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ABSTRACT 
I n  r e c e n t  y e a r s  l a r g e  a g r i c u l t u r a l  p r o d u c t i o n  complexes a r e  b e i n g  

b u i l t  i n  Czechos lovak ia ;  due t o  i n s u f f i c i e n t  g e o l o g i c a l  s u r v e y ,  to  
t h e  l a c k  of t e c h n o l o g i c a l  d i s c i p l i n e  i n  o p e r a t i n g  p r o d u c t i o n a l  and 
s t o r a g e  equipment ,  e t c . ,  ha rmfu l  s u b s t a n c e s  may somet ines  l e a k  i n t o  
ground waters and consequen t ly  con tamina te  them. T h e r e f o r e ,  cons i -  
d e r a b l e  f i n a n c i a l  means a r e  b e i n g  devo ted  i n  Czechos lovak ia  t o  l i g u i d -  
a te  t h e  consequences o f  con tamina t ion  and t o  e l a b o r a t e  e f f e c t i v e  
p r e v e n t i v e  measures .  T h i s  pape r  c o n t a i n s  a summary o f  some o f  t h e  
r e s u l t s  o f  r e s e a r c h  and o f  v e r i f y i n g  t h e  methods,  which would e n a b l e  
t h e  e x t e n t  o f  t h e  p o l l u t i o n  t o  be  de t e rmined  q u i c k l y  and r e l i a b l y  
w i t h o u t  a s u b s t a n t i a l  i n c r e a s e  o f  expenses  i n  b u i l d i n g  a g r i c u l t u r a l  
complexes.  

INTRODUCTION 

The s o u r c e s  o f  farming p o l l u t i o n  may, i n  g e n e r a l ,  be d i v i d e d  i n t o  
t w o  b a s i c  t y p e s  : e x t e n s i v e  / r e g i o n a l /  and local .  

A s  r e g a r d s  t h e  e x t e n s i v e t y p e ,  t h e  p o l l u t i o n  o f  s o u r c e s  
o f  ground waters and o f  t h e  g e o l o g i c a l  medium i s  due t o  t h e  i n c o r r e c t  
s e l p c t i o n  o f  t y p e s  and amounts o f  f e r t i l i z e r s  and chemica l  s u b s t a n c e s ,  
u s i d  to  i n c r e a s e  a g r i c u l t u r a l  y i e l d .  The harmful  s u b s t a n c e s  then 
m i g r a t e  i n t o  t h e  ground w a t e r s  v i a  t h e  v e g e t a t i o n a l  and s o i l  cove r .  
Apar t  from t h e  e x t e n s i v e  a r e a ,  u s u a l l y  a low c o n c e n t r a t i o n  o f  harmful  
s u b s t a n c e s  is  c h a r a c t e r i s t i c  f o r  t h i s  t y p e  o f  p o l l u t i o n ,  t h e  s o u r c e  
o f  t h e  p o l l u t i o n  a s  w e l l  as i t s  l o c a l i z a t i o n  and i t s  a c t i v i t y  p a t t e r n  
b e i n g  known. The l i q u i d a t i o n  o f  t h e  s o u r c e  i s  based  on t e r m i n a t i n g  
o r  changing t h e  u s e  of  t h e  con taminan t s  i n v o l v e d .  

i 

A s  r e g a r d s  t h e  1 o c a 1 t y p e ,  u s u a l l y  emergency l eakages  of  
waste p r o d u c t s  of  a g r i c u l t u r a l  p r o d u c t i o n  and o f  s u b s t a n c e s  used i n  
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a g r i c u l t u r a l  p r o d u c t i o n  are i n v o l v e d .  The s o u r c e  o f  t h e  contamina- 
t i o n  i s  l i m i t e d  i n  area,  b u t  t h e  p l a c e s  o f  l e a k a g e  o f  con taminan t s  
f r e q u e n t l y  canno t  be  l o c a l i z e d  e x a c t l y ;  t h e y  a r e  u s u a l l y  g e n e r a t e d  
randomly. I n  comparison t o  t h e  f i r s t  / e x t e n s i v e /  t y p e ,  t h e  number 
o f  k i n d s  of  con taminan t s  i s  u s u a l l y  c o n s i d e r a b l e  / f e r t i l i z e r s ,  manure, 
s i l a g e  j u i c e s ,  o i l  p r o d u c t s ,  p l a n t  p r o t e c t i o n  c h e m i c a l s ,  e tc . / .  The 
q u a s i - p o i n t  one-time c o n c e n t r a t i o n  of  con taminan t s  i s  u s u a l l y  q u i t e  
h igh .  

I n  t h e  y e a r s  1978-80 ,  an o r i g i n a l  g e o p h y s i c a l  method for  de te rmin -  
i n g  t h e  e x t e n t  and i n v e s t i g a t i n g  t h e  p r o c e s s  o f  f a rming  con tamina t ion  
of  ground waters o f  t h e  second / loca l /  t y p e  was deve loped  and t e s t e d  
by GEOFYZIKA Brno, N.C., Pr.ague s u b s i d i a r y .  The r e s u l t s  of t h e  geo- 
p h y s i c a l  measurements w e r e  Compared w i t h  t h e  r e s u l t s  o f  hydrochemical  
i n v e s t i g a t i o n s .  The main r eason  f o r  v e r i f y i n g  t h e  u s a b i l i t y  o f  t h e  
g e o p h y s i c a l  methods is  t h e i r  h i g h  d e g r e e  o f  o p e r a t i v e n e s s ,  r e l a t i v e l y  
good r e l i a b i l i t y  and,  p a r t i c u l a r l y ,  low c o s t s .  

I n  a n a l y s i n g  a number o f  cases o f  emergencies  n o t  o n l y  i n  a g r i c u l t u -  
r a l ,  b u t  a lso i n  i n d u s t r i a l  i n s t a l l a t i o n s ,  w e  came to  t h e  c o n c l u s i o n  
t h a t  it was n e c e s s e r y  t o  make an estimate of  t h e  d a n g e r z o n e 
a l r e a d y  d u r i n g  p r e p a r a t i o n  o f  t h e  p r o j e c t .  T h i s  zone can be  d e f i n e d  
as t h e  r e g i o n  o f  con tamina t ion  o f  ground waters which o c c u r s  o v e r  
a c e r t a i n  p e r i o d  a f t e r  t h e  emergency i n  t h e  p r o j e c t e d  i n s t a l l a t i o n .  
Knowing t h i s  zone n o t  o n l y  e n a b l e s  t h e  l o c a l i t y  f o r  t h e  i n s t a l l a t i o n  
t o  be s e l e c t e d  r e l i a b l y ,  b u t  a l s o  e n a b l e s  an e f f i c i e n t  s i g n a l l i n g  
system t o  be  d e s i g n e d ,  emergency p l a n s  t o  be drawn up,  e tc .  I n  an 
i d e a l  case, t h e  t i m e  p a t t e r n  o f  t h e  con tamina t ion  can a l r e a d y  be  
e s t i m a t e d  d u r i n g  p r o j e c t  p r e p a r a t i o n ,  t o g e t h e r  w i t h  t h e  e f f e c t i v e n e s s  
of s a n a t i v e  measures .  

The r e s e a r c h  work c o n c e n t r a t e d  on d e v e l o p i n g  a complex o f  e f f e c t i v e  
geophys ica l  methods,  because  mere g e o l o g i c a l  su rvey  would i n c r e a s e  
t h e  expence o f  b u i l d i n g  m o s t  a g r i c u l t u r a l  i n s t a l l a t i o n s .  The methods 
w e r e  t e s t e d  a t  t h e  l o c a l i t y  o f  P l a l e t in  under  c o n d i t i o n s  which a r e  
t y p i c a l  o f  m o s t  o f  t h e  Bohemian Massif  w i t h  e x t e n s i v e  o c c u r r e n c e s  
of  c r y s t a l l i n e  rocks .  The p i l o t  l o c a l i t y  i s  c h a r a c t e r i z e d  by sha l low 
c i r c u l a t i o n  of  ground w a t e r s  w i t h  a p redominan t ly  f r a c t u r e - t y p e  
p e r m e a b i l i t y .  The dep th  o f  t h e  ground w a t e r  l e v e l  i s  a b o u t  1.0 - 1 . 5  m 
below t h e  s u r f a c e .  Morpho log ica l ly  t h i s  t e r r i t o r y  is  o f  i n t e r m e d i a t e  
v e r t i c a l  d i v i s i o n  / h i l l s / .  I n  t h e  neighbourhood o f  t h i s  l o c a l i t y  
t h e r e  i s  a l s o  a c o n s i d e r a b l e  number of farms s p e c i a l i z e d  i n  an ima l  
p roduc t ion .  
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RESULTS OF RESEARCH AND TEST WORK 

The M a l e t i n  Farm i s  s i t u a t e d  on a m o r p h o l o g i c a l  e l e v a t i o n  a t  a b o u t  
550  m above  sea l e v e l .  I n  b u i l d i n g  i t ,  measures  w e r e  t a k e n  / f l u m e s ,  
i n s u l a t e d  h o l d e r s ,  e tc .  w e r e  b u i l t /  t o  e l i m i n a t e ,  o r  a t  l e a s t  minimi- 
z e  t h e  c o n t a m i n a t i o n  o f  ground waters .  N e v e r t h e l e s s ,  i t  w a s  found  
t h a t  t h e  p o t a b l e  w a t e r  i n  t h e  ne ighbourhood  o f  t h e  i n v e s t i g a t e d  lo- 
c a l i t y  had  been  c o n t a m i n a t e d .  T h i s  c a l l e d  f o r  t h e  p rob lem o f  t h e  
o r i g i n  of t h e  p o l l u t i o n ,  as w e l l  as of t h e  p r o t e c t i o n  o f  ground w a -  
ters a g a i n s t  p o l l u t i o n  t o  be s o l v e d .  

F o r  t h i s  pupose  a complex o f  s u r f a c e  g e o p h y s i c a l  methods ,  s u p p l e -  
mented by  l a b o r a t o r y  n e a s u r e m e n t s ,  w a s  s e l e c t e d .  The methods were 
c o n c e n t r a t e d  on d i r e c t  and i n d i r e c t  i d e n t i f i c a t i o n  o f  t h e  c o n t a m i n a n t  
and on d e t e r m i n i n g  t h e  e x t e n t  o f  t h e  p o l l u t i o n .  

Direct d e t e c t i o n  
Direct d e t e c t i o n  r e q u i r e s  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  contami-  

n a t e d  medium t o  d i f f e r  from t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  s a m e  me-  
dium n o t  a f f e c t e d  by t h e  c o n t a m i n a n t s .  The p o s s i b i l i t y  o f  d e t e c t i o n  
w i l l  be t h e  h i g h e r ,  t h e  l a r g e r  t h e  d i f f e r e n c e  i n  t h e  p h y s i c a l  p r o p e r -  
t i e s  o f  b o t h  media and t h e  more a c c u r a t e l y  t h e s e  p r o p e r t i e s  can  be 

d e t e r m i n e d  g e o p h y s i c a l l y .  F o r  d i r ec t  d e t e c t i o n  w e  s e l e c t e d  t h e  f l u i d -  
- r e s i s t i v i t y  method and  g e o t e h e r m i c s .  Whereas t h e  fo rmer  w a s  s u c c e s s -  
f u l ,  p e r t u r b i n g  e f f e c t s  / v i z .  g e o l o g i c a l /  p r e v a i l e d  o v e r  t h e  e f f e c t  
of i n c r e a s e d  t h e r m a l  e n e r g y  o f  t h e  c o n t a m i n a n t  i n  t h e  l a t t e r  r e s u l t s .  

The f 1 u i d - r e s i s t i v i t y method,  i . e .  t h e  d i r e c t  
measurements  o f  t h e  r e s i s t i v i t y  / o r  c o n d u c t i v i t y /  of g round  o r  s u r -  
f a c e  w a t e r ,  w a s  a p p l i e d  eve rywhere  i n  t h e  f a rm area and  i t s  ne igh -  
bourhood where  i t  w a s  p o s s i b l e .  The r e s i s t i v i t y  o f  t h e  c o n t a m i n a t e d  
water / 2 0  - 4 0  ohm.m/ w a s  a t  l e a s t  1 . 5  t o  2 t i m e s  less t h a n  t h a t  of 
t h e  uncon tamina ted  water  / a b o u t  6 0  ohm.m/. The f l u i d - r e s i s t i v i t y  
i s o l i n e s  c l e a r l y  i n d i c a t e  t h e  d i r e c t i o n  o f  p r o p a g a t i o n  o f  t h e  c o n t a -  
m i n a t i o n .  

I n d i r e c t  d e t e c t i o n  
The i n d i r e c t  d e t e c t i o n  w a s  founded  on t h e  a s s u m p t i o n  t h a t  t h e  p o l l u -  

t i o n  s u b s t a n c e s  would m o s t l y  move i n  a medium c h a r a c t e r i z e d  by m i -  
n i m a l  h y d r a u l i c  r e s i s t a n c e .  T h e r e f o r e ,  t h e  g e o p h y s i c a l  s u r v e y  concen- 
t ra ted  on i n v e s t i g a t i n g  i n c r e a s e d  t h i c k n e s s e s  o f  t h e  o v e r b u r d e n ,  
w e a t h e r e d  z o n e s ,  t e c t o n i c a l l y  d i s t u r b e d  r o c k s ,  zones  w i t h  i n c r e a s e d  
o c c u r r e n c e  o f  f r a c t u r e s  o r  p o r o s i t y ,  t h e  d i r e c t i o n  o f  f l o w  of ground 
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w a t e r s ,  e t c . ,  i . e .  on t h e  l o c a l i z a t i o n  o f  such  p l a c e s  and zones i n  
which an i n c r e a s e d  accumula t ion  and m i g r a t i o n  o f  ground w a t e r  and /o r  
o f  con taminan t s  can b e  a n t i c i p a t e d .  Only s u r g a c e  g e o e l e c t r i c a l  me-  
ghods were s e l e c t e d  f o r  i n d i r e c t  d e t e c t i o n ,  because  t h e  p r e s e n c e  o f  
t h e  con taminan t  i n  t h e  rock  medium, a s  w e l l  as t h e  i n c r e a s e d  accumu- 
l a t i o n  o f  ground w a t e r s  / con tamina ted  and uncontaminated/  i s  r e f l e c t e d  
i n  anomalously d e c r e a s e d  r e s i s t i v i t i e s  / bo th  rea l  and a p p a r e n t /  o f  
t h e  medium. Of t h e  g e o e l e c t r i c a l  methods,  r e s i s t i v i t y  methods w e r e  
a p p l i e d  s u c c e s s f u l l y ,  i n  p a r t i c u l a r  v e r t i c a l  e l e c t r i c a l  sound ing  
and symmetric r e s i s t i v i t y  p r o f i l i n g ,  a s  w e l l  a s  t h e  "mise-a-la-masse" 
method / r e f . l , 2 / .  The r e s u l t s  o f  t h e  o t h e r  g e o e l e c t r i c a l  methods,  
v i z .  spontaneous p o l a r i z a t i o n  and t h e  "very-low-frequency' '  method, 
a l though  t h e i r  a p p l i c a t i o n  w a s  t h e o r e t i c a l l y  j u s t i f i e d ,  w e r e  i rre- 
p roducab le  a t  t h e  i n v e s t i g a t e d  l o c a l i t y  due t o  i n s u p p r e s s a b l e  pe r -  
t u r b i n g  e f f e c t s .  

The r e s i s t i v i t y methods were used t o  d i f f e r e n t i a t e  m e t a -  
morph i t e s ,  forming t h e  fundamental  g e o l o g i c a l  f o r m a t i o n  o f  t h e  loca -  
l i t y ,  a c c o r d i n g  t o  t h e i r  r e s i s t i v i t i e s  down t o  d e p t h s  of abou t  50 - 
- 100 m.  Und i s tu rbed  metamorphi tes  d i s p l a y  r e s i s t i v i t i e s  o f  t h e  or- 
d e r  o f  t housands  0 h m . m .  I n  wea the red ,  w a t e r - b e a r i n g  or  t e c t o n i c a l l y  
o r  o t h e r w i s e  d i s t u r b e d  r e g i o n s  t h e  r e s i s t i v i t y  may d e c r e a s e  even 
below 500 0hm.m i n  d i r e c t  dependence on t h e  d e g r e e  o f  d i s t u r b a n c e  
and on t h e  r e s i s t i v i t y  o f  ground w a t e r .  The r e s i s t i v i t y  o f  a rock  
w i l l  d e c r e a s e  below 2 0 0  0hm.m o n l y  i f  t h e  f r a c t u r e s  or  p o r e s  a r e  more 
o r  less s a t u r a t e d  by t h e  con taminan t  o r  by i t s  s o l u t i o n  i n  ground 
w a t e r .  The ma themat i ca l  model o f  r e s i s t i v i t y  s e c t i o n s  / r e f . 3 /  w a s  
o b t a i n e d  from t h e  r e s u l t s  o f  v e r i c a l  r e s i s t i v i t y  sound ing  w i t h  t h e  
a i d  of  programmable computers /see p r o f i l e  G i n  F i g . 1  - t h e  e x i s t e n -  
ce of  t h e  wa te r -bea r ing  and p o s s i b l y  con tamina ted  zone can be  de- 
t e c t e d  between t h e  p o i n t s  -15 t o  45/.  The r e s u l t s  o f  t h e  r e s i s t i v i -  
t y  methods conform t o  t h e  r e s u l t s  o f  t h e  f l u i d - r e s i s t i v i t y  measure- 
ments f i r s t  ment ioned.  The mise-a- la  masse method i n  i t s  hydrogeo- 
g e o l o g i c a l  v a r i a n t  was a p p l i e d  f o r  t h e  purpose of  d e t e r m i n i n g  t h e  
d i r e c t i o n  o f  ground w a t e r  f low.  The r e s u l t s  o f  t h i s  method a r e  com- 
p a t i b l e  w i t h  t h e  r e s u l t s  o f  t h e  two methods mentioned above. 

The i n t e r p r e t a t i o n  o f  a l l  t h e s e  g e o p h y s i c a l  methods was supplemen- 
t e d  by 1 a b o r a t o r y measurements o f  samples ,  t h e  dependence 
between r e s i s t i v i t y  and p o r o s i t y  b e i n g  i n v e s t i g a t e d  i n  p a r t i c u l a r .  
A s t a t i s t i c a l l y  s i g n i f i c a n t  i n d i r e c t  dependence w i t h  a c o r r e l a t i o n  
c o e f f i c i e n t  r= -0.84 was proved.  T h i s  proved t h a t  t h e  working hy- 
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p o t h e s e s ,  on which t h e  i n t e r p r e t a t i o n  o f  t h e  g e o e l e c t r i c a l  methods 
mentioned above w a s  based ,  w e r e  c o r r e c t .  

120 160 200m -120 -80 -40 0 40 80 

F i g . 1 .  V e r t i c a l  g e o e l e c t i c a l  s e c t i o n  a f t e r  v e r t i c a l  e lec t r ica l  sound- 
i n g s .  1 - g e o e l e c r i c a l  l a y e r  and i t s  r e s i s t i v i t y  i n  ohm.m, 2 - wa- 
t e r  and /o r  p o l l u t i o n  b e a r i n g  a q u i f e r ,  3 - water and /o r  p o l l u t i o n  
b e a r i n g  zone. 

CONCLUSION 

Drawing on t h e  complex e v a l u a t i o n  o f  f i e l d  and l a b o r a t o r y  measu- 
r emen t s  i t  w a s  p o s s i b l e  t o  d e t e r m i n e  t h e  e x t e n t  o f  t h e  p o l l u t i o n  
and d i r e c t i o n  o f  i t s  p r o p a g a t i o n .  The number o f  p o l l u t i o n  i n d i c a -  
t i o n s  was de t e rmined  by t h e  r e s u l t s  o f  f o u r  above mentioned methods. 
The s t a t i s t i c a l l y  d e f i n e d  c r i t e r i a  f o r  p o s s i b l e  e x i s t a n c e  of  con ta -  
minan t s  are : a p p a r e n t  r e s i s t i v i t y  i n  symmetr ical  p r o f i l i n g  w i t h  
c u r r e n t  e l e c r o d e s  s p a c i n g  up t o  2 0  m s h o u l d  be less than  200 0hm.m 
and  w i t h  s p a c i n g  4 0  m less t h a n  500 ohm.m, a c t u a l  r e s i s t i v i t y  i n  t h e  
r e s u l t s  o f  v e r t i c a l  e l e c r i c a l  sound ings  less than  300 ohm.m, f l u i d -  
- r e s i s t i v i t y  less t h a n  20 0hm.m. The h i g h e r  t h e  number o f  i n d i c a t i o n s  
/maximum number is  f o u r /  t h e  h i g h e r  p r o b a b i l i t y  o f  t h e  e x i s t e n c e  of  
t h e  con taminan t s  i n  t h e  g e o l o g i c a l  medium /Fig.2/. The e x t e n t  of  t h e  
p o l l u t i o n ,  de t e rmined  i n  t h i s  manner, w a s  a l s o  proved by independen t  
b a c t e r i o l o g i c a l  and chemica l  a n a l y s e s  o f  groud and s u r f a c e  w a t e r s  
/ r e f .  4 /  
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F i g . 2 .  Map o f  e x t e n t  and  p r o p a g a t i o n  o f  f a r m i n g  p o l l u t i o n .  
1 - i s o l i n e s  o f  t h e  number o f  p o l l u t i o n  i n d i c a t i o n s , 2  and 3 - l i q u i d  
manure c o n t a i n e r s ,  4 - r i v e r  s p r i n g ,  5 - f a rm boundary ,  a t o  d - 
- f a r m i n g  i n s t a l l a t i o n s .  

A check  o f  t h e  f a rm i n s t a l l a t i o n s  p roved  t h a t  t h e  c a u s e  o f  t h e  lea- 
kage  o f  h a r m f u l  s u b s t a n c e s  f rom t h e  f a rm w a s  t h e  l a c k  o f  t e c h n o l o -  
g i c a l  d i s c i p l i n e .  The e x t e n t  o f  t h e  p o l l u t i o n  a n d ,  p a r t i c u l a r l y ,  i t s  
d i r e c t i o n  of p r o p a g a t i o n  i n d i c a t e d  n o t  o n l y  d a n g e r  f o r  w a t e r  way flow- 
i n g  from t h e  s p r i n g  ea s t  o f  t h e  f a rm,  b u t  a l s o  f o r  t h e  ground waters  
i n  t h e  a d j a c e n t  v i l l a g e  o f  M a l e t i n  l o c a t e d  w e s t  o f  t h e  fa rm.  A s  a 
r e s u l t  o f  t h e s e  f i n d i n g s  e f f e c t i v e  s a n a t i v e  measu res  w e r e  recommended. 

I n  g e n e r a l  i t  may by s a i d  t h a t  t h e  e x i s t a n c e  o f  f a r m i n g  p o l l u t i o n  
/ p a r t i c u l a r l y  o f  t h e  local  t y p e /  may a f f e c t  t h e  g e o e l e c t r i c a l  p r o p e r -  
t i e s  o f  t h e  rock  medium i n  t h e  ne ighbourhood  o f  t h e  p o l l u t i o n  s o u r c e .  
T h i s  e n a b l e s  g e o e l e c r i c a l  methods  t o  b e  used  s u c c e s s f u l l y ,  i n  p a r t i -  
c u l a r  t h e  r e s i s t i v i t y  methods i n  m o d i f i c a t i o n  o f  v e r t i c a l  e l e c t r i c  
s o u n d i n g  a n d / o r  p r o f i l i n g  and  f l u i d - r e s i s t i v i t y  measurements .  
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From t h e  l i s t  of recommended methods  one  c a n n o t  e x l u d e  t h e  o t h e r  
methods e i t h e r  / e . g . ,  t h e  very- low-f requency  me thod , spon taneous  po- 
l a r i z a t i o n  and  g e o t h e r m i c s / ,  wh ich  d i d  n o t  p r o v e  s u c c e s s f u l  i n  t h e  
a c t u a l  medium o f  t h e  f a rm i n v e s t i g a t e d ,  b u t  which  may t h e o r e t i c a l l y  
p r o v e  t o  be s u c c e s s f u l  on  o t h e r  l oca l i t i e s .  

The r e l i a b i l i t y  o f  t h e  g e o p h y s i c a l  i n t e r p r e t a t i o n  depends  on 
w h e t h e r  d a t a ,  e .g. ,  on  geoelecrical and  t e m p e r a t u r e  c o n d i t i o n s  and  
f i e l d s ,  which  e x i s t e d  i n  t h e  g i v e n  area b e f o r e  t h e  f a rm w a s  es tabl i -  
s h e d ,  are avai lable .  I f  t h e s e  c o n d i t i o n s  w e r e  known, it would  be 
p o s s i b l e  t o  detect  t h e  p o l l u t i o n  much m o r e  a c c u r a t e l y  t h a n  when geo- 
p h y s i c a l  methods  are a p p l i e d  o n l y  a f t e r  t h e  emergency h a s  o c c u r r e d .  

W e  recommend, t h e r e f o r e ,  t h a t  a l i m i t e d  volume o f  g e o p h y s i c a l  m e a -  
s u r e m e n t s  / i n  a s t a b i l i z e d  ne twork  o f  p o i n t s / ,  supp lemen ted  by t h e  
n e c e s s a r y  l a b o r a t o r y  measurements ,  be made as p a r t  o f  t h e  p r o j e c t  
d e s i g n .  
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