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GROUNDWATER QUALITY I N  THE NETHERLANDS - COLLECTION AND INTERPRETATION OF DATA 

W .  VAN DUIJVENBOODEIJ 

Na t iona l  I n s t i t u t e  f o r  Water Supply,  Voorburg, The Nether lands  

ABSTRACT 

I n  The Ne the r l ands  many groundwater q u a l i t y  d a t a  a r e  a v a i l a b l e .  A t  t h e  same t i m e ,  

much r e s e a r c h  i s  b e i n g  done on groundwater q u a l i t y  and groundwater p o l l u t i o n .  T h i s  

pape r  d e a l s  w i th  problems o f  i n t e r p r e t a t i o n  o f  groundwater q u a l i t y  d a t a  r e l a t e d  t o  

hydrogeo log ica l  c o n d i t i o n s ,  l o c a t i o n  o f  bo reho les  and sample handl ing .  A t t e n t i o n  w i l l  

be p a i d  t o  t h e  q u a l i t y  o f  groundwater i n  The Ne the r l ands .  

INTRODUCTION 

Groundwater i s  t h e  p r i n c i p a l  sou rce  f o r  t h e  supp ly  o f  water f o r  bo th  domest ic  

and i n d u s t r i a l  use  i n  The Nether lands .  I n  1976, almost 1,000 m i l l i o n  c u b i c  meters o f  

groundwater w e r e  a b s t r a c t e d  f o r  t h e s e  pu rposes ,  compared t o  some 450 m i l l i o n  c u b i c  

meters o f  s u r f a c e  wa te r .  About 70% of  a l l  groundwater pumping s t a t i o n s  i n  The Nether- 

l a n d s  a r e  withdrawing groundwater i n  upper ,  sandy a q u i f e r s .  Even 50% o f  t h e s e  Dumping 

s t a t i o n s  have t h e i r  w e l l s  i n  p h r e a t i c  a q u i f e r s .  Hence it w i l l  be  c l e a r  t h e r e  i s  a 

real  r i s k  f o r  contaminat ion  by human a c t i v i t i e s ,  o f  groundwater i n  t h e  catchment 

a r e a s  o f  pumping s t a t i o n s .  For t h i s  r eason ,  groundwater i s ,  of o l d ,  be ing  monitored 

by p u b l i c  waterworks.  Moreover, groundwater i s  be ing  monitored by  p r i v a t e  and govern- 

ment i n s t i t u t e s  f o r  many purposes .  The m o s t  comprehensive p u b l i c  databank f o r  ground- 

water q u a l i t y  i s  l o c a t e d  a t  t h e  Na t iona l  I n s t i t u t e  f o r  Water Supply.  I t  c o n t a i n s  d a t a  

o f  about  20,000 groundwater samples.  However, on ly  few d a t a  on trace e lements  and 

o r g a n i c  m i c r o p o l l u t a n t s  a r e  a v a i l a b l e .  Neve r the l e s s ,  t h e  a v a i l a b l e  d a t a  i n d i c a t e  n o t  

o n l y  a g radua l  d e t e r i o r a t i o n  o f  groundwater q u a l i t y ,  b u t  also a wide d i s t r i b u t i o n  o f  

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

I n  some c a s e s  t h e  l e v e l  o f  r e c e n t l y  observed  p o l l u t i o n  w a s  such t h a t  domest ic  

s u p p l i e s  had t o  be i n t e r r u p t e d .  For t h e s e  r easons  i t  i s  c l e a r  t h a t  t h e  moni tor inq  of 

groundwater q u a l i t y  i s  necessa ry ,  i n  o r d e r  t o  d e t e c t  p o l l u t i o n  and t o  p reven t  use  of 

contaminated  groundwater f o r  p u b l i c  wa te r  supply .  

INTERPRETATION OF GROUNDWATER QUALITY DATA 

Na tu ra l  groundwater q u a l i t y  v a r i e s  wide ly ,  even a t  s h o r t  d i s t a n c e s ,  depending on 
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hydrogeologica l  c o n d i t i o n s  and type  o f  s o i l .  Table  1 p r o v i d e s  some i n s i g h t  i n t o  these  

v a r i a t i o n s .  The h igh  b i ca rbona te  c o n c e n t r a t i o n s  i n  p e a t y  areas and t h e  h igh  c h l o r i d e  

c o n t e n t s  o f  marine groundwater a r e  s t r i k i n g .  I n  p h r e a t i c ,  sandy a q u i f e r s  t h e r e  can  be 

s i g n i f i c a n t  d i f f e r e n c e s  i n  ha rdness  and b i c a r b o n a t e  c o n t e n t .  Of ten  these v a l u e s  i n  i n -  

f i l t r a t i o n  areas are ve ry  l o w .  Downstream ha rdness  g r a d u a l l y  increases. I n  f a c t ,  many 

t i m e s  it i s  p o s s i b l e  to  d i s t i n g u i s h  between i n f i l t r a t i o n  and seepage  areas by hardness 

and b i ca rbona te  c o n t e n t ,  on t h e  c o n d i t i o n  t h a t  s u f f i c i e n t  d a t a  are a v a i l a b l e .  

Many d a t a  are a v a i l a b l e  on groundwater d i scha rged  a t  groundwater pumping s t a t i o n s .  

Neve r the l e s s ,  it i s  n o t  always p o s s i b l e  t o  d e r i v e  the t r e n d  o f  groundwater q u a l i t y  

from t h e s e  d a t a .  Of ten  t r e n d s  i n  q u a l i t y  o f  d i scha rged  groundwaters can be p a r t l y  de- 

r i v e d  from changes i n  t h e  catchment area o f  a pumping s t a t i o n .  I n  tha t  way, t h e  t r end  

o f  q u a l i t y  o f  d i scha rged  groundwater a t  pumping s t a t i o n  ‘De Pol’ can also be expla ined  

( f i g u r e  1 ) .  From 1938 till 1960 t h e  pe rcen tage  o f  s o i l  i n  the ca tchment  area be ing  usec 

f o r  a g r i c u l t u r a l  purposes  g r a d u a l l y  i n c r e a s e d  by en largement  o f  t h e  catchment a r e a  

from z e r o  t o  75%, whi le  t h e  non-developed area dec reased  ( f i g .  2 ) .  A f t e r  t h a t  pe r iod  

t h i s  r a t io  remained c o n s t a n t ,  t h u s  e x p l a i n i n g  t h e  change i n  t r e n d  i n  1960. Before  1960 

t h e  t r e n d  was caused by a s h i f t  i n  s o i l  u se  i n  t h e  ca tchment  area due t o  en largement  

o f  t h i s  a r e a ,  a s  w e l l  as by a g radua l  d e t e r i o r a t i o n  o f  groundwater q u a l i t y  i n  t h e  se- 

v e r a l  areas i t s e l f .  A f t e r  1960, t h i s  s h i f t  i n  s o i l  use  can mainly be e x p l a i n e d  by de- 

t e r i o r a t i o n  o f  groundwater q u a l i t y .  Another example i s  g iven  i n  f i g .  3. I n  t h e  qround- 

water  pumping s t a t i o n  Hol ten  s o m e  w e l l s  a r e  d e r i v i n g  t h e i r  wa te r  from u n c u l t i v a t e d  i n -  

f i l t r a t i o n  a r e a s  wi th  low i o n  c o n c e n t r a t i o n  i n  t h e  groundwater;  o t h e r  w e l l s  withdraw 

t h e i r  wa te r  from a q u i f e r s  below s o i l  used f o r  a g r i c u l t u r e  ( f i g .  3a)  or from deeper  

s t r a t a  w i th  much h i g h e r  i o n  c o n t e n t s .  The l a t e s t  is i l l u s t r a t e d  by f i g .  3b. Wells i n  

t h e  c e n t r e  p a r t  of t h e  pumping s t a t i o n  are withdrawing t h e i r  wa te r  from a deepe r  more 

f i n e  g ra ined  p a r t  of t h e  same a q u i f e r  w i th  a h i g h e r  HC03--content. Q u a l i t y  o f  wi th-  

drawn groundwater v a r i e s  w i t h  t h e  wi thdrawal  s chedu le  o f  t h e  pumping s t a t i o n .  

A s  i n d i c a t e d  b e f o r e ,  there i s  a close r e l a t i o n s h i p  between s o i l  use  and ground- 

water q u a l i t y ,  e s p e c i a l l y  i n  sandy,  p h r e a t i c  a q u i f e r s .  Some r e s u l t s  o f  s t a t i s t i c a l  

a n a l y s i s  o f  d a t a  a v a i l a b l e  from moni tor ing  W e l l s  a r e  g iven  i n  table 2 .  A s  expec ted ,  

t h e  h i g h e s t  i o n  c o n c e n t r a t i o n  i n  groundwater can be found i n  a r e a s  wi th  t h e  m o s t  i n -  

t e n s e  human a c t i v i t i e s .  On the o t h e r  hand, i t  has  t o  be k e p t  i n  mind t h a t  t h e r e  i s  

also,  a s  mentioned b e f o r e ,  a r e l a t i o n s h i p  between some paramete r s  and type  o f  so i l .  

S t a t i s t i c a l  a n a l y s i s  o f  groundwater q u a l i t y  d a t a  c l e a r l y  i n d i c a t e s  a g r a d u a l  d e t e r i o r -  

a t i o n  of groundwater q u a l i t y ,  e s p e c i a l l y  f o r  C1-  and SO4’-, even i n  u n c u l t i v a t e d  a r e a s  

( f i g .  4 ) .  Apar t  from s o i l  use t h i s  can be  a t t r i b u t e d  t o  a i r  p o l l u t i o n .  E f f e c t s  o f  i n -  

d u s t r i a l  a i r  p o l l u t i o n  on groundwater q u a l i t y  i n  u n c u l t i v a t e d  a r e a s  a r e  shown i n  f i g  5 .  

S p e c i a l  computer programmes a r e  developed t o  make s t a t i s t i c a l  o p e r a t i o n s  o f  l a rge  

numbers of chemical a n a l y s i s  p o s s i b l e .  Neve r the l e s s ,  f o r  a c o r r e c t  i n t e r p r e t a t i o n  of 

d a t a  an i n d i v i d u a l  approach of t h e s e  d a t a  is  a l s o  necessa ry .  Only few d a t a  a r e  a v a i l -  

a b l e  on t r a c e  e l emen t s ,  most of them from groundwater d i scha rged  a t  pumping s t a t i o n s .  
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Often, r e l a t i v e l y  high concentrat ions can be r e l a t e d  t o  t h e  presence of l o c a l  waste 

d isposa l  s i t e s .  T i l l  now no d i r e c t  r e l a t i o n s h i p  has been found with sources of a mare 

d i f f u s e  nature .  Some information on t r a c e  elements i n  groundwater i n  i n f i l t r a t i o n  areas  

i s  given i n  t a b l e  3 .  Recent d a t a  on organic  micropol lutants  i n d i c a t e  a wide d i s t r i b u -  

t i o n  of these p o l l u t a n t s  i n  groundwater, a l s o  i n  uncul t ivated a reas ,  perhaps p a r t l y  

caused by r a i n .  Analysis of water samples from the  nacional monitoring network f o r  

groundwater q u a l i t y  shows t h a t  i n  70% of a l l  examined water samples organohalogen com- 

pounds have been detected i n  concentrat ions of more than 0 . 2  lJg/l; i n  16% of  t h e  sam- 

p l e s  the  concentrat ion was even more than 1 ug/ l .  A s p e c i a l  problem i n  t h e  i n t e r n r e t a -  

t i o n  of  groundwater q u a l i t y  d a t a  is  r e l a t e d  t o  the  quest ion of how f a r  a groundwater 

sample i s  representa t ive  f o r  t h e  o v e r a l l  s i t u a t i o n  in an aquifer .  In f a c t ,  research in-  

d i c a t e s  s i g n i f i c a n t  v a r i a t i o n s  i n  groundwater q u a l i t y  i n  a hor izonta l  a s  wel l  a s  i n  a 

v e r t i c a l  sense, e s p e c i a l l y  i n  the  upper 10 t o  15 meters below groundwater l e v e l ,  a s  

shown i n  f igure  6. 

I n  genera l ,  da ta  of groundwater, derived from more than 10 till 15 meters below 

groundwater l e v e l ,  can be,  within c e r t a i n  r e s t r i c t i o n s ,  representat ive f o r  p a r t  of an 

aqui fe r ,  thus making i t  possible  t o  descr ibe groundwater q u a l i t y  i n  an aqui fe r ,  some- 

t i m e s  even with i s o l i n e s .  The r e s t r i c t i o n s  a r e  determined by hydrogeological con- 

d i t i o n s ,  s o i l  use and type of s o i l .  Especial ly  i n  shallow groundwaters, because of 

l imi ted  e f f e c t s  of d i spers ion ,  groundwater q u a l i t y  can vary widely a t  very s h o r t  

d i s tances ,  thus requi r ing  a thorough way of sampling and i n t e r p r e t a t i o n  of da ta .  

For research purposes the use of mini-screens, making it possible  t o  place many 

screens i n  a borehole, may be useful .  In  t h i s  way, even pol lu t ion  t ranspor t  can be 

t raced a s  shown i n  f igure  7 .  The use of a number of normal screens is  l imi ted  by the 

s i z e  of the  borehole. The use of long well-screens causes, besides  normal mixing of 

d i f f e r e n t  water q u a l i t i e s ,  s h o r t - c i r c u i t  flow, thus inf luencing i n t e r p r e t a t i o n  of 

data .  Ver t ica l  flow of groundwater is s h o r t c i r c u i t e d  by a screen due t o  the small 

res i s tance  t o  the  flow ins ide  the  screen i t s e l f ,  which i s  negl ig ib le  i n  r e l a t i o n  t o  

the surrounding s o i l .  The s i z e  of t h i s  s h o r t  c i r c u i t  flow i s ,  a s  i l l u s t r a t e d  i n  t ab le  

4 ,  proport ionate  t o  the  cubed length of the screen. 

In f a c t ,  a t  a research loca t ion  near the  dunes i n  an i n f i l t r a t i o n  area with a 

constant  hor izonta l  permeabi l i ty ,  groundwater withdrawn with a 15 meter long well- 

screen w a s  mainly coming from the  upper p a r t  of t h e  well-screen, a s  could be detected 

by use of mini-screens i n  a nearby wel l .  Using long screens a l s o  provides a Fossibi- 

l i t y  t o  i n t e r s e c t  s t r a t a  of varying permeabi l i ty .  This r e s u l t s  i n  a p r e f e r e n t i a l  with- 

drawal of groundwater mainly from the more permeable s t r a t a  a s  shown i n  f igure 8,  

based on d a t a  from a research loca t ion  near Uddel. 

By d r i l l i n g  a borehole, groundwater and groundwater q u a l i t y  around the borehole 

w i l l  be dis turbed.  Dependent on hydrogeological condi t ions i t  takes  considerable time, 

varying from some weeks till more than a year ,  before  the o r i q i n a l  s i t u a t i o n  i s  
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r e s t o r e d .  In t h i s  p e r i o d  sampling i s  u s e l e s s ,  e s p e c i a l l y  i n  case o f  cons ide rab le  

v a r i a t i o n s  i n  groundwater q u a l i t y .  Figure 9 shows an  i l l u s t r a t i v e  example, based 

upon groundwater d a t a  c o l l e c t e d  near a waste d i s p o s a l  s i t e .  T h i s  f i g u r e  also i l l u -  

s t ra tes  ano the r  phenomenon, e s p e c i a l l y  of  importance i n  case o f  groundwater monito- 

r i n g  i n  h e a v i l y  p o l l u t e d  areas. 

D r i l l i n g  may cause p o l l u t i o n  t o  be t r a n s p o r t e d  t o  deeper  s t ra ta ,  p o s s i b l y  because 

of  a temporarely s h o r t c i r c u i t  f low,  w h i l s t  d i r e c t  contaminat ion may be  caused by a 

mantle tube o r  d r i l l i n g  f l u i d .  

Other problems concerning t h e  monitor ing of  groundwater q u a l i t y  nea r  local 

p o l l u t i n g  sources  are caused by t h e  l i m i t e d  f low tubes wi th  p o l l u t e d  groundwater,  

surrounded by non-polluted groundwater,  and so hampering d e t e c t i o n  o f  p o l l u t i o n .  

Problems i n  monitor ing can be shown i n  f i g u r e  10, i n d i c a t i n g  t h e  d i f f i c u l t y  i n  choice 

of  depth of  s c r e e n s  when us ing  normal wel l -screens.  T h i s  f i g u r e  also i l l u s t r a t e s  the 

use of  tritium measurements f o r  t h e  d a t i n g  of  groundwater.  I t  seems reasonab le  t o  

assume t h a t  t h e  inc reased  t r i t i u m  c o n t e n t  i n  t h e  groundwater a t  a depth o f  abou t  11 

meters can be  a t t r i b u t e d  t o  the h ighe r  tritium c o n t e n t  i n  r a i n w a t e r  i n  t h e  e a r l y  

1960s as a r e s u l t  of  a tmospheric  n u c l e a r  tests. 

When monitor ing groundwater nea r  local p o l l u t i n g  sources ,  s p e c i a l  a t t e n t i o n  should 

be given t o  t h e  p o s s i b i l i t y  o f  d e n s i t y  flow. With d e n s i t y  f low,  t h e  v e r t i c a l  compo- 

nen t  can be cons ide rab ly  l a r g e r  t han  under normal c o n d i t i o n s ,  t h u s  caus ing  a deep 

p e n e t r a t i o n  of  p o l l u t i o n  i n  t h e  a q u i f e r ,  a l r e a d y  below t h e  d i s p o s a l  s i te .  For t h i s  

reason,  it i s  necessary t o  sample groundwater ove r  the whole depth o f  an a q u i f e r .  

Upstream p o l l u t i o n  by a l l - s i d e d  groundwater f low coming from waste d i s p o s a l  s i t es  

and caused by the i n c r e a s e  o f  t h e  groundwater l e v e l  i n  t h e  s i te ,  r e q u i r e s  a t t e n t i o n  

f o r  a correct choice of  r e f e r e n c e  w e l l s .  As f a r  as t h e  many local p o l l u t i n g  sources  

d e t e r i o r a t e  groundwater q u a l i t y ,  t h e  development of  quick f i e l d  su rvey  t echn iques  

seems u s e f u l .  

Modern groundwater q u a l i t y  r e s e a r c h  r e q u i r e s , t h a t  much a t t e n t i o n  should be pa id  

t o  the c o r r e c t  way o f  d r i l l i n g ,  sampling and sample handl ing.  Th i s  ho lds  t r u e  f o r  

t h e  r i s k s  of  contaminat ion o f  w a t e r  samples,  e s p e c i a l l y  i n  t h e  case of  p o l l u t i o n  of 

groundwaters w i th  p o l l u t a n t s  which a l r e a d y  cause problems i n  ve ry  l o w  concen t r a t ions .  

On t h e  o t h e r  hand, measures should be taken t o  avoid removal o f  p o l l u t a n t s  from 

samples by adso rp t ion ,  p r e c i p i t a t i o n ,  deg rada t ion  o r  evapora t ion .  E s p e c i a l l y  when 

developing series of measurements i n  t i m e ,  uniform d i r e c t i v e s  f o r  d r i l l i n g  and 

sampling procedures  are necessary.  

In  a d d i t i o n  t o  a v a i l a b l e  groundwater q u a l i t y  d a t a  and e x i s t i n g  l o c a l  monitor ing 

systems,  t he  Na t iona l  I n s t i t u t e  f o r  Water Supply i s  c u r r e n t l y  engaged i n  e s t a b l i s h i n g  

a b a s i c  groundwater q u a l i t y  monitor ing network f o r  t h e  Min i s t ry  o f  Heal th  and Environ- 

mental  P r o t e c t i o n .  The o b j e c t i v e s  o f  the network are: 

- t o  draw up an inven to ry  of t h e  p r e s e n t  q u a l i t y  o f  groundwater t o  complement t h e  

information a l r eady  a v a i l a b l e ;  
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- t o  i d e n t i f y  long-term q u a l i t y  changes; 

- t o  provide the in fo rma t ion  r e q u i r e d  f o r  an adequate groundwater management. 

The e s t ab l i shmen t  of  t h e  monitor ing network is i n t e g r a t e d  with o t h e r  planned o r  

e x i s t i n g  systems such as those  f o r  monitor ing t h e  q u a l i t y  of r a inwa te r  and water 

q u a l i t y  i n  the  primary s u r f a c e  water system. 

Some 400 monitor ing s t a t i o n s  a r e  c u r r e n t l y  be ing  p o s i t i o n e d  and equipped f o r  

sampling shal low groundwater.  Th i s  i s  e q u i v a l e n t  t o  an average monitoring r a t i o  o f  

one s t a t i o n  p e r  80 square k i lome te r s .  A s i g n i f i c a n t  p ropor t ion  of  monitor ing s t a t i o n s  

are l o c a t e d  i n  key areas f o r  p u b l i c  water supp ly ,  though obse rva t ion  w e l l s  are also 

p laced  i n  o t h e r  a r e a s ,  i n c l u d i n g  those  w i t h  b r a c k i s h  or s a l i n e  groundwater. Further-  

more l o c a t i o n  o f  shal low w e l l s  i s  r e l a t e d  t o  s o i l  u se ,  type of  soils and hydrogeolo- 

g i c a l  c o n d i t i o n s ,  t hus  making it p o s s i b l e  t o  re la te  groundwater q u a l i t y  and t h e s e  

parameters .  

For t h e  sha l low monitor ing s t a t i o n s ,  p u l s e  bo reho les  a r e  d r i l l e d  t o  a depth of 

some 25  meters and p a r t l y  s u b j e c t  t o  t h e  g e o l o g i c a l  c o n d i t i o n  o f  t h e  substratum, 

s c r e e n s  are p laced  between 8-10, 12-24 and 23-25 meters below t h e  s u r f a c e .  E f f o r t s  

are made t o  ensu re  t h a t a t  least  t h e  lowest  s c r e e n  is  p laced  i n  a coarse sand aqu i f e r .  

The top  s c r e e n  i s  p laced  a few meters below groundwater level  so as t o  al low f o r  e a r l y  

r e c o g n i t i o n  of f u t u r e  changes i n  q u a l i t y .  No samples are taken from t h e  upper f i v e  

meters o f  groundwater t o  e l i m i n a t e  e f f e c t s  which are t o o  c l o s e l y  t i e d  t o  t h e  l o c a l i t y .  

The middle s c r e e n  i s  inc luded  as a r e se rve  ( f i g .  1 1 ) .  

During t h e  i n i t i a l  phase,  samples a r e  normally taken annua l ly  from a l l  monitoring 

p o i n t s .  More f r e q u e n t  sampling (up t o  6 t i m e s  p e r  annum) is  p r a c t i c e d  du r ing  t h i s  

p e r i o d  a t  a l i m i t e d  number of  monitor ing p o i n t s .  Furthermore,  a number o f  monitor ing 

p o i n t s  i s  s e l e c t e d  f o r  m o r e  e x t e n s i v e  a n a l y s i s  of  t he  a b s t r a c t e d  groundwater. 

I t  i s  t o  be expected t h a t  i n  due course t h e r e  w i l l  be a number o f  d i f f e r i n g  ana- 

l y s i s  p r o g r a m s  and sampling f r equenc ie s  which w i l l  be a p p l i e d  bo th  h o r i z o n t a l l y  and 

v e r t i c a l l y ,  depending on t h e  l o c a t i o n s  o f  t h e  monitor ing p o i n t s .  The b a s i c  a n a l y s i s  

p r o g r a m  i s  given i n  t a b l e  5. 

CONCLUSIONS 

To i n t e r p r e t  d a t a  o f  groundwater q u a l i t y  a thorough knowledge of  local hydrogeolo- 

g i c a l  c o n d i t i o n s  is necessary.  S p e c i a l  a t t e n t i o n  should be p a i d  t o  a c o r r e c t  choice o f  

t h e  l o c a t i o n  of  monitor ing w e l l s  and wel l -screens.  D r i l l i n g  o f  w e l l s  causes  a tempora- 

r y  d i s t u r b a n c e  of  t h e  o r i g i n a l  s i t u a t i o n  of groundwater q u a l i t y  and sometimes causes 

p o l l u t i o n  o f  deeper  s t r a t a .  Consequently,  a f t e r  d r i l l i n g  is i t  necessa ry  t o  w a i t  some 

t i m e  be fo re  sampling; d r i l l i n g  through contaminated soils should be done c a r e f u l l y  

and should be avoided whenever p o s s i b l e .  S t a t i s t i c a l  a n a l y s i s  of  d a t a  i s  a u s e f u l  t o o l  

i n  i n t e r p r e t a t i o n  of  groundwater q u a l i t y  d a t a ;  however, an approach of  i n d i v i d u a l  da t a  

i s  a l s o  necessary.  The use of  long wel l -screens f o r  monitor ing w e l l s  should be avoided 

due t o  problems w i t h  mixing and s h o r t c i r c u i t  f l o w .  The use of mini-screens may be use- 
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ful for r e s e a r c h  purposes .  S p e c i a l  a t t e n t i o n  shou ld  be  g iven  t o  t h e  manner o f  

sampling and sample hand l ing .  Development of qu ick  f i e l d  su rvey  sys tems seems t o  

be u s e f u l .  

TABLE 1 

Clay/Peat* Dunes Ice Pushed Ridges 

6 6 33 40 2 3  3 8  

meter be  l o w  groundleve  1 

c1- mg/  1 72  7322 44 9250  1 4  1 0  

HCO; m g / l  1300 876 312 2 9 8  1 3  159 

so4’- m g / l  70 605  4 1450  8 8.8 

K+ mg/ 1 26  175 22 160 1.1 0.9 

ca++ mg/l 34 1080  2 7  352 2 . 1  43 

~ 

* 2 Wells a t  approx. 100 meters d i s t a n c e  

TABLE 2 

The e f f e c t s  o f  s o i l  use  on t h e  q u a l i t y  o f  sha l low groundwater ( 1 0  - 20  meters 

below t h e  s u r f a c e )  i n  Eas t e rn  Brabant and Nor thern  Limburg, (based  upon 1400 analyses)  

Para- Uni t  Non- P a s t u r e  A r a b l e  Bu i l t -up  
meter Devel- l a n d  l a n d  areas 

oped 
l a n d  

c1- m g / l  22 37 42 5 4  

so42-  m g / l  34 4 1  5 4  9 1  

NO3- mg/l  1.9 1.3 10.4 30.0 

HC03- m g / l  40 6 7  6 8  1 3 1  

N a +  mg/ 1 1 7  2 1  2 7  5 0  

Hardness mmol/l 0 .59  0.91 1.13 2.07 

TABLE 3 

Heavy me ta l s  i n  groundwater ( i n  vg/1) 

V e l u w e  Dunes V e  luwe Dunes 

C r  <1 - 5 0.6 - 1 co 0 . 5 - 3  2 - 4  

cu  2 - 5 0  4 - 2 0  Cd 0 . 1  - 2 0 .1  - 1 

V 2 - 10 4 - 6  N i  1 - 2  2 - 1 5  

Pb 1 - 25  < 1  - 6 L i  1 - 5  2 - 4  

zn 5 - 200  
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Length of 
screen 

m 

10 

10 

10 

2 

2 

TABLE 4 

Shor t -c i rcu i t  flow v i a  w e l l  screens 

2 r  depth of  e 
screen 

c m  m - 1.s. m3/ Y 

5.7 0 - 10 2 . 6  

5.7 20 - 30 1.1 

2.5 0 - 10 2 . 2  

5.7 8 - 10 0.14 

5.7 23 - 25 0.07 

Q = s h o r t - c i r c u i t  flow (13/t) 

r = rad ius  (1) 

N = e f f e c t i v e  p r e c i p i t a t i o n  (l/t) 

2 1  = length of wel l  screen (1) 

D = thickness  of a q u i f e r  (1) 

a = l/ro 

and f o r  1 >> ro 

A = 400 l n ( 2 a )  - 2a In (4a) - 2a + 3 

- 
z = main depth of w e l l  screen (1) 

Some ca lcu la t ions  f o r  D = 40 m and N = m/d 

TABLE 5 

Basic ana lys i s  p r o g r a m  

KjN Ca Zn 2+ 
-O4 

NO3- Mg2+ N i  TOC 

c1- Na+ AS VOCl 

sp42- K+ PH EOCl  

HC03 t o t .  P Eh 
- 

Conductivity 
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Figure  2 .  Catchment area groundwater pumpinq s t a t i o n  ' D e  P o l '  
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Figure  3a.  Groundwaterpumping s t a t i o n  Hol ten  25.09.1974 
I s o l i n e s  for C1- (mg/ll 

Figure  3b. I s o l i n e s  f o r  H C O ~  (mg/l) 
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F i g u r e  5. E f f e c t s  of a i r  p o l l u t i o n  
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Figure 7. HCOi content  i n  groundwater Figure 8. Research loca t ion  Uddel 
i n  a dune area over depth and t i m e  
(borehole 300-152) 

Figure 9.  Trend of the  q u a l i t y  of groundwater a t  a waste d isposa l  s i t e  
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