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E X E C U T I V E S U M M A R Y

I I 1 C o r p o r a t i o n ( I T ) , a w h o l l y owned s u b s i d i a r y o f I n t e r n a t i o n a l T e c h n o l o g y
C o r p o r a t i o n , i n a s s o c i a t i o n w i t h M e h l b u r g e r , T a n n e r , Rob in son a n d A s s o c i a t e s
( M T R A ) , c o m p l e t e d a r emed ia l i n v e s t i g a t i o n o f t h e O l d M i d l a n d P r o d u c t s C o m p a n y
S i t e near O l a , A r k a n s a s i n Y e l l C o u n t y under contrac t w i t h t h e A r k a n s a s
D e p a r t m e n t o f P o l l u t i o n C o n t r o l a n d E c o l o g y ( A D P C & E ) t h r o u g h a C o o p e r a t i v e
A g r e e m e n t w i t h t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) .

S i t e i n v e s t i g a t i o n a c t i v i t i e s were c o m p l e t e d in two phases:

• Phase 1 - S e p t e m b e r 30 to N o v e m b e r 18, 1986, and
• Phase 2 - May 18 to J u n e 4, 1987.

The f i e l d and l a b o r a t o r y da ta c o l l e c t e d d u r i n g th e s i t e i n v e s t i g a t i o n and th e
r e s u l t i n g i n t e r p r e t a t i o n s and c o n c l u s i o n s are c o m p i l e d and documented in the
R e m e d i a l I n v e s t i g a t i o n R e p o r t .

T h e i n f o r m a t i o n p r e s e n t e d i n t h e R e m e d i a l I n v e s t i g a t i o n R e p o r t i s b e i n g used
t o i d e n t i f y , assess a n d d e v e l o p f e a s i b l e r emed ia l a l t e r n a t i v e s f o r t h e - s i t e
w h i c h w i l l b e p r e s e n t e d and d o c u m e n t e d in a F e a s i b i l i t y S t u d y R e p o r t . A
r e m e d i a l a l t e r n a t i v e w i l l b e s e l e c t e d by ADPC&E and EPA and i m p l e m e n t e d based
on th e I n f o r m a t i o n p r e s e n t e d in th e F e a s i b i l i t y S t u d y Repor t in accordance
w i t h t h e r equ ir ement s o f t h e N a t i o n a l O i l a n d H a z a r d o u s S u b s t a n c e s P o l l u t i o n
C o n t i n g e n c y P l a n a n d t h e C o m p r e h e n s i v e E n v i r o n m e n t a l R e s p o n s e , C o m p e n s a t i o n
and L i a b i l i t y Act of 1980 as amended by the S u p e r f u n d Amendment s and
R e a u t h o r i z a t i o n Act o f 1986 .

Background
T h e O l d M i d l a n d P r o d u c t s C o m p a n y i s l o c a t e d near t h e c i t y o f O l a , A r k a n s a s i n
Y e l l C o u n t y . A creosote a n d p e n t a c h l o r o p h e n o l wood p r e s e r v i n g p l a n t a n d
s a w m i l l were o p e r a t e d a t the s i t e d u r i n g the p e r i o d 1969 to 1979.

DER OM-E3
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The Old M i d l a n d P r o d u c t s s i t e has been i n s p e c t e d and i n v e s t i g a t e d by ADPCE and
EPA since 1 9 8 1 . ' Due t o th e pa s t waste h a n d l i n g / s t o r a g e p r a c t i c e s a t t h e s i t e
and the nature of the was t e s p r e s e n t , e x t e n s i v e c o n t a m i n a t i o n is pr e s en t in
the i m m e d i a t e v i c i n i t y o f th e l agoon s and tr ea tment area. S i t e d ra inage
c o n d i t i o n s have r e s u l t e d in m i g r a t i o n of contaminated s e d i m e n t s to and w i t h i n
t h e on- s i t e i n t e r m i t t e n t s tream. I n a d d i t i o n , o p e r a t i o n o f t h e lagoon s h a s
r e s u l t e d i n c o n t a m i n a t i o n o f t h e s h a l l o w ground water on- s i t e w i t h a l i g h t e r -
t h a n - w a t e r o r g a n i c l i q u i d phase and an a s s o c ia t ed d i s s o l v e d o r g a n i c phase.

A c c e s s t o the s i t e has been r e s t r i c t e d , l i m i t i n g the d i r e c t contact threat t o
p u b l i c h e a l t h , bu t m i g r a t i o n o f c o n t a m i n a n t s v ia ground water and s u r f a c e
water s ed iment p r e s e n t s a f u t u r e r i s k to p u b l i c h e a l t h and the env ironment .

T h e s i t e w a s i n c l u d e d . o n t h e N a t i o n a l P r i o r i t i e s L i s t o n J u l y 1 6 , 1984 w i t h a
H a z a r d R a n k i n g score o f 30.77.

S i t e I n v e s t i g a t i o n
T h e s i t e i n v e s t i g a t i o n ta sk s r e s u l t e d i n t h e c o l l e c t i o n o f f i e l d a n d
l a b o r a t o r y d a t a necessary t o c h a r a c t e r i z e t h e c o n t a m i n a t i o n , d e f i n e t h e e x t e n t
of c o n t a m i n a t i o n , and e s t i m a t e the volume of contaminat ion present at the
s i t e . I n a d d i t i o n , d a t a were c o l l e c t e d t o c h a r a c t e r i z e t h e h y d r o g e o l o g y ,
h y d r o l o g y , d e m o g r a p h y and e c o l o g y o f t h e s i t e t o a l l o w assessment o f p o t e n t i a l
c o n t a m i n a n t m i g r a t i o n and r i sk t o p u b l i c h e a l t h and th e env ironment .

T h e f i e l d a c t i v i t i e s a n d l a b o r a t o r y t e s t i n g p r o g r a m i n c l u d e d t h e f o l l o w i n g :

P r e p a r a t i o n o f a surveyed s i t e t o p o g r a p h i c m a p ;
I n s t a l l a t i o n o f m o n i t o r w e l l s ;- f o u r d e e p ( 4 0 f e e t ) , a n d- e i g h t s h a l l o w ( 2 0 f e e t ) ;
I n s t a l l a t i o n o f p i e z o m e t e r s ;
- s i x d e e p (40 f e e t ) , and
- e i g h t s h a l l o w ( 2 0 f e e t ) ;

• C o m p l e t i o n of so i l b o r i n g s to about 40 f e e t at two
l o c a t i o n s , to about 18 f e e t - a t nine l o c a t i o n s and
a d d i t i o n a l s o i l b o r i n g s a s s o c i a t e d w i t h t h e moni t or
w e l l s a n d p i e z o m e t e r ;
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• C o m p l e t i o n o f thr e e e x p l o r a t o r y t r enche s t o d e p t h s o fabout 20 f e e t t o t a l i n g 540 l in ea l f e e t ;
• C o m p l e t i o n o f 23 i n - s i t u f a l l i n g head, p e r m e a b i l i t y

t e s t s ;
• C o m p l e t i o n of 21 so i l p a r t i c l e s ize a n a l y s e s and 15l a b o r a t o r y f a l l i n g head p e r m e a b i l i t y t e s t s ;
• C h e m i c a l a n a l y s i s of 72 s o i l b o r i n g so i l s a m p l e s ;
• S a m p l i n g and chemical a n a l y s i s o f 138 s u r f a c e / s u b -s u r f a c e s o i l s a m p l e s ;
• S a m p l i n g and chemica l a n a l y s i s o f s e d i m e n t s and waterf r o m each of 7 l a g o o n s ;
• A i r m o n i t o r i n g ;

S a m p l i n g and ch emi ca l a n a l y s i s o f 22 s u r f a c e water
s e d i m e n t s a m p l e s ;

• S a m p l i n g and chemica l a n a l y s i s of 6 s u r f a c e water sam-
p l e s ;

• S a m p l i n g and chemical a n a l y s i s of 37 ground water sam-
p l e s ;
C o m p l e t i o n o f a s h a l l o w a q u i f e r p u m p i n g a n d recovery
t e s t ;
C o m p l e t i o n o f l a g o o n s e d i m e n t s t a b i l i z a t i o n t e s t s ; a n d

• C o m p l e t i o n o f carbon t r e a t a b i l i t y t e s t s f o r l a g o o n
water and ground wa t er .

H y d r o l o g i c C o n d i t i o n s
T h e u p p e r 4 0 f e e t o f s o i l / r o c k a t t h e S i t e c o n t a i n s t h e f o l l o w i n g u n i t s i n
order o f d e s c e n d i n g d e p t h :

• S i l t y c l a y ;
• I r o n n o d u l e s l a y e r ;• W e a t h e r e d s h a l e ; and
• U n w e a t h e r e d o r l i g h t l y wea th er ed s h a l e .

The wea ther ed shale and f r a c t u r e d unwea ther ed s h a l e g e n e r a l l y r e p r e s e n t a
s i n g l e a q u i f e r a l t h o u g h v e r t i c a l s t r a t i f i c a t i o n o f c o n t a m i n a t i o n d u e t o
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p r e f e r e n t i a l h o r i z o n t a l f l o w p a t h s be tween the two u n i t s can be e x p e c t e d under
n o n p u m p i n g c o n d i t i o n s . T h e a q u i f e r occurs under s e m i - c o n f i n e d c o n d i t i o n s . A t
some l o c a t i o n s on the s ou th end of the S i t e the p o t e n t i o m e t r i c s u r f a c e i s
s e a s o n a l l y above ground s u r f a c e . T h e s i l t y c l a y o v e r l y i n g t h e shale a p p e a r s
to be an e f f e c t i v e c o n f i n i n g l a y e r .

T h i c k n e s s of the wea thered s h a l e ranges f r o m 10 to 25 f e e t and the top of the
wea th er ed s h a l e var i e s f r o m 4 f e e t on the south end of the S i t e to as d e e p as
15 f e e t on the nor th end o f th e S i t e . The s h a l l o w e s t water p r o d u c i n g
i n t e r v a l s occur in the weathered s h a l e at d e p t h s of 15 to 20 f e e t and are
g e n e r a l l y 3 t o 5 f e e t t h i c k . The o v e r l y i n g s o i l c o n s i s t s o f c lay and s i l t y
c l a y . T h e w e a t h e r e d s ha l e s l o p e s t o t h e n o r t h w e s t .

M e a s u r e d h y d r a u l i c c o n d u c t i v i t i e s f o r t h e s h a l l o w a q u i f e r , w i t h i n t h e u p p e r 2 0
f e e t , of s o i l / r o c k , range f r o m 5 X 10 to 6 X 10 c m / s e c w i t h a log average ,
n y d r a u l i e c o n d u c t i v i t y o f 2 X 10 c m / s e c . Measur ed h y d r a u l i c c o n d u c t i v i t y
v a l u e s for the a q u i f e r w i t h i n d e p t h s of 20 to 40 f e e t are 7 X 10~6 to 1 X 10"4

c m / s e c w i t h a log average h y d r a u l i c c o n d u c t i v i t y o f 2 X 10~̂  c m / s e c .

T r a n s m i t s i v i t y w i t h i n the u p p e r 20 f e e t o f s o i l / r o c k was e s t i m a t e d to be in
t n e range o f 1 0 0 t o 6 0 0 g p d / f t w i t h s t o r a t i v i t y ( a u n i t l e s s p a r a m e t e r ) i n t h e
r-inge of 0.006 to 0.01.

The h y d r a u l i c g r a d i e n t i s to the n o r t h w e s t w i t h a m a g n i t u d e o f 0.02 to 0.034
( t s o o t / f o o t ) . E s t i m a t e d ground water v e l o c i t i e s range f r o m 14 t o 48 f e e t p er
year- w i t h d i r e c t i o n t o t h e n o r t h w e s t .

C o n t a m i n a n t s Present
P e n t a c h l o r o p h e n o l ( P C P ) i s t h e most w i d e s p r e a d c o n t a m i n a n t a t t h e s i t e f o l l o w -
e d b y p o l y n u c l e a r aromatic c o m p o u n d s ( P N A ' s ) . C h l o r i n a t e d d i b e n z o d i o x i n s a n d
f u r a n s are pre s en t in the more c o n c e n t r a t e d waste s ( s u c h as lagoon s l u d g e s and
nonaqueous phase l i q u i d ) ; however , t h e c h l o r i n a t e d f o r m s pr e s en t a r e a lmos t
e n t i r e l y t h e l e s s t o x i c f o r m s ( i . e . , h e p t a a n d octa c h l o r i n a t e d f o r m s . ) T r a c e
l e v e l s o f aromat i c h y d r o c a r b o n s were a l s o p r e s e n t , a l t h o u g h o f l i m i t e d s p a t i a l
e x t e n t .
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P e n t a c h l o r o p h e n o l was pre s en t in s u r f a c e (0 to 6 i n c h e s ) , s u b s u r f a c e (6 to 12
i n c h e s ) a n d d e e p e r s o i l , d r a i n a g e w a y s e d i m e n t s , s u r f a c e water, ground wat er ,
lagoon s e d i m e n t s and lagoon f l u i d s w i t h the f o l l o w i n g maximum d e t e c t e d concen-
t r a t i o n s :

• S u r f a c e so i l 790 p p m ;• S u b s u r f a c e soil 690 p p m ;
D e e p e r s o i l 0.32 p p m ;

• D r a i n a g e w a y s e d i m e n t 9.5 p p m ;
• S u r f a c e water 12 p p b ;
• Ground water ( w i t h nonaqueous pha s e l i q u i d ) 12,000 p p m ;• Lagoon s e d i m e n t s 5,900 p p m ; and
• L a g o o n f l u i d s 0.60 p p m .

P o l y n u c l e a r aromat i c c o m p o u n d s were d e t e c t e d a t t h e S i t e in s u r f a c e s o i l , sub-
s u r f a c e s o i l , d e e p e r s o i l , d r a i n a g e w a y s e d i m e n t s , ground w a t e r , l agoon s e d i -
m e n t s , a n d l a g o o n f l u i d s w i t h t h e f o l l o w i n g maximum d e t e c t e d c o n c e n t r a t i o n s :

• S u r f a c e s o i l , p h e n a n t h r e n e 14,000 p p m ;
• S u b s u r f a c e s o i l , p h e n a n t h r e n e 2 2 0 p p m ;

D e e p e r s o i l , p h e n a n t h r e n e 2 7 0 p p m ;
• D r a L n a g e w a y s e d i m e n t , anthracene 6 .6 p p m ;

G r o u n d water ( w i t h nonaqueous pha s e l i q u i d ) , f l u o r a n -
thene 5 , 1 0 0 p p m ;

• L a g o o n s e d i m e n t s , p h e n a n t h r e n e 38,000 p p m ; and
• L a g o o n f l u i d s , p h e n a n t h r e n e 2 . 2 p p m .

P N A ' s d e t e c t e d a t t h e s i t e i n c l u d e bo th n o n c a r c L n o g e n i c a n d c a r c i n o g e n i c
P N A ' s :

N o n c a r c i n o g e n i c :
- p h e n a n t h r e n e ;
- f l u o r e n e ;- a c e n a p h t h e n e ;
- a c e n a p h t h y l e n e ;
- a n t h r a c e n e ;
- f l u o r a n t h e n e ;
- n a p h t h a l e n e ;
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- 2-methyl n a p h t h a l e n e ; and- p y r e n e .
C a r c i n o g e n i c :
- b e n z o ( a ) a n t h r a c e n e ;- b e n z o ( a ) p y r e n e ;- b e n z o ( a ) f l u o r a n t h e n e ;
- b e n z o ( k ) f l u o r a n t h e n e ;
- i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e ;- c a r b a z o l e ; and
- chrysene.

C h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s are pr e s en t in commercial grade PCP as
m a n u f a c t u r i n g i m p u r i t i e s . T h e f o r m s p r e s e n t a t t h e S i t e a r e almost e n t i r e l y
the h e p t a and octa c h l o r i n a t e d f o r m s whi ch are much l e s s t o x i c than the t e t r a ,
p e n t a , and hexa c h l o r i n a t e d f o r m s . The maximum d e t e c t e d c o n c e n t r a t i o n s o f
d i o x i n s a n d f u r a n s e xpr e s s ed a s 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s a r e t h e f o l l o w i n g :

• S u r f a c e s o i l 0.095 p p b ;
• S u b s u r f a c e soil 0.0092 p p b ;• Deeper soil 1.35 p p b ;
• Ground water ( w i t h nonaqueous phase l i q u i d ) 15.8 p p t ;Lagoon s e d i m e n t s 42.8 p p b ; and
• L a g o o n f l u i d s 0.73 p p t .

A p u b l i s h e d h e a l t h assessment f o r 2 , 3 , 7 , 8 - T C D D e s t a b l i s h e d a r emedia l a c t i o n
l e v e l o f 1 . 0 p p b i n s o i l s i n r e s i d e n t i a l areas ( K i m b r o u g h e t . a l . ) .

A r o m a t i c h y d r o c a r b o n s d e t e c t e d a t th e s i t e i n c l u d e benzene , t o l u e n e and x y l e n e
w i t h t h e f o l l o w i n g maximum d e t e c t e d c o n c e n t r a t i o n s :

Benzene T o l u e n e X y l e n e
• s u r f a c e soil 0.18 ppm MD 0.031 ppm
• s u b s u r f a c e s o i l 0.22 ppm ND MD• d e e p e r soil 0.045 ppm ND MD
• ground water ( w i t h non-

aqueous phase l i q u i d ) M D 0.0034 p p m 0.0077 p p ml a g o o n s e d i m e n t s 110 ppm 240 ppm 4,900 ppm
• lagoon f l u i d s N D N D 0.0074 p p m

MD = Mot D e t e c t e d
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E x t e n t o f C o n t a m i n a t i o n
S o i l c o n t a m i n a t i o n is l i m i t e d to the area around the lagoons and tr ea tment
b u i l d i n g and p r o b a b l y a l s o the soil beneath the l agoon s . The e s t i m a t e d areas
of soil contaminat ion w i t h PCP, the most w i d e s p r e a d contaminant , are the
f o l l o w i n g :

• PCP > 1 ppm - 159,000 square f e e t ;• PCP > 10 ppm - 66,000 square f e e t ;• PCP > 100 ppm - 30,000 square f e e t ; andl a g o o n area - 29,400 square f e e t .

V e r t i c a l e x t en t i s g e n e r a l l y one to three f e e t but beneath the lagoon s may
e x t e n d as d e e p as 14 f e e t . Dra inageway s e d i m e n t s were c o n t a m i n a t e d at concen-
t r a t i o n s o f f r o m 1 to 10 ppm PCP f r o m near the nor thwe s t p e r i m e t e r o f the
l a g o o n area d o w n s t r e a m to s ou th o f Old H i g h w a y 10, an e s t i m a t e d d i s t a n c e o f
1,680 f e e t .

Ground water c o n t a m i n a t i o n w i t h i n the u p p e r 40 f e e t of s o i l / r o c k is l i m i t e d to
the area w i t h nonaqueous phase l i q u i d in the s h a l l o w .ground wat er , an
e s t i m a t e d area o f 24,000 square f e e t .

U n d e r s t a t i c , n o n p u m p i n g c o n d i t i o n s most o f t h e ground water c o n t a m i n a t i o n i s
w i t h i n t h e u p p e r 2 0 f e e t o f s o i l / r o c k b u t , under p u m p i n g c o n d i t i o n s , wou ld
i n c l u d e a t l ea s t the u p p e r 40 f e e t o f s o i l / r o c k .

I n v e s t i g a t i o n of ground water d e e p e r than 40 f e e t was not w i t h i n the s cope of
t h e R I . M o i n d i c a t i o n s o f d e e p e r c on tamina t i on were observed. H o w e v e r , t h e
occurrence of heavier than water nonaqueous phase l i q u i d s i s p o s s i b l e in
waste s f r o m wood t r e a t i n g o p e r a t i o n s a n d , i f such were pr e s en t in the l a g o o n s ,
m i g r a t i o n of the heavy phase t h r o u g h the pond b o t t o m and downward t h r o u g h
f r a c t u r e d sha l e is p o s s i b l e . A heavy nonaqueous phase was not i d e n t i f i e d in
t h e l a g o o n s a l t h o u g h s e d i m e n t s f r o m some lagoon s d i d c o n t a i n ad sorbed
nonaqueous phase l i q u i d s .
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V o l u m e s o f C o n t a m i n a t i o n
T h e e s t i m a t e d volume o f c o n t a m i n a t e d s o i l , d r a i n a g e w a y s e d i m e n t s , ground
w a t e r , l a g o o n s ed imen t s and l a g o o n f l u i d s ar e a s f o l l o w s :

soil ( r a n g e i s due to u n c e r t a i n t y in d e p t h o f
c o n t a m i n a t i o n beneath l a g o o n s )
- PCP > 1 ppm 9,000 to 21,000 cubic yard s;
- PCP > 10 ppm 7,000 to 18,000 cubic y a r d s ;
- PCP > 100 ppm 4,000 to 16,000 cubic y a r d s ;
d r a i n a g e w a y s e d i m e n t s
- PCP > 1 ppm
ground water
l a g o o n s e d i m e n t s- l a g o o n 1
- l a g o o n 2
- lagoon 3- lagoon 4- lagoon 5- lagoon 6- l a g o o n 7

T O T A L V O L U M E

850 cubic y a r d s ;
450,000 g a l l o n s ;

250 cubic y a r d s ;420 cubic y a r d s ;
210 cubic y a r d s ;70 cubic y a r d s ;
750 cubic y a r d s ;
890 cubic y a r d s ;
180 cubic y a r d s ;
2,770 cubic yard s

l a g o o n f l u i d s- l a g o o n 1
- l a g o o n 2
- l a g o o n 3- l a g o o n 4
- l a g o o n 5- l a g o o n 6- l a g o o n 7

T O T A L V O L U M E

8,800 g a l l o n s ;37,100 g a l l o n s ;
14,500 g a l l o n s ;
6,000 g a l l o n s ;
340,500 g a l l o n s ;
204,900 g a l l o n s ;8,200 g a l l o n s .
620,000 g a l l o n s

and

P u b l i c H e a l t h A s s e s s m e n t ( E n d a n g e r m e n t A s s e s s m e n t )
The R e m e d i a l I n v e s t i g a t i o n Repor t i n c l u d e s a combined l eve l one and l ev e l two
p u b l i c h e a l t h assessment ( e n d a n g e r m e n t a s s e s s m e n t ) ( a s e m i - q u a n t i t a t i v e p u b l i c
h e a l t h a s s e s s m e n t ) . T h e p u b l i c h e a l t h assessment o r endangerment assessment
i s s e m i - q u a n t i t a t i v e a n d i n c l u d e s t h e f o l l o w i n g :

S e l e c t i o n o f i n d i c a t o r c h e m i c a l s o f concern f o r t h e
s i t e ;
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• Ass e s smen t o f e n v i r o n m e n t a l f a t e and t r a n s p o r t o f s i t ec o n t a m i n a n t s ;
• T a b u l a t i o n o f a p p l i c a b l e , r e l e v a n t , and a p p r o p r i a t eg u i d e l i n e s f o r i n d i c a t o r c h e m i c a l s ;
• C a l c u l a t i o n o f e x p o s u r e c o n c e n t r a t i o n s a t p o t e n t i a l

r e c ep tor l o c a t i o n s f o r p o s t u l a t e d scenarios;
• Ass e s smen t of r i sk s to the e n v i r o n m e n t ; and
• Eva lua t i on of r e m e d i a t i o n goal s that adequa t e ly pro t e c tt h e p u b l i c h e a l t h .

I n d i c a t o r C h e m i c a l s
I n d i c a t o r c h e m i c a l s were s e l e c t e d to r e p r e s e n t the hazards posed by the S i t e
on the basis o f c o n c e n t r a t i o n , t o x i c i t y , p r e v a l e n c e , and per s i s t enc e . The
s e l e c t e d i n d i c a t o r c h e m i c a l s are: . .

• P N A ' s ;
- n o n c a r c i n o g e n i c- c a r c i n o g e n i c

• P C P ;
• c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s ; and

benzene ( a i r pa thway o n l y ) .

E n v i r o n m e n t a l F a t e and T r a n s p o r t
The env i ronmenta l f a t e and t r a n s p o r t of c o n t a m i n a n t s were assessed based on
the p h y s i c a l and chemical c h a r a c t e r i s t i c s o f the c on taminan t s .

Each o f th e l i s t e d c la s s e s o f chemical c o n s t i t u e n t s d e t e c t e d a t the s i t e ,
i . e . , P N A ' s , P C P a n d v o l a t i l e aromat i c c o m p o u n d s behave d i f f e r e n t l y i n t h e
e n v i r o n m e n t .

M i g r a t i o n o f P M A ' s - G e n e r a l l y , P N A ' s a r e h i g h l y i m -m o b i l e in s o i l s du e t o t h e i r l ow water s o l u b i l i t y ( t h u sn o n l e a c h a b l e ) , t h e i r h i g h o c t a n o l / w a t e r p a r t i t i o n
c o e f f i c i e n t ( K Q W ) , a n d h i g h so i l a d s o r p t i o nc o e f f i c i e n t s ( K Q C ) combined w i t h t h e i r r e s i s tance t o
o x i d a t i o n or h y d r o l y s i s . T h e y are u s u a l l y bound to
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p a r t i c u l a t e s and s o i l s , unle s s there are h igh enoughc onc en t ra t i on s of o rgani c s o l v e n t s pre sent in the s o i l s-to a l l o w m i g r a t i o n of o rgani c c o n t a m i n a n t s bynonaqueous phase l i q u i d ( N A P L ) f l o w c o n d i t i o n s .
P N A ' s w i l l n o t v o l a t i l i z e , a s i n d i c a t e d b y t h e l o w
vapor p r e s s u r e , and t h e r e f o r e are not of concern in the
a i r p a t h w a y ( e x c e p t a s p a r t i c u l a t e e m i s s i o n s ) . T h e yare not s u b j e c t to h y d r o l y s i s or o x i d a t i o n but may beb i o d e g r a d e d b y s e l e c t i v e so i l m i c r o o r g a n i s m s . U s u a l l y ,
P N A ' s w i l l n o t b e t r a n s p o r t e d i n t h e environment e x c e p tby p h y s i c a l means such as s e d i m e n t in s u r f a c e r u n o f f
d u r i n g s torm events .
P N A ' s have a l o w m o b i l i t y i n d e x i n s o i l , r a n g i n g f r o m
-19 to -7-3. A value l e s s than -5 is cons idered to be
i m m o b i l e .
C o n s e q u e n t l y , m i g r a t i o n o f P N A ' s I s e x p e c t e d t o b e
e x t r e m e l y l i m i t e d .
M i g r a t i o n o f P C P - T h e r e i s l i t t l e i n f o r m a t i o n o n t h e
t r a n s p o r t o f p e n t a c h i o r o p h e n o l t h r o u g h th e environ-
ment . The compound has a low vapor pre s sure and,t h e r e f o r e , i s n o t l i k e l y t o v o l a t i l i z e r e a d i l y . I t i s
s l i g h t l y s o l u b l e in water arid does adsorb to s e d i m e n t s
and s o i l , and t h e r e f o r e may be t r a n s p o r t e d through
s o i l , s ur fa c e water , and ground water.
P e n t a c h i o r o p h e n o l i s d e g r a d e d by s u n l i g h t to lowerc h l o r i n a t e d p h e n o l s , t e t r a c h l o r o d i h y d r o x y l benzenes ,
a n d non-aromat i c f r a g m e n t s . T h e i m p o r t a n c e o f pho t o-
d e g r a d a t i o n of p e n t a c h i o r o p h e n o l in the environment i s
unknown. S o i l mi croorgani sms have also been f o u n d tod e g r a d e p e n t a c h i o r o p h e n o l under some c o n d i t i o n s . PCP
has a soil m o b i l i t y i n d e x of -17 and is t h e r e f o r e con-s i d e r e d to be i m m o b i l e .
2 . 3 , 7 , 8 - T C D D - T h i s c o n s t i t u e n t i s h i g h l y p e r s i s t e n t i n
t h e s o i l s . T h e h a l f - l i f e o f 2 , 3 , 7 , 8 - T C D D i n s o i l s h a s
been r e p o r t e d at a range of 1 to 10 years. The low
water s o l u b i l i t y a n d h i g h soi l a d s o r p t i o n c o e f f i c i e n t
would i n d i c a t e that i t ad s orb s s t r o n g l y to s o i l s .2 , 3 , 7 - 8 - T C D D i s no t r e a d i l y b i o d e g r a d e d . It may be

' p h o t o d e g r a d e d in the pre sence of organic s o l v e n t s ;however, there is no i n d i c a t i o n of organic s o l v e n t s inth e s u r f a c e s o i l s . It i s r e s i s t an t t o o x i d a t i o n andh y d r o l y s i s . V o l a t i l i z a t i o n o f 2 , 3 , 7 , 8 - T C D D adsorbed o ns o i l s is e x p e c t e d to proceed at a very s l ow rate due to
t h e e x t r e m e l y l o w vapor pre s sure o f 2 , 3 , 7 , 8 - T C D D .
2 , 3 , 7 , 8 - T C D D has a m o b i l i t y i n d e x in s o i l s of -16 andis t h e r e f o r e c o n s i d e r e d to be immob i l e .
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All of the chemicals of concern are cons idered to be immobi l e in the s u r f a c e
s o i l s and s h a l l o w s o i l s . M o b i l i t y i n d e x e s range f r o m -7.3 to -19- Conse-
q u e n t l y , the c o n s t i t u e n t s are l i k e l y to move only as a component of the
s o i l s . F a c t o r s a f f e c t i n g m i g r a t i o n a t t h e s i t e i n c l u d e :

• M i g r a t i o n o f s u r f a c e s o i l s c o u l d occur due t o soi l
erosion and m o b i l i z a t i o n by s u r f a c e r u n o f f . H o w e v e r ,
t h e s i t e i s r e l a t i v e l y f l a t w i t h o n l y l o c a l i z e d
d r a i n a g e w a y s ;

• S u r f a c e s o i l s could be t r a n s p o r t e d as air p a r t i c u l a t e sdue t o wind erosion a n d / o r v e h i c u l a r t r a f f i c over th ea f f e c t e d areas;
• S u r f a c e s o i l s c ou ld be r e d i s t r i b u t e d d u r i n g any con-s t ru c t i on or ear thmoving a c t i v i t y ; and
• M i g r a t i o n o f t h e l i g h t e r - t h a n - w a t e r nonaqueous phase

l i q u i d s in the ground water.

P o s s i b l e E x p o s u r e P a t h w a y s
P o t e n t i a l exposure pathways and e s t imated p o s s i b l e f u t u r e exposures are the
f o l l o w i n g :

A i r P a t h w a y s• V o l a t i l e O r g a n i c E m i s s i o n s in the b r e a t h i n g zone abovethe c o n t a m i n a t e d area:
- PCP expo sur e of 9 X 10"-5 m g / n r is a p p r o x i m a t e l y

1,000 t imes le s s than the e s t i m a t e d a c c e p t a b l e
value. R i s k i s not s i g n i f i c a n t .

- Benzene e xpo sur e of 49 X 10"̂  m g / n r is between the 1X 10~" and 1 X 10"-* cancer risk l e v e l . Risk is
i n s i g n i f i c a n t f o r o f f - s i t e o r i n f r e q u e n t on-si te
expo sure scenarios .

P a r t i c u l a t e E m i s s i o n s in the b r e a t h i n g zone above the
c on tamina t ed areas:
- PCP exposure of 5.4 X 10"̂  m g / n H , more than an order

of m a g n i t u d e l e s s tban the e s t i m a t e d a c c e p t a b l el e v e l of 0.092 m g / m ^ . R i s k i s not s i g n i f i c a n t .- Carc inogen i c P A H ' s exposure o f 0.0005 m g / n r i sa p p r o x i m a t e l y the 10 incr ementa l cancer r i sk l eve lbased on b e n z o ( a ) pyrene . No air d i s p e r s i o n i sassumed and thus the e s t i m a t e is worst case and iti s l i k e l y that actual a ir value s would d i s s i p a t e
q u i c k l y to c o n c e n t r a t i o n s b e l ow the 10 cancer ri skl e v e l .

1 1
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Dermal Contac t and I n g e s t i o n o f - S o i l• -Exposure to chemical s via i n g e s t i o n of so i l can occur
by i n a d v e r t e n t c o n s u m p t i o n of s o i l s on the hands , on
t o o l s o r other o b j e c t s , f r o m nail b i t i n g , c o n s u m p t i o n
o f soil i t s e l f ( p i c a ) , or a c omb ina t i on o f these
route s . T h e s o i l i n g e s t i o n p a t h w a y i s on ly i m p o r t a n t
t o c h i l d r e n p l a y i n g o u t d o o r s in th e c on tamina t ed s o i l .

• The S i t e i s no t used f or r e s i d e n t i a l p u r p o s e s and S i t e
access i s r e s t r i c t e d . The most l i k e l y soil i n g e s t i o nand dermal contact scenario is f r o m i n f r e q u e n t t r e spas sby c h i l d r e n .
- PCP d a i l y in take o f 0.58 X 1CT° m g / k g i s a f r a c t i o n

of the a c c e p t a b l e chemical in take of 0.03 m g / k g .- Phenanthrene d a i l y in take of 6.7 X 10~° m g / k g is af r a c t i o n o f the a c c e p t a b l e chemical intake o f 0.006m g / k g .
• As a worst case c o m p a r i s o n , a d a i l y r e s i d e n t i a ll i f e t i m e e xpo sur e e s t i m a t e w a s c a l c u l a t e d f o rr e s i d e n t i a l use o f the S i t e .

- PCP d a i l y in take o f 9 .5 X 10~° m g / k g i s a f r a c t i o n
o f th e a c c e p t a b l e in tak e o f 0.03 m g / k g .

- Phenanthrene d a i l y in take of 1.08 X 10 m g / k g is a
f r a c t i o n o f t h e a c c e p t a b l e in take o f 0.006 m g / k g .

Ground W a t e r P a t h w a y
• E s t i m a t e d maximum p o s s i b l e c o n c e n t r a t i o n s at nearest

water w e l l s and p r o p e r t y boundary range f r o m 2.1 to 361
ppb f or n a p h t h a l e n e , the most m o b i l e c o n s t i t u e n t in thed i s s o l v e d phase , wel l below the h e a l t h based g u i d e l i n e
o f 1,800 p p b c a l c u l a t e d f r o m t h e A c c e p t a b l e D a i l y
I n t a k e .

• E s t i m a t e d maximum PCP c o n c e n t r a t i o n s at nearest water
w e l l s and the p r o p e r t y boundary a s suming no a t t e n u a t i o n
by the soil are 288 to 1,207 ppb compared to a p r o p o s e dEPA RMCL of 200 p p b . H o w e v e r , PCP is e x p e c t e d to be
h i g h l y a t t e n u a t e d by soil and r i sk is p r o b a b l y not
s i g n i f i c a n t , e x c e p t f o r m i g r a t i o n o f t h e l i g h t e r - t h a n -
water nonaqueous phase l i q u i d to a re c ep tor .

S u r f a c e W a t e r P a t h w a y
• S u r f a c e water is not a m a j o r p a t h w a y at the S i t e due to

l o w water s o l u b i l i t y o f t h e c o n s t i t u e n t s . P o s s i b l edermal contact w i t h c o n t a m i n a t e d s e d i m e n t s is a minor
p u b l i c h e a l t h r i sk . I n g e s t i o n o f c o n t a m i n a t e d sedi-ments by bo t tom f e e d i n g f i s h e s and bo t tom d w e l l i n gorgani sms is not c on s id er ed a s i g n i f i c a n t r i sk due tothe low c o n c e n t r a t i o n s of c o n t a m i n a n t s in the s ed i-ments.
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The s i t e r e p r e s e n t s p o t e n t i a l f u t u r e , r i sk s t o p u b l i c h e a l t h and th e
environment i f no ac t ions are i m p l e m e n t e d to m i t i g a t e r i sks . The e x i s t i n g
l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d p l u m e in the s h a l l o w ground water
and l e a c h i n g o f c on taminant s f r o m lagoon s e d i m e n t s into the ground water
r epr e s en t t h e p r i m a r y ri sks. P o s s i b l e pa s t v er t i ca l m i g r a t i o n o f heavier-
t han-wat er nonaqueous phase l i q u i d f r o m t h e lagoons into u n d e r l y i n g f r a c t u r e d
rock r epre s en t s a r e l a t i v e l y low but u n d e f i n e d risk.

R e m e d i a l o b j e c t i v e s were d e v e l o p e d for source contro l and for ground water
m i g r a t i o n c o n t r o l .

The recommended source contro l r e m e d i a l o b j e c t i v e s ar e t h e f o l l o w i n g :

• For lagoon w a s t e s , s o i l , s u r f a c e water and drainage-ways e d i m e n t s - m i n i m i z e l o n g term threat to human h e a l t h
and the e n v i r o n m e n t ; and

• F o r a i r - p r o t e c t i o n o f p o t e n t i a l o n s i t e w o r k e r s ;
• S u r f a c e s o i l s cou ld be r e d i s t r i b u t e d d u r i n g any

c o n s t r u c t i o n or e a r t h m o v i n g a c t i v i t y ;
• C o n t a m i n a n t s could be t r a n s p o r t e d in the ground water

p r i m a r i l y as a re su l t of movement of the l i g h t e r - t h a n -water nonaqueous phase l i q u i d in the ground w a t e r ; and
• Lower c onc en t ra t i on s of c on taminant s - cou ld bet r a n s p o r t e d in the ground water in the d i s s o l v e d phase

as a r e su l t of d i s s o l u t i o n of c on taminan t s f r o m thenonaqueous phase or as a r e su l t of l e a k a g e of lagoon
f l u i d i n t o t h e a q u i f e r .

The recommended ground water m i g r a t i o n contro l r e m e d i a l o b j e c t i v e i s t o
p r o t e c t uncon taminat ed ground water f or f u t u r e u s e by m i n i m i z i n g m i g r a t i o n and
spr ead o f c on taminant s w i t h i n t h e a q u i f e r .

L ' E R . Q M - E S

13

thunter
001234



TABLE OF CONTENTS
R E M E D I A L I N V E S T I G A T I O N REPORT

O L D M I D L A N D S I T E

. E C T 1 0 N P A G E

OLUME I
. X E C U T I V E S U M M A R Y
' A B L E O F C O N T E N T S

. 1 S T O F T A B L E S
. 1 S T O F F I G U R E S
:.0 INTRODUCTION 1-1

1 . 1 S I T E B A C K G R O U N D I N F O R M A T I O N 1 - 1
1 . 2 S U M M A R Y O F P R E V I O U S I N V E S T I G A T I O N S 1 - 3

1.2.1 I n v e s t i g a t i o n s P e r f o r m e d 1-3
1.2.2 Summary o f R e s u l t s o f P r e v i o u s I n v e s t i g a t i o n s 1-5

1 . 3 N A T U R E A N D E X T E N T O F S I T E P R O B L E M S 1-11
1 . 4 S U M M A R Y O F R E M E D I A L I N V E S T I G A T I O N . 1-12
1 . 5 O V E R V I E W O F R E M E D I A L I N V E S T I G A T I O N REPORT 1-14

J . O I N V E S T I G A T I O N O F S I T E F A C I L I T I E S A N D S U R R O U N D I N G F E A T U R E S 2 - 1
2.1 DEMOGRAPHY 2-1
2 . 2 L A N D U S E , 2 - 2
2 . 3 N A T U R A L R E S O U R C E S 2 - 3
2 . 4 C L I M A T E 2 - 4
2 . 5 E X I S T I N G S I T E S T R U C T U R E S A N D E Q U I P M E N T 2 - 5

j . O W A S T E I D E N T I F I C A T I O N A N D C H A R A C T E R I Z A T I O N 3 - 1
3 . 1 T Y P E S O F W A S T E S P R E S E N T 3 - 1
3 . 2 L A G O O N W A S T E S 3 - 23.2.1 Lagoon S e d i m e n t s 3-23 - 2 . 1 . 1 C h a r a c t e r i z a t i o n 3-2

3.2.1.2 E s t i m a t e d V o l u m e 3-5
3.2.2 Lagoon F l u i d s 3-53.2.2.1 C h a r a c t e r i z a t i o n 3-5

3.2.2.2 E s t i m a t e d V o l u m e • 3-7
4 . 0 H Y D R O L O G 1 C C O N D I T I O N S 4 - 1

4 . 1 R E G I O N A L C O N D I T I O N S 4 - 1
4.1.1 R e g i o n a l G e o l o g y 4-14.1.2 Regional H y d r o g e o l o g y 4-34.1.3 R e g i o n a l G e o l o g i c H a z a r d s 4-4

4 . 2 S I T E H Y D R O G E O L O G Y 4--54.2.1 D e s c r i p t i o n o f F i e l d I n v e s t i g a t i o n 4 - 54 . 2 . 1 . 1 D r i l l i n g 4 - 5
4.2.1.2 T r e n c h i n g 4-9
4.2.1.3 S u r f a c e / S u b s u r f a c e S o i l S a m p l i n g 4-104.2.1.4 Ground W a t e r M o n i t o r i n g 4-114.2.1.5 F i e l d H y d r a u l i c C o n d u c t i v i t y T e s t i n g 4-144.2.1 .6 A q u i f e r T e s t i n g 4-14

thunter
001235



TABLE OF CONTENTS
R E M E D I A L I N V E S T I G A T I O N REPORT

O L D M I D L A N D S I T E
( C o n t i n u e d )

S E C T I O N P A G E
4.2.2 S i t e S t r a t i g r a p h y a n d S t r u c t u r e 4-16
4.2.3 D e s c r i p t i o n o f A q u i f e r s 4-18

4.2.3.1 A q u i f e r P r o p e r t i e s 4-19
4.2.3.2 P o t e n t i o m e t r i c S u r f a c e 4-20
4.2.3.3 Ground W a t e r V e l o c i t y 4-21

4 . 3 S O I L C O N T A M I N A T I O N 4-224.3.1 C h a r a c t e r i z a t i o n o f C o n t a m i n a t i o n 4-22
4.3.2 E x t e n t of C o n t a m i n a t i o n 4-24
4.3-3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n 4-25

4 . 4 G R O U N D W A T E R C O N T A M I N A T I O N 4-26
4.4.1 C h a r a c t e r i z a t i o n of C o n t a m i n a t i o n 4-264.4.2 E x t e n t of C o n t a m i n a t i o n 4-2?
4.4.3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n 4-28

4 . 5 P O T E N T I A L C O N T A M I N A N T M I G R A T I O N I N G R O U N D W A T E R 4-28
4 . 6 W A T E R W E L L I N V E N T O R Y 4-29

5 . 0 S U R F A C E W A T E R I N V E S T I G A T I O N 5 - 1
5 . 1 R E G I O N A L S U R F A C E W A T E R F E A T U R E S 5 - 1
5 . 2 S I T E I N V E S T I G A T I O N S 5 - 2

5.2.1 S u r f a c e W a t e r R u n o f f P a t t e r n s 5 - 2
5.2.2 S t o r m w a t e r R u n o f f C o n t a m i n a t i o n 5-2

5.2.2.1 S a m p l e C o l l e c t i o n and A n a l y s i s 5-2
5.2.2.2 C o n t a m i n a t i o n 5-3

5.2.3 D r a i n a g e w a y S e d i m e n t C o n t a m i n a t i o n 5-35 . 2 . 3 - 1 S a m p l e C o l l e c t i o n a n d A n a l y s i s 5 - 3
5.2.3.2 C o n t a m i n a t i o n 5-4

5 . 3 S I T E D R A I N A G E A N D F L O O D P O T E N T I A L 5 - 4
5 . 3 - 1 Ea s t e rn S e c t i o n D r a i n a g e • 5-5
5.3-2 T r e a t m e n t and Lagoon Area D r a i n a g e 5-5
5 . 3 - 3 W e s t e r n S e c t i o n D r a i n a g e 5 - 6

6 . 0 A I R I N V E S T I G A T I O N 6 - 1
6 . 1 P O T E N T I A L S O U R C E S O F A I R C O N T A M I N A T I O N 6 - 1
6 . 2 D E S C R I P T I O N O F S A M P L I N G A N D A N A L Y S I S P R O G R A M 6 - 1
6 . 3 C O N C L U S I O N S 6 - 2

7 . 0 E C O L O G I C A L E V A L U A T I O N 7 - 1
7 . 1 S U M M A R Y O F I N V E S T I G A T I O N ' 7 - 1
7 . 2 S U M M A R Y O F ECOLOGY O F V I C I N I T Y 7 - 1
7 . 3 S U M M A R Y O F P O T E N T I A L E C O L O G I C A L I M P A C T 7 - 3

d . u E N D A N G E R M E N T A S S E S S M E N T ( P U B L I C H E A L T H A S S E S S M E N T ) 8 - 1
8 . 1 S I T E C H A R A C T E R I Z A T I O N , O C C U R R E N C E A N D D I S T R I B U T I O N O F

C O N S T I T U E N T S 8 - 4
8.1.1 S u r f a c e S o i l (0 to 60 i n c h e s ) and S u b s u r f a c e S o i l

(6 to 12 i n c h e s ) 8-4
8.1 .2 L a g o o n S e d i m e n t s 8-5
8.1.3 Lagoon W a t e r 8-6
8.1.4 S u r f a c e W a t e r 8-6
8.1.5 G r o u n d W a t e r 8-7

thunter
001236



TABLE OF CONTENTS
R E M E D I A L I N V E S T I G A T I O N REPORT

O L D M I D L A N D S I T E( C o n t i n u e d )

S E C T I O N . P A G E
8 . 2 W A S T E C H E M I S T R Y ( H A Z A R D I D E N T I F I C A T I O N ) 8 - 88.2.1 S e l e c t i o n o f I n d i c a t o r C h e m i c a l s 8 -8

8.2.1.1 P o l y c h l o r i n a t e d B i p h e n y l ( P C B ) 8 - 9
8.2.1 .2 V o l a t i l e O r g a n i c C o m p o u n d s 8-98.2.1.3 P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s ( P N A ' s ) 8-118 . 2 . 1 ; 4 P e n t a c h l o r o p h e n o l ( P C P ) 8-15
8.2.1.5 C h l o r i n a t e d D i b e n z o D i o x i n s and D i b e n z o F u r a n s 8-158.2.1.6 S u m m a r y , S e l e c t e d I n d i c a t o r C h e m i c a l s 8-178.2.2 E n v i r o n m e n t a l F a t e and T r a n s p o r t a t i o n 8-17
8.2.2.1 P h y s i c a l and C h e m i c a l C h a r a c t e r i s t i c s o f

I d e n t i f i e d C o m p o u n d s 8-18
8.2.2.2 M i g r a t i o n C h a r a c t e r i s t i c s o f t h e P r i n c i p a lC o n s t i t u e n t s 8-19 "
8.2.2.3 Other F a c t o r s A f f e c t i n g M i g r a t i o n 8-20-

8.2.3 T o x i c o l o g y o f I n d i c a t o r C h e m i c a l s 8-21
8.2.3.1 P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n ( P N A ' s ) 8-21
8.2.3.2 P e n t a c h l o r o p h e n o l ( P C P ) 8-23
8.2.3.3 D i o x i n and D i b e n z o F u r a n s 8-24
8.2.3.4 Benzene . 8-25

8 . 3 I D E N T I F I C A T I O N O F A P P L I C A B L E , R E L E V A N T A N D A P P R O P R I A T E
R E Q U I R E M E N T S ( A R A R S ) G U I D E L I N E S , S T A N D A R D S A N D H E A L T H B A S E D
C R I T E R I A F O R T A R G E T C H E M I C A L S 8-26

8 . 4 E X P O S U R E A S S E S S M E N T 8-28
8.4.1 R e c e p t o r D e f i n i t i o n 8-29

8.4.1.1 Land Use and D e m o g r a p h i c s - 8-29
8.4.1.2 W a t e r W e l l I n v e n t o r y 8-30
8.4.1.3 E c o l o g y 8-308.4.2 P o t e n t i a l E x p o s u r e P a t h w a y s 8-31
8.4.2.1 Air 8-318.4.2.2 S o i l 8-32
8.4.2.3 S u r f a c e W a t e r . 8-328.4.2.4 Ground Water ' 8-32

8 . 5 C U R R E N T R I S K C H A R A C T E R I Z A T I O N 8-33
8.5.1 A m b i e n t Air 8-348.5.1 .1 V o l a t i l e O r g a n i c E m i s s i o n s a n d A m b i e n tA i r C o n c e n t r a t i o n s 8-34

8.5.1.2 P a r t i c u l a t e E m i s s i o n a n d A m b i e n t A i r
C o n c e n t r a t i o n 8-35

8.5.2 DermaJ C o n t a c t and I n g e s t i on o f S u r f a c e S o i l 8-36
8.5.2 .1 I n f r e q u e n t T r e s p a s s O n - S i t e S o i l I n g e s t i o n 8-37
8.5.2.2 R e s i d e n t i a l S o i l I n g e s t i o n S c e n a r i o 8-39
8.5.2.3 Summary o f S o i l I n g e s t i o n a n d Dermal C o n t a c tPathways 8-39
8.5.2.4 C h l o r i n a t e d D i o x i n and D i b e n z o F u r a n s 8-39

thunter
001237



TABLE OF CONTENTS
R E M E D I A L I N V E S T I G A T I O N REPORT

O L D M I D L A N D S I T E
( C o n t i n u e d )

S E C T I O N P A G E
8.5.3 G r o u n d W a t e r - Pathway 8-40

8 . 5 . 3 - 1 T r a n s p o r t M o d e l 8-408 . 5 - 3 - 2 N a p h t h a l e n e 8-418 . 5 . 3 - 3 P e n t a c h l o r o p h e n o i 8-41
8.5.3.4 C h l o r i n a t e d D i o x i n s and D i b e n z o F u r a n s 8-42

8.5-4 S u r f a c e W a t e r P a t h w a y 8-42
8.5.5 S u m m a r y and C o n c l u s i o n s 8-43

8 . 6 G O A L S F O R T H E F E A S I B I L I T Y S T U D Y 8-45
y . u S U M M A R Y O F T R E A T A B I L I T Y T E S T S 9 - 1

9 . 1 L A G O O N S E D I M E N T S T A B I L I Z A T I O N T E S T S 9 - 1
9 . 2 C A R B O N A D S O R P T I O N T R E A T A B I L I T Y T E S T S 9 - 29 .2 .1 F l u i d s T e s t e d . 9 - 2

9.2.2 T e s t i n g P r o c e d u r e s 9 - 2
9 - 2 . 3 C a r b o n A d s o r p t i o n l e s t R e s u l t ' s 9 - 3

I ' A b L E S " -
F I G U R E S
V O L U M E I I A P P E N D I C E S
A . C A L C U L A T I O N S

L A G O O N W A S T E V O L U M E S
F I E L D H Y D R A U L I C C O N D U C T I V I T Y T E S T S
P U M P I N G T E S T
R E C O V E R Y T E S T
G R O U N D W A T E R V E L O C I T Y
S O I L C O N T A M I N A T I O N V O L U M E S
G R O U N D W A T E R C O N T A M I N A T I O N V O L U M E S
V O L A T I L E E M I S S I O N R A T E S
P A R T I C U L A T E E M I S S I O N R A T E S
D E R M A L C O N T A C T A N D S O I L I N G E S T I O N
G R O U N D W A T E R C O N T A M I N A N T T R A N S P O R T
2 , 3 , 7 , 8 - T C D D E Q U I V A L E N T S
I N C R E M E N T A L C A N C E R R I S K S F O R I N D I C A T O R C H E M I C A L S

B . S O I L B O R I N G L O G S A N D W E L L / P I E Z O M E T E R C O N S T R U C T I O N S K E T C H E S
C . G E O T E C H N I C A L T E S T R E S U L T S

G R A I N S I Z E D I S T R I B U T I O N C U R V E S
F A L L I N G - H E A D P E R M E A B I L I T Y T E S T R E S U L T S

b . G R O U N D W A T E R E L E V A T I O N M E A S U R E M E N T S A N D C O N T O U R S
E - . E C O L O G I C A L A S S E S S M E N T
F . L A G O O N S E D I M E N T T R E A T A B I L I T Y T E S T S

C O M P A R I S O N O F P E N E T R O M E T E R R E A D I N G S V S . S H E A R S T R E N G T H , T S F
G . C A R B O N A D S O R P T I O N T R E A T A B I L I T Y T E S T S
H . D R U M I N V E N T O R Y

thunter
001238



L I S T O F T A B L E S

T A B L E N U M B E R T I T L E
1 - 1 • S u m m a r y o f C h e m i c a l A n a l y s e s , S o i l a n d W a t e r S a m p l e s

2 - 1 P o p u l a t i o n W i t h i n F o u r M i l e R a d i u s
^-2 Mean M o n t h l y C l i m a t i c Data
2 - 3 Summary o f E x i s t i n g S i t e S t r u c t u r e s a n d E q u i p m e n t
3 - 1 Summary o f Lagoon S e d i m e n t W a s t e C h a r a c t e r i z a t i o n A n a l y s e s
j - j S u m m a r y o f Lagoon S e d i m e n t / W a t e r S a m p l e A n a l y t i c a l R e s u l t s
3 - 3 Summary o f D i o x i n a n d F u r a n A n a l y s e s
4 - 1 Summary o f G e o t e c h n i c a l T e s t Data
4 - 2 Summary o f Core S a m p l e A n a l y t i c a l R e s u l t s f r o m M o n i t o r

W e l l s , B o r i n g s a n d T r e n c h e s
4 - 3 Summary o f S u r f a c e / S u b s u r f a c e S o i l S a m p l e A n a l y t i c a l

R e s u l t s
4 - 4 Summary o f O n - S i t e M o n i t o r W e l l Ground W a t e r A n a l y t i c a l

R e s u l t s
4 - 5 Summary o f F u l l O r g a n i c S c a n A n a l y s e s , O f f - S i t e W a t e r W e l l s
4 - f c Summary o f H y d r a u l i c C o n d u c t i v i t y F i e l d M e a s u r e m e n t s
4 - 7 Summary o f A q u i f e r T e s t R e s u l t s , W e l l M W - 1 2 S
5 - 1 Summary o f S e d i m e n t a n d S u r f a c e W a t e r S a m p l e A n a l y t i c a l

R e s u l t s
6 - 1 Summary o f D a i l y P r e c i p i t a t i o n M e a s u r e m e n t s
6 - 2 Summary o f T o t a l S u s p e n d e d P a r t i c u l a t e C o n c e n t r a t i o n s , H i -

V o l u m e A i r S a m p l e r s
6 - 3 C h e m i c a l A n a l y s e s o f A i r S a m p l e s
8 - 1 P h y s i c a l , C h e m i c a l , arid E n v i r o n m e n t a l F a t e P r o p e r t i e s o f

C o n s t i t u e n t s

D E R O M - t o c

thunter
001239



L I S T O F T A B L E S
( C o n t i n u e d )

I ' A b L E N U M B E R T I T L E

&-d C h l o r i d a t e d D i o x i n and F u r a n C o n c e n t r a t i o n s in T e r m s o f
2 , 3 , 7 , 8 - T C D D E q u i v a l e n t s

8 - 3 A p p l i c a b l e , R e l e v a n t , a n d A p p r o p r i a t e R e q u i r e m e n t s ( A R A R ' s )C o n t a m i n a n t - S p e c i f i c , P e n t a e h l o r o p h e n o l , P o l y n u c l e a r
A r o m a t i c s a n d U i o x i n

Q - k P o t e n t i a l P a t h w a y s f o r C o n t a m i n a n t M i g r a t i o n
8-5 N o n - C a r c i n o g e n i c R i s k C h a r a c t e r i z a t i o n for Dermal C o n t a c t

a n d Oral I n g e s t i o n S o i l E x p o s u r e V i a T r e s p a s s a n d
R e s i d e n t i a l S c e n a r i o s

8-6 P r e d i c t e d G r o u n d W a t e r C o n c e n t r a t i o n s at Down G r a d i e n t
O b s e r v a t i o n P o i n t s f o r N a p h t h a l e n e a n d P e n t a e h l o r o p h e n o l

8-7 S t r e a m S e d i m e n t and W a t e r C o n c e n t r a t i o n s v s . A q u a t i c
T o x i c i t y o f I n d i c a t o r C h e m i c a l s

8 - 8 F e a s i b i l i t y S t u d y O b j e c t i v e s
9 - 1 Summary o f Lagoon S e d i m e n t S t a b i l i z a t i o n T e s t R e s u l t s
9 - 2 Summary o f Carbon T r e a t a b i l i t y T e s t R e s u l t s

U E R . O M - t o e t b )

thunter
001240



L I S T O F F I G U R E S

F I G U R E N U M B E R T I T L E
1 - 1 S i t e L o c a t i o n
1-2A S i t e T o p o g r a p h i c M a p
1-2B Lagoon T o p o g r a p h i c M a p
^-1 P o p u l a t i o n Map
2 - 2 S i t e F a c i l i t i e s a n d S t r u c t u r e s
3-1 Lagoon L o c a t i o n s
4 - 1 P l u m e L o c a t i o n M a p
4-2 T r e n c h L o c a t i o n Map
4-3 T r e n c h 1 C r o s s - S e c t i o n
4-4 T r e n c h 2 C r o s s - S e c t i o n
4-5 T r e n c h 3 C r o s s - S e c t i o n
4-6a C o n c e n t r a t i o n M a p , P e n t a c h l o r p h e n o l , S u r f a c e / S u b s u r f a c e

S o i l
4-DD I s o c o n c e n t r a t i o n C o n t o u r M a p o f P C P S u r f a c e / S u b s u r f a c e S o i l
4 - 7 C o n t o u r M a p o f S h a l l o w G r o u n d W a t e r E l e v a t i o n s ( 1 1 / 1 8 / 8 6 )
4 - 8 C o n t o u r M a p o f Deep G r o u n d W a t e r E l e v a t i o n s ( 1 1 / 1 8 / 8 6 )
4 - 9 H y d r o g r a p h s , M W - 1 S a n d M W - 1 D ( J u l y , 1986 - J u n e , 1 9 8 ? )
4-10 T w o O f f - S i t e W a t e r W e l l s
4-11 C r o s s - S e c t i o n L o c a t i o n M a p
4-12 G e o l o g i c C r o s s - S e c t i o n A - A 1

4-13 G e o l o g i c C r o s s - S e c t i o n B-B 1

4-14 G e o l o g i c C r o s s - S e c t i o n C - C '
4-15 G e o l o g i c C r o s s - S e c t i o n D - D 1

4-16 G e o l o g i c C r o s s - S e c t i o n E - E '
4-17 S t r u c t u r e C o n t o u r M a p , T o p o f W e a t h e r e d S h a i e

thunter
001241



L I S T O F F I G U R E S( C o n t i n u e d )

F I G U R E N U M B E R T I T L E
4-18 S t r u c t u r e C o n t o u r M a p , T o p o f U n w e a t h e r e d S h a l e
4-19 S t r u c t u r e C o n t o u r M a p , T o p o f F i r s t W a t e r Y i e l d i n g Zone
5-1 D r a i n a g e Basin
5 - 2 S u r f a c e W a t e r D r a i n a g e
5 - 3 C o n c e n t r a t i o n M a p , S e d i m e n t / S u r f a c e W a t e r S a m p l e s

( P C P / T o t a l P A H ' s )

D E R . - O M - t o e

thunter
001242



1 . 0 I N T R O D U C T I O N

I n t e r n a t i o n a l T e c h n o l o g y C o r p o r a t i o n ( I T ) , i n a s s o c i a t i o n w i t h M e h l b u r g e r ,
T a n n e r , Robinson a n d A s s o c i a t e s ( M T R A ) , w a s c on trac t ed b y t h e Arkansa s
D e p a r t m e n t o f P o l l u t i o n C o n t r o l arid E c o l o g y ( A D P C E ) under a C o o p e r a t i v e
A g r e e m e n t w i t h t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E R A ) t o c o m p l e t e a
r e m e d i a l i n v e s t i g a t i o n ( R I ) / f e a s i b i l i t y s t u d y ( F S ) i n accordance w i t h t h e
N a t i o n a l C o n t i n g e n c y P l a n . S i t e i n v e s t i g a t i o n a c t i v i t i e s were i n i t i a t e d
d u r i n g ' S e p t e m b e r 1986. T h i s r e p o r t document s t h e r emed ia l i n v e s t i g a t i o n
a c t i v i t i e s , d e s c r i b e s t h e nature a n d e x t e n t o f c o n t a m i n a t i o n r e s u l t i n g f r o m
pas t a c t i v i t i e s a t the s i t e and e v a l u a t e s the p o t e n t i a l hazard to human h e a l t h
and the env i ronment .

T h i s work w a s c o m p l e t e d i n accordance w i t h t h e W o r k P l a n , F e b r u a r y 1986,..
p r e p a r e d b y A D P C E under C o o p e r a t i v e A g r e e m e n t A s s i s t a n c e N o . V-006462-01-0.
w i t h t h e E P A .

1 . 1 S I T E B A C K G R O U N D I N F O R M A T I O N
The Old M i d l a n d P r o d u c t s s i t e i s l o ca t ed in Y e l l County A r k a n s a s , about one-
h a l f m i l e east o f O l a , A r k a n s a s ( S e e F i g u r e 1 - 1 ) . T h e S i t e border s t h e n o r t h
r i g h t - o f - w a y o f H i g h w a y 10 and e x t e n d s n o r t h to the southern r i g h t - o f - w a y of
O l d H i g h w a y 1 0 . A r i g h t - o f - w a y f o r t h e Rock I s l a n d a n d P a c i f i c R a i l r o a d
e x t e n d s t h r o u g h the nor th ern p o r t i o n o f the S i t e in a northwes t t o southeas t
d i r e c t i o n .

T h e ; S i t e i n c l u d e s t w o p r o p e r t i e s a s f o l l o w s :

• An area" of about 2.75 acre s-owned by W. E. M u l l i n a x
which i n c l u d e s the wood t r e a t m e n t b u i l d i n g and thewaste i m p o u n d m e n t s ; and

• An area of about 35 acres owned by the P l a i n v i e w - O l a
Economic D e v e l o p m e n t T r u s t I n c . which surrounds t h e W .
E . M u l l i n a x p r o p e r t y a n d e x t e n t s be tween t h e r i g h t - o f -
ways for H i g h w a y 10 and Old H i g h w a y 10.

D E R - O M - 1
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A survey map p r e s e n t i n g the b o u n d a r i e s and s i t e f e a t u r e s is p r e s e n t e d as
F i g u r e 1 - 2 A . _ A survey map of the l agoon area is p r e s e n t e d as F i g u r e 1-2B.

Old M i d l a n d P r o d u c t s C o m p a n y o p e r a t e d a creo so t e and p e n t a c h l o r o p h e n o l wood
p r e s e r v i n g p l a n t a n d s a w m i l l a t t h e S i t e d u r i n g 1969 t o 1979.

R e v i e w o f aerial p h o t o g r a p h s f r o m 1950, December 12, 1960; October 20, 1 9 6 6 ;
J a n u a r y 25 , 1 9 7 1 ; 1974; A p r i l 13 , 1 9 7 9 ; and May 3 , 1985 i n d i c a t e s th e
f o l l o w i n g s i t e d e v e l o p m e n t h i s t o r y :

• The S i t e wa s g e n e r a l l y u n d e v e l o p e d in 1950;
• By 1960 the S i t e was g e n e r a l l y d i s t u r b e d and a s awmi l la p p e a r s to have been in o p e r a t i o n on the eas tern and

s ou thern p o r t i o n s o f t h e S i t e ;
• By 1 9 6 6 , use of the S i t e by the s a w m i l l i n c l u d e d most

of the area east of the d r a i n a g e w a y w h i c h e x t e n d st h r o u g h t h e S i t e ;
• The l a g o o n s , t r e a t m e n t b u i l d i n g and d r i p tracks were

pre s en t in 1 9 7 1 . At that t ime l a g o o n s 1 , 3 , 5 and 6 werepre s en t and do not a p p e a r to have been
i n t e r c o n n e c t e d . S t a i n s ar e v i s i b l e south o f t h e
l a g o o n s ;
All seven l a g o o n s were p r e s e n t in 1979 in e s s e n t i a l l y
t h e i r p r e s e n t c o n f i g u r a t i o n . P r o c e s s i n g tanks ar ev i s i b l e at the west end of the t r ea tmen t b u i l d i n g ; and

• The o f f i c e , s ca l e s and w o o d c h i p p e r were c o n s t r u c t e d
a f t e r A p r i l 1979.

W o o d t r e a t i n g w i t h creoso te a n d p e n t a c h l o r o p h e n o l ( P C P ) i s p e r f o r m e d t o
pr e s e rv e the wood f r o m b a c t e r i a l and insect d e g r a d a t i o n . The chemica l s are
g e n e r a l l y f o r c e d in t o the wood under pr e s s ur e r e s u l t i n g in release o f l i g n i n .
and t a n n i n based ch emi ca l s f r o m the wood. Oil is somet imes used as a carrier
f o r t h e p r e s e r v a t i v e . O p e r a t i o n s o f t h e S i t e a p p e a r t o have invo lv ed
t r e a t m e r . t o f wood w i t h c r eo so t e and PCP ( e i t h e r s i n g l y or in c o m b i n a t i o n ) in
t h e b u i l d i n g l o c a t e d s o u t h o f t h e l a g o o n s ( t h e t r e a t m e n t b u i l d i n g ) . E f f l u e n t
f r o m t h e t r e a t m e n t pro c e s s c o n t a i n i n g P C P a n d P N A ' s a p p e a r s t o have been
d i s c h a r g e d i n t o L a g o o n s 1 or 3 or o ther l a g o o n s via a moveab l e d i s c h a r g e
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p i p e . O v e r f l o w f r o m t h e p o n d s a p p e a r s t o have o c c a s s i o n a l l y occurred w i t h
d r a i n a g e to the i n t e r m i t t e n stream to the west of the lagoons . The t r ea t ed
wood was most p r o b a b l y a l l owed to dry in open areas to the east of west of the
l a g o o n s a n d t r e a t m e n t b u i l d i n g .

T h e t r e a t m e n t b u i l d i n g e x h i b i t s i n d i c a t i o n s o f f i r e damage , a l t h o u g h n o
s p e c i f i c r ecords o f a f i r e have been d i s c o v e r e d . I n a d d i t i o n , i t i s p o s s i b l e
that sawdus t or s traw used to soak up oil around the lagoons and treatment
b u i l d i n g may o c c a s s i o n a l l y have been burned.

The L a n d owned by the Old M i d l a n d P r o d u c t s C o m p a n y was s o ld in 1979 to the
P l a i n v i e w - O l a Economic D e v e l o p m e n t T r u s t , I n c . T h e F i r s t S t a t e Bank o f
P l a i n v i e w i s t h e l i e n h o l d e r f o r t h e O l d M i d l a n d P r o d u c t s C o m p a n y .

F i n d i n g s f r o m a March 5 , 1 9 8 1 , s i t e i n s p e c t i o n b y A D P C E r e s u l t e d i n subsequent,
s a m p l i n g a n d t e s t i n g f o r c o n t a m i n a t i o n o f t h e s i t e . R e s u l t s o f t h e t e s t i n g
are summarized in S e c t i o n 1.2.

ADPCE has rece ived an i n q u i r y c onc e rn ing p o s s i b l e u s e o f p o r t i o n s o f the s i t e
f o r a s a w m i l l . A D P C E a n d E P A w i l l c o n s i d e r t h i s request f o l l o w i n g s e l e c t i o n
of a r e m e d i a l a l t e r n a t i v e and f i n a l i z a t i o n o f t h e Record o f D e c i s i o n f o r t h e
S i t e .

The S i t e wa s f i r s t e v a l u a t e d by th e hazard r a n k i n g sy s t em on October 23 ,
1 9 8 1 . On December 10, 1983, the s i t e was ranked by EPA and ADPCE for
c o n s i d e r a t i o n as a S u p e r f u n d s i t e . The hazard r a n k i n g was revised to
i n c o r p o r a t e a d d i t i o n a l s i t e d a t a a n d scored 30.77 o n J u l y 1 6 , 1984. T h e S i t e
wa s then i n c l u d e d on th e second u p d a t e o f t h e N a t i o n a l P r i o r i t i e s L i s t .

1 . 2 S U M M A R Y O F P R E V I O U S I N V E S T I G A T I O N S

1 . 2 . 1 I n v e s t i g a t i o n s P e r f o r m e d
S a m p l e s have been c o l l e c t e d a t t h e S i t e d u r i n g a number o f s i t e i n s p e c t i o n s
and i n v e s t i g a t i o n s by ADPCE and EPA s ince 1981 as f o l l o w s :

• M a r c h 5 , 1 9 8 1 , i n s p e c t i o n b y A D P C E w i t h c o l l e c t i o n o f
water a n d s l u d g e s a m p l e s f r o m t h e l a g o o n s ;
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J u n e 2 4 , 1982, E P A F i e l d - I n v e s t i g a t i o n T e a m ( F I T ) s i t e
i n s p e c t i o n w i t h c o l l e c t i o n and a n a l y s i s o f a soil
s ampl e f r o m north of the lagoons at the c o n f l u e n c e of
r u n o f f f r o m t h e l agoon area w i t h t h e i n t e r m i t t e n ts tream that runs t h r o u g h t h e S i t e ;
J a n u a r y 2 6 , 1983, E P A - F I T i n v e s t i g a t i o n c o l l e c t e d a n d
a n a l y z e d s a m p l e s o f s e d i m e n t and water f r o m l a g o o n s 1and 5 , s ed imen t and water s a m p l e s f r o m f i v e l o c a t i o n s
in d r a i n a g e w a y s and water s a m p l e s f r o m the Marcum andN i e l e y water w e l l s l o c a t e d near t h e S i t e ;
A p r i l 1 3 , 1984, E P A - F I T s a m p l e d a n d a n a l y z e d water f r o mt w o r e s i d e n t i a l w e l l s ( N o a k e ' s w e l l s ) l o c a t e d nor th o f
t h e S i t e ;
M a r c h 2 , 1984, EPA and ADPCE c o l l e c t e d and analyzed two
s o i l s a m p l e s , o n e f r o m t h e i n t e r m i t t e n t s tream on-s i t e
and one f r o m the r u n o f f p a t h f r o m the l a g o o n area;
March 14 , 1984, ADPCE s a m p l e d and a n a l y z e d r e s idue s in
2 tank s f r o m t h e S i t e ;
May 16 , 1984, EPA E m e r g e n c y R e s p o n s e T e a m c o m p l e t e d ana i r s a m p l i n g p r o g r a m a t t h e S i t e ;
J a n u a r y 28 to F e b r u a r y 8 , 1985, EPA-FIT i n s t a l l e d 8
m o n i t o r w e l l s ( M W - 1 S , M W - 1 D , M W - 2 S , M W - 2 D , M W - 3 S , M W -
3D, MW-4S and MW-4D) on-s i t e and c o l l e c t e d and a n a l y z e d
s o i l s a m p l e s f r o m 2 d e p t h s at each moni tor we l l b o r i n g ;
A p r i l 1 2 , 1 9 8 5 , A D P C E s a m p l e d a n d a n a l y z e d water f r o m
t h e N i e l e y o f f - s i t e water w e l l a n d a n on-s i t e m o n i t o r
w e l l ;
A p r i l 3 0 , 1985 , A D P C E s a m p l e d a n d a n a l y z e d t h e o i llayer in moni tor wel l M W - 3 s ;
J u l y 7 , 1985, E P A - F I T s a m p l e d t h e e i g h t on- s i t e m o n i t o r
w e l l s , t h e Marcum a n d N i e l e y o f f - s i t e water w e l l s ,
c o l l e c t e d an u p s t r e a m and a downs t r eam s ed iment s a m p l e
f r o m th e i n t e r m i t t e n t s t r eam, c o l l e c t e d water ands e d i m e n t s a m p l e s f r o m l a g o o n 5 , c o l l e c t e d a water
s a m p l e f r o m l a g o o n 6, and c o l l e c t e d a s a m p l e o f s t a in edso i l southwes t o f the l a g o o n s ;
J a n u a r y 9 , 1986, E P A Emergency Respons e Branch s a m p l e d
a n d a n a l y z e d water f r o m t h e o f f - s i t e Marcum r e s i d e n t i a l
water w e l l , water f r o m each of the l a g o o n s , water and
s ed iment f r o m r u n o f f s ou th o f the l a g o o n s , and water
and s ed iment f r o m three l o c a t i o n s in the i n t e r m i t t e n t
s t r eam; and
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M a y 26-30, 1986, E P A E n v i r o n m e n t a l Respons e T e a ms a m p l e d and e s t i m a t e d volume of s l u d g e in each of the-lagoons.

Data f r o m th e s a m p l e s c o l l e c t e d t h r o u g h 1985 are p r e s e n t e d in th e F i n a l W o r k
P l a n f o r t h e R I / F S o f t h e O l d M i d l a n d P r o d u c t s S i t e , F e b r u a r y 1986, b y
ADPCE. The J a n u a r y 9 , 1986, s a m p l i n g i s p r e s e n t e d in a F e b r u a r y 15, 1986
C o m p r e h e n s i v e E n v i r o n m e n t a l Respon s e C o m p e n s a t i o n a n d L i a b i l i t y A c t ( C E R C L A )
S i t e I n v e s t i g a t i o n / R e m o v a l A c t i o n R e p o r t b y t h e T e c h n i c a l A s s i s t a n c e T e a m .
The s l u d g e e s t i m a t e s f r o m th e May 26-30, 1986 , i n v e s t i g a t i o n ar e p r e s e n t e d in
a memorandum d a t e d J u l y 1 0 , 1986, f r o m t h e Env ironmen ta l Respon s e T e a m .

T h e f o l l o w i n g d i s c u s s i o n summar iz e s t h e r e s u l t s o f t h e prev iou s
i n v e s t i g a t i o n s .

1.2.2 S u m m a r y o f R e s u l t s o f P r e v i o u s i n v e s t i g a t i o n s

L a g o o n W a t e r
L i m i t e d a n a l y s e s o f t h e l a g o o n water i n d i c a t e d t h e f o l l o w i n g general l ev e l o f
c o n t a m i n a t i o n : lagoon 3 ' lagoon 2 >iagoon 7 and lagoon 1 > lagoon 4 > lagoon
6 a n d l a g o o n 5 . O r g a n i c c o n t a m i n a n t s f o u n d i n c l u d e d p e n t a c h l o r o p h e n o l ( P C P ) ,
p o l y c y c l i c a r o m a t i c h y d r o c a r b o n s ( P A H ' s ) i n c l u d i n g ( f l u o r e n e , p h e n a n t h r e n e ,
f l u o r a n t h e n e , p y r e n e , chrysene , n a p h t h a l e n e , 2-me thy l n a p h t h a l e n e ,
a c e n a p t h e n e ) o t h e r p h e n o l s ( p h e n o l , 2 - c h l o r o p h e n o l , 4 - c h l o r o p h e n o l , 3 -
m e t h y l p h e n o l , 4 - n i t r o p h e n o l ) d i b e n z o f u r a n , a n d trace v o l a t i l e organics
( a c e t o n e , 2-butanone and m e t h y l e n e c h l o r i d e which may be p r e s e n t as lab
c o n t a m i n a n t s ) . T h e m a j o r c on taminant s a r e t h e f o l l o w i n g :

PCP at maximum c o n c e n t r a t i o n of 940 ppb in l a g o o n 3 and
d e t e c t e d in l a g o o n s 1, 2 and 3;

• P h e n a n t h r e n e at maximum c o n c e n t r a t i o n of 1,300 ppb in
l a g o o n 3 and d e t e c t e d in l a g o o n s 1 , 2 , 3 and 7;

• F l u o r a n t h e n e at maximum c o n c e n t r a t i o n of 7^0 ppb inl agoon 3 and d e t e c t e d in lagoons 1, 2, 3 and 7;
Pyrene at maximum c o n c e n t r a t i o n of UOO ppb in l a g o o n 3
and d e t e c t e d o n l y in l a g o o n 3;
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F l u o r e n e at maximum c o n c e n t r a t i o n of 220 ppb in lagoon
3 and d e t e c t e d in l a g o o n s 2 and 3; and

• D i b e n z o f u r a n at maximum c o n c e n t r a t i o n of 1,400 ppb in
lagoon 4 and d e t e c t e d in lagoons 2, 3 and 4.

S u b s t i t u t e d p h e n o l s o t h e r than P C P were d e t e c t e d p r i m a r i l y i n l a g o o n 7 .
N a p h t h a l e n e and s u b s t i t u t e d n a p h t h a l e n e s were d e t e c t e d on ly in lagoon 2.

I n o r g a n i c C o n t a m i n a n t s
W a t e r s a m p l e s f r o m l a g o o n s 1 and 5 , were a n a l y z e d f or m e t a l s . M e t a l s do no t
a p p e a r to be s i g n i f i c a n t c o n t a m i n a n t s a l t h o u g h iron and manganese l e v e l s are
somewhat e l e v a t e d : iron 2.2 and 1 ppm and manganese 0.3 and 4.7 p p m ,
r e s p e c t i v e l y , for l a g o o n s 1 and 5.

L a g o o n S l u d g e s
Data w a s more l i m i t e d 1 ' o r t h e l a g o o n s l u d g e s than t h e lagoon water . T h e
a v a i l a b l e d a t a i n d i c a t e d h i g h c o n c e n t r a t i o n s o f P C P , P N A ' s , d i b e n z o f u r a n s a n d
o th er o rgan i c s . S i g n i f i c a n t l e v e l s o f c h l o r i n a t e d d i b e n z o d i o x i n s ( C D D ) a n d
c h l o r i n a t e d d i b e n z o f u r a n s ( C D F ) were f o u n d i n t h e t w o s a m p l e s analyzed ( b o t h
f r o m l a g o o n 5 ) .

P C P w a s d e t e c t e d i n a l l s a m p l e s o f lagoon s l u d g e w h i c h were a n a l y z e d ( l a g o o n s
1, 3, 5 and 6) at c o n c e n t r a t i o n s r a n g i n g f r o m 74 to 58,600 p p m . D e t a i l e d
o r g a n i c analyse s were a v a i l a b l e for s i n g l e s a m p l e s f r o m lagoon s 1, 5 and 6 and
i n d i c a t e d t h e pre sence o f P N A ' s , trace v o l a t i l e s , a n d o ther organi c s i n t h e
t hr e e l a g o o n s . Lagoon 1 c o n t a i n e d r e l a t i v e l y h i g h c o n c e n t r a t i o n s • o f
c o n t a m i n a n t s , lagoon 5 modera t e c o n c e n t r a t i o n s and lagoon 6 o n l y trace
c o n c e n t r a t i o n s . M a j o r c o n t a m i n a n t s in lagoon 1 were the f o l l o w i n g :

• P C P 58,630 p p m ;
• A c e n a p h t h e n e 36,668 p p m ;
• F l u o r a n t h e n e 3 9 , 6 6 8 p p m ;
• N a p h t h a l e n e 7 , 2 1 6 p p m ;
• B e n z o ( a ) a n t h r a c e n e 631 p p m ;
• B e n z o ( a ) p y r e n e 207 p p m ;
• B e n z o ( b ) and benzo ( k ) f l u o r a n t h e n e 451 p p m ;• Chrys ene 586 p p m ;
• A c e n a p h t h y l e n e 108 p p m ;• A n t h r a c e n e 9 , 4 7 1 p p m ;
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B e n z o ( g h i ) p e r y i e n e 6 8 p p m ;
F l u o r e n e 2,886 p p m ;•Phenanthrene 9,471 p p m ;I n d e n o ( 1 , 2 , 3 - c , d ) p y r e n e 77 p p m ;Pyrene 3,247 p p m ;
D i b e n z o f u r a n 3,06? p p m ; and
2 - m e t h y l n a p h t h a J e n e 3,067 p p m .

One s a m p l e f r o m l a g o o n 5 r e p o r t e d l y c o n t a i n e d 831 ppm PCB 1242. No o ther
l a g o o n s a m p l e s c on ta ined d e t e c t a b l e P C B . T h e presence o f P C B w a s n o t
c o n f i r m e d by o ther s a m p l e s and the reported d e t e c t i o n of it may have been the
r e s u l t o f i n t e r f e r e n c e f r o m h i g h c o n c e n t r a t i o n s o f other c o n s t i t u e n t s .

T w o s a m p l e s o f s l u d g e f r o m l a g o o n 5 were analyzed f o r c h l o r i n a t e d
d i b e n z o f u r a n s a n d d i o x i n s w i t h t h e f o l l o w i n g r e s u l t s :

I s o m e r o r H o m o l o g S a m p l e 1 ( p p b ) S a m p l e 2 ( p p b )
2 , 3 , 7 , 8 - T C D F W o t D e t e c t e d ( N D ) N D

T o t a l T C D F 37.5 N D
T o t a l P C D F N D N D

T o t a l H x C D F 4 1 8 2 5 4
T o t a l H p C D F 14,200 27,200T o t a l O C D F 6,790 11,900

2 , 3 , 7 , 8 - T C D D N D N D
T o t a l T C D D N D N D
T o t a l PCDD 8.2 8.3T o t a l H x C D D 3 9 3 2 9 6

T o t a l H p C D D 30,900 49,600
T o t a l OCDD 19,600 16,800

The 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t values f o r these s a m p l e s a r e 0.73 and 0.95 p p b ,
r e s p e c t i v e l y .

S o i l a n d S e d i m e n t s
Soi] . and s ed imen t s a m p l e s f r o m r u n o f f p a t h s in the lagoon area and the
i n t e r m i t t e n t s t r eam, a l t h o u g h o f v a r i a b l e c o n c e n t r a t i o n , g e n e r a l l y i n d i c a t e d
t h e f o l l o w i n g :

R u n o f f p a t h s f r o m the l a g o o n area and in the
i n t e r m i t t e n t creek d o w n s t r e a m t o t h e r a i l r o a d r i g h t - o f -
way c o n t a i n e d PCP a t 5 t o 30 ppm range and PNA's in th e
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1 to 1,000 ppm range. Two s a m p l e s f r o m the s tream
r e p o r t e d l y contained PCB -at c onc en tra t i on s les s than 2p p m ;
S e d i m e n t a t t h e ra i lroad r i g h t - o f - w a y c on ta ined P N A ' sat c o n c e n t r a t i o n s l e s s than 1 p p m ; and
S o u t h . o f H i g h w a y 10 ( u p s t r e a m o f t h e s i t e ) o n l y trace
l e v e l s o f v o l a t i l e o r g a n i c s and in one s a m p l e trace PCBwere f o u n d in the s e d i m e n t .

A s p i l l area, south of the lagoons , contained PCP at 8,100 p p m , r e l a t i v e l y
h i g h c o n c e n t r a t i o n s o f P N A ' s a n d 2 . 7 p p m o f e t h y l b e n z e n e . C h l o r i n a t e d
d i b e n z o f u r a n s a n d d i b e n z o d i o x i n s analys e s o f d u p l i c a t e s a m p l e s y i e l d e d t h e
f o l l o w i n g r e s u l t s ( p p m ) :

D U P L I C A T E
C O N C E N T R A T I O N C O N C E N T R A T I O N

( p p m ) ( p p m )
2 , 3 , 7 , 8 - T C D F N D • N D
T o t a l T C D F N D - N D
T o t a l P C D F N D N D
T o t a l H x C D F 1 6 8 3 5 3
T o t a l H p C D F 18,300 5 , 1 2 0
T o t a l OCDF 10,700 6,540
2 , 3 , 7 , 8 - T C D D N D N D
T o t a l T C D D N D N D
T o t a l PCDD 28.4 31.8
T o t a l HxCDD 252 509
T o t a l H p C D D 42,700 12,077
T o t a l OCDD 18,100 26,700

The 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t values f or these s a m p l e s are 0.87 and 0.57 p p b ,
r e s p e c t ! v e l y .

S o i l s a m p l e s f r o m t h e e i g h t m o n i t o r w e l l b o r i n g s ( s h a l l o w a n d d e e p moni t or
w e l l s M W - 1 t h r o u g h M W - 4 ) g e n e r a l l y d i d n o t c o n t a i n P C P o r P N A ' s e x c e p t a t t h e
b o r i n g a t M W - 3 D which c o n t a i n e d P N A ' s a t l e s s than 1 p p m a t d e p t h s o f 1 0 t o 1 2
f e e t and 30 to 32 f e e t . " '
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S u r f a c e W a t e r
S u r f a c e water s a m p l e s of r u n o f f f r o m the lagoon area and in the i n t e r m i t t e n t
stream g e n e r a l l y i n d i c a t e d t h e f o l l o w i n g :

R u n o f f f r o m the l a g o o n area sometimes conta ined PCP at
c o n c e n t r a t i o n s l e s s than 1 p p m , P N A ' s l e s s than 1 p p mand in one case a trace of ace tone, and

• W a t e r f r o m the i n t e r m i t t e n t stream did not c on ta in
d e t e c t a b l e c o n t a m i n a n t s e x c e p t for one s a m p l e near Old
H i g h w a y 1 0 wh i ch conta ined P N A ' s a t c onc en t ra t i on s o f0.7 to 3.3 ppm p o s s i b l y as a result of automobile o i l sd r a i n i n g f r o m the h ighway and a trace of acetone.

G r o u n d W a t e r
A n a l y s e s o f a s i n g l e s a m p l e o f ground water f r o m each o f the e igh t on-site
m o n i t o r w e l l s a n d f o u r o f f - s i t e water w e l l s i n d i c a t e d con taminat i on on ly a t ,
o n - s i t e . m o n i t o r w e l l M W - 3 S . R e s u l t s f o r M W - 3 S were:

• T r a c e l e v e l s o f t o l u e n e , 2-hexanone, 4-methyl-2-
p e n t a n o n e , 1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e , e t h y l b e n z e n e ,and x y l e n e s ;

• N a p h t h a l e n e 9 2 0 p p b ;
• 2 - m e t h y l n a p h t h a l e n e 5,500 p p b ;
• A c e n a p h t h e n e 890 p p b ;
• D i b e n z o f u r a n 1,200 p p b ;
• F l u o r e n e 1,200 p p b ;
• P C P 9,200 p p b ;
• P h e n a n t h r e n e 3,400 p p b ;
• A n t h r a c e n e 290 p p b ;
• F l u o r a n t h e n e 1,000 p p b ;
• P y r e n e 600 p p b ;
• B e n z o ( a ) a n t h r a c e n e 200 p p b ;
• C h r y s e n e 200 p p b ;

1-9

thunter
001251



• B e n z o ( b ) f l u o r a n t h e n e 200 p p b ;
• M e t h y l n a p h t h a l e n e 1,900 p p b ;
• E t h y l n a p h t h a l e n e 2,600 p p b , and
• D i m e t h y l n a p h t h a l e n e 10,000 p p b .

A n a l y s e s o f wat er and a l i g h t e r - t h a n - w a t e r o i l layer f r o m moni t or well MW-3S
f o r c h l o r i n a t e d d i b e n z o f u r a n s a n d d i b e n z o d i o x i n s y i e l d e d t h e f o l l o w i n g
r e s u l t s :

O i l L a y e r W a t e r
2 , 3 , 7 , 8 - T C D F N D M D
T o t a l T C D F M D N D
T o t a l P C D F N D N D
T o t a l H x C D F 9 9 3 p p b 4.08 p p b
T o t a l H p C D F 107,000 p p b 20.5 p p b
T o t a l O C D F 66,400 p p b 20.5 p p b
2 , 3 , 7 , 8 - T C U U . N D N D
T o t a l T C D D
T o t a l P C D D
T o t a l H x C D D
T o t a l H p C D D
T o t a l O C D D

N D
N D

172 ppb
197,000 p p b344,000 ppb

N D
N D

4.2 ppb
52.9 p p b67.4 p p b

The 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t values are 3 .2 ppb f or th e o i l l ayer and 0.0028
p p b f o r t h e wa t er .

R e s i d u e s f r o m T a n k s
A n a l y s e s o f r e s idue s f r o m T a n k s 1 a n d 2 y i e l d e d t h e f o l l o w i n g r e s u l t s :

T a n k 1 T a n k 1 ( D u p l i c a t e ) T a n k 2
p h e n a n t h r e n e 4.7? 8.5? 12.6?f l u o r a n t h e n e 2.3? 5.1? 3.2?
n a p h t h a l e n e 2.1? 2.6? 1.7?
anthracene 1.2? 8.6? 12.4?
f l u o r e n e 1.3? 1.7? .5?b e n z o ( a ) a n t h r a n e e n e 0.3? 0.6? 0.8?P C P 1 ,360 p p m 1 ,100 p p m < 1 0 p p m
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1 . 3 N A T U R E A N D E X T E N T O F S I T E P R O B L E M S
The Old M i d l a n d P r o d u c t s s i t e has been i n s p e c t e d and i n v e s t i g a t e d by ADPCE and
EPA since 1981. Due to the pas t waste h a n d l i n g / s t o r a g e p r a c t i c e s at the S i t e
and the na ture of the wastes p r e s e n t , e x t e n s i v e c o n t a m i n a t i o n is present in
the i m m e d i a t e v i c i n i t y o f th e l agoon s and t r ea tmen t area. S i t e dra inage
c o n d i t i o n s have r e s u l t e d in m i g r a t i o n o f c o n t a m i n a t e d s e d i m e n t s to and w i t h i n
t h e on- s i t e i n t e r m i t t e n t stream. I n a d d i t i o n , o p e r a t i o n o f t h e lagoons h a s
r e s u l t e d in c o n t a m i n a t i o n o f th e s h a l l o w ground water on-s i t e w i t h a l i g h t e r -
t h a i i - w a t e r organic ( o i l ) l i q u i d a n d a d i s s o l v e d o r g a n i c phase . A heavier-
than-wat er organi c l i q u i d phase has not been d e t e c t e d but is p o s s i b l e at some
d e p t h w i t h i n t h e ground water.

A c c e s s t o the S i t e ha s been r e s t r i c t e d , l i m i t i n g the d i r e c t contact threat to
p u b l i c h e a l t h but m i g r a t i o n o f c o n t a m i n a n t s v ia ground water and s u r f a c e water
s e d i m e n t p r e s e n t s a f u t u r e r i s k to " p u b l i c h e a l t h and the environment.,.
A i r b o r n e t r a n s p o r t o f c o n t a m i n a n t s , p r i m a r i l y a s f u g i t i v e dust emi s s i on s , i s
a l s o a concern d u r i n g p o t e n t i a l e x c a v a t i o n / h a n d l i n g o f t h e contaminated
m a t e r i a l .

The d e p t h of the waste lagoons and the presence of a u sab l e s h a l l o w a q u i f e r in
f r a c t u r e d b edro ck pre s en t a p a r t i c u l a r risk to ground water. Lagoon 3 and
other lagoon s may have been excavated into the weathered shale .

The s ed iment c o n t a m i n a t i o n in a stream which f l o w s in to a w i l d l i f e management
area about one m i l e downs tream of the S i t e a l so p r e s e n t s a p a r t i c u l a r concern
w i t h m i g r a t i o n o f c on taminant s in the s u r f a c e water p a t h w a y .

The l a g o o n s and the s u r r o u n d i n g soil r epr e s en t the b u l k o f the contaminated
m a t e r i a l on-si te . T h e lagoons s e a s o n a l l y , o v e r f l o w d u e t o i n s u f f i c i e n t
f r e e b o a r d . T h e s u b s u r f a c e nonaqueous phase l i q u i d ( o i l l a y e r ) i s t h e
p r e d o m i n a n t t r a n s p o r t media for c on taminant s in the ground water w i t h the r i sk
o f t r a n s p o r t o f d i s s o l v e d contaminant s e x t e n d i n g d o w n g r a d i e n t f r o m t h e ex t ent
o f t h e o i l l a y e r . C o n t a m i n a t e d s u r f a c e f a c i l i t i e s i n c l u d i n g smal l s t r u c t u r e s ,
tanks and other equ ipment are pre s ent at the S i t e .
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P e n t a c h l o r o p h e n o l and p o i y n u c l e a r aromatic compounds are the m a j o r
con taminant s at the s i t e . C h l o r i n a t e d d i b e n z o d i o x i n s and d i b e n z o f u r a n s are
a l s o pr e s en t in the hexa, h e p t a and octa c h l o r i n a t e d f o r m s .

Due to the p o t e n t i a l r i s k to p u b l i c h e a l t h and the e n v i r o n m e n t , ADPCE, in
c o o p e r a t i o n w i t h t h e E P A , ha s a u t h o r i z e d t h e s i t e i n v e s t i g a t i o n and
f e a s i b i l i t y s t u d i e s necessary p r i o r t o r e m e d i a t i o n o f t h e S i t e . T h e s e
a c t i v i t i e s are pur suant to the C o m p r e h e n s i v e Environmenta l R e s p o n s e ,
C o m p e n s a t i o n a n d L i a b i l i t y A c t o f 1980 ( C E R C L A ) .

1 . M S U M M A R Y O F R E M E D I A L I N V E S T I G A T I O N
The p u r p o s e of the remedial i n v e s t i g a t i o n is to assess the nature , d e g r e e , and
ex t en t o f c o n t a m i n a t i o n r e s u l t i n g f r o m pas t a c t i v i t i e s a t the S i t e and to
eva lua t e the hazard to human h e a l t h and the environment to a l l o w
i d e n t i f i c a t i o n a n d e v a l u a t i o n o f remedial a l t e r n a t i v e s d u r i n g t h e F e a s i b i l i t y
S t u d y . In order t o a c c o m p l i s h t h i s i t i s necessary to charac t er ize th e S i t e
in terms of the various wastes pre s ent and th e i r r e s p e c t i v e amount s ; la t era l

' a n d v e r t i c a l e x t en t o f c o n t a m i n a t i o n i n s u r f a c e water , ground water , s ed imen t s
and s o i l s ; rate and d i r e c t i o n o f waste m i g r a t i o n ; target r e c e p t o r s ( p o p u l a t i o n
at r i s k , threatened resources, and s e n s i t i v e e c o s y s t e m s ) ; s i t e g e o l o g y and
s u r f a c e w a t e r / g r o u n d water h y d r o l o g y .

A s p e c i f i c work p l a n for t h i s p u r p o s e was d e v e l o p e d by ADPCE in c o o p e r a t i o n
w i t h E P A . T h i s R I repor t p r e s e n t s t h e r e s u l t s f r o m i m p l e m e n t a t i o n o f that
work p l a n .

T h e f i e l d a c t i v i t i e s a n d l a b o r a t o r y t e s t i n g program i n c l u d e t h e f o l l o w i n g :

• P r e p a r a t i o n of a surveyed s i t e t o p o g r a p h i c m a p ;
• I n s t a l l a t i o n o f moni t or w e l l s ;

f o u r d e e p ( 4 0 f e e t ) moni t or w e l l s , a n d
e i g h t s h a l l o w ( 2 0 f e e t ) moni tor w e l l s ;

• I n s t a l l a t i o n o f p i e z o m e t e r ss i x d e e p ( 4 0 f e e t ) , a n de i g h t s h a l l o w ( 2 0 f e e t ) ;
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C o m p l e t i o n of soi l bor ing s to about 40 f e e t at twol o c a t i o n s , of s o i l bor ing s to about 18 f e e t at nine- loca t ions and of soi l b o r i n g s in a s s o c ia t i on w i t h the
moni t or w e l l s and p i e z o m e t e r s ;
C o m p l e t i o n o f three e x p l o r a t o r y trenches t o t a l i n g 540
l i n e a l f e e t ;
C o m p l e t i o n o f 2 3 i n - s i t u f a l l i n g head, h y d r a u l i cc o n d u c t i v i t y t e s t s ;
C o m p l e t i o n of 24 soi l p a r t i c l e size analyse s and 15labora t ory f a l l i n g head p e r m e a b i l i t y t e s t s ;
Chemical a n a l y s i s of 72 soil b o r i n g soil s a m p l e s ;
S a m p l i n g and chemical a n a l y s i s of 138
s u r f a c e / s u b s u r f a c e soi l s a m p l e s ;
S a m p l i n g and chemical a n a l y s i s of s e d i m e n t s and waterf r o m each of 7 l a g o o n s ;
A i r m o n i t o r i n g ;
S a m p l i n g and chemical a n a l y s i s o f 22 s ed iment s a m p l e s ;
S a m p l i n g and chemical a n a l y s i s o f 6 s u r f a c e waters a m p l e s ;
S a m p l i n g and chemical a n a l y s i s of 37 ground water
s a m p l e s ;
C o m p l e t i o n o f a s h a l l o w a q u i f e r te s t in m o n i t o r we l l
M W - 1 2 S t o d e t e r m i n e h y d r a u l i c charac t er i c sr e p r e s e n t a t i v e o f t h e S i t e ;
C o m p l e t i o n o f l a g o o n s ediment s t a b i l i z a t i o n t e s t s ; a n d
C o m p l e t i o n o f carbon t r e a t a b i l i t y t e s t s f o r lagoonwater and ground water.

The S a m p l i n g and A n a l y s i s program is d i v i d e d into Phase 1 and Phase 2
p r o g r a m s . The number of soil and water s a m p l e analyse s of each t y p e in each
phase are d i s cu s s ed in s e c t i o n s herein and are summarized in T a b l e 1-1. Phase
1 s a m p l i n g was p e r f o r m e d S e p t e m b e r 30 to N o v e m b e r 18, 1986. Phase 2 s a m p l i n g
was p e r f o r m e d f r o m May 18 to J u n e 4, 1987. T a b l e 1-1 l i s t s the a n a l y t i c a l
p a r a m e t e r s for Phase 1 and Phase 2 s a m p l e s . The d a t a f r o m the s a m p l i n g and
a n a l y s i s ha s been used to c o m p l e t e th e c h a r a c t e r i z a t i o n o f the S i t e .

1-13

thunter
001255



1 . 5 O V E R V I E W O F R E M E D I A L I N V E S T I G A T I O N REPORT
T h i s RI R e p o r t has been organized in s i m i l a r f ormat to that sugge s t ed in
G u i d a n c e o n Remedial I n v e s t i g a t i o n s U n d e r C E R C L A , E P A , M a y 1985.

C h a p t e r 1 p r e s e n t s background i n f o r m a t i o n , d i s cu s s e s previous i n v e s t i g a t i o n s
and summarizes the Remedial I n v e s t i g a t i o n .

C h a p t e r 2 pr e s en t s th e r e s u l t s f r o m th e general i n v e s t i g a t i o n s o f t h e S i t e
v i c i n i t y i n c l u d i n g d e m o g r a p h y , land use, natural resources, c l i m a t o l o g y and
s i t e f a c i l i t i e s .

C h a p t e r 3 i d e n t i f i e s and charac t e r i z e s the wastes pre s en t on the S i t e .

C h a p t e r 4 characterize s the s u b s u r f a c e c o n d i t i o n s , a t the S i t e i n c l u d i n g
g e o l o g y , h y d r o g e o l o g y and c o n t a m i n a t i o n ex t en t and m i g r a t i o n .

C h a p t e r 5 d e s c r i b e s the s u r f a c e water f e a t u r e s and f l o w p a t h s and discusse s
s u r f a c e water contaminat ion and m i g r a t i o n .

C h a p t e r 6 pr e s en t s the air m o n i t o r i n g program and d i s cu s s e s airborne
c on taminant m i g r a t i o n .

C h a p t e r 7 p r e s e n t s the r e s u l t s of an e c o l o g i c a l reconnaissance of the area and
i d e n t i f i e s e co sys tems p o t e n t i a l l y s u s c e p t i b l e t o impac t f r o m contaminant
m i g r a t i o n f r o m t h e s i t e .

C h a p t e r 8 p r e s e n t s th e Endangerment Asse s sment i n c l u d i n g d i s cu s s i on s o f
p r o p e r t i e s o f the c o n t a m i n a n t s , e xpo sur e p a t h w a y s and c o n c e n t r a t i o n s , dose
re spons e and ri sk. H e a l t h based g o a l s and p o t e n t i a l l y a p p l i c a b l e or relevant
and a p p r o p r i a t e r equirement s for the remedial a l t e r n a t i v e s are also d i s c u s s e d .

T r e a t a f a i l i t y t e s t s i n c l u d i n g lagoon and ground water carbon a d s o r p t i o n and
l a g o o n s l u d g e s t a b i l i z a t i o n s u i t a b i l i t y t e s t s ar e p r e s e n t e d in C h a p t e r 9-
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2 . 0 I N V E S T I G A T I O N O F S I T E F A C I L I T I E S A N D S U R R O U N D I N G F E A T U R E S

S e v e r a l i n v e s t i g a t i o n s o f s i t e f a c i l i t i e s a n d general s u r r o u n d i n g f e a t u r e s
were c o m p l e t e d a s par t o f t h e RI i n c l u d i n g th e f o l l o w i n g :

• D e m o g r a p h i c d e s c r i p t i o n i n v o l v i n g c o m p i l a t i o n and
e v a l u a t i o n o f U . S . Census D a t a ;

• Land u s e d e s c r i p t i o n u t i l i z i n g p u b l i s h e d i n f o r m a t i o nand a dr iv e- through reconnaissance of the area;
• N a t u r a l resources d e s c r i p t i o n u t i l i z i n g p u b l i s h e di n f o r m a t i o n ;
• C l i m a t e d e s c r i p t i o n u s ing p u b l i s h e d i n f o r m a t i o n ands i t e m o n i t o r i n g d a t a , and
• D e s c r i p t i o n o f e x i s t i n g on- s i t e s t r u c t u r e s and

e q u i p m e n t .

2 . 1 D E M O G R A P H Y
T h i s s e c t i o n d e s c r i b e s t h e 1980 census s t a t i s t i c s f o r t h e p o p u l a t i o n r e s i d i n g
i n t h e v i c i n i t y o f t h e O l d M i d l a n d s i t e . T h e i n f o r m a t i o n i s p r o v i d e d t o
i d e n t i f y p o t e n t i a l r e c ep tor s and ascer tain the l i k e l i h o o d o f exposure at the
b o u n d a r y o f t h e f a c i l i t y .

T h e O l d M i d l a n d P r o d u c t s s i t e f a l l s e n t i r e l y w i t h i n Y e l l C o u n t y , A r k a n s a s .
Y e l l C o u n t y is l a r g e l y r u r a l , and is not s u b d i v i d e d into trac t s by the Census
Bureau. F i g u r e 2-1 i s taken f r o m the Arkansa s S t a t e H i g h w a y and
T r a n s p o r t a t i o n D e p a r t m e n t Genera l H i g h w a y M a p . T h e O l d M i d l a n d s i t e i s
l o c a t e d a t the center o f the required f o u r - m i l e radiu s survey c i r c l e . T a b l e
2-1 l i s t s p o p u l a t i o n da ta a b s t r a c t e d f r o m th e census t a b l e s . I n f o r m a t i o n on
the number of the very young (5 years and u n d e r ) and the e l d e r l y (62 years and
o v e r ) i s p r o v i d e d to repre s ent s u b p o p u l a t i o n s which are g e n e r a l l y cons idered
to be more s e n s i t i v e and "at gr ea t er risk" to i l l n e s s than the p o p u l a t i o n at
l a r g e . I n f o r m a t i o n on the number of f e m a l e s and males r e s i d i n g in the area is
noted s ince there are sexual d i f f e r e n c e s in s u s c e p t i b i l i t y to various
i l l n e s s e s .
D E R / O M - 1
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The town o f Ola ( 1 , 1 2 1 p e r s o n s ) i s t h e on ly s i g n i f i c a n t p o p u l a t i o n center
w i t h i n the f p u r - m i l e zone. S p e c i f i c da ' ta was ga th er ed by the Census Bureau
for the town of Ola. The c lo s e s t town boundary is 0.2 m i l e s west of the S i t e ,
and the f a r t h e s t boundary is only 2.25 mil e s west of the site. Based on a
count of a p p r o x i m a t e l y 140 h o u s i n g u n i t s shown on h i g h w a y maps , t o p o g r a p h i c
m a p s , and aerial p h o t o g r a p h s , there are a p p r o x i m a t e l y 450 a d d i t i o n a l persons
l i v i n g o u t s i d e o f O l a c i t y l i m i t s , b u t w i t h i n t h e f o u r - m i l e zone. T h e c lo se s t
r e s i d e n c e are f i f t y yard s to the w e s t , and t h i r t y yards to the northwes t o f
the s i t e b oundar i e s . The nearest r e s i d enc e to the east of the S i t e i s 330
y a r d s away.

Compared to Censu s d a t a for the n a t i o n as a w h o l e Ola has a s l i g h t l y h igher
average of f e m a l e s , w h i l e the number of very young and e l d e r l y are twice the
n a t i o n a l average. The med ian age i s e l ev en years h i g h e r than the nat ional
average.

T h e O l d M i d l a n d s i t e v i c i n i t y i s p r e d o m i n a n t l y r u r a l ; however, t h e m a j o r i t y o f
the p e o p l e do no t l i v e on f a r m s . The t y p e s o f e m p l o y m e n t r e f l e c t the town o f
O l a ' s i n c l u s i o n ra ther than t h e rural nature o f t h e area. A c c o r d i n g t o t h e
1980 census o n l y f o u r percent of "employed persons s ix t een years and over"
l i s t t h e i r o c c u p a t i o n s a s " f a r m i n g , f o r e s t r y , f i s h i n g , a n d mining". F i f t y
percent are employed in re tai l and m a n u f a c t u r i n g , and f o u r t e e n percent are
e m p l o y e d in h e a l t h services. T r a n s p o r t a t i o n , e n t e r t a i n m e n t and e d u c a t i o n a l
services c o m p r i s e t h e r emain ing e m p l o y m e n t t y p e s . A p p r o x i m a t e l y e i g h t y - o n e
per c en t o f t h e hou s ing i s s i n g l e f a m i l y d w e l l i n g t y p e . S i x t y - t w o percent o f
the hou s ing is owner o c c u p i e d .

Out of the 468 h o u s e h o l d s in O l a , n i n e t y - f i v e p erc en t receive t h e i r water f r o m
p u b l i c or p r i v a t e u t i l i t i e s . F o u r percent use d r i l l e d w e l l s , wh i l e one
percent l i s t t h e i r water source a s "other". E a r l i e r E P A F I T r e p o r t s i n d i c a t e
there a r e f i v e r e s i d e n t i a l w e l l s w i t h i n one-quarter m i l e o f t h e s i t e .

2 . 2 L A N D U S E
The area i m m e d i a t e l y s u r r o u n d i n g the p r o j e c t s i t e boundary i s a m i x t u r e o f
r e s i d e n t i a l , f a r m i n g , a n d t r a n s p o r t a t i o n a l t y p e a c t i v i t i e s . T o t h e east o f
the s i t e is a s m a l l u n o c c u p p i e d p i e c e of land surrounded by a t h i c k wooded

2-2

thunter
001258



area. T h e C h i c a g o - R o c k I s l a n d a n d P a c i f i c R a i l r o a d tracks cuts through t h e
u p p e r one- th i rd of the S i t e and runs in a . g e n e r a l east to west d i r e c t i o n . The
northeas t ern p o r t i o n of the S i t e ( n o r t h of the railroad t r a c k s ) is bound by a
l a r g e open and c leared f i e l d p o s s i b l y used as a pa s tur e . Old H i g h w a y 10, the
a p p r o x i m a t e nor thern e x t e n t o f th e S i t e , i s bordered by one r e s i d e n t i a l house,
a l a r g e o p e n f i e l d and a s m a l l creek w h i c h al so runs through th e S i t e f r o m
s ou th t o n o r t h . T h e n o r t h w e s t e r n s e c t i o n o f t h e S i t e ( n o r t h o f t h e rai lroad
t rack s and s ou th of Old H i g h w a y 10) i s o c c u p i e d by a house t r a i l e r park
c o n s i s t i n g of about s ix t r a i l e r s . I m m e d i a t e l y to the west and b o r d e r i n g the
S i t e i s a r e s i d e n t i a l home ( M r . N i e l e y ) a n d a smal l area o f f a r m l a n d . S t a t e
H i g h w a y 10, the a p p r o x i m a t e southern extent of the S i t e , is bordered by a
t h i c k wooded area. To the far s ou thwe s t o f the S i t e and b o r d e r i n g the woods
is a r e s i d e n t i a l house w i t h several o ther homes l o c a t e d even f u r t h e r to the
west . On a l a r g e r s cale the land s u r r o u n d i n g the S i t e i n c l u d e s the C i t y o f
Ola at o n e - h a l f m i l e and a l a r g e wood m i l l , at one-quarter of a m i l e to the
west w i t h t h e P e t i t J e a n River S t a t e W i l d l i f e Management A r e a about three-
quarters of a m i l e to the north.

2 . 3 N A T U R A L R E S O U R C E S
Y e l l C o u n t y encompasse s about 950 square m i l e s . The natural resources of the
county i n c l u d e ( w i t h t h e a s s o c ia t ed t o ta l a c r e a g e ) :

• F a r m l a n d p r o d u c t i o n (204., 2 9 7 ) ;• T i m b e r p r o d u c t i o n ( 4 1 2 , 9 9 2 ) , and
• F i s h / w i l d l i f e h a b i t a t s ( 1 2 , 3 6 7 ) .

A c c o r d i n g to the 1982 Census of A g r i c u l t u r e about 34$ of the county was
f a r m l a n d . M a j o r crops grown on the 26,000 acres of c r o p l a n d are soybeans,
w h e a t , g r a i n , sorghum and rice. Other f a r m l a n d p r o d u c t i o n i n c l u d e s l i v e s t o c k
and p o u l t r y .

F o r e s t l a n d makes up 68$ of the c oun ty w i t h 14 smal l s a w m i l l s , 2 l a r g e
s a w m i l l s , 6 p u l p w o o d y a r d s and several o ther wood u s i n g i n d u s t r i e s . M a j o r
wood p r o d u c t s produced i n c l u d e l umber , c r o s s t i e s , roof t ru s s e s , wood t u r n i n g s ,
cus tom c a b i n e t s , and hardwood f u r n i t u r e s tock. The main tree s p e c i e s are
s h o r t l e a f p i n e , w h i t e oak, s w e e t g u m , b l a c k g u m , pos t oak, red oak, e lm and
various h i c k o r i e s .
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Y e l l county i n c l u d e s over 3,000 p o n d s and several large reservoirs p r i m a r i l y
used for spor t f i s h i n g f or l a r g e mouth bass, s t r i p e d bass, and channel
c a t f i s h . F o r e s t s p r o v i d e h a b i t a t s a n d p u b l i c h u n t i n g f o r de er , s qu i rr e l s , a n d
w i l d turkeys. Low land h a b i t a t s a l o n g s treams, lakes and p o n d s in the county
s u p p o r t a v a r i e t y o f f u r - b e a r e r s i n c l u d i n g beaver, m u s k r a t , mink , raccoon, gray
f o x , s t r i p e d skunk, and coyote.

2 . 4 C L I M A T E
The c l i m a t e of we s t-central Arkansa s can be charac ter ized as c o n t i n t e n t a l w i th
cool w i n t e r s and hot summers. M e t e o r o l o g i c a l da ta for the area is p r e s e n t e d
in T a b l e 2-2. The t e m p e r a t u r e and p r e c i p i t a t i o n da ta are f r o m the weather
s t a t i o n at D a r d a n e l l e , A r k a n s a s , which i s l o ca t ed f o u r t e e n m i l e s north o f
Ola. The wind d i r e c t i o n and speed d a t a are f r o m the weather s t a t i o n at L i t t l e
Rock , A r k a n s a s , which i s l o c a t e d f i f t y - f i v e m i l e s southeast o f Ola. Both o f
these s t a t i o n s are r e p r e s e n t a t i v e o f the c l i m a t e a t Ola. S i t e s p e c i f i c
m e t e o r o l o g i c a l d a t a c o l l e c t e d d u r i n g the RI are d i s cu s s ed in S e c t i o n 6.0.

I n w i n t e r t h e average t e m p e r a t u r e i s 4 2 ° F , a n d t h e average d a i l y minimum
t e m p e r a t u r e i s 3 1 ° F . J a n u a r y i s t h e c o ld e s t month , w i t h a n average
t e m p e r a t u r e o f 3 9 . 2 ° F . J u l y i s t h e h o t t e s t month , w i t h a n average t empera ture
o f 8 1 . 7 ° F . I n summer t h e average t e m p e r a t u r e i s 8 0 ° F a n d t h e average d a i l y
m a x i m u m i s 9 1 ° F . D u r i n g t h e summer r e l a t i v e h u m i d i t y averages seventy-one
p e r c e n t .

The mean annual p r e c i p i t a t i o n i s 46.47 inches. M o n t h l y r a i n f a l l t e n d s to be
greater d u r i n g the s p r i n g ( a p p r o x i m a t e l y f i v e inches per m o n t h ) , and evenly
d i s t r i b u t e d throughout th e r e m a i n i n g seasons ( a p p r o x i m a t e l y three inches p er
m o n t h ) . D u r i n g the w i n t e r , n i n e t y - f i v e percent o f the p r e c i p i t a t i o n i s
rain. An average of on ly 5.1 inches of snow c o n t a i n i n g only 0.5 inch of
p r e c i p i t a t i o n f a l l s each w i n t e r . On the average , there are only three days
when more than one inch of snow is on the ground. The number of such days
var i e s g r e a t l y f r o m year t o year. W a t e r d i s c h a r g e records f or three level
gauge s o n t h e P e t i t J e a n River ( a l l u p s t r e a m f r o m O l a ) show h i g h e r water
l e v e l s d u r i n g th e s p r i n g . T h i s i s due t o heavier s p r i n g rains , no t f r o m
m e l t i n g snowpack. W a t e r records also show that there is a pronounced period
o f r educ ed f l o w d u r i n g au tumn.
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W i n d s in the s p r i n g are p r e d o m i n a n t l y f r o m the south at ten m i l e s per hour,
w h i l e the r emaining seasons average eight" m i l e s an hour p r e d o m i n a n t l y f r o m the
s ou thwe s t . On an annual basis wind d i r e c t i o n s are: 32% f r o m the southwest
q u a d r a n t , 2U/J f r o m the northeast and southeast quadran t s , and 20% f r o m the
nor thwes t q u a d r a n t . T h r o u g h o u t the year, east w ind s blow f r o m the Old M i d l a n d
s i t e toward Ola on the average o n l y f i f t e e n percent of the t ime.

2 . 5 E X I S T I N G S I T E S T R U C T U R E S A N D E Q U I P M E N T
The S i t e contains a number o f smal l s t ru c tur e s and mi s c e l l aneou s equipment
f r o m the f o r m e r s i t e o p e r a t i o n s . The s t ruc ture s and m a j o r equipment items are
l i s t e d in T a b l e 2-3 a l o n g w i t h p e r t i n e n t i n f o r m a t i o n f or each i tem. The
l o c a t i o n s of these items are shown on F i g u r e 2-2.

S e v e r a l bags of PCP p r o d u c t were d i s covered in the s a w m i l l b u i l d i n g . Some of
the bags had torn and. leaked onto the concrete f l o o r of the s t ruc ture . During
t h e R I , t h e mater ia l f r o m t h e bags w a s p l a c e d i n l a b e l e d drums a l ong w i t h
f l o o r s w e e p i n g s . The drums were stored in the s a w m i l l b u i l d i n g . A w i p e
s a m p l e of the concrete f l o o r was taken to d e t ermine the r e l a t i v e amount of PCP
r e m a i n i n g on the f l o o r of the s t ru c tur e . A c o n c e n t r a t i o n of 49.2 m i l l i g r a m s
per square meter was f o u n d . Other s t ruc ture s which based on appearance and
s i t e h i s t o r y a r e deemed t h e most l i k e l y t o b e contaminated w i t h P C P o r P N A ' s
are t h e f o l l o w i n g :

• Y a r d o f f i c e B b u i l d i n g ;• S t r u c t u r a l l y enclosed area i n s i d e the s a w m i l l ;
T r e a t m e n t b u i l d i n g and as soc iated e q u i p m e n t , and

• T a n k s A, B, C, D, and E.

C o l l e c t i o n and analyses o f w i p e s a m p l e s f r o m the s t ru c tur e s and equ ipment were
not par t of the RI s cope .
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3 . 0 W A S T E I D E N T I F I C A T I O N A N D C H A R A C T E R I Z A T I O N

S e c t i o n 3 . 1 i d e n t i f i e s t h e t y p e s o f wastes pre s en t a t t h e S i t e . S e c t i o n 3.2.1
summarizes the c h a r a c t e r i s t i c s and vo lume s of l agoon s e d i m e n t s pre s ent at the
S i t e and S e c t i o n 3.2.2 summarize s the c h a r a c t e r i s t i c s and volumes o f lagoon
f l u i d s pr e s en t a t t h e S i t e .

E s t i m a t e d e x t en t and v o l u m e of s o i l c o n t a m i n a t i o n are p r e s e n t e d in S e c t i o n 4.3
w h i l e the e s t i m a t e d e x t e n t and volume of ground water contaminat ion are
p r e s e n t e d in S e c t i o n 4.4.

A d i s c u s s i o n o f t h e p h y s i c a l / c h e m i c a l p r o p e r t i e s a f f e c t i n g m o b i l i t y ,
t r a n s p o r t , and e n v i r o n m e n t a l f a t e o f the waste c o n s t i t u e n t s pre s ent i s
p r e s e n t e d in S e c t i o n 8.2.2. A d i s c u s s i o n of the t o x i c o l o g y of the—
c o n s t i t u e n t s i s p r e s e n t e d in s e c t i o n 8.2.3.

3 , 1 T Y P E S O F W A S T E S P R E S E N T
The was t e s and m a t e r i a l s c o n t a i n i n g waste s wh i ch are pr e s en t at the S i t e are
t h e f o l l o w i n g :

• Lagoon s e d i m e n t s in l a g o o n s 1, 2, 3, 4, 5, 6 and 7 are
w a s t e s ;

• L a g o o n f l u i d s in l a g o o n s 1, 2, 3, 4, 5, 6 and 7 arewaste s or c o n t a i n waste c o n s t i t u e n t s ;
• S o i l s in the v i c i n i t y o f the l a g o o n s and t r e a t m e n t

b u i l d i n g c o n t a i n was t e c o n s t i t u e n t s ;
• S e d i m e n t s in the d r a i n a g e w a y i m m e d i a t e l y a d j a c e n t toand downstream of the lagoons c o n t a i n wastec o n s t i t u e n t s ;
• A l i g h t e r t han water oil phase pre s en t in s h a l l o wground w a t e r i m m e d i a t e l y d o w n g r a d i e n t o f t h e l agoon s i sa w a s t e ;
• S h a l l o w ground water w i t h i n t h e e x t e n t o f t h e l i g h t e r• than water oil phas e c on ta in s waste c o n s t i t u e n t s ; and
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B u i l d i n g s and e q u i p m e n t o n s i t e conta in waste r e s idue s
a n d / o r waste c o n s t i t u e n t s , as d i s c u s s e d in S e c t i o n 2.5.

The h i g h e s t c o n c e n t r a t i o n s o f waste c o n s t i t u e n t s are pr e s en t in the lagoon
s e d i m e n t s and p r o b a b l y a l so in r e s i d u e s on some equ ipment ( a l t h o u g h in low
v o l u m e s ) . R e l a t i v e l y smal l areas a l s o e x h i b i t h i g h c onc en tra t i on s o f waste
c o n s t i t u e n t s i n s o i l .

3 . 2 L A G O O N W A S T E S
Lagoon wastes i n c l u d e th e s e d i m e n t s and th e f l u i d s pr e s en t w i t h i n th e seven
l a g o o n s p r e s e n t on the s i t e . The seven l a g o o n s and as soc iated s u r f a c e areas
a r e t h e f o l l o w i n g ( S e e F i g u r e 3 - 1 f o r l o c a t i o n s ) :

L A G O O N . S U R F A C E A R E A ( S q u a r e F e e t )
• L a g o o n 1 1 ,680• L a g o o n 2 3,300
• L a g o o n 3 1,500• L a g o o n 4 360
• L a g o o n 5 10 ,120
• Lagoon 6 10,1^0
• Lagoon 7 2 ,190

C a l c u l a t i o n s f o r these areas a r e i n c l u d e d i n A p p e n d i x A .

3.2.1 L a g o o n S e d i m e n t s

3 . 2 . 1 . 1 C h a r a c t e r i z a t i o n

Each of the seven lagoon s were s a m p l e d to p r o d u c e two c o m p o s i t e s ed iment
s a m p l e s f r o m each lagoon.

T h e s a m p l e s were c o l l e c t e d a s f o l l o w s :

• A s a m p l i n g crew of two per sons advanced to the
i n d i c a t e d s a m p l i n g l o c a t i o n in a s m a l l b o a t ;
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A 2 inch ID PVC p i p e was d r i v e n through the base of thes e d i m e n t , t w i s t e d and removed w h i l e s e a l i n g the u p p e r
"opening o f the PVC to m a i n t a i n su c t i on . The PVC wasthen cut and the s ed iment was e x t r u d e d into a containerwhich wa s i m m e d i a t e l y s e a l e d ;
E x p o s u r e of s a m p l e s to the a t m o s p h e r e was to avo ided tom i n i m i z e lo s s o f v o l a t i l e c o m p o u n d s ;
S a m p l e j a r s were s e a l e d and i m m e d i a t e l y p l a c e d incoolers c o n t a i n i n g p a c k e t s o f f r o z e n ge l or ice;
The t h i c k n e s s of the s e d i m e n t was measured and
r e c o r d e d , and the v i sua l d e s c r i p t i o n o f the s e d i m e n t s
was r e c o r d e d ;
A clear p l a s t i c p i p e of 2 inch ID was also used to
o b t a i n a s ed imen t s a m p l e and check for visuali n d i c a t i o n of any heavier than water nonaqueous phasel i q u i d l a y e r ;
The - s a m p l i w g boat was then moved to the next s a m p l i n g
p o i n t w i t h i n t h e same l a g o o n ;
The s a m p l i n g p r o c e d u r e was then r e p e a t e d and the s a m p l ewas mixed w i t h p r e v i o u s s a m p l e s f r o m that same l a g o o n ;
W h e n the f i n a l s a m p l e was o b t a i n e d f r o m a l a g o o n the
c o m p o s i t e s a m p l e s were t h o r o u g h l y mixed and s p l i t i n t o
t w o r e p l i c a t e c o m p o s i t e s a m p l e s . S a m p l e s were l a b e l e d ;
and
Any s a m p l i n g e q u i p m e n t that was to be reused was
d e c o n t a m i n a t e d p r i o r to s a m p l i n g the next lagoon.

The number o f s a m p l e l o c a t i o n s in each l a g o o n were as f o l l o w s :

• Lagoon 1, two l o c a t i o n s ;
• Lagoon 2, three l o c a t i o n s ;
• Lagoon 3, two l o c a t i o n s ;
• Lagoon 4, one l o c a t i o n ;
• Lagoon 5, three l o c a t i o n s ;
• Lagoon 6, three l o c a t i o n s ; and
• Lagoon 7, two l o c a t i o n s .
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O n e c o m p o s i t e s e d i m e n t s a m p l e ( A ) f r o m each l a g o o n w a s a n a l y z e d f o r t h e
f o l l o w i n g paramet er s :

• % c h l o r i d e ;
• % h y d r o c a r b o n s ;• % n i t r o g e n ;
• % s u l f u r ;• % ash c o n t e n t ;
• f l a s h p o i n t ;• heat v a l u e ;
• % organic c o n t e n t , and• head space a n a l y s i s .

T a b l e 3 - 1 p r e s e n t s these r e s u l t s .

T h e c o m p o s i t e s ed iment s a m p l e s f r o m each lagoon were ana lyz ed f o r P C P ,
p h e n a n t h r e n e a n d ' P C B . I n a d d i t i o n , f u l l scans f o r G C - M S i d e n t i f i c a t i o n o f -
organic p r i o r i t y p o l l u t a n t s and a n a l y s e s f o r c h l o r i n a t e d d i b e n z o d i o x i n s and
f u r a n s were c o m p l e t e d for the c o m p o s i t e s a m p l e s f r o m Lagoons 1 and 5. T a b l e
3-2 p r e s e n t s t h e r e s u l t s o f t h e PCP, p h e n a n t h r e n e , PCB and organi c p r i b r i t y
p o l l u t a n t a n a l y s e s . T a b l e 3 -3 p r e s e n t s t h e r e s u l t s o f t h e analy s e s f o r
c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s .

The s ed imen t s a m p l e s f r o m l a g o o n s 1 , 3 , and 5 c on ta in ed o b s e r v a b l e q u a n t i t i e s
of oil or o ther organic l i q u i d a l t h o u g h the oil did not s e p a r a t e out as a
d i s t i n c t nonaqueous phase layer .

A l l seven l a g o o n s c on ta in ed s e d i m e n t s w i t h r e l a t i v e l y h i g h P C P c onc en t ra t i on s
r a n g i n g f r o m 8 2 0 p p m i n lagoon 4 t o 5,900 p p m i n lagoon 1 . S i g n i f i c a n t P N A ' s
were a l s o pre s en t in all seven l a g o o n s as i n d i c a t e d by p h e n a n t h r e n e
c o n c e n t r a t i o n s r a n g i n g f r o m 480 ppm in one s a m p l e f r o m lagoon 1 to 38,000 ppm
in one s a m p l e f r o m lagoon 3. The s a m p l e s f r o m lagoons 1 and 5 which were
a n a l y z e d f o r organi c p r i o r i t y p o l l u t a n t s i n d i c a t e d s i g n i f i c a n t c o n c e n t r a t i o n s
o f o ther P N A ' s w i t h t o ta l P A H va lue s o f 29,390 p p m i n lagoon 1 t o 5 , 1 2 8 t o
5,786 ppm in l a g o o n 5. Benzene, t o l u e n e and x y l e n e were a l s o pre s ent in
s e d i m e n t s f r o m lagoon 1 and x y l e n e s were pr e s en t in the s e d i m e n t s f r o m lagoon
5. PCB was not d e t e c t e d in any o f the s a m p l e s a n a l y z e d d u r i n g the RI.
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The s e d i m e n t s f r o m l a g o o n s 1 and 5 bo th c on ta ined hexa, h e p t a and octa
congeners of . chlorinated d i b e n z o d i o x i n s but did not contain d e t e c t a b l e te tra
and p e n t a c h l o r i n a t e d congeners. Lagoon 5 s ed iment conta ined d e t e c t a b l e
concentra t ions of t e t r a , p e n t a , hexa, h ep ta and octa congeners of ch lor inated
d i b e n z o f u r a n s w h i l e t h e l agoon 1 s ed iment conta ined d e t e c t a b l e c onc en t ra t i on s
o f th e p e n t a , hexa, h e p t a and octa congeners. It i s p r o b a b l e that the
s e d i m e n t s i n t h e other lagoons e x h i b i t c o n c e n t r a t i o n s o f P N A ' s , d i o x i n s a n d
f u r a n s s i m i l a r to those of l a g o o n s 1 and 5.

3.2 .1 .2 E s t i m a t e d V o l u m e
The volume of s e d i m e n t s in each of the seven lagoons were e s t imated us ing the
l a g o o n survey data and e s t i m a t e d s ed iment t h i ckne s s measurements f r o m the RI
s a m p l i n g and previous i n v e s t i g a t i o n s .

The f o l l o w i n g sediment volumes were e s t i m a t e d : _

• Lagoon 1, 250 cubic y a r d s ;
• Lagoon 2, 420 cubic y a r d s ;
• Lagoon 3, 210 cubic yards;Lagoon 4, 70 cubic y a r d s ;• Lagoon 5, 750 cubic y a r d s ;
• Lagoon 6, 890 cubic y a r d s ; and
• Lagoon 7, 180 cubic y a r d s .
TOTAL VOLUME = 2,770 cubic yards

T h e c a l c u l a t i o n s f o r these e s t i m a t e s a r e i n c l u d e d i n A p p e n d i x A .

3.2.2 L a g o o n F l u i d s

3 .2.2.1 C h a r a c t e r i z a t i o n
F l u i d s a m p l e s were c o l l e c t e d at each l o c a t i o n where a s ed imen t s a m p l e was
c o l l e c t e d - . The f l u i d s a m p l e s were c o l l e c t e d by t h e f o l l o w i n g procedures .

The d e p t h o f water o v e r l y i n g the sediment was measured
us ing a prob e that had f o o t i n t e r v a l s marked on it and
a t a p e was used to measure the d i s t a n c e between thewater s u r f a c e and the nearest f o o t m a r k i n g above thewater s u r f a c e ; t h i s measurement was r e c orded in a f i e l dbook by the s a m p l i n g t eam;
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D u p l i c a t e , 10 g a l l o n s a m p l e s were ob ta ined f r o m each
"lagoon; these s a m p l e s were o b t a i n e d w i t h a p o i n ts a m p l e r ( K e m m e r e r s a m p l e r ) at measured d e p t h s where
s u f f i c i e n t t h i c k n e s s o f f l u i d w a s p r e s e n t , o b t a i n i n g
equal volumes f r o m each s a m p l i n g l o c a t i o n in a
lagoon. C r i t e r i a f o r s a m p l i n g d e p t h s were a s f o l l o w s :- le s s than 3 f e e t of l i q u i d , grab s a m p l e at

a p p r o x i m a t e l y 1 to 2 f o o t d e p t h ,- greater than 3 f e e t o f l i q u i d , equal p o r t i o n s f r o md e p t h s o f s u r f a c e s a m p l e , m i d d l e o f l i q u i d l a y e r ,and b o t t o m 1 to 2 f e e t of l i q u i d ;
T h e l i q u i d s a m p l e s f r o m a l l l o c a t i o n s w i t h i n a given
lagoon were c o m p o s i t e d and s p l i t in to two d u p l i c a t es a m p l e s ;
S a m p l e j a r s were sealed and i m m e d i a t e l y p l a c e d in
coolers c o n t a i n i n g packe t s of f r o z e n gel or ice;
The s a m p l e s were l a b e l e d w i t h th e number o f th e l a g o o n ,
d e s i g n a t i o n of water s a m p l e and C or D to i n d i c a t e the
s p l i t s a m p l e ; a n d
S a m p l i n g i n f o r m a t i o n wa s recorded in th e f i e l d book.

F l u i d s were s e p a r a t e d f r o m s u s p e n d e d s o l i d s b y d e c a n t i n g f r o m t h e s a m p l e s
f o l l o w i n g s e t t l i n g p r i o r t o a n a l y s i s .

T h e c o m p o s i t e f l u i d s a m p l e s were a n a l y z e d f o r P C P , p h e n a n t h r e n e a n d P C B . A
c o m p o s i t e f l u i d s a m p l e f r o m lagoon 1 a n d a c o m p o s i t e f l u i d s a m p l e f r o m lagoon
5 were a n a l y z e d f o r o r g a n i c p r i o r i t y p o l l u t a n t s b y G C - M S te chnique s . T h e s e
two s a m p l e s were also a n a l y z e d f or c h l o r i n a t e d d i b e n z o d i o x i n s and furan s .
T a b l e 3-2 summarizes the r e s u l t s o f the organic p r i o r i t y p o l l u t a n t compounds
a n d T a b l e 3 - 3 summarize s t h e r e s u l t s o f t h e a n a l y s e s f o r c h l o r i n a t e d d i b e n z o
d i o x i n s and f u r a n s .

F l u i d s a m p l e s f r o m l a g o o n s 1 , 2 , 3 , 4 and 6 c on ta ined d e t e c t a b l e
c o n c e n t r a t i o n s of PCP in the range of 0.0012 to 0.60 m g / 1 . P h e n a n t h r e n e was
d e t e c t e d in at l eas t one of the two s a m p l e s f r o m l a g o o n s 1, 2, 3, 5 and 6.
P h e n a n t h r e n e c o n c e n t r a t i o n was h i g h e s t - in f l u i d f r o m l a g o o n 3 at a
c o n c e n t r a t i o n o f 2 .1 m g / 1 . PCP and p h e n a n t h r e n e were no t d e t e c t e d in f l u i d
s a m p l e s f r o m l a g o o n 7 and p h e n a n t h r e n e was not d e t e c t e d in the f l u i d s a m p l e s
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f r o m lagoon 4. PCB was not d e t e c t e d in any lagoon f l u i d s a m p l e s . F l u i d
s a m p l e s f r o m , lagoons 1 a n d 5 contained a number o f P N A ' s a t c on s t i tu en t
concentrat ions less than 1 m g / 1 and e x h i b i t e d total PNA concentrations of 2.35
and 0.12 m g / 1 , r e s p e c t i v e l y . X y l e n e s were d e t e c t e d in th e f l u i d f r o m lagoon 1
at a c o n c e n t r a t i o n of 0.0074.

D i o x i n and f u r a n a n a l y t i c a l r e s u l t s for f l u i d s a m p l e s f r o m lagoons 1 and 5 are
i n c l u d e d in T a b l e 3-3. H e x a , h e p t a and octa c h l o r i n a t e d congeners o f d i b enzo
d i o x i n s were pre sent in lagoon 1 at c o n c e n t r a t i o n s of 10 ,16? and 1,780 p a r t s
p e r t r i l l i o n ( p p t ) , r e s p e c t i v e l y , w h i l e h e p t a a n d octa congeners were present
in l a g o o n 5 a t c onc en t ra t i on s o f 91.2 and 1 ,108 p p t , r e s p e c t i v e l y . H e x a ,
h e p t a and octa congeners of c h l o r i n a t e d d i b e n z o f u r a n s were present in lagoon 1
at c o n c e n t r a t i o n s of 1 1 . 9 , 46.4, and 66.9 p p t , r e s p e c t i v e l y , and in lagoon 5
at c o n c e n t r a t i o n s of 7.0, 285, and 44.3 p p t , r e s p e c t i v e l y .

-**

3.2.2.2 E s t i m a t e d V o l u m e
T h e v o l u m e o f f l u i d s i n each o f t h e seven l a g o o n s were e s t i m a t e d f r o m f l u i d
t h i c k n e s s measurements f r o m the Rl s a m p l i n g and pr ev i ou s i n v e s t i g a t i o n s .

T h e f o l l o w i n g f l u i d v o l u m e s were e s t i m a t e d :

• Lagoon 1, 8,800 g a l l o n s ;
• Lagoon 2, 37,100 g a l l o n s ;
• L a g o o n 3, 14,500 g a l l o n s ; - .
• Lagoon 4, 6,000 g a l l o n s ;• Lagoon 5, 340,500 g a l l o n s ;
• Lagoon 6, 204,900 g a l l o n s ; and
• Lagoon 7, 8,200 g a l l o n s .
T O T A L V O L U M E - 620,000 g a l l o n s

The c a l c u l a t i o n s f o r these e s t imat e s ar e i n c l u d e d in A p p e n d i x A.
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P h e n a n t h r e n e was d e t e c t e d as f o l l o w s :

T r a c e c o n c e n t r a t i o n of 0.32 ppm at a d e p t h of 20 to 20.3 f e e t in
b o r i n g M W - 8 D ;

260 ppm at a d e p t h of 15 to 15.4 f e e t in b or ing B-1 (an oil layer
was pre s en t a t t h i s d e p t h ) ;

6.3 ppm at a d e p t h of 18.5 to 19 f e e t in b o r i n g B-6 (an oil layer
was p r e s e n t at t h i s d e p t h ) ; and

T r a c e c o n c e n t r a t i o n be low the q u a n t i t a t i o n l i m i t o f 1 .1 ppm a t a
d e p t h of 18 to 18.5 f e e t in b o r i n g B-7.

T r a c e c o n c e n t r a t i o n s o f o t h e r P N A ' s were d e t e c t e d i n b o r i n g s B - 6 a n d B - 7 a t
d e p t h s of 18.5 to 19 f e e t and 18 to 18.5 f e e t , r e s p e c t i v e l y .

T r a c e c o n c e n t r a t i o n s o f v o l a t i l e o rgan i c compounds were d e t e c t e d in soil
s a m p l e s f r o m b o r i n g M W - 1 1 S l o c a t e d near t h e l agoon s a s f o l l o w s :

• 0.10 ppm t r i c h l o r o e t h y l e n e at a d e p t h of 10 to 11 f e e t ;
and

• 0.20 ppm t r i c h l o r o e t h y l e n e and 0.045 ppm benzene at ad e p t h o f 15 to 16.1 f e e t .

S o i l s a m p l e s f r o m 1 3 l o c a t i o n s , 8 s u r f a c e / s u b s u r f a c e a n d 5 f r o m bor ing M W - 1 1 S ,
were ana lyzed f or c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s . The r e s u l t s are
i n c l u d e d in T a b l e 3-3.

D i o x i n s were d e t e c t e d a s f o l l o w s :
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T e t r a congeners d e t e c t e d on ly in 1 of 3 r e p l i c a t eanalyse s f r o m o n e o f f i v e s a m p l e s f r o m b o r i n g M W - 1 1 S ;
P e n t a congeners none d e t e c t e d in any s a m p l e s ;
H e x a congeners d e t e c t e d o n l y i n s u r f a c e s o i l s a m p l e S -
68A at a c o n c e n t r a t i o n of 0.71 p p b ;
H e p t a congeners d e t e c t e d at 7 of the 13 l o c a t i o n s at
concentrat ions of 0.20 to 83.8 ppb w i t h the h ighe s tc o n c e n t r a t i o n s i n s u r f a c e / s u b s u r f a c e so i l s a m p l el o c a t i o n s ; and
Octa congeners d e t e c t e d in all 13 l o c a t i o n s atc o n c e n t r a t i o n s f r o m 0.9 to 816 ppb w i t h the h i g h e s tc o n c e n t r a t i o n s i n s u r f a c e / s u b s u r f a c e s a m p l e s .

F u r a n s were d e t e c t e d a s f o l l o w s :

• T e t r a congener s d e t e c t e d on ly in 1 of 3 r e p l i c a t ea n a l y s e s f r o m o n e o f f i v e s a m p l e s f r o m bor ing M W - 1 1 S ;
• Penta congeners none d e t e c t ed in any s a m p l e s ;
• H e x a congeners d e t e c t e d o n l y in s u r f a c e so i l sampl e S-68A at a c o n c e n t r a t i o n of 1.2 p p b ;
• H e p t a congeners d e t e c t e d in f i v e of the 13 l o c a t i o n s at

c o n c e n t r a t i o n s f r o m 0.10 to 14.3 ppb w i t h the h igherc onc en t ra t i on s in s u r f a c e / s u b s u r f a c e soi l s a m p l e s ; and
• Octa congeners in seven of the t h i r t e e n ' l o c a t i o n s at

c o n c e n t r a t i o n s f r o m 0.23 to 26.2 ppb w i t h the h igherc o n c e n t r a t i o n s in the s u r f a c e / s u b s u r f a c e soi l s a m p l e s .

4.3.2 E x t e n t o f C o n t a m i n a t i o n
F i g u r e 4-6a p r e s e n t s the s u r f a c e (0 to 6 inch d e p t h ) and s u b s u r f a c e (6 to 12
inch d e p t h ) c o n c e n t r a t i o n s o f P C P i n s o i l . F i g u r e 4-6b p r e s e n t s
i s o c o n t r a c t i o n contours f o r P C P i n s o i l . S u r f a c e areas w i t h P C P c o n t a m i n a t i o n
are as f o l l o w s :

• PCP > 1 p p m , 159,000 square f e e t ;
• PCP > 10 p p m , 66,000 square f e e t ; and• PCP > 100 p p m , 30,000 square f e e t .
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An a d d i t i o n a l area of about 29,400 square f e e t l o c a t e d beneath the lagoons i s
assumed to be. c o n t a m i n a t e d , a l t h o u g h s a m p l i n g and a n a l y s i s of t h i s soil was
not in the RI work s cope .

D e p t h of c o n t a m i n a t i o n beneath the l a g o o n s may be as great as f o l l o w s based on
the t h i c k n e s s of the s o i l zone between the lagoon base and the ground water
p r o d u c i n g i n t e r v a l :

• Lagoon 1, 7 f e e t ;• Lagoon 2, 13 f e e t ;• Lagoon 3, 8 f e e t ;• Lagoon 4, 14 f e e t ;• Lagoon 5, 14 f e e t ;• Lagoon 6, 13 f e e t ; and• Lagoon 7 , 11 .5 f e e t .

In o ther areas t h e v e r t i c a l e x t e n t o f c o n t a m i n a t i o n i s e x p e c t e d t o g e n e r a l l y
be l i m i t e d t o the u p p e r 1 t o 3 f e e t . T e s t i n g o f soil s ampl e s f r o m d e p t h s
b e l o w 3 f e e t i n mon i t o r w e l l a n d s o i l b o r ing s have n o t d e t e c t e d P C P o r P N A ' s
at c o n c e n t r a t i o n s above 1 ppm e x c e p t where an oil layer is p r e s e n t . W h e r e an
oil l a y e r i s pre s ent in the ground w a t e r , c o n t a m i n a t i o n w i l l al so be pre s en t
in the s o i l a t the i n t e r f a c e o f the w a t e r / o i l l a y e r .

4 . 3 - 3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n
The v o l u m e of soil c o n t a m i n a t i o n was e s t i m a t e d based on s u r f a c e / s u b s u r f a c e
so i l and core s a m p l e a n a l y s e s for PCP, the most w i d e s p r e a d c o n t a m i n a n t , and
t h e e s t i m a t e d d e p t h o f p o t e n t i a l c o n t a m i n a t i o n beneath t h e l a g o o n s . T h e
e s t i m a t e d volumes are as f o l l o w s :

• PCP > 1 ppm ( o u t s i d e o f l a g o o n s ) , 189,000 cubic f e e t
(7,000 cubic y a r d s ) ;

• PCP > 10 ppm ( o u t s i d e o f l a g o o n s ) , 126,000 cubic f e e t
(4,700 cub ic y a r d s ) ;

• PCP > 100 ppm ( o u t s i d e o f l a g o o n s ) , 60,000 cubic f e e t( 2 , 2 0 0 c u b i c y a r d s ) ; a n d
• C o n t a m i n a t e d s o i l b eneath the l a g o o n s , 371,000 cubic

f e e t ( 1 3 , 7 4 0 cubic y a r d s ) .
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T h u s the ranges of the volume soil c o n t a m i n a t e d w i t h PCP gr ea t e r than 1, 10
and 100 ppm i n c l u d i n g the p o s s i b l e c o n t a m i n a t e d soil b e low the lagoon s are:

• PCP > 1 ppm 9,000 to 21,000 cubic y a r d s ;
• PCP > 10 ppm 7,000 to 18,000 cubic yard s ; and
• PCP > 100 ppm 4,000 to 16,000 cubic yards .

C a l c u l a t i o n s F o r these e s t i m a t e s a r e i n c l u d e d i n A p p e n d i x A .
i

4 . 4 G R O U N D W A T E R C O N T A M I N A T I O N

4.4.1 C h a r a c t e r i z a t i o n o f C o n t a m i n a t i o n
G r o u n d water c o n t a m i n a t i o n w i t h i n the u p p e r 40 f e e t o f s o i l / r o c k was
i n v e s t i g a t e d . The c o n t a m i n a t i o n was c h a r a c t e r i z e d by the pre sence of a"
l i g h t e r - t h a n - w a t e r nonaqueous phas e l i q u i d ( o i l ) . W h e r e t h e o i l layer i s
p r e s e n t , as at we l l M W - 3 , PCP c o n c e n t r a t i o n s are r e l a t i v e l y h i g h d e p e n d i n g on
the amount of oil pre s ent in the s a m p l e ( c o n c e n t r a t i o n s of 130 and 12,000 m g / 1
in two s a m p l e s f r o m MW-3S, See T a b l e 4-4). A trace o f PCP ( 0 . 0 0 1 2 m g / 1 ) wa s
d e t e c t e d i n a s a m p l e f r o m m o n i t o r w e l l M W - 1 1 D .

P A H ' s a r e a l s o p r e s e n t where t h e o i l l a y e r i s p r e s e n t , a s a t M W - 3 S . T o t a l
P A H ' s o f 29 ,244 p p m were d e t e c t e d i n a s a m p l e c o n t a i n i n g r e l a t i v e l y h i g h o i l
c o n t e n t and 245 ppm in a s a m p l e w i t h r e l a t i v e l y l i t t l e o i l .

T r a c e c o n c e n t r a t i o n s o f t o l u e n e (0.0034 p p m ) a n d x y l e n e s (0.077 p p m ) were
pr e s en t in t h e water s a m p l e c o n t a i n i n g r e l a t i v e l y h i g h o i l c o n t e n t .

G r o u n d water f r o m w e l l s M W - 3 S , M W - 4 S , M W - 5 S , M W - 8 S , M W - 9 S , M W - 1 0 S a n d M W - 1 1 S
were a n a l y z e d f o r c h l o r i n a t e d d i b e n z o d i o x i n s a n d f u r a n s . T h e r e s u l t s o f
the s e ana ly s e s are i n c l u d e d in T a b l e 3-3. D i o x i n s were d e t e c t e d a s f o l l o w s :

• M W - 3 S , ( c o n t a i n i n g o i l ) h e p t a congener a t 26.9 p p t ,octa congener at 183 p p t ;
• MW-4S octa congener at 27 p p t ;
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• M W - 5 S , M W - 9 S a n d M W - 1 0 S none d e t e c t e d ;
• "MW-8S, octa congener at 16.2 p p t ; and
• MW-11S (3 a n a l y s e s ) h e p t a congener at 7.4 to 12 p p t ,octa congener at 73.8 to 158 p p t , and t e t ra congener at14.2 ppt in one of three r e p l i c a t e analyse s .

F u r a n s were d e t e c t e d a s f o l l o w s :
• MW-3S h e p t a congener at 5.1 ppt and octa congener at7 . 9 p p t ;
• M W - 4 S , M W - 5 S , M W - 8 S , M W - 9 S , a n d M W - 1 0 S none d e t e c t e d ;and
• MW-11S, ( t h r e e r e p l i c a t e a n a l y s e s ) octa congener a t 4

to 7.9 ppt and t e t r a congener d e t e c t e d in one of threer e p l i c a t e a n a l y s e s a t 14.3 p p t .

The t e t r a , p e n t a and hexa cogeners o f d i o x i n s and f u r a n s which are the most
t o x i c f o r m s were absent . T o x i c o l o g i c a l c o n s i d e r a t i o n s are d i s cu s s ed in
S e c t i o n 8.2.

W o - o t h e r c o n t a m i n a n t s were d e t e c t e d in the ground water.

i|.4.2 E x t e n t o f C o n t a m i n a t i o n
The h o r i z o n t a l ex t en t o f s h a l l o w ground water c o n t a m i n a t i o n i s l i m i t e d t o th e
e x t e n t o f t h e l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d (o i l) a s o u t l i n e d on
F i g u r e 4-1. T h e area w i t h i n t h i s p l u m e i s about 24,000 s q u a r e - f e e t .

A l t h o u g h t h e e x i s t i n g h y d r a u l i c g r a d i e n t i s t o t h e n o r t h - n o r t h w e s t , t h e p lume
a p p e a r s to have m i g r a t e d p r i m a r i l y to the west w i t h a s l i g h t nor thward
c omponen t . T h e d i r e c t i o n o f pa s t movement m a y r e f l e c t t h e f o l l o w i n g f a c t o r s :

• P r e f e r e n t i a l movement o f the l i g h t e r - t h a n - w a t e r o i l
a l ong upward s l o p i n g t r e n d s in the contact w i t h theo v e r l y i n g c l ay a q u i t a r d , i.e., th e e l e v a t i o n o f t h i s
s u r f a c e decrease s t o the n o r t h , t e n d i n g t o i n h i b i tmovement in t h i s d i r e c t i o n ;

• P o s s i b l e p r e f e r e n t i a l movement a l o n g l o c a l i z e d h i g h e r
p e r m e a b i l i t y f e a t u r e s such as f r a c t u r e s ; and
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P o s s i b l e h i s t o r i c h y d r a u l i c m o u n d i n g around t h e
lagoons .

The v e r t i c a l e x t en t of the ground water c o n t a m i n a t i o n i s e s t imat ed to ex t end
f r o m t h e u p p e r m o s t water y i e l d i n g i n t e r v a l ( a p p r o x i m a t e d e p t h o f 2 5 f e e t )
downward to the s u r f a c e o f c o m p e t e n t rock ( a p p r o x i m a t e d e p t h o f 40 f e e t ) .
U n d e r th e ambient n o n - p u m p i n g c o n d i t i o n s th e c o n t a m i n a t i o n w i l l b e l i m i t e d t o
t h e u p p e r p o r t i o n o f t h i s i n t e r v a l . H o w e v e r , under p u m p i n g drawdown
c o n d i t i o n s the c o n t a m i n a t i o n w i l l be drawn down to the en t ir e in t erval of the
s h a l l o w ground water.

4.4.3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n
The e s t i m a t e d volume o f s h a l l o w ground water c o n t a m i n a t i o n i s e s t i m a t e d based
on the h o r i z o n t a l e x t e n t o f the o i l p l u m e , the t h i c k n e s s o f the s h a l l o w ground
water i n t e r v a l and an assumed p o r o s i t y of the shale . The e s t i m a t e d volume of
contaminated ground water i s 450,000 g a l l o n s . C a l c u l a t i o n s for th i s e s t imate
a r e i n c l u d e d i n A p p e n d i x A .

4 . 5 P O T E N T I A L C O N T A M I N A N T M I G R A T I O N I N G R O U N D W A T E R
A p l u m e of l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d i s p r e s e n t in the ground
water and has r e s u l t e d in c o n t a m i n a t i o n of the ground water in the u p p e r 40
w e t o f s o i l / r o c k w i t h L n t h e h o r i z o n t a l e x t e n t o f that nonaqueous phase .
Movement of the nonaqueous phase i s the p r i m a r y means of h o r i z o n t a l m i g r a t i o n
of c o n t a m i n a n t s . M i g r a t i o n o f d i s s o l v e d phase c o n t a m i n a n t s i s very l i m i t e d
due to the l ow-water s o l u b i l i t i e s of the c o n t a m i n a n t s and the t e n d e n c y of the
c o n t a m i n a n t s to be a t t e n u a t e d by s o i l / r o c k . H o r i z o n t a l m i g r a t i o n of the
nonaqueous phase i s e x p e c t e d to g e n e r a l l y f o l l o w the ground water g r a d i e n t to
t h e n o r t h - n o r t h w e s t , a l t h o u g h , l o c a l l y , s t ru c tura l i n f l u e n c e s m a y a l t e r t h e
d i r e c t i o n of movement. Rate of m i g r a t i o n is e x p e c t e d to be l e s s than the
ground water v e l o c i t i e s of 14 to 48 f e e t per year. H o r i z o n t a l m i g r a t i o n of
the d i s s o l v e d phase is assessed in S e c t i o n 8.2.2.

As i l l u s t r a t e d on F i g u r e 4-1, the p l u m e has moved about 200 f e e t , as suming i t s
source is the c ent er of l agoon 3- The lagoon s were c on s t ruc t ed between 1966
and 1971 i n d i c a t i n g an a c t i v e source l i f e be tween 21 and 16 years. Rate of
pa s t p l u m e m i g r a t i o n would be between 10 and 13 f e e t per year based on these
c o n d i t i o n s .
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The s cope o f th e RI i n v o l v e d i n v e s t i g a t i n g th e u p p e r 40 f e e t o f s o i l / r o c k . No
heavi er- than-water nonaqueous phase l i q u i d was f o u n d in t h i s i n t e r v a l . No
heavier- than-water nonaqueous phase l i q u i d was f o u n d in the lagoons as a
s eparate phase , a l t h o u g h some of the lagoon s ed iment s did contain an o i ly
l i q u i d absorbed t o t h e s o l i d s . T h e nature o f wood t r e a t i n g proce s s e s p r o v i d e s
p o s s i b l e sources f or h e a v i e r - t h a n - w a t e r nonaqueous l i q u i d phases in the wastes
that were p l a c e d in the l agoon s . If a heavy phase was pre s en t i t i s p o s s i b l e ,
g i v e n the s i t e h y d r o g e o l o g y , that some v e r t i c a l m i g r a t i o n t h r o u g h the base o f
the p o n d s and i n t o f r a c t u r e d b edrock c o u l d have occurred. T h e r e are no d a t a ,
however , i n d i c a t i n g t h i s ha s occurred. F u r t h e r downward v e r t i c a l m i g r a t i o n o f
the d i s s o l v e d phase and of the l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d i s
u n l i k e l y e x c e p t i f t h e l i g h t e r - t h a n - w a t e r phase reaches a d e e p e r p u m p i n g w e l l ,
then the c o n t a m i n a t i o n may be drawn d e e p e r at the w e l l .
4 . 6 W A T E R W E L L I N V E N T O R Y
The water well inventory was o b ta in ed by c o m p i l i n g water we l l records f rom the-
f o l l o w i n g sources:

• U . S . G e o l o g i c a l S u r v e y f i l e s ;
• Arkansa s G e o l o g i c a l C o m m i s s i o n f i l e s ;
• A D P C & E f i l e s ; a n d
• Personal c ommuni ca t i on w i t h homeowners i m m e d i a t e l y

s u r r o u n d i n g the s i t e area.

A t o t a l o f 5 w e l l s are pre s ent w i t h i n a 1,500 f o o t rad iu s around the S i t e .
The S i t e encompasse s t h e p l a n t (2 a c r e s ) and th e area s u r r o u n d i n g th e p l a n t
( a d d i t i o n a l 35 a c r e s) .

D i r e c t i o n of the ground water g r a d i e n t f r o m the s i t e i s to the west-
n o r t h w e s t . T h e c l o s e s t s h a l l o w o f f - s i t e d o w n g r a d i e n t - water wel l w a s
i d e n t i f i e d in the water w e l l inventory to the we s t-nor thwes t of the s i t e . Due
t o i t s p r o x i m i t y t o th e s i t e and i t s s h a l l o w c o m p l e t i o n d e p t h in the A t o k a
f o r m a t i o n , t h i s w e l l r e p r e s e n t s t h e c l o s e s t p o t e n t i a l r e c e p t o r p o i n t
d o w n g r a d i e n t . T h e nearest f o u r o f f - s i t e s h a l l o w w e l l s a r e summarized f r o m t h e
w e l l i n v e n t o r y a s f o l l o w s a c c o r d i n g t o th e i r d i r e c t i o n f r o m t h e s i t e i
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W e s t , n o r t h w e s t - M r . N i e l e y a n d M r s . Barnes,S o u t h , southwest - Mr. Marcum, andE a s t , nor theas t - M r . N o a k e ' s ( 2 w e l l s ) .

M r . N i e l e y ' s w e l l i s usud f o r d o m e s t i c p u r p o s e s a n d i s r e p o r t e d t o b e 8 0 f e e t
d e e p . It i s l o ca t ed a p p r o x i m a t e l y 450 f e e t wes t-northwest o f the on-site
l a g o o n s . M r s . Barnes w e l l i s used for d o m e s t i c p u r p o s e and i s r e p o r t e d to be
160 f e e t d e e p . It i s l o c a t e d 1200 to 1500 f e e t nor thwe s t o f t h e S i t e ( S e e
F i g u r e 4 - 1 0 ) .

Mr. Marcum's w e l l i s a l s o used for d o m e s t i c p u r p o s e s and i s r e p o r t e d to be 80
f e e t d e e p . I t i s l o c a t e d u p g r a d i e n t a t a p p r o x i m a t e l y 8 0 0 f e e t s ou th- sou thwe s t
o f t h e S i t e .

M r . N o a k e ' s t w o w e l l s (one a g r i c u l t u r a l a n d o n e r e s i d e n t i a l ) a r e reported t q _
be 265 f e e t and 80 f e e t d e e p , r e s p e c t i v e l y . Both w e l l s are l o ca t ed
a p p r o x i m a t e l y 1,200 f e e t ea s t -nor thea s t o f t h e S i t e .
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4 . 0 H Y D R O L O G I C C O N D I T I O N S

T h i s s e c t i o n i s o rganiz ed a s f o l l o w s :

4 .1 S u m m a r i z e s r eg i ona l g e o l o g y , h y d r o g e o l o g y andg e o l o g i c h a z a r d s ;
4 . 2 S u m m a r i z e s t h e s i t e s p e c i f i c h y d r o g e o l o g i c

i n v e s t i g a t i o n s and d e s c r i b e s t h e s i t e h y d r o g e o l o g y ;
4.3 S u m m a r i z e s the e x t e n t , c h a r a c t e r i s t i c s and volumeso f soil c o n t a m i n a t i o n ;

*
4.4 S u m m a r i z e s the e x t e n t , c h a r a c t e r i s t i c s , and volumes

o f ground water c o n t a m i n a t i o n ;
4 .5 S u m m a r i z e s t h e p o t e n t i a l f o r contaminant m i g r a t i o n

in the ground w a t e r ; and
4.6 S u m m a r i z e s the l o c a t i o n s and c o m p l e t i o n i n f o r m a t i o n

f o r w e l l s i n t h e v i c i n i t y o f t h e s i t e .

P o t e n t i a l c o n t a m i n a n t m i g r a t i o n in ground water i s d i s cu s s ed in S e c t i o n 8.5.3.

4 . 1 R E G I O N A L C O N D I T I O N S

4 . 1 . 1 R e g i o n a l G e o l o g y
The S i t e i s l o ca t ed in Y e l l C o u n t y in th e center o f t h e A r k a n s a s V a l l e y and
Ouach i ta M o u n t a i n s R e g i o n s . G e o l o g y o f Y e l l County i s d o m i n a t e d by o u t c r o p s
o f t h e lower a n d m i d d l e A t o k a F o r m a t i o n o f P e n n s y l v a n i a n A g e . T h e A t o k a
F o r m a t i o n c on s i s t s p r i m a r i l y o f i n t e r b e d d e d g r a y / b l a c k sha l e a n d browni sh gray
s a n d s t o n e and s i l t s t o n e . In the s i t e v i c i n i t y the A t o k a F o r m a t i o n may be
several thousand f e e t t h i c k , w i t h t h e s h a l e m a k i n g up about t h r e e - f o u r t h s o f
the t h i c k n e s s .

The s h a l e of the A t o k a F o r m a t i o n i s commonly micaceous and very dense and has
a s u p e r f i c i a l resemblance to low-grade s l a t e or p h y l l i t e . It i s gray to black
and g e n e r a l l y noncalcareous and n o n f o s s i l i f e r o u s . The sand s t one and s i l t s t o n e
beds w i t h i n the A t o k a g e n e r a l l y are very t i g h t l y cemented and commonly are
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q u a r t z i t i c . The sand s t one and s i l t s t o n e beds range f r o m t h i n lenses l e s s than
an inch t h i c k to mass ive beds 4 or 5 f e e t t h i c k . T h e y are g e n e r a l l y
noncaicareous and n o n f o s s i l i f e r o u s , tan to g r a y , and contain b lack
carbonaceous m a r k i n g s on some b e d d i n g p l a n e s . The above mentioned un i t s of
the A t o k a F o r m a t i o n are c h a r a c t e r i z e d by numerous f r a c t u r e s and j o i n t s at
r e l a t i v e l y s h a l l o w d e p t h s .

T h e S i t e i s l o c a t e d w i t h i n t h e A r k a n s a s V a l l e y r e g i o n a p p r o x i m a t e l y 1 0 m i l e s
nor th o f t h e boundary w i t h t h e Ouachi ta M o u n t a i n r eg ion.

T h e A r k a n s a s V a l l e y r e g i o n i s a s y n c l i n o r i u m L y i n g between t h e g e n t l y d i p p i n g
rocks of the Boston M o u n t a i n s and the ' h i g h l y f o l d e d rocks of the Ouachita
M o u n t a i n s r e f l e c t i n g ba s i c s t ru c tura l c o m p o n e n t s o f each. N o r m a l f a u l t s a r e
p r e d o m i n a n t in the n o r t h e r n part o f the region and reverse ( t h r u s t ) f a u l t s are
p r e d o m i n a n t in the sou thern p a r t . The rocks have been contoured and broken by
j o i n t s , f r a c t u r e c l e a v a g e , a n d d r a g f o l d i n g .

The Ouachi ta M o u n t a i n r eg i on i s charac t e r i z ed by numerous thrus t f a u l t s . In
g e n e r a l , the f a u l t s dip 55 to 65 d egr e e s to the south and have a d i s p l a c e m e n t
o f a p p r o x i m a t e l y 10,000 f e e t .

T h e S i t e i s ' b o u n d e d b y east-west t r e n d i n g thrus t f a u l t s a p p r o x i m a t e l y 2,300
f e e t to the nor th and 1,500 f e e t to the south. Other m a j o r s t r u c t u r a l
f e a t u r e s w i t h i n t h e s i t e v i c i n i t y ar e t h e Pot eau S y n c l i n e w i t h i t s axi s
l o c a t e d a p p r o x i m a t e l y 2.25 m i l e s nor th o f t h e S i t e a n d t h e Casa A n t i c l i n e w i t h
i t s a x i s l o c a t e d a p p r o x i m a t e l y 1.75 m i l e s south o f t h e S i t e . A v e r a g e d i p o f
b e d d i n g p l a n e s range f r o m 25 to 70 d e g r e e s to the nor th-nor thea s t for the
s ou th ern l i m b of the s y n c l i n e and 45 to 70 d egr e e s to the nor th-nor th ea s t for
t h e n o r t h e r n l i m b o f t h e a n t i c l i n e .

The c l o s e s t o u t c r o p t o the S i t e i s l o c a t e d about 3,200 f e e t t o the east.
S t r i k e a n d d i p measurements ( M 3 8 ° W a n d 5 4 ° M E ) a t t h i s o u t c r o p c o r r e l a t e
w i t h t h e r e g i o n a l s t r u c t u r e s p r e v i o u s l y d i s c u s s e d .
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4.1.2 R e g i o n a l H v d r o g e o l o g y
Ground water_ in the Arkansa s V a l l e y r e g i o n occurs in two d i s t i n c t
env ironment s :

T h e u n c o n s o l i d a t e d Quar t e rnary a l l u v i a l d e p o s i t s
as so c ia t ed w i t h t h e A r k a n s a s R i v e r and i t s t r i b u t a r i e s ;and
T h e c o n s o l i d a t e d d e p o s i t s that u n d e r l i e t h e e n t i r er e g i o n ( p r i m a r i l y t h e A t o k a F o r m a t i o n ) .

T h e a l l u v i a l d e p o s i t s i n c l u d e various amounts o f c l a y , s i l t , sand, a n d
g r a v e l . Ground wa t er , when p r e s e n t , g e n e r a l l y occurs under water t a b l e
c o n d i t i o n s . T h e s e d e p o s i t s range in th i cknes s f r om 0 to 150 f e e t . Where the
maximum th i ckne s s of a l l u v i u m is 50 f e e t , the water-bear ing zones ( t h e basal
p a r t ) ar e adequate only f or l o c a l d o m e s t i c use. In areas where th e a l l uv ia l^
t h i c k n e s s reaches 150 f e e t , i r r i g a t i o n w e l l s can p r o d u c e as much as 2,000 gpm
f r o m the sand and gravel w i t h i n the basal s e c t ion. No s i g n i f i c a n t water
b e a r i n g u n c o n s o l i d a t e d a l l u v i a l d e p o s i t s are pre s ent a t the S i t e .

W i t h i n t h e c o n s o l i d a t e d m a t e r i a l ( A t o k a F o r m a t i o n ) ground water occurs under
a r t e s i a n c o n d i t i o n s , in s e condary o p e n i n g s caused by f o l d i n g , f a u l t i n g , and
s o l u t i o n such a s f r a c t u r e s , j o i n t s and f a u l t s . The q u a n t i t y o f ground water
a v a i l a b i e in any area d e p e n d s upon the number, s i z e , and degree of inter-
c o n n e c t i o n o f t h e wa t e r-b ear ing o p e n i n g s . L o c a l l y ^ t h e A t o k a F o r m a t i o n y i e l d s
smal l q u a n t i t i e s o f water f r o m j o i n t s , f r a c t u r e s , a n d f a u l t s , g e n e r a l l y w i t h i n
150 f e e t o f the ground s u r f a c e . W e l l s commonly p r o d u c e 1 to 10 gpm. In
g e n e r a l , s h a l l o w w e l l s ( l e s s than 100 f e e t d e e p ) are used as d o m e s t i c water
sources and d e e p e r w e l l s ( g r e a t e r than 100 f e e t ) are used for m u n i c i p a l water
s u p p l i e s i n t h e v i c i n i t y o f t h e S i t e .

M o v e m e n t o f ground water w i t h i n t h e u n c o n s o l i d a t e d a l l u v i a l d e p o s i t s , f o l l o w s
t h e s l o p e o f t h e water t a b l e w h i c h t y p i c a l l y r e f l e c t s s u r f a c e t o p o g r a p h y .
G r o u n d water movement w i t h i n t h e c o n s o l i d a t e d m a t e r i a l s i s s t r u c t u r a l l y
c o n t r o l l e d , w i t h movement a l o n g in t e rb ed o p e n i n g s , f a u l t s , j o i n t s a n d
f r a c t u r e s t o w a r d s the s y n c l i n a l axes and away f r o m the a n t i c l i n a l , axes o f
f o l d s i n t h i s r eg ion.
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Recharge of ground water in the A r k a n s a s V a l l e y r egion i s p r i m a r i l y through
p r e c i p i t a t i o n _ o n ou t c rop s and a l l u v i u m . P e r i o d s o f d r o u g h t occur d u r i n g the
dry season ( l a t e s p r i n g to ear ly f a l l ) and re su l t in greater d e p t h s to ground
water and conver s e ly d u r i n g the we t season ( e a r l y f a l l t o l a t e s p r i n g ) d e p t h s
to ground wa t er are at a minimum.

T r a n s m i s s i v i t y values have been e s t i m a t e d f or f o u r w e l l s c o m p l e t e d in the
A t o k a F o r m a t i o n ( U . S . G e o l o g i c a l S u r v e y , u n p u b l i s h e d d a t a ) . T r a n s m i s s i v i t y
values o f 1,390 and 2,200 g p d / f t were e s t i m a t e d f o r two 200-fee t d e e p w e l l s
owned by the C i t y o f O l a , A r k a n s a s ( O l a c u r r e n t l y uses s u r f a c e water for
s u p p l y ) . A t r a n s m i s s i v i t y o f 50 g p d / f t wa s e s t ima t ed f or a w e l l w i t h a d e p t h
of 52 f e e t c o m p l e t e d w i t h i n t r i b u t a r y a l l u v i u m . A t r a n s m i s s i v i t y of 700
g p d / f t w a s e s t i m a t e d f o r a C i t y o f P l a i n v i e w , Arkansa s water we l l c o m p l e t e d t o
a d e p t h o f 400 f e e t in t h e A t o k a F o r m a t i o n . The s u s t a i n a b l e p u m p i n g rate f o r
t h i s w e l l was e s t i m a t e d to be be tween 20 and 25 g p m . Drawdown was es t imated^,
between w e l l s a p p r o x i m a t e l y 1000 f e e t a p a r t and was d e t e r m i n e d to be
n e g l i g i b l e ( l e s s than 10 f e e t ) u s ing p u m p i n g rates of 30 to 40 g p m .

4.1.3 R e g i o n a l G e o l o g i c H a z a r d s
T h e S i t e i s bounded b y east-west t r e n d i n g thrus t f a u l t s a p p r o x i m a t e l y 2,300
f e e t to the nor th and 1,500 f e e t to the s ou th . No f a u l t s are known to
i n t e r s e c t t h e s i t e . Other m a j o r s t r u c t u r a l f e a t u r e s w i t h i n t h e s i t e v i c i n i t y
are th e Pot eau S y n c l i n e w i t h i t s axi s l o c a t e d a p p r o x i m a t e l y 2.25 m i l e s north
o f t h e S i t e and th e Casa A n t i c l i n e w i t h i t s axis l o ca t ed a p p r o x i m a t e l y 1.75
m i l e s s ou th o f the S i t e . T h e s e f e a t u r e s are not cons idered hazards to the
S i t e or the v i c i n i t y . The f a u l t s are not c o n s i d e r e d to be act ive since they
were f o r m e d d u r i n g th e p e r i o d s o f u p l i f t and f o l d i n g o f t h e m a j o r rock
u n i t s . S u b s i d e n c e of u n c o n s o l i d a t e d m a t e r i a l s is a l s o not c on s id er ed to be a
hazard due t o th e s h a l l o w nature o f b edro ck w i t h i n t h i s r eg ion.

F o u r p u b l i s h e d s e i smi c r i s k maps l i s t the s ice area as a "Zone I", i.e., an
area where o n l y "minor damage" can be e x p e c t e d f r o m earthquake a c t i v i t y . The
l a r g e s t e x p e c t e d ear thquake wou ld be of I n t e n s i t y 6 and could be e x p e c t e d to
occur once in a p p r o x i m a t e l y 400 years. An ear thquake of I n t e n s i t y 2.5 could
be e x p e c t e d in the area w i t h a 10 year f r e q u e n c y .
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I f event s c omparab l e t o t h e N e w M a d r i d , M i s s o u r i earthquake o f 1 8 1 1 - 1 8 1 2 were
to recur in _the New M a d r i d area, it is p o s s i b l e that an I n t e n s i t y 7 shock
c o u l d be r e g i s t e r e d in the s i t e area. T h i s would be a worst case scenario and
i s q u i t e u n l i k e l y .

P r a c t i c a l c o n s i d e r a t i o n s f o r s i t e damage r e s u l t i n g f r o m a n y earthquake would
be f a i l u r e o f the d i k e s s u r r o u n d i n g the p o n d s or the p o s s i b l e in t e r c onne c t i on
o f p o n d s t h r o u g h f a i l u r e o f t h e s e p a r a t i n g s o i l . Such f a i l u r e could on ly take
p l a c e t h r o u g h l i q u i d i f i c a t i o n a n d t h i s w i l l n o t h a p p e n f o r t w o reasons. T h e
s i t e s o i l s a r e no t sandy and t h e r e f o r e w i l l no t l i q u i d i f y . In a d d i t i o n , t h e
0.15 g ground mot ion g enera t ed by an I n t e n s i t y 7 event would most l i k e l y not
l i q u i d i f y even sandy s o i l s .

I t a p p e a r s that t h e maximum earthquake event whi ch could b e p r e d i c t e d f o r t h e
area would not lead to any damage at the S i t e which would have serious^,
consequences f o r t h e e x i s t i n g waste s t o r a g e f a c i l i t i e s .

4 . 2 S I T E H Y D R O G E O L O G Y

4.2.1 D e s c r i p t i o n o f F i e l d I n v e s t i g a t i o n

4 . 2 . 1 . 1 D r i l l i n g
T w e n t y - e i g h t d r i l l h o l e s i n c l u d i n g f o u r t e e n p i e z o m e t e r s , twe lv e ground water
m o n i t o r w e l l s and two s o i l b o r i n g s were c o m p l e t e d at the Old M i d l a n d s i t e
b e tween S e p t e m b e r 30 and. N o v e m b e r 2 , 1986 ( d u r i n g Phase 1 o f th e RI). An
a d d i t i o n a l nine soil b o r i n g s were c o m p l e t e d between May 18 and 21, 1987
( d u r i n g Phase 2 o f t h e R I ) . F i g u r e 4 - 1 shows t h e l o c a t i o n s o f these w e l l s a n d
b o r i n g s .

S i x t e e n s h a l l o w p i e z o m e t e r s a n d m o n i t o r w e l l s ( P - 1 s , P-2 s , P-3s , P-4s , P - 5 s ,
P - 6 s , P - 7 s , P-8s, M W - 5 s , M W - 6 s , M W - 7 s , M W - 8 s , M W - 9 , M W - 1 0 s , M W - 1 1 s a n d M W - 1 2 s )
were screened in the " u p p e r " wea thered s h a l e o c c u r r i n g in the i n t e r v a l f r o m 13
to 20 f e e t b e low ground s u r f a c e . Ten d e e p p i e z o m e t e r s and moni t or w e l l s (P-
1 d , P - 2 d , P - 3 d , P-4d , P - 5 d , P - 6 d , M W - 8 d , M W - 9 d , M W - 1 0 d a n d M W - 1 1 d ) were
screened w i t h i n the "lower" unweathered s h a l e at d e p t h s r a n g i n g f r o m 25 to 38
f e e t . Two d e e p b o r i n g s to d e p t h s o f about 40 f e e t (B-1 and B-2) were
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c o m p l e t e d t o p r o v i d e f u r t h e r s t r a t i g r a p h i c contro l and a d d i t i o n a l core s ampl e s
for t e s t i n g . _ T w e n t y three o f the twen ty s ix w e l l s were cased w i t h a s i n g l e
s t r i n g o f 2 inch inner d i a m e t e r ( I D ) P V C f r o m s u r f a c e t o T D ( T o t a l D e p t h ) .
The amount of 0.01 inch s l o t screen used in each w e l l / p i e z o m e t e r ranged f r o m 5
to 15 f e e t . All cas ing and screen used for m o n i t o r w e l l s were f l u s h threaded
S c h e d u l e 40 PVC w i t h 0-ring s ea l s . C a s i n g and screen used for p i e z o m e t e r s
were S c h e d u l e 4 0 P V C w i t h g l u e d s l i p c o u p l i n g s . A l l w e l l s were packed w i t h / / 2
g r a d e sand around the screen. S e v e r a l f e e t of b e n t o n i t e was p l a c e d above the
sand as a s e a l , and the r emainder of the w e l l annulus was grou t ed to the
s u r f a c e w i t h a c e m e n t - b e n t o n i t e grout m i x t u r e . A l o c k i n g f i v e f o o t s e c t i on o f
4-inch p r o t e c t i v e s tee l c a s i n g s eated in a concrete pad was p l a c e d around each
w e l l when c o m p l e t e d .

T w o o f t h e t w e n t y s i x w e l l s ( M W - 8 s a n d M W - 1 1 s ) were cased w i t h a s i n g l e s t r i n g
of 316 s t a i n l e s s s t ee l and c o m p l e t e d in a s i m i l a r manner as the PVC w e l l s .
O n e w e l l ( M W - 1 2 s ) w a s cased w i t h a s i n g l e s t r i n g o f 4 inch d i a m e t e r ( I D ) P V C
and was u t i l i z e d as the p u m p i n g w e l l in an a q u i f e r te s t (see sub s ec t ion
4 . 2 . 1 . 6 ) .

T h e g enera l d r i l l i n g a n d i n s t a l l a t i o n p r o c e d u r e s f o r p i e z o m e t e r s / m o n i t o r w e l l s
dC t h e s i t e ar e d e t a i l e d b e l o w :

Boreho l e was advanced w i t h a nominal s i x - i n c h d i a m e t e rauger u n t i l the water t a b l e was r ea ch ed , auger r e f u s a loccurred or b or eho l e c o l l a p s e o c curred. S o i l s a m p l e swere taken at f i v e f o o t i n t e r v a l s or at s t r a t a changesus ing clean t h i n w a l l e d tube s a m p l e r s in cohesive s o i l sor s p l i t barrel s a m p l e r s in noncohesive s o i l s ;
S p l i t barrel s a m p l e s were o b t a i n e d b y d r i v i n g w i t h a
140-pound we igh t f r e e f a l l i n g a d i s t a n c e of 30 inche s;res i s tance ( b l o w c o u n t s ) were recorded on six inchi n t e r v a l s ;
W h e n auger d r i l l i n g was t e r m i n a t e d , the bor eho l e wasadvanced by h y d r a u l i c r o t a r y wash d r i l l i n g u s i n g water
f r o m t h e C i t y o f O l a s u p p l y w i t h a s i x - inch d i a m e t e rrock or w i n g b i t ;
S o i l s a m p l i n g occurred at 5 f o o t i n t e r v a l s or at
changes in s t r a t i g r a p h y as d e s c r i b e d above In soi l orh i g h l y weathered s h a l e ;
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S o i l s a m p l e s were p l a c e d in amber g l a s s j a r s , sealedand i m m e d i a t e l y p l a c e d in coo l er s c o n t a i n i n g p a c k e t s of
T r o z e n gel or ice;
The bor eho l e was t e r m i n a t e d when c o m p e t e n t rock wasencountered or when the g e o h y d r o l o g i s t s u p e r v i s i n g the
d r i l l i n g d e t e r m i n e d that th e base o f th e u p p e r groundwater zone had been r ea ched; that is, the watery i e l d i n g zone w i t h i n the soil and weathered shale hadbeen p e n e t r a t e d ( s h a l l o w p i e z o m e t e r s / m o n i t o r w e l l s ) ;
W h e n c ompe t en t rock was e n c o u n t e r e d , the borehole wasadvanced to a maximum d e p t h of 40 f e e t or l e s s at thed e p t h d e t e rmined by the g e o h y d r o l o g i s t to be
a p p r o p r i a t e f o r t h e d e e p p i e z o m e t e r s / m o n i t o r w e l l s ,
u s i n g rotary wash and NX core barrel f or s a m p l i n g ;
W h e n c o m p l e t i o n d e p t h f o r t h e d e e p p i e z o m e t e r s / w e l l s
was reached ( m a x i m u m d e p t h of 40 f e e t ) the bor eho l e was
reamed w i t h a 5 7/8 in ch d i a m e t e r rock b i t ;
The borehole was then f l u s h e d w i t h clean water ( C i t y o f
O l a w a t e r ) u n t i l t h e g e o h y d r o l o g i s t d e t e r m i n e d that t h ed r i l l i n g f l u i d h a d been a d e q u a t e l y f l u s h e d ;
A vented (4 vent h o l e s ) PVC or s t a i n l e s s s tee l cap wasp l a c e d on the c a s i n g s t i c k u p ;
The annular space around the screen and a p p r o x i m a t e l y 1f o o t above the screen (as d e t e r m i n e d a p p r o p r i a t e by theon-s i t e g e o h y d r o l o g i s t ) w a s f i l l e d w i t h a sand f i l t e rp a c k ;
An annular seal of at l ea s t 2 f e e t .in t h i c k n e s s (as
d e t e r m i n e d a p p r o p r i a t e by t h e on-s i t e g e o h y d r o l o g i s t )was p l a c e d above the sand pack u s ing b e n t o n i t e p e l l e t s ;
The bor eho l e a n n u l u s above the b e n t o n i t e seal was
f i l l e d w i t h a c e m e n t - b e n t o n i t e grout p l a c e d through atremmie p i p e t o w i t h i n 1 f o o t o f the ground s u r f a c e .
The grout mix was a p p r o x i m a t e l y 200 Ibs o f p o r t l a n d
cement and 24 Ibs of b e n t o n i t e per 55 g a l l o n s of water
or o ther s u i t a b l e mix d e t e r m i n e d in the f i e l d by the
g e o h y d r o l o g i s t t o b e a p p r o p r i a t e f o r s i t e c o n d i t i o n s ;
T h e b o r e h o l e annulu s above t h e grout w a s f i l l e d w i t h
c oncre t e;
A l l was te f r o m t h e d r i l l i n g o p e r a t i o n s w a s p l a c e d i n
l a b e l l e d drums and s tored on-s i t e at the l o c a t i o n
d e s i g n a t e d by ADPCE as s p e c i f i e d in S e c t i o n 3 . 1 - 6 . 8 o f
t h e W o r k P l a n ;
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T h e d r i l l r i g , p u m p s a n d l i n e s , a n d s a m p l i n g equipmentwere moved to the decon pad and were t h o r o u g h l y cleaned
w i t h h i g h pr e s sur e w a t e r / s t e a m and d e t e r g e n t b e f o r ep r o c e e d i n g to the next b o r e h o l e ;
A f t e r the grout had set the w e l l was d e v e l o p e d by
b a i l i n g and a f i e l d h y d r a u l i c c o n d u c t i v i t y tes t wa sc o n d u c t e d ; and
A p r o t e c t i v e 4-inch nominal d i a m e t e r s tee l cas ing f i v ef e e t in l e n g t h was p l a c e d around the PVC or s t a i n l e s s
s teel c a s i n g and set i n t o a 2 - f o o t d e p t h of concrete.
The s teel c a s i n g e x t e n d e d above the PVC ca s ing and was
f i t t e d w i th a cap. A hardened steel hasp was we ld ed on
the s i d e of the ca s ing and cap and a hardened s t e e l
l o n g neck lo ck a t t a c h e d . F o u r smal l vent .holes were
d r i l l e d in th e p r o t e c t i v e ca s ing.

The general d r i l l i n g p r o c e d u r e s for the so i l b or ing s at the s i t e were as
f o l l o w s : . ^

The b or eho l e was advanced w i t h a nominal f o u r inchd i a m e t e r auger u n t i l the water t a b l e was reached, augerr e f u s a l occurred or bor eho l e c o l l a p s e d occurred. S o i ls a m p l e s were taken at f i v e f o o t i n t e r v a l s ( B - 1 and B-2were c o m p l e t e d at 40 and 37.5 f e e t , r e s p e c t i v e l y ) or ats t r a t a changes u s ing clean t h i n w a l l e d tube s a m p l e r s in
noncohesive s o i l s . B o r i n g s B-1 and B-2 were advanced
w i t h h y d r a u l i c rotary wash a n d N X Core barrel d r i l l i n gf o l l o w i n g auger r e f u s a l ;
B o r i n g s B-3 through B-11 were c o m p l e t e d between 18.5
a n d 19.5 f e e t ( S e e A p p e n d i x B f o r i n d i v i d u a l b o r i n g
l o g s ) and were augered d r i l l e d w i t h a nominal f o u r - i n c hd i a m e t e r auger u n t i l th e water y i e l d i n g zone w i t h i n thes o i l and weathered sha l e had been p e n e t r a t e d ;
S p l i t barrel s a m p l e s were o b t a i n e d at the watery i e l d i n g zone (B-3 thru B - 1 1 ) by d r i v i n g a 140-poundwe igh t f r e e f a l l i n g a d i s t a n c e o f 30 inches.
Resi s tance ( b l o w c o u n t s ) were recorded on six inch
i n t e r v a l s ;
A l l wastes f r o m t h e d r i l l i n g o p e r a t i o n s were p l a c e d i nl a b e l l e d drums and s tored on-s i t e at the l o c a t i o nd e s i g n a t e d by ADPCE as s p e c i f i e d in S e c t i o n 3.1.6.8 oft h e W o r k P l a n ; and
A l l b o r i n g s were grou t ed w i t h a c e m e n t / b e n t o n i t e s l u rry
m i x f r o m t o t a l d e p t h t o t h e s u r f a c e .
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1 G e o t e c h n i c a l lab analyse s i n c l u d i n g 22 soil sampl e s for p a r t i c l e size
d i s t r i b u t i o n and 15 soil s a m p l e s f or l a b o r a t o r y ver t i ca l p e r m e a b i l i t y
measurement are p r e s e n t e d in T a b l e 4-1.

S i x t y - t w o soil s a m p l e s f r o m the Phase 1 bor ing s were analyzed for chemical
c o n s t i t u e n t s i n c l u d i n g 5 f o r organi c p r i o r i t y p o l l u t a n t compounds and
c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s and 56 for PCP, phenanthrene and PCB.
T a b l e 4 - 2 p r e s e n t s t h e r e s u l t s o f t h e o rgan i c p r i o r i t y p o l l u t a n t compound
a n a l y s e s and th e PCP, phenan thr ene and PCB. T a b l e 3-3 i n c l u d e s th e r e s u l t s o f
th e a n a l y s e s f o r c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s .
I n d i v i d u a l b o r i n g l o g s a l ong w i t h w e l l / p i e z o m e t e r c o n s t r u c t i o n d e t a i l s a r e
p r e s e n t e d in A p p e n d i x B.

-^

4.2.1 .2 T r e n c h i n g
A s er i e s o f e x p l o r a t o r y trenche s ( / / 1 , / / 2 , a n d # 3 ) t o t a l i n g 5 4 0 l i n e a l f e e t
were excavated to d e p t h s of about 20 f e e t to b e t t e r charac t er ize the
s u b s u r f a c e bedrock. F i g u r e 4-2 shows the l o c a t i o n s o f these trenches . The
tr enche s were l o g g e d by a g e o h y d r o l o g i s t . S u b s u r f a c e c h a r a c t e r i s t i c s
d e s c r i b e d i n c l u d e d f r a c t u r e s and j o i n t s a l o n g the t op o f th e bedrock and
w i t h i n t h e soil zones, and th e p o t e n t i a l f o r ground water movement. A l s o ,
wherever p o s s i b l e , t h e d i p a n d s t r i k e o f t h e b edrock s u r f a c e , j o i n t s , a n d
f r a c t u r e s were measured.

O t h e r o b s e r v a t i o n s made by the g e o h y d r o l o g i s t , a s a p p l i c a b l e , i n c l u d e d :

• D e s c r i p t i o n of the f o r m a t i o n and rock t y p e s ;
• W i d t h measurements o f j o i n t / f r a c t u r e o p e n i n g s , n o t i n gany secondary m i n e r a l i z a t i o n ;
• R e c o r d i n g the l o c a t i o n and e x t e n t o f s e e p a g e p o i n t s ;

R e c o r d i n g the d e g r e e and e x t e n t o f weathered b edro ck
zone; and
D e t e r m i n a t i o n o f t h e e x t e n t o f f r a c t u r e s a n d j o i n t s
w i t h i n t h e wea thered bedrock .
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F i e l d observa-tions were documented w i t h co lor p h o t o g r a p h y . I n d i v i d u a l trench
cro s s- s e c t ions are p r e s e n t e d in F i g u r e s 4-3, 4-4, and 4-5. R e s u l t s of lab
a n a l y s e s of three soil s a m p l e s f r o m trench 2 are i n c l u d e d in T a b l e 4-2.

4.2.1.3 S u r f a c e / S u b s u r f a c e S o i l S a m p l i n g
A t o t a l of 89 s a m p l e s (59 s u r f a c e [ 0 " - 6 " ] and 30 s u b s u r f a c e [ 6 " - 1 2 " ] ) were
c o l l e c t e d between October 30 and N o v e m b e r 10, 1986 ( d u r i n g Phase 1). An
a d d i t i o n a l 49 s a m p l e s (32 s u r f a c e and 17 s u b s u r f a c e ) were c o l l e c t e d ( d u r i n g
Phase 2) between May 18 and 21 1987, across the s i t e . See F i g u r e 4-6 for
s a m p l i n g l o c a t i o n s .

The on-s i t e s a m p l i n g l o c a t i o n s were s e l e c t e d on a g r i d sy s t em w i t h a 100 f o o t
s p a c i n g , a d j u s t e d where necessary to accommodate p r o p e r t y boundar i e s ,
b u i l d i n g s a n d lagoons . T h e s e s a m p l e s p r o v i d e s p a t i a l d i s t r i b u t i o n o f —
c o n t a m i n a n t s across the areas which are most s u s c e p t i b l e to c on tamina t i on .
S e v e n o f f - s i t e l o c a t i o n s were s a m p l e d a l o n g H i g h w a y 10 on the south boundary
o f t h e s i t e t o d e t e r m i n e i f o f f - s i t e m i g r a t i o n h a d occurred. S a m p l i n g s t ar t ed
in the s ou thea s t corner where h i g h e r l e v e l s of c o n t a m i n a t i o n were not
e x p e c t e d . G e n e r a l l y , every second s u r f a c e soil l o c a t i o n wa s s e l e c t e d f or both
s u r f a c e a n d s u b s u r f a c e soil s a m p l e c o l l e c t i o n w i t h a s l i g h t ' p r e f e r e n c e g iven
to l o c a t i o n s near the l a g o o n s s ince o v e r t o p p i n g of the l a g o o n s , may have
c o n t a m i n a t e d t h i s area.

S u r f a c e and s u b s u r f a c e soil s a m p l e s were c o l l e c t e d by th e f o l l o w i n g
p r o c e d u r e s :

• The s e l e c t e d l o c a t i o n was l o c a t e d by measuring f r o m
surveyed marker s;

• S a m p l e s of about 500 grams were c o l l e c t e d w i t h a
s t a i n l e s s s t ee l soil s a m p l e r at d e p t h s of 0 to 6 inches
( s u r f a c e s a m p l e ) and 6 to 12 inches ( s u b s u r f a c e ) ;
S a m p l e s were p l a c e d i n l a b e l e d amber g l a s s s a m p l e j a r s ;

• S a m p l e j a r s were i m m e d i a t e l y s ea led and p l a c e d in
coo l er s c o n t a i n i n g f r o z e n p a c k e t s o f g e l o r i c e;
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A visual d e s c r i p t i o n i n c l u d i n g soil t y p e , i n d i c a t i o n sof c o n t a m i n a t i o n , or presence of oi l were r e c o r d e d ;
S a m p l e s were pre served and hand l ed in accordance w i t hthe p r o c e d u r e s in th e p r o j e c t QA/QC P l a n ; and
The s t a i n l e s s s t e e l auger was d e c o n t a m i n a t e d b e f o r e
p r o c e e d i n g to the next l o c a t i o n .

T a b l e 4 - 3 p r e s e n t s t h e l a b o r a t o r y a n a l y t i c a l r e s u l t s .

4.2.1.4 Ground W a t e r M o n i t o r i n g
Ground water m o n i t o r i n g i n c l u d e d water e l e v a t i o n measurements in the
m o n i t o r i n g w e l l s and p i e z o m e t e r s , s a m p l i n g and a n a l y s i s o f moni tor w e l l s , and
s a m p l i n g a n d a n a l y s i s o f t w o o f f - s i t e water w e l l s .

S t a t i c ground water e l e v a t i o n measurements were made and recorded in al l-
m o n i t o r w e l l s a n d p i e z o m e t e r s e x i s t i n g ( a t t h e t ime o f mea surement) g e n e r a l l y
on a m o n t h l y bas i s d u r i n g the r emed ia l i n v e s t i g a t i o n . The f i r s t ground water
e l e v a t i o n measurements were made in J u l y 1986. Ground water e l e v a t i o n contour
maps for the s h a l l o w and d e e p w e l l s for N o v e m b e r 18, 1986, are p r e s e n t e d as
F i g u r e s 4-7 and 4-8. A d d i t i o n a l ground water e l e v a t i o n maps are p r e s e n t e d in
A p p e n d i x C , a l o n g w i t h t a b u l a t e d ground water e l e v a t i o n s . F i g u r e 4 - 9 p r e s e n t s
h y d t - o g r a p h s for m o n i t o r w e l l s 1s and 1d i l l u s t r a t i n g the seasonal v a r i a t i o n in
ground water e l e v a t i o n s d u r i n g t h e R I .

Ground water e l e v a t i o n measurements were made w i t h a c a l i b r a t e d e l e c t r i c probe
water l e v e l sensor by th e f o l l o w i n g p r o c e d u r e s :

• The probe was l o w e r e d down the w e l l u n t i l the meter
d i a l d e f l e c t e d i n d i c a t i n g c o n t a c t - o f t h e probe w i t h t h ewater s u r f a c e ;

• Two r e p l i c a t e s were made and c o n s i d e r e d a c c e p t a b l e whenr e a d i n g s d i d n ' t vary b y more than 0.01 f o o t ;
• The d e p t h o f water was r e f e r e n c e d to the top o f thecas ing ( p r o t e c t i v e metal ca s ing w i t h cover open or the

l i p o f t h e P V C ) . T h e r e a d i n g w a s converted t o
e l e v a t i o n u s ing the surveyed t op o f th e c a s i n g ;
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The r ead ing was recorded in the f i e i d book w i t h we l lnumber, d a t e , t ime and names of measur ing crew;
T h e e l e c t r i c probe w a s r insed w i t h d i s t i l l e d watera f t e r use at each w e l l .

A l l m o n i t o r w e l l s e x c e p t M W - 1 D , M W - 2 D , a n d M W - 4 D were f i r s t s a m p l e d d u r i n g
Phase 1 . Each o f the new m o n i t o r w e l l s was i n i t i a l l y s a m p l e d f o l l o w i n g
d e v e l o p m e n t o f t h e w e l l , b u t p r i o r t o p e r f o r m i n g t h e f i e l d h y d r a u l i c
c o n d u c t i v i t y t e s t s . All m o n i t o r w e l l s were s a m p l e d a s par t o f Phase 2 between
May 28 and J u n e 2, 1987.

M o n i t o r w e l l s were s a m p l e d b y t h e f o l l o w i n g pro c edure s :

• A c l ean p l a s t i c l i n e r was p l a c e d on the s u r f a c e around
the we l l to p r o v i d e a c l ean dry s u r f a c e ; -

• The w e l l cap was removed and p l a c e d in a c lean area;
• The s t a t i c water l ev e l was measured as f o l l o w s w i t h ac a l i b r a t e d M - s c o p e e l e c t r i c probe water l evel sensor orequ iva l en t i n s t r u m e n t :

The probe was lowered down the we l l u n t i l the meter
d i a l d e f l e c t e d i n d i c a t i n g contac t o f t h e probe w i t hth e water s u r f a c e ,
Two r e p l i c a t e measurements were made to ensurer e p r o d u c i b i l i t y ,
The d e p t h to water was r e f e r e n c e d to the top of thecas ing. T h i s was converted to water l eve le l e v a t i o n ( m s l ) f r o m t h e surveyed t o p o f t h eca s ing ,
T h e probe w a s rinsed w i t h d i s t i l l e d water a f t e reach use,
Presence of oil or organi c s on the probe wasr e c o r d e d , i f a p p l i c a b l e .

• The volume of water i n i t i a l l y c on ta ined in the wel l wasc a l c u l a t e d f r o m t h e f o r m u l a V w = ( L - H ) 3.11* r , whereV is the volume of water conta ined in the we l l in( f t ^ ) , L i s the l e n g t h o f the we l l p i p e in f t . , H i sth e d e p t h in f t . f r o m th e t op o f t h e cas ing t o th e
water l e v e l , and r is the i n s i d e r a d i u s of the wel l in
f t ;

• A volume of water equal to three t imes the volume of
water i n i t i a l l y conta ined in the w e l l was removed by
b a i l i n g . The e s t i m a t e d number of b a i l s to be removed
was c a l c u l a t e d f r o m the f o r m u l a N = 3V /V^ where N is
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the number o f t imes the w e l l must be b a i l e d , V b i s thec a p a c i t y of the b a i l e r in cubic f e e t and Vw i s as
d e f i n e d above. C o n d u c t i v i t y , t e m p e r a t u r e and pH o f thewater b a i l e d was moni tored and r e corded . The well wasnot s ampl ed u n t i l pH and c o n d u c t i v i t y of the water had
s t a b i l i z e d ;

• B a i l i n g was a c c o m p l i s h e d u s i n g an al l PVC b a i l e r w i t h a
p o l y p r o p y l e n e cord. A d e d i c a t e d b a i l e r was used ineach we l l and was s u s p e n d e d in the wel l for use inf u t u r e s a m p l i n g ;

• The water b a i l e d f r o m the w e l l was re ta ined in l a b e l l e d
55 g a l l o n d r u m s ;

• T h e s a m p l e w a s c a r e f u l l y t r a n s f e r r e d into a p p r o p r i a t econ ta iner s . P r o l o n g e d expo sure (of s a m p l e ) to a ir anda g i t a t i o n d u r i n g t r a n s f e r w a s a v o i d e d . S a m p l e s f o r
a n a l y s i s o f v o l a t i l e s were p l a c e d i n g l a s s V G A v i a l sw i t h no a i r s p a c e and w i t h t e f l o n s e a l s ;

• S a m p l e j a r s were i m m e d i a t e l y sealed and p l a c e d incoo l er s c o n t a i n i n g p a c k e t s of f r o z e n gel or ice;
• S a m p l e s were i d e n t i f i e d , h a n d l e d , pre s erved andanalyzed a c c o r d i n g to the pro c edure s o f the QA/QC P l a n ;
• S a m p l e s were p l a c e d in i c e che s t s i m m e d i a t e l y f o l l o w i n gs a m p l i n g ; and
• R e c o r d k e e p i n g proc edure s were in accordance w i t h those

s p e c i f i e d f or water s a m p l e s in th e QA/QC P l a n and th e
C h a i n - o f - C u s t o d y pro c edur e s .

A l i g h t e r - t h a n - w a t e r nonaqueous l i q u i d phase (oi l) was observed in moni tor
w e l l MW-3S. No other nonaqueous l i q u i d phase was observed in any mon i t o r we l l
or p i e z o m e t e r .

T a b l e 4 - 4 p r e s e n t s a n a l y t i c a l r e s u l t s f o r ground water s a m p l e s f r o m moni t or
w e l l s .

' T w o o f f - s i t e water w e l l s , ( S e e F i g u r e 4 - 1 0 ) t h e N i e l e y water w e l l west o f t h e
s i t e and the Barnes water we l l i m m e d i a t e l y northwes t of the s i t e and south of
Old H i g h w a y 10 , were s a m p l e d . S a m p l e s were ob ta ined by u t i l i z i n g th e e x i s t i n g
p u m p s . S a m p l e s were c o l l e c t e d a f t e r t h e recorded p H , t e m p e r a t u r e a n d
c o n d u c t i v i t y of the water had s t a b i l i z e d . R e s u l t s are pr e s en t ed in T a b l e 4-
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5. The N i e l e y w e l l i s r e p o r t e d to be 80 f e e t d e e p w h i l e the Barnes we l l i s
r e p o r t e d to be 160 f e e t d e e p . Both w e l l s are used for d o m e s t i c p u r p o s e s .

4.2 .1 .5 F I E L D H Y D R A U L I C C O N D U C T I V I T Y T E S T I N G
T w e n t y - t h r e e in- s i tu h y d r a u l i c c o n d u c t i v i t y t e s t s were p e r f o r m e d i n c o m p l e t e d
p i e z o m e t e r s a n d moni tor w e l l s . A l l moni tor w e l l s a n d p i e z o m e t e r s i n s t a l l e d
d u r i n g th i s p r o j e c t , e x c e p t f o r M W - 1 2 s , P-7s , a n d P-8s, were t e s t e d . A f t e r -
d e v e l o p m e n t , f a l l i n g head h y d r a u l i c c o n d u c t i v i t y t e s t s were p e r f o r m e d a s
f o l l o w s :

S t a t i c water l e v e l s were measured several t imes f orc on s i s t ency and accuracy and were r e c o r d e d ;
W a t e r ( C i t y o f O l a s u p p l y ) w a s a d d e d t o t h e riser p i p et o a known l ev e l ( u s u a l l y t h e l i p o f t h e P V C ) ; a n d
W a t e r l e v e l measurements were made p e r i o d i c a l l y w i t h awater l eve l i n d i c a t o r u n t i l t h e water l eve l s t a b i l i z e d
w i t h a l l da ta b e ing r e corded .

T h e h y d r a u l i c c o n d u c t i v i t y e s t i m a t e s were made b y t h e f o l l o w i n g f o r m u l a f o r
s e m i c o n f i n e d o r c o n f i n e d c o n d i t i o n s ( C e d e r g r e n , 1 9 7 7 ) :

R 2 L n ( 2 0 0 ) h ,K = — — 1 — — — — — — — L n — —
2 L 3 ( T 2 - T 1 ) h 2

W h e r e : R = rad iu s of s t a n d p i p e
LO - a q u i f e r t h i c k n e s sh.| = p i e z o m e t e r head at T = T^
h2 = p i e z o m e t e r head at T = T2T = t ime

F i e l d h y d r a u l i c c o n d u c t i v i t y t e s t s a r e summarized i n T a b l e 4-6. C a l c u l a t i o n s
a r e i n c l u d e d i n A p p e n d i x A .

4.2.1.6 A q u i f e r T e s t i n g
An a q u i f e r t e s t was c o n d u c t e d on N o v e m b e r 15, 1986, to d e t e r m i n e the h y d r a u l i c
c h a r a c t e r i s t i c s o f t h e s h a l l o w ground water zone ( t h e s o i l / w e a t h e r e d shale
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zone at about 20 f o o t d e p t h ) . W e l l M W - 1 2 s ( F i g u r e 4 - 1 ) was i n s t a l l e d a s the
p u m p i n g w e l l _ at a l o c a t i o n o u t s i d e the area of s i g n i f i c a n t ground water
c o n t a m i n a t i o n that is e x p e c t e d to be a r e p r e s e n t a t i v e of h y d r o g e o l o g i c
c o n d i t i o n s at the s i t e and is l o c a t e d w i t h i n 10 f e e t of an e x i s t i n g p i e z o m e t e r
p a i r ( P - 5 s a n d P - 5 d ) . T w o a d d i t i o n a l o b s e r v a t i o n p i e z o m e t e r s ( P - 7 s a n d P - 8 s )
were i n s t a l l e d 20 and 40 f e e t , r e s p e c t i v e l y , to the nor thwes t of M W - 1 2 s and
were moni t or ed d u r i n g t h e p u m p i n g / r e c o v e r y t e s t . A q u i f e r parameters e s t ima t ed
f r o m p u m p i n g test and recovery d a t a are l i s t e d in T a b l e 4-7. P i e z o m e t e r s P-1s
and P - 1 d , at a d i s t a n c e of about 105 f e e t , and moni tor w e l l s M W - 9 s and M W - 9 d
at' a d i s t a n c e of 320 f e e t , were a l s o m o n i t o r e d . C a l c u l a t i o n s are i n c l u d e d in
A p p e n d i x A .

T h e f o l l o w i n g pro c edur e s were f o l l o w e d d u r i n g t h e p u m p i n g t e s t s :

• S t a t i c water l e v e l s were recorded in the pumped w e l l as _
w e l l as the 4 p e r i m e t e r p i e z o m e t e r s i m m e d i a t e l y p r i o rt o t h e s tart o f t h e p u m p i n g t e s t . I n a d d i t i o n ,p i e z ome t e r s P - 1 s and P - 1 d , 105 f e e t due eas t , were alsomeasured;

• The p u m p e d w e l l was e q u i p p e d w i t h a 3 / 4 - i n c h t o t a l i z i n g
f l o w meter to measure the p u m p i n g ra t e ;

• The s u b m e r s i b l e p u m p was set at 18 to 19 f e e t below the
ground s u r f a c e . The screened i n t e r v a l in the w e l l i s10 to 20 f e e t ;

• All p r o d u c e d water was p i p e d and d i s p o s e d of in the on-s i t e l a g o o n s ;
• Drawdown was m o n i t o r e d in the p u m p e d wel l arid recorded

at the S i t e by a g e o h y d r o l o g i s t . W a t e r l e v e l s in thep e r i m e t e r p i e z o m e t e r s were also checked p e r i o d i c a l l yd u r i n g t e s t i n g . An e l e c t r i c probe water level sensorwas used for all water l e v e l measurement s; and
• F l o w rate was m o n i t o r e d and r e c o r d e d .

D r a w d o w n was observed in all p e r i m e t e r p i e z o m e t e r s and at P - 1 s and P - 1 d d u r i n g
the t e s t . Drawdown was not observed at M W - 9 s and M W - 9 d . Drawdown in the

p u m p i n g w e l l was 6.2 f e e t a f t e r 5 hours o f p u m p i n g and remained close to t h i s
l e v e l d u r i n g th e r e m a i n i n g t i m e span o f t h e t e s t . The test wa s cont inued f or
ano ther 3 hours and 10 m i n u t e s for a cont inuous p u m p i n g p e r i o d of 8 hours 10
m i n u t e s .
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Seven hundred f i f t y f i v e a n d three t e n t h s g a l l o n s o f water were pumped f r o m
W e l l MW-12S d u r i n g the p u m p i n g te s t at an average rate o f 1.5 g a l l o n s per
minute . A to tal drawdown in the pumped wel l of 6.2 f e e t was measured over the
8 hour and 10 m i n u t e t e s t .

The a q u i f e r test r e s u l t s ar e d i s c u s s e d in S e c t i o n 4.2.3.1.

.4.2.2 S i t e S t r a t i g r a p h y a n d S t r u c t u r e
F o u r d i s t i n c t s t r a t i g r a p h i c u n i t s were encountered in th e s u b s u r f a c e across
the s i t e as f o l l o w s in order o f d e s c e n d i n g d e p t h :

• S i l t y c l a y ;I r o n ( F e ) n o d u l e s ;• W e a t h e r e d s h a l e , and• U n w e a t h e r e d or l i g h t l y weathered shal e .

F i g u r e 4-11 p r e s e n t s l o c a t i o n s o f g e o l o g i c cros s-sect ions. Cros s- s e c t ions A-
A 1 t h r o u g h E-E 1 ( F i g u r e s 4-12, 4-13, 4-14, 4-15, a n d 4 - 1 6 ) , a n d tr ench cross-
s e c t i o n s ( F i g u r e s 4-3, 4-4, and 4 - 5 ) i l l u s t r a t e the s t r a t i g r a p h y across the
s i t e . D e t a i l e d b o r i n g . l og s are p r e s e n t e d in A p p e n d i x B.

T h e s i l t y c l a y unit i n c l u d e s a t h i n s i l t y s o i l l a y e r near t h e s u r f a c e w i t h
t h i c k n e s s v a r y i n g up t o one f o o t . P e n e t r o m e t e r r e a d i n g s o f th e s i l t y clay
were measured at 4.5 to 4.5-*- tons per square f o o t (TSF) in most s a m p l e s across
t h e s i t e which c o r r e s p o n d s t o very s t i f f t o hard. S e v e r a l s a m p l e s e x h i b i t e d
r e a d i n g s r a n g i n g f r o m 1 . 0 t o ' 4 . 0 T S F ( f i r m t o very s t i f f ) . G r a i n size
d i s t r i b u t i o n s , i n c l u d e d i n A p p e n d i x C , d e m o n s t r a t e that t h e unit c ons i s t s
m o s t l y of s i l t y clay a l t h o u g h sand content of a few s a m p l e s was as h i g h as
50%. Other c h a r a c t e r i s t i c s o f t h e s i l t y c l a y i n c l u d e :

• C o l o r s v a r y i n g f r o m l i g h t t a n , l i g h t t o dark brown, andl i g h t g r e y ;
• L i g h t t o heavy b l a c k o r g a n i c s t a i n i n g ;
• Occasional red m o t t l e d areas; .
• S c a t t e r e d o rgan i c m a t t e r , i.e., r o o t s ; and

4-16

thunter
001292



• Pea size to 1/2 inch d iame t e r s ca t t er ed iron nodul e s .

T h i c k n e s s o f the s i l t y c l a y ranges f r o m 4 f e e t a t M W - 1 s and M W - 1 d to 15 f e e t
a t M W - 6 s . T h i c k n e s s o f th e s i l t y c l a y on- s i t e g e n e r a l l y increases t o the
n o r t h w e s t a s i l l u s t r a t e d by C r o s s - S e c t i o n s A-A' and B-B1 .

Beneath t h e s i l t y clay i s g e n e r a l l y a layer o f iron ( F e ) n o d u l e s . T h e nodule s
were encountered t h r o u g h o u t most o f the s i t e e x c e p t a t M W - 4 s and M W - 4 d , M W - 1 1 s
and M W - 1 1 d , P-2s and P-2d and B-2 l o c a t i o n s . C h a r a c t e r i s t i c s of t h i s layer
i n c l u d e :

B r i g h t t o d u l l r ed c o l o r ;
V e r y f i n e t e x t u r e ; a n d
S i z e s r a n g i n g f r o m p e a t o c obb l e ( 3 i n c h e s ) .

T h i c k n e s s o f the iron n o d u l e layer ranges f r o m 1/2 f o o t a t M W - 7 s , M W - 1 0 s , MW-
10d and P-6s and P-6d to 1 1/2 f e e t at M W - 9 s and M W - 9 d . The base of the
n o d u l e s i s the contact w i t h the weathered shale .

The weathered shal e i s p r e s e n t t h r o u g h o u t the en t i r e S i t e . It can be f o u n d a s
s h a l l o w as 4 f e e t b e l o w ground s u r f a c e at M W - 1 s and M W - 1 d to as d e e p as 15
f e e t a t M W - 6 s . The term "weathered" at the S i t e r e f e r s to the overal l
d e g r a d a t i o n o f the sha l e unit a t s h a l l o w d e p t h s . T h i s zone i s charac t er ized
b y t h e f o l l o w i n g f i e l d o b s e rva t i on s:

• Tan to brown weathered s t a i n i n g occurr ing m o s t l y in
f r a c t u r e s ;

• H i g h l y f r a c t u r e d a n d v a r y i n g f r o m s l i g h t l y b r i t t l e t o
crumbly to s e m i - p l a s t i c ;

• The pre s ence o f s econdary a l e r n a t i o n s o l u t i o n s , i.e.,a l t e r e d c l a y s , ( " d i c k i t e " ) ;
• The presence of a t h i n zone of o x i d i z e d f e r r u g i n o u s

nodu l e s above the s h a l e ; and
• Low s t r u c t u r a l s t r e n g t h .
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T h i c k n e s s o f the weathered s h a l e , based upon the above f i e l d o b s e r v a t i o n s ,
ranges f r o m as l i t t l e as 10 f e e t at M W - 1 2 s to as much as 25 f e e t at P-4s and
P - 4 d . The d e p t h at which the above f i e l d ob s ervat ions no l onger are observed
i s termed the "unweathered" sha l e f or p u r p o s e s o f t h i s r e p o r t . F i g u r e 4-17
p r e s e n t s a g e o l o g i c s t r u c t u r e contour map for the t op o f the weathered
s h a l e . The top o f the wea thered sha l e s l o p e s to the nor th-nor thwe s t . A
l o c a l i z e d l o w occurs a t w e l l M W - 6 S .

The unweathered shale i s character ized by the f o l l o w i n g f i e l d observations:

• Dominat e grey to dark grey c o l o r ;
• Less f r a c t u r i n g due t o w e a t h e r i n g proce s s e s ( b o t h

p h y s i c a l and c h e m i c a l ) ;
• H i g h s t r u c t u r a l - s t r e n g t h ; and _
• Presence o f p y r i t e a n d d i c k i t e a l o n g s l i p p a g e p l a n e s .

F r a c t u r i n g ( s l i c k e n s i d e s ) do occur w i t h i n the unweathered s h a l e , but are the
r e su l t o f g e o l o g i c processes ( u p l i f t i n g o f t h e A t o k a F o r m a t i o n ) and no t o f
w e a t h e r i n g proce s se s . S l i c k e n s i d e s have a p o l i s h e d s u r f a c e that r e s u l t s f r o m
f r i c t i o n a l o n g a s l i p p a g e p l a n e . T h i s w a s i d e n t i f i e d f r o m core s a m p l e s taken
of the unweathered shale . The shale i s of unde t e rmined t h i c k n e s s ; however, i t
is f i r s t encountered as s h a l l o w as 18 f e e t b e low ground s u r f a c e at M W - 1 2 s to
as d e e p as 37 f e e t at P-4s and P-4d based upon the above f i e l d ob s ervat ions .

F i g u r e 4-18 p r e s e n t s a g e o l o g i c s t r u c t u r e contour map of the unweathered
sha l e . The top of the unweathered shale f o l l o w s a s i m i l a r p a t t e r n as that of
the weathered s h a l e , d e c r e a s i n g toward the n o r t h w e s t . The t op o f unweathered
s h a l e was more d i f f i c u l t to d e t e r m i n e than for the weathered shale due to the
g r a d a t i o n a l nature of the contact w i t h the weathered shale and the f e w e r
a v a i l a b l e b o r i n g s o f s u f f i c i e n t d e p t h .

4.2.3 D e s c r i p t i o n o f A q u i f e r s
The m a j o r a q u i f e r s at the s i t e are the weathered sha l e and to a l i m i t e d ex t ent
s e c t i on s o f the unweathered s h a l e whi ch contain abundant s t ru c tura l f e a t u r e s
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such as j o i n t s , f r a c t u r e s and f a u l t s . The weathered shal e also contains these
s t r u c t u r a l f e a t u r e s ; however, the water t r a n s m i t t i n g p r o p e r t i e s have been
enhanced by a l t e r n a t i n g p er i od s of w e t t i n g and d r y i n g (seasonal change s) ,
whi ch a c c e l e r a t e d the chemical and p h y s i c a l d e g r a d a t i o n of the shale.

T h i c k n e s s of the w a t e r - b e a r i n g p o r t i o n of weathered sha l e i s e s t ima t ed to be 3
to 5 f e e t based on f i e l d o b s e r v a t i o n s d u r i n g d r i l l i n g and t r e n c h i n g . The t op
of the wa t er-b ear ing zone ( t o p o f weathered s h a l e ) ranges in e l e v a t i o n f r o m
352 ft . msl at P-2s to 326 ft . msl at M W - 6 s . The e l e v a t i o n of the top of the
f i r s t w a t e r - y i e l d i n g zone ( F i g u r e 4 - 1 9 ) ranges f r o m 340 f t . m s l near M W - 1 s and
MW-1d to 326 f t . ms l a t M W - 7 s , M W - 5 s , and M W - 1 0 s . The e l e v a t i o n o f th e t op o f
the f i r s t w a t e r - y i e l d i n g zone was based on ob s ervat ions made at the time of
d r i l l i n g and t r e n c h i n g . Areas which were d e s c r i b ed as "dry" in bor ing l og s
may y i e l d water very s l o w l y or s e a s o n a l l y d u r i n g wet p e r i o d s .

.̂H

The s i l t y c lay zone o v e r l y i n g the weathered sha l e acts as an aqu i tard which
r e s i s t s ground water movement. L o c a l l y there are s ec t ions o f s i l t y clay which
may be very moist to wet ( d u r i n g wet p e r i o d s ) ; however, its a b i l i t y to
t r a n s m i t water i s l i m i t e d . Zones c o n t a i n i n g larger amounts o f organic mat t e r
and other f e a t u r e s ( i . e . , root s , p e b b l e s , wood, and small f r a c t u r e s ) may
t r a n s m i t water r e l a t i v e l y more e f f e c t i v e l y than the more cons i s t en t clay
zones.

T h i c k n e s s of the s i l t y c l a y layer ranges f r o m 6 f e e t at P-2s and P-2d to 12
f e e t a t P-4s and P-4d. The s u r f a c e e l e v a t i o n ( t o p o f s i l t y c l a y ) ranges f r o m
a h i g h of 358 ft. msl at P-2s and P-2d to a low of 340 ft. msl at M W - 5 s .

4 . 2 . 3 - 1 A q u i f e r P r o p e r t i e s
As d e s c r i b e d in S e c t i o n s 4.2.1.5 and 4 . 2 . 1 . 6 , • f i e l d p e r m e a b i l i t y t e s t s and an
a q u i f e r test ( i n c l u d i n g p u m p i n g and recovery p h a s e s ) were p e r f o r m e d in
p i e z o m e t e r s and monitor w e l l s i n s t a l l e d d u r i n g t h i s i n v e s t i g a t i o n . A summary
o f f i e l d h y d r a u l i c c o n d u c t i v i t y te s t r e s u l t s - i s p r e s e n t e d a s T a b l e 4-6.
S h a l l o w zone h y d r a u l i c c o n d u c t i v i t i e s range f r o m 5 X 10 cm/ s e c to 6 X 10
c m / s e c in M W - 1 0 s and M W - 6 s , r e s p e c t i v e l y . The l og average h y d r a u l i c
c o n d u c t i v i t y for the s h a l l o w zone i s 2 X 10 c m / s e c . W i t h i n the d e e p e r zone,
h y d r a u l i c c o n d u c t i v i t y ranges f r o m 7 X 10 c m / s e c to 2 X 10 c m / s e c in M W - 9 d
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and M W - 8 d , r e s p e c t i v e l y . Log average value for the d e e p e r zone is 2 X 10 -*
c m / s e c .

T a b l e 4-7 l i s t s th e r e s u l t s f r o m th e a q u i f e r test p e r f o r m e d in M W - 1 2 s
i n c l u d i n g the p u m p i n g phase and the recovery phase o f the t e s t . The ranges o f
t r a n s m i s s i v i t y values c a l c u l a t e d at o b s e rva t i on w e l l s are 130 g p d / f t to 220
g p d / f t d u r i n g t h e p u m p i n g phase a n d 3 3 0 g p d / f t t o 6 9 0 g p d / f t d u r i n g t h e
recovery phase. The e s t i m a t e d s t o r a t i v i t y value s range f r o m 0.01 to 0.0061.
T h e i s s o l u t i o n s were a p p l i e d t o t h e p u m p i n g phase d a t a , a n d J a c o b ' s method w a s
a p p l i e d to the recovery phase d a t a . T h e s e values are reasonable c o n s i d e r i n g
the c o n f i n e d nature and c h a r a c t e r i s t i c s o f the a q u i f e r . H o w e v e r , the drawdown
r e su l t s ind i ca t e some d e v i a t i o n s f r o m theory. T h i s is p robab ly due to the
t r a n s m i t t a l and s torage of water in f r a c t u r e s and j o i n t s of l i m i t e d
i n t e r c o n n e c t i o n . L o c a l i z e d d e p r e s s u r i z a t i o n / d e w a t e r i n g p r o b a b l y also
c o n t r i b u t e s to nonidea l r e spons e . —

T h e n o n i d e a l d r a w d o w n / r e c o v e r y re sponse m a y s i g n i f i c a n t l y l i m i t t h e accuracy
of the e s t i m a t e s for s t o r a t i v i t y due to the s e n s i t i v i t y o f t h i s value to small
changes in curve m a t c h i n g , but should not have s i g n i f i c a n t impact on v a l i d i t y
o f t r a n s m i s s i v i t y e s t i m a t e s .

The absence of drawdown at M W - 9 s and 9d, l o c a t e d a p p r o x i m a t e l y 320 f e e t to the
nor th o f th e a q u i f e r p u m p te s t w e l l ( M W - 1 2 s ) , i n d i c a t e s an area o f l ow
p e r m e a b i l i t y . F i e l d p e r m e a b i l i t y t e s t s were conducted on M W - 9 s and 9d and
y i e l d e d low valves of 1.3 x 10 and 7.0 x 10 c m / s e c , r e s p e c t i v e l y . T h i s in
turn c o u l d d e f l e c t the movement of the e x i s t i n g p l u m e as i t m i g r a t e s to the
wes t .

4.2.3.2 P o t e n t i o m e t r i c S u r f a c e
F i g u r e 4-7 i l l u s t r a t e s the e l e v a t i o n o f the p o t e n t i o m e t r i c s ur fa c e for the
s h a l l o w p i e z o m e t e r s a n d moni t or w e l l s f o r N o v e m b e r 1 8 , 1986. T h e
p o t e n t i o m e t r i c s u r f a c e decrease s toward t h e nor thwe s t i n d i c a t i n g ground water
f l o w d i r e c t i o n i s g e n e r a l l y t o w a r d s t h e nor thwe s t a l t h o u g h local v a r i a t i o n s
may e x i s t due t o a n i s o t r o p i c s u b s u r f a c e c o n d i t i o n s . The p o t e n t i o m e t r i c
e l e v a t i o n i s g e n e r a l l y above t h e l a g o o n water s u r f a c e e l e v a t i o n a l t h o u g h
seasonal r ev er sa l s may occur. F i g u r e 4-8 p r e s e n t s the p o t e n t i o m e t r i c map for
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e s t i m a t e d p o r o s i t y of 0.10 and 14 and 24 f e e t per year were c a l c u l a t e d w i t h an
e s t i m a t e d p o r o s i t y o f 0.20. The c a l c u l a t i o n s for these e s t imat e s are inc luded
i n A p p e n d i x A .

4 . 3 S O I L C O N T A M I N A T I O N

4.3.1 C h a r a c t e r i z a t i o n o f C o n t a m i n a t i o n
The chemical analys e s for 91 s u r f a c e s o i l (0 to 6 inch d e p t h ) s a m p l e s and 47
s u b s u r f a c e s o i l (6 to 12 inch d e p t h ) s a m p l e s are summarized in T a b l e 4-3).
The analys e s i n d i c a t e that PCP is the m a j o r contaminant present in the s h a l l o w
s o i l s at the s i t e . Phenanthr ene was d e t e c t e d in f o u r sampl e s f r o m l o c a t i o n s
w i t h v i s i b l e oil s ta ins at c onc en t ra t i on s f r o m 50 to 14,000 p p m . Two of the
s a m p l e s were a n a l y z e d f o r organic p r i o r i t y p o l l u t a n t s a n d contained d e t e c t a b l e
c o n c e n t r a t i o n s o f a number o f P N A ' s a s l i s t e d i n T a b l e 4-3. T o t a l P N A
c o n c e n t r a t i o n s were 1 , 6 5 5 . 8 ppm in s a m p l e S-75 at 0-6 inch d e p t h and 581.9 p p n L ,
in s a m p l e S-76 at 6 to 12 inch d e p t h . P y r e n e , f l u o r a n t h e n e and acenaphthene
were t h e P A H ' s pre s ent a t t h e h i g h e s t c onc en t ra t i on s i n these s a m p l e s . T h r e e
v o l a t i l e o r g a n i c c o m p o u n d s benzene, x y l e n e s and t r i c h l o r o e t h y l e n e were pre s en t
i n s a m p l e s S-75 a n d S-76 a t trace c o n c e n t r a t i o n s o f less than 1 p p m . P C B ' s
were not d e t e c t e d in any of the s a m p l e s .

The chemical analyse s o f 71 s a m p l e s f r o m s o i l b o r i n g s and 3 s a m p l e s f r o m
tr enche s are summarized in T a b l e 4-2. PCP was d e t e c t e d in these s a m p l e s as
f o l l o w s :

• T r a c e c o n c e n t r a t i o n s of 0.04 to 0.14 ppm at d e p t h s of20 to 40 f e e t at b or ing MW-8D;
• T r a c e c on c en t ra t i on s of 0.03 to 0.32 ppm at d e p t h s of 5

to 15 f e e t in bor ing B-1 (an oil layer was pre s en t int h i s i n t e r v a l ) ;
• T r a c e c o n c e n t r a t i o n s of 0.03 and 0.11 ppm at d e p t h s of1 f o o t and 10 to 11 f e e t , r e s p e c t i v e l y , in b or ing B-2;
• 4.0 ppm at a d e p t h of 18.5 to 19 f e e t in b o r i n g B-6 (anoil layer was present at t h i s d e p t h ) ; and
• T r a c e c o n c e n t r a t i o n below the q u a n t i t a t i o n l i m i t o f 1 .1ppm at a d e p t h of 18 to 18.5 f e e t in b or ing B-7.
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the d e e p zone on N o v e m b e r 18, 1986. The ground water e l e v a t i o n s are g e n e r a l l y
very s i m i l a r _ between the s h a l l o w and d e e p e r zones, a l t h o u g h l o c a l i z e d
v a r i a t i o n s do e x i s t . At M W - 2 s and MW-2D an anomaly may ex i s t as evidenced by
c o m p a r i s o n s made of the s h a l l o w and d e e p ground water e l e v a t i o n s w i t h i n the
same month and f r o m month to month . The a q u i f e r t e s t of M W - 1 2 s i n d i c a t e d a
d i r e c t i n t e r c o n n e c t i o n between the s h a l l o w and d e e p ground water. The ground
water e l e v a t i o n s o f the two zones are s i m i l i a r a l s o i n d i c a t i n g h y d r a u l i c
c o n n e c t i o n . H o w e v e r , at l o c a l i z e d l o c a t i o n s , the two zones may not be
d i r e c t l y h y d r a u l i c a l l y i n t e r c o n n e c t e d since t h i s i s a f u n c t i o n o f
i n t e r c o n n e c t i o n between f r a c t u r e s and j o i n t s .

The s t e e p e s t ground water g r a d i e n t ( i n d i c a t e d by c l o s e l y spaced contour l i n e s )
a p p e a r s to be in the south central and s ou thwe s t e rn p o r t i o n s of the s i t e .

4.2.3.3 Ground W a t e r V e l o c i t y
The movement of ground water t h r o u g h the s i t e i s d e t e r m i n e d p r i m a r i l y by the
h y d r a u l i c g r a d i e n t s a n d f i e l d p e r m e a b i l i t i e s e x h i b i t e d w i t h i n t h e a q u i f e r .
H o r i z o n t a l m i g r a t i o n rates have been e s t i m a t e d f r o m N o v e m b e r 1986 data as the
f o l l o w i n g :

• M i n i m u m : 28 and 14 f e e t per year toward the northwes t
and

• M a x i m u m : 48 and 24 f e e t per year toward the n o r t h w e s t .

M a x i m u m and minimum h y d r a u l i c g r a d i e n t va lue s were used in the above v e l o c i t y
c a l c u l a t i o n s . The maximum g r a d i e n t i s about 0.034 f o o t / f o o t at the southeast
end of the S i t e . The minimum g r a d i e n t is about 0.02 f o o t / f o o t on the east end
o f t h e S i t e . The l og average o f 23 f a l l i n g head p e r m e a b i l i t y t e s t s ( 1 . 3 7 x
10 c m / s e c ) was used in the c a l c u l a t i o n s s ince it is c on s id er ed a more
r e p r e s e n t a t i v e value across a s i g n i f i c a n t p o r t i o n o f t h e S i t e than i n d i v i d u a l
p o i n t measurements. Two assumed p o r o s i t y value s of 0.10 and 0.20 for shale
were u t i l i z e d . P o r o s i t y g e n e r a l l y ranges f r o m 0 t o 0.10 f o r shale b u t d o e s n ' t
take i n t o c o n s i d e r a t i o n f r a c t u r i n g o f s ha l e ; t h e r e f o r e , an e s t i m a t e w i t h a
h i g h e r p o r o s i t y o f 0.20 was also u t i l i z e d . The e s t i m a t e d minimum and maximum
ground water v e l o c i t i e s are 28 and 48 f e e t per year c a l c u l a t e d w i t h an
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e s t i m a t e d p o r o s i t y of 0.10 and 14 and 24 f e e t per year were c a l c u l a t e d w i t h an
e s t i m a t e d p o r o s i t y o f 0.20. The c a l c u l a t i o n s f or these e s t i m a t e s ar e i n c l u d e d
i n A p p e n d i x A .

4 . 3 S O I L C O N T A M I N A T I O N

4.3.1 . C h a r a c t e r i z a t i o n o f C o n t a m i n a t i o n
The chemica l analyse s for 91 s u r f a c e s o i l (0 to 6 inch d e p t h ) s a m p l e s and 47
s u b s u r f a c e so i l (6 to 12 inch d e p t h ) s a m p l e s are summarized in T a b l e 4-3).
The analys e s i n d i c a t e that PCP i s the m a j o r contaminant pre s ent in the s h a l l o w
s o i l s a t the s i t e . P h e n a n t h r e n e was d e t e c t e d in f o u r s a m p l e s f r o m l o c a t i o n s
w i t h v i s i b l e o i l s ta ins at c o n c e n t r a t i o n s f r o m 50 to 14,000 p p m . Two of the
s a m p l e s were a n a l y z e d f o r organic p r i o r i t y p o l l u t a n t s a n d contained d e t e c t a b l e
c o n c e n t r a t i o n s o f a number o f P N A ' s a s l i s t e d i n T a b l e 4-3. T o t a l P N A
c o n c e n t r a t i o n s were 1 , 6 5 5 . 8 ppm in s a m p l e S-75 at 0-6 inch d e p t h and 581.9 ppm.
in s a m p l e S-76 at 6 to 12 inch d e p t h . P y r e n e , f l u o r a n t h e n e and a c e n a p h t h e n e
were t h e P A H ' s pre s ent a t t h e h i g h e s t c o n c e n t r a t i o n s i n these s a m p l e s . T h r e e
v o l a t i l e o r g a n i c c o m p o u n d s benzene, x y l e n e s and t r i c h l o r o e t h y l e n e were pre s ent
in s a m p l e s S-75 and S-76 a t trace c o n c e n t r a t i o n s o f l e s s than 1 p p m . PCB's
were not d e t e c t e d in any of the s a m p l e s .

The chemical ana ly s e s o f 71 s a m p l e s f r o m s o i l b o r i n g s and 3 s a m p l e s f r o m
t r enche s are summarized in T a b l e 4-2. PCP was d e t e c t e d in these s a m p l e s as
f o l l o w s :

• T r a c e c o n c e n t r a t i o n s of 0.04 to 0.14 ppm at d e p t h s of20 to 40 f e e t at bor ing MW-8D;
• T r a c e c o n c e n t r a t i o n s of 0.03 to 0.32 ppm at d e p t h s of 5

to 15 f e e t in b o r i n g B-1 (an oil l a y e r was pre s en t int h i s i n t e r v a l ) ;
• T r a c e c o n c e n t r a t i o n s of 0.03 and 0.11 ppm at d e p t h s of1 f o o t and 10 to 11 f e e t , r e s p e c t i v e l y , in b o r i n g B-2;
• 4.0 ppm at a d e p t h of 18.5 to 19 f e e t in b o r i n g B-6 (anoil layer was pre s en t at t h i s d e p t h ) ; and
• T r a c e c o n c e n t r a t i o n be low th e q u a n t i t a t i o n l i m i t o f 1 .1

ppm at a d e p t h of 18 to 18.5 f e e t in b o r i n g B-7.
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P h e n a n t h r e n e was d e t e c t e d as f o l l o w s :

T r a c e c o n c e n t r a t i o n of 0.32 ppm at a d e p t h of 20 to 20.3 f e e t in
b o r i n g M W - 8 D ;

260 ppm at a d e p t h of 15 to 15.4 f e e t in b o r i n g B-1 (an oil layer
was pr e s en t a t t h i s d e p t h ) ;

6.3 ppm at a d e p t h of 18.5 to 19 f e e t in bor ing B-6 (an oil layer
was pr e s en t at t h i s d e p t h ) ; and

T r a c e c o n c e n t r a t i o n be low the q u a n t i t a t i o n l i m i t o f 1 .1 ppm a t a
d e p t h of 18 to 18.5 f e e t i n . b o r i n g B-7.

T r a c e c o n c e n t r a t i o n s o f o t h e r P N A ' s were d e t e c t e d i n b o r i n g s B - 6 a n d B - 7 a t
d e p t h s of 18.5 to 19 f e e t and 18 to 18.5 f e e t , r e s p e c t i v e l y .

T r a c e c o n c e n t r a t i o n s o f v o l a t i l e o r g a n i c compounds were d e t e c t e d in soil
s a m p l e s f r o m b o r i n g M W - 1 1 S l o c a t e d near t h e lagoons a s f o l l o w s :

• 0.10 ppm t r i c h l o r o e t h y l e n e at a d e p t h of 10 to 11 f e e t ;and
• 0.20 ppm t r i c h l o r o e t h y l e n e and 0.015 ppm benzene at ad e p t h o f 15 to 16.1 f e e t .

S o i l s a m p l e s f r o m 1 3 l o c a t i o n s , 8 s u r f a c e / s u b s u r f a c e a n d 5 f r o m bor ing M W - 1 1 S ,
were ana lyzed f or c h l o r i n a t e d d i b e n z o d i o x i n s and f u r a n s . The r e s u l t s are
i n c l u d e d in T a b l e 3-3.

D i o x i n s were d e t e c t e d a s f o l l o w s :
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• T e t r a congeners d e t e c t e d on ly in 1 of 3 r e p l i c a t eanalys e s f r o m o n e o f f i v e s a m p l e s f r o m b o r i n g M W - 1 1 S ;
• P e n t a congeners none d e t e c t e d in any s a m p l e s ;
• H e x a congeners d e t e c t e d o n l y in s u r f a c e so i l s a m p l e S-

68A at a c o n c e n t r a t i o n of 0.71 ppb;
H e p t a congeners d e t e c t e d at 7 of the 13 l o c a t i o n s atc onc en t ra t i on s of 0.20 to 83.8 ppb w i t h the h i g h e s tc o n c e n t r a t i o n s in s u r f a c e / s u b s u r f a c e soil s a m p l e
l o c a t i o n s ; and

• Octa congeners d e t e c t e d in all 13 l o ca t i on s at
c o n c e n t r a t i o n s f r o m 0.9 to 816 ppb w i t h the h ighe s t
c o n c e n t r a t i o n s in s u r f a c e / s u b s u r f a c e s a m p l e s .

F u r a n s were d e t e c t e d a-s f o l l o w s :

• T e t r a congeners d e t e c t e d on ly in 1 of 3 r e p l i c a t ea n a l y s e s f r o m o n e o f f i v e s a m p l e s f r o m bor ing M W - 1 1 S ;
• P e n t a congeners none d e t e c t e d in any s a m p l e s ;
• H e x a congeners d e t e c t e d on ly in s u r f a c e soil sampl e S-68A at a c onc en tra t i on of 1.2 ppb;
• H e p t a congeners d e t e c t e d in f i v e of the 13 l o c a t i o n s atc o n c e n t r a t i o n s f r o m 0.10 to 14.3 ppb w i t h the h igher

c o n c e n t r a t i o n s in s u r f a c e / s u b s u r f a c e soi l s a m p l e s ; and
• Octa congeners in seven of the t h i r t e e n l o c a t i o n s at

c onc en t ra t i on s f r o m 0.23 to 26.2 ppb w i t h the h igher
conc en tra t i on s in the s u r f a c e / s u b s u r f a c e so i l s a m p l e s .

4.3.2 E x t e n t o f C o n t a m i n a t i o n
F i g u r e 4-6a pr e s en t s the s u r f a c e (0 to 6 inch d e p t h ) and s u b s u r f a c e (6 to 12
inch d e p t h ) c o n c e n t r a t i o n s o f PCP in s o i l . F i g u r e 4-6b pr e s en t s
i s o c o n t r a c t i o n contours f o r PCP in s o i l . S u r f a c e areas w i t h PCP c o n t a m i n a t i o n
are as f o l l o w s :

• PCP > 1 p p m , 159,000 square f e e t ;
• PCP > 10 ppm, 66,000 square f e e t ; and
• PCP > 100 p p m , 30,000 square f e e t .
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An a d d i t i o n a l area of about 29,400 square f e e t l o ca t ed beneath the lagoons is
assumed to be. c o n t a m i n a t e d , a l t h o u g h s a m p l i n g and a n a l y s i s of t h i s soil was
not in the RI work s cope .

D e p t h of c o n t a m i n a t i o n b enea th the l a g o o n s may be as great as f o l l o w s based on
the t h i c k n e s s of the soil zone between the lagoon base and the ground water
p r o d u c i n g i n t e r v a l :

• Lagoon 1, 7 f e e t ;• Lagoon 2, 13 f e e t ;• Lagoon 3, 8 f e e t ;• Lagoon 4, 14 f e e t ;• Lagoon 5, 14 f e e t ;• L a g o o n 6, 13 f e e t ; and
• Lagoon 7, 11.5 f e e t . .

In o ther areas the v e r t i c a l e x t e n t o f c o n t a m i n a t i o n i s e x p e c t e d t o g e n e r a l l y
be l i m i t e d to the u p p e r 1 to 3 f e e t . T e s t i n g o f soil s a m p l e s f r o m d e p t h s
b e l o w 3 f e e t i n moni t or w e l l a n d s o i l b o r ing s have n o t d e t e c t e d P C P o r P N A ' s
at c o n c e n t r a t i o n s above 1 ppm e x c e p t where an oLl layer is pr e s en t . W h e r e an
oil l a y e r i s pre s ent in the ground water , c o n t a m i n a t i o n w i l l al so be pr e s en t
in the s o i l a t the i n t e r f a c e o f the w a t e r / o i l l ayer .

4.3.3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n
The vo lume of soil c o n t a m i n a t i o n was e s t ima t ed based on s u r f a c e / s u b s u r f a c e
so i l and core s a m p l e a n a l y s e s for PCP, the most w i d e s p r e a d c o n t a m i n a n t , and
t h e e s t i m a t e d d e p t h o f p o t e n t i a l c o n t a m i n a t i o n beneath t h e lagoons . T h e
e s t ima t ed volumes are as f o l l o w s :

• PCP > 1- ppm ( o u t s i d e o f l a g o o n s ) , 189,000 cubic f e e t(7,000 cubic y a r d s ) ;
• P C P . > 1 0 p p m ( o u t s i d e o f l a g o o n s ) , 126,000 cubic f e e t( 4 , 7 0 0 cub i c y a r d s ) ;
• PCP > 100 ppm ( o u t s i d e o f l a g o o n s ) , 60,000 cubic f e e t

(2,200 cubic y a r d s ) ; and
C o n t a m i n a t e d s o i l b eneath the l a g o o n s , 371,000 cubicf e e t ( 1 3 , 7 4 0 cubic y a r d s ) .
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T h u s the ranges of the volume soil contaminated wi th PCP gr ea t e r than 1, 10
and 100 ppm i n c l u d i n g the p o s s i b l e c on tamina t ed soil be low the l a g o o n s are:

• PCP > 1 ppm 9,000 to 21,000 cubic y a r d s ;
• PCP > 10 ppm 7,000 to 18,000 cubic yard s; and• PCP > 100 ppm 4,000 to 16,000 cubic yards .

C a l c u l a t i o n s f o r these e s t i m a t e s a r e i n c l u d e d i n A p p e n d i x A .

4 . 4 G R O U N D W A T E R C O N T A M I N A T I O N

4.4.1 C h a r a c t e r i z a t i o n o f C o n t a m i n a t i o n
Ground water contaminat ion w i t h i n the u p p e r 40 f e e t of s o i l / r o c k was
i n v e s t i g a t e d . The c o n t a m i n a t i o n was charac t e r i z ed by the presence of a"
l i g h t e r - t h a n - w a t e r nonaqueous pha s e l i q u i d ( o i l ) . W h e r e t h e o i l layer i s
p r e s e n t , as at w e l l M W - 3 , PCP c o n c e n t r a t i o n s are r e l a t i v e l y h i g h d e p e n d i n g on
the amount of oil pre s ent in the s a m p l e ( c o n c e n t r a t i o n s of 130 and 12,000 m g / 1
in two s a m p l e s f r o m MW-3S, See T a b l e 4-4). A trace o f PCP (0.0012 m g / 1 ) wa s
d e t e c t e d i n a s a m p l e f r o m m o n i t o r w e l l M W - 1 1 D .

P . A H ' s a r e a l s o p r e s e n t where t h e o i l l ayer i s p r e s e n t , a s a t M W - 3 S . T o t a l
P A H ' s o f 29,244 p p m were d e t e c t e d i n a s a m p l e c o n t a i n i n g r e l a t i v e l y h i g h o i l
c o n t e n t and 245 ppm in a s a m p l e w i t h r e l a t i v e l y l i t t l e o i l .

T r a c e c o n c e n t r a t i o n s o f t o l u e n e (0.0034 p p m ) a n d x y l e n e s (0.077 p p m ) were
p r e s e n t in th e water s a m p l e c o n t a i n i n g r e l a t i v e l y h i g h o i l c o n t e n t .

G r o u n d water f r o m w e l l s M W - 3 S , M W - 4 S , M W - 5 S , M W - 8 S , M W - 9 S , M W - 1 0 S a n d M W - 1 1 S
were a n a l y z e d f o r c h l o r i n a t e d d i b e n z o d i o x i n s a n d f u r a n s . T h e r e s u l t s o f
the se ana ly s e s are i n c l u d e d in T a b l e 3-3. D i o x i n s were d e t e c t e d as f o l l o w s :

• M W - 3 S , ( c o n t a i n i n g o i l ) h e p t a congener a t 26.9 p p t ,
octa congener at 183 p p t ;

• MW-4S oc ta congener at 27 p p t ;
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• MW-5S, MW-9S and MW-10S none d e t e c t e d ;
• "MW-8S, octa congener at 16.2 p p t ; and
• MW-11S (3 a n a l y s e s ) h e p t a congener at 7.4 to 12 p p t ,octa congener at 73..8 to 158 p p t , and t e t ra congener at14.2 ppt in one of three r e p l i c a t e analys e s .

F u r a n s were de t e c t ed as f o l l o w s :
• MW-3S h e p t a congener at 5.1 ppt and octa congener at7 . 9 p p t ;
• M W - 4 S , M W - 5 S , M W - 8 S , M W - 9 S , a n d M W - 1 0 S none d e t e c t e d ;

and.
• MW-11S, ( t h r e e r e p l i c a t e a n a l y s e s ) octa congener a t 4

to 7.9 ppt and t e t r a congener d e t e c t e d in one of threer e p l i c a t e a n a l y s e s a t 14.3 p p t .

The t e t r a , penta and hexa cogeners of d i o x i n s and furan s which are the most
t o x i c f o r m s were absent . T o x i c o l o g i c a l c o n s i d e r a t i o n s are d i s cu s s ed in
S e c t i o n 8.2.

No o t h e r c o n t a m i n a n t s were d e t e c t e d in the ground water.

4.4.2 E x t e n t o f C o n t a r n L n a t i o n
The h o r i z o n t a l e x t en t o f s h a l l o w ground water c o n t a m i n a t i o n i s l i m i t e d t o the
e x t e n t o f th e l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d ( o i l ) a s o u t l i n e d on
F i g u r e 4-1. The area w i t h i n th i s p l u m e i s about 24,000 square f e e t .

A l t h o u g h t h e e x i s t i n g h y d r a u l i c g r a d i e n t i s t o t h e n o r t h - n o r t h w e s t , t h e p l u m e
appear s to have migrated p r i m a r i l y to the west wi th a s l i g h t northward
c o m p o n e n t . T h e d i r e c t i o n o f pas t movement m a y . r e f l e c t t h e f o l l o w i n g f a c t o r s :

• P r e f e r e n t i a l movement of the l i g h t e r - t h a n - w a t e r oil
a l o n g upward s l o p i n g t r e n d s in the contact w i t h the
o v e r l y i n g c lay a q u i t a r d , i.e., the e l e v a t i o n o f t h i ss u r f a c e decreases to the n o r t h , t e n d i n g to i n h i b i t
movement in t h i s d i r e c t i o n ;

• P o s s i b l e p r e f e r e n t i a l movement a l o n g l o c a l i z e d h i g h e r
p e r m e a b i l i t y f e a t u r e s such as f r a c t u r e s ; and
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P o s s i b l e h i s t o r i c h y d r a u l i c m o u n d i n g around th elagoons .

The v e r t i c a l e x t en t of the ground water c on tamina t i on i s e s t imated to extend
f r o m t h e u p p e r m o s t water y i e l d i n g i n t e r v a l ( a p p r o x i m a t e d e p t h o f 2 5 f e e t )
downward to the s u r f a c e o f c o m p e t e n t rock ( a p p r o x i m a t e d e p t h o f 40 f e e t ) .
U n d e r the ambient n o n - p u m p i n g c o n d i t i o n s the c o n t a m i n a t i o n w i l l b e l i m i t e d t o
t h e u p p e r p o r t i o n o f t h i s i n t e r v a l . H o w e v e r , under p u m p i n g drawdown
c o n d i t i o n s the c o n t a m i n a t i o n w i l l be drawn down to the en t i r e interval of the
s h a l l o w ground water.

4.1.3 E s t i m a t e d V o l u m e o f C o n t a m i n a t i o n
The e s t i m a t e d volume o f s h a l l o w ground water c o n t a m i n a t i o n i s e s t i m a t e d based
on the h o r i z o n t a l e x t en t of the oil p l u m e , the t h i c k n e s s of the s h a l l o w ground
water in t erval and an assumed p o r o s i t y of the shale . The e s t i m a t e d volume of"
c o n t a m i n a t e d ground water i s 450,000 g a l l o n s . C a l c u l a t i o n s f o r t h i s e s t imat e
a r e i n c l u d e d i n A p p e n d i x A .

4 . 5 P O T E N T I A L C O N T A M I N A N T M I G R A T I O N I N G R O U N D W A T E R
A p l u m e of l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d is pre s en t in the ground
water and has r e s u l t e d in c o n t a m i n a t i o n of the ground water in the u p p e r 40
we t o f s o i l / r o c k w i t h i n t h e h o r i z o n t a l e x t e n t o f that nonaqueous phase.
M o v e m e n t o f the nonaqueous phase i s the p r i m a r y means of h o r i z o n t a l m i g r a t i o n
of c o n t a m i n a n t s . M i g r a t i o n o f d i s s o l v e d phase c on taminant s i s very l i m i t e d
due to the low-water s o l u b i l i t i e s of the contaminant s and the t e n d e n c y of the
c o n t a m i n a n t s to be a t t enua t ed by s o i l / r o c k . H o r i z o n t a l m i g r a t i o n of the
nonaqueous phase i s e x p e c t e d to g e n e r a l l y f o l l o w the ground water g r a d i e n t to
t h e n o r t h - n o r t h w e s t , a l t h o u g h , l o c a l l y , s t ru c tura l i n f l u e n c e s may a l t e r t h e
d i r e c t i o n of movement. Rate of m i g r a t i o n is e x p e c t e d to be l e s s than the
ground water v e l o c i t i e s of 14 to 48 f e e t per year. H o r i z o n t a l m i g r a t i o n of
the d i s s o l v e d phase is assessed in S e c t i o n 8.2.2.

As i l l u s t r a t e d on F i g u r e 4-1, the p l u m e has moved about 200 f e e t , as suming i t s
source is the center of lagoon 3. The lagoons were c on s t ru c t ed between 1966
and 1971 i n d i c a t i n g an a c t i v e source l i f e between 21 and 16 years. Rate of
pas t p l u m e m i g r a t i o n would be between 10 and 13 f e e t per year based on these
c o n d i t i o n s .
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T h e s cope o f t h e R I i n v o l v e d i n v e s t i g a t i n g t h e u p p e r M O f e e t o f s o i l / r o c k . N o
heavier- than-water nonaqueous phase l i q u i d was f o u n d in th i s i n t e r v a l . No
heavier- than-water nonaqueous phase l i q u i d was f o u n d in the lagoons as a
s epara t e pha s e , a l t h o u g h some of the lagoon s e d i m e n t s did contain an o i l y
l i q u i d absorbed t o th e s o l i d s . The nature o f wood t r e a t i n g proce s s e s p r o v i d e s
p o s s i b l e sources f or h e a v L e r - t h a n - w a t e r nonaqueous l i q u i d phases in the wastes
that were p l a c e d in the lagoons . If a heavy phase was pre s ent i t i s p o s s i b l e ,
g i v e n the s i t e h y d r o g e o l o g y , that some v e r t i c a l m i g r a t i o n t h r o u g h the base o f
the p o n d s and i n t o f r a c t u r e d bedrock c o u l d have occurred. T h e r e are no da ta ,
however, i n d i c a t i n g th i s ha s occurred. F u r t h e r downward v e r t i c a l m i g r a t i o n o f
the d i s s o l v e d phase and of the l i g h t e r - t h a n - w a t e r nonaqueous phase l i q u i d is
u n l i k e l y e x c e p t i f t h e l i g h t e r - t h a n - w a t e r phase reaches a d e e p e r p u m p i n g w e l l ,
then the c o n t a m i n a t i o n may be drawn d e e p e r at the w e l l .
4 . 6 W A T E R W E L L I N V E N T O R Y
The water w e l l inventory was o b t a i n e d by c o m p i l i n g water w e l l records f r o m the-
f o l l o w i n g sources:

• U . S . G e o l o g i c a l S u r v e y f i l e s ;
• Arkansa s G e o l o g i c a l C o m m i s s i o n f i l e s ;
• A D P C & E f i l e s ; a n d

•• Personal c ommuni ca t i on w i t h homeowners i m m e d i a t e l ys u r r o u n d i n g the s i t e area.

A t o t a l of 5 w e l l s are pre s ent w i t h i n a 1,500 f o o t rad iu s around the S i t e .
The S i t e encompasses th e p l a n t (2 a c r e s ) and the area s u r r o u n d i n g the p l a n t
( a d d i t i o n a l 35 a c r e s) .

D i r e c t i o n of the ground water g r a d i e n t f r o m the s i t e i s to the west-
n o r t h w e s t . T h e c lo s e s t s h a l l o w o f f - s i t e d o w n g r a d i e n t water wel l w a s
i d e n t i f i e d in the water w e l l i n v e n t o r y to the we s t-nor thwe s t o f the s i t e . Due
to i t s p r o x i m i t y to the s i t e and i t s s h a l l o w c o m p l e t i o n d e p t h in the A t o k a
f o r m a t i o n , t h i s w e l l r e p r e s e n t s t h e c l o s e s t p o t e n t i a l r e c e p t o r p o i n t
d o w n g r a d i e n t . T h e nearest f o u r o f f - s i t e s h a l l o w w e l l s a r e summarized f r o m t h e
w e l l i n v e n t o r y a s f o l l o w s a c c o r d i n g t o t h e i r d i r e c t i o n f r o m th e s i t e :

U-29

thunter
001306



• W e s t , nor thwe s t - Mr. N i e l e y and M r s . Barnes,
• S o u t h , s ou thwes t - Mr. Marcum, and
• E a s t , northeast - M r . N o a k e ' s ( 2 w e l l s ) .

Mr. Nie l ey ' s w e l l i s us t;d f o r d o m e s t i c p u r p o s e s and i s r e p o r t e d t o b e 80 f e e t
d e e p . • It i s l o c a t e d a p p r o x i m a t e l y 450 f e e t we s t -nor thwe s t o f the on-site
lagoon s . M r s . Barnes w e l l i s used for d o m e s t i c p u r p o s e and is r e p o r t e d to be
160 f e e t d e e p . It i s l o c a t e d 1200 t o 1500 f e e t nor thwe s t o f t h e S i t e ( S e e

F i g u r e 4 - 1 0 ) .

Mr. Marcum's w e l l i s a l so used for d o m e s t i c p u r p o s e s and is r e p o r t e d to be 80
f e e t d e e p . It i s located u p g r a d i e n t at a p p r o x i m a t e l y 800 f e e t south-southwest
o f t h e S i t e .

M r . N o a k e ' s t w o w e l l s (one a g r i c u l t u r a l a n d o n e r e s i d e n t i a l ) a r e r epor t ed t q _
be 265 f e e t and 80 f e e t d e e p , r e s p e c t i v e l y . Both w e l l s are l o ca t ed
a p p r o x i m a t e l y 1,200 f e e t ea s t-northeas t o f t h e S i t e .
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5 . 0 S U R F A C E W A T E R I N V E S T I G A T I O N

T h i s s e c t i on i s organized a s f o l l o w s :

S e c t i o n 5 . 1 , Summarize s r eg i ona l s u r f a c e waterf e a t u r e s ;
S e c t i o n 5.2, Descr ibe s the s u r f a c e water and sedimenti n v e s t i g a t i o n o f t h e S i t e w i t h extent andc h a r a c t e r i z a t i o n of c o n t a m i n a t i o n ; and
S e c t i o n 5.3, Descr ibe s the s i t e d r a i n a g e and p o t e n t i a lf o r f l o o d i n g ;

5 . 1 R E G I O N A L S U R F A C E W A T E R F E A T U R E S
T h e O l d M i d l a n d P r o d u c t s S i t e i s l o c a t e d i n t h e M i d A r k a n s a s Drainage Basin—
w h i c h d r a i n s a l l o f Y e l l C o u n t y i n t o t r i b u t a r i e s o f t h e Arkansa s River ( S e e
F i g u r e 5 - 1 ) . T h e m a j o t - t r i b u t a r i e s i n Y e l l County a r e t h e F o u r c h e L e Fave
River which d r a i n s the area nor th o f th e Ola M o u n t a i n R i d g e . The S i t e i s
l o c a t e d in the nor th d r a i n a g e area which also in c lude s the C i t y o f Ola,
A r k a n s a s .

S u r f a c e d r a i n a g e f r o m the S i t e i s c o l l e c t e d by several small d i t c h e s on the
south s i d e of the L i t t l e Rock and W e s t e r n R a i l r o a d tracks and passe s under the
t r a c k s ' bed t h r o u g h a s i n g l e culvert to a d r a i n a g e channel that pas s e s under
Old H i g h w a y 10 and then i n t o K e e l a n d Creek . U p s t r e a m f r o m th i s d i s c h a r g e
p o i n t , K e e l a n d Creek serves as the d r a i n a g e channel f r o m the C i t y o f Ola and
the Lake Ola-Dale C i t y water s u p p l y reservoir to the west.

M e a n d e r i n g t o t h e east f o r a p p r o x i m a t e l y o n e mi l e f r o m t h e s i t e ' s d i s charge
p o i n t , K e e l a n d Creek then travel s north a l ong Sante Fe R i d g e into th e P e t i t
J e a n River S t a t e W i l d l i f e Management Area where i t j o i n s Mason Creek . T h e
combined creeks travel about 1 /2 m i l e b e f o r e d i s c h a r g i n g into th e P e t i t J e a n
River . The P e t i t J e a n t rav e l s north a l o n g the boundary between Conway and
Y e l l C o u n t i e s and then enter s the A r k a n s a s River a p p r o x i m a t e l y 25 m i l e s f r o m
t h e O l d M i d l a n d s i t e .
D E R / O M - 5
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5 . 2 S I T E I N V E S T I G A T I O N S
T h e s u r f a c e water f i e l d i n v e s t i g a t i o n i n c l u d e d t h e f o l l o w i n g :

• A t o p o g r a p h i c survey to d e f i n e s u r f a c e water p a t t e r n s ;
• A s t o rmwat er r u n o f f s a m p l e c o l l e c t i o n and chemicala n a l y s i s program to assess s t ormwat er r u n o f fc o n t a m i n a t i o n , and
• A drainageway s e d i m e n t s a m p l e c o l l e c t i o n and chemical

a n a l y s i s program to assess s e d i m e n t c o n t a m i n a t i o n .

5 . 2 . 1 S u r f a c e W a t e r R u n o f f P a t t e r n s
F i g u r e 5 -2 p r e s e n t s t h e s u r f a c e water d r a i n a g e p a t t e r n s d e t e r m i n e d f r o m th e
t o p o g r a p h i c survey.

5 . 2 . 2 S t o r m w a t e r R u n o f f C o n t a m i n a t i o n

5 .2 .2 .1 S a m p l e C o l l e c t i o n a n d A n a l y s i s
S t o r m w a t e r r u n o f f s a m p l e s were c o l l e c t e d f r o m f i v e l o c a t i o n s d u r i n g Phase 2 o f
t h e R I . S a m p l e s were c o l l e c t e d f r o m t h e f o l l o w i n g l o c a t i o n s ( S e e F i g u r e 5 - 3 ) .

• SW-1, in main d r a i n a g e w a y west of the l a g o o n s whered r a i n a g e passes near the l agoon s;
• SW-2, in main drainageway north of the lagoons;
• SW-3, in main d r a i n a g e w a y at c o n f l u e n c e w i t h r u n o f fp a t h f r o m the north end of the lagoon area;
• SW-4, in d r a i n a g e w a y nor th of r a i l r o a d t r a c k s ; and
• SW-5 and SW-7 ( r e p l i c a t e s ) in d r a i n a g e w a y s ou th of OldH i g h w a y 10.

In a d d i t i o n one s a m p l e (SW-6) was c o l l e c t e d and analyzed d u r i n g Phase 1 o f the
R I f r o m s t a n d i n g water a l o n g H i g h w a y 1 0 , south o f t h e S i t e . T h i s s a m p l e w a s
analyzed f o r t h e Phase 1 i n d i c a t o r paramet er s ( P C P , p h e n a n t h r e n e , a n d P C B ) .

S a m p l e c o l l e c t i o n p r o c e d u r e s were a s f o l l o w s :
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• At least 500 ml of s a m p l e was c o l l e c t e d and p l a c e d inamber g la s s s a m p l e j a r s ; -
• S a m p l e j a r s were i m m e d i a t e l y sealed and p l a c e d in

coo l er s c o n t a i n i n g f r o z e n gel p a c k e t s or ice;
• S a m p l e s were i d e n t i f i e d and h a n d l e d in accordance w i t ht h e Q A / Q C P l a n ; a n d
• R e c o r d k e e p i n g was in c o m p l i a n c e w i t h the QA/QC P l a n andt h e C h a i n - o f - C u s t o d y Procedure s . T i m e o f s a m p l i n g andr u n o f f observations were recorded.

5.2.2.2 C o n t a m i n a t i o n
T a b l e 5-1 summarizes th e chemical analys e s o f th e s u r f a c e water s a m p l e s . PCP
was d e t e c t e d at trace c o n c e n t r a t i o n s f r o m s 10 to 12 ppb in the f i v e Phase 2
s a m p l e s . N o o t h e r c o n t a m i n a n t s were d e t e c t e d .

The c o n t a m i n a t i o n a p p e a r s to be l i m i t e d to trace c onc en tra t i on s o f PCP in
d i r e c t s t o rmwat e r r u n o f f f r o m the area around the lagoon and treatment
b u i l d i n g where s u r f a c e s o i l P C P c o n t a m i n a t i o n occurs.

D u r i n g p r o l o n g e d p e r i o d s o f heavy p r e c i p i t a t i o n , o v e r f l o w f r o m t h e l a g o o n s m a y
occur f o r b r i e f p e r i o d s . T h i s would r e su l t i n t emporary d i s c h a r g e o f h igher
c o n c e n t r a t i o n s o f P C P a n d P N A ' s t o t h e s i t e d r a i n a g e w a y .

5.2.3 D r a i n a g e w a y S e d i m e n t C o n t a m i n a t i o n

5.2.3.1 S a m p l e C o l l e c t i o n a n d A n a l y s i s
S e d i m e n t s a m p l e s were c o l l e c t e d a s f o l l o w s :

• S a m p l e s were c o l l e c t e d u s i n g a hand o p e r a t e d soil cores a m p l e r ;
• S a m p l e s were c o l l e c t e d in the d e p t h in t e rva l of 0 to 6inche s ;
• At l ea s t 500 grams of s a m p l e were c o l l e c t e d and p l a c e din amber g la s s s a m p l e j a r s ;

S a m p l e j a r s were i m m e d i a t e l y s ealed and p l a c e d in
coolers c o n t a i n i n g f r o z e n gel p a c k e t s or ice; and
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A l l s a m p l i n g equ ipmen t coming into contact w i t h t h e
soil was deconned w i t h soap and water between s a m p l i n g
" loca t ions .

S a m p l e s were ana lyz ed f o r P C P a n d P N A ' s ( P h a s e 2 ) i n d i c a t o r paramet er s . T h e
r e s u l t s are summarized in T a b l e 5-3.

5.2.3.2 C o n t a m i n a t i o n
P C P a n d P N A ' s i n c l u d i n g a c e n a p h t h y l e n e , anthracene , b e n z o ( a ) a n t h r a c e n e ,
b e n z o ( b ) f l u o r a n t h e n e , b e n z o ( k ) f l u o r a n t h e n e , p y r e n e , chrysene f l u o r a n t h e n e ,
f l u o r e n e , i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e , p h e n a n t h r e n e , pyrene and carbazole were
d e t e c t e d at c o n c e n t r a t i o n s of les s than 10 ppm as p r e s e n t e d in T a b l e 5-1.

As i l l u s t r a t e d on F i g u r e 5-3 the d r a i n a g e w a y s e d i m e n t s are not c on tamina t ed at
the u p s t r e a m end of the S i t e but the d r a i n a g e w a y becomes contaminat ed where it-
bends eastward near the l a g o o n s and c o n t a m i n a t i o n continues north of the
l a g o o n s . T r a c e c o n t a m i n a t i o n is pre s en t at or near the q u a n t i t a t i o n l i m i t
d o w n s t r e a m to at least i m m e d i a t e l y south of Old H i g h w a y 10.

The vo lume o f d r a i n a g e w a y s e d i m e n t s w i t h PCP c onc en t ra t i on above 1 ppm i s
e s t i m a t e d to be 23,000 cubic f e e t or 850 cubic y a r d s . C a l c u l a t i o n s for t h i s
e s t i m a t e a r e i n c l u d e d i n A p p e n d i x A .

5 . 3 S I T E D R A I N A G E A N D F L O O D P O T E N T I A L
T h e O l d M i d l a n d P r o d u c t s s i t e i s t o p o g r a p h i c a l l y d i v i d e d into 3 m a j o r dra inage
s e c t i o n s . T h e s e s e c t i ons in general average f r o m a 2.5% s l o p e at the southern
end of- the s i t e to a very f l a t b o g g y area at the northern end. Some s p e c i f i c
s i t e f e a t u r e s such as sawdust p i l e s , l agoon berms and f a c i l i t y l o c a t i o n s
i n f l u e n c e the s i t e t o p o g r a p h y but have not s e v e r e l y a l t e r e d the dra inage
t e n d e n c i e s o f these r u n o f f areas.

T h e e n t i r e s i t e ' s r u n o f f converges i n a c l e a r l y d e f i n e d d r a i n a g e channel
l o ca t ed a p p r o x i m a t e l y in the center of the northern p o r t i o n of the S i t e . The
channel pas se s through a cu lver t under the L i t t l e Rock and W e s t e r n Rai l road
t rack s and th en n o r t h w e s t e r l y under Old H i g h w a y 10 and on to K e e l a n d C r e e k .

O f f - s i t e f l o o d i n g p o t e n t i a l caused b y r u n o f f f r o m t h e S i t e i s u n l i k e l y d u e t o
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the small dra inage area involved and the l arg e time o f concentrat ion (Tc)
required f o r _ water from all areas of th i s s i te to reach the drainage
channel. T h i s l a rg e Tc i s due to the s l i g h t s l o p e and large amount of
u n i m p r o v e d and unpaved l a n d s c a p e . O f f - s i t e r u n o f f i s minimal and c o n f i n e d to
a p p r o x i m a t e l y 1 / M m i l e o f H i g h w a y 1 0 r i g h t - o f - w a y d r a i n a g e which remains
c o n f i n e d to a drainage d i t c h on the western side of the S i t e .

On-s i t e l o c a l i z e d f l o o d i n g or p o n d i n g occurred a f t e r each rain that was
observed in low areas t h r o u g h o u t the northern p o r t i o n of the S i t e . In
a d d i t i o n , on-site f l o o d i n g or surcharging of the main drainage channel was
observed d u r i n g t h e S i t e work. T h i s f l o o d i n g w a s h i g h l y l o c a l i z e d w i t h i n t h e
north central p o r t i o n of the s i t e and may have been caused by d e b r i s damming
the r a i l r o a d cu lver t or by s u r c h a r g i n g of K e e l a n d Cre ek . The surcharg ing of
the creek was due to the backwater e f f e c t s f r o m the .Corps of Engineers
measures on the A r k a n s a s R i v e r .

S p e c i f i c d r a i n a g e p a t t e r n s , channel l o c a t i o n s a n d s i t e f e a t u r e s a r e i d e n t i f i e d
on F i g u r e 5-2, and w i l l be f u r t h e r addressed in the f o l l o w i n g sections.

5.3 .1 Eas t ern S e c t i o n Drainage
The Eas t ern s e c t i o n is d e f i n e d by a berm or s m a l l levee on the east. A
h ighway dra inage d i t c h to the south, rai lroad dra inage d i t c h to the north, and
a smal l swale and d i t c h b o r d e r i n g the lagoons l e a d i n g to the main dra inage
channel on th e west . A s l i g h t , c e n t r a l l y l o c a t e d r i d g e d i v i d e s th e f l o w f r o m
t h i s s e c t i on into two f l o w s , one to the nor thea s t and the other to the
northwes t . W i t h the e x c e p t i o n of a small area in the west which drains to the
l agoon area d r a i n a g e d i t c h r u n o f f f r o m a l l t h e eastern s ec t ions e v e n t u a l l y
f l o w s to the r a i l r o a d d r a i n a g e d i t c h and then w e s t e r l y to the main dra inage
d i t c h . Due to the f l a t n e s s o f t h i s area a d j a c e n t t o the r a i l r o a d d i t c h ,
s i g n i f i c a n t p o n d i n g occurs.

5.3.2 T r e a t m e n t and Lagoon Area D r a i n a g e
T h i s d r a i n a g e area is bordered on the east by a s l i g h t swale which l e a d s to a
wel l d e f i n e d d i t c h which f o l l o w s the northern per ime t er of thi s area and
d e f i n e s i t s n o r t h e r n border b e f o r e d r a i n i n g into t h e main channel . T h e
nor th ern border is the H i g h w a y 10 d r a i n a g e d i t c h and the wes tern border is
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c ompr i s ed of a s l i g h t swale b o r d e r i n g the treatment area which becomes a we l l
d e f i n e d swale, and then enters the wes tern dra inage channel. The drainage
p a t t e r n s of t h i s area a p p e a r to s p l i t the f l o w to both the east and west
swa l e s w i t h s i g n i f i c a n t p o n d i n g south o f t h e t r ea tment f a c i l i t y .

F l o w in the lagoon sys t em i s c o n f i n e d to the l agoon s and e v e n t u a l l y o v e r f l o w s
in to the l a r g e lagoons ( L a g o o n s 5 and 6). The large eastern lagoon has a
c l ear ly d e f i n e d di s charge into the border ing drainage d i t c h while the western
l a g o o n has no c l e a r l y d e f i n e d d i s c h a r g e p a t h but p r o b a b l y would d i s c h a r g e into
the d i t c h as it turns north.

5.3.3 W e s t e r n S e c t i o n D r a i n a g e
The border s o f t h i s s e c t ion are the t r e a t m e n t / l a g o o n swale and d i t c h which
f l o w s in to the meander ing channel that carries the highway dra inage through
the S i t e to the main d r a i n a g e c h a n n e l , the H i g h w a y 10 d i t c h to the s ou th , a.-
s l i g h t r i d g e a l o n g the p r o p e r t y l i n e t o th e we s t , and the ra i l r oad dra inage
d i t c h to the north. The m a j o r f l o w in t h i s s e c t i on a p p e a r s to be due to the
h i g h w a y dra inage w i t h l i t t l e a d d i t i o n a l r u n o f f b e i n g c o l l e c t e d i n th i s western
sec t ion d u r i n g normal r a i n f a l l due to the large amount of v ege ta t i on . In
a d d i t i o n , t h e t op s o i l i s h i g h l y absorbant due t o large amounts o f d e compos ed
o r g a n i c m a t t e r wh i ch i s very s o f t and s p o n g e y .

D E R / O M - 5
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6 . 0 A I R I N V E S T I G A T I O N

6 . 1 P O T E N T I A L S O U R C E S O F . A I R C O N T A M I N A T I O N
The l a g o o n s c o n t a i n i n g waste s e d i m e n t s and c o n t a m i n a t e d f l u i d s , and th e
c o n t a m i n a t e d s u r f a c e s o i l in the v i c i n i t y o f the l agoon s and the t r ea tment
b u i l d i n g r epre s ent p o t e n t i a l sources f o r r e l ea s e o f contaminants t o t h e air.

T h e m a j o r c on taminan t s a t t h e s i t e , P C P a n d P N A ' s , a r e o f l o w v o l a t i l i t y a n d
w o u l d not be e x p e c t e d to be r e l ea s ed by v o l a t i l i z a t i o n . T r a c e c o n t a m i n a n t s
such as aromatic and a l i p h a t i c hydro carbon s cou ld p o t e n t i a l l y be released by
v o l a t i l i z a t i o n .

Relea s e o f P C P , P N A ' s a n d o ther c o n t a m i n a n t s b y f u g i t i v e dust emi s s i ons i s
p o s s i b l e d u r i n g p r o l o n g e d d r y p e r i o d s . T h e f l u i d s i n t h e l agoon s w o u l d —
p r e v e n t du s t re lease f r o m th e l a g o o n s . The v e g e t a t i o n and r e l a t i v e l y moist
soi l c o n d i t i o n s common a t th e s i t e w i l l l i m i t dust emi s s ions f r o m the
c o n t a m i n a t e d s u r f a c e s o i l .

6 . 2 D E S C R I P T I O N O F S A M P L I N G A N D A N A L Y S I S P R O G R A M
P r e v i o u s a ir s a m p l i n g a t the S i t e by the EPA Emergency Respons e T e a m d e t e c t e d
trace c o n c e n t r a t i o n s in the air space i m m e d i a t e l y above soil in the v i c i n i t y
o f t h e l a g o o n s a n d t r ea tmen t b u i l d i n g f o r t h e f o l l o w i n g c ompound s:

• an thra c ene;
• b i p h e n y l s ;• hexane;• indene;• methyl s t y r e n e ;
• n a p h t h a l e n e ;
• p h e n a n t h r e n e ; and• p h e n o l .

D u r i n g f i e l d i n v e s t i g a t i o n a c t i v i t i e s which could p o t e n t i a l l y s i g n i f i c a n t l y
d i s t u r b th e s o i l f or Phase 1 o f th e RI, an ambient a ir m o n i t o r i n g p r o g r a m was
used to moni tor for air c on tamina t i on at the S i t e .
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A c o m p l e t e m e t e o r o l o g i c a l s t a t i o n ( w i n d s p e e d , wind d i r e c t i o n , r e l a t i v e
h u m i d i t y , t e m p e r a t u r e , r a i n f a l l , and barome tr i c p r e s s u r e ) wa s opera t ed on-site
f r o m October 1986 through S e p t e m b e r 198?. W i n d d i r e c t i o n was used in s a m p l i n g
a n d i n t e r p r e t i n g a i r m o n i t o r i n g d a t a d u r i n g Phase 1 o f t h e R I . T h e f o l l o w i n g
l a b a n a l y s e s a n d s a m p l i n g d e v i c e s were u t i l i z e d :

• 4 H i - V o l s a m p l e r s w i t h d a i l y s a m p l e s c o l l e c t e d , a l l
f i l t e r s d e s s i c a t e d a n d w e i g h e d t o d e t e r m i n e t o t a l
s u s p e n d e d p a r t i c u l a t e s ( T S P ) . T h e s a m p l e r s werel o c a t e d at the we s t , n o r t h , east and south p e r i m e t e r sof the lagoon and treatment area;

• S e l e c t e d p e r s onne l o rgani c vapor moni t or s d u r i n gp o t e n t i a l l y h i g h e xpo sur e p e r i o d s a s d e t e rmined by theh e a l t h a n d s a f e t y o f f i c e r ;
• F o u r o r g a n i c vapor area m o n i t o r s ( l o w f l o w ) w i t hc o m p o s i t e s o f d a i l y s a m p l e s ana lyzed f o r downwind

moni tor s d u r i n g work p e r i o d s f o r anthracene, b i p h e n y l ,hexane, i n d e n e , m e t h y l s t y r e n e , n a p h t h a l e n e ,p h e n a n t h r e n e and p h e n o l . M o n i t o r s were l o ca t ed at the
we s t , n o r t h , east and south p e r i m e t e r s of the l agoonand tr ea tment area; and

• A s s o r t e d Draeger tubes ( c o l o r i m e t r i c ) f o r p h e n o l ,
hydro carbon s , and hexane and an organic vapor meter
were used by the h e a l t h and s a f e t y o f f i c e r for .
m o n i t o r i n g a t s e l e c t e d d r i l l i n g and t r e n c h i n g
o p e r a t i o n s .

6 . 3 C O N C L U S I O N S
T a b l e 6-1 summarizes d a i l y p r e c i p i t a t i o n measured a t th e S i t e . T a b l e 6-2
p r e s e n t s t h e t o t a l s u s p e n d e d p a r t i c u l a t e c o n c e n t r a t i o n s f o r t h e f o u r H i - V o l
p a r t i c u l a t e s a m p l e r s . T a b l e 6 -3 p r e s e n t s t h e chemical a n a l y s e s f o r a i r
s a m p l e s . Only trace c o n c e n t r a t i o n s of c on taminant s were d e t e c t e d and in al l
cases d e t e c t e d c onc en tra t i on s were more than two orders of m a g n i t u d e l e s s than
t h e A C G 1 H g u i d e l i n e s . P o t e n t i a l f o r m i g r a t i o n o f c on taminant s i n t h e a i r i s
d i s c u s s e d in S e c t i o n 8 .5 .1 .
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7 . 0 E C O L O G I C A L E V A L U A T I O N

7 . 1 S U M M A R Y O F I N V E S T I G A T I O M
A n e c o L o g i c a l e v a l u a t i o n w a s p e r f o r m e d b y H a l l E n v i r o n m e n t a l S e r v i c e s f o r
I T . T h e e v a l u a t i o n w a s p e r f o r m e d t o d e s c r i b e t h e e c o l o g y o f t h e S i t e a n d o f
t h e d o w n s t r e a m v i c i n i t y t o assess t h e l i k e l i h o o d that c o n t a m i n a t i o n f r o m th e
S i t e m i g h t reach a n d a f f e c t s e n s i t i v e e c o l o g i c a l sy s t ems .

T h e i n v e s t i g a t i o n i n v o l v e d t h e f o l l o w i n g e l e m e n t s :

review o f maps and e c o l o g i c a l l i t e r a t u r e for the area;
• s i t e reconnaissance d u r i n g December 1 5 - 1 7 , 1986, to

i d e n t i f y d r a i n a g e w a y s , v e g e t a t i o n a n d w i l d l i f e i n t h ev i c i n i t y ; a n d
-_*•

- assessment o f p o t e n t i a l f or c o n t a m i n a t i o n r e a c h i n g and
a f f e c t i n g w i l d l i f e i n t h e P e t i t J e a n R i v e r S t a t eW i l d l i f e Management A r e a .

T h e H a l l Env ironmen ta l S e r v i c e s report i s p r e s en t ed i n A p p e n d i x E .

7 . 2 S U M M A R Y O F E C O L O G Y O F V I C I N I T Y
The s i t e i s h i g h l y d i s t u r b e d and i s m o s t l y covered w i t h a weedy f l o r a o f
a n n u a l s and n a t i v e and i n t r o d u c e d gras se s and f o r b s . To the east is a
w o o d l a n d composed m o s t l y o f a p p a r e n t l y p l a n t e d southern p i n e s , w h i l e t o t h e
west i s a s tand o f mixed h a r d w o o d s and p i n e s , c o n t a i n i n g m o s t l y s h o r t l e a f p i n e
( F i r m s e c h i n a t a ) .

The d r a i n a g e for the area i s an i n t e r m i t t e n t s tream which e x i t s f r o m the
n o r t h w e s t p o r t i o n o f the s i t e and crosses under o ld h i g h w a y 10. T h i s s t r eam
has i n t e r m i t t e n t red loamy or sandy s i l t , w i t h o u t much o rgan i c m a t t e r and, in
p l a c e s , g r a v e l . In t h i s area the creek i s about 5 f e e t w i d e a t i t s w i d e s t ,
and was 2 to 4 inches d e e p w i t h f l o w d u r i n g the December 15 to 17, 1986, s i t e
r e connai s sance .
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T r e e s p e c i e s noted b o r d e r i n g t h e s tream i n c l u d e w i n g e d e l m ( U l m u s a l a t a ) ,
hackberry ( C e l t i s l a e v l g a t a ) , r e d m a p l e ( A c e r r u b r u m ) , a s h ( F r a x i n u s s p . ) ,
d e c i d u o u s h o l l y ( I l e x d e c i d u a ) , h o n e y l o c u s t ( G l e d i t s i a t r i c h a n t h o s ) , a n d other
s p e c i e s . A d d i t i o n a l s p e c i e s i n c l u d e d s edg e s ( C y p e r u s s p . ) , grasses ( P a s p a l u m
s p . ) , a n d v i n e s , such a s h o n e y s u c k l e ( L o n i c e r a s p . ) , a n d Rubus. S e v e r a l small
t r i b u t a r i e s enter the creek in the segment between Old H i g h w a y 10 and W i l s o n
C e m e t e r y Road. The creek i s m o s t l y l i n e d by a d e n s e , s hrubby , t h i c k e t o f
s m a l l t r e e s , shrub s , a n d v ine s . A t o n e p o i n t , r u n o f f f r o m a " p o u l t r y farm"
ent er s the s t r eam, c a r r y i n g w i t h i t a l o a d o f n u t r i e n t s which caused some
e u t r o p h i c c o n d i t i o n s t h r o u g h part o f t h e s tream. N o f i s h were noted i n t h i s
reach, but water in s e c t s were n o t e d , as were s i g n s of animal use (racoon and
d e e r ) .

U p s t r e a m o f t h e W i l s o n C e m e t e r y Road b r i d g e th e creek i s over 15 f e e t w ide .
S o u n d i n g s f r o m th e b r i d g e i n d i c a t e a d e p t h o f over 5 f e e t . D o w n s t r e a m on this.-
reach, th er e i s at l e a s t one beaver dam, w i t h ev idence of o t h e r s . The
s t r e a m s i d e v e g e t a t i o n was very t h i c k , and the f l o w o f the creek was rather
s l u g g i s h . A d d i t i o n a l s p e c i e s encountered i n t h i s reach i n c l u d e r e d o a k
( Q u e r c u s f a l c a t a ) , b l a c k o a k ( Q u e r c u s v e l u t i n a ) , A m e r i c a n sycamore ( P l a t a n u s
o c c i d e n t a i u s ) , a n d b o t t o n b u s h ( C e p h a l a n t h u s o c c i d e n t a l i s ) . Downs tream f r o m
t h i s b r i d g e , the way became i m p a s s a b l e due to h i g h water and dense v e g e t a t i o n .

T h e creek i s a n i n t e r m i t t e n t t r i b u t a r y o f K e e l a n d Cre ek wh i ch f l o w s t h r o u g h
t h e P e t i t J e a n R i v e r S t a t e W i l d l i f e Management A r e a a n d u l t i m a t e l y i n t o t h e
P e t i t J e a n R i v e r . T h e P e t i t J e a n W i l d l i f e Managemen t Area i s managed b y t h e
s t a t e o f A r k a n s a s m a i n l y t o p r o v i d e p o p u l a t i o n s o f w a t e r f o w l , d e e r , o th er game
b i r d s , a n d f i s h .

The S a n t a Fe Reservo ir i s l o c a t e d on t h e s ou th s i d e o f t h e P e t i t J e a n R i v e r ,
i n S e c t i o n 2 5 , T 5 N , R 2 1 W , s ou thwe s t o f where H i g h w a y 7 crosses t h e P e t i t J e a n
R i v e r . The re s ervoir was created by the c o n s t r u c t i o n of a levee o n e - h a l f m i l e
i n l e n g t h a l o n g t h e r i v e r , s t r e t c h i n g f r o m t h e nor th e n d o f S a n t a F e R i d g e
we s tward t o a s p i t o f h i g h g r o u n d .
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The i m p o u n d m e n t i s managed f o r w i n t e r f l o o d i n g by c l o s i n g th e water control
s t r u c t u r e s on or about October 1 every year. T h i s p e r m i t s local r u n o f f to
back up in to the i m p o u n d m e n t and i n t o the ne twork of s l o u g h s that runs t h r o u g h
the area. F l o o d i n g i s m a i n t a i n e d t h r o u g h o u t the w a t e r f o w l h u n t i n g season, and
d e w a t e r i n g i s begun i m m e d i a t e l y a f t e r t h e end o f t h e h u n t i n g season.

The i m p o u n d m e n t area s u p p o r t s a v a r i e t y of h a r d w o o d s whi ch are not harmed by
t h i s regime o f i n t e r m i t t e n t f l o o d i n g . I n f a c t , t h i s area i s
c h a r a c t e r i s t i c a l l y l o w a n d w e t , a n d o f t e n f l o o d e d n a t u r a l l y b e f o r e t h e control
s t r u c t u r e s were b u i l t . Even a f t e r t h e water i s r e l e a s e d , f l o o d i n g may
c o n t i n u e f or some t i m e because o f h i g h water on th e P e t i t J e a n R i v e r .

7 . 3 S U M M A R Y O F P O T E N T I A L E C O L O G I C A L I M P A C T
T h e s a m p l i n g r e s u l t s f r o m t h e creek that d r a i n s t h e s i t e i n d i c a t e that
c o n c e n t r a t i o n s o f P C P ' s i n water l e a v i n g t h e s i t e a r e about 10-11 p p b _ -
C o n c e n t r a t i o n s in s e d i m e n t are h i g h e r : < 10 ppm for PCP and <10 ppm for
P N A ' s . Pas t r e l ea s e s c o u l d have been h i g h e r . Based o n e s t i m a t e d cross-
s e c t i o n a l area, d e p t h , a n d wa t er v e l o c i t y , t h e d i l u t i o n between t h e o u t f a l l
and the W i l s o n C e m e t e r y B r i d g e i s on the order of 1:5. A s s u m i n g that the
d i s c h a r g e d o u b l e s again when K e e l a n d Creek a n d Mason C r e e k j o i n , t h e d i l u t i o n
is e s t i m a t e d as 1:10 by the t i m e the water reaches the body of the P e t i t J e a n
R i v e r S t a t e W i l d l i f e Management A r e a I m p o u n d m e n t . T h i s i s a conservat ive
e s t i m a t e , because Mason Cre ek i s l a r g e r than K e e l a n d C r e e k , and because i t
does n o t take in t o account f u r t h e r i n f l o w s i n t o K e e l a n d C r e e k b e low t h e W i l s o n
C e m e t e r y Road B r i d g e .

The rate o f movement o f s e d i m e n t w i l l b e very s l ow under most c o n d i t i o n s .
Even under f l o o d i n g c o n d i t i o n s , the creek has a series of p o o l s and one or
more beaver dams wh i ch w i l l act as s e d i m e n t t r a p s . The s erie s of s l o u g h s and
p o n d s in the greentree reservoir w i l l al so act as t r a p s . G i v e n the low
c o n c e n t r a t i o n s and low l e v e l s o f current i n p u t , c o n t a m i n a t e d s e d i m e n t s are not
e x p e c t e d t o pr e s en t a threat t o t h e P e t i t J e a n River S t a t e W i l d l i f e Management
A r e a . The re s ervoir i t s e l f can be e x p e c t e d to t r a p most o f what reaches i t .
R e l e a s e f r o m t h e s e d i m e n t s w i l l l i k e l y b e s l o w , a n d t h e d i l u t i o n e f f e c t s
m e n t i o n e d above i n d i c a t e that when the wat er i s d i s c h a r g e d to the P e t i t J e a n
R i v e r , c o n c e n t r a t i o n s can be e x p e c t e d to be b e l o w d e t e c t i o n l i m i t s .
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U n l e s s c a t a s t r o p h i c re l ease s o f h i g h l y c o n t a m i n a t e d water a n d s e d i m e n t s occur,
the l eve l o f _ d i l u t i o n by o ther water s (on the order o f 1 : 1 0 ) can be e x p e c t e d
t o m i n i m i z e any p o s s i b l e e f f e c t s o f t h e Old M i d l a n d P r o d u c t s s i t e on th e P e t i t
J e a n R i v e r S t a t e W i l d l i f e Management A r e a . A s s u m i n g that t h e lagoons a r e
r emoved , n o s i g n i f i c a n t d i r e c t c o n t a m i n a t i o n o f w a t e r f o w l o r o ther w i l d l i f e
s h o u l d occur.
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8 . 0 E N D A N G E R M E N T A S S E S S M E N T ( P U B L I C H E A L T H A S S E S S M E N T )

T h e N a t i o n a l O i l a n d H a z a r d o u s S u b s t a n c e s P o l l u t i o n C o n t i n g e n c y P l a n ( N C P ) ( 4 0
C F R Par t 300) require s d e v e l o p m e n t o f a n E n d a n g e r m e n t Ass e s smen t ( E A ) a t s i t e s
l i s t e d o n t h e N a t i o n a l P r i o r i t i e s L i s t ( N P L ) under t h e C o m p r e h e n s i v e
E n v i r o n m e n t a l R e s p o n s e , C o m p e n s a t i o n , a n d L i a b i l i t y A c t ( C E R C L A ) o f 1980 a s
amended by the S u p e r f u n d Amendment s and R e a u t h o r i z a t i o n Act (SARA) of 1986.
An endangerment a s s e s sment , d e s i g n a t e d a combined L e v e l One and L e v e l Two
P u b l i c H e a t h A s s e s s m e n t i n t h e F i n a l W o r k P l a n , w a s c o m p i e t e d f o r t h e R I .

The o b j e c t i v e o f t h e EA i s t o i d e n t i f y p o s s i b l e r i sk s t o human h e a l t h and th e
e n v i r o n m e n t due to e x p o s u r e to hazardous m a t e r i a l s pr e s en t in the
e n v i r o n m e n t a l m e d i a a t the s e s i t e s . T h i s EA i s d e s i g n e d t o i d e n t i f y and
e v a l u a t e those r i sk s f r o m t h e O l d M i d l a n d P r o d u c t s S i t e . . _

T h i s EA d o c u m e n t s the d e t e r m i n a t i o n o f endangermen t and serves as the basis
f o r e v a l u a t i n g r emed ia l a l t e r n a t i v e s i n t h e F e a s i b i l i t y S t u d y ( F S ) . I n
a d d i t i o n , the EA character ize s one o f the s e l e c t i o n c r i t e r i a for the remedial
a l t e r n a t i v e s , namely p u b l i c h e a l t h concerns. I t e s t a b l i s h e s t h e s i t e b a s e l i n e
c o n d i t i o n and is an assessment of the r i s k s r e p r e s e n t e d by tho s e . b a s e l i n e
c o n d i t i o n s a s suming n o f u t u r e a c t i o n .

T h e p r i n c i p a l g u i d a n c e d o c u m e n t s u s e d ' t o p r e p a r e t h i s E A a r e " T h e Endangerment
A s s e s s m e n t H a n d b o o k " , I C A I R L i f e S c i e n c e s I n c . U . S . O f f i c e . o f W a s t e Programs
E n f o r c e m e n t , d r a f t d a t e d A u g u s t 1985 ( I C A I R , 1 9 8 5 ) , a n d t h e " S u p e r f u n d P u b l i c
H e a l t h E v a l u a t i o n M a n u a l " , W a s h i n g t o n , D . C . : U . S . E P A , O f f i c e o f Emergency
a n d R e m e d i a l R e s p o n s e . C o n t r a c t N o . 68-01-7090 T a s k 7 , E P A 5 4 0 / 1 - 8 6 / 0 6 0 ,
October 1986, ( p r i o r d r a f t s d a t e d December 18 , 1985, arid May 22, 1985, were
e n t i t l e d " S u p e r f u n d H e a l t h A s s e s s m e n t M a n u a l " ) ( E P A , 1 9 8 6 ) .

S p e c i f i c a l l y t h e s cope a n d c on t en t o f t h e E A i n c l u d e a l l o f t h e d a t a a n d
i n f o r m a t i o n r equ i r ed in a Leve l 2 EA document ( i . e . , s e m i - q u a n t i t a t i v e . in
terms o f d e t a i l ) a s d e f i n e d i n C h a p t e r 5 o f t h e I C A I R ( 1 9 8 5 ) c i t a t i o n .

DER. OM-8
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Other endangerment assessment g u i d a n c e d o c u m e n t s , h e a l t h r i sk assessment
r e p o r t s a n d r e f e r e n c e s c o n s u l t e d i n t h e p r e p a r a t i o n o f t h i s E A , i n c l u d e :

• Ver sar ( 1 9 8 6 ) S u p e r f u n d E x p o s u r e Assessment Manual ,
D r a f t , W a s h i n g t o n , D . C . : U . S . E P A , O f f i c e o f Emergency
a n d Remedia l Response . C o n t r a c t N o . 68-01-6871, d r a f td a t e d J a n u a r y 14 , 1986;

• I C A I R , L i f e S y s t e m s I n c . ( 1 9 8 5 ) T o x i c o l o g y H a n d b o o k :
P r i n c i p l e s R e l a t e d t o H a z a r d o u s W a s t e S i t e
I n v e s t i g a t i o n s , D r a f t , W a s h i n g t o n , D . C . : Env i ronmen ta l
P r o t e c t i o n A g e n c y , O f f i c e o f W a s t e ProgramsE n f o r c e m e n t , C o n t r a c t N o . 68-01-7037, d r a f t da t edA u g u s t 1985;
E P A ( 1 9 8 4 ) E n d a n g e r m e n t A s s e s s m e n t G u i d a n c e , in t ernal
memorandum f r o m L e e T h o m a s , E P A A d m i n i s t r a t o r , t o E P A
R e g i o n a l A d m i n i s t r a t o r s , R e g i o n s I - X ;

• E P A ( 1 9 8 5 ) E n d a n g e r m e n t A s s e s s m e n t G u i d a n c e , D r a f t ,memorandum f r o m J . W i n s t o n P o r t e r , E P A A s s t .
A d m i n i s t r a t o r , d a t e d S e p t e m b e r 2 0 , 1 9 8 5 ;

• E P A ( 1 9 8 6 ) G u i d e l i n e f o r C a r c i n o g e n i c R i s k A s s e s s m e n t( F e d e r a l R e g i s t e r , S e p t e m b e r 2 4 , 1 9 8 6 ) ;
• E P A ( 1 9 8 6 ) G u i d e l i n e f o r E x p o s u r e A s s e s s m e n t ( F e d e r a l

R e g i s t e r , S e p t e m b e r 2 4 , 1 9 8 6 ) ;
E P A ( 1 9 8 6 ) G u i d e l i n e f o r M u t a g e n i c i t y R i s k A s s e s s m e n t
( F e d e r a l t w i s t e r , S e p t e m b e r 2 4 , 1 9 8 6 ) ;

• E P A ( 1 9 8 6 ) G u i d e l i n e f o r A s s e s s m e n t o f C h e m i c a l
M i x t u r e s , ( F e d e r a l R e g i s t e r , S e p t e m b e r 2 4 , 1 9 8 6 ) ;

• E P A ( 1 9 8 6 ) G u i d e l i n e f o r A s s e s s m e n t o f S u s p e c t
• D e v e l o p m e n t a l T o x i c a n t s ( F e d e r a l R e g i s t e r S e p t e m b e r 2 4 ,1 9 8 6 ) ;

U . S . I n t e r a g e n c y S t a f f G r o u p o n C a r c i n o g e n s ( 1 9 8 6 )
"Chemical C a r c i n o g e n s : A R e v i e w of the S c i e n c e and its
A s s o c i a t e d P r i n c i p l e s " , E n v i r o n m e n t a l H e a l t hP e r s p e c t i v e s . V o l . 6 7 , p p . 201-282.

S e c t i o n 8 . 1 summarizes t h e c h a r a c t e r i z a t i o n o f t h e s i t e . T h e a v a i l a b l e
chemical a n a l y t i c a l d a t a are summarized in the c on t e x t of the EA
r e q u i r e m e n t s . Occurrence and d i s t r i b u t i o n of chemical contaminant s are
d e s c r i b e d in order to f o c u s on p o t e n t i a l e x p o s u r e p a t h w a y s .
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T h e hazards a s so c ia t ed w i t h t h e s i t e c o n t a m i n a n t s a r e i d e n t i f i e d i n S e c t i o n
8.2. C h e m i c a l s of concern are s e l e c t e d to r epre s en t the hazards posed by the
s i t e on the basis of c o n c e n t r a t i o n s , t o x i c i t y , f r e q u e n c y of d e t e c t i o n as a
measure of p r e v a l e n c e across the s i t e in the various med ia , and p e r s i s t en c e in
the e n v i r o n m e n t . The s i t e c o n s t i t u e n t s are s p e c i f i e d in terms . o f acute ,
s u b c h r o i i i c , a n d chronic t o x i c i t y ; c a r c i n o g e n i c ! t y ; m u t a g e n i c i t y ; a n d p o t e n t i a l
h e a l t h consequences .

I n S e c t i o n 8.2, t h e e n v i r o n m e n t a l f a t e a n d t r a n s p o r t o f c o n t a m i n a n t s t h r o u g h
t h e m e d i a a r e d e s c r i b e d i n s i t e - s p e c i f i c t erms. M o b i l i t y o f t h e i n d i v i d u a l
c o n s t i t u e n t s i s c h a r a c t e r i z e d by the ch emica l and p h y s i c a l p r o p e r t i e s o f the
c o n s t i t u e n t s . On the ba s i s o f the above, t r a n s p o r t and f a t e o f the
c o n t a m i n a n t s a r e p r e d i c t e d .

S e c t i o n 8 . 3 t a b u l a t e s A l v H U s , a p p l i c a b l e , r e l evant a n d a p p r o p r i a t e guidelines.^,
f o r i n d i c a t o r c h e m i c a l s .

S e c t i o n 8 .4 d e s c r i b e s t h e p e r f o r m a n c e o f a s i t e - s p e c i f i c e xpo sur e
as s e s sment . R e c e p t o r s , b o th human and e n v i r o n m e n t a l , are d e f i n e d u s i n g
a p p r o p r i a t e d e s c r i p t i o n s . P a t h w a y s f o r p o t e n t i a l e x p o s u r e a r e h y p o t h e s i z e d
and e v a l u a t e d f or p l a u s i b i l i t y . E x p o s u r e c o n c e n t r a t i o n s are c a l c u l a t e d a t th e
p o t e n t i a l r e c e p t o r l o c a t i o n s f o r t h e p o s t u l a t e d scenarios.

I n S e c t i o n 8.4, a n e n v i r o n m e n t a l i m p a c t a n a l y s i s i s a l so p r o v i d e d t o q u a l i f y
and q u a n t i f y the r i sk s f a c e d by e n v i r o n m e n t a l b i o t a in the v i c i n i t y o f the
s i t e .

S e c t i o n 8 . 5 c o m p l e t e s t h e E A f o r t h e "no-action" a l t e r n a t i v e , c h a r a c t e r i z i n g
the current r i sk s a s s o c ia t ed w i t h e x p o s u r e to the s i t e c o n s t i t u e n t s in the
p o s t u l a t e d e xpo sur e s c enario s . R i s k s a r e q u a n t i f i e d f o r c a r c i n o g e n i c i t y a n d
c h r o n i c t o x i c i t y . T h i s a n a l y s i s assumes tha t there w i l l b e no f u t u r e change
i n t r a n s p o r t a n d m i g r a t i o n p a t h w a y s .

The c o n c l u s i o n s d e r i v e d f r o m th e EA are l i s t e d in S e c t i o n 8.5.
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b l i s h i n g g o a l s o r o b j e c t i v e s f o r t h e i m p l e m e n t a t i o n o f r emedial
pn the FS are a c t u a l l y r i s k management f u n c t i o n s ra ther than ri sk
e chn ique s , t h e y are a d d r e s s e d in t h i s r e p o r t . S e c t i o n 8.6
e t a p p r o p r i a t e c l e a n - u p g o a l s tha t a d e q u a t e l y p r o t e c t t h e p u b l i c
used i n j u d g i n g t h e e f f i c a c y o f t h e r emedia l a l t e r n a t i v e s .

K A C T E R I Z A T 1 0 N , Q C C U R R E M C E A N D D I S T R I B U T I O N O F C O N S T I T U E N T S
3 1 , s u r f a c e s o i l , s u b s u r f a c e s o i l , d e e p e r s o i l , d r a i n a g e w a y
f a c e wa t e r , a i r , ground w a t e r , l a g o o n wa t e r , and l a g o o n s e d i m e n t s
a n d a n a l y z e d . T h e f i e l d i n v e s t i g a t i o n a n d r e s u l t i n g a n a l y t i c a l
r ib ed in S e c t i o n s 3.0, 4.0, 5.0 and 6.0. The chemical d a t a were

i e t e r m i n e the m a j o r c o n s t i t u e n t s which m i g h t b e o f concern w i t h
man h e a l t h , env ironmenta l p r o t e c t i o n , and r emed ia l o b j e c t i v e s .

e S o i l ( O . t o 6 J . n c h e s ) and S u b s u r f a c e S o i l (6 t o ' 12 i n c h e s ) ' -
j t e d in s u r f a c e and s u b s u r f a c e soil in ranges f r o m l e s s than the
nit to 790 m g / k g and f r o m l e s s than the d e t e c t i o n l i m i t to 690
• t i v e i y .

F A C E ( m g / k g )
19.0
89.0
30.0
28.0
35.0
16.0
D ( l )N D
0.220.40

N D

•1 and B-
t ions of^.
i t r a t i o n s

was pr e s en t in s u r f a c e and s u b s u r f a c e s o i l , a l t h o u g h much less
lan P C P , in ranges f r o m l e s s than th e d e t e c t i o n l i m i t t o 14,000
m iess than th e d e t e c t i o n l i m i t t o 220 m g / k g , r e s p e c t i v e l y .

i d :

. e t e c t ed in any s u r f a c e or s u b s u r f a c e soil s a m p l e s .

p r i o r i t y p o l l u t a n t c o m p o u n d s were p r e s e n t a t c o n c e n t r a t i o n s f r o m
d e t e c t i o n l i m i t s t o a maximum o f:

ions o f :

n a p h t h a l e n e2-methyl n a p h t h a l e n ea c e n a p h t h y l e n ea c e n a p t h e n e
d i b e n z o f u r a n
f l u o r e n e

S U R F A C E ( m g / k g )
1.32.516.0

140.0
11.0
23.0

S U B S U R F A C E ( m g / k g )
1.0

15.0
3.0

50.0
20.0
22.0
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C O N C . ( m g / k g )
chrysene 660b e n z o ( b ) + b e n z o ( k ) f l u o r a n thene 380
b e n z o ( a ) p y r e n e 150indenod , 2 , 3 - c d ) p y r e n eb e n z o ( g , h , i ) p e r y l e n e
benzene 110
t r i c h l o r o e t h y l e n e 310
t o l u e n e 240
x y l e n e s 4,900

T e t r a ( f u r a n s o n l y ) , hexa a n d p e n t a f o r m s o f c h l o r i n a t e d ' d i b e n z o d i o x i n s a n d
d i b e n z o f u r a n s were d e t e c t e d at c o n c e n t r a t i o n s above 1 ppb on ly in lagoon
s e d i m e n t s .

8.1.3 L a g o o n W a t e r
Lagoon water s a m p l e s e x h i b i t e d t h e f o l l o w i n g c o n c e n t r a t i o n ranges: -

C O N C . ( m g / k g )
• PCP - 0.010 to 0.60
• p h e n a n t h r e n e ND to 2.2
• n a p h t h a l e n e 0.087 to 0.19

2-methyl n a p h t h a l e n e N D
• a c e n a p h t h y l e n e 0.0031 to 0.02
• a c e n a p h t h e n e 0.0051 to 0.30
• d i b e n z o f u r a n N D
• f l u o r e n e 0.013 to 0.22• anthracene ND to 0.029
• f l u o r a n t h e n e 0.01 to 0.16
• p y r e n e 0.006? to 0.97• b e n z o ( a ) a n t h r a c e n e ND to 0.011
• chrysene 0.0017 to 0.017
• b e n z o ( b ) + b e n z o ( k ) f l u o r a n t h e n e ND to 0.014
• x y l e n e s ND to 0.0074

8.1.4 S u r f a c e W a t e r
The o n l y c o n t a m i n a n t d e t e c t e d in s i x s u r f a c e water s a m p l e s wa s PCP a t
c o n c e n t r a t i o n s f r o m not d e t e c t e d to 12 p p b .

8-6

thunter
001324



8.1.5 G r o u n d W a t e r
C o n t a m i n a n t s _were d e t e c t e d in ground water p r i n c i p a l l y where a f r e e o i l phase
w a s p r e s e n t . T h e f o l l o w i n g maximum c o n c e n t r a t i o n s were f o u n d :

C O N S T I T U E N T
C O N C E N T R A T I O N W I T H
O I L P R E S E N T ( m g / 1 )

C O N C E N T R A T I O N , N O
O I L P R E S E N T ( m g / 1 )

P C P
p h e n a n t h r e n e
t o l u e n e
xy L e n e s
n a p h t h a l e n e
2-me thy l n a p h t h a l e n e
a c e n a p t h y l e n e
a c e n a p t h e n e
d i b e n z o f u r a n
f l u o r e n e
an thrac ene
f l u o r a n t h e n e
p y r e n e
b e n z o ( a l a n t h r a c e n e
chrysene
b e n z o ( b ) + b e n z o ( k ) f l u o r a n th ene
b e n z o ( a ) p y r e n e
i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e
b e n z o ( g , h , i ) p e r y l e n e

12,000
5,000

0.0034
0.077
2,300
7,300

96
2,100
2,000

270
1,500
5,100
1,800

520
670
410
120

35
23

0.0012
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

S U M M A R Y
P C P a n d P N A ' s a r e t h e m a j o r c o n t a m i n a n t s a t t h e s i t e . C h l o r i n a t e d
d i b e n z o d i o x i n s and d i b e n z o f u r a n s are s i g n i f i c a n t o n l y in the l a g o o n s e d i m e n t s .
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8 . 2 W A S T E C H E M I S T R Y ( H A Z A R D I D E N T I F I C A T I O N )
Ail o f th e chemica l s i d e n t i f i e d in th e course o f th e remedial i n v e s t i g a t i o n
s a m p l i n g a l o n g w i t h t h e i r c o r r e s p o n d i n g c o n c e n t r a t i o n s have been t a b u l a t e d by
e n v i r o n m e n t a l m e d i a m o n i t o r e d and are p r e s e n t e d in S e c t i o n s 3.0, 4.0, 5.0, and
6.0.

i n t h i s s e c t i o n , f i r s t t h e r a t i o n a l e f o r e i t h e r s e l e c t i n g o r e l i m i n a t i n g each
of the c o n s t i t u e n t s as an i n d i c a t o r chemical is d i s c u s s e d . S e c o n d , behavior
of the c o n s t i t u e n t s i s c h a r a c t e r i z e d , g e n e r a l l y by chemical and p h y s i c a l
n a t u r e , t o p r e d i c t p o t e n t i a l f o r m i g r a t i o n t o a n o f f - s i t e l o c a t i o n where
e x p o s u r e could take p l a c e . T h i r d , t h e t o x i c i t y c h a r a c t e r i z a t i o n t o assess t h e
p o t e n t i a l r i s k s to p u b l i c h e a l t h and the environment posed by t h i s s i t e i s
d i s c u s s e d .

8.2. 1 S e l e c t i o n of I n d i c a t o r C h e m i c a l s «.
T h e " G u i d a n c e o n R e m e d i a l I n v e s t i g a t i o n s under C E R C L A " ( E P A , J u n e 1 9 8 5 ) , a n d
t h e " S u p e r f u n d P u b l i c H e a l t h E v a l u a t i o n Manual" ( E P A , October 1 9 8 6 ) d i r e c t
tha t in s c o p i n g a s a m p l i n g and a n a l y s i s p r o g r a m and p r e p a r i n g a p u b l i c h e a l t h
e v a l u a t i o n i t i s i m p o r t a n t to s e l e c t chemical c o n t a m i n a n t s o f i n t e r e s t , or
i n d i c a t o r c h e m i c a l s . T h e i n d i c a t o r chemical s e l e c t i o n p r o c e d u r e i s d e s i g n e d
to i d e n t i f y the "h ighe s t r i sk" ch emi ca l s a t a s i t e so that the p u b l i c h e a l t h
e v a l u a t i o n and any subsequent r e m e d i a t i o n is f o c u s e d on the c h e m i c a l s of
g r e a t e s t concern. C o n d u c t i n g the e v a l u a t i o n on a l a r g e .number of chemical
sub s tance s may be u n n e c e s s a r i l y t ime c on suming and may not enhance the
e f f e c t i v e n e s s o f t h e e v a l u a t i o n . " T o avoid unnecessary e f f o r t , t h e S u p e r f u n d
pro c e s s i s based on s e l e c t e d i n d i c a t o r c h e m i c a l s tha t pose the g r e a t e s t
p o t e n t i a l p u b l i c h e a l t h r i sk a t t h e s i t e . S u c h i n d i c a t o r ch emica l s ar e chosen
c a r e f u l l y so that they r e p r e s e n t the most t o x i c , m o b i l e , and p e r s i s t e n t
c h e m i c a l s at the s i t e , as w e l l as tho s e pr e s en t in the l a r g e s t amounts ( i e . ,
t h e " h i g h e s t r i sk c h e m i c a l s " ) " ( E P A , October 1 9 8 6 ) .

The f a c t o r s used to rank c h e m i c a l s in the i n d i c a t o r chemical s e l e c t i o n proc e s s
are the measured c o n c e n t r a t i o n s at the s i t e , the t o x i c i t y (human and
e c o l o g i c a l ) , a n d t h e p r e v a l e n c e ( i e . f r e q u e n c y o f d e t e c t i o n ) o f t h e
c h e m i c a l s . A d d i t i o n a l f a c t o r s c o n s i d e r e d i n c l u d e p h y s i c a l a n d chemical
p a r a m e t e r s r e l a t e d t o e n v i r o n m e n t a l m o b i l i t y , p e r s i s t e n c e , b i o a c c u m u l a t i o n or
b i o m a g n i f i c a t i o n .
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8 . 2 . 1 . 1 P o l y c h l o r i n a t e d B i p h e n y l ( P C B )

Occurrence and C o n c e n t r a t i o n
PCB was d e t e c t e d in one s e t o f s a m p l e s in the EPA d a t a c o l l e c t e d ( p r i o r to the-
R l s a m p l i n g p r o g r a m ) . A J a g o o r i s l u d g e s a m p l e c on ta ined 831.3 m g / k g P C B a n d
one d r a i n a g e w a y s ed iment s a m p l e c o n t a i n e d P C B s . Due to t h e i r d e t e c t i o n in the
EPA s a m p l i n g , PCBs were a n a l y z e d in Phase 1 of the Rl. PCBs were not d e t e c t e d
i n a n y m e d i a s a m p l e d . I P P C B i s p r e s e n t i n t h e l agoon s l u d g e i t s pre s ence i s
l i k e l y o v e r w h e l m e d in c o m p o s i t e s a m p l e s by th e pre s ence o f PCP and other
c o n t a m i n a n t s and i t s occurrence i s l i m i t e d . S i n c e PCB was not d e t e c t e d in
Phase 1 it was not a n a l y s e d f u r t h e r in Phase 2 s a m p l i n g .

n a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
PCB does not a p p e a r to be p r e v a l e n t or w i d e l y d i s t r i b u t e d (it was r e p o r t e d in
o n l y one set of EPA s a m p l e s ) . Its pr e s enc e was not c o n f i r m e d in Phase 1^
s a m p l i n g o f t h e R l . I t does n o t a p p e a r , based o n t h e a n a l y t i c a l d a t a , that
the pre s ence o f PCBs are r e p r e s e n t a t i v e o f pa s t i n d u s t r i a l s i t e a c t i v i t i e s .
C o n s e q u e n t l y , PCB is e x c l u d e d as an i n d i c a t o r c h e m i c a l .

8.2.1.2 V o l a t i l e O r g a n i c C o m p o u n d s
T h r e e m o n o c y c l i c a romat i c h y d r o c a r b o n s and one h a l o g e n a t e d a l i p h a t i c hydro-
carbon were d e t e c t e d in the chemical a n a l y t i c a l d a t a . T h e s e c o n s t i t u e n t s have
been screened as r e p o r t e d be low.

Benzene

Occurrence and D i s t r i b u t i o n
Benzene was d e t e c t e d in s u r f a c e s o i l , s u b s u r f a c e soil and core s a m p l e s . A
benzene c o n c e n t r a t i o n o f 0.180 p p m w a s d e t e c t e d i n t h e s u r f a c e soi l ( 0 - 6
inch d e p t h ) . The preval ence of benzene in sur fa c e soil sample s was one
p o s i t i v e d e t e c t i o n p e r f o u r s a m p l e s a n a l y z e d .

In s u b s u r f a c e so i l (6 - 12 inch d e p t h ) benzene was observed at 0.22 ppm in one
of f o u r s a m p l e s a n a l y z e d . Benzene was d e t e c t e d in one o f f i v e core s a m p l e s
a n a l y z e d at a d e p t h of 15 - 1 6 . 1 f e e t b e l ow ground s u r f a c e at a c o n c e n t r a t i o n
o f O . O U 5 p p m .
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Benzene was not d e t e c t e d in ground water or s u r f a c e water.

R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
Benzene is i n c l u d e d as an i n d i c a t o r chemical and due to its presence in
s u r f a c e s o i l i t i s assessed in the r i s k c h a r a c t e r i z a t i o n o f the ambient air
p a t h w a y .

T o l u e n e ' a n d X y l e n e

Occurrence and D i s t r i b u t i o n
T o l u e n e was not d e t e c t e d in soil s a m p l e s . Both c ompounds were d e t e c t e d in one
of f i f t e e n ground water s a m p l e s w i t h a t o l u e n e c onc en tra t i on o f 0.0034 ppm and
a x y l e n e c onc en tra t i on of 0.0077 p p m . The p o s i t i v e d e t e c t i o n was in monitor
w e l l MW-3S. T o l u e n e and x y l e n e were d e t e c t e d t o g e t h e r in a s i n g l e s ampl e
where a f r e e oil phase was p r e s e n t . .

X y l e n e was d e t e c t e d in a s i n g l e s u r f a c e soil s a m p l e at 0.031 p p m . The same
s a m p l e c o n t a i n e d benzene and t r i c h l o r o e t h y l e n e .

R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
T o l u e n e and x y l e n e are e l i m i n a t e d as i n d i c a t o r ch emi ca l s due to low p r e v a l e n c e
a n d l o w c o n c e n t r a t i o n . T h e t o l u e n e c o n c e n t r a t i o n d e t e c t e d (0.0034 m g / 1 ) i s
w e l l b e l o w t h e p r o p o s e d R M C L o f 2 m g / 1 . T h e x y l e n e c onc en t ra t i on (0.0077 p p m )
i s a l s o w e l l b e l ow the p r o p o s e d RMCL of 0.044 m g / 1 . As a r e s u l t , both com-
p o u n d s are c o n s i d e r e d to be be low l e v e l s of t o x i c o l o g i c a l s i g n i f i c a n c e in
ground water .

T r i c h l o r o e t h y l e n e

Occurrence and D i s t r i b u t i o n
T r i c h l o r o e t h y l e n e was not d e t e c t e d in ground water. It was d e t e c t e d in one
s u r f a c e soi l ( o u t o f 3 a n a l y z e d ) at 0.260 ppm and one s u b s u r f a c e soil s a m p l e
( o u t o f f o u r a n a l y z e d ) a t 0.400 p p m . W h e n d e t e c t e d i t was f o u n d w i t h
benzene. T r i c h l o r o e t h y l e n e was also d e t e c t e d in one soi l bor ing at d e p t h s of
1 0 - 1 1 f e e t and 15 - 1 6 . 1 f e e t b e l ow ground s u r f a c e a t c o n c e n t r a t i o n s o f 0.10
p p m a n d 0.20 p p m , r e s p e c t i v e l y .
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R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
T r i c h l o r o e t h y l e n e is e l i m i n a t e d because it is not p r e v a l e n t or pre s ent in the
ground water. Benzene is i n c l u d e d as an i n d i c a t o r chemical and should
a d e q u a t e l y assess the r i sks due to the less c a r c i n o g e n i c a l l y po t en t
t r i c h l o r o e t h y l e n e . Its presence in an i s o l a t e d s u r f a c e soil sample (even at
an e l e v a t e d c o n c e n t r a t i o n ) s h o u l d no t p r e s e n t a s i g n i f i c a n t p a t h w a y for
e x p o s u r e . The so i l core s a m p l e s in which it was d e t e c t e d are remote f r o m
human c on ta c t .

8.2 .1 .3 P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s ( P N A ' s )
P o l y n u c l e a r aromatic h y d r o c a r b o n s are a s s o c ia t ed w i t h the creosote and coal
tar p i t c h and p e t r o l e u m d i s t i l l a t e waste genera t ed in the wood p r e s e r v i n g
proce s s . C o n s e q u e n t l y , P N A ' s a r e i m p o r t a n t a s i n d i c a t o r s o f c on tamina t i on .
T h e y were d e t e c t e d in each e n v i r o n m e n t a l media s a m p l e d , e x c ep t air - lagoon
s e d i m e n t , l agoon w a t e r , s u r f a c e a n d s u b s u r f a c e s o i l , core s a m p l e s f r o m so i l ,
b o r i n g s , drainageway s e d i m e n t , and ground water.

P N A ' s a s a g r o u p a r e noted f o r t h e i r c h a r a c t e r i s t i c o f b i n d i n g t o soil a s
e v i d e n c e d b y t h e i r l o w water s o l u b i l i t y a n d h i g h l o g o c t a n o l / w a t e r p a r t i t i o n
c o e f f i c i e n t .

A n o t a b l e e x c e p t i o n i s n a p h t h a l e n e , wh i ch has a r e l a t i v e l y h i g h water
s o l u b i l i t y f o r a P N A (34.4 m g / 1 a t 2 5 ° C ) a n d t h e r e f o r e migh t b e d e t e c t e d i n
ground wat er .

F r o m a p u b l i c h e a l t h p e r s p e c t i v e , t h e i m p o r t a n t P N A ' s a r e t h e ones which a r e
known o r probab l e carcinogens. T h e non-carcinogenic P N A ' s t y p i c a l l y e x h i b i t
l o w o r min imal t o x i c i t y . T h e P N A ' s a s a g r o u p a r e p o o r l y absorbed b y t h e
g a s t r o i n t e s t i n a l trac t ( a p p r o x i m a t e l y 50% o r l e s s ) .

Due to t h e i r pre s ence in creosote and to t h e i r a s s o c i a t i o n w i t h f u e l o i l s used
as s o l v e n t s for PCP e m p l o y e d in the wood p r e s e r v i n g proce s s p r a c t i c e d on s i t e ,
t h e P N A ' s ( c a r c i n o g e n i c a n d n o n - c a r c i n o g e n i c ) a r e i m p o r t a n t f r o m a n
e n v i r o n m e n t a l a n d c o n t a m i n a t i o n d i s t r i b u t i o n p e r s p e c t i v e . C o n s e q u e n t l y t h e
P N A g r o u p w a s a m a j o r f o c u s o f t h e R I s a m p l i n g a n d a n a l y s i s p r o g r a m .
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N o n - c a r c i n o g e n i c P N A ' s
I n i t i a l l y the a n a l y t i c a l p r o g r a m f o c u s e d on p h e n a n t h r e n e as an i n d i c a t o r of
P N A ' s . L a t e r a g r o u p o f a p p r o x i m a t e l y f i f t e e n r e p r e s e n t a t i v e P N A ' s were
analyzed i n c l u d i n g phenanthrene a n d other non-carcinogenic P N A ' s .

Occurrence and D i s t r i b u t i o n
In Phase 1 s a m p l i n g , p h e n a n t h r e n e was a n a l y z e d in a l l med ia . P h e n a n t h r e n e was
d e t e c t e d a s f o l l o w s :

Ground water - 5,000 ppm was d e t e c t e d a s soc ia t ed w i t h
a f r e e oil phase . Prevalence is l ow , 1p o s i t i v e d e t e c t i o n out of 35 s a m p l e sa n a l y z e d .

P h e n a n t h r e n e
^D u r i n g Phase 1, p h e n a n t h r e n e was used as a p r i n c i p a l s a m p l i n g parameter .

P h e n a n t h r e n e is c o n s i d e r e d to be a non-carc inogeni c PNA since there is
i n a d e q u a t e e v i d e n c e to assess or r e s o l v e the issue o f c a r c i n o g e n i c i t y . It i s
a good i n d i c a t o r o f P N A ' s f r o m t h e env ironmenta l p e r s p e c t i v e since i t h a s a
h i g h e r water s o l u b i l i t y than many o t h e r P N A ' s ( 1 . 2 9 m g / . l @ 2 5 ° C ) a n d i s
t h e r e f o r e more e n v i r o n m e n t a l l y m o b i l e . P h e n a n t h r e n e wa s d e t e c t e d a s f o l l o w s :

S u r f a c e so i l ( 0 - 6 " )

S u b s u r f a c e s o i l ( 6 " - 1 2 " )

Lagoon s e d i m e n t and wat er

Core s a m p l e s

D e t e c t e d in 3 s a m p l e s of 90 a n a l y z e d .
C o n c e n t r a t i o n s observed are: 87;11,000; and x 1 . 2 p p m .
D e t e c t e d in two s a m p l e s of 47 a n a l y z e d ,a s s o c ia t ed w i t h p o s i t i v e s u r f a c e soil
d e t e c t i o n d e s c r i b e d above. R e p o r t e d
c o n c e n t r a t i o n s are 50 and 220 p p m .
P h e n a n t h r e n e was a s soc ia t ed w i t h bo th
the s e d i m e n t and water s a m p l e s . Ins e d i m e n t the range was 480 to 38,000
p p m . I n water t h e values range f r o m N Dto 120 p p m .
P h e n a n t h r e n e was d e t e c t e d in 5 s a m p l e s
out of 75 a n a l y z e d . C o n c e n t r a t i o n s
range f r o m 0.32 to 270 p p m .

8-12

thunter
001330



R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
Phenan thr ene i s not e l i m i n a t e d . It w i l l b e i n c l u d e d a s an i n d i c a t o r chemical
I n t h e non-carc inogeni c P N A class.

Other N o n - C a r c i n o g e n i c P N A ' s
Other non-carc inogeni c P N A ' s a n a l y z e d ( i n a d d i t i o n t o p h e n a n t h r e n e ) are:

f l u o r e n e ;• a c e n a p h t h e n e ;• a c e n a p h t h y l e n e ;
• an thrac ene;• f l u o r a n t h e n e ;• n a p h t h a l e n e ;• 2-methyl n a p h t h a l e n e ; and• pyrene .

Occurrence and D i s t r i b u t i o n
T h e n o n - c a r c i n o g e n i c P N A ' s were d e t e c t e d a s f o l l o w s :

G r o u n d wa t er Some o f these P N A ' s were a s s o c ia t edw i t h a s i n g l e s a m p l e o f a f r e e o i l
pha s e to a max imum c o n c e n t r a t i o n of
7 , 3 ° ° P P m ? ° r 2-methyl n a p t h a l e n e .

S u r f a c e s o i l N o n - c a r c i n o g e n i c P N A ' s were d e t e c t e d a tone l o c a t i o n at a maximum c o n c e n t r a t i o n
o f 700 ppm for p y r e n e .

S u b s u r f a c e s o i l D e t e c t e d at one l o c a t i o n , maximum con-
c en tra t i on 230 ppm for pyrene.

L a g o o n s e d i m e n t and water D e t e c t e d in bo th s ed iment and water.M a x i m u m value s are for s ed iment 4,900
p p m f o r p y r e n e a n d • i n water 0.97 p p mf o r pyrene .

R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
T h e non- car c inogen i c P N A ' s w i l l b e c o n s i d e r e d a s a c lass o f i n d i c a t o r
c h e m i c a l s rather than i n d i v i d u a l l y .

C a r c i n o g e n i c P N A ' s
T h e c a r c i n o g e n i c P N A ' s ( k n o w n a n d p r o b a b l e c a r c i n o g e n s ) i n c l u d e :
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b e n z o ( A ) a n t h r a c e n e ;b e n z o ( A ) p y r e n e ;
b e n z o ( A ) f l u o r a n thene;
b e n z o ( K ) f l u o r a n t h e n e ;i n d e n o ( 1 , 2 , 3 - c d ) p y r e n e ;
d i b e n z o ( a , j ) a c r i d i n e ;
7 - H - d i b e n z o ( c , g ) c a r b a z o l e ; andchrysene.

T h e r e i s less s t r e n g t h o f e v i d e n c e , c o m p a r e d . t o t h e other P W A ' s , l i s t e d f o r
c a r c i n o g e n i c i t y o f chrysene. It i s c o n s e r v a t i v e l y i n c l u d e d a s a p o t e n t i a l
c a r c i n o g e n .

Occurrence and D i s t r i b u t i o n
C a r c i n o g e n i c P N A ' s were d e t e c t e d a s f o l l o w s :

G r o u n d water

S u r f a c e soil

S u b s u r f a c e s o i l

L a g o o n s ed imen t and water

Core sampl e s

Some o f these P N A ' s were a s soc ia t ed
w i t h a s i n g l e s a m p l e o f a f r e e o i l
phase to a maximum conc en tra t i on of 520p p m f o r b e n z o ( A ) a n t h r a c e n e .
D e t e c t e d at one l o c a t i o n maximumc o n c e n t r a t i o n 9 9 p p m b e n z o ( A ) -anthracene .
D e t e c t e d at one l o c a t i o n maximum valueof 35 ppm for chrysene.
D e t e c t e d in bo th s ed iment and water.
I n s ed iment t h e maximum value observedi s 660 ppm for chrysene. In water
0.050 p p m f o r b e n z o ( A ) p y r e n e .
Chrysene and b e n z o ( A ) a n t h r a c e n e wered e t e c t e d at c onc en t ra t i on s les s than1.0 p p m .

H a t J o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
T h e c a r c i n o g e n i c ' P N A ' s w i l l b e c o n s i d e r e d a s a c las s o f i n d i c a t o r chemica l s .
T h i s i s p a r t i c u l a r l y a p p r o p r i a t e since t h e e x i s t i n g t o x i c i t y data f o r th i s
g r o u p i s based o n b e n z o ( A ) p y r e n e w h i c h i s t h e best s t u d i e d P N A .
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C a r b a z o l e

R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
C a r b a z o i e , . a P N A , w a s i n c l u d e d a s a s a m p l i n g parame t e r f o r Phase 1 a l t h o u g h
I n t e r f e r e n c e s l i m i t e d q u a n t i t a t i o n , d u e t o i t s a s s o c i a t i o n w i t h t h e wood
t r e a t i n g proce s s . C a r b a z o l e was d e t e c t e d i n f r e q u e n t l y and at low
c o n c e n t r a t i o n s r e l a t i v e t o o th er P N A ' s a n d i s t h e r e f o r e e x c l u d e d f r o m '
c o n s i d e r a t i o n as an i n d i c a t o r c h e m i c a l .

8 . 2 . 1 . 4 P e n t a c h l o r o p h e n o l ( P C P )
The c h e m i c a l s used in wood p r e s e r v a t i o n are p e n t a c h l o r o p h e n o l (PCP) and creo-
sote . PCP i s th e most w i d e l y d i s t r i b u t e d so i l c o n t a m i n a n t d e t e c t e d a t th e
S i t e . C o n s e q u e n t l y PCP i s an a p p r o p r i a t e i n d i c a t o r o f c ontaminat ion f r o m the
wood t r e a t i n g proc e s s e s w h i c h occurred when the f a c i l i t y was in o p e r a t i o n .

î

Occurrence a n d D i s t r i b u t i o n
PCP wa s d e t e c t e d in a l l m e d i a , e x c e p t a i r : s u r f a c e and s u b s u r f a c e s o i l ,
s u r f a c e w a t e r , d r a i n a g e w a y s e d i m e n t s , d e e p e r soil s a m p l e s , cores , lagoon
s e d i m e n t , l a g o o n w a t e r , a n d ground w a t e r .

In ground wa t e r PCP wa s d e t e c t e d in two s a m p l e s . 12,000 ppm PCP wa s asso-
c i a t e d w i t h a f r e e o i l l a y e r in w e l l MW-3S in which o ther c o n t a m i n a n t s were
d e t e c t e d . A n o t h e r o b s e r v a t i o n o f 0.0012 p p m P C P w a s d e t e c t e d i n M W - 1 1 D .

S u r f a c e s o i l (0 to 6 i n c h e s ) range f r o m ND to 790 ppm w i t h a g e o m e t r i c mean
v a l u e o f 9 .6 p p m . S u b s u r f a c e s o i l (6 t o 12 i n c h e s ) v a l u e s range f r o m ND t o
o90 ppm w i t h a g e o m e t r i c mean o f 5 .1 p p m .

h a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n
P C P i s n o t e l i m i n a t e d . I t i s p r e v a l e n t , a b u n d a n t , t o x i o , a n d a n i n d i c a t o r o f
t h e s i t e o p e r a t i o n h i s t o r y . PCP i s th e m a j o r i n d i c a t o r chemical t o b e
c o n s i d e r e d i n t h e p u b l i c h e a l t h e v a l u a t i o n .

8 .2 .1 .5 C h l o r i n a t e d D i b e n z o D i o x i r i s a n d D i b e n z o F u r a n s
PCP i s a t o x i c c h e m i c a l in i t s own r i g h t . H o w e v e r , in a d d i t i o n t o i t s own
t o x i c i t y , several i m p u r i t i e s a r e p r e s e n t i n commercial g r a d e P C P whi ch a r e
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p o t e n t carcinogens. The most t o x i c o f these i m p u r i t i e s are th e c h l o r i n a t e d
d i b e n z o d i o x i n s and d i b e n z o f u r a n s .

Occurrence and D i s t r i b u t i o n
The d i o x i n s and d i b e n z o f u r a n s are pr e s en t a lmo s t e n t i r e l y in h e p t a and octa
c h l o r i n a t e d f o r m s . T e t r a c h l o r o wa s d e t e c t e d o n l y a s f o l l o w s :

• 1 .2 ppb TCDD and 1 .5 ppb TCDF in a soil s a m p l e ,
• 10.1 ppb TCDF in a lagoon s e d i m e n t , and

in one of f o u r r e p l i c a t e ground water s a m p l e s f r o m a
moni t or w e l l , 14.3 p p t . T C D D a n d 14.5 p p t T C D F .

P e n t a c h l o r i n a t e d c o m p o u n d s were d e t e c t e d o n l y a s f o l l o w s :
• 29 to 127 ppb PCDF in l a g o o n s e d i m e n t s .

H e x a c h l o r i n a t e d c o m p o u n d s were d e t e c t e d a s f o l l o w s :
• 0.71 ppb HxCDD in s o i l ;
• 1 . 2 p p b H x C D F i n s o i l ;
• 70.2 to 296 ppb HxCDD in lagoon s e d i m e n t s ;

116 t o 376 ppb HxCDF in l agoon s e d i m e n t s ;10 ppt HxCDD in lagoon wat er; and
• 7 . 0 t o 1 1 . 9 p p t H x C D F i n l a ' g o o n water.

H e p t a a n d o c t a c h l o r i n a t e d c o m p o u n d s were d e t e c t e d w i t h maximum c onc en t ra t i on s
a s f o l l o w s :

M E D I A H p C D D OCDD H p C D F O C D F
S o i lLagoon S e d i m e n t s
Lagoon W a t e r
Ground W a t e r

83-8 p p b3,490 p p b167 pp t26.9 p p t

816 ppb19,500 p p b1,780 p p t
183 ppt

14.3 p p b883 ppb46.4 p p t5 . 1 p p t

26.2 p p b1,180 p p b
66.9 p p t7 .9 pp t

T e t t - a , hexa a n d p e n t a f o r m s were d e t e c t e d i n s i g n i f i c a n t c o n c e n t r a t i o n s o n l y
i n lagoon s e d i m e n t s . N o 2 , 3 , 7 , 8 - T C D D o r 2 , 3 , 7 , 8 - T C D F isomers ( t h e most
t o x i c o l o g i c a l l y p o t e n t f o r m ) have been r e p o r t e d .
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R a t i o n a l e f o r E l i m i n a t i o n o r S e l e c t i o n :
N o t e l i m i n a t e d , t h e p u b l i c h e a l t h issues a s s o c ia t ed w i t h t h e d e t e c t e d concen-
t r a t i o n s o f c h l o r i n a t e d d i o x i n s and d i b e n z o f u r a n s w i l l b e as se s sed.

8.2.1.6 S u m m a r y , S e l e c t e d I n d i c a t o r C h e m i c a l s
The f o l l o w i n g targe t or i n d i c a t o r c h e m i c a l s have been s e l e c t ed to assess the
r i s k s a s s o c ia t ed w i t h t h e s i t e :

P N A s ;
non c a r c i n o g e n i ccar c inogen i c

P C P ;
D i o x i n and d i b e n z o f u r a n s ; and
Benzene.

8.2.2 E n v i r o n m e n t a l F a t e a n d T r a n s p o r t
T h i s s e c t i o n d e s c r i b e s t h e b ehav i or o f t h e i d e n t i f i e d c o n s t i t u e n t s i n t h e
var iou s env i ronmenta l med ia and e x p l a i n s t h e m a j o r f a c t o r s which i n f l u e n c e
occurrence and d i s t r i b u t i o n p a t t e r n s p r e s e n t e d in the p r e v i o u s s e c t i on . The
E n v i r o n m e n t a l F a t e a n d T r a n s p o r t s e c t i on a s s i s t s t h e proce s s o f s e l e c t i n g
i n d i c a t o r c h e m i c a l s .

T h e o b j e c t i v e s o f t h i s s e c t i o n a r e t o :

G r o u p t h e c o n s t i t u e n t s i n t o c a t e g o r i e s w i t h s i m i l a rm i g r a t i o n c h a r a c t e r i s t i c s ;
• L i ' s t p e r t i n e n t t r a n s p o r t p a r a m e t e r s based o n t h e

p h y s i c a l and chemical nature of the c o n s t i t u e n t s ; and
• C o u p l e t r a n s p o r t p a r a m e t e r i n f o r m a t i o n w i t h r e l evant

s i t e - s p e c i f i c f e a t u r e s that a f f e c t t r a n s p o r t t h r o u g hthe on-s i t e a i r , s o i l s , and water in order to i d e n t i f y
th e e xpo sure p o t e n t i a l a s s o c ia t ed w i t h each c la s s o f
c o n s t i t u e n t s .

T h e p r e d o m i n a n t c h e m i c a l c l a s s d e t e c t e d i s t h e s e m i - v o l a t i l e b a s e / n e u t r a l
e x t r a c t a b l e c o m p o u n d s , such a s P C P a n d t h e P N A ' s . A f e w v o l a t i l e compounds
were a l s o d e t e c t e d . T a b l e 8-1 c o n t a i n s a l i s t o f p h y s i c a l and chemical
p a r a m e t e r s that serve to c h a r a c t e r i z e the most l i k e l y env ironmenta l f a t e o f
the c o n s t i t u e n t s p r e s e n t in the various on- s i t e env ironmenta l med ia .
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8.2.2.1 P h y s i c a l a n d C h e m i c a l C h a r a c t e r i s t i c s o f I d e n t i f i e d C o m p o u n d s
A b r i e f d e s c r i p t i o n o f t r a n s p o r t a n d m o b i l i t y r e l a t e d parameter s t y p i c a l l y
used in a s s e s s ing the behavior of c o n s t i t u e n t s in the environment is pr e s en t ed
i n T a b l e 8-1. T h e p a r a m e t e r s a r e b r i e f l y d e s c r i b ed b e l ow:

• W a t e r S o l u b i l i t y i s t h e maximum c o n c e n t r a t i o n o f a
chemical that d i s s o l v e s in pure water at a s p e c i f i c
t empera tur e a n d p H . I t i s a c r i t i c a l p r o p e r t ya f f e c t i n g e n v i r o n m e n t a l f a t e a n d t r a n s p o r t . C h e m i c a l s
w i t h h i g h water s o l u b i l i t y w i l l tend t o b e t r a n s p o r t e df r o m soil -to ground water and s u r f a c e water rather than,remain ing in soi l or v o l a t i l i z i n g ;
V a p o r Pre s sur e i s a r e l a t i v e measure o f the v o l a t i l i t y
of a chemical in its pure s t a t e and is an i m p o r t a n td e t e r m i n a n t o f t h e rate o f v o l a t i l i z a t i o n . V a l u e s f o r
t h i s p a r a m e t e r , in u n i t s o f mm Hg, are g iven for a
t e m p e r a t u r e range o f 2 0 t o 3 0 ° C . C o n s t i t u e n t s w i t h
h i g h vapor pr e s sur e are more l i k e l y t o m i g r a t e f r o m
s o i l s and ground water and be t r a n s p o r t e d in a i r ;

• H e n r y ' s L a w C o n s t a n t i s another paramet er i m p o r t a n t i n
e v a l u a t i n g a i r e xpo sur e p a t h w a y s . V a l u e s f o r H e n r y ' s
L a w C o n s t a n t ( H ) were c a l c u l a t e d u s i n g t h e f o l l o w i n g
equa t i on and th e va lue s recorded f or s o l u b i l i t y , vaporpre s sur e and m o l e c u l a r w e i g h t :

- 3 V a p o r Pre s sure ( a t m ) X M o l e W e i g h t ( g / m o l e )H ( a t m - m J / m o i e ) = W a t e r S o l u b i l i t y ( g / m 3 )
• O r g a n i c C a r b o n P a r t i t i o n C o e f f i c i e n t ( K Q C ) i s a measure

of the t e n d e n c y for organic s to be adsorbed by soi l and
s e d i m e n t and is e x p r e s s e d as:

mg, ch emi ca l a d s o r b e d / k g o r g a n i c carbon
oc = mg chemical d i s s o l v e d / l i t e r of s o l u t i o n

The K i s chemical s p e c i f i c and i s l a r g e l y i n d e p e n d e n t
o f soil p r o p e r t i e s . The h i g h e r t h e K Q C value t h e more
a d s o r b a b l e t h e c o m p o u n d ;

• O c t a n o l - W a t e r P a r t i t i o n C o e f f i c i e n t (K ) i s a measure
of how a chemical is d i s t r i b u t e d at e q u i l i b r i u m between
octanol and water. KQ W is an i m p o r t a n t parame t er andi s used o f t e n in the assessment of environmental f a t e
and t r a n s p o r t f o r organic ch emi ca l s . H i g h K valuesa r e g e n e r a l l y i n d i c a t i v e o f a c h e m i c a l ' s a b i l i t y t o
accumula t e in f a t t y t i s su e s and t h e r e f o r e b i o m a g n i f y int h e f o o d chain. The K Q W al so h e l p s t o d e t e r m i n e a
c h e m i c a l ' s movement f r o m an o r g a n i c m a t r i x to water ands o i l . A d d i t i o n a l l y , K Q W i s a key v a r i a b l e used in thee s t i m a t i o n o f o ther p r o p e r t i e s ;
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• B i o c o n c e n t r a t i o n F a c t o r as used in t h i s document is ameasure of the t endency for a chemical in water toaccumulate i n f i s h t i s sue . T h e e q u i l i b r i u mconc en tra t i on of a chemical in f i s h can be e s t ima t ed by
m u l t i p l y i n g the c o n c e n t r a t i o n o f the chemical ins u r f a c e water b y t h e f i s h b i o c o n c e n t r a t i o n f a c t o r f o r
that c h emi ca l . T h i s parameter i s t h e r e f o r e an
i m p o r t a n t d e t e r m i n a n t for human in take via the aqua t i cf o o d i n g e s t i o n rou t e ;

• Chemica l H a l f - L i v e s are used as measures ofp e r s i s t e n c e , or how l o n g a chemical w i l l remain invarious environmental media. T a b l e 8-1 pr e s en t s valuesf o r o v e r a l l h a l f - l i v e s , w h i c h a r e t h e r e s u l t s o f a l l
removal proce s s e s ( e . g . , phase t r a n s f e r , chemical
t r a n s f o r m a t i o n a n d b i o l o g i c a l t r a n s f o r m a t i o n ) a c t i n g
t o g e t h e r rather than a s i n g l e removal mechanism.

8.2.2.2 M i g r a t i o n C h a r a c t e r i s t i c s o f t h e P r i n c i p a l C o n s t i t u e n t s
Each o f the l i s t e d c l a s s e s o f chemical c o n s t i t u e n t s d e t e c t e d a t the s i t e ,
i . e . , P N A ' s , P C P , a n d v o l a t i l e aromat i c c o m p o u n d s , w i l l behave d i f f e r e n t l y i n
the env i ronment . A short d e s c r i p t i o n of t h e i r behavior i s given be low:

• M i g r a t i o n o f P M A ' s - G e n e r a l l y , P N A ' s a r e h i g h l yimmobi l e in s o i l s due to t h e i r low water s o l u b i l i t y
( t h u s n o n l e a c h a b l e ) . T h e i r h i g h p a r t i t i o n c o e f f i c i e n t
( K ) a n d h i g h soil a d s o r p t i o n c o e f f i c i e n t s ( K Q C )combined w i t h t h e i r r e s i s t anc e to o x i d a t i o n orh y d r o l y s i s are i n d i c a t i v e of t h e i r p e r s i s t e n c e in the
soil environment . T h e y are u s u a l l y bound to
p a r t i c u l a t e s and s o i l s , un l e s s there are h i g h enough
c onc en t ra t i on s o f organic s o l v e n t s pre s ent in the s o i l sto a l l o w m i g r a t i o n of o r g a n i c c o n t a m i n a n t s by
nonaqueous phase l i q u i d ( N A P L ) f l o w c o n d i t i o n s
( V i l l a u m e , 1 9 8 5 ) ;
P N A ' s w i l l n o t v o l a t i l i z e , a s i n d i c a t e d b y t h e l o wvapor pre s sure , and t h e r e f o r e are not of concern in thea ir p a t h w a y ( e x c e p t a s p a r t i c u l a t e e m i s s i o n s ) . T h e y
are not s u b j e c t to h y d r o l y s i s or o x i d a t i o n but may beb i o d e g r a d e d by s e l e c t i v e soil m i c r o o r g a n i s m s . U s u a l l y ,
P N A ' s w i l l n o t b e t r a n s p o r t e d i n t h e environment e x c ep t
by p h y s i c a l means such as s ed iment in s u r f a c e r u n o f f
d u r i n g s torm e v e n t s ;
P N A ' s have a l o w m o b i l i t y i n d e x i n soil r a n g i n g f r o m
-19 to -7.3. A value le s s than -5 is c on s id er ed to bei m m o b i l e ;
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C o n s e q u e n t l y , m i g r a t i o n o f P N A ' s i s e x p e c t e d t o b e
- e x t r e m e l y l i m i t e d ;
M i g r a t i o n o f P C P
T h e r e i s l i t t l e i n f o r m a t i o n o n t h e t r a n s p o r t o f P C P
t h r o u g h the env i ronmen t . The compound has a low v a p o r
pre s sur e a n d , t h e r e f o r e , i s no t l i k e l y t o v o l a t i l i z er e a d i l y . I t i s s l i g h t l y s o l u b l e i n water a n d does
adsorb to s e d i m e n t s , and t h e r e f o r e may be t r a n s p o r t e d
t h rough s o i l , s u r f a c e w a t e r , a n d ground water.
PCP i s d e g r a d e d by s u n l i g h t to l ower c h l o r i n a t e dp h e n o l s , t e t r a c h l o r o d i h y d r o x y l benzenes, and non-aromat i c f r a g m e n t s . T h e i m p o r t a n c e o f p h o t o d e g r a d a t i o n
of PCP in the environment i s unknown. S o i l
m i croorgani sms have a l so been f o u n d to d e g r a d e P C P .
H o w e v e r , the compound was p e r s i s t e n t in s e d i m e n t s andl e a f l i t t e r f o l l o w i n g a s p i l l in to a f r e s h w a t e r lake .
PCP has a so i l m o b i l i t y i n d e x of -17 and is t h e r e f o r ec on s id er ed to be i m m o b i l e ;
M i g r a t i o n o f 2 , 3 . 7 , 8 - T C D D
T h i s c o n s t i t u e n t i s h i g h l y p e r s i s t e n t i n s o i l . T h e
h a l f - l i f e o f 2 , 3 , 7 , 8 - T C D D in s o i l s has been r e p o r t e d a t
a range of 1 to 10 years. The low water s o l u b i l i t y -andh i g h soil a d s o r p t i o n c o e f f i c i e n t i n d i c a t e that i t
adsorb s s t r o n g l y t o s o i l s . 2 , 3 , 7 , 8 - T C D D i s no t r e a d i l y
b i o d e g r a d e d . it may be p h o t o d e g r a d e d in the pre sence
of o rgani c s o l v e n t s ; however, there i s no i n d i c a t i o n of
organi c s o l v e n t s i n t h e s u r f a c e s o i l s . I t i s r e s i s t a n t
t o o x i d a t i o n and h y d r o l y s i s . V o l a t i l i z a t i o n o f
2 , 3 , 7 , 8 - T C D D adsorbed on s o i l s is very s low due to the
e x t r e m e l y l o w vapor pr e s sur e o f 2 , 3 , 7 , 8 - T C D D . 2 , 3 , 7 , 8 -
TCDD has ,a m o b i l i t y i n d e x in s o i l s of -16.0 and is
t h e r e f o r e c on s id er ed to be i m m o b i l e .

8.2.2.3 Other F a c t o r s A f f e c t i n g M i g r a t i o n
Ail o f the ch emi ca l s o f concern are c on s id er ed to have low m o b i l i t y in the
s u r f a c e s o i l s and s h a l l o w s o i l s . M o b i l i t y i n d e x ranges f r o m -7.3 to -19.
C o n s e q u e n t l y , the c o n s t i t u e n t s are l i k e l y to move o n l y as a component of the
s o i l s . F a c t o r s a f f e c t i n g s o i l m i g r a t i o n a t t h e s i t e i n c l u d e :

• M i g r a t i o n of s u r f a c e s o i l s due to soi l erosion and
m o b i l i z a t i o n by s u r f a c e r u n o f f . H o w e v e r , t h e s i t e i s
r e l a t i v e l y f l a t w i t h o n l y l o c a l i z e d d r a i n a g e w a y s ;
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S u r f a c e s o i l s c ou ld b e t r a n s p o r t e d a s a ir p a r t i c u l a t e s
due t o wind eros ion a n d / o r v e h i c u l a r t r a f f i c over th ea f f e c t e d areas; a n d
S u r f a c e s o i l s could b e r e d i s t r i b u t e d d u r i n g anyc o n s t r u c t i o n or e a r t h m o v i n g a c t i v i t y .

8.2.3 T o x i c o l o g y o f I n d i c a t o r C h e m i c a l s
The chemical c o n s t i t u e n t s d e t e c t e d in the environmenta l media s a m p l e d were
screened in the p r e v i o u s s e c t i on to i d e n t i f y "high risk" parame t er s ( i e . those
o f most p u b l i c h e a l t h and e n v i r o n m e n t a l s i g n i f i c a n c e ) . The proce s s i s c a l l e d
s e l e c t i o n o f i n d i c a t o r or targe t c h emi ca l s . The t a r g e t chemical s are s e l e c t e d
t o r epre s en t e x i s t i n g s i t e c o n d i t i o n s . T h e r e m a i n i n g environmental a n d p u b l i c
h e a l t h assessment w i l l f o c u s on t h e s e l e c t e d i n d i c a t o r ch emica l s .

T h i s s e c t i o n f o c u s e s o n t h e t o x i c o l o g y o ' f t h e i n d i c a t o r ch emi ca l s . A l l chemi-^
cais have some inherent t o x i c i t y w h i c h can take many f o r m s . T h e s e f o r m s can
be p l a c e d i n t o two c a t e g o r i e s , acute and chronic t o x i c i t y .

A c u t e e f f e c t s a r e those e xpr e s s ed f o l l o w i n g s i n g l e o r very c l o s e l y spaced
m u l t i p l e d o s e s , w h i l e c h r o n i c t o x i c i t y i s t h e r e su l t o f l o n g - t e r m cont inuous
or r e p e a t e d e x p o s u r e w h i c h causes a c cumula t ed and o f t e n i r r e v e r s i b l e damage to
t a r g e t organs. I n most c ircumstance s o f e n v i r o n m e n t a l c o n t a m i n a t i o n , chronic
t o x i c i t y t o l o n g - t e r m , L o w - l e v e l chemical e x p o s u r e i s t h e pr imary p o t e n t i a l
hazard .

8.2.3.1 P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n ( P t J A ' s )
N o n - c a r c i n o g e n i c P N A ' s a r e c o n s i d e r e d t o b e p r a c t i c a l l y non- tox i c ( e x c e p t i n
the pure l i q u i d chemical s t a t e ) . C o n s e q u e n t l y t h i s chemical g r o u p has not
been s t u d i e d in d e t a i l by the s c i e n t i f i c community. T h e r e i s thus a p a u c i t y
o f chronic t o x i c i t y da ta v i a t h e oral route f o r t h e non-carcinogenic P N A ' s ,
and no data were f o u n d f or p h e n a n t h r e n e . A p p r o p r i a t e chronic t o x i c i t y da ta
f o r f l u o r a n t h e n e , a c e n a p h t h y l e n e a n d n a p h t h a l e n e ( o t h e r non-carc inogen i c
P N A ' s ) , however, were f o u n d . T h e s e t o x i c o l o g i c a l d a t a f o r m t h e basis o f th i s
r i s k c h a r a c t e r i z a t i o n .
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Two subchronic animal s t u d i e s were r e p o r t e d in the l i t e r a t u r e . A subchronic
expo sure is d e f i n e d as a t ime in t e rva l w h i c h does not c o n s t i t u t e a s i g n i f i c a n t
p o r t i o n of the l i f e s p a n of the t e s t a n i m a l , g e n e r a l l y 30 to 90 days . K n o b l o c k
et al ( 1 9 6 9 ) a d m i n i s t e r e d a c e n a p h t h y l e n e o r a l l y in f o o d to rats at a dose
l e v e l o f 0.6 gram a c e n a p h t h y l e n e / k g body w e i g h t in o l i v e oi l for 40 days .
T h i s t r a n s l a t e s into a n oral a c c e p t a b l e d a i l y in take ( A D I ) o f 4 2 m g
( c h e m i c a l ) / d a y , a s suming a 1,000 u n c e r t a i n t y f a c t o r . A c e n a p h t h e n e was
a d m i n i s t e r e d at a dose of 2 g r a m s / k g body w e i g h t in o l i v e oil for 32 days
r e s u l t i n g in a c a l c u l a t e d oral ADI of 140 mg ( c h e m i c a l ) / d a y , as suming a 1,000
u n c e r t a i n t y f a c t o r . T r e a t m e n t w i t h e i t h e r compound r e su l t ed i n c o n s i d e r a b l e
body w e i g h t l o s s , u n s p e c i f i e d changes in t h e p e r i p h e r a l b lood p a t t e r n , changes
in r enaL f u n c t i o n , and increased serum a m i n o t r a n s f e r a s e a c t i v i t i e s . In
a d d i t i o n , rats e x p o s e d t o a c e n a p h t h e n e had m i l d m o r p h o l o g i c a l damage t o th e
l i v e r and k i d n e y s , changes c o n s i s t e n t w i t h m i l d b r o n c h i t i s , and l o c a l i z e d
i n f l a m m a t i o n o f t h e p e r i b r o n c h i a l t i s su e . ( E P A , H e a l t h E f f e c t s Ass e s smen t f o r _
P o l y c y c l i c A r o m a t i c H y d r o c a r b o n s ( P A H s ) PB-134244 S e p t e m b e r 1 9 8 4 ) . I n order
to u t i l i z e the animal tes t d a t a , the p o s t u l a t e d exposure was normal i z ed to the
s t u d y test c o n d i t i o n s that g enera t ed th e h e a l t h ri sk parame t e r .

A p p l i c a t i o n t > f a n u n c e r t a i n t y f a c t o r ( U F ) t o e x p e r i m e n t a l animal da ta i s a
h e a l t h p r o t e c t i v e measure whi ch a l l o w s t h e e x t r a p o l a t i o n o f animal test da ta
to the human p o p u l a t i o n w i t h an a d d e d marg in of s a f e t y to account for such
f a c t o r s as intra- and i n t e r - s p e c i e s v a r i a b i l i t y , the small number of animals
t e s t e d c o m p a r e d to the s ize o f the e x p o s e d p o p u l a t i o n , s e n s i t i v e human
s u b p o p u l a t i o n s , a n d t h e p o s s i b i l i t y o f s y n e r g i s t i c a c t i o n be tween chemical s .
In terms o f non-carc inogens such as p h e n a n t h r e n e , an u n c e r t a i n t y f a c t o r o f
1,000 is the most c on s erva t iv e number recommended by the US EPA ( F e d e r a l
R e g i s t e r N o v e m b e r 1 3 , 1986, p . 4 6 9 4 6 ) . H i g h e r u n c e r t a i n t y f a c t o r s a r e
s ome t ime s used for car c inogen s or to p r o v i d e an a d d i t i o n a l margin of s a f e t y .

A v a i l a b l e oral A D I s e s t a b l i s h e d b y t h e U S E P A f o r a n y non-carc inogen i c P N A ' s
were used in the r i s k c a l c u l a t i o n s . For f l u o r a n t h e n e the value is 0.42
m g / d a y . The t o x i c o l o g i c a l basi s i s a mouse s t u d y in a chronic t ime f rame w i t h
dermal e x p o s u r e . T h e s t u d y r e p o r t s a n o observed adverse e f f e c t l evel ( N O A E L )
and h i g h e r dose s caused h i s t o p a t h o l o g i c a l changes in l i v e r and k i d n e y . A
chron i c e x p o s u r e concerns a s i g n i f i c a n t p o r t i o n o f t h e l i f e s p a n , a n d l i f e t i m e
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e xpo sur e i s c on s id er ed to b e the f u l l l i f e t i m e o f the test an imal . An
u n c e r t a i n t y - f a c t o r of 1000 is a p p l i e d by the US EPA to the NOAEL in p r e p a r i n g
t h e 0.42 m g / d a y A D I f o r f l u o r a n t h e n e ( E P A , M a y 1 9 8 4 ) . T o b e conservat ive t h i s
animal s t u d y was used as the basi s of the soil i n g e s t i o n and dermal a b s o r p t i o n
c a l c u l a t i o n s . T h i s s t u d y h a s a l ower A D I than t h e o t h e r s d e s c r i b e d above.

F o r n a p h t h a l e n e , E P A h a s e s t a b l i s h e d a n oral A D I o f 1 8 m g ( c h e m i c a l ) / d a y , ( E P A
May 1 9 8 4 ) . An u n c e r t a i n t y f a c t o r of 10 i s assumed by the US EPA.

T h e r e l a t i v e l y h i g h A D I ' s a n d h i g h a l l o w a b l e chemical in take rates s u p p o r t t h e
c o n c l u s i o n f r o m t h e t o x i c o l o g i c a l l i t e r a t u r e that non-carc inogen i c P N A ' s a r e
n o t p a r t i c u l a r l y t o x i c .

C a r c i n o g e n i c P N A ' s
S e v e r a l i n d i v i d u a l P N A ' s have been f o u n d t o have ev idence o f _
c a r c i n o g e n i c i t y . H o w e v e r , a un iv er sa l h e a l t h based r i s k number f o r t o t a l
P N A ' s i s t y p i c a l l y a s s igned w h i c h assumes that a l l o f t h e P N A ' s have t h e same
c a r c i n o g e n i c p o t e n c y as b e n z o ( a ) p y r e n e . B e n z o ( a ) p y r e n e i s the best s t u d i e d
P N A f r o m a t o x i c o l o g i c a l p e r s p e c t i v e . T h e a p p r o a c h i s very h e a l t h
c o n s e r v a t i v e s ince b e n z o ( a ) p y r e n e i s p e r h a p s th e most p o t e n t o f th e
c a r c i n o g e n i c P N A ' s . T o d a t e there have been n o o ther h e a l t h r i s k numbers
d e r i v e d f o r i n d i v i d u a l P N A ' s f o u n d t o have ev id enc e o f t o x i c i t y .

— 7 f\C o n c e n t r a t i o n s o f P N A ' s c o r r e s p o n d i n g t o 1 0 ' t o 1 0 Cancer R i s k f o r
ing e s t ion of d r i n k i n g water and of s o i l are i n c l u d e d in T a b l e 8-3.

8.2.3.2 P e n t a c h l o r o p h e n o l ( P C P )
P e n t a c h l o r o p h e n o l is not a c a r c i n o g e n ( k n o w n or p r o b a b l e ) ; however, it is a
t o x i c c h e m i c a l . Human e x p o s u r e t o p e n t a c h i o r o p h e n o l r e s u l t s in l o c a l i r r i t a -
t i o n , s y s t e m i c e f f e c t s a n d , in a l i m i t e d number o f p e o p l e , an a l l e r g i c res-
pons e ( U S E P A H e a l t h A d v i s o r y , S e p t . 3 0 , 1 9 8 5 ) . R e p o r t e d e f f e c t s f r o m chronic
e x p o s u r e i n c l u d e f e t o t o x i c i t y , c h l o ra cne a n d e f f e c t s o n t h e l i v e r a n d
k i d n e y s . I n a d d i t i o n , p e n t a c h i o r o p h e n o l i s h i g h l y t o x i c t o a q u a t i c organi sms .

P e n t a c h l o r o p h e n o l i s a p p a r e n t l y absorbed r a p i d l y f r o m t h e G I trac t f o l l o w i n g
o r a l , dermal o r i n h a l a t i o n e x p o s u r e . I n o n e s t u d y o f mal e W i s t a r ra t s v i r t u -
a l l y a l l o f t h e a d m i n i s t e r e d P C P w a s absorbed f r o m d r i n k i n g wat er . A 3 m g / k g
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body w e i g h t d a y N O E L ( n o o b s e r v a b l e e f f e c t s l e v e l ) f o r . f e t o x i c i t y w i t h P C P w a s
d e r i v e d b y E P A . T h e oral A I C ( a c c e p t a b l e chronic i n t a k e ) i s e s t a b l i s h e d b y
E P A a s 0.03 n i g / k g body w e i g h t / d a y . N o i n h a l a t i o n A I C h a s been e s t a b l i s h e d
s i n c e th er e i s l i m i t e d d a t a ( E P A , M a y 1 9 8 4 ) .

T h e A I C i s a n e s t i m a t e o f t h e e x p o s u r e l e v e l that w o u l d n o t b e e x p e c t e d t o
cause a d v e r s e e f f e c t s when e x p o s u r e occurs f o r a s i g n i f i c a n t p o r t i o n o f t h e
1 i f e s p a n .

8.2.3.3 D i b e n z o D i o x i n s a n d D i b e n z o F u r a n s
D i o x i n s a n d f u r a n s a r e a f a m i l y o f b y - p r o d u c t s f o r m e d under t h e c o n d i t i o n s o f
s y n t h e s i s o f p o l y c h l o r i n a t e d p h e n o l s a n d p r o d u c t s f o r m e d t h e r e f r o m . O f t h e
many i s omer s arid c ongener s o f d i o x i n s and f u r a n s , t h e 2 , 3 , 7 , 8 - t e t r a c h l o r o d i -
b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 - T C D D ) a n d 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o f u r a n ( 2 , 3 , 7 , 8 -
T C D F ) a r e o f p r i m a r y concern. ^

2 , 3 , 7 , 8 - T C D D E q u i v a l e n t s
T h e t e rm d i o x i n i s w i d e l y used f o r t n e c h e m i c a l f a m i l y o f 7 5 c h l o r i n a t e d
d i b e n i i o - p - d i o x i n s a n d q u i t e o f t e t i t h e t erm i s meant t o i m p l y a s i n g l e
c o m p o u n d , 2 , 3 , 7 , 8 - t e t r a c h l o r o b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 - T C D D ) . 2 , 3 , 7 , 8 - T C D D i s
the most t o x i c o f t h i s c l a s s o f c o m p o u n d s , i s a known c a r c i n o g e n , and i s the
i s omer w i t h t h e most e x i s t i n g t o x i c o l o g i o a l d a t a .

T C D I . E q u i v a l e n t s a r e d e f i n e d a s t h e c o n c e n t r a t i o n o f _ - , 3 , 7 , 8 - t e t r a c h l o r o d i -
b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 - T C D D ) w h i c h b y i t s e l f w o u l d b e b e l i e v e d t o e x h i b i t t h e
same b i o l o g i c a l p o t e n c y a s a m i x t u r e o f s t r u c t u r a l l y - r e l a t e d c o m p o u n d s ( P C D F / -
I ' C D D ) a c t u a l l y pr e s en t i n a s a m p l e .

T h e p r o c e d u r e f o r c a l c u l a t i n g e q u i v a l e n t s w a s d e v e l o p e d b y t h e M e w Y o r k S t a t e
D e p a r t m e n t o f H e a l t h f o r e s t i m a t i n g t h e t o t a l t o x i c i t y o f a m i x t u r e o f P C D F ' s
a n d P C D D ' s a s par t o f t h e d e v e l o p m e n t o f a r e -o c cupancy c r i t e r i o n f o r t h e
B i n g h a m t o n S t a t e O f f i c e B u i l d i n g ( t h e b u i l d i n g e x p e r i e n c e d a P C B t r a n s f o r m e r
f i r e i n 1 9 8 1 ) . T h e p r o c e d u r e c a l c u l a t e s t h e amount o f 2 , 3 , 7 , 8 - T C D D that wou ld
have to be pre s en t to e x h i b i t the same t o x i c i t y as the measured q u a n t i t i e s of
each o f t h e various o t h e r P C D F ' s a n d P C D D ' s tha t a r e p r e s e n t , a n d sums these
c a l c u l a t e d amounts o f 2 , 3 , 7 , 8 - T C D D t o o b t a i n a n e s t i m a t e o f t h e T C D D
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E q u i v a l e n t s t o x i c i t y o f t h e m i x t u r e . The pro c edure assumes c e r ta in ra t i o s o f
t o x i c i t y ( t e r m e d w e i g h t i n g f a c t o r s ) between 2 , 3 , 7 , 8 - T C D D a n d t h e other P C D F ' s
a n d P C D D ' s .

T h e " I n t e r i m P r o c e d u r e s f o r E s t i m a t i n g R i s k A s s o c i a t e d w i t h E x p o s u r e s t o
M i x t u r e s o f C h l o r i n a t e d D i b e n z o - p - D i o x i n s a n d - D i b e n z o f u r a n s ( C D D s a n d C D F s ) "

' ( E P A , M a r c h 1 9 8 7 ) g ive s E P A ' s current recommended a p p r o a c h t o e s t i m a t i n g
r e l a t i v e t o x i c i t i e s o f C D D ' s a n d C D F ' s . T h e E P A method i s a t o x i c i t y equiva-
l enc e f a c t o r ( T E F ) a p p r o a c h a n d c a l c u l a t e s 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s based o n
t h e f o l l o w i n g c a l c u l a t i o n :

2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s - [ 2 , 3 , 7 , 8 - T C D D ] + 0 . 0 1 [ o t h e r T e t r a C D D ' s ] +
0.50 [ 2 , 3 , 7 , 8 P e C D D ' s ] + 0.005 [ o t h e r Penta
C D D ' s ] + 0.04 [ 2 , 3 , 7 , 8 H x C D D ' s ] + 0.0004 [ o t h e r
H e x a C D D ' s ] + 0.001 [ 2 , 3 , 7 , 8 H p C D D ' s ] + 0.00001
[ o t h e r H e p t a C D D ' s ] + 0.10 [ 2 , 3 , 7 , 8 T C D F ] + 0.001
[ o t h e r T e t r a C D F ' s ] + 0.10 [ 2 , 3 , 7 , 8 P e C D D ' s ] + "
0.001 [ o t h e r P e n t a C D D ' s ] + 0.01 [ 2 , 3 , 7 , 8 H x
C D D ' s ] + 0.0001 [ o t h e r H e x a C D D ' s ] + 0.001
[ 2 , 3 , 7 , 8 H p C D F ' s ] + 0.00001 [ o t h e r H e p t a s C D F ' s ]

( n o t e : OCDDs have a T E F o f z e r o ) .

T h e 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s f o r d i o x i n a n d f u r a n a n a l y t i c a l r e s u l t s were
c a l c u l a t e d by t h i s f o r m u l a and are p r e s e n t e d - in T a b l e 8.2. ( S e c t i o n 8 . 5 ) .
C a l c u l a t i o n s a r e i n c l u d e d i n A p p e n d i x A .

T a b l e 8-3 i n c l u d e s th e 10-l4 t o 10~7 Cancer R i s k l e v e l s f or 2 , 3 , 7 , 8 - T C D D in
d r i n k i n g wa t er . A c o n c e n t r a t i o n of 1 ppb in so i l has been c a l c u l a t e d to
r e p r e s e n t a 10 cancer r i sk ( K i m b r o u g h , R. et a l . , 1 9 8 4 ) .

8.2.3.4 Benzene
Many case s t u d i e s have d e s c r i b e d a causal r e l a t i o n s h i p be tween e x p o s u r e to
benzene by i n h a l a t i o n and l e u k e m i a in humans.

A p p l y i n g E P A ' s c r i t e r i a f o r e v a l u a t i n g t h e ov e ra l l w e i g h t o f e v i d e n c e o f
c a r c i n o g e n i c i t y in humans, benzene has been c l a s s i f i e d by EPA in G r o u p A -
H u m a n C a r c i n o g e n . T h i s c a t e g o r y i n d i c a t e s t ha t there i s s u f f i c i e n t e v i d e n c e
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f r o m e p i d e m i o l o g i c a l s t u d i e s t o s u p p o r t a causal r e l a t i o n s h i p be tween an agent
and cancer. -

T h e E P A C a r c i n o g e n A s s e s s m e n t G r o u p ( C A G ) h a s c a l c u l a t e d i n h a l a t i o n a n d oral
c a r c i n o g e n i c p o t e n c y f a c t o r s f o r benzene. Both were d e r i v e d f r o m human e p i d e -
m i o l o g i c a l s t u d i e s i n whi ch s i g n i f i c a n t l y increased i n c i d e n c e s o f l eukemia
were observed f o r workers e x p o s e d t o benzene p r i n c i p a l l y by i n h a l a t i o n .

— ? iT h e . i n h a l a t i o n p o t e n c y i s 2 . 6 X 1 0 ( m g / k g b o d y w e i g h t / d a y ) " a n d t h e oral
— P 1p o t e n c y i s 5 . 2 X 1 0 ( m g / k g / d a y ) " . T h e c o n c e n t r a t i o n s c o r r e s p o n d i n g t o(•> • li 3c a l c u l a t e d 1 X 1 0 ~ ° to 1 x 10~H cancer r i s k via i n h a l a t i o n are 0.12 u g / n r 5 to 12

"3 'u g / r r r 5 and v ia oral e x p o s u r e ( e g . d r i n k i n g w a t e r ) i s 0.68 u g / 1 t o 68 u g / 1 .

Benzene i s examined in the a m b i e n t air r i s k c h a r a c t e r i z a t i o n in S e c t i o n 8.5.1.
•a»

8 . 3 I D E N T I F I C A T I O N O F A P P L I C A B L E , R E L E V A N T A N D A P P R O P R I A T E R E Q U I R E M E N T S
( A R A R S ) . G U I D E L I N E S , S T A N D A R D S A N D H E A L T H B A S E D C R I T E R I A F O R T A R G E T

C H E M I C A L S
T h e N a t i o n a l C o n t i n g e n c y P l a n ( F e d e r a l R e g i s t e r , N o v e m b e r 2 0 , 1 9 8 5 ) s t a t e s
that " a p p l i c a b l e o r r e l e v a n t a n d a p p r o p r i a t e requirements" ( A R A R s ) s t a n d a r d s
or c r i t e r i a s h o u l d be c o n s i d e r e d when d e v e l o p i n g r e m e d i a l a c t i o n s as part of
t h e h ! / F S proc e s s . E n f o r c e m e n t a g e n c i e s g i v e " p r i m a r y c o n s i d e r a t i o n t o t h e
s e l e c t i o n o f those r e s pon s e a c t i o n s that ar e e f f e c t i v e in p r e v e n t i n g o r , where
p r e v e n t i o n i s no t p r a c t i c a b l e , m i n i m i z i n g th e r e l ea s e o f hazardous sub s tance s
so that they do not m i g r a t e to cause s u b s t a n t i a l d a n g e r to pr e s en t or f u t u r e
p u b l i c h e a l t h , w e l f a r e , or the e n v i r o n m e n t . As a general ru l e t h i s can be
a c c o m p l i s h e d by p u r s u i n g r emed i e s that a t t a i n or exceed the r equirement s of
a p p l i c a b l e r e l evan t a n d a p p r o p r i a t e f e d e r a l p u b l i c h e a l t h o r e n v i r o n m e n t a l
laws" .

" A p p l i c a b l e " requirement s are those f e d e r a l or s t a t e program requirements that
w o u l d b e a p p l i c a b l e i f t h e s i t e were n o t a C E R C L A f a c i l i t y . T h e N C P al so
l i s t s a c a t e g o r y o f "other f e d e r a l c r i t e r i a , a d v i s o r i e s , g u i d a n c e a n d s t a t e
s t a n d a r d s " w h i c h may be used in d e v e l o p i n g S u p e r f u n d r emed i e s .
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"Relevant and a p p r o p r i a t e " r equirement s w h i l e not d i r e c t l y " a p p l i c a b l e " are
d e s i g n e d to a p p l y t o p r o b l e m s s u f f i c i e n t l y s i m i l a r to those encountered a t
C E R C L A s i t e s , that th e i r a p p l i c a t i o n i s a p p r o p r i a t e .

The a p p l i c a b l e , r e l evant and a p p r o p r i a t e r equirement s may be p e r f o r m a n c e or
t e c h n o l o g y - b a s e d ( e . g . 40 CFR 264, t r e a t m e n t , s t orage and d i s p o s a l r e g u l a t i o n s
under R C R A ) o r c on taminant s p e c i f i c h e a l t h based s t a n d a r d s ( e . g . S a f e D r i n k i n g
W a t e r A c t M C L s ) .

T h i s s e c t i o n d e a l s w i t h c o n t a m i n a n t - s p e c i f i c r equirement s .

F o l l o w i n g t h e p u b l i c h e a l t h e v a l u a t i o n , e s t i m a t e d environmenta l c onc en t ra t i on s
o f t h e i n d i c a t o r c h e m i c a l s s e l e c t e d f o r t h e s i t e ar e compared t o a p p l i c a b l e ,
r e l e v a n t and a p p r o p r i a t e . env ironmenta l s t a n d a r d s and c r i t e r i a .

&*

T h i s s e c t i o n i d e n t i f i e s i n terms o f human e x p o s u r e t h e A R A R s which ex i s t f o r
a i r , w a t e r , and soil f or th e t a r g e t ch emica l s .

P e n t a c h l o r o p h e n o l ( P C P )
P e n t a c h l o r o p h e n o l has not been f o u n d to be m u t a g e n i c or carc inogenic in the
s t u d i e s r ev i ewed . I t i s c u r r e n t l y under s t u d y b y t h e N a t i o n a l T o x i c o l o g y
P r o g r a m f o r i t s c a r c i n o g e n i c p o t e n t i a l . T h e I n t e r n a t i o n a l A g e n c y f o r Research
o n Cancer ( I A R C ) h a s c l a s s i f i e d p e n t a c h l o r o p h e n o l i n G r o u p 3 ; inadequate
e v i d e n c e f o r c a r c i n o g e n i c i t y in humans, inadequat e ev idence f o r carc inogeni-
c i t y in a n i m a l s , and inadequa t e ev idence for a c t i v i t y in short term (carc ino-
g e n i c i t y ) t e s t s .

P e n t a c h l o r o p h e n o l h a s been c l a s s i f i e d i n E P A ' s G r o u p D , a c c o r d i n g t o E P A ' s
P r o p o s e d G u i d e l i n e s f o r C a r c i n o g e n R i s k A s s e s s m e n t , based upon i n a d e q u a t e da ta
in a n i m a l s s t u d i e s . By the IARC c l a s s i f i c a t i o n G r o u p 1 has -the most s t r e n g t h
o f e v i d e n c e for c a r c i n o g e n i c i t y in humans.

A p p l i c a b l e , r e l e v a n t a n d a p p r o p r i a t e environmenta l a n d h e a l t h based l i m i t s f o r
PCP are l i s t e d in T a b l e 8.3.
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P o l y n u c l e a r A r o m a t i c s ( P M A ' s ) o r P o l y c y c l i c A r o m a t i c H y d r o c a r b o n s ( P A H ' s )
The p o l y n u c l e a r aromatic s or p o l y c y c l i c aromat i c hydrocarbons are a c lass of
s u b s t i t u t e d a n d u n s u b s t i t u t e d p o i y c y c l i c aromatic r ings . T h e i r c h e m i c a l ,
p h y s i c a l a n d b i o l o g i c a l p r o p e r t i e s vary w i t h t h e i r size a n d shape. Some P N A ' s
are p o t e n t i a l l y car c inogen i c in a n i m a l s , cau s ing tumors both at the s i t e of
a p p l i c a t i o n a n d s y s t e m a t i c a l l y . Some P N A ' s a r e t h o u g h t t o b e cancer
p r o m o t e d / i n i t i a t o r s o r co-carcinogens. T h e p o t e n t i a l l y c a r c i n o g e n i c P N A ' s a r e
g e n e r a l l y a c t iv e i n m u t a g e n i c assays. S t a n d a r d s ( e . g . S a f e D r i n k i n g W a t e r
A c t ) f o r m u t a g e n i c P N A ' s a r e much l ower than those f o r non-mutagenic ones, b y
a f a c t o r o f about 100. Recommended s a f e d r i n k i n g water l e v e l s are 28 ng/1 for
m i x e d m u t a g e n i c P N A s a n d 2 8 u g / 1 f o r mixed non-mutageni c P N A ' s . A d d i t i o n a l
a p p l i c a b l e , r e l evant a n d a p p r o p r i a t e r equ i r emen t s , g u i d e l i n e s , s t a n d a r d s a n d
h e a l t h based c r i t e r i a ar e l i s t e d in T a b l e 8-3.

P o l y c h l o r i n a t e d d i b e n z o - p - d i o x i n s ( P C D D ' s ) a n d P o l y c h l o r i n a t e d d i b e n z o f u r a n s _
( P C D F ' s )
S e v e r a l i m p u r i t i e s a r e pre s ent i n commercial grade P C P , i n c l u d i n g c h l o r i n a t e d
d i b e n z o d i o x i n s and d i b e n z o f u r a n s . The p r e d o m i n a n t d i o x i n and f u r a n t y p e s in
P C P a r e t h e h e x a c h l o r o - p - d i b e n z o d i o x i n s ( H x C D D ' s ) a n d h e x a c h l o r o - p - d i b e n z o -
f u r a n s ( H x C D F ' s ) . T e c h n i c a l P C P a v a i l a b l e i n t h e U . S . h a s n o t been r epor t ed
t o c o n t a i n T C D D ' s , T C D F ' s , P C D D ' s o r P C D F ' s . T h e h i g h l y t o x i c 2 , 3 , 7 , 8 -
t e t r a c h l o r o d i b e n z o - p - d i o x i n has not been, f o u n d in PCP and due to the m e t h o d s
of s y n t h e s i s o f PCP i s no t e x p e c t e d to occur ( A h l b o r g 1 9 8 0 ) .

H e a l t h based g u i d e l i n e s f o r a m i x t u r e o f P C D D ' s a n d P C D F ' s a r e u s u a l l y g iv en
in t erms o f 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s a s g iven in T a b l e 8-3. The method
a s s i g n s a r e l a t i v e t o x i c i t y to each isomer in terms of the t o x i c i t y of
2 , 3 , 7 , 8 - T C D D . T h e r e s u l t i s a s i n g l e value which r e p r e s e n t s t h e t o x i c i t y o f
t h e m i x t u r e . T h e concep t i s f u r t h e r d e s c r i b e d i n s e c t i o n 8 .2 .3 .3 , which
d i s cu s s e s the t o x i c o l o g y o f d i o x i n s and d i b enzo f u r a n s .

8 . 4 E X P O S U R E A S S E S S M E N T
T h i s s e c t i o n p r o v i d e s a n as se s sment o f t h e p o t e n t i a l f o r e x p o s u r e o f r e c e p t o r s
on or near the Old M i d l a n d s i t e . For i d e n t i f i e d r e c e p t o r s , a se t o f
h y p o t h e t i c a l p a t h w a y s f o r e xpo sur e a r e d e f i n e d . T h e s e p a t h w a y s a r e assessed
as to t h e i r p l a u s i b i l i t y or i m p o r t a n c e r e l a t i v e to p u b l i c h e a l t h or
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environmental c o n s i d e r a t i o n s . P o t e n t i a l l y impor tan t pathways ar e i d e n t i f i e d
for sub s equent , more d e t a i l e d , c h a r a c t e r i z a t i o n o f r i sk in S e c t i o n 8.5.

8.4.1 R e c e p t o r D e f i n i t i o n
T h e r e c e p t o r d e f i n i t i o n p r o v i d e s a n e s t i m a t i o n o f t h e e x p e c t e d d egr e e o f human
( o r e n v i r o n m e n t a l ) contact w i t h t h e i n d i c a t o r chemical c o n s t i t u e n t s . T h e
r e c e p t o r d e f i n i t i o n i n v o l v e s t h e f o l l o w i n g f o u r s t e p s :

I d e n t i f i c a t i o n o f e x p o s e d p o p u l a t i o n s ;C h a r a c t e r i z a t i o n o f p o p u l a t i o n ;• A n a l y s e s o f p o p u l a t i o n a c t i v i t i e s ;• D e v e l o p m e n t o f e xpo sure c o e f f i c i e n t s .

T h e f i r s t s t e p requires c o m p a r i n g da ta o n d i s t r i b u t i o n a n d p o t e n t i a l m o b i l i t y
o f s i t e c o n s t i t u e n t s w i t h p o p u l a t i o n , data in order t o i d e n t i f y those
p o p u l a t i o n s (human and e n v i r o n m e n t a l ) that may p o t e n t i a l l y or a c t u a l l y be
e x p o s e d t o t h e i n d i c a t o r c h e m i c a l s . T h e second s t e p , p o p u l a t i o n
c h a r a c t e r i z a t i o n , i n v o l v e s i d e n t i f y i n g those g r o u p s ( e . g . , i n f a n t s , e l d e r l y ,
women o f c h i l d - b e a r i n g ag e , endangered o r s e n s i t i v e w i l d l i f e s p e c i e s ) which
may e x p e r i e n c e a gr ea t e r r i sk than the average p o p u l a t i o n as a re su l t of a
g i v e n e x p o s u r e l e v e l . T h e t h i r d s t e p , a c t i v i t y a n a l y s i s , invo lve s a n
e x a m i n a t i o n o f t h e a c t i v i t i e s ( e . g . , e m p l o y m e n t , r e c r e a t i o n ) o f p o t e n t i a l l y o r
a c t u a l l y e xpo s ed p o p u l a t i o n s i n order t o d e f i n e t h e l ev e l o f e xpo sur e .

T h e f i n a l s t e p ( S e c t i o n 8.5, Curren t R i s k C h a r a c t e r i z a t i o n ) o f t h e . r e c e p t o r
d e f i n i t i o n i s t h e i d e n t i f i c a t i o n o f h y p o t h e t i c a l expo sure c o e f f i c i e n t s . T h e
e x p o s u r e c o e f f i c i e n t combines i n f o r m a t i o n on the f r e q u e n c y and m a g n i t u d e o f
contac t w i t h c o n s t i t u e n t s to y i e l d a q u a n t i t a t i v e value o f the amount o f
a f f e c t e d medium contac t ed p e r u n i t ' o f t i m e . E x p o s u r e c o e f f i c i e n t s a r e
d e v e l o p e d for each expo sure route and are used to c a l c u l a t e the dose
incurred . An e x a m p l e of an e x p o s u r e c o e f f i c i e n t would be the average d a i l y
intake o f d r i n k i n g water.

8.4 .1 .1 Land Use and D e m o g r a p h i c s
The land-u s e t y p e s around th e Old M i d l a n d s i t e ar e a m i x t u r e o f r e s i d e n t i a l ,
f a r m i n g , f o r e s t r y , and t r a n s p o r t a t i o n . The s i t e i s bordered by s c a t t e r e d
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permanent r e s idence s to the n o r t h , w e s t , and s o u t h w e s t , and a small mobi le-
home park to. the nor thwe s t . The r e m a i n d e r of the s i t e is bordered by woods
a n d p a s t u r e s . T h e P e t i t J e a n River S t a t e W i l d l i f e Management A r e a i s l o ca t ed
3 / 4 m i l e t o t h e nor th .

T h e e s t i m a t e d 1980 p o p u l a t i o n l i v i n g w i t h i n f o u r m i l e s o f t h e s i t e i s .1,572.
C o m p a r e d to the n a t i o n as a w h o l e , t h i s p o p u l a t i o n has a s l i g h t l y h igher
average o f f e m a l e s , w h i l e the number o f very young and e l d e r l y are twice the
n a t i o n a l average. The m e d i a n age i s e leven years h i g h e r than the nat ional
average. Census d a t a i s d e t a i l e d in T a b l e 2-1.

A l t h o u g h t h e O l d M i d l a n d s i t e v i c i n i t y i s p r e d o m i n a n t l y r u r a l , t h e m a j o r i t y o f
the p e o p l e are e m p l o y e d in r e t a i l , m a n u f a c t u r i n g , and h e a l t h services.
A p p r o x i m a t e l y 81$ o f t h e h o u s i n g i s s i n g l e f a m i l y d w e l l i n g t y p e , and 62% o f
the h o u s i n g is owner o c c u p i e d . ^

8.4.1 .2 W a t e r W e l l I n v e n t o r y
Out of the 468 h o u s e h o l d s in O l a , 955& receive t h e i r water f r o m p u b l i c
u t i l i t i e s . D r i l l e d water w e l l s account f o r 4 £ , w h i l e \ % l i s t t h e i r water
source as "other".

A t o t a l o f f i v e w e l l s ar e pr e s en t w i t h i n a 1,500 f o o t radiu s o f t h e s i t e . The
d i r e c t i o n of the ground water g r a d i e n t f r o m the s i t e i s to the n o r t h w e s t .
T h r e e o f the w e l l s ( t w o d o m e s t i c and one a g r i c u l t u r a l ) are l o c a t e d
p e r p e n d i c u l a r to the g r a d i e n t , w h i l e the o ther two are d o m e s t i c w e l l s l o ca t ed
d o w n g r a d i e n t . The c l o s e s t d o w n g r a d i e n t w e l l i s l o ca t ed 450 f e e t we s t-north-
west of the on- s i t e l agoon s . Due to its p r o x i m i t y to the s i t e and its
r e p o r t e d s h a l l o w 80-foo t c o m p l e t i o n d e p t h i n t h e A t o k a f o r m a t i o n , t h i s well
r e p r e s e n t s t h e c lo s e s t p o t e n t i a l r e c e p t o r p o i n t d o w n g r a d i e n t .

8.4.1.3 E c o l o g y
The f l o r a around th e s i t e i s composed o f w o o d l a n d s w i t h mixed hardwood s and
p i n e s . The i n t e r m i t t e n t s tream that dra in s the s i t e i s l i n e d by a dense
t h i c k e t o f small t r e e s , shrubs , and vines. No s i g n s o f s t r e s s ed v e g e t a t i o n or
o t h e r s y m p t o m s o f c o n t a m i n a t i o n were noted in or a l o n g the i n t e r m i t t e n t stream
or K e e l a n d C r e e k .

8-30

thunter
001348



The f l o r a i s ab l e t o s u p p o r t a w i d e v a r i e t y o f w i l d l i f e . T h e r e wa s evidence
seen of racoons, d e er , beavers , and w a t e r f o w l . The u p p e r segment o f the
i n t e r m i t t e n t stream was seen to c on ta in insect l i f e but no f i s h s p e c i e s , due
to the very s h a l l o w and i n t e r r u p t e d m o r p h o l o g y of the stream. The
i n t e r m i t t e n t s tream f l o w s i n t o K e e l a n d C r e e k , wh i ch i s w i d e a n d s l u g g i s h , a n d
c o n t a i n s at l eas t one beaver dam.

K e e l a n d Creek f l o w s i n t o t h e P e t i t J e a n River W i l d l i f e Management A r e a , which
i s m a i n t a i n e d by th e S t a t e o f A r k a n s a s t o p r o v i d e h a b i t a t o f w a t e r f o w l , other
g a m e b i r d s , d e e r , a n d f i s h .

G i v e n th e l ow c o n c e n t r a t i o n s and l ow l e v e l s o f i n p u t , m i g r a t i o n o f
c o n t a m i n a t e d s e d i m e n t s is not e x p e c t e d to pre s en t a threat to any e c o l o g i c a l
r e c e p t o r s .

;»•-

8.4.2 P o t e n t i a l E x p o s u r e P a t h w a y s
An e x p o s u r e p a t h w a y is the route a contaminant may take to reach a human or
env ironmenta l r e c e p t o r . K n o w n or p o t e n t i a l e xpo sur e p a t h w a y s must be
e v a l u a t e d t o d e t e r m i n e t h e i r s i g n i f i c a n c e t o t h e i d e n t i f i e d r e c e p t o r s . T a b l e
8-4 l i s t s p o t e n t i a l e xpo sur e p a t h w a y s that are eva lua t ed be low.

8.4.2.1 A i r
As d i s c u s s e d in S e c t i o n 6.4., there is minimal current expo sure to air
emi s s ions f r o m th e s i t e , e i t h e r f r o m v o l a t i l e emi s s ions or w indborne
p a r t i c u l a t e s . H o w e v e r , once r e m e d i a t i o n b e g i n s , th e e x cava t i on and h a n d l i n g
of c on taminat ed material could increase emissions and cause some p u b l i c h ea l t h
concern.

E x c e p t f o r those p e r s onne l that w i l l b e i n v o l v e d in r e m e d i a t i o n a c t i v i t i e s ,
all the r e c e p t o r s w i t h i n 1,000 f e e t of the l a g o o n s via an air p a t h w a y are
r e s i d e n t i a l . F o u r r e s i d e n c e s , hou s ing a t o t a l o f a p p r o x i m a t e l y 10 p e r s on s ,
are l o c a t e d t o th e w e s t , s o u t h w e s t , a n d . s o u t h e a s t , w i t h th e c l o s e s t b e ing
l o c a t e d 450 f e e t to t h e - w e s t o f the l agoon s . Based on m e t e o r o l o g i c a l d a t a ,
th e wind b l ows f r o m th e l agoon s t oward s each o f these re s idence s a p p r o x i m a t e l y
24% o f the t i m e . The o n l y o ther " p o p u l a t i o n magnet" i s a l arg e lumber m i l l
2,000 f e e t to the w e s t , that would l i k e l y be o c cup i ed o n l y about 8 hours a
d a y .
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The air p a t h w a y is assessed in d e t a i l and the r i sk s are charac t er ized in
S e c t i o n 8.5.1-

8.1.2.2 S o i l
C o n t a m i n a t e d s o i l s around the lagoons and proce s s f a c i l i t i e s can pose a h e a l t h
concern to r e m e d i a t i o n workers or t r e s p a s s e r s via dermal contact or
i n g e s t i o n . T h i s soil pathway is assessed in d e t a i l and the risks are
c h a r a c t e r i z e d in S e c t i o n 8.5-2.

P u b l i c e x p o s u r e to so i l a d j a c e n t to the s i t e i s p r o b a b l y not of concern as
s a m p l e s have shown no c o n t a m i n a t i o n o u t s i d e the f e n c e d boundar i e s .
C o n t a m i n a t i o n o f c r o p l a n d and subsequent i n g e s t i o n o f f o o d s t u f f s i s al so an
u n l i k e l y scenario as the c l o s e s t c r o p l a n d s are p a s t u r e s l o ca t ed more than 450
f e e t to the east and west of the l a g o o n s .

^~

8.1.2.3 S u r f a c e W a t e r
S u r f a c e water f r o m the l agoon s may enter the i n t e r m i t t e n t s tream via e scape or
r u n o f f d u r i n g a s torm event.

T h e c l o s e s t e xpo sure p o i n t f o r f i s h i n g i s K e e l a n d C r e e k , which i s 2,000 f e e t
n o r t h , and the c l o s e s t p o i n t for contact s p o r t s i s K e e l a n d L a k e , wh i ch i s 1
1 / 2 m i l e s north. T h e r e a r e n o s u r f a c e water w i t h d r a w a l p o i n t s downs tr eam f o r
p o t a b l e , a g r i c u l t u r a l , o r i n d u s t r i a l use.

The s u r f a c e water p a t h w a y i s assessed f u r t h e r and the r i sk s are charac t er i z ed
q u a l a t i v e l y in S e c t i o n 8.5.4.

8.4.2.4 Ground W a t e r
Of p a r t i c u l a r h e a l t h concern i s the m i g r a t i o n of c o n t a m i n a n t s into the ground
water of a usable s h a l l o w a q u i f e r b enea th the l a g o o n s . The c on taminant s are
not u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t the ground water due to the low water
s o l u b i l i t y o f most o f t h e c o n t a m i n a n t s . R a t h e r , a l i g h t e r - t h a n - w a t e r o i l
l ayer i s the p r e d o m i n a n t c on taminant source in the ground wa t e r , w h i l e
d i s s o l v e d c o n t a m i n a n t s are much l e s s p r e v a l e n t .
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The c lo se s t p o t a b l e wel l i s 450 f e e t to the we s t -nor thwe s t of the l agoon s , and
is screened at a d e p t h of 80 f e e t . The c lo s e s t a g r i c u l t u r a l w e l l is 1200 f e e t
to the e a s t - n o r t h e a s t , and is screened at a d e p t h of 265 f e e t . T h e r e are no
i n d u s t r i a l water w e l l s in the area. T h o u g h al l the nearby r e s i d e n t i a l and
a g r i c u l t u r a l w e l l s c u r r e n t l y show no s ign o f c o n t a m i n a n t s , th e f r a c t u r e d
nature o f t h i s a q u i f e r a l l o w s f o r a p o t e n t i a l f u t u r e m i g r a t i o n pa thway o f
c o n t a m i n a n t s . The ground water p a t h w a y i s assessed in d e t a i l and the ri sks
are c h a r a c t e r i z e d in S e c t i o n 8.5.3.

8 . 5 C U R R E N T R I S K C H A R A C T E R I Z A T I O N
T h i s s e c t i on p r e s e n t s the current r i sk s to human h e a l t h and the environment
r e s u l t i n g f r o m c o n s t i t u e n t s f o u n d a t t h e s i t e .

The s i n g l e f u n d a m e n t a l c onc ep t which i s t h e f o u n d a t i o n o f any r i sk assessment
is that for a risk to e x i s t , two c o n d i t i o n s must be met: a hazard must be^
pre s en t and an e x p o s u r e to the hazard must occur. In mathemat i ca l t erms , risk
equal s l e v e l o f t o x i c i t y ( h a z a r d ) t imes l ev e l o f e xpo sure ( c o n c e n t r a t i o n ) .
T h e r e is no r i sk if e i th er f a c t o r ( h a z a r d or e x p o s u r e ) is not p r e s e n t .

H a z a r d s are d e s c r i b e d t o x i c o l o g i c a l l y in terms of e x p o s u r e mode and time
d u r a t i o n . M o d e s o f e x p o s u r e a r e u s u a l l y c a t e g o r i z e d a s i n h a l a t i o n , i n g e s t i o n ,
a n d d i r e c t contac t ( d e r m a l a b s o r p t i o n ) .

In order t o e v a l u a t e what e n d a n g e r m e n t , i f a n y , i s c u r r e n t l y created by th e
s i t e , r i s k e s t i m a t e s ( h a z a r d a n d e x p o s u r e ) were d e v e l o p e d f o r f o u r e xpo sure
s c enar io s .

1 . I n h a l a t i o n o f a i r e m i s s i o n s f r o m t h e s i t e ;
2. C h r o n i c d ermal contact and i n g e s t i o n o f s u r f a c e s o i l s ;
3 . P o t e n t i a l i n g e s t i o n o f c o n t a m i n a t e d ground w a t e r ;
4. E x p o s u r e of aqua t i c o rgan i sms in the i n t e r m i t t e n ts tream to s i t e c o n t a m i n a n t s .

The o t h e r p a t h w a y s d i s c u s s e d in S e c t i o n 8.4.2 do no t a p p e a r t o p r e s e n t a r i sk
to human h e a l t h and the e n v i r o n m e n t .
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In the r i s k . chara c t e r i za t i on for scenarios one and two above, the risks of
expo sure to chemica l s r e s u l t i n g in carc inogeni c and non-carcinogenic e f f e c t s
are assessed s e p a r a t e l y . For carc inogens , a numerical e s t i m a t e of the
p r o b a b i l i t y o f adverse e f f e c t s i s made. F o r non-carcinogens, t h e chron i c -
d a i l y i n t a k e s ( G D I ) a r e compared t o r i s k r e f e r e n c e doses ( R f D ) o r a c c e p t a b l e
d a i l y i n t a k e s ( A D I ) . T h e chroni c d a i l y in take i s t h e amount o f substance
taken i n t o t h e b o d y , p e r uni t body w e i g h t , p e r unit t ime . R f D s a n d A D I s a r e
e s t i m a t e s o f a l ong term d a i l y e x p o s u r e o f the general human p o p u l a t i o n to a
sub s tance tha t a p p e a r s to be w i t h o u t an a p p r e c i a b l e risk of d e l e t e r i o u s
e f f e c t s .

For th e t h i r d s cenario, th e e s t i m a t e d expo sure l e v e l s ar e compared t o d r i n k i n g
water g u i d e l i n e s .

.a*

In scenario f o u r , t h e s u r f a c e water and s ed imen t d a t a ar e q u a l i t a t i v e l y
e v a l u a t e d in terms o f aquat i c t o x i c i t y measures.

8.5.1 A m b i e n t A i r
The ambient air p a t h w a y was assessed u s ing m e t h o d s d e s c r i b e d in the " S u p e r f u n d
E x p o s u r e A s s e s s m e n t M a n u a l " ( V e r s a r , 1 9 8 6 ) . T w o se t s o f c a l c u l a t i o n s were
made ( s e e A p p e n d i x A ) . O n e e s t i m a t e s t h e v o l a t i l e o r g a n i c emi s s i on rates f r o m
so i l c o n t a m i n a t e d w i t h benzene and PCP and the ambient c onc en t ra t i on s of
benzene a n d P C P . T h e o ther model e s t i m a t e s r e s p i r a b l e p a r t i c u l a t e emi s s i on
c o n c e n t r a t i o n s f r o m s o i l c o n t a m i n a t e d w i t h P C P a n d t h e c a r c i n o g e n i c P N A ' s .

8 . 5 . 1 . 1 V o l a t i l e O r g a n i c E m i s s i o n s a n d A m b i e n t A i r C o n c e n t r a t i o n s
The on-s i t e ( i e . worst ca s e) ambient air c o n c e n t r a t i o n s in a 3-ineter b r e a t h i n g
zone above the s i t e is e s t i m a t e d and the a s s o c ia t ed human h e a l t h r i sks are
c h a r a c t e r i z e d .

P C P
Based on the c a l c u l a t i o n s , the e s t i m a t e d ambient air c o n c e n t r a t i o n for PCP is
9 . 4 6 X 1 C T 5 m g / m 3 .
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An a c c e p t a b l e d a i l y intake v ia i n h a l a t i o n wa s d e r i v e d in order t o compare w i t h
t h e e s t i m a t e d ambient PCP c o n c e n t r a t i o n . The i n h a l a t i o n value uses th e t o x i -
c o l o g i c a l d a t a wh i ch i s t h e bas i s f o r s e t t i n g t h e oral A I C ( a s d e s c r i b e d i n
s e c t i o n 8 . 2 . 3 - 2 ) . A s s u m i n g that a 70 kg man breathe s 22.8 m^ of air per day
an a c c e p t a b l e v a l u e of 0.092 m g / n r i s d e r i v e d ( b a s e d on an a c c e p t a b l e "body
burden" o f 0.03 m g / k g / d a y ) . The e s t i m a t e d amb i en t a i r va lue i s a f a c t o r o f
1,000 b e l o w th e c a l c u l a t e d a c c e p t a b l e v a l u e . PCP however i s o n l y m o d e r a t e l y
v o l a t i l e , c o n s e q u e n t l y , i t i s assessed v i a a i r b o r n e p a r t i c u l a t e e m i s s i o n ,
m o d e l i n g a s w e l l .

Benzene
The c a l c u l a t e d ambient a i r c o n c e n t r a t i o n f or benzene ( a s s u m i n g an average soil
c o n c e n t r a t i o n o f 1 0 0 p p b ) i s 4 . 9 X 1 0 " ^ m g / n H . T h e 1 X 1 0 ~ " incrementa l cancer
r i s k via i n h a l a t i o n is 0.12 n g / n r * . The 1 x 10 incremental cancer r i sk is
12 . u • ug• nH.

The e s t i m a t e d v a l u e i s b e tween the 1 X 1 0 " ^ and the 1 X 1 0 cancer ri sk l ev e l on-
s i t e a n d c o n s e q u e n t l y i s i n s i g n i f i c a n t f r o m a p u b l i c h e a l t h p e r s p e c t i v e o f f -
s i c e or in an i n f r e q u e n t , o n - s i t e , e x p o s u r e scenario s i t u a t i o n .

8 . 5 . 1 . 2 P a r t i c u l a t e E m i s s i o n a n d A m b i e n t A i r C o n c e n t r a t i o n

T h e e s t i m a t e d ambient a i r c o n c e n t r a t i o n f o r P C P , a s suming a n average so i l
c o n c e n t r a t i o n o f 35 p p m , i s 5 . 4 X 1 0 " ^ m g / m . As d i s cu s s ed in S e c t i o n 8.2.3.2

•3the d e r i v e d a c c e p t a b l e l ev e l via i n h a l a t i o n i s c a l c u l a t e d to be 0.092 mg-/m- >

( a n o r d e r o f m a g n i t u d e h i g h e r than t h e p r e d i c t e d v a l u e ) . C o n s e q u e n t l y v i a
a i r b o r n e p a r t i c u l a t e e xpo sur e t h e P C P c o n c e n t r a t i o n s a r e n o t s i g n i f i c a n t f r o m
a h e a l t h p e r s p e c t i v e .

C a r c i n o g e n i c P N A ' s
T h e e s t i m a t e d ambient a i r c o n c e n t r a t i o n f o r t h e c a r c i n o g e n i c P N A ' s ( a s s u m i n g
an average s o i l c o n c e n t r a t i o n of 3 - 2 1 6 p p m ) is 0.000*1968 m g / n r > . Based on the
t o x i c i t y o f b e n z o ( A ) p y r e n e , t h e 1 X 1 0 i n c r e m e n t a l cancer ri sk v i a i n h a l a t i o n

-} o _hi s i ) . G 0 o 5 " u g / m or 0.00005 m g / n r for the 1 x 10 r i s k . The p r e d i c t e d air
v a i u e is at a p p r o x i m a t e l y the 1 x 10 i n c r e m e n t a l cancer r i sk l e v e l . The
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c a l c u l a t i o n s of the p r e d i c t e d c o n c e n t r a t i o n s are worst case since they assume
no air d i s p e r s i o n . It i s l i k e l y that the actual air c o n c e n t r a t i o n s w i l l
d i s s i p a t e q u i c k l y to values be low the 1 x 10 cancer risk l e v e l .

8.5.2 Dermal C o n t a c t a n d I n g e s t i o n o f S u r f a c e S o i l ^
E x p o s u r e to chemica l s via i n g e s t i o n of s o i l (and d u s t ) can occur by
i n a d v e r t e n t c o n s u m p t i o n of s o i l s on the h a n d s , on t o o l s or o ther o b j e c t s , f r o m
na i l b i t i n g , c o n s u m p t i o n o f soil i t s e l f ( p i c a ) , o r a c o m b i n a t i o n o f these
route s .

T h e s o i l i n g e s t i o n p a t h w a y i s o n l y i m p o r t a n t t o c er ta in p o p u l a t i o n s - a t - r i s k .
F o r e x a m p l e , c h i l d r e n p l a y i n g o u t d o o r s m a y b e e x p o s e d t o a f f e c t e d soil through
dermal a b s o r p t i o n o r t h r o u g h d i r e c t i n g e s t i o n o f s o i l . I f young c h i l d r e n have
access to a s i t e or an a d j a c e n t area w i t h a f f e c t e d s u r f a c e s o i l , e xpo sur e for
th i s s u b p o p u l a t i o n via soil i n g e s t i o n may be an impor tant pa thway. S i n c e _ _
th er e are r e s id enc e s near the s i t e , the soil i n g e s t i o n p a t h w a y of human
e xpo sur e has been asse s sed.

The c o n t r i b u t i o n to the dose via dermal a b s o r p t i o n of the i n d i c a t o r chemical s
is c on s id e r ed to be r e l a t i v e l y i n s i g n i f i c a n t when compared to the i n g e s t i o n
route. F o r e x a m p l e , a b s o r p t i o n rates o f t o p i c a l l y a d m i n i s t e r e d h e r b i c i d e s a n d
p e s t i c i d e s d i s s o l v e d in a s u i t a b l e carrier , ranged f r o m 0.004 to 0.351 perc ent
per hour d u r i n g t h e f i r s t f o u r hours o f e xpo sure ( F e l d m a n and M a i b a c h ,
1 9 7 4 ) . Less than 0.2 perc en t of these h e r i b i c d e s and p e s t i c i d e s (on an
a v e r a g e ) would be absorbed due to d i r e c t c on tac t . The soi l m a t r i x , in which
the i n d i c a t o r chemical s are f o u n d , serves to s low the chemical a b s o r p t i o n rate
bo th via dermal contact and g a s t r o i n t e s t i n a l a b s o r p t i o n .

H o w e v e r , the soil i n g e s t i o n and dermal a b s o r p t i o n c a l c u l a t i o n s p r e s e n t e d here
make the conservat ive a s s u m p t i o n o f a 1 0 0 / & a b s o r p t i o n f a c t o r which over s ta t e s
t h e c o n t r i b u t i o n f r o m dermal a b s o r p t i o n .

The dermal contact and s o i l i n g e s t i o n p a t h w a y s have been c h a r a c t e r i z e d for two
e x p o s u r e scenarios: ( 1 ) a short terra i n f r e q u e n t t r e s p a s s scenario, a n d ( 2 ) a
r e s i d e n t i a l l i f e t i m e s o i l i n g e s t i o n scenario. T h e c a l c u l a t i o n s a r e p r e s e n t e d
in A p p e n d i x A and the c o n c l u s i o n s are summarized in T a b l e 8-5.
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It s h o u l d be noted that the dermal contact s cenario does not take into account
dermal t o x i c i t y a n d h y p e r s e n s i t i v i t y issues a s soc iated w i t h P C P . N o
a p p r o p r i a t e t o x i c i t y model was l o c a t e d by which to a d d r e s s these concerns.
PCP i s d e r m a l l y a c t i v e , p r o d u c i n g a c h l o r a c n e c o n d i t i o n , and some members o f
t h e p o p u l a t i o n a r e p a r t i c u l a r l y s e n s i t i v e t o t h i s ' e f f e c t ( h y p e r s e n s i t i v e ) .
Dermal t o x i c i t y i s l e s s l i k e l y t o occur, however, f r o m contact w i t h PCP
c o n t a m i n a t e d soi l than w i t h t h e u n d i l u t e d c h e m i c a l .

8.5.2.1 I n f r e q u e n t T r e s p a s s O n - S i t e S o i l I n g e s t i o n
It i s not l i k e l y that a c h i l d of s ix or under would t r e s p a s s on an i n d u s t r i a l
site-. T h e r e f o r e , e xpo sure of t h i s age g r o u p i s not p o s t u l a t e d in the on-s i te
s o i l i n g e s t i o n scenario.

F r e q u e n t i n g e s t i o n of on- s i t e s u r f a c e s o i l s is not c on s id er ed to be a
p l a u s i b l e p a t h w a y due t o l i m i t e d s i t e access and a l a c k o f t r e s p a s s mo t iva t i o rv-
( t h e s i t e i s no t a r e cr ea t i onal f a c i l i t y ) . An i n f r e q u e n t t r e s p a s s scenario
wou ld be the o n l y f e a s i b l e expo sure p a t h w a y and a h y p o t h e t i c a l exposure
s cenario is presumed in order to e s t i m a t e the h e a l t h risks as soc iated w i t h
i n g e s t i o n o f c on tamina t ed s o i l s . E x p o s u r e d u r a t i o n and f r e q u e n c y are
h y p o t h e s i z e d on the basis of general e x p e r i e n c e and j u d g m e n t .

S o i l i n g e s t i o n i s t y p i c a l l y l i m i t e d t o s u r f a c e s o i l . T h e data used t o
e s t a b l i s h the chemical c o n c e n t r a t i o n in soil i s -pre s ent ed in T a b l e 8-5.

I n t h e on- s i t e soil i n g e s t i o n s c enario , non-carc inogenic P N A ' s ( r e p r e s e n t e d b y
p h e n a n t h r e n e ) and PCP are the p r i n c i p a l c o n s t i t u e n t s in s i t e s u r f a c e s o i l s .

A t r e s p a s s scenario by a 12-year old is presumed in order to e s t i m a t e the
h e a l t h r i sks as soc iated w i t h chronic e x p o s u r e due t o i n g e s t i o n o f s o i l s . The
scenario assumes a t r e s p a s s o c curr ing one time per week for nine months of the
year, or 36 expo sure events . For the i n g e s t i o n e x p o s u r e mode , the time
d u r a t i o n of the t r e s p a s s i s not r e l evant because the i n g e s t i o n rate of le s s
than 0.1 gram per day is i n d e p e n d e n t of that t ime.
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C a l c u l a t i o n s o f C h r o n i c D a i l y I n t a k e f o r Dermal A b s o r p t i o n a n d Oral
I n g e s t i o n o f . C o n s t i t u e n t s i n O n - S i t e S o i l - I n f r e q u e n t T r e s p a s s
E x i s t i n g soil c oncentra t i ons o f s p e c i f i c non-carcinogenic P N A ' s a r e compared
to the a l l o w a b l e d a i l y intake under the i n f r e q u e n t t r e s p a s s scenario.

\
The e xpo sure scenario for on-s i te soi l i n g e s t i o n i s for a 12-year old who
v i s i t s the s i t e (as a t r e s p a s s e r ) once each week for 36 weeks (9 m o n t h s ) out
of each year. An oral i n g e s t i o n of 61 mg of soi l is assumed to be consumed
per day or per v i s i t . The r e f e r e n c e for th i s a d o l e s c e n t soil i n g e s t i o n rate
i s H a w l e y ( 1 9 8 5 ) . The s i t e i s v i s i t e d by the t r e s p a s s e r for a two-year
p e r i o d . The chemical concentrat ion in the soil ( w h i c h w i l l serve as the
e x p o s u r e source t e r m ) was c h a r a c t e r i z e d by t a k i n g the geometr i c mean of data
o b t a i n e d f r o m s u r f a c e s o i l d a t a . The g e o m e t r i c mean i s used to charac t er ize
the source term ( r a t h e r than the a r i t h m e t i c mean or maximum concentrat ion
v a l u e ) because t h i s , s t a - t i s t i c a l parameter has been f o u n d to best de s cr ib e the-
c en t ra l t e n d e n c y of h i g h l y skewed d a t a ( w h i c h i s the usual s i t u a t i o n in non-
u n i f o r m environmental c on tamina t i on da ta b a s e s ) .

The assumed chemical c o n c e n t r a t i o n in the soil and g e o m e t r i c mean of p o s i t i v e
d e t e c t i o n s ( t h e exposure source term or the soil to which the trespasser is
e x p o s e d ) a r e 9.5898 p p m f o r P C P a n d 109.9624 p p m f o r phenanthr ene . T h e
c a l c u l a t i o n s for h e a l t h r i sk for the soil i n g e s t i o n scenario are p r e s e n t e d in
T a b l e 8-5. "

The second route o f human expo sur e q u a n t i f i e d for the d ir e c t soil contact
p a t h w a y i s dermal e xpo sure w i t h skin a b s o r p t i o n .

For the dermal contact w i t h s u r f a c e soil s c enario , the d a i l y soil contact rate••)has been e s t i m a t e d by the US EPA at between 0.1 and 0.5 mg of s o i l / c m of skin
s u r f a c e area ( E P A , N o v e m b e r 1984, "Risk A n a l y s i s f o r T C D D i n C o n t a m i n a t e d
S o i l " , O f f i c e o f H e a l t h a n d E n v i r o n m e n t a l A s s e s s m e n t , E P A 6 0 0 1 / 8 - 8 4 / 0 3 1 ) -

For the ri sk c a l c u l a t i o n s p r e s e n t e d , a d a i l y soil contact rate of 0.3 mgp( s o i l ) per cm sk in s u r f a c e area per v i s i t i s assumed ( t h i s value i s midwaypbe tween the 0.1 and 0.5 m g / c m e s t i m a t e d by the US EPA). The scenario assumesPthat the sk in s u r f a c e a v a i l a b l e for d i r e c t contact i s 2,9^0 cm (assumes that
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the person wears a s h o r t - s l e e v e d , open-neck s h i r t , p a n t s , shoes, and no gloves
i.e. a worst .case a s s u m p t i o n ) . The chemical a b s o r p t i o n via dermal exposure is
very con s erva t iv e ly set at 100 p e r c e n t , a l t h o u g h the actual skin a b s o r p t i o n
f a c t o r i s lower. The c a l c u l a t i o n s f or h e a l t h risk f or th e dermal exposure
scenario are p r e s e n t e d in T a b l e 8-5. /

8.5.2.2 R e s i d e n t i a l S o i l I n g e s t i o n S c e n a r i o
The second scenario i s one of d a i l y r e s i d e n t i a l l i f e t i m e exposure such as
inge s t ion of s u r f a c e soi l on a r e s i d e n t i a l l o t . The scenario is d e s i g n e d to
d e m o n s t r a t e the risks o f l i v i n g on the s i t e under e x i s t i n g c o n d i t i o n s .

Only oral exposure was c a l c u l a t e d s ince , over a l i f e t i m e , t h i s route
ov erwhe lms dermal e xpo sur e .

E x p o s u r e is p o s t u l a t e d to occur 36 weeks per year ( d u e to c l i m a t i c c o n d i t i o n s ^ —
and for 7 days per week for each of those 36 weeks. The model assumes that
expo sure occurs f r o m age 0 to age 70.

8.5.2.3 Summary o f S o i l I n g e s t i o n and Dermal Con ta c t Pathways
The r e s u l t s o f the c a l c u l a t i o n s are pr e s en t ed in T a b l e 8-5. The chronic d a i l y
i n t a k e for oral i n g e s t i o n of PCP and p h e n a t h r e n e , under the t r e s p a s s and
r e s i d e n t i a l scenarios, are a f r a c t i o n o f the a c c e p t a b l e chemical intake . The
combined oral and dermal d a i l y i n t a k e s c a l c u l a t e d for the t r e s p a s s scenario
are al so a f r a c t i o n of the a c c e p t a b l e chemical intakes . The c o n c l u s i o n is
that at the e x i s t i n g g e o m e t r i c mean soil c onc en t ra t i on s arid under a t r e s p a s s
and r e s i d e n t i a l soil i n g e s t i o n scenario no s i g n i f i c a n t p u b l i c h e a l t h risk
e x i s t s .

8.5.2.4 C h l o r i n a t e d D i o x i n and Dibenzo F u r a n s
Based on the 2 , 3 , 7 , 8 - T C D I ) e q u i v a l e n t c a l c u l a t i o n s pr e s en t ed in T a b l e 8-2, the
s o i l s do no t conta in t o x L c o l o g i c a l l y s i g n i f i c a n t c onc en tra t i on s o f c h l o r i n a t e d
d i b e n z o d i o x i n and d i b e n z o f u r a n s ( 2 , 3 , 7 , 8 - T C D D equ iva l en t s range f r o m 0 t o
1.3509 p p b ) . A value of 1.3509 ppb was f o u n d in a s u b s u r f a c e soil bor ing
advanced to d r i l l m o n i t o r i n g w e l l MW-11S (at a d e p t h 19 - 20 f e e t be low ground
s u r f a c e ) and t h e r e f o r e not a c c e s s i b l e to human contact . S u r f a c e s o i l s (0 -
6") range f r o m 0 t o 0.0947 ppb 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s . S u b s u r f a c e s a m p l e s
(6 - 1 2 " ) range f r o m 0 to 0.0092 ppb 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s .
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By c o m p a r i s o n , a value of 1 ppb 2 , 3 , 7 , 8 - T C D D was used as a s a f e r e s i d e n t i a l
soil value f or th e T i m e s Beach, M i s s o u r i S u p e r f u n d s i t e . A 2 , 3 , 7 , 8 - T C D D value
of 1.2 ppb was the s u r f a c e soi l c l e a n - u p c r i t e r i a for an i n d u s t r i a l s i t e in
B l u e f i e l d , W e s t V i r g i n i a ( H a z a r d o u s W a s t e R e p o r t , J u l y 2 1 , 1 9 8 6 ) .

X

The two lagoon s ed iment s a m p l e s c o l l e c t e d con ta in e l evated c onc en tra t i on s
( 2 , 3 , 7 , 8 - T C D D equ iva l en t of 9.843 and 42.773 ppb in Lagoons 1 and 5
r e s p e c t i v e l y ) . The s ed iment i s covered w i t h water and i s t h e r e f o r e not e a s i l y
a v a i l a b l e f o r human expo sure .

I n d e t e r m i n i n g t h e 2 , 3 , 7 , 8 - T C D D equ iva l en t t h e c a l c u l a t i o n s make t h e
con s erva t ive a s s u m p t i o n that the d i o x i n and f u r a n s d e t e c t e d are in the 2 , 3 , 7 , 8
f o r m , wh i ch would tend to o v e r e s t i m a t e the f o r m .

8.5.3 Ground W a t e r P a t h w a y

8.5.3.1 T r a n s p o r t M o d e l
T h e p o t e n t i a l contaminant c o n c e n t r a t i o n s that could e v e n t u a l l y reach p o t e n t i a l
r e c e p t o r s ( M r . N i e l y a n d M r s . Barne s) were evaluated b y t h e f o l l o w i n g
p r o c e d u r e s and a s s u m p t i o n s :

• G r o u n d w a t e r recovery o p e r a t i o n s ( w h i c h would prevent
m i g r a t i o n arid whi ch would remove c o n t a m i n a n t s ) are
absent. T h a t is, ground water recovery is noti m p l e m e n t e d ;

• T h e e x i s t i n g h y d r a u l i c g r a d i e n t ( s e e F i g u r e 4 - 7 ) i sassumed to be c o n s t a n t ;
• Seven lagoon source areas e x i s t w i t h i n the p r o p e r t yboundar i e s o f O l d M i d l a n d P r o d u c t s ;
• Source s are assumed to have c o n t r i b u t e d c o n t a m i n a t i o n

to the ground water at a constant rate for 18 years.
The lagoons f i r s t a p p e a r e d in 1 9 7 1 , but the s i t e
o p e r a t i o n s r e p o r t e d l y began in 1 9 6 9 ;

• P o t e n t i a l c onc en t ra t i on s are e v a l u a t e d at the f o l l o w i n g
r e c e p t o r p o i n t s in the d o w n g r a d i e n t d i r e c t i o n :
- 4 0 0 f e e t ( M r . N i e l y ' s w e l l f r o m t h e s o u r c e ) ,
- 1,080 f e e t ( p r o p e r t y b o u n d a r y ) , and- 1 ,950 f e e t ( M r s . Barnes w e l l ) .
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One-dimensional d i s p e r s i o n is mode l ed u s ing the
computer program O D A S T a n d t h e f o l l o w i n g a s s u m p t i o n s ,to e s t imat e the maximum percent t o ta l c oncentra t ionse x i s t i n g at s p e c i f i e d d i s t a n c e s f r o m the source areas:
- s t e a d y - s t a t e u n i f o r m f l o w ,
- i s o t r o p i c porous m e d i u m ,- p o i n t ( f i n i t e s o u r c e ) ,
- r e t a r d a t i o n of 1 (no a t t e n u a t i o n - worst case forbo th n a p h t h a l e n e and p e n t a c h l o r o p h e n o l ) and 41 forn a p h t h a l e n e ( c a l c u l a t e d conservat ive e s t i m a t e ) ,
- r e t a r d a t i o n for p e n t a c h l o r o p h e n o l was not c a l c u l a t e dbecause n a p h t h a l e n e appear s to be more mob i l e in theenv ironment ,
- d i s p e r s i o n c o e f f i c i e n t s r a n g i n g f r o m 0.08 m / d a y to

0.64 m 2 / d a y .

S e e T a b l e 8 - 6 f o r r e s u l t s o f t h e one-d imens ional s o l u t e t r a n s p o r t m o d e l .

8.5.3.2 N a p h t h a l e n e
T h e p r e d i c t e d d o w n g r a d i e n t ground water c o n c e n t r a t i o n s which migh t re sul t f r o m
l a g o o n s e d i m e n t l e a c h i n g in to ground water (and the a n t i c i p a t e d t i m e f r a m e ) are
p r e s e n t e d i n T a b l e 8-6. T h e p r e d i c t e d c onc en t ra t i on s f o r n a p h t h a l e n e range
f r o m 2.1 to maximum of 361 ppb (based on r e t a r d a t i o n f a c t o r s for ground water
of 1 and 4 1 ) . The minimum amount of t ime required to reach the -maximum
c o n c e n t r a t i o n is 30 years.

The h e a l t h based g u i d e l i n e f o r n a p h t h a l e n e i s d e r i v e d a s f o l l o w s . The ADI i s
0.257 m g / k g body w e i g h t / d a y ( E P A , M a y 1 9 8 4 ) o r 1 9 m g / k d a y f o r 7 0 k g a d u l t . I f
two l i t e r s o f water per day are consumed, and c o n t r i b u t i o n f r o m d r i n k i n g water
is l i m i t e d to 20%, the a l l o w a b l e c onc en t ra t i on in d r i n k i n g water is 1.8 mg
c h e m i c a l / l i t e r ( 1 , 8 0 0 u g c h e m i c a l / l i t e r ) . T h e p r e d i c t e d we l l c onc en tra t i on s
for n a p h t h a l e n e ar e a l l b e l o w th e h e a l t h based g u i d e l i n e f o r d r i n k i n g water.

8.5.3.3 P e n t a c h l o r o p h e n o l
P e n t a c h l o r o p h e n o l value s range f r o m 288 to 1,207 p p b . The minimum amount of
t ime to reach the max imum c o n c e n t r a t i o n is 30 years. The p r e d i c t e d values
assume a ground water r e t a r d a t i o n f a c t o r of 1 ( i . e . no r e t a r d a t i o n ) and
t h e r e f o r e a r e very c on s erva t iv e ( i . e . w i l l most p r o b a b l y s u b s t a n t i a l l y
o v e r e s t i m a t e t h e c o n c e n t r a t i o n ) .
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The h e a l t h based g u i d e l i n e f or PCP i s d e r i v e d a s f o l l o w s . The ADI oral i s
0.03 r a g / k g body w e i g h t / d a y (EPA, May 1 9 8 4 ) or 2 .1 m g / d a y for a 70 kg a d u l t .
A s s u m i n g a 20% c o n t r i b u t i o n to the t o t a l d i e t due to d r i n k i n g wat er , and a
c o n s u m p t i o n o f two l i t e r s p er d a y , the a l l o w a b l e c onc en t ra t i on in d r i n k i n g
water i s 0.21 m g / 1 ( 2 1 0 n g / 1 ) , wh i ch i s e q u i v a l e n t t o t h e p r o p o s e d E P A R M C L o f
0 . 2 m g / 1 ( F e d e r a l R e g i s t e r N o v e m b e r 1 3 , 1 9 8 5 ) . T h e f u t u r e p r e d i c t e d values
exceed the a l l o w a b l e c o n c e n t r a t i o n in all cases. H o w e v e r , as discussed
p r e v i o u s l y , the p r e d i c t e d values are based on e x t r e m e l y conservative
a s s u m p t i o n s w h i c h tend t o o v e r s t a t e th e c o n c e n t r a t i o n s . It shou ld b e noted
that at values above 30 u g / l i t e r PCP may i m p a r t an u n p l e a s a n t tas t e to water.

8.5.3-4 C h l o r i n a t e d D i o x i n s and Dibenzo F u r a n s
Ground water s a m p l e s were t y p i c a l l y above the 1 x 10 incremental cancer risk_qvia i n g e s t i o n of 2.2 x 10 ^ Mg/1, but b e l ow the short term d r i n k i n g water
l i m i t s ( 1 d a y a d u l t e xpo sure 0.0035 u g / 1 ) ( F e d e r a l R e g i s t e r , November . 13r-
1 9 8 5 ) .

O n e ground water s a m p l e o u t o f f o u r r e p l i c a t e s ( c o l l e c t e d f r o m wel l M W - 1 1 S )
i n d i c a t e d 15.7574 p p t o f 2 , 3 , 7 , 8 - T C D D e q u i v a l e n t s . T h e e l eva t ed equivalent
c o n c e n t r a t i o n was f o u n d in on ly one of the f o u r r e p l i c a t e s , w h i l e the others
i n d i c a t e d l o w e q u i v a l e n t s .

T h e 2 , 3 , 7 , 8 - T C D D c a l c u l a t i o n s ( T a b l e 8-2) make t h e conservative a s sumpt i on
that the d i o x i n s and f u r a n s d e t e c t e d are in the more t o x i c 2 , 3 , 7 , 8 f o r m which
w o u l d tend to overe s t imat e the actual c onc en tra t i on .

8.5.4 S u r f a c e W a t e r Pathway
The s u r f a c e water i t s e l f i s not a m a j o r e xpo sur e p a t h w a y . T h i s i s because the
t h e i n d i c a t o r chemical s ( P C P a n d P N A ' s ) t y p i c a l l y have e x t r e m e l y l o w water
s o l u b i l i t i e s .

More s i g n i f i c a n t as a p a t h w a y than the s u r f a c e water i t s e l f i s contaminated
s e d i m e n t t r a n s p o r t e d by the s u r f a c e water. All the i n d i c a t o r chemical s have
very h i g h t endenc i e s to be adsorbed s t r o n g l y to soil and sediment p a r t i c l e s ,
as i n d i c a t e d by the organic carbon p a r t i t i o n c o e f f i c i e n t s . C o n s e q u e n t l y , they
w o u l d tend to be t r a n s p o r t e d in s ed imen t rather than d i s s o l v e and move w i t h
the water .
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T h e p o s s i b i l i t y o f dermal contact w i t h c on tamina t ed s e d i m e n t s f r o m t h e stream
b o t t o m or, more l i k e l y , f r o m the stream banks is cons idered to be a minor
p u b l i c h e a l t h risk c o n s i d e r i n g the observed concentrat ions o f the
c o n s t i t u e n t s .

T h o u g h th e i n d i c a t o r chemical s have h i g h f i s h b i o c o n c e n t r a t i o n f a c t o r s , and
PCP i s very t o x i c to aquatic l i f e , i n g e s t i o n of contaminated s ed imen t s by
b o t t o m - f e e d i n g f i s h e s or b o t t o m - d w e l l i n g organisms is not cons idered to be a
s i g n i f i c a n t r i sk due to the low observed concentra t ions of the c o n s t i t u e n t s ,
as shown in T a b l e 8-7. A l s o l i s t e d in T a b l e 8-7 are the ambient water q u a l i t y
c r i t e r i a ( A W Q C ) o f t h e i n d i c a t o r ch emi ca l s , which p r o v i d e f o r t h e p r o t e c t i o n
of human h e a l t h , aquat ic o rgan ims , and d r i n k i n g water.

8.5.5 Summary and C o n c l u s i o n s
T h i s E A addr e s s e s t h e r i sk s f r o m t h e O l d M i d l a n d P r o d u c t s S u p e r f u n d S i t e . The-
s i t e i s a f o r m e r w o o d t r e a t i n g f a c i l i t y . R e s i d u a l s f r o m these a c t i v i t i e s , P C P
a n d P N A ' s , a r e t h e p r e d o m i n a n t c on taminant s a t t h e s i t e . A f e w trace v o l a t i l e
organi c s have also been d e t e c t e d . C h l o r i n a t e d d i o x i n s and d i b enzo f u r a n s have
been f o u n d in s i g n i f i c a n t c onc en t ra t i on s in lagoon s ed imen t s and in one moni-

*•t o r i n g w e l l .

I n d i c a t o r chemical s s e l e c t e d to assess the risks as sociated w i t h the s i t e are
as f o l l o w s :

P N A s ;- non c a r c i n o g e n i c ,- c a r c i n o g e n i c ,P C P ;
D i o x i n and d i b enzo f u r a n s ;Benzene ( a i r pa thway o n l y ) .

T h e s e c ompounds were s e l e c t e d based on p r e v a l e n c e , environmental d i s t r i b u t i o n ,
observed c o n c e n t r a t i o n s , and p o t e n t i a l t o x i c o l o g i c a l s i g n i f i c a n c e .

The env ironmenta l med ia have been surveyed in the RI. A m b i e n t a ir s a m p l e s
i n d i c a t e that a i r q u a J i t y w a s w e l l w i t h i n A C G I H g u i d e l i n e s a n d near o r
e s s e n t i a l l y a t background l e v e l s f o r t h i s g e o g r a p h i c r eg ion. O f f - s i t e s u r f a c e
s o i l s a n d s i t e r u n o f f s a m p l e s showed m i n i m a l i n f l u e n c e f r o m t h e s i t e .
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The s h a l l o w e s t water bearing zone shows local concentrat ions of up to several
thousand ppm of some i n d i c a t o r chemical s in a nonaqueous l i q u i d organic phase.

S o i l c o n c e n t r a t i o n s on-site are charac t er iz ed by several "hot spo t s" or s p i l l -
l i k e areas which are c o n f i n e d to an area near the lagoons .

Lagoon s ed iment contains the h i g h e s t c onc en t ra t i on s o f contaminants .

F o u r p o t e n t i a l exposure p a t h w a y s and the p o s s i b l e risks associated wi th the
s i t e in i t s current c o n d i t i o n (and f u t u r e c o n d i t i o n in the case of ground
w a t e r ) have been cons idered in d e t a i l . T h e s e i n c l u d e :

1. V o l a t i l e organic compound emis s ion and p a r t i c u l a t eemissions to ambient a i r ;
2. Dermal contact and i n g e s t i o n of s u r f a c e s o i l s - a

short term t r e s p a s s and a r e s i d e n t i a l s cenario;
3. A one-dimensional ground water model to p r e d i c t off-s i t e r e c ep tor we l l c onc en tra t i on s f o r i n d i c a t o rchemica l s ;
4. An assessment of e xpo sur e to aqua t i c b i o t a f r o m s i t es u r f a c e water r u n o f f .

T h i s EA i n d i c a t e s that t h e Old M i d l a n d P r o d u c t s S i t e a s i t c u r r e n t l y e x i s t s
(as a secured i n d u s t r i a l s i t e ) r e p r e s e n t s no immed ia t e r i sk to p u b l i c h e a l t h
or the environment .

The a ir p a t h w a y m o d e l i n g i n d i c a t e s no h e a l t h concern due to e x i s t i n g s i t e
c o n d i t i o n s . The dermal a b s o r p t i o n and soi l i n g e s t i o n p a t h w a y s l i k e w i s e
i n d i c a t e no pre s ent h e a l t h i m p a c t , due to r e s t r i c t e d access. The dermal
contact p a t h w a y , however, does not a d d r e s s the issue of h y p e r s e n s i t i v i t y and
dermal t o x i c i t y . Some members o f the p o p u l a t i o n are p a r t i c u l a r l y s e n s i t i v e to
P C P .

P o t e n t i a l f u t u r e r i sk s are l i k e l y to occur as s i t e c o n d i t i o n s and m i g r a t i o n
p a t h w a y s change. Of p a r t i c u l a r impor tanc e are the l e a c h i n g of c ontaminant s
f r o m l a g o o n s ed imen t i n t o ground w a t e r , and the pre s ence of an e x i s t i n g conta-
minant p l u m e .
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8 . 6 G O A L S F O R T H E F E A S I B I L I T Y S T U D Y
O b j e c t i v e s on q u a l i t a t i v e goa l s for the f e a s i b i l i t y s t u d y and any subsequent
c o n s t r u c t i o n / r e m e d i a t i o n phase for the l o n g term are summarized in T a b l e 8-
8. The o b j e c t i v e s c on s id e r the ground water p a t h w a y , lagoon was t e s , s o i l ,
s u r f a c e water , dra inageway s e d i m e n t s , and air. D e v e l o p m e n t o f remedial
o b j e c t i v e s and q u a n t i t a t i v e c r i t e r i a i s p r e s e n t e d in the F e a s i b i l i t y S t u d y
R e p o r t .

D E R / O M - 8
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9 . 0 S U M M A R Y O F T R E A T A B I L I T Y T E S T S

T h e R I W o r k P l a n i n c l u d e d l a g o o n s e d i m e n t s t a b i l i z a t i o n t e s t s a n d lagoon f l u i d
and ground water carbon a d s o r p t i o n t r e a t a b i l i t y t e s t s t o p r o v i d e d a t a f o r u s e
i n d e v e l o p i n g r emed ia l a l t e r n a t i v e s d u r i n g t h e F S .

9 . 1 L A G O O N S E D I M E N T S T A B I L I Z A T I O N T E S T S
C o m p o s i t e s e d i m e n t s a m p l e s f r o m each l a g o o n were s u b j e c t e d t o s o l i d i f i c a t i o n
t e s t i n g u t i l i z i n g f l y ash, k i l n d u s t a n d l ime a s s t a b i l i z i n g agent s . T h e
p r i m a r y o b j e c t i v e s o f s o l i d i f i c a t i o n t e s t i n g were t o eva lua t e b u l k p r o p e r t i e s
and t o p r e d i c t t h e r eac t i on o f t h e s t a b i l i z e d m a t e r i a l s t o a p p l i e d s tre s s e s
due to h a n d l i n g or t r a f f i c l o a d i n g by d o z e r s , c ompac tor s or s c raper s . The
t e s t i n g program c o n s i s t e d o f m i x i n g measured amounts o f c o m p o s i t e d s l u d g e w i t h
measured amounts o f f ly ash, k i l n du s t and l i m e a l l o w i n g a measured "set
t i m e " , w i t h t e s t i n g by a p e n e t r o m e t e r . The p e n e t r o m e t e r r e a d i n g s were
c o n v e r t e d i n t o s t r e n g t h p a r a m e t e r s . V i s u a l o b s erva t i on s were a l s o recorded as
par t o f t h e t e s t i n g .

U p c o s i x p o r t i o n s o f w e i g h e d c o m p o s i t e d s ed iment s a m p l e s f r o m each lagoon
were c o m b i n e d w i t h v a r y i n g r a t i o s o f f l y ash, k i l n du s t a n d l i m e , s i n g l y o r i n
c o m b i n a t i o n . A n y l a r g e f r a g m e n t s ( g r e a t e r than 1 / 2 i n c h ) were removed f r o m
t h e s e d i m e n t p r i o r t o m i x i n g . A f t e r a i r d r y i n g f o r d e s i g n a t e d i n t e r v a l s ( u p
to 24 hours or more, d e p e n d i n g on v i sual o b s e r v a t i o n ) , a po cke t p e n e t r o m e t e r
was p u s h e d v e r t i c a l l y downward i n t o the mixed s a m p l e near the center of the
s u r f a c e , and the p e n e t r o m e t e r r e a d i n g was r e c orded .

The mix r a t i o s and the maximum s t r e n g t h o b t a i n e d are summarized in T a b l e 9-
1 . C o m p l e t e d a t a l i s t i n g s f o r t h e t e s t s a r e . i n c l u d e d i n A p p e n d i x F . T h e
s ediment f r o m Lagoon s 1 and 3 c on ta ined o i l y l i q u i d which a p p e a r e d to
s i g n i f i c a n t l y i n h i b i t s t a b i l i z a t i o n .
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9 . 2 C A R B O N A D S O R P T I O N T R E A T A B I L I T Y T E S T S

9.2.1 F l u i d s T e s t e d
T r e a t a b i l i t y t e s t s were c o m p l e t e d f o r c o m p o s i t e s a m p l e s o f lagoon s a m p l e s a n d
o f ground water f o r t h e f o l l o w i n g :

• Lagoons 1 and 3, c o m p o s i t e of 1:1 r a t i o ;
Lagoons 2 and 7, c o m p o s i t e of 1:1 r a t i o ;

• Lagoons 5 and 6, c ompo s i t e of 1:1 r a t i o ;
• Ground water f r o m w e l l M W - 3 S ;
• G r o u n d w a t e r , c o m p o s i t e o f 1 :2 r a t i o f r o m w e l l s MW-3Sa n d M W - 1 1 D ;
• Ground w a t e r , c o m p o s i t e o f 1 : 2 ra t i o f r o m w e l l s M W - 3 S

a n d M W - 1 1 D .

Lagoon M was not t e s t ed due i t s smal l f l u i d volume. M o n i t o r we l l MW-3S was
t e s t e d as it is r e p r e s e n t a t i v e of the more h i g h l y contaminated ground water at
th e s i t e . M i x t u r e s o f ground water f r o m w e l l s MW-3S and MW-11D were t e s t e d t o
p r o v i d e r e s u l t s r e p r e s e n t a t i v e o f m o d e r a t e l y c o n t a m i n a t e d ground water which
m i g h t be recovered and t r e a t e d d u r i n g r e m e d i a t i o n o f the s i t e .

9 - 2 . 2 T e s t i n g P r o c e d u r e s
T h e t r e a t a b i l i t y te s t were p e r f o r m e d i n accordance w i t h t h e f o l l o w i n g p r a c t i c e
p u b l i s h e d b y t h e A m e r i c a n S o c i e t y f o r T e s t i n g a n d M a t e r i a l s ( A S T M ) : " S t a n d a r d
P r a c t i c e s f o r D e t e r m i n a t i o n o f A d s o r p t i v e c a p a c i t y o f Carbon b y I s o t h e r m
T e c h n i q u e , A S T M D e s i g n a t i o n : D3860-79"-

T h e t r e a t a b i l i t y t e s t s i n c l u d e d e s t i m a t i n g t h e a d s o r p t i o n c a p a c i t y o f carbon
i n e q u i l i b r i m w i t h a d s o r b a b l e c o n t a m i n a n t s b y c o n t a c t i n g t h e water s a m p l e w i t h
carbon, d e t e r m i n i n g the c o n t a m i n a n t s r e m o v a l , and then u s i n g a F r e u n d l i c h
i s o t h e r m p l o t t o c a l c u l a t e t h e carbon a d s o r p t i o n c a p a c i t y .

T h e a f o r e m e n t i o n e d A S T M p r a c t i c e i s d i v i d e d in to t w o p r a c t i c e s . P r a c t i c e A i s
used f or waters g r e a t e r than 10 m g / 1 a d s o r b a b l e c o n t a m i n a n t s w h i l e P r a c t i c e B

9-2
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is used for waters c o n t a i n i n g 10 m g / i or l e s s of ad s orbab l e contaminant s . The
water s a m p l e ' m u s t not contain any i m m i s c i b l e o i l . The carbon used in the test
was of p a r t i c l e size such that 95 p er c en t passed t h r o u g h U.S. 325-sieve by wet
s c r e en ing or e q u i v a l e n t . The carbon was oven d r i e d p r i o r to t e s t i n g for three
hours a t 1 5 0 ° C o r o v e r n i g h t a t 1 0 5 ° C . F r e e o rgani c l i q u i d ( w e l l M W - 3 S ) w a s
g r a v i t y d r a i n e d f r o m t h e f l u i d t o b e t e s t e d . T h e f l u i d w a s f i l t e r e d t hrough
0.45-micron membrane f i l t e r t o remove s u s p e n d e d s o l i d s p r i o r t o t e s t i n g .

A s o u t l i n e d i n these p r a c t i c e s , t h e s p e c i f i c requirements f o r s a m p l e
measurement s and a g i t a t i o n were f o l l o w e d . . T e s t s were run i n i t i a l l y w i t h
lagoon s a m p l e s t e s t i n g the f i l t r a t e s f or t o ta l organic carbon to evaluate
o v e r a l l e f f i c i e n c y o f t h e removal . The t e s t s were then r e p e a t e d w i t h t h e
f i l t r a t e a n a l y z e d f o r t h e p r i m a r y c on taminan t o f concern, P C P . F i l t r a t e f r o m
t h e ground water t e s t s were ana lyz ed o n l y f o r P C P .

9.2.3 Carbon A d s o r p t i o n T e s t R e s u l t s
T a b l e 9 - 2 summarizes t h e r e s u l t s o f t h e carbon a d s o r p t i o n t r e a t a b i l i t y
t e s t s . T h e r e s u l t s i n d i c a t e that t h e l a g o o n f l u i d s were e f f e c t i v e l y treated
as i n d i c a t e d by t o t a l o r g a n i c carbon c o n c e n t r a t i o n s of le s s than 1 m g / 1 in the
t r e a t e d water compared to o r i g i n a l c o n c e n t r a t i o n s of 50, 14 and 30 m g / 1 in the
thre e f l u i d s and by the r e d u c t i o n of PCP c o n c e n t r a t i o n s to les s than 2 ppb by
th e t r e a t m e n t . The ground water s a m p l e s were aiso e f f e c t i v e l y t r e a t e d by th e
carbon as d e m o n s t r a t e d by the r e d u c t i o n of PCP c o n c e n t r a t i o n s to l e s s than 2
ppb by the t r e a t m e n t .

T a b l e 9-2 i n c l u d e s th e w e i g h t o f PCP adsorbed per unit w e i g h t o f carbon. The
c o m p l e t e t e s t r e s u l t s and a d s o r p t i o n i s o t h e r m s ar e i n c l u d e d in A p p e n d i x G.

D E R / O M - 9
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TABLE 1-1
S U M M A R Y O F C H E M I C A L A N A L Y S E S

S O I L A N D W A T E R S A M P L E S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

S A M l ' L E
M E D I U M

N U M B E R O F S A M P L E L O C A T I O N S A N A L 1 ' Z E D ( ' *
P H A S E 1 I N D I C A T O R P H A S E 2 I N D I C A T O R F U L L O R G A N I C

P A R A M E T E R S ( 2 ) P A R A M E T E R S ^ S C A N S T O T A L

S o i l
S u r f a c e
S u b s u r f a c e

Core ( d r i l l i n g )
G r o u n d W a t e r
S e d i m e n t
S u r f a c e W a t e r -
Core ( T r e n c h i n g )
T O T A L

5526.
57
7
0
1
3

149

32
17
10
19
22
5
0

105

44
5
11
0
0
0

24

9147
72
37
22
6
3

278

( 1 ) Does n o t i n c l u d e d u p l i c a t e s , s p i k e s , a n d b l a n k s .( 2 ) P C P , Phenanthene a n d P C B . Q u a n t i t a t i o n o f carbazole w a s l i m i t e d d u e t oa n a l y t i c a l r e f e r e n c e s .( 3 ) P C P , A c e n a p h t h e n e , A c e n a p h t h y l e n e , A n t h r a c e n e , Benzo ( a ) A n t h r a c e n e ,
Benzo ( a ) Pyrene , Benzo ( b ) F l u o r a n t h e n e , Benzo ( k ) F l u o r a n t h e n e ,C h r y s e n e , Dibenzo ( a , h ) A n t h r a c e n e , F l u o r a n t h e n e , F l u o r e n e , I d e n o ( 1 , 2 , 3 -c d ) p y r e n e , n a p h t h a l e n e , P h e n a n t h r e n e , P y r e n e , a n d C a r b a z o l e ,( 4 ) Organic p r i o r i t y p o l l u t a n t c o m p o u n d s a n d c h l o r i n a t e d d i b e n z o d i o x i n s a n d
f u r a n s .
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TABLE 2-1
P O P U L A T I O N W I T H I N F O U R M I L E R A D I U S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

T O T A L
L O C A T I O N P O P U L A T I O N

O L A C I T Y 1 , 1 2 1
A v e r a g e 5 4 . 1 %
O U T S I D E O L A C I T Y ( 1 )

t ?\A v e r a g e ^ '
T O T A L 1 , 5 7 2
U . S . A v e r a g e

606
45.9%

451
5 1 . 3 %

837
51.4%

F E M A L E
515
6.7%
231

48.7%
734 .

48.6%

M A L E
75

28.8%
219
6.4%
104
3.5%

U N D E R 5
Y E A R S

323

29
20.3%

414
13.9%

6 2 Y E A R S
A N D O V E R

40.7

91

30.0

M E D I A N
A G E ( Y R S )

34.7

y' A p p r o x i m a t e d f r o m 182 e s t i m a t e d h o u s i n g u n i t s x 2.48 per s on s per unit for O l a .
' ' . A v e r a g e s f o r Y e l l C o u n t y , A r k a n s a s .
S o u r c e : U . S . Bureau o f Census R e p o r t N o . P H C 80-2-5.

D E R O M - T 2 ( 1 )

thunter
001370



TABLE 2-2
M E A N M O N T H L Y C L I M A T I C D A T A

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

P R E C I P I T A T I O N
( I N C H E S )

( 1 ^ 1 *

J A N U A R Y
F E B R U A R Y
M A R C H
A P R I L
M A Y
J U N E
J U L Y
A U G U S T
S E P T E M B E R
O C T O B E R
N O V E M B E R
D E C E M B E R
A N N U A L
N o t e s :

2.84
3.085.204.40
5.10
4.173.24
3.253.673-34
4.423.76
46.47

39.2
43.7
51.762.370.2
77.5
81.780.373.962.9
50.742.4
61.4

( 1 ) D a r d a n e l l e , . A r k a n s ,

W I N D ( 2 )

D I R E C T I O N
S P E E D ( 2 )

( M P H )
T E M P E R A T U R E

S 9SW 9
NW 10
S 10
S 8
SW 8
SW 7
SW 7
NE 7
SW 7
SW 8
SW 9
SW 8

D a r d a n e l l e , .Arkansa s C l i m a t o l o g i c a l S u m m a r y , 1 9 5 1 - 1 9 8 0 , N a t i o n a l Oceanic a n dA t m o s p h e r i c A d m i n i s t r a t i o n
L i t t l e Rock , A r k a n s a s P r e v a i l i n g W i n d D i r e c t i o n a n d Mean S p e e d , C l i m a t i c
A t l a s o f t h e U n i t e d S t a t e s , E n v i r o n m e n t a l S c i e n c e S e r v i c e A d m i n i s t r a t i o n ,
1983.
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TABLE 2-3
S U M M A R Y O F E X I S T I N G S I T E S T R U C T U R E S A N D E Q U I P M E N T

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

S T R U C T U R E S
F A C 1 L I T Y ( 1 )

M a i n O f f i c e
Y a r d O f f i c e A
Y a r d O f f i c e B
S t o r a g e T r a i l e i -
M a i n t e n a n c e S h o p
S a w M i l l :

E n c l o s e d A r e a
- S h e d A
- S h e d B

W o o d S t o r a g e S h e d
W a t e r W e l l A
W a t e r W e l l B
T r e a t m e n t B u i l d i n g

I T E M ( ] )

C h i p p i n g M i l l

T a n k s :
- T a n k A
- T a n k B
- T a n k C
- T a n k D
- T a n k E

S I Z E
830 sf
660 sf
288 sf
160 sf

1 , 3 6 8 s f

5,447 s f
810 sf
910 s f

1 ,220 s f
j c s f
36 sf

3,uoO sf

E Q U I P M E N T
S I Z E

4 , 1 1 1 s f

1 7 . U O O g a l8,750 gal
8,750 gal8,750 gal8,750 gal

T Y P E
W o o d F r a m e
W o o d F r a m e
W o o d F r a m e
M e t a l / W o o d
C o r r u g a t e d M e t a l

C o n c r e t e S l a b /
C o r r u g a t e d M e t a l
C o r r u g a t e d M e t a l
C o r r u g a t e d M e t a l
W o o d F r a m e
C o n c r e t e B l o c k
C o n c r e t e B l o c k
C o n c o n r e t e S l a b /C o r r u g a t e d M e t a l

M A T E R I A L
C o n c r e t e S l a b s /
S t e e l S t r u c t u r e

C o a t e d S t e e l
C o a t e d S t e e l
C o a t e d S t e e lC o a t e d " S t e e lC o a t e d S t e e l

( 1 ) S e e F i g u r e 2 - 2 f o r l o c a t i o n s .
(2) T h e s e tanks were used as c r e o s o t e s t o r a g e tanks and have been s tored on t h i ss i t e in the t r e a t m e n t area.
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P A R A M E T E R S
N i t r o g e nS u l f u rH e a t C o n t e n tC h l o r i d eH y d r o c a r b o n sF l a s h P o i n tA s hL o s s 6 1 0 5 ° CO r g a n i c sM o i s t u r eBenzeneT o l u e n eT r i c h l o r o e t h y l e n eX y l e n e sC h l o r o f o r mB r o m o d i c h l o r o m e t h a n e

TABLE 3-1
- . S U M M A R Y O F L A G O O N S E D I M E N T

W A S T E C H A R A C T E R I Z A T I O N A N A L Y S E S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S
U N I T

M E A S U R E
W T . J t
W T . $

B T U / l b .
W T . %
W T . f r

F °
W T . t
W T . J
W T . J t

m g / k gm g / k gm g / k gm g / k gm g / k ' gm g / k g

I . A G O O N 1
<0.091.310 ,250

1.299( 6 )
0.4184

156143120
N A ™ )
2,000
N A ( 8 )

37

I , A G O O N ?
0 § 1 5 ( 1 )

0.243,2300.6914( 6 )572617260.032
0 .190.211 .2.

N A

L A G O O N 3
1 . 1
1 .210,320
2.173( 6 )
1.084

N A ^64
1 10

N A ^ ^
1 ,QOON A ' '7.0

I . A G O O N 4
0.023
0 . 1 1
320

0.30
5.4( 6 168' ' '238.923.0.17—

0.46--
v̂̂N A ^ '

I . A G O O N R
0.37

0.39™6 , 5 4 01.08.0( 6 )1 1
808.8821.8

0.05
N A ^17
N A ( 8 )

4.8

I . A G O O N f t

0.55
7,975,\.3.)

1 . 2 5 ' '14( 6 )12.571
N A ^3.4

1l^\N A ( 8 )

240.
N A ( 8 )

4.8

I . A G O O N
0.140.3154,5200.16.1 5 ( 3 )

( 6 )61261326--
0.0140.540.65—

N A
N O T E S : ( 1 )( 2 )

( 3 )
( 5 )( 6 )
( 7 )( 8 )

A r i t h m e t i c mean o f 0 .16 and 0 . 1 4 ,A r i t h m e t i c mean of 0.37 and 0.41.A r i t h m e t i c mean of 7950 and 8000.A r i t h m e t i c mean of 1.2 and 1.3.A r i t h m e t i c mean of 13 and 17.N o t I g n i t a b l e .A r i t h m e t i c mean of 67 and 69.N A = N o t A n a l y z e d .
D E R / O M - T 3 M )
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T A B L E 3 - 2

S U M M A R Y O r L A G O O N S E D I M E N T / W A T E R S A M P L E
A N A L Y T I C A L R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

S A M P L E
N O .

A
B
B ( 3 )
C
D

A
B '
C
D

A < 3 >
B
r
D

A
C
D

S A M P L E
T Y P F

S e d i m e n t
S e d i m e n t
S e d i m e n t
W a t e r
W a t e r

S e d i m e n t
S e d i m e n t
W a t e r
W a t e r

S e d i m e n t '
S e d i m e n t
W a t e r
W a t e r

S e d i m e n t
W a t e r
W a t e r

D A T E
S A M P I F D

1 1 / 1 2 / 8 6
1 1 / 1 1 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6

1 1 / 1 1 / 8 6
1 1 / 1 1 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6

1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 ' 1 2 / 8 6
1 1 / 1 2 / 8 6

1 1 / 1 1 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6

— — — C O N C E N T R A T I O N ( p p m ) — — — —
P E P P H F N A N T H R F N E Pf.B

3,300 7,900 N D ( l 1

2,000 4 8 0 N D ( 1 )

5,900 16,000 ND
0.030
0.0046

2,500
2,500
0.010
0.10

5,700
2,500
0.31
0.31

820
0.27
0.30

0.068
0.81

3,400
3,200
0.020

N D

38,000
13,000

2. 1
2.2

6,000
N D
N D

N D
N D

N D
N D
N D
N D

N D
N D
N D
N D

N D
N D
N D

F U L L O R G A N I C
S f . A N

( 2 )
N A < 4 '
N A < 4 1

( 5 )
N A

N A
N A
N A
N A

N A .
N A
N A
N A

. N A
N A
N A

M O I S T U R E
W T . 1

61
26.8
98.8

-
-

26
33.2

-
-

83.8
98.4

-
-

23
-
-
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T A B L E 3 - 2 ( C o n t ' d )

N o t e s !

S U M M A R Y O F L A G O O N S E D I M E N T / W A T E R S A M P L E
A N A L Y T I C A L ' R E S U L T S

O L D M I D L A N D P R O D U C T S . S I T E
O L A , A R K A N S A S

S A M P L E
MO.

A ( 3 )

B
C
D

A
Br
D
A
B
C
n

S A M P L E
T Y P E

S e d i m e n t
S e d i m e n t
W a t e r
W a t e r

S e d i m e n t
S e d i m e n t
W a t e r
W a t e r
S e d i m e n t
S e d i m e n t
W a t e r
W a t e r

D A T E
S A M P I F D

1 1 / 1 2 / 8 6
1 , 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6 "

1 1 / 1 2 / 8 6 •
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6

1 1 / 1 1 / 8 6
1 1 / 1 1 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6

— — — C O N C E N T R A T I O N ( p p m l — — — —
P P . P P H F N A N T H R F N F P C B

3,700 1 ,850 ND
580 790 ND
0.03 0.068 . ND
0.0012 N D N D

2,600
4 , 8 0 0 ( 8 )

0.60
0.31

1 ,700
900
0.0072
0.44

5,700
5 , 8 3 0 ( 9 )

3.0
120

1 ,000
4,200

N D
N D

N D
NO
N D
N D

N D
N D
N D
N D

F U L L O R G A N I C M O I S T U R E
S P A N W T . I

( 6 )
N A
( 7 1

N A

N A
N A
N A
N A

N A
N A
N A
N A

82
95.5

7 1 . 1
96.1

26
28.1

-
_

( 1 ) N D = N o t D e t e c t e d .
( 3 ) S a m p l e i n c l u d e s o i l .
( 4 ) N A = N o t A n a l y z e d .
( 8 ) A r i t h m e t i c mean o f r e p l i c a t e a n a l y s e s o f 5,000 a n d 4,600 p p m .
( 9 ) A r i t h m e t i c mean o f r e p l i c a t e a n a l y s e s o f 5,000 a n d 6,660 p p m .
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T A B L E 3 - 2 ( C o n t ' d )
S U M M A R Y O F L A G O O N S E D I M E N T / W A T E R S A M P L E

A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S l T f

O L A , A R K A N S A S

R e p I i c a t e s o f

N a p h t h a l e n e
2 - M e t h y l N a p h t h a l e n e
A c e n a p h t h a l e n e
A c e n a p h t h e n e
D i b e n z o f u r a n
F l u o r e n e
P e n t a c h I o r o p h e n o I
P h e n a t h r e n e
A n t h r a c e n e
F I u o r a n t h e n e
P y r e n e
B e n z o C a ) A n t h r a c e n e
C h r y s e n e
B e n z o ( b ) + B e n z o ( k )

F I u o r a n t h e n e
B e n z o ( a ) P y r e n e
Benzene
T o l u e n e
X y l e n e s
T r i c h l o r o e t h y I e n e

L a g o o n 1
S e d i m e n t A

( m g / k g l

350
me 1 ,200

70
2,700
2,100
2,300
3,300
7,900
2,200

' 3,900
4,900
580
660

380
150
1 1 0
240
4,900
310

Lagoon 1 < 5 )

W a t e r C
( m g / l )

0.19
N D
0.020
0.30
N D
0.22
0.68
0.37
0.029
0.16
0.97
0.011
0.017

0.014
0.050

• N D
N D
0.0074
N D

L a g o o n 5 '
S e d i m e n t A

( m g / k g )

2 3 / 2 5
1 6 0 / 2 1 0
1 8 / 7 2
280/240
3 5 0 / 4 1 0
390/520
3 , 4 0 0 / 4 , 0 0 0
1 ,800/1 ,900
2 1 0 / 2 5 0
730/800
870/1 ,000
6 8 / 9 9
220/260

91
N D
N D
N D
83.
N D

Lagoon 5
W a t e r C

( m p / l 1

0.0087
N D
0.0031
0.0051
NO
0.013
0.030
0.068
N D
0.010
0.0067
N D
0.0017 •

N D
N D
N D
N D

• ND
N D

D E R / O M - T 3 ( 3 )
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TABLE 3-3
S U M M A R Y O F D I O X I N A N D F U R A N A N A L Y S E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D E S I G N A T I O N
M W - 3 S

M W - 4 S

M W - 5 S

M W - 8 S

M W - 9 S

M W - 1 0 S

M W - 1 1 S

M W - 1 1 S

M W - 1 1 S

M W - 1 1 S

S A M P L EN O .
G W - 3 0

G W - 2 7

G W - 5

G W - 1 7

G W - 8

G W - 1 3

G W - 2 1

G W - 2 1 A

G W - 2 1 A

G W - 2 1 A

S A M P L E
T Y P E
G r o u n d -wat er
G r o u n d -wat er
G r o u n d -w a t e r
G r o u n d -water
G r o u n d -w a t e r
G r o u n d -wat er •
G r o u n d -wa t e r
G r o u n d -water
G r o u n d -wa t e r
G r o u n d -

D A T E ' S I T E
S A M P L E D C O O R D I N A T E S
1 1 / 1 7 / 8 6 3+40N 8+25W

1 1 / 1 7 / 8 6 5+90N 5+70W

1 1 / 1 3 / 8 6 9 + 6 5 N 9+05W

1 1 / 1 6 / 8 6 6 + 5 1 N 7+32W

1 1 / 1 4 / 8 6 3+82N 9+65W

1 1 / 1 4 / 8 6 5+95N 9+14W

1 1 / 1 7 / 8 6 1 + 9 1 N 6+27W

1 1 / 1 7 / 8 6

1 1 / 1 7 / 8 6

1 1 / 1 7 / 8 6

T C D D«,«>
N D

N D

N D

N D

N D

N D

14.3

N D

N D

O W J V l r f t J J V 1

Pecnn
N D

N D

N D

N D

N D

N D

N D

N D

N D

N D

n t t i I U I M

H x c p n
N D

N D

N D

N D

ND . '

N D

N D

N D

N D

N D

\ J L O V J ^ J U

H p C D D

2 6 . 9

N D

N D

N D

N D

N D

6.4

7.^

1 1 . 2

12.0

I - , W 1 _ 1 \

o c p p
183

27

N D

16.2

N D

N D

97.0

73.8

1 1 5

158

. mn

N D

N D

N D

N D

N D

N D

N D

14.5

N D

N D

i en v \J\J

P e C D F
N D N D

N D N D

N D N D

N D N D

N D N D

N D N D

N D N D

N D N D

N D N D

N D N D

o i a JU.

H x C D E
5 . 1

N D

N D

N D

N D

N D

N D

N D

N D

N D

i^ \ l
H p C

7.9

N D

N D

N D

N D

N D

2.0

4.0

7.9

7.4

( p p b ) -

wat er
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T A B L E 3 - 3 ( C o n t ' d )
S U M M A R Y O F D I O X I N A N D F U R A N A N A L Y S E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D E S I G N A T I O N .
F B

C i t y o f •
O l a S u p p l y

N i e l yW e l l
Barnes W e l l

L a g o o n 1
L a g o o n 5
L a g o o n 1
L a g o o n 5

M W - 1 1 S
M W - 1 1 S
M W - 1 1 S
M W - 1 1 S
M W - 1 1 S

S A M P L EN O .
3

C W - 1 A

W W - 3

W W - 7
C
C
A
A
S S - 1 A
S T - 2 B
S S - 2 B
S S - 2 C
S S - 3 A

S A M P L E
T Y P F
F i e l dB l a n k( W a t e r )
W a t e r

W a t e r

W a t e r
W a t e r
W a t e r
S e d i m e n t
S e d i m e n t
S o i l
S o i l
S o i l
S o i l
S o i l

D A T E
S A M P L E D
N A < 3 >

1 0 / 2 2 / 8 6

1 1 / 1 1 / 8 6

1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 6
1 1 / 1 2 / 8 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6

S I T E
n O O R D T N A T F S

N A

N A

( 4 )

( 5 )
N A
N A
N A
N A

1 + 9 1 N 6+27W

T C D D
N D

N D

N D

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

' V _ . U I Y ^ C . U i

Per.DD
N D

N D

N D

N D
N D

. N D
N D
N D
N D
N D
N D
N D
N D

t\n i

H X J
N D

N D

N D

N D
10

N D
70
291
N D
N D
N D
N D
N D

C O N C E N T R A T I O N O F C O N G E N E R ( 1 ) : • W A T E R ( p p t ) & S O I L ( p p b ) -

N D

N O "

N D

5 . 8 N D N D N D N D

N D N D N D N D N D

N D N D N D N D N D

N D

N D

N D

N D N D N D N D N D N D N D
1 6 7 1,780 N D N D 1 1 . 9 46.4 6 6 . 9

9 1 . 2 1 , 1 0 8 N D N D 7 . 0 28.5 44.3
70.2 2,240 18,700 ND 29 116 735 1 , 1 8 0

3,490 19 ,500 10.1 127 376 883
0.20 2 . 7 N D N D N D N D N D
N D 9 . 7 N D N D N D N D N D
N D 0.90 N D N D N D " N D N D
N D 2 . 6 N D N D N D N D N D
0.39 3 . 6 N D N D N D 0.10 0.23

808
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T A B L E 3 - 3 ( C o n t ' d )
S U M M A R Y O F D I O X I N A N D F U R A N A N A L Y S E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

S A M P L E S A M P L E
D E S I G N A T I O N N O .

M W - 1 1 S S S - 3 A
M W - 1 1 S S S - 3 A

S - 6 5 A
S - 6 6 A
S - 6 8 A
S - 6 9 A
S - 7 5 A
S - 7 5 B
S - 7 6 A
S - 8 5 A
S - 8 6 A

D A T E
T Y P E
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l

S I T E
S A M P L E D C O O R D I N A T E S1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 1 / 1 0 / 8 6 6 + O O N
1 1 / 1 0 / 8 6 6+OON
1 1 / 1 0 / 8 6 6+OON
1 1 / 1 0 / 8 6 6+OON
1 1 / 1 0 / 8 6 5+OON
1 1 / 1 0 / 8 6 5+OON
1 1 / 1 0 / 8 6 5+OON
1 1 / 1 0 / 8 6 5+OON
1 1 / 1 0 / 8 6 5+OON

8+50W
8+50W
6+50W
6+50W
6+OOW
6+OOW
6+OOW
7+90W
7+90W

T C D D
N D
1.2

N D
N D
N D
N D
N D
N D
N D
N D
N D

- U V J J ^ L ' C j l V 1 I \ r t l J U 1 V

P e C D I ; H x C D D
N D N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

N D
N D
N D
0.71
N D
N D
N D
N D
N D
N D

ur oum

H p C D D
0.42
0.70
N D
N D
15.0
7.2
83.8
50.7
4.9
1.0
1 . 1

j t ^ i v t r .

OCDD
3.2
5.1
3.0
1 1 . 5 -
140
85.6
816
458
75. <4
14.4
12.8

. W H i c , n \ p p c

T C D F P e C . p F
N D N D N D
1.5

N D
N D
N D
N D
N D
N D
N D
N D
N D

N D N D
N D N D
N D N D
N D 1 . 2
N D N D
N D N D
N D N I )
N D N D
N D N D
N D N D

H x C D F H p C D F O C D F0.54 0.98
0.20
N D
N D
4.6
2.0
10.9
14.3
0.84
N D
N D

0.24
N D
N D
5.5
3.5
14.7 .
26.2
1 . 1
0.53
0.43

N o t e : ( 1 ) C o n g e n e r s : T C D D , P e C D D , . H x C D D , H p C D D a n d O C D D = t e t r a , p e n t a , h e x a , h e p t a , a n d oc tac h l o r i n a t e d d i b e n z o d i o x i n s , r e s p e c t i v e l y . T C D F , P e C D F , H x C D F , H p C D F , a n d O C D F = t e t r a ,p e n t a , h e x a , h e p t a , a n d o c t a c h l o r i n a t e d d i b e n z o f u r a n s , r e s p e c t i v e l y .( 2 ) N D = N o t D e t e c t e d .
( 3 ) N A = N o t A p p l i c a b l e .( 4 ) O f f s i t e w a t e r w e l l l o c a t e d t o t h e w e s t .
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TABLE 4-1
S U M M A R Y O F G E O T E C H N I C A L T E S T D A T A

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D E S I G N A T I O N
H - 1 S
[ • ' - 3 3
P-5S
M W - 6 S
M W - 8 S
M W - 8 D
M W - 9 S
M W - 9 D
M W - 1 0 S
M W - 1 0 D
M W - 1 1 S
M W - 1 1 S
M W - 1 2 S
B-1
B-2
I 1 - I S
P - 1 S
P-2S
P-2S
P-3S
P-3S
P-3S
P-4S
P-4S
P-5S
P-5S
P-6S
P-6D
P-7S
P-7S
P-8S
P-8S
M W - 6 S
B-1
B-1
B-2
B-2

S A M P L E
N O .

S T - 2
S T - 1
S T - 1
S T - 2
S T - 1
S T - 1
S T - 1
S T - 2
S T - 2
S T - 1
S T - 1
S T - 2
S T - 2
S T - 2 A
S T - 1
S T - 1
S T - 2
S T - 1
S T - 2
S T - 1
S T - 1
S T - 2
S T - 1
S T - 2
S T - 1
S T - 2
S T - 1
S T - 1
S T - 1
S T - 2
S T - 1
S T - 2
S T - 2
ST-1 A
ST-2 A
S T - 1 B
S T - 1 B

S A M P L E D
D E P T H ( F T . )

5.0 - 5.9
0 - 0.8
0 - 1.35 . 0 - 6 . 8 '
0 - 0.75.0 - 5.60 - 1.8

5.0 - 5.8
5.0 - 5.80 - 1.30 - 0.85.0 - 5.8
5.0 - 5.65.0 - 6.0

0 - 0.7
0 - 2.0

' 5.9 - 6.10 - 2.05.0 - 6.0
0 - 0.8
0 - 0.8

5.0 - 7.0
0 - 2.0

5.0 - 6.5
1.3 - 1.55.0 - 7.0
0 - 2.0= 5.0 - 7.0
0 - 1.55.0 - 6.0
0 - 1.5

5.0 - 6.55.0 - 6.80.6 - 0.75.0 - 6.5
0.7 - 0.855.0 - 7 .0'

V E R T I C A L
P E R M E A B I L I T Y

V A L U E S ( C M / S E C ) ( 1 )

3.8 x 10-8

1 x 10"° f tc. i x in"0
O.I X- I U

3 x 1 0 ' ° ,
4.4 x 10~°6.3 x 10-?5.8 x 10-£
1.8 x 10~°3 . 9 x 1 0 ' °4.3 x 10"°K c v m~°-> •-> A IU 01.3 x 10-°
p p v 1 fY~
2.4 x 10"®
4.9 x 10"°

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

G R A I N
S I Z E A N A L Y S I S

N A < 2 >
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

( 3 )
( 3 )
( 3 )
( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )( 3 )

N O T E S : ( 1 )
( 2 )
( 3 )

F a l l i n g head p e r m e a b i l i t y t e s t .
N A = N o t A n a l y z e d .
S e e A p p e n d i x C f o r g r a i n s ize a n a l y s i s r e s u l t s .

D E R / O M - 4 - T A B ( 1 )
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T A B L E 4 - 2

S U M M A R 1 O f CORE S A M P L E A N A L Y T I C A L R E S U L T S
F R O M M O N I T O R W E L L S , B O R I N G S A N D T R E N C H E S

0 1 D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D E S I 6 - S I T E S A M P L E
N A T I O N m O R D I N A T F S N O .

M W - 5 S 9 + 6 5 N 9+05W S T - 1
S T - 2
S S - 1
S S - 2
S S - 3

M h - 6 S 9+98N 6+50W S T - 1
S T - 2
S T - 3
S S - 1
S S - 2

M W - 7 S 9+84N 5 + 2 1 W S T - 1
S T - 2
S S - 1
S S - 2

S A M P L E D D E P T H ( F T ) D A T E
P F I Q W B R O I I N n S I I R F A H F S A M P I F D

0 - 2.0 1 0 / 1 3 / 8 6
5.0 - 6

10.0 - 11
15.0 - 15
20.0 - 20

0 - 2
5.8 - 7

10.0 - 12
15.0 - 15
19.5 - 19

0 - 2
5.0 - 7

10.0 - 11
15.0 - 15

.5

.5

.5

.5

.0

.0

.0

.1

.8

.0

.0

.4

.5

1 0 / 1 3 / 8 6
1 0 / 1 3 / 8 6
1 0 / 1 3 / 8 6
1 0 / 1 3 / 8 6

1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6

1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6
1 0 / 1 4 / 8 6

E C E P H F N A N T H R F N r P C B

N D ( 1 ) N D N D
N D
N D
N D
N D

NO
N D
N D
N D
N D

' N D
N D
N D
N D

N D
N D
N D
N D

N D
N D
N D
NO
N D

N D
N D
N D
N D

N D
NO
N D
N D

N D
N D
NO
N D
N D

N D
N D
N D
N D

UN i ii my/ *y i rri*

F U L L O R G A N I C
S C A N

N A ( 2 )

N A
N A
N A
N A

N A
N A
N A
N A
N A

N A
N A
N A '
N A

1 ^ — — — — — — — — — —

P N A
I N D I C A T O R S

N A ( 2 )

N A
N A
N A
N A

N A
N A
N A
N A
N A

N A
N A
N A
N A

M O I S T U R E
W T . i

5
7
4
2
3

5
5
5
2
1

6
7
4
\

.42

.35

.49

.38

.04

.77

.14

.51

.26

.8 ( 3 )

.89

.40

.74

.92
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T A B L E 4 - 2 ( C o n t ' d )
S U M M A R Y O F C O R F S A M P L E A N A L Y T I C A 1 R E S U L T S

F R O M M O N I T O R W E L L S , B O R I N G S A N D T R E N C H E S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

D E S I G - S I T E
N A T ) O N C O O R D I N A T F S

M W - 8 S 6 + 5 I N 7+33W

MW-8D 6+45N 7+32W

MW-9S 3+82N 9+65W

MW-9D 3+78N 9+60W

M W - 1 0 S 5 + 9 5 N 9 + 1 4 W

S A M P L E S A M P L E D D E P T H ( F T ) D A T E
N f K R F I C M R R O I I N n S I I R F A f . F S A M P I F D

S T - 1
S T - 2
S S - 1
S S - 2

S S - 1
C-3A
C-3B

S T - 1
S S - 1
S S - 2

S T - 1
S T - 2
S S - 1

S T - 1
S T - 2
S S - 1
S S - 2

0.7 - 1
5.0 - 7

10.0 - 10
15.0 - 15

20.0 - 20
35.0 - 35
39.5 - 40

1.8 - 2
10.0 - 11
15.0 - 16

0 - 2
5.8 - 6

20.0 - 20

0 - 1
5.8 - 6

10.0 - 10
15.0 - 15

.0

.0

.7

.5

.3

.5

.0

.0

.5

.5

.0

.0

.8

.0

.0

.6

.3

1 0 / 2 1 / 8 6
1 0 / 2 1 / 8 6
1 0 / 2 1 / 8 6
1 0 / 2 1 / 8 6

1 0 / 2 7 / 8 6
1 0 / 2 8 / 8 6
1 0 / 2 8 / 8 6

1 0 / 1 8 / 8 6
1 0 / 1 8 / 8 6
1 0 / 1 8 / 8 6

1 0 / 1 8 / 8 6
1 0 / 1 8 / 8 6
1 0 / 1 8 / 8 6

1 0 / 1 9 / 8 6
1 0 / 1 9 / 8 6
1 0 / 1 9 / 8 6
1 0 / 1 9 / 8 6

- — — — — —— "V*UI>IL.C.IN i r\n i i uiv i 11 i n y / r . y vrrr

F U L L O R G A N I CP H P P H F N A N T H R F N F E C B

N D
N D
N D
N D

0.04
0.10
0.14

N D
NO
N D

N D
N D
N D

N D
N D
N D
N D

N D
N D
N D
N D

0.32
N D
N D

N D
N D
N D

N D
N D
N D

N D
N D
N D
N D

N D
N D
N D
N D

N D
N D
N D

N D
N D
N D

N D
N D
N D

N D
N D
N D
N D

S H A N

N A
N A
N A
N A

N A
N A
N A

N A
N A
N A

N A
N A
N A

N A
N A
N A
N A

P N A
I N D I C A T O R S

N A
N A
N A
N A

N A
N A
N A

N A
N A
N A

N A
N A
W

N A
N A
N A
N A

M O I S T U R E
W T . 1

1 1 . 3
1 1 . 5
4.95
3 . 1 8 5 ( 4 )

8.94
4.39
2.43

1.45
3.59
4.46

3.17
2 . 6 9 ( 5 )

3.03

1 .55
3.18
2.98
2.48
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T A B L E 4 - 2 ( C o n t ' d )
S U M M A R Y O F CORE S A M P L E A N A L Y T I C A L R E S U L T S

F R O M M O N I T O R W E L L S , B O R I N G S A N D T R E N C H E S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

D E S I 6 - S I T E S A M P L E
M A T 1 O N C H O R D 1 N I A T F S N O .

M W - 1 1 S 1 + 9 1 N 6+27W S T - 1 A
S T - 1 B
S T - 2 A
S S - 1
S S - 2
S S - 2 A
S S - 3

M W - 1 1 D 1 + 8 9 N 6+33W C - 1
C-2
C-2B

M W - 1 2 S 0+65N 9+50W S T - 1
S T - 1 A
S T - 2 A
S S - 1
S S - 2

S A M P L E D D E P T H ( F T ) D A T E
R F I O W R R f l l l N D S I I R F A f . F S A M P l F D

0.8 - 1.0 1 0 / 3 1 / 8 6
0.8 - 1.0 1 0 / 3 1 / 8 6
5.8 - 6

10.0 - 11
15.0 - 16
15.0 - 16
19.0 - 19

30.0 - 30
35.0 - 35
39.7 - 40

0 - 2
0 - 2

5.6 - 5
10.0 - 11
15.0 - 15

.0

.0

.1

.1

.7

.2

.1

.0

.0

.0

.8

.0

.8

1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6

1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
10/30/86

1 1 / 0 1 / 8 6
1 1 / 0 1 / 8 6
1 1 / 0 1 / 8 6
1 1 / 0 1 / 8 6
1 1 / 0 1 / 8 6

E C £ P H F N A N T H R F N

N D N D
ND NO
N D
N D
N D
N D
N D

N D
N D
N D

N D
N D
N D
N D
N D

N D
N D
N D
N D
N D

N D
NO
N D

N D
N D
N D
N D
N D

NNUCW i rsn i i \j\\

F U L L O R
IE ECB

N D
N D
N D
N D
N D
N D
NO

N D
N D
N D

N D
N D
N D
N D
ND '

l i l l iny/ i sy v rr

IGAN 1 C• srAN

N A
N A
N D

( 7 )
N D

( 8 )
N D

N A
N A
N A

N A
N A
N A
N A
N A

P N A
1 ND 1 PATQRS

N A
N A
N A
N A
N *
N A
N A

N A
N A
N A "

N A
N A
N A
N A
N A

MO 1 STURE
W T . 1

16.5
1 6 . 2 ( 6 >

N A
N A
N A
N A
N A

2.80
2.90
4.58

5 . 1 2
5.47
4.37
5.63
5.20
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T A B L E 4 - 2 ( C o n t ' d )
S U M M A R Y O F CORE S A M P L E A N A L Y T I C A L R E S U L T S

F R O M M O N I T O R W E L L S , B O R I N G S A N D T R E N C H E S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

D E S I G - S I T E S A M P L E
N A T I O N r O O R D I N A T F S N O .

B-l

B-2

B-3
B-4
B-5
B-6
B-7
B-8

2+80N 8+40W S T - 1 B
S T - 2 B
S S - 1
S S - 2 A
C - l
C-2
C-3
C - 3 A

7 + 2 5 N 5+25W S T - 1 A
S T - 2 A
S S - 1
S S - 2
S S - 3
C - l
C-2

2+20N 8+50W S-1
2+50N 8+50W S - 1
2+80N 8+80W S-1
3+20N 8+80W S-1
4 + 1 0 N 8t40W S - 1
3+70N 9+OOW S-1

S A M P L E D D E P T H ( F T )
F 1 F I O W G R O U N D S I I R F A l

0.7
5.0

10.0 -
15.0 -
25.0 -
30.0 -
35.0 -
39.7 -

0.85
5.0

10.0 -
15.0 -
20.0 -
30.0 -
35.0 -
19.0 -
19.0 -
19.0 -
18.5 -
18.0 -
18.0 -

- 0.
- 6.

1 1 .
15.
25.
30.
35.
40.

- 1.
- 7.

1 1 .
15.
20.
30.
35.
19.
19.
19.
19.
18.
18.

8
0
0
4
3
3
3
0

0
0
0
5
3
5
2
5
5
5
0
5
5

D A T E
~ ; F S A M P I F D

1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6
1 0 / 2 9 / 8 6

1 0 / 2 8 / 8 6
10/28/86
1 0 / 2 8 / 8 6
1 0 / 2 8 / 8 6
1 0 / 2 8 / 8 6
1 0 / 2 8 / 8 6
1 0 / 2 8 / 8 6
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7

F U L L O R G A N I CE C E P H F N A N T H R F N F

NO
0.03
0.07
0.32
N D
N D
N D
N D

0.03
NO
0.11
N D
N D
N D
N D
N D
ND .
N D
4.0
<1.1
N D

N D
N D
N D

2 6 0 ( 1 1 )

NO
N D
N D
N D

N D
ND
N D
N D
N D
N D
N D
NO
NO
N D

6.3
<1.1

NO

ECB

N D
N D
N D
N D
N D
N D
N D
N D

NO
N D
N D
N D
N O
N D
N D
N A
N A
N A
N A
N A
N A

S P . A N

N A
N A
N A
N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
NA '
N A
N A
N A
N A
N A
N A
N A

' i t — — — — — — — —

P N A
1 Nn 1 GATORS

N A '
N A
N A
N A
N A
N A
N A
N A

N A
N A
N A
N A
N A
N A
N A
N D
N D
N D

( 1 2 )
( 1 2 )

N D

M O I S T U R E
W T . f

6 .57< 9 >
3.61
2 > 3 2 5 ( 1 0 )
17.3
0.862
0.874
3.36
1 . 1 1

10.3
4.75
8.79
7.90
2.22
11 .4
1.90
10.43
11.05

9.66
10.13
1 1 . 4 6
10.36
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T A B L E 4 - 2 ( C o n t ' d )

S U M M A R Y O F CORE S A M P L E A N A L Y T I C A L R E S U L T S
F R O M M O N I T O R W E L L S , B O R I N G S A N D T R E N C H E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D E S I G -
N A T I Q N
B-9
B-10
B - 1 1
B - l l
T r e n c h
T r e n c h
T r e n c h

S I T E S A M P L E
r O O R n i N A T F S N O .

5+50N
5+30N
3+80N
3+80N

2 NA
2 N A

' 2 N A

6+ 10W
7+75W
8+70W
8+70W

( 1 4 )
( 1 4 )
( 1 4 )

S - 1
S - 1
S - 1
S - 2
1 5 0 / 7
1 5 0 / 9
200/2

S A M P L E D D E P T H ( F T ) D A T E
R F I O W f i R O I I M n S I I R F A P F S A M P I F D

18.0 - 18.5
18.0 - 18.5
18.0 - 18.5
18.0 - 18.5

( 1 4 )
( 1 4 )
( 1 4 )

0 5 / 2 0 / 8 7
0 5 / 2 0 / 8 7
0 5 / 2 1 / 8 7
0 5 / 2 1 / 8 7
0 1 / 1 5 / 8 6
1 0 / 1 5 / 8 6
1 0 / 1 5 / 8 6

• ••- — • — ••• '• —— — tAJWL't .w i r \n i i VIN in u i y / r s y \ r

F U L L O R G A N I Cp o p P H F N A K I T H R F M F E C B
N D
N D
N D
NO
NO
N D
N D

N D
N D
N D
N D
N D
N D
NO

N A
' N A

N A
N A
N D
N D
NO

S C A N
N A
N A
N A
N A
N A
N A
N A

P N A
1 NH 1 r ATORS

N D
N D

( 1 3 )
N A
N A
N A

MO 1 STURE
W T . ?

1 1 . 5 2
1 1 . 0 1
1 1 . 8
1 1 . 7
1 1 . 7
4.42
5 .55

( 1 ) N D = N o t D e t e c t e d .
( 2 ) N A = N o t A n a l y z e d .
( 3 ) A r i t h m e t i c mean o f 1.84 a n d 1 .751.
( 4 ) A r i t h m e t i c mean o f 3.23. a n d 3 .14?.
( 5 ) A r i t h m e t i c mean o f 2.68 a n d 2.70?.
( 6 ) A r i t h m e t i c mean o f 16.0 a n d 16.4?.
( 7 ) V n i a t i I e s . • T r i c h l o r o e t h y I e n e = 0.10 p p m

S c m i u n l a t i let._ N D .
( 8 ) V n i a t i I P S : T r i c h l o r o e t h y I e n e = 0.20 p p m

Benzene = 0.045 ppm
f t e m i u n l a t i l e s ; N D .

( 9 ) A r i t h m e t i c mean o f 6.54 a n d 6.60?.
( 1 0 ) A r i t h m e t i c mean o f 2.30 a n d 2.35?.
( 1 1 ) A r i t h m e t i c mean o f d u p l i c a t e s a m p l e s o f 2 5 0 a n d 2 7 0 p p m .
( 1 2 ) C o n c e n t r a t i o n s l i s t e d b e l o w a r e f o r B o r i n g s B - 6 / B - 7 , r e s p e c t i v e l y .

A c e n a p h t h e n e = 1 , 7 / N D
A n t h r a c e n e = < 1 . 0 / N D
B e n z o ( a ) a n t h r a c e n e = < 1 . 0 / N D
C h r y s e n e = < 1 , 0 / N D
F l u o r a n t h e n e = 1 . 1 / N D
F l u o r e n e = 3 . 1 / N D
N a p h t h a l e n e = 2 . 5 / < l . 1
P y r e n e = 1 . 1 A 1 . 1 .

( 1 3 ) N a p h t h a l e n e = <1:2.
( 1 4 ) N o t A v a l t a b l e .
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T A B L E 4 - 3
S U M M A R Y O f S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

v1PI F NO .

S - l
S - ?
S - 3
S - 4
S - 5
S-6
S - 7
S - B
S - 9
S - 1 0
S - 1 1
S - 1 2
S - 1 3
S - 1 4
S - l 5
S - 1 6
S - 1 7
S - 1 8
S - 1 9
S-20
S - 2 1
S - 2 2

S A M P L E
n F P T H

0-6"
6"-12" .
0+6"
0+6"
0-6"
6"- 12"
0-6"
6"-12"
0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
6"-12"
0-6"
6"-12"
0-6"

S I T E
m O R n i N A T F S

0+OON 0+50W
0+OON
1+OON

2+OON
3+OON
3+OON
5+OON
5+OON
4+OON
2+OON
1+OON
1 +OON

0+OON
3+OON
6+OON
6+OON
5+OON
4+OON
4+OON
2+OON
2+OON
1 +OON

0+50W
0+50W
0+60W
1+OOW
1 +OOW
1+50W
1+50W
1+50W
1 + 50W
1 + 50W
1+50W
1+50W

2+OOW
2+ SOW
2+50W
2+50W
2+50W
2+50W
2+ SOW
2+ SOW
2+ SOW

D A T E
S A M P I F D

1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 0 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 0 / 3 1 / 8 6
1 1 / 0 1 / 8 6

- C O N C E N T R A T I O N i n m g / k g ( p p m i -
E C E P H P N A N T H R F N F E C B

N D ( 1 ' N D N D
N D i ,

N D
N D
N D
ND ;

; N D
N D
N D
N D
N D
N D
NO
N D
0.24
N D
N D
N D
N D
N D
N D
N D

N D
N D
N D
NO
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

N D
N D
NO
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

F U L L O R G A N I C
S P . A N

N A ( ? )

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I ' M D 1 r . A T O R S

. N A ( 2 )

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A ,
N A
N A
N A
N A .
N A
N A •

, N A
N A
N A

M O I S T U R I
W T . t

14.7
12.9
12.2
1 1 . 4
10.8
1 1 . 3
1 1 . 3
10.2
10.8
10.9

9.59
8.80
14.6
9.62
15 .3
14.0
15.3
7.17
16.8
1 1 . 9
12.2
12.9
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T A B L E 4 - 3 ( C o n t ' d )
S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

r fPI F NO.

S - 2 3
S - 2 4
S - 2 5
S-26
S - 2 7
S - 2 8
S - 2 9
S-30
S - 3 1
S - 3 2
S - 3 3
S - 3 4
S - 3 5 '
S - 3 6
S - 3 7
S - 3 8
S - 3 9
S-40
S - 4 1

S A M P L E S I T E
D F P T H C O O R D I N A T F S

0-6" 0+OON 2+ SOW
6"-12"
0-6"
0-6"
6"-12"
0-6"
0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
6»-12"
0-6"
0-6"

0-6"
0-6"
0-6"

0-OON
0+75S
3+OON
3+OON
0+OON
1+OON
2+OON
5+OON
5+OON
6+OON
4+OON
4+OON
3+OON
6+OON
6+OON
5+OON
2+OON
1 +OON

2+50W
2+50W
3+OOW
3+OOW
3+50W
3+ SOW
3+ SOW
3+50W
3+50W
3+50W
4+OOW
4+OOW
4+OOW
4 + 50W
4+OOW
4 + SOW
4 + 50W
4 + 50W

D A T E
S A M P I F D

1 1 / 0 1 / 8 6
1
1

.1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 1 / 8 6
1 / 0 3 / 8 6
1 / 3 0 / 8 6

- C O N C E N T R A T I O N i n ' m g / k g ( p p m ) -
E C E P H F N A N T H R F N F P f i R

N D N D N D
N D
N D
0.35
0.28
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
4.1
5.2

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

N D
NO
N D
N D
NO
N D
N D
N D
N D
N D
N D
N D
N D
N D

, ND .
N D
ND •
N D

F U L L O R G A N I C
S H A N

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I N D I C A T O R S

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

M O I S T U R E
W T . I

13.3
12.8
16 .5
20.8
17.2
8.52
5.97
9.77
9.63
8.59
15.8
1 1 . 0
12.4
9.0
1 1 . 2
1 1 . 1
6 . 9 4 < 3 )

12.4
16.3
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T A B L E 4 - 3 ( C o n t ' d )
S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

v I P I F N O .

S - 4 2
S - 4 3
S - 4 4
S - 4 5
S - 4 6
S - 4 7
S - 4 8
S - 4 9
S - 5 0
S - 5 1
S - 5 2
S - 5 3
S - 5 4
S - 5 5
S - 5 6
S - 5 7
S - 5 8
S - 5 9

S A M P L E
D F P T H

0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
0-6"
6"-12"
0-6"
6"-12"
0-6"
0-6"
6"-12"

S I T E

1+OON
0+OON
4+OON
3+OON
3+ DON
6+OON
1 + O O N

0+OON
0+OON
0-75N
0+OON
1+00
1+OON

0+OON
0+OON
0+OON
1 + O O N
1+OON

4+ SOW
4+ SOW
5+OOW
5+OOW
5+OOW
5+50W
5+50W
5+50W
5+50W
6+OOW
6+ SOW
6+ SOW
6+50
7+ SOW
7+50W
8+50W
8+50W
8+60W

D A T E
S A M P I F D

1 1 / 0 3 / 8 6
1
1
1
1
1
1
1
1

1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6

1 1 / 0 3 / 8 6
1 1 / 0 3 / 8 6
1 1 / 0 3 / 8 6
1
1
1
1
1
1

1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6
1 / 0 3 / 8 6

- C O N C E N T R A T I O N i n m g / k g ( p p m ) -
P P . P P H F N A N T H R F N F E C B

4 . 2 N D N D
1.2

N D
2.2
1.3
0.57
260
1.5
1.5

N D
0.82
360
220
0.29
0.57
1.8
10

N D

N D
N D
N D
N D
N D
N D
N D
N D
NO
N D
N D
NO
N D
N D
N D
N D
N D

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

F U L L O R G A N I C
S f . A N

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I N i m r . A T O R S

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A .
N A
N A
N A

M O I S T U R E
W T . t

13.9
14.8
13.4

2 7 . T
14.8
20.8
14.7
18.0
1 5 . 9
1 8 . 1
2 0 . 8 5 ( 4 '
18.4
17.9
25.2
23.3
1 1 . 5
10.6
16.0
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T A B L E 4 - 3 ( C o n t ' d i

S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

AP\ F NO.

S-60
S - 6 1
S - 6 2
S - 6 3
S - 6 4
S - 6 5
S - 6 6
S - 6 7
S - 6 8
S - 6 9
S - 7 0
S - 7 1
S - 7 2
S - 7 3
S - 7 4
S - 7 5
S - 7 6
S - 7 7

S A M P L F
D F P T H

0-6"
0-6"
6"-12"
0-6"
0-6"
0-6"
6"-12"
0-6"
0-6"
6»-12"
0-6"
6"- 12"
0-6"
0-6"
6 " - 1 2 ' l
0-6"

' 6 " - 1 2 ' ! '
0-6"

S I T E

2+OON
3+OON
3+OON
4+OON
5+OON
6+OON
6 + 0 0 ' N
6+OON
6+OON
6+OON
2+OON
2+OON
3+OON
4+OON
4+OON
5+OON
5+OON
2+OON

8+50W
8+50W
8+ SOW
8+50W
8+50W
8+ SOW
8+50W
7+50W
6+50W
6+50W
5+50W

- 5 + 5 0 W
5+90W
6+OOW
6+OOW
6+OOW
6+OOW
6+50W

D A T E
S A M P I F D

1 1 / 0 3 / 8 6
1 1 / 0 3 / 8 6
1 1 / 0 3 / 8 6
1 1 / 0 3 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6

- C O N C E N T R A T I O N i n r u g ,
P P . P P H F N A N T H R F N F

2 . 2 N D
37
4.6
40
N D
N D
N D
160

N D
N D
43
9.9
790
10
3.8
1 1 0
45
200

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
87
50
N D

/ k g ( p p m ) - F l
PCS
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

J L L O R G A N I C
S H A N

N A
N A
N A
N A
N A
N D
N D
N A
N D
N D
N A
N A
N A
N A
N A
( 5 ; )
C 5 )

N A

P N A
I N D I P A T O R S

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A ,
N A

M O I S T U R E
W T . 1 .

14.4
17 .5
14.7
16 .1
1 5 . 4
1 7 . 1
17.6 •
26.9
20.2
17 .5
1 5 . 1
14.7
16.7
32.4
19.8
30.9
18.2
16.8

thunter
001389



T A B L E 4 - 3 ( C o n t ' d )

S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

ff>\ F Kin.
S - 7 8
S - 7 9
S-80
S - 8 1
S - 8 2
S - 8 3
S - 8 4
S - 8 5
S-86
S-87
S-88
S - 8 9
S-90
S - 9 1
S - 9 2
S - 9 3
S - 9 5
S-96
S - 9 7

S A M P L E
D F P T H

0-6"
6"-12"
0-6"
6"- 12"
0-6"
6"-12"
0-6"
6"-12"
0-6"
6"- 12"
0-6"
6"-12"
0-6"
6"-12"
0-6"
0-6"
0-6"
0-6"

S I T E

2+OON
2+OON
2+OON
3+OON
3+OON
4+OON
4+OON
5+OON
5+OON
1 +OON
1 +OON
3+OON
3+OON
4+50N
4+50N
8+50N
8+OON
5+OON
6+50N

6+50W
7+50W
7+50W
7+50W
7 + SOW
7+90W
7+90W
7+90W
7+90W
7+50W
7 + 50W
5 + SOW
5+50W
5+50W
5+ SOW
7+OOW
3+30W
1 1 + 3 0 W
1 1 + 6 0 W

D A T E
S A M P I F D

1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 1 0 / 8 6
1 1 / 0 3 / 8 7
1 1 / 0 3 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 8 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7

- C O N C E N T R A T I O N i n m g / k g ( p p m i -
Pr.P P H F N A N T H R F N F P H R

6 9 0 N D N D
690
330
130
450
N D
N D
N D
N D
77
0.66
< 1 . 1 ( 6 )

N D
N D
N D
<7.3
N D
N D
N D

N D
N D
N D
N D
N D
N D
N D
N D

14,000
220

N D
N D
N D
N D
N D
N D
N D
N D

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N A
N A
N A
N A
N A
N A
N A
N A

F U L L O R G A N I C
S C A N

N A
N A
N A
N A
N A
N A
N A
N D
N D
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I N n i r . A T O R S

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N D
N D
N D
N D
NO
N D
N D
N D

M O I S T U R E
W T . 1

17.2
19.4
1 6 . 1
1 7 . 9
20.5
1 3 . 1
12.0.
17.6
17.6
1 7 . 5
1 5 . 2
10.86

9.99
10.28
10.52
72.65
10.81
10.97
10.82
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T A B L E 4 - 3 ( C o n f ' d )
S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

d P I F N O .

S - 9 8
S - 9 9
S - 1 0 0
S - 1 0 1
S - 1 0 2
S - 1 0 3
S - 1 0 4
S - 1 0 5
S - 1 0 6
S - 1 0 7
S - 1 0 8
S - 1 0 9
S - 1 1 0
S - l l l
S - 1 1 2
S - 1 1 3
S - 1 1 4
S - 1 1 5
S - 1 1 6

S A M P L E S I T ED E P T H n n o R D i K i A T F S

0-6" 8+OON 1 1 + 9 0 W
0-6"
0-6"
0-6"
0-6"
0-6"
0-6"
0-6"
0-6"
0-6"
6"-12"
0-6"
6"-12"
0-6"
6"-12"
0-6"
6"-12"
0-6"
6"-12"

9+ SON
1 + 5 0 N
2+ SON
3+ SON
5+50N
8+OON
9+OON
1 +OON
2+70N
2+70N
8+80N
8+80N
8+80N
8+80N
0+OON
0+OON
0+OON
0+OON

12+20W
10+OOW
10+OOW
10+OOW
10+OOW
10+30W
9+OOW
3+80W
4+30W
4+30W
6+OOW
6+OOW
6+OOW
6+OOW
6+OOW
6+OOW
6+OOW
6+OOW

D A T E
S A M P I F D

0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 9 1 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 1 9 / 8 7
0 5 / 2 0 / 8 7
0 5 / 2 0 / 8 7
0 5 / 2 0 / 8 7
0 5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7

- C O N C E N T R A T I O N i n m g / k g ( p p m l -
E C E P H F N A N T H R F N F PP.B

N D . N D N A
N D
N D
N D
N D
NO
N D
N D
N D
< 1 . 1
c l . l

N D
N D
N D
N D
NO
N D
<1.2
N D

N D
N D
N D
N D
N D
N D
N D
NO
N D
NO
N D
NO
N D
N D
N D
N D
N D
N D

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A '
N A
N A
N A .
N A
N A
N A

• N A
N A

F U L L O R G A N I C
S r . A N

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I ND I f-ATORS

N D
N D
N D
N D
( 7 )

N D
N D
N D
NO
N D
N D
N D
NO
N D
N D
N D

. ND
( 8 )

N D

M O I S T U R E
W T . 1 .

10.61
9.95
10.74
10.97
12.33
12.02
1 1 . 7 9
1 1 . 7 8
1 1 . 4 7
10.55
10.96
1 1 . 4 9
10.69
1 1 . 2 4
10.98
24.8
1 1 . 9 8
1 1 . 9 6
1 1 . 8 4
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T A B L t 4 - 3 ( C o n - t ' d i

S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

• f P l F N O .

S - 1 1 7
S - 1 1 8
S - 1 1 9
S - 1 2 0
S - 1 2 1
S - 1 2 2
S - 1 2 3
S - 1 2 4
S - 1 2 5
S - 1 2 6
S - 1 2 7
S - 1 2 8
S - 1 2 9
S - 1 3 0
S - 1 3 1
S - 1 3 2
S - 1 3 3
S - 1 3 4

S A M P L E
D F P T H

0-6"
6"- 12"
0-6"
0-6"
6"-12"
0-6"
0+6"
6"-12"
0-6"
6"-12"
0-6"
6"-12"
0-6"
6"- 12"
0-6"
6"- 12"
0-6"
6"-12"

S I T E

0+OON
0+OON
0+OON
0+OON
0+OON
0+60S
1 +OON
1 +OON

2+OON
2+OON
3+OON
3+OON
5+OON
5+OON
7+OON
7+OON
6+50N
6+50N

7+OOW
7+OOW
7+OOW
8+OOW
8+OOW
6+ SOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
9+OOW
8+OOW
8+OOW

D A T E
S A M P I F D

5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 0 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7

- C O N C E N T R A T I O N i n m g / k g ( p p m ) -
E C E P H F N A N T H R F N F Pr.fi

N D N D N A
N D
N D
N D
N D
N D
N D

. N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

N D
N D
N D

, N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

N A
N A
N A
N A
N A .
N A
N A '
N A
N A
N A
N A
N A
N A
N A
N A
N A '
N A

F U L L O R G A N I C
S C A N

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

P N A
I N D I C A T O R S

N D
N D
N D
N D
N D
N D
N D
N D
NO
N D
N D
N D
N D
N D
N D
N D
NO
N D

M O 1 S T U I
WT 1

I 1. 86
I I . 6
n.9
10.6
11.0
24.2
10.8
10.6
10.6
10.4
1 1 . 1
10.6
1 1 . 3
1 1 . 1
1 1 . 0
1 1 . 0
1 1 . 7
1 1 . 6
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T A B L E 4 - 5 ( C o n t ' d l

S U M M A R Y O F S U R F A C E / S U B S U R F A C E S O I L S A M P L E A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

S A M P I F N O .

S - 1 3 5
S - 1 3 6
S - 1 3 7
S - 1 3 8

S A M P L E
D F P T H

0-6"
6"-12"
0-6"
6"-12"

S I T E
n n n R D I N A T F S

6+50N
6+50N
6+50N
6+50N

7+OOW
7+OOW
6+OOW
6+OOW

D A T E
S A M P L E D

5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7
5 / 2 1 / 8 7

-C(Ecj
N D
N D
N D
N D

- C O N C E N T R A T I O N i n i n g / k g ( p p m ) -
P H F M A M T H R F N F PP.R

N D
N D
N D
N D

N A
N A
N A
N A

F U L L O R G A N I C
S P . A N

N A
N A
N A
N A

P N A
I N D I P . A T O R S

N D
N D
N D
N D

M O I S T U R E
W T . j

1 1 . 0
1 1 . 1
1 1 . 3
1 1 . 4

N O T E S : ( 1 ) N D = N o t D e t e c t e d .
( 2 ) N A = N o t A n a l y z e d .
( 3 ) A r i t h m e t i c mean o f 6.70 a n d 7 .18$ .
( 4 ) A r i t h m e t i c mean o f 20.8 a n d 20.9$.
( 5 ) C o n c e n t r a t i o n s l i s t e d b e l o w a r e f o r S - 7 5 / S - 7 6 , r e s p e c t i v e l y .

V o l a t i I e s : Benzene = 0 .18/0.22 p p m
T r i c h l o r o e t h y l e n e = 0.26/0.40 p p m
X y l e n e = 0 . 0 3 1 / N D p p m

S e m i v o l a t i l e ^ : N a p h t h a l e n e = - 1 . 3 / 1 . 0 p p m
2 - m e t h y l N a p h t h a l e n e = 2 . 5 / 1 5 p p m
A c e n a p h t h y l e n e = 1 6 / 3 . 0 p p m
A c e n a p h t h e n e = 1 4 0 / 5 0 p p m
D i b e n z o f u r a n = 1 1 / 2 0 p p m
F I u o r e n e = 2 3 / 2 2 p p m
A n t h r a c e n e = 4 1 / 1 9 p p m
F l u o r a n t h e n e = 320/89 p p m
P y r e n e = 700/230 p p m
B e n z o < a ) a n t h r a c e n e = 9 9 / 2 8 p p m
C h r y s e n e = 8 5 / 3 5 p p m
B e n z o ( b ) + b e n z o ( k ) f l u o r a n t h e n e = 7 7 / 1 6 p p m
B e n z o ( a ) P y r e n e = 2 5 / 3 . 9 p p m
I n d e n o ( 1 , 2 , 3 - c d ) P y r e n e = 1 5 / N D p p m

Benzo ( g , h , i ) P e r y l e n e = 1 3 / N D p p m
( 6 ) < l n d i c a t e s t h e c o m p o u n d i s p r e s e n t a t a c o n c e n t r a t i o n b e l o w t h e l i s t e d

q u a n t i t a t i o n l i m i t .
( 7 ) C a r b a z o l e c o n c e n t r a t i o n o f <1.2 p p m .
( 8 ) P y r e n e c o n c e n t r a t i o n o f <1.2 p p m .

D E R / O M - 4 - 3 T A B
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TABLE *M ( C o n t i n u e d )
S U M M A R Y O F O N - S I T E M O N I T O R W E L L G R O U N D W A T E R

A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

D E S I G N A T I O N

M W - 4 S

M W - 4 D

M W - 5 S

M W - 6 S

M W - 7 S

M W - 8 S

S I T E
C O O R D I N A T E S

5+90N 5+70W

5+90N 5+70W

9+65N 9+05W

9+98N 6+50W

9+84N 5+2 1W

6+5 1N 7+32W

D A T E ( S )
S A M P L E D

1 1 / 1 7 / 8 6
0 5 / 2 8 / 8 7

0 5 / 2 8 / 8 7

1 1 / 1 3 / 8 6
1 2 / 1 7 / 8 6
0 6 / 0 1 / 8 7

1 2 / 1 7 / 8 6
0 6 / 0 1 / 8 7

1 1 / 1 3 / 8 6
0 6 / 0 2 / 8 7

1 1 / 1 6 / 8 6
0 6 / 0 2 / 8 7

P C P

N D
N D

N D

N D
N D
N D

N D
N D

N D
N D

N D
N D

P H E N A N T H R E N E

N D
N D

N D

N D
N D
N D

N D
N D

N D
N D

N D
N D

J J M k J J . 1 J

ECB

N D
N A

N D

N D
N D
N A

N D
N A

N D
N A

N D
N A

n i g / « v g \ F H "F U L L
O R G A N I C

S H A N

N D
N A

N D

N A
N D
N A

N A
N A

N A
N A

N D
N A

, 1 1 — — — — — —
O T H E R

P N A
I N D I C A T O R S

N A
N D

N D

N A
N A
N D

N A
N D

N A
N D

N A
N D
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T A B L E H - H ( C o n t i n u e d )
S U M M A R Y O F O N - S I T E M O N I T O R W E L L G R O U N D W A T E R

A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

D E S I G N A T I O N

M W - 8 D

M W - 9 S

M W - 9 D

M W - 1 0 S
"

M W - 1 0 D

M W - 1 1 S

S I T E D A T E ( S )
C O O R D I N A T E S S A M P L E D

6+45N 7+31W 1 1 / 1 6 / 8 6
0 6 / 0 2 / 8 7

3+82N 9+65W 1 1 / 1 4 / 8 6
0 6 / 0 1 / 8 7 '

3+78N 9+60W 1 1 / 1 4 / 8 6
0 5 / 3 1 / 8 7

5+95N 9+14W 1 1 / 1 4 / 8 6
0 5 / 3 1 / 8 7

5+97N 9+21W 1 1 / 1 4 / 8 7
0 5 / 3 1 / 8 7

1 + 9 1 N 6+27W 1 1 / 1 7 / 8 7
1 2 / 1 7 / 8 7
0 5 / 3 1 / 8 7

P C P

N D
N D

N D
N D

N D
N D

N D
N D

N D
N D

N D
N D
N D

— — — — — — — — V s U l V V y U J V i l\t\ I

P H R N A M T H R F N 1 E

N D
N D

N D
N D

N D
N D

N D
N D

N D
N D

N D
N D
N D

J U 1 V O X I

PUB

N D
N A

N D
N A

N D
N A

N D
N A

N D
N A

N D
N D
N A

I nig/ is.g v pj.
F U L L

O R G A N I C
S C A N

N A
N A

N D
N A

N A
N A

N D
N A

N A
N A

N D
N D
N A

J i l l 1 — — — — — — — — —

O T H E R
P N A

I N D I C A T O R S

N A
• ND

N A
N D

N A
N D

N A
N D

N A
N D

N A
N A
N D
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T A B L E J M ( C o n t i n u e d )
S U M M A R Y O F O N - S I T E M O N I T O R W E L L G R O U N D W A T E R

A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

P E S T O N A T T O N
S I T E

C O O R D I N A T E S
D A T E ( S )
S A M P L E D EC£

— C O N C E N T R A T I O N S i n m g / k g ( p p m ) — — — — — — — —
F U L L . O T H E RO R G A N I C P N A

P H E N A N T H R E N F P C R S C A N I N D I C A T O R S

M W - 1 1 D 1+89N 6+33W 1 1 / 1 7 / 8 6 0.0012 N D
0 5 / 3 1 / 8 7 N D N D

N D
N A

N A
N A

N A
N D

N o t e s : ( 1 ) N D = N o t D e t e c t e d( 2 ) N A = N o t A n a l y z e d
( 3 ) S P R I T v n l a t i l P S ;

N a p h t h a l e n e = 2300 ppm2-methyl n a p h t h a l e n e = 7300 ppmA c e n a p h t h y l e n e = 96 ppmA c e n a p h t h e n e = 2 1 0 0 p p mD i b e n z o f u r a n = 2000 ppmF l u o r e n e = 270 ppmA n t h r a c e n e = 1500 ppmF l u o r a n t h e n e = 5100 ppmP y r e n e = 1800 ppmB e n z o ( a ) A n t h r a c e n e = 520 ppmC h r y s e n e = 670 ppmB e n z o ( b ) + B e n z o ( k ) F l u o r a n t h e n e =B e n z o ( a ) p y r e n e = 120 ppmI n d e n o ( 1 , 2 , 3 - c d ) p y r e n e = 35 ppmB e n z o ( g , h , i j p e r y l e n e = 2 3 ' p p m
V o l a h i 1 P S :
T o l u e n e = 0.003*1 ppmX y l e n e s = 0.077 ppm

p p m
( 5 )

( i | ) f t e m i v o l a t - . i 1 P S ;A c e n a p h t h e n e = 27 ppmA c e n a p h t h y l e n e = N DA n t h r a c e n e = 1 1 p p mB e n z o ( a ) a n t h r a c e n e = <10 ppmB e n z o ( b ) f l u o r a n t h e n e = < ' 1 0 p p mB e n z o ( k ) f l u o r a n t h e n e = <10 ppmB e n z o ( a ) p y r e n e = N DB e n z o ( g , h , i ) p e r y l e n e = N DC h r y s e n e = <10 ppmDibenzo ( a , h ) a n t h r a c e n e = N DF l u o r a n t h e n e = 29 ppmF l u o r e n e = 38 ppmI n d e n o ( 1 , 2 , 3 - c d ) p y r e n e = N DN a p h t h a l e n e = 28 ppmP y r e n e = 22 ppmC a r b a z o l e = N D
S p m i vnl at. i 1 PS :
F l u o r a n t h e n e = <0.01 ppmF l u o r e n e = <0.01 ppmP y r e n e = <0.01 ppmOther P N A i n d i c a t o r s were N D ( N o t D e t e c t e d )

D E R / O M - 4 - X T A B
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TABLE 4-5
S U M M A R Y O F F U L L O R G A N I C S C A N A N A L Y S E S

O F F - S I T E W A T E R W E L L S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

W E L L
O W N E K

M r . N i e l y

D A T E
S A M P L E D
1 1 / 1 1 / 8 6

L O C A T I O N
4 0 0 F t . W e s t
o f Lagoon s

V O L A T I L E S ( P P B )
N D < 1 >

S E M I V O L A T I L E S ( P P B )
N D < 1 >

Mrs. Barries 1 1 / 1 1 / 8 6 1 ,950 F t . N o r t h
o f L a g o o n s N D ( 1 ) N D ( 1 )

N O T E S : ( 1 ) N D = N o n e D e t e c t e d .

D E R / O M - 4 - T A B ( 2 )
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TABLE 4-6
S U M M A R Y O F H Y D R A U L I C C O N D U C T I V I T Y F I E L D M E A S U R E M E N T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

W E L L O R P I E Z O M E T E R H Y D R A U L I C C O N D U C T I V I T Y
D E S I G N A T I O N _ _ _ _ _ ( C M / S E C ) _ _ _ _ _

P - 1 s 5.1 x 10~J
P-1d 1.2 x 10~f
P-2s 3.6 x 10" J
P-2d 7.5 x 10"°P-3s 3.4 x 10"7
P-3d 1.0 x 10~7' P-4s 2.5 x 10'^P-4d 1.3 x 10~5
P-5s 1.2 x 10~;
P-5d l . i | x 10~4

P-6s 5.8 x 10~5

P-6d 3.2 x 10~5

M W - 5 s 1.0 x 10~5
M W - 6 s 5.6 x 10~7
M W - 7 s 3.4 x 10~J
M W - 8 s 3.1 x 10 ,M W - 8 d 1.8 x 10 j
M W - 9 s 1 . 3 x 1 0 ' ^
M W - 9 d 7.0 x 10~°

MW-IOs 4.6 x 10~̂
M W - 1 0 d 9.0 x 10~°
M W - 1 1 s 1.6 x 10~4

M W - 1 1 d 1.5 x 10~5

D E R / O M - T 4 ( 2 )
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TABLE 4-7
S U M M A R Y O F A Q U I F E R T E S T R E S U L T S , W E L L M W - 1 2 S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

P u m p i n g Phase
O B S E R V A T I O N

P I E Z O M E T E R , O R
W E L L

P-5s
P-5d
P-7sP-8sP - 1 sP - 1 d

T R A N S M I S S I V I T Y
( G P D / F T )
220
150
220
130mo
220

S T O R A T I V I T Y
0.01
0.006
0.006
0.0004
0.001
0.01

D I S T A N C E F R O M
P U M P I N G W E L L R ( F T )

10
10.8
20
40

105110

Recovery Phase
O B S E R V A T I O N

P I E Z O M E T E R O R
W E L L

M W - 1 2 s
P-5s
P-5d
P-7s
P-8s

T R A N S M I S S I V I T Y
( G P D / F T )
320
690
330
590
510

S T O R A T I V I T Y
N A
N A
N A
N A
N A

D I S T A N C E F R O M
P U M P I N G W E L L R ( F T )

0
10
10.8
20
40

N o t e s :
( 1 ) N A - N o t A p p l i c a b l e .

D E R / O M - T 4 ( 3 )
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TABLE 5-1
SUMMARY OF SEDIMENT MO SURFACE MATER

S A M P L E A N A L Y T I C A L R E S U L T S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

C o n c e n t r a t i o n I n m g / k g ( p p m ) f o r S e d i m e n t S a m p l e s a n d I n u g / l ( p p b ) f o r S u r f a c e M a t e r S a m p l e s

S A M P L E

S s d - l
S l d - 2
S«d-3
S o d - 4
S«d-5
S t d - 6
Sod-7
S«d-8
S«d-9
S o d - 10
Sod- 1 1
S e d - 1 2
Sod- 13
Sod- 14
S o d - 15
S o d - 16
S o d - 17
S o d - 18
Sod- 19
S o d - 2 0
S l d - 2 1
S o d - 2 2
Sod-23
S o d - 2 4

D A T E
S A M P L E D
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 2 / 8 7
0 5 / 2 6 / 8 7
0 5 / 2 6 / 8 7
05/26/87
0 5 / 2 6 / 8 7
0 5 / 2 6 / 8 7
0 5 / 2 6 / 8 7
0 5 / 2 6 / 8 7
0 5 / 2 6 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7

S I T E A C E N A P H - A C E N A P H T H -
C O O R D I N A T E S

0+OON 8+60*
3+OON 10+00*
3+50N 9+50*
3+80N 8+70*
4+OON 9+80*
4+30N 8+60*
5+50N 8+70*
6+40N 6+70*
6+30N 7+40*
7+OON 7+50*
7+50N 7+70*
8+30N 7+80*
8+30N 7+80*
9+50N 7+80*
9+50N 7+80*
10+OON 7+50*
10+30N 10+90*
10+OON 6+50*
I 1 + 5 0 N 7+30*
I 2 + 7 0 N 7+00*
I 3 + 7 0 N 6+50*
15+4 ON 6+30*
15+80N 5+80*

( 3 )

T H E N E
N D 1 "
NO
ND
NO
HD
NO
NO
ND
ND
HD

ND
ND
NO
ND
NO
HD

ND
NO
ND
ND
ND
NO
NO
ND

Y L E N E
NO
NO
NO
NO

ND
O.2

ND
O.3

NO
ND
NO
ND

ND
NO
NO
ND
ND
HD
NO
ND

ND
NO
NO
ND

A N T H R A -
C E N E

ND
NO
ND '
ND
NO
3.6

O.I
6.6

ND
HD
ND
NO
NO
NO
ND
HD

ND
O.8

ND
ND
ND
HD
NO
ND

B E N Z O ( a )
A N T H R A C E N E

NO
ND
ND
NO
ND
1.2
ND

O.3
ND
ND
ND
ND
ND
HD
ND
ND
HD
ND
ND
NO
ND
ND

ND
ND

B E N Z O ( b )
F L U O R A N T H E N E

ND
ND
ND
ND
ND

2.1
O . I
1.3
NO
ND

O.3
O.4
O.3

NO
NO
NO
NO

O.8
ND

O.3
•NO

O.3
HD

O.2

B E N Z O ( k )
F L U O R A N T H E N E

NO
ND
ND
ND
ND
ND
NO
NO

O.2
NO
ND
ND
NO
ND
ND
ND
NO
NO
ND
ND

NO
O.3

ND
ND

B E N Z O ( a ) B E N Z O ( g , h , l )
P Y R E N E

ND
ND
ND
NO
ND

< l , 2
ND

O.3
HD
ND
ND
NO
NO
N D '
ND
ND
ND
ND
ND
ND '
ND
ND
ND
ND

P E R Y L E N E
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
HD
ND
ND
NO
ND
ND
ND
HD
NO
ND
ND
HD

O I B E N Z O I e . h )
C H R Y S E N E _ A N T H R A C E N E

NO
ND
NO

O.2
ND
2.4

O.I
1.3

O.2
ND

O.J
0.4
O.3
O.3

ND
ND
NDo.e
ND
NO

O.3
O.3
O.4
O.2

ND
HD
NO
HD
NO
HD
NO
NO
ND
HD
HD
ND
ND
ND
ND
ND
ND
HD
ND
ND

•ND
ND
ND
ND

F L U O R A N -
T H E N E

ND
ND
ND

O.2
ND
4.3

O.I
1.5

0.2
ND
ND
NO

O.3
O.3
O.4

ND
HD

0.8
ND
ND

0.3
O.3

ND
O.2

I N D E N O
F L U O - ( 1 , 2 , 3 - c d )
R E N E

ND
ND
ND
NO
ND

0.2
ND

0.3
NO
ND
ND
HD
ND
HD .

. ND
HD
ND
HD
HD
ND
ND
ND
ND
ND

N A P H T -
P Y R E N E H A L E N E

ND
• ND

ND
HD
NO

O.2
HD
ND
ND
ND
ND
HD
ND
HD
ND
HD
ND
ND
ND
ND
ND
ND
ND
HD

ND
ND
ND
NO
ND
ND
10
ND
ND
ND
NO
ND
ND
NO
NO
ND
ND
NO
ND
ND
ND
ND
ND
ND

P H E N A N -
T H I E N E

ND
NO
ND
ND
NO

0.2
ND

0.3
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

M O I S -
C A R B A - T U R E

P C S P Y R E N E
N A 1 2 >
NA
N A
N A
NA
NA
N A
NA
N A
NA
NA
NA
NA
NA
NA
N A
NA
NA
NA
NA
NA
NA
NA
NA

NO
ND
HD

O.2
ND

5.1
O.I
1.9

O.2
NDND

NO
0.3

ND
ND
ND
ND

O.8
ND
ND

0.3
NO

O.4
NO

POP ;
ND
ND
ND
ND
ND

9.5
1.8
5.9
1.2

ND
ND
ND

0.3
O.3
0.4

ND
ND

0.8
, ND

O.3
0.3
O.3
O.4
0.2

ZOLE
ND
ND
NO
ND
ND
1.6
ND

2.1
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NO
NO
ND
ND
HD

*T_l
18.4
21.1
13.09
11.9
12.2
11.9
11.3
13.0
12.0

NA
13.1
13.78
12.71
12.75
14.26
14.00
14.43
17.3
12.34
12.77
13.0
12.9
14.1
12.16

S u r f a c e W a t e r S a m p l e s ( I n p p b )
S I M
S K - 2
S H - 3
S I M
S N - 5
S*-6
S K - 7

0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
0 5 / 2 7 / 8 7
1 0 / 3 1 / 8 6
0 5 / 2 7 / 8 7

4+50N 8+50*
6+30N 8+70*
8+20N 7*70*
8+20N 7*70N
! 2 t O O H 7*00*

O t 7 5 S 8+50H
14+50N 6+30N

NO
NO
ND

ND
NO
N A ( 4 >
NO

ND
ND
ND

ND
ND
N A
ND

ND
ND
ND
ND
HD

N A
NO

ND
ND
NO

NO
NO
N A
ND

ND
iNO
ND
ND
NO

N A
ND

• N D
ND
NO
ND
ND
NA
ND

HD
ND
NO
ND
ND
N A
ND

HD
ND
HD
HD
ND
N A
ND

ND
HD
NO
NO
NO
NA
ND

ND
ND
ND
ND
ND
NA
ND

ND
ND
ND
ND
ND
NA
NO

ND
ND
ND
ND
ND
NA
HD

ND
ND
ND
ND
ND
N A
ND

ND
NO
NO
ND
ND
NA
ND

NO
ND
ND
HD
ND
ND
ND

N A
N A
NA
NA
NA
NO
NA

ND
ND
ND
ND
ND
NA
NO

O1
12
12
I I

< I O
ND
NO

N O ( 5 )
N D ( 9 )
N D ( 5 )
N D ( 5 )
N D ( 5 )
N D ( 5 )
N D ( 5 )

N o t e s ; ( 1 ) N O » N o t Det e c t ed .
( 2 ) N A * N o t A n a l y z e d .
( 3 ) Loca t ed a p p r o x i m a t e l y 1 2 0 f t . t o t h e nor th o f S e d - 2 3 s a m p l e l o c a t i o n a n d beyond t h e l i m i t s o f t h e s i t e c o o r d i n a t e system.
( 4 ) <Compound I s pr e s en t a t c o n c e n t r a t i o n b e l o t t t h e I n d i c a t e d q u a n t l t a t l o n l i m i t .
( 5 ) N o t A p p l i c a b l e .

D E R / O M - T 5 U )
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TABLE 6-1
S U M M A R Y O F D A I L Y P R E C I P I T A T I O N M E A S U R E M E N T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D A Y
1
2
34
5678
9101112131415161718192021

22
2324
2526
2728
293031

o r r ( 8 f e )_-_
1 . 1 7--
0.02
2.00
0.06-

-
1.00
0.09-

-
-
-
-
-
-
-

0.24
0.710.20
0.01_

_
_
-
-_

N O V _ .
-
-
-1.46

0.02
0.04
0.190.02-
0.950.040.01--

---
-

0.12--
0.02
0.02
0.10
0.96--

-
-
-

N A

DRH
0.07-

-
-
-
-

3.510.590.01----
0.02
0.07--

-
----

0.05--
-_
_
-
-_

J A M ( 8 7 )
0.01-
0.52
0.710.01--

-
1.05---
0.02
0.01
0.030.03
0.310.380.01---

--
0.14--

-
0.02

-_

PER
0.49--'
0.01

-
-
-
-

•
-
-
-

0.69
1.23-
0.10-

-
0.07-
0.10

-
-
-

0.20
1 . 1 8
0.61

N A
N AM A

M A R
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

1.49----_
0.830.01_-_-
0.530 . 1 1_

A P R M A Y . H I M

0.02 0.02
0.03

J U L A i m S E P ( 8 7 )

0.60
0.23
0.01

0.03

M O N T H 5.50 3.95 4.32 3.25 4.68 2.97 0.86 0.08

( 1 ) N A = N o t A p p l i c a b l e .
D E R / O M - 6 - T A B
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TABLE 6-2
S U M M A R Y O F T O T A L S U S P E N D E D P A R T I C I P A T E C O N C E N T R A T I O N S

H I - V O L U M E A I R S A M P L E R S
O L D M I D L A N D . P R O D U C T S S I T E

O L A , A R K A N S A S

T O T A L S U S P E N D E D P A R T I C U L A T E
C O N C E N T R A T I O N ( ) g / m 3 )

A T E ( 1 9 8 6 )
1 0 / 0 3
1 0 / 0 4
1 0 / 0 5
1 0 / 0 6
1 0 / 0 7
1 0 / 0 8
1 0 / 1 3
1 0 / 1 4
1 0 / 1 5
1 0 / 1 6

W I N D C O N D I T I O N S F O R S A M P L I N G P E R I O D
33.3? S , 29.2? S S W , S W ; 3 m p h
2 5 ? W S W , 20.8? S W , 16.6? S S W , W ; 2 m p h
5 0 ? C a l m , 12.5? N E , W , S W ; 1 m p h
5 0 ? C a l m , 2 5 ? S E , 12.5? N N E ; 1 m p h
91 .6? C a l m , <0.5 mph
45.8? C a l m , 16.6? E S E , 12.5? E; 2 mph
37.5? C a l m , 5 0 ? W , 12.5? S S E ; 2 . 5 m p h
5 0 ? C a l m , 2 5 ? W , 12.5? W S W , S W ; 1 . 5 m p h
6 7 ? C a l m , 8.3? N W , S S E ; 1 m p h
2 5 ? W S W , 12.5? S W , W , 8.3? W N W , 4.2? S ,

W E S T
S A M P L E R

39.8
24.6
16.9
21.5
29.8
22.1
17.3
24.0
28.0

N O R T H
S A M P L E R

40.4
22.5
17.2
19.7
28.2
19.7
12.5
19.0
21.0

E A S T
S A M P L E R

37.8
21.0
20.4
24.4
34.8
23.0
14.3
20.0
24.4

S O U T H
S A M P L E R

93.5
30.6
21.5
40.5
61.2
47.4
30.6
47.2
62.0

S E , E S E ; 0 . 5 m p h
U / . 1 7 54.2? C a l m , 16.6? S , 12.3? S W , 4.2? S S E ,E S E , W S W ; <0.25 m p h

91.6? C a l m , 8.3? N E ; sO.25 m p h
1 0 / 1 9 29-2? S E , 2 5 ? C a l m , 12.5? E N E , E S E , 8.3?

N N W , 4.2? S S E , E , S ; <0.25 m p h
1 0 / 2 0 20.8? S E , 16.6? S S E , C a l m 8.3? E N E , N N W ,

4.2? S , S W , W S W , E S E , E , N , N N E ; 0 . 5 m p h
1 0 / 2 1 41.6? C a l m , \Z.5% S S E , S , 8.3? S E , E S E ,

4.2? S S W , E N E , N E , N N W ; 1 m p h
1 0 / 2 2 2 5 ? E N E , 16.6? E , 8.3? S S E , S S W , S E , W ,4.2? S , E S E , N E N N W , N W , C a l m ; <0.25 m p h
1 0 / 2 7 37.5? C a l m , 20.8? W , 12.5? W S W , S , 4.2?

S W , E N E , N W , W N W ; 1 m p h

32.5 24.5

41.9

68.3

63.4

39.3

60.1

59.7

51.8 44.2

29.4 30.2

29.2

51.8

53.3

30.8

85.5

44.1 35.1 47.6 104.2
44.2 40.8 50.5 85.1

9 1 - 5

87.5 119.6

70.5 1 1 0 . 1

82.7

62.0

thunter
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TABLE 6-2
( C o n t i n u e d )

S A M P L I N G P E R I O D
,~i.55E S , S S E , 8.3%

- j . 3 % S W , 4.2% S ,

..3% E N E , 4.2% E S E ,

I ; - J E , N N W , 4.2% N ,

I E, 8.3% C a i r n ;

T O T A L S U S P E N D E D P A R T I C U L A T E
_ _ _ _ _ _ C O N C E N T R A T I O N ( ) g / m 3 ) _ _ _ _ _ _

W E S T N O R T H E A S T S O U T H
S A M P L E R S A M P L E R S A M P L E R S A M P L E R

34.9

43.9

44.3

32.2

35.5

39.5

4 1 . 7 ' 40.6

34.4

48.1

44.8

71 .1

39.8 83.4

-46.8 43.3 47.3 100.4
44.4 40.7 46.5 85-5

86.1

74.9

thunter
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TABLE 6-3
C H E M I C A L A N A L Y S E S O F A I R S A M P L E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

D R r . A M T P . V A P O R M O N I T O R S A M P I . F . S

C O N S T T T 1 1 E M T
B i p h e n y lH e x a n eM e t h y l S t y r e n eP h e n o lI n d e n eN a p h t h a l e n eP h e n a n t h r e n ea n t h r a c e n e

A C G I H
C . U T P R U N E ( p p m )

0.2
50.50.

5.10.
10.

0.03
0.03

P E R I O D10-3 TO 10-8
<0.0011
<0. 00*18
< 0 . 0 6 i J

0.000150.000021
0.00096<0. 000010

<0. 0000049

B L A N K
<0.0018

^.005< .066<. 00035
0.000530.001' . 0 . 0 0 0 2
' . 0 0 ' 0 0 1 5

%R E C O V E R Y

88.5
80.075.2
92.298.0

1 1 1 . 638.330.9

P E R I O D
10-13 TO 10-23

<0. 00055
<0. 00.25< 0 . 0 3 H0.00018

.000025.00088
< .000002
< . 000003

R I . f l N K R E C O V E R Y
P E R I O D

10-27 TO 11-0?

<0.0017< O . O M 8
<0.06i*
<:0. 00035<0. 00012
0.0010

< 0.00002
< 0.000098

93.296.0186.082.190.1
227.H 6 .38.6

N D
<0.0033<0.0i<5.00019<o. 000032

0.00086< 0.0000028
< 0.0000031

P E R S O N N E L M O N I T O R S A M P L E S

. . . C O N S T I T U E N T
B i p h e n y lP h e n o lI n d e n eN a p h t h a l e n eP h e n a n t h r e n eA n t h r a c e n e

A C G I H
C . I I T n E I . T N E ( p p m )

0.2510
10
0.03
0.03

10-22-86

<0.003<0.0011<0.0098<0.00018
<0.000085

10-30-86

<0.00150.00065
0.0063<0.00010
0.000031

10-30-86
<0.00230.0032<0.00070
0.0062

<0.00012
<0.000056

11-12-86
N A<0.0015

0.00220.0078
<0.000089
<0.0000i)3

11-12-86
N A

<0.00160.00160.0078
<0.000091

( D N A = N o t A p p l i c a b l e .

D E R / O M - 6 - T A B ( l J )

thunter
001405



TABLE 8-1
P H Y S I C A L , C H E M I C A L . M O E N V I R O N M E N T A L F A T E P R O P E R T I E S O F C O N S T I T U E N T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S
( P a g e 1 o f 2 )

C L A S S

P N A ( 2 >

P N A

P N A

V O L A T I L E

P N A

P N A

P N A

P N A

P N A

P N A

F U R A N

P N A

P N A

P N A

P N A

P N A '

C O N S T I T U E N T
A C E N A P H T H E N E

A C E N A P H T H Y L E N E

A N T H R A C E N E

B E N Z E N E

B E N Z 0 1 A ) A N T H R A C E N E
B E N Z O ' I A I P Y R E N E
B E N Z O I B I F L U O R A N T H E N E
B E N Z O ( G , H , I ) P E R Y L E N E
B E N Z O t K ) F L U O R A N T H E N E
C A R B A Z O L E
C H R Y S E N E
D I B E N Z O F U R A N
( D I P H E N Y L E N E O X I D E )
F L U O R A N T H E N E
F L U O R E N E

I N D E N O < 1 , 2 , 3 - C D )
P Y R E N E

2 - M E T H Y L N A P H T H A L E N E
N A P H T H A L E N E

P E N T A C H L O R O P H E N O L

H A T E R 1 2 0 - J O ' C )
S O L U B I L I T Y ( H G / L )

5.42
3.93

.0446
1750

.0057

.0012
.014

7.0X10" 4

.0043
-

.0018

-

.206
1.69

5 . 3 X I O " 4

I n s o l u b l e

3.1.7
14

V A P O R ( 2 0 - 5 0 ' C )
P R E S S U R E ( M M H S )

1 . 5 5 X I O " 3

.029
1.95X10" 4

95.2
' 2 . 2 X I O " 8

5 . 6 X I O " 9

5 . 0 X I O " 7

1 . 0 3 X 1 0 " ' °
5 . I O X I O " 7

-
6 . 3 X 1 0 " '
6 . 8 X I O " 6

5 . 0 X I O " 6

7 . I X I O " 4

I . O X I O " 1 0

-
0.082

I . I X I O " 4

H E N R Y ' S L A W
C O N S T A N T
9 . 2 X 1 0 " '

.00143
I . 0 2 X 1 0 " 5

.00559
I . I 6 X I O " 6

1 . 5 5 X I O " 6

1. 1 9 X 1 0 " '
5 . 3 4 X I O " 8

3 . 9 4 X I O " 5

-
I . 0 5 X I O " 6

-

6 . 4 6 X I O " 6

6 . 4 2 X 1 0 " '

6 . 8 6 X I O " 8

-
-

2 . 7 5 X I O " 6

Koc M L / 6
4600
2900

I . 4 X I 0 4

83
I . 3 8 X I 0 6

5 . 5 X I 0 6

5 . 5 X I 0 5

I . 6 X I 0 5

5 . 5 X 1 0 5

-
2 . 0 X I 0 5

-

3 . 8 X I O " 4

7300
1 . 6 X I 0 6

-
-

5 . 3 X I 0 4

MOL. in.
154

152
178
78

228
252
252
276
252
167
228
168

202
166
276

142
128
266

L 0 3 K , , ,

4

3.70
4.45

2.12

5.6
6.06
6.06
6.51
6.06
3.29
5.61
5.30

4.90
4.20
6.50

-
3.37
5.01

H A L F - L I F E H A L F - L I F E
F I S H B C F 1 1 1 I N A I R I N S U R F A C E

' I L / K G ) ( D A Y S ) M A T E R ( D A Y S )
242

5.5 0.125
760" <1
5.2 6.0 1.0-6.0

5.5 0.1-5.0
1.0-6.0 0.4

5.5 1.0-2.0

-
-

1 1 5
5.5 0.2

3 . 2 X I 0 4

1150 5.5 1.0-2.0
1300

5.50 .0208-2.08

30 - 190
20-80 0.7 0.3

770 2) 5

B O I L I N G
P O I N T

CO
278

265-275
340

80.1

435
310

-
-

-
355
448
288

375
295
536

241
218
310

S P E C I F I C
G R A V I T Y

1.024
0.8968

1.25
0.8765

-
-
-
-

-
1.10

1.274

5.8

1.252
1.202

-

0.994
1.152
1.978

F L A S H
P O I N T

CO
-
-

121
- I I

-
-
-
-

-
-
-
-

-
-
-

-
79
.

1 ' B C F - B I O C O N C E N T R A T I O N F A C T O R< 2 I P N A • P O L Y N U C L E A R A R O M A T I C H Y D R O C A R B O N S A R E B A S E / N E U T R A L C O M P O U N D S .
D E R / O M - 8 - T A B < 5 )
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TABLE 8-1
P H Y S I C A L , C H E M I C A L , H t > E N V I R O M E N T A L F A T E P R O P E R T I E S O F O L D M I D L A M ) C O N S T I T U E N T S

( P a g e 2 o f 2)

C L A S S

P N A

P N A

U I O X I N

V O L A T I L E
V O L A T I L E
V O L A T I L E

C O N S T I T U E N T
P H E N A N T H R E N E
P Y K t N t

1COD

T O L U E N E

T R I C H L C R O E T H Y L E N E
X Y L E N E ( m )

W A T E R ( 2 0 - 3 0 ' C )
S O L U B I L I T Y ( M G / L )

1.0
0.132 .
.0002

535
1100

146

V A P O R ( 2 0 - 3 0 ' C )
P R E S S U R E ( M M H S )

6 . 8 X I O " 4

2 . 5 X I O " 6

I . 7 X I O " 6

28.1
57.9

6

H E N R Y ' S L A W
C O N S T A N T '

I . 5 9 X 1 0 " 4

5 . 0 4 X I O " 6

3 . 6 X 1 0 " 5

.00637
.0091
.

Koc M L / G
I . 4 X I 0 4

3 . B X I 0 4

3 . 3 X 1 0 6

300
126
240

H O L . W T .
178
202
322
92
131
106

— — o w
4.46

4.68
6.72
2.73
2.38
3.2

F I S H B C F ( 1 )

( L / K G )
2630

-
5000
10.7
10.6
23.6

H A L F - L I F E
I N A I R
( D A Y S )

<l
.08 - 2

-
1.3
3.7
0.5

H A L F - L I F E
I N S U R F A C E

W A T E R ( D A Y S )
0.36-2.0

-
365-730

0.17
1.0-90.0
1.5 - 9

B O I L I N G
P O I N T

340
404

500
1 1 1

86.7
139

S P E C I F I C
G R A V I T Y

1.025
1 . 2 7 1

-
0.8669
1 .4649
0.864

F L A S H
P O I N T

CO
-
-
-
4

32
29

C l e m e n t s Asso c . ( 1 9 8 5 )
S a x ( 1 9 7 9 )
E P A ( S e p t e m b e r 1 9 6 4 )
E P A ( J u n e 1986)
EPA ( O c t o b e r 1 9 8 6 )
V e r s a r ( J a n . 1 4 , 1 9 8 6 )
V e r s c h u e r e n ( 1 9 8 3 )

( 2 ) B C F • B I O C O N C E N T R A T I O N F A C T O R .
P N A • P O L Y N U C L E A R A R O M A T I C H Y D R O C A R B O N S A R E B A S E / N E U T R A L C O M P O U N D S .

D E R / O M - 8 - T A B ( 6 )
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TABLE 8-2
C H L O R I N A T E D D I O X I N A N D F U R A N

C O N C E N T R A T I O N S I N T E R M S O F
2 , 3 , 7 , 8 - T C D D E Q U I V A L E N T S * 1 '

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S
( P A G E 1 ' O F 3 )

D E S I G N A T T D M
M W - 3 S
M W - . 4 S
M W - 5 S
M W - 8 S
M W - 9 S
M W - 1 0 S

F B
C i t y o f O l a S u p p l y
N i e l y W e l l
Barnes W e l l
L a g o o n 1
L a g o o n 5
L a g o o n 1
Lagoon 5
M W - 1 1 S
M W - 1 1 S .

S A M P L E .N O .
G W - 3 0
G W - 2 7
G W - 5
G W - 1 7
G W - 8
G W - 1 3
G W - 2 1
G W - 2 1 A
G W - 2 1 A
G W - 2 1 A
3
C W - 1 A
W W - 3
W W - 7
C
C
A
A
S S - 1 A
S T - 2 B

D E P T H O F S A M P L E
S A M P 1 . F ( F T } T Y P F .

G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
G r o u n d w a t e r
F i e l d B l a n k ( W a t e r
W a t e r
W a t e r
W a t e r
W a t e r

. W a t e r
~ 1 ( 3 ) S e d i m e n t

4 . 5 ( 3 ) S e d i m e n t
1 0 - 1 1 S o i l

5 - 7 S o i l

C O N C E N T R A T I O N
W A T E R ( P P T ) A N D S O I L

2 , 3 , 7 , 8 - T C D D
E T U I T V f t T I T M T ^ ^ >

; P P B )
E Q U T V f l T . F N T v

0.0320
0

N D
0

N D
N D

0.0064
1 5 . 7 5 7 4
0 . 0 1 1 2
0.0120

0
N D
N D
N D

0.7324
0.1897
9.843

42.773
0.0002

0

D E R / O M - 8 - T A B ( 1

thunter
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TABLE 8-2( C o n t ' d )
C H L O R I N A T E D D I O X I N A N D F U R A N

C O N C E N T R A T I O N S I N T E R M S O F
2 . 3 . 7 , 8 - T C D D E Q U I V A L E N T S 1 1 '

O L D M I D L A N D P R O D U C T S S I T E
O L ' A , A R K A N S A S
( P A G E 2 O F 3 )

D E S T H N A T T D N
M M W - 1 1 S
M W - 1 1 S
M W - 1 1 S
M W - 1 1 S
M W - 1 1 S

S A M P L EMO.
S S - 2 B
S S - 2 C
S S - 3 A
S S - 3 A
S S - 3 A
S - 6 5 A
S - 6 6 A
S - 6 8 A
S - 6 9 A
S - 7 5 A
S - 7 5 B
S - 7 6 A
S - 8 5 A
S - 8 6 A

D E P T H O F
S A M P T . F ( F - n

1 5 - 1 6
1 5 - 1 6
19-20
19-20
19-20
0-0.5
0.5-1
0-0.5
0.5-1
0-0.5
0-0.5
0.5-1
0-0.5
0.5-1

S A M P L E
T Y P F

S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l
S o i l

C O N C E N T R A T I O N
W A T E R ( P P T ) A N D S O I L ( P F ' B ;2 , 3 , 7 , 8 - T C D D
_ _ _ _ _ _ F Q l l T V A I . F N T ^ _ _ _ _ _ _

0
0

0.0005
0.0010
1.3509

0
0

0.0600
0.0092
0.09*17
0.0650
0.0057
0.0010
0.0011

D E R / O M - 8 - T A B ( 2 )

thunter
001409



T A B L E 8 - 2
( C o n t ' d )

C H L O R I N A T E D D 1 0 X I N A N D F U R A N
C O N C E N T R A T I O N S I N T E R M S O F? , 3 , 7 . 8 - T C D D E Q U I V A L E N T S ' 1 )

O L D M I D L A N D P R O D U C T S S I T E
P A G E ( 3 O F 3 )

N o t e : ( 1 ) C a l c u l a t i o n s assume t h a t N D = N o t D e t e c t e d i s zero a n d tha t d i o x i n s a n df u r a n s p r e s e n t are in the 2, 3 , 7 ,8 f o r m . '

( 2 ) D l o x J n s
2 , 3 , 7 , 8 - T C D D
o th er T C D D s
2 , 3 , 7 , 8 - P e C D D
o t h e r P e C D D s
2 , 3 , 7 . 8 - H x C D D
other H x C D D s2 , 3 , 7 . 8 - H p C D Do t h e r - H p C D D sO C D D

I s o m e r orT o x i c i t y
F . q n i v a l p n f r . F a c t o r

1.0
0.01
0.5
0.005
0.0*1
O . O O O i )
0.001
0.00001
0

2 , 3 , 7o th er
2 , 3 , 7o th er
2 , 3 , 7o th e r2 , 3 , 7o t h e r
O C D F
2 , 3 , 7

,8 - TCDF
T C D F s

,8 - PeCDF
P e C D F s

,8 - HxCDFH x C D F s,8 - HpCDF
H p C D F s

, 8 - T C D D
( 3 ) D e p t h o f water cover ing s e d i m e n t .( * 0 R e p l i c a t e s a m p l e s .

0.10.001
0.10.001
0.01
0.0001
0.001
0.00001
0E q u i v a l e n t T o t a l

pp. 2 and 3

E P A ( M a r c h 1 9 8 7 ) " I n t e r i m P r o c e d u r e f o r E s t i m a t i n g R i s k s A s s o c i a t e d w i t h E x p o s u r e t o .M i x t u r e s o f C h l o r i n a t e d D i b e n z o - P - D i o x i n s a n d D i b e n z o f u r a n s ( C D D ' s a n d C D F ' s )E P A / 6 2 5 / 3 - 8 7 / 0 1 2

thunter
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T A B L E 8 - 3
C O N T A M I N A N T - S P E C I F I C A R A R s

O L D M I D L A N D P R O D U C T S S I T E
O L A . A R K A N S A S
( P a g e I o f 3 )

C H E M I C A L

P e n t a c h l o r o p h e n o l ( P O P )

P C P

P C P

P C P

P C P
P C P

P C P

M E D I A L I M I T
A i r

C o m b i n e d R o u t e s -
A i r , D r i n k i n g W a t e r

a n d F o o d

O r ! n k t n g W a t e r
C o n t r i b u t i o n O n l y

D r i n k i n g W a t e r

0 . 5 m g / m j

1 .1 nig/ I

0.2 ing/ I

1 . 0 m g / l

0 . 3 m g / l

E X P O S U R E S C E N A R I O

O c c u p a t l o n a I
E x p o s u r e
A A D I

R M C L

I D a y E x p o s u r e

1 0 D a y E x p o s u r e
D r i n k i n g W a t e r

W a t e r Qua 1 1 ty

3 . 5 m g / l
1 . 1 m g / l

1 . 0 1 m g / l

1 D a y E x p o s u r e
1 0 D a y E x p o s u r e
H u m a n H e a l t h
C r i t e r i o n

A P P L I C A B I L I T Y A N D R E S T R I C T I O N S

T i m e w e i g h t e d a v e r a g e d 8 - h o u r
d a y .
A d j u s t e d a c c e p t a b l e d a i l y I n t a k e ,
c o n v e r t s " n o e f f e c t " l e v e l t o
t e r m s m e a s u r a b l e I n t e r m s o f
d r i n k i n g M a t e r q u a l i t y .
H e a l t h b a s e d " g o a l " n o t a n
e n f o r c e a b l e s t a n d a r d .

A l l o w a b l e I n t a k e b y 1 0 k g c h i l d .

A l l o w a - b l e I n t a k e b y 1 0 k g c h i l d .
A l l o w a b l e I n t a k e b y 7 0 k g a d u l t .

R E F E R E N C E

M i n i m u m w a t e r q u a l i t y c r i t e r i a
f o r w a t e r w h i c h c a n b e t a k e n
I n t o a p u b l i c w a t e r s u p p l y
s y s t e m .

N I O S H / O S H A

F e d e r a I R e g I s t e r
N o v e m b e r 1 3 , 1 9 8 5

S a f e D r i n k i n g W a t e r A c t /
N a t i o n a l P r i m a r y D r i n k i n g

W a t e r R e g u l a t i o n s P r o p o s e d
( F e d . R e g . N o v . 1 3 , 1 9 8 5 )

S a f e D r i n k i n g W a t e r A c t
H e a l t h A d v i s o r y

S a f e D r i n k i n g W a t e r A c t
H e a l t h A d v i s o r y

. C l e a n W a t e r A c t , W a t « r
Q u a l i t y C r i t e r i a D o c u m e n t s

( F e d . R e g i s t e r N o v . 2 8 , I 9 6 0 )

P C P W a t e r Q u a l I t y O . I X L C 50 A q u a t i c L i f e A l l o w a b l e e x p o s u r e t o a q u a t i c
l i f e .

A r k a n s a s W a t e r Q u a l i t y
R e g u l a t i o n N o . 2
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001411



T A B L E 8 - 3
C O N T A M I N A N T - S P E C I F I C A R A R s

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S
( P a g e 2 o f 3 )

C H E M I C A L M E D I A L I M I T

P O P L e a c h a t e

P o l y n u c l e a r A r o m a t l c s
( P N A s )

D r I n k l n g W a t e r

3.6 r n g / I

P N A s

B e n z o ( a ) p y r e n e
n o o t h e r P N A s

W a t e r Q u o I I t y

S o l I

2 8 0 n g / l
2 6 n g / l

2 . 8 n g / l
0.28 n g / l

0.01 X LC S O

4 p p b
4 0 0 p p b

E X P O S U R E S C E N A R I O

P r o p o s e d T C L P
r e g u I a t o r y I e v e I ,
r e s u I t o f s p e c I f I c
l e a c h a t e g e n e r a t i o n
t e s t .

10"4 C a n c e r R i s k
10~5 C a n c e r R i s k
1 0 C a n c e r R i s k
I O " 7 C a n c e r R i s k

A q u a t i c L i f e

10~6 C a n c e r R i s k
I O " 4 C a n c e r R i s k

A P P L I C A B I L I T Y A N D R E S T R I C T I O N S

A t o r a b o v e t h i s r e g u l a t o r y
l i m i t I t I s t h o u g h t t h a t a n
u n a c c e p t a b l y h i g h l e v e l o f
g r o u n d w a t e r c o n t a m i n a t i o n
m i g h t r e s u l t f r o m I m p r o p e r
w a s t e m a n a g e m e n t .

E s t i m a t e s o f t h e c a r c i n o g e n i c
r i s k s a s s o c i a t e d w i t h l i f e t i m e
e x p o s u r e t o v a r i o u s c o n c e n -
t r a t i o n s o f c a r c i n o g e n i c P N A s

I n w a t e r . C o n s e r v a t i v e l y a s s u m e s
t h a t a l l P N A s h a v e t h e s a m e
c a r c i n o g e n i c p o t e n c y o f b e n z o ( a )
p y r e n e .
A l l o w a b l e e x p o s u r e t o a q u a t i c
l i f e .
E x p o s u r e t o d u s t a n d s o i l s I n
r e s i d e n t i a l a r e a s .

R E F E R E N C E

P r o p o s e d e x p a n s i o n o f R C R A
T o x l c l t y C h a r a c t e r i s t i c

4 0 C F R 2 6 1 ( F e d e r a l
R e g i s t e r J u n e 1 3 , 1 9 8 6 )

E P A A m b i e n t W a t e r Q u a l i t y
C r i t e r i a N o v . 2 8 , 1 9 8 0 )

A r k a n s a s W a t e r Q u a l i t y
R e g u l a t I o n N o . . 2 .

I n f o r m a t i o n c o n t a i n e d
I n E P A memo e n t i t l e d

" A l t e r n a t e C o n c e n t r a t i o n
L i m i t s f o r D l o x l n G r o u n d

W a t e r C o n t a m i n a t i o n a t W o o d
P r e s e r v i n g S i t e s " f r o m

C a t e J e n k l n s t o B o b S t e w a r t ,
T a b l e 6 ( b a s e d o n e q u a t i o n

f o r m u l a t e d b y N e w Y o r k S t a t e
D e p a r t m e n t o f H e a l t h )
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T A B L E 8 - 3
C O N T A M I N A N T - S P E C I F I C A R A R s

O L D M I D L A N D P R O D U C T S S I T E
O L A . A R K A N S A S
( P a g e 3 o f 3 )

_ _ _ _ _ _ _ C H E M I C A L _ _ _ _ _ _ M E D I A _ _ _ _ _ L I M I T E X P O S U R E S C E N A R I O A P P L I C A B I L I T Y A N D R E S T R I C T I O N S _ _ _ _ _ _ _ R E F E R E N C E _ _ _ _ _ _
2 , 3 , 7 , 8 - T C D D W a t e r Q u a l i t y D r i n k i n g W a t e r I n g e s t l o n o f c o n t a m i n a t e d w a t e r E P A , F e d e r a l R e g i s t e r

C r i t e r i a 1 . 3 x 1 0 ~ u g / l 1 0 ~ C a n c e r R i s k a n d c o n t a m i n a t e d a q u a t i c o r g a n i s m s . ( F e b . 1 5 , 1 9 6 4 )
D r i n k i n g W a t e r ( E x t r a p o l a t e d )

1 . 3 x 1 0 u g / l 1 0 C a n c e r R i s k
1 . 3 x 1 0 " 8 u g / l 10~6 C a n c e r R i s k
I . S x I O " 9 u g / l I O " 7 C a n c e r R i s k

D £ R / O M - 8 - T A B ( 1 3 >
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TABLE 8-M
P O T E N T I A L P A T H W A Y S F O R C O N T A M I N A N T M I G R A T I O N

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

T r a n s p o r t ' E x p o s u r e
____Med i urn________
A i r

E x p o s u r e P o i n t

G r o u n d W a t e r

. S u r f a c e W a t e r

On-s i t e ( e . g . , e x p o s u r e t o p l a n tpersonnel or r e m e d i a t i o n worker s)
N e a r e s t r e s i d e n c e to sourceN e a r e s t p o p u l a t i o n magnet ( e . g . ,s h o p p i n g center, s choo l , indus-t r i a l p a r k )
Other r e s i d e n c e / p o p u l a t i o n atp o i n t o f h i g h e s t c o n c e n t r a t i o n1,000 f e e t f r o m a u n i t boundary
to a r e c e p t o r
On-s i t e ( e . g . , worker e x p o s u r e ort r e s p a s s s c e n a r i o )
I m m e d i a t e l y a d j a c e n t t o s i t e ( i fs i t e i s r e s t r i c t e d )
N e a r e s t c r o p l a n d
N e a r e s t p o t a b l e w e l l ( p r i v a t eo r p u b l i c )
N e a r e s t a g r i c u l t u r a l w e l l
N e a r e s t w e l l f o r o ther uses
( e . g . , i n d u s t r i a l )
W i t h d r a w a l p o i n t f o r p o t a b l e u s e
W i t h d r a w a l p o i n t f o r a g r i c u l t u r a luse
W i t h d r a w a l p o i n t f o r o t h e r uses
( e . g . , i n d u s t r i a l )
N e a r e s t p o i n t f o r s w i m m i n g / c o n t a c ts p o r t s
Neare s t p o i n t f o r f i s h i n g
S u r f a c e wa t er body c l o s e s t to a
hazardous waste f a c i l i t y

E x p o s u r e Route
I n h a l a t i o n
I n h a l a t i o n
I n h a l a t i o n

I n h a l a t i o n
I n h a l a t i o n

D e r m a l , i n g e s t i o n
D e r m a l , inge s t i on
I n g e s t i o n ( f o o d )
I n g e s t ion, dermali n h a l a t i o n
I n h a l a t i o n , i n g e s t i o n( f o o d ) , dermal
I n h a l a t i o n , dermal

I n g e s t i on, d e r m a l ,
i n h a l a t i o n

I n h a l a t i o n , i n g e s t i o n
( f o o d ) , dermal

I n h a l a t i o n , dermal
I n g e s t i o n , d ermal
I n g e s t i o n ( f o o d )
I n g e s t i o n , dermal

i n h a l a t i o n

source: E P A ( 1 9 8 6 )

; O . ' O M - 8 - T A B ( 4 :
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T A B L E 8 - 5
N O N - C A R C I N O G E N I C

R I S K C H A R A C T E R I Z A T I O N F O R
D E R M A L C O N T A C T A N D ORAL I N G E S T I O N

S O I L E X P O S U R E V I A T R E S P A S S A N D
R E S I D E N T I A L S C E N A R I O S

O L D M I D L A N D P R O D U C T S S I T E
O L A . A R K A N S A S

E X P O S U R E S C E N A R I O
1 . 2 Y e a r I I m l t e d

t r e s p a s s b y
1 1 - 1 2 y e a r o l d

C H E M I C A L

P O P

I N T A K E
P A T H W A Y

o r a l I n g e s t l o n
d e r m a l a b s o r p t i o n

t o t a l

C H E M I C A L
C O N C E N T R A T I O N

H G ( C H E M ) / K G ( S O I L )

C D I «
M G ( C H E M I C A L ) /

K G ( B O D Y W E I G H T )
D A Y

A D I " » / B O O Y W E I G H T
M G ( C H E M I C A L ) /

K G ( B O D Y W E I G H T )
D A Y

9 . 5 8 9 8 0.0378 x 10"*
0.5464 x 10~6

0.5842 x 10~6

30.0 x I O " 3

30.0 x 10~S

30.0 x 10~3

G D I A S * O F
A D I / B O D Y W E I G H T

G D I ( I Q O t )
A P I / B O D Y W E I G H T

0.0001*,
0.0018*
0.0019*

P h e n a n t h r e n e o r a l I n g e s t l o n
d e r m a l a b s o r p t i o n

t o t a l
1 0 9 . 9 6 2 4 0.4334 X 10

6 . 2 6 5 7 x
6 . 6 9 9 1 x

r 6

-6
6.0 X
6.0 x
6.0 X 10

,-3
-3,-3

0.0072*
0.1044*
0 . 1 1 1 7 *

2. R e s i d e n t i a l
S o l l - l I f e t l m e

P C P o r a l I n g e s t l o n
d e r m a l a b s o r p t i o n

9.5898 9 . 4 5 5 5 x I O " 6

n o t c a l c u l a t e d
30.0 X 40 -3 0 .0315

n o t c a l c u l a t e d

P h e n a n t h r e n e o r a l I n g e s t l o n
d e r m a l a b s o r p t i o n

1 0 9 . 9 6 2 4 -61 0 8 . 4 2 2 9 x 10
n o t c a l c u l a t e d

6.0 X 10 -3 1.8070
n o t c a l c u l a t e d

N O T E S :
* G D I , d a l l y c h e m i c a l I n t a k e b a s e d o n e x p o s u r e s c e n a r i o .
* * A D ! , a c c e p t a b l e d a l l y I n t a k e .
D E R / O M - 8 - T A B 1 8 )
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TABLE 8-6
P R E D I C T E D G R O U N D M A T E R C O N C E N T R A T I O N S

A T D O M N G R A D I E N T O B S E R V A T I O N P O I N T S
F O R N A P H T H A L E N E A N D P E N T A C H L O R O P H E N O L

C U > N I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

P O I N T S O U R C E
L O C A T I O N

7 O n - S I t e
Lagoons

7 O n - S i t e
Lagoons

7 O n - S I t e
Lagoons

D I S T A N C E ( F T . ) F R O M P O I N T
S O U R C E T O O B S E R V A T I O N

P O I N T D O W N G R A O I E N T

4 0 0 ( M r . N l e l y ' s N e l l )
1,080 ( P r o p e r t y B o u n d a r y )
1,950 ( M r s . Barnas W e l l )

4 0 0 ( M r . N l e l y ' s W a l l )
1,080 ( P r o p e r t y B o u n d a r y )
1,950 ( M r s . Barnes W e l l )

4 0 0 ( M r . N l e l y ' s W e l l )
1,080 ( P r o p e r t y B o u n d a r y )
1,950 ( M r s . Barnes W e l l )

R E T A R D A T I O N F A C T O R
U S E D I N C O M P U T E R

G R O U N D W A T E R MODEL
, ( 2 )
, ( 2 )
, ( 2 )

41

( 3 )
( 3 )
( 3 )

, ( 2 )
, 1 2 )
, ( 2 )

M A X I M U M < T O T A L
C O N C E N T R A T I O N R A N G E

A S S U M I N G V A R I O U S D I S P E R S I O N
C O E F F I C I E N T S ( M 2 / D A Y )

0.08
88
64
51

3.09
1.8
1.3

88
64
51

0.32
62
38
27

1.78
0.96
0.69

62
38
27

0.64
52.
29
21

1.44
0.73
0.51

52
29
21

P R E D I C T E D L E A C H A T E
C O N C E N T R A T I O N S

I N P P M

0.4103( 4 )

0.4103 1 4 '
0 . 4 1 0 3 ' 4 '

0.4103{ 4 )

0 . 4 I 0 3 | J J
0.4103( 4 )

1.372;;;
I . 3 7 2 1 4 '
l . 3 7 2 ( 4 )

M A X I M U M G R O U N D W A T E R C O N C E N T R A T I O N
( P P B ) A T O B S E R V A T I O N P O I N T A S S U M I N G

V A R I O U S D I S P E R S I O N C O E F F I C I E N T S ( M 2 / D A Y )
0.06

361
262
209

13.0
7.4
5.3

1,207
878
699

0.32

253
156
1 1 1

7.3
4.0
2.8

850 ,
521
370

0.64
213
119

86

6.0
3.0
2.1

713
398
286

N O T E S ! ( 1 )
( 2 )
( 3 )
( 4 )
( 5 )
( 6 )

Based upon a computer e v a l u a t i o n of one d i m e n s i o n a l c o n t a m i n a n t t r a n s p o r t .
R e t a r d a t i o n f a c t o r o f 1 (No A t t e n u a t i o n ) was used as a worse case s c enario for n a p h t h a l e n e and p e n t a c h l o r o p h e n o l .
R e t a r d a t i o n f a c t o r o f 4 1 w a s c a l c u l a t e d f o r n a p h t h a l e n e ( c o n s e r v a t i v e e s t i m a t e ) .
P r e d i c t e d l ea cha t e c onc en tra t i on s were c a l c u l a t e d based upon e x i s t i n g lagoon labora tory data f or n a p h t h a l e n e and p e n t a c h l o r o p h e n o l ,A r e t a r d a t i o n f a c t o r ( c o n s e r v a t i v e e s t i m a t e ) w a s n o t c a l c u l a t e d f o r p e n t a c h l o r o p h e n o l ,
t 50 years ,

n r » / < M - K - T A H ( 7 t
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TABLE 8-7
S T R E A M S E D I M E N T A N D W A T E R C O N C E N T R A T I O N S

V S . A Q U A T I C T O X I C I T Y O F I N D I C A T O R C H E M I C A L S
O L D M I D L A N D P R O D U C T S S I T E

O L A , A R K A N S A S

t J U I C A T O R
: U E M I C A L

H I G H E S T
S E D I M E N T

C O N C E N T R A T I O N
( M G / K G )

9.5
5.1

H I G H E S T
W A T E R

C O N C E N T R A T I O N
( U G / L )

12
N D

T O X I C I T Y
C O N C E N T R A T I O N

F O R A Q U A T I C O R G A N I S M S
( U G / L ) _ _ _ _ _

55 and 32 ( 1 )
300 ( 2 )

A M B I E N T
W A T E R

Q U A L I T Y
C R I T E R I A

1.01 mg/1
0 ( 2 . 8 n g / l ) ( 3 )

770
2630( p h e n a n -

t h r e n e )

1 )
2 )
3 )

A c u t e a n d chronic c o n c e n t r a t i o n s f o r f r e s h w a t e r a q u a t i c l i f e .
V a l u e p r e s e n t e d i s t h e lowes t observed adverse e f f e c t l evel r e p o r t e d f o r s a l t w a t e r organisms.
N o f r e s h water organi sm da ta were f o u n d i n t h e l i t e r a t u r e .
C o r r e s p o n d s t o m i d p o i n t o f r i sk range f o r car c inogen s .

. E F E R E N C E S :
_ P A ( O c t o b e r - 1 9 8 6 )
I P A ( M a y 1 9 8 6 )
. E K / O M - 8 - T A B H )
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TABLE 8-8
F E A S I B I L I T Y S T U D Y O B J E C T I V E S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

P A T H W A Y :
O B J E C T I V E :

P A T H W A Y :
O B J E C T I V E :

Ground W a t e r
P r o t e c t u n c o n t a m i n a t e d ground water f o r f u t u r e use, m i n i m i z i n gm i g r a t i o n and spread o f c on taminant s w i t h i n the a q u i f e r .

Lagoon W a s t e s
M i n i m i z e l o n g term thr ea t to human h e a l t h and the environment.

P A T H W A Y :
O B J E C T I V E :

P A T H W A Y :
O B J E C T I V E :

P A T H W A Y :
O B J E C T I V E :

P A T H W A Y :
O B J E C T I V E :

S o i l
M i n i m i z e l o n g t erm thr ea t t o human h e a l t h and the environment .

S u r f a c e W a t e r
M i n i m i z e l o n g term thr ea t to human h e a l t h and the environment.

Drainageway S e d i m e n t s
M i n i m i z e l o n g term t h r e a t to human h e a l t h and the environment .

A i r -
P r o t e c t i o n o f p o t e n t i a l workers on- s i t e .

D E R / O M - 8 - T A B ( 1 0 )
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TABLE 9-.1
S U M M A R Y O F L A G O O N S E D I M E N T S T A B I L I Z A T I O N T E S T R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

- - W E I G H T R A T I O O F M I X A G E N T —
T O L A G O O N S E D I M E N T

F L Y
L A G O O N A S H

1 0.6
0
0

.3.4
0

2 ' , . i . 2
0
0

0.150.2
0

3 o . f c0
0

u.4
0.30

4 o.2
0
0

u.3
0.25 0

5 U.2
0
0

0.30.2
0

6 .4
0
0

u.3n.4
0

C E M E N T
K I L N
D U S T
0.6
1.0

CT
0
0

0.8
0.1
0.30

0.150.20
0

0.4
0.70

0
0

1.0
0.1
0.50

0
0

0.2
0.6

0.95 0
0
0

0.9
0.2
0.6

0
0
0

0.75

E Q U I L I B R I U M
P E N E T R O M E T E R

L I M E
0
0

0.6
0.3
0.50

0
0

0.30.150.10 0
0
0

0.8
0.6
0.6

0
0

0.160.6
0.30.60

0
00.6

0.50.4
0
0
00.6

0.30.35 0

W A T E R
0
0
0
0
0
0.

0.1
0.1

0.15 0
0.1

0.05
0

0.05
0.05

. 0.1
0.1
0.1

0.06
0.10
0.36
0.220.44
0.06

0
0
0

0.1
0
0
0
0

0.050
0
0

V A L U E
0.3
0.30

0
0

1.2
1.8
1.3
1.31.61-31 - 3
0.300
0.30
0.5
4.31.50
4.54.5
4.5
2.52.0

0
1.0
0

2.3
1.5
1.50
0

1.32.5

S H E A R
S T R E N G T H
( T S F K

0.08
0.08

0
0
00.38

0.580.40
0.400.480.40
0.40
0.08

0
0

0.08
0

0.15
1.330.4601.501.501.50
0.780.62

0
0.310
0.70
0.460.460

00.40
0.78

D E S C R I P T I O N
V e r y S o f tV e r y S o f tV e r y S o f tV e r y S o f t
V e r y S o f tF i r m

S t i f f
F i r m
F i r m
F i r m
F i r m
F i r m

V e r y S o f t
V e r y S o f t
V e r y S o f t
V e r y S o f t
V e r y S o f t

S o f t
V e r y S t i f f

F i r m
V e r y S o f t

H a r dH a r d
H a r d

S t i f f
S t i f f

V e r y S o f t
F i r m

V e r y S o f t
S t i f f

F i r m
F i r m

V e r y S o f t
V e r y S o f t

F i r m
S t i f f

T I M E ( H O U R S )
T O A C H I E V E

E Q U I L I B R I U M
S T R E N G T H

4646
N A ^ '
N A
N A

4
22
20
20
24
2620
48
N A
N A
48
N A48
3070
N A
24
22
92
4848
N A6
N A
48
4646N A
N A4646
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TABLE 9-1( C o n t i n u e d )

L A G O O N
F L Y
A S H

C E M E N T
K I L N
D U S T L I M E W A T E R

0.1
0
0

0.150.2
0

0.05
0.30

0
0

0.2

0
0

0.3
0.15

0.1
0

0
0.1
0.1

0.150.1
0.1

E Q U I L I B R I U M S H E A R
P E N E T R O M E T E R S T R E N G T H

V A L U E ( T S F ) '
0.8
0.8

0
1.2
1.71.0

0.24
0.24

0
0.38
0.54
0.31

D E S C R I P T I O N
S o f t
S o f tV e r y S o f tF i r m
F i r m
F i r m

T I M E ( H O U R S )
T O A C H I E V E

E Q U I L I B R I U M
S T R E N G T H

20
4

N A
18
184

( 1 ) T S F - T o n s p e r Square F o o t .
( 2 ) N A - N o t A p p l i c a b l e .

D E R / O M - y - T A B
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T A B L E 9 - 2
S U M M A R Y O F C A R B O N T R E A T A B I L I T Y T E S T R E S U L T S

O L D M I D L A N D P R O D U C T S S I T E
O L A , A R K A N S A S

n i i i n
L a g o o n N o . 1 a n d N o . 3

L a g o o n N o . 2 a n d N o . 7

C , m g / lv , i( C ) V , m g
X , m g

X / M , m g / g

C , m g / l
V , 1

( C ) V , m g
X , m g

X / M , m g / g

0.12 <0
0.5 0

<0
0
1

0.28 0
0.4 0

0
0
2

.002

.5

.001'

.060

.2

.0050

.4

.0020

. 1 1

.1

<0
0

<0
0
0

<0
0

<0
01

.002

.5

.001

.060

.60

.002

.4

.001.11 •.1

<0.002
0.5

<0.001
0.060
0.30

<0.002
0.4

<0.001
0.11
0.52

<0.002
0.5

<0.001
0.060
0.12

<0.002
0.4

<0.001
0.11
0.22

0.002
0.5

<0.001
0.060
0.060

<0.002
0.4

<0.001
0.11
0.11

<0.002
0.5

<0.001
0.060
0.030

<0.002
0.4<o.oor
0.11
0.055

<0.002
0.5

<0.001
0.060
0.012

<0.002
0.4

<0.001
0.11
0.022

<0,002
0.5

<0.001
0.060
0.0060

<0.002
0.4

<O.C01
0.11
0.011

<0.002
0.5

<0.001
0.060
0.0030

<0.002
0.4

<0.001
0.11
0.0054

L a g o o n No. 5 and No. 6 C , m g / l <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Mon i tor i ng We I I 3S
G r o u n d W a t e r

C , m g / l
V , I

( C ) v ; m g
X , m g

X / M , m g / g

2.2
0.5
0.96

0.28
0.5
0.14
1.1
19

<0.002
0.5

<0.001
1 . 1
11

<0.002
0.5

<0.001
1 . 1
5.5

<0.002
0.5

<0.001
1 . 1
2.2

<0.002
0.5

<0.00l
1 .1
1 .1

<0.002 <0.002
0.5 0.5

<0.001 <0.001
1 . 1 1 . 1
0.55 0.22

<0.002 <0.002
0.5 0.5

<0.001 <0.001
1 . 1 1 . 1
0.11 0.055

D E R / O M - 9 - T A B ( 3 )
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T A B L E 9 - 2
( C o n t i n u e d >

S A M P I F F l I I i n

M o n i t o r W e I I 3 S a n d 1 1 S
g r o u n d w a t e r ( 1 to 2
r a t i o i

C
( C )

X / M

, m g / i
V , IV , m g •

X , m g '
, m g / g

1.9 0.056 '
0.5 0.5

0.028
0.92
1 8 '

<0.002
0.5

<0.001
0.95
9.5

<0.002
0.5

<0.001
0.95
4.8

<0.002
0.5

<0.001
0.95
1.9

<0.002
0.5

<0.001
0.95
0.95

<0.002
• 0.5
<0.001

0.95
0.48

<0.002
0.5

<0.001
0.95
0.19

<0.002
0.5

<0.001
0.95
0.095

<0.002
0.5

<0.001
0.95
0.048

M o n i t o r Well 3S and C, m g / l 1.5 <0.002 <0.002 <0.002 <0.00? <0.002 <0.002 <0.002 <0.002 <0.002
1 I S g r o u n d w a t e r ( 1 t o
2 r a t i o )

V , 1
( C ) V , m g

X , m g
X / M , m g / g

0.5 0.5
. <0.001

0.75
15

0.5
<0.001

0.75
7.5

0.5
<0.001

0.75
3.8

0.5
<0.001

0.75
1 .=•

0.5
<0.001

0.75
0.75

0.5
<0.001

0.75
0.38

0.5
<0.001

0.75
0.15

0.5
<0.001

0.75
0.075

0.5
<0.001

0.75
0.038

M e t h o d : A S T M D3860, E P A M e t h o d 6 0 4
N O T E S : C=PCP c o n c e n t r a t i o n , X = P C P a d s o r b e d , ( C ) V = P C P r e m a i n i n g i n s a m p l e , V = F l u i d V o l u m e i n I , M = w e i g h t o f Carbon used.

D E R / O M - 9 - T A B < 4 )
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M A N A G E M E N T

j ® 1984 I T C O R P O R A T I O N -J A L L C O P Y R I G H T S R E S E R V E D

S I T E L O C A T I O N M A P
O L D M D L A N D P R O D U C T S S F T E

O L A , A R K A N S A S
P R E P A R E D F O R

A R K A N S A S D E P A R T M E N T O F
P O L L U T I O N C O N T R O L A N D E C O L O G Y

... Creating a S a f e r Tomorrow
"Do Not S c a l e T h i s Drawing"
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Jr

V^t^ T°
ĉ->. Hot Springs

S * ^ ^ T W ' ~c?£":?t7\M^i^ T° ">"?*"•\ -^ "^^m&r™**

M I L E S

FIGURE 2-1
P O P U U \ 7 I O N M A P

O L t ) M I D L A N D P R O D U C T S S I T E
. O L A , A S K A N S / ^ " J

' P R E P A R E D K O H • - ' '
A R K A N S A S D S P A H T M E N T ' O F

POLLU110N C O N T R O L AMD EC^OLOSY- - • • •• - ,-M ••'• '

1984 I T C O R P O R A T I O NA L L C O P Y R I G H T S R E S E R V E D
f

... Creating, a .Safer Tomorrow^
" D o N o l S c a l e T h i s Drawing
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•—'- • — — P H O P E H T T L I N E• • • • C M A I H L I N K F I N C I
— — — • - M H I I D W 1 H I F I N U '

C H A I K U N N I K E S H E WD 1 K O I M I D 1 0 I L A M *
O L D ; } l ^ l p L A l S | ) ] f | | R O D U C T S ; : - S I T E

O L A , A R K A N S A S

" LAGOON LOCATION MAP
OLA. ARKANSAS

O L D M I D L A N D F M B U C T 1 S I T C
P R ( M J I t e ' O H

A R K A N S A S D E P A R T M E N T O FP O L L U T I O N C O N T R O L A N D EC3LOGT
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FIGURE 2-2
S I T E F A C I L I T I E SA N D S T R U C T U R E SC H A I N L I N K TltKtI A R I E O W I K E Htta— W 1 C O N T O U R L I K EC H » I M L I N K F I K C E N E WB i t e e i M E o * o i L A R E A

O L D M I D L A H D M O B t K T I I I T C
PM

A R K A N S A S D E P A R T M E N T O F
P O L L U T I O N C C N T R O L A N D ECOLOOr

O L D M I D L A N D S P R O D U C T S S I T E
O L A , A R K A N S A S
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N O R T H E A S T S O U T H E A S T
4+OON4+00 W 3+40 N5+21 W

365

350

> 345
£u.z
fe 340s

335 -

330

G R O U N D S U R F A C E

F e N O D U L E S
I f l ' E

i S 6 8 E

— W E A T H E R E D S H A L E
.480 N H W 4 B ° E

B O T T O M O F T R E N C H

5 FT

L E g E H D
) G R O U N D W A T E R S E E P A G E O B S E R V E D A TT H I S P O I N T D U R I M S E X C A V A T I O N .
E M E A S U R E D D I R E C T I O N A N D D I P O P B E O D I N 9* P L A N E A T T H I S L O C A T I O N

T H E T O M S E C T I O N S K E F f i E S G f T I H T E R P R E T A T I C M S H U E F R O M F I E L DD A T * C O L L E C T E D F R O M H I T H I H T H E E X C A V A T E D T R E N C H E S ( T R E N C H I M OTUKH 2) MB FROM OBSERVATIONS MDE FROH THE SURFACE ADJACEXT TOT H E T R E N C H E S ( T R E N C H E S 2 A N D 3 ) . G f t O U K O S U R F A C E E L E V A T I O N S S H O W. M E F f t E T A E K H l W E L E V A T I O N S .
V E R T I C A L S C A L E

— — I 3 3 5

350

345 *

340

339

330

I S F T
H O R I Z O N T A L S C A L E S

1 « 4 I T C O R P O R A T I O NA L L C O P Y f l l G H T S R E S E R V E D

F I G U R E 4 - 3
T R E N C H I C R O S S - S E C T I O NR E M E D I A L I N V E S T I G A T I O N R E P O R TO L D M I D L A N D P R O D U C T S S I T E

P R E P A R E D F O R
A R K A N S A S D E P A R T M E N T O F

P O L L U T I O N C O N T R O L A N D E C O L O G Y

, . . C i w t l n f f a S a f e r Tomorrow
D o N e l S c t t t T h u D r t w i n f l
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390
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340

335
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5 P T
V E R T I C A L S C A L E
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T H E T R E N C H S E C T I O N S R E P R E S E N T I N T E R P R E T A T I O N S H A D E F R G H F I E L DD A T A C C U C T E D F R O H V 1 T H 1 N T H E E X C A V A T E D T R E N C H E S ( T R E N C H 1 A N DT R E N C H 2 } A H D F R O H O B S E R V A T I O N S H A D E F R D H T H E S U R F A C E A D J A C E N T T OT H E T R O C H E S ( T R E N C H E S 2 A N D 3 ) . G R O U N D S U R F A C E E L E V A T I O N S S H O WA R E F R E T R E N C H I H G E L E V A T I O N S .
F I G U R E 4 - 4

T R E N C H 2 C R O S S - S E C T I O NR E M E D I A L I N V E S T I G A T I O N R E P O R TO L D M I D L A N D P R O D U C T S S I T E
P R E P A R E D F O R

A R K A N S A S D E P A R T M E N T O F
P O L L U T I O N C O N T R O L A N D E C O L O G Y

a S a f e r T o m o r r o w

thunter
001430



Ed8
hU
C•t

1S ?;
I
c

i»
i,

£G
m •

i f e

I

N O R T H E A S T S O U T H E A S T

505

350

~ 848inuu.
X

6> 5405 -w

536

330

1 M 4 I T C O R P O RA L L C O P V R I Q H 1

I + 54N 0+62H4+47 W 3+66 W
G R O U N D S U R F A C E

——————————————————— - ———————— ̂ ~~~~*-—^__2 ^-r-£ I/ —/ */ / / ^ / */ /^ / / ^
' - ^ i —— * * n NODULES —— _» —— -O"^^/ / , /

*̂""̂ -i "*-/ X"^X^1^—— C. —— ^
"̂ *— — --

— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — W E A T H E R E D S H A L E — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
1

-

— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — • — — — — — — — — — B O T T O M O F T R E N C H — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

~̂~~̂  "

N O T E 1 ! W E A T H E R E D S H A L E B E C O M I N G L E S SW E A T H E R E D T O T H E N O R T H E A S T

F I G U R E 4 - 5T H E T R E N C H S E C T I O N S R E P R E S E K T J H T E f t M E T A T I O N S H A D E F R O H F I E L DD A T A C O L L E C T E D F W H M I T H I N T H E E X C A V A T E D T R E N C H E S ( T R E K H 1 A K O T R E N C H 3 C R O S S - S5 0 5 F T T R E N C H 2 ) A M ) F R O M O J S E R V A T I O N S K A D E F R O H T H E S U R F A C E A D J A C E N T T O R E M E D I A L I N V E S T I G A T I O N1 , i i n i i-̂ =̂a T H E T R E N C H E S ( T R E H C H E S 2 A W J ) . G f f l W C S U R F A C E E L E V A T I O N S S H O W 01.0 M I D L A N D P R O D U C TV E R T I C A L S C A L E A R E R E T R E N C H I N G E L E V A T I O N S . P R E P A R E D F O R
' . A R K A N S A S D E P A R T M

H O R I Z O N T A L S C A L E

"RESERVED ' "J . . . Cr«t ln 0 a Safe

399

350

34S 5
u,3
o

340 |
UJ

335

330

E C T I O N
R E P O S TS S I T E

: N T O F
3 E C O L O G Y

i Tomorrow

thunter
001431



CH
ECK

ED 
BY

 
IJ

JQ
 

)O
7A

)T
/r7|

DR
*Vi

nN
O

i»/

IIf 
V'V

fi V
 

"4»
 

r V
 !••

 'J
r ,

I 
:§

••
 ;-s

 
;S/

 / 
«5* 

«B
 

3, 
.0*

1 
IT 

r~ 
of 

'
k^

r-^
-j 

1*
 •

 $.
 '

. ^M
 ^

 /
 

-.
^ 

z 
o 

/ 
/Sh

 *
 rV

'-. 
T 

^ 
I ' 

- 
_ 

i 
• 

•
i 

$• 
^'K

-(,
^-.T

 
-̂*

r 
5 /

 
£• 

- n; 
?

I 
J ,

- -
 -

g"  
r ?j

.3kS
«>a

li ; 
' • 

• 
/ 

l/l
* 

^--
— 

s _
_

& »-o
 ^^i

.-^'-i
\5' 

HT-
'^j,)-

 &-
---- 

-. J' 
• -ir

*s  (
7^ 

•""
' 

SS
 

;- 
-̂ŷ
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L E G E N D
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1 S O C O N C E N T R A T I O NC O N T O U R M A P O F P C P
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M I M R E O "ON
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L E G E N D
— ••—— F H Q F C H T Y U N E— • — — - C H A I N L I N K F E N C E— i — — * - I A R B E D W I N E F E N C E
— « • — C O N T O U R L 1 N I— — — — C N A I H U N K F C N C t N E WC n Z r . D l l C O L O H t D 9011. A M E A

• P I E I O W E T E R / M O N I T O R W E L L / B O S I N I S

I . E L E V A T I O N I N '111 ( M S L )
t . C O N T O U R I H T I R V A b • I F T .
3, CONTOUR* BASED OH D E E P > f t MW• H O U N D W A T E R E L E V A T I O N !

F I G U R E 4 - 6C O N T O U R M A P O FG R O U N D W A T E R E L E V A T I O N S ( r i - l B - 8 6 )DEEP A Q U I F E RH C M C D I A L I N V E B T I Q A T I O NO L D N I O L A H D P R O D U C T S B I T EP R E P A R E D r a n
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