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INTRODUCTION 

Following a desk study (ref. 1) of the water pollution hazards represented by 

almost 3000 landfill sites in England and Wales, the Water Research Centre and 

the Institute of Geological Sciences undertook detailed investigations of 20 

waste disposal sites, as part of a continuing programme of research on the disposal 

of hazardous wastes by landfill, funded by the Department of the Environment (ref.2). 

This paper reviews groundwater pollution at three of the sites investigated, 

two situated on Triassic Sandstones and one within alluvial deposits overlying 

Triassic Marls. The nature of the pollution plumes and the factors controlling 

their development are discussed. 

SITE INVESTIGATION TECHNIQUES 

Detailed drilling programmes, to determine the lateral and vertical extent of 

contamination, were undertaken at each site, and core as well as groundwater samples 

were collected, allowing the extraction of pore fluid samples by high-speed 

centrifugation (ref. 3 ) .  In addition, groundwater profiles were obtained at one 

of the Triassic Sandstone sites, using an inflatable packer system (ref. 4) to 

isolate discrete horizons within the boreholes. Both surface and borehole 

geophysical logging techniques were utilized to aid the interpretation of local 

geology. 

Details of the hydrogeology, geology, types of waste deposited, and groundwater 

contamination at each site are summarized in Table 1, and discussed in greater 

detail below. 

RESULTS OF SITE INVESTIGATIONS 

a) coatham Stob 

The disposal of chrome ore processing wastes (liquid and solid) at this site 

in a fissured dolerite dyke, has resulted in groundwater contamination with sodium, 

vanadium and hexavalent chromium, and has produced a recharge mound below the waste 

lagoon. Leachate from the wastes, containing 5000-10 000 mg Cr/l has moved 



TABLE 1 

Summary of sites investigated 

h) 
Q 
0 

Coatham Stob Villa Farm Hammerwich 
~~ 

Operational period 
1947 - still 
operational 

1945 - still 
operational 

1961- 1964 

Site geology Quarry in dolerite Sub-water table Sandpit in poorly cemented 
dyke intruding excavation in Triassic sandstone, some 
Triassic sandstones quaternary lacustrine marly bands 
(sandstone ground- sands and clays under- 
water confined by lain by boulder clays 
boulder clay away and Triassic Marls 
from dyke margins) 

Site area 6000 m2 5000 m2 315 m2 

Unsaturated zone depth 6 m  Absent 15 m 

Groundwater flow Fissure and inter- Intergranular in 
granular superficial deposits 

Intergranular (mainly) 

~~~ ~~ 

Wastes and rates of Chromi te ore 7000 m3/annum since 1971. Crude domestic and i n e x  
disposal processing sludge Industrial liquid wastes wastes. 50 tonnes drummed 

(7850 tonnes soluble e.g. cutting oils, heat-treatment wastes 
Cr VI, 1947-1978) metallic sludges, pickle containing barium cyanide 

liquors and alkaline 
cleaning fluids 

Identified major contaminants Cr (VI) TOC, phenol, Na, C1, TOC, phenol, cyanide, 
and indicators of Na SO4, NOg, Fe, Mn, and thiocyanate, Fe, Mn, 
con taminat ion V some heavy metals e.g. alkalinity, reduced DO, 

Ni. Reduced DO, Eh increased temperature 

Major controls on pollution Vertical movement in Density stratification at Dilution and dispersion in 
plume development fissures - movement into aquifer base. Redox control upper 5-10 m of saturated 

high-permeability zones of Fe, Mn, heavy metals and zone 
with dispersion in sand- SO4, NO3 
stones 

TOC - Total organic carbon DO - Dissolved oxygen Eh - Redox potential 
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v e r t i c a l l y  i n t o  baked and f i s s u r e d  T r i a s s i c  S a n d s t o n e  m a r g i n a l  t o  t h e  dyke, t o  

d e p t h s  of  a t  l e a s t  100 m p o s s i b l y  a s  a r e s u l t  of a d e n s i t y  c o n t r a s t  between l e a c h a t e  

and groundwater .  Al though t h e  s h a p e  o f  t h e  p o l l u t i o n  plume i n  p l a n  i s  d e t e r m i n e d  

by t h e  l o c a l  groundwater  g r a d i e n t ,  t h e  v e r t i c a l  p r o f i l e  ( F i g .  1 )  i s  c o n t r o l l e d  by 

v a r i a t i o n s  i n  p e r m e a b i l i t y  o f  t h e  s a n d s t o n e s  beyond t h e  baked c o n t a c t  zone.  G r e a t e r  

movement h a s  o c c u r r e d  a l o n g  a more p e r m e a b l e  h o r i z o n  a p p r o x i m a t e l y  30 m below t h e  

w a t e r  t a b l e ,  w i t h  chromium b e i n g  d e t e c t e d  up t o  250 m downgradien t  of  t h e  s i t e .  

sw NE 
40 

SANDSTONES 

metres 
0- Chromium concentration contours 

for sandstone interstitial water. ( mg/l 1 

Fig .  1 .  V e r t i c a l  s e c t i o n  a c r o s s  l a n d f i l l  s i te ,  Coatham Stob ,  C l e v e l a n d ,  showing 
e x t e n t  of  c o n t a m i n a t i o n  of  i n t e r s t i t i a l  w a t e r  i n  s a n d s t o n e  a q u i f e r .  

Although an impermeable  l i n e r  was p l a c e d  o v e r  t h e  w a s t e  i n  1976, t h e r e  h a s  been 

l i t t l e  e v i d e n c e  of  any decay  of  t h e  r e c h a r g e  mound. However, c o n t a m i n a t i o n  of  t h e  

groundwater  i n  t h e  s a n d s t o n e  h a s  g r a d u a l l y  d e c r e a s e d ,  w i t h  a 55% r e d u c t i o n  i n  chromium 

c o n c e n t r a t i o n s  i n  t h e  most permeable  h o r i z o n s ,  o v e r  a p e r i o d  of  t h r e e  y e a r s .  There  

i s  l i t t l e  e v i d e n c e  of  any a t t e n u a t i o n ,  of  C r  ( V I ) ,  o t h e r  t h a n  by d i s p e r s i o n  and 

d i l u t i o n ,  a t  t h i s  s i t e .  

b )  V i l l a  Farm 

I n  c o n t r a s t  t o  Coatham Stob, t h e  V i l l a  Farm d i s p o s a l  s i t e  i s  i n  d i r e c t  h y d r a u l i c  

c o n t i n u i t y  w i t h  l o c a l  groundwater .  The s i t e  c o n s i s t s o f  a s e r i e s  of  l a g o o n s  

e x c a v a t e d  below t h e  w a t e r  t a b l e  i n  a s e q u e n c e  o f  Q u a t e r n a r y  l a c u s t r i n e  s a n d s  and 

c l a y s .  T h e s e  a r e  u n d e r l a i n  by g l a c i a l  b o u l d e r  c l a y s  and T r i a s s i c  M a r l s  which 

r e s t r i c t  downward m i g r a t i o n .  Al though d i s p o s a l  of  a v a r i e t y  of i n d u s t r i a l  was tes ,  

i n c l u d i n g  c u t t i n g  o i l s  and m e t a l l i c  s l u d g e s ,  h a s  formed a r e c h a r g e  mound about  

3 m above t h e  n a t u r a l  w a t e r  t a b l e ,  t h e  a c c u m u l a t i o n  of s l u d g e  r e d u c e s  o u t f l o w  and 

l e a c h a t e  e s c a p e s  p r e f e r e n t i a l l y  f rom t h e  b a s e  of  t h e  s i t e  when t h e  l a g o o n s  a r e  

d r e d g e d .  
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Fig. 2. Site detail of Villa Farm landfill, Wolvey. 
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Running-sand f i l l s  a s e r i e s  o f  s c o u r  h o l l o w s  (one  of  which u n d e r l i e s  t h e  l a g o o n )  

d e v e l o p e d  on t h e  s u r f a c e  of  a c l a y  h o r i z o n  some 10 m below ground l e v e l .  Wastes  

s t r a t i f y  a t  t h e  b a s e  of  t h e  s a n d  and f i l l  up one h o l l o w  b e f o r e  s p i l l i n g  o v e r  t o  

t h e  n e x t  ( F i g .  2 ) .  D e n s i t y  e f f e c t s  and t h e  e l e v a t i o n  of  t h e  c l a y  s u r f a c e  a r e ,  

t h e r e f o r e ,  major  c o n t r o l s  on l e a c h a t e  m i g r a t i o n ,  and r e s t r i c t  d i s p e r s i o n  of  t h e  

p o l l u t i o n  plume. 

However, r e d u c t i o n s  i n  t h e  c o n c e n t r a t i o n s  of  t o t a l  o r g a n i c  c a r b o n  (TOC), s u l p h a t e ,  

n i t r a t e ,  and heavy m e t a l s  have  been  s i g n i f i c a n t  and c a n  b e  r e l a t e d  t o  t h e  development  

of  t h r e e  g e o c h e m i c a l l y  d i s t i n c t  zones :  ( i )  a h i g h l y  p o l l u t e d  r e g i o n  o v e r l y i n g  t h e  

c l a y  b a s e ,  and c l o s e  t o  t h e  s i te ,  c h a r a c t e r i s e d  by s u l p h a t e  and n i t r a t e  r e d u c t i o n ,  

low r e d o x  p o t e n t i a l s  and heavy-metal  a t t e n u a t i o n ,  p r o b a b l y  a s  s u l p h i d e s ;  ( ii) an 

i n t e r m e d i a t e  zone  w i t h  l i t t l e  s u l p h a t e  r e d u c t i o n  and s i g n i f i c a n t  r e m o b i l i s a t i o n  of  

s e d i m e n t  i r o n  and manganese, and i n t e r m e d i a t e  r e d o x  p o t e n t i a l s ;  (iii) a r e l a t i v e l y  

u n p o l l u t e d  zone c h a r a c t e r i s e d  by r i s i n g  d i s s o l v e d  oxygen, low i r o n  and manganese 

c o n c e n t r a t i o n s  ( p r o b a b l y  d u e  t o  h y d r o x i d e  p r e c i p i t a t i o n ) ,  and h i g h e r  redox p o t e n t i a l s .  

C o n s e r v a t i v e  s p e c i e s  such  a s  t h e  c h l o r i d e  i o n  a r e  u n a f f e c t e d  by t h e s e  p r o c e s s e s .  

The e x t e n t  of t h e  p o l l u t i o n  plume h a s  a l s o  been t r a c e d  by a n a l y s i s  of  g a s  t r a p p e d  

between t h e  w a t e r  t a b l e  and a s u r f a c e  c l a y  l a y e r .  Carbon d i o x i d e  and methane 

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

r e d u c i n g  zones ,  f o l l o w i n g  t h e  advance  of  t h e  p o l l u t i o n  f r o n t .  

c )  Hammerwich 

I n  compar ison  w i t h  Coatham S t o b  t h e  second T r i a s s i c  S a n d s t o n e  s i t e  a t  Hammerwich 
i s  u n d e r l a i n  by an u n s a t u r a t e d  zone 15-m t h i c k  which l i m i t s  t h e  r e l e a s e  of  p o l l u t a n t s  

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

C o n t a m i n a t i o n  e x t e n d s  t o  a d e p t h  o f  5-10 m below t h e  w a t e r  t a b l e  and t h e  c o m p o s i t i o n  

of  t h e  p o l l u t i o n  plume i s  s i m i l a r  t o  t h a t  a t  V i l l a  Farm, w i t h  a d d i t i o n a l  contamina-  

t i o n  by c y a n i d e  and t h i o c y a n a t e  ( T a b l e  1). Although d i s t i n c t  z o n e s  of c o n t a m i n a t i o n  

have n o t  been r e c o g n i s e d ,  sampl ing  of  groundwater  from d i f f e r e n t  d e p t h s  s u g g e s t s  

t h a t  t h e  plume which h a s  d e v e l o p e d  down h y d r a u l i c  g r a d i e n t  ( F i g .  3) i s  r e l a t i v e l y  

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

c o n d i t i o n s .  A t t e n u a t i o n  of  p o l l u t a n t s  i n  t h e  s a t u r a t e d  zone i s  c o n s i d e r e d  t o  be  

due  t o  d i s p e r s i o n .  
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Fig. 3.  Hammerwich l a n d f i l l ,  groundwater l e v e l s  and d i s t r i b u t i o n  of  c h l o r i d e  as 
an i n d i c a t o r  of  p o l l u t i o n  of groundwater around t h e  s i t e .  

CONCLUSIONS 

The gene ra t ion  of l a r g e  volumes of l e a c h a t e  from l i q u i d  waste d i s p o s a l  a t  

Coatham Stob and V i l l a  Farm has  l e d  t o  a c u t e  groundwater contaminat ion;  s i g n i f i c a n t  

movement of l e a c h a t e  wi th in  t h e  s a t u r a t e d  zone has  a l s o  taken p l a c e  a t  both s i tes .  
Th i s  c o n t r a s t s  with t h e  r e l a t i v e l y  small plume of contaminat ion a t  t h e  Hammerwich 

s i t e ,  which does  not  r e c e i v e  l i q u i d  wastes.  

P r e f e r e n t i a l  migrat ion of contaminants  a long zones of h igh  pe rmeab i l i t y ,  and 

s t r a t i f i c a t i o n  a s  a r e s u l t  of d e n s i t y  c o n t r a s t  with groundwater, may r e s u l t  i n  poor 

d i s p e r s i o n  of contaminants.  

t he  s a t u r a t e d  zone a t  Coatham Stob and Hammerwich, chemical and biochemical 

p rocesses  i n  t h e  s a t u r a t e d  zone a t  V i l l a  Farm (and p o s s i b l y  i n  t h e  unsa tu ra t ed  

zone a t  

l a r d f i l l  l e a c h a t e .  

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

Hammerwich) have reduced t h e  e f f e c t s  of p o l l u t i o n  of groundwater by 

l'he wide range of c o n t r o l s  on p o l l u t i o n  plume development u n d e r l i n e s  t h e  need 

f o r  d e t a i l e d  hydrogeological  assessment p r i o r  t o  waste d i s p o s a l ,  p a r t i c u l a r l y  as 

groundwater contaminat ion i s  not  a s h o r t - l i v e d  phenomenon. 
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