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I S  I T  FEASIBLE TO CLEAN THE AQUIFER ONCE I T  I S  CONTAMINATED BY LANDFILL LEACHATE? 

B.T. LAKSHMAN, P.E.,  CHIEF ENGINEER 

A r t e s i a n  Water Company, Newark, Delaware, U.S.A. 

ABSTRACT 

I n  t h i s  paper  an  a t t empt  i s  made t o  c r i t i c a l l y  examine t h e  i m p l i c a t i o n s  and 

expe r i ences  of ground water contaminat ion due t o  l a n d f i l l  l e a c h a t e  i n  the S t a t e  of 

Delaware i n  p a r t i c u l a r  and t h e  United S t a t e s  of America i n  general .  The f e a s i -  

b i l i t y  of  c l e a n i n g  such contaminated a q u i f e r s  through abatement programs has  a l s o  

been weighed and analyzed.  Also d i scussed  i n  g e n e r a l  are o t h e r  sou rces  of contami- 

n a t i o n  c o n t r i b u t i n g  t o  t h e  impairment of  a q u i f e r s  used f o r  po tab le  w a t e r  supp l i e s .  

INTRODUCTION 

Among o t h e r  t h i n g s ,  one of  t h e  least  recognized p o l l u t i o n  hazards  is t h e  hidden 

d e t e r i o r a t i o n  of t h e  q u a l i t y  of  ground water. Ground water is  of v i t a l  importance 

f o r  t h e  people ,  i n d u s t r i e s  and a g r i c u l t u r a l  e n t e r p r i s e s  a l l  over t h e  United S t a t e s  

and t h e  e n t i r e  world.  

plex.  All f a c t o r s  such as t h e  g e o l o g i c a l ,  hydro log ica l ,  hydrau l i c s ,  p h y s i c a l ,  

chemical ,  and b i o l o g i c a l  n a t u r e  of  t h e  p o l l u t a n t s  involved i n  an i n d i v i d u a l  case 
must be considered.  

The problems o f  ground water contamination are h i g h l y  com- 

There are hundreds of streams, thousands of  l a n d f i l l  sites and m i l l i o n s  of s e p t i c  

t a n k s  where a g r e a t  v a r i e t y  of domest ic  and i n d u s t r i a l  wastes are disposed of i n  
the United S t a t e s .  Although dumping of  s o l i d  and l i q u i d  wastes i n t o  t h e  ground has  

been going on c o n t i n u a l l y  f o r  a long t i m e ,  we  have s t a r t e d  looking a t  and r e a l i z i n g  

t h e  p o s s i b l e  damage t o  t h e  q u a l i t y  of ground water on ly  i n  r e c e n t  t i m e s .  

Contamination o r  p o l l u t i o n  of  t h e  a q u i f e r  b a s i c a l l y  deno tes  impairment of t h e  

q u a l i t y  of  ground water t o  a degree  considered hazardous t o  t h e  p u b l i c  h e a l t h .  

THE IMPORTANCE AND THE NEEDS FOR GROUND WATER 

Ground water i s  a n  important  world r e s o u r c e  which h a s  r ece ived  i n s u f f i c i e n t  

a t t e n t i o n  u n t i l  r e c e n t  t i m e s .  Ground water r e p r e s e n t s  t h e  l a r g e s t  source (95%) of 

f r e s h  water a v a i l a b l e  t o  mankind. The p o t e n t i a l  o f  ground water to  s a t i s f y  t h e  

p rod ig ious  water demands of  t h e  world is boundless.  Today h a l f  of t h e  American 

popu la t ion  (95% of i t s  r u r a l  r e s i d e n t s )  t a k e  t h e i r  d r i n k i n g  water from underground 

a q u i f e r s .  According t o  one estimate, t h e  u s a b l e  p o r t i o n  of ground water i n  t h e  

e n t i r e  U.S.A. i s  150 t i m e s  g r e a t e r  t han  t h e  amount of  water used i n  t h e  country i n  
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1965. Accord ing  t o  a n o t h e r  p r o j e c t i o n  b e f o r e  t h e  end of t h i s  c e n t u r y  t h e  water u s e  

i n  t h e  Uni ted  S t a t e s  w i l l  t r i p l e  and t h e  demand on ground w a t e r  s o u r c e s  w i l l  b e  

s e v e n  t i m e s  g r e a t e r  t h a n  today .  B e s i d e s ,  i n  t h e  U.S.A. t h e  a v e r a g e  c o s t  o f  deve lop-  

i n g  underground water p e r  1,000 g a l l o n s  i s  between 6c and 2Oc compared w i t h  t h e  

n a t i o n a l  a v e r a g e  of  25c  t o  40c f o r  t r e a t e d  s u r f a c e  water and a b o u t  $ 2  f o r  d e s a l i -  

n a t e d  sea w a t e r .  

COMMON SOURCES OF AQUIFER CONTAMINATION 

The major  s o u r c e s  of  a q u i f e r  c o n t a m i n a t i o n  are ( a )  s a n i t a r y  l a n d f i l l s ,  (b)  indus-  

t r i a l  l a n d f i l l s  and t h e  d i s c h a r g e  of  l i q u i d  w a s t e s ,  ( c )  c e s s p o o l s  and s e p t i c  t a n k s ,  

(d) l e a k y  s a n i t a r y  and s t o r m  sewers, ( e )  l e a k s  from p e t r o l e u m  and o i l  s t o r a g e  t a n k s  

and p i p e l i n e s ,  ( f )  i n f i l t r a t i o n  from contaminated  r i v e r s ,  l a k e s  and ponds ,  (g)  a c c i -  

d e n t a l  o r  d e l i b e r a t e  s p i l l s  o f  a c i d s  o r  o t h e r  d a n g e r o u s  c h e m i c a l s ,  (h)  s a l t  water 

i n t r u s i o n ,  ( i )  i n s e c t i c i d e s ,  h e r b i c i d e s  and f e r t i l i z e r s ;  and ( j )  t h e r m a l  p o l l u t i o n .  

CONTAMINATION THROUGH LANDFILLS 

Among o t h e r  t h r e a t s ,  t h e  newly r e c o g n i z e d  s e r i o u s  t h r e a t  t o  ground water q u a l i t y  

i s  c o n t r i b u t e d  by i m p r o p e r l y  d e s i g n e d  l a n d f i l l s .  Accord ing  t o  t h e  la tes t  estimate, 

a b o u t  150 m i l l i o n  t o n s  of  m u n i c i p a l  s o l i d  waste and a n o t h e r  240 m i l l i o n  t o n s  o f  

i n d u s t r i a l  waste i s  g e n e r a t e d  i n  t h e  U.S.A. f o r  d i s p o s a l  e v e r y  y e a r .  I n d u s t r i e s  

a l s o  pour  a n  e s t i m a t e d  10  t r i l l i o n  g a l l o n s  of  l i q u i d  waste i n t o  p i t s ,  ponds and 

l a g o o n s  a n n u a l l y .  

as a l a n d f i l l .  Accord ing  t o  one  estimate i n  1977, t h e r e  w e r e  a b o u t  18,500 m u n i c i p a l  

l a n d f i l l s  i n  t h e  U.S.A. Under a w e l l - d e s i g n e d ,  w e l l - c o n t r o l l e d  l a n d f i l l  o p e r a t i o n  

water p o l l u t i o n  may n o t  r e s u l t .  U n f o r t u n a t e l y ,  t h e s e  c o n d i t i o n s  r a r e l y  o c c u r .  

S e v e n t y - f i v e  p e r c e n t  of  t h e  s o l i d  waste g e n e r a t e d  i n  t h e  Uni ted  S t a t e s  is  d e p o s i t e d  

on t h e  l a n d  i n  open dumps a s  c o n t r a s t e d  w i t h  o n l y  e i g h t  p e r c e n t  i n  s a n i t a r y  l a n d -  

f i l l s .  E.P.A. estimates t h a t  t h e r e  are 30,000 t o  50,000 e x i s t i n g  d i s p o s a l  s i t es  i n  

t h e  U.S.A. t h a t  are contaminated  t o  some d e g r e e  by h a z a r d o u s  wastes. Of t h e s e ,  

1,200 t o  2,000 e x i s t i n g  s i tes  p r e s e n t  imminent h a z a r d s  t o  p u b l i c  h e a l t h .  Much of  

t h e  h a z a r d  a s s o c i a t e d  w i t h  t h e s e  sites is  ground water c o n t a m i n a t i o n .  Accord ing  

t o  E.P.A., 90% of  a l l  h a z a r d o u s  wastes i n  t h e  U.S.A. are d i s c a r d e d  i n  environmen- 

t a l l y  unsound o r  d a n g e r o u s  ways. 

Most o f  t h i s  r e f u s e  h a s  t o  b e  d i s p o s e d  of  by dumping on t h e  l a n d  

COMPOSITION OF URBAN SOLID WASTE, PRODUCTION AND QUALITY OF LEACHATE 

According t o  one  a n a l y s i s ,  u r b a n  s o l i d  waste i n  t h e  U.S.A. n o r m a l l y  c o n s i s t s  of 

a b o u t  50% p a p e r  p r o d u c t s ,  15% food wastes, 8% metal, 8% g l a s s  and ceramics, 5% 

g a r d e n  wastes, 5% p l a s t i c s ,  l e a t h e r ,  r u b b e r ,  and c l o t h ,  2% wood and t h e  r e m a i n i n g  

7% m i s c e l l a n e o u s  p r o d u c t s .  

Decomposition o f  r e f u s e  i s  i n i t i a l l y  a e r o b i c .  A f t e r  t h e  t o p  l a y e r  of  s o i l  is  

p l a c e d ,  a n e r o b i c  r e a c t i o n s  predominate .  Carbon d i o x i d e ,  n i t r o g e n  and o t h e r  g a s e s  
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produced from decomposing refuse dissolve in water and form a weak acid known as 

"leachate" with some potential contamination. During wet seasons, as precipitation 

exceeds evaporation, surplus water infiltrates through the refuse and moves down to 

the top of the zone of saturation and then in the direction of potential gradient. 

Generally in new fills rapid biodegradation occurs with consequent production of 

acidic leachate. This lowers pH of water and tends to increase the solvent capa- 

bility of water passing through. 

The quality of leachate from any landfill refuse i s  a function of such factors 

as the composition, sorting, degree of compaction, moisture content, temperature 

and age of disposal. The production of the amount of leachate is a function of air 

temperature, composition of refuse, depth of refuse, rate of decomposition, chemical 

and hydrological quality of the soil and the amount of water passing through the 

landfill material. Approximately 3% to 5% of the dry weight of refuse is leachable. 

A considerable portion of the leachate strength may be attributable to textiles, 

rubber, leather, wood and paper present in refuse. The leachate from a landfill is 

generally characterized by very high concentrations of dissolved organic and inor- 

ganic substances and other dissolved chemicals. Besides, it might carry bacterial 

pollutants. Therefore, the leachate is  usually high in chemical and biological 

oxygen demand. 

raw sewage BOD5. 

by such processes as dilution, biological assimilation, bio or chemical oxidation, 

adsorption, and ion exchange. Clay minerals have very large charged surface areas 

per unit volume of material and thus are good adsorbents or ion exchangers, while 

quartz, gravel and sand have low adsorption capacity. 

The total per capita BOD5 load is about a third to a half that of 

The quality of leachate is improved as it moves from the landfill 

LANDFILL CONTAMINATION AT LLANGOLLEN, DELAWARE, U.S.A. 

History. About two miles southwest of the City of New Castle, Delaware, U.S.A., 

the so-called "Llangollen Landfill" was operated as an all-purpose solid waste 

disposal site from 1960 through 1968 in a sand-and-gravel pit (see figure). The 

area of fill is about 60 acres; the average refuse thickness is  about 25 feet; and 

the fill contains more than two million cubic yards of municipal and industrial 

refuse, about 30% of  which was beneath the seasonal water table. During the gravel 

pit operation, excavation appeared to have been continued below the water table and 

penetrated the potomac artesian aquifer through a thin layer of clay. 

During 1970 the landfill was covered with approximately two feet of soil, mostly 

sand. Percolating rain water seeped through the landfill to produce leachate that 

contained high concentrations of iron, chlorides, dissolved organics, heavy metals 

and a putrid odor. 

An investor-owned public utility, Artesian Water Company has been operating a 

large potable water wellfield approximately 3,000 feet south of the landfill since 

1952. At the initial stage of investigation in 1972 the leachate plume appeared to 
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have advanced about 2,000 feet towards the Company wellfield. 

wells in the area were contaminated by this leachate, and they had to be abandoned. 

In view of the potential contamination problem and in order to maintain the hydro- 

logical balance, the State and New Castle County asked Artesian to curtail the 

amount of pumping from 5 mgd to a maximum of 2 mgd at its Llangollen wellfield, 

which is known to be the biggest potable water wellfield in Delaware. 

Some of the private 

Abatement Program and Current Status. Under its abatement program New Castle 

County installed several leachate recovery wells near the landfill site which are 

initially being pumped up to a maximum of 3 mgd to a nearby stream without any 

treatment. Incineration ($25-40 million), excavation transportation and reconstruc- 

tion of refuse at another landfill site ($15-20 million), as well as hastening 

decomposition by recirculation or annelidic consumption (about $20 million) were 

some of the other alternate corrective measures considered. 

Since it is a substantial investment, the County is looking for federal aid; and 

so far the federal government has allocated only $650,000 towards a Llangollen 

landfill leachate control program. Since 1972 the County government has spent 

several million dollars towards this abatement program and has not accomplished any 

tangible solution except containing the leachate front. The annual cost of the 

present leachate recovery and control program alone costs its tax payers over 

$1,000,000 every year. 

The Llangollen landfill has become Delaware's most costly pollution problem to 

date. Complete return of the aquifer for water supply purposes is still in doubt 

and is at least a decade away even if a successful leachate control strategy were 

to be initiated and implemented immediately. 

Since Artesian Water Company has curtailed the amount of pumping from the 

Llangollen wellfield, the County started reimbursing Artesian towards purchased 

water in hundreds of thousands of dollars until recent times. Artesian has already 

spent over one million dollars and is contemplating a multimillion-dollar project 

to replace the lost water and to assure an adequate water supply to its customers. 

Under the circumstances Artesian has already filed a suit against New Castle 

County seeking damages in the amount of $6 million. 

IMPACT OF SOME OF THE IDENTIFIED LANDFILL LEACHATE CONTAMINATION PROBLEMS IN THE 

U.S.A. 

Love Canal Landfill. The Love Canal landfill is the U.S.A.'s first notorious 

episode of land pollution. 

Hooker Chemicals deposited about 21,000 tons of chemical waste in a 3,000-foot 

length (16 acres) of abandoned canal during the years 1942-1953. 

later leachate emanating from the fill reached the back yards and basements of 

homes nearby. 

Love Canal is located in New York near Niagara Falls. 

Twenty-five years 

E.P.A. has identified 82 chemicals in the air, water and soil, of 
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which 11 are suspected human carcinogens.  Some 239 f a m i l i e s  i n  t h e  f i r s t  two r i n g s  

o f  homes bo rde r ing  t h e  c a n a l  were evacuated,  and t h e i r  homes were purchased by t h e  

state.  A schoo l  b u i l t  over  t h e  l a n d f i l l  w a s  c losed .  Fu r the r  evacua t ion  of an  

a d d i t i o n a l  710 f a m i l i e s  i s  contemplated by t h e  f e d e r a l  government. Reclamation of 

t h e  Love Canal environment i s  e s t ima ted  t o  c o s t  about  $36 m i l l i o n ,  and t h i s  amount 

does  n o t  i n c l u d e  any compensation t o  r e s i d e n t s  of t h e  Love Canal f o r  t h e i r  s u f f e r -  

i n g .  Compensatory and damage s u i t s  brought  a g a i n s t  t h e  company by New York, E.P.A. 

and 1,300 p r i v a t e  i n d i v i d u a l s  amount t o  as h igh  as $11 b i l l i o n .  

Jackson Township L a n d f i l l .  T h i s  municipal  l a n d f i l l  is l oca t ed  near  Trenton, 

New J e r s e y .  Among o t h e r  wastes, t h e  l a n d f i l l  c o n s i s t s  of sewage s ludge  and s e p t i c  

t a n k  wastes. Because of o r g a n i c  chemical contaminat ion,  more than 100 domestic 

w e l l s  surrounding t h e  l a n d f i l l  have been closed s i n c e  1978. Water samples c a r r i e d  

chloroform,  methylene c h l o r i d e ,  benzene, t r i c h l o r o e t h y l e n e  and acetone.  New J e r s e y  

is now t a k i n g  l e g a l  a c t i o n  a g a i n s t  t h e  concerned p a r t i e s ,  and t h e  l a n d f i l l  w a s  

r e c e n t l y  c losed .  A $1.2 m i l l i o n  water system is  planned f o r  t h e  a f f e c t e d  r e s i d e n t s .  

No a c t i o n  i s  be ing  taken t o  r e s t o r e  ground w a t e r  q u a l i t y .  None may even be 

f e a s i b l e .  

A t l a n t i c  C i t y  L a n d f i l l .  E.P.A. r e c e n t l y  d e t e c t e d  a t o x i c  plume c o n s i s t i n g  of 

n i n e  hazardous wastes emanating from an  abandoned l a n d f i l l  towards t h e  main w e l l -  

f i e l d  supplying water f o r  A t l a n t i c  C i t y ,  New J e r s e y .  Th i s  w e l l f i e l d  s u p p l i e s  90% 

of  t h e  c i t y ' s  water supply.  The l a n d f i l l  appeared t o  have received 8 .3  m i l l i o n  

g a l l o n s  of i n d u s t r i a l  waste, most ly  du r ing  1972. Suspect ing p o t e n t i a l  contamina- 

t i o n  i n  t h e  nea r  f u t u r e ,  t h e  c i t y  has  shu t  down f i v e  of t h e  f i e l d ' s  13 w e l l s .  The 

c i t y  is  contemplat ing a s u i t  a g a i n s t  t h e  owner of t h e  l a n d f i l l .  

Rocky Mountain Arsenal .  Near Denver, Colorado, almost 30 square m i l e s  of shal low 

a q u i f e r  w e r e  contaminated by a l d r i n ,  d i e l d r i n  and o t h e r  t o x i c  subs t ances .  During 

t h e  1950's  t h e s e  subs t ances  seeped from a n  unl ined holding pond a t  t h e  Rocky Moun- 

t a i n  Arsenal  where p e s t i c i d e s  and o t h e r  chemical wastes w e r e  depos i t ed .  Some 64  

w e l l s  used f o r  domestic supply,  l i v e s t o c k  and i r r i g a t i o n  had t o  be shutdown. 

ORGANIC POLLUTION INCIDENTS ON GROUND WATER SUPPLIES 

Thanks are due t o  modern a n a l y t i c a l  t o o l s  which he lp  d e t e c t  o rgan ic  compounds 

such as  p e s t i c i d e s ,  PCE, TCE, THM, etc.  I n  one n o t a b l e  case of ground water pol lu-  

t i o n ,  a g r i c u l t u r a l  runoff  c o n t a i n i n g  t h e  p e s t i c i d e  DBCP contaminated 193 domestic 

w e l l s .  DBCP use  w a s  banned i n  C a l i f o r n i a  i n  1977 because of i t s  a s s o c i a t i o n  with 

s t e r i l i t y  i n  workers.  Recent ly  s y n t h e t i c  o r g a n i c s  i n  ground water have generated 

p u b l i c  concern i n  t h e  U.S.A. and have r e s u l t e d  i n  numerous w e l l  c l o s u r e s .  Many of 

them are i n d u s t r i a l  compounds. So f a r  o u t  of 700 o rgan ic  chemicals  found i n  dr ink-  
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i n g  water, 21 of  them have been i d e n t i f i e d  as known o r  suspected ca rc inogens .  

These 21 i n c l u d e  v i n y l  c h l o r i d e ,  benzene, carbon t e t r a c h l o r i d e ,  PCB, TCE and kepone. 

I n  25 states many p r i v a t e  and p u b l i c  water supply w e l l s  have been capped as  a 

r e s u l t  of o rgan ic  contaminat ion (TCE, PCB, e t c . ) .  During 1979 a l o n e  more than  300 
o rgan ic  contaminat ion i n c i d e n t s  w e r e  r epor t ed .  So f a r  E.P.A. has  promulgated 

s t anda rds  f o r  s i x  p e s t i c i d e s  and t r ihalomethanes.  

MEASURES TO PROTECT GROUND WATER FROM CONTAMINATION I N  USA 

The advent  of  new water t e s t i n g  t echno log ie s  and r e s e a r c h  have helped t h e  regu- 

l a t o r y  agenc ie s  enac t  c e r t a i n  s t a n d a r d s  and r e g u l a t i o n s  t o  p r o t e c t  t h e  q u a l i t y  of  

ground water. I n  r e c e n t  y e a r s  t h e  U.S.A. has  enacted s e v e r a l  acts and r e g u l a t i o n s  

such as  t h e  Clean Water A c t ,  t h e  Resource Conservat ion and Recovery A c t ,  t h e  Sa fe  

Drinking Water A c t ,  t h e  Sur face  Mining Control  and Reclamation Act,  t h e  Toxic 

Substances Con t ro l  A c t ,  t h e  Fede ra l  I n s e c t i c i d e ,  Fungicide and Rodent ic ide Act,  t h e  

Underground I n j e c t i o n  Con t ro l  Regu la t ions  and $1.6 b i l l i o n  Superfund L e g i s l a t i o n ,  

e tc . ,  t o  c o n t r o l  and p r o t e c t  ground water from contaminat ion.  

CONCLUSIONS 

Ground w a t e r  is  one of  t h e  most p rec ious  renewable r e s o u r c e s  i n  t h e  USA as w e l l  

as  i n  t h e  whole world.  It i s  renewable on ly  when w e  t ake  c a r e  of p r o t e c t i n g  i t .  

We create t h e  f u t u r e  and set t h e  odds o u r s e l v e s .  I n  most ground water contaminat ion 

i n c i d e n t s  on r eco rd  l o c a t i n g  t h e  sou rce  of p o l l u t i o n  has  been r e l a t i v e l y  easy.  

Shu t t ing  o f f  t h e  sou rce  and e l i m i n a t i n g  t h e  p o l l u t i o n  from t h e  ground water has  

always been time-consuming, c o s t l y  and many t i m e s  economical ly  u n f e a s i b l e .  

According t o  one estimate, t h e  c l ean ing  up p r o j e c t  of a l l  t h e  abandoned poten- 

t i a l l y  dangerous s i tes  nat ionwide i n  t h e  U.S.A. i s  e s t ima ted  t o  c o s t  between $28 

and $58 b i l l i o n .  

a n t i c i p a t e d  r e s u l t s  a r e  ques t ionab le  and u n c e r t a i n .  

Even i f  such an  expensive p r o j e c t  w e r e  t o  be envisaged,  t h e  

We have no t  acqu i r ed  enough expe r i ence  i n  c l e a n i n g  t h e  contaminated a q u i f e r .  I 

have no knowledge of any f u l l y  recovered a q u i f e r  which w a s  contaminated by l a n d f i l l  

l e a c h a t e .  Even when t h e o r e t i c a l l y  f e a s i b l e ,  i t  might t a k e  s = v e r a l  decades and 

s u b s t a n t i a l  c a p i t a l  t o  c l e a n  t h e  contaminated a q u i f e r  t o  i t s  o r i g i n a l  s t a t u s .  

Furthermore,  i t  i s  p r e s e n t l y  unknown whether contaminated ground w a t e r  can be  

t r e a t e d  t o  d r i n k i n g  water  s t anda rds .  I n  many c a s e s ,  t h e  p r a c t i c a l  s o l u t i o n  t o  

c l e a n i n g  up such " p o t e n t i a l  t i m e  bombs" i s  unknown, unsure o r  ques t ionab le .  There- 

f o r e ,  u n t i l  b e t t e r  methods of waste  d i s p o s a l  can be dev i sed ,  pe r f ec t ed  and used,  i t  

i s  a b s o l u t e l y  necessa ry  t o  impose r i g o r o u s  c o n t r o l  f o r  t h e  s e l e c t i o n  of a d i s p o s a l  

s i t e ,  o p e r a t i o n  and maintenance t o  prevent  t h e  p o s s i b l e  contaminat ion of a q u i f e r s .  

I n  l i g h t  of t h e  aforementioned d i s c u s s i o n ,  t o  answer t h e  q u e s t i o n ,  "Is it  

f e a s i b l e  t o  c l e a n  t h e  a q u i f e r  once i t  is  contaminated by l a n d f i l l  l eacha te?" ,  I 

would say  t h e o r e t i c a l l y ,  "yes," bu t  p r a c t i c a l l y  and s e n s i b l y ,  "no." 
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