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ln-situ l e a c h i n g  of c o n t a m i n a t e d  soil a n d  g r o u n d  w a t e r  

Le le s s iv a g e  in -s itu  d e s  s o ls  c o n ta m in é s  p a r l’eau  du  so l

H .G .LA N D A U , P h.D ., P.E., P re s id e n t, Landau A sso c ia te s , Inc., E dm onds, W ash in g to n , U SA  

W .J.E N K E B O LL, P.E., V ice  P res id en t, Landau A sso c ia te s , Inc., E dm onds, W ash in g to n , USA

S Y N O P S I S :  G r o u n d  w a t e r  w i t h d r a w a l  a n d  t r e a t m e n t  i s  c o m m o n l y  u s e d  a s  a  m e t h o d  o f  r e m e d i a t i o n  a t  

S u p e r f u n d  s i t e s  i n  t h e  U n i t e d  S t a t e s .  T h i s  p a p e r  d e s c r i b e s  t h e  t h e o r e t i c a l  b a s i s ,  l a b o r a t o r y  

t e s t i n g ,  a n d  e n g i n e e r i n g  a n a l y s e s  a p p l i e d  t o  t h e  e x t r a c t i o n  a n d  t r e a t m e n t  o f  c o n t a m i n a t e d  g r o u n d  

w a t e r ,  a n d  t h e  f l u s h i n g  o f  c o n t a m i n a t i o n  f r o m  s i t e  s o i l  b y  g r o u n d  w a t e r  e x t r a c t i o n ,  a t  t h e  W e s t e r n  

P r o c e s s i n g  s i t e  i n  K e n t ,  W a s h i n g t o n .  T h e  a p p r o a c h  d e s c r i b e d  i s  u s e f u l  a s  a  g u i d e l i n e  f o r  o t h e r  

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

I N T R O D U C T I O N

W e s t e r n  P r o c e s s i n g  i s  a  f o r m e r  h a z a r d o u s  w a s t e  

m a n a g e m e n t  f a c i l i t y  l o c a t e d  s o u t h  o f  S e a t t l e ,  

W a s h i n g t o n ,  U . S . A .  T h e  f a c i l i t y  o p e r a t e d  f r o m  

1 9 6 1  t o  1 9 8 2  a s  a  p r o c e s s i n g ,  r e c y c l i n g ,  a n d  

t r a n s f e r  p o i n t  f o r  c o n t a m i n a t e d  m a t e r i a l s  

g e n e r a t e d  b y  o v e r  4 0 0  p u b l i c  a n d  p r i v a t e  

o r g a n i z a t i o n s .  D u r i n g  t h i s  p e r i o d ,  s p i l l s ,  

l e a k a g e  f r o m  i m p o u n d m e n t s ,  a n d  s l u d g e  d i s p o s a l  

c a u s e d  c o n t a m i n a t i o n  o f  a n  a d j a c e n t  s t r e a m  

( M i l l  C r e e k )  a n d  t h e  u n d e r l y i n g  a l l u v i a l  

a q u i f e r .  R a t e d  a m o n g  t h e  5 0  m o s t  c o n t a m i n a t e d  

s i t e s  i n  t h e  U n i t e d  S t a t e s  u n d e r  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 r  S u p e r f u n d ) , 

W e s t e r n  P r o c e s s i n g  w a s  o n e  o f  t h e  f i r s t  S u p e r ­

f u n d  s i t e s  w h e r e  w a s t e  g e n e r a t o r s  a n d  t r a n s ­

p o r t e r s  t o o k  t h e  l e a d  i n  a l l o c a t i n g  f i n a n c i a l  

r e s p o n s i b i l i t y ,  d e v e l o p i n g  a  c l e a n u p  p l a n ,  a n d  

a c c o m p l i s h i n g  t h e  c l e a n u p .

T h e  r e m e d i a l  p r o g r a m  a t  W e s t e r n  P r o c e s s i n g  

i n c l u d e s :  r e m o v a l  o f  s u r f i c i a l  w a s t e  p i l e s ,  

t a n k s ,  d r u m s ,  a n d  o t h e r  f a c i l i t i e s ;  r e m o v a l  o f  

h i g h l y  c o n t a m i n a t e d  b u r i e d  m a t e r i a l s ;  c o n s t r u c ­

t i o n  o f  a  " h a n g i n g "  s o i l - b e n t o n i t e  s l u r r y  w a l l  

a r o u n d  6 6 , 7 0 0  s q u a r e  m e t e r s  o f  t h e  m o s t  c o n ­

t a m i n a t e d  m a t e r i a l ;  i n s t a l l a t i o n  o f  a  g r o u n d  

w a t e r  e x t r a c t i o n  s y s t e m ;  c o n s t r u c t i o n  o f  a n  

i n f i l t r a t i o n  s y s t e m  t o  r e i n j e c t  w a t e r  a n d  

l e a c h i n g  s o l u t i o n s  t o  e n h a n c e  t h e  r e m o v a l  o f  

s o i l  c o n t a m i n a t i o n ;  c o n s t r u c t i o n  o f  a  g r o u n d  

w a t e r  t r e a t m e n t  f a c i l i t y ;  c l e a n u p  o f  a  s e p a r a t e  

p l u m e  o f  o r g a n i c  c h e m i c a l  c o n t a m i n a n t s  l o c a t e d  

o u t s i d e  t h e  c o n f i n e s  o f  t h e  s l u r r y  w a l l ;  a n d  

s u r f a c e  w a t e r  a n d  g r o u n d  w a t e r  m o n i t o r i n g  t o  

e v a l u a t e  c l e a n u p  p r o g r e s s  a n d  v e r i f y  l o n g - t e r m  

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

p a p e r  f o c u s e s  o n  t h e  d e s i g n ,  c o n s t r u c t i o n ,  a n d  

o p e r a t i o n  o f  t h e  e n h a n c e d  l e a c h i n g  s y s t e m  w h i c h  

i s  c o m p o s e d  o f  t h e  s l u r r y  w a l l ,  w e l l  p o i n t s ,  

a n d  i n f i l t r a t i o n  s y s t e m .

B A C K G R O U N D

D u r i n g  o p e r a t i o n ,  W e s t e r n  P r o c e s s i n g  r e c e i v e d  

w a s t e  m a t e r i a l s  c o n s i s t i n g  o f  e l e c t r o p l a t i n g  

s o l u t i o n s ,  p i c k l e  l i q u o r ,  o i l s ,  b a t t e r y  a c i d s ,

s t e e l  m i l l  f l u e  d u s t ,  s p e n t  s o l v e n t s ,  p a i n t s ,  

a n d  z i n c  d r o s s  f r o m  i n d u s t r i a l  g e n e r a t o r s .  

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  i n c l u d 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  ( V O C s )  -  c h l o r o f o r m ,  c i s  

a n d  t r a n s  1 , 2  d i c h l o r o e t h e n e ,  m e t h y l e n e  

c h l o r i d e ,  t o l u e n e ,  a n d  t r i c h l o r o e t h a n e ;  m e t a l s

-  z i n c  a n d  c a d m i u m ;  s e m i - v o l a t i l e s  -  p h e n o l  a n d  

v a r i o u s  p h e n o l i c  c o m p o u n d s .

B y  A u g u s t  1 9 8 8 ,  s o m e  h i g h l y  c o n t a m i n a t e d  

b u r i e d  m a t e r i a l s  h a d  b e e n  r e m o v e d ,  c o n s t r u c t i o n  

o f  t h e  g r o u n d  w a t e r  e x t r a c t i o n  a n d  i n f i l t r a t i o n  

s y s t e m  a n d  t r e a t m e n t  f a c i l i t i e s  w a s  c o m p l e t e ,  

a n d  t h e  s l u r r y  w a l l  w a s  a b o u t  6 0  p e r c e n t  

c o m p l e t e .  A l s o ,  t h e  s y s t e m  o f  g r o u n d  w a t e r  

m o n i t o r i n g  w e l l s  a n d  t h e  s u r f a c e  w a t e r  m o n i t o r ­

i n g  p o i n t s  h a d  b e e n  e s t a b l i s h e d  a n d  s a m p l e d .  

T h e  g r o u n d  w a t e r  e x t r a c t i o n  s y s t e m  h a d  b e e n  

t e s t e d  a n d  w a s  k n o w n  t o  f u n c t i o n  a s  d e s i g n e d ,  

b u t  c o n t i n u o u s  o p e r a t i o n  o f  t h i s  s y s t e m  a n d  t h e  

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

G R O U N D  W A T E R  E X T R A C T I O N  S Y S T E M

T h e  g r o u n d  w a t e r  e x t r a c t i o n  s y s t e m  ( F i g u r e  1 )  

c o n s i s t s  o f  2 0 6  w e l l  p o i n t s ,  a  p u m p i n g  s y s t e m  

t o  e x t r a c t  a n d  d i r e c t  g r o u n d  w a t e r  t o  t h e  

t r e a t m e n t  f a c i l i t i e s ,  a  s e r i e s  o f  i n f i l t r a t i o n  

t r e n c h e s ,  a n d  t h e  a s s o c i a t e d  p i p i n g .  W e l l  

p o i n t s  w e r e  i n s t a l l e d  t o  a  d e p t h  o f  9  m  u s i n g  

a i r  r o t a r y  d r i l l i n g  e q u i p m e n t .  T h e  w e l l  p o i n t s  

a r e  5  c m  i n  d i a m e t e r ,  s c r e e n e d  o v e r  t h e  l o w e r

1 . 5  m  w i t h  0 . 5  m m  m a c h i n e d  s l o t s ,  a n d  h a v e  2 . 5  

c m  d i a m e t e r  r i s e r  p i p e s  w h i c h  c a n  b e  r e p l a c e d  

i f  t h e y  b e c o m e  e n c r u s t e d  w i t h  i r o n  d e p o s i t s .  

C o n t i n u i n g  m a i n t e n a n c e  o f  t h e  w e l l  p o i n t s  w i l l  

i n c l u d e  p e r i o d i c  a c i d i f i c a t i o n  t o  c o u n t e r a c t  

p o t e n t i a l  i r o n  e n c r u s t a t i o n .  T h e  a n n u l u s  

b e t w e e n  t h e  w e l l  p o i n t  c a s i n g  a n d  t h e  b o r e h o l e  

w a l l  i s  f i l l e d  w i t h  w a s h e d  s a n d ,  g r a d e d  t o  a c t  

a s  a  f i l t e r  b e t w e e n  t h e  n a t i v e  s i l t y  s a n d  s o i l  

a n d  t h e  s e l e c t e d  s c r e e n  s l o t  s i z e .

T h e  w e l l  p o i n t s  a r e  v a r i a b l y  s p a c e d  t o  

a c c o u n t  f o r  d i f f e r e n c e s  i n  c o n t a m i n a n t  c o n c e n ­

t r a t i o n s  i n  t h e  g r o u n d  w a t e r .  T h e y  a r e  g r o u p e d  

i n  7  c e l l s ,  a n d  e a c h  c e l l  i s  c o n n e c t e d  b y  a  

c o m m o n  h e a d e r  l i n e .  T h e  e n t i r e  e x t r a c t i o n  

s y s t e m  i s  d e s i g n e d  t o  a l l o w  f l e x i b i l i t y  i n
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Figure 1. Western Processing Ground Water Extraction System.

operation. The flow rate from each well point 

is variably adjustable. Thus, portions of the 

site in which contaminant concentrations 

decrease rapidly can be isolated from those 

areas where cleanup is occurring at a slower 

rate.

An important part of the ground water extrac­

tion system is the slurry wall, which encloses 

all but 6 well points. The slurry wall is 

installed primarily as a ground water flow 

control device rather than for contaminant 

isolation. Although many silty layers of rela­

tively low permeability are present in the 

upper 12 m, none are continuous across the 

length and width of the site. Hence, seating 

the slurry wall in one or more of these layers 

has limited value in containing the contami­

nants present on the site. However, the slurry 

wall will restrict flow from the creek, inter­

cept preferred horizontal seepage paths caused 

by the strong horizontal anisotropy in the site 

soil, and direct relatively uncontaminated 

ground water from below a depth of 12 m through 

the contaminated zone.

The slurry wall was constructed to a depth of

12 to 13.5 meters below the ground surface 

using a backhoe fitted with an extended boom. 

The slurry backfill, with a minimum of 3.6 

percent bentonite, is designed to provide a 

maximum hydraulic conductivity of 10"7 cm/sec.

Under steady state conditions, the water 

balance for the extraction system is:

Qe = 3 p  +  Q i  + Q U  +

where

= extraction rate of ground water

Q = infiltration rate caused by 

rainfall

= induced infiltration rate

Qu = underflow rate

Qsw = the rate of ground water flow 

through the slurry wall

This water balance is shown on Figure 2 with 

the projected ground water flow patterns during 

pumping.

The ground water extraction rate is planned 

to vary between 0.006 and 0.013 m 3/sec (100 to 

200 U.S. gallons per minute). The initial total 

pumping rate will be 0.006 m 3/sec, or approxi­

mately 3 x 10~5 m 3/sec per well point. The 

treatment facility is capable of handling a 

hydraulic loading of slightly more than 0.013 

n 3 /sec, but is limited by contaminant mass 

loading capability during the initial stages of 

the cleanup. As the concentration of contami­

nants in the ground water decreases during the 

cleanup, the total extraction system pumping 

rate will be incrementally increased to accel­

GRAVEL COVER 

INFILTRATION TRENCH

VACUUM PUMPING 
FROM WELL POINTS- Qe_ TO WATER

TREATMENT PLANT

Fine to medium 
SAND

(USCS: SP/SW)

Not to  Sc a le

F ig ur e  2. Gr o und  Wate r  Ex t r a c t io n  Sy s te m  Sc he m a tic .
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erate the cleanup. The average drawdowns 

across the site during steady state conditions 

are expected to average 0.3 to 0.6 m. Draw­

downs at each well point are expected to vary 

between 1 and 2 m.

At a total pumping rate of 0.006 m 3/sec, the 

water balance is as follows:

Qe = 0.006 m 3/sec Qp = 0.001 m 3/sec

= 0.003 m 3/sec Qu = 0.002 m 3/sec

Qsw = 0.001 m 3/sec

Qp is not dependent on Qe , but Q i( Qu , and Qsw 

will vary with the drawdowns resulting from Qe .

The volume of ground water extracted will be 

accounted for in terms of pore volumes. A pore 

volume is defined as the amount of water con­

tained in the saturated soil within the 

confines of the slurry wall. For this project, 

the site area is 66,700 m 2, the saturated depth 

is 10.5 m and the porosity is estimated to be

0.30, resulting in a pore volume of about 

210,000 m 3 of ground water. At an extraction 

rate of 0.006 m 3 /sec, 0.9 pore volumes of 

ground water are removed each year.

THEORETICAL BASIS FOR CONTAMINANT FLUSHING

The potential for contaminant flushing was 

evaluated using both an analytical method that 

could be performed with a hand-held calculator 

and computer modeling using a finite element 

representation of the ground water system.

The analytical method is based on the well 

known "single cell" model represented by the 

following equation:

Ct = C0 e [in (*=*) ]T

where

= concentration at time T

CQ = initial concentration

e = expotential constant = 2.718 

R = retardation coefficient 

T = time in pore volumes

The retardation coefficient, defined as the 

ratio of the ground water flow velocity to the 

velocity of contaminant movement is the key to 

the above equation. Higher retardation factors 

indicate slower contaminant flow.

T A B L E  I

E S T I M A T E D  C O N T A M I N A N T  R E D U C T I O N  

S I N G L E  C E L L  A N A L Y T I C A L  M O D E L

C t / C C o  a f t e r  1 , 2 , 5 ,  a n d  10 P V

C o n t a m i n a n t R 1 P V 2  P V 5 P V 1 0 P V

C h l o r o f o r m 2 . 4 9 0 . 6 0 0 . 3 6 0 .  0 8 0 .  0 1

M e t h y l e n e  C h l o r i d e 2 . 0 0 0 . 5 0 0 . 2 5 0 . 0 3 0 .  0 0 1

T o l u e n e 1 5 . 1 0 . 9 3 0 . B 7 0 . 7 1 0 . 5 0

T r a n s  1 , 2  D i c h l o r o e t h y l e n e 7 . 1 9 0 . 6 6 0 . 7 4 0 .  4 7 0 . 2 2

T r i c h l o r o e t h y l e n e 5 . 4 6 0 . 8 2 0 . 6 7 0 . 3 6 0 . 1 3

P h e n o l 1 . 3 0 0 . 2 8 0 . 0 8 0 .  0 0 1 0

C a d m i u m 4 9 .  0 0 . 9 8 0 . 9 6 0 .  9 0 0 . 8 1

L e a d 3 5 , 8 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0

Z i n c 7 3  . 0 0 . 9 9 0 . 9 7 0 - 9 3 0 . 8 7

N O T E :  R  -  r e t a r d a t i o n  c o e f f i c i e n t . P V  -  p o r e v o l u m e

Table 1 summarizes the retardation coeffi­

cient and ratio of remaining concentration to 

initial concentration for various organic and 

metals contaminants estimated using the single 

cell analytical method. This indicated that 

removal of volatile organics by ground water 

flushing would be relatively effective, while 

removal of metals would be more difficult.

Detailed evaluation of the metals, as well as 

the organic chemicals, was performed using a 

two-dimensional finite element computer model, 

which accounted for boundary conditions and 

variability of soil conditions, contaminant 

concentrations and pumping rate. Computer 

model results, shown on Figure 3, suggest some­

what faster removal of metals than the analyti­

cal method, but ground water flushing for 

metals removal could nevertheless be a slow 

process.

------- 1--------1------- 1------- 1------- 1------- 1
0 1 2 3 4 5 6

PORE VOLUMES REMOVED

Figure 3. Contaminant Reduction Curves from Numerical Modeling.

Because relative solubility is the most 

important factor in the movement of metals in 

ground water, methods for increasing the solu­

bility of metals in the ground water system 

were studied. The laboratory testing described 

below provided additional data for evaluation 

of the potential for metals removal by this 

form of "enhanced" ground water flushing.

LABORATORY STUDIES

Column leach tests were performed using soil 

and ground water samples obtained from the 

site. Figure 4 shows the results from one of 

the tests. The first part of the test (up to 45 

pore volumes) was performed using water 

collected from a depth of about 15 m below the 

site surface. Previous monitoring indicated 

water at this depth to be relatively uncontami­

nated, although low concentrations of some 

metals and organic chemicals were present. The 

second part of the test consisted of applying 

water collected from the 3 to 10 m depth zone, 

which was known to contain relatively high 

concentrations of metals and organic chemicals 

and have a somewhat lower pH.

These tests indicated a relatively rapid 

decrease in concentration of contaminants in 

the leachate during the "clean water" phase of 

the test. After about 8 to 12 pore volumes, the
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PORE VOLUMES

NOTE: Test I performed using relatively clean ground 
water from depth of 50 feet as permeant.

Test n performed using relatively contaminated 
ground water from 10-35 foot depth zone as 
permeant.

Figure 4. Column Leach Test - Zinc.

concentration of metals in the leachate stabi­

lized at a small fraction of the initial value. 

Switching to relatively contaminated water 

resulted in an immediate significant increase 

in the concentration of the contaminants in the 

leachate, followed by a decreasing trend of 

contaminant concentration similar to that 

observed using relatively clean water. In this 

test, leachate contaminant concentrations 

appeared to asymptotically approach the concen­

tration of contaminants in the contaminated 

water, as would be expected. The different 

chemical properties of the relatively contami­

nated water apparently caused mobilization of 

some contamination remaining in the soil after 

permeation with the relatively clean water.

These tests indicated that flushing with 

clean water from beneath the slurry wall had a 

high potential for achieving stable ground 

water contaminant concentrations at a small 

fraction of the original concentration within 

an economically feasible time period. However, 

additional chemical modification of the ground 

water to mobilize additional amounts of metals 

contaminants from the soil also appeared to be 

of value.

As a part of a separate contract, samples of 

site soil(s) were tested with various acidify­

ing and chelating chemicals (SAIC, 1985). The

T A B L E  I I

L A B O R A T O R Y  L E A C H I N G  T E S T  R E S U L T S

P e r c e n t  R e m o v a l

L e a c h i n g  A g e n t C d C r C u N i P b

E D T A 1 1 4 2 4 6 2 1 4 1 0 6

H y d r o x y l a m i n e  H y d r o c h l o r i d e 8 6 3 2 4 3 2 0 8 0

S o d i u m  C i t r a t e 7 7 2 4 4 8 1 4 . 5 6 5

P y r o p h o s p h a t e 5 . 4 9 . 6 2 9 2 . 9 9 . 7

NOTE: from SAIC 1985

results of these tests (Table 2) suggest that 

EDTA, a strong chelating agent, is very effec­

tive in mobilizing metals for removal by ground 

water flushing. Sodium citrate is also effec­

tive, although somewhat less so than EDTA. 

Further study indicated that sodium citrate 

provides the most cost-effective balance 

between enhanced metals mobilization and cost.

INITIAL CONTAMINANT CONDITIONS

At this time, ground water extraction has begun 

on a limited basis to test extraction system 

treatment facility performance; hence, compari­

sons of actual performance with predicted 

performance are not available. However, Table

3 summarizes the initial contaminant conditions 

as indicated by monitoring completed as of 
August 1988.

T A B L E  I I I

P R E - P U M P I N G  C O N T A M I N A N T  C O N C E N T R A T I O N S  I N  G R O U N D  W A T E R

A v e r a g e  o f  

S h a l l o w  M o n i ­

t o r i n g  W e l l s

C o n t a m i n a n t W e l l  P o i n t s M i l l C r e e k i n  A r e a  I

C h l o r o f o r m N A 3 . 8 (  1 , 2 8 0 ) ( d ) 2 , 1 3 5

M e t h y l e n e  C h l o r i d e 5 - 4 9 8 , 0 0 0 ( a ) 8 6 ( 1 1 , 0 0 0 ) ( e ) 4 6 , 7 0 0

T r a n s  1 , 2 1 0 -  1 3 , 7 0 0 2 1 ( 11, 600) ( e ) 1 8 , 0 0 0

D i e h l o r o e t h y l e n e  

T o l u e n e N D ( b ) ( 1 7 , 5 0 0 ) ( e ) 2 , 3 0 0

T r i c h l o r o e t h y l e n e 1 0 0 - 2 7 3 , 0 0 0 2 0 ( 2 1 , 9 0 0 ) 2 8 , 0 0 0

P h e n o l 2 . 7 (  2 , 5 6 0 ) 7 2 , 3 5 0

C a d m i u m 6 -  9 5 9 7 ( 1 . 1 ) 2 , 1 0 0

C h r o m i u m N A ( c ) N D ( 2 1 0 ) 4 , 2 5 0

C o p p e r N A 1 0 (  1 2 ) 1 , 4 5 0

L e a d N A N D ( 3 . 2 ) 3 6 5

Z i n c 2 - 1 2 0 , 0 0 0 6 0 0 (  4 7 ) 1 4 0 , 0 0 0

N O T E :

( a )  A l l  c o n c e n t r a t i o n s  r e p o r t e d  i n  p a r t s  p e r  b i l l i o n  ( p p b ) .

( b )  N D  -  n o t  d e t e c t e d .

( c )  N A  -  d a t a  n o t  a v a i l a b l e  a s  o f  A u g u s t  1 9 8 8 .

( d )  V a l u e s  i n  p a r e n t h e s e s  a r e  f r e s h  w a t e r  c h r o n i c  w a t e r  q u a l i t y  

c r i t e r i a  ( s o m e  a r e  h a r d n e s s  d e p e n d e n t )  r e p r e s e n t i n g  a p p r o x ­

i m a t e  c l e a n u p  g o a l s .

( e )  a c u t e  c r i t e r i o n  -  c h r o n i c  c r i t e r i o n  n o t  a v a i l a b l e .

CONCLUSIONS

The large number of contaminants, wide vari­

ability in contaminant concentrations and pat­

terns, and highly variable subsurface strati­

graphy at Western Processing necessitate a 

remediation program requiring design flexibil­

ity and innovation. Ground water flushing is a 

cost-effective method for achieving the cleanup 

goals at this site, along with other more con­

ventional measures such as contaminated soil 

removal. The probable effectiveness of remedi­

ation of organic chemical contamination was 

indicated theoretically by both analytical 

evaluation and computer modeling. The theoret­

ical basis for metals removal from the soil was 

less clear, but laboratory testing suggests 

probable success. At this time, ground water 

extraction is expected to be necessary for 5 to 

7 years, although certain contaminants will 

undoubtedly respond more rapidly.

REFERENCES

SAIC, (1985), Interim Report, Treatment of 

Soils Contaminated With Heavy Metals. Science 

Application International, Corporation, report 

dated September 30, 1985.

1886


