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ABSTRACT 

The e f f e c t s  of a waste disposal  s i t e  i n  Noordwijk on the  groundwater flow and 

groundwater q u a l i t y  were inves t iga ted .  Spec ia l  a t t e n t i o n  is given t o  the extension 

of p o l l u t a n t s  i n  the aqui fe r .  Several  boreholes were made and groundwater has been 

sampled and analysed. Measurement of e l e c t r i c a l  r e s i s t i v i t y  and an electromagnetical 

inves t iga t ion  were c a r r i e d  out .  Already beneath the l a n d f i l l  po l lu t ion  was found 

on the  f resh-  s a l t  water boundary a t  about 40 meters -1.s. A very large v e r t i c a l  

flow component due t o  dens i ty  flow could be ca lcu la ted .  Local flow p a t t e r n s  ind ica te  

an a l l - s ided  migration of p o l l u t a n t s .  Shor t -c i rcu i t  flow caused by the d r i l l i n g  of 

boreholes can e f f e c t  the  q u a l i t y  of groundwater se r ious ly .  

INTRODUCTION 

The waste d isposa l  s i t e  a t  Noordwijk i s  s i t u a t e d  i n  a former sandpi t  near the 

dunes. The average depth of the sandpi t  i s  about 13 meters. I n  the  c e n t r a l  p a r t  of 

the  sandpi t  the  maximum depth i s  16 - 17 meters. The groundwater l e v e l  lies about 

one meter below sur face .  From 1960 t o  1973 the  sandpi t  has  been used a s  a waste 

disp0sa.l s i t e .  The waste was deposi ted till about 3 meters above t h e  former surface 

l e v e l .  Some prelimindry research was c a r r i e d  out  during t h e  per iod 1975 - 1976. 

Upon request  of the Ministery of Publ ic  Health and Environmental Protect ion a more 

in tens ive  research was s t a r t e d  i n  1977 concerning the  inf luence of the waste disposal  

s i t e  on the groundwater flow and groundwater q u a l i t y .  For t h i s  research 22 monitoring 

wel ls  have been d r i l l e d ,  from which f i v e  with a depth of 60 meters. One borehole 

w a s  d r i l l e d  through the  c e n t r a l  p a r t  of t h e  waste d isposa l  s i t e .  Normal and m i n i -  

screens were placed i n  t h e  w e l l s .  Once o r  twice a year t h e  groundwater around, below 

and i n s i d e  the  l a n d f i l l  was monitored. Groundwater samples were analysed on macro- 

and t r a c e  elements, on organic micro-pollutants and t r i t i u m .  Moreover, e l e c t r i c a l  

r e s i s t i v i t y  and electromagnet ical  measurements around the  l a n d f i l l  were car r ied  out 

and temperature measurements were made. 

Reprinted from The Science of the Total Environment, 21 (1981) 85-92 
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GEOHYDROLCGY 

Based upon the  information gathered during the research t h e  geohydrological 

s i t u a t i o n  around t h e  l a n d f i l l  can be descr ibed a s  follows: (see f igure  1 )  

0 - 18 m -1.s. a medium permeable p h r e a t i c  aqui fe r ;  clayey f i n e  t o  medium 

coarse sand with loam and/or t h i n  c lay  layers  (Holocene); 

18 - 57 m -1.s. permeable aqui fe r ;  coarse sand (P le i s tocene) ;  

57 - 105 m -1.s. impervious clay layers  of the Formation of Kedichem (base of 

the a q u i f e r ) .  

Figure 1. Cross-section of the l a n d f i l l  
and hydrogeological s i t u a t i o n  

Below about 40  m -1.s. brackish groundwater is  found. Generally the  groundwater 

flow i s  d i rec ted  towards the lower s i t u a t e d  polderarea South-East of  the  l a n d f i l l .  

On an average the  ve loc i ty  of the  groundwater i n  the  holocene aqui fe r  is about 

4 meters a year and i n  t h e  Pleis tocene aqui fe r  w i t h  a higher  permeabi l i ty  about 

10 - 15 meters per  year .  The a rea  upstream and d i r e c t l y  downstream the  l a n d f i l l  

i s  an i n f i l t r a t i o n  area.  Further  downstream i n  the  polderarea,  there  i s  an upwards 

seepage and therefore  a r a i s e d  fresh-  s a l t  water boundary. Locally the  groundwater 

flow i n  the holocene a q u i f e r  is s t rongly  inf luenced by t h e  l a n d f i l l ,  while the  

groundwater i n  the  Pleis tocene aqui fe r  i s  inf luenced by e f f e c t s  of dens i ty  flow. 

I n  the  following sec t ions  a t t e n t i o n  w i l l  be given t o  these phenomena. 

DISPLACEMENT OF THE LEACHATE 

During the  excavation of t h e  former sandpi t  a s i l t y  layer  has been deposi ted.  

The res i s tance  of t h i s  layer  aga ins t  waterflow probably causes t h e  ra i sed  ground- 

water leve l  ins ide  the l a n d f i l l  (see f igure  2 ) .  This r a i s e d  groundwater l e v e l  r e s u l t  

i n  an a l l - s ided  migration of leachate  i n t o  the  aqui fe r .  This  Drevents normal ground- 

water flow through the  l a n d f i l l .  The outflowing leachate  i s  replenished by prec ip i -  

t a t i o n  i n f i l t r a t i n g  i n  the  l a n d f i l l .  The extension of t h e  Dollution of the ground- 

water i n  t h e  holocene aqui fe r  can be i l l u s t r a t e d  by l i n e s  of equal res i s tance  

based upon e l e c t r i c a l  res i s tancy  measurements around t h e  s i t e  (see f igure  3 ) .  I n  

this survey contamination of groundwater was found i n  a zone between 4 and 12 meters 
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-1.s. till 30 meters uostream and about  80 meters downstream of  t h e  l a n d f i l l .  The 

r e s u l t s  o f  t h e  e l ec t romagne t i ca l  measurements are ve ry  s i m i l a r .  According t o  the  

r e s u l t s  o f  a n a l y s e s  of  wa te r  samples,  on ly  a s l i g h t  i n f l u e n c e  of  groundwater q u a l i t y  

could be found i n  t h e  deeper  p a r t  of t h e  a q u i f e r .  On t h e  o t h e r  hand t h e  o o l l u t i o n  

plume on t h e  f r e s h -  and s a l t  wa te r  boundary could n o t  be d e t e c t e d  by t h e  e l e c t r i c a l  

r e s i s t a n c e  measurements, due t o  t h e  d i s t u r b i n g  e f f e c t  of  t h e  b r a c k i s h  water .  

0 so too 9mm - Legend . observation well; depth max. 6m-Is. 
D observation well; depth max. 16m-1,s. 

observation well; depth max. 60m-1,s. , sampled on a analysis of micro 

,global flow direction of the freatic 
pollutants 

groundwater 

i g u r e  2 .  Aequ ipo ten t i a l  l i n e s  of  t h e  
p h r e a t i c  groundwater 

D '\ 

-143 

-139 

Legend 
, .... ."' borehole 

Figure 3. Aequ i re s i s t ance  l i n e s  around 
t h e  l a n d f i l l  

To g e t  more i n s i g h t  i n  t h e  l e a c h a t e  mig ra t ion  i n  t h e  P l e i s t o c e n e  a q u i f e r  j u s t  

beneath t h e  l a n d f i l l ,  a borehole  through t h e  waste d i s p o s a l  s i t e  w a s  sunk (1978).  

I n  t h e  borehole  eve ry  1% meter a mini-screen w a s  p l aced  ( i n  t o t a l  2 8 ) .  Likewise 

13 e l e c t r o d e s  and 9 normal, 2 meters long w e l l s  w e r e  p l aced .  From t h e s e  sc reens  

and e l e c t r o d e s  3 w e r e  p l aced  i n  the  l a n d f i l l ,  d iv ided  by a r t i f i c i a l l y  made c l a y  

l a y e r s .  During t h e  d r i l l i n g ,  l e a c h a t e  run down t h e  borehole  s i t e ,  due t o  s h o r t -  

c i r c u i t  flow. This  r e s u l t e d  l o c a l l y  i n  a contaminat ion of  t h e  groundwater i n  t h e  

P l e i s t o c e n e  a q u i f e r .  I t  took n e a r l y  1 y e a r  b e f o r e  t h e  s i t u a t i o n  w a s  s t a b i l i z e d  

as could be d e t e c t e d  by measurements with t h e  e l e c t r o d e s  (see f i g .  4 ) .  

The a c t u a l  s i t u a t i o n  of  t h e  d i s p e r s i o n  of  t h e  l e a c h a t e  i n  the  environment i s  

i l l u s t r a t e d  by f i g u r e  5 ,  based upon t h e  HCO; concen t r a t ion  i n  t h e  groundwater. Very 

s imi la r  f i g u r e s  a r e  found f o r  s e v e r a l  o t h e r  parameters  (e.g.  3H (tritium), L i + ,  B a 2 + ,  

K+, N H 4 + ) .  Except f o r  some heavy metals a d s o r p t i o n  seems t o  be , n o t  important  i n  

t h i s  coa r se  sanded a q u i f e r .  

Based upon f i g u r e  5 ,  t h e  fo l lowing  remards can be made: 

- I n  agreement wi th  t h e  conc lus ion  t h a t  replenishment  o f  outf lowing l e a c h a t e  only 

t a k e s  p l a c e  by p r e c i p i t a t i o n ,  t h e  t o t a l  d i s s o l v e d  s o l i d s  of  t h e  groundwater i n  

t h e  l a n d f i l l  i n c r e a s e  with dep th ;  

- According t o  the r e s u l t s  of  t h e  e lectr ical  r e s i s t i v i t y  i n v e s t i g a t i o n  t h e  p o l l u t i o n  

of t h e  groundwater nea r  borehole  145 i s  comparat ively less than nea r  borehole  119, 

bo th  a t  about  t h e  same d i s t a n c e  from t h e  l a n d f i l l .  Probably t h e r e  i s  a lower flow 



56 

6 \ 
5 
4 
3 

- - 7:depth 28.45 m-1,s. - 
- - 
- 8 ,  , - 

6 
5 
4 

- 3 
2 

- - 
- 

6: dmpth 32.45 m - 1,s. 

- 

Figure 4. Resistance measurements beneath the  l a n d f i l l  a s  a funct ion of t i m e  

c 

10 

20 

- , 
E 

30 

40 

50 

igure  5 .  HCO; concentrat ion w i t h  depth 
da te  of sampling 18.07.1979 



257 

v e l o c i t y  of t h e  groundwater near the  c e n t r a l  p a r t  of the  l a n d f i l l .  

- From the bottom of the l a n d f i l l  till about 27 meters -l.s., the  groundwater i s  

heavi ly  pol lu ted  with almost pure leacha te .  A t  the same depth t h e  groundwater 

downstream the l a n d f i l l  i s  only s l i g h t l y  pol lu ted .  

- From 27 meters -1.s. t o  about 35 meters -1.s. a less contaminated zone i s  

present  i n  the  groundwater beneath the  l a n d f i l l .  While from 35 meters -1.s. t o  

about 41 meters -1.s. j u s t  above the  brackish groundwater a p o l l u t i o n  plume 

appears with about h a l f  t h e  concentrat ion of the  leachate .  This i s  probably due 

t o  dens i ty  flow combined with d ispers ion .  

Especial ly  the  pol lu t ion  plume a t  35 - 41 meters -1.s. i s  very remarkable. An 

explanat ion of t h i s  phenomenon can be found i n  dens i ty  flow. The dens i ty  of the 

leacha te  i s  1.0094 kg/ l  while the dens i ty  of t h e  pol lu ted  groundwater j u s t  above 

the s a l t y  groundwater and the  non-polluted groundwater i s  respec t ive ly  1.0051 and 

1.00027 kg/ l .  I t  i s  i n t e r e s t i n g  t o  poin t  ou t  t h a t  the temperature p r o f i l e s  do not 

coincide w i t h  t h e  chemical p o l l u t i o n  p r o f i l e s .  This stresses the e f f e c t  of dens i ty  

flow. 

DENSITY FLOW 

Density flow may take p lace  by f r o n t  displacement. However, i n  a na tura l  s i t u a t i o n  

‘ f inger ing’  of  the heavier  f l u i d  i n t o  the  l i g h t e r f l u i d  w i l l  occur. Fingers w i l l  form 

i f  the mobil i ty  r a t i o  is: 

u1 
M =  - k 1  ” > 1 (k and k a r e  the  var iab le  t r a n s m i s s i v i t i e s  of the aqui fe r ,  

1 2 
k2 u1 

and p2  a r e  the  v i s c o s i t i e s  of  the f l u i d s ) .  

A f inger  o r  drop of leachate  w i l l  move down with an e x t r a  v e r t i c a l  flow component 

due t o  dens i ty  and v i s c o s i t y  d i f fe rences  with the non-contaminated water. For a f i r s t  

es t imat ion of the  poss ib le  dens i ty  e f f e c t s  i n  Noordwijk the models of Obdam (1979) and 

Krui j t z e r  (1980) a r e  used. 

The formula of Obdam can be described a s  follows: 

with: v = v e r t i c a l  flow component due t o  dens i ty  d i f fe rences  
P Z  

kZ = i n t r i n s i c  v e r t i c a l  permeabi l i ty  

US = v i s c o s i t y  of the leachate  

= v i s c o s i t y  of the  n a t u r a l  groundwater 

= dens i ty  of the leachate  

= dens i ty  of the  normal groundwater 

% 
PS 

pq 
n = poros i ty  

9 = gravi ty  
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The formula of Krui j tzer  is s i m i l a r ,  b u t  d i f f e r s  a f a c t o r  2/3 due t o  t h e  f i n i t e  

dimensions of the displaced heavier  f l u i d .  With these  formulas (with kZ = 10 meters 

per day, n = 0.33, p s  (average) = 1.0072 kg/l  and pq = 1.0027 kg/ l )  it can be cal-  

culated t h a t  vpz = 50 - 90 meters per  year f o r  t h e  s i t u a t i o n  i n  Noordwijk. This means 

t h a t  according t o  the  ana lys i s  r e s u l t s  a l ready beneath the l a n d f i l l  p o l l u t i o n  of the  

groundwater can be expected on t h e  fresh-  s a l t  water t r a n s i t i o n  zone. 

QUALITY OF THE GROUNDWATER 

I n  t h e  above, a t t e n t i o n  i s  given t o  the extension of t h e  pol lu t ion  based on the  

conservative behaviour -)f the  p o l l u t a n t s .  I n  f a c t  the  behaviour of many macro para- 

meters, even the  p o s i t i v e  ones, seems t o  be conservat ive due t o  t h e  low adsorption 

capaci ty  of t h e  s o i l  (<1 meq/100 g r )  i n  the middle-deep aqui fe r .  On t h e  o ther  hand, 

a c l e a r  preference adsorption takes  place of severa l  heavy metals. Some ana lys is  re- 

s u l t s  a r e  given i n  t a b l e  1. 

TABLE 1 OUALITY OF GROUNDWATER AND LEACHATE 

Parameter Leachate Grw. 4 m be- G r w .  27 m be- Grw. 30 m be- G r w .  bore- 
neath base neath base of neath base of hole  119 
of l a n d f i l l  l a n d f i l l  l a n d f i l l  38 m -1.s. . 

c1- mg/l 

so42- " 

- 
HC03 

N H ~ +  11 

Fe++ I, 

Ca++ I, 

Mg++ I, 

Na+ 

K+ 
++ 

Ba pg/l 

L i  

3310 

37 

5920 

700 

56 

2 80 

232 

2000 

880 

900 

500 

3090 

92 

5510 

640 

53 

278 

232 

1850 

82 0 

900 

485 

1200 

9 

1110 

114 

4.3 

109 

70 

680 

170 

100 

105 

2380 

52 

3090 

72 

2.8 

252 

382 

1500 

145 

500 

110 

1670 

28 

3230 

2 36 

9.3 

340 

153 

1100 

475 

700 

270 

N i  100 80 10 30 20 

Zn 310 270 50 20 20 

benzene " 100 30 10 10 

toluene " 300 100 3 3 

xylene " 600 400 100 300 

ethylbenzene 300 100 30 100 

'gH12 " 300 100 30 30 

phenols " 200 90 20 90 

camphor " 1000 100 100 100 

org. chloor 26 14 4 16 

Ref. w e l l  
144 

35 m -1.s. 

44 

4 

312 

1.4 

0.5 

27 

38 

42 

22 

50 

5 

1 

1 

0.3 

3 

-- 
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Of s p e c i a l  i n t e r e s t  a re  t h e  so-called organic  micro-pollutants which a re  found i n  
r e l a t i v e l y  high concentrat ions i n  the  leacha te .  Further downstream there  seems t o  

be a c l e a r  reduction o r  degradation (see a l s o  Zoeteman e t  a l . ,  1981) of these corn- 

ponents. 

Concerning the  determination of heavy metals it can be pointed out  t h a t  depending 

on the  way of sample-handling, des t ruc t ion  and ana lys i s  of the heavi ly  con- 

taminated leachate  and groundwater a wide concentrat ion range can be found. For t h a t  

reason an uniform approach seems t o  be very important. 

Very i n t e r e s t i n g  i s  the  t r i t i u m  concentrat ion beneath and around the  l a n d f i l l .  

Besides the  e f f e c t s  of the  nuclear  t e s t s  i n  the s i x t i e s  (van Duijvenbooden, 19811, 

there  i s  a l s o  an e f f e c t  of the  l a n d f i l l  i t s e l f .  The t r i t i u m  concentrat ions i n  the  

leachate  c l e a r l y  increased compared t o  the concentrat ions i n  the surrounding ground- 

waters of  t h e  same age. This holds t r u e  f o r  the  pol lu ted  a s  w e l l  a s  f o r  the non- 

pol lu ted  groundwater ( see  t a b l e  2 ) .  

TABLE 2 TRITIUM CONTENT I N  THE LEACHATE AND GROUNDWATER AROUND THE LANDFILL I N  

T.U.  

depth reference wel l s  leacha te  pol lu ted  groundwater 
m -1.s. well 141 we11144 w e l l  140 w e l l  145 

7 109 88 143 112 9 3  

10 42 7 133 116 103 

15 8 12 158 63 88 

CONCLUSIONS 

Based upon the  research r e s u l t s  the following conclusions can be made: 

Density flow can be an important phenomenon near waste d isposa l  s i t e s .  Looking 

a t  the  poss ib le  high v e r t i c a l  flow component, it w i l l  be necessary, i n  case of 

monitoring, t o  sink observat ion wel ls  t o  the base of the aqui fe r .  

When d r i l l i n g  a borehole through a pol lu ted  a rea ,  contamination of the aqui fe r  

can take place by s h o r t - c i r c u i t  flow. Dependent on the l o c a l  s i t u a t i o n  it can 

take considerable t i m e  before  the o r i g i n a l  s i t u a t i o n  is res tored .  For t h i s  

reason some delay t i m e  is necessary before  samplinq can take place.  

In case of a l a n d f i l l  s i t u a t e d  i n  and above the groundwater, a water-divide 

can be formed i n  the  l a n d f i l l  r e s u l t i n g  i n  an a l l - s ided  migration of l a n d f i l l  

leachate .  This means t h a t  no groundwater i s  flowing through the l a n d f i l l  and 

a l s o  t h a t  the  groundwater upstream can be contaminated. This demands a c o r r e c t  

choice of reference w e l l s .  

By measuring e l e c t r i c a l  r e s i s t i v i t y  o r  by electromagnet ical  inves t iga t ion  a 

passable  i n s i g h t  can be obtained i n  the  extension of the pol lu t ion  i n  a horizontal  

a s  well a s  i n  a v e r t i c a l  sense. This reduces t h e  necessary number of observation 

wel ls .  On the  o ther  hand it  m u s t  be kept  i n  mind t h a t  i n  t h i s  way no information 
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can be  ob ta ined  about  t h e  presence of p o l l u t i o n  above a c l a y  base  or f r e s h -  

s a l t  water t r a n s i t i o n  zone due t o  t h e  d i s t u r b i n g  e f f e c t s  o f  t h i s  base  or t h e  

b rack i sh  w a t e r .  

Electromagnet ical  i n v e s t i g a t i o n  seems t o  g ive  t h e  same r e s u l t s  as  e l ec t r i ca l  

r e s i s t i v i t y  measuring. The e l e c t r o m a g n e t i c a l  method works f a s t e r  and i s  much 

cheaper than  t h e  e l e c t r o  r e s i s t i v i t y  one .  

T r i t i um seems t o  be a a c c e p t a b l e  tracer t o  d e t e c t  p o l l u t e d  groundwater descended 

from a waste d i s p o s a l  s i t e .  

Temperature p r o f i l e s  i n  g e n e r a l  do no t  co inc ide  wi th  p r o f i l e s  of  t h e  chemical 

parameters ,  probably due t o  d e n s i t y  e f f e c t s .  Th i s  means t h a t  temperature  measure- 

ments cannot be used f o r  the t r a c i n g  o f  chemical p o l l u t i o n .  

Depending on t h e  way of  sample-handling d e s t r u c t i o n  and a n a l y s i s ,  a wide con- 

c e n t r a t i o n  range can be found f o r  many trace elements  i n  t h e  l e a c h a t e  and heavy 

p o l l u t e d  groundwater. Th i s  r e q u i r e s  an uniform aDproach , f o r  g e t t i n g  comparative 

concen t r a t ions .  
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