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Abstract

The m un ic ipa l  pub l ic  w a te r -s u p p ly  co m p a n y  o f  Knokke-H e ls t  Is p roduc ing  d r in k in g -w a te r  f rom  th e  dunes 
aquifer.  However, the  ava i lab le  resources are l im i ted  and o ve re xp lo i ta t io n  o f  th e  eco log ica l ly  v a luab le  dune  
aq u i fe r  system shou ld  be avo ided .  Therefore, the  co m p a n y  has deve loped  a n e w  s tra tegy  fo r  the  fu tu re .  An 
Im p o r ta n t  c o m p o n e n t  o f  th is  n e w  s tra tegy  consists In th e  t r e a tm e n t  o f  surface w a te r  by m eans o f  reverse 
osmosis, and rem inera l isa t ion  o f  th e  p roduced  f i l t ra te  by m eans  o f  g ro u n d w a te r  taken  f ro m  a n e w  
c a tc h m e n t  a round  th e  "D e  C lo e d t "  pit,  a fo rm e r  sand guarry, w h ic h  Is n o w  Inunda ted  and recharged by 
surface water .  The "D e  C lo e d t "  p i t  Is s i tua ted  In th e  po lde r  area, jus t  to  th e  sou th  o f  th e  du n e  border. In 
th e  p o lde r  area, sal ine g r o u n d w a te r  occurs In d ep th ,  w h ic h  m ay l im i t  th e  g ro u n d w a te r  exp lo i ta t io n  
p o ten t ia l .  This pape r  deals w i t h  th e  h yd rogeo log ica l  Inves t iga t ions  t h a t  have been p e r fo rm ed  o f  th e  area. 
This Inc ludes geophys ica l  m easurem ents ,  p iezom e tr ic  and surface w a te r  d ischarge  m easurem ents ,  
g ro u n d w a te r  sam p l ing  and analysis and m ode l ing .

Keywords: g ro u n d w a te r  c a tchm en t ,  h yd rodynam ic  m ode l in g ,  sa l t / f resh w a te r  d is t r ib u t io n ,  geophys ica l  
charac te r iza t ion .

Introduction

During  th e  last ten  years, th e  vu lne rab le  du n e  ecosystem has been receiv ing Increasing p ro tec t ion  and 
c ons ide ra t ion  by th e  pub l ic  a u th o r i t ie s  In Flanders. Ecological values are la rge ly  d e p e n d e n t  on hydro logy, 
and th e  m a n a g e m e n t  o f  th e  du n e  aq u i fe r  system Is thus  h igh on th e  a d m in is t ra t io n 's  agenda .  A  pol i t ica l  
o p t io n  Is to  rem ove  g ro u n d w a te r  e x p lo i ta t io n  f rom  th e  dunes. W h e th e r  such drast ic  measures w i l l  real ly be 
Im p le m e n te d ,  rem ains  uncer ta in ,  b u t  de f in i te ly  w a te r  supp ly  c om pan ies  p u m p in g  g ro u n d w a te r  f ro m  the 
dunes are urged to  cons ide r  a l te rnat ives ,  a t  least fo r  part  o f  th e i r  needs.

0  C o rre s p o n d in g  a u th o r
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The m u n ic ipa l  w a te r -s u p p ly  c o m p a n y  o f  Knokke-He ls t  has deve loped  a n e w  s tra tegy  fo r  th e  fu tu re .  They 
propose  to  use surface w a te r  f ro m  th e  Leopo ld  Canal,  w h ic h  they  w i l l  t re a t  by m eans o f  reverse osmosis. 
The p roduced  f i l t ra te  w i l l  be rem inera l ized by m eans o f  g ro u n d w a te r  taken  f rom  a n e w  ca tc h m e n t  near the  
"D e  C lo e d t "  pit.  This Is a fo rm e r  sand quarry, w h ic h  Is n o w  f i l led by surface w a te r  f ro m  th e  p o lde r  area. A  
p o lde r  d i tch  Is crossing th e  pit.  The "D e  C lo e d t "  p it  Is s i tua ted  In the  po lde r  area, close to  th e  du n e  border. 
In th e  po lde r  area, sal ine g ro u n d w a te r  occurs In dep th ,  w h ic h  m ay l im i t  th e  g r o u n d w a te r  exp lo i ta t io n  
p o ten t ia l .  In re turn  fo r  th e  n e w  g ro u n d w a te r  ca tc h m e n t  In th e  po lde r  area, less g ro u n d w a te r  w i l l  be 
p u m p e d  f ro m  th e  ca tc h m e n t  In th e  dunes.

Hydrogeological structure near the  "D e C loedt" p it

The s h a l lo w  g ro u n d w a te r  reservoir  Is b o u n d e d  to  th e  b o t to m  by th e  heavy clay o f  the  M a ld e g e m  Format ion  
(B a r ton lan ,  Tert iary) (F igure 1 ). It Is fo u n d  a t  a d ep th  o f  a round  27 m (ca - 2 4  m TAW). The b o t to m  o f  the  
aq u i fe r  consists o f  m e d iu m  sand, f re g u e n t ly  w i th  shell f ragm ents .  This se d im e n t  can be a t t r ib u te d  to  the  
M oerkerke  Deposit .  Its hydrau l ic  co n d u c t iv i ty  w as de te rm in e d  at 13 m/d  f ro m  a p u m p in g  tes t  near  th e  "D e  
C lo e d t "  p it (Verm oor te l  et ah, 1998) .  A t  a b o u t  18 m d ep th  (ca - 1 5  m TAW) It Is fo l lo w e d  by th e  Deposits 
o f  D a m m e  and Eeklo, cons is t ing  o f  si l ty f ine  sand. The hydrau l ic  c o n d u c t iv i ty  o f  th is  layer w as d e te rm ined  
at 3 .7  m/d .  A t  th e  surface, th e  po lde r  clay Is fo u n d  (D u n k i rk  Deposit) ,  w i th  a th ickness  o f  a round  2 m.

  Palder day

filly fine sand

Figure 1. H yd ro g e o lo g ica l s tru c tu re . Figure 2. O bserved  fre s h -w a te r heads in th e
lo w e r p a r t o f th e  a g u ife r  (1 9 /1 /2 0 0 3 ).

Hydrodynamica! characterization

M e asu rem en ts  in p iezom ete rs  a round  th e  "D e  C lo e d t "  p i t  have enab led  to  m ap th e  f re s h -w a te r  heads In 
the  g ro u n d w a te r  reservoir. The lines o f  egua l f r e s h -w a te r  head du r ing  th e  recharge per iod  ( fo r  19 January 
2 0 0 3 )  have been s h o w n  In Figure 2 fo r  th e  lo w e r  pa r t  o f  th e  reservoir. The d ra in ing  fu n c t io n  o f  th e  p i t  Is 
obv ious.  In th e  p i t  Itself, th e  w a te r  level Is a t  less th a n  + 2  m TAW. G ro u n d w a te r  f lo w s  to w a rd s  th e  p i t  f rom  
all d irect ions.  The g ra d ie n t  Is th e  h ighes t  to  th e  nor th ,  a t  the  dune  border. To th e  sou th ,  the re  Is a
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g ro u n d w a te r  d iv ide  resu lt ing  f rom  th e  presence o f  th e  pit :  no r th  o f  th is  d iv ide, g ro u n d w a te r  f lo w s  to  the 
nor th  to w a rd s  th e  pit;  sou th  o f  th e  d iv ide, th e  reg iona l  g ro u n d w a te r  f l o w  to  th e  sou th ,  to w a rd s  th e  Isabella 
Canal,  Is rees tab l ished.

W i th in  th e  aguifer,  th e re  is an u p w a rd  vert ica l  f l o w  in the  p o ld e r  area. The vert ical  g rad ien t  increases 
s ta r t ing  f ro m  th e  du n e  bo rde r  In th e  d i rec t ion  o f  th e  Isabella Canal.  The f re s h -w a te r  head d i f fe rences  reach 
m ore  th a n  3 0  cm over 20  m dep th .

The "D e  C lo e d t "  p i t  receives surface w a te r  f ro m  a po lde r  d i tch  en te r ing  th e  p i t  f rom  th e  n o r th w e s t .  W a te r  
leaves th e  pit at an o u t le t  in th e  east. Actua l ly ,  bo th  w a te rw a y s  fo rm e d  one  p o lde r  d i tch ,  w h ic h  w a s  cu t  by 
th e  d ig g in g  o f  th e  sand quarry. The o u t le t  leads th e  w a te r  to  the  Isabella Canal.  A t  th is  o u t le t ,  d ischarge 
m e a s u re m e n ts  w e re  m ade ,  w i t h  th e  
purpose  o f  g u a n t i fy in g  the  w a te r  a m o u n ts  
th a t  could be ut i l ized  fo r  (sem i- )na tu ra l  
in f i l t ra t ion  by seal ing th e  o u t le t ,  in the  
n e w  s i tua t ion  o f  g ro u n d w a te r  ca tch m e n t  
by w e l ls  a ro u n d  th e  p i t .T h e  o p t io n  o f  more  
act ive ar t i f ic ia l  recharge w as a b a n d o n e d  
because o f  th e  bad qua l i ty  o f  th e  ava i lab le  
w a te r  o f  th e  Leopold Canal,  w h ic h  w o u ld  
regu ire  t r e a tm e n t  be fo re  in f i l t ra t ion .  The 
d ischarge  m easu rem en ts  a t  th e  o u t le t  o f  
th e  p i t  have been p e r fo rm ed  by m eans o f  
a lo n g - th ro a te d  m easu r ing  f lu m e  (Bos,
1985 ) .  The results fo r  the  per iod  July to  
Decem ber 2 0 0 2  are represented in Figure 
3. Peak d ischarges exceed 4 0 0 0  m 3/day.
However, du r ing  dry  per iods  In summer, 
d ischarge  m ay d isappea r  comple te ly .

Simulation of groundwater flow

G ro u n d w a te r  f l o w  w as s im u la ted  by m eans o f  th e  M O D F LO W  code (M c D o n a ld  and Ha rbaugh ,  1988) .  The 
nor th  b o u n d a ry  is th e  lo w  w a te r  l ine a t  th e  shore ( f ixed head).  To th e  sou th ,  th e  Isabella Canal w a s  used 
as a f ixed head boundary .  The w e s t  b o u n d a ry  is a f l o w  l ine pe rpe n d icu la r  to  th e  shore (no f l o w  boundary) .  
The b o u n d a ry  to  th e  east is a w a te r  d iv ide  (no f lo w ) ,  w h ic h  is fu r th e r  ex tended  to  th e  Isabella Canal.  The 
cell size is 50 m X 50 m. Subdiv is ion in layers fo r  th e  p o ld e r  area w a s  do n e  as discussed above. In the  
dunes, th e  dune  sand is rep lac ing th e  p o lde r  clay. As such, th ree  a g u i fe r  layers have been d is t ingu ished :  1 ) 
th e  uppe r  du n e  sands, 2) th e  si l ty f ine  sands and 3) the  m e d iu m  sand at the  b o t to m .  The "D e  C lo e d t "  p it 
w a s  accoun ted  fo r  by loca l ly  in t ro d u c in g  very h igh hydrau l ic  co n duc t iv i t ies  Into layers 1 and 2, resu lt ing  in 
egua l ca lcu la ted  heads in all cells. The p i t  could n o t  represent th e  in p u t  w i th  f ixed head, as the  in f luence 
o f  g ro u n d w a te r  ca tc h m e n t  on the  pit 's w a te r  level m ust  be ca lcu la ted .  The o u t le t  w a s  s im u la ted  by ta k in g  
o u t  4 0 0  m 3/d  on the  average (d is regard ing  th e  h ighes t  peak  discharges).

Figure 3. D ischarge  a t th e  o u t le t  o f th e  "D e  C lo e d t"  p it  d u rin g  
Ju ly -D ecem ber 2 0 0 2 .
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Figure 4. H yd rau lic  heads w ith o u t  p u m p in g . Figure 5. H yd rau lic  heads in th e  p re s e n t s itu a tio n : 
p u m p in g  o f 8 0 0 .0 0 0  m 3/y e a r in dunes.

Figure 6. D ra w d o w n  in th e  p re se n t s itu a tio n . Figure 7. H yd rau lic  heads in th e  p la n n e d  s itu a tio n : 
p u m p in g  o f 4 0 0 .0 0 0  m 3/y e a r in dunes  and  3 2 0 .0 0 0  

m 3/y e a r nea r "D e  C lo e d t"  p it.

Figure 8. Rise o f  w a te r  ta b le  w h e n  p u m p in g  
4 0 0 .0 0 0  m 3/y e a r in dunes and  3 2 0 .0 0 0  m 3/y ea r 
nea r "D e  C lo e d t" ,  co m pa re d  to  p re s e n t s itu a tio n .

SEA

Figure 9. R esidua l d ra w d o w n  o f  w a te r  ta b le  in 
p la n n e d  s itu a tio n , co m pa re d  to  s itu a tio n  w ith o u t  

p u m p in g .
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The ca lcu la ted  hydrau l ic  heads In the  s i tua t ion  w i t h o u t  g ro u n d w a te r  e x p lo i ta t io n  are s h o w n  In Figure 4. A  
g ro u n d w a te r  d iv ide  Is observed In the  cen te r  o f  th e  dunes. Nor th  o f  It, g ro u n d w a te r  recharged In th e  dunes 
f lo w s  o u t  to w a rd s  th e  sea; to  the  sou th ,  It f lo w s  to  th e  po lde r  area.

Simulation o f the present situation

In the  p resent s i tua t ion ,  no g ro u n d w a te r  ca tc h m e n t  exists a round  th e  "D e  C lo e d t "  p it .  In th e  dunes, 
8 0 0 .0 0 0  m 3/yea r  m ay be p u m p e d  accord ing  to  th e  l icense.The hydrau l ic  heads In th e  p resent s i tua t ion  are 
s h o w n  In Figure 5. Heads have decreased, and In th e  east, w h e re  th e  dune  ca tc h m e n t  Is s i tua ted ,  th e  w a te r  
d iv ide  has m oved  to  th e  n o r th .  The d ra w d o w n  as a result  o f  g ro u n d w a te r  e x p lo i ta t io n  In th e  dunes Is 
s h o w n  In Figure 6. In th e  du n e  ca tc h m e n t  area, th e  d ra w d o w n  reaches m ore  th a n  4  m.

Simulation o f the planned situation

Several a l te rna t ives  have been exp lored fo r  th e  p lanned  s i tua t ion .  The one  presented here Is as fo l lo w s :  
th e  du n e  ca tc h m e n t  Is reduced to  4 0 0 , 0 0 0  m 3/year, near  th e  "D e  C lo e d t "  p it ,  3 2 0 ,0 0 0  m 3/year  Is pum ped .  
The o u t le t  o f  th e  pit Is n o w  closed, so no w a te r  Is taken  o u t  In th e  s im u la t ion .  The p u m p in g  we l ls  near  the  
p i t  are s i tua ted  to  th e  no r th  o f  It only, because o f  th e  presence o f  sa l ine w a te r  In th e  ag u i fe r  to  th e  south .  
The ca lcu la ted  hydrau l ic  heads are represented In Figure 7. The rise o f  the  w a te r  tab le  com p a re d  to  the 
present s i tua t ion  Is s h o w n  In Figure 8. In th e  dun e  ca tc h m e n t  area, th e  rise a m o u n ts  to  2 m, as a result o f  
th e  reduct ion  o f  th e  p u m p in g  to  50 % .  Near th e  "D e  C lo e d t "  pit ,  th e  " r i s e "  Is negative, because here w e  
see a net d rop  o f  th e  w a te r  tab le .  Figure 9 sh o w s  th e  residual d ra w d o w n  o f  th e  w a te r  ta b le  In th e  p lanned  
s i tua t ion ,  com pared  to  th e  s i tua t ion  w i t h o u t  p u m p in g .  A  residual d r a w d o w n  o f  m ore  th a n  2 m persists In 
th e  du n e  ca tch m e n t  area. Near th e  "D e  C lo e d t "  p it ,  d ra w d o w n  rem ains  fa i r ly  restr ic ted, apa r t  f ro m  the 
Im m e d ia te  s u r round ings  o f  th e  p u m p in g  wells .

The g ro u n d w a te r  m ode l  as f o r  n o w  Is dea l ing  w i t h  s teady s tate cond i t ions .  The nex t  step w i l l  be to  deve lop  
a t ra n s ie n t  m ode l ,  In o rde r  to  a ccoun t  fo r  seasonal var ia t ions,  w h ic h  obv ious ly  are Im p o r ta n t  w i t h  respect 
to  th e  p ro tec t ion  o f  g r o u n d w a te r -b o u n d  eco log ica l  va lues In th e  area.

Salt/fresh water distribution near the "De Cloedt" pit

The "D e  C lo e d t "  p i t  Is s i tua ted  In th e  po lders  ju s t  sou th  o f  the  dunes. It Is s i t t ing  on th e  l im i t  o f  the 
presence o f  salt  g ro u n d w a te r  In th e  reservoir, as can be observed on th e  m ap  s h o w in g  th e  d e p th  o f  the  
f resh /sa l t  w a te r  In te r face (F igure 10), w h ic h  w a s  m a in ly  based on geo-e lec tr lca l  p rospec t ing  (De Breuck et 
ah, 1974 ) .  Salt g ro u n d w a te r  Is absen t  In th e  dunes, and the  salt  g ro u n d w a te r  s tarts to  rise f ro m  th e  dune 
bo rde r  to  th e  sou th ,  In th e  area w h e re  th e  pit Is s i tua ted .

The "D e  C lo e d t "  p i t  has q u i te  steep slopes, and a d e p th  w h ic h  fo r  th e  m a jo r  part  Is less th a n  12 m. 
However, In th e  central  part ,  a steep d eepen in g  occurs to  de p th s  o f  a round  19 m. The m a x im u m  dep th  
m easured w as 2 1 .0  m. The resist iv i ty  o f  th e  w a te r  w as m easured In th e  pit a t  d e p th  Intervals o f  50 cm 
(Verm oor te l  et ah, 1998) .  The results are s h o w n  In Figure 11. W a te r  resist iv i ty  Is In b e tw e e n  5 to  
8 .5  o h m -m ,  c o r respond ing  w i th  m od e ra te ly  brackish to  w e a k ly  fresh water .  However, a t  15 m d ep th ,  an 
a b ru p t  decrease d o w n  to  0 .6  to  1.5 oh m -m  Ind icates th e  presence o f  very  brackish water.
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D i'i-bvgen

Figure 10. D epth  o f  th e  fre s h /s a lt w a te r  in te rfa ce  (De B reu ck  e t a l., 197 4 ).

Reoretivty (o im m )

0 5  1 15 2 25  3 3.5 4 4.5 5 5.5 6 65  7 7.5 5 B.5 g

E

I

Figure 11. R es is tiv ity  o f  th e  w a te r  in th e  "D e  C lo e d t"  p it.

A n im p o r ta n t  concern w i l l  be to  avoid a t t ra c t in g  sa l ine w a te r  to w a rd s  th e  p u m p in g  wel ls .  Therefore, the  
f resh/sa l t  w a te r  d is t r ib u t io n  w a s  Inves t iga ted  In g rea te r  de ta i l ,  by m eans o f  geophys ica l  m e asu rem en ts  and 
chemical analyses o f  g ro u n d w a te r  sam p led  f ro m  p iezometers .
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Electromagnetic prospecting

Three paral le l N-S pro f i les  o f  e le c t ro m a g n e t ic  p rospec t ing  have been m easured .  They are s i tua ted  In the 
Im m e d ia te  s u r round ings  o f  the  "D e  C lo e d t "  pit.  The m easu rem en ts  w e re  m ade  w i th  th e  In s t ru m e n t  E M 3 4 -  
3 by Geonics Ltd. The lines o f  egua l a p p a re n t  g ro u n d  co n d u c t iv i ty  fo r  th e  th ree  profi les, m easured w i th  
ho r izon ta l  d ipo les  a t  an Intercol l  spac ing  o f  4 0  m, are represented In Figure 12. The presence o f  th e  "D e  
C lo e d t "  p i t  Is c lear ly  caus ing  a rise o f  the  salt  w a te r  In ter face to  th e  south  o f  It.

For p ro f i le  EM1, th e  m easu rem en ts  w e re  p e r fo rm ed  w i t h  th ree  d i f fe re n t  Intercol l  d is tances: 10 m, 20  m 
and 4 0  m (all ho r izon ta l  d ipo les) ,  co r respond ing  to  e s t im a ted  m a x im u m  p e ne tra t ion  dep ths  o f  7.5 m, 15 m 
and 3 0  m, f o r  th e  assu m p t io n  o f  a h o m o g e n e o u s  subsoi l .  They are s h o w n  In Figure 13. It Is c lear t h a t  at 
s h a l lo w  dep th ,  th e  a p p a re n t  g ro u n d  co n d u c t iv i ty  on ly  s tarts to  rise at th e  end (In th e  sou th )  o f  th e  profi le, 
c lose to  th e  Isabella Canal,  w he reas  at larger dep th  (S =  4 0  m), a r is ing co n d u c t iv i ty  Is observed a lready  
f ro m  th e  " D e  C lo e d t "  p it  on, to w a rd s  th e  south .

Figure 12. A p p a re n t g ro u n d  c o n d u c tiv ity  nea r Figure 13. E le c tro m a g n e tic  m e a su re m e n ts  a lo n g  p ro file  
"D e  C lo e d t"  p it. EM1 w ith  d iffe re n t In te rco ll spac lngs (S).

Electrical tomography

Electrical to m o g ra p h y  w as  p e r fo rm ed  by m eans o f  the  Syscal R2 e q u ip m e n t  by Iris Ins t rum ents  (Figure 14). 
The results o f  th e  e le c t ro m a g n e t ic  p rospec t ing  c a m p a ig n  are c o n f i rm e d ,  b u t  a dd i t iona l ly ,  these 
m easu rem en ts  p rov ide  q u a n t i f ic a t io n  o f  th e  t rue  fo rm a t io n  resist ivit ies, bo th  la tera l ly  and vert ical ly.
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a. Location o f  p ro files  m easured w ith  e lectrica l tom ography.

Inverse Model nesisliviy Section ____
Legend:

/ IP  I WVH IV V  Ik i V VI 4 '.'Hü H/ Pi 4H h
Reai-srtr.Tty in Dhm.ru

b. In te rp re ta tio n  o f  e lectrica l to m o g ra ph y  a long  p ro file  W 2W 1

c. In te rp re ta tio n  o f  e lectrica l to m o g ra ph y  a long  p ro file  W 5 W 6 .

d. In te rp re ta tio n  o f e lectrica l to m o g ra ph y  a long  p ro file  W 3W 4.

Figure 14. In te rp re te d  fo rm a tio n  re s is tiv itie s  In p ro file s  m easu red  w ith  e lec trica l to m o g ra p h y .
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Well logging

Resistiv ity logg in g  w i t h  the  lo n g -n o rm a l  array has a l lo w e d  to  o b ta in  fo rm a t io n  resist ivit ies, f ro m  w h ic h  the  
g r o u n d w a te r  resist iv it ies and  g r o u n d w a te r  q u a l i t y  g ro u p s  w e re  a p p ro x im a te d ,  on  th e  basis o f  Table 1. For 
p ro f i le  SB1-SB5-SB9-SB6, th e  d is t r ib u t io n  o f  w a te r  resist iv i t ies is represented in Figure 15. In th e  no r th  o f  
th e  prof i le,  near th e  "D e  C lo e d t "  p it ,  the  m a jo r  p a r t  o f  the  reservo ir  is f i l led  w i t h  m o d e ra te ly  and w e a k ly  
fresh water ,  a l th o u g h  m ore  sal ine g r o u n d w a te r  starts to  ap p e a r  near th e  b o t to m  o f  th e  reservoir. T ow ards  
th e  sou th ,  th e  sa l ine w a te r  in te r face is qu ick ly  ris ing, and  a large p a r t  o f  th e  reservo ir  is f i l led  w i t h  brackish 
to  sa l t  water.

Table 1. R e la tion  b e tw e e n  fo rm a tio n  re s is tiv ity  and  g ro u n d w a te r q u a lity .

Groundwater TDS (mg/L) Groundwater Formation
quality group resistivity Pw 

(ohm-m, 11°C)
resistivity Pt 

(ohm-m, 11°C)
Very fresh (VF) < 200 > 50 > 200

Fresh (F) 200 -  400 5 0 - 2 5 2 0 0 - 1 0 0
Moderately  
fresh (MF)

400 -  800 25 -  12.5 1 0 0 - 5 0

Weakly fresh 8 0 0 -  1600 1 2 .5 -6 .2 5 5 0 - 2 5
(WF)

Moderately  
brackish (MB)

1600 -3 2 0 0 6 .2 5 - 3 .1 3 2 5 - 1 2 , 5

Brackish (B) 3 2 0 0 - 6 4 0 0 3 .1 3 - 1 .5 6 1 2 ,5 -6 ,2 5
Very brackish 6400 -  12800 1 .5 6 -0 .7 8 6 .2 5 - 3 .1 2

(VB)
Moderately salt 

(MS)
1 2 8 0 0 -2 5 6 0 0 0 .7 8 - 0 .3 9 3.12 -  1.56

Salt (S) > 25600 < 0.9 < 1.56

Railway

SB1 SB5 SB9 SB6

WF
MF

MB

MS

Figure 15. R es is tiv ity  p ro file  o b ta in e d  fro m  w e ll lo g g in g  ( fo r  sym bols , cfr. Table 1).
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Groundwater analyses

G ro u n d w a te r  samples w e re  taken  f ro m  all ava i lab le  p iezometers ,  and th e  ana ly t ica l  results w e re  classif ied 
accord ing  to  th e  Stuyfzand (1 9 8 6 )  c lass i f icat ion (Figure 16). The more  freshened  g ro u n d w a te rs  In the  
no r the rn  uppe r  pa r t  o f  th e  ag u i fe r  s h o w  a F -C a H C 0 3+  type. The f ina l  s tage o f  f reshen ing  Is expressed by 
the  pos it ive  ca t ion  exchange  code, Ind ica t ing  a surp lus o f  m ar ine  cat ions. Tow ards  th e  b o t to m  o f  the  
reservoir, brackish B -N a C l+  w a te r  Is present In th e  nor th .  But to  th e  sou th  o f  th e  "D e  C lo e d t "  pit ,  the  
brackish or  m ore  sal ine g ro u n d w a te rs  occupy  more  th a n  ha l f  o f  th e  reservo ir  th ickness. In th e  uppe r  part, 
f resh-brack lsh  Fb- N a H C 0 3+  w a te r  Is present,  w i th  d ep th  evo lv ing  to w a rd s  salt  S-NaClO water .  In the  deep 
f i l ters  o f  SB6 and SB9, sa l in i ty  Is a lm os t  as h igh as se a w a te r  (TDS «  3 0  g/L).

Railway

SB1 SB5 SB9 SB6

\ S

Fb-NaHC03+

F-CaHC03+

Fb-NaHC03+.

F-M gHC03

s~NaCI+

Fb-NaHJ

S-NaCiO
I S-NaCIO

Figure 16. G ro u n d w a te r type s  based  on  ch em ica l analyses.

Conclusion

G ro u n d w a te r  f l o w  m od e l in g  o f  th e  na tura l ,  th e  p resent and the  p lanned  s i tua t ion  has a l lo w e d  to  pred ic t  
the  rise o f  the  w a te r  ta b le  as a result  o f  th e  reduc t ion  o f  th e  ca tc h m e n t  In the  dunes. The n e w  ca tch m e n t  
near th e  "D e  C lo e d t "  p i t  w i l l  c o m pensa te  fo r  th is  reduc t ion .  However, because o f  Its loca l iza t ion  In the  
p o lde r  area, and th e  presence o f  sal ine g r o u n d w a te r  to  th e  sou th ,  an Im p o r ta n t  concern w i l l  be to  avoid 
a t t rac t ing  sal ine w a te r  to w a rd s  th e  p u m p in g  wel ls .  The f resh /sa l t  w a te r  In te r face has been s tud ied  In detai l  
by geophys ica l  m easu rem en ts  and chemica l analyses on g ro u n d w a te r  sam p led  f ro m  p iezometers .  In the  
fu ture ,  the  character ized f resh/sa l t  w a te r  d is t r ib u t io n  In th e  reservo ir  shou ld  be taken  In to accoun t  In the  
g ro u n d w a te r  m ode l ,  s im u la t in g  th e  e f fec t  o f  the  n e w  ca tc h m e n t  near th e  "D e  C lo e d t "  pi t.
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