readout 

Equipment 
Inrt8llOd 
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ER M - M I DWEST WELL LOG P a g e 1  of - 2 

1 

2 

3 

4 

ERg::oG. 4 1/4' Hollow Stem Auger 

GRAVEL PACK #743-26FT. 
Ground 520.05 FT. 
T.O.C. 521.99 FT. 

dokt 

doist 

to 
dOiSt 

to 
doist 

Eel 

~ ~ ~ ~ G b  Cuttings 

SEAL, Bentonite 26-24 FT. 

CONSISTMCI 

E.G.S. 
0 E.Y.P. CASING W E  PVC DIAMETER 2 IN. LENGlH 30 FT. iAE 20 FT. 

SCREEN b WPE PVC SLOT 0.010 IN.DlAMETER 2 IN. LENGTH15 FT. !fF&FrniN 20 FT. H.U.P. 

Compact 

HOLE 8 IN. 
DIA. 
TOTAL 
DEPTH 45 

Compact 

Z 

& G g  GRAPHIC 
LOG I 5 %  5 2  

a t j g  z z  LITHOLOGY / REMARKS 
L E  

Compact 

. .  . 
L3913P12DRW 

WELL 
COMPLETION 

- 
h 

f a 
51 

Y 

I 

I 

1 I 
Dark brown fine SAND with clay, 
organics, SAND fine well sorted. 

Brown fine SAND with clay, some 
organic matter, SAND well sorted. 

Brown fine SAND, well sorted, becoming 
SAND with gravel and pebbles, gravel 
and pebbles well rounded. 

Brown fine SAND, with and 
gravel, rare cobble, gravel and pebbles 
well rounded. 

I '  I 

I- 
3 

0 

I 
I 

I- 
3 
0 
[r 0 



f 
I I 

WELL b PZ-12 NUMBER. 

CONSlSTENCf 

Compact 

Compact 

Compact 

I ERM-MIDWEST WELL LOG I P a g e 2  of - * I  
LITHOLOGY / REMARKS 

n a  

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Fine SAND and gravel with pebbles 
rare cobble, brown well sorted and 

pebbles, rare cobbles. brown, well 
sorted and rounded. 

Fine SAND and GRAVEL with few 
pebbles, rare cobbles, brown, well 
sorted and rounded. 

38 

39 

GRAPHIC 
LOG 

238 

COMPLETION WELL . I 



. 

, 



0 0 7 3 6 1  
REV. 1: MAY 1994 

APPENDIX F 

LABORATORY RESULTS FOR BULK DENSITY 
AND PERMEABILITY 

I 



1 

IO? -IN 

C 
0 
d 
U 
o 
aJ m 

U 
I 
2 

m 
hl 

hl 

4 

2 PLATE 



I J J  

P 

0' 

6 
d 
5 

1 

11 

I 

J- 1 3 n  

9 
F 

4 U 

I l l  

a z a  

I 

6 
d 

I I 



a 

a 

PERMEABILITY TEST RESULTS - FLEXIBLE MEMBRANE METHOD 

PR0JECT:ERM Midwest Inc. 

BOR1NG:SB 64 SAMPLE:II DEPTH: 
MATER1AL:Gray Brown Silty Clay, trace fine to coarse sand 

JOB : T-4 5 DATE(s) TESTED:lO/25-27/91 

.................................................................. 
SAMPLE DIMENSIONS 

CIRC. (cm) DIA. (cm) AREA (sq cm) HEIGHT (an) VOLUME (cc) 
23.11 7.36 42.50 6.60 280.50 

MOISTURE CONTENT 

WET DRY WEIGHT PERCENT 
WEIGHT WEIGHT OF WATER MOISTURE 

BEFORE TEST 534.37 414.45 -119.92 28.93 
AFTER TEST 537.16 414.45 122.71 29.61 

SAMPLE UNIT WEIGHT 

CHAMBER PRESSURE: 50 psi PIPETTE PRESSURES DURING TEST 
BACK PRESSURE: 48 psi TOP : 48 psi 
CONFINING PRESSURE: 2 psi  BOTTOM : 46 p s i  

TEST READINGS 

CLOCK ELAPSED TOP BOTTOM 
DAY TIME TIME PIPETTE CHANGE PIPETTE CHANGE 

( sec 1 (cc) (cc) (cc) (cc) 

1 07 :30M 0.0 15.5 0.0 42.7 0.0 
2 12: 30PM 104400.0 19.0 3.5 39.2 3.5 

COEFFICIENT OF PERMEABLITY (k) = 3.7E-O8cm/sec 

TESTED BY: JB/DL 

eeC&M ENGINEERING INC 

4 
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PERMEABILITY TEST RESULTS - FLEXIBLE MEMBRANE METHOD 

PR0JECT:ERM Midwest Inc. 

BOR1NG:SB 37 SAMPLE : 1B DEPTH : 
MATER1AL:Gray Clayey Silt "and" Fine to Medium Sand 

JOB : T-4 5 DATE(S) TESTED:10/15-21/91 

.................................................................. 
SAMPLE DIMENSIONS 

CIRC. (cm) DIA. (cm) AREA (sq cm) HEIGHT (cm) VOLUME (cc) 
22.94 . 7.30 41.88 6.73 281 .'83 

MOISTURE CONTENT 

WET DRY WEIGHT PERCENT 
WEIGHT WEIGHT OF WATER MOISTURE 

BEFORE TEST 577.43 487.21 90.22 18.52 
AFTER TEST 575.88 487.21 88.67 18.20 

SAMPLE. UNIT WEIGHT 

UNIT WET WEIGHT = 127.8 pcf 
UNIT DRY WEIGHT = 107.9 pcf .................................................................. 

TEST CONDITIONS 

CHAMBER PRESSURE: 5 0  psi PIPETTE PRESSURES DURING TEST 
BACK PRESSURE : 48 psi TOP : 4 8  psi 
CONFINING PRESSURE: 2 psi  BOTTOM : 46 psi 

TEST READINGS 

CLOCK ELAPSED TOP BOTTOM 
DAY TIME TIME PIPETTE CHANGE PIPETTE CHANGE 

( sec 1 (=c) (cc) ( = = I  (cc) 

1 08: llAM 0.0 38.7 0.0 11.7 0.0 
1 14 : 12PM 21660.0 37.4 1.3 13.0 1.3 
1 16 : 30PM 8280.0 36.6 0.8 14.3 1.3 .................................................................. 

COEFFICIENTS OF PERMEABILITY , k 
FIRST TIME INTERVAL: k= 6.9E-O8cm/sec 
NEXT TIME INTERVAL: k= 1.4E-O7cm/sec 

TIME WEIGHTED AVERAGE: k= 9.OE-O8cm/sec 

TESTED BY: DL/JB 

BECLM ENGINEERING. INC. 
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.PERMEABILITY TEST RESULTS - FLEXIBLE MEMBRANE METHOD 

PR0JECT:ERM Midwest Inc 

BORING:SB-37 SAMPLE : 3B DEPTH: 
MATER1AL:Gray Brown Fine to Coarse Sand 

J0B:T-45 DATE(S) TESTED:10/14-16/91 

little fine gravel 
little silt trace clay 

CIRC. (cm) DIA. (cm) AREA (sq cm) HEIGHT (cm) VOLUME (cc 
22.94 7.30 41.88 6.73 281.83 

MOISTURE CONTENT 

DRY WEIGHT PERCENT 
WEIGHT OF WATER MOISTURE 

WET 
WEIGHT 

BEFORE TEST 506.00 431.51 74.49 17.26 
AFTER TEST 529.58 431.51 98.07 22.73 

SAMPLE UNIT WEIGHT 

CHAMBER PRESSURE: 50 psi 
BACK PRESSURE: 48 psi 
CONFINING PRESSURE: 2 psi 

PIPETTE PRESSURES DUZZING TEST 
TOP : 48 psi 
BOTTOM : 46 psi 

TEST READINGS 

CLOCX ELAPSED TOP BOTTOM 
DAY TIME TIME PIPETTE CHANGE PIPETTE CHANGE 

( sec 1 (cc) (cc) (cc) (cc) 

0.0 
1 08:04AM 240.0 27.0 27.0 43.0 -27.0 
1 08:08AM 240.0 65.4 38.4 4.6 -38.4 

1 08:OOAM 0.0 0.0 0.0 70.0 

.................................................................. 
COEFFICIENTS OF PERMEABILITY 8 k 

FIRST TIME INTERVAL: k= 1.3E-O4cm/sec 
NEXT TIME INTERVAL: k= 1.8E-O4cm/sec 

TIME WEIGHTED AVERAGE: k= 1.6E-O4cm/sec 

TESTED BY: JB 

88C(tM ENGINEERING. INC. 
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GROUNDWATER FLOWMETER STUDY 
PADDY8 RUN ROAD SITE, FERNALD, OHIO 

Introduction 

This report presents the results of a groundwater flowmeter 
study of eleven monitorinq wells at the companies' plants and 
downgradient of the companies. The study took place on April 17 
through 18 ,  1991. Depth to groundwater averaged 1 0  ft. The 
wells are in glacial till composed of sandy clay to gravels. 
Magnetic declination is 2.5O west of north. 

Procedure 

The wells are 211 diameter stainless steel with 10 feet of .010  
inch screen. A 3-inch thickness of sand pack fills the annulus 
around each screen (from ENSR installation logs). Total depth 
of the wells was confirmed by pushing the probe to the bottom of 
the well. Three measurements of groundwater flow were made in 
each screen, the first at 2 feet above the bottom of the well, 
the second at 5 feet above bottom and the third at 7 feet above 
bottom. Measurements were made using a Model 3 0  flowmeter with 
150 feet of cable and two Model 40.  flowmeters with 50 feet of 
cable, one 1.75 inches in diameter (designated as "2 inch" on 
the Worksheets and the following Table) and the other 1 .25  
inches in diameter (designated l I1.5 inch1#). Methodology for the 
flowmeter is Appendix A. 0 The table below presents the measurements for each of the wells, 
lnPoorll or llbadll in parentheses indicates the quality of the 
vector pattern for that measurement, Flowmeter worksheets are 
Appendix B. 

Table 1. Flowmeter Measurements 

Well Depth Direction Flowmeter reading 

10-s Bottom of well: 21.6  feet 
(40 * 1 9 . 6  276O (poor) 7 .6  

13 .6  2120 28 2.3 

0 Maanetic N llmachine units" ft/dav 

1 .5" )  16 .6  237O (poor) 26 2.2 

average: 229O 

11-s Bottom of well: 21.3 feet 
19.3 320° 64 

(42011) ** 16.3 1530 (poor) 8 1  

1 . 7  

13.3 303O (bad) 26 

average: 249.5O 4.4 

Model 40 flowmeter, 1 .25  inch diameter probe ** Model 40,  1 .75  inch diameter probe 
* 0 

4 . 9  
6 .2  
2 . 0  

4 



Well Depth Direction Flowmeter reading 0 Macmetic "machine units" ft/dav 

19 237O (poor) 57 4.1 
Bottom of well :  22.9 f e e t  below top of casing 

16 64O (bad) 6 .4 
14 249O 6 -4 

average: 237O 1.6 

14-5 Bottom of well:  24.7 f e e t  from top of casing 
24 267O (poor) 10 .8 
22 13O (poor) 11 -9 
19 22O (bad) 5 .4 

(40 
2") 

average: 345.5O .7 

14-1 Bottom of well :  51.6 f e e t  from top of casing 

1.5") 
48 139O 56 4.7 
45 185O 61 5.1 
42.5 86O 33 2.8 

(40 

average: 147.5O 4.2 

15-S Bottom of well:  24.7 f e e t  below top of casing 
22.5 105O 26 2.0 
19.5 116O (poor) 49 3.8 
16.5 212O (bad) 184 14 ?? 

(40 
2") 

average: 113O 2.9 

15-D Bottom of w e l l :  82.4 f e e t  below top of casing 
80.4 186O (poor) 23 1.6 

74.4 188O 90 6.4 
77.4 128O (poor) 28 2.0 

(30) 

average: 177O 3.3 

16-S Bottom of well:  23.7 f e e t  below top of  casing 
21.7 26O (poor) 157 12 ?? 
19 342O (poor) 74 5.7 

(40 
2") 

16 148O 19 1.5 

average: 148O 1.5 

30-S Bottom of well :  26 f e e t  from top of casing 
23.5 113O 10 .8 

18.5 214O 20 1.5 
21.5 139O 9 .7 

(40 
211) 

average: 170° 

Model 30 flowmeter *** 
1.0 



Well Depth Direction Flowmeter reading 

30-1 Bottom of well: 52 feet from top of casing 

0 Masnetic N "machine units" ft/day 

50 130° (poor) 102 7.3 ?? 
46.75 146O 53 3.8 
44.75 172O 43 3.1 

(30) 

average: 157O 3.5 

3 1-s Bottom of well: 22.5 feet from top of casing 
(40 20 188O 13 1.0 
2") 18 

15 
176O 
109O 

88 6.8 
40 3.1 

average: 160.5 3.6 

Discussion 

Groundwater flow direction in the majority of the wells was 
south to southeast . I1Badt1 measurements are perhaps the result 
either of a poorly fitting packer (packer loose) or poor flow as 
a result of fine grained layer at the depth being measured. All 
measurements in well 14-S were poor probably as a result of fine 
grained material in the well: the packer, removed after the 
measurements were made, was covered with black silt. In some 
wells, as in well 15-S at 16.5 ft, 15-D at 74.4 ft and 16-S at 
21.7 ft, high flow velocity may also be due to low flow 
conditions: the heat building up around the thermistors would 
result in high readings. These measurements were disregarded 
when computing the average flow direction and rate. 

The northwest flow direction recorded in well 11-S may be due 
either to outflow from the fire pond or from a leaking under- 
ground fire hydrant supply line in the vicinity of the well. 
The southwest and northeast measurements in well 13-S may be due 
to local water table fluctuations induced by the passage of a 
train. During the three hours measuring this well, a locomotive 
was constantly on the siding east of the well, shunting cars. 
Experience has shown that this movement can induce oscillation 
within a shallow aquifer. 

Conclusions 

Average flow direction relative to magnetic North for each 
well is shown on Figure 2. Average flow direction of all wells 
(Figure 3) is southeast (154O True North) : average rate of flow 
is 2.7 ft/day. Flow direction and rate of flow for each well is 
shown on Figure 4. Flow rate is shown by the vector. The high 
average rate of flow is some of the wells, for example, 30-1 and 
31-S, may indicate that there is more gravel in these wells. 
Overall flow direction is toward the Great Miami River. 
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Figure 2. Average Flow Direction, Individual Wells. 
(Magnetic North) 

. .. . . '....) 
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Figure 3. Averaae Flow Direction. All 
(Magngtic North) 



..- 

I MW-19s 
I 

W - 3 0 S  

MW-34s - 

3554 

2554 

PZ-02 +- 
2393 

\ P Z - 0 8  
' i M W - l O f  

7 MVf-04S 

- 6 W E a E R  2 
WEBER 3 : i .  0 I. 2 

Figure 4. Flow Directions, Ruetgers-Nease Site. 
(True North) 

T P Z -  

MW- 18s \. UW- ' 162 

12 



r :  

i 

i 

L 

r 

Appendix A .  Flowmeter Methodology 

13 



Methodolow 

The KVA Model 40 and Model 30 GeoFlow groundwater flowmeters 
were used to determine groundwater flow direction and rate in 
a monitoring well. The flowmeter operates by emitting a heat 
pulse and measuring the subsequent temperature differential 
around the circumference of the well. The heat pulse propagates 
outward in all directions, and is carried in one direction by 
the movement of soil pore water. The measured temperature 
differential is plotted as vectors, determining the direction of 
groundwater flow. The magnitude of the vectors, when plotted on 
a calibration curve obtained under laboratory conditions, 
determines the rate of-groundwater flow. 

EauiDment Descrirkion 

The instrument consists of a probe with a central heat source 
surrounded by paired thermal sensors, or thermistors, connected 
by cable to a control box. The Model 30 has five pairs of 
thermistors and the Model 40 has four pairs. The relative 
thermal difference of each pair is displayed on an LCD at the 
control box, and the + or - sign indicates which of the two 
thermistors is ttreadingtt the higher temperature. For example, a 
+ value on the 1-6 channel indicates flow (heat) is in the 
direction of the #1 themistor. A rotary switch on the control 
box selects which pair of thermistors is beina read and - d 

displayed. a A fuzzy packer, a synthetic plush-covered perforated cylinder of 
the same inside diameter as the monitoring well, filled with 
glass beads to provide a porous medium through which the flow 
will stabilize, is screwed onto the probe. The assembly is 
lowered into the well screen by 10-foot aluminum rods which join 
together by snap buttons. A modified grip wrench holds the 
probe at the desired depth. Once the probe is at that depth, 
the #1 thermistor is oriented to the north, using a compass 
mounted on the topmost rod. 

Operatina Procedure 

After a wait of 30 minutes to allow static water head condi- 
tions to be reestablished, the value for each of the channels is 
recorded on a Groundwater Flow Worksheet in Column A of the "1- 
Ntt box. The heat pulse is activated for 25 seconds by pressing 
the START button. When a beeper sounds after 2.25 minutes, 
values from the respective channels are recorded in Column B. 
The end reading in Column B is subtracted from the first reading 

The probe is then oriented to the south to cancel any bias in 
the probe, i.e. thermistors closer or farther apart, or 
less/more sensitive. In a stainless steel screen, the ribs do 
not allow the packer to be turned at the depth of interest. The 
probe assembly must be withdrawn into the riser, turned 180°, 
and reinserted into the screen. After a 30 minute wait, 
allowing the heat to dissipate and flow to reestablish, 

. in Column A. That value is recorded in Column C. 
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measurements are made as before and recorded in the al-Stl  box on 
the worksheet. The South readings are then subtracted from the 
North readings, divided by 2 and entered in Column F. Each 
readin? in Column F is then divided by the largest absolute 
value in this column. These values are recorded in Column G and 
plotted as vectors on the circular diagram on the worksheet. 

The flow direction is found by resolving the vectors, plotting 
them head to tail, keeping their respective lengths and 
directions the same. A line is then drawn from the origin to 
the head of the last vector, This direction is relative to 
magnetic North (MN), and must be corrected by the magnetic 
declination of the study area. Alternatively, the KVA Vector 
Addition Program for the Hewlett-Packard or Texas Instruments 
programmable calculator can be used. 

To determine flow rate for the Model 40, the magnitude of the 
vectors is found by the calculation: 

1 (1-6 value)2 + (2-7 value)2 + (3-8 value)2 + (4-9 value)2 

2 

or using the calculator program. For the Model 30, the divisor 
is 2.5, This resulting value, in lamachine units", is then 
plotted against a calibration curve obtained in the lab to 
determine flow rate. 

Calibration 

The flowmeter was calibrated, using the same operating 
procedure, in an 8" diameter flow chamber packed with soil from 
the 30-1 well. A short length of 2" 010 stainless steel well 
screen was inserted in the sand and a 3" thickness of #7 sand 
was then poured around the screen. The chamber was then filled 
with room-temperature water which is allowed to circulate 
through the chamber at a known flow rate using a laboratory 
pump. The probe is fixed in the well screen with the 1-6 
thermistor pair oriented parallel to the flow, 

Flow is measured in milliliters/minute and converted to ft/day 
by the formula: ft/day = 0.42 x ml/min. Three readings at 
increasing flow rates were made and the results plotted on graph 
paper. A straight line starting at 0,O is then fitted through 

' these points. 

The small diameter Model 40 probe (labelled 1 1/2" on the 
Flowmeter Worksheets) was damaged by water invasion during the 
study and could not be calibrated later in the lab. An earlier 
calibration curve obtained for this instrument in fine sand to 
gravel with a sand pack was substituted, 

15 



In the NO FLOW condition (Le. there is no water head potential), Fig. a , the 
@enter of the expanding heat ring remains stationary. All thermistors see the same 

temperature rise with time and there is no net difference between opposed pairs of 
thehistors. 

In the FLOW condition, Fig. .b.., the center of propagation is displaced in the 
direction of flow, at the flow rate of the water. The propagation rate of the heat wave is 
much faster than the-water; its rise and decay short lived also.. The effect of even a very 
siow flow rate is thus magnified greatly. . 

. .. - . . . 

DIRECTION 

NO FLOW 

Figure a. 

... . . . 

FLOW: 

I 

maximum heat 

6 - .  

Figure .b. 

000308 le0 
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KELL 

SLOTTED SCREEN 

- . - - .. - 
'-cA3LE CONTROL BOX 

-SUSPENSION RODS 

/)robe 

Fuzzy Packer 

. .  e 
- .  Downwell Setup for the Model 40 Geo Flowmeter 

088309 ' Inset: Attachment of Fuzzy Packer to Probe.. . 
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GROUNDWATER FLOW WORKSHEET 

e For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

I 

#= s42 Table of LCD Readout 
Operator: e0 Date: 4117/4 I 

A B C  

\O'-l 

..Cosine Test Shows Uniform Flow 

p o i n t s  f i t  a Vector c i r c l e  vi11 c lose ly  end in- @, 
scr ibed  about t he  
longes t  vector. 
Values i n  colunm G 
vi 11 approximate ~ e c  t o r  
lengths  shovn 8 t  r igh t .  

un 
' 2. Solve graphically by placing 4 individual  vector 

(S.ee manual s;gments sequentially head b tail. 
f o r  de ta i led  instruct ions) .  

Velocity Deter mi nation 

Refer t o  your ca l ibra t ion  curve of readout versus 
preferred u n i t s  of flow (e.g. f e e t  per day). 

I Direction: . ix g o  (MA) Velocity: 13 I 
Form 104 avai lable  from your local K-V Associates ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth. MA 0 2 5 4 0  9/82 

t QOQ3%.2 ' 13 
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GROUNDWATER FLOW WORKSHEET e For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout - 
Operator: e0 Date: $11 7i41 #S4z 

Station: 
A B C  

-31- 5 Time: lO’C30 

.. Location: Phddys ;Run C a d  fernatd, ~g 

Soil Conditions: s;i4 

Depth to Measurement:  1 %  5 Tot 

medium Gria Uc/ 

U 
L 

0, n 

Draw these-4 vector;  on the  c i r c l e  
chart according to the  scale provided 
(i.e. s t ronges t  vec to r  = 1.00). 

Vector Resolution to Determine Direction 
1.. ‘1. .Use KVA Vector Addition Program ~ I - s ~ / s ~ ~ P ~ ~ c ) c B I c u ~ ~  tors  

. -Cosine Test Shows Uniform Flow 

po in t s  f i t  a Vector c i r c l e  w i l l  c lose ly  end in- (@Jl 
scrl bed about the  
longes t  vector.  
Values i n  column G 
will approximate vec to r  . 
lengths  s h o w  a t  r i g h t .  

UK 
’ 2. Solve graphically by placing 4 individual vector 

(S,ee manual s;gments sequentially head to teil. 
f o r  detai led instructions).  

Form 104 avai lable  f r o m  your local K-V A s s o c i a t e s ,  Inc. dealer. 

Copyright  1981 K-V ASSOCIATES, INC., Falmouth,  M A  02540 9/82 
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

.ROTATE PROBE 180' AT SAME DEPTH 

Use of Table - .  
COLUHN G - Divide each reading in 

column F by the l a r g e s t  nbsolu te  value. 
Drav these  4 vec to r s  on the  c i r c l e  

. 200- -- 160 
180 

c h a r t  according to the  scale provided 
(i.e. s t ronges t  vec to r  - 1.00). 

Vector Resolution to  Determine Direction 
'1. Use KVA Vecbr  Addition Program ~I-S8/s9-HP41C~ca lcula to r s  

nu . 
. .Cosine Test Shows Uniform Flow 

@, 
Vector end 

po in t s  v i 1 1  c lose ly  
f i t  a circle in-  
sc r ibed  about the  
longes t  vector .  
Values i n  column G 
vi11 approximate vec to r  . 
lengths  s h o w  a t  r i g h t .  

vn 
. 2. Solve graphically by placing 4 individual vector 

(S,ee manual sggments sequentially head to tail. 
f o r  detai led instruct ions) .  

Velocity Deter mi na t ion 

Refer to  your ca l ibra t ion  curve of readout versus 
preferred un i t s  of flow (egg. f e e t  per day). 

Form 104 avai lable  from your local K-V Associates ,  lnc. dealer .  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, ,  MA 0 2 5 4 0  9/82 
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-___ 
. ( l o 9 3 3  

GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

.. 

Operator: 00 Date: 41 17 is I 
Sta t ion  : rYZ Time: z o o  

O N  

- .  
COLUHN G - Divide each reading i n  

column F by t h e  l a r g e s t  abso lu t e  value. 
Drav these 4 vectors  on the  c i r c l e  
chart according to  the  s c a l e  provided Vector Resolution to Determine Direction 
(i.e. s t ronges t  vec to r  = 1.00). 

'1. .Use KVA Vector Addition Program ~i-58/59-HP41C)CB l c u h  to r s  
nn 

..Cosine Test Shows Uniform Flow 
Vector end 

po in t s  vi11 c lose ly  
f i t  A c i r c l e  in- 
sc r ibed  a b u t  t he  
longes t  vector. 
Values i n  column G - vi11 approximste vec to r  . 
l engths  shovn a t  r i g h t .  a.. 

" 6. . 2. Solve graphically by placing 4 individual vector 
(see manual sGgments sequentially head b tail. 

f o r  detai led instructions).  

Velocity Deter mi na t ion 

Refer to  your ca l ibra t ion  cume of readout V ~ Y S U S  
preferred un i t s  of flow (e.g. f e e t  per day). 

98 [Direction: . 230 Velocity : 1 -  
Form 104 avai lable  f rom your local K-V Associates,  Inc. dealer.  

C o p y r i g h t  1981 K-V ASSOCIATES, INC., Falmouth, MA 0 2 5 4 0  9 /82  
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. . .  . . - . -___ . .  

GROUNDWATER FLOW WORKSHEET 
For use  with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

\. 

4 1 1 7 i ~  I Operator: 00 Date: I 

. .Cosine Test Shows Uniform Flow 

@, 
Vector end 

p o i n t s  vi11 closely 
f i t  a c i r c l e  in- 
scribed about the 
l o n g e s t  vector.  
Values i n  column G 
vi11 approximete vector . 
lengths shovn a t  r ight .  

W A  . 2. Solve graphically by placing 4 individual vector 
(S,ee manual s & n e n t s  sequentially head to tail. 

f o r  detailed instructions).  

Velocity Deter mi na t ion 

Refer to your calibration cume oE readout versus 
preferred units  o f  flow (e.g. f e e t  per day). 

J34"  Velocity: 56 I 
F o r m 1 0 4  avai lable  from your local  K-V A s s o c i a t e s ,  Inc. dealer.  , 

CoDvriqht 1981 K-V ASSOCIATES. INC.. Falmouth. M A  0 2 5 4 0  9/82 
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GROUNDWATER FLOW WORKSHEET 0 0  7'3 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  

\. 

ROTATE PROBE 180' AT SAME DEPTH - -  

+4/-9 0 +so egg 
i 

Use of Table 
COLUMJ G - Divide each reading in 

colunm F by t h e  l a r g e s t  abso lu t e  value. 
Drav these 4 vectors  on the  circle 
c h a r t  according to the  scale provided 
(i.e. s t ronges t  vec to r  1.00). 

Cosine Test Shows Uniform Flow 

Vector Resolution to Determine Direction 
'1 . .Use KVA Vector Addition Program C T I - S S / S ~ + ~ P ~ ~ C ) C ~  lcula tors  

OR 
. 2. Solve graphically by placing 4 individual vector 

(see manual sggments sequentially head t o  tail. 
f o r  de ta i led  instructions).  

Velocity Deter mi n a t ion 

Refer t o  your cal ibrat ion curve of readout versus 

@, 
Vector end 

p o i n t s  will c lose ly  
f i t  a c i r c l e  in- 
scr ibed  about the  
longes t  vector. 
Values in  column G 
vi 1 2  approximate vec to r  
lengths  shovn a t  r igh t .  

preferred u n i t s  of flow (e.g. f e e t  per day). 

61 0. -[Direction: . I %5," (fld-1 Velocity: 

Form104 avai lable  from your local K-V Associates ,  Inc. dealer. , 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth,  MA 0 2 5 4 0  

24 



. . .  - . . . . - -_. . .  

Table of LCD Readout 
Operator: 00 Date : 4 I i S i S l  

A B C  

14-Z Time: 5: 3 5  
1+N 

Station: 

.. Location: Phddys Kun K d  &natd,og 6 
, Soil Conditions: S i f 4  .fo rnedr't~m GrtlUcl 

Depth to Measurement: 4 z 5 p  bthdfic 
Y 

GROUNDWATER FLOW WORKSHEET 

7+ a42 

/ ' / t i /  

L 

,Cosine Test Shows Uniform Flow 
Vector end 

po int s  will c l o s e l y  
f i t  a c i r c l e  in- 
scribed about the 
l o n g e s t  Vector. 
Values in  column G 
vi11 approximete vec tor  
lengths shown a t  r ight .  

. 2. Solve graphically by placing 4 individual vector 
( see  amnual s2gments sequentially head b t a i l .  

f o r  de ta i l ed  instructions).  

(QJ, Velocity Determination 

Refer t o  your calibration cume of readout versus 
preferred u n i t s  o f  flow (e.g.  f e e t  per day). 

1 I 

F o r m 1 0 4  available from your local K-V A s s o c i a t e s ,  Inc. dealer .  . 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 9/82 
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GROUNDWATER FLOW WORKSHEET 00 7 3  6 1 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

.. 

.ROTATE PROBE 180' AT SAME DEPTH 

D E S  

Use of Table - .  
COLUUN G - Divide each reading in 

column F by the l a r g e s t  abso lu t e  value. . 

180 

os Drav these-4 vector;  on the  c i r c l e  
chart according b the  s c a l e  provided 
(i.e. s t ronges t  vec to r  - 1-00). 

~ 

Vector Resolution to Determine Direction 
-" '1 - Use KVA Vector Addition Program Rl-58/59-HP4lC)Ca \ c u b  tors 

.Cosine Test Shows Uniform Flow 
V e c t o r  end 

po in t s  will c lose ly  
f i t  a c i r c l e  in- 
scr ibed  about t he  
longes t  vector. 
Values in column G 
will approximate vec to r  . 
l engths  shovn a t  r i g h t .  e. 

un 
. 2. Solve graphically by placing 4 individual vector 

(see manual sbgments sequentially head to tail. 
f o r  detai led instructions).  

Velocity Determination 

Refer t o  your cal ibrat ion cume of readout versus 
preferred un i t s  of flow (e.g, f e e t  per day)- 

10 -1 Direction: - 26-1 (MIJI Velocity: 

F o r m 1 0 4  available from your local K-V Associates,  Inc. dealer.  . 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 9 / 8 2  
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. .  . .  ...-___ . .  

Direction: . 13' (Md) Velocity: 1 1  
I 

GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

- 
Drav t h e s e  4 v e c t o r s  on the c i r c l e  
c h a r t  according to the s c a l e  provided Vector Resolution to Determine Direction 
( i . e .  s t r o n g e s t  v e c t o r  - 1.00). 

nu '1. . Use KVA Vector Addition Program ~ ~ - s a / s ~ - ~ ~ ~ ~ ~ ~ ~ a \ c u l a t o r s  

. .Cosine Test Shows Uniform Flow 
V e c t o r  end 

p o f n t s  v i l l  c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
Values i n  colunm G 
v i l l  approximate v e c t o r  . 
l e n g t h s  shovn a t  r i g h t .  

" I .  
' 2. S o l v e  graphically by p l a c i n g  4 i n d i v i d u a l  . v e c t o r  

(S.ee lnanua1 s$gments sequentially  head to tail. 
f o r  de tai  led ins truc Lions). 

Velocity Determination 

Form 104 a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer. 

9/82 



GROUNDWATER FLOW WORKSHEET 0 0  73 6 1 
For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

.ROTATE PROBE 180' AT SAME DEPTH - -  

0 d  ?& 

d L - , p P C e t C L .  
' - - - d w f u & h .  

- .  
100 

Use of Table 

column F by t h e  l a r g e s t  n b s o l u t e  value. 
Drav t h e s e  4 v e c t o r s  on the c i r c l e  
c h a r t  according to the s c a l e  provided 
(i.e. s t r o n g e s t  v e c t o r  - 1.00). 

COLUXN G - D i v i d e  each reading i n  os 
Vector Resolution to Determine Direction 
-.. '1. U s e  KVA V e c b r  Addition Program ~l-S8/S9-H?41C)CB l c u b  tors 

Cosine Test Shows Uniform Flow 
Vector end 

points will c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about t h e  
l o n g e s t  v e c t o r o  
Values i n  column G 
w i l l  approximate V C C t O f  . 
length;-shovn n t  r i g h t .  a.. 

UK 
. 2. S o l v e  graphically by placing 4 individual  vector 

(S.ee manual sGgrnents sequentially  head to tail. 
f o r  d e t a i l e d  instructions).  

Velocity Determination 

R e f e r  t o  your c a l i b r a t i o n  cumt o f  readout versus 
preferred u n i t s  o f  flow ( c o g .  f e e t  per day). 

-[Direction: - 2 2 O f M N )  Velocity: 5 
Form104 available  from your local K-V A s s o c i a t e s ,  Inc. dealer. . 

Copyright 1981 K-V ASSOCIATES, INC., Falrnouth, MA 02540 9/82 
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GROUNDWATER FLOW WORKSHEET 
For u s e  with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

1-tN A B C  

.. 

I Operator: 00 Date: 

Refer to YOUT calibration cume of readout versus 
preferred units of flow (e.g. feet  per day). 

longest vector. 
Values i n  column G 
will approximate vector . 
lengths shown a t  right. I. -1 Direction: 2T60/Md>Velocity: 7 

1 I 

Form104 avai lable  from your local K-V Associates, Inc. dealer .  , 

9 / 8 2  



GROUNDWATER FLOW WORKSHEET 73.6 1 
For use  with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  

v 
Depth to Measurement: 161 6Eit; 

ROTATE PROBE 180' AT SAME DEPTH - -  
D E S F  

U s e  of Table 

column F by the l a r g e s t  a b s o l u t e  value. 
Drav these 4 v e c t o r s  on the c i r c l e  
c h a r t  according to the scale provided 
( i . e .  s t r o n g e s t  v e c t o r  0 1.00). 

Cosine Test Shows Uniform Flow 2. Solve graphically by placing 4 i n d i v i d u a l  vector 
(See manual 

180 
COLUHN G - D i v i d e  each reading i n  os 

Vector Resolution to Determine Direction 
1. .Use KVA Vector Addition Program ~ l - s a / s ~ . ~ ~ ~ ~ ~ J c a ~ c u ~ a t o r s  

OR 

sggments sequentially  head to t a i l .  
f o r  d e t a i l e d  instructions).  

@, Velocity Determination 

Vector end 
p o i n t s  vi11 c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  a b u t  the 
l o n g e s t  v e c t o r .  
Values i n  column G 
vi 1 1  approxims te v e c t o r  
l e n g t h s  shown a t  r i g h t .  

Refer to your c a l i b r a t i o n  C U N ~  of readout versus 
preferred u n i t s  of flow (e.g. f e e t  per day), 

. 26 . -  .[Direction: 237" ( f i r J )  Velocity. 

Form 104 a v a l l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer. 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth,  M A  02540 9/82 
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G'ROUNDWATER FLOW WORKSHEET 

0 For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  

Depth to Measurement: 1 3 ; 6  1x 

3f g4-2  

ROTATE PROBE 180' AT SAME DEPTH - -  

+2/-7 0 + / I  +[I 

+4/-9 0 -+I4 +/4 
? 

180 
U s e  of Table 

column F by the l a r g e s t  abso lu t e  value. 
Draw these  4 vec to r s  on the  circle 
chart according to the s c a l e  provided Vector Resolution to Determine Direction 
(i.e. s t ronges t  vec tor  = 1-00). 

Cosine Test Shows Uniform Flow . 2. Solve graphically by placing 4 individual vector 
(See nranual 

C O L M  G - Divide each reading i n  os 
1. .Use KVA Vector Addition Program ~ 1 - ~ a / ~ ~ ~ ~ 4 ~ ~ ) c a l c u l a t o r s  

OR 

s&ents sequentially head to tail. 
f o r  de ta i led  instructions).  

Velocity Determination 

Refer t o  your cal ibrat ion cume  of readout versus  

Vector end 
po in t s  v i 1 1  c lose ly  
f j t  a c i r c l e  in-  
sc r ibed  about t he  
longes t  vector.  
Values i n  coluran G 
v i 1 1  approximate vec tor  
lengths  shown a t  r igh t .  

preferred un i t s  o f  flow (e.g. f e e t  per day). 

zg Direction: sr2-"(fiA.l) Velocity: I 
Form 104 available from your local K-V Associates,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 0 2 5 4 0  9f 8 2  
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

+30 
-3 
- 16 
-39 

Operator: OB Date: 4/18 141 I +84z I 

.Cosine Test Shows Uniform Flow 
Vector end 

p o i n t s  vi11 c l o s e l y  
f i t  a c i r c l e  in-  
s c r i b e d  a b u t  the 
l o n g e s t  v e c t o r .  
Values i n  colunm G 
Vi11 aDDrOXimte Vector . 
lengthi'shovn a t  r i g h t .  m.. 

v n  . 2. S o l v e  graphically by placing 4 individual  v e c t o r  
(S.ee manual s$grnents sequentially  head to tail. 

f o r  d e t a i l e d  instructions).  

Velocity Determination 

preferred u n i t s  o f  flow (c.g. f e e t  per day). 
Refer to your c a l i b r a t i o n  curve o f  readout versus 

Form 104 available from your local K-V Assoc ia tes ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 9/82 
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I .  

Table of LCD Readout 

A B C  

\. 

, 

GROUNDWATER FLOW WORKSHEET 

Operator: e0 Date: 

. Stat ion : 11-5 Time: 9:4-0 

Locat ion: %ddys ;RUH E d  f k a t d ,  OH 

Soil Conditions: si i4 .fo medium Gmr/L/ 

Depth to  Measurement: 1 ~ . 3 , 9  
U 

For use with K-v Associates, lnc. Groundwater Flowmeters, 4 channel probe 

2 " 

VIA 

.Cosine Test Shows Uniform Flow . 2. S o l v e  graphically by p l a c i n g  4 i n d i v i d u a l  v e c t o r  
.7 1 sGgrnents sequentially  head to tail. (S.ee manual 

' p o i n t s  vi11 c l o s e l y  mo f o r  d e t a i l e d  instructions) . Vector end 

Velocity Determination f i t  a c i r c l e  in- 
s c r i b e d  about the 

Refer to  your calibration c u m e  of readout versus &// preferred u n i t s  of flow (e.g. f e e t  per day). 

l o n g e s t  v e c t o r .  
Values in column G 
w i l l  approximate v e c t o r  
l e n g t h s  shovn a t  r i g h t .  1. -[Direction: : I 530 (~'1 Velocity: 8 

I Form104 avai lable  from your local K-V Assoc ia tes ,  Inc. dealer.  . 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth. MA 0 2 5 4 0  9182 
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738 1 
GROUNDWATER FLOW WORKSHEET 

For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

\. 

# s 4 2  

,Cosine Test Shows Uniform Flow 
Vector end 

p o i n t s  w i l l  c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  vector.  
V a l u e s  i n  column G - vi11 epproxlmste v e c t o r  . 
l e n g t h s  s h o w  8 t  right. e .. 

un . 2. Solve graphically by placing 4 individual  v e c t o r  
(See manual sGgrnents sequentially  head to t a i l .  

f o r  d e t a i l e d  instructions).  

Velocity Determination 

Refer t o  your c a l i b r a t i o n  c u m e  o f  readout versus 

. I  Direction: .303'(Md] Velocity: .%6 I 
preferred u n i t s  o f  flow (e.g. f e e t  per day). 

Form104 available from your local K-V Associates,  Inc. dealer. . 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth. MA 0 2 5 4 0  9 /82  QQQ226 
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. *  GROUNDWATER FLOW WORKSHEET 
For use with 'K-v  Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 
Operator: e0 Date: 4 / / g / 4 1  6g4z 

A B C  

30 f Time: 1 3 : w  
1+N 

. Stat ion : 

Pddys ;Run K i d  fematd, OM \. Locat ion: 
Probe 

\3= 

, Soil Conditions: .fo med;H/n Gru V L /  
+1/-6 +5 31 
+2/-7 t i  t5 3 
+3/-8 4% 2 5' - 

~ 3 , ~  l;t ~&MTUC Depth t o  Measurement: 

ROTATE P R O B E  180' AT SAME DEPTH - -  

Use of Table 

column F by the  l a r g e s t  a b s o l u t e  value. 
Draw t h e s e  4 v e c t o r s  on the c i r c l e  
c h a r t  according to the s c a l e  provided Vector Resolution to  Determine Direction 
( i . e .  s t r o n g e s t  v e c t o r  - 1.00). 

Cosine  Test Shows  Uniform Flow . 2. S o l v e  graphically by placing 4 individual  v e c t o r  
(See manual 

180 C O L M  G - D i v i d e  each reading i n  

os 
1. Use KVA Vector Addition Program ~ I - s ~ / s ~ . H P ~ ~ c ) c ~  lcula tors 

OR . 

s2grnents sequentially  head to tail. 
f o r  d e t a i l e d  instructions).  

Velocity Determination 

R e f e r  to your c a l i b r a t i o n  curve of readout v e r s u s  

@, 
Vector end 

p o i n t s  vi11 c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
V a l u e s  in column G 
vi11  approximate v e c t o r  
l e n g t h s  shown a t  r i g h t .  

preferred u n i t s  of f low (e.g. f e e t  per day). 

(0 -1  Direction: . I / 3 ' { M d )  Velocity: 

Form 1 0 4  a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth,  MA 0 2 5 4 0  

00Q327 
9/82 
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GROUNDWATER FLOW WORKSHEET 
I) For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel #&e7 3 6 1 

Operator: 00 Date: 

.Cosine Test Shows Uniform Flow 
Vector end 

p o i n t s  v i 1 1  c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about t h e  
l o n g e s t  vector.  
Values i n  cot- G 
w i l l  auuroxirnate v e c t o r  . 
length;-shovn a t  r i g h t . ,  e .. 

v n  
. 2. S o l v e  graphically by placing 4 individual  v e c t o r  

(S,ee manual sggrnents sequentially  head to tail. 
f o r  d e t a i l e d  instructions).  

Velocity Deter mi na t ion 

R e f e r  to your c a l i b r a t i o n  cu-e o f  readout versus 
preferred u n i t s  o f  flow (e.g. f e e t  per day). 

I Direction: - I 3 4 ' ( M f i >  Velocity: I 
Form104  a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer.  , 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 9 / 8 2  
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GROUNDWATER FLOW WORKSHEET 
For use  with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

3: 
I .  

#f g 4 2  

ROTATE PROBE 180' AT SAME DEPTH - -  

D E S F  G 

+2/-7 75 77 
+3/-8 tg z3 51 
+4/-9 3 0  0 . 

Use of Table - .  
180 

COLUHN G - D i v i d e  each reading i n  
column F by t h e  l a r g e s t  a b s o l u t e  value. 
Drav t h e s e  4 v e c t o r s  on the circle 
c h a r t  according to the s c a l e  provided 
(1.e. s t r o n g e s t  v e c t o r  = 1.00). 

Cosine Test Shows Uniform Flow . 2. S o l v e  graphically by p l a c i n g  4 i n d i v i d u a l  v e c t o r  
(See manua1 

Vector Resolution to Determine Direction 
'1. -Use KVA Vector Addition Program ~ I - s ~ / s ~ . H P ~ ~ c ) c ~  l c u h  tors 

OR 

s'egments sequentially  head to teil. 
f o r  d e t a i l e d  instructions).  

Velocity Determination 

Refer t o  your c a l i b r a t i o n  curve o f  readout versus 

-1  Direction: e z I v ( M N J ' )  Velocity: 2o I 

Vector end 
p o i n t s  vi11 c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
Values i n  column G 
vi 11 approxims t e  v e c t o r  
l e n g t h s  shovn a t  r i g h t .  

preferred u n i t s  of flow (e.g. f e e t  per day). 

Form 104 available from your local K-V Associates ,  Inc. dealer. 

37 
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GROUNDWATER FLOW WORKSHEET 00 7 3 6 1 
For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

,Cosine Test Shows Uniform Flow 

po int s  f i t  a Vector circle vi11 closely  end in- @, 
scr ibed about the. 
l onges t  vector. 
Values i n  colurrm G 
will approximate vector . 
l engths  shown a t  r i g h t .  

OR . . 2. Solve graphically by plac ing  4 individual vector 
(See manual sGgments sequentially head to tail. 

f o r  deta i led  instruct ions) .  

Velocity Determination 

Refer t o  your calibration curve o f  readout versus 
preferred u n i t s  o f  flow (e.g. feet per day). 

Direct ion : Velocity: 1 
Form 104 available from your local K-V Associates,  Inc. dealer. 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 9/82 (po$-&~ 
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GROUNDWATER FLOW WORKSHEET 
F O R  180’ R O T A T I O N A L  DATA M E A S U R E M E N T S  

a Table of LCD Readout 

. . .  . . .. . . . - . . . 
ROTATE PROBE 1 8 2  AT 

D E S  

Use of Table 
180 

9 - @S 
COLUXN G - Divide each reading i n  

column F by t h t  l a rges t  absolute  value. 
Draw these 5 vectors on the circle 
chart according to the 
(i.e.‘strongest vector = 1.00). 

Cosine Test Shows Uniform Flow 
Vector end 

points  w i l l  c l o s e l y  
f i t  a c i r c l e  in- 
scribed about the 
longest vector. 
Values i n  column G FLOW 
w i l l  approximate vector 
lengths shown a t  r ight .  

Provided Vector Resolution to Determine Direction 
1. Us K A Vector Addition Program f o r  TI-58/59 and HP41C 

ca €cu Ka t o r s  . 
OR 2. solve graphically by placing 5 individual vector 

< . segments sequent ia l ly  head to tail‘. (See manual 
f o r  detai led instruct ions) ;  

@, Velocity Determination. 
ReIer t o  your ca l ib ra t ion  curve of readout versus 

preferred uni.ts of flow (cog. f e e t  per day). 

I Direction: I 3ObcMa)  Velocity: 1 0 2  
Form 105. available f rom your local K-V Associates, Inc. dealer.  

Copyri ht  1981% K-V ASSOCIATES, INC., Falmouth, M A  0 2 5 4 0  
. 
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GROUNDWATER FLOW WORKSHEET 00 7 3 6 1 
FOR 180' ROTATIONAL DATA MEASUREMENTS 

41 s I4 I bte of LCD Readout 
- _  Operator: GB Date: 

l+N A B N  

. . .. . . . . - . - . .. 
ROTATE PROBE 1 8 2  AT 

Use of Table 

column F by t h d  l a r g e s t  absolute value. 
Draw these 5 vectors on the c i r c l e  
chart  according to the s c a l e  provided 
( i . e . ' s t r o n g e s t  vector  = 1;OO). 

180 COLUMN G - Divide each reading i n  

9 ., 
@S 

Vector Resolution t o  Determine Direction 
1. Us K A Vector Addition Program f o r  TI-58/59 and HP 

CB G U  Ya to r 3 .  Cosine Test Shows Uniform Flow 2. solvc graphically by 5 individual vector 
. segments sequentially head to t a i r .  (See manual 
€or detailed instructions); 

Velocity Determination ' 
points  f i t  a Vector c i r c l e  vi11 c l o s e l y  end in- @ 
scribed about the 
longest vector.  
Values i n  column G FLOW 

approximate v e c t o r  
ngths shovn a t  r i g h t .  

Refer to your cal ibration e u n e  o f  readout versus 
preferred uni.ts of flow (e.g. f e e t  per day). 

Direction: \ 76"- 30" Velocity: 53 I 

41C 

Form 105. available  from your local K-V Associates,  Inc. dealer. 

4-8-82 C o p y r i g h t .  1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 
.- 0003x2 .. 40 b L I' _.' 



GROUNDWATER FLOW WORKSHEET 
FOR 180' ROTATIONAL DATA MEASUREMENTS -a 

\b 

. .. 

. .  

Table of LCD Readout 

A B N  I+N 

.. . .. .. . . ~  . . . . . . . . . 
ROTATE PROBE 180° AT 

U s e  of Table 
180 v 

9 - @S 
COLUHN G - Divide each reading i n  

column F by t h C  largest absolute value. 
Draw these 5 vectors on the c i r c l e  
chart according to the scale provided 
(i.e.'strongest vector = 1;OO). 

Cosine Test Shows Uniform Flow 
Vector end 

points will closely 
f i t  a c i r c l e  in- 
scribed about the 
longest vector. 
Values i n  column G 
w i l l  approximate vector 
lengths shown a t  right.  

Vector Resolution t o  Determine Direction 
1. Us K A Vector A d d i t i o n  Program for TI-58/59 and HP41C 

ca L K a  t o  rs . 
for detailed instructions); 

OR 2. solvc graphically by placing 5 individual vector 
(See manual . segments sequentially head to -ire 

@, Velocity Determination. 
Refer to your calibration e u n e  of xeadout versus 

preferred uni-ts of flow (e.ge f e e t  per d a y ) -  

[Direction: 172 (Md) Velocity : 43 
~~ 

Form 105. available from your local K-V Associates, Inc. dealer. 

Copyright. 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 
.- . 
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. .. . -___ . . .  

GROUNDWATER FLOW WORKSHEET 0 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 
Operator: 00 Date: 4/14 /q I 

Drav these 4 vectors  on the circle 
chart according to  the s c a l e  provided 
<i.e. s t r o n g e s t  vec tor  = 1.00). 

Vector Resolution to Determine Direction 
'1. Use KVA Vector Addition Program tT1-~~/~9 .~~41cIcalculators  

OR . ,.Cosine Test Shows Uniform Flow . 2. Solve graphically by placing 4 individual vector 
(See mnua1 s'egments sequentially head b tail. 

f o r  de ta i led  instruct ions) .  

Velocity Deter mi nat ion 

Vector end 
po in t s  vi11 c lose ly  
f i t  a c i r c l e  in-  
sc r ibed  about t he  
longes t  vector.  
Values in column G Refer t o  your cal ibrat ion cume of readout versus 

preferred u n i t s  of flow (e.g. f e e t  per day). 

[ D-irection: . 1 0 5 0 f ~ d )  Velocity: 26 I 
- vi11 approximate vec to r  

lengths  shovn a t  r igh t .  

Form 104 avai lable  f r o m  your  local K-V Associates ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth. M A  0 2 5 4 0  9/82 
Q(jQ334, 
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

. Direction: . I 16 ( M N )  Velocity: 

Form 1 0 4  available from your local K-V Associates,  Inc. dealer. , 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 

om335 43 
9f 8 2  



GROUNDWATER FLOW WORKSHEET 
For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  

.. 

Operator: 00 Date : 4/14 141 

@N 0 

UK 
Cosine Test Shows Uniform Flow ' 2. So lve  graphically by placing 4 individual vector 

(See manual s'egments sequentially head to tail. 
for d e t a i l e d  instructions).  

@, Velocity Deter rninat ion 

Vector end 
p o i n t s  will c l o s e l y  
f i t  a circle in- 
scribed about the 

Values i n  column G 
vi 11 approximate vector 
lengths  shovn at  right .  

' l o n g e s t  vector .  Refer to your calibration curve o f  readout versus 
preferred u n i t s  o f  flow (e.%. feet per day). 

B4 - I Direction: . a-12' ( M d )  Velocity: 

F o r m 1 0 4  available from your local K-V Associates,  Inc. dealer. . 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 9/82 
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GROUNDWATER FLOW WORKSHEET 
FOR 180' ROTATIONAL DATA MEASUREMENTS 

a . . .  

Table of LCD Readout 

. . .. . . . . . . - 
ROTATE PROBE 1 8 2  AT 

D E S  

Use of Table 

Operator: GS Date: 4Ilq 191 
Station: 15 v Time: g: 30 

COLUMN G - Divide each reading i n  
column F by the l a r g e s t  a b s o l u t e  value. 
Draw these 5 v e c t o r s  on the c i r c l e  
c h a r t  according to  the s c a l e  provided 
( i . e . ' s t r o n g e s t  v e c t o r  = I.oo).' 

Cosine Test Shows Uniform Flow 
c Vector end 

points  vi11 c l o s e l y  
f i t  a c i r c l e  in- 
scribed about the 
longest  vector.  
Values i n  c o r m  G 

y 180 

@S 
f 

% 

Vector Resolution t o  Determine Direction 
1. Us€ TA Vector Addition Program f o r  TI-58/59 and HP41C 

2. Solve graphical ly  by placing 5 i n d i v i d u a l  v e c t o r  
(See manual 

ca cu ators. 

' segments sequential ly  head to tail ' .  
for d e t a i l e d  instructions);  

Velocity Determination 

Refer to  your c a l i b r a t i o n  curie o f  readout versus 
vi11 approximate v e c t o r  preferred u n l i s  o f  f l o v  (e.g. f e e t  per day). 
lengths shown a t  r i g h t .  I Direction: 186"(Md.1') Velocity: 23 

1 1 
Form 105. avai lable  from your local K-V A s s o c i a t e s ,  Inc. dealer. 

Copyright .  Y981 K-V ASSOCIATES, INC., Falmouth, MA 02540 0QQ3c&j . 

45 
4-8-82 



Direction: \28 ' (Md) Velocity : 2 8  

Copyright .  1981 K-V ASSOCIATES, INC., F a l m o u t h ,  M A  02540 4-8-82 

_- 0002d8:. 
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GROUNDWATER FLOW WORKSHEET 
FOR 180' ROTATIONAL DATA MEASUREMENTS 

. -0 
4/19 14\ 

Table of LCD Readout 
Operator: G!3 Date: 

A B N  
. Station: I S D  Time: 10:35 

GrOdd,  0h;0 

I+N 

Location: T l d V S  RLWI R d  

Soil Conditions: S i / )  fo md;uvrr Graw./ 

Depth t o  Measurement: 741 4Lc fi TOG 

. .. . ... . . .  
ROTATE PROBE 182 AT SAME DEPTH 

e&- b ) p k d m  

.gr (gz + b q  s 40 
2 

Use of Table 

% 

C O M  G - Divide each reading i n  
column F by thC l a r g e s t  absolute value. 
Draw these 5 vectors  on the c i r c l e  
chart  according to the s c a l e  provided 
( i . e . ' s t r o n g e s t  v e c t o r  = 1.00). 

Cosine Test Shows  Uniform Flow 

Vector Resolution to Determine Direction 
I. US€ ?A Vector Addition Program f o r  ~1-58/59 and HP41C 

2. Solve graphically by placing 5 individual  Vector 
(See manual 

c a  eu a t o r s .  

segments sequentially head b t a i r .  
for  detai led instructions); 

Velocity Determination. 
points f i t  a Vector c i r c l e  w i l l  c l o s e l y  end in-  @ 
scribed about the 
longest vector. 
Values i n  column G FLOW 
vi 11 approximate v e c t o r  
lengths shown a t  r i g h t ,  

Refer to  your c a l i b r a t i o n  cunre o f  readout versus 
preferred u n i t s  o f  f l o v  (e.g. f e e t  per day)- 

I Direct ion : 188" Velocity: - -  98 
Form 105. available from your local K-V Associates, Inc. dealer. 

Copyright. 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 
.- . 
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GROUNDWATER FLOW WORKSHEET 00 7 

4 l I S 1 4 1  

FOR 180' ROTATIONAL DATA MEASUREMENTS 

ble of LCD Readout 
Opera tor: G 4  Date: 

. Station: f3S Time: I3:Lt-s 

Soil Conditions: fo -d;uvr, &zVP,/ 

Depth t o  Measurement: 

ROTATE PROBE 180' AT S A M E  DEPTH 

- 
Use of Table 

180 

? - as COUTHN G - Divide each reading i n  
colunm F by t h d  l a r g e s t  absolute value. 
Draw these 5 vectors on the c i r c l e  
chart  according to the s c a l e  provided 
( i . e . - s t r o n g e s t  vector = 1.00). 

Cosine Test Shows Uniform Flow 

Vector Resolution t o  Determine Direction 
1. Us€ Y A  Vector Addition Program f o r  TI-58/59 and HP41C 
2. Solve graphically by placing 5 individual Vector 

(See manual 

ca cu ators. 

. segments sequential ly  head to tail-. 
€or detai led instructions) 

Velocity Determination. 

Vectbr end 
points vi11  c l o s e l y  
f i t  a c i r c l e  in- 
scribed about the 
longest vector. 
Values i n  column G 
w i l l  approximate v e c t o r  

Refer to your c a l i b r a t i o n  cume o f  readout versus 
preferred ung.ts o f  flow (e.g. f e e t  per day). 

engths-shown a t  r i g h t .  e I Direction: 237 0 Velocity : 57 I 
Form 105. available from your local K-V Associates, Inc. dealer. 

Copyright. 1981 K-V ASSOCIATESl INC., Falmouth,  M A  02540 
. 
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GROUNDWATER FLOW WORKSHEET 
FOR 180' ROTATIONAL DATA MEASUREMENTS 

a . .  

Table of LCD Readout 

. . .  

0. I 
N . o  

. . .. . . . . . . . . . . . . . . . .  . . 
ROTATE PROBE 1 8 2  AT S A M E  DEPTH 

COLUHN G - Divide each readin,g in  180 

? - column F by t h t  l a r g e s t  absolute  value, 
Draw these 5 vectors  on the c i r c l e  
chart according to the s c a l e  Provided 
( i . e . ' s t r o n g e s t  vector  = 12~0). 

Cosine Test Shows Uniform Flow 

@S 

Vector Resolution to Determine .Direction 
1. Us€ T A  Vector Addition Program for TI-58/59 and HP41C 

ca eu ators. 
OR 2. Solve graphical ly  by placing 5 individual  vector  

points  f i t  a VecCor c i r c l e  will c l o s e l y  end in- @ 
x r i b e d  about the 
longest  vector,  

w i l !  approximate v e c t o r  
lengths shown a t  r i g h t .  

Values i n  column G FLOW 

. segments sequential ly  head to tail ' .  (See manual 
for detai led instructions)  i 

Velocitv Determination. 

RcEer to your c a l i b r a t i o n  e u n e  o f  readout V ~ T S U S  
preferred u n l t s  of flow (e.g. f e e t  per day). 

Direct ion: I 64' Velocity : 6 

Form 105. avai lable  from your local K-V A s s o c i a t e s ,  Inc. dealer.  

Copy~i~h,lJ&~ K-V ASSOCIATES, INC., Falmouth, MA 02540 
.- 

49 
4-8-82 



GROUNDWATER FLOW WORKSHEET 00 7 3  
FOR 180' ROTATIONAL DATA M E A S U R E M E N T S  

t 

4)lslSl le of LCD Readout -. Operator: G4 Date: 
A B N  I - t N  

. .  . . _  . . ... . . . . . . . . . - . . . . . . . . . . 

ROTATE PROBE 1860 AT SAME DEPTH 

?m A Z x 4 . b  Use of Table --!---- 
180 COLUMN G - Divide each reading i n  

;r 
3 

column F by thC l a r g e s t  a b s o l u t e  value. 
Draw these 5 vectors  on the c i r c l e  
c h a r t  according to the s c a l e  provided 
( i . e , ' s t r o n g e s t  v e c t o r  = I;OO).' 

Cosine Test Shows Uniform Flow 
V ~ C ~ O T  end 

points  will closely 
f i t  a c i r c l e  in- 
scribed about the 
longest vector,  
Values i n  column G 
vi 11 approximate v e c t o r  

@S 

Vector Resolution t o  Determine .Direction 
1. Us 

2. Sqlve graphical ly  by placing 5 individual  vector 
(See manual 

K A Vector Addition Program f o r  TI-58/59 and ?iF 
. ea €cu Ya tors . 
' segments sequential ly  head +o taiI'. 

for d e t a i l e d  instructions);  

Velocity Determination. 
Refer  to your c a l i b r a t i o n  curie o f  readout versus 

preferred u n i t s  o f  flow (e.g. feet per day). 
ngths  shown a t  r i g h t .  Q 1 

6 Direction: 2.49 * Velocity: 1 
Form 105. a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. d e a l e r .  

'41C 

C o p y r i g h t .  1981 K-V ASSOCIATES, INC., Falmouth. MA 02540 000342; *, 4 -,8 ,,: - . 8 2 .- 
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GROUNDWATER FLOW WORKSHEET 
For use with K-v Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  1-N 
S t a t  ion : I6 5 Time: (35 56 

Depth to Measurement: T O C  L;f fi 

- .  
180 

os 
Vector Resolution t o  Determine Direction 

'1. Use KVA Vector Addition Program ~ ~ - ~ a / s ~ . ~ ~ ~ ~ c ~ c a l c u ~ a  tors  

2. Solve graphically by placing 4 individual vector 
(See manual 

OR . . 

s'egrnents sequentially head to tail. 
f o r  detai led instructions).  

Velocity Determination 

Refer t o  your ca l ibra t ion  eume of readout versus  
preferred u n i t s  of flow (e.g. f e e t  per day). 

Direction: - .Z O ( M ~ )  Velocity: I57 1 

COLUXN G - Divide each reading In 
column F by t h e  l a r g e s t  abso lu t e  value. 
Drav t h e j e  4 vectors  on the  circle 
chart  according to the scale provided 
(i.e. s t ronges t  vec tor  - 1.00). 
Cosine  Test Shows Uniform Flow 

@, 
Vector end 

po in t s  vi11 c l o s e l y  
f i t  a c i r c l e  in- 
scr ibed  a b u t  the 

Values i n  column G 
v i l l  approximate vec to r  
lengths  shovn a t  r i gh t .  

. longes t  vector.  

Form 104 available from your  local K-V Associates ,  Inc. dealer. , 

Copyright 1981 K-V ASSOCIATES', INC., Falmouth, MA 0 2 5 4 0  9/82 e 
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel prob p v m g  

Table of LCD Readout 

.. 

Operator: 00 Date: 4119/91 
. S t  a t  ion: 16 5 Time: f.5: 00 

a42 

Cosine  Test Shows Uniform Flow 

p o i n t s  f i t  a Vector c i r c l e  w i l l  c l o s e l y  end in-  @, 
scr ibed  about the. 

Values i n  calm G 

l engths  s h o w  a t  r igh t .  

.. longes t  vector.  

vi 1 I approxims t c  vec to r  

UK 
' 2. Solve graphically by placing 4 individual vector 

(See manual sggments sequentially head to tall. 
f o r  detai led instructions).  

Velocity Deter mi na t ion 

Refer t o  your cal ibrat ion curve of  readout versus 
preferred u n i t s  of flow (e.g. f e e t  per  day). 

. I  Direction: 3 4 2 ' l ~ d J )  Velocity: 1 
Form104 avai lable  from your local K-V Associates,  Inc. dealer.  , 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  0 2 5 4 0  9 / 8 2  
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

\. 

*g4za 

0 

.ROTATE PROBE 180" AT SAM-E D E P T H ' - .  

d & y y ,  6.uk- 
62/;34h& 

180 
Use of Table 

column F by the l a r g e s t  abso lu t e  value. . . 
COLUHN G - Divide each reading i n  

os Drav t h e i t  4 vectors  on the  c i r c l e  
chart according to the  s c a l e  provided 
(i.e. s t ronges t  vec tor  - 1.00). 

Cosine Test Shows Uniform Flow . 2. Solve graphically by placing 4 individual  vector 
(See manual 

Vector . Resolution to Determine Direction 
'1. Use KVA Vector Addition Program ~i-se/s9-~~4~c)calcula  tors  

OR . 

s'egments sequentially head to tail. 
f o r  detai led instruct ions) .  

Velocity Determination 

Vector end 
po in t s  vlll c lose ly  
f i t  a c i r c l e  in- 
scr ibed about the. 

Values in column G 
w i l l  approximate vec to r  
lengths  shovn a t  r igh t .  

Refer t o  your ca l ibra t ion  cume of readout versus  . longest  vector.  
preferred u n i t s  of flow (cog. f e e t  per day). 

-1~irection: -1 4 8 O C M ~ )  Velocity: 19 

Form104 avai lable  from your local K-V Associates ,  Inc. dealer.  , 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  0 2 5 4 0  9/82 @ 
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~ K U U N U W A I  EK w w v v  vvunnanrr I 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 
Operator: 00 Date: 41/9/91 

A B C  

. Station: 16 S Time: f.5; 00 
e 1-tN 

/&OO 
Probe 
p a i r  .. Location: Pddys Kuv7 Cad Femald, OM 

+1/-6 % gz 56  Soil Conditions: s;i4 med;Hm Gra U c I  
+2/-7 7 & 33 
+3/-8 ;F7 20 73 

+ t  
14ktkl 7 0  CI Depth to Measurement: 

* g 4 z  

Form 104 available from your local K-V Associates, Inc. dealer. 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 0 2 5 4 0  

+4/-9.93 
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GROUNDWATER FLOW WORKSHEET 
For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe %?/a 

Table of LCD Readout 

A B C  
Operator: Date: 

S t a t  ion : Ti me : 

Location: 

Soil Conditions: 

Depth to Measurement: I& 
Y '  

Refer to your calibration cuwe of  readout versus 
@wJ preferred uni ts  of flow (e.g. f e e t  per day). 

longest  vector.  
Values i n  column G 
vi 11 approxime te  vector 
lengths shovn a t  r ight .  qo I Direction: 9" Velocity: I 

a 

a 
Form 104 available from your local K-V Associates,  Inc. dealer. 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 9/82 
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GROUNDWATER FLOW WORKSHEET 
For u s e  with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

Table of LCD Readout 

A B C  

ROTATE PROBE 180' AT SAME DEPTH 

Operator: Date: 9/26 /9r 

. Stat ion : Time: 

Location: 

Soil Conditions: k- + O d '  
Depth to Measurement: Lf b/& 

I U 

0, n 

U s e  of Table 
COLUMN G - D i v i d e  each reading in 

column F b y  t h e  l a r g e s t  e b s o l u t e  value. 
Draw t h e s e  4 v e c t o r s  on the c i r c l e  
c h a r t  according to the scare provided 
( i . e .  s t r o n g e s t  v e c t o r  = 1.00). 

Cosine  Test Shows  Uniform Flow 
V e c t o r  end 

p o i n t s  v i 1 1  c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
Values i n  corunm G 
V i 1 1  aDDTOXimate V e c t o r  

n g t h i - s h o v n  a t  r i g h t .  9 

180 

os 
Vector Resolution to  Determine Direction 

1. Use KVA Vector Addition Program [ T I - S ~ / S ~ - H P ~ ~ C ) C ~  tcula tors 

2. Solve graphically by placing 4 i n d i v i d u a l  vector 
(See manual 

OR 

s'egments s e q u e n t i a l l y  head to t a i l .  
f o r  d e t a i l e d  instructions).  

Velocity Determination 

Refer to your c a l i b r a t i o n  cume o f  readout versus 
preferred u n i t s  of  flow (e.g.  f e e t  per day). 

1 I Direction: l.2' Velocity: 54- 

Form 104 a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, M A  02540 9/82 0 0 0 ~ ~ 0  , I  I .  
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4[2~&1  Table of LCD Readout 
Operator: Date : 

Station: Time: 

Location: 

A B C  1 d N  
Probe 
pair  

+l/-6 51 75 , Soil Conditions: h d  
+2/-7 +6\ *62 + I  

Depth to  Measurement: "a. 35#/&ay 
+3/-a +a +a o 

I 

GROUNDWATER FLOW WORKSHEET 

. 

For use with K-V Associates, Inc. Groundwater Flowmeters, 4 channel probe 

+4/-gtI? 5.6 d/& +3 74- 

Form 104 available from your local K-V Associates,  lnc. dealer. 

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 
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GROUNDWATER FLOW WORKSHEET 
FOR 180' ROTATIONAL DATA MEASUREMENTS 

rable of LCD Readout  

l+N A B  
_ -  

Pro& patr /e./ 3 8 s  

N 
Operator: Date: 4/26 /si I 
Stat ion: Time: 

Locat ion: 

Soil Conditions:  
35 I Depth to Measurement :  & p/% 

I V 

a , 

COLUMN G - Divide each reading in 
column F by thC l a r g e s t  absolute value. 
Draw these 5 vectors on the c i r c l e  

Vector Resolution to Determine Direction c h a r t  according to the s c a l e  provided 
( i . e .  strongest  v e c t o r  = 1-00). 

Cosine Test Shows  uni fdrm Flow 
1. Us 

2. Solve graphically by placing 5 individual vector 
(See manual 

K A Vector Addition Program for TI-58/59 and HP41C 
CB €C"L torr. 

segments s e q u e n t i a l l y  head to t a i l .  
f o r  d e t a i l e d  instructions).  

@ Velocity Determination 

Vector end 
ppin ts - ' w i l l  c l o s e l y  
f i t  a c i r c l e  in- 
scribed about the 
longest  vector.  
Values i n  column G 
v i  11 approxime t e  v e c t o r  
lengths shown a t  r i g h t .  i 

Refer t o  your c a l i b r a t i o n  curve o f  readout versus 
preferred uni.ts of f low (e.g. f e e t  per day). 

Direct ion: Velocity : 41 I 
avai lable  from your local K-V Assoc iates ,  Inc. dea ler .  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 0 2 5 4 0  
._ 
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GROUNDWATER FLOW WORKSHEET e FOR 180' ROTATIONAL DATA MEASUREMENTS 

Table of LCD Readout  

N 
Operator: Date: & I 

. Station: Time: 

Location: 

Soil Conditions:  
d o d e l  30 I Depth to Measurement:-~I 

. . . . . . - . . . . . . . . . . . . . . . .. . . .. 
ROTATE PROBE 1860 AT SAME DEPTH 

. .  

Use of Table 

column F by the l a rges t  absolu te  value. 
Draw these 5 vectors  on the  c i r c l e  
cha r t  according to the scale  provided 
(i .e. 's trongest vector  = ~ . o o ) . '  

Cosine Test  Shows Uniform Flow 
Vector end 

poin ts  will closely 
f i t  a c i rc . le  in- 
scr ibed about the 
longest  vector.  
Values i n  coluam G 
w i l l  approximate vector  
lengths shown a t  r i gh t .  

COWW G - Divide each reading i n  180 

@S 

Vector Resolution ' to Determine Direction 
1. Usf Y A  Vector Addition Program f o r  TI-58/59 and HP41C 

ca cu atots.  
OR 2...Solve graphically by placing 5 individual  vector  

(See manual ' segments sequent ia l ly  head to tail. 
for deta i led  ins t ruc t ions)  i 

@ Velocity Determinat'ion . 
Re€er t o  your ca l ib ra t ion  curve of readout versus 

preferred u n i t s  of f l o w  (e.g. f e e t  per day). 

Direction: 14 * Velocity: 53 
Form 105. avai lable  from your local K-V Associates ,  Inc. dealer .  

Copyr ight ,  1981 K-V ASSOC!ATES, INC., Falmouth, M A  0 2 5 4 0  
. .-. . 

4-6-82 

61 



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

Table of LCD Readout  

1-,N A B N  

. 1 

Operator: Date: 4 h h l  

. Station: Time: 

Location: 

Soil Conditions: & k w d  
Depth t o  Measurement:  I I;tsldaLL 

_ -  . -  

GROUNDWATER FLOW WORKSHEET 

. O N  
. . . . . . . . . . . .  

. ROTATE PROBE i s 2  AT'  

Use of Table 
COuR.(N G - Divide each reading i n  

column F by th6 l a r g e s t  a b s o l u t e  value. 
Draw these 5 v e c t o r s  on the c i r c l e  

180 as 
Vector Resolution to Determine Direction c h a r t  according to the s c a l e  provided 

( i . e . ' s t r o n g e s t  v e c t o r  = 1.00). 

. Cosine Test Shows Uniform 
1. Us K A Vector Addition Program f o r  TI-58/59 and HP41C 

ca LuKa t o  rs . 
segments s e q u e n t i a l l y  head to tail. 
f o r  d e t a i l e d  instructions);  

OR 2. Solve graphically by placing 5 individual  v e c t o r  
(See manual 

Velocity Determination ' 
. p o i n t s  f i t  a Vecror c i r c l e  will closely end in- @ 

scribed about the 
longest  vector.  
Values i n  column G FLOW 
w i l l  approximete v e c t o r  
lengths shown a t  r i g h t .  

Refer to your c a l i b r a t i o n  curie o f  readout versus 
preferred u n i t s  o f  flow (e.g. f e e t  per day). 

Direct ion: 3" Velocity : 97 1 
m 105. a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. d e a l e r .  

4-8-82 

a 
Copyright 1981 K-V ASSOCIATES, INC., Falmouth.  MA 02540 
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GROUNDWATER FLOW WORKSHEET 

a For use  wi th  K-v Associates,  Inc. Groundwater Flowmeters, 4 channel probe 

. . 

Table of LCD Readout 

Cos ine  Test S h o w s  Uniform Flow 

po in t s  f i t  a Vector c i r c l e  v i 1 1  c lose ly  end in- @l 
scr ibed  about  the  
longes t  vector.  
Values in column G 
vi 11 approxima t c  vec to r  
lengths  shown a t  r igh t .  

OR 
2. Solve graphically by placing 4 individual  vector 

(See manual s;grnents sequent ia l ly  head to tail. 
f o r  detai led instruct ions) .  

Velocity Determination 

Refer t o  your ca l ibra t ion  curve of readout versus 
preferred u n i t s  of f lov  (e.g. f e e t  per day). 

30 Direction: 3%' Velocity: 

Form 104 available f rom your local K-V Associates ,  Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 0 2 5 4 0  9/82 

000355 , 6 3  



Table of LCD Readout - 
Operator: Date: 

. Station: 
A B C  

Time: /-'3O 
I - t N  

Probe 
p a i r  Location: @'' 

1131 S + A $ o A  , Soil Conditions: +7/-6 50 0 '30 
+2/-7 +65 '55 3 

+31-a 3 -9 - I  Depth to Measurement: 16 d / -  * 60 

F G 

u&h* 
L 

. .  ; ROTATE PROBE 180' AT SAME DEPTH 
D E S  

U s e  of Table 
COLUMf G - D i v i d e  each readin.g i n  

colunm F by the l a r g e s t  a b s o l u t e  value. 

1 ao 

os Drav these-  4 vector;  on the c i r c l e  
c h a r t  according to the s c a l e  provided 
( i .e .  s t r o n g e s t  v e c t o r  = 1.00). 

Vector Resolution to Determine Direction 
1.  Use KVA Vector A d d i  t ion Program ~I~58/59-HP41c)catcu~a tors 

, .Cos ine  Test  Shows Uniform Flow 
V e c t o r  end 

p o i n t s  v i 1 1  c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
V a l u e s  i n  column G 

. vi11  approximate v e c t o r  
l e n g t h s -  s h o w  a t  r i g h t .  0 

2. S o l v e  graphically by placing 4 i n d i v i d u a l  vector 
(See manual s'egrnents sequentially  head to t a i l .  

f o r  d e t a i l e d  instructions).  

Velocity D e  t errni nat ion 

R e f e r  to your c a l i b r a t i o n  c u m e  o f  readout versus 
preferred u n i t s  of  flow (e.g. f e e t  per day). 

71 Direction: 3606 Velocity : 1 
Form 104 a v a i l a b l e  from your local K-V A s s o c i a t e s ,  'Inc. dealer.  

Copyright 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 9 /82  



Table of LCD Readout 
Operator: 63 Date: l o / l o / q o  

.Station: c d p ; b z d ; t c b ) ; ,  Time: /:oo 
A B C  

Locat ion: I 7 P .  

, Soil Conditions: S a h 8  ab-cec 
- * +&/A +2/-7 f5q '4% '37 6 4 -  

i !  

+3/-8-7 

+4/-975 

.. : 

Depth t o  Measurement: 9. 
i o  3 
-6 '9 

" I  

. . .  

:.. ' I  

. . . .  

U s e  of Table 
COLUHN G - D i v i d e  each reading i n  

column F by the l a r g e s t  a b s o l u t e  value. 
Drav these 4 v e c t o r s  on the c i r c l e  
c h a r t  according to the s c a l e  provided 
(1.e.  s t r o n g e s t  v e c t o r  - 1.00). 

. Cosine Test Shows Uniform Flow 
Vector end 

p o i n t s  will c l o s e l y  
f i t  a c i r c l e  in- 
s c r i b e d  about the 
l o n g e s t  v e c t o r .  
V a l u e s  i n  column G 
vi  11 approxime t e  v e c t o r  

, l e n g t h s  shown a t  r i g h t .  

180 
. .  

Vector Resolution to  Determine Direction 
OR 1. Use KVA Vector Addition Program tlI-58/59-HP41C)Ca lcula tors 

2. S o l v e  g r a p h i c a l l y  by placing 4 i n d i v i d u a l  v e c t o r  
(See manual s;grnents s e q u e n t i a l l y  head to tail. 

f o r . d e t a i l e d  instructions).  

Velocity Determination 

R e f e r  to YOUT c a l i b r a t i o n  c u m e  o f  readout versus 
preferred u n i t s  o f  flow (e.g. f e e t  per day). 

Direct ion: Z 0  Velocity: 4 9  1 
Form 104 a v a i l a b l e  from your local K-V A s s o c i a t e s ,  Inc. dealer.  

ht 1981 K-V ASSOCIATES, INC., Falmouth, MA 02540 - os@339 9 / 8 2  
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REV. 1: MAY 1994 

APPENDIX H 

ANALYTICAL RESULTS OF FREE-FLOATING 
HYDROCARBON PRODUCT 
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C~MPUCHEM m = MKm, INC. P.O. Box 12652 3308 Chapel Hill/Nelson Highway Research Triangle Park, NC27709 (919)549-8263 

November 18, 1991 

Mr. Tim Sainey 
ERM Midwest 
450 West Wilson Br idge Road 
Columbus, OH 43085 

Dear Mr .  Sainey: 

We a t  CompuCheM a re  pleased t o  p rov ide  our  r e p o r t  f o r  t he  ana lys i s  you requested. 
Data f o r  t h e  f o l l o w i n g  sample a r e  enclosed. 

Your I D  Our I D  Ana lys is  Order Desc r ip t i on  o f  Work 
Number Number Code Number Requested 

PRRSMWl 1 456189 936 24148 V o l a t i l e s  + L i b r a r y  Search, 
................................................................................. 

Method 8240 - 3 r d  Ed. 
( S t y l e  1) 

Unless noted by Q u a l i t y  Assurance Not ices inc luded i n  t h i s  reDor t  o f  data. a l l  0 
Q u a l i t y  Contro i  requirements associated w i t h  the  prepara t ion  and a n a l y s i s - o f  
these samples have been met. 

Release o f  the  a n a l y t i c a l  da ta  conta ined i n  t h i s  data package has been 
au thor ized  by the  Technical Review Manager o r  her  designee, as v e r i f i e d  by 
the s igna tu re  below. 

Thank you f o r  s e l e c t i n g  CompuCheM Labora tor ies  f o r  your  sample ana lys is .  
you have quest ions concerning t h i s  r e p o r t  o r  t he  a n a l y t i c a l  methods employed 
please contac t  your  Sales Representat ive a t  919-549-8263. 

I f  

We hope you w i l l  consider CompuCheM Labora tor ies  f o r  your  f u t u r e  a n a l y t i c a l  
support  and se rv i ce  requirements. 

S incere ly ,  
- 

I' +aMcWLC)Lqdd 
$6w Anh Chan 
Manager, F i n a l  Technical Review 

2 



- TABLE OF CONTENTS - 

Method Reference 

Data Sumnary 

. Data Qual i f i e r s  
V o l a t i l e  Organics . Tentat ive ly-  I d e n t i f i e d  Compounds ( T I C )  L i s t  

Q u a l i t y  Assurance Notices* 

Chain o f  Custody** 

*These not ices are included where appropr iate f o r  data q u a l i f i c a t i o n .  

**When the o r i g i n a l  chain o f  custody i s  submitted w i t h  the sample(s), a copy 
o f  i t  i s  included w i t h  the report.  

3 



METHOD REFERENCE 

To determine the  concentrat ion o f  V o l a t i l e  organic  compounds i n  a v a r i e t y  o f  waste 
matr ices,  CompuCheM employs the  methods s ta ted  i n  the  RCRA Method 8240. 

As a p o i n t  o f - i n f o r m a t i o n ,  the  ana ly tes  present on the  enclosed compound l i s t  have been 
va l i da ted  f o r  Method 8240 as requ i red  by SW-846. 

Method Sumary 

The v o l a t i l e  compounds are  i n t r o u c e d  t o  the  gas c,,romatograph by the  
Purge-and-Trap Method (RCRA Method 5030). The components a re  separated v i a  the gas 
chromatograph and detected using a mass spectrometer which i s  used t o  p rov ide  both 
q u a l i t a t i v e  and q u a n t i t a t i v e  in format ion.  The chromatographic cond i t i ons  as w e l l  as 
t y p i c a l  mass spectrometer opera t ing  parameters a re  g iven i n  t h e  RCRA Method 8240. 

A l i b r a r y  search i s  performed by automated comparison of the  unknown peak spectrum 
t o  the  Nat ional  I n s t i t u t e  o f  Standards and Technology (NIST, f o rmer l y  t h e  National 
Bureau o f  Standards) mass spec t ra l  l i b r a r y .  Estimated concent ra t ion  i s  ca lcu la ted  
using t h e  known concentrat ion and peak area o f  t he  c loses t  i n t e r n a l  standard wh i l e  
assuming a response f a c t o r  o f  one f o r  t he  unknown compound. 

4 
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DATA REPORTING QUALIFIERS 



COMPUCHEM POLICY FOR REPORTING 
GC/MS VOLATILE ORGANIC ANALYSES 

Compuchem utilizes the Finnigan Formaster software program 
to generate summary forms for many of our GC/MS analytical 
service products. In so doing, we have adopted the EBA's Contract 
Laboratory Program (CLP) policy as it relates to the the application 
of the 'Dilution Factor: An EPA directive has stated that the 
dilution factor is intended to account only for deviations from SOW 
specifications for the extract volume. For volatile analyses, the 
'Sample Wvol" field is incorporated into calculations by the software 
when less than the SOW specified sample size (5 ml or 5 g) is taken 
for analysis. Less than the specified sample size would be taken in 
order to achieve on-column concentrations of analytes within the 
initial calibration range. 

6 
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DATA REPORTING QUALIFIERS 

VALUE - If the result is a value greater than or equal to the detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected to: 

(330 U) x d f  Where D = 100 - 46 Moisture 
D 100 

and df = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 Ulx 10 = 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1:l response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 ug/l, 
but a concentration is 3 u@l is calculated, report it as 3J. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor h a s  a calculated 
concentration of 300 ug/l and a sample quantitation limit of 430 
uglkg, report the concentration as 30OJ on Form 1. 



DATA REPORTING QUALIFIERS - PAGE 2 

C - This flag applies to pesticides results where the identification 
has been confirmed by GCIMS. Single component pesticides >lo nghl 
in the final extract shall be confirmed by GCIMS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. It indicates possible/probable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as well as for a positively identified 
TCL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GCIMS instrument for that specific analysis. 
This flag will not apply to pesticideslPCBs analyzed by GCIEC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and re-analyzed according to the 
specifications. All such compounds with a response greater than full 
scale should have the concentration flagged with an "E" on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the "DL' suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is re-analyzed at 
a higher dilution factor, as in the "E" flag above, the "DL" suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "DR flag. 

A - This flag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & Z - Other specific flags and footnotes may be required to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Package and the Case Narrative. Begin by 
using "Y'. If more than one flag is required, use "Z' as needed. If more than 
five qualifiers are required for a sample result, use the ' Y a  or "2" flag 
to combine several flags, as needed. For instance, the 'Y' or '2' flag might 
combine the 'A', 'B', and 'D" flags for some sample. 

8 
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ORGANICS ANALYSIS DATA SHEET 

Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 4.0 (g/mL) G Lab File ID: 

Level: (low/med) MED 

% Moisture: not dec. 

GC Column: CAP ID: 

Soil Extract Volume: 14000 (UL) 

CAS NO. COMPOUND 

Date Received: 

Date Analyzed: 

SAMPLE NO. 

I 

b PRRsMwl1 

No. : 

456189 

CR05 6 18 9 BO 3 

10/19/91 

10/24/91 

Dilution Factor: 1.0 

Soil Aliquot Volume: 100 (uL) 

CONCENTRATION. UNITS : 
(ug/L or ug/Kg) UG/KG Q 

FORM I X-1 

9 000366 

1700 
870 
1700 
1700 
1100 
1700 
870 
870 
870 
870 
870 
870 
1700 
870 
870 
1700 
870 
870 
870 
870 
870 
870 
870 
870 
1700 
1700 
2700 
2700 
870 
1700 
1600 
870 
5300 

U 
U 
U 
U 
BJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

3 

a 

e 
90 



8 0 9 3 6 1  
1x SAMPLE NO. 

ORGANICS ANALYSIS DATA SHEET 

PRRSMWll da) Name : COMPUCHEM , RTP 
Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456189 

Sample wt/vol: 4.0 (g/mL) G Lab File ID: CR056189B03 

Level : (low/med) MED Date Received: 10/19/91 

% Moisture: not dec. Date Analyzed: 10/24/91 

GC Column: CAP ID: Dilution Factor: 1.0 

Soil Extract Volume: 14000 (uL) Soil Aliquot Volume: 100 (uL) 

Contract: 500143 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

870 
32000 
1700 
15000 
21000 
870 
2700 
1700 
1700 
1700 
17000 
870 
870 
2700 
2700 
2700 
1700 
1700 

U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I X-2 
10 
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PAGE 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: VOLATILE 

DATA FILENAME: CR056189B03 SAMPIZ # 456189 

SCAN 
ITEM NUMBER 

1. 1148 

2. 1235 

3. 1495 

4. 1557 

5. 1591 

CAS # COMPOUND NAME 
ESTIMATED 

CONC. (ug/l) 

98-82-8 BENZENE, (1-METHYLETHYL) - 80000 J 

95-63-6 BENZENE, 1,2 I 4-TRIMETHYL- 
TRIMETHYL BENZENE 

1000 J 

4706-89-2 BENZENE,2,4-DIMETHYL-l-(l-METHYL)- 1400 J 
METHYL ETHYL BENZENE 

99-62-7 BENZENE, 1,3-BIS (1-METHYLETHYL) - 19000 J 
METHYL ETHYL BENZENE 

100-18-5 BENZENE, 1,4-BIS (1-METHYLETHYL) - 
METHYL ETHYL BENZENE 

175.000 50.00 
SPECTROSCOPIST DB 

DATE - 11/10/91- 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 

OQQ368 
11 



007361 

L98ORFITORY NOTICE 

COMPUCHEM # 4561 89 
CLIENT ID# PRRSMWll 

CASE # 24148 

Sample 456189 was r e c e i v e d  i n  t h r e e  46ml YOA v i a l s .  The sample was 
s c r e e n e d  and  f rom t h i s  i n f o r m a t i o n  t h e  sample was a n a l y z e d  as a medium 
l e v e l  sample. Four grams of t h e  sample was t a k e n  a n d  e x t r a c t e d  w i t h  t e n  
m l s  of me thano l .  T h i s  e x t r a c t i o n  formed o n l y  o n e  l a y e r  t h e r e f o r e  y i e l d i n g  
a f o u r t e e n  ml s o l u t i o n  i n s t e a d  of a t e n  m l  s o l u t i o n .  The s u r r o g a t e s  are 
c o r r e c t e d  t o  a n  amount of 35.7 f o r  amount s p i k e d  i n  and  t h e  c o r r e c t i o n  
f a c t o r  h a s  a lso been  a d j u s t e d  t o  take i n t o  a c c o u n t  t h e  volume i n  t h e  
e x t r a c t i o n  p r o c e s s .  

Flppr oved by 
Susan  W .  Bass 
VOA Data Review Manager 

Approved by 

12 
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- 
I m-m 

CooapuChem offers memrices. me above sample 
-8 analyzed according t o  'the protocol dmcked: 
( . - 1 . %ontract taboratory Program   volatile / Semlvolatile 

Aaalytical re 
g 
u u e  6uSvad from the EPA'a Contract tabontory Rogram. 
{ j clean Watu l&t a .weable Yofatile kralysis--W.thob 624W / *~ame 
Rentr8ls 8nd Acids;-Xethob 623% Stequiteaents u u e  astablished Sa the Federal 
S e g i s t u  Of October 26, a984, 40 CpR Part m60 

mqui-ents have been modified for i p p l i ~ i o n  to this method. 
me ps protocols allow certain levels '  of common laboratory solvent. 

(Acetone, Iethylene Chloride, ' urd Telu.ae)r the solvant-related a r t i f a c t  
2-8uturone, and phthalater to ba premart An blank., up t o  five times the 
Contract Required Quantitation Limit (CRQL). Compucbem has a aore stringent 

-. policy for  l i q u i d  #ampler, a l lw ing  up t o  a naximum of twice the CRQL for  these 
toplmonly occurring contaminants. An exception Sa made An t be  came of l iquid 

consistent bnckgrorurb level  of Beth lene Chloride. The concentration 
Instrmwnt 33ankc where t48 ana1y.e~ of three mucceomive blanks indica 

Acetone may not exceed SO og/kg (Medium Wv8l Soi l  scthodology applies a 
correction f8ctor of 125 t o  the concentrations t o  i e l d  the reported amounts), 
ErceptSon t o  our policy S8 oade bnly when the Voht  1 l e  8naly.i~ or extraction 
holding time8 are i n  jeopardy of being exceeded (although the cf9 requirements 

Analysis of the Wethod Blank (and/or Inrtrument Blank) associatad vitb the 
above sample indicated the following common laboratory contaminants vera 
prerent 8t tbc indicated levels: 

-8nt8 -8 dUiV8d from tbe ZPA. 
1 Wola P le Analysis by tcw-ethod 8240" 1 m6emSvolatile a a l y c i s  by 

- 6  2 /MS-Metb@ 827.Dm. lany ef the Quality Control mquiremeatm ef a e s e  methods 

_. - f ) "&ewer mtectJon &bit 1 Resvel1 Volatile 01: S.mivolat i l r~.~ 

85ethylene Chloride i n  %ow -vel So x 1 Wethod Blank8 may not exceed 25 ug/kg; 

S U S t  b8 net), 

concentratian 
- 

stporting convention used h tbe C19 $8 t o  aflmith a a l l  
illowable target compound8 presurt 3a the sample when ala0 found i n  i t s  
associated blahk. Na abjurt81ent8 8?e sade t o  the analytical  zesult8. 

=is. notic.. serVes t o  explain the ume of the %a f l a g  i n  reporting 
. usalptical results, while presenting the actual Zevel8 of the common laboratory 

solvents or phthalater seen in the arsociated blank. 

. Xn evaluating data usability, the followin general guidelines originating 

artifact. in samples. I f  the concentration gf an analytm in a sample i s  less 

contamination, 
f i v e  timer tha t  i n  the blank, S t  may be considered a n  actual sample compon 
I f  the concentration of an analyte in I sample i r  greater than three times b u t  
less than f i ve  times t h a t  i n  the  blank, the presence of that  compound i n  the 
sample !nay be considered sus~ec t ,  

b4tastmbuuL Eencralmmi 
from the US EPA are offered f o r  aSSeSShg the 8 f gnificance o f  common laboratow 
than three times t h a t  in the blank, At may be negated due t o  

f f  the concentration o f  an analyte i n  a sample i s  greater 

Reviewer's init ialr/ID 
13 date 



Ei7H-Midwest, inc. 

Relinquished By 
Name Employer 

q--+F--- E':;"" v x 2  

CHAIN OF CUSTODY RECORD 450 W Wilson Bridge Road Wonhinglon. OH 43085 - (614) 433-7900. Telefax: (614) 433-0886 

Received By Samples Date Time Initials 
Name Employer Intact Sender Rec r 

Project NO./I.D. 52q- \3 Sheet , of I 
I=? v n  PA I '  L e  - %  Bottles Supplied By 

e 
Sampled By 

Name:-\, s, noA, ' @ ERM-Midwest,Inc., Columbus, Ohio 
NOTE: When analyses are complete return this form to: I 

Samples packaged & sealed by: 7 7 3  Date: 0-\4-"1\ Time: \q()b 
. Employer: J d d t k 7  Method of Shipment: &a e* d 7 t b3p&\ 

A I  / \ 

Received in fl/&h, l h  Date: /o//q/$/ Time: b'3C 
Containers intact (Y/N) . in Comments section 
Employer: / ' deals intact (Y/N) I . -I 

L. If not, describe 

GOOD CONDITION 

OUQ-$,a 
.Copies: White - Project file; Yellow - Client; Pink - Sampler ' 

1 4  
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COMPUCHEM = WMm, INC. P.O. Box 12652 3308 Chapel HilVNelson Highway Research Triangle Park, NC 27709 (919) 549-8263 

November 11, 1991 

Mr. T i m  Sainey 
ERM Midwest 
450 West Wilson Bridge Road 
Columbus, OH 43085 

Dear M r .  Sainey: 

We a t  CompuCheN are  pleased t o  p rov ide  our r e p o r t  f o r  t he  a n a l y s i s  you requested. 
Data f o r  t he  f o l l o w i n g  sample a r e  enclosed. 

Your I D  Our I D  Ana lys is  Order Desc r ip t i on  o f  Work 
Number Number Code Number Requested 

PRRSMW12 456191 936 24148 V o l a t i l e s  + L i b r a r y  Search, 
................................................................................. 

Method 8240 - 3 r d  Ed. w i t h  Dry 
Weight Determinat ion ( S t y l e  1) 

Unless noted by Q u a l i t y  Assurance Not ices inc luded i n  t h i s  r e p o r t  o f  data, a l l  
Q u a l i t y  Contro l  requirements associated w i t h  the  p repara t i on  and ana lys i s  o f  
these samples have been met. 

Release o f  t he  a n a l y t i c a l  da ta  contained i n  t h i s  da ta  package has been 
au thor ized  by the  Technical Review Manager o r  her  designee, as v e r i f i e d  by 
the  s ignature  below. 

Thank you f o r  s e l e c t i n g  CompuCheN Laborator ies f o r  your  sample analys is .  
you have questions concerning t h i s  r e p o r t  o r  the  a n a l y t i c a l  methods employed 
please contac t  your  Sales Representative a t  919-549-8263. 

I f  

We hope you w i l l  consider CompuChenP Laborator ies f o r  your  f u t u r e  a n a l y t i c a l  
support and serv ice  requirements. 

S incere ly ,  

Anh Chan 
Manager, F i n a l  Technical Review 

16  



- TABLE OF CONTENTS - 

Method Reference 

Data Sumary 

. Data Q u a l i f i e r s  . V o l a t i l e  Organics . Tenta t ive ly -  I d e n t i f i e d  Compounds (TIC) L i s t  

Q u a l i t y  Assurance Notices* 

Chain o f  Custody** 

*These not ices a r e  included where appropriate f o r  da ta  q u a l i f i c a t i o n .  

**When the o r i g i n a l  chain o f  custody i s  submitted w i t h  the sample(s), a copy 
o f  i t  i s  included w i t h  the report.  

1 7  



007361 
METHOD REFERENCE 

To determine the  concentrat ion o f  V o l a t i l e  organic compounds i n  a v a r i e t y  o f  waste 
matr ices,  CompuCheM employs the  methods s ta ted  i n  the  RCRA Method 8240. 

As a p o i n t  o f  in fo rmat ion ,  t h e  analy tes present on the  enclosed compound l i s t  have been 
v a l i d a t e d  f o r  Method 8240 as requ i red  by SW-846. 

Method Sumnary 

The v o l a t i l e  compounds are in t roduced t o  the  gas chromatograph by the  
Purge-and-Trap Method (RCRA Method 5030). The components a re  separated v i a  the  gas 
chromatograph and detected us ing  a mass spectrometer which i s  used t o  p rov ide  both 
q u a l i t a t i v e  and q u a n t i t a t i v e  in format ion.  The chromatographic cond i t i ons  as w e l l  as 
t y p i c a l  mass spectrometer opera t ing  parameters a re  g iven i n  the  RCRA Method 8240. 

A l i b r a r y  search i s  performed by automated comparison o f  t he  unknown peak spectrum 
t o  the  Nat iona l  I n s t i t u t e  o f  Standards and Technology (NIST, f o rmer l y  the  National 
Bureau o f  Standards) mass spec t ra l  l i b r a r y .  Estimated concent ra t ion  i s  ca lcu la ted  
us ing  the  known concentrat ion and peak area o f  the  c loses t  i n t e r n a l  standard wh i l e  
assuming a response f a c t o r  o f  one f o r  t he  unknown compound. 

18 



DATA REPORTING QUALIFIERS 

19 



.. 

COMPUCHEM POLICY FOR REPORTING 
GC/MS VOLATILE ORGANIC ANALYSES 

Compuchem utilizes the Finnigan Formaster software program 
to generate summary forms for many of our GC/MS analytical 
service products. In so doing, we have adopted the EPA's Contract 
laboratory Program (CLP) policy as it relates to the the application 
of the 'Dilution Factor.' An EPA directive has stated that the 
dilution factor is intended to account only for deviations from SOW 
specifications for the extract volume. For volatile analyses, the 
'Sample Wtlvol" field is incorporated into calculations by the software 
when less than the SOW speciried sample size (5 ml or 5 g) is taken 
for analysis. Less than the specified sample size would be taken in 
order to achieve on-column concentrations of analytes within the 
initial calibration range. 

20 
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DATA REPORTING QUALIFIERS 

VALUE - If the result is a value greater than or equal to !he detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected to: 

(330 U) x d f  Where D = 100 - % Moisture 
D 100 

and d f  = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 Ulx 10 = 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1:l response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 ugn, 
but a concentration is 3 ugA is calculated, report it as 35. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor has a calculated 
concentration of 300 ug/l and a sample quantitation limit of 430 
ugkg, report the concentration as 30OJ on Form 1. 

Q Q Q rJbjP2 
21 



DATA REPORTING QUALIFIERS - PAGE 2 
0 0 7 3 6 1  

C - This flag applies to pesticides results where the identification 
has been amfirmed by GC/MS. Single component pesticides >lo ngtul 
in the final extract shall be confirmed by GC/MS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. It indicates possiblelprobable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as well as for a positively identified 
TCL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GClMS instrument for that specific analysis. 
This flag will not apply to pesticideslPCBs analyzed by GClEC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and reanalyzed according to the 
specifications. All such compounds with a response greater than full 
scale should have the concentration flagged with an "E" on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the 'DL" suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is reanalyzed at 
a higher dilution factor, as in the "E" flag above, the "DL" suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "Dn flag. 

A - This flag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & Z - Other specific flags and footnotes may be required to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Package and the Case Narrative. Begin by 
using "Y". If more than one flag is required, use "2" as needed. If more than 
five qualifiers are required for a sample result, use the "Y" or 'Z" flag 
to combine several flags, as needed. For instance, the ' Y a  or "2" flag might 
combine the "A", "B", and "D' flags for some sample. 

22 



1x 
ORGANICS ANALYSIS DATA SHEET 

SAMPLE NO. 

1 I 

Contract: 500143 I pRRsMw12 Lab Name: COMPUCHEM,RTP 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL 

Sample wt/vol : 0.10 (g/mL) G 

Level : (low/med) MED 

% Moisture: not dec. 

GC Column: CAP ID: (mm) 

Soil Extract Volume: 10000 (UL) 

CAS NO. COMPOUND 

Lab Sample ID: 456191 

Lab File ID: CR056191B03 

Date Received: 10/19/91 

Date Analyzed: 10/24/91 

Dilution Factor: 1.0 

Soil Aliquot Volume: 100 (uL) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

FORM I X-1 

23 

1200 
620 
1200 
1200 
760 
1200 
620 
620 
620 
620 
620 
620 
1200 
620 
620 
1200 
620 
620 
620 
620 
620 
620 
620 
620 
1200 
1200 
1900 
1900 
620 
1200 
170 
,620 
140 

U 
U 
U 
U 
BJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
J 

3 

m 

e 
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0 0 7 3 6 1  
1x SAMPLE NO. 

ORGANICS ANALYSIS DATA SHEET 

PRRSMw12 4) Name : COMPUCHEM, RTP 
Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456191 

Sample wt/vol: 0.10 (g/mL) G Lab File ID: CR056191B03 

Level : (low/med) MED Date Received: 10/19/91 

% Moisture: not dec. Date Analyzed: 10/24/91 

GC Column: CAP ID: (mm) Dilution Factor: 1.0 

Soil Extract Volume: 10000 (UL) Soil Aliquot Volume: 100 (uL) 

Contract: 500143 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

a 

a 

620 
1000 
1200 
11000 
15000 
620 
1900 
1200 
1200 
1200 
12000 
620 
620 
1900 
1900 
1900 
1200 
1200 

U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I X-2 
24 
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PUALITY ASSURANCE NOT CE 
CompuChem ID# q9 L+ 
Blank rD# 9 5 > W 7  
Case $ aq,u/g 

CompuChem offers various types of analytical services. The above sample 
was analyzed according to the protocol checked: 
( ) llContract Laboratory Program (CLP) --Volatile / Semivolatile analysis". 

cal requirements were derived from the EPA. AnF ( "Volatile Analysis by GC/MS--Method 8240" / glSemivolatile Analysis by 
GC/MS--Method 8270". Many of the Quality Control requirements of these methods 
were derived from the EPA's Contract Laboratory Program. 
( ) Clean Water Act Purgeable Volatile Analysis--Method 624" / "Base 
Neutrals and Acids--Method 625". Requirements were established in the Federal 
Register of October 26, 1984, 40 CFR Part 136. 
( ) I1Lower Detection Limit / ResWell Volatile or Semivolatile". CLP 
requirements have been modified for application to this method. 

The CLP protocols allow certain levels of common laboratory solvents 
(Acetone, Methylene Chloride, and Toluene), the solvent-related artifact 
2-Butanone, and phthalates to be present in blanks, up to five times the 
Contract Required Quantitation Limit (CRQL). CompuChem has a more stringent 
policy for liquid samples, allowing up to a maximum of twice the CRQL for these 
commonly occuring contaminants. An exception is made in the case of liquid 
Instrument Blanks where the analyses of three successive blanks indicate a 
consistent background level of Methylene Chloride. The concentration of 

lene Chloride in Low Level Soil Method Blanks may not exceed 25 ug/kg; 
ne may not exceed 50 ug/kg (Medium Level Soil methodology applies a 

Exception to our policy is made only when the volatile analysis or extraction 
holding times are in jeopardy of being exceeded (although the CLP requirements 
must be met). 

Analysis of the Method Blank (and/or Instrument Blank) associated with the 
above sample indicated the following common laboratory contaminants were 
present at the indicated levels: 

factor of 125 to the concentrations to yield the reported amounts). 

=7 
concentration 

6 YO 

The reporting convention used in the CLP is to ttflaggt with a tlB1l all 
allowable target compounds present in the sample when also found in its 
associated blank. 

This notice Genes to explain the use of the ltBtt flag in reporting 
analytical results, while presenting the actual levels of the common laboratory 
solvents or phthalates seen in the associated blank. 

Data Usabilitv: General Guidelines 
In evaluating data usability, the following general guidelines originating 

from the US EPA are offered for assessing the significance of common laboratory 
artifacts in samples. If the concentration of an analyte in a sample is less 
than three times that in the blank, it may be negated due to laboratory 
contamination. If the concentration of an analyte in a sample is greater than 
five times that in the blank, it may be considered an actual sample component. 

he concentration of an analyte in a sample is greater than three times but 
1 I r n  than five times that in the blank, the presence of that compound in the 
sample may be considered suspect. 
QAN-VSV-15 Reviewer's initials/ID 
901001.rl date 

No adjustments are made to the analytical results. 
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Em-Midwest, inc. 
CHAIN OF CUSTODY RECORD 450 W Wilson Bridge Road Worthington. OH 43085 - (614) 432-7900 - Telefax (614) 433-0886 

Project No./I.D. ssq- \ 3  Sheet \ ~ of \ 
rn P A . h  I '  S J e F  Bottles Supplied By Sampled By c C J Q W O b  c!ne.- 

NOTE: When analyses are complete return this form to: 
Name : 7,. ,,- r\ el. . @ ERM-Midwest,Inc., Columbus, Ohio 

\ 
- No.of 

Sample Sample Collection bot- Analysis Remarks 
I . D .  Date/Time tles Requested 

T- 

? I2 ?.:, 

\ 

)'I be,Lhl - \ 3- 

i 
I I 
i 

I 

I 
Shipping package opened by: Date: 10- q .  q? Time: 633s  
Employer: F,Q w, Containers intact (Y/N) bw 3 

- I Samples packaged & sealed by: Ts5 Date: 0 - i C J - q  1 Time: \qcm - Employer: m, 'm Method of Shipment: h 2 & 9 n - -  7 FL.9Pi<\ 
A I  1 

Received in /I&$% /- Date: /o\[qk/ Time: 9'30 
Employer: deals intact (Y/N) I .  I 

Containers intact (Y/N) . If not, describe in Comments section 
1 1 

I/ 

NOTE: Laboratoryls Chain of Custody shall be in effect from receipt through 
analysis. 

I I I I I 

Relii 
Name 

COMMENTS : 
-. 

' /RECEIVED IN 
GOOD CONDtTiON 

Copies: White - Project file; Yellow - Client; Pink - Sampler 
27 
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C~MPUCHEM - LABoKm, INC. P.O. Box 12652 3308 Chapel HWNelson Highway ResearchTriangle Park; NC27709 (919)549-8263 

December 2, 1991 

Mr. Tim Sainey 
ERM MIDWEST 
450 West Wilson Bridge Road 
Columbus, IL 60015 

Dear Mr. Sainey: 

We at CompuChem" are pleased to provide our report for the analysis you requested. 
Data €or the following sample are enclosed: 

Your ID Our ID Analysis Order Description of Work 
Number Number Code Number Requested 

PRRSMW13 456712 939 24148 Semi-Volatiles + Library Search, 
Method 8270 - 3rd Ed. with Dry 
Weight Determination (Style 1) 

Unless noted by Quality Assurance Notices included in this report of data, all 
Quality Control requirements associated with the preparation and analysis of 
these samples have been met. 

Release of the analytical data contained in this data package has been authorized 
by the Technical Review Manager or her designee, as verified by the signature 
below. 

Thank you for selecting Compuchem" Laboratories for your sample analysis. If you 
have questions concerning this report or the analytical methods employed please 
contact your Sales Representative at 919-549-8263. 

We hope you will consider Compuchem@ Laboratories for your future analytical 
support and service requirements. 

Sincerely, 

Anh khan 
Manager, Final Technical Review 
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METHOD REFERENCE 

To determine the concentration of semi-volatile organic compounds in solid 
matrices CompuChem@ employs the methods as outline in SW-846, for sample pre- 
paration (Method 3 5 5 0 )  and analysis (Method 8270). These methods are approved 
for obtaining data to satisfy the requirement of 40CFR Part 261, Identification 
and Listing-of Hazardous Waste. 

Method Summary 

After the pH and percent moisture determinations, a weighed sample (30 grams) 
of the solid waste is extracted with a 1:l methylene ch1oride:acetone solution 
using an ultrasonic probe. The extract is dried and concentrated €or analysis. 
Analysis is performed by separation of the components by gas chromatography 
followed by qualitative and quantitative identification by mass spectrometry 
using internal standard techinques. 

A library search is performed by automated comparison of the unknown peak spectrum 
to the National Institute of Standards .and Technology (NIST, formerly the National 
Bureau of Standards) mass spectral library. Estimated concentration is calculated 
using the known concentration and peak area of the closest internal standard while 
assuming a response factor of one for the unknown compound. 
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DATA REPORTING QUALIFIERS 

. 
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-. 

DATA REPORTING QUALIFIERS 

VALUE - If the result is a value greater than or equal to the detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected ;a: 

J330 U) x d f  Where D = 100 - % Moisture 
D 100 

and df = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 U) x 10 = 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1:l response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 ugA, 
but a concentration is 3 ugll is calculated, report it as 3J. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor has a calculated 
concentration of 300 ug/l and a sample quantitation limit of 430 
ugkg, report the concentration as 3OW on Form 1. 
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DATA REPORTING QUALIFIERS - PAGE 2 

C - This flag applies to pesticides results where the identification 
has been confirmed by GCIMS. Single component pesticides >lo nglul 
in the final extract shall be confirmed by GCIMS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. it indicates possible/probable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as well as for a positively identified 
TCL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GC/MS instrument for that specific analysis. 
This flag will not apply to pesticideslPCBs analyzed by GC/EC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and re-analyzed according to the 
specifications. All such compounds with a response greater than full 
scale should have the concentration flagged with an "Ew on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the 'DL" suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is reanalyzed at 
a higher dilution factor, as in the "Ea flag above, the "DL" suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "D" flag. 

A - This fl ag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & 2 - Other specific flags and footnotes may be required to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Package and the Case Narrative. Begin by 
using "Y". If more than one flag is required, use "Z' as needed. If more than 
five qualifiers are required for a sample result, use the "Y" or "Z" flag 
to combine several flags, as needed. For instance, the .Y8 or "Z' flag might 
combine the "A", 'Bm, and "D" flags for some sample. 



1x 
ORGANICS ANALYSIS DATA SHEET 

l@Name: COMPUCHEM, RTP Contract: 500143 

0 0 7 3 6 1  
SAMPLE NO. 

PRRSMW13 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No.: 

Matrix: (soil/water) SOIL Lab Sample ID: 456712 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD0567 12A02 

Level : (low/med) LOW Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: 2.0 (UL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

4D 

e 
FORM I X-1 

34 

1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
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1x SAMPLE NO. 
ORGANICS ANALYSIS DATA SHEET 

PRRSMW13 
Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456712 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD056712A02 

Level : (low/med) LOW Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: 2.0(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

1600 
1600 
1600 
16000 
1600 
1600 
1600 
200 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
190 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 
1600 

U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I X-2 
35 

3/90 



1x 
ORGANICS ANALYSIS DATA SHEET 

a Name : COMPUCHEM , RTP Contract: 500143 

0 0 7 3 6 1  
SAMPLE NO. 

PRRSMW13 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456712 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD0567 12A02 

Level : (low/med) LOW Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: 2.0(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) N PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

FORM I X-3 
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3200 
3200 
1600 
1600 
1600 
3200 
1600 
6400 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 

3200 
3200 
1600 
4900 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

280 

u 
u 
U 
u 
U 
U 
u 
u 
u 
u 
U 
U 
U 
U 
u 
u 
u 
u 
J 
U 
u 
U 
U 
U 
U 
U 
U 
U 
u 
u 
u 
u 
U 



1x SAMPLE NO. 
ORGANICS ANALYSIS DATA SHEET 

k PRRSMW13 
Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456712 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD056712A02 

Level : (low/med) L O W  Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: 2.0 (UL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 
~ ~ 

3200 
1600 
610 

1600 
1600 
3200 
7900 
510 
1600 
800 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
310 
420 
170 
1600 
410 
1600 
410 
230 
1600 
1600 
1600 
1600 
1600 

U 
U 
J 
U 
U 
U 
U 
J 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
J 
J 
J 
U 
JX 
U 
JX 
J 
U 
U 
U 
U 
U 

FORM I X-4 
37 
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007361 
PAGE 1 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GD056712A02 SAMPLE # 456712 

SCAN 
NUMBER 

673 

706 

763 

786 

795 

805 

.. 
819 

838 

860 

874 

880 

903 

1.000 

ESTIMATED 
CONC. (ug/l) CAS # 

108-38-3 

108-38-3 

20019-64-1 

4 03 2-9 3-3 

620-14-4 

108-67-8 

620-14-4 

108-67-8 

62 108-25-2 

108-67-8 

62108-27-4 

135-98-8 

ITEM 

1. 

2. 

3. 

4. 

5. 

. a  
7. 

8. 

9. 

10. 

11. 

12. .' 

a- 
* -  

COMPOUND NAME 

BENZENE, 1,3-DIMETHYL- 
DIMETHY LBENZENE 

32. J 

BENZENE, 1,3-DIMETHYL- 
DIMETHY LBENZENE 

14. J 

2 (5H) -FURANONE, 5,5-D1METHYL- 
ALDOL 

17. JA* 

HEPTANE, 2,3,6-TRIMETHYL- 
UNKNOWN ALKANE' 

8. J 

BENZENE, 1-ETHYL-3-METHYL- 
ETHYLMETHYLBENZENE 

17. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMEHYLBENZENE 

16. J 

BENZENE, 1-ETHYL-3-METHYL- 
ETHYLMEHTYLBENZENE 

14. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMEHYLBENZENE 

31. J 

DECANE, 2,6,7-TRIMETHYL- 
UNKNOWN HYDROCARBON 

7. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

14. J 

DECANE, 2,4,6-TRIMETHYL- 
UNKNOWN HYDROCARBON 

12. J 

BENZENE, (1-METHYLPROPYL) - 
METHYLPROPYLBENZENE & UNKNOWN 

21. J 

40.000 
SPECTROSCOPIST MSS 

DATE -11/25/91 

Indicates an estimated concentration which is determined assuming a 1:l 
response. 
See Quality Assuarance Notice. 
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PAGE 2 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GD056712A02 SAMPLE # 456712 

13. 910 105-05-5 BENZENE, 1,4-DIETHYL- 
DIETHYLBENZENE 

14. 944 25155-15-1 BENZENE, METHYL(1-METHYLETHYL)- 
ETHYLDIMETHYLBENZENE 

15. 1023 7525-62-4 BENZENE, 1-ETHENYL-3-ETHYL- 
UNKNOWN 

16. 1223 3891-98-3 DODECANE, 2,6,10-TRIMETHYL- 
UNKNOWN HYDROCARBON 

15. J 

12. J 

8. J 

7. J 

17. 1297 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 16. J 
UNKNOWN HYDROCARBON 

18. 1450 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 16. J 
UNKNOWN HYDROCARBON 

19. 1493 1921-70-6 PENTADECANE, 2,6,10,14-TETRAMETHYL- 28. J 
UNKNOWN HYDROCARBON 

20. 1570 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 26. J 
UNKNOWN HYDROCARBON 

21. 1627 1560-93-6 PENTADECANE, 2-METHYL- 
UNKNOWN HYDROCARBON 

9. J 

1.000 40.000 
SPECTROSCOPIST MSS 

DATE -11/25/91 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 
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807361 
1x SAMPLE NO. 

ORGANICS ANALYSIS DATA SHEET 

PRRSMW13RE 4 Name : COMPUCHEM , RTP 
Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456712 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GJD56712B02 

Level : (low/med) L O W  Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/20/91 

Contract: 500143 

I 

1 Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

e 

a 
FORM I X-1 

40 

1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

3 '90 



1x .*.r ’ 1 - ” * .  

ORGANICS ANALYSIS DATA SHEET 

Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

Level : (low/med) L O W  Date Received: 

SAMPLE NO. 

I c PRRSMW13RE 

No. : 

456712 

GJD56712B02 

10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/20/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) N 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG 

FORM I X-2 
4 1  

1600 
1600 
1600 

16000 
1600 
1600 
1600 
270 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
290 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 
1600 

Q 

U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

3/90 



1x 
ORGANICS ANALYSIS DATA SHEET 

@Name : COMPUCHEM , RTP 

Lab Code: COMPU Case No.: 24148 SAS No. : S DG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

Level : (low/med) LOW Date Received: 

Contract: 500143 
PRRSMW13RE 

No. : 

456712 

GJD567 12B02 

10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/20/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

a 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG 

FORM I X-3 
A:, 

~ 

3200 
3200 
1600 
1600 
1600 
3200 
250 
6400 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 
360 
3200 
3200 
1600 
4900 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

Q 

U 
U 
U 
U 
U 
U 
J 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

*. .3/'90 



1x 
ORGANICS ANALYSIS DATA SHEET 

Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : S DG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

Level : (low/med) LOW Date Received: 

SAMPLE NO. 

I 

II) PRRsMW13RE 

No. : 

456712 

GJD56712B02 

10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/20/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) N PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

3200 
1600 
850 
320 
1600 
3200 
7900 
830 
1600 
870 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
330 
420 
1600 
1600 
530 
1600 
530 
310 
1600 
1600 
1600 
1600 
1600 

U 
U 
J 
J 
U 
U 
U 
J 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
J 
J 
U 
U 
JX 
U 
JX 
J 
U 
U 
U 
U 
U 

3/90 



PAGE 1 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GJD56712B02 SAMPLE # 456712 

SCAN 
NUMBER 

671 

703 

760 

. .. . 
783 

792 

802 

816 

830 

835 

857 

871 

877 

1.000 

ESTIMATED 
CONC. (ug/l) CAS # 

108-38-3 

95-47-6 

20019-64-1 

4032-93-3 

620-14-4 

108-67-8 

611-14-3 

124-18-5 

108-67-8 

62108-25-2 

108-67-8 

62108-27-4 

ITEM 

1. 

2. 

3. 

4. 

5. 

d 
7. 

8. 

9. 

10. 

11. 

12. 

COMPOUND NAME 

BENZENE, 1,3-DIMETHYL- 
DIMETHYLBENZENE 

41. J 

BENZENE, 1,2-DIMETHYL- 
DIMETHY LBENZENE 

18. J 

2(5H)-FURANONE, 5,5-DIMETHYL- 
ALDOL 

2 1. JAB* 

HEPTANE, 2,3,6-TRIMETHYL- 
UNKNOWN ALKANE 

11. J 

BENZENE, 1-ETHYL-3-METHYL- 
ETHYLMETHYLBENZENE 

22. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

21. J 

BENZENE, 1-ETHYL-2-METHYL- 
ETHYLMETHYLBENZENE 

18. J 

DECANE 
UNKNOWN HYDROCARBON 

11. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

30. J 

DECANE, 2,6,7-TRIMETHYL- 
UNKNOWN HYDROCARBON 

10. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

18. J 

DECANE, 2,4,6-TRIMETHYL- 
UNKNOWN HYDROCARBON 

18. J 

40.000 
SPECTROSCOPIST MSS 

DATE -11/25/91 

J - Indicates an estimated concentration which is determined assuming a 1:l 
* - See Quality Assurance Notice. response. 
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PAGE 2 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS C 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GJD56712B02 SAMPLE # 456712 

13. 900 5398-10-7 PROPANEDIOIC ACID, HEXYL-, DIETHYL ESTER 29. J 
UNKNOWN 

14. 907 105-05-5 BENZENE, 1,4-DIETHYL- 
DIETHYLBENZENE 

15. 941 25155-15-1 BENZENE, METHYL(1-METHYLETHYL)- 
METHYLMETHYLETHYLBENZENE 

20. J 

17. J 

16 1220 3891-98-3 DODECANE, 2,6,10-TRIMETHYL- 9. J 

17. 1283 

UNKNOWN HYDROCARBON 

- -  ALPHA-METHOXY-BETA,BETA-DIMETHYLSTYRENE 10. J 
UNKNOWN 

18 1294 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 21. J 
UNKNOWN HYDROCARBON 

19. 1447 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 21. J 
UNKNOWN HYDROCARBON 

20. 1490 54105-67-8 HEPTADECANE, 2,6-DIMETHYL- 
UNKNOWN HYDROCARBON 

38. J 

21. 1567 18344-37-1 HEPTADECANE, 2,6,10,14-TETRAMETHYL- 35. J 
UNKNOWN HYDROCARBON 

1.000 40.000 
SPECTROSCOPIST MSS 

DATE -1 1/ 2 5/ 9 1 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 



= C~MPUCHEM 
~AEDMTORIES 

- r- - 
QUALITY ASSURANCE NOTICE 

Appendix IX, Method 8270 Analysis 

The calibration, surrogate, spike and internal standard solutions used 
in all organic extractables methods, including Method 8270, are prepared 
from individually-weighed neat materials (not solutions) by a Sr. 
Standards Chemist at CompuChem Laboratories, Inc. The prepared 
standards are then compared to certified reference materials to verify 
their traceability to EPA or NIST-certified sources. This procedure was 
instituted years ago because of the general unavailability of high- 
quality standard solutions from commercial vendors. 

The only known commercial source for aramite, as a pure material, is no 
longer producing this compound. CompuChem is currently evaluating the 
commercial sources for prepared standard solutions containing aramite, 
but until this study is completed, we are no longer able to include the 
analyte in the Appendix IX calibration standards. The software that 
produces the quantitation report from the GC/MS instrument has not been 
altered, so aramite still appears on this raw data output, even thouah 
the analvte is not identifiable 'or uu antifiable. Aramite has beerr 
omitted from the compound list in the final data report. 

Robert J. Whitehead 
Manager, Quality Assurance 
September 20, 1990 

COMPUCHEM LABORATORIES.INC P.O. BOX 12652 3308Chapel Hi:' '"- '  'e; .....,y Researchlriangle Park. NC 27709 (91 91 549-62E: 
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QUALITY ASSURANCE NOTICE 

ComDuChem ID# 'f56 711 
Client ID# Ppf?SPlrJ13 - Case 4 24!N 

Due to severe matrix interferences present in the J ' ! ~ ; ~ ~ ~ ~ ~ \ t  fraction of 
this sample, the following Internal Standard(s) had responses which varied 
considerably from the associated Continuing Calibration Standard responses. 

This sample was reanalyzed to confirm the matrix effects, and initial resul 
were verified. Depending on the degree of interference, surrogate recover 
may also be affected for those compounds quantitated using the affect 
internal standard(s). Under some circumstances, depending on the client's 
requirements, both sets of data will be reported. When only one report is 
required, the analyst considers whether or not the repreparation was completed 
within holding time specifications in deciding which set of data to report. If 
holding times were met in both preparations, the analysis that appears to be 
least affected by the sample matrix will be reported. 

* 
Additional 

QAN-VSV-5 
901001 



9UALITY ASSURANCE NOTICE 

ComDuChem ID#cp ~~~7~~ 
Client I D g  QR W I? 
Case f 2 4 l S A  

Peaks on the Reconstructed Ion Chromatogram (RIC) of the semivolatile fraction 
of this sample at the scan numbers listed below were identified as non-target 
list compounds introduced by the laboratory during sample preparation or 
analysis. This was concluded from a comparison of tentatively identified 
compound spectra and retention times found by the Library Search routine of the 
sample and its associated method blank (also referred to as an extraction blank 
or a preparation blank) and/or leachate blank. When present in the blank, a llBlr 

flag is added to the corresponding compound on the Tentatively Identified 
Compound (TIC) forms for the associated samples. 

The EPA has not established criteria for the evaluation of non-TCL (Target 
Compound List) contamination in blanks analyzed under the Contract Laboratory 
Program (CLP) protocols. Our policy .is to allow up to three (3) non-TCL 
contaminants with peak heights greater than 25% of the height of the 
nearest-eluting internal standard peak. An exception is made for certain 
acetone contaminants which are known to be present in the solvent system used 
in the extraction of solid samples and blanks. This acetone / methylene 

ride solvent mixture can produce several contaminants. Peaks that are e ected as aldol-condensation reaction products (i.e., 
4-methyl-4-hydroxy-2-pentanone and 4-methyl-3-pentene-2-one) are flagged with 
an llA1l on the Tentatively Identified Compound forms and are listed below. 

scan: 763  7bO 

When concentrations of these compounds are not sufficient in the method blank 
and/or leachate blank to require a Library Search but are in the associated 
samples, a mass spectral comparison is made to ensure the tentative identity of 
the TIC. The TIC is assessed as a contaminant in the same manner described 
above and labeled with a IrBt1 flag in the samples to indicate its presence in 
the blank. The following scans indicate these TICS for this sample. 

method blank scan: 

leachate blank scan: 

sample scan: 

These flagged compounds should not be considered actual constituents of this 
sample fraction. Therefore, they are included in the total number of TIC'S 
found, but are not counted as part of the twenty most intense non-TCL 

'volatile compounds requiring Library Search. 

Reviewer's initials/ID / w 
QAN-SV-14 
901001 Date 
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QUALITY ASSURANCE NOTICE 

A dilution of the . s ~ h  : t/3Mt-/,, fraction of this sample was required in 
order to achieve accurate and discernible results by GC analysis (usually to 
prevent detector saturation). As a result, detection limits are elevated, 

In such while surrogate concentrations may be diluted below these limits. 
cases, surrogate recovery data cannot be calculated. A method blank 
prepared and analyzed with this sample was not diluted and met all surrogate 
recovery criteria. 

Reviewer's initials/ID ALP / B i ?  

QAN-GC-8 
901001 



EM-Midwest, inc. 

A d  1 - 
Received in labora 

Containers intact (Y/N) 

ry by: &$/h&-/h!L Date : /,P& Time : q:a.fM 
I 

Employer: &mfl J & 1 /'iSeals intact (Y/N) ' 
If not, describe in Comments section 

0 8 1 3 6 1  
CHAIN OF CUSTODY RECORD 450 W. Wilson Bridge Road - Worthington. OH 43085 - (614) 43%79oo*Tdefax: (614) 433.0886 

( L o  j ect No ./I. D. s39- \3 Sheet of 1 

3 Sampled By 7 s ~  I S ~ K  Bottles Supplied By 
NOTE: When analfies are complete return this form to: 

Name: TI- %,,a'- @ ERM-Midwest,Inc., Columbus, Ohio 
\ 

ipping package opened by: \ X S / f  If Date: - l\ -q\  Time: 08x0 - 
ployer: L E m  F.1,5 WGSv donta?ners intact (Y/N) LGZS 

I r\> /nh Y 
b9-C I Samples packaged t se Date: (0-3\-ci1 Time: \73- 

Employer: G R m  Methbf of Shipment: x Ekr,rnr%' 

I NOTE: Laboratory's Chain of Custody shall be in effect from receipt through 
analysis. 

I I I I I I I I 
COMMENTS : 

Copies: White Yellow - Client; Pink - Sampler 

RECEIVED IN 
GOOD CO1YIDITION 
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- 
I C~MPUCHEM = WKW, INC. P.O. Box 12652 3308 Chapel HWNelson Highway Research Triangle Park, NC 27709 (919) 549-8263 

November 28, 1991 

Mr. Tim Sainey 
ERM MIDWEST 
450 West Wilson Bridge Road 
Columbusd, IL 60015 

Dear Mr. Sainey: 

We at CompuChem@ are pleased to provide our report for the analysis you requested. 
Data for the following sample are enclosed: 

Your ID Our ID Analysis Order Description of Work 
Number Number Code Number Re que s t ed 

PRRSMW13 456711 936 24148 Volatiles + Library Search, 
................................................................................. 

Method 8240 - 3rd Ed. with Dry 
Weight Determination (Style 1) 

Unless noted by Quality Assurance Notices included in this report of data, all 
Quality Control requirements associated with the preparation and analysis of 
these samples have been met. 

0 
Release of the analytical data contained in this data package has been authorized 
by the Technical Review Manager or her designee, as verified by the signature 
below. 

Thank you for selecting Compuchem@ Laboratories for your sample analysis. If you 
have questions concerning this report or the analytical methods employed please 
contact your Sales Representative at 919-549-8263. 

We hope you will consider Compuchem@ Laboratories for your future analytical 
support and service requirements. 

Sincerely, 

I 
And Chan 1 

Manager, Final Technical Review 
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METHOD REFERENCE 

To determine the concentration of volatile organic compounds in a variety of waste 
matrices, CompuChem@ employs the methods stated in the RCRA Method 8240. 

As a point of information, the analytes present on the enclosed compound list have 
been validated for Method 8240 as required by SW-846. 

Method Summary 

The volatile compounds are introduced to the gas chromatograph by the 
Purge-and-Trap Method (RCRA Method 5030). The components are separated via 
the gas chromatograph and detected using a mass spectrometer which is used 
to provide both qualitative and quantitative information. The chromatographic 
conditions as well as typical mass spectrometer operating parameters are given 
in the RCRA Method 8240. 

A library search is performed by automated comparison of the unknown peak spectrum 
to the National Institute of Standards and Technology (NIST, formerly the National 
Bureau of Standards) mass spectral library. Estimated concentration is calculated 
using the known concentration and peak area of the closest internal standard while 
assuming a response factor of one for the unknown compound. 
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DATA REPORTING QUALIFIERS 

55 



COMPUCHEM POUCY FOR REPORTING 
GC/MS voumE ORGANIC ANALYSES 

Compuchem utiliies the Finnigan Formaster software program 
to generate summary forms for many of our GC/MS analytical 
service products. In so doing, we have adopted the EPA's Contract 
Laboratory Program (CLP) policy as it relates to the the application 
of the 'Dilution Factor: An EPA directive has stated that the 
dilution factor is intended to account only for deviations from SOW 
specifications for the extract volume. For volatile analyses, the 
'Sample Wvol' field is incorporated into calculations by the software 
when less than the SOW specified sample size (5 mi or 5 g) is taken 
for analysis. Less than the specified sample size would be taken in 
order to achieve on-column concentrations of analytes within the 
initial calibration range. 
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DATA REPORTING QUALIFIERS 

VALUE - If the result is a value greater than or equal to the detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected to: 

1330 U) x d f  Where D = 100 - % Moisture 
0 100 

and d f  = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 Uyx 10 3: 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1 :1 response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 u@, 
but a concentration is 3 ugA is calculated, report it as 35. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor has a calculated 
concentration of 300 ug/l and a sample quantitation limit of 430 
umg, report the concentration as 30OJ on Form 1. 
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DATA REPORTING QUALIFIERS - PAGE 2 

C - This flag applies to pesticides results where the identification 
has been confirmed by GCIMS. Single component pesticides >lo nglul 
in the final extract shall be confirmed by GCIMS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. It indicates possible/probable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as well as for a positively identified 
TCL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GCIMS instrument for that specific analysis. 
This flag will not apply to pesticides/PCBs analyzed by GCIEC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and re-analyzed according to the 
specifications. All such compounds with a response greater than full 
Scale should have the concentration flagged with an "E" on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the 'DL" suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is re-analyzed at 
a higher dilution factor, as in the "E" flag above, the "DL" suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "D" flag. 

A - This flag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & 2 - Other specific flags and footnotes may be required to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Package and the Case Narrative. Begin by 
using "Y8. If more than one flag is required, use "Z" as needed. If more than 
five qualifiers are required for a sample result, use the 
to combine several flags, as needed. For instance, the *Ym or 'Z" flag might 
combine the 'A', *B", and "D' flags for some sample. 

or "2" flag 
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1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

Lab Name: COMPUCHEM.RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 4 . 0  (g/mL) G Lab File ID: 

Level : (low/med) MED 

% Moisture: not dec. 

Date Received: 

Date Analyzed: 

c PRSSMW13 

No. : 

456711 

C2R56711B03 

10/22/91 

10/30/91 

GC Column: CAP ID: (mm) Dilution Factor: 17000 

Soil Extract Volume: 10000 (UL) Soil Aliquot Volume: 0 (UL) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG 

FORM I VOA 

59 QQ0414 

20000000 
10000000 
20000000 
20000000 
19000000 
20000000 
10000000 
10000000 
10000000 
10000000 
10000000 
10000000 
20000000 
10000000 
10000000 
20000000 
10000000 
10000000 
10000000 
10000000 
10000000 
10000000 
3200000 
10000000 
20000000 
20000000 
32000000 
32000000 
10000000 
20000000 
140000000 
10000000 
100000000 
10000000 

Q 

U 
U 
U 
U 
BJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 

U 

U 

3 

a 

e 
90 



320000000 
20000000 
180000000 
250000000 
10000000 
32000000 
20000000 
20000000 
20000000 
200000000 
10000000 
10000000 
32000000 
32000000 
32000000 
20000000 
20000000 

B 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I VOA 
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PAGE 1 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS C 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: VOLATILE 

DATA FILENAME: C2R56711B03 SAMPLE # 456711 

SCAN 
ITEM NUMBER CAS # COMPOUND NAME 

1. 1142 98-82-8 BENZENE, (1-METHYLETHYL) - 

ESTIMATED 
CONC. (ug/l) 

135200000 J 

2080000.0 50.00 

SPECTROSCOPIST SAH 

DATE 11/ 01/9 1- 

a J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 
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QUALITY ABBURANCE NOTICE 

Client 
Case 3 ~ u i  

Depending on the type of analysis performed on this sample for the 
determination of volatile organic compounds, either a dilution was performed or 
less than the method-specified amount of sample was analyzed. This was 
necessary in order to achieve more accurate and discernible results by GC/MS or 
to prevent detector saturation. A s  a result, detection limits are elevated 
above those normally achieved for the method. Depending on the level of 
dilution required of a medium level extract, surrogates may be diluted to 
concentrations below detection limits and recovery data unavailable. 

Reviewer's initials/ID OL d- ,TY 
/ / i  
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Blank ID# C 
Case 

CompuChem offers various types of analytical services. The above sample 
was analyzed according to the protocol checked: 

"Contract Laboratory Program (CLP) --Volatile / Semivolatile analysis". 
Ana$ ical requirements were derived from the EPA. 
( 81Volatile Analysis by GC/MS--Method 8240" / ttSemivolatile Analysis by 
GC/MS--Method 8270". Many of the Quality Control requirements of these methods 
were derived from the EPA's Contract Laboratory Program. 
( ) Clean Water Act Purgeable Volatile Analysis--Method 6 2 4 "  / "Base 
Neutrals and Acids--Method 6 2 5 " .  Requirements were established in the Federal 
Register of October 26, 1984, 40 CFR Part 136- 
( ) I1Lower Detection Limit / ResWell Volatile or Semivolatile". CLP 
requirements have been modified for application to this method. 

The CLP protocols allow certain levels of common laboratory solvents 
(Acetone, Methylene Chloride, and Toluene), the solvent-related artifact 
2-Butanone' and phthalates to be present in blanks, up to five times the 
Contract Required Quantitation Limit (CRQL). CompuChem has a more stringent 
policy for liquid samples, allowing up to a maximum of twice the CRQL for these 
commonly occuring contaminants. A n  exception is made in the case of liquid 
Instrument Blanks where the analyses of three successive blanks indicate a 
consistent background level of Methylene Chloride. The concentration of 
Methylene Chloride in Low Level Soil Method Blanks may not exceed 25 ug/kg- 
Acetone may not exceed 50 ug/kg (Medium Level S o i l  methodology applies 
correction factor of 125 to the concentrations to yield the reported amounts). 
Exception to our policy is made only when the volatile analysis or extraction 
holding times are in jeopardy of being exceeded (although the CLP requirements 
must be met). 

Analysis of the Method Blank (and/or Instrument Blank) associated with the 
above sample indicated the following common laboratory contaminants were 
present at the indicated levels: 

a 

2 7  
concentration 

35b 
%-D 

The reporting convention used in the CLP is to IIflaglt with a t iBi i  all 
allowable target compounds present in the sample when also found in its 
associated blank- 

This notice serves to explain the use of the rtBtr flag in reporting 
analytical results, while presenting the actual levels of the common laboratory 
solvents or phthalates seen in the associated blank. 

Data Usabilitv: General Guidelines 
In evaluating data usability, the following general guidelines originating 

from the US EPA are offered for assessing the significance of common laboratory 
artifacts in samples. If the concentration of an analyte in a sample is less 
than three times that in the blank, it may be negated due to laboratory 
contamination. If the concentration of an analyte in a sample is greater than 
five times that in the blank, it may be considered an actual sample component. 
If the concentration of an analyte in a sample i s  greater than three times bu' 

sample may be considered suspect. 
QAN-VSV-15 Reviewer's 
901001. rl 

No adjustments are made to the analytical results. 

less than five times that in the blank, the presence of that compound in th !B 
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Em-Midwest, inc. 
CHAIN OF CUSTODY RECORD 450 W. Wilson Bridge Road Worthington. OH 43085 (614) 433-7900 le&: (614) 4334886 

oj ect No. /I. D. 539- \3 Sheet of I 
fl mpled By 7 s ~  / S ~ K  Bottles Supplied By 

NOTE: When analykes are complete return this form to: 
Name: 7,- %,-e:- @ ERM-MidWest,Inc., Columbus, Ohio 

\ 

Remarks 

\ 3S/ThC Date: in - ' ~ \ - q \  Time: 0830 - ipping package opened by: 
loyer: G3.m b,&-- dbnta'lners intact (Y/N) 

A 1  A - 
Received in labora r y  by: d/&/-- Date: /&Q& Time: q:*& 
Containers intact (Y/N) 
Employer: h f l  J & f /fSeals intact (Y/N) ' 

If not, describe in Comments section 

NOTE: Laboratory's Chain of Custody shall be in effect from receipt through 
analysis. 

I I I I I I I I 
COMMENTS : 

Pink - Sampler 

RECEIVED IN 
GOOD CONDITION 
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- - C~MPUCHEM w m s ,  INC. P.O. Box 12652 3308 Chapel HWNelson Highway Research Triangle Park, NC 27709 (919) 549-8263 0- 
November 28, 1991 

Mr. Tim Sainey 
ERM MIDWEST 
450 West Wilson Bridge Road 
Columbusd, IL 60015 

Dear Mr. Sainey: 

We at CompuChem@ are pleased to provide our report for the analysis you requested. 
Data for the following sample are enclosed: 

Your ID Our ID Analysis Order Description of Work 
Number Number Code Number Requested 

PRRSMW4 1 456710 936 24148 Volatiles + Library Search, 
................................................................................. 

Method 8240 - 3rd Ed. with Dry 
Weight Determination (Style 1) 

Unless noted by Quality Assurance Notices included in this report of data, all 
Quality Control requirements associated with the preparation and analysis of 
these samples have been met. 

Release of the analytical data contained in this data package has been authorized 
by the Technical Review Manager or her designee, as verified by the signature 
below. 

Thank you for selecting Compuchem@ Laboratories for your sample analysis. If you 
have questions concerning this report or the analytical methods employed please 
contact your Sales Representative at 919-549-8263. 

We hope you will consider Compuchem" Laboratories for your future analytical 
support and service requirements. 

Sincerely, - 
Manager, Final Technical Review 
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METHOD REFERENCE 

To determine the concentration of volatile organic compounds in a variety of waste 
matrices, CompuChem@ employs the methods stated in the RCRA Method 8240. 

As a point of information, the analytes present on the enclosed compound list have 
been validated for Method 8240 as required by SW-846. 

Method Summary 

The volatile compounds are introduced to the gas chromatograph by the 
Purge-and-Trap Method (RCRA Method 5030). The components are separated via 
the gas chromatograph and detected using a mass spectrometer which is used 
to provide both qualitative and quantitative information. The chromatographic 
conditions as well as typical mass spectrometer operating parameters are given 
in the RCRA Method 8240. 

A library search is performed by automated comparison of the unknown peak spectrum 
to the National Institute of Standards and Technology (NIST, formerly the National 
Bureau of Standards) mass spectral library. Estimated concentration is calculated 
using the known concentration and peak area of the closest internal standard while 
assuming a response factor of one for the unknown compound. 

68 



DATA REPORTING QUALIFIERS 
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COMPUCHEM POLICY FOR REPORTING 
GClMS VOLATILE ORGANIC ANALYSES 

Compuchem utilizes the finnigan Formaster software program 
to generate summary forms for many of our GCIMS analytical 
service products. In so doing, we have adopted the EPA’s Contract 
Laboratory Program (CLP) policy as it relates to the the application 
of the ”Dilution Factor: An EPA directive has stated that the 
dilution factor is intended to account only for deviations from SOW 
specifications for the extract volume. For volatile analyses, the 
‘Sample Wvol” field is incorporated into calculations by the software 
when less than !he SOW specified sample size (5 ml or 5 g) is taken 
for analysis. Less than the specified sample size would be taken in 
order to achieve on-column concentrations of analytes within the 
initial calibration range. 

7 0  



DATA REPORTING. QUALIFIERS 

VALUE - If the result is a value greater than or equal to the detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected to: 

1330 U) x d f  Where D = 100 - 46 Moisture 
D 100 

and d f  = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 U) x 10 = 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1:l response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 ug/l, 
but a concentration is 3 ugll is calculated, report it as 3J. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor has a calculated 
concentration of 300 ug/l and a sample quantitation limit of 430 
ugkg, report the concentration as 30AI on Form 1. 
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DATA REPORTING QUALIRERS - PAGE 2 007361 
C - This flag applies to pesticides results where the identification 

has been confirmed by GClMS. Single component pesticides >lo nghl 
in the final extract shall be confirmed by GC/MS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. It indicates possiblelprobable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as well as for a positively identified 
-1CL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GClMS instrument for that specific analysis. 
This flag will not apply to pesticides/PCBs analyzed by GC/EC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and re-analyzed according to the 
specifications. All such compounds with a response greater than full 
scale should have the concentration flagged with an "E" on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the "DL" suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is reanalyzed at 
a higher dilution factor, as in the "E" flag above, the "DL' suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "D" flag. 

A - This flag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & 2 - Other specific flags and footnotes may be required to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Package and the Case Narrative. Begin by 
using "Y". If more than one flag is required, use "2" as needed. If more than 
five qualifiers are required for a sample result, use the .Yr or '2" flag 
to combine several flags, as needed. For instance, the "Y8 or '2" flag might 
combine the "A", "B8, and 'D' flags for some sample. 

72  



1A 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

I I 

Lab Name: COMPUCHEM,RTP Contract: 500143 I p-Mw41 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No.: 

Matrix: (soil/water) SOIL Lab Sample ID: 456710 

Sample wt/vol: 4.0 (g/mL) G Lab File ID: C4R56710B03 

Level : (low/med) MED Date Received: 10/22/91 

% Moisture: not dec. Date Analyzed: 10/30/91 

GC Column: CAP ID: (m) Dilution Factor: 10000 

Soil Extract Volume: 10000 (UL) Soil Aliquot Volume: 0 (UL) 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

71-43-2--------- Benzene 
10061-02-6------ Trans-1,3-Dichloropropene 
110-75-8-------- 2-Chloroethylvinylether 

12000000 
6200000 
12000000 
12000000 
15000000 
12000000 
6200000 
6200000 
6200000 
6200000 
6200000 
6200000 

12000000 
6200000 
6200000 
12000000 
6200000 
6200000 
6200000 
6200000 
6200000 
6200000 
3100000 
6200000 
12000000 
12000000 
19000000 
19000000 
6200000 

12000000 
120000000 

6200000 
81000000 
6200000 

U 
U 
U 
U 
B 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 

U 

U 

3 

a 

a 
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200000000 
12000000 
110000000 
150000000 
6200000 
19000000 
12000000 
12000000 
12000000 
120000000 
6200000 
6200000 
19000000 
19000000 
19000000 
12000000 
12000000 

B 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I VOA 
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PAGE 1 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: VOLATILE 

DATA FILENAME: C4R56710B03 SAMPLE # 456710 

SCAN 
ITEM NUMBER CAS # COMPOUND NAME 

ESTIMATED 
CONC . (ug/ 1 ) 

1. 1142 98-82-8 BENZENE, (1-METHYLETHYL) - 97500000 J 

1250000.00 50.00 
SPECTROSCOPIST SAH 

DATE 11/1/9 1- 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 

OQO&Z:9 
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QUALITY ASSURANCE NOTICE 

Depending on the type of analysis performed on this sample for the 
determination of volatile organic compounds, either a dilution was performed or 
less than the method-specified amount of sample was analyzed. This was 
necessary in order to achieve more accurate and discernible results by GC/MS or 
to prevent detector saturation. As a result, detection limits are elevated 
above those normally achieved for the method. Depending on the level of 
dilution required of a medium level extract, surrogates may be diluted to 
concentrations below detection limits and recovery data unavailable. 

a 

QA (b -V-1 

Reviewer's initials/ID / 7ly 
date /I / /  (91  

7 6  



QUALITY ABBUR2WCE NOT CE 
CompuChem ID# -43 + 7) 
Blank rD# C /=?2lO* l@3 
Case & 29 rvx 

CompuChem offers various types of analytical services. The above sample 
was analyzed according to the protocol checked: 
( ) tlContract Laboratory Program (CLP) --Volatile / Semivolatile analysis". 
Analytical requirements were derived from the EPA. 
( ) Wolatile Analysis by GC/MS--Method 8240" / tlSemivolatile Analysis by 
GC/MS--Method 8270". Many of the Quality Control requirements of these methods 
were derived from the EPA's Contract Laboratory Program. 
( ) Clean Water Act Purgeable Volatile Analysis--Method 6 2 4 "  / "Base 
Neutrals and Acids--Method 6 2 5 " .  Requirements were.established in the Federal 
Register of October 26, 1984, 40 CFR Part 136. 
( ) tlLower Detection Limit / ResWell Volatile or Semivolatile". CLP 
requirements have been modified for application to this method. 

The CLP protocols allow certain levels of common laboratory solvents 
(Acetone, Methylene Chloride, and Toluene), the solvent-related artifact 
2-Butanone, and phthalates to be present in blanks, up to five times the 
Contract Required Quantitation Limit (CRQL). CompuChem has a more stringent 
policy for liquid samples, allowing up to a maximum of twice the CRQL for these 
commonly occuring contaminants. An exception is made in the case of liquid 
Instrument Blanks where the analyses of three successive blanks indicate a 
consistent background level of Methylene Chloride. The concentration of 
Methylene Chloride in Low Level Soil Method Blanks may not exceed 25 ug/kg. 
Acetone may not exceed 50 ug/kg (Medium Level Soil methodology applies 
correction factor of 125 to the concentrations to yield the reported amounts). 
Exception to our policy is made only when the volatile analysis or extraction 
holding times are in jeopardy of being exceeded (although the CLP requirements 
must be met). 

Analysis of the Method Blank (and/or Instrument Blank) associated with the 
above sample indicated the following common laboratory contaminants were 
present at the indicated levels: 

(I) 

concentration 
35- 
*m 

The reporting convention used in the CLP is to sflagtt with a 11B18 all 
allowable target compounds present in the sample when also found in its 
associated blank. No adjustments are made to the analytical results. 

This notice serves to explain the use of the ltBtt flag in reporting 
analytical results, while presenting the actual levels of the common laboratory 
solvents or phthalates seen in the associated blank. 

Data Usability: General Guidelines 
In evaluating data usability, the following general guidelines originating 

from the US EPA are offered for assessing the significance of common laboratory 
artifacts in samples. If the concentration of an analyte in a sample is less 
than three times that in the blank, it may be negated due to laboratory 
contamination. If the concentration of an analyte in a sample is greater than 
five times that in the blank, it may be considered an actual sample component. 
If 
less than f ive times that in the blank, the presence of that compound in th 
sample may be considered suspect. 
QAN-vsv-15 Reviewer's initials/ID 
901001. rl date 

ud) the concentration of an analyte in a sample is greater than three times b 
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Em-Midwest, inc. 
CHAIN OF CUSTODY RECORD 450 W. Wilson Bridge Road Worlhington. OH 43085 (614) 433-7900 Tdefax: (614) 4334886 

Relinquished By Received By Samples Date Time 
Name Employer Name Employer Intact 

r\"?.%, 
1 I 

oject No. /I. D. 539- \.3 Sheet of I 

fl ampled By 7s / T ~ K -  Bottles Supplied By 
NOTE: When analykes are complete return this form to: 

@ Em-Midwest,Inc., Columbus, Ohio 

3 
Name: Tlhh %,-e:- 

\ 

Initials 
Sender Rec r 

No. of 
Sample Sample Collection bot- 

Descrkt ion Date/Time tles I.D. I, . 

Y 

I / I I 

Analysis Remarks 
Requested a:L?f6 

Fr;L;;?-L7 

we"/ F d \  0290 

I 
\ ;rS/ZhCC Date: in - t \ -S \  Time: 0830 - ipping package opened by: 

ployer: E Z L ~  b \ 5  ur- dontainers intact (Y/N) ?,e< 
Samples packaged & se 
Employer: FZ? - yu\\ Met- of Shipment: be-X Ekrsrre%< 

I c \ b  /;Jh Y Date: ( o - ~ t - q ~  Time: \=)2- 
1 .  - 

by: &%&/-- Date: /&P& Time: q:a& 
l //-Seals intact (Y/N) ' 

If not, describe in Comments section 

RECEiVED IN 
GOOD CONDITION 

copies: Pink - Sampler 
78 
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- - C~MPUCHEM - hBoKm, INC. P.O. Box 12652 3308 Chapel HilllNelson Highway Research Triangle Park, NC277W (919) 549-8263 

November 26, 1991 

Mr. Tim Sainey 
ERM MIDWEST 
450 West Wilson Bridge Road 
Columbus, IL 60015 

Dear Mr. Sainey: 

We at CompuChem" are pleased to provide our report for the analysis you requested. 
Data for the following sample are enclosed: 

Your ID Our ID Analysis Order Description of War* 
Number Number Code Number Requested 

PRRSMW4 1s 456713 939 24148 Semi-Volatiles + Library Search, 
................................................................................. 

Method 8270 - 3rd Ed. with Dry 
Weight Determination (Style 1) 

Unless noted by Quality Assurance Notices included in this report of data, all 
Quality Control requirements associated with the preparation and analysis of 
these samples have been met. 

Release of the analytical data contained in this data package has been authorized 
by the Technical Review Manager or her designee, as verified by the signature 
below. 

Thank you for selecting Compuchem' Laboratories for your sample analysis. If you 
have questions concerning this report or the analytical methods employed please 
contact your Sales Representative at 919-549-8263. 

We hope you will consider Compuchem' Laboratories for your future analytical 
support and service requirements. 

Sincerely, A 

€dh Chan 
Manager, Final Technical Review 
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*These notices are included where appropriate for data qualification. 

**When the original chain of custody is submitted with the sample(s), a copy of it 
is included with the report. 



METHOD REFERENCE 

To determine the concentration of semi-volatile organic compounds in solid 
matrices CompuChem" employs the methods as outline in SW-846, for sample pre- 
paration (Method 3550) and analysis (Method 8270). These methods are approved 
for obtaining data to satisfy the requirement of 40CFR Part 261, Identification 
and Listing of Hazardous Waste. 

Method Summary 

After the pH and percent moisture determinations, a weighed sample ( 3 0  grams) 
of the solid waste is extracted with a 1:l methylene ch1oride:acetone solution 
using an ultrasonic probe. The extract is dried and concentrated for analysis. 
Analysis is performed by separation of the components by gas chromatography 
followed by qualitative and quantitative identification by mass spectrometry 
using internal standard techinques. 

A library search is performed by automated comparison of the unknown peak spectrum 
to the National Institute of Standards.and Technology (NIST, formerly the National 
Bureau of Standards) mass spectral library. Estimated concentration is calculated 
using the known concentration and peak area of the closest internal standard while 
assuming a response factor of one for the unknown compound. 
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DATA REPORTING QUALIFIERS 



DATA REPORTING QUALIFIERS 

VALUE - If the result is a value greater than or equal to the detection limit, 
report the value. 

U - Indicates compound was analyzed but not detected. The sample 
Quantitation limit must be corrected for dilution and for percent 
moisture. For example, 10 U for phenol in water if the sample 
final volume is the protocol-specified final volume. If a 1 to 
10 dilution of extract is necessary, the reported limit is 100 U. 
For a soil sample, the value must also be adjusted for percent 
moisture. For example, if the sample had 24% moisture and a 1 to 
10 dilution factor, the sample quantitation limit for phenol 
(330 U) would be corrected to: 

(330 U) x df  Where D = 100 - % Moisture 
D 100 

and d f  = dilution factor 

At 24% moisture, D = 100-24 = 0.76 
100 

(330 U) x 10 = 4300 U rounded to the appropriate number 
0.76 of significant figures 

For soil sample subjected to GPC clean-up procedures, the CRQL is 
also multiplied by 2, to account for the fact that only half of 
the extract is recovered. 

J - Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified compounds where 
a 1:l response is assumed, or when the mass spectral data indicate 
the presence of a compound that meets the identification criteria 
but the result is less than the sample quantitation limit but greater 
than zero. For example, if the sample quantitation limit is 10 ug/l, 
but a concentration is 3 ug/l is calculated, report it as 35. The 
sample quantitation limit must be adjusted for both dilution and 
percent moisture as discussed for the U flag, so that if a sample with 
24% moisture and a 1 to 10 dilution factor has a calculated 
concentration of 300 ugcl and a sample quantitation limit of 430 
ugkg, report the concentration as 30W on Form 1. 
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DATA REPORTING QUALIFIERS - PAGE 2 

C - This flag applies to pestiades results where the identification 
has been confirmed by GCIMS. Single component pesticides >lo nglul 
in the final extract shall be confirmed by GC/MS. 

B - This flag is used when the analyte is found in the associated blank 
as well as in the sample. It indicates possibWprobable blank 
contamination and warns the data user to take appropriate action. 
This flag must be used for a TIC as weii as for a positively identified 
TCL compound. 

E - This flag identifies compounds whose concentrations exceed the 
calibration range of the GCIMS instrument for that specific analysis. 
This flag will not apply to pesticideslPCBs analyzed by GCIEC methods. 
If one or more compounds have a response greater than full scale, the 
sample or extract must be diluted and reanalyzed according to the 
specifications. All such com'pounds with a response greater than full 
scale should have the concentration flagged with an "E" on the Form I 
for the original analysis. If the dilution of the extract causes any 
compounds identified in the first analysis to be below the calibration 
range in the second analysis, then the results of both analyses shall be 
reported on separate Forms 1. The Form I for the diluted sample shall 
have the 'DL" suffix appended to the sample number. 

D - This flag identifies all compounds identified in an analysis at a 
secondary dilution factor. If a sample or extract is reanalyzed at 
a higher dilution factor, as in the "E" flag above, the "DL" suffix 
is appended to the sample number on the Form I for the diluted sample 
and all concentration values reported on that Form I are flagged with 
the "D" flag. 

A - This flag indicates that a TIC is a suspected aldol-condensation product. 

X - This flag refers to indistinguishable isomers. 

FlDL - Refer to Form I for correct detection limits. 

Y & Z - Other specific flags and footnotes may be hquired to properly define 
the results. If used, they must be fully described and such description 
attached to the Sample Data Summary Padrage and the Case Narrative. Begin by 
using "Y.. If more than one flag is required, use "2' as needed. If more than 
five qualifiers are required for a sample result, use the "Y" or 'Z" flag 
to combine several flags, as needed. For instance, the .Ym or "2" flag might 
combine the "A8, "W, and "D" flags for some sample. 
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O w 3 6 1  
SAMPLE NO. 1x 

ORGANICS ANALYSIS DATA SHEET 

@Name : COMPUCHEM . RTP 
Lab Code: COMPU Case No.: 24148 SAS No. : SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

Level : (low/med) L O W  Date Received: 

Contract: 500143 
PRRSMw4 1s 

No. : 

456713 

GD056713A02 

10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH:. - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

FORM I X-1 

86 

1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
210 
1600 
1600 
390 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

000439 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
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1x 
ORGANICS ANALYSIS DATA SHEET 

Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG 

Matrix: (soil/water) SOIL Lab Sample ID: 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: 

SAMPLE NO. 

I e PRRSMw4 1s 

No. : 

456713 

GD056713A02 

Level : (low/med) L O W  Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

1600 
1600 
1600 
16000 
1600 
1600 
1600 
10000 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
6800 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 
1600 

U 
U 
U 
U 
U 
U 
U 

U 
u 
U 
u 
U 
u 
u 
u 
U 
u 
u 
U 
u 
u 
u 
U 
u 
U 
u 
u 
U 
U 
u 
U 

FORM I X-2 
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1x 
ORGANICS ANALYSIS DATA SHEET 

SAMPLE NO. 

I 

4) Name : COMPUCHEM , RTP Contract: 500143 I pRRsMw41s 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456713 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD056713A02 

Level : (low/med) LOW Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: l.O(uL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) N PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

3200 
3200 
1600 
1600 
1600 
3200 
1600 
6400 
1600 
1600 
1600 
1600 
3200 
3200 
3200 
1600 
1600 
1600 
1600 
3200 
3200 
1600 
4900 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

FORM I X-3 
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U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
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1x SAMPLE NO. 
ORGANICS ANALYSIS DATA SHEET 

PRRSMW4 1s 
Lab Name: COMPUCHEM,RTP Contract: 500143 

Lab Code: COMPU Case No.: 24148 SAS No. : SDG No. : 

Matrix: (soil/water) SOIL Lab Sample ID: 456713 

Sample wt/vol: 30.5 (g/mL) G Lab File ID: GD056713A02 

Level : (low/med) L O W  Date Received: 10/22/91 

% Moisture: decanted: (Y/N) N Date Extracted: 11/01/91 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 11/19/91 

Injection Volume: 1.0 (UL) Dilution Factor: 5.0 

GPC Cleanup: (Y/N) PH: - 
CONCENTRATION UNITS: 

CAS NO. COMPOUND (ug/L or ug/Kg) UG/KG Q 

3200 
1600 
350 

1600 
1600 
3200 
7900 
1600 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

~ 

U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

FORM I X-4 
R9 
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PAGE 1 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GD056713A02 SAMPLE # 456713 

SCAN 
NUMBER 

656 

669 

701 

781 

790 

795 

800 

8 14 

834 

869 

888 

894 

164.000 

ESTIMATED 
CONC . (ug/ 1 ) CAS # 

100-41-4 

108-38-3 

95-47-6 

103-65-1 

620-14-4 

611-14-3 

108-67-8 

611-14-3 

108-67-8 

108-67-8 

611-15-4 

105-05-5 

ITEM 

1. 

2. 

3. 

4. 

5. 

COMPOUND NAME 

BENZENE, ETHYL- 
ETHYLBENZENE 

5200. J 

BENZENE, 1,3-DIMETHYL- 
DIMETHYLBENZENE 

25000. J 

BENZENE, 1,2-DIMETHYL- 
PROPYLBENZENE 

13000. J 

BENZENE, PROPYL- 
PROPYLBENZENE . 

8500. J 

BENZENE, 1-ETHYL-3-METHYL- 
ETHYLMETHYLBENZENE 

23000. J 

BENZENE, 1-ETHYL-2-METHYL- 
ETHYLMETHYLBENZENE 

11000. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

12000. J 7. 

8. 

9. 

10. 

11. 

12. -I 

BENZENE, 1-ETHYL-2-METHYL- 
ETHYLMETHYLBENZENE 

10000. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

33000. J 

BENZENE, 1,3,5-TRIMETHYL- 
TRIMETHYLBENZENE 

13000. J 

BENZENE, 1-ETHENYL-2-METHYL- 
ALKYNYLBENZENE 

5400. J 

BENZENE, 1,4-DIETHYL- 
DIETHYLBENZENE 

5700. J 

40.000 
SPECTROSCOPIST 

DATE 

EB 

- 11/2 5/9 1 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 

O ~ Q : @ 3  . 
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PAGE 2 

COMPUCHEM ORGANICS ANALYSIS DATA SHEET 
LIBRARY SEARCH RESULTS OF EXTRANEOUS PEAKS & 

ESTIMATED CONCENTRATION OF TENTATIVELY IDENTIFIED COMPOUNDS 
ANALYTICAL FRACTION: SEMI-VOLATILE 

DATA FILENAME: GD056713A02 SAMPLE # 456713 

13. 899 1074-43-7 BENZENE, 1-METHYL-3-PROPYL- 
METHYLPROPYLBENZENE 

14. 905 105-05-5 BENZENE, 1,4-DIETHYL- 
DIETHYLBENZENE 

15. 918 1074-43-7 BENZENE, 1-METHYL-3-PROPYL- 
METHYLPROPYLBENZENE 

16. 928 934-80-5 BENZENE, 4-ETHYL-1,2-DIMETHYL- 
ETHYLDIMETHYLBENZENE 

17. 932 2870-04-4 BENZENE, 2-ETHYL-1,3-DIMETHYL- 
ETHYLDIMETHYLBENZENE 

13000. J 

21000. J 

4300. J 

7200. J 

6400. J 

18. 939 934-80-5 BENZENE, 4-ETHYL-1,2-DIMETHYL- 23000. J 
ETHYLDIMETHYLBENZENE 

19. 981 527-53-7 BENZENE, 1,2,3,5-TETRAMETHYL- 
TETRAMETHYLBENZENE 

20. 1018 7525-62-4 BENZENE, 1-ETHENYL-3-ETHYL- 
UNKNOWN 

4100. J 

EOAd,. 
59 QO 

J 

164.000 40.000 
SPECTROSCOPIST EB 

DATE -11/25/91 

J - Indicates an estimated concentration which is determined assuming a 1:l 
response. 
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- -  

. 
A dilution of -e m a o n  of this rmmple n s  =quire6 in 
9d.r t o  .chiwe accurate le rurult8 by G C m  UmlySiS, Usually t o  

revent datector saturation or t o  brhg target lht coapounb eoacentrationr 
%to -e --ant wibrat~gn m g e  a msult, detection t i m i + .  arm 
elevated. Depending on the  twal of i i l u t i o n  required, -ate coxpounds aay 
be dilutad t o  toncentratiorm below the detection l U t r .  In such eares, 
w a t e  xecovery data cannot be calcufrkd. A aathod blank prepared 8aU 
W y t d  with t h i m  .ample met a l l  nutogate recovuy criteria. 

8 
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QUALITY ASSURANCE NOTICE 
Appendix IX, Method 8270 Analysis 

The calibration, surrogate, spike and internal standard solutions used 
in all organic extractables methods, including Method 8270, are prepare2 
from individually-weighed neat materials (not solutions) by a Sr. 
Standards Chemist at CompuChem Laboratories, Inc. The prepared standards are then compared to certified reference materials to verify 
their traceability to EPA or NIST-certified sources. This procedure was 
instituted years ago because of the general unavailability of high- 
quality standard solutions from commercial vendors. 

The only known commercial source for aramite, as a pure material, is no 
longer producing this compound. CompuChem is currently evaluating tho 
commercial sources for prepared standard solutions containing aramite, 
but until this study is completed, we are no longer able to include thf 
analyte in the Appendix IX calibration standards. The software that 
produces the quantitation report from the GC/MS instrument has not been 
altered, so aramite still appears on this raw data output, even thouah 
the analvte is not identifiable or uuantifiable. Aramite has been 
omitted from the compound list in the final data report. 

Robert J. Whitehead 
Manager, Quality Assurance 
September 20, 1990 

COMPUCHEM LABORATORIES. INC. P.O. BOX 12652 3308 Chapel Hi:' . . I - '  '.;:...ay ResearchTriangle Park.NC27709 (919 549-62iZ 
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APPENDIX I 
ESTIMATING RISK FOR FUTURE GROUNDWATER EXPOSURE 

CONCENTRATIONS OF 
CHEMICALS OF CONCERN IN GROUNDWATER 

To estimate the future concentrations of the inorganic and organic chemicals of 
concern identified in the groundwater at PRRS, two solute transport models were 
utilized. The procedures described in this appendix were used to identify the 
reasonable maximum exposure (RME) concentrations of the modeled chemicals of 
concern in groundwater from wells located in the concentration center of the 
dissolved inorganic and organic chemical plumes, and in groundwater from 
hypothetical wells located downgradient of the Companies' properties boundary. 
These procedures are consistent with the.approach used to calculate the exposure 
point concentrations for the current groundwater scenarios and follow the U. S. 
EPA, Region V policy memorandum entitled "Future Residential Land Use 
Groundwater Exposure Point Concentrations for the Baseline Risk Assessment" 
(May 1991). 

The migration of both dissolved inorganic and organic chemicals in groundwater 
was evaluated with the solute transport models, as described in Section 4.3 of the 
RI. The model provided two 30-year prediction runs (one for sodium and one 
ethylbenzene) starting at the beginning of 1995. Output solute concentrations were 
obtained annually from both solute transport models. These solute concentrations, 
which are averaged concentrations for the saturated model cells, were then 
standardized to reflect the concentrations at the midpoints of the monitoring well 
screens. Several groundwater monitoring well clusters at the PRRS were used to 
estimate linear dissolved chemical concentration gradients, which were used to 
estimate (from model output concentrations) the solute concentrations at the 
saturated midpoints of the monitoring well screens. 

Solute concentrations of other inorganic chemicals (potassium, potassium40 and 
arsenic) and organic chemicals (benzene, toluene, xylene, and cumene) were 
calculated using the same regression equation methods as outlined in Appendix C. 
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These simulated inorganic concentrations are presented in Attachment 1 for 
monitoring wells 4s and 6S, and locations 700 feet and 1800 feet south of the 
Companies’ properties. The simulated organic concentrations are presented in 
Attachment 2 for monitoring wells lOS, 11S, 12S, 13S, and 41S, and locations 700 
feet and 1800 feet south of the Companies’ properties. 

Reasonable Maximum Exposure - Concentration Center of Plume 

The RME represents the maximum future potential risk due to potential 
groundwater exposures by predicting groundwater concentrations in wells located in 
the concentration centers of the inorganic and organic plumes. The monitor wells 
selected for this analysis are 4s and 6s for the inorganic plume and lOS, 11S, 12S, 
13s and 41s for the organic plume. For purposes of estimating the potential future 
risk due to potential groundwater exposure over time, the concentration of each 
modeled chemical for the selected wells was generated annually for 30 years, a time 
period which represents the standard exposure duration. The annual concentrations 
for each chemical in each well were then used to calculate the 95% UCL of the 
mean. A statistical software package, Statisticam, was used to calculate the 95% 
UCL of the mean for each chemical. Those values are shown in Table 1. Because 
the wells selected for the inorganic and organic plumes are not the same, and an 
exposed individual is not expected to drink from two sources, the group of chemicals 
of concern which poses the higher potential risk was used to represent the future 
RME and was included in the risk characterization of the RA. 

Reasonable Maximum Exposure - Downgradient Future Groundwater Risk 

Using the procedure described above for deriving future groundwater 
concentrations, the maximum potential future risk due to groundwater exposure for 
the wells located outside of the Companies’ property boundaries also were 
evaluated. The projected concentrations of the modeled inorganic and organic 
chemicals of concern were identified at a hypothetical well used for drinking located 
700 feet south of the property boundary. 
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TABLE 1 

THE 95% UCL FOR MODELED 
INORGANIC AND ORGANIC CHEMICALS 

Concentration Hypothetical Hypothetical 
Modeled Chemicals Center of Plume Well 700’ South Well 1800’ South 

Inorpanics 

Arsenic 0.020 mg/l 0.005 mg/l 0.004 mg/l 

Sodium* 50.1 mg/l 6.9 mg/l 5.4 mg/l 

Pot assium * 39.8 mg/l 3.8 mg/l 2.9 mg/l 

Organics 

Ethylbenzene 7.4 mg/l 4.2 mg/l 2.5 mg/l 

b e n e  4.9 mg/l 5.7 mg/l 3.4 mg/l 

Toluene 12.0 mg/l 4.9 mg/l 2.9 mg/l 

Xylene 10.5 mg/l 5.8 mg/l 3.4 mg/l 

Benzene 1.1 mg/l 0.5 mg/l 0.3 mg/l 

* Sodium and potassium are evaluated qualitatively for risk assessment purposes. 
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In the same fashion, the projected concentrations of the modeled inorganic and 
organic chemicals of concern for a hypothetical well located in the geographic 
center of the plume at a future time was determined for a location 1800 feet south 
of the property boundary. The 95% UCL values (as calculated by Statisticam) for 
both sets dso are presented in Table 1. 

For each of the modeled chemicals of concern, the potential risk for each pathway 
was calculated and summed. 

Calculation Used for Predicting the Future Groundwater Risk for Chemicals of 
Concern Not Simulated by the Solute Transport Model 

The method used to calculate the estimated potential future groundwater risk for 
the inorganic and organic chemicals of concern detected in the groundwater plumes 
that were not simulated by the solute transport models is described below. Only the 
selected groundwater chemicals of concern are included in this calculation to 
estimate the potential future risk. 

This method assumed that the ratio between the potential risk of the modeled 
chemicals of concern and the potential risk of all chemicals of concern is the same 
for the current and future groundwater scenarios. 

Thus, 

where: 

CM = Current Risk of Modeled Chemicals of Concern (organic and inorganic) 
The calculated risk, based on the current observed (1991-1992) groundwater 
concentrations for the modeled parameters, e.g., arsenic. 

TC = Total Current Risk of All Chemicals of Concern 
Total risk calculated for all chemicals of concern within the groundwater 
plume (which is also based on the current observed groundwater 
concentrations.) 

4 
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FM = Future Risk of Modeled Chemicals of Concern 
The calculated risk, based on the predicted future groundwater 
concentrations from the solute transport model. 

TF = Total Future Risk of All Chemicals of Concern 
= Solved for given values of CM, TC and FM. 

As an example, the ratio between the potential risk (Le., hazard index) of the 
modeled organic chemicals of concern and the potential risk of all organic chemicals 
of concern for an adult's ingestion of noncarcinogenic chemicals from groundwater 
in the hypothetical residential well located 700' downgradient of the property is as 
follows: 

- CM = E M  
TC TF 

0.55 = 8.11 
0.86 X 
"X = 12.67 (Hazard Index - HI) 

- -  

where: 

0.55 = HI for current risk of modeled organic chemicals of concern 
0.86 = HI for total current risk of all organic chemicals of concern 
8.11 = HI for future risk of modeled organic chemicals of concern 
12.67 = HI for total future risk of all organic chemicals of concern 

This calculation was done for each applicable exposure route using the intake 
assumptions for the residential scenario. Risk calculations are provided in 
Appendix M. 
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APPENDIX J 
POTENTIAL FOR THE PLANT UPTAKE OF THE 

PRRS CHEMICALS OF CONCERN 

In order for plant uptake to occur, the PRRS chemicals of concern must migrate 
from soils or be transported by the air pathway from the Companies’ properties to 
areas outside of the properties and be deposited where crops are grown. Both 
situations are not likely to occur. 

A literature search was conducted to compile available information regarding the 
potential for plant uptake of the PRRS chemicals of concern. The findings, 
summarized in this appendix, were generated from laboratory or field studies that 
may not reflect actual environmental conditions present at the PRRS. 

Soil provides essential nutrients for plant growth. Essential nutrients are 
categorized as macronutrients, which are needed by plants in substantial levels in 
soil, and as micronutrients, which need to be available in soil in trace quantities. 
Macronutrients are carbon, hydrogen, nitrogen, phosphorus, potassium, calcium, 
magnesium, and sulfur. Since carbon, hydrogen, and oxygen are obtained from the 
atmosphere, the remaining nutrients must be obtained from the soil. Essential plant 
micronutrients include ammonia, boron, chloride, copper, iron, manganese, 
molybdenum, sodium, vanadium, and zinc. Most of these nutrients are involved in 
enzyme function and possibly photosynthesis (Manahan i991). 

Because many of these nutrients are considered as chemicals of concern in the soil 
medium at the PRRS, a brief discussion of the potential for plant uptake is 
provided. 

The macronutrients, phosphorus, potassium, calcium and magnesium are considered 
as chemicals of concern Phosphorus must be present in a simple inorganic form 
before it can be taken up in plants. Potassium is used in relatively high levels by 
plants where it aids in water balance and the activation of some enzymes. In 
potassium-deficient soils, crop yields are significantly reduced. Potassium easily 

1 



REV. 1: MAY 1994 

binds to silicate minerals, which makes it unavailable for plant uptake. However, 
exchangeable potassium held by clay minerals is relatively more available for plant 
uptake (Manahan 1991). Soil liming is a common practice to treat acid soils to 
restore the pH to near-neutrality to provide an adequate supply of calcium for 
plants. Magnesium availability is dependent upon the calcium/magnesium ratio in 
soils. If the ratio is too high, then magnesium may not be readily available to the 
plants. 

Micronutrients that are considered as chemicals of concern at the PRRS are 
ammonia, copper, manganese, sodium, vanadium, and zinc. 

The ammonium ion is an essential nutrient to the growth of plants. Normally, 
ammonia does not have a very long lifetime in soil because it is rapidly taken up by 
plants, bioconverted by the microbial population, or volatilized to the atmosphere 
(ATSDR 1990). 

Mobility and displacement of copper is low because of its strong bonding with 
organic matter and clay minerals. Root tissues have a strong ability to retain 
copper. In mature leaf tissue of various plants, the normal range is 5-30 ppm with 
excessive or toxic levels at 20-100 pprn (US EPA 1992). 

The solubility of manganese in soil is highly dependent on pH and Eh, while its 
mobility is dependent upon its oxidation-reduction potential. Hydrous oxides of 
manganese are common in soil. Trivalent forms are less mobile. Plants with long 
roots extract manganese from the soil. Normal levels in mature leaf tissue of 
various plants range from 20 to 300 ppm; excessive or toxic levels for plants range 
from 300 to 500 ppm (U.S. EPA 1992). Humans are exposed to manganese 
primarily through food, where the average daily intake is 3.8 mg of manganese per 
day. Human intake varies greatly depending upon dietary habits. For instance, a 
cup of tea may contain 0.4 to 1.3 mg of manganese; therefore, consumption of 3 
cups of tea per day provides up to 4 mg per day from one source alone (ATSDR 
1991). 
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Most foods have naturally-occurring low levels of vanadium; however, some foods 
such as ground parsley (1,800 ng/g), wild mushrooms (50 - 2,000 ng/g dry weight) 
contain elevated levels of vanadium. For most plants, vanadium does not appear to 
bioconcentrate in the aboveground portions of the plant (ASTDR 1990). 

Zinc is relatively soluble and mobile in soil compared to other heavy metals. The 
zinc fraction associated with iron and manganese oxides is likely to be the form most 
available to plants. Zinc may occur in leaf tissue of plants at 27-150 ppm; its toxic 
range is 100-400 ppm (U.S. EPA 1992). Uptake of zinc into the edible portion of 
plants, such as corn, appears to be unlikely. In general, zinc will produce 
phytotoxicity before the concentration in plant tissue reaches a level that may pose a 
risk to human or animal health (U.S. EPA 1983). 

Other Inorganic Chemicals 

Inorganic chemicals of concern present at PRRS that are not inherent to plant 
growth are discussed below in terms of their affinity for plant uptake. These 
include: 

rn Aluminum rn Chromium 
rn Antimony Cobalt 
rn Arsenic rn Mercury 
rn Barium Nickel 
rn Cadmium 

Aluminm does not bioconcentrate in plants, indicating that the concentration in 
soil is greater than the concentration in the plant tissue. Acidic conditions enhance 
the uptake of aluminum in plant materials. The aluminum content of cultivated 
plants (e.g., lima beans, cabbage soy beans, tomatoes) ranged from 50 to 30,000 
mg/kg. The level reported in corn ranged from 50 to 3000 mg/kg (ASTDR 1990a). 

Antimony usually occurs in the trivalent form, may be relatively mobile, and can be 
associated with iron hydroxides. In mature leaf tissue of various plants, antimony 
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ranges from 7 to 50 ppm. Toxic or excessive limits for plants are 150 ppm or more 
(U.S. EPA 1992). Studies conducted near a smelter site indicated that uptake of 
antimony from soil to plant material is minimal, thus suggesting that 
bioconcentration in the food chain is not likely to occur (ATSDR 1990b). 

Most plants contain < O S  ppm of arsenic but can accumulate as much as 14 ppm. 
Excessive toxic ranges in various plants are 5-20 ppm. Plant toxicity is dependent on 
the soil properties. In clayey soils, it has been found that significant growth 
reduction occurs at 1000 pprn in the plant tissue, but in sandy soils 100 ppm is 
equally toxic (U.S. EPA 1992). 

Barium may be taken up in certain plant material; however, the extent to which 
plants bioconcentrate barium from soil is not well defined. 

Barium intake for humans is estimated at 650 to 1,770 ug per day, with food being 
the primary source. Barium is found in low levels in many foods. Barium was 
reported in corn plants ranging from 5 to 150 ppm and in cultivated plants (lima 
beans, cabbage, soybeans, and tomatoes) ranging from 7 to 1500 ppm (ATSDR 
1990). 

Hemphill et al. (1973) reported that the level of cadmium decreased from 1.51 to 
~ 0 . 5  ug/g in grass samples obtained from 0 to 200 yards from a roadside. A 
number of factors may influence the movement of cadmium from soil to plants, such 
as the growth rate of plants, and the availability of other metals in the soil. An 
increase in pH has been shown to reduce the cadmium uptake in plants. Lettuce, 
tomatoes, eggplant, and cantaloupes show an increase in cadmium content in 
various parts of the plant when grown in cadmium-rich soils, whereas no increase in 
cadmium is observed in broccoli, potatoes, or string beans. There appears to be 
variation in the levels of cadmium found in plant tissue. Coin grains contain a 
smaller amount than the leaf, whereas the grain of soybeans, wheat, oats and 
sorghum have cadmium levels closer to those found in the leaf (Nriagu 1980). 
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Plants do not take up and accumulate cadmium from the soils as readily as from 
e 

solution because the cadmium ions are not as available in soil. The availability of 
soil cadmium and its uptake and accumulation by plants are affected by many soil 
factors, including pH, cation exchange capacity, organic matter content, soil 
moisture and temperature, phosphorus level, and concentrations of other cations 
and trace elements in the soil (Nriagu 1980a). In mature leaf tissue of various 
plants, the normal range of cadmium is 0.05 - 0.2 ppm; excessive or toxic levels in 
plants range from 5-30 ppm (U.S. EPA 1992). Cadmium uptake varies among 
different food crops. Crops such as lettuce and carrots are expected to readily 
accumulate cadmium, while beans, peas, tomatoes, and fruit trees have a very low 
cadmium uptake (U.S. EPA 1983). 

. _  

Fresh vegetables were reported to have concentrations ranging from 0.03 to 0.14 
ppm. U.S. EPA (1992) reports that chroriium is rarely taken up by plants at usual 
prevailing soil pH and Eh values. At low pH, it has little effect on plants, but in high 

- concentrations in solution, it can stop plant development. Most chromium absorbed 
by plants is retained in the roots, thus not within the edible portion of the plants. a 
The availability of cobalt, which is typically found in soils as divalent cobalt, is 
primarily regulated by pH. Adsorption of divalent cobalt on soil colloids is high 
between the pH of 6 & 7, whereas leaching and plant uptake of cobalt are enhanced 
by a lower pH. Few plants accumulate cobalt above the 100 ppm concentration 
which may cause phytotoxicity. 

Elevated levels of cobalt have been found in the roots of sugar beets and potato 
tubers in soil with high cobdt concentrations; however, the movement of cobalt 
from the roots to the aboveground parts of the plant is not significant in most soils. 
This is shown by the lack of cobalt in the seeds of many grain species. In highly 
acidic soils (Le., pH 3.3), the concentration of cobalt in the foliage of rye grass, oats 
and barley is increased (ATSDR 1990). 

Mercury is strongly bound to humus, especially under acid conditions. Through 
microbal transformation, metallic mercury may be converted to methylated or 
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ethylated mercury. Methylated mercury may accumulate in the food chain. 
Symptoms of mercury toxicity include stunting of seedling growth, reduced root 
development and inhibition of photosynthesis (U.S. EPA 1992). 

The bioconcentration factor of mercury is 1000 for freshwater plants (Callahan 
1979). In general, the availability of mercury in soil to plant roots is low and there is 
a root barrier to translocation of mercury to plant tops. Wood decomposers and 
several species of mycorrhizal fungi accumulate mercury at a very low rate. Some 
mycorrhizal species and all humus decomposers may accumulate up to 100 ug/l dry 
weight of mercury and at contaminated sites, up to 63 times as much mercury as the 
substratum. In mineralized areas, the concentration factor rarely exceeds 1 
(Bargagli and Baldi 1984). 

The uptake of nickel in plants is dependent upon soil pH, metal interactions, and 
the concentration of nickel in soil. The uptake of nickel is enhanced by reducing the 
pH below 6.5. The concentration of one metal may affect the accumulation of other 
metals or may mod* the toxic effects of other elements. Studies have shown that 
the nickel-zinc interaction and nickel-copper interaction are additive; where varying 
concentrations of zinc or copper neither reduce or increase the effects of nickel. 
Another study reported that zinc reduces the toxic effects of nickel. Most studies 
conclude that nickel accumulates in the plant root system, but will eventually move 
into the remaining portions of the plant (Nriagu 1980b). In general, nickel will 
produce phytotoxicity before the concentration in plant tissue reaches a level that 
may pose a risk to human or animal health (U.S. EPA 1983). 

Other Orpanic Chemicals 

Organic chemicals do not tend to be taken into plant matter; however, some organic 
chemicals have been detected in plant tissue. The following chemicals of concern 
have been reported in the literature as affecting plants: acetone, benzene, 
methylphenols and polynuclear aromatic hydrocarbons. Acetone is identified as a 
naturally occurring, volatile metabolite and has been reported in onions, apples, 
grapes, cauliflower, tomatoes, morning glories, and wild mustard (Howard 1990). 
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A variety of plants are capable of absorbing benzene vapor through their leaves 
where metabolic detoxification takes place with eventual cleavage of the benzene 
ring (Canada EHD 1979) 

Methylphenols are widely distributed natural compounds and may be found in plant 
lipids. Methylphenols have been detected in tomatoes, cooked asparagus, various 
cheeses, butter, oil, red wine, coffee, tea, and smoked food. There is no information 
available regarding the absorption of methylphenols into plant material. 
Methylphenols are not expected to bioaccumulate in the food chain (ATSDR 1990). 

Polynuclear aromatic hydrocarbons (PAHs) may be taken up in plants with uptake 
rates dependent upon the PAH concentration in soil, the solubility, and the 
molecular weight. About 30-70% of atmospheric PAHs deposited onto forests are 
sorbed by the trees and eventually deposited as litter. Vaughan (1984) reported that 
atmospheric deposition of PAHs onto leaves generally exceeds uptake from soils via 
plant root systems. This theory is supported by a study conducted in the United 
Kingdom (Wild et al. 1992) that found that elevated levels of PAHs in soil do not 
correlate to the amount taken up in plant tissue. PAH concentrations found in the 
aboveground portion of plants are probably due to atmospheric deposition. Normal 
cleaning of edible portions of plant matter usually removes such chemicals. Several 
other studies report the same conclusion (OConnor et al. 1991). The presence of 
PAHs in root tissue is probably due to adsorption onto the root surface (ATSDR 
1993). 

No field studies of phenol uptake by plants growing in soils were identified 
(O'Connor et al. 1991). Likewise, relatively few reports of plant uptake of volatile 
aromatics were identified. 
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APPENDIX K 

AIR DISPERSION MODELS 
INHALATION OF FUGITIVE DUST, 

VOLATILE EMISSIONS FROM SOIL 
AND 

CALCULATIONS OF VOLATILE ORGANIC EMISSIONS 
DURING SHOWERING 

1.0 AIR DISPERSION MODELING 

Screening level calculations were performed to evaluate the significance 
of the air pathway, and to determine whether it was necessary to include 
this route of exposure in the human health risk characterization 
presented in Section 6.1.4. The screening procedure required first the 
estimation of ambient concentrations.at the site, and then the evaluation 
of potential risks associated with the predicted air concentrations. 

A box model was used to predict Study Area ambient air concentrations 
of chemicals of concern based on their measured concentrations in soil. 
The predicted air concentrations were compared to calculated acceptable 
air concentrations based on protection of human health. Potential risks 
were also calculated, assuming that a maximally exposed individual 
resided at the fenceline of the Companies’ properties. 

This appendix presents the results of the screening work. I t  is organized 
as follows: 

Calculation of Predicted Ambient Air Concentrations ( 1.1) 

Comparison of Predicted Ambient Air Concentrations to 
Calculated Acceptable Air Concentrations ( 1.2) 

Estimation of Potential Risks ( 1.3). 

1.1 Calculation of Study Area Ambient Air Concentrations 

Both volatile and fugitive dust emissions have been considered in the 
calculation of ambient chemical concentrations in Study Area air. 
Volatile and semivolatile organic chemicals (VOCs and SVOCs) were 
evaluated for both volatile emissions and for fugitive dust. Inorganic 
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chemicals were only considered for fugitive dust emissions, except for 
mercury, which may volatilize under specific chemical and physical 
conditions. 

The following subsections describe the methods used to estimate volatile 
emission rates and fugitive dust emission rates. The final section 
describes the box model used to derive ambient air concentrations on- 
site, based on the calculated emission rates. 

1.1.1 Calculation of Volatile Emission Rates 

In order to determine the average (mean) air concentrations, average 
surface soil concentrations were used to derive emission rates. Emission 
rates were calculated using the Hwang and Falco model (U.S. EPA 199 1): 

where: 

W m 3  / kg) = (LS x V x DH) x (3.14 x a x T)l I2 
(2xD,i x E x Kas x 10-3kg/g) A 

v F =  
L s =  
v =  
DH = 
A =  
Dei = 
E =  

K d =  
KOC = oc = 

volatilization factor (m3 / kg) 
length of side of contaminated area (m) 
wind speed in mixing zone (m/s) 
diffusion height (m) 
area of contamination (cm2) 
effective diffusivity (cm2/s) 
true soil porosity (unitless) 
soil/air partition coefficient (g S O W C ~ ~  air) 
true soil density or particulate density (g/cm3) 
exposure interval (s) 
molecular diffusivity (cm2/s) 
Henry's law constant (atm-m3/mol) 
soil-water partition coefficient (cm3/g) 
organic carbon partition coefficient (cm3/g) 
organic carbon content of soil (fi-action) 

The factors used in the calculation and the volatile emission rates are 
provided in Table 1. 
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The following assumptions were used: 

Porosity was assumed to be 35% (U.S. EPA 1991). 

The mid-point of sample depth was assumed to be 6 inches or 
0,15 m, because the sample depth range was 0 to 12 inches. 

The organic fraction of the soil was assumed to be 1% (technical 
judgment). 

The mean annual temperature for the Cincinnati airport is 12°C 
and was used to determine the absolute temperature (Rufher 
1985). 

All values that were reported as non-detects in soil were 
converted to half the detection limit and averaged with positively 
detected values. 

1.1.2 Calculation of Fugitive Dust Emissions Rates 

The approach outlined in EPA's guidance document for fugitive dust 
emissions at TSDF facilities (U.S. EPA 1989c) was used to determine the 
emission rate of dust from soils on Companies' properties. The equation 
used to derive the emission rate was: 

N 

E = a X P i  

i= 1 
where: 

E = fugitive dust emission rate (g/m2/year) 

a = particle size multiplier (0.5) 

N = number of disturbances per year ( 1 disturbance/year), 

Pi = erosion potential corresponding to the observed fastest wind 
mile for the i-th period between disturbances 
(g/m2/disturbance) 
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The erosion potential was determined using the following empirical 
formula: 

P = 58 x (u’ - + 25 x (u’ - ut‘) 

where: 

U’ = friction velocity = 0.053 x u+ 10 
U’t  = threshold friction velocity (0.5 m/s) 
u+ 10 = fastest wind mile (46 mph = 20.7 m/sec, Cincinnati Airport 

and DOE meteorological data) 

In order to calculate the ambient concentration for the given chemicals, 
the dust emission rate was multiplied by the concentration of the 
chemical on the dust: 

where: 

Ei = emission rate of specific chemical (mg/m2/year) 
E = fugitive dust emissions rate (mg/m2/year) 
Cs = constituent concentration (mg/kg) 
CF = conversion factor ( kg/mg) 

1.1.3 Box Model 

Estimated emission rates were used in a box model to determine the 
ambient air concentration of each chemical of concern on the Companies’ 
properties. The box model is represented by the following equation: 

C a =  (EixWxL) x C F  
(Ws x H x u)  

where: 

Ca = average annual ambient air concentration (mg/m3) 

W = width of the site as measured perpendicular to the length of the 
site (m) 

L = length of the site (m) 

Ws = square root of the area of the site (m) 

5 
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H = height of human inhalation (1.5 m) 

u = average wind speed (m/sec). 

CF = conversion factor ( 3 . 1 7 ~ 1 0 ' ~  yr/sec) 

The mean annual wind speed used for the site was based on 
meteorological data from the Cincinnati Airport and DOE. I t  is estimated 
as 9.1 mph or 4.1 m/sec (Ruffner 1985). 

1.2 Comparison of Ambient Air Concentrations 
to Acceptable Air Concentrations 

The evaluation of results for this site was undertaken in a two-tiered 
manner. The fist tier was the comparison of predicted screening levels 
to the acceptable levels. The second tier involved calculation of total 
potential risks associated with predicted concentrations. 

Acceptable air concentrations for this site were determined using chronic 
reference concentrations (Rfcs) and chronic reference doses (RfDs) for 
noncarcinogens, and cancer potency factors (CPFs) for carcinogens. The 
acceptable air concentration was calculated to be protective of the 
maximally exposed individual to a target hazard index of 1.0 or a target 
loe6 carcinogenic risk, as appropriate. The acceptable concentration 
was generated assuming lifetime exposure at the point of maximum 
concentration: 

C, = 10-6 x BW (for carcinogens) - -  
CPF IR 

Caa = RfC for noncarcinogens 

where: 

Caa = 

CPF = 

RK = reference concentration (mg/m3) 

acceptable air concentration (mg/m3) 

cancer potency factor (mg/kg/day)' 

B W  = 

IR = 20 m3/day for an adult. 

70 kg for an adult 

6 
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In some instances, the reference concentration is presented as the 
reference dose: in these instances, it was necessary to convert the dose 
to a concentration based on the assumption that an adult inhales 20 m3 
of air per day and weighs 70 kg. Where the CPF was reported as a unit 
risk (pg/m3)-l the acceptable air concentration is the ratio of the target 
incremental .excess lifetime cancer risk (loe6) to the unit risk. The 
exposure assumptions are listed in Table 2. The calculated acceptable 
air concentrations based on chronic toxicity and risk-specific 
concentrations are listed in Table 3. 

* 

The comparison between predicted concentrations and acceptable air 
concentrations for volatile chemicals is shown in Table 4. Table 5 
provides a comparison between predicted concentrations and acceptable 
air concentrations for fugitive dust emissions. The data provided in 
Tables 4 and 5 show all chemicals have predicted concentrations lower 
than the acceptable maximum levels. 

Predicted air concentrations produced as a result of fugitive dust 
emissions were signlficantly below the acceptable air concentrations. 
Thus, no refined analysis was performed for fugitive dust emissions. 

1.3 Calculation of Hazard Index and 
Carcinogenic Risk Values 

Risk characterization is the final step of the screening process. In this 
step, the toxicity factors (RfDs and cancer potency factors) for the 
chemicals of concern are used in conjunction with estimated chemical 
intakes to predict potential noncarcinogenic and carcinogenic health 
risks to the maximally exposed individual. 

The potential for noncarcinogenic effects is characterized by comparing 
estimated chemical intakes with chemical-specific RfDs. Potential 
carcinogenic effects are characterized in terms of the incremental or 
excess probability that an individual will develop cancer in his or her 
lifetime, due to the modeled exposure. Excess cancer risk is estimated 
from the projected lifetime intakes and the cancer potency factor, which 
represents an upper-bound estimate of the dose-response relationship. 
The methods used to characterize noncarcinogenic and carcinogenic 
risks are described further in this section. Potential health risks 
associated with the estimated chemical exposures and uncertainties 
inherent in the risk assessment process are also presented in this 
section. 

7 
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nsite Resident (adult)' Inhalation 

TABLE 2 
EXPOSURE ASSUMPTIONS 
PADDYS RUN ROAD SITE 

IF=IR x ET x EF x ED/(BW x AT) F = Intake.factor (m3kg/day) 

R = Inhalation rate (0.83 rn3lhr) 

3 = Exposure time (24 hrlday) 

EF = Exposure frequency (350/days/yr) 

ED = Exposure duration (30 yrs) 

3W = Body weight (70 kg) 

AT = Averaging time 

10,950 days. noncarcinogens 

25.550 days, carcinogens 

Exposure assumptions for each scenario for adults and children. as applicable, are provided in Tables 6-1 8 and 6-1 9 in 

Section 6.0 of the RlmA Repon. 

8 



007$61 
REV. 1: MAY 1994 

TABLE 3 
ACCEPTABLE AIR CONCENTRATlON CALCULATIONS 

BASED ON CHRONIC TOXICITY AND RISK SPECIFIC CONCENTRATIONS 
PADDYSRUNROADSITE 

Xylenes (Total) 

Cumene 

Arsenic 

Calcium 

Copper 

Magnesium 

Mercury 

Potassium 

Sodium 

NA 

2.57E-03 

NA 

NA 

NA 

NA 

8.58E-05 

NA 

NA 

NA 

NA 

1 .SOE+Ol 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9.00E-03 

2.33E-07 

NA 

NA 

NA 

3.00E-04 

NA 

NA 

NA - Not Available 

A- IRIS, accessed March 1 9 9 4  a 6- HEAST, W 9 3  

+ An absorption factor of 30% has been applied to the CPF for arsenic. 

9 
. .. ;r ' \  :. .. , 



REV. 1: MAY 1994 

Xylenes (Total) 

Cumene 

Mercury 

TABLE 4 
PREDICTED VALUES FOR VOLATILE CHEMICALS 

ASSUMING FUTURE LANDUSE OF RESIDENTIAL OR AGRICULTURAL CATEGORIES 
PADDYS RUN ROAD SITE 

3.34E-03 1.65E-06 1.65E-06 NA 

4.72E-03 8.56E-07 8.56E-07 9.00E-03 

4.41 E41 3.48E-05 3.48E-05 3.00E-04 

2 

0 

NA - Not Available 
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Arsenic 
Calcium 

Copper 
Magnesium 
Mercury 
Potassium 
Sodium 

TABLE 5 
PREDICTED VALUES FOR CHEMICAL CONCENTRATIONS IN FUGITIVE DUST 

ASSUMING FUTURE IANDUSE OF RESIDENTIAL OR AGRICULTURAL CATEGORIES 
PADDYS RUN ROAD SITE 

1.18E+01 
l.lOE+OS ' 

2.07E+01 
3.08E + 05 
4.41 E-01 

1.68E +03 
1.01 E +03 

2.23E-07 
2 . 0 8 ~ ~ 3  

1.89E-12 6.30E-11 NA 
2.67E-12 8.92E-11 9.00E-03 

I 2.33E-07 
NA 

6.66E-09 
6.21 E-05 

1.17E-08 
1.74E-04 

9.48E-07 
5.70E-07 

2.49E-10 

3.91E-07 NA 
5.8 1 E-03 NA 

3.17E-05 NA 
1.91E-05 NA 

8.3 2E-09 3.00E-04 

11 
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1.3.1 Intake Factor Calculation 

The intake factor is necessary to calculate how much potential risk each 
constituent represents. Intakes are calculated following guidance in Risk 
Assessment Guidance for Supecund (U.S. EPA 1989a), Exposure Factors 
Handbook (U.S. EPA 1989b), and other U.S. EPA guidance documents as 
appropriate. Intakes are estimated using reasonable estimates of body 
weight, inhalation rates, and frequency and duration of exposure. The 
general equation for calculating intake in terms of m3/kg/day is shown 
below: 

Intake Factor =Inhalation Rate x Exposure Time x Exposure Frequency x Exposure Duration 

Body Weight x Averaglng Time 

For noncarcinogenic chemicals, intakes are calculated by averaging over 
the period of exposure to yield an average daily intake. For carcinogens, 
intakes are calculated by prorating the total cumulative dose over a 
lifetime, yielding a "lifetime average daily intake." Different averaging 
times are used for carcinogens and noncarcinogens because it is thought 
that their effects occur by Werent mechanisms. The approach for 
carcinogens is based on the current scientific opinion that a high dose 
received over a short period of time is equivalent to a corresponding low 
dose spread over a lifetime. Therefore, the intake of a carcinogen, for 
whatever duration, is averaged over a 70-year lifetime (U.S. EPA 1986). 
Intake of noncarcinogens is averaged over the exposure period. All 
exposures are assumed to be chronic. The intake factor may then be 
multiplied by the concentration of each chemical to obtain the pathway- 
specific average daily intake of that chemical. 

1.3.2 Carcinogenic Risk 

Potential carcinogenic risks are estimated as the incremental probability 
of an individual developing cancer over a lifetime as a result of exposure 
to a potential carcinogen. The numerical estimate of excess lifetime 
cancer risk is calculated by multiplying the predicted chemical 
concentration by the intake factor for an adult by the cancer potency 
factor (CPF) as follows: 

Q030483 
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CR = Ca x IF x CPF 

where: 

CR = Carcinogenicrisk 

Ca = Predicted air concentration (mg/m3) 

IF = Intake Factoradult (m3/kg/d) 

CPF = Cancer Potency Factor (mg/kg/d)-l. 

The U.S. EPA potency factors are upper 95th percentile confidence limits 
of the probability of response per unit intake of chemical over a lifetime. 
Potency factors are based on experimental animal data and limited 
epidemiological studies when available. A linear nonthreshold 
mathematical model for low-dose e&apolation, the linearized multistage 
model, is used to calculate the numerical potency factor value. U.S. EPA 
states that carcinogenic risks estimated using this approach are upper- 
bound estimates. This means that the actual risk is likely to be less 
than the predicted risk (U.S. EPA 1989a). 

U.S. EPA guidance for evaluating cancer risk from simultaneous 
exposure to several carcinogens assumes that incremental cancer risks 
are additive. The concept that cancer risks are additive is based on a 
number of assumptions. If these assumptions are incorrect, over- or 
under-estimation of the actual risk could result (U.S. EPA 1989a). The 
total cancer risk is estimated by summing the risks estimated for each 
chemical of concern and for each pathway. 

U.S. EPA policy must be considered in order to interpret the significance 
of the cancer risk estimates. In the National Oil and Hazardous 
Substances Pollution Contingency Plan (U.S. EPA 1990). U.S. EPA states 
that: "For known or suspected carcinogens, acceptable exposure levels 
are generally concentration levels that represent an excess u per-bound 
lifetime cancer risk to an individual of between loe6 and loez' The U.S. 
EPA further states that the loe6 (a probability of one in a million) excess 
risk level be used as a point of departure for establishing preliminary 
remediation goals protective of human health. Site-specific target risk 
levels may vary from the one in a million departure point, depending 
upon site-specific factors and assumptions made in the risk assessment. 

13 
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1.3.3 Noncarcinogenic Risk 

The potential for adverse noncarcinogenic effects resulting from exposure 
to a chemical of concern is evaluated by comparing the average daily 
intake of the chemical (expressed as mg/kg/day) to a reference dose 
(expressed as mg/kg/day). The resulting ratio is called a hazard 
quotient (U.S. EPA 1989b). It  is derived in the following manner: 

HQ= C,xIF 
RfD 

where: 

HQ = Hazardquotient 

Ca = Predicted air concentration (mg/m3) 

IF = Intake Factoradult (m3 / kg/d)' 

RfD = Reference Dose (mg/kg/d). 
Use of the IUD assumes that there is a level of intake (the FUD) below 
which it is unlikely that even sensitive individuals will experience adverse 
health effects. If the average daily intake exceeds the FtfD (i.e., if the 
hazard quotient exceeds l.O), there may be cause for concern for 
potential noncarcinogenic effects. I t  should be noted, however, that the 
level of concern does not increase linearly as the RfD is approached or 
exceeded. This is because all RfDs are not equally accurate and are not 
based on the same severity of toxic effects. Thus, the slopes of the dose- 
response curve in excess of the RfD can vary widely, depending on the 
substance. Furthermore, it must be emphasized that the hazard 
quotient does not represent a statistical probability of an effect occurring. . 

To assess the overall potential for adverse health effects posed by 
exposure to multiple chemicals, the hazard quotients for each chemical 
of concern associated with a given exposure pathway are summed. The 
resulting sum is referred to by U.S. EPA as the hazard index (HI). The HI 
approach assumes that multiple subthreshold exposures to several 
chemicals could result in an adverse health effect. The HI is expressed 
as follows: 

14 
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where: 

E1 = Exposure level (or intake) for toxicant i 

RfDl= Reference does for toxicant i 

In cases where a receptor may be subject to multiple exposure pathways 
(e.g., inhalation of VOCs and dermal contact with soils), the individual 
hazard indices from all relevant pathways are summed to obtain the total 
potential HI for that receptor. For multiple chemical exposures, the total 
potential HI can exceed 1.0, even if no single chemical intake exceeds its 
RED. If the total potential HI is less than 1.0, cumulative exposures to 
the chemicals of concern at the site are judged unlikely to result in an 
adverse effect. If the sum is greater than 1 .O, a more detailed and critical 
evaluation of the risks, including consideration of specific target organs 
affected and mechanisms of toxic action of the chemicals of concern, is 
required to ascertain if the cumulative exposure would in fact be likely to 
harm exposed individuals. 

The assumption of additive effects reflected in the cumulative potential 
HI is most properly applied to substances that induce the same effect by 
the same mechanism (U.S. EPA 1986). Consequently, application of the 
equation to a mixture of substances that are not expected to induce the 
same type of effects could overestimate the potential for adverse health 
effects. The potential HI provides a rough measure of potential toxicity, 
but it is conservative and dependent on the quality of the experimental 
evidence. Because the HI does not define dose-response relationships, 
its numerical value cannot be constructed as a direct estimate of risk 
( U S .  EPA 1986). 

@ . 

The calculated adult intake factors, hazard indices and carcinogenic 
risks are shown in Table 6 for volatile emissions and Table 7 for fugitive 
dust emissions. 

1.3.4 Results of Comparison to Acceptable Air Concentrations 

The hazard index values and carcinogenic risk totals were used as an 
additional screening method. The results of both indicate that health 
risk associated with inhalation of chemical constituents does not warrant 
including the air pathway in the baseline risk assessment for the site. 

15 
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The potential hazard index for adults for all volatile emissions is 0.1 1 
which is below the threshold of 1. The potential hazard index for all 
fugitive dust emissions is 0.00002. The combination of these two release 
mechanisms has a total hazard index of 0.11. The total carcinogenic risk 
for the fugitive dust pathway is 9.12 x There are no carcinogenic 
chemicals present in the volatile emission pathway. The potential hazard 
indices -and cancer risks for the industrial, trespassing, and 
farm/residential scenarios are provided in Tables 6-28 through 6-32 in 
Section 6.0 of the FU/RA Report. 

These hazard index and carcinogenic risk estimates were calculated 
using worst-case assumptions in a screening analysis designed to yield 
conservative results wNch overestimate potential health impacts. 

G:\PROJECT\539- 15\RI-RA\APPENDIX\K.M)(: 
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TABLE 6 
PREDICTED RISK VALUES FOR VOLATILE CHEMICALS 

ASSUMING FUTURE LANDUSE OF RESIDENTIAL OR AGRICULTURAL CATEGORIES 
PADDYS RUN ROAD SITE 

Xgenes (Total) 

Curnene 

Mercury 

... . 

3.34E-03 

4.72E-03 

4.41 E-01 

1 -65E-06 

8.56E-07 

3.48E-05 

2.73E-01 

2.73E-01 

2.73E-01 

NA 

9.09E-05 

1.10E-01 

NA 

NA 

NA 

Totals 1.10E-01 NA 

NA - Risk cannot be calculated because inhalation toxicity values are not available. 
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TABLE 7 
PREDICTED RISK VALUES FOR FUGITIVE DUST EMISSIONS 

ASSUMING FUTURE LANDUSE OF RESIDENTIAL OR AGRICULTURAL CATEGORIES 
PADDYS RUN ROAD SITE 

Xylenes (Total) 
Cumene 

Arsenic 
Calcium 
Copper 
Magnesium 
Mercury 
Potassium 
Sodium 

3.34E-03 

4.73E-03 

l.l8E+Ol 

l.lOE+05 
2.07E +01 
3.08E +OS 
4.41 E-01 
1.68E+03 

1.01E+03 

1.89E-12 

2.67E-12 

6.66E-09 
6.21E-05 
1.17E-08 
1.74E-04 
2.49E- 10 
9.48E-07 

5.7OE-07 

6.30E-11 
8.92E-11 

2.23E-07 
2.08E-03 
3.91E-07 
5.81 E-03 
8.32E-09 
3.17E-05 

1 .9 1 E-05 

NA 

9.00E-03 

2.33E-07 
NA 

NA 

NA 

3.00E-04 
NA 

NA 

NA - Risk cannot be calculated because inhalation toxicity values are not available. 

0.273 
0.273 

0.273 
0.273 

0.273 
0.273 
0.273 

0.273 
0.273 

NA 

9.47E-09 

NA 

NA 

NA 

NA 

2.65E-05 
NA 

NA 

NA 

NA 

9.1 2E-07 
NA 

NA 

NA 

NA 

NA 

NA 

Total 2.6SE-05 9.1 2E-07 

000489 
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CALCULATIONS OF VOLATILE ORGANIC EMISSIONS 
DURING SHOWERING 



Inhalation of ammonia during showering (Hypothetical Scenario) 0 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.0348373414 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound e 

min t S  = 12 
. Umin FW = 8 

/1g/ Ct = 795 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.000321 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.05608681 32 

1 /min k =  0.2 
- E = 0.0211648352 

efficiency of TCE release from water to air - EJCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of benzene during showering (Hypothetical Scenario) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.0503649709 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin Fw = 8 

PgIL Ct = 66 
m3lmin Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.00559 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 0.081 0857143 

l lmin k =  0.2 
- E = 0.3685714286 

efficiency of TCE release from water to air - E-TCE = 
Henry’s law constant for TCE m3-atmlmol H-TCE = 

0.6 
0.0091 

QQO4.93 2 



Inhalation of cumene during showering (Hypothetical Scenario) 0 
2.2.1.1. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 0.0003010104 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound e 

min ts = 12 
. Umin FW = 8 

Cls1 L Ct = 63 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.000035 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf ’ = 0.00048461 54 

1 lmin k =  0.2 
- E = 0.0023076923 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of ethylbenzene during showering (Hypothetical Scenario) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

d-escription units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.2203218339 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin FW = 8 

m- Ct = 251 
m3lmin Fa = 2.4 

m3 Vb = 12 
m3-atmlmol H =  0.00643 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.3547098901 

l/min k =  0.2 
- E = 0.423956044 

efficiency of TCE release from water to air - EJCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 



Inhalation of toluene during showering (Hypothetical Scenario) e 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.2782673513 

time from beginning of shower 
flow rate of shower 
conc in shower'water 
flow rate of air in shower 
volume of bathroom 

min ts = 
Umin FW = 
/Jg/L Ct = 

m3/min Fa = 
m3 Vb = 

Henry's law constant for organic compound m H =  

12 
8 

320 
2.4 
12 

0.00637 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 0.448 

1 lmin k =  0.2 
- E =  0.42 

efficiency of TCE release from water to air - E-TCE = 0.6 
m3-atmlmol H-TCE = 0.0091 Henry's law constant for TCE 



Inhalation of xylenes during showering (Hypothetical Scenario) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 0.060546083 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin FW = 8 

m- Ct = 63 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atmlmol H =  0.00704 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.0974769231 

l/min k =  0.2 
- E = 0.4641758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 



Inhalation of benzene during showering (future scenario - well 700’ downgradient) e 
2.2.1.1. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.2930079854 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 0.471 731 8681 

1 /min k =  0.2 
- E = 0.2841758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 

7 
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Inhalation of cumene during showering (future scenario - well 700’ downgradient) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 0.0270527085 

time from beginning of shower min ts = 12 
flow rate of shower . Umin Fw = 8 
conc in shower water PglL Ct = 5662 
flow rate of air in shower m3lmin Fa = 2.4 
volume of bathroom m3 Vb = 12 
Henry’s law constant for organic compound m3-atm/mol H =  0.000035 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.0435538462 

l/min k =  0.2 
- E = 0.0023076923 

efficiency of TCE release from water to air - E-TCE = 
Henry’s law constant for TCE m3-atm/mol H-TCE = 

0.6 
0.0091 



Inhalation of ethylbenzene during showering (future scenario - well 700’ downgradient) m 
2.2.1 .l. Shower 

ref. is Andelman, J. B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 3.6506713436 

. time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound a 

min ts = 12 
. Umin FW = 8 

Pg/L Ct = 41 59 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atmlmol H =  0.00643 

‘I’ asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 5.877443956 

l/min k =  0.2 
- E = 0.423956044 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atmlmol H-TCE = 0.0091 
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Inhalation of toluene during showering (future scenario - well 700’ downgradient) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 4.2783605259 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin FW = 8 

/1g/L Ct = 4920 
m3lmin Fa = 2.4 

m3 Vb = 12 
m3-atmlmol H =  0.00637 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 6.888 

1 lmin k =  
- E =  

0.2 
0.42 

efficiency of TCE release from water to air - E-TCE = 
Henry’s law constant for TCE m3-atmlmol H-TCE = 

0.6 
0.0091 
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Inhalation of xylenes during showering (future scenario - well 700’ downgradient) a 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 5.529875583 

- time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 0 

min ts = 12 
Umin FW = 8 
/IW Ct = 5754 

m3/min Fa = 2.4 
m3 Vb = 12 

m3-atm/mol H =  0.00704 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

-_ 

a long time 
mg/m3 C-inf = 8.9028923077 

l/min k =  0.2 
- E = 0.4641758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
H-TCE = 0.0091 Henry’s law constant for TCE m3-atmlmol 
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Inhalation of benzene during showering (future scenario - well 1800' downgradient) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 0.1859247458 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry's law constant for organic compound 

min ts = 12 
Umin FW = 8 
Pg/ L Ct = 31 6 

m3/min Fa = 2.4 
m3 Vb = 12 

m3-atmlmol H =  0.00431 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.299331 8681 

1 lmin k =  0.2 
- E = 0.2841758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry's law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of cumene during showering (future scenario - well 1800’ downgradient) e 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mglm3 CS = 0.0164170093 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound a 

min ts = 12 
. Umin FW = 8 

m- Ct = 3436 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.000035 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 0.0264307692 

1 /min k =  0.2 
- E = 0.0023076923 

efficiency of TCE release from water to air - E-TCE = 0.6 
0.0091 Henry’s law constant for TCE m3-atmlmol H-TCE = 
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Inhalation of ethylbenzene during showering (future scenario - well 1800’ downgradient) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the  
shower air over a duration of ts minutes 

mg/m3 CS = 2.1795183809 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin FW = 8 

PS/L Ct = 2483 
m3/min Fa = 2.4 

m 3  Vb = 12 
m3-atm/mol H =  0.00643 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 3.5089428571 

1 lmin k =  0.2 
- E = 0.423956044 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of toluene during showering (future scenario - well 1800' downgradient) e 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 2.5252762129 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry's law constant for organic compound a 

min ts = 12 
. Umin FW = 8 

Pg/L Ct = 2904 
m3lmin Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.00637 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mglm3 C-inf = 4.0656 

1 /min k =  0.2 
- E =  0.42 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry's law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of xylenes during showering (future scenario - well 1800' downgradient) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 Cs = 3.2262412812 

time from beginning of shower min tS = 12 
flow rate of shower . Umin Fw = 8 
conc in shower water ,Uw Ct = 3357 
flow rate of air in shower m3/min Fa = 2.4 
volume of bathroom m3 Vb = 12 
Henry's law constant for organic compound m3-atmlmol H =  0.00704 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 5.1 941 274725 

1 /min k =  0.2 
- E = 0.4641758242 

efficiency of TCE release from water to air - E-TCE = 
Henry's law constant for TCE m3-atm/mol H-TCE = 

0.6 
0.0091 
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Inhalation of benzene during showering (future scenario - center of plume) 0 
REV. 1: MAY 1994 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

d-escription units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 c s  = 0.6307320489 

time from beginning of shower min ts = 12 
flow rate of shower . Umin FW = 8 
conc in shower water m- Ct = 1072 
flow rate of air in shower m3/min Fa = 2.4 
volume of bathroom m3 Vb = 12 
Henry’s law constant for organic compound H =  0.00431 

<< ------------ Intermediates (auto-calc) --->> 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 1.01 54549451 

llmin k =  0.2 
- E = 0.2841758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atmlmol H-TCE = 0.0091 
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Inhalation of cumene during showering (future scenario - center of plume) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 Cs = 0.0234023607 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry's law constant for organic compound 

min tS = 12 
. Umin FW = 8 

/Jg/ L Ct = 4898 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.000035 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 0.0376769231 

l/min k =  0.2 
- E = 0.0023076923 

efficiency of TCE release from water to air - E-TCE = 
Henry's law constant for TCE m3-atm/mol H-TCE = 

0.6 
0.0091 
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Inhalation of ethylbenzene during showering (future scenario - center of plume) 0 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 6.5069551985 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 

, volume of bathroom 
Henry’s law constant for organic compound ‘ 0  

min ts = 12 
. Umin FW = 8 

Pg/L Ct = 741 3 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.00643 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 10.4759538462 

1 /min k =  0.2 
- E = 0.423956044 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol HJCE = 0.0091 
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Inhalation of toluene during showering (future scenario - center of plume) 

2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 10.4550261389 

time from beginning of shower 
flow rate of shower 
conc in shower water 
flow rate of air in shower 
volume of bathroom 
Henry’s law constant for organic compound 

min ts = 12 
. Umin FW = 8 

,vg/L Ct = 12023 
m3Imin Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.00637 

asymptotic conc in air i f  shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 16.8322 

1 /min k =  
- E =  

0.2 
0.42 

efficiency of TCE release from water to air - E-TCE = 0.6 
Henry’s law constant for TCE m3-atm/mol H-TCE = 0.0091 
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Inhalation of xylenes during showering (future scenario - center of plume) e 
2.2.1 .l. Shower 

ref. is Andelman, J.B., 1984; 1985a; 1985b 

description units variable value 

average conc of a volatile compound in the 
shower air over a duration of ts minutes 

mg/m3 CS = 10.0631434185 

time from beginning of shower 
flow rate of shower 
conc in shower water - 

flow rate of air in shower 
volume of bathroom 
Henry's law constant for organic compound a 

min ts = 12 

Pgl Ct = 10471 
m3/min Fa = 2.4 

m3 Vb = 12 
m3-atm/mol H =  0.00704 

. Umin FW = a 

asymptotic conc in air if shower ran for 

rate constant for exponential function 
efficiency of release of compounds from 

a long time 
mg/m3 C-inf = 16.201 28351 6 

1 Imin k =  0.2 
- E = 0.4641758242 

efficiency of TCE release from water to air - E-TCE = 0.6 
0.0091 Henry's law constant for TCE m3-atm/mol HJCE = 
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APPENDIX L 
TOXICITY PROFILE ASSESSMENT 

FOR PRRS CHEMICALS OF CONCERN 

Summarized below is the available toxicological information for the chemicals of 
concern at the Paddy’s Run Road Site. A brief toxicological evaluation is provided 
for the chemicals that have been evaluated quantitatively and qualitatively in the 
PRRS risk assessment. The purpose of the toxicological evaluation is not to conduct 
a comprehensive literature search and review, but to summarize available 
toxicological information on each chemical of concern in light of the exposure 
routes identified at the PRRS site. In compiling this information, emphasis was 
placed on authoritative reviews and repofts where available. Available toxicity 
information is provided for various forms of each chemical; however, in some cases, 
this information may not be directly related to the chemical form found at PRRS. 
Nevertheless, such toxicity information is relevant for the conduct of the toxicity 
assessment and is included within this summary. 

Each summary presents a brief description of the chemical and information on 
absorption, metabolism, excretion, acute and chronic toxicity, teratogenicity, 
mutagenicity and carcinogenicity. Ecological toxicity information, as available, is 
also provided to describe the potential effects associated with exposures of the 
chemicals of concern to flora and fauna found in the Study Area. Included at the 
end of these summaries is a glossary of toxicological terms and measurements to aid 
the reader in understanding the technical information presented. A bibliography 
follows the glossary. 

Applicable standards, guidelines and toxicological criteria for the chemicals of 
concern are presented in Section 6 of the RI report. 

Acetone 

Acetone is a widely used industrial solvent as well as the basis for many solvents 
used domestically. Since it readily dissolves shellac, acetone has been used as the 
main ingredient for nail polish remover. It is not very toxic through this or other 
limited dermal applications, with the major drawback being drying and defattening 
of skin. 

Exposure to high concentrations of acetone fumes can be narcotic, with the 
potential for coma and death. Chronic exposure to lower concentrations in air has 
been associated with central nervous system depression, although these effects are 
controversial. Since acetone is metabolized to 2-propanol in the liver, high 
concentrations may also be hepatotoxic. Perhaps the most subtle hepatotoxicity of 
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acetone occurs through its potentiation of liver toxicity by other hepatoxins, such as 
chloroform. In this regard acetone toxicity resembles chronic alcohol intoxication. 

Since acetone is lipolytic, it may cause corneal dulling when splashed into the eye. 
This effect is reversible. 

As a coxninon metabolic intermediate, acetone is produced metabolically by most 
cells. Hence, its subtle introduction into environmental media is without adverse 
effect. The reference dose (RfD) for acetone has been set by EPA at 0.1 
mg/kg/day - 
Although acetone is highly soluble, it is not very toxic to aquatic organisms in the 
environment. Fortunately, acetone has a very low toxicity to ecosystems. The oral 
LD50 in rats is 10.7 ml/kg, a concentration which would only be realized in the 
environment under conditions of extreme contamination. Limited data are 
available for aquatic organisms. The 24-48 hour median threshold limit for Daphnia 
magna is reported at 10 mg/l and 5,500 for G m m m  pula .  The 96 hour E 5 0  for 
bluegill sunfish (Lepomis macrochinu) is 8300 mg/l (Verschueren, 1983). Since 
acetone does not bioaccumulate, and presumably would be quickly metabolized by 
intermediate organisms, there is minimal risk from human consumption of aquatic 
life which has been exposed to acetone (Howard 1990). 

Aluminum 

Aluminum is a silvery-white, flexible, amphoteric metal. It is a naturally occurring 
element found primarily in the ores cryolite and bauxite. It is nature’s third most 
abundant metal and makes up about 8% of the earth’s crust. Aluminum is never 
found naturally in the elemental state. 

Daily exposure to aluminum is inevitable due to its abundance and ubiquitous 
occurrence in nature and its diverse use by man. Humans are exposed to aluminum 
through consumption of food and drinking water and inhalation of airborne dust 
particulates as well as through the use of such consumer items as antiperspirants, 
cosmetics, and antacids which contain aluminum compounds (ATSDR 1990). 
People normally consume about 10 milligrams of aluminum per day. The 
concentration of aluminum in natural waters and drinking water is generally below 
0.1 ppm (ATSDR 1990). 

Human and animal studies indicate that absorption is low following oral exposure. 
Absorption is affected by the chemical form of aluminum, by Vitamin D, 
parathyroid hormone, and by other ions. Human and animal studies give indirect 
evidence of absorption following inhalation exposure to aluminum. However, the 
rate and extent of absorption of inhaled aluminum have not been well determined. 

2 



REV. 1: MAY 1994 

There is little to no data regarding dermal absorption of aluminum in humans or 
animals. 

Aluminum is an element and is always found attached to other chemicals in the 
human body. Aluminum is believed to exist in four different forms in living 
organisms; as free ions, as low molecular weight complexes, as reversible 
macromolecular complexes, and as irreversible macromolecular complexes. The 
kidney is the major route of excretion of absorbed aluminum. 

Aluminum is not believed to cause adverse health effects except at extremely high 
doses. Studies indicate that aluminum may be a lung irritant when inhaled. 
However, epidemiological studies have not determined aluminum to be the single 
causative agent in lung fibrosis found in workers exposed to aluminum dusts. These 
workers were also exposed to other occupational toxicants and many were cigarette 
smokers. Aluminum has not been found to cause adverse effects in humans through 
oral exposure. Aluminum is found in a variety of foodstuffs and drinking water. 
There is little indication that it is toxic by the oral route. 

Aluminum has been associated with Alzheimer’s disease in humans. It is not known 
whether aluminum is a causal agent in this neurodegenerative disease. A number of 
factors other than aluminum exposure are known to be associated with Alzheimer’s, 
including genetic factors, viral &.fections, and immune system dysfunction (ATSDR 
1990). 

Bioconcentration of aluminum has been documented in several aquatic species. 
Brook trout accumulates more aluminum at pH 5.6 to 5.7 than at 6.5 to 6.6. 
Concentration in trout body tissue also decreases as the fish increases in age 
(ATSDR 1991). 

Aluminum is fatal to laboratory animals at very high doses. The LD50 for rats given 
aluminum nitrate is 261 mg/kg and the chloride form is 770 mg/kg (ATSDR 1990). 

Skin damage was reported on mice, rabbits, and pigs after 10% aluminum chloride 
and nitrate was applied to the skin (ATSDR 1990). 

Ammonia 

Ammonia is a colorless, strongly alkaline, and extremely soluble gas with a 
characteristic pungent odor. Ammonia is produced by both man and in nature. 
Ammonia is used as a nitrogen source for many nitrogen-containing compounds. It 
is used in the production of ammonium sulfate and ammonium nitrate for fertilizers 
and in the manufacture of nitric acid, soda, synthetic fibers, dyes, and plastics. 
Ammonia is very important for animal and human life. It is found in water, soil, and 
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air, and is a source of much-needed nitrogen for plants and animals. Most of the 
ammonia in the environment comes from the natural breakdown of manure and 
dead plants and animals. 

Ammonia is primarily absorbed through inhalation and ingestion. Ammonia is not 
readily absorbed through the skin. Upon inhalation, ammonia is almost completely 
retained iri the nasal mucosa and upper respiratory tract. Only small amounts of 
inhaled ammonia are absorbed into the systemic circulation. Ingested ammonia is 
readily absorbed from the digestive tract where it enters the portal circulation and is 
delivered to the liver. Ammonia is metabolized to urea and glutamine mainly in the 
liver. However, it can be rapidly converted to glutamine in the brain and other 
tissues as well. Ammonia that is inhaled is temporarily dissolved in the mucous of 
the airway, then a high percentage of it is released back into the expired air. 
Absorbed ammonia is excreted by the kidneys as urea and urinary ammonium 
compounds, as urea in feces, and as components of sweat. 

Contact with anhydrous liquid ammonia or with aqueous ammonia solutions is 
intensely irritating to the mucous membranes , eyes, and skin. Inhalation of acute 
doses of anhydrous ammonia have caused blocked airways, respiratory failure, 
bronchopneumonia, and/or renal failure. Ingestion of lethal doses of ammonium 
compounds in animal studies has produced serious respiratory effects including 
increased rate and depth of respiration, pulmonary edema, and death by respiratory 
failure. 

There are no recognized primary systemic effects from exposure to ammonia gas or 
ammonia solutions, most likely due to limited absorption and rapid metabolism. 
Repeated oral exposure to high doses of ammonium acidifying salts results in 
metabolic acidosis and secondary effects on bone and electrolyte metabolism. 
Prolonged exposures result in mild kidney injury. Other systemic effects that have 
been observed in animals exposed to ammonia include effects on the adrenal gland 
and weight loss. Extensive skin burns or injury to the respiratory or gastrointestinal 
tracts due to ammonia exposure may lead to secondary effects including infections 
and kidney failure. 

No information was located regarding the developmental or reproductive effects of 
ammonia in humans or animals. No information was located regarding the 
genotoxicity of ammonia in humans. In vivo and in vitro animal data are 
inconclusive. Carcinogenic potential of ammonia has not been established in 
humans or animals. However, lifetime exposure studies have not been conducted 
for inhalation or dermal exposure. 

Depending on the pH f the exposure medium, ammonia will exist as either the 
ammonium ion (NHq ) or un-ionized ammonia (NH3), or a combination of both 
forms. Un-ionized ammonia (NH3) has been demonstrated to be the more toxic 
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form of ammonia; therefore, the potential for ecotoxicity will be related to pH. 
Temperature has also been related to the toxicity of ammonia, but the available 
data on temperature effects are somewhat limited and variable. U.S. EPA (1986) 
indicates that ammonia toxicity apparently increases with decreasing temperature. 

Antimony and Compounds 

Antimony is a silvery white, soft metal that is insoluble in water and organic 
solvents. Antimony is widely used in the production of alloys. Pure antimony 
compounds are used as abrasives, pigments, flameproofing compounds, plasticizers, 
and catalysts in organic synthesis. Small amounts of antimony are present in the 
earth's crust and can enter the environment during the mining and processing of its 
ores. 

No quantitative data are available regarding oral, dermal or inhaled absorption of 
antimony in humans. However, animal studies indicate that absorption does occur 
in the gastrointestinal tract and via the lungs. Absorption from the respiratory tract 
is a function of particle size. Differences among antimony compounds are related to 
the solubility of the compound. Animal studies suggest that certain forms of 
antimony are probably absorbed from the gastrointestinal tract. Absorption is likely 
to be affected by numerous factors including: chemical form, particle size, solubility, 
age and diet. 

Antimony is a metal and, therefore, does not undergo catabolism in the body. The 
metabolism of antimony consists of interaction with sulfhydryl groups and phosphate 
and numerous, reversible binding interactions with endogenous ligands (e.g., 
proteins). Blood is the main vehicle for the transport of absorbed antimony. The 
major sites of accumulation are the liver, kidney, bone, spleen and thyroid. 
Antimony is excreted through both the urine and feces. 

Adverse health effects have been observed in humans and animals following 
exposure to antimony and antimony compounds. Antimony compounds are 
generally less toxic than antimony. Antimony trisulfide, however, has been reported 
to cause myocardial changes in man and animals. Antimony trichloride and 
pentachloride are highly toxic and can irritate and corrode the skin. Antimony 
fluoride is extremely toxic, particularly to the lungs and skin. Antimony and its 
compounds are generally regarded as primary skin irritants. Lesions generally 
appear on exposed, moist areas of the body. Antimony trioxide causes a dermatitis 
known as "antimony spots." Pneumoconiosis, impaired pulmonary function and 
respiratory irritation have been observed in workers exposed to antimony dust. 
Alterations in EKG readings and increased blood pressure have been reported in 
workers exposed to antimony trioxide (Brieger et al. 1954). 

2 

. 

5 



REV. 1: MAY 1994 

Antimony induced pneumoconiosis is associated with serious lung pathology in 
animals and it is believed that, with sufficiently high or prolonged exposures, serious 
lung disease would occur in humans. 

Acute oral antimony poisoning induces violent irritation of the nose, mouth, 
stomach, and intestines, bloody stools, slow, shallow respiration, pulmonary 
congestion, coma and, sometimes, death. Chronic oral poisoning present symptoms 
of dry throat, nausea, headache, sleeplessness, loss of appetite and dizziness. Liver 
and kidney degenerative changes are also late manifestations. 

The likelihood of antimony induced developmental and reproductive effects in 
humans is not known. Because of limited in vitro genotoxicity data and little in vivo 
data, the genotoxicity of antimony in humans cannot be determined. No 
information of the carcinogenic potential of antimony in humans is available. 
Inhalation exposure to antimony trioxide or antimony trisulfide produced lung 
tumors in rats (Groth et al. 1986; Watt, 1983; Wong et al. 1979). Antimony has not 
produced cancer in rats or mice exposed by the oral route. No information of 
carcinogenic potential of antimony following dermal exposure is available. 

Acute toxicity of antimony to an annelid, amphipod, caddisfly and rainbow trout 
does not occur below the limits of solubility of antimony salts (U.S. EPA 1988). 
Chronic effects were not reported for a freshwater invertebrate species (cladoceran) 
exposed to 2,940 ug/l or fathead minnows exposed to 1,130 ug/l. The lowest 
observed effect concentrations for these two species were 4,160 and 2,310 ug/l, 
respectively (U.S. EPA 1988). Negligible uptake of antimony was also reported for 
bluegill sunfish. 

Arsenic 

Elemental arsenic exists in several forms; the ordinary form is metallic or gray 
arsenic. Arsenic forms a steel gray crystalline mass with a metallic luster, is brittle 
and rather soft and is insoluble in water. The inorganic compounds (3 + or 5 + ) are 
usually colorless, water soluble crystalline solids or powders. The trioxide, calcium 
salts and the yellow-orange sulfides have a limited and low water solubility. Arsenic 
compounds are often unstable and are in many cases not well defined materials. 

As a result of its natural occurrence, exposure to arsenic is universal (WHO/IPCS 
1981). It is present in most foodstuffs in concentrations below 1 ppm. Arsenic can 
be found in some waters at naturally high concentrations. 

Studies in experimental animals as well as in man have shown that over 90% of an 
ingested dose of dissolved inorganic trivalent or pentavalent arsenic is absorbed 
from the gastrointestinal tract. Particles containing inorganic arsenic which are 
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inhaled will most- likely be absorbed from either the respiratory or the 
gastrointestinal tract. Systemic toxic effects have resulted from occupational 
accidents where arsenic acid or arsenic trichloride have been splashed on workers, 
indicating that the skin is a possible route for absorption of arsenic (Ishinish et al. 
1986). 

No data are available which indicate long-term accumulation of arsenic. In-vivo 
methylation of inorganic arsenic has been demonstrated in both animals and man. 
Following ingestion or inhalation of inorganic arsenic, the major forms of arsenic 
excreted in human urine are dimethylarsinic acid and methylarsonic acid. Most 
studies indicate that elimination of arsenic, in both animals and man, takes place 
mainly via the kidneys. 

The acute toxicity of arsenic depends on the solubility of the administered 
compound. Common acute symptoms includes, inflammation of the lining of the 
stomach, fever, insomnia, anorexia, liver swelling, and disturbed heart function. 
Peripheral nervous disturbances, primarily of sensory types, are frequently 
encountered in individuals surviving a e t e  poisoning, arid there also may be 
transient effectson the blood. 

Chronic arsenic toxicity is chiefly related to the skin, mucous membranes, lungs, 
gastrointestinal and nervous systems. Involvements of the circulatory system and 
liver are less common. The skin is a common critical organ in humans exposed to 
inorganic arsenicals. Chronic arsenic poisoning from ingestion of contaminated 
food, beverages, and water has resulted in skin lesions as well as vascular disorders 
resulting in gangrene of lower extremities, commonly called Blackfoot disease. In 
occupational exposure, skin lesions are frequently found in the palm of the hand and 
on the sole of the foot. An allergic type of contact dermatitis is also frequently seen 
among workers exposed to arsenic trioxide. Hyperkeratosis, warts, and melanosis of 
the skin are the most commonly observed lesions in chronic exposure. Anemia, 
disturbance of the hematopoietic system, conjunctivitis and perforation of the nasal 
septum have also been found with occupational exposure to arsenic-containing dust. 

Arsenic has been classified as a Group A human carcinogen. Arsenic has been 
found to induce several types of skin cancer with epithelioma as the most common. 
Studies of smelter worker populations have found an association between 
occupational arsenic exposure and lung cancer mortality. Both proportionate 
mortality and cohort studies of pesticide manufacturing workers have also shown 
excess lung cancer deaths among exposed workers (Ott et al. 1974; Mabuchi et al. 
1979). There seems little doubt that exposure to arsenic by inhalation increases the 
risk of lung cancer. However, a strong multiplicative effect of arsenic exposure and 
smoking has been unequivocally established (Pershagen et al. 1981). 
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Available literature indicate that arsenite (As3+) is more toxic to aquatic 
organisms than arsenate (As s+ In t e aquatic environment, toxicity could be 
abated by the oxidation of As3'' to As!' under aerobic conditions or increasing 
pH. Arsenic is lipophilic and has been detected in muscle tissue. The half-life of 
arsenic in the muscle tissue of green sunfish (Lepomis cyanellus) was reported as 
seven days (EPA 1978, EPA 1980). Overall, arsenic does not usually accumulate at 
appreciabIe levels in freshwater species. 

Arsenic as an herbicide is toxic to certain plants. Certain algae are affected by both 
arsenate and arsenite compounds. 

Chronic toxicity data are limited for arsenic. No data regarding arsenic's effects on 
terrestrial species were identified. 

Barium 

Barium is a yellowish-white metal of the alkaline earth group which occurs in nature 
chiefly as barite (BaS04) and witherite (BaC03), both of which are highly insoluble 
salts. Barium is stable in dry air, but readily oxidizes in humid air or in water. 
Industrial applications of barium salts include metallurgy, paints, glass making, 
electronics and medicine. 

Soluble barium salts are readily absorbed from the digestive system as well as from 
all segments of the respiratory tract. Barium sulfate, however, is virtually insoluble 
and is therefore not readily absorbed following ingestion or inhalation. As with 
other alkaline earth metals, barium accumulates in the skeletal system, 
preferentially onto bone surfaces (Elsser et al. 1969). The availability of barium for 
bone uptake is greater than that of either calcium or strontium (Domanski et al. 
1980). Barium is not bioaccumulated. Of excreted barium, 90% is found in the 
feces. 

The basic mechanisms of barium toxicity appear to involve antagonism to 
potassium, the latter, of course, being an essential element in cellular osmotic 
balance and therefore central in many homeostatic functions, including 
neurotransmission. 

The symptoms of barium poisoning are muscular stimulation followed by paralysis. 
In severe cases respiratory paralysis is sufficient to cause death by asphyxiation. The 
acute oral LD50 in humans has been estimated to be 70 mg/kg. 

Barium-containing dusts have been associated with a form of pneumoconiosis 
termed "baritosis." This has been seen among workers chronically exposed to 
barium sulfate dust and is accompanied by slightly diminished pulmonary function. 
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Rats given radioactively-tagged barium sulfate particles by intratracheal 
administration have been reported to develop bronchiogenic carcinoma (Amber and 
Watson 1958). However, these experiments are unconvincing, both on the basis of 
increases which are not 95% statistically sigmficant and that there were no controls 
for radiation carcinogenesis alone in the absence of barium. 

It should be noted that barium is.a prevalent contaminant of the average human 
diet. It is found naturally almost everywhere calcium is found (ubiquitously) and 
travels similarly to calcium through the food chain. Some foods (especially b r a d  
nuts) are quite high in barium, and the average human diet has been reported to 
contain 1 mg barium per day (Schroeder et al. 1972). 

Experimental data indicate that the soluble barium salt concentration in freshwater 
supplies would have to exceed 50 mg/l before aquatic life is adversely affected. 
When combined with sulfate and carbonate anions to form insoluble salts, the 
potential toxicity is reduced. 

Mortality has been observed after acute and chronic exposures of barium chloride 
and barium acetate to test animals. One acute toxicity study reported LD50 values 
of 269 and 277 mg/kg for male and female rats, respectively. Intermediate and 
chronic affects from oral exposure to barium in experimental animals is generally 
associated with cardiovascular effects, specifically an increase in blood pressure. 
However, another study with rats exposed to intermediate and chronic oral doses of 
barium chloride and carium acetate in drinking water did not result in any changes 
to the heart weight or any gross or microscopic lesions of the heart (ATSDR 1991). 
No dermal studies were found. 

a 

Benzene is a clear, colorless, volatile and highly flammable liquid. It has 
widespread use in a variety of manufacturing processes and is a constituent of motor 
fuel. Benzene is also widely used as a solvent and as a chemical intermediate. 

Benzene may be absorbed by inhalation, ingestion and upon skin contact. However, 
experimental investigations have shown dermal absorption to be slow, and in most 
situations inhalation is by far the most important route of absorption. Benzene is 
rapidly distributed throughout the organism and - as with other lipophilic solvents - 
preferentially concentrated in fatty tissues. In mammals, including man, an 
appreciable fraction of the absorbed dose (10-50%) is excreted unchanged in the 
expired air. Benzene is metabolized by oxidation to an unstable epoxide (principally 
in the liver). The metabolites are excreted in the urine. The elimination of benzene 
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from the mammalian organism is relatively rapid and most of the absorbed dose is 
excreted within 48 hours following acute exposure. 

Benzene displays a low acute toxicity in mammals. It exerts mainly a narcotic action 
at high concentration levels in both animals and man. Signs of acute toxicity include 
central nervous system depression: staggering walk, stimulation followed by 
drowsiness, and coma followed by respiratory failure and circulatory collapse. 
Chronic intoxication in man may give rise to severe bone marrow toxicity, eventually 
resulting in leukemia. 

Benzene - or more probably hydroquinone - a metabolite of benzene, inhibits 
maturation of early blood cell precursors in the bone marrow. It has long been 
recognized that benzene, upon long-term exposure of man and experimental 
animals to high concentrations, may elicit signs of severe damage to the blood 
system including anemia, reduced number of circulating white blood cells and 
platelets. These effects are accompanied by clinical signs like general weakness, 
pallor, and an increased susceptibility to infection. The bone marrow may exhibit 
increased or decreased cell production. A number of fatal cases of aplastic anemia 
(pancytopenia) due to exposure to benzene have been reported in the literature. 

Epidemiologic studies have shown that exposure of workers to benzene is associated 
with increased risk of aplastic anemia and of leukemia ( W C  1982; Infante 1978; 
Infante and White 1983; Grossenbacher and Lob 1982; Decoufle et al. 1983; Aksoy 
1985; Infante and White 1985; Rinslq et al. 1987). Benzene-associated leukopenia 
has been reported in humans, A K R / S  mice, CD mice and Wistar rats. 

Negative results have been obtained with benzene in the Ames’ Salmonella test, 
using a number of different tester strains. However, this compound seems to induce 
chromosome aberrations and sister chromatid exchanges in mammalian cells ~ 

- vitro, and a number of positive reports have been published on an increased 
incidence of such aberrations in bone manow cells of mammals. 

Evidence from experimental animals indicate that benzene may cause toxic effects 
to the fetus at 50 ppm and above. However, there seem to be no evidence that 
benzene is teratogenic. 

Benzene is considered a proven human carcinogen. The association between 
chronic occupational exposure to high concentrations of benzene and the 
development of leukemias - mainly acute myelogenous leukemia - has been firmly 
established. The carcinogenic action of this compound has also been corroborated 
by findings in experimental animals. 

Benzene may cause adverse effects on aquatic life, with acute toxic responses 
elicited in freshwater aquatic species at concentrations as low as 5.3 mg/l (U.S. 
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EPA, 1986). Although benzene is only slightly soluble and highly volatile, there is a 
cycling that occurs between the atmosphere and the water, which may provide a 
means for prolonged bioavailablity. Numerous studies have been performed on 
single species exposed to benzene in laboratory media; however, insufficient data 
exist regarding the effects of benzene contamination on the higher levels of the 
ecosystem. 

e 

Benzene has inhibited cell multiplication in the bacteria Psuedomonus putida at 92 
mg/l, in the algae, Microcystis aeruginosa at > 1400 mg/l, in the green algae, 
Scenedesmus QuadriCaudQ at > 1400 mg/l and in the protozoans Entosiphon sulcatum 
and Uronema parduai at > 700 mg/l and 486 mg/l, respectively (Verschueren 1983; 
Canada EPS 1984). 

Benzene exposure caused an inhibition of photosynthesis through decreased carbon 
fixation in the algae, Selenastnrm capricomufum. A 48-hour EC50 values of 525 
mg/l was reported for an alga, Chlorella vulgaris. Growth inhibition was observed in 
a marine dinoflagellate, Arnphidinium carterae, in a diatom, Skeltonerna costaturn, 
and in an alga Circosphaera carterae, at benzene levels between 10 and lOOO'mg/l 
(Canada EPS 1984). 

Benzene is lipophilic and may bioaccumulate in organisms where the target tissues 
are the brain, liver, and any tissue with high lipid content. Benzene has been 
reported to accumulate in fish tissue at levels 1000 times the concentration in the 
ambient environment. 

In laboratory studies with invertebrates, the cladocerans, Dauphin magna and D. 
p u l a  reached LC50 concentrations at 178 and 265 mg/l, respectively (U.S. EPA 
1980). LD50 values of 59 ppm and 210 pprn were reported for mosquito larvae (4th 
instar) and grain weevils, respectively. 

Fish species appear to be more susceptible to the toxic effects of benzene than 
invertebrates. The early life stages in fish development and salmonid species are 
more sensitive to benzene than adults or nongame fish (Le. catfish, suckers, etc.). 
An LC50 values of 12 mg/l was reported for a one hour static bioassay with brown 
trout (Salmo trutta) yearlings. Exposure of herring (Clupea pdlasi) and anchovy 
(Engraulk mordex) larvae to benzene caused a delay in larvae development, 
decrease in feeding and growth, and an increase in respiration rate at 10-35 ppm. 
Delayed egg development and abnormal larvae occurred at 35-45 ppm. Young coho 
salmon (Oncorhynchus kisutch) exposed to benzene in artificial seawater, 
experienced no significant mortalities at 10 ppm after 96 hours, 60% mortality at 50 
mg/l after 24 to 96 hours, and 100% mortality at 100 mg/l after 24 hours 
(Verschueren 1983). 
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In a softwater static bioassay, Pickering (1966) determined the 28- 48- and 96-how 
Median Tolerance Limit (TLm) for fathead minnows were 35.5 mg/l, 35 mg/l and 
33.5 mg/l. Pickering conducted the same test in hardwater and reported 24- 48- and 
96-hour TLm's for bluegdls (Lepomk macrochirus) were all 22.5 mg/l. Additional 
studies of bluegills exposed to benzene revealed a 24- and 48-hour LD50 of 20 mg/l. 
The 96-hour LC50 for the channel catfish ( I c t d w  punstatus) and rainbow trout 
(Sdmo gairdnen') were reported as 425 mg/l and 9.2 mg/l, respectively (Canada 
EPS 1984). The difference in LC50 values for these two fish species support the 
postulate that salmonids are considerably more sensitive to benzene contamination 
than rough fish species. 

Gross Beta 

Gross Beta is a light-particle electron, which carries a single negative charge. Risks 
from radioactive compounds are different than other chemical substances. 
Radioactivity presents a health risk because radioactive materials emit particles or 
waves that can damage or kill living cells. Alpha particles cannot penetrate the skin, 
but once absorbed, through inhalation or ingestion, they can travel short distances in 
the body causing cell destruction. Gamma rays is another type of radiation hazard. 
Gamma rays can penetrate the skin and pass into the body. Radiation dose to the 
body or internal organs is measured in rads or rems. Rads indicate absorbed dose, 
which is the amount of radiation imparted to body tissue. The rem is a dose unit 
that accounts for the relative effectiveness of the particular type of radiation for 
causing biological effects. A rem = a rad x Q, where Q is the quality factor that 
accounts for the type of radiation. 

Cadmium 

Cadmium and cadmium compounds have a moderately acute toxicity by ingestion 
and inhalation. Cadmium is excreted very slowly, thus, accumulation in the body 
after chronic may cause several severe toxic reactions in humans. The primary 
target organ from ingestion is the kidney. Inhalation of cadmium over long periods 
of time may result in emphysema. There is some evidence. of lung cancer in heavily 
exposed workers. 

Acute cadmium exposure through inhalation to high concentrations induces 
chemical pneumonitis and sometimes pulmonary edema. Gastroenteritis may result 
from acute intoxication by ingestion. 

' Chronic cadmium intoxication appears after long-term low level exposure. After 
inhalation, a chronic obstructive lung disease develops (at 100 ug/m3) as well as 
renal tubular dysfunction (20-50 ug/m3). Other symptoms may include mild anemia 
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and liver function disturbances. The kidney is the organ most affected by cadmium 
where aminoaciduria, glucosuria and phosphaturia have been documented. 

Cadmium compounds are poorly absorbed from the gastrointestinal tract, ranging 
from 4-7%. Animal studies and available data on humans indicate that absorption 
is high when inhaled in the form of aerosols or fumes. Uptake through the skin 
appears to be neghgible. 

Cadmium is considered a B1 carcinogen by the U.S. EPA, Intramuscular injections 
of cadmium compounds in rats showed a rise in sarcoma at the site of injection. In a 
study conducted by Tanaka et al. (1983) rats were exposed to cadmium chloride 
aerosols at concentrations ranging from 12.5 to 50 ug/m3. A significant increase in 
the incidence of carcinomas of the lung was-observed. This study was used to derive 
the carcinogenic slope factor for cadmium compounds. 

Cadmium is considered to be one of the most toxic metals in the aquatic 
environment; however, the availability and toxicity is dependent on the chemistry of 
the system. Toxicity is affected by the ioqic form, the presence of other pollutants, 
the presence of other stressors (such as low dissolved oxygen, low pH) and the 
fitness of the organism. 

Cadmium is readily accumulated by marine and freshwater species through both 
food and water with either producing a toxic response. In fish, cadmium tends to 
accumulate in the kidney and liver. Chronic low levels may cause nephrotic 
damage, decreases in reproductive success, decreased growth, and disruption of 
enyzmatic activity (Phillips 1980). Oxygen uptake may be decreased by the presence 
of cadmium thereby facilitating death. 

. 

. 

Finfish are more sensitive to cadmium in the larval stage of development than in 
either egg and adult stages. Freshwater fish are more susceptible than marine 
species (Moore and Ramamoorthy 1984). 

Calcium 

Calcium is a silver-white, soft alkaline earth metal found naturally only in the form 
of its compounds, never in its elemental form. It reacts with water, alcohols or acids 
to liberate hydrogen and can develop explosive pressure in containers. It is an 
essential constituent of bones, shells and teeth. Calcium constitutes approximately 
2% of the human body. Ninety-nine percent of the calcium of the body is present in 
the bones and teeth. The remaining 1% of calcium is widely distributed in the soft 
tissues and the extracellular fluids. 
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Absorption of calcium salts occurs in the upper part of the small intestine. Only 20 
to 30% of the calcium in the average diet is absorbed from the intestinal tract and 
taken into the bloodstream. Calcium absorption is dependent upon the calcium 
needs of the body, the type of food and the amount of calcium ingested. After 
absorption through the intestines, most of the calcium is stored in the bones, 
especially the spongy bones, from which it is withdrawn in time of need. Excess 
calcium is -excreted in the feces, urine and sweat. 

Calcium deficiency can result in stunting of growth, poor quality bones and teeth, 
malformation of bones (rickets), and kidney stones. Excess calcium in the blood 
may lead to pathological calcification of the kidneys and other internal organs. 
Continuous high dietary calcium intake may cause a hypersecretion of calcitonin 
and bone abnormalities such as osteopetrosis (dense bone). High calcium intakes 
have also been associated with the formation of kidney stones. 

The toxicity of calcium varies widely based on the calcium compound. Therefore, 
without specific data regarding the chemical form of the calcium compound, a 
comprehensive toxicological assessment cannot be made. 

Calcium and, to a lesser extent, magnesium are the predominant dissolved cations in 
freshwater and are primarily responsible for water hardness. Hardness values 
measured in Paddys Run during the PRRS RI were all above the 300 mg/l (as 
CaC03) threshold for very hard water. According to Sprague (1985), hard water 
streams are productive; therefore, these naturally dissolved salts are not hannful to 
aquatic organisms. Associated with these cations are higher levels of carbonates, 
bicarbonates and some sulfates which are active in complexing metals and reducing 
metal cation bioavailability. Further, calcium is an important mineral nutrient for 
osmoregulation in aquatic organisms. 

Chloride 

Compounds of chloride ions vary widely in form and toxicity, with the chloride ion 
posing little, if any, toxicity. Sodium chloride (table salt) has a very low toxicity and 
carbonyl chloride (phosgene) is extremely toxic in small doses. Without specific 
data regarding the chemical form of the chloride, a comprehensive toxicological 
assessment cannot be made. 

Chromium 

Chromium is a steel gray, lustrous metal. Chromium may exist in one of three 
valence states in compounds, 2 t , 3 t and 6 t . The biological activity of chromium 
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is dependent on its valence state. Hexavalent chromium is, in general, considerably 
more toxic than the metal in its trivalent state. 

Chromium compounds are poorly absorbed from the human gastrointestinal tract. 
Only about 0.5-3% of the total intake of trivalent chromium is absorbed from the 
gastrointestinal tract. Oral absorption of hexavalent chromium seems to be 
somewhat. greater. In the form of respirable particles, inhaled chromium 
compounds are trapped in the lung tissues, and the concentration of this metal 
increases with age in the lungs. Larger particles are moved to the larynx by ciliary 
action and will be ingested. Soluble chromates are more rapidly cleared from the 
lungs to other tissues than trivalent chromic chloride. Chromium absorbed from the 
gastrointestinal tract is transported by plasma proteins, and is subsequently 
accumulated in bone, spleen, testes, and epididymis of experimental animals; much 
less is retained in liver, lungs, brain, heart, and pancreas. Absorbed chromium is 
mainly excreted with the urine. 

Hexavalent chromium is reduced to the trivalent state upon contact with biological 
material during its passage through membranes and cells. Therefore, it may be 
difficult to toxicologically distinguish between these two oxidation states. 

The acute oral toxicity of chromium compounds to humans is not accurately known. 
A dose of 50-70 mg/kg of soluble chromates has been judged to be lethal for an 
adult (IPCS, 1988). There are some indications, however, that children may be 
more sensitive (Kaufman et al. 1970). Corrosive ulceration in the gastrointestinal 
tract after ingestion of concentrated solutions may considerably increase absorption, 
and enhance the toxic action of hexavalent chromium. Due to its corrosive 
properties, concentrated solutions of hexavalent chromium compounds may induce 
local as well as systemic toxic effects upon direct contact with skin and mucous 
membranes. 

Hexavalent, and possibly to a lesser degree trivalent chromium, induce irritant as 
well as allergic dermatitis in man. A number f reports on occupational dermatitis 
has been published where sensitization to Crg, has occurred as a result of long- 
term exposure to products (e.g., cement) contaminated with low concentrations of 
the metal. 

When inhaled in significant concentrations, hexavalent chromium compounds cause 
severe irritation of the respiratory tract. Ulceration and perforation of the nasal 
septum have occurred frequently in workers chronically exposed to chromates and 
similar compounds. Rhinitis, bronchospasm, pneumonia, and emphysema 
accompanied by impairment of pulmonary function may result from chronic 
exposure to hexavalent chromium. 
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Because Cr6+ can cross both the outer plasma membrane and the nuclear 
membrane of the cell before being reduced, it may readily cause DNA-damage 
intracellularly. A large number of chromium compounds have been assayed inin- 
- vitro genetic toxicology assays. In general, hexavalent chromium has been found to 
be mutagenic in bacterial assays, whereas trivalent chromium has not. Likewise 
Cr6+, but not C?', was found to be mutagenic in yeast and in V79 cells. 

The carcinogenic properties of chromium compounds have been extensively 
investigated in mice, rats and rabbits. In rodents, calcium chromate induced 
bronchial carcinomas and intramuscular sarcomas. Similarly, the chromates of 
strontium and zinc have been demonstrated to induce bronchial carcinomas in rats 
after intrabronchial implantation. Injection site sarcomas were produced in rats and 
mice after intramuscular, intrapleural or subcutaneous injections of chromite ore, 
strontium chromate, chromium trioxide, lead chromate and zinc chromate. Few or 
no sarcomas were induced by barium chromate, sodium chromate or dichromate. 
No adequate support for carcinogenic activity has been obtained in experimental 
animals for trivalent chromium. In addition, evidence of carcinogenicity is lacking 
for chromium compounds (tri- as well as hexavalent) administered by the oral route 
(IARC 1980,1987). 

There is clear evidence from epidemiological investigations that long term 
inhalation exposure to hexavalent chromium is associated with an increased 
incidence of bronchiogenic carcinoma. A number of epidemiological studies in the 
U.S., Great Britain, Japan, and West Germany have demonstrated an increased risk 
of lung cancer among workers engaged in the bichromate-producing industry as well 
as in the manufacture of chromate pigments. There is also evidence of a similar risk 
among chromium platers and chromium alloy workers. The latent periods have 
been estimated to vary from 10 to 20 years (IARC 1980,1987; IRIS 1988). 

An increased incidence of tumors at other sites has occasionally been reported for 
chromate paint workers (gastrointestinal tract), chromate-pigment users (stomach 
and pancreas), as well as chrome platers (gastrointestinal tract). Since the observed 
incidences are small, the significance of these findings need further verification 
(IARC 1987). 

Although a clear distinction between the relative carcinogenicity of chromium 
compounds of different oxidation states or solubilities has been difficult to achieve, 
it is commonly believed that trivalent chromium lacks significant carcinogenic 
activity in humans (IPCS 1988; NRCC 1984). Further, available evidence seems to 
indicate that hexavalent chromates of intermediate solubility, like zinc chromate, 
have the highest carcinogenic potency (NRCC 1984). 

In general, toxicity for most microorganisms occurs in the range of 0.05 - 5 mg 
chromium/kg of a specific medium. Trivalent chromium is less toxic than 
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hexavalent. Biological oxidation by microorganisms in sewage sludge has been 
reported to be adversely affected by as little as 50 ppm Cg', or by 5 ppm Cr6+ 
(NRCC 1976). Invertebrate species, such as insects and crustaceans, are more 
se itive than vertebrates such as fish. Exposure of salmon fingerlings to 0.2 ppm 
C F +  for 12 weeks in stream water resulted in a 53% lethality, while the same 
concentration of the trivalent chromium was below the mortality threshold (EPA 
1986). 

Cobalt is a silver-grey, hard, brittle, magnetic metal. Mineral sources of cobalt 
include; arsenides, sulfides, and the oxidized forms. Cobalt is insoluble in water but 
soluble in acids. Cobalt is a component of Vitamin B12 and is therefore an essential 
element found in most body tissues. Because it is a metal, cobalt is not metabolized. 
Pharmacokinetic data in humans indicate that cobalt is absorbed through both the 
lungs and the gastrointestinal tract. Cobalt is distributed throughout the body with 
highest concentrations found in the liver. .The major route of excretion of cobalt is 
through the feces. 

The primary target organ systems affected by cobalt in humans are the respiratory 
system following inhalation, the cardiac and hematopoietic systems following oral 
exposure and the immunological system following dermal exposure. 

Oral cobalt exposure in humans and/or animals results in respiratory, 
cardiovascular, gastrointestinal, hematological, muscoloskeletal, liver, kidney, vision, 
thyroid, hypothermic, and body weight effects. Beer-cobalt cardiomyopathy was 
observed in people who heavily consumed beer containing cobalt sulfate as a foam 
stabilizer (Alexander 1969,1972; Morin et al. 1971). 

Chronic occupational exposures to cobalt have led to respiratory irritation, 
wheezing, asthma, pneumonia and eventually, fibrosis. Since cobalt dust is usually 
combined with other dusts, the role cobalt plays in these effects are not quantified. 
Occupational exposure to cobalt dust has also been shown to cause cardiomyopathy, 
characterized by functional effects on the ventricles and enlargement of the heart 
(Barbouk and Dusek 1972; Horowitz et al. 1988). The exposure level associated 
with these effects have not been determined. 

Cobalt dust is mildly irritating to the eyes and to a lesser extent, the skin. It is an 
allergen and has caused dermatitis in occupational exposures. 

No studies are available regarding the genotoxicity and reproductive toxicity of 
cobalt in humans. Oral studies in male animals have demonstrated adverse effects 

17 



REV. 1: MAY 1994 

on the reproductive system. There is no evidence that cobalt causes cancer by the 
oral, inhalation or dermal routes. 

Information regarding the ecotoxicity of cobalt is limited. While higher animal 
forms require cobalt (vitamin B12) for blood formation (Schmidt-Neilsen 1983), it is 
uncertain whether excess cobalt could elicit an adverse response, or at what level 
such a response would occur. It should be noted that cobalt deficiency has been 
documented to cause severe anemia in range animals, a problem that has been 
contraindicated with dietary cobalt amendments. Neither U.S. EPA nor Ohio EPA 
has developed criteria for cobalt. 

Comer and ComDounds 

Copper is a reddish-brown metal which occurs free or in ores such as malachite, 
cuprite, and chalcopyrite. Copper is naturally occurring in plants and animals and is 
an essential element for all known living organisms. Metallic copper is an excellent 
conductor of electricity and is widely used in the electrical industry. Copper forms 
many important alloys including brass and bronze. Copper is widely used in 
insecticides, algicides, fungicides, and molluscicides. 

Copper is an essential element and is necessary for good health. However, very 
large single or daily intakes of copper can be harmful. Copper is absorbed in the 
stomach and small intestines. The amount of copper absorbed is nversely related 
to the amount of copper present in the gastrointestinal tract. No studies are 
available regarding the rate and extent of absorption following inhalation and 
dermal exposure. Absorbed copper loosely binds to plasma albumin and amino 
acids in the blood and is transported to the liver where it is stored bound to 
metallothionein and amino acids. Bile is the major pathway for the excretion of 
copper. 

Acute oral poisoning results in gastrointestinal irritation including: vomiting, 
nausea, diarrhea and anorexia. Cell damage in the liver and kidney have been 
observed in individuals dying from copper poisoning. Hematological effects have 
also been observed in humans exposed to high levels of copper. Dermal exposure to 
copper results in contact allergic dermatitis in some individuals. 

Inhalation of high concentrations of copper fumes and dust result in irritation of the 
upper respiratory tract, nausea and in some instances discoloration of the skin and 
hair. Inhalation of dusts, fumes and salts may cause congestion of the nasal mucous 
membranes. 



0 8 7 3 6 1  
REV. 1: MAY 1994 

Chronic copper toxicity results in hepatotenticular degeneration (Wilson's disease), 
a genetic disorder that affects normal copper homeostasis. The disease is 
characterized by excessive absorption, retention and storage of copper by the body. 

Developmental and reproductive effects have not been observed in humans; 
however, they have been demonstrated in animal studies. There are no data on the 
mutagenicity of copper in humans; however, in vivo studies and mammalian system 
in vitro studies suggest that copper is a potential human carcinogen. An elevated 
incidence of cancer has not been observed in humans or animals exposed to copper 
via inhalation, oral, or dermal routes of exposure. 

Copper is ranked second to mercury in the magnitude of its ecotoxic effect on 

although two hydroxyl complexes (CuOH") and C I Q O H ~ ~ + )  have also proven to 
be toxic (Howarth and Sprague 1978). The toxicity of copper in water is controlled 
primarily by alkalinity (which includes hardness), dissolved oxygen, chelating agents, 
humic acids, pH and suspended solids. In studies using several fish species, the 
maximum tissue concentrations of copper were detected in the liver, followed by the 
gill, kidney and muscle. In chronic studies encompassing a complete life- cycle, 
brook trout (Sdvelinus fontinalis), fathead minnows (Pimephdes promelm), and 
bluegdls (Lepomis macrochirus) were most sensitive to copper in their early life 
stages (larval and juvenile). In addition to its effects on survival, copper also 
produces deleterious results in growth and reproduction. Inhibition of spawning and 
marked decreases in egg hatchability were observed in fish exposed to copper 
concentrations of 162 ug/l and 32 ug/l, respectively (U.S. EPA 1980). 

aquatic organisms. The principal toxic copper species is cupric ion (Cu 3+ ), 

According to freshwater data, the lowest copper concentration at which acute or 
chronic effects may occur is 10 ug/l. LC50 values for freshwater invertebrates range 
form 5 ug/l (Daphnia hyalina) to 9,300 ug/l for the snail (Amnicola lycorim). 
Additionally, copper sulfate, which inhibits photosynthesis and plant growth, has 
been an important biocide used to control algae blooms in nutrient-sensitive waters. 
In aquatic ecosystems, copper contamination generally occurs in a melange with 
other heavy metals. The association of these trace metals with other zenobiotics 
poses the additional complexities of synergistic, antagonistic and additive toxic 
responses (U.S. EPA 1980). 

Cumene (IsoProwlbenzene) 

Isopropylbenzene, also known as cumene, is a colorless liquid with a relatively high 
boiling point and low vapor pressure. It is soluble in many organic solvents but is 
insoluble in water. Cumene is a naturally occurring constituent of crude oil and as 
such is a minor component of finished hydrocarbon fuels. Cumene is also used in 
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the production of acetone, phenol, and alpha-methyl styrene and as a solvent. It is 
used as a thinner for paints and lacquers and as a component of high-octane 
aviation fuel. 

Available data indicate that cumene is absorbed following oral, dermal, and 
inhalation- exposure. Cumene is metabolized in a variety of species primarily to 
glucuronide conjugates. Cumene is excreted in the urine. 

Cumene has a relatively low order of acute toxicity based on reported lethality 
studies. Acute oral LD50 values reported for rats range from 1400-2900 mg/kg. 
Cumene may cause irritation of the eyes and mucous membranes upon dermal 
contact. Inhalation of high concentrations results in dizziness, incoordination, and 
unconsciousness. 

Animal studies have shown that inhalation of cumene results in narcosis which is 
characterized by slow induction and long duration, suggesting a cumulative action. 
Chronic studies in animals have shown evidence of hyperemia and congestion of the 
lungs, liver, and kidneys with no evidence of hematologic abnormalities. 

Cumene was reported to be nonmutagenic both in the presence and absence of 
metabolic activation when tested by the Salmonella microsome assay in several 
strains. Negative results were also reported in mitotic recombination assays. 

There have been no chronic toxicity and teratogenicity, reproductive effects testing 
of orally administered cumene. In addition, no health advisories or carcinogenicity 
references exist for cumene at this time. 

Cumene may be released to the environment from production or processing of 
petroleum products; however, little information is available regarding its ecotoxicity. 
Most studies performed have involved a single species tested under laboratory 
conditions. The lowest reported toxic concentration for fish is reported an LCSO of 
20-30 mg/l for fathead minnows (PimepahZes promelas). Several other studies have 
been conducted reporting variable results. In these tests, the cumene solutions were 
aerated, probably leading to volatilization, thus reducing the exposure 
concentration. Little information is available for chronic toxicity of cumene to 
aquatic organisms. However, one study reported that concentrations up to 50 mg/l 
did not significantly affect the mussel, MytiZm eduZiS (U.S. EPA 1987). One study on 
a terrestrial species, AgeZaim phoeniceus (red-winged blackbird), reported an LD50 
of 98 mg/kg (Schafer 1983). Cumene may only slightly bioaccumulate in animal 
tissue. 
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2.4-Dimethvlphenol 

2,4-Dimethylphenol(2,4-DMP) is a colorless crystalline solid with a melting point of 
27O to 28O C. The 2,4 isomer is one of five isomers of this compound. 2,4-DMP is 
used commercially as a chemical feedstock or constituent for the manufacture of a 
wide range of commercial products for industry and agriculture. It is used in the 
manufachire of phenolic antioxidants, disinfectants, solvents, pharmaceuticals, 
insecticides, fungicides, plasticizers, rubber chemicals and others. 2,4-DMP is a 
naturally occurring, substituted phenol derived from the cresol fraction of petroleum 
or coal tars by fractional distillation and extraction (Verscheren 1983). 

There is very little data available regarding the toxic effects of 2,4-DMP. As a 
phenol, 2,4-DMP is expected to be a contact irritant to the eyes, mucous membranes 
and skin. Adverse health effects in humans following oral exposure have not been 
located. The oral LD50 is 809 mg/kg in mice and 3200 mg/kg in rats. The dermal 
LD50 is 1040 mg/kg in mice. 2,4-DMP was tested for mutagenicity in the 
Salmonella microsome preincubation assay using the standard protocol of the 
National Toxicology Program and results were negative. 

In a dermal carcinogenicity study in mice, 2,4-DMP was found to be carcinogenic, 
but only in the presence of an initiator. 2,4-DMP appears to be a topical 
cocarcinogen, but its role as a primary cancer-producing agent is uncertain. EPA 
has not classified 2,4-DMP regarding its carcinogenicity. 

2,4-Dimethylphenol is released to the environment as fugitive emissions from coal 
tar refining or other related processes. Although 2,4-dimethylphenol may adsorb 
onto soil or sediment particles, it is not expected to significantly bioconcentrate in 
fish species. The log bioconcentration factor in Lepomk macrochinu (bluegills) was 
reported at 1.18 after a flow through 28 day study. In aquatic species, toxicity 
appears to be low to moderate. The LC50 in PimephaZes promeZas (fathead 
minnow) is reported as 1 mg/l after a 96 hour flow-through study. The LCSO for 
kpomis macrochinu (bluegill) is reported at 7,750 ug/l after a static 96-hour study 
(U.S. EPA, 1980). The LCSO for Lemina minor (duckweed) is reported at 292,800 
ug/l in a 48-hour static test. 

Ethvlbenzene 

Ethylbenzene is a colorless, aromatic liquid used primarily in the production of 
styrene; in gasoline; and as an industrial solvent. It is volatile and only slightly 
soluble in water. 

Ethylbenzene may be absorbed through oral, dermal and inhalation routes of 
exposure. The major metabolites of ethyl benzene differ for humans and rodents. 
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The major metabolites in humans are mandelic acid and phenylglyoxylic acid, which 
are minor metabolites in rats and rabbits. 

Ethylbenzene is an irritant of the skin and mucous membranes. Target organs for 
acute, high-level exposure are the lungs and central nervous system. However, 
chronic, low-level exposures result in effects on the visceral organs. 

No data are available implicating ethylbenzene as a carcinogen. Both ethylbenzene 
and its common metabolites have produced negative responses in mutagenicity 
assays. There is no conclusive evidence implicating ethylbenzene as a reproductive 
or developmental toxin. 

Ethylbenzene is widely distributed in the environment but there is a limited amount 
of information available on its ecotoxicity. All studies on ethylbenzene have been 
performed utilizing single species in laboratory situations; therefore, the 
ramifications of ethylbenzene contamination on the higher levels of the ecosystem 
are currently unknown. 

Although ethylbenzene has not demonstrated the properties of bioaccumulation and 
bioconcentration, it has been reported to elicit some toxic responses in aquatic life 
at low concentrations. In tests conducted with microorganisms, ethylbenzene 
inhibited cell multiplication in bacteria (Psdomonas aeruginosa) at 12 mg/l; algae 
(Microcystis aeruginosa) at 33 mg/l; green algae (Scenedesmus padricauda) at 160 
mg/l; and protozoa (Entosiphon mlcatum) at 140 mg/l (Canada EPS 1984). 
However, no adverse impacts on cell number or chlorophyll 2 production were 
reported for Selenastmm capricomutum or Skeletonema costae at ethylbenzene 
concentrations up to 438 mg/l (U.S. EPA 1980). 

Magnesium 

Metallic magnesium is a silvery-white crystal or metal with a melting point of 651°F 
and a boiling point of 1107OF. The density is 1.74 at S0C, and the vapor pressure is 
1 mm of mercury at 621°F. Magnesium is an essential mineral that accounts for 
about 0.05% of the body’s total weight. Nearly 60% of this is located in the bones in 
the form of phosphates and carbonates, while 28% of it is found in the soft tissues 
and 2% in the body fluids. 

Thirty to fifty percent of ingested magnesium is absorbed in the small intestine. 
Magnesium is generally reabsorbed in the kidneys, thus minimizing the loss of body 
reserves. The main route of excretion of magnesium is the urine. 
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Magnesium is involved in many functions, it is a constituent of bones and teeth, it is 
and essential element of cellular metabolism, and it acts as an enzyme activator. 
Magnesium also relaxes nerve impulses and muscle contraction. 

A deficiency of magnesium is characterized by muscle spasms and rapid heartbeat, 
confusion, hallucination, and disorientation, lack of appetite, listlessness, nausea, 
and vomiting. Magnesium deficiency has been observed in alcoholics, in severe 
kidney disease, and acute diarrhea. An excess of magnesium upsets calcium and 
phosphorus metabolism. Symptoms of chronic, excessive magnesium intake include 
slowed breathing, coma, and sometimes death. 

Mawanese 

Manganese is a reddish-grey or silvery soft metal. It decomposes in water and is 
soluble in dilute acid. Most of the manganese produced is used in the iron and steel 
industry. Although manganese does not occur naturally as a free metal, it is 
ubiquitous in the environment where it .is cycled between the atmosphere, land 
surfaces, aquatic systems and the ocean. Manganese is an essential micro-nutrient 
for plants and animals. 

The respiratory and gastrointestinal tracts constitute the major routes of absorption 
of manganese. Although quantitative data are not available, it seems highly unlikely 
that the skin is an important route of absorption for inorganic manganese. The 
degree of absorption upon ingestion appears to be below 5% in healthy adults, but 
there is evidence of a considerably higher absorption rate with iron deficiency. The 
extent of absorption of manganese following inhalation is evidently considerable but 
is not accurately known. A certain percentage of manganese particles is evidently 
removed by mucociliary clearance and swallowed. 

Manganese is transported in the plasma and widely distributed throughout the body, 
where it is mainly found in the liver, pancreas, kidney, and in the intestines. 
Manganese penetrates the blood-brain barrier as well as the placental barrier. The 
normal brain load is low, but since the retention time is long, manganese is 
progressively accumulated in this organ after high-level exposure. Urinary excretion 
is low, and absorbed manganese is mainly secreted with the bile to the intestinal 
tract. 

The acute toxicity of manganese compounds to mammals is low. The chronic 
toxicity aspect of manganese compounds is considerably more serious. Irreversible 
toxic effects on the central nervous system have been induced in various animal 
species, including the rat and monkey, mainly by the administration of manganese 
dioxide or dichloride. Symptoms of CNS-toxicity, including tremor, instability and 
paralysis of the hind limbs are often present. Biochemical and histopathological 
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changes have been reported in other organ systems, notably the liver. Pulmonary 
lesions, like inflammatory changes and fibrosis, have been described upon high level 
exposures to manganese oxide. Testicular changes have been induced in the rat 
upon intravenous administration of high doses (50 mg/kg) of permanganate. 

Typical signs of central nervous system effects have been induced by the inhalation 
expos re of monkeys to manganese dioxide aerosol at concentrations of 0.8-3.0 

seems far less effective, presumably because of poor gastrointestinal absorption. 
Signs of neurotoxicity have only been observed upon oral exposure to very high 
concentrations. 

mg/m 5 for 95 one hour periods over 4 months. Administration by the oral route 

In humans, an increased morbidity and mortality rate from pneumonia has been 
described among workers occupationally exposed to high levels of manganese 
containing dusts, and there are reports of populations living close to manganese- 
emitting plants that have exhibited an increased incidence or respiratory disease. 
However, it is difficult to determine to what extent other confounding factors have 
been involved. 

An irreversible chronic manganese intoxication syndrome, known as manganism - 
and which resembles Parkinson’s disease - has been known for a considerable time 
to occur among workers employed in mining, ore-processing plants, and in 
ferromanganese plants. The clinical signs of this poisoning, characterized by both 
psychiatric and neurological manifestations may develop after only a few months of 
exposure. 

Little information is available concerning the mutagenicity of manganese. Whereas 
manganese deficiency may cause malformations in experimental animals, there 
seem to be no adequate evidence of teratogenic activity (IPCS 1981). Manganese is 
essential for normal development of the fetus and the newborn. In experimental 
animals deficiency will cause skeletal abnormalities and impaired growth in mice, 
rats, rabbits, and chickens (IPCS 1981). 

Studies on induction of tumors following subcutaneous, intramuscular, or 
intraperitoneal injection of manganese compounds have been reported (Sunderman 
et al. 1974 and 1976; DiPaolo 1964; Furst 1978) and manganous sulfate has also 
been tested in a mouse lung adenoma screening bioassay (Stoner et al. 1976). 
However, no convincing evidence of carcinogenicity has been obtained from these 
investigations. Further, there seem to be no epidemiological indications of such 
effects. In view of the fact that no long-term oral or inhalation study of 
experimental animals that would fulfill present day requirements seems to have 
been conducted, the data base must be considered inadequate to evaluate the 
potential carcinogenic action of inorganic manganese. 
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Manganese is a vital micronutrient for both plants and animals. In acid soils, 
concentrations of slightly less than 1 mg/l to a few milligrams per liter may be toxic 
to plants, but hardly so at a neutral or basic pH. In its divalent state, manganese 
usually has a low toxicity to aquatic organisms. Permanganates have been reported 
to be lethal to fish at 2-4 pprn (8-18 hrs), but permanganates are rapidly reduced in 
the presence of organic matter and are not persistent. Tolerance values reported 
for various manganese compounds range from 1.5 ppm to over 1,000 ppm (McKee 
and Wolf 1963). 

Manganese is rarely found in freshwater at levels above 1.0 mg/l, while the 
tolerance limits range from 1.5 to over 1,000 mg/l (U.S. EPA 1976; 1986). Thus, 
manganese is not expected to yield adverse effects in aquatic systems. Higher 
organisms appear to homeostatically regulate manganese while lower organisms 
(algae, molluscs) may bioconcentrate high levels (U.S. EPA 1984). 

Mercury 

Mercury is a silvery-white, heavy, liquid metal. It is used in electrical apparatus, as a 
liquid cathode in cells and in control instruments (switches, thermometers and 
barometers). 

Conversion of biochemical forms of mercury is central to the toxicity of this metal. 
Elemental mercury is oxidized, predominantly by catalyses, to form the divalent 
cation (inorganic), which in turn may be reduced back to the metallic state under 
appropriate conditions. The other fate of divalent inorganic mercury in methylation 
to CH3HgCH3 (dimethyl mercury), most often by anaerobic bacteria. This form of 
organic mercury is by far the most dangerous environmentally. 

Although the toxic manifestation of the various forms of mercury are solely due to 
its cationic (metal) component, the partitioning of these compounds in and out of 
cells and within tissues is mainly a manifestation of with which anions mercury is 
complexed (Suzuki 1977; Berlin 1983; Clarkson 1983). Inhaled elemental mercury 
vapors easily cross the alveolar walls and equilibrate with lipoproteins in blood. 
Ingested elemental mercury, however, is minimally absorbed (about 0.01 percent). 
Inorganic salts (mercurous or mercuric) are absorbed 700 times better by the 
gastrointestinal tract (7%), while methyl mercury is absorbed at 90-95% (Goyer 
1986). The more absorbable forms of mercury also partition better to red blood 
cells. 

Inorganic mercury mainly accumulates in kidneys, whereas organic mercury is found 
mostly accumulated in brain tissues. It is this "organ-targeting" by the anionic 
component which characterizes the variable toxicities of mercury salts. Mercury 
possesses a high central nervous system toxicity at low levels of exposure. Perhaps 
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more than any other substance, mercury manifests different degrees of toxicity 
depending upon its biochemical state. 

Elemental mercury vaporizes at room temperature. Hence, most human exposure 
to elemental mercury is via inhalation. Inhaled mercury vapor is corrosive and, if 
intense enough, first yields bronchitis and pneumonitis and eventually CNS effects, 
such as tremor and excitability. Chronic exposure to vaporized elemental mercury 
profoundly affects the CNS as a syndrome termed "asthenic-vegetative" (Friberg and 
Vostal 1972). Adverse effects, in addition to tremor, are thyroid enlargement as 
well as increased iodine uptake, increased heart rate, skin rashes, gingivitis and 
hematologic changes. Fine motor functions begin to decline first then tremors 
extending to all muscular control. Personality changes include excitability, 
depression, hallucinations and delirium. Frequently, these bouts are devoid of 
recall. 

Mercuric salts are corrosive when ingested resulting in abdominal cramping, bloody 
diarrhea and urinary suppression (Goldwater 1972). If concentrated, ingestion leads 
to death in 24 hours mainly due to kidney damage. 

Mercurous salts are less soluble in water and therefore less corrosive than mercuric 
salts. Chronic use of mercurous salts may result in hypersensitivity of mucous 
membranes and skin known as "pink disease" (Matheson et al. 1980). 

Methyl mercury is well-known epidemiologically from major environmental spills in 
Minamata Bay and the Agano River, Japan (WHO 1976). During the Minamata 
and Agano epidemics, fresh fish contained an average of about 10 mg/kg methyl 
mercury and were the major source of human exposure. Many persons suffered 
profound paralysis and/or partial or complete losses of hearing, speech and/or 
vision. For reasons that are not well understood, some portions of the cerebral 
cortex appear selectively sensitive to chronic low levels of alkyl mercury poisoning 
(Clarkson 1983). Other epidemics have occurred in Iraq after wheat preserved as 
seed stock with methyl mercurial fungicide was inadvertently used to bake bread, 
resulting in 500 deaths and 6000 hospitalizations (Bakir et al. 1973) and in Pakistan 
in 1963 and Guatemala in 1966 (Goyer 1986). 

Under most conditions, organic mercury is more toxic to aquatic plants than 
inorganic forms. Growth inhibition by mercuric chloride may occur at 
concentrations of 2-250 ug/l (Moore and Ramamoorthy 1984). Fish tend to be 
more resistant, and molluscs and crustaceans tend to be more sensitive to the acute 
toxic effects of mercury. Mercuric chloride had 24-hr L O O  values of 0.4 mg/l and 
0.08 mg/l, respectively to goldfish (Spehar et al. 1982). 

Bioconcentration factors of mercury for freshwater fish range from 180 for Rainbow 
trout to 4,994 for fathead minnows. 
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Black ducks fed a diet containing 3 ppm of mercury experienced decreased 
hatchability of eggs and poor duckling survival (Finley and Stendell 1978). 
Concentrations of methyl mercury at 1 ppm resulted in increased growth of mice but 
decreased fertility and viability of offspring (EPA 1978). Spontaneous hypertensive 
rats were fed oral concentrations of 2 mg/kg/day of methylmercury chloride for 26 
days. Neurological disturbances in male rats began after 23 days with all males 
succumbing after 29 days. Neurologic disturbances began in the female rats on day 
30 or 31 with no deaths occurring (Tamashiro et al. 1986). 

2-Met hvh  henol/4Met hvl~henol 

2-Methylphenol, which is also known as o-Cresol and 4-Methylphenol which is also 
known as p-Cresol, are crystalline substance that arkens with age. 0-Cresol has a 

of 34.7O C and a boiling point of 85.7O C. Cresols have a medicinal smell and when 
dissolved in water, have a medicinal taste. Cresols are natural products that are 
present in many foods and in animal and human urine. They are present in wood 
and tobacco smoke, crude oil, and coal tar. 

melting point of 30.9O C and a boiling point of 191 8 C. P-Cresol has a melting point 

There are no studies available regarding the toxicokinetics of any of the cresols. 
The occurrence of coma, death, and systemic effects in two humans dermally 
exposed to cresols indicates that these compounds can be absorbed through the skin. 

The existing information on the health effects of cresols in humans comes almost 
entirely from case reports of people who either swallowed cresol-containing 
substances or had these substances spilled on them. The primary targets for cresol 
toxicity in humans appear to be the blood, kidneys, and nervous system. Acute 
effects have been reported when humans ingested high concentrations of cresols. 
LD50 values in animals were 1,350, 1800 and 2,020 mg/kg for 0-, p- and m-cresol, 
respectively. The lethal oral exposure level for humans appears to be at or above 2 
g/kg based on crude estimates of cases of accidental or intentional ingestion of 
cresol-containing formulations. Death following cresol exposure is apparently 
caused by intravascular hemolysis and thrombosis. When inhaled as a concentrated 
aerosol, o-cresol is a respiratory irritant in humans. 

When exposures are extended form the acute to intermediate range, o-cresol 
appears to be substantially more toxic than p- and m-cresol. No studies were 
located regarding the developmental, reproductive or genotoxic effects of cresols in 
humans. Animal studies have shown that exposure to 0- and p-cresols at maternally 
toxic doses result in mild fetotoxic effects. The genotoxic effects of cresols have 
been well studied. Test results in mammalian cells indicate that cresols, with the 
possible exception of the m-isomer, can react with the DNA of humans and other 
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mammals to produce genotoxic effects in vitro. In vivo tests of sister chromatid 
exchange in the bone marrow, alveolar macrophages, and regenerating liver of mice 
were negative for all three isomers. No studies were located regarding cancer in 
humans following oral, dermal or inhalation exposures. 

Cell multiplication inhibition tests on were reported as follows: the bacteria 
(Pseudomonas putida) 33 mg/l of 2-methylphenol, 53 mg/l of 3-methylphenol; algae 
(Mycrocystk aeruginosa) 6.8 mg/l of 2-methylphenol, 13 mg/l of 3-methylphenol; and 
the protozoan (Entosiphon sulcatum) 17 mg/l of 2-methylphenol, 31 mg/l of 3- 
methylphenol. 

The TLm (24-96 hour) test in hard water for fathead minnow is reported at 18.0 - 
13.4 mg/l of 2-methylphenol. The 96-hour-TLm for bluegill is reported at 10-13.6 
mg/l of 3-methylphenol. 

The LD50 for rats exposed to 2-methlyphenol is 1.35 g/kg and 0.8 g/kg for rabbits. 
Exposures of 3-methylphenol to rats resulted in a LD50 of 2.02 g/kg and 1.1 g/kg in 
rabbits (Verscheren 1983). 

Nickel 

Nickel is a hard, ductile, magnetic metal with a silver-white color. It is insoluble in 
water and soluble in acids. Nickel is found in nature as a component of silicate, 
sulfide, or occasionally, arsenide ores. Nickel may occur in many oxidation states, 
the most prevalent being Ni2+. Nickel forms alloys with copper, magnesium, zinc, 
chromium, iron, etc. Stainless steel is the most commonly used nickel alloy. 
Exposure to nickel occurs in manufacturing processes, mining, smelting, and refining 
operations. The route to which the general population is most commonly exposed 
to nickel is through food. Routes of nickel intake for man and animals are 
inhalation, ingestion and percutaneous absorption. 

In experimental animals about 10% of ingested nickel is absorbed, while in man 
even lower amounts appear to be taken up in the diet. Absorbed nickel is carried by 
the blood. It is rapidly cleared from plasma and subsequently eliminated 
predominantly within urine. A secondary route of excretion is via perspiration. 

Insoluble nickel deposited in the lungs is very slowly absorbed with accumulation 
over time. Animal data indicate that rate of clearance depends on the compound 
solubility with inert compounds having slower clearance and more rapid clearance 
with the soluble nickel salts. Dermal absorption of nickel occurs and is related to 
nickel-induced hypersensitivity and skin disorders; however, the extent to which 
nickel enters the bloodstream by way of the skin is not clear. 
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The most acutely toxic nickel compound is nickel carbonyl, Ni(C0)4. Acute nickel 
carbonyl poisoning is clinically manifested by constrictive chest pain, dry coughing, 
hyperpnea, cyanosis, gastrointestinal symptoms, sweating and severe weakness. The 
lung is the target organ in nickel carbonyl poisoning. 

Nickel dermatitis and other dermatological effects have been documented with both 
occupational exposure and in the general population (jewelry, coins, tools, cooking 
utensils) . 
Exposure to nickel has been shown to cause both reproductive and developmental 
effects in experimental animals; however, such effects have not been noted in man. 
Teratogenic effects of nickel carbonyl in mammals have been demonstrated in two 
rodent species. 

Various inorganic compounds of nickel have been tested for mutagenicity and other 
genotoxic effects; however, the evidence that nickel may induce mutations is fairly 
weak. 

There is evidence in both humans and animals for the carcinogenicity of nickel. 
Occupational exposure to nickel fumes or dust has been shown to cause respiratory 
and nasal cancers in workers (Doll et al. 1977). Laryngeal cancers may also be 
increased among nickel workers (Dedersen et al. 1978). Other cancers have also 
been reported to be increased in epidemiologic studies of refinery workers exposed 
to nickel, including gastric and renal carcinomas and soft tissue sarcomas. There is 
no evidence for nickel carcinogenicity by ingestion. 

In aquatic systems, the divalent cation (Ni2+) is the dominant species of nickel; 
however, the formation of inorganic salts or organic complexes may enhance or 
reduce toxicity. 

Bioconcentration of nickel into biota is not a significant process. Similar to other 
metals, low levels of nickel may be controlled homeostatically; however, exceedance 
of this system may lead to liver and kidney damage. Aquatic plants have shown 
growth inhibition when exposed to nickel concentrations as low as 100 ug/l. Acute 
toxicity of Daphnia magna and the stonefly have been reported from 510 to 33,500 
ug/l (EPA 1980). E 5 0  values for fish species range from 2,840 ug/l for the rock 
bass to 46,200 ug/l for the banded killfish. Water hardness seems to decrease 
toxicity where bluegills exposed to nickel in hard and soft water reached E 5 0  
concentrations at 39,600 ug/l and 5,720 ug/l, respectively (EPA 1980). 
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Phenol 

Phenol is a white, crystalline solid which, in liquid form, has a characteristic sweet 
odor. It is highly water soluble with low volatility. It is used in the manufacture of 
phenolic resins and other chemicals. It is also used as a disinfectant in germicidal 
paints and slimicides. 

Phenol is absorbed readily following inhalation, oral and dermal routes of exposure. 
There is no evidence in humans of distribution of phenol once absorbed. Animal 
studies indicate that orally administered phenol is distributed rapidly with peak 
tissue concentration achieved- in most tissues within 1 hour of dosing. Highest 
concentration were found in the liver; with >90% of the administered dose 
eliminated from tissues within 24 hours. Many different tissues contribute to the 
metabolism of phenol. The metabolites formed depend on the dose level as well as 
on the metabolic pathway utilized. Conjugation with sulfate and glucuronide can be 
considered competitive metabolic pathways in most mammalian species. Phenol is 
excreted primarily in the urine. 

Phenol vapors are an irritant of the eyes, mucous membranes and skin. The skin is 
a primary route of entry for the vapor, liquid, and solid forms. The vapor readily 
penetrates the skin with an absorption efficiency equal to that for inhalation. Skin 
absorption can occur at low vapor concentrations. Contact with the solid or liquid 
form of phenol can also result in chemical bums. Erythema, edema, tissue necrosis, 
and gangrene have also been reported, and prolonged contact with dilute solutions 
may result in deposition of dark pigment in the skin. 

The acute toxicity of phenol is similar in humans and animals regardless of the route 
of exposure, and phenol is rapidly absorbed via all major exposure routes. In acute 
poisoning in humans, the heart rate is initially increased and then slows and 
becomes irregular; blood pressure increased initially and rapidly decreased, 
followed by salivation, labored breathing and eventually death by respiratory failure. 

Chronic inhalation studies in animal models and human epidemiologic data are 
lacking for phenol. Renal toxicity has been reported in laboratory animals for all 
routes of exposure, but has not been reported in humans. Developmental effects 
have not been determined in humans. Animal studies indicate fetal toxicity at doses 
below those that resulted in maternal toxicity. Teratogenic effects were observed 
only at dose levels that resulted in maternal toxicity. Both negative and positive 
genotoxicity results have been reported for phenol. Due to the positive results 
reported in in-vivo genotoxicity studies, phenol may have some genotoxic potential. 
No evidence was found for carcinogenicity of phenol in humans. In an NCI study of 
rats and mice, a significant increased incidence of tumors occurred in male rats 
exposed to the lowest dose level, but not in the high-dose group. Since tumors 
occurred only in males in one of the two species tested and a positive dose-response 
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relationship was not established, this study does not provide sufficient evidence to 
conclude that phenol is carcinogenic when administered by the oral route. 

Phenol is a common industrial chemical and may enter the environment from 
wastewater discharges and/or spills. The bioconentration factor ranges from 1.9 in 
goldfish to 200 in a species of algae. Toxicity also appears to be low. The LC50 for 
rainbow tiout ranged from 5.6 to 11.3 mg/l in a 24-hour static bioassay while the 
LC50 for the fathead minnow ranged from > 50 mg/l in a 1-hour bioassay to 32 
mg/l in a 96-hour static bioassay using Lake Superior water. Studies on Daphnia 
magna reported TLm ranging from 16 mg/l to 100 mg/l after a 25 to 50-hour 
bioassay. Phenol was toxic to an algae, Chlorella pyrenoidosa, at 233 mg/l 
(Verschueren, 1983). 

PhosDhorus/Phosphoric Acid 

White phosphorus is either a yellow or colorless, volatile, crystalline solid which 
darkens when exposed to light and ignites in air to form white fumes and greenish 
light. Phosphorus exists in nature only in combined forms, usually with calcium, in 
such sources as bone and rock phosphates. White and red phosphorus are used in 
the manufacture of munitions, pyrotechnics, and explosives. Organic phosphate is 
used in artificial fertilizers, rodenticides and in nerve gas production. Organic 
combinations of phosphorus are constituents of the body’s cells and fluids. 

Inorganic phosphorus compounds are variable in toxicity. Most inorganic 
phosphates have low toxicity but in large doses they may cause serious disturbances, 
particularly in calcium metabolism. Phosphorus is closely associated with calcium in 
human nutrition. Both function in the major task of building bones and teeth; are 
related to vitamin D in the absorption process; both are regulated metabolically by 
the parathyroid hormone and calcitonin and both exist in the blood serum. 
Phosphorus comprises about 1% of the adult body weight. Eighty percent of the 
phosphorus is in the skeleton, in inorganic combination with calcium. The 
remaining 20% is distributed in the soft tissues. 

Phosphorus is absorbed primarily in the upper small intestine. The amount 
absorbed is dependent on several factors, such as source, calcium/phosphorus ratio, 
intestinal pH, lactose intake, and dietary levels of calcium, phosphorus, vitamin D, 
iron, aluminum , manganese, potassium, and fat. Seventy percent of ingested 
phosphorus is absorbed and 30% is excreted in the feces. Phosphorus is absorbed as 
inorganic salts. 

Phosphorus absorbed from the intestine is circulated through the body and is readily 
withdrawn from the blood for use by the bones and teeth during periods of growth. 
Phosphorus is excreted primarily through the kidneys. e 
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Phosphorus is essential to life. It is found throughout the body i~ every cell and is 
involved in almost all metabolic reactions. Phosphorus deficiency is rare. Severe 
deficiencies may be manifested in rickets and phosphorus related diseases. There is 
no known phosphorus toxicity per se. However, excess phosphate consumption may 
cause hypocalcemia ( a deficiency of calcium in the blood) and result in enhanced 
neuroexcitability, tetany, and convulsions. 

For humans, white phosphorus is acutely toxic via dermal, oral, subcutaneous, and 
inhalation routes of entry. If white phosphorus is ingested, it can be absorbed from 
the gastrointestinal tract or through the lungs. It is acutely toxic via ingestion with a 
probable lethal dose of less than 5 mg/kg for a 70 kg person. Acute ingestion 
affects the liver, kidney, hematopoietic system, brain, intestines, circulatory system 
and the myocardium resulting in electrocardiographic changes (Davidson et al. 
1987). Deaths usually occur within the first 24 hours. Dermal contact with white 
phosphorus results in severe burns. White phosphorus fumes cause severe eye 
irritation. 

Chronic absorption of small amounts of phosphorus can result in necrosis of the 
mandible or lower jaw (phossy jaw). Cases of this disease have been observed in 
workers in the phosphorus match industry, firecracker manufacture, and white 
phosphorus production. The disease often takes years to develop and its 
pathogenesis currently is uncertain. Long-continued absorption, particularly 
through the lung and the gastrointestinal tract, can cause chronic poisoning. This 
gives rise to a generalized form of weakness demonstrated by anemia, loss of 
appetite, gastrointestinal weakness and pallor. There are no animal or human data 
available on the carcinogenicity of phosphorus. 

The acute toxicity of phosphoric acid is an inhalation TClo of 100 mg/m3 in humans 
producing irritating effects. The oral LD50 for rats is 1530 mg/kg and the dermal 
LD50 for rabbits is 2740 mg/kg. Phosphoric acid is considered moderately toxic 
through oral and dermal routes. It is used a a common food additive. 

Phosphorus as phosphate is an important nutrient required for plant growth and is 
essential for all life; whereas, elemental phosphorus can be toxic and bioaccumulate 
(U.S. EPA 1986). The focus of water quality information regarding phosphorus 
relates to accelerating nuisance plant growth, rather than direct toxicity to aquatic 
life. 

To this end, Ohio Water Quality Standards have indicated that total phosphorus 
shall be limited to the extent necessary to prevent nuisance growth of algae, weeds, 
and slimes. To attain this goal, point source discharges shall not exceed a daily 
average total phosphorus concentration of 1.0 mg/l. While this criterion is of 
limited significance for an ephemeral, lentic ecosystem, which discharges to a major 
river, it wdl be used for screening purposes in the RA for the PRRS. 
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PAHs (Polmuclear Aromatic Hvdrocarbons) 

The polynuclear aromatic hydrocarbons (PAHs) constitute a class of compounds 
which exist in a wide variety of forms from naphthalene, which contains only two 
fused benzene rings, to complex polycyclics which contain ten or more benzene 
rings. 

PAHs can be formed in any hydrocarbon combustion process. The less efficient the 
combustion process, the higher the PAH emission factor. PAHs are also released in 
large quantities during coal conversion or combustion. They are found in cigarette 
smoke, automobile exhaust and suspended air particulates in urban environments. 
PAHs are also major constituents of tar and asphalt. PAHs occur ubiquitously in 
the environment. Ingestion of food constitutes a primary source of exposure to 
humans. Benzo(a)pyrene (BaP) is the prototypic member of the PAHs. BaP is the 
most extensively studied PAH and is also the most hazardous. 

The metabolism of PAHs is complex. Metabolism of PAHs occur in a number of 
tissues like the liver, bronchus, epithelium, esophagus, kidney, colon, placenta and 
the skin. It has been observed that PAHs are highly soluble in adipose tissue and 
lipids. 

The acute toxicity of PAHs is moderate to low. The main concern related to this 
group of substances has been the established carcinogenic properties of several 
members of this category. Some complex mixtures (mineral oils, shale-oils, coal 
tars, coke oven emission) containing PAHs are proven human carcinogens. In 
addition, carcinogenic PAHs exhibit several other toxicological effects including 
bone marrow depression, immuno-toxicological, teratogenic as well as fetotoxic 
effects. 

Several PAHs are strongly implicated in the proven association between smoking 
and lung cancer, between occupational exposure to coke-oven emissions, coal-tar, 
pitch, mineral oils and similar products and cancer of the skin, lung, bladder, and 
gastrointestinal tract. However, because of the fact that exposure involves complex 
mixtures where, clearly, there is interaction between a number of initiators and 
promoters, it is more difficult to assess the activity of individual members of this 
group. 

Table 1 summarizes the evaluation of carcinogenicity of individual PAHs by the 
Carcinogen Risk Assessment Verification Endeavor (CRAVE) and IRIS. 

BaP has been shown to be a local, as well as a systemic carcinogen by several routes 
of administration. It is well known as a complete carcinogen when applied to the 
skin of mice, rats and rabbits. Subcutaneous or intramuscular benzo(a)pyrene 
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injection has been shown to result in local tumors in mice, rats, guinea pigs, 
monkeys and hamsters. 

The acute toxicity to aquatic life occurs at concentrations as low as 300 ug/l and 
may occur at lower levels for those species that are more sensitive than those tested. 
No data are available concerning the chronic toxicity of PAHs to sensitive saltwater 
species (U.S.EPA 1986). 

Pyrene and other mildly aromatic small PAHs (such as naphthalene) are quite 
noxious to insects and may be used as repellants. Higher concentrations of vapors 
in a confined area may be lethal to insect larval development. 

The primary response in vertebrates to PAH intoxication is the induction of 
microsomal oxidase. This occurs mainly in the liver, hence, chronic intoxication 
with PAHs may eventually lead to hepatotoxicity. 

Potassium/Potassium - 40 

Potassium, an essential nutrient, has an established adequate daily requirement of 
3500 mg/day for adults. Of the three isotopes of potassium, potassium40 is the only 
radioactive form and is present in its natural abundance of 0.012%. The human 
body cannot biochemically discriminate between the specific isotopes of potassium, 
thus the uptake and removal mechanisms are identical for all isotopes (Trinity 
Engineering and MAI 1994). 

The natural body content of potassium remains constant throughout the adult 
lifetime. Under normal circumstances, additional intake of potassium is not 
cumulative over any period because the body regulates the potassium content 
continuously. Through homeostasis any increase in intake is balanced with a rapid 
removal of excess potassium from body fluids. The residence time of excess 
potassium is negligible due to the homeostatic process (Trinity Engineering and 
MAI 1994). 

Absorption of ingested potassium is very efficient; more than 90% is absorbed. 
Absorption takes place primarily in the small intestine. The kidneys provide the 
major regulatory mechanism for maintaining potassium balance. Excess potassium 
is excreted in the urine and feces. Potassium, along with sodium, are closely 
interrelated in the maintenance of proper osmotic pressure within cells. Both are 
involved in the maintenance of proper acid-base balance and the transfer of 
nutrients in and out of individual cells. Potassium is also required for the secretion 
of insulin by the pancreas, in enzyme reactions, carbohydrate metabolism and 
protein synthesis. 
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Table 1 

Carcionogenicity of PAHs 
As Evaluated by CRAVE and Listed in IRIS* 

PAH Compound 

Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 0 Fluorene 
Indeno( 123-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Classification 

D 
D 
B2 
B2 
B2 
B2 
D 
B2 
B2 
D 
D 
B2 
D 
D 
D 

Weight of Evidence 

Not Classifiable 
Not Classifiable 
Probable 
Probable 
Probable 
Probable 
Not Classifiable 
Probable 
Probable 
Not Classifiable 
Not Classifiable 
Probable 
Not Classifiable 
Not Classifiable 
Not Classifiable 

* Carcinogen Risk Assessment Verification Endeavor 
Integrated Risk Information System 
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Potassium deficiency may cause rapid and irregular heartbeats, abnormal 
electrocardiograms, muscle weakness, irritability, occasional paralysis, nausea, 
vomiting, diarrhea and swollen abdomen. Hypokalemia, a decreased serum 
potassium, is a prolonged wasting disease with tissue destruction and malnutrition 
and is caused by prolonged gastro-intestinal loss of potassium as in diarrhea, 
vomiting, or by continuous use of diuretic drugs. In extreme cases, the heart muscle 
may stop.- Excessive levels of potassium interfere with magnesium absorption. 
Large excesses of potassium may also slow the heart to a standstill when the kidneys 
are unable to excrete the surplus in the urine. 

The toxicity of potassium compounds is always that of the anion. Potassium 
pyrophosphate has an acute LD50 of 1600 mg/kg for mice. It is moderately toxic 
through the oral route for humans. Potassium hydroxide has an acute LD50 of 365 
mg/kg in rats and is considered to be highly toxic to humans through the oral route 
as well as exposures to skin, eyes and mucous membranes. 

Potential health effects of potassium are further described in the Potassium Health 
Effects Summary, which is provided separately in this appendix. The discussion 
details the homeostatic process that occurs in the body to regulate internal levels of 
potassium. Sensitive populations (Le., those who may be affected by increased 
levels of potassium) are also discussed. 

Potassium-40 is a primordial, long-lived radionuclide of potassium which occurs 
naturally in the environment. It is abundant and ubiquitously distri uted in living 

homogenously mixed with stable potassium. Due to its ubiquitous distribution, 
abundance, and penetrating gamma rays, potassium-40 accounts for a significant 
fraction of the natural background radiation exposure. 

and nonliving matter. Potassium-40 has a half-life of 1.26 x 10 B years. It is 

A detailed discussion of potassium and potassium40 is provided in Appendix N. 

Potassium-40 is chemically analogous to the essential nutrient element and will tend 
to follow the ecological movement of the nutrient analog (Whicker and Schultz 
1982). The isotopic difference between potassium-40 and stable K is so slight that 
behavior is essentially identical and the isotopic abundance is preserved in biotic 
and abiotic materials. 

Sodium and Sodium ComPounds 

Sodium is a soft, ductile silvery-white metallic element. In its elemental form, it is 
highly reactive, especially with moisture with which it reacts violently to yield 
NaOH. Metallic sodium reacts exothermally with the moisture of body or tissue 
surfaces causing thermal and chemical burns. 
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Sodium, in the form of sodium chloride, is the primary form of sodium in the human 
diet. The body contains about .2% sodium. Approximately 50% of the sodium is in 
the extracellular fluids, 40% is in the skeleton, and only about 10% is within the 
cells. 

Virtually all sodium ingested in the diet is readily absorbed from the gut, following 
which it is carried by the blood to the kidneys, where it is filtered out and returned 
to the blood in amounts needed to maintain the levels required by the body. Excess 
sodium is excreted by the kidneys as chloride and phosphate. 

Sodium is the major positively charged ion in the fluid outside the cells , where it 
helps to maintain the balance of water, acids, and bases. Sodium is also a 
constituent of pancreatic juice, bile, sweat, ant tears. Sodium deficiencies are rare 
but may occur due to heavy, prolonged sweating, diarrhea, vomiting, or adrenal 
cortical insufficiency. Excess sodium may be toxic when accompanied by a 
restriction of water, when the body is adapted to a chronic low salt diet or when fed 
to infants or other whose kidneys cannot excrete the excess in the urine. 

The characteristics and toxicological properties of sulfates are highly variable and 
depend on the material (cation) with which the sulfate (anion) is combined. 
Therefore, the sulfates are not assessed as a group. 

All species of aquatic biota must tolerate a range of dissolved solids (salts) 
concentrations to survive the inherent natural variability of water chemistry. The 
problem of osmoregulation is for aquatic organisms to m a i n t b  the proper salt 
concentrations in their body fluids when these levels almost invariably differ from 
those of the surrounding environment (Schmidt-Nielsen 1983). In areas such as 
Paddys Run where total dissolved solids (TDS or salinity) does not vary greatly, 
changes in salinity can act as a barrier to the distribution of many species. The fish 
species identified in Paddys Run are representative of active osmoregulators whose 
internal salt content exceeds the external environment and must be actively 
maintained. 

Tentativelv Identified ComPounds CIICs) 

A variety of TICS were identified in the Study Area; however, as described in 
Section 4.4, the detections of these compounds are considered as estimates of the 
identification and quantification. In addition, toxicity information for most of the 
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estimated TICS is not available. However, general toxicity information may be 
acquired from similar constituents that are included within the qualitative toxicity. 

Toluene 

Toluene is a clear, colorless, flammable, noncorrosive liquid with a sweet, pungent, 
benzene-like odor. It is a monocyclic aromatic compound used in the manufacture 
of benzene. It is also commonly used as a solvent, in chemical feeds and as a 
component of automotive and aviation fuels. 

Due to its small size and lipophilicity, toluene is readily absorbed through the 
respiratory and gastrointestinal tracts and, to a somewhat lesser extent, through the 
skin. Experimental animals exposed to high concentrations of radiolabelled toluene 
orally or though inhalation accumulated unmetabolized chemical in adipose tissue 
and bone marrow and metabolic products of toluene in their liver and kidneys. 

Although toluene and benzene differ by only a methyl group, their catabolic 
pathways are unique. Unlike benzene, toluene catabolism does not produce the 
ultimate carcinogen hydroquinone. Toluene is first hydroxylated in the methyl 
position which is subsequently oxidized to form benzoic acid. This is then 
conjugated with glycine to form the highly soluble hippuric acid, which is easily 
excreted in urine. Hippuric acid excretion is the metabolic fate of 60-75 percent of 
ingested or inhaled toluene within 12 hours of exposure. Of the remainder, much is 
exhaled unchanged and a minority is catabolized to benzoyl glucuronide (ATSDR 
1989). 

Many of the epidemiologic studies of adverse human health effects from toluene 
exposure are confounded by the mixed nature of solvents used in industry, especially 
prior to 1960. This is especially true of the earlier studies which attempted to link 
toluene exposure with blood disorders and even leukemia, effects which 
subsequently have been shown to be due to benzene exposure rather than toluene. 

Toluene may cause irritation of the eyes, respiratory tract and skin. Repeated or 
prolonged contact with toluene may cause fissured dermatitis. Acute exposure to 
toluene predominantly results in central nervous system depression. Symptoms 
include headache, dizziness, fatigue, muscular weakness, drowsiness, incoordination 
with eventual collapse and coma. 

In short-term studies, toluene is not mutagenic. This lack of genotoxic activity is 
supported through the study of lymphocytic cytogenetics in workers exposed to 
toluene vapors (Forni et al. 1971; Maki-Paakkanen et al. 1980; Haglund et al. 1980). 
However, there are two more recent studies of toluene workers which do indicate 
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significant increases in chromosomal abnormalities (Bauchinger et al. 1982; Schmid 
et al. 1985). 

Previous studies which implicated toluene in blood disorders and leukemia have 
been shown to be due to benzene contamination of industrial solvents. At present 
there are neither epidemiologic nor experimental studies to support any 
carcinogehic potential for toluene by any route of exposure. 

Toluene is moderately lipophilic and tends to bioaccumulate in fatty tissues of 
aquatic species. Bioconcentration has been estimated at a factor of 10.7 in fish and 
4.2 in freshwater mussels. In addition to lipophilicity, how much toluene is retained 
by various species depends upon their concentration of catabolic enzymes. Some 
aquatic species are both rich in lipoidal tissue and poor in toluene catabolism and, 
hence, have higher than normal concentrations of toluene in environments which 
have been contaminated. These aquatic species include eels, crabs, and herring, 
(EPA 1981). 

Acute toxicity to freshwater aquatic life from toluene is seen as low as 17.5 mg/l and 
might occur at lower concentrations if more species had been tested (EPA 1986). 
No data are available concerning chronic toxicity of toluene to freshwater biota. 
Lower concentrations may adversely affect species which have not yet been tested. 
However, the ambient water quality criterion of 14.3 mg/l is based upon human 
health rather than aquatic life adverse effects (EPA 1986). 

Vanadium 

Vanadium is a white to gray metal, often found as crystals. Elemental vanadium 
does not occur in nature but its compounds exist in over 50 different mineral ores 
and in association with fossil fuels. It is widely distributed at low concentrations in 
the earth's crust and is usually combined with other elements such as oxygen, 
sodium, sulfur, or chloride. Vanadium oxide, a man-made form of vanadium, is 
most often used in industry in the making of steel. Smaller amounts are used in 
making rubber, plastics, ceramics, and other chemicals. 

Studies in humans have found that vanadium is absorbed following inhalation 
exposure. However, the rate and extent of absorption is not known. Acute animal 
studies suggest that there is an initial accumulation of vanadium in the lungs, 
kidneys, and liver of rats, as well as high levels in the blood. However, retention of 
vanadium occurs primarily in the bone. Data indicate that vanadium is poorly 
absorbed through the gastrointestinal tract and skin. Animal studies indicate that 
oral exposure to vanadium results in rapid distribution, primarily in the bones. 
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Vanadium is an element, and therefore is not metabolized. In the body, there is an 
interconversion of two oxidation states of vanadium, the tetravalent form, vanadyl, 
and the pentavalent form, vanadate. Vanadate is considered more toxic than 
vanadyl. Epidemiological studies and animal studies suggest that elimination of 
vanadium following inhalation and oral exposure is primarily in the urine. 

The major adverse health effect in humans for vanadium has been seen in industrial 
exposures to large amounts of vanadium pentoxide dusts. Toxic effects include 
coughs, chest pains, sore throats, and imtated eyes, but symptoms disappear soon 
after exposure ceases. No other s i w c a n t  health effects of vanadium have been 
found in humans. 

Specific tests for carcinogenicity have not been performed in humans or animals by 
any route. Available occupational data using the inhalation route and chronic 
animal studies in two species using the oral route have not indicated any evidence of 
carcinogenicity. There are no human data on genotoxic, reproductive or 
developmental toxicity of vanadium. Animal studies have indicated positive 
genotoxic effects. There is no evidence supporting reproductive or developmental 
effects through animal studies. 

Chronic exposures up to 4.1 mg/kg of vanadium (as vanadyl sulfate) in food does 
not affect mortality in rats and mice. The LD50 for rats given vanadium (as sodium 
metavanadate) is 41 mg/kg. The LD50 for mice is 31 mg/kg (ATSDR 1991). 

Studies in animals report that vanadium primarily affected the respiratory system 
where damage occurs to alveolar macrophages. No studies were found which 
reported the dermal effects of vanadium (ASTDR 1991). 

Xvlenes 

Xylene is a colorless, flammable liquid which exists in three isomeric forms, ortho-, 
meta- and para-xylene. Xylene is widely used as a solvent, a constituent of paint, 
lacquers and varnishes. It is widely used in the manufacturing of various products 
including perfumes, insect repellants, pharmaceuticals and leather. 

Xylenes are readily absorbed through inhalation and ingestion. Dermal penetration 
is slow through intact skin. After absorption, these hydrocarbons tend to 
accumulate in fatty tissues and are metabolized by the mammalian liver mainly to 
the corresponding toluic acids and excreted in the urine. A minor part (about 5%) 
is eliminated unchanged in the exhaled air. 

The acute toxicity of xylenes to mammals is very low, with oral LDso’s for rodents in 
the range of several grams per kg of body weight. Like other low molecular weight 
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aromatic hydrocarbons, inhalation of xylenes in higher concentrations has a 
depressing action on the central nervous system, demonstrated by respiratory 
depression and narcosis. The low toxicity of these hydrocarbons in man has been 
substantiated by experience from extensive occupational use. 

In rabbits xylenes have been reported to induce mild toxic effects on the 
hematopoietic system upon subchronic exposure to high dose levels recognized as a 
reversible decrease in red and white blood cell count. No similar findings have been 
adequately documented in humans. Neither were any signs of bone marrow toxicity 
evident in a two-year chronic study recently conducted by NTP in rats and mice. 

Mixed xylenes have not been found to induce mutations in the Ames' test, nor do 
they induce any significant increase of chromosome aberrations in bone marrow of 
rats exposed to high levels of these compounds. Negative findings have also been 
obtained in a number of other short-term tests. 

The effects of xylenes on reproduction have recently been reviewed, and it has been 
concluded that no clear evidence exists for a teratogenic effect from these 
compounds. 

Xylenes have been tested for carcinogenicity in mice and rats by gavage at dose 
levels up to 1000 mg/kg body weight. No evidence of carcinogenicity was found in 
these studies. 

Xylenes may enter the environment as fugitive emissions from sources related to 
petroleum refining and products. Xylenes have a low-to-moderate ability to sorb 
onto soil or sediment particles, thus, little bioconcentration is expected in animal 
tissue. The log bioconcentration factor in fish is calculated at 2.14 to 2.20. The 
bioconcentration factor in the eel is 1.3 Toxicity studies in goldfish and rainbow 
trout were conducted resulting in LD50 of 13.5 mg/l for 96 hours in goldfish and 46 
mg/l for 1 hour in the rainbow trout. An LC50 study for the fathead minnow 
reported 46 mg/l toxicity after 1 hour (Verschueren 1983). 

- Zinc 

Zinc is a metal that occurs naturally in the environment. Zinc compounds are found 
naturally in the air, soil, and water and are present in all foods. It is an essential 
food element needed by the body in low doses. 

Quantitative studies of inhalation absorption of zinc or zinc compounds are limited. 
However, case studies of workers occupationally exposed to zinc oxide fumes 
suggest that absorption by this route may occur. Absorption of zinc through the 
gastrointestinal tract is influenced by many factors The body's natural homeostatic 
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mechanisms control zinc absorption. Studies indicate that dermal absorption of zinc 
occurs, but its mechanism is not clearly understood. Once absorbed, zinc is 
distributed to muscle and bone, with lower amounts distributed to the prostate, 
retina, sperm, liver, gastrointestinal tract, kidney, brain, skin, lung, heart, and 
pancreas. Information regarding specific pharmacokinetic parameters of zinc is 
limited in humans. It is clear that absorption, distribution and elimination of zinc is 
homeostatically controlled. Zinc does not undergo any significant metabolic 
transformation. The principal route of excretion of zinc in humans is through the 
intestine. Urinary excretion is usually very low. 

Acute inhalation of high doses of zinc chloride, a corrosive inorganic salt, results in 
damage to the mucous membranes of the nasopharynx and respiratory tract upon 
contact. Inhalation of zinc oxide is a common occupation exposure and can produce 
serious injury to the respiratory system upon direct contact. Metal fume fever, a 
well documented acute disease induced by intense inhalation of metal oxides, 
especially zinc, temporarily impairs pulmonary function but does not progress to 
chronic lung disease. The most prominent respiratory effects of metal fume fever 
include reduced lung volumes and a decreased $iffusing capacity of carbon 
monoxide. Acute inhalation of 600 mg zinc oxide/m in men has been associated 
with moderate leukocytosis. 

The primary effects in humans or animals following acute, intermediate or chronic 
ingestion of zinc are pancreatic abnormalities and gastrointestinal irritation. 
Ingestion of high levels of zinc or zinc-containing compounds has resulted in a 
variety of systemic effects in the gastrointestinal and hematopoietic systems of 
humans and animals. In addition, lesions have been described in the liver and 
kidneys of animals. Oral exposure to zinc in levels much higher than the 
Recommended Daily Allowance (RDA) has been reported to impair immune and 
inflammatory responses. 

Zinc is an essential trace element for normal fetal growth and development. Fetal 
health risks may result from zinc deficiency. Oral exposure to high doses of zinc 
resulted in reduced fetal growth and altered fetal and maternal concentration of 
zinc and copper in rats. Genotoxicity studies conducted in a variety of test systems 
have failed to provide evidence for mutagenicity of zinc. However, there is evidence 
of weak clastogenic effects following zinc exposure. The carcinogenicity of zinc 
following oral exposure has been evaluated in a single study with mice. The 
investigation was not adequate for evaluating the carcinogenicity of zinc because of 
several study limitations. No studies were located regarding carcinogenicity in 
experimental animals following inhalation or dermal exposure to zinc and its 
compounds. 

Zinc is an essential nutrient for the biosynthesis of numerous enzymes; therefore, 
biological variability in homeostatic control among different genus and species may 
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account for differences in tolerance. In addition, toxicity is affected by a number of 
physical parameters such as pH, alkalinity, salinity, and hardness. 

The LC50 values for freshwater aquatic plants range form 0.0075 to 750 mg/l 
(Moore and Ramamoorthy 1984). Acute effects are reported for freshwater 
invertebrates at concentrations from 100 to 58,000 ug/l The most sensitive species 
are cladocerans, where acute toxicity increased with increasing temperature (U.S. 
EPA 1980). The concentration range for acute effects in fish are similar to the 
levels for invertebrates (90 to 40,900 ug/l and 100 to 58,100 ug/l, respectively. 
Cutthroat trout was the most sensitive fish tested with an LC50 of 90 ppb (U.S. EPA 
1980). 
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GLOSSARY OF TOXICOLAIGICAL TERMS AND MEASUREMENTS 

TERMS 

Acidosis - A condition in which the acidity of body fluids and tissues is abnormally 
high due -to a failure in the bodily mechanism which maintains the acid-base 
balance. 

Acute - Describing a disease with rapid onset, severe symptoms and/or short 
duration. 

Anemia - A reduction in the quantity of the oxygen-carrying pigment (hemoglobin) 
in the blood. Main symptoms include fatigue, breathlessness upon exertion, 
paleness and poor resistance to infection. 

Anion - A negatively charged ion, which is a free electron or other charged sub- 
atomic particle. 

Adastic anemia - A severe form of anemia which is a result of the failure of the 
bone marrow to produce blood cells. 

Benim - Describing a tumor that does not invade and destroy the tissue in which it 
originates or spread to distant sites in the body, Le. a tumor that is not cancerous. 

Bioaccumulation - The accumulation of a substance in a living organism. 

Bioconcentration Factor - The concentration of a chemical in aquatic organisms at a 
specific time or during a discrete time period of exposure divided by the 
concentration in the surrounding water at the same time or during the same period. 

Biological Oxidation - A process which occurs within the body where an oxygen 
molecule is bound to a substance. 

Biomthesis - The production of a chemical compound by a living organism by 
either synthesis or degradation. 

BronchosDasm - A narrowing of bronchi (air passages in the lungs) by muscular 
contraction in response to some stimulus, as in asthma and bronchitis. 

Carcinopenicity - The ability of a chemical to significantly increase the incidence of 
malignant lesions in animals or humans, or induce the formation of tumors or 
neoplasms. These tumors are characterized by cells that multiply in an 
uncontrollable progressive manner. 
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Carcinoma - A malignant tumor consisting of epithelial cells lying within the 
connective tissue framework of an organ or other structure of a human or an animal 
body. 

Cation - A positively charged ion, which is a free electron or other charged 
subatomic particle. 

Catabolism - The chemical decomposition of complex substances by the body to 
form simpler ones, accompanied by the release of energy. 

Chronic - Describing a disease of long duration involving very slow changes, often of 
gradual onset. 

Dermatitis - Inflammation of the skin due to an outside agent. Often characterized 
by red, itchy and sometimes, blistered skin. 

Ecotoxicity - The degree to which a substance is poisonous to plants and animals. 

Edema - Excessive accumulation of fluid in the body tissues. Subcutaneous edema 
is characterized by fluid accumulation under the skin. 

Enzvmatic - Of, relating to, or produced by an enzyme. 

E w e  - Any of a large class of complex, proteinaceous substances that are 
produced by living cells and are essential to life. 

EDidemiology - The study of epidemic disease, with a view to finding means of 
control and future prevention. Studies focus on exposed populations as compared 
to an unexposed, or control, population. 

Fetotoxic - Denotes toxic to a developing fetus. 

Genotoxic - Denotes toxicity to the genetic makeup of a cell or organism. 

HematoDoietic - Relating to the production of blood or its constituents. 

HeDatic - Relating to the liver. Hepatotoxic refers to damage to the liver cells. 

Homeostatic - A tendency toward maintenance of a relatively stable internal 
environment in the bodies of higher animals through a series of interacting 
physiological processes. 

Hmerkeratosis -Thickening of the outer layer of the skin. 
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In Vitro - A Latin term describing biological phenomena that are made to occur 
outside the living body. 

In Vivo - A Latin term describing biological phenomena that occur or are observed 
occurring within the bodies of living organisms. 

- LC50 - Tlie median lethal concentration or the concentration which would kill half 
of a tested animals. 

- LD50 - The medial lethal dose or the dose which would kill half of all tested 
ZUlGialS. 

IRukomogenesis - A mali@antdisease in which the bone marrow and other blood- 
forming organs produce increased numbers of certain types of white blood cells 
(leukocytes). 

LiDoDhilic - Relating to or having strong affinity for fats or other lipids. 

LiDolvsis - The process by which lipids (fats) are broken down into their constituent 
fatty acids in the body. A compound is lipolytic if it breaks down fats. 

Melanosis - An unusually pronounced darkening of body tissues caused by excessive 
production of the pigment melanin (a dark brown to black pigment occurring in 
hair, skin and eyes). 

Micronutrient - An organic compound essential in minute amounts only to the 
growth and welfare of an animal. 

Mutagenicity - The capacity to cause inheritable changes in the genetic makeup of a 
cell. Mutagens are the outside agents that cause genetic mutations. 

Mvocardial - Affecting the cardiac muscle that forms the greater part of the heart 
Wall. 

NeDhrotic Svndrome - A condition in which there is a loss of protein in the urine, 
reduced levels of albumin in the blood and generalized swelling of tissues. 

Neurotoxicity - Effects of toxic substances on various structures of the nervous 
system. 

Osmoreeulation - Regulation of osmotic pressure in the body of a living person. 
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Osteomalacia - Softening of the bones caused by a deficiency of vitamin D. The 
effects are caused by decalcification of bony tissues due to the fact that vitamin D is 
necessary for calcium uptake. 

OsteoDorosis - Loss of bony tissue that occurs at sites of cartilage degeneration or 
destruction near joints and intervertebral disks. 

Photosvnthesis - The process whereby green plants and some bacteria manufacture 
carbohydrates from carbon dioxide and water, using energy absorbed from sunlight 
by the green pigment chlorophyll. 

- Pica - The indiscriminate eating of non-nutritious or harmful substances, such as 
grass, stones, or dirt. It is common in early childhood but may also be found in 
mentally handicapped and psychotic patients. 

Pneumoconiosis - A lung disease caused by inhaling dust where the dust particles 
are small enough to reach the depths of the lung. There is usually a long period 
after initial exposure before effects are apparent. 

Radionuclide - A nuclide that undergoes spontaneous emission of radiations. 

Renal - Relating to or affecting the kidneys. 

Rhinitis - Inflammation of the mucous membrane of the nose. It may be caused by 
virus infection (common cold) or an allergic reaction. 

Sarcoma - Any cancer of connective tissue that may occur in any part of the body. 

Systemic - Relating to or affecting the body as a whole, rather than individual parts 
or organs. 

Teratogenicity - - Detrimental affects on the developmental process of the fetus. 

Toxicity - The degree to which a substance is poisonous. 

Valence - The combining capacity of an element defined as the number of hydrogen 
atoms that one atom of an element can combine with or take the place of in forming 
compounds. 
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MEASUREMENTS 

mg/kg - unit of measure, milligrams per kilogram 

ml/kg - unit of measure, milliliters per kilogram 

mg/l - unit of measure, milligrams per liter 

ug/l - unit of measure, micrograms per liter 

ug/m3 - unit of measure, micrograms per cubic meter 

ppm - unit of measure, parts per million 

mm - unit of measure, millimeter 
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POTASSIUM EtEALTH EFFECTS SUMMARY 

Potassium is the seventh most abundant metallic element naturally found in the earth's crust. 
It is an essential nutrient with an established adequate daily adult requirement of 3,500 mg/day. This 
adequate daily intake is required to maintain the muscular and CNS systems, as well as overall health. 
In addition to maintenance of bodily systems, considerable evidence exists which indicates that dietary 
potassium exerts a beneficial effect on hypertension (NRC 1989). 

All naturally occurring potassium exhibits the following isotopic ratio: 93.26% 3%, 0.012% 
%, and 6.73% 41K. Total potassium exhibits a radioactivity of 850 pCi/g (picocuries per gram) due 
to the potassium-40 isotope. Enrichment of potassium to altered 3%/w41K ratios is not plausible 
without highly controlled processes designed specifically for that purpose. Therefore, potassium in 
various environmental media and foodstuffs has equal natural radioactivity levels. 

Natural potassium content of a 70 Kg male of 30 to 40 years is approximately 140 g (Leggett 
and Williams 1986). Ofthis 140 g, 0.016 g is 4%, which disintegrates at the rate of about 251,000 
atoms/minute. Eighty-nine of 100 disintegrations result in p (BETA) particle release with a 
maximum energy of 1.33 MeV (Mega electron volts), and 1 1  out of 100 result in y (GAMMA) 
photons with an energy of 1.46 MeV. All p particles and 50% of the gamma ray energy are absorbed 
in the body, giving annual doses of 18 mrad (&ad) fiom p particles and 2 mrad fiom gamma rays. 
This body burden and associated background exposure to radioactivity are constant throughout adult 
lifetime. Additional potassium intake is not cumulative due to the homeostatic control of body 
potassium levels. a 

The body regulates potassium content continuously at the cellular level. Therefore, any 
increase in intake, detected by the body as a change in potassium levels, is balanced with a removal 
of potassium via urine and fecal excretion. Normally, this process is so efficient at excreting excess 
potassium that chronic hyperkalemia, a greater than normal concentration of potassium ions in the 
circulating blood (Stedman's Medical Dictionary 1976), cannot manifest unless there is a defect in 
excretion. Normal subjects can maintain a potassium balance if intake is chronically increased to 
levels of 500 mEq/day (milliequivalents per day) or more (Rose 1989). 

In the event of the breakdown of homeostatic processes associated with removal of excess 
potassium, hyperkalemia will result fiom sudden enteral or parenteral increases in potassium intake 
levels about 12 g/m2 (grams per square meter) of surface area per day - approximately 18 g for an 
adult. Although urinary excretion provides some protection, acute hyperkalemia can prove fatal by 
potentially causing cardiac arrest (NRC 1989). Total potassium body stores in adults are 
approximately 3,000-4,OOO mEq or 50-55 mEqKg. Ninety-eight percent is contained in cells at a 
concentration of about 140 mEqL (milliequivalents per liter) (Rose 1989). Less than 2% is found 
in extracellular fluid (60-70 mEq). However, this potassium store is extremely important to 
neuromuscular excitability and is controlled within tight limits of 3.5-5 mEqL (Stems et al. 1981; 
Brown 1984). Concentration in extracellular fluid must be maintained within these tight limits to 
prevent life-threatening toxicity (Rose 1989; Guyton 1991). Levels of 5 to 6.5 mEqL yield minimal 
toxicity and rarely produce cardiovascular symptoms. Levels of 6.5 to 8 mEqL are associated with 
moderate toxicity, including lassitude, weakness, fatigue, decreased reflex response, incipient 
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ascending paralysis and some cardiovascular abnormalities. Levels greater than 8 mEq/L. yield severe 
toxicity often producing complete neuromuscular paralysis, and major life-threatening cardiovascular 
toxicity. Death fiom cardiac arrest usually appears between 10 to 12 mEq/L, but may be seen at 
lower levels (Micromedex System: Poisindex Database 1993). 

Systemic effects associated with excessive ingestion of potassium, the most serious being 
cardiac arrest, mainly stem fiom hyperkalemia, which cannot occur unless renal hnctioning is 
impaired. Since all naturally occurring potassium exhibits the same concentration of potassium-40, 
receptors with normal renal hnctioning would not be exposed to excess levels of radiation even 
though excess levels of potassium were consumed. Receptors exhibiting normal renal hnctioning 
would not be susceptible to radiological effects of ingesting excess potassium. The effects of excess 
potassium and potassium40 on sensitive receptors such as bum victims, dialysis patients, and 
populationshdividuals with high blood pressure is best addressed qualitatively. 

Dialysis patients would have a higher susceptibility to excess potassium consumption due to 
insuflicient renal fbnctioning. However, any increased risk would be virtually eliminated with more 
fiequent dialysis treatments. Therefore, ingestion of excess potassium by dialysis patients could result 
in additional dialysis treatments to remove the excess potassium, but would not pose sigruficant risks 
provided that regular blood monitoring for the need to have dialysis treatment is performed. 

Certain sensitive individuals, such as bum victims, could benefit Eom excess potassium intake. 
Burn victims which lose a large quantity of body fluid due to blisters also lose a sigruficant fraction 
of the necessary potassium in their body. Consuming extra potassium would replace potassium body 
stores depleted through this fluid loss. In certain cases, bum victims have such extensive tissue 
damage that renal hnctioning is impaired as the kidneys lose efficiency trying to filter the damaged 
tissue out of the blood. In such severe cases, the bum patient is treated with dialysis until renal 
hnctioning resumes. Excess potassium would pose the same risk to the bum patient on dialysis as 
to any other dialysis patient. 

Other sensitive populations would definitely benefit from the ingestion of excess potassium. 
This sensitive population consists of those individuals whose bodies are hypokalemic (i.e., lacking in 
the necessary amount of potassium to sustain normal health). Hypokalemia is most often produced 
in the medical treatment of edema caused by renal, hepatic, or cardiac failure, or by diuretics used in 
hypertension and other cardiovascular diseases. Potassium is given orally and intravenously to 
hypokalemic patients. In such cases, the ingestion of excess potassium helps alleviate the 
hypokalemia, thus helping the hypokalemic patient return to normal health. 
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TOXICOLOGICAL PROFILE FOR ARSENIC . -  

Introduction 

Elemental arsenic exists in several allotropic modifications; the ordinary 
form is metallic or gray arsenic. It forms a steel gray crystalline mass with 
a metallic luster, is brittle and rather soft, and is insoluble in water. The 
inorganic compounds (+3 or +5) are usually colorless, water soluble 
crystalline solids or powders; the trioxide, the calcium salts as well as the 
yellow-orange sulphides have a limited to low water solubility. Elemental 
arsenic sublimes at 613C without melting and is easily volatilized in 
various combustion processes involving arsenic containing materials. 

Arsenic-containing compounds are often unstable, and in many cases are 
not well-defined materials. For example, the arsenites of alkali metals are 
slowly converted in solution to arsenates by atmospheric oxygen. 

Pure arsenic occurs occasionally in native form, e.g., as "Scherbenkobalt", 
but is found chiefly in the form of its compounds with metals (arsenides), 
which usually occur in isomorphous mixture with sulphides. The most 
commonly found is arsenopyrite with the approximate composition 
FeAsS. Naturally occurring sulphides are realgar (ASS) and orpiment 
( A s ~ S ~ ) .  High levels of arsenic may be present in some coals, e.g., those 
mined in Czechoslovakia with levels up to 1,500 ppm, in gold deposits 
and in peat. 

As a result of its natural occurrence, exposure to arsenic is universal 
(WHO/IPCS, 1981). It is present in most foodstuffs in concentrations 
below 1 ppm. However, marine fish may contain up to 5 ppm and the 
arsenic concentration in some crustacea and bottom-feeding fish may 
reach several tens of milligrams per kg. However, in marine organisms 
arsenic is predominantly present as organic arsenic, which has a totally 
different toxicological profile than the inorganic forms. It has been 
estimated that 5 - 10% of the total concentration of arsenic in marine 
organisms exist in the inorganic state. In the environment a number of 
organisms (e.g., fungi and bacteria in soil) have the capacity to methylate 
inorganic arsenic with the formation of dimethyl- and trimethylarsines. 
Fish from arsenic polluted waters appear to accumulate organic arsenic 
compounds via their food chain (Norin and Vahter, 1984). 

Arsenic can be found in some natural waters in high concentrations. 
Whereas a survey of the drinking water in 18,000 communities in the U.S. 
(McCabe et al., 1970) indicated that less than 1% have arsenic levels 



exceeding 10 pg/L, levels of 70 - 1,700 pg/L have been found in wells in 
Oregon (Goldblatt et al, 1963). It has been estimated that more than 
100,000 people in the U.S. are receiving drinking water from public water 
supplies with arsenic levels above 50 pg/L, the current USEPA Maximum 
Contamination Level (MCL), of which approximately 84% consume water 
from groundwater supplies (USEPA, 1986). In several areas, such as 
Cordoba, Argentina (900 - 3,400 pg/L) and the Tainan province in Taiwan 
(up to 1,800 pg/L) the natural high arsenic content of the drinking water 
has caused endemic chronic arsenic poisoning. 

In man the total daily intake of arsenic is greatly influenced by the amount 
of seafood in the diet, but is usually less than 200 pg/day (normally about 
50 pg/day). 

Arsenic is a known human carcinogen, although the mechanisms by 
which arsenic is carcinogenic remains unknown. Inhaled arsenic differs in 
its carcinogenic potency and target organ sites from ingested arsenic. 
However, the following points must be kept in mind in order to keep 
arsenic carcinogenicity in an overall perspective: 

Arsenic is prevalent in the earths crust and is commonly found in 
soils at 1-50 mg/kg (ppm). It also frequently contaminates drinking 
water. Western U.S. ground water supplies with 150 pg/l (ppb) 
arsenic have not been associated with adverse health effects. 

The maximum contamination level (MCL) for arsenic has been set by 
USEPA at 50 pg/l. There are studies which show this level of arsenic 
to be beneficial to mammalian health. 

Arsenic is primarily carcinogenic by inhalation, with the evidence for 
human carcinogenesis by ingestion being much weaker. Inhaled 
arsenic leads to lung cancer whereas ingested arsenic is associated 
with increased skin carcinogenesis. 

USEPA recently lowered the carcinogenic potency of arsenic by 
ingestion from 15 to 1.75 (mg/kg/day)-1 and is at present considering 
an additional lowering of this ingestion potency (IRIS, 1994). The 
inhalation carcinogenic potency of arsenic remains at 50 
(mg/kg/ day)-l. 

It also appears that arsenic by ingestion has a threshold below which 
it fails to exacerbate the frequency of skin cancer. It is probable that 
ingestible arsenic only acts to promote skin cancer at doses which 
lead to keratosis. 
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Human Toxicology 

Like other metallic inhalation carcinogens, such as hexavalent chromium, 
cadmium and nickel, arsenic by ingestion has an entirely different 
pathology. There is no lung cancer associated with ingested arsenic, either 
epidemiologically or in experimental animals (ATSDR, 1989). Instead, 
paradoxically, the target organ for carcinogenesis of ingested arsenic is the 
skin. Hence, the carcinogenic effects of arsenic are discussed below 
according to these two separate exposure routes: Inhalation and 
ingestion. 

Carcinownic Effects bu Inhalation 

Inhaled arsenic, often in particulate form, appears to initiate lung 
carcinogenesis in a manner similar' to the other carcinogenic metals. In 
fact, carcinogenic initiation by inhaled arsenic may require the presence of 
other metals (one never finds arsenic alone in mining dusts). 

Studies of smelter worker populations (Tacoma, WA; Magma, UT; 
Anaconda, MT; Rinnskor, Sweden; Saganoseki-Machii, Japan) have all 
found an association between occupational arsenic exposure and lung 
cancer mortality (Enterline and Marsh, 1982; Lee-Feldstein, 1983; Axelson 
et al., 1978; Tokudome and Kuratsune, 1976; Rencher et al., 1977). Both 
proportionate mortality and cohort studies of pesticide manufacturing 
workers have also shown excess lung cancer deaths among exposed 
persons (Ott et al., 1974; Mabuchi et al., 1979). Case reports of arsenical 
pesticide applicators have further demonstrated an association between 
arsenic exposure and lung cancer (Roth, 1958). There seems little doubt 
that exposure to arsenic by inhalation increases the risk of lung cancer. 
However, a strong multiplicative effect of arsenic exposure and smoking 
has been unequivocally established (Pershagen et al., 1981) and poses 
special problems for assessing risk from airborne arsenic. 

Carcinogenic Effects bu Ingestion 

Whereas inhaled arsenic is associated with lung cancer, which may 
require the presence of other metallic carcinogens, ingestion of high levels 
of arsenic has been linked to excess risk for skin cancer. The mechanisms 
by which skin cancer frequency is exacerbated by arsenic ingestion appear 
to require arsenic-induced keratosis, a skin thickening which is caused by 
overreplication of one skin cell component, the keratinocytes. It is this 
type of skin cell which is at risk in populations with high oral arsenic 
exposure, resulting in an increased frequency of squamous cell carcinoma 
of the skin. 
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In classical two-stage carcinogenesis experiments, arsenic acts as a 
promoter rather than an initiator. Oral administration of sodium arsenite 
enhanced the incidence of renal tumors induced in rats by intraperitoneal 
injection of the carcinogenic initiator N-nitrosodiethylamine (Kroes et al, 
1974) The same appears true for skin carcinogenesis by arsenic which 
requires keratosis and arsenic by ingestion may act predominantly as a 
promoter rather than an initiator of skin carcinogenesis. This realization 
has potentiated adoption of a threshold concept for arsenic by ingestion, 
as discussed further below. 

Among the several types of skin cancer induced by arsenic, epithelioma 
developing at the site of keratoses is the most common. The keratotic 
lesions may exist for many years before they change to a malignant form 
of epithelioma which is usually of the squamous type. Basal cell 
carcinoma of a low-grade malignancy, in situ, accompanied by chronic 
"precancerous dermatitis" (Bowen's disease) is also found in cases of 
chronic arsenical dermatitis. In people exposed to inorganic arsenic via 
medication, insecticides, contaminated wine or drinking water, malignant 
tumors have developed in other organs, frequently accompanied by skin 
cancers. However, the relationship between arsenic exposure and a 
higher risk of cancer in organs other than skin and lungs is unclear (IARC, 
1980). 

A cross-sectional study of 40,000 Taiwanese exposed to arsenic in drinking 
water found significant excess skin cancer prevalence by comparison to 
7500 residents of Taiwan and Matsu who consumed relatively arsenic-free 
water (Tseng, 1977). Arsenic-induced skin cancer has also been attributed 
to water supplies in Chile, Argentina and Mexico. No excess skin cancer 
incidence has been observed in U.S. residents consuming relatively high 
levels of arsenic in drinking water (Morton et al., 1976). These U.S. 
studies, however, are not inconsistent with the existing findings from the 
foreign populations. The statistical powers of the U.S. studies are 
considered to be inadequate because of small sample sizes. 

Murphy et a1 (1989) and Petit0 Boyce et a1 (1992) have summarized 
evidence that arsenic oral carcinogenicity is nonlinear at low doses due to 
detoxification by methylation and excretion at low levels of exposure to 
soil and other media which may be ingested. In addition, the mechanism 
of exacerbation of skin carcinogenesis by ingested arsenic, i.e., 
proliferation of keratinocytes leading to enhanced frequency of squamous 
cell carcinoma of the skin, suggests that there is an additional threshold 
for keratinozation. Epidemiologic studies of arsenic promoted skin 
carcinogenesis suggest that ultraviolet light is normally the initiating 
carcinogen. 
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The first sign of chronic arsenic exposure by ingestion is a thickening of 
the skin, followed by keratosis (a proliferation, then scaling by 
keratinocytes, those epithelial cells which manufacture the cuticle of the 
skin which is enriched in keratin). Belatedly, this keratosis results in an 
increased risk of skin cancer (squamous cell carcinoma). Contemporary 
toxicologic explication of skin carcinogenesis by ingested arsenic requires 
that there is enhanced replication of keratinocytes in response to arsenic 
exposure. In turn, these arsenic-stimulated keratinocytes represent 
enhanced targets for carcinogenic initiation by other agents, such as the 

component of sunlight, for two reasons: 

They are replicating at a faster rate and, hence, entrap DNA lesions 
(mainly thymine dimers) more frequently than normally quiescent 
skin keratinocytes. 

There are more target cells for carcinogenic initiation. A doubling of 
skin keratinocytes presents twice as many targets for cancers which 
escape immunologic surveillance. 

In addition, there is some evidence that high levels of arsenic may inhibit 
one type of DNA repair, which inhibition would also lead to an increase in 
skin carcinogenesis by sunlight and other environmental carcinogens. 

Animal Studies 

There has been no consistent demonstration of carcinogenicity in test 
animals for various chemical forms of arsenic administered by the oral 
route or by skin application to several species (IARC, 1980). However, 
there are some data to indicate that arsenic may produce animal tumors, if 
retention time in the lung can be increased. Thus, arsenic trioxide 
produced lung adenomas in mice after perinatal treatment and induced 
low incidences of carcinomas, adenomas, papillomas and adenomatoid 
lesions of the respiratory tract in hamsters after intratracheal instillation. 
A high incidence of lung carcinomas was induced in rats following a 
single intratracheal instillation of a pesticide mixture containing calcium 
arsenate (IARC, 1987). 

Non-Carcinogenic Effects 

Arsenic has a high acute as well as chronic toxicity. Systemic chronic 
poisoning is primarily characterized by skin lesions such as as dermatoses, 
which may include eruptions, pigmentation, or hyperkeratosis, that may 
ultimately lead to the development of skin cancer. Effects on the nervous 
system (e.g., peripheral nervous disturbance) as well as on the heart and 
circulatory system (e.g., abnormal electrocardiograms, and peripheral 
vascular disturbances with gangrene of the extremities - the Blackfoot 
disease) have also been reported following chronic exposure to arsenic. 
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Hematological changes following arsenic exposure are characterized by 
anemia and leukopenia. 

The acute toxicity of inorganic arsenic is dependent on the solubility of the 
administered compound. In man the smallest recorded fatal dose is in the 
range of 70-180 mg, but recovery has been reported after much larger 
doses. Death occurs after a period of 12 to 48 hrs (Stokinger, 1981). 
Common acute symptoms include gastritis, fever, insomnia, anorexia, 
liver swelling, and disturbed heart function. Peripheral nervous 
disturbances, primarily of sensory type, are frequently encountered in 
individuals surviving poisoning, and there may also be transient effects on 
the blood. Irritant and vesicant arsenical compounds, such as arsenic 
trioxide, arsenic trichloride, and the arsenical war gases, have been known 
to cause severe damage to the respiratory system upon inhalation. 

Signs of chronic arsenic toxicity are chiefly related to the skin, mucous 
membranes, lungs, gastrointestinal and nervous systems. Involvements of 
the circulatory system and liver are less common. 

Chronic arsenic poisoning from 'ingestion of contaminated food, 
beverages, and water has been reported in many countries. An incident in 
the United Kingdom involved 6000 people who had ingested beer 
contaminated by arsenic. Reports of regional endemic chronic arsenism 
caused by drinking water with high concentrations of arsenic in and 
around Cordoba, Argentina, date back as far as 1931. The primary criteria 
for diagnosis of chronic poisoning were symmetrical palmar and plantar 
hyperkeratosis. Similar skin lesions have also been observed in 
populations exposed to arsenic-contaminated drinking water in Chile. An 
endemic disease, also associated with arsenic in drinking water, was 
discovered in Taiwan in 1963. The major manifestation was 
hyperkeratotic skin lesions as well as a vascular disorder resulting in 
gangrene of the lower extremities - commonly called Blackfoot disease - 
which has not been observed among the people with skin lesions in Chile. 
Clinical differences between populations with endemic arsenic exposure 
appear to be mediated by other as yet undefined environmental factors 
(Ishinishi, et al., 1986). 

The skin is a common critical organ in humans exposed to inorganic 
arsenicals. The accumulation of arsenic in skin is probably related to the 
abundance of proteins containing sulfhydryl groups, with which arsenic 
readily reacts. Eczematoid symptoms develop with varying degrees of 
severity. In occupational exposure, skin lesions are frequently found in 
the palm of the hand and on the sole of the foot. An allergic type of 
contact dermatitis is also frequently seen among workers who are exposed 
to arsenic trioxide. Chronic dermal lesions may follow this type of initial 
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reaction, depending on the concentration and duration of exposure. 
Hyperkeratosis, warts, and melanosis of the skin are the most commonly 
observed lesions in chronic exposure. Grossly, the hyperkeratoses are 
usually small, non-tender corn-like elevations, 0.4 to 1 cm in diameter. 
The small nodules may coalesce to form plaques, diffuse keratosis or large 
verrucous growths. Skin lesions may develop long after cessation of 
exposure, when dermal arsenic concentrations have returned to normal 
levels. 

Conjunctivitis characterized by redness, swelling and pain has often been 
associated with occupational exposure to arsenic-containing dust. 
Perforation of the nasal septum as a result of irritation of the upper 
respiratory organs by arsenic dust is a common finding among arsenic- 
exposed workers. Like lesions caused by other chemical irritants such as 
chromium, the perforation is confined to the cartilaginous portion of the 
septum and does not lead to deformity of the nose. There are no other 
apparent subjective symptoms once inflammation has subsided. 

Peripheral neuritis affecting mainly the upper and lower extremities is one 
of the symptoms of chronic arseiical poisoning. This neuritis is mostly 
symmetrical, widespread and painful. Abnormal electromyograms 
(EMGs) have been reported among people who had lived near an arsenic 
mine and smelter and who showed no subjective symptoms. Abnormal 
EMGs have also been reported among people drinking well water with 
high arsenic contents (Ishinishi, et al., 1986). The neurotoxic action of 
arsenic, involving demyelination of peripheral nerves, optic nerves and 
optic tracts, has also been demonstrated in pigs given doses of arsanilic 
acid in excess of about 100 ppm (Ledet et al., 1973). 

Anemia and disturbance of the hematopoietic system have been observed 
in chronic occupational exposure to arsenic and in treatment with 
arsenical drugs. Chronic arsenic poisoning with skin lesions is often 
accompanied by moderate anemia and leukopenia. 

Inorganic arsenic compounds have long been considered capable of 
damaging the liver under certain circumstances, but there are only a few 
reports of this occurring in arsenic-exposed workers. Alcohol 
consumption may have been a complicating factor in cirrhosis among 
vineyard workers who used arsenic as a pesticide. 

The epidemiological and clinical evidence for primary cardiac injury in 
arsenic workers is not very definitive, but electrocardiograms have 
revealed abnormalities. Abnormal electrocardiograms indicating a toxic 
myocardial effect were also seen in vineyard workers who used arsenical 
insecticides and suffered from chronic arsenical poisoning. 
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Provisional Toxicological Indices 
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The USEPA Risk Assessment Forum has completed a reassessment of the 
carcinogenic risk associated with ingestion of inorganic arsenic. Risk 
estimates were adjusted for survival times and for the larger water 
consumption of Taiwanese as compared with U.S. males. Further, instead 
of using upper bound estimates based on the the linearized multistage 
model, a maximum likelihood approach was utilized together with the 
Weibull model. The report concluded, that the most appropriate basis for 
an oral estimate was the study by Tseng et al, (1977), which reported 
increased prevalence of skin cancers in humans as a consequence of 
arsenic exposure in drinking water. Based on this study a unit risk of 
5.OE-O5/pg/L was proposed, which is an order of magnitude lower than 
the previous estimate (carcinogenic slope factor of 1.75). However, it 
should be noted, that even when applying this lower estimate, practically 
no drinking water consumed in the U.S. will fulfill the LOE-06 risk goal. 
USEPA soon may promulgate a once again lowered oral carcinogenic 
slope factor for arsenic and, in addition, introduce a threshold below 
which ingested arsenic is not carcinogenic. 

Use of the keratotic threshold for skin carcinogenesis by arsenic has 
precedence. USEPA has set a precedent for thresholds in the prediction of 
carcinogenic dose-response relationships for goitrogens, such as thiourea, 
phenobarbital, perchlorate and KSCN (Hill et al, 1989; Paynter et al, 1988; 
and USEPA, 1988). Thyroid goiters serve as a prototype for the clonal 
expansion of stem cells in carcinogenic promotion. If the resulting thyroid 
gland contains 10 times as much thyroid epithelium (10 times as many 
stem cell initiation targets), it is 10 times as likely as the normal thyroid to 
undergo a genotoxic event which leads to thyroid carcinoma. It is likely 
that many other hormonally-mediated tumors act according to similar 
threshold mechanisms, including gonadal tumors and other tumors 
responsive to diethylstibestrol and other synthetic hormones (Li and Li, 
1990). Another well-studied threshold dose-response system for 
experimental carcinogenesis under hormonal control requires 
accumulation of alpha-2p-globulin and the formation of hyaline droplets 
in renal carcinoma of male rats (Dietrich and Swenberg, 1991; Barrett and 
Huff, 1991). 

An understanding of these mechanisms of skin carcinogenesis by ingested 
arsenic has profound implications for risk assessment. There is no enhanced 
risk of skin cancerfvom ingested arsenic unless keratosis taks  place. Keratosis, 
in turn, cannot occur unless arsenic is ingested at or above a critical 
concentration. This keratotic level of ingested arsenic is a carcinogenic 
threshold below which exposure is safe. USEPA's linearized no threshold 
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model of carcinogenic risk fails to account for this mechanism of 
carcinogenesis by ingested arsenic. 

The fate of ingested arsenic is much different than when the metal is 
inhaled. Bioavailability of arsenic from ingestion of contaminated soil is 
about 28 percent (Petito Boyce et al, 1992). Furthermore, at ingestion of 
less than 250 pg per day, arsenic methylases are 90 percent active in 
detoxification, reducing effective doses by an order of magnitude (USEPA, 
1991). Hence, only about 3 percent of arsenic in soil is effectively 
bioavailable for stimulation of keratosis. All told, bioinavailability, methyl 
inactivation and sufficiency for keratotic stimulation create an oral 
threshold concentration below which there is insufficient arsenic to 
exacerbate the frequency of skin cancer. Petito Boyce et a1 (1992) estimate 
this oral threshold to occur at a soil contamination equivalent level of 
2,500 mg/ kg. Keratosis in a Taiwanese epidemiologic study was used as 
the basis for establishing USEPA's oral RfD of 0.001 mg/kg/day. This 
threshold is very similar to that referenced by Petito Boyce et a1 (1992) of 
0.003 mg/kg/day, as based upon other threshold arguments for arsenic's 
carcinogenic effects. That the two doses are similar lends credence to the 
necessity of keratosis for manifestation of arsenic-promoted skin 
carcinogenesis. 
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TOXICOLOGICAL PROFILE FOR BENZENE 

Introduction 

Benzene is a ubiquitous chemical in the environment, in human tissues 
h d  exhaled in normal human breath (Wallace, 1989a). It is produced 
naturally in the human body as a metabolite of benzoate of soda and other 
compounds in the diet. As seen in the following table, benzene is a very 
common environmental chemical. 

Human Exposures to Benzene in the U.S. 
(Adapted from Wallace, 1989b) 

Situation Number ExDosed* Total Benzene (m-arns)" 

Gasoline Station Attendqts . 100,000 80.00 

Gasoline Self-service 30,000,000 0.50 

Truck Drivers 500,000 5.00 

Car Drivers & Passengers 200,000,000 0.50 

Metropolitan Residents 75,000,000 6.00 

'Mainly by inhalation **Assuming 20 years occupational exposures, 70 year lifetimes. 

Due to its proven epidemiologic association with acute myelogenous 
leukemia (AML) in exposed workers, benzene has been classified as one of 
the few known human carcinogens (USEPA Class A, IARC Class I). 
Although the causal link between benzene exposure and onset of acute 
myelogenous leukemia in humans is clear from epidemiologic studies, 
neither the dosimetry nor the mechanism by which benzene is 
leukemogenic can be fathomed from these studies. 

As will be demonstrated herein, the carcinogenic mechanism of benzene is 
unique and requires high levels of exposure. However, if one ignores the 
carcinogenic mechanism of benzene and assesses human risks from all 
background exposures to benzene according to USEPA's linearized 
multistage model, a lifetime leukemia risk of 1-in-10,000 (10-4) derives 
(Hattemer-Frey et al, 1990). This is higher than the observed rate of AML 
and, hence, the USEPA risk assessment model must be flawed. 
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Human Toxicology 

Carcinogenic Effects 0 
The carcinogenesis of benzene is limited to the induction of acute 
myelogenous leukemia (AML) in humans. Although the epidemiology of 
this causal connection is based upon only a handful of highly exposed 
workers, it is well accepted by the toxicological community. There is no 
adequate experimental animal model in which to mimic benzene 
induction of AML in the laboratory. 

Extensive research into benzene toxicology has revealed the following: 

It is not benzene itself, but benzene metabolites which are 
leukemogenic . 
Benzene leukemogenesis requires myelotoxicity, i.e., bone marrow 
must be suppressed in its activity by benzene metabolites in order for 
leukemia to occur. 

Benzene is uniquely genoto.xic for bone marrow cells and no other 
mammalian cells when tested either in vivo or in vitro. 

A synthesis of the mechanism by which benzene induces AML follows. 

1. 

2. 

3. 

4. 

5. 

In sufficient concentration, benzene is metabolized in bone marrow 
by myeloperoxidase to hydroquinone and cathecol, which 
metabolites, in critical concentrations, inhibit stromal cell elicitation of 
cytokines. 

Bone marrow stromal cell cytokine inhibition results in the paralysis 
of developing myelogenous lymphocytes, i.e., the immunocompetent 
component of immature bone marrow. 

Pre-B-cells within this paralyzed lymphocyte population continue to 
scramble their immunoglobulin precursor genes inordinately beyond 
that time normally required for immunoglobulin generation of 
diversity, causing illegitimate recombination events to occur 
involving oncogenes at a higher than normal frequency. 

An occasional recombination event in this B-lymphocyte population 
so affected gives rise to a clone of cells which replicates without 
ceasing. This clone forms the basis of AML. 
Given the requirement for myelotoxicity, it is unlikely that there is 
any leukemogenic activity of benzene at background levels of 
exposure. 

Benzene is a known human leukemogen. Workers who have been .- J 

exposed to airborne concentrations of benzene at 240 ppm for 10 years in 
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the workplace are 12-66 times more likely to develop acute myelogenous 
leukemia (AML) than unexposed workers (Rinsky et al, 1987). The 
average benzene exposure levels to these workers has been estimated at 
22.9 ppm in air (73.2 mg/m3), which, for workers, translates to be a dose 
of about 10 mg/kg/day. Their average exposure to benzene occurred 
over a 9 year period (range 1 month to 20 years), with the latency period 
(time from initial exposure until onset of AML) averaging 16 years (range 
2-37 years). 

Unlike most initiating carcinogens, benzene is not genotoxic in the 
majority of short-term test systems evaluated (Parodi et al, 1992). Short- 
term tests which are negative for benzene include mutagenesis in 
microorganisms (e.g., Arnes test), invertebrates (e.g., Drosophila) and 
mammalian cells in culture. On the other hand, after in vivo exposure to 
benzene, chromosomal aberrations, sister chromatid exchanges and 
micronuclei are all seen in bone marrow-derived cells (Erexson et al, 1985; 
ATSDR, 1988). Hence, it appears that chromosomal effects of benzene 
exposure are limited to cells derived from bone marrow. Indeed, it has 
been known for nearly a century that benzene exposure adversely affects 
bone marrow as the target organ, resulting in a constellation of 
hematopoietic effects, including aplastic anemia, pancytopenia and 
leukopenia. 

Are the leukemogenic effects of benzene exposure linked to these 
pervasive effects on bone marrow in general? It seems likely. A hint of 
what may be happening is found in B-cell leukemias in which the normal 
joining of variable and constant genes has gone awry and incorporates an 
oncogene (Tsujimoto et al, 1985; Haluska et al, 1986). As will be seen 
below, chromosomal translocations are the hallmarks of leukemia. There 
is the thorny problem of cancers at additional organ sites which arise 
when animals are exposed to high concentrations of benzene (NTP, 1986), 
but this apparently anomalous result may be explained in terms of 
immunosuppression of natural killer lymphocytes which are active in 
cancer surveillance. 

Leukocytes are produced in bone marrow from a pluripotent stem cell 
which differentiates in dedicated pathways according to specific cytokines 
elicited by stromal cells of the marrow matrix. These cytokines include 
interleukins (Ls), colony stimulating factors (CSFs) and hematopoietin. 
Interleukins and other cytokines attach to specific leukocyte receptors and 
transmit their differentiation signals to the nucleus via transmembrane 
tyrosine kinases. This is the same differentiation signal which goes awry 
during leukemogenic transformation. The transformation to chronic 
myelogenous leukemia (CML) must occur at the pluripotent stem cell 
precursor level, since CML cells may differentiate to either granulocytic 
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progeny or lymphoblasts during blast crisis (Greaves, 1986). A spectrum 
of cell lineages is also seen in acute myelogenous leukemia (AML), which 
is the leukemia most frequently associated with occupational exposure to 
benzene (Keinanen et al, 1988). 

The pluripotent effects of benzene exposure on bone marrow may be 
understood in terms of reduced production of cytokines by stromal and 
other supportive cells of the bone marrow matrix. Benzene metabolites, 
including hydroquinone, have been reported to inhibit cytokine synthesis 
by bone marrow stromal cells (Gaido and Wierda, 1984; Gad-El-Karim et 
al, 1985; Gaido and Wierda, 1987). It is postulated that imbalance of this 
highly orchestrated cascade of growth factors disrupts normal leukocyte 
ontogeny, leading to the inadvertent rare translocation of oncogenes, an 
event which is normally confined to immunoglobulin loci of 
differentiating lymphocytes. It is probable that many other illicit 
chromosomal translocations are also induced in developing leukocytes by 
benzene exposure at doses which inhibit stromal cells. However, in 
humans, only leukemogenic translocations have been noted in that these 
patients become diseased and amenable to clinical analysis. 

In order to understand how benzene may be affecting bone marrow to 
induce leukemia, it is helpful to look at that spectrum of leukemias seen 
among exposed workers. There is a common misperception that acute 
myelogenous leukemia (AML) is the sole malignancy seen among benzene 
workers. Although AML is certainly prominent (and the only malignancy 
which by itself is statistically significant), many other leukemias have been 
reported to be elevated among workers exposed to benzene, including 
chronic myelogenous leukemia (CML), lymphocytic leukemias, monocytic 
leukemia, multiple myeloma and lymphomas (for reviews see C m p ,  
1992; Molholt, 1992; Florida Petroleum Council, 1986 and Goldstein et al, 
1989). 

Although AML is more strongly associated with human exposure to 
leukemia, CML is discussed here due to the stunning molecular genetic 
evidence regarding its genesis. The rationale is that similar genetic 
mechanisms, i.e., chromosomal translocations, may control the onset of 
AML, however, the CML story is better understood, and therefore will be 
used as a prototype for benzene leukemogenesis. 

It appears as if chromosomal translocations involving oncogenes are 
common mechanisms of leukemogenesis, including induction of AML, as 
shown in the table on the following page which is taken from Solomon et 
a1 (1991). 

The onset of CML is associated with a chromosomal marker of diagnostic 
significance, the Philadelphia chromosome (Ph'). This pattern of an 

~~ ~ 
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elongated chromosome 9 and shortened 22 is virtually diagnostic for 
CML. Ph' is also seen in other leukemias, such as acute lymphoblastic 
leukemia (ALL) and sometimes AML, although other translocations, such 
as 6p23 x 9q34 are more common to AML (Solomon et al, 1991). 

ONCOGENE TRANSLOCATIONS OF HUMAN LEUKEMIAS 
(Solomon et al, 1991) 

Leukemia Translocation Oncogene(s) 

CML, B-ALL 9q34 x 22ql1 abl/bcr 

AML (M2 or M4) 9q34 x 6p23 deklcan 

APL 15q22 x 17qll pml/rara 

Pre_B ALL lq23 x 1 9 ~ 1 3  e2a/pbx 

B-CLL 14q32 x 11q13 bcll (pradl?) 
. 14q32 x 19q13 bc13 

8q24 x 12q22 btgl 

T-ALL 14qll x 8q24 myc* 

14qll x 10q24 tc13 
14qll x llp15 rbntl 
14qll x llp13 rbnt2 

14qll x lp32 tclS 

*T-ALL oncogenes are juxtaposed with T-cell receptor gene tcr. 

A closer examination of the 9 x 22 translocation by chromosomal banding 
in CML patients shows that the terminal band on the long arm of 
chromosome 9 (9q34) replaces most of the long arm of chromosome 22 
(22q12-13) in the Philadelphia chromosome (Ph). Many ALLs are also 
Ph'+ and it is believed that lymphoblastic transformation ('blast crisis") of 
CML is essentially a conversion of CML cells to ALL (Desforges and 
Miller, 1986). DNA analysis of the 9 x 22 Ph translocation reveals 
juxtaposition of an oncogene (abl), which originates on chromosome 9, 
with a break cluster region (bcr) on chromosome 22. This abl/bcr fusion 
results in a new gene which now produces a larger, autocatalytic tyrosine 
kinase (p210) of 210,000 daltons molecular weight (Ben-Neriah et al, 1986). 

Transmembrane tyrosine kinases normally mediate the action of 
intercellular growth factors, including cytokines. Their activation by 
stromal-elicited growth factors is required for normal leukocyte 



differentiation, including the generation of antibody diversity i n 0  0 7 3 6 1 
lymphocytes. The genetic activation of latent tyrosine kinase genes is 
frequently involved in oncogenic transformations. Activation of the p150 
tyrosine kinase product of the normal ab1 oncogene (c-abl) requires that it 
bind its cognate growth factor on the exterior side of the leukocyte plasma 
membrane. This extracellular signal is transmitted via the transmembrane 
p150 kinase, resulting in its ability to phosphorylate tyrosines of 
phospholipase C inside the affected leukocyte. Once thus activated, 
phospholipase C in turn forms inositol triphosphate, that intracellular 
messenger responsible for activation of differentiation genes in the 
nucleus. Two modified ab1 oncogenes are known which, unlike c-abl, 
encode enzymes which permanently behave as if they are activated, i.e., 
they always possess tyrosine kinase activity. One of these is v-abl, the 
gene carried by Abelson Murine Leukemia Virus, which induces leukemia 
in rodents. The other is the ablbcr fusion gene characteristic of CML. 
These salient points are summarized below: 

Molecular Genetics of the Ph' Translocation in CML 

e 9q34 (abl) x 22q11 (bcr) -5 9q+ x 22q- (Ph', bcr/abl) 

e The ab1 oncogene encodes a tyrosine kinase 

a Gene Kinase Phosvhorvlation Activitv 

v-ab1 p160 au top hosp hory lates 

c-ab1 p150 no autophosphorylation 

bcrhbl v210 autophosphorylates 

Hence, like the virally activated p160 kinase gene, v-abl, the fused bcr/abl 
oncogene also encodes a kinase (p210) which autophosphorylates and 
always is active in growth promotion. This fundamental genetic change 
leads to ceaseless replication of all daughter cells in an infinite clonal 
expansion inimical to the well-being of the host. 

A useful test system has already been partially defined in that infection of 
irradiated mice by retroviruses carrying the human abl/bcr gene fusion 
develop CML (Kelliher et al, 1990). Furthermore, this system may be used 
to study the dosimetry of benzene leukemogenesis, as will be outlined 
further below. It is anticipated that benzene will behave in a transgenic 
mouse system to promote the leukemogenic ablbcr translocation in a dose- 
responsive manner similar to that of other carcinogenic promoters. This 
system will allow detection of that threshold concentration below which 
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benzene fails to impair stromal cell synthesis of cytokines and, hence, 
promote leukemogenesis. 

Non-Carcinomnic Effects 

Like many other organic solvents, benzene, in nearly concentrated form by 
dermal contact, may cause defattening and dehydration of skin and 
mucous membranes. Upon ingestion of very high doses, the main acute 
damage is to the liver and kidneys. Also, in very high doses (in excess of 
10,000 ppm), benzene depolarizes neurons to elicit an anaesthetic effect, 
which, if prolonged can lead to coma and death. However, the acute 
toxicity of benzene is low (Lc50,7 hrs inhalation, for the rat 10,000 ppm; 
LD50, oral for the rat 6 g/kg). Signs of depression of the central nervous 
system represents main acute symptoms of exposure to benzene levels of 
1000-10,000 ppm, whereas liver and kidney damage predominate for 
chronic exposures to 100-1000 ppm (ATSDR, 1988). 

The chronic toxicity of benzene for bone marrow has been amply proven 
in both occupationally exposed workers and experimental animals. 
Apparently, given ample benzene exposure, a metabolite of benzene 
inhibits maturation of early blood cell precursors in the bone marrow 
(Gad-El-Karim et al, 1985). It has long been recognized that benzene, 
upon long-term exposure of man and experimental animals to high 
concentrations, may elicit signs of severe damage to the haematopoietic 
system including anemia and reduced number of circulating white blood 
cells and platelets. These effects are accompanied by clinical signs such as 
general weakness, pallor, purpura, and an increased susceptibility to 
infection. The bone marrow may exhibit hyperplasia as well as aplasia. A 
number of fatal cases of aplastic anemia due to high exposure to benzene 
have been reported in the literature. It must be emphasized that these 
sequelae of bone marrow toxicity require prolonged exposures to benzene 
in air at 235 mg/m3 or in water at 2100 mg/L. 

Provisional Toxicological Indices 

Carcinogenic risk assessment is a relatively new discipline which has been 
addressed mainly by the U.S. Environmental Protection Agency (USEPA) 
over the past decade. For simplicity and as a default for public health 
protection, USEPA has assumed that all carcinogens act by causing 
mutations in DNA and that thefiequency ofsuch DNA mutations is directly 
proportional to carcinogen concentration down through infinite dilution. Hence, 
by USEPA's dose-response model for carcinogens (which has been termed 
LMS for "linearized multi-stage"), there is no threshold concentration 
below which cancer induction fails to occur. Clearly, USEPA's LMS dose- 
response model is overly protective for benzene and other carcinogens 
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which do not react with DNA and which must exceed a certain threshold 
concentration to elicit cellular responses (see, for example, Bailer and 
Hoel, 1989; Swaen and Meijers, 1989; and Lamm et al, 1989). 

The upshot of the above mechanistic argument is that there is a given level 
(threshold) of benzene in soil or groundwater which is required to induce 
those events which lead to myelotoxicity and potential leukemogenicity. 
This threshold is orders of magnitude higher than those imaginary levels 
corresponding to a "10-6" or "10-5" risk according to USEPA (these 
concepts are meaningless for benzene). 

A useful indication of which levels of benzene exposure result in bone 
marrow effects comes from the experiments of Li et a1 (1986) in which 
blood leukocyte alkaline phosphatase increases correlate well with 
leukopenia. Rats were exposed by inhalation to 0,20,50,100,300,1000 or 
3000 pprn benzene for 7 days and peripheral leukocyte alkaline 
phosphatase levels assessed. Enzyme levels remained at the control (0 
pprn benzene) level in animals exposed to 20 and 50 pprn benzene. At 100 
and 300 pprn benzene, there was a dose-dependent and statistically 
significant increase in leukocyte' alkaline phosphatase, which remained 
high in animals treated with 1000 and 3000 pprn benzene. This 
experiment suggests that the inhalation benzene threshold for bone 
marrow toxicity is between 50 and 100 pprn (160 and 320 mg/m3). A 
similar threshold (100 ppm in air) has been seen for myelogenous 
leukemia induction in CBA/Ca mice (Cronkite et al, 1985). Taking the 
lower value (50 ppm) to be conservative, this benzene threshold for bone 
marrow toxicity would correspond to a daily dose in humans of 45 
mg/kg/day. As is normally the case in risk assessment, this value which 
has been derived from experimental data is adjusted with safety factors 
for animal-to-human extrapolation (lox), route-to-route extrapolation 
(1OX) and for potential sensitive persons within exposed populations 
(lox), resulting in a provisional No Observed Adverse Effect Level 
(NOAEL) of 0.045 mg/ kg/day. 
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TOXICOLOGICAL PROFILE 
FOR MANGANESE 

Introduction 

Manganese is a vital micronutrient for both plants and animals and 
functions as a required cofactor in many enzymatic reactions. It is an 
essential element in the human diet (Schroeder et al, 1966). Manganese is 
found in most foods, especially vegetables. Whereas no recommended 
daily allowance has been issued for dietary manganese, the Food and 
Nutrition Board of the National Research Council (NRC, 1989) has 
determined that up to 5 mg per day dietary manganese is an  "adequate 
and safe" intake. Similar recommendations have been made by the World 
Health Organization (WHO, 1973). 

Manganese and its compounds are poorly absorbed from both the 
digestive and respiratory tracts of man and of other mammals. The 
inhalation toxicity is in general low. Due to its corrosive action, 
permanganates may damage the lining of the respiratory tract when 
inhaled in concentrated dusts. 

Human Toxicology 

The toxicology of manganese has been summarized by the World Health 
Organization (IPCS, 1981) and USEPA (1984). Unfortunately the database 
is poor for both relevant epidemiologic and experimental studies from 
which to derive safe human levels of manganese in various environmental 
media. 

CarcinoPenic Effects 

Studies on induction of tumors following subcutaneous, intramuscular, or 
intraperitoneal injection of manganese compounds have been reported 
(Sunderman et al., 1974,1976; DiPaolo, 1964; Furst, 1978) and manganous 
sulfate has also been tested in a mouse lung adenoma screening bioassay 
(Stoner et al., 1976). However, no convincing evidence of carcinogenicity 
has been obtained from these investigations. Further, there are no 
epidemiological indications of carcinogenicity in exposed workers. No 
adequate long-term oral or inhalation studies in experimental animals that 
fulfills present day requirements has been conducted; hence, the database 
must be considered inadequate to evaluate the potential carcinogenic 
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action of inorganic manganese. There is no evidence of manganese 
carcinogenicity, either from animal experiments or from epidemiological 
studies, nor do manganese or its compounds seem to have any 
appreciable genotoxic action. 

Non-Carcinogenic Efiects 

Manganese and its compounds are poorly absorbed from the 
gastrointestinal tract of man and of other mammals, and the oral toxicity is 
in general low. Due to its corrosive action, permanganates may damage 
the lining of the esophagus and gastrointestinal tract when ingested in 
concentrated solutions (> 4%). Upon high-level exposure via inhalation 
manganese may concentrate in the central nervous system, where it can 
elicit a severe and irreversible brain disease, to some extent similar to 
Parkinson's disease. 

The acute toxicity of manganese compounds to mammals is low; for the 
rat an oral LD50 of 1.3-1.5 g/kg has been determined for the soluble 
divalent chloride (Holbrook et al, 1975). 

The chronic toxicity of manganese compounds is more serious. 
Irreversible toxic effects on the central nervous system have been induced 
in various animal species, including the rat and monkey, mainly by 
repeated administration of high doses of manganese dioxide or dichloride. 
Typical pathological lesions include degenerative changes primarily in the 
striatum and pallidum, but lesions in the subthalamic nucleus, cortex, 
cerebellum and in the brain stem have also been described. Symptoms of 
CNS-toxicity, including tremor, ataxia and paralysis of the hind limbs are 
often present. Biochemical and histopathological changes have been 
reported in other organ systems, notably the liver. Pulmonary changes, 
such as inflammation and fibrosis, have been described following high 
level exposures to manganese oxide. Testicular changes have been 
induced in the rat upon intravenous administration of high doses (50 
mg/ kg) of permanganate. 

a 

In humans an increased morbidity and mortality rate from pneumonia has 
been described among workers occupationally exposed to high levels of 
manganese containing dusts, and there are reports of populations living 
close to manganese-emitting plants that have exhibited an increased 
incidence of respiratory disease. However, it is difficult to determine to 
what extent other confounding factors have been involved. 

An irreversible chronic manganese intoxication syndrome, known as 
manganism - and which resembles Parkinson's disease - has been known 
for a considerable time to occur among workers employed in mining, ore- 
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processing plants, and in ferromanganese plants. The clinical picture of 
this poisoning - characterized by both psychiatric and neurological 
manifestations mainly related to the extrapyramidal system - may develop 
after only a few months of exposure. In the absence of reliable biological 
indicators of exposure the early diagnosis of manganese poisoning is 
difficult. Measurement of manganese in feces may be useful. Initial 
subjective symptoms, such as weakness and apathy, are later followed by 
staggering gait, incoherent and slow talk as well as aggressiveness. At 
further exposure these signs become more pronounced; patients will 
develop a fixed facial expression, and increasing clumsiness and inability 
to make certain movements becomes apparent. In general, neurological 
examination at this stage will reveal no distinct pathological changes. The 
fully developed manganism is characterized by severe difficulties in 
walking caused by muscular hypertonia and tremor mainly in the upper 
limbs as well as by difficulties in writing and a severe speech impediment. 
It should be noted, that the EEG may still be normal. Autopsy reports 
have shown, that lesions of the central nervous system are most severe in 
the striatum and pallidum and may also be found in the substantia nigra. 
In addition, a severe reduction in dopamine levels in the caudate nucleus, 
putamen, and substantia nigra has been detected. This biochemical effect 
may, in part, explain some of the CNS symptoms caused by manganese. 

Only one early instance of chronic intoxication caused by manganese 
ingestion has been reported in the literature (Kawamura et al., 1941). Well 
water had been contaminated with manganese dissolved from dry cell 
batteries buried near the well. Analyzed one month after the outbreak, the 
water had manganese and zinc concentrations of about 15 mg/L, but were 
probably at least 20-30 mg/L at the onset of the exposure. Sixteen people 
showed various CNS symptoms such as lethargy, increased muscle tonus 
and tremor, as well as mental disturbances. The most severe symptoms 
were seen in elderly people, whereas children were affected only to a 
small degree. Three persons died, one from suicide. Upon autopsy 
elevated manganese concentrations were found in liver, and macroscopic 
and microscopic pathological changes were detected in the brain, 
especially in the globus pallidus. 

Provisional Toxicological Indices 

Typical signs of central nervous system effects have been induced by 
inhalation exposure of monkeys to manganese dioxide aerosol at 
concentrations of 0.8-3.0 mg/m3 for 95 one hour periods over 4 months. 
Administration by the oral route seems far less effective, presumably 
because of poor gastrointestinal absorption. Signs of neurotoxicity have 
only been observed upon oral exposure to very high concentrations. Since 
no long-term feeding study which satisfies modern regulatory 
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requirements has been conducted, a NOAEL for this exposure route is not 
available. 

Manganese at an average airborne concentration of 0.11 mg/m3, is well 
below the TLV/PEL of 1.0 mg/m3. The TLV/PEL may be converted to an 
acceptable daily occupational dose of 0.11 mg/kg, assuming an &hour 
day and a 70 kg worker. 

m e  induction of neurotoxic effects in man constitutes the most relevant 
toxic endpoint for assessment of risk to humans. The WHO has compiled 
data on air concentrations and neurological effects of manganese, and has 
estimated that risk for neurological damage may occur already at 
concentrations of 2-5 mg/m3 (IPCS, 1981). Considering some of the 
studies and observations in ferromanganese plants, where workers are 
exposed to dusts and fumes containing mainly manganese dioxide 
particles in the respirable range, a value of 0.3 mg of respirable manganese 
particles per m3 of air (time-weighted average) has been recommended as 
the health-based limit for occupational exposure (WHO, 1980). Assuming 
100% absorption in the lungs and a respiratory volume of 25 L/hr/kg, 
exposure to 0.3 mg/m3 during a working day of 8 hrs (light work) will 
correspond to an absorbed dose of 3.0 mg/day for a 70 kg man when 
adjusted for continuous exposure. Using this value, a safety factor of 100, 
a 5% absorption by the oral route, as well as an assumed daily water 
consumption of 2L, a provisional No Observed Adverse Effect Level 
(NOAEL) of 300 pg/L manganese is obtained. The maximum 
concentration limit proposed in the USEPA Water Quality Criteria (1986) 
of 50 pg/L manganese, although based upon objectionable taste, 
especially in the presence of iron, offers adequate protection of public 
health. 

USEPA (1994) has derived a much lower reference dose of 0.005 
mg/kg/day for manganese in drinking water as based upon a flawed 
epidemiologic study by Kondakis et a1 (1989). They have issued a 
separate reference dose of 0.14 mg/kg/day for manganese in food, which 
is 28 times higher than the water ingestion value and comparable to the 
0.3 mg/L drinking water provisional NOAEL for manganese derived 
above. 

The Kondakis et a1 (1989) study examined 188 Greek nationals in three 
areas with distinct manganese profiles in groundwater. Study area A (62 
persons) had 3.6-14.6 pg/L manganese, study area B (49 persons) had 81.6- 
252.6 pg/L manganese and study area C (77 persons) had 1600-2300 pg/L 
manganese. There are some limitations of the Kondakis et a1 (1989) study 
which may make it an unsuitable database for formulation of a human 
reference dose for manganese, including the following deficiencies: 



e 
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Only persons 250 years of age were chosen for this study, which may 
represent a population which has been sensitized to the neurotoxic 
effects of manganese. 

Subjective criteria were utilized to assess neurotoxicity, such as 
weakness, fatigue, disturbances in gait, etc. These subjective criteria 
may be a source of unintentional study bias (the study was not 
conducted blind; all subjects and analysts knew if individuals came 
from low, medium or high manganese populations). 

Manganese concentrations in blood were not different for the three 
study areas and, hence, actual differences in manganese exposures are 
questionable. 

Much more manganese was ingested in food than from well water in 
all three study groups. Even in the highest groundwater group, 
approximately 10 times as much manganese may have been ingested 
from food as from water. 

The latter limitation is by far the most serious and renders dubious any 
interpretation of manganese contributions from groundwater in the 
Kondakis et a1 (1989) study. 
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INDUSTRIAL EXPOSURE SCENARIO 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Industrial Exposure: 

Ingestion of 

Chemicals in Soil (0-10) 

Adults 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

IReferenceChernical I CS I IR I CF I FI I EF I ED I BW I AT I INTAKE IREFERENCE DOSE1 HAZARD I 

I 4.89 I 50 I O.OOOOOl I 1 I 5 I 25 I 70 I 9125 I 4.78E-08 I 4.00E-04 I 1.20E-04 

I 6.36 I 50 I 0.000001 I 1 I 5 I 25 I 70 I 9125 I 6.22E-08 I 3.00E-04 I 2.07E-04 

chromium 

copper 

mercury 

ethylbenzene 

cumene 

toluene 

xylene 

ammonia 

aluminum 

2,4dimethylphenol 

2-methylphenol 

qmethylphenol 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.97E-04 

where: g:\pmjecti539-15~enl\adslin.xls 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (technical judgement; facility workers 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 

exposed to subsurface soils no more than five times per year.) 



PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

AT 

(day?.) 

9125 
9125 

Indusrtrial Exposure: 
Dermal Contact with 
Chemicals in Soil (0-10’) 

Adults 

ABSORBED REFERENCE HAZARD INDEX 
DOSE DOSE 

(mgkg-day) (mgkg-day) 

4.18E-08 2.00E-05 2.09E-03 
5.44E-08 2.97E-04 1.83E-04 

ABSORBED DOSE OF-NONI 

91 25 
9125 
9125 

Absorbed Dose (mgkg-day) = CS xCF x SAX AF x ABS x EF x ED I (BW x AT) 

Hazard Index Absorbed Dose/Reference Dose 

1.03E-09 4.50E-05 2.28E-05 
1.94E-08 9.70E-02 2.00E-07 
4.25E-08 3.60E-02 1.18E-06 

ARCINOGENIC CHEMICALS 

9125 
9125 
9125 

0.000001 I 3120 I 1.4 

1.48E-06 9.70E-01 1.53E-06 
8.52E-05 1.45E40 5.88E-05 
1.85E-08 1.60E-02 1.15E-06 

0.01 
0.01 
0.01 
0.25 25 
0.25 5 25 
0.25 25 
0.25 5 25 y.++ 
0.01 

0.1 I 5 I 25 

9125 I 1.21E-07 I 2.00E-04 I 6.07E-04 
9125 I 1.18E-07 I 3.70E-02 I 3.19E-06 

9125 I 1.45E-08 I 2.00E-01 I 7.27E-08 
9125 I 4.08E-08 I 1.94E40 [ 2.10E-08 

9125 I 1.71E-08 I 4.00E-02 I 4.27E-07 
9125 I 1.71508 4.00E-03 I 4.27E-06 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.97E-03 

where: g:\pmjem53915\sscn’l\IdrlBmm 

CS = chemical concentration in soil (95% U.C.L. of mean) 
CF = conversion factor 

ABS = absorption factor (Ryan, et al., 1987) 
EF = exposure frequency ( technical judgement; faciliii workers 

SA = skin surface area amilable for contact (EFH, 1989) 
AF = soil to skin adherence factor (Driver, et al.. 1989) 

exposed to subsurface soils no more than fve times per year.) 
ED = exposure duration (OSWER:9285.6-03, 1991) 
BW = body weight ( OSWER: 9285.6-03, 1991) 
AT averaging time (ED x 365 days) 

2 



e 

benzene 

arsenic 

a 

0.039 50 0.000001 1 5 25 70 25550 

6.36 50 0.000001 1 5 25 70 25550 

PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Industrial Exposure: 

Ingestion of 

Chemicals in Soil (0.10') 

Adults 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

IReferenceChemical I CS I IR I CF I FI I EF I ED I BW I AT 

TOTAL CARCINOGENIC RISK 3.89E-08 

where: g:\project\539-1 %en1 bdslinc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.643,1991) 
CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (technical judgement; facility workers 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 

I exposed to subsurface soils no more than five times per year.) 

3 



PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Industrial Exposure: 

Dermal Contact with 

Chemicals in Soil (0-10) 

Absorbed Dose (mglkg-day) = CS x CF x SA x AF x ABS x EFx ED/ (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

Adults 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 3.45E-08 

where: g:\proiec4539lnKenl\r4MncJds 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

. ABS = absorption factor (Ryn, et al.. 1987) 

EF = exposure frequency ( technical judgement; faciliity workers 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) 

exposed to subsurface soils no more than fwe times per year.) 

ED = exposure duration (OSWER:9285.643, 1991) 

BW = body weight (OSWER: 9285,643,1991) 
AT = averaging time (70 yls x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

ReferenceChemical 

manganese 

Trespassing Scenario: 

Ingestion of Chemicals 

CF CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mg/L) ( M r )  (hrlday) (day&) (Yr) (kg) (days) (mgkg-day) (mgn(s-day) 

0.095 0.05 2.6 7 30 70 10950 3.38E-06 5.00E43 6.77E-04 

Intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 

in Surface Water (while wading in Paddys Run) Hazard Index = IntakdReference Dose 
Adults 

TOTAL NONCARCINOGENIC RISK 6.77E-04 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR =contact rate (EFH, 1989) 

ET =exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285643,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 

5 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Referencechemical 

manganese 

Trespassing Scenario: 

Ingestion of Chemicals 

in Surface Water (while wading in Paddys Run) 

Children 

CF CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mg/L) ( L w  (hrIday) (day/yr) (Yr) (ks) (days) (mgks-day) (msncgday) 

0.095 0.05 2.6 7 6 15 2190 1.58E-05 5.00E-03 3.1 6E-03 

INTAKE OF NONCARCINOGENIC CHEMICALS 

Intake (mgkgday) = CF x CR x ET x EF x ED I (BW xAT) 

Hazard Index = Intake/Reference Dose 

TOTAL NONCARCINOGENIC RISK 3.1 6E-03 

where: g:\projed539-15\scen2khinsfw.d~ 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR = contact rate (EFH, 1989) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Trespassing Scenario: 

Dermal Contact with 

Chemicals in Surface Water Absorbed Dose (mgkgday) = CW x SAX PC x ET x EF x ED xCF I (BW x AT) 

(wading in Paddys Run) Hazard Index = Absorbed Dodeference Dose 

Adults 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.37E-03 

where: g:~ojecl!53%15~ce~2\addmsfw.rds 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH. 1989) 

PC = chemical -specific dermal permeability constant (Blank 8, McAuliie. 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH. 1989) 

ED = exposure duration (OSWER: 9285.6-03.1991) 

CF = volumetric conversion factor for water 

BW = bodyweight (OSWER: 9285.6-03,1991) 

AT -averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Trespassing Scenario: 

Dermal Contact with 

Chemicals in Surface Water Absorbed Dose (mglkg-day) = CW xSAx PC x ET x EF x EDx CFI  (BW x AT) 

(wading in Paddys Run) Hazard Index = Absorbed DoseReference Dose 

Children 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 8.37E-03 

where: 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank 8 McAuliie, 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.643.1991) 

CF = volumetric conversion factor for water 

BW = body weight (OSWER: 9285.6-03.1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Reference Chemical 

manganese - 

Trespassing Scenario: 

Ingestion of 
Chemicals in Sediment 

(while wading in Paddys Run) 

Children 

CS IR CF FI EF ED BW AT INTAKE REFERENCEDOSE HAZARD 
(mgkg) (mdday) (loa kglmg) (day/yr) (Yrs) (kg) (days) (mgks-day) (mgkl-day) INDEX 

456 200 0.000001 1 7 6 15 2190 1.17E04 5.00E-03 2.33E-02 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 
Hazard Index = IntakeReference Dose 

2.33E-02 TOTAL NONCARCINOGENIC RISK 

where: 

CS = chemical concentration in sediment (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03.1991) 
CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF: = exposure frequency (RAGS. 1989) 
ED = exposure duration (OSWER: 9285.6-03.1991) 
BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Trespassing Eqosure: 
Dermal Cantact with 

Chemicals in Sediment 
(while wading in P a d d p  Run) 

A d U l t S  

Absorbed Dose (mgkgday) = CS x CFx SA x AF x ABSx EF x ED/  (BW x AT) 

Hazard Index = Absorbed Dose/Referenc& Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.54E-02 

~ ~ ~~ ~~ ~~~ ~~ 

where: g : \ p o r s n s l s - l - d *  

GS = chemical concentration in soil (95% of U.C.L. of mean) 
CF = conversion factor 
SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et al.. 1989) 

ABS = absorption factor (Ryan, et al.. 1987) 

EF = w u r e  frequency (EFH. 1989; technical judgement, 

ED = exposure duration (OSWER: 9285.6.03, 1991) 

BW 
AT = averaging time (ED x 365 days) 

no more than 7 eventdyr) 

body weight ( OSWER: 9285.6-03. 1991) 
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e 

Reference 

Chemical 

manganese 

PADDYS RUN ROAD S E  (PRRS). FERNALD. OHIO 

CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE REFERENCEDOSE HAZARDINDM 

(mgkg) (10-6 kglmg) (cm2event) (mglcm2) (==nts\yr) (YO (kg) (days) (mqlkg-day) (mqlkg-W 

456 0.000001 3535 1.4 0.01 7 6 15 2190 2.89E-05 2.00E-04 1.44E-01 

Trespassing m u r e :  

Dermal Cantad with 

Chemicals in Sediment 

(while wading in Paddys Run) 

Children 

Absorbed Dose (mgks-day) = CS x CF xSA x AF x ABS x EF x ED I (BW x AT) 

Hazard Index = Absorbed DcaReference Dose 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.44E-01 

where: .cuWchbmrd* 

CS = chemical concentration in sediment (95% of U.C.L. of mean) ABS = absorption factor (Ryan. et al.. 1987) 
CF conversion factor 

SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) - 

EF = exposure frequency (EFH. 1989; technical judgement, 

no more than 7 even*) 

ED = exposure duration (OSWER9285.6-03.1991) 

BW = bodyweight (OSWER: 9285.6-03. 1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Trespassing Exposure: 

Ingestion of 
Chemicals in Soil (0-2') 

A d U b  

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = Intakdeference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 9.98E-06 

where: g:\pmlem539-1!3.scen2'd~n~ 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (EFH. 1989; Level 1 ingestion) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS. 1989) 

EF = exposure frequency (technical judement, no more than 7 eventlyr) 
ED = exposure duration (OSWER: 9285.6-03.1991) 

BW = body weight (OSWER: 9285.6-03.1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Trespassing Exposure: 
Ingestion of 

Chemicals in Soil (0-23 
Children 

INTAKE OF NONCARCINOGENIC CHEMICALS 

Intake (mgRgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 
Hazard Index = IntakdReference Dose 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.33E-04 

where: 

CS = chemical concentration in soil (95% U. C. L. of mean) 
IR = ingestion rate (EFH. 1989; Level 1 soil ingestion) 

FI =fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (technical judgment, no more than 7 events/yr) 

ED = exposure duration (OSWER 9285.6-03.1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 

. CF = conversion factor 

. 

1.3 



PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Trespassing Exposure: 

Dermal Contact with 
Chemicalsin Soil (0-2’) 

Adults 

Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED/ (BW x AT) 

Harard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

1.4 10.25 I 7 I 30 I 70 I109501 3.31E-09 I 1.94E+OO I 1.70E-09 1 
TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.44E-03 

where: g:\prqKn539-1s\se~2\lhMmm 

CS = chemical concentration in soil (95% of U.C.L. of mean) ABS = absorption factor (Ryan, et al.. 1987) 
CF = conversion factor 

SA = skin surface area available for Contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) 

EF .= exposure frequency ( technical judgement, no more than 7 eventar) 

ED = expasure duration (OSWER: 9285.6-03. 1991) 

BW = body weight ( OSWER: 9285.6-03. 1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Trespassing bqmsure: 

Dermal Contact with 

Chemicalsin Soil (W) 
Children 

ABSORBED 

Absorbed Dose (mgncgday) = CS x CF x S A  x AF x ABS x EF x ED I (BW x AT) 

Hazard Index = Absorbed Dcse/Reference Dose 

10.39 0.000001 I 3535 1.4 0.01 7 6 15 
22.13 0.000001 I 3535 1.4 0.01 7 6 15 
0.36 0.000001 3535 1.4 0.01 7 6 15 
0.004 0.000001 3535 1.4 0.25 7 6 15 
0.004 0.000001 3535 1.4 0.25 7 6 15 

2.97E-04 2.21E-03 

3.70E-02 3.78E-05 
2.28E08 4.50E-m 5.06E-04 

6.33E-09 3.60EM 1.76E-07 

2190 6.33E-09 1.94E+00 3.26E-09 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.76E-03 

where: 
CS = chemical concentration in soil (95% U. C. L. of mean) 

CF conversion factor 
SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al.. 1989) 

~ ~~~~~ 

g:'@ujtmS3elSbm&M&nA 

ABS = absorption factor (Ryan, et al.. 1987) 

EF = exposure frequency (technical judgment, no more than 7 wenffyr) 

ED = exposure duration (OSWER: 9285.643, 1991) 

BW = body weight ( OSWER: 9285.6133, 1991) 

AT averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical CS IR CF FI EF ED BW AT INTAKE SLOPEFACTOR 

(ww (muday) (10-6kglmg) (daylyr) (yrs) (W (days) (mgncg-day) (mgncg-day)-l 

arsenic 10.39 1 O.oooOO1 1 7 24 70 25550 9.76E-10 1.75E+00 

Trespassing Exposure: 

Ingestion of 

Chemicals in Soil (0-2) 
Adults 

CANCERRISK 

1.71 E49 

Intake (mgncgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

TOTAL CARCINOGENIC RISK 1.71 E49  

where: g:\projem53915kcen2bds2linc.~Is 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (EFH, 1989: Level 1 ingestion) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (technical judgement; no more than 7 eventslyr) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Trespassing Exposure: 

Ingestion of 

Chemicals in Soil (0-2) 
Children 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 9.96E-09 

where: g:\projem539-15\scenXhs2linc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (EFH, 1989; Level 1 soil ingestion) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

. EF = exposure frequency (technical judgement, no more than 7 eventdyr) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Reference Chemical 

arsenic 

Trespassing Exposure: 

Dermal Contact with 

Chemicals in Soil (0-23 

Adults 

CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE SLOPEFACTOR CANCERRISK 

(mgikg) ( 10-6 kg/mg) (cmZevent) (mg/cm2) (events\yr) (v) (kg) ( days) (mgkg-day) (mgkg-day)-1 

10.39 0.000001 8620 1.4 0.01 7 30 70 25550 1.47E-07 1.77€+00 2.61E-07 

Absorbed Dose (mgkgday) = CS x CFx SAX AF x ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

TOTAL CARCINOGENIC RISK 2.61E-07 

where: 

CS = chemical concentration in soil(%% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et al.. 1989) 

g:\ProjedSS-l Skcen2hdsldnnc.xls 

ABS =absorption factor (Ryan, et al.. 1987) 

EF = exposure frequency (technical judgement, no more than 7 eventsly) 

ED = exposure duration (OSWER:9285.6-03.1991) 

BW = bodyweight (OSWER: 9285.6-03.1991) 

AT = averaging time (70 yrs x 365 days) 

. 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Reference Chemical 

arsenic 

Trespassing Exposure: 

Dermal Contact with 

Chemicals in Soil (0-23 

Children 

CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE SLOPEFACTOR CANCERRISK 

(mgkg) ( 10-6 kg/mg) (cmzevent) (mg/cm2) (events\yr) (yr) (kg) ( days) (mgkgday) (mgkgday)-1 

10.39 0.000001 3535 1.4 0.01 7 6 15 25550 5.64E-08 1.77E+00 9.97E-08 

Absorbed Dose (mgkgday) = CS x CFx SAX AFx ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

TOTAL CARCINOGENIC RISK 9.97E-08 

where: g:\project!539-15\scen2\chs2ldmc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) ABS = absorption factor (Ryan, et ai., 1987) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et ai.. 1989) 

EF = exposure frequency (technical judgement; no more than 7 events/yr) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weigh! (OSWER: 9285.643,1991) 

AT = averaging time (70 yrs x 365 days) 
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HYPOTHETICAL FARM/RESIDENTIAL SCENARIO 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Hypothetical FaWResidential Scenario: 
Ingestion of Chemicals 
in Surface Water (while wading in Paddys Run) 

Intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 
Hazard Index = Intake/Reference 

Adults 

Referencechemical 

manganese 

CF CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 
( m w )  (mr )  (hr/day) (day/yr) (Yr) (ks) (days) (mgncg-day) (mgks-day) 

0.095 0.05 2.6 7 30 70 10950 3.38E-06 5.00E-03 6.77E-04 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

ReferenceChemical. 

manganese 

Hypothetical Farm/Residential Scenario: 
Ingestion of Chemicals 
in Surface Water (while wading in Paddys Run) 

Intake (mgRgday) = CF x CR x ET x EF x ED / (BW x AT) 
Hazard Index = IntakeIReference Dose 

Children 

CF CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 
(mg/L) (Mr )  (hr/day) (day/yr) (Yr) (ks) (days) (mrng-day) (mg/kg-day) 

0.095 0.05 2.6 7 6 15 2190 1.58E-05 5.00E-03 3.1 6E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.1 6E-03 

where: g:\projem53415\scen3chinstw.ds 
CF = chemical concentration in surface water (95% U.C.L. of mean) 
CR = contact rate (EFH, 1989) 
ET = exposure time (EFH, 1989) 
EF = exposure frequency (EFH, 1989) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 928!5.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Hypothetical FaMesidential Scenario: 
Dermal Contact with 
Chemicals in Surface Water 

(wading in Paddys Run) 
Adults 

Absorbed Dose (mgkgday) = CW x SAX PC x ET x EF x ED x CF I (BW x AT) 
Hazard Index Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.37E-03 

where: g:\projecM39-15kcen3bddmsfw.xls 
CW = chemical concentration in water (95% U. C. L. of mean) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe. 1985) 
ET = exposure time (EFH, 1989) 
EF = exposure frequency (EFH, 1989) 
ED = exposure duration (OSWER 9285.6-03.1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER 9285.6-03.1991) 
AT -averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Hypothetical FarmlResidential Scenario: 
Dermal Contad with 
Chemicals in Surface Water 

(wading in Paddys Run) 
Children 

Absorbed Dose (mglkg-day) = CW x SAX PC x ET x EF x ED x CF I (BW x AT) 
Hamrd Index = Absorbed Dose/Reference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 8.37E-03 

where: 
CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAulie,-l985) 
ET = exposure time (EFH, 1989) 
EF = exposure frequency (EFH. 1989) 
ED = exposure duration (OSWER: 9285.6-03.1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.6-03,1991) 
AT - averaging time (ED x 365 days) 



a 

Reference Chemical CS IR CF FI EF ED BW AT INTAKE 

(mgnc9) (mg/daY) (10-6Wmg) ( W W )  (yrs) (kg) (days) (mgncgday) 

manganese 456 200 0.000001 1 7 6 15 2190 1.17E-04 

PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

REFERENCEWSE HAZARD 

(mgncg-day) INDEX 

5.00E-03 2.33E-02 

Hypothetical FarmlResidential Scenario: 

Ingestion of 

Chemicals in Sediment 

(while wading in Paddys Run) 
Children 

Intake (mglkgday) CS x IR xCF x FI x EFx ED/  (BW x AT) 

Hazard Index = IntakeReference Dose 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.33E-02 

where: 

CS = chemical concentration in sediment (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03.1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (RAGS, 1989) 

ED = exposure duration (OSWER: 9285.6-03.1991) 

BW = body weight (OSWER: 9285.6-03, 1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD Sm (PRRS). FERNALD. OHIO 

Hypometical FamrlResidenbal Scenario: 

Dermal contact with 

Chemicals in Sediment 
(while -ding in Paddys Run) 

Adults 

Absofbed Dose (mglkg-day) = CS xCF x SA x AF x ABSx EF x ED I @W x AT) 
Hazard lnda = Absohed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.54E.02 

g:WcjaclW%ls\rconSed~dmrdm where: 
CS = chemical concentration in soil (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin sutiace area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) 

ABS = absorption factor (Ryan. et al.. 1987) 

ff = exposure frequency (EFH. 1989) 
ED = exposure duration (OSWER9285.603.1991) 
BW = body weight (OSWER: 9285643 ,1991)  

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD Sm (PRRS), FERNALD. OHIO 

Hypometical FamvResidential Scenario: 

Dermal Contact with 

Chemicals in Sediment 

(while wading in Paddys Run) 

Children 

Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABSx EF x ED I (eW x AT) 

Hazard Index Absorbed Dosemeference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum o f  Hazard Indices) 1.44E-01 

where: g ~ u l S 3 S l 5 k c u J M d m n d h  

CS chemical concentration in sediment (95% o f  U.C.L. of mean) ABS = absorption factor (Ryan, et al., 1987) 

CF = conversion factor 

SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al.. 1989) 

EF = exposure frequency (EFH. 1985) 

ED exposure duration (OSWER9285.6-03.1991) 

BW = bcdy weight ( OSWER 9285.6-03.1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical 

Hypothetical FadResidentiil Scenario: 

Ingestion of 

Chemicals in Soil (0-2) 
Adults 

CS IR CF FI EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mgncg) (mg/day) (10-6Wmg) (day&) (yrs) (kg) (days) (mgncg-day) (mgkg-day) 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I BW x AT 

Hazard Index = IntakelReference Dose 

3.70E-02 8.19E-04 

4.00E-02 1.37E-07 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.99E-02 

where: g:\projem539-1 d\scen3Iadslin.xls 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (OSWER 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (OSWER 9285.6-03,1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO a 
Hypothetical FarrnResidential Scenario: 

Ingestion of 

Chemicals in Soil (0-2') 
Children 

INTAKE OF NONCARCINOGENIC CHEMICALS 

lReferenceChemicall CS I IR I CF 

larsenic I 10.39 I 200 I 0.000001 

lcopper 122.13 I 200 I 0.000001 

lmercury I 0.36 I 200 I 0.000001 
cumene 0.004 200 o . m o 1  

xylenes 0.004 200 0.000001 

Intake (mgikgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

350 6 15 2190 1.33E-04 3.00E-04 4.43E-01 

350 6 15 2190 2.83E-04 3.70E-02 7.65E-03 

350 6 15 2190 4.60E-06 3.00E-04 1 S3E-M 

350 6 15 2190 5.11E-08 4.00E-02 1.28E-06 

350 6 15 2190 5.11E-08 2.00E+00 2.56E-08 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) . 4.66E-01 

where: g:\pmjem53915\wen3\chslin.~ls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER 9285643,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF =exposure frequency (OSWER 9285.643,1991) 

ED =exposure duration (OSWER: 9285643,1991) 

BW = body weight (OSWER: 9285.643,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Hypothetical FarmiResidentiil Scenario: 

Dermal Contact with 

Chemicals in Soil (0-23 

Adults 

Absorbed Dose (mgkgday) = CS x CF x SAX A F x  ABS x EF x ED I (BW x AT) 

Hazard Index = Absorbed DweIReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.21E-02 

where: g:\projem539-15kcen3bdsldrm.xls 

CS = chemical concentration in soil (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Driver, et al.. 1989) 

ABS = absorption factor (Ryan, et al., 1987) 

EF = exposure frequency ( OSWER 9285.6-03.1991) 

ED = exposure duration (OSWER 9285.603,1991) 

BW = body weight ( OSWER: 9285.6-03.1991) 

AT = averaging time (ED x 365 days) 

a 

29 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 0 
Hypothetical FarmlResidential Scenario: 

Dermal Contact with 

Chemicals in Soil (0-2') 
Children 

Absorbed Dose (mgkgday) = CSx CF x SAX AFx ABSx EF x ED I (BW x AT) 

Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.38E-01 

g:\project\5391 S\scen3\chsldm.xls where: 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) 

ABS = absorption factor (Ryan, et al., 1987) 

EF = exposure frequency (OSWER 9285.6-03.1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight ( OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 

30 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical 

arsenic 

Hypothetical FarmlResidential Scenario: 

Ingestion of 

Chemicals in Soil (0-2) 
Adults 

CS IR CF FI EF ED BW AT INTAKE SLOPEFACTOR CANCERRISK 

(msncs) (mglday) (1 0-6 Wmg) (daY/yr) (yrs) (kg) (days) (mgk7-day) (mg/kg-day)-l 

10.39 100 0.000001 1 350 24 70 25550 4.88E-06 1.75E+00 8.54E-06 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

TOTAL CARCINOGENIC RISK 8.54E-06 

where: g:\project\539-15~n3\ads2linc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285643,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

. 
EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED = expcsure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 928!5.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 



PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Reference Chemical CS IR CF FI EF ED BW AT INTAKE SLOPEFACTOR 

(msncg) (mg/day) (10-6kg/mg) (day&) (yrs) (kg) (days) (mglkgday) (mWkg-dayl-1 

arsenic 10.39 200 0.000001 1 350 6 15 25550 1.14E-05 1.75E+00 

Hypothetical FarmlResidential Scenario: 

Ingestion of 

Chemicals in Soil (0-2') 
Children 

CANCERRISK 

1.99E-05 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED / (BW x AT) 

Cancer Risk = Intake x Slope Factor 

TOTAL CARCINOGENIC RISK 1.99E-05 

~ ~~ 

where: g:\projemuS-l5\scen3\chs2linc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.643,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

. EF = exposure frequency (OSWER: 9285643,1991) 

ED = exposure duration (OSWER: 9285.643,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical 

arsenic 

Hypothetical FarmlResidential Scenario: 

Dermal Contact with 

Chemicals in Soil (0-23 

Absorbed Dose (mglkg-day) = CS x CFx SAX AF x ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

Adults 

CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE SLOPEFACTOR CANCERRISK 

(mglkg) ( 10-6 kg/mg) (emuevent) (mglcm2) (events\yr) (yr) (kg) ( days) (mglkgday) (mg/kgday)-l 

10.39 0.000001 8620 1.4 0.01 350 30 70 25550 7.36E-06 1.77E40 1.30E-05 

TOTAL CARCINOGENIC RISK 1.30E-05 

where: 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Davis, et al.. 1989) 

g:\projecn539-1 S\scen3bdsldrmc.xls 

ABS = absorption factor (Ryan. et al.. 1987) 

EF = exposure frequency ( OSWER: 9285643,1991) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight (OSWER 9285.603.1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD. OHIO 

Reference Chemical CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE SLOPEFACTOR 

(mgkg) ( 10-6 kglmg) (cmUevent) (mg/cm2) (events\yr) (yr) (kg) ( days) (mgkgday) (mgkgday)-1 

1.77€+00 arsenic 10.39 0.000001 3535 1.4 0.01 350 6 15 25550 2.82E-06 

Hypothetical Farm/Residential Scenario: 

Dermal Contact with 

Chemicals in Soil (0-2’) 

Children 

CANCERRISK 

4.99E-06 

Absorbed Dose (mgkgday) = CS x CF x $Ax AF x ABS x EF x ED / (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

where: 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH. 1989) 

AF = soil to skin adherence factor (Davis, et al., 1989) 

g:\pmJect\539-15\5cen3\chs2idmc.ds 

ABS = absorption factor (Ryan, et al.. 1987) 

EF = exposure frequency (OSWER. 9285.6-03.1991) 

ED = exposure duration (OSWER:9285.603,1991) 

BW = body weight (OSWER: 9285.6-03, 1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

2,4dimethylphenol 

ammonia 

Hypothetical FarrdResidential Scenario: 

Ingestion of Chemicals 
in Groundwater 

Intake (mgkgday) = CW x IR x EF x ED I (BW x AT) 
Hazard Index = IntakdReference Dose 

Adults 

0.015 2 350 30 70 10950 4.11E-04 2.00E-02 2.05E-02 

0.795 2 350 30 70 10950 2.18E-02 9.70E-01 2.25E-02 

INTAKE OF NONCARCINOGENIC CHEMICALS 

I 0.63 I 2 1  350 I 30 I 70 I 10950 I 1.73E-02 I 2.00E+00 I 8.63E-03 I 
phenol 0.008 2 1  350 30 70 10950 2.19E-04 6.00E-01 I 3.65E-04 
2-methyl phenol 0.03 2 1  350 30 70 10950 8.22E-04 5.00E-02 1 .WE42 

b-rnethylphenol I 0.05 I 2 I 350 I 30 I 70 I 10950 I 1.37E-03 I 5.00E-03 I 2.74E-01 I 

TOTAL NONCARCINOGENIC RISK 1.21 E+01 

where: g:\projecM539-15\Ken3bdinwbl .XIS 

CW = chemical concentration in water (95% U.C.L. of mean within plumes) 

IR = ingestion rate (OSWER: 9285643,1991) 

EF = exposure frequency (OSWER: 9285643,1991) 

ED = exposure duration (EFH, 1989; OSWER: 9285643,1991) 

BW = body weight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

copper 

manganese 

mercury 

vanadium 

ethylbenzene 

Hypothetical Farm/Residential Scenario: 

Ingestion of Chemicals 

in Groundwater 
Intake (mg/kgday) = CW x IR x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 
Children 

5.1 8E-02 0.03 1 350 6 15 2190 1.92E-03 3.70E-02 

1.37 1 350 6 15 2190 8.76E-02 5.00E-03 1.75E+01 

0.00015 1 350 6 15 2190 9.59E-06 3.00E-04 3.20E-02 
0.01 5 1 350 6 15 2190 9.59E-04 7.00E-03 1.37E-01 

1.60E-01 0.25 1 350 6 ' 15 2190 1.60E-02 1 DOE-01 

0.32 

0.63 

0.008 

0.03 

0.05 
0.01 5 

lcumene I 0.63 I 1 I 350 1 6 1 15 1 2190 I 4.03E-02 I 4.00E-02 I 1.01E+00 I 
1.02E-01 1 350 6 15 2190 2.05E-02 2.00E-01 

1 350 6 15 2190 4.03E-02 2.00E+00 2.01 E-02 

1 350 6 15 2190 5.11E-04 6.00E-01 8.52E-04 

1 350 6 15 2190 1.92E-03 5.00E-02 3.84E-02 

1 350 6 15 2190 3.20E-03 5.00E-03 6.39E-01 
1 350 6 15 2190 9.59E-04 4.79E-02 2.00E-02 

I toluene 

h e n e s  

lphenol 

4methvlphenol 

lammonia I 0.795 I 1 I 350 I 6 1 15 2190 1 5.08E-02 I 9.70E-01 I 5.24E-02 I 

TOTAL NONCARCINOGENIC RISK 2.83E+01 

where: 

CW = chemical concentration in water (95% U.C.L. of mean within plumes) 

IR = ingestion rate (OSWER: 9285603,1991) 

EF = exposure frequency (OSWER: 9285.643,1991) 

ED =exposure duration (EFH, 1989; OSWER: 9285.643,1991) 

BW = body weight (EFH, 1989; OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 

g:\project!539-1 Skcen3khinwtrl .XIS 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

aluminum 
arsenic 
barium 
chromium 
copper 
manganese 
mercury 
vanadium 
ethylbenzene 
cumene 
toluene 
xylenes 
phenol 
2-met hylphenol 
4methylphenol 
2,Qdimethylphenol 
ammonia 

Hypothetical Famesidential Scenario: 
Dermal Contact with 
Chemicals in Groundwater Absorbed Dose (mgkg-day) = CW x SA x PC x ET x EF x ED x CF / (BW x AT) 

(showering) Hazard Index = Absorbed DoselReference Dose 
Adults 

2.81 
0.038 
0.173 
0.016 
0.03 
1.37 

0.00015 
0.015 
0.25 
0.63 
0.32 
0.63 
0.008 

0.03 
0.05 
0.015 
0.795 

Reference Chemical F 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 
18150 

I F  NONCARCIN 

I 

)GENIC CHEMICALS 
PC I ET I EF 1 ED I CF 

(cm/hr) I hr/daylda& (yrsl 
I I i 

0 

0.11 
0.11 

I 0.2 I 350 I 30 lo.001 
I 0.2 I 350 I30 lo.001 

BW AT ABSORBED DOSE REFERENCE HAZARD 
(kg) (days) (mgkgday) DOSE INDEX 

(mgkgday) 

3.45E-03 I 1.84E+00 I 1.87E-03 

70 IlO95Ol 4.38E-05 I 5.40E-01 I 8.10E-05 
70 10950 1.64E-04 4.00E-02 4.10E-03 
70 10950 2.73E-04 4.00E-03 6.84E-02 
70 10950 8.20E-05 1.60E-02 5.13E-03 
70 10950 4.35E-03 9.70E-01 4.48E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.54E-01 

where: g:\projem539-15kcen3bddmwbl .As 

CW = chemical concentration in water (95% U. C. L. of mean within plumes) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.6-03,1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Referencechemical 

a 

CW SA PC ET EF ED 

(mg/L) (cm2) (cmihr) hr/day days/yr (yrsl 

Hypothetical FarmlResidential Scenario: 
Dermal Contact with 
Chemicals in Groundwater Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

(showering) 
Children 

Hazard Index = Absorbed DdReference Dose 

350 
3 5 0 6  
350 
350 
350 
350 
350 
350 
350 
3 5 0 6  
350 
3 5 0 6  
350 
350 
350 
350 
350 

6 

6 
6 

6 
6 
6 
6 '  
6 

6 

6 
6 
6 
6 
6 

0.001 1s 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 I S  
0.001 I S  
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 
0.001 15 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) I .39E+00 

where: 
CW = chemical concentration in water (95% U. C. L. of mean within plumes) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = bodyweight (OSWER: 9285.6-03,1991) 
AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Hypothetical FarmlResidential Scenario: 
Ingestion of Chemicals 

in Groundwater Intake (mgncgday) = CW x IR x EF x ED I (BW x AT) 
Adults Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 8.03E-04 

where: 

CW = chemical concentration in water (95% U.C.L. of mean within plumes) 

IR = ingestion rate (OSWER:9285.643,1991) 

EF = exposure frequency (OSWER: 9285643,1991) 

ED = exposure duration (EFH, 1989; OSWER:9285.643,1991) 

BW = bodyweight (EFH, 1989; OSWER: 9285.643,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

arsenic 

benzene 

Hypothetical FardResidential Scenario: 

Ingestion of Chemicals 

in Groundwater Intake (mgkgday) = CW x IR x EF x ED I (BW x AT) 

Children Cancer Risk = Intake x Slope Factor 

0.038 1 350 6 15 25550 2.08E-04 1.75E+00 3.64E-04 

0.066 1 350 6 15 25550 3.62E-04 2.90E-02 1.05E-05 

INTAKE OF CARCJNOGENIC CHEMICALS 
~~ ~ 

I Referencechemical CW I IR I EF I ED I BW I AT I INTAKE I SLOPE FACTOR1 CANCER RISK I 

where: 

CW = chemical concentration in water (95% U.C.L. of mean within plumes) 

IR = ingestion rate (EFH,l989) 

EF = exposure frequency (OSWER: 9285.603,1991) 

ED = exposure duration (EFH, 1989; OSWER:9285.6-03,1991) 

BW = body weight (EFH, 1989; OSWER: 9285643,1991) 

AT = averaging time (70 yrs x 365 days) 

g:\projec1\539-15\scen3khinwtd .ds 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Referencechemical CW SA PC ET EF ED CF BW AT ABSORBED SLOPE CANCER 

(mg/L) (cm2) (cm/hr) (hrlday) ( d a m )  (yrs) ( UCC) (kg) ( days) DOSE FACTOR RISK 
(mgkgday) (mgkgday)-1 

arsenic 0.038 18150 0.0015 0.2 350 30 0.001 70 25550 1.21E-06 1.84E+00 2.24E-06 
benzene 0.066 18150 0.11 0.2 350 30 0.001 70 25550 1.55E-04 3.22E-02 4.98E-06 

Hypothetical FaWesidential Scenario: 
Dermal Contact with 
Chemicals in Groundwater 

(showering) 
Adults 

Absorbed Dose (mgkgday) = CW x SAX PC x ETx EF x ED x CF I (BW x AT) 
Cancer Risk = Absorbed Dose Slope Factor 

TOTAL CARCINOGENIC RISK 7.22E-06 

where: 
CW = chemical concentration in water (95% U.C.L. of mean within plumes) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = bodyweight (OSWER: 9285.643,1991) 
AT = averaging time (70 yrs x 365 days) 

g:\projed5S9-1 Sken3bddmwtcl .XIS 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Referencechemical CW SA PC ET EF ED CF BW AT ABSORBED SLOPE 
FACTOR (mg/L) ( cm2) (cm/hr) (hrlday) ( d a m )  (yrs) ( Ucc) (kg) (days) DOSE 

(mgkgday) (mg/kgday)-l 

arsenic 0.038 7195 0.0015 0.2 350 6 0.001 15 25550 4.49E-07 1.84E+00 
benzene 0.066 7195 0.11 0.2 350 6 0.001 15 25550 5.72E-05 3.22E-02 

Hypothetical FarmlResidential Scenario: 
Dermal Contact with 
Chemicals in Groundwater Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

(showering) 
Children 

Cancer Risk = Absorbed Dose Slope Factor 

CANCER 
RISK 

8.27E-07 
1.84E-06 

TOTAL CARCINOGENIC RISK 2.67E-06 

where: 
CW = chemical concentration in water (95% U.C.L. of mean within plumes) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285,643,1991) 
ED = exposure duration (OSWER:9285.643,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.643,1991) 
AT = averaging time (70 yrs x 365 days) 

42 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

1.1 4E-01 

2.86E-01 

2.57E-03 

2.00E-01 

2.86E-02 

Hypothetical Farm/Residential Scenario: 

Inhalation of Airborne 

vapor Phase) Chemicals 

(showering) 

Adults 

Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

5.39E-03 

1.75E-03 

2.65E-03 

6.94E-03 

2.78E-03 

INTAKE OF NONCARCINOGENIC CHEMICALS 

IReferenceChernical I CA I IR I ET I EF I ED 

ltoluene 

lethylbenzene 

lcumene 

IMenes 
lammonia 

350 

REFERENCE DOSE I HAZARD INDEX 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.95E-02 

where: 

CA = chemical concentration in air (calculated from Andelman, 1985) 

IR= inhalation rate (OSWER: 9285.6-03, 1991,20m3/day) 

ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 

EF = exposure frequency (OSWER: 9285643,1991) 

ED = exposure duration ( (OSWER: 9285643,1991) 

BW = body weight (OSWER: 9285643,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Hypothetical FadResidential Scenario: 

Inhalation of Airborne 

(Vapor Phase) Chemicals 

Children 

Intake (mgkgday) = CA x IR x ET x EF x ED / (BW x AT) 

Hazard Index = IntakdReference Dose 

(showering) 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 9.1 OE-02 

where: 

CA = chemical concentration in air (calculated from Andelman, 1985) 

IR= inhalation rate (OSWER: 9285.6-03, 199l120m3/day) 

ET = exposure time (RAGS, 1989,12 minutes) 

EF = exposure frequency (OSWER: 9285,643,1991) 

ED = exposure duration ( (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

- 
Reference Chemical CA IR ET EF ED BW AT INTAKE SLOPEFACTOR CANCERRISK 

(mg/m3) (mmr) (hrlday) (daylyr) (yr) (b) (days) (mgncg-day) (mglkg-daY1-1 

benzene 0.05 0.83 0.2 3% 30 '70 25550 4.87E-05 2.90E-02 1.41 E46 

Hypothetical FadResidential Scenario: 
Inhalation of Airborne 
(Vapor Phase) Chemicals 

Intake (mgikgday) = CA x IR x ET x EF x ED I (BW x AT) 
Cancer Risk = Intake x Slope Factor 

(showering) 
Adults 

TOTAL CARCINOGENIC RISK 1.41 E46  

where: g:\projectS%9-15\scen3\adnhshc.xls 

CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.6-03, 1991,20m3/day) 
ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical CA IR ET EF ED BW AT INTAKE SLOPEFACTOR 
(mg/m3) (m3W (hr/day) (day/yr) (yr) (kg) (days) (mgkg-day) (mgncS-dW-1 

benzene 0.05 0.83 0.2 350 6 15 25550 4.55E-05 2.90E-02 

Hypothetical Farm/Residential Scenario: 
Inhalation of Airborne 
(Vapor Phase) Chemicals 

Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 
Cancer Risk = Intake x Slope Factor 

(showering) 
Children 

CANCERRISK 

1.32E-06 

TOTAL CARCINOGENIC RISK 1.32E-06 

where: 
CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER9285.6-03, 1991,2Om3/day) 
ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285643,1991) 
BW = body weight (OSWER: 9285,643,1991) 
AT = averaging time (70 yrs x 365 days) 
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FUTURE SITUATION - FARM/RESIDENTIAL SCENARIO 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

ReferenceChemical 

Future Situation - FadResidential Scenario: 

Ingestion of Chemicals 

in Surface Water (while wading in Paddys Run) 

Intake (mgncgday) = CF x CR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

Adults 

CF CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mg/L) (Mr )  (hr/day) (day&) (yr) (kg) (days) (mgncg-day) (msncgday) 

I I I 

manganese I 0.095 I 0.05 I 2.6 I 7 I 30 I 70 I 10950 I 3.38E-06 I 5.00E-03 I 6.77E-04 I 
TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 6.77E-04 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR = contact rate (EFH, 1989) 
ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = bodyweight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Referencechemical CF CR ET EF ED BW AT INTAKE REFERENCEDOSE 

(mg/L) (Mr) (hr/day) (daylyr) (Yr) (ks) (days) (mgncg-day) (mgncg-day) 

manganese 0.095 0.05 2.6 7 6 15 2190 1.58E-05 5.00E-03 

Future Situation - FadResidential Scenario: 

Ingestion of Chemicals 

in Surface Water (while wading in Paddys Run) 

intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

Children 

HAZARDINDEX 

3.1 6E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.16E-03 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR = contact rate (EFH, 1989) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO e 
Future Siuation - FadResidential Scenario: 

Dermal Contact with 

Chemicals in Surface Water 

(wading in Paddys Run) 

Adults 

Absorbed Dose (mgkgday) = CW x SAX PC x ETx EF x ED x CF I (BW x AT) 

Hazard Index = Absorbed DdReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.37E-03 

e 
where: g:\Projem53915\scen4bddmsfw.xls 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (EFH, 1989) 
EF = exposure frequency (EFH. 1989) 
ED = exposure duration (OSWER: 9285.6-03.1991) 
CF = volumetric conversion factor for water 

BW = body weight (OSWER: 9285.603,1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FanlResidential Scenario: 

Dermal Contact with 

Chemicals in Surface Water 

(wading in Paddys Run) 

Children 

Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

Hazard Index = Absorbed DdReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

~~ ~~ 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 8.37E-03 

where: g:\prnject\53915\scenl\chdrnsfw.xls 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285643,1991) 

CF = volumetric conversion factor for water 

BW = body weight (OSWER: 9285643,1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Chemical cs IR CF FI EF ED BW AT INTAKE REFERENCEDOSE 

(mgncg) (mg/day) (1 0-6 kdmg) (day/yr) (F) (kg) (days) (mgncgday) (mgncg-day) 

Future Sluation - FadResidential Scenario: 
Ingestion of 

Chemicals in Sediment 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

(while wading in Paddys Run) 

Children 

HAZARDINDEX 

I I I I I I I I I I I I 2.33E-02 manganese I 456 I 200 I 0.000001 I 1 I 7 I 6 I 15 121901 1.17E-04 I 5.00E-03 

2.33E-02 TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 

where: g:\Projecti539-1 !%cen4khsdin.ds 

CS = chemical concentration in sediment (95% 

U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285643,1991) 

CF = conversion factor 
FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (RAGS, 1989) 

ED'= exposure duration (OSWER: 9285603,1991; 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 

technical judgement, no more than 7 eventslyr) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Future Situation - FadRwidential Exposure: 

Dermal Contact with 

Chemicals in Sediment 

Absorbed Dose (mgkgday) = CS x CFxSAx AF x ABS x EFx ED/ (BW x AT) 

Hazard Index = Absorbed DosdReference Dose 

(while wading in Paddys Run) 

Children 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1 AE-01 

where: g:\projemsJsl ~ e n 4 \ c h d n s d d s  

CS = chemical concentration in sediment (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et al., 1989) 

ABS = absorption factor (Ryan, et al., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, 
. 

no more than 7 event*) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = bodyweight ( OSWER: 9285.6-03,lWl) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - FarmlResidentiil Exposure: 

Dermal Contact with 

Chemicals in Sediment Hazard Index = Absorbed DoselReference Dose 

Absorbed Dose (mgkgday) = CS x CF x SAX AF x ABSx EFx ED / (BW x AT) 

(while wading in Paddys Run) 

Adults 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.54E-02 

where: g:\projem53915\scen4hddrmsd.~Is 

CS = chemical concentration in soil (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et ai., 1989) 

. 
ABS = absorption factor (Ryan, et al., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, 

no more than 7 events&) 

ED = exposure duration (OSWER:9285.643,1991) 

BW = body weight ( OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Siuation - Farm-Residential Scenario: 

Ingestion of 

Chemicals in Soil (&lo) 
Intake (mgikgday) = CS x IR x CF x FI x EF x ED / (BW x AT) 

Hazard Index = IntakelReference Dose 
Adults 

INTAKE OF NONCI 

Reference Chemical 

antimony 

arsenic 

chromium 

copper 
mercury 

ethylbenzene 

cumene 

toluene 

xylene 

ammonia 

aluminum 

2,Qdimethylphenol 

2-methyl phenol 
4methylphenol 

4.89 100 

6.36 100 

14.2 100 

13.8 100 

0.12 100 

0.091 100 

0.199 100 

0.068 100 

0.191 100 

17.37 100 

9968.9 100 

0.216 100 

0.2 100 

0.2 100 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.56E-02 

where: g:\projem53915\scen4\adslin.xls 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (OSWER: 9285643,1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (OSWER: 9285643,1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.603,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Siuation - Farm-Residential Scenario: 

Ingestion of 

Chemicals in Soil (0-10') 
Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = IntakelReference Dose 
Children 

INTAKE OF NONCARCINOGENIC CHEMICALS 

lchromium I 14.2 I 200 I 0.000001 1 1  I 350 I 6 I 15 I2190 I 1.82E-04 I 5.00E-03 I 3.63E-02 I 
lcopper I 13.8 I 200 I 0.000001 I 1 I 350 I 6 I 15 I 2190 I 1.76E-04 I 3.70E-02 I 4.77E-03 I 

lethylbenzene I 0.091 I 200 I 0.000001 1 1  I 350 I 6 I 15 I2190 I 1.16E-06 I 1.00E-01 I 1.16E-05 I 
lcumene I 0.199 I 200 I 0.000001 I 1 I 350 .I 6 I 15 I 2190 I 2.54E-06 I 4.00E-02 I 6.36E-05 I 
I toluene I 0.068 I 200 I 0.000001 I 1 1 350 I 6 I 15 I 2190 I 8.69E-07 I 2.00E-01 I 4.35E-06 I 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.19E-01 

where: g:\projectW9-15~en4\chslin.ls 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
Dermal Contact with 
Chemicals in Soil (0-1 0') 

Adults 

Absorbed Dose (mglkgday) = CS x CF x SAX AF x ABS x EF x ED I(BW x AT) 
Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

2-methylphenol I 0.2 I 1E-06 I 8620 I 1.4 1 0.1 1 350 I 30 I701109501 3.31E-06 I 4.00E-02 I 
4rnethylphenol I 0.2 I lE-06 I 8620 I 1.4 I 0.1 I 350 I 3 0  1701109501 3.31E-06 I 4.00E-03 I 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.75E-01 

where: g:\projem539-15\scen4bdsldn.xls 

CS = chemical concentration in soil (95% U.C.L. of mean) 
CF = conversion factor- 
SA = skin surface area available for contact (EFH, 1989) 
AF = soil to skin adherence factor (Driver, et al., 1989) 

ABS =absorption factor (Ryan, et al., 1987) 
EF = exposure frequency ( OSWER:9285.643.1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
BW =body weight ( OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Siuation - FarmlResidentiil Scenario: 
Dermal Contact with 

Chemicals in Soil (0-10) 

Children 

Absorbed Dose (mgkgday) = CS x CFx SA x AFx ABS x EF x ED I (BW x AT) 
Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF Noh :ARCINOGENIC CHEMICALS 
AT ABSORBED REFERENCE HAZARD INDEX 

(days) DOSE DOSE 

(mgkgday) (rngkgday) 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) l.lOE+W 

where: 
CS = chemical concentration in soil (95% U.C.L. of mean) 
CF = conversion factor 
SA = skin surface area available for contact (EFH, 1989) 
AF = soil to skin adherence factor (Driver, et al., 1989) 

g:\projem539-15\scen4khsldn.xls 

ABS =absorption factor (Ryan, et al., 1987) 
EF = exposure frequency ( OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER:92&5.643,1991) 
BW = body weight ( OSWER: 9285643,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FardResidential Scenario: 
Ingestion of 
Chemicals in Soil (0-10') 

Adults 

Intake (mglkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 5.23E-06 

where: g:\project\53915~n4\adsIinc.~s 

CS = chemical concentration in soil (95% U. C. L. of mean) 
IR = ingestion rate (OSWER: 9285643,1991) 

EF =exposure frequency (OSWER: 9285.643.1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

CF = conversion factor 
FI = fraction ingested from medium (RAGS, 1989) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FaMesidential Scenario: 

Ingestion of 

Chemicals in Soil (0-10') 

Children 

Intake (mgikgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 1 ZE-05  

where: g:\pmjec1\53915\scen4\chslinc.~k 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03, 1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE, FERNALD, OHIO 

Future Situation - FaWResidential Scenario: 

Dermal Contact with 

Chemicals in Soil (0-10') 
Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 
Adults 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 8.00E-06 

where: g:\pmjec(\53P 15\scenb\adsldmc.~Js 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et al., 1989) 

ABS = absorption factor (Ryan, et al., 1987) 

EF exposure frequency ( OSWER: 9285.6-03,1991) 

ED = exposure duration (OSWER:9285.6-03, 1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (70 yrs x 365 days) 
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0 8 7 3 6  P 

Reference Chemical CS CF SA AF ABS EF ED BW AT ABSORBEDDOSE SLOPEFACTOR 

(mgkg) ( 10-6 kglmg) (cmzevent) (mglcm2) (events\yr) Q (kg) ( days) (mgkgday) (mgkgday)-I 

benzene 0.039 0.000001 3535 1.4 0.25 350 6 15 25550 2.64E-07 2.90E-02 

arsenic 6.36 0.000001 3535 1.4 0.01 350 6 15 25550 1.72E-06 I .77E+00 

0 

CANCERRISK 

7.67E-09 

3.05E-06 

PADDYS RUN ROAD SITE. FERNALD. OHIO 

Future Situation - FamJResidential Scenario: 

Dermal Contact with 

Chemicals in Soil (0-103 

Absorbed Dose (mgkgday) = CS x CF x SAX AF x ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

Children 

TOTAL CARCINOGENIC RISK 3.05E-06 

where: 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EM. 1989) 

AF = soil to skin adherence factor (Davis, et al.. 1989) 

g:\pmjed539-15\scen4\chsldrnc.ds 

ABS = absorption factor (Ryan, et al.. 1987) 

EF = exposure frequency ( OSWER: 9285643,1991) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Future Situation - FarmlResidential Scenario: 
( Downgradient Well 700' South of Sie) 

Ingestion of Chemicals 
in Groundwater 

Adults Intake (rngkgday) = CW x IR x EF x ED I (BW x AT) 
Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK 8.60E+00 

where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285.643,1991) 
EF = exposure frequency (OSWER: 9285.643,1991) 
ED = exposure duration (EFH, 1989; OSWER: 9285643,1991) 
BW = bodyweight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 

g:\projed539-1 Sken4bdinwtrl .XIS 
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0 0 7 3 6  B 
m PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
( Downgradient Well 700' South of Site) 

Ingestion of Chemicals 
in Groundwater 

Children Intake (mgkgday) = CW x IR x EF x ED / (BW x AT) 
Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

I I 

TOTAL NONCARCINOGENIC RISK 1.70E+01 

where: g:\project\539-1.!5kcen4\chinwbl .XIS 

CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285.643,1991) 
EF = exposure frequency (OSWER: 9285.643,1991) 
ED = expnsure duration (EFH, 1989; OSWER: 9285.603,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidentil Scenario: 
(Downgradient Well 700' South of Site) 

Dermal Contact with 
Chemicals in Groundwater (while showering) Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF / (BW x AT) 

Adult Hazard Index Absorbed DoselReference Dose 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.30E+00 

g:\project\U9-15\scen4\addmwtrl .XIS where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.643,1991) 
ED = exposure duration (OSWER: 9285643,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.6-03.1991) 
AT - averaging time (ED x 365 days) 
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e PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 700' South of Site) 

Dermal Contact with 
Chemicals in Groundwater (while showering) Absorbed Dose (mgkgday) = CW x SA x PC x ETx EF x ED x CF I (BW x AT) 

Children Hazard Index = Absorbed DdReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

2.40E+00 TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 

where: g:\projem539-1 Sscen4khdrnwM .As 
CW = chemical concentgtion in water (extrapolated from groundwster model data) 
SA = skin surface area available for contact (EFH. 1989) 
PC = chemical -specific dermal penneabillty constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED =exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285643,1991) 
AT - averaging time (ED x 365 days) 

008693 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

arsenic 
benzene 

Future Situation - FadResidential Scenario: 
(Downgradient Well 7W South of Site) 

Ingestion of Chemicals 
in Groundwater 

Adults 

0.0054 2 350 30 70 25550 6.34E-05 1.75E+00 l . l lE-04 
0.498 2 350 30 70 25550 5.85E-03 2.90E-02 1.70E-04 

Intake (rngkgday) = CW x IR x EF x ED I (BW x AT) 
Cancer Risk = Intake x Slope Factor 

TOTAL CARCINOGENIC RISK 2.81 E-04 

where: g:\projem539-15\scen4!adinwtcl .As 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER:9285.643,1991) 
EF = exposure frequency (OSWER: 9285643,1991) 
ED = exposure duration (EFH, 1989; OSWER:9285.643,1991) 
BW = bodyweight (EFH, 1989; OSWER: 9285,643,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FaMResidential Scenario: 
(Downgradient Well 700' South of Site) 

Ingestion of Chemicals 
in Groundwater Intake (mgkg-day) = CW x IR x EF x ED / (BW x AT) 

Children Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 1.31 E-04 

where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER:9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285643,1991) 
ED = exposure duration (EFH, 1989; OSWER:9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FadResidential Scenario: 
(Downgradient Well 700' South of Site) 

Dermal Contact with 
Chemicals in Groundwater 

(showering) Absorbed Dose (mgkgday) = CW x SA x PC x ETx EF x ED x CF I (BW x AT) 
Adults Cancer Risk = Absorbed Dose Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 3.79E-05 

where: g:\Projecn539-1 S\scen4\addmwtcl .As 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = bodyweight (OSWER: 9285603,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - FadResidential Scenario: 

(Downgradient Well 700' South of Site) 
Dermal Contact with 
Chemicals in Groundwater 

(showering) 
Children 

Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 
Cancer Risk = Absorbed Dose Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

I benzene I 0.498 I 7195 I 0.11 I 0.2 I 350 I 6 I 0.001 I 15 1255501 4.32E-04 I 3.22E-02 I 1.39E-05 1 

TOTAL CARCINOGENIC RISK 1.40E-05 

where: g:\project\539-15kcen4\chdmwtcl.xls 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = bodyweight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

INTAKE 

(mgkg-day) 

9.78E-03 
8.41 E-03 

6.82E-05 
1 . B E 4 2  

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 7OU South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

Intake (mgkgday) = CA x IR x ET x EF x ED / (BW x AT) 
Hazard Index = IntakelReference Dose 

(showering) 
Adults - 

REFERENCE DOSE HAZARD INDEX 
(mglKg-day) 

5.70E-01 1.72E-02 
2.85E-01 2.95E-02 

2.60E-03 2.62E-02 
8.60E-02 1 .&E41 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.1 8E-01 

where: g:\projem539-1 S\+cen4\adnhsh2.xIs 
CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.643, 1991,20m3/day) 
ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER: 9285,643,1991) 
ED = exposure duration ( (OSWER: 9285.643,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 

e 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 700' South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

Children 

Intake (mgkgday) = CA x IR x ET x EF x ED / (BW x AT) 
Hazard Index = Intakelfieference Dose 

(showering) 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.02E+00 

where: g:\projec1\53915\scen4\chnhsh2xls 

CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.6-03,l99l120m3/day) 
ET =exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER: 9285.6-03.1991) 
ED = exposure duration ( (OSWER: 9285643,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical CA IR ET EF ED BW AT INTAKE 

(mdm3) (m3W (hr/day) (day&) (yr) (ks) (days) (mgncgday) 

benzene 0.3 0.83 0.2 350 30 70 25550 2.92E-04 

SLOPEFACTOR CANCERRISK 
(Wb-day)-1 

2.90E-02 8.48E-06 

TOTAL CARCINOGENIC RISK 8.48E-06 

where: 
CA = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.6-03,199lI20m3/day) 
ET =exposure time (EFH, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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- .. 

Reference Chemical CA IR ET EF ED BW AT INTAKE SLOPEFACTOR 
(mdm3) (mrnr) (hrlday) (daY/yr) (Yr) (kg) (days) (mgncgday) (mSncgdaY)-1 

benzene 0.3 0.83 0.2 350 6 15 25550 2.73E-04 2.90E-02 

PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

CANCERRISK 

7.91 E46 

Future Situation - FadResidential Scenario: 
(Downgradient Well 700' South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

(showering) . 

Children 

Intake (mg/kgday) = CA x IR x ET x EF x ED / (BW x AT) 
Cancer Risk = Intake x Slope Factor 

TOTAL CARCINOGENIC RISK 7.91 E-06 

g:\project\539-15\Ken4\chnhshc.xls where: 
CA = Chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.6-03, 199lI20m3/day) 
ET =exposure time (EFH, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03.1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 

' 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FamResidential Scenario: 
(Downgradient Well 18W South of Site) 

Ingestion of Chemicals 
in Groundwater 

Adults Intake (rngkg-day) = CW x IR x EF x ED I (BW x AT) 
Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK 6.21 E+OO 

where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED =exposure duration (EFH, 1989; OSWER: 9285.6-03,1991) 
BW =body weight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 

g:\projem539-15\scen4hdinwb2.xls e 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FadResidential Scenario: 
(Downgradient Well 1800' South of Sie) 

Ingestion of Chemicals 
in Groundwater 

Children Intake (mgkgday) = CW x IR x EF x ED I (BW x AT) 
Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK 1.1 4E+01 

where: 
CW =.chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285643,1991) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED =exposure duration (EFH, 1989; OSWER: 9285.6-03,1991) 
BW = bodyweight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - Farm/Residential Scenario: 
(Downgradient Well 1800' South of Site) 

Dermal Contact with 
Chemicals in Groundwater (while showering) Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

Adult Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.82E-01 

where: g:\projem539-1 S\scendbddrnwtR.xls 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.6-03.1991) 
AT - averaging time (ED x 365 days) 

7 6  



a PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Sluation - FarmlResidential Scenario: 
(Downgradient Well 1800' South of Sire) 

Dermal Contact with 
Chemicals in Groundwater (while showering) Absorbed Dose (mgkgday) = CW x SAX PCx ETx EFx EDx CF/(BW x AT) 

Children Hazard Index = Absorbed DoWReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

ethylbenzene 2.483 7195 0.11 0.2 I 350 6 I 0 15 2190 2.51 E-02 8.00E-02 3.14E-01 
cumene 3.436 7195 0.11 0.2 I 350 6 I 0- 15 2190 3.48E-02 3.60E-02 9.66E-01 
toluene 2.904 7195 0.11 0.2 I 350 6 I 0 15 2190 2.94E-02 2.00E-01 1.47E-01 
xylenes 3.357 7195 0.11 0.2 I 350 6 I 0 15 2190 3.40E-02 1.84E+OO 1.85E-02 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.45E+00 

where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.643, 1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285643,1991) 
AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Referencechemical CW 
(mg/L) 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 1 W  South of Site) 

Dermal Contact with 
Chemicals in Groundwater 

(showering) Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF / (BW x AT) 
Adults Cancer Risk = Absorbed Dose Slope Factor 

SA PC ET EF ED CF BW AT ABSORBED SLOPE CANCER 
(cm2) (cm/hr) (hrlday) ( d a m )  (yrs) ( Ucc) (kg) (days) DOSE FACTOR RISK 

(mg/Kgday) (mg/kgday)-1 
I I 

TOTAL CARCINOGENIC RISK 2.41 E-05 

where: 
CW chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285643,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 1800' South of Site) 

Dermal Contact with 
Chemicals in Groundwater 

(showering) Absorbed Dose (mgkgday) = CW x SAX PC x ETx EF x ED x CF I (BW x AT) 
Children - Cancer Risk = Absorbed Dose Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

I benzene I 0.316 I 7195 I 0.11 I 0.2 I 350 I 6 I 0.001 [ 15 I 25550 I 2.74E-04 I 3.22E-02 I 8.83E-06 I 
TOTAL CARCINOGENIC RISK 8.92E-06 

where: g:\projem539-1 Sscen4khdrnwtc2.d~ 

CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET =exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285,643,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FamVResidential Scenario: 
(Downgradient Well 1800' South of Site) 

Ingestion of Chemicals 
in Groundwater 

Adults 
Intake (mgikgday) = CW x IR x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 1 . % E 4  

where: g:\project\539-15\scen4\adinwtc2.xls 

CW = chemical concentration in water (extrapolated from groundwater data) 
IR = ingestion rate (OSWER:9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285643,1991) 
ED = exposure duration (EFH, 1989; OSWER:9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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e PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 1800' South of Site) 

Ingestion of Chemicals 
in Groundwater 

Children 
Intake (mgkg-day) = CW x IR x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 9.1 4E-05 

where: g:\project\539-1S\scend\chinwtcZ.xIs 

CW = chemical concentration in water (extrapolated from groundwater data) 
IR = ingestion rate (OSWER:9285.643,1991) 
EF =exposure frequency (OSWER: 9285643,1991) 
ED = exposure duration (EFH, 1989; OSWER:9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - Farm/Residential Scenario: 
(Downgradient Well 1W South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose (showering) 
Adults 

INTAKE OF NONCARCINOGENIC CHEMICALS 

8.60E-02 8.46E-02 I I 3.2 I 0.83 I 0.2 I 350 I 30 I 70 I 10950 I 7.28E-03 I I 
1 .30E-01 TOTAL NONCARCINOGENIC RISK 

where: 
CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.6-03, 199l120m3/day) 
ET = exposure time (EFH, 1989.12 minutes) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration ( (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 350 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 1800 South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals Intake (mgkgday) = CA x IR x ET x EF x ED 

(showering) . 

Children 

(BW x 
Hazard Index = IntakdReference Dose 

T) 

INTAKE OF NONCARCINOGENIC CHEMICALS 

I 3.2 I 0.83 I 0.2 I 350 I 6 I 15 I 2190 I 3.40E-02 I 8.60E-02 I 3.95E-01 

TOTAL NONCARCINOGENIC RISK 6.05E-01 

where: g:\project\539-15\wenS\chnhsh.ls 

CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.6-03,1991,20m3/day) 
ET = exposure time (EFH, 1989.12 minutes) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration ( (OSWER: 9285.6-03,1991) 
BW = bodyweight (OSWER: 9285.643,1991) 
AT = averaging time (ED x 350 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical CA IR ET EF ED BW AT INTAKE 
(mdm3) (m3W (hrIday) (daY/yr) (yr) (ks) (days) (msn(g-day) 

benzene 0.2 0.83 0.2 350 30 70 25550 1.95E-04 

Future Situation - FarmlResidential Scenario: 
(Downgradient Well 1800' South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

Adults 

Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor (showering) 

SLOPEFACTOR CANCERRISK 
(~g/kg-daY)-l 

2.90E-02 5.65E-06 

TOTAL CARCINOGENIC RISK 5.65E-06 

where: g:\projem53415kcen5bdnhshc.ds 

CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.6-03,199lI2Om3/day) 
ET = exposure time (EFH, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical CA IR 
(mg/m3) (mrnr) 

benzene 0.2 0.83 

Future Situation - FandResidential Scenario: 
(Downgradient Well 1800' South of Site) 

Inhalation of Airborne 
(Vapor Phase) Chemicals Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor (showering) 
Children 

ET EF ED BW AT INTAKE SLOPEFACTOR CANCERRISK 

(hr/day) (day/yr) (Yr) (kg) (days) (WMday)  (mg/kg-day)-l 

0.2 350 6 15 25550 1.82E-04 2.90E-02 5.28E-06 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 5.28E-06 

where: g:\Projedl539-15\scen5\chnhshc.d~ 

CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.643,199lI2Om3/day) 
ET = exposure time (EFH, 1989,12 minutes) 
EF = expusure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 

85 



FUTURE SITUATION - FARM/RESIDENTIAL (WORST CASE) SCENARIO 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of Chemicals 

in Surface Water (while wading in Paddys Run) Intake (mgkgday) = CF x CR x ET x EF x ED / (BW x AT) 

Adults Hazard Index = IntakdReference Dose 

ReferenceChemical CF CR ET EF ED BW AT INTAKE REFERENCEDOSE 

(mg/L) ( L W  (hrlhy) (day/yr) (yr) (ks) (days) (mg/kg-day) (mgkg-day) 

manganese 0.095 0.05 2.6 7 30 70 10950 3.38E-06 5.00E-03 

HAZARDINDEX 

6.77E-04 

TOTAL NONCARCINOGENIC RlSK (Sum of Hazard Indices) 6.77E-04 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR =contact rate (EFH, 1989) 
ET = exposure time (EFH, 1989) 
EF =exposure frequency (EFH, 1989) 

ED =exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 

g:\projech539-1 S\scenShdinsfw.xls 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

ReferenceChemical CF 

(msn) 

manganese 0.095 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of Chemicals 

in Surface Water (while wading in Paddys Run) Intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 
Children Hazard Index = IntakdReference Dose 

CR ET EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mr) (hr/day) (day&) (Yr) (ks) (days) (mgkg-day) (mgncg-day) 

0.05 2.6 7 6 15 2190 1.58E-05 5.00E-03 3.16E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.1 6E-03 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR =contact rate (EFH, 1989) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 

' 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Surface Water Absorbed Dose (mg/kg-day) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

Hazard Index = Absorbed DoselReference Dose (wading in Paddys Run) 

Adults 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.37E-03 

where: 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

CF = volumetric conversion factor for water 

BW = bodyweight (OSWER: 9285.6-03,1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Surface Water Absorbed Dose (mgkgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 

(wading in Paddys Run) Hazard Index = Absorbed DwelReference Dose 

Children - 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 8.37E-03 

where: 

CW = chemical concentration in water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH. 1989) 

ED = exposure duration (OSWER: 9285643,1991) 

CF = volumetric conversion factor for water 

BW = body weight (OSWER: 9285.6-03,1991) 

AT - averaging time (ED x 365 days) 



a 

PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of 

Chemicals in Sediment Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

(while wading in Paddys Run) 

Children 

Hazard Index = IntakdReference Dose 

INTAKE OF NONCAF 

manganese 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.33E-02 

where: g:\projem539l~enS\chsdin,xls 

CS = chemical concentration in sediment (95% 
U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03.1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (RAGS, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 

I 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential ('Worst Case) Scenario: 

Dermal Contact with 

Chemicals in sediment Absorbed Dose (mgkgday) = CS x CF x SAX AF x ABS x EF x ED I (BW x AT) 

(while wading in Paddys Run) 

Adults 

Hazard Index = Absorbed DoseIReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 7.54E-02 

where: g:\projec1\539-1!3scen5\addrrnsd.xJs 

CS = chemical concentration in sediment (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et at., 1989) 

ABS = absorption factor (Ryan, et at., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, 

no more than 7 events/yr) 

ED = exposure duration (OSWER:9285.643,1991) 

BW = body weight ( OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO a 
Future Situation - Farm/Residential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Sediment Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED I (BW x AT) 

(while wading in Paddys Run) 

Children 

Hazard Index = Absorbed Dose/Reference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

~ 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.44E-01 

giprojem539-1 S\scenS\chdnsd.xls where: 

CS = chemical concentration in sediment (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

ABS = absorption factor (Ryan, et al., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, 

no more than 7 eventar) 

AF = soil to skin adherence factor (Driver, et al., 1989) ED = exposure duration (OSWER:9285.6-03, 1991) 

BW = body weight ( OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 0 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

acetone 

xylenes 

2,4-dimethylphenol 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of Chemicals 

in Surface Water Intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 
(while wading in Pond) Hazard Index = IntakelReference Dose 

Adults 

1.55 0.05 2.6 7 30 70 10950 5.52E-05 1 .WE41 5.52E-04 

5.16E-06 0.29 0.05 2.6 7 30 70 10950 1.03E-05 2.00E+00 

0.15 0.05 2.6 7 30 70 10950 5.34E-06 2.00E-02 2.67E-04 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR = contact rate (EFH, 1989) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = bodyweight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

6 

6 

6 

6 

Future Situation - FadResidential (Worst Case) Scenario: 

Ingestion of Chemicals 

in Surface Water Intake (mgkgday) = CF x CR x ET x EF x ED I (BW x AT) 
(while wading in Pond) Hazard Index = IntakdReference Dose 

Children 

15 2190 1.36E-03 9.70E-01 1.40E-03 
15 2190 1.99E-05 5.00E-03 3.99E-03 

15 2190 9.97E46 3.00E-01 3.32E-05 

15 2190 2.58E-04 1.00E-01 2.58E-03 

INTAKE OF NONCARCINOGENIC CHEMICALS 

Reference Chemical I CF 

ammonia I 8.16 

manganese I 0.12 
zinc I 0.06 
acetone 

xylenes 

CR I ET I EF 

0.05 I 2.6 1 7 

0.05 I 2.6 I 7 
6 I 15 I 2190 I 4.82E-05 I 2.00E+00 I 2.41E-05 

6 I 15 I 2190 I 2.49E-05 I 2.00E-02 I 1.25E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 9.27E-03 

where: 

CF = chemical concentration in surface water (95% U.C.L. of mean) 

CR = contact rate (EFH, 1989) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH. 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285643,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

zinc 

acetone 

xylenes 

2,4dimethylphenol 

Future Situation - FaWResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Water Absorbed Dose (mgkgday) = CW xSAx PC x ETx EF x ED x CF I (BW x AT) 

(in Pond) Hazard Index = Absorbed DdReference Dose 

Adults 

0.06 8620 0.0015 2.6 7 30 0.001 70 10950 5.53E-07 I SOE-02 3.68E-05 

1.55 8620 0.11 2.6 7 30 0.001 70 10950 1.05E-03 1 .00E-01 1.05E-02 

0.29 8620 0.11 2.6 7 30 0.001 70 10950 1.96E-04 I .84E+00 1.06E-04 

0.15 8620 0.11 2.6 7 30 0.001 70 10950 1.01 E-04 1.60E-02 6.33E-03 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.25E-02 a 
where: 

CW = chemical concentration in surface water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 

ET = exposure time (RAGS, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

CF = volumetric conversion factor for water 

BW = body weight (OSWER: 9285.6-03,1991) 

AT - averaging time (ED x 365 days) 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - Farm/Residentil (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Surface Water Absorbed Dose (mg/kg-day) = CW x SA x PC x ETx EF x ED x CF I  (BW x AT) 

(wading in Pond) 

Children 

Hazard Index = Absorbed DdReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 4.32E-02 

where: g:\project\539-15\ssen5\chdmpsfw.d~ 

CW = chemical concentration in surface water (95% U. C. L. of mean) 

SA = skin surface area available for contact (EFH, 1989) 

PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 

ET = exposure time (EFH, 1989) 

EF = exposure frequency (EFH, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

CF = volumetric conversion factor for water 

BW body weight (OSWER: 9285.6-03,1991) 

AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidentil (Worst Case) Scenario: 

Ingestion of 

Chemicals in Sediment Intake (mglkg-day) = CS x IR x CF x FI x EF x ED I (BW x AT) 
(while wading in Pond) Hazard index = IntakdReference Dose 

Children 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.38E-02 

where: g:\project\53915\scenS\chpsdin.xls 

CS = chemical concentration in sediment (95% U. C. L. of mean 

IR = ingestion rate (OSWER: 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF exposure frequency (RAGS, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.603,1991) 

AT = averaging time (ED x 365 days) 

or highest concentration) 
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Future Situation - FadResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Sediment 

(while wading in Pond) 

Adults - 

Absorbed Dose (mgkgday) = CS x CFx SAX AFx ABS x EFx ED/(BW x AT) 

Hazard Index = Absorbed DosdReference Dose 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.1 7E-02 

g:\projed\53Pl.9sx?ns\addrpsd.xls 

where: 

CS = chemical concentration in sediment (95% of U.C.L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et at., 1989) 

ABS = absorption factor (Ryan, et at., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, 

no more than 7 event-) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight ( OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidentiil (Worst Case) S c e ~ t i o :  

Dermal Contact with 

Chemicals in Sediment Absorbed Dose (mgkgday) = CS x CFx SAX AFx ABS x EFx EDI(BW x AT) 

(while wading in Pond) Hazard Index = Absorbed DdReference Dose 

Children 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

Reference I C s  CF I SA I AF I ABS I EF (E[ 

mercury I 1.5 IO.OWOOl l  3535 I 1.4 I O . O l l  7 1 6  

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 6.07E-02 

g:\proje*\539 15\scen5khdrpsd.xls 

where: 

CS = chemical concentration in sediment (95% U.C.L. of mean ABS = absorption factor (Ryan et. al., 1987) 

EF = exposure frequency (EFH, 1989; technical judgement, or highest concentration) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Driver, et. al., 1989) 

no more than 7 event*) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight (OSWER:9285.6-03.1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of 

Chemicals in Sediment 

(while wading in Pond) 

Children 

Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 2.08E-07 

where: g:\project\539-lS\scenSLhpsdinc.xls 
,.a.-, I." 

CS = chemical concentration in soil (95% U. C. L. of mean . EF = exposure frequency (RAGS, 1989; technical judgement, !?,. :: 
1. or highest concentration) 

c, CF = conversion factor 

ci .. 
IR = ingestion rate (OSWER: 9285.6-03,1991) E . 
FI fraction ingested from medium (RAGS, 1989) e- 

no more than 7 events/yr) 

ED = exposure duration (OSWER: 9285.643.1991) 

BW = body weigM (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE, FERNALD, OHIO 

Future Situation - FamResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Sediment 

(while wading in Pond) 

Adults 

Absorbed Dase (mgkgday) = CS x CF x SAX AF x ABS x EF x ED I (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 2.25E-06 

where: g:\projem539-15\wen5bdpsddrnc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean ABS = absorption factor (Ryan, et at., 1987) 

or highest concentration) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et al., 1989) 

EF = exposure frequency (EFH, 1989; technical judgement, 

no more than 7 event*) 

ED = exposure duration (OSWER:9285.643,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE, FERNALD, OHIO a 
Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Sediment Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED / (BW x AT) 

(while wading in Pond) Cancer Risk = Absorbed Dose x Slope Factor 

Children 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 8.60E-07 

. -. . . . ,- 
where: g:\pruject\539-15\wenS\chpsddmc.xls 

._ . CS = chemical concentration in soil (95% U. C. L. of mean ABS = absorption factor (Ryan, et al.. 1987) ... . 
or highest concenttationl - 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) _. . 
I &  t , 

AF = soil to skin adherence factor (Davis, et ai., 1989) 

EF = exposure frequency (EFH. 1989; technical judgement, 

no more than 7 events/yr) 

ED = exposure duration (OSWER:9285.6-03.1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - Farm-Residential (Worst Case) Scenario: 

Ingestion of 

Chemicals in Soil (0-1U) 
Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

Adults 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.56E-02 

where: g:\projem539-1%cenS\adslln.ds 

CS = chemical concentration in soil (95% U.C.L. of mean) 

IR = ingestion rate (OSWER: 9285.643,1991) 

CF conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (ED x 365 days) 
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Reference Chemical 

PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

CS IR CF FI EF ED BW AT INTAKE REFERENCEDOSE HAZARDINDEX 

(mgncg) (mg/day) (10-6 Wmg) (day&) (Yrs) (ks) (days) (mg/kg-day) (mgkg-day) 

Future Situation - Farm-Residential (Worst Case) Scenario: 

Ingestion of 

Chemicals in Soil (0-10') Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 

Children Hazard Index = IntakdReference Dose 

2,Mimethylphenol 

2methylphenol 

Cmethylphenol 

0.216 200 0.000001 1 350 6 15 2190 2.76E-06 2.00E-02 1.38E-04 

0.2 200 0.000001 1 350 6 15 2190 2.56E-06 5.00E-02 5.1 1 E-05 

0.2 200 0.000001 1 350 6 15 2190 2.56E-06 5.00E-03 5.1 1 E-04 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.1 9E-01 

where: g:!project\53915\scenS\chslin.~k 

CS = chemical concentration in soil (95% U.C.L. of mean) EF = exposure frequency (OSWER: 9285.6-03,1991) 

IR = ingestion rate (OSWER: 9285643,1991) 

CF =conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

ED = exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.603,1991) 

AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FamResidential (Worst Case) Scenario: 
Dermal Contact with 
Chemicals in Soil (O-lU) 

Adults 

Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED I (BW x AT) 

Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

IED BW AT ABSORBED 
l(yr) (kg) (days) DOSE 

(mgkg-dayl 

REFERENCE HAZARD INDEX -1 
2.00E-05 4.04E-01 
2.97E-04 3.54E-02 
2.00E-04 1.1 7E-01 
3.70E-02 6.1 7E-04 
4.50E-05 4.41 E-03 
9.70E-02 3.88E-05 

2.28E-04 3.60E-02 
2.00E-01 
1.94E+00 4.07E-06 
9.70E-01 2.96E-04 

1.41 E-05 

1.45E+00 1.14E-0 
1.60E-02 
4.00E-02 8.27E-05 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 5.75E-01 

where: 
CS = chemical concentration in soil (95% U.C.L. of mean) 
CF = conversion factor 
SA = skin surface area available for contact (EFH, 1989) 
AF = soil to skin adherence factor (Driver, et at., 1989) 

g:\projectS3%1S\scen5bdsldrm.x(s 

ABS = absorption factor (Ryan, et at.. 1987) 
EF = exposure frequency ( OSWER:9285.643,1991) 
ED = exposure duration (OSWER:9285.603, 1991) 
BW = body weight ( OSWER: 9285643,1991) 
AT = averaging time (ED x 365 days) 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 
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Future Situation - FadResidential (Worst Case) Scenario: 
Dermal Contact with 
Chemicals in Soil (0-1 0') 

Absorbed Dose (mgikgday) = CS x CF x SA x AF x ABS x EF x ED I (BW x AT) 
Hazard Index = Absorbed DoseReference Dose 

Children 

ABSORBED DOSE OF NONCi RCINOGENIC CHEMICALS 
CF SA AF ABS EF 

(1 0-6 ) (cmaevent) (mg/cm2) (events\yr 
(kglmg) 

ED BW AT ABSORBED REFERENCE HAZARD INDf3 
(yr) (kg) (days) DOSE DOSE 

(mgkgday) (mgikgday) 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) l.lOE+W 

where: 
CS = chemical concentration in soil (95% U.C.L. of mean) 
CF = conversion factor 
SA = skin surface area available for contact (EFH, 1989) 
AF = soil to skin adherence factor (Driver, et al., 1989) 

g:\projec(\539-15\scenS\chsldrm.ds 

ABS = absorption factor (Ryan, et al., 1987) 
EF = exposure frequency ( OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
BW = body weight ( OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

AT INTAKE 

(days) (WvWday) 

Future Situation - FarmlResidential Worst Case) Scenario: 

Ingestion of 

Chemicals in Soil (@lo') Intake (mg/kgday) = CS x IR x CF x FI x EFx ED /(BW x AT) 
Adults Cancer Risk = Intake x Slope Factor 

SLOPE FACTOR CANCER RISK 

(msncg-day)-l 

INTAKE OF CARCINOGENIC CHEMICALS 

arsenic 0.000001 
25550 
25550 

350 

350 

5.31 E-1 0 2.90E-02 1.83E-08 

2.99E-06 1.75E+00 5.23E-06 

TOTAL CARCINOGENIC RISK (Sum of Cancer Risk) 5.23E-06 

where: g:\Pmjem539-1 S\scenSbdslinc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285643,1991) 

CF = conversion factor 

FI = fraction ingested from medium ( RAGS, 1989) 

EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED =exposure duration (OSWER: 9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) e 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 0 
Future Situation - Farm/Residential (Worst Case) Scenario: 

Ingestion of 

Chemicals in Soil (0-1 0’) Intake (mgkgday) = CS x IR x CF x FI x EF x ED I (BW x AT) 
Children Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK (Sum of Cancer Risk) 1.22E-05 

where: g:\projec(\539-15\scenS!chslinc.ds 

CS = chemical concentration in soil (95% U. C. L. of mean) 

IR = ingestion rate (OSWER: 9285.6-03,1991) 

CF = conversion factor 

FI = fraction ingested from medium (RAGS, 1989) 

EF = exposure frequency (OSWER: 9285.6-03,1991) 

ED = exposure duration (OSWER: 9285.6-03, 1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - Farm/Residential (Worst Case) Scenario: 

Dermal Contact with 

Chemicals in Soil (O-lU) Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED I (BW x AT) 

Adults Cancer Risk = Absorbed Dose x Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 8.00E-06 

where: g:\proj~~15\scen5\adsldmc.xis 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et al., 1989) 

ABS = absorption factor (Ryan, et at., 1987) 

EF = exposure frequency ( OSWER: 9285.6-03.1991) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight (OSWER: 9285.6-03,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FamResidential (Worst Case) Scenario: 

Demal Contact with 

Chemicals in Soil (0-10') 

Children 

Absorbed Dose (mgkgday) = CS x CF x SA x AF x ABS x EF x ED / (BW x AT) 

Cancer Risk = Absorbed Dose x Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 3.05E-06 

where: g:\pmjecn53%15kcen5\chsldmc.xls 

CS = chemical concentration in soil (95% U. C. L. of mean) 

CF = conversion factor 

SA = skin surface area available for contact (EFH, 1989) 

AF = soil to skin adherence factor (Davis, et al., 1989) 

ABS =absorption factor (Ryan, et al., 1987) 

EF = exposure frequency ( OSWER: 9285.&03,1991) 

ED = exposure duration (OSWER:9285.6-03,1991) 

BW = body weight (OSWER: 9285603,1991) 

AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FadResidential (Worst Case) Scenario: 

Ingestion of Chemicals 
( Concentration Center of Plume) 

in Groundwater 
Adults Intake (mgkgday) = CW x IR x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK 

where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285643,1991) 
EF = exposure frequency (OSWER: 9285.643,1991) 
ED = exposure duration (EFH, 1989; OSWER: 9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.643,1991) 
AT = averaging time (ED x 365 days) 



PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

I. , 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of Chemicals 
(Concentration Center of Plume) 

in Groundwater 
Children Intake (mgikgday) = CW x IR x EF x ED I (BW x AT) 

Hazard Index = Intake/Reference Dose 

INTAKE OF NONCARCINOGENIC CHEMICALS 

2.33E+01 TOTAL NONCARCINOGENIC RISK 

where: g:\projem539-15\scen4\chinwt2c.xls 

CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER: 9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (EFH, 1989; OSWER: 9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Ingestion of Chemicals 
in Groundwater 

(Concentration Center of Plume) 

Intake (mgncgday) = CW x IR x EF x ED I (BW x AT) 
Adults Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 7.76E-04 

where: gAprojecn539-1 Skcen4adinwtl c.ds 

CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER:9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285.6-03.1991) 
ED = exposure'duration (EFH, 1989; OSWER:9285.6-03,1991) 
BW = body weight (EFH, 1989; OSWER: 9285.603,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - Farm/Residental (Worst Case) Scenario: 

Ingestion of Chemicals 
in Groundwater 

(Concentration Center of Plume) 

Intake (mgkgday) = CW x IR x EF x ED I (BW x AT) 
Children Cancer Risk = Intake x Slope Factor 

INTAKE OF CARCINOGENIC CHEMICALS 

TOTAL CARCINOGENIC RISK 3.62E-04 

g:\project\539-l5\scen4\chinwtl c.xls where: 
CW = chemical concentration in water (extrapolated from groundwater model data) 
IR = ingestion rate (OSWER:9285.6-03,1991) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (EFH, 1989; OSWER:9285.6-03. 1991) 
BW = bodyweight (EFH, 1989; OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD. OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 
Chemicals in Groundwater (while showering) 

(Concentration Center of Plume) 

Absorbed Dose (mgkgday) = CW x SAX PCx ETx EFx EDx CF I (BW x AT) 
Adult Hazard Index = Absorbed DoselReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 1.62E+00 

where: g:\project\53915\xen4\addmwtZc.~Is 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = badyweight (OSWER: 9285643,1991) 
AT - averaging time (ED x 365 days) 



PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Situation - FarmResidential (Worst Case) Scenario: 

Dermal Contact with 
Chemicals in Groundwater (while showering) 

(Concentration Center of Plume) 

Absorbed Dose (mmgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 
Children Hazard Index = Absorbed DWReference Dose 

ABSORBED DOSE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 2.99E+00 

where: g:\projecW39-15\scen4\chdmw(2c.xls 

CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe. 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.643,1991) 
ED = exposure duration (OSWER: 9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285643,1991) 
AT - averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS). FERNALD, OHIO 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 
Chemicals in Groundwater 

(Concentration Center of Plume) 

(showering) Absorbed Dose (mgikgday) = CW x SA x PC x ET x EF x ED x CF I (BW x AT) 
Adults Cancer Risk = Absorbed Dose Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

8.21 E-05 TOTAL CARCINOGENIC RISK 

where: g:\project639-15kcen4\addmwtl c.xJs 
CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank 8 McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO e 
Future Situation - FarmlResidential (Worst Case) Scenario: 

Dermal Contact with 
Chemicals in Groundwater 

(Concentration Center of Plume) 

(showering) 
Children 

Absorbed Dose (mgkgday) = CW x SA x PC x ETx EF x EDx CF/ (BW x AT) 
Cancer Risk = Absorbed Dose Slope Factor 

ABSORBED DOSE OF CARCINOGENIC CHEMICALS 

I benzene I 1.072 I 7195 I 0.11 I 0.2 I 350 I 6 I 0.001 I 15 1255501 9.30E-04 I 3.22E-02 I 2.99E-05 I 

TOTAL CARCINOGENIC RISK 3.04E-05 

where: g:\proje&539-15\scen4\chdmwtl c.xls 

' CW = chemical concentration in water (extrapolated from groundwater model data) 
SA = skin surface area available for contact (EFH, 1989) 
PC = chemical -specific dermal permeability constant (Blank & McAuliffe, 1985) 
ET = exposure time (RAGS, 1989) 
EF = exposure frequency (OSWER: 9285,643,1991) 
ED =exposure duration (OSWER:9285.6-03,1991) 
CF = volumetric conversion factor for water 
BW = body weight (OSWER: 9285.643,1991) 
AT = averaging time (70 yrs x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Future Siuation - FarmlResidentiil (Worst Case) Scenario: 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

(Concentration Center of Plume) 
Intake (mgkg-day) = CA x IR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakdReference Dose 
(showering) 

Adults - 

INTAKE OF NONCARCINOGENIC CHEMICALS 

TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 3.78E-01 

where: g:\projem539-1 S\scenO\adnhs?h.rls 

CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.6-03. 1991, 20m3/day) 
ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER: 9285.6-03,1991) 
ED = exposure duration ( (OSWER: 9285.6-03.1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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m PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

toluene 
ethyl benzene 
cumene 
xylenes 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

Children 

(Concentration Center of Plume) 
Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 

Hazard Index = IntakelReference Dose 
(showering) 

I 
1 .%E41 10.5 0.83 0.2 350 6 15 2190 l.llE-O1 5.70E-01 

6.5 0.83 0.2 350 6 15 2190 6.90E-02 2.85E-01 2.42E-01 
0.02 0.83 0.2 350 6 15 2190 2.12E-04 2.60E-03 8.1 6E-02 
10.1 0.83 0.2 350 6 15 2190 1.07E-01 8.60E-02 1.25E+00 

INTAKE OF NONCARCINOGENIC CHEMICALS 

1.77E+00 TOTAL NONCARCINOGENIC RISK (Sum of Hazard Indices) 

where: g3projecn539-1 !%cen4\chnhs2h.ds 
e 

CA = chemical concentration in air (calculated from Andelman, 1985) 
IR= inhalation rate (OSWER: 9285.6-03, 1991,20m3/day) 
ET = exposure time (EFH, 1989; RAGS, 1989,12 minutes) 
EF = exposure frequency (OSWER: 9285603,1991) 
ED = exposure duration ( (OSWER: 9285.6-03,1991) 
BW = bodyweight (OSWER: 9285.6-03,1991) 
AT = averaging time (ED x 365 days) 
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PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical 

benzene 

Future Situation - FarmlResidential (Worst Case) Scenario: 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

(Concentration Center of Plume) 

Intake (mgkgday) = CA x IR x ET x EF x ED I (BW x AT) 
(showering) . Cancer Risk = Intake x Slope Factor 

Children 

CA IR ET EF ED BW AT INTAKE SLOPEFACTOR CANCERRISK 
(mglm3) (m3W (hr/day) (dayiyr) (yr) (kg) (days) (mglkg-day) (mgn<g-day)-l 

0.6 0.83 0.2 350 6 15 25550 5.46E-04 2.90E-02 1 S8E-05 

TOTAL CARCINOGENIC RISK 1 S8E-05 

where: g:\projem539-15\scen4\chnh2shc.xls 

CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285,W3,1991,20m3/day) 
ET = exposure time (EFH, 1989,12 minutes) 
EF = exposure frequency (OSWER:9285.6-03,1991) 
ED = exposure duration (OSWER: 9285643,1991) 
BW = bodyweight (OSWER: 9285603,1991) 
AT = averaging time (70 yrs x 365 days) 

. 
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' PADDYS RUN ROAD SITE (PRRS), FERNALD, OHIO 

Reference Chemical 

benzene 

Future Situation - FamVResidential (Worst Case) Scenario: 

Inhalation of Airborne 
(Vapor Phase) Chemicals 

Adult 

(Concentration Center of Plume) 

Intake (mgRgday) = CA x IR x ET x EF x ED I (BW x AT) 
(showering) - Cancer Risk = Intake x Slope Factor 

CA IR ET EF ED BW AT INTAKE SLOPEFACTOR CANCERRISK 

(mg/m3) (mrnr) (hr/day) (day/yr) (Y) (kg) (days) (mg/kg-day) (~g/kg-daY)-1 

0.6 0.83 0.2 350 30 70 25550 5.85E-04 2.90E-02 1.70E-05 

TOTAL CARCINOGENIC RISK 1.70E-05 

where: 
CW = chemical concentration in water (calculated from Andelman, 1985) 
IR = inhalation rate (OSWER:9285.6-03,1991, 20mWday) 
ET = exposure time (EFH, 1989,12 minutes) 
EF =exposure frequency (OSWER:9285.6-03,1991) 
ED =exposure duration (OSWER: 9285.6-03,1991) 
BW = body weight (OSWER: 9285.6-03,1991) 
AT = averaging time (70 yrs x 365 days) 

I22 



Y ta 



807361 
REV. 1: MAY 1994 

APPENDIX N 

VALIDITY OF POTASSIUM-40 SLOPE FACTORS 
FOR NATURALLY OCCURRING POTASSIUM 
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ABBREVIATIONS DEFINED 

A* -angstrom, a unit of length almost one-hundred-millionth (10") centimeter used in 
stating distances between atoms, dimensions of molecules, wave-lengths of short-wave 
radiation, etc. 

A1 -elemental symbol for aluminum 
As -elemental symbol for arsenic 

ATP* -adenosine triphosphate, a nucleotide which serves as a source of energy for 
biochemical transformations in plants (photosynthesis) and also for many chemical 
reactions in the body. 

B -elemental symbol for boron 
Br -elemental symbol for bromium 

C elemental symbol for carbon 
Ca -elemental symbol for calcium 

C1 -elemental symbol for chlorine 

CNS -abbreviation for central nervous system 

Co -elemental symbol for cobalt 

Cr -elemental symbol for chromium 

Cs -elemental symbol for cesium 

Cu -elemental symbol for copper 

. F -elemental symbol for fluorine 

Fe -elemental symbol for iron 
g -gram, metric unit for mass 
H elemental symbol for hydrogen 

Hg -elemental symbol for mercury 

I elemental symbol for iodine 

. K elemental symbol for potassium 
kg -kilogram, equal to 1,000  gram^ 

L -liter, the metric unit for volume 

Li elemental symbol for lithium 

pg -microgram, one millionth of a gram 

M -molar, expression of solute concentrations in solution in units of moles of solute per 
liter of solution (mol&) 
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mEq* -milliequivalent, one-thousandth of the equivalent weight of a substance 

Mg -elemental symbol for magnesium 

mg -milligram, one-thousandth of a gram 
mL -milliliter, one-thousandth of a liter 
Mn -elemental symbol for manganese 
Mo -elemental symbol for molybdenum 

msec -millisecond, one-thousandth of a second 
mV -millivolt, one-thousandth of a volt 
N -elemental symbol for nitrogen 
Na -elemental symbol for sodium 
NH4 -chemical symbol for ammonia 

Ni -elemental symbol for nickel 

0 -elemental symbol for oxygen 
pCi* -picocurie, IO-’* curie, unit of radioactivity 

pH* -a value taken to represent the acidity or alkalinity of an aqueous solution 
Rb -elemental symbol for rubidium 

S -elemental symbol for sulfur 
Se -elemental symbol for selenium 

Si -elemental symbol for silicon 

Ti -elemental symbol for titanium 

V elemental symbol for vanadium 

Zn -elemental symbol for zinc 

Tenth Edition, revised * Definitions obtained fiom =ed C- 
by Gessner G. Hawley. Van Nostrand Reinhold Company, New York, 198 1. 
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1. INTRODUCTION 

This analysis examines the validity of using the U.S. EPA ingestion slope factor (USEPA, 
1993) to evaluate the risk posed by the radioactive isotope potassium-40, when the 
potassium40 exists as part of naturally occurring isotopic ratios of potassium, such as 
that present at the Paddys Run Road Site Study Area (PRRS). The U.S. EPA risk 
assessment method relies upon the slope factor to evaluate a risk from a given 
concentration of radionuclide in the environmental media of concern. The current 
potassium40 slope factor for ingestion, listed in the Health Effects Assessment Summary 

Tables, HEAST, (USEPA, 1993), is relevant to the ingestion of pure potassium40 only 
and does not account for the homeostatic regulation of potassium levels that is performed 
by the human body. 

Potassium Intake 
Potassium is the seventh most abundant metallic element naturally found in the earth's 

,.. .. 

,- , .... '. 
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crust. Potassium is an essential nutrient, with an established adequate daily requirement 
of 3500 mg/day for adults (NRC, 1989). Potassium is also a required element for plant 
cellular function. The natural isotopic abundance ratios for potassium are 93.26% 
potassium-39,6.73% potassium-41, and 0.012% potassium-40. Of the three predominant 
isotopes of potassium, only potassium-40 is radioactive, with a half-life of 1.28E+9 years. 
Hence, any intake of natural potassium will have an extremely low k t i o n  of radioactive 
potassium. The human body cannot biochemically discriminate between the specific 
isotopes of potassium, thus the uptake and removal mechanisms of potassium are 
identical for all isotopes. 

The natural potassium content of a 70 kg male of age 30-40 years is 140 g (Leggett and 
Williams, 1986). Of this 140 g of potassium, 0.016 g consists of the potassium-40 
isotope. This amount of potassium-40 disintegrates at the rate of about 25 1,000 a tom 
per minute. Of every 100 disintegrations, 89 result in the release of p particles with a 
maximum energy of 1.33 MeV, and 1 1 result in y photons with an energy of 1.46 MeV. 
All of the p particle energy and 50% of the energy of the y rays are absorbed in the body, 
giving annual doses of 18 mrad from the f3 particles and 2 mrad from the yrays (Shapko, 
1979; Turner, 1986). 

The natural body content of potassium, known as the body burden, remains constant 
throughout the adult lifetime. The additional intake of potassium for normal dietary 
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requirements is not cumulative over any period under normal circumstances. The body 
regulates the potassium content continuously, hence any increase in intake is balanced 
with a removal of excess potassium from body fluids; this regulation process is rapid, and 
excess quantities are removed via urine and fecal excretion. The self-regulation is a 
process known as Homeostasis (see section I1 for thorough discussion). The homeostatic 
process initiates the removal mechanism when a noted change in the concentration level 
occurs. The residence time of excess potassium in the body is negligible as the 
homeostatic process rapidly discards potassium from the whole body as soon as an 
increased level of potassium is noted. 

U.S. €PA Slope Factors 
The slope factors presented in the Health Effects Assessment Summary Tables (USEPA, 
1993) use an analysis of potassium-40 dose to determine a level of excess risk from 
potassium-40 intake. The U.S. EPA determination of the risk associated with potassium- 
40, which is quantified in the slope factors, has been based on an earlier dose assessment 
analysis using the RADRISK computer code (Dunning et al, 1984), performed by the Oak 
Ridge National Laboratories. The dose assessment models in the RADRISK computer 
code do not account for the homeostatic process inherent in potassium metabolism, and 
hence overstate the risk from potassium intake. The U.S. EPA published slope factor for 
potassium-40 was developed for the situation where pure potassium40 is present. 

The U.S. EPA published slope factor for pure potassium40 assumes that any intake of 
potassium40 resides in the body with a biological half-life of 30 days. In contrast, the 

kinetics of potassium are regulated by the body via the homeostatic process, whereby any 
excess levels are removed &om the body organs and blood, thus maintaining a consistent 
potassium concentration. The homeostatic process maintains a Constant level of 
potassium in the body; excessive levels of potassium are removed &om the body in a 
period of 6 to 8 hours (Rose, 1989). Since the U.S. EPA slope factor for the ingestion of 
potassium40 does not account for the homeostatic process, this slope factor does not 
accurately estimate of the risk posed by ingested potassium40 when that potassium40 
exists as part of potassium containing normal isotopic abundance ratios. 



II. BASIC PRINCIPLES 
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Atomic Structure 
Atoms are the fundamental unit of matter important to the radiation process, and all atoms 
are comprised of various numbers of protons, neutrons, and electrons. Protons, the 
subatomic particles which carry a positive electric charge, and neutrons, the subatomic 
particles with no electric charge, make up the nucleus of an atom, and are often referred 
to by the generic term nucleons. Electrons, the subatomic particle carrying a negative 
electric charge, exist outside the nucleus of an atom in a number of allowed orbits but are 
bound to the atom by the strength of the positive-negative electric attraction. The number 
of electrons must equal the number of protons for the atom to have a zero net electric 
charge (a neutral atom). The vast majority of the mass of an atom resides in the nucleus, 
although the nucleus occupies only a very small percentage of the atomic volume. This is 
caused by the distribution of mass between protons, neutrons, and electrons. Protons and 
neutrons have essentially equal mass, and each have a mass approximately 1,836 times 
greater than that of electrons. The nucleus, however, occupies less than 0.00 1 % of the 
volume taken up by the atom. 

The nucleus of an atom of atomic number 2 and mass number A consists of 2 protons and 
N neutrons, where N=A-2. The atomic mass A of an individual atom is nearly an integer 
value when expressed in terms of atomic mass units (e.g., potassium-40), and A gives the 
total number of nucleons in that atom. Any type of atom can be described in terms of the 
three atomic values A, Z, and N. The shorthand description for an atom is the chemical 
symbol fiom the periodic table with a superscript A and a subscript 2. For example, 
potassium40 wouid be described as ",J. The subscript is often dropped as redundant 
with the name. 

The chemical properties of an atom are primarily determined by the number of electrons 
it carries, which for an electrically neutral atom is determined by the number of protons in 
the atom's nucleus. Elements are grouped in the periodic table according to their 
chemical properties. From a nuclear perspective, an element is defined as any atoms 
having the same number of protons in their neutral atom. This definition of an element 
does not address atomic mass A, only the atomic number 2. It is possible for an element 
to consist of atoms having different masses if those atoms contain different numbers of 
neutrons in combination with a given number of protons. are defined as atoms 
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of an element containing different numbers of neutrons. It is common in nature for 
elements to consist of multiple isotopes, all of which act the same chemically but have 
different atomic mass. 

Concepts of Dose 
The property of radiation that is considered to be the basis of a defined risk is the 
deposition of energy to individual molecules in the region through which radiation 
passes. The basic quantity that characterizes the amount of energy imparted to matter is 
the absorbed dose. The absorbed dose in a region is determined by dividing the energy 
imparted to the matter in that region by the mass of the matter in the region. Absorbed 
dose is expressed in terms of a unit called the rad; this unit is usually prefixed as mad 
(1/1000 rad). 

Although the risk from a given type of radiation depends on the amount of energy 
imparted to matter, some types of radiations produce greater effects than others for the 
same amount of energy. The physical measure for gauging the relative effectiveness of 
equal absorbed doses from different particles in producing a dose is the Linear Energy 
Transfer factor, or LET. The higher the LET, the greater the dose. The factors 
expressing the relative effectiveness of a given particle are known as the Quality Factors. 
For the three principal radiation types, the quality factors are 1 for gamma and beta 
radiations, and 20 for alpha particles. When the absorbed dose is evaluated for purposes 
of radiation protection, it must be multiplied by the quality factor. The resultant quantity 
is known as the dose equivdent. The dose equivalent is designed to express on a 
common scale for all ionizing radiations incurred by the exposed individual. The dose 
equivalent is expressed in units of rem. 

Dose Equivalent (rem) = Absorbed Dose (rad) x Quality Factor 

The current generally accepted quantification of natural background fiom sources such as 
radon, cosmic radiation, terrestriai, and internal radiations is 300 mrem per year. This 
value has been researched by the National Council on Radiation Protection and 
Measurements (NCRP) and is published as part of the 1990 Committee on the Biological 
Effects of Ionizing Radiations report (BEIR V, 1990). 

For doses received from internal radiations, the dose response becomes more complex. 
The kinetics of the radionuclide depends on the chemical form of the element, and on the 
element itself. Certain elements will accumulate in specific organs in the body, thus 
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delivering doses to certain organs only. Other radionuclides such as tritium, which is an 
isotope of hydrogen, will disperse throughout the body. delivering a dose to the whole 
body. 

To account for the radiosensitivity of organs to radiation, each critical organ is assigned a 
weighting factor. The weighting factors represent the proportion of the total dose that 
results from a dose to a specific organ when the whole body is irradiated. This weighting 
factor accounts for the dose when a specific organ is dosed, and can be used to evaluate 
the effectiue dose equivalent. The dose to each organ is calculated and then multiplied by 
its weighting factor. These weighted doses are then summed to calculate the effective 
dose equivalent. 

Homeostasis 
Dr. Bernard found in the first half of the 20th century that the blood sugar concentration 
and indeed all substances dissolved in the fluid that bathes the cells of the body are 
regulated within narrow limits. The self-regulatory activities carried out by the multitude 
of cells, tissues and organs that make up the body were further elaborated by the 
American physiologist Walter Cannon. Cannon coined the term homeostasis to describe 
the operation of coordinated physiological processes that maintain stability. Homeostasis 
in its simplest form requires the detection of environmental change, which in turn 
automatically initiates a reaction that will compensate for the change and restores the 
h c t i o n  to its normal state. Such self-regulating life processes involve a feedback 
control caused by the environmental change with a corresponding controlled 
compensatory response. Each is a cause and each an effect on the other. Physiology is a 
science which is in large part concerned with homeostatic mechanisms at all levels of 
organization. Homeostasis at the cellular level and at the organismic level for potassium 
are illustrated in the following sections of this report. 

Potassium possesses two major physiologic functions: (1) cell metabolism, helping to 
regulate processes such as protein and glycogen synthesis (Knochel, 1982) and (2) 
maintenance of resting membrane potential, which depends on the ratio of intracellular 
vs. extracellular fluid concentration (DeVoe, et al., 1980). Total body stores of potassium 
in a healthy adult range between 30004000 mEq or 50-55 mJ2qkg. It is mainly an 
intracellular cation with 98% of total body stores contained in the cells at a concentration 
of about 140 mEqL (Rose, 1989). Extracellular fluid represents less than 2% (60-70 
mEq) of total body stores but is extremely important to neuromuscular excitability and is 



controlled within tight limits of 3.5-5 mEqL (Sterns, et ai., 1981; Brown, 1984). The 
concentration of the extracellular fluid must be maintained within these tight limits to 
prevent life-threatening cardiac toxicity (Rose, 1989; Guyton, 1991). Levels between 5- 
6.5 mEq/L are associated with only minimal toxicity and rarely produce cardiovascular 
symptoms. Levels between 6.5-8 mEqL are associated with moderate toxicity including 
lassitude, weakness, fatigue, decreased reflex response, incipient ascending paralysis and 

some cardiovascular abnormalities. Levels above 8 mEqL are associated with severe 
toxicity often producing complete neuromuscular paralysis and major, life-threatening 
cardiovascular toxicity. Death fiom cardiac arrest usually appears between 10- 12 mEq/L 
but may be seen at lower levels (Micromedex System: Poisindex Database, 1993). 

The distribution of potassium between the intracellular and extracellular compartments is 
balanced by the body internally. Regulation of the internal potassium distribution is of 
paramount importance, since movement of as little as 152% of cell potassium into 
extracellular fluid could lead to potentially €atid levels (Rose, 1989; Guyton, 1991). As 
serum potassium levels increase, an increasing proportion of total potassium load enters 
the extracellular compartment (Brown, 1984). It is estimated that a rise in plasma fiom 4 
mEqL to 5 mEqL will increase total body potassium 100-200 mEq (Scribner and 
Bumell, 1956). Above 5 mEqL, the serum level rises rapidly with only small  additions 
of total body load (Brown, 1984). A major mechanism of internal balance revolves 
around the sodium-potassium adenosine triphosphatase (Na+,K+-ATPase) pump which 
exchanges sodium for potassium to maintain electrical potentials in excitable cells (Rose, 
1989; Sterns, et al., 198 1). Other factors influencing potassium distribution include 
various hormones (e.g., aldosterone, iasulin, glucagon, catecholamines) (Stems, et al, 
198 l), acid-base status (Brown, 1984), osmolality, and plasma potassium concentration 
(Rose, 1989). 

External potassium balance deals with the uptake and excretion of potassium. Similar to 
sodium excretion, excretion of potassium is carefully controlled by the body so that it 
exactly matches daily intake minus uptake (Guyton, 1991). The normal intake of 
potassium is 50- 100 mEq/day, and is easily absorbed from the GI tract. Xf the kidney is 
functioning normally, 90% is excreted in the urine, 10% excreted in the feces, with 
perspiration normally being an insigmficant route (Rose, 1989; Sterns, et al., 198 1 ; 
Brown, 1984; Guyton, 1991). When potassium enters the body, there is an initial 
movement of the potassium load into the cells, followed within 6-8 hours by excretion of 
the excess potassium (Rose, 1989). Potassium is fieely filtered at the glomerulus and 
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then almost completely reabsorbed in the proximal tubule and loop of Henle. Potassium 
is then secreted in the distal portions of the nephron. A potassium exchange pool is 
created in the tubular cells of the late distal tubule and principal cells of the cortical 
collecting duct. This pool is created by active transport of potassium by Na+,Ki-ATPase 
at the basolateral membrane into the cells. Potassium may then passively diffuse into the 
tubular lumen and be excreted (Rose, 1989; Guyton, 199 1). Normally, this process is so 
efficient at excreting excess potassium, that chronic hyperkalemia cannot manifest unless 
there is a defect in excretion. Normal subjects can maintain potassium balance if intake is 
chronically increased to levels of 500 mEq/day or more (Rose, 1989). 

The two major physiologic regulators of po-ktssium secretion are aldosterone and the 
plasma potassium level itself (Rose, 1989; Guyton, 199 1). Aldosterone appears to open 
potassium channels in the luminal membrane and increase the activity of the Na+,K+- 
ATPase pump. These mechanisms serve to increase potassium secretion by increasing 
the size of the potassium exchange pool ahd increasing luminal permeability (Sansom, et 
al., 1987; Sansom and O'Neil, 1985). Aldosterone is directly stimulated by increases in 
serum potassium levels. As littie as a 0.1-0.2 mEq/L rise in potassium may induce a 
signrficant elevation in aldosterone release (Rose, 1989). An increase in plasma 
potassium concentration will stimulate its own secretion. Mechanisms appear to be 
similar to those of aldosterone (Rose, 1989; Young, 1982). This means of regulation 
appears minimal below 4.1 e&,, but becomes increasingly powerfid above that level in 
an attempt to normalize plasma potassium levels (Guyton, 1991). Other mechanisms 
include distal flow rate, concentration gradient, electrical gradient and luminal membrane 
permeability (Rose, 1989). 

Adaptation occurs with chronic dietary potassium loading by increasing potassium 
excretion rates in the distal portions of the nephron. A proposed mechanism is an 
increase in the number and activity of the Na+,K+-ATPase pumps in both the distal 
portions of the nephron and the large intestine (Hayslett and Binder, 1982; Rastegar, et 
al., 1980). Schultze et al. describe increases in potassium excretion rates of 600% in 
functioning nephrons after contralateral nephrectomy (Schultze, et al., 1973). Young 
reported a 5 1 % increase in excretion rates for every 1 % increase in plasma potassium 
concentration between 4.1 8-4.75 mEq5 (Young, 1982). The ability of the kidneys to 
excrete a potassium load is enhanced in humans chronically challenged with increasing 
potassium intake (Knochel, 1982; Guyton, 199 1 ). Even with chronic renal insufficiency, 
the increased efficiency per nephron allows potassium balance even in advanced disease, 
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when intake is not excessive (Rose, 1989). With normal potassium intake. there is no 
accumulation until the glomerular filtration rate reaches 5 to 10 U m i n .  If potassium 
intake is increased, hyperkalemia may occur with glomerular filtration rates between 10 
to 40 mL/min. In patients with chronic renal failure there also appears to be a 200% 
increase in colon potassium excretion (Knochel, 1982; Guyton, 1991). 

Potassium levels are maintained by a combination of internal and external balances. 
Daily potassium excretion is equivalent to daily potassium intake xqinus uptake. 
Homeostatic mechanisms eficiently maintain potassium balance even with chronic 
increases in intake or partially compromised r e d  function. 

Biological Mechanisms Involving Potassium 
Potassium is an important cation of the intracellular fluid and functions, as is sodium, and 
is a major contributor to normal fluid pH and osmolarity. The human body contains 
about 2.6 g of potassium per kg fat-fiee body weight. Nerve and muscle cells are 
especially rich in potassium, but all cells, both plant and animal, tend to concentrate the 
mineral. 

The ion is found in small amounts in extracellular fluid; serum level is 5 mEqL (14-22 
mg/lOO d). Apparently potassium is capable of transferring across the cell membrane 
with somewhat greater ease than sodium. During muscle contraction and nerve 
transmission, potassium diffuses out of the cell as sodium enters and is transported back 
into the cell when sodium is extruded. 

' 

The potassium ion is necessary for carbohydrate and protein metabolism, but the 
mechanisms by which it acts are not clear. Both glycogen formation and glucose 
degradation require potassium. Protein synthesis also requires potassium. The effect of 
the ion, however, appears to be on amino acid uptake by the cell rather than on the 
incorporation of amino acids into the protein molecule. 

A deficiency of potassium is unlikely to occur as a result of dietary inadequacy. Body 
potassium may be depleted, however, in conditions resulting in excessive excretion 
through the kidney: renal disease, hypehct ion of the adrenal cortex, diabetic acidosis, 
and treatment with mercurial diuretics. Losses through the gastrointestinal tract may 
result fiom excessive vomiting or diarrhea. 
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The effect of potassium deficiency is primarily on the muscles and is characterized by 
muscular weakness that, in skeletal muscle, may result in paralysis. Diarrhea and 
intestinal distention are common manifestation of potassium deficiency on 
gastrointestinal smooth muscle. Weakness of vascular and cardiac muscle leads to 
tachycardia and hypotension. 

Potassium therapy is tricky, particularly if solutions are given by intravenous route. Too 
rapid infusion of potassium salts into the bloodstream may result in hyperkalemia. 
Muscle weakness and central nervous system changes result and, if unchecked, may lead 
to death. The ratios of trace elements including K can be found in Tables 1 through 3. 

The pairs of major elements Na+ and K+, and Ca2+ and Mg2+ are so similar chemically 
that it is surprising that they differ so greatly in their biological functions. The ions Ca2+ 
and Na+ are concentrated in body fluids outside of cells. Calcium forms solid skeletal 
material such as bones, stabilizes conformations of proteins, and triggers muscle 
contraction and the release of hormones. The ions Mg2+ and K+ are concentrated in 
cells. The magnesium ion forms a complex with ATP and is required for most enzymatic 
reactions involving ATP within the cell. 

In most animal cells, the concentration of K+ is about 0.15 M and that of Na+ is about 
0.01 M. In fluids outside the cells, the concentration of Na+ is about 0.15 M and that of 
K+ is c0.004 M (concentrations rather close to those of seawater). Maintenance of these 
large-concentration gmhents requires a "sodium pump" (really, an Na+-K+ pump, see 
Figures 1 and 2). The energy of transport of the ions is provided by the hydrolysis of 
ATP. Kidney and brain cells use about 70% of the energy from ATP for this transport. 
In some cells, each ATP molecule hydrolyzed transports 3 Na+ out of the cell and 2 K+ 
(+H+) into the cell. The K+ is required in the cell for glucose metabolism, protein 
synthesis and activation of some enzymes. 

Nerve impulses are electrical signals produced by the flow of ions across the plasma 
membrane of neurons. The interior of a neuron, like those of most other cells, has a high 
concentration of IS+ and a low concentration of Na+. These ionic gradients are generated 
by the Na+-K+ ATPase pump. In the resting state, the nerve-axon membrane is much 
more permeable to K+ than to Na+, and so the membrane potential is largely determined 
by the ratio of the internal to the external concentration of K+. The membrane potential 
of -60 mV in unstimulated axom is near the -75 mV level (the K+ equilibrium potential) 
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that would be given by a membrane permeable to only K+. A nerve impulse or action 
potential is generated when the membrane potential is depolarized beyond a c r i t id  
threshold value (e.g., from -60 to -40 mV). The membrane potential becomes positive 
within about a millisecond and attains a value of about +30 mV before turning negative 
again. This amplified depolarization is propagated along the nerve terminal. The giant 
axons of squids played an important role in the discovery of the nature of the action 
potential. Electrodes can be readily inserted into these unusually large axom, which have 
a diameter of about a millimeter, and so squid axom have been favorite objects of 
inquiry. 

Alan Hodgkin and Andrew Huxley carried out ingenious studies that revealed that the 
action potential arises fiom large, transient changes in the permeability of the axon 
membrane to Na+ and K+ ions. The conductance of the membrane to Na+ changes first. 
Depolarization of the membrane beyond the threshold level leads to an opening of Na+ 
channels. Sodium ions begin to flow into the cell because of the large electrochemical 
gradient across the plasma membranae. The entry of Na+ further depolarizes the 
membrane, and so more gates for Na+ are opened. This positive feedback between 
depolarization and Na+ entry leads to a very rapid and large change in membrane 
potential, kom about -60 mV to +30 mV in a millisecond. The entry of Na+ stops at 
about +30 mV because this is the Na+ equilibrium potential. In other words, the 
thermodynamic driving force for the entry of Na+ vanishes when this potential is 
attained. The Na+ channels spontaneously close and the K+ gates begin to open at about 
this time. Consequently, potassium ions flow inward and so the membrane potential 
r e m  to a negative value. At about 2 msec, the membrane potential is -75 mV, the K+ 
equilibrium potential. The resting level of -60 mV is restored in a few milliseconds as the 
K+ conductance decreases to the value characteristic of the unstimulated state. It is 
important to stress that a very small proportion of the sodium and potassium ions in a 
nerve cell, of the order of one in a million, flows across the plasma membrane during the 
action potential. In other words, only a tiny fk t ion  of the Na+-K+ gradient is dissipated 
by a single nerve impulse. Clearly, the action potential is a very efficient means of 
signaling over large distances. 

The Na+ channel favors the passage of Na+ over K+ by a factor of 1 1 (Table 4). 
Electrophysiological studies of the relative permeability of alkali cations and organic 
cations provide some clues. The dependence of permeability on ionic size indicates that 
the channel is narrow. Ions having diameters greater than 5 A are excluded. However, 
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conductance is not governed solely by size. For example, methylamine (H3CNH3+) has 
nearly the same dimensions as hydrazine (H2NNH3+) and hydroxylamine (OHNH3+), 
yet it is much less permeable. A likely reason for this difference is that the methyl group 
of methylamine, in contrast with the amino group of hydrazine or the hydroxyl group of 
hydroxylamine, cannot form a hydrogen bond with an oxygen atom in the channel. 
Hence, methylamine does not fit. Another significant finding is that the conductance of 
the Na+ channel to all permeant cations decreases markedly when the pH is lowered. In 
fact, the relative permeability follows a titration curve for an acid with a pH of 5.2. which 
suggests that the active form of the channel contains a negatively charged carboxylate 
group. Thus, the Na+ channel selects for Na+ by providing a negatively charged site with 
a small radius. A K+ ion cannot readily pass through this region because it is larger than 

Na+. 

The resting potential of a postsynaptic membrane or of a motor end plate is about - 75 
mV. The interaction of acetylcholine with specific receptors produces a large change in 
the permeability properties of these membranes (Figure 3). The conductance of both Na+ 
and K+ increases markedly within 0.1 msec, and there is a large inward current of Na+ 
and a smaller outward current of K+. The inward Na+ current depolarizes the 
postsynaptic membrane and triggers an action potential in the adjacent axon or muscle 
membrane. Acetylcholine opens a single kind of cation channel, which is almost equally 
permeable to Na+ and K+. The flow of Na+ is larger than the flow of K+ because the 
electrochemical gradient across the membrane is steeper for Na+. 

Two molecules of acetylcholine bind to a receptor and produce a conformational change 
that opens a channel. A kinetic scheme that is consistent With experimental data is 

2A+R- A2R= A2R* 

in which A is an acetylcholine molecule, R is a closed channel, and R* is an open one. 
About 104 ions flow through a single open channel during its millisecond lifetime. 
Prolonged exposure of the receptor to acetylcholine results in its desensitization-that is, 
the channel closes and does not respond to acetylcholine for a long interval. 

Ion-carrying transport antibiotics have some common structural features, as shown by x- 
ray crystallographic and spectroscopic studies. The carriers studied thus far have a shape 
like that of a donut. A single metal ion is coordinated to several oxygen atoms that 
surround a central cavity. The number of oxygen atoms that bind the metal ion is 
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e typically six or eight. The periphery of the carrier consists of hydrocarbon groups (Figure 
4). 

The roles of the central oxygen atoms of the hydrocarbon exterior are evident. In an 
aqueous medium, a metal ion such as K+ binds several water molecules through their 
oxygen atoms. A carrier competes with water for binding the ion by chelating it to 
several appropriately arranged oxygen atoms in its central cavity. The hydrocarbon 
periphery makes the ion-carrier complex soluble in the lipid interior of the membranes. 
In essence, these antibiotics catalyze the transport of ions across membranes by making 
them soluble in lipid. 
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111. POTASSIUM40 RISK CHARACTERIZATION 

Federal Regulatory Information Regarding Potassium 
A number of rules and regulations regarding potassium and potassium40 have been 
promulgated by federal regulatory agencies. Summaries, as stated by Federal Registers, 
are listed- below. 

0 The Food and Drug Administration (FDA) has approved the classification of 
potassium chloride as generally recognized as safe (GRAS) as a direct food 
ingredient. 

SUMMARY: The Safety and Inspection Service (FSIS) amends the Federal meat and poultry 

products inspection regulations to permit the use of potassium chloride, and calcium chloride, and 

magnesium chloride as tenderizing agents. The Food and Drug Administration (FDA) has 

determined these substances to be generally recognized as safe (GRAS) for use in foods. 

49 FR 18997 
May4,1984 

The FDA is also aware of the homeostatic process associated with potassium. 

Potassium chloride, a major constituent of plant and animal cells, is an essential constituent of the 

body and is rapidly adjusted to homeostatic levels following ingestion in amounts that can be 

tolerated without causing nausea and vomiting. 

The available evidence indicates that in normal individuais potassium chloride is well tolerated, 

and that metabolism quickly and efficiently adjusts potassium in the body to narrow homeostatic 

levels. 
47 FR 36440 
August20, 1982 

Additional information from the FDA regarding the GRAS status of potassium also 
addressed the potassium40 concentrations in natural potassium. 

The agency is aware of the fact that all potassium compounds contain minute amounts of K-40. 

The agency is also aware that some scientists believe K-40 to be &e main s o m e  of naturally 

occurring whole body radiition. Potassium is an essential nutrient, and there is no practical way to 

separate the radioactive h m  the nonradioactive species. Although K-40 concentration can vary 
,-a 
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with body fa! and fluid content, there is no evidence that it accumulates in the body. Furthermore, 

low level radiation has always been a part of the human environment, and there is no reason to 

believe that exposure to low level radiation will be significantly increased by the promulgation o f  
this rule. However, this d e  does not mean that the agency is approving K-40 as an isolated 

isotope for low level radiation. 
47 FR 3793 1 
Augun27, 1982 

It is evident fiom the above quotes fiom Federal Registers, that the FDA is aware of the 
natural radioactive content of potassium, and its regulation by the homeostatic process. 
The FDA has dismissed the risk presented by K-40, in its natural content of total 
potassium, and has not classified the element as a carcinogen when it is a constituent of 
naturally occurring potassium. 

An example of the U.S. EPA treatment of low isotopic abundance, naturally occurring 
radionuclides, is carbon-14. The U.S. EPA, when evaluating the risks fiom organic 
chemical compounds containing natural carbon, does not require a separate evaluation of 
the risk posed by the small hction of carbon-14 present in the natural carbon. Enacting 
such a requirement would force radioactive risk assessments for all foods, since carbon is 
the fundamental building block of all  foodstuffs. 

Potassium Slope Factors 
The Environmental Protection Agency @PA) characterizes all radionuclides as Class A 
carcinogens; the EPA considers ionizing radiation to be both an initiator and promoter of 
cancer in nearly every tissue or organ. Slope factors for ingestion, inhalation, and 
external exposure from radionuclides in environmental media, are best estimates (median 
or 50th percentile values) of the age-averaged, lifetime excess cancer incidence, and are 
presented as unit risk per pCi intake (USEPA, 1993). The evaluation of a slope factor 
requires two components: 

1. A determination of dose from a given intake. 

2. Extrapolation of risk for an induced dose using a dose-response 
mathematical model. 

These risk responses are interpolated primarily fiom the Japanese atomic weapon 
survivors. However, a point of contention still exists as to the characteristics of the dose- 
response relationship. The Committee on the Biological Effects of Ionizing Radiations 
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(BEIR, 1980) recognizes that there is a great deal of uncertainty with regard to the shape 
characteristics of the dose-response curve. However, the applicability of the dose- 
response curve is not the point of concern when evaluating potassium slope factors. The 
relevant issue here is the quantification of dose for a given intake. 

The radiation dose component of the published U.S. EPA slope factors for potassium40 
was evaluated using the RADRISK computer code. The U.S. EPA uses this computer 
code exclusively in the determination of slope factors for radionuclides (USEPA, 1993). 
This code evaluates the dose from a unit exposure; this value is converted into a risk 
using the cancer risk estimates and the life table analysis. The RADRISK code (Dunning 
et al, 1984) was developed to estimate dose rates and subsequent health effects to a group 
of persons due to continuous inhalation or ingestion of a radionuclide. The code 
primarily uses methods proposed by the International Commission on Radiological 
Protection (ICRP, 1979) in its Publication 30. This methodology is based on a series of 
ordinary differential equations used to describe concentrations within an organ with 
respect to time. Energy deposition in organs, from sources in the organ of interest, and 
from sources in adjoining organs is calculated, and a dose evaluation is made based upon 
this energy deposition. For ingested radionuclides, the initial transfer is from the 
gastrointestinal tract (stomach, small intestine, upper large intestine, and lower large 
intestine) to the blood stream, and eventually to the systemic organs. 

The body organs which retain a radioactive substance, or target organs, are element 
dependent. For potassium, which is extremely soluble, transfer occurs throughout the 
body. The ICRP model assumes a 95% transfer of ingested potassium from the 
gastrointestinal tract to the blood stream. Radioactive material that enters an organ may 
be removed by both radioactive decay (which is negligible for potassium), and by the 
biological removal process. These removal mechanisms determine the time that a 

radionuclide resides in an organ, and hence determines the exposure duration and dose. 
However, the RADRISK model fails to account for the biological equilibrium that exists 
for the normal potassium body burden; it assumes that potassium is resident with a 
biological half life of 30 days (Leggett and Williams, 1986). Assuming ten half-lives for 
fbll element clearance, this biological half life equates to a retention time of 
approximately 300 days. In comparison, the whole body response is virtually 
instantaneous resulting in a near zero retention time, as the biokinetics of the human body 
for potassium are homeostatidy regulated. The RADRISK code, and hence the U.S. 
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EPA slope factor for potassium-40, will greatly overstate the residence time of potassium- 
40 in the body, if potassium-40 is ingested as a component of natural potassium. 

Potassium is a natural component of body and cellular structure and is a component of 
daily mineral requirements for human sustenance. However, the intake and retention of 
potassium is governed by the process of homeostasis. This process regulates the body 
content of potassium; any intake greater than the requirement is rapidly removed fiom the 
primary body organs and tissue through the urinary tract via urine. Some removal does 
occur by the gastrointestinal tract and is transferred to fecal material for excretion; 
however, this is a small frslction (<100/0) of the total excretion of potassium from the 
body. The overall retention time for the homeostatic control process is between 6 and 8 
hours (Rose, 1989) and is not comparable to the 30 day biological half-life used by the 
RADRISK computer code in determining the published U.S. EPA ingestion slope factor 
for potassium-40. The W F U S K  evaluation, and hence the U.S. EPA slope factor, thus 
produce an inaccurate calculation of the risk posed by potassium-40. 

Discussions with Dr. Neil Nelson of the Office of Radiation Programs (U.S. EPA) 
confirms that the U.S. EPA is aware of the inapplicability of the potassium40 slope 
factor for use in calculating risk fkom naturally occurring potassium-40 concentrations. 
The potassium40 slope factors were developed for evaluating the risk fkom pure, or 
highly enriched concentrations of potassium40 only. The inteat of the slope factor was 

to have available a risk factor for use in evaluating the risk fkom events such as nuclear 
power facility releases, not for use as a basis to conclude that an excess risk is present 
fkom naturally occurring potassium. 



IV. CONCLUSIONS 

The slope factor employed by the U.S. EPA (USEPA, 1993) inaccurately represents the 
risk fiom potassium40 ingested in a natural isotopic mix. The U.S. EPA published slope 
factor was determined using the RADRISK computer program, and was based on the 
existing kinetics models specified by the International Commission on Radiological 
Protection (ICRP), Publication 30. These models do not account for the homeostatic 
elimination of potassium, and hence significantly overestimate the risk fiom the ingestion 
of naturally occurring potassium. The risk calculated by the RADRISK code would be 
applicable to situations such as nuclear facility accidents, where the potassium ingested 
may consist of enriched or pure potassium-40. There is no enriched potassium40 at the 
PRRS (Trinity Engineering Associates report of Dec. 23, 1993). This report has already 
been submitted to the Ohio EPA under a separate cover. Inconsistencies with the use of 
the RADRISK slope factor for estimating the risk fiom the ingestion of natural potassium 
are summarized below. 

Potassium content in the human body is controlled by the homeostatic process which 
ensures a constant level of potassium in the body fluids and organs. No accumulation 
beyond the body requirement is maintained; excess levels of potassium are rapidly 
removed fiom the body by the homeostatic process and are discharged by urinary and 

fecal excretion. When natural potassium is consumed, homeostasis removes natural 
potassium fiom the body to accommodate the consumed potassium, thus there is no 
net gain of potassium or potassium40. In the case where pure potassium4 is the 
only isotope of potassium being ingested, the body removes natural potassium to 
accommodate the new potassium, which results in an increase of potassium40 in the 

body. This is the only scenario for which the original RADRISK slope factor is 
applicable. 

':y! 
. ' S i r .  

..., . . 
2''. 

.... 

I .  

The Food and Drug Administration (FDA) states that there is no accumulation of 
potassium40 in the body in response to an intake of potassium containing potassium- 
40 in naturai isotopic abundance. The FDA is also aware of the homeostatic process 
which regulates potassium levels in the body. Since there is no preferential 
accumulation of potassium-40, no excess risk is induced. 

All naturally occurring potassium will contain minute quantities of radioactive potassium- 
40; this potassium40 content is a natural component of the body burden. Potassium is an 
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essential component of the human body, and since the body does not discriminate by 
isotope, potassium-40 is also present in the body at a constant level. The homeostatic 
process regulates the levels of potassium in the human body. This process shows that 
there is no accumulation of potassium beyond the body burden. 

The U. S, EPA slope factors for the ingestion of potassium40 do not account for this 
process in any way. The slope factors were generated using the RADRISK code, which 
is a computer program used to model the ICRP biokinetic responses. The homeostatic 
process is not included in any ICRP calculations, and hence is not included in the 
calculation of the potassium40 ingestion slope factor. Thus utilizing the U.S. EPA 
ingestion slope factor will produce an inaccurate calculation of the risk with respect to 
potassium-40 in its natural ratios. 
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Table 1 
Chemical Selectivity in the Human Bodya 

(percent of total number of atoms) 

aE. Frieden, "The Chemical of Life," Sci. Am. July 1972,52. 

include: B, F. Si, V, Cr, Mn, Fe, Co, N i  Cu, Zn, As, Se, Mo, and I (See H. J. Saunders, "Nutrition and 
Health," Chem. Eng. News 1979, p27. 

elements, commonly referred to as trace elements, shown to be essential to some form of life 
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a 

Ratio or Derivation Abbreviation Dimensions Normal Rangea 

, ..... 

_ I r  e 

- ,  
ke or % B. Wt.0 

3 

L 

Note: 

Total body fat 
Total body fluids 
Fat-free solids 
Intracellular water 
Residual sodium 
Average intracellular potassium concentration 
Ratio of whole body hematocrit to large vessel 
hematocrit 
Ratio of total exchangeable sodium to total 
exchangeable potassium 
Ratio of sum of total exchangeable sodium plus 
total exchangeable potassium to body weight 
Concentration of total exchangeable cation (sodium 
plus potassium) in total body water 
Body cell mass 
Ratio of intracellular water to total body water, 
relative predominance of the cell 
Ratio of red cell volume to total exchangeable 
potassium 
Ratio of total exchangeable potassium to dry body 
weight 
Ratio of total exchangeable potassium to &-free 

TBF 
TBS 
FFS 
IC w 

Res Na 
Av. ICK conc. 

WBWLVH 

Na, I K, 

Na,+K@. Wt. 

Nae+KflW 

BCM 
ICWITBW 

R V K ,  

KflBW 

K f P S  

kg or YO B. W t  
kg or % B. Wt. 
L. or % B. Wt. 
mEq or % Na, 

rnEq/liter 
To I Yo 

solids 
Ratio of red cell volume to plasma volume 
Ratio of plasma volume to total exchangeable 
sodium 

mineral) 
Dry fat-free, marrow-free whole bone (matrix plus 

mEajmEq 

mESflcg 

mEqAiter 

kg or % B. wt. 
literlliter x 100 

RVPV 
PVNa, 

B 

rnUmEq 

mum1 
mYmLq 

kg or % B. Wt. 

Ratio of total exchangeable potassium to resting 2 K$ Creatinine I hour creatinine excretion Y 

- 
12-20% B. Wt. 
4 0 4 %  B. Wt. 
2 5 4 0 %  B. Wt. 
30-40?'0 B. Wt. 

8-15 % Na, 
140- 160 mEqiL 

0.85-0.91 

0.85-1 .OO 

70-90 mEq/kg 

150- 160 

35-45 % B. Wt. 
50-55% 

90-1 10 mEq/kg 

200-250 mE@t 

0.70-0.80 
0.95-1.10 
mYmLq 

6-8 % B. Wt 
(103 % FFB) 

mEdme: 
1.75-2.25 
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Other iron 50- 150 wioo RIL Hemoglobin 
substances Vitamin A (fating) 15-60 @lo0 mL Vision 

Vitamin C 0.5- 1.5 mg/ 100 mL Maintains connective tissue 
Amino acid nitrogen 4-6 mg/100 mL Metabolism 
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Table 4 
Relative Permeabilities of the Sodium and Potassium 

Channels in k o n  Membranes 

Ion 
I 

Li- 

N b  Channel K' Channel 

0.93 co.0 1 

K' I 0.09 I 1 .oo 
Rb' c0.0 1 0.9 1 

H2NNH3+ I 0.59 
H3CNH3+ <o.o 1 

~~ I I CS' I 4.0 1 I c0.08 I 

<0.03 
e0.02 

NH,+ I 0.16 I 0.13 
OHM%+ 9.84 c0.03 

_-  . .. ..... 

.*. 
... 

..... . 

,,* .. 1 . 

. .. 
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FIGLXE 1 

Diagram of the Sodium/Potassium Pump 
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FIGURE 2 

Influence of the ratio of intracellular potassium ion concentration [Ki] to extracellular potassium 
ion concentration (KO] on resting potential at 25 C. The ratio [Ki]/mo] is altered by increasing 
or decreasing s o ] .  Solid line is theoretical value calculated from Nernst equation. Dashes 
illustrate deviation from theory found in biological materials. 

120 1 
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FIGLRE 3 

Acetylcholine depolarizes the postsynaptic membrane by increasing rhe conductance of Na + acd 
K+. 
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FIGURE 4 

Schematic diagram of the chelation of K+ by oxygen atoms of a career transport antibiotic. 
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