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ABSTRACT 

In  1977 a 491m. long ramp was developed from su r f ace  in to  
the  Troya ore body. At the  bottom, when the  ramp h a d  reached the  
ore horizon,  a sudden a n d  important  water  inflow from the  
confined ka r s t i c  aqu i f e r  a t  the  foot wa l l  took p lace .  

A hydrologica l  inves t iga t ion  was immediatly s t a r t e d  with the  
objective of def in ing  the  cha rac t e r i s t i c s  of t he  aqu i f e r .  Two main 
phases  of t he  inves t iga t ion  were p lanned a n d  completed before a 
d r a i n a g e  system could be  developed: 

. Pumping tes t  of a su r f ace  well ,  d r i l l ed  n e a r  t he  ve r t i c a l  of 
the  ramp ' s bottom. 

. Pumping control  of the  ramp d r a i n a g e  system a n d  piezometry 
of the  well .  

I n  add i t i on ,  complementary monitoring of flow, p r e s su re ,  
temperature and  chemistry a t  s eve ra l  points in the  aqu i f e r  system 
a s  well a s  r a i n f a l l  was e s t ab l i shed .  

Upon def in ing  the main cha rac t e r i s t i c s  of t he  aqu i f e r  system 
where the  Troya ore body i s  hos ted ,  i t  was p lanned to d r i l l  wells 
for pumping a n d  piezometric control .  These holes a l so  provided 
complementary geological  a n d  hydrogeological  information.  

The pumping tes t  performed provided information of h igh  
p rac t i ca l  va lue .  
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STRATIGRAPHY 

The loca l  s t r a t i g r a p h y  ( f i g s .  1 a n d  2) begin  with t h e  Tr iass ic  
(marl-gypsum germanic  s e r i e s )  of d i ap i r i c  behaviour  which tends  
to ex t rude  t h rough  f r ac tu r e s  a n d  f a u l t s .  The ove r l ay ing  s t r a t a  a r e  
t he  J u r a s s i c  ( l imestones a n d  mar ly  l imes tones) ,  a n d  t he  Neocomian 
( l imes tones ,  s ch i s t y  ma r l s ,  s a n d y  mar ls  a n d  s c h i s t s ) .  None of 
these  s t r a t a  outcrop n e a r  the  orebody.  

Next i n  sequence ,  t he  Urgonian s t r a t a  a r e  cha r ac t e r i z ed  by  
four  d i f fe rent  formations,  which ,  from younger to o lde r ,  a r e :  

. Sandy s ch i s t s  with carbonaceous  leve ls .  

. Reefal l imestones with f requent  dolomitic l eve l s ,  where t he  ore 
body i s  loca ted .  

. Alterna t ing  mar ly  l imestones,  c l a y s  a n d  s ands tones .  

. Marls.  

F ina l l y  the  Supra-Urgonian i s  cha r ac t e r i z ed  by  c l a y s  over la in  
by s ands tones .  



HYDROLOGY 

The ore  body h a s  a t a b u l a r  shape  ( f i g .  3 )  and  i s  located a t  
o r  n e a r  the  upper  contact  of t he  Urgonian reefa l  l imestones,  
which,  i n  t h i s  a r e a ,  have  a thickness over 200 m. and  present  a 
h igh  degree  of kars t i f ica t ion .  

The reefa l  limestones outcrops a t  the  South end of the  ore 
body ( f i g .  11, where t he  aqui fer  i s  recharged by r a i n f a l l  a n d  
d i r ec t  inflow from water streams. 

I n  the  fu tu re  mining a r e a ,  the  aqui fer  i s  confined by  the  
impermeable mater ia ls  a t  foot-wall and  hanging-wal l .  These 
mater ia ls  a r e  Urgonian mar l s ,  marly sands tones  a n d  s ch i s t s .  

The aqui fer  i s  confined to the  East  by a N-S f au l t  system 
ac t i ng  a s  a "negat ive  ba r r i e r " .  To the  North a n d  West t he  aqu i f e r  
formation ge ts  deeper under  younger formations a n d  to the  South i t  
i s  limited by  another  f au l t  ( f i g s .  1 and  2 ) .  

The hyd rau l i c  resources  of the  aqui fer  have  been eva lua t ed  i n  
40 l / sec .  based  on r a i n f a l l ,  outcroping a r e a  a n d  k a r s t  
cha rac t e r i s t i c s .  These resources may increase  i n  the  fu ture  a s  a 
r e su l t  of induced r echa rge  due  to the  d r a i n a g e  of t he  ore body. 

Assuming a n  effective porosity of 2 , 5  %, the  t o t a l  water  
reserves  may be est imated in 15 Hm3. 

PHASE 1 - INITIAL PUMPING TESTS 

1. Execution a n d  Controls 

TH-1 well was d r i l l ed  20 metres off the  ve r t i c a l  of the  r a m p ' s  
bottom ( f i g .  4 ) .  In i t i a l l y  stepwise pumping tes t  were used to 
determine the  optimum flow. After c leaning  t he  well ,  two tes t  were 
performed. The f i r s t  a t  27 l /sec.  for 54.5 hours  a n d  the  second a t  
38 l / sec .  for  4.5 hours .  Both tes ts  were followed by recovery 
control  t e s t  for 24 hours  and  4 hours respect ive ly .  

Wall  TH-I  

4 5 0  

5 Ore body 0 50 IOU,,, 

F w e  4. Acceoo a m p  ohowinc~ aa teo~an  hole4 and TH-I  w e U .  
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,Fqune 5. Hyhopam of T I - ?  v p i n g  teoko 4houuLg .the evo lu i i on  of 
w a t w  flow a t  t h e  namp'4 {ace and Oh' Mine. 

During the  t e s t ,  the  following parametres were examined ( f ig .  
5 ) :  

. Flow, piezometry, temperature and chemistry of t he  TH-1 water.  

. Water inflow to the ramp, including observations of the  water 
level ,  flow pumped, r amp ' s  running water (every  10 min. 
and  chemistry.  

. Water pressure  a t  hole VM-4 every  30 minutes. VM-4 was 
dr i l led  from the  ramp, nea r  i t s  bottom, into the under laying 
limestones. Chemistry of water a t  t h i s  hole a l so  was sampled. 

. Water flow temperature and  chemistry a t  the Old Mine access 
the main overflow point of t he  aquifer .  

2 .  Piezometric Evaluation 

The logarithmic g raph  of f ig .  6 indicates t h a t  t ransmiss ivi ty  
r anges  a r e  between 20 m3/day  and 30 m3/day.  I t  a lso  show the 
existance of one or two negat ive  b a r r i e r s  which showed up dur ing  
the  pumping test (one of then may be related to the  East f a u l t ) .  
The above conclussions should be regarded with reservat ion due  to 
the  kars t ic  nature  of the aquifer .  

The recovery control test  ( f ig .  7 g ive  high t ransmiss ivi ty  
values  (85 to 100 m2 / d a y ) .  This was probably due to a l a rge r  
thickness of s a tu ra t ed  aquifer  and  a fas ter  water flow through the 
main ka r s t i c  conduits.  
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3. Evolution of Water Chemistry 

A l l  t h e  wate r  a s s a y s  showcd calclum b l c a r b o n a t e d  wate r  a s  
norm,> l tor a l~rncstor le  dqul fe r  . 

T h c  water  pumped from I H - l  (fig. 8 )  hdd a rnaxlrnurn of 
d ~ s o l v c d  sul1d5 a t  the  b e g ~ n l n g  of t h e  tes t ,  then a  g r a d u a l  
clecrr,l\c or disolved qolids was observed .  After 30 hours  of 
~ ~ ~ r n p i n g ,  dtssolved s o l ~ t i s  lncrcascd  a y d l n .  

Thc lrrtcr ~ ~ r r t , ~ l l o n  of 1t i15  v a r ~ a t ~ o n  1s a follows: t h e  wate r  
p ~ ~ r n p e d  ~ i i ~ t ~ . i I l ~  u,atrt from thc a r c a  n e a r  t h e  pump.  T h ~ s  water  
h a 5  bccr-i c a p l l v e  [or .I long tlnle ' ind therefore ~t h a s  dissolved 
rnorc, \ a l ~ c i \ .  A s  p\lrrlplnR proceeds,  water  from t h e  u p p e r  p a r t  of 
thc f ~ r l ~ ~ l f e r  ( s o u t h  lrcc a q u ~ f e r )  1s punrped. This  water h a s  a  low 



residence time and  less  sol ids .  Afterwards, water from deeper 
zones flows i n ,  and the amount of dissolved solids increases a g a i n .  

- PUMPING WATER --- OLD MINE 

JANUARY 1980 

The chernlstry of water from the O l d  h l l n e  seem5 to coniirm the 
above hypothesis (fig. 8 ) .  Durlng the pumplng tcst a t  T H - I ,  the 
rninerallzatlon of water from the Old Mlne Increased and decreased 
a g a l n  a t  t h e  end of pumplng. 

L .  Evolution of Temperatures 

The evolution of temperature dur ing  the puniplng test  (fig. 9) 
seems to respond to the same mechan~srn, wlth a  decrease a t  thc 
beglnlng of pumplng ( f ree  waters  comlng I n )  and a  g radua l  
Increase a f te rwards  (deep w a t e r s ) .  

At the Old Mine ( f i g .  101, a s imilar  var ia t ion  was observed. 
This was probably related to snow melt wa te r  flow in^ I n  a t  a 
fas te r  r a t e  due to pumping. 



-Fwe 9 .  &voALLLon o f  waken t empenahue  a t  5H-i' weAA pumping. 

5 .  Evolution of Water Outflows 

During pumping,  a n  important  reduction of water  outflow a t  
t h e  Old Mine was noticed ( f i g s .  5 and 1 0 ) .  Similarly the  water 
inflow to the  bottom of the  ramp a n d  the  amount of runn ing  water  
a long the  ramp decreased  from 28 l /sec.  down to 5 l / sec .  ( f i g .  5). 

TWe ? O .  &voAukion o r  @om and kempencctrure o [  waken a t  Old mine,  
a d d e d  ucth Tt/-? ueU pumping and w i f h  n a i n [ a U  and a i ~ ~  kempena,trure. 

The main effects of a n d  conclusions drawn from the  test  were: 

. An important  reduction (40% ? )  of t he  water  outflow a t  the  Old 
Mine a n d  of the  water inflow to the  ramp (75%). These points 
a r e  located 500 m. a n d  20 m. from the  well TH-1 respect ive ly .  

. A depres  on cf t he  water t ab l e  estimated i n  2 m .  for a t o t a l  "5 of 6850 m of water pumped. 

. A i n f i l t r a t i on  inflow estimated i n  40 l /sec.  with peaks  of 200 
l /sec.  



. A c l e a r  influence of "negat ive  ba r r i e r s "  over the  aqu i f e r  
which would be favourable  for the  d r a i n a g e  of the  system. 

HYDROLOGICAL CONTROLS 

1 .  Controls 

After the  pumping t e s t ,  effects of va r i a t i on  i n  the  following 
parameters  were examined: 

. Rain fa l l  ( d a y l y ) .  

. Sta r t  a n d  stop time a n d  working time of t he  ramp pumping 
system. 

. Piezometry a t  TH-1 ( d a i l y ) .  

. Water p r e s su re  a n d  flow r a t e  a t  T-46 diamond d r i l l  hole. 

2. Pumping a t  the  Ramp 

The ramp dewater ing  i s  done by  means of pumps i n s t a l l ed  
n e a r  the  bottom. These pumps a r e  automated b y  l eve l  control  
switches.  A s e p a r a t e  pumping system i s  i n s t a l l ed  for emergency use.  

F~gu/re  7 1 .  f lyd/zupam of  p i e p n e f u  Level  /teAa-ted w h  ncLi.L{aAA and namp 
d w a f  e x m y .  

The ave rage  pumping r a t e  under  normal condit ions i s  20 
l i t res /sec .  a n d  pumping time v a r i e s  depending on water  inflow. 
Fig .  11 show the  pumping hours  a s  a percentage  of 24 hou r s ,  the  
r a i n f a l l  a n d  the  piezometry a t  TH-1 well. From the  observat ion  of 
these  g r a p h  the  following comments a r e  made: 

. During 1980, pumping r a t e  was re la t ive ly  cons t an t ,  while 
r a i n f a l l  va r i ed  and  the  piezometric leve l  t rended upwards .  
This c a n  not be expla ined  from exis t ing  information.  

. The d r y  season d u r i n g  1981-1982 resul ted  i n  the  depress ion  of 
the water  t ab l e  a t  TH-1. This was due  to a reduction of water  
reserves  which was not compensated b y  recharge .  

. The r a i n f a l l s  from December 1981 to March 1982 caused  a n  
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i n c r ea se  of pumping time a n d  a recovery of piezometric level  
bu t  t h e  water  r e s e rve s  were not t o t a l l y  recovered.  

. Weekly v a r i a t i o n s  reflect  t he  effect of heavy  ra inshowers  with 
a d e l a y  of one o r  s e v e r a l  d a y s .  This d e l a y  i s  p robab ly  due  
to t he  poor h y d r a u l i c  connection between t h e  ramp a n d  TH-1 
well. The r e l a t i onsh ip  between r echa rge  ( r a i n )  a n d  d r a i n a g e  
(pumping )  i s  anyhow ev iden t .  

I t  i s  r emarkab l e  t h a t  t he  d i f fe rence  i n  piezometric leve l  
between t he  bottom of t he  ramp a n d  TH-1 well i s  over  85 m. ,  be ing  
TH-1 only  20 m. a w a y  from t h e  ramp.  This f a c t  proves  t h a t  t h e  
h y d r a u l i c  connection between ramp a n d  TH-1 i s  v e r y  poor which i s  
not  s u r p r i s i n g  in  a k a r s t i c  media where water  c i r cu l a t e s  through 
d isso lu t ion  channe l s  between low conduct iv i ty  blocks.  

PIEZOMETRIC A N D  PUMPING WELLS 

Following the  mine d r a i n a g e  program,  t h r ee  new wells  were 
d r i l l e d  u s ing  hammer d r i l l i n g  techniques .  The program h a d  s t a r t e d  
i n  June  1981 when hole TH-1 was  d r i l l ed  a n d  was completed in  t he  
summer of 1982 with holes TH-2 a n d  TH-3 des igned  for pump 
i n s t a l l a t i o n ,  a n d  TH-4 equiped  with piezometric p ipe  only .  

Hole TH-2 was located a t  t h e  southern  l imit  of t he  ore  body,  
c lose  to t he  r e e f a l  l imes tone ' s  outcrop a n d  the  Old Mine ( f i g .  1 2 ) .  
TH-3 was  co l l a r ed  n e a r  t he  cen t r e  of the  ore body,  a n  optimum 
pumping point  for  t he  fu tu r e  mine. TH-4 was d r i l l ed  i n  t he  North 
of t he  o r e  body ,  cu t t i ng  the  section of t he  ore body which i s  
p l anned  for i n i t i a l  mining opera t ions .  Dril l  r i g  a cce s ib i l i t y  a n d  
geology were a l s o  cons idered  for  t he  location of t he  holes.  

The i n i t i a l  water  a i r - l i f t i ng  us ing  the  r i g  ' s compressor 
produced  flows of u p  to 80 l /sec a n d  had  a s i gn i f i c an t  bea r i ng  in  
t h e  sy s t em ' s  piezometry a s  shows in  f i gu re  13,  a l so  a f f ec t i ng  the  
a r t e s i a n  hole T-L6. 



ARTESIAN HOLE T ' L 6  

This hole was  d r i l l e d  for explora t ion  i n  the  NE p a r t  of t he  
o r e  body ( f i g .  1 2 ) .  I t  resu l ted  in water  flows which have  been 
per iodica l ly  r eg i s t e r ed  (f lows and  p r e s s u r e s ) .  

Figune 14. ffyd/royam of 7-46 h o l e  ~ h u w h g  h f m a l  p i p e  and t o t &  
a d e o i a n  f low,  w a f  en pneooion and n a i n f a l l  l by t e n  day peniodo 1 .  

Flow a n d  p r e s su re  va r i a t i ons  with time a r e  shown in  f i gu re  
14. The s ea sona l  effect of r a i n f a l l  i s  c l e a r l y  ev iden t .  The maximum 
p re s su r e  of L ~ ~ / c m ~  i s  obta ined  when t he  water  t ab l e  reaches  i t s  
maximum leve l .  At t h i s  maximum, a n  outflow of 17 l / sec .  was 
recorded.  Larger  decrease  in  flow a n d  p r e s su re  a r e  observed  i n  
1982 due to l e s s  r a i n f a l l  a n d  a l so  to increased  pumping a n d  t he  
a i r - l i f t  water  ex t rac t ion  d u r i n g  d r i l l i n g  of t h e  wells  ( f i g .  1 5 ) .  

F w e  15. ELfecf4 of d / L d h ~ g  uf TH-3 oven 7-46 h o l e  O L L - ~ # ~ O U I O  

I p~~eooluze, f luwo, and tempena.tunel. 



All these  effects were confirmed l a t e r  b y  pumping tes ts  i n  
holes TH-2 and  TH-3 showing a ve ry  high hyd rau l i c  conduct iv i ty  
i n  some a r e a s  of the  aqui fer  ( f i g .  16 ) .  

m - JULY 1982 

F i g u e  76. Effec- t  of /ti-2 and 71-3 pumping Leo2 o v a  7-46 hole. 

INVENTORY OF WATER SPRINGS 

During the  d r y  season (June-July of 1982) a n  inventory  of 
s p r i n g s  i n  the  v ic in i ty  of t he  ore body was p repa red .  Most of the  
s p r i n g s  were d r y  and  the  maximum flow of l e s s  t h a n  0 .5  l /sec was 
measured a t  the  Old Mine. 

Refering to the  tempera ture ,  t he  water  from the  limestones 
aqu i f e r  r a n g e  between 20" and  21.5 'C while water  from the  
ove r l ay ing  Urgonian formations have  tempera tures  between 12' C 
a n d  14% and  flow r a t e s  below 0.1 l / sec .  

Two di f ferent  chemistries were observed.  Karstic wa te r ,  with 
low s a l i n i t y  ( l e s s  t h a n  285 mg/l t o t a l  disolved so l i d s )  a n d  calcium 
b i ca rbona t e s  a s  the  dominating an ions ,  a n d  water  from t h e  Old 
Mine with h igh  s a l i n i t y  (330 to 410 mg/l) with h igh  magnesium 
(from dolomites) and  su lpha t e  ions (from the  oxida t ion  of p y r i t e s ) .  

PHASE 2 - SECOND SERIES OF PUMPING TESTS 

1. Piezometric In terpre ta t ion  

This phase  consisted i n  two pumping tes ts  from TH-2, a n d  
TH-3 wel ls ,  the  pump being  located a t  214 m. a n d  160 m. e levat ion  
above sea  level  respect ive ly .  A l l  s p r i n g s  a n d  water  showings 
r e l a t i ve  to t he  system were monitored. 

The hydrogram for both tes ts  i s  shown in  f i gu re  17. The f i r s t  
t e s t ,  a t  TH-2 l a s t ed  24 hours  a t  a pumping r a t e  of 36 l /sec.  The 
to ta l  volume pumped was 3110 m3, t he  p r e s su re  drop a t  TH-2 was  
ve ry  smal l  and  the  level  descend a t  TH-2 a n d  a l s o  a t  the  
piezometers were almost l i n e a r .  
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1 PUMPING T H - I ( ~ S I / U C )  I PUMPING T H - 3 ( 4 4 L / 8 ~ )  

P 3110 d 6 0 2 0  m3 1 
F q u n e  17. Hyalnopam of pump& and necoveny ke4 f4 ,  and waken 
chemi4tny e v o l u f i o n  of pumping waken ( 74-2 und 7H-3 weAA4). 

The following conclusions were reached  : 

. The volume of aqu i f e r  emptied remains  cons tan t  with dep th .  

. There a r e  a ve ry  good hyd rau l i c  connection of TH-2 with wells  
TH-3 a n d  TH-4 (531 m. a n d  719 m. away from t h e  pump)  a n d ,  
a s  consequence,  t he  water  leve l  i s  almost i den t i c a l  to t h a t  of 
TH-2. 

. TH-1 i s  r e l a t i ve ly  s epa ra t ed  from t h e  o ther  wells  by  a 
"hydrologica l  b a r r i e r "  which reduces  the  effect of pumping 
ove r  t he  water  t ab l e  de sp i t e  of  TH-1 be ing  t he  well closer to 
t h e  pump (407 m ) .  

. The logar i thmic  g r a p h  ( f i g .  18) confirms t he  ex is tance  of 
"negat ive  b a r r i e r s "  which he lp  dewater ing  by  acce l e r a t i ng  the  
descend of t he  water  leve l .  

. The bes t  hyd rau l i c  connection i s  shown by  TH-4 which i s  a l so  
t h e  well f u r t he s t  away  from t h e  pump. 

. The leve l  recovery a t  TH-2, TH-3 and  TH-4 a r e  almost 



coinc ident  over  t ime,  t h u s  confirming a v e r y  h igh  hyd rau l i c  
connection ( f i g .  1 7 ) .  TH-1 recovery i s  much slower.  

. A t r an smi s s iv i t y  of approximat ive ly  100 to 300 m/day a n d  a 
s t o r age  coefficient  of 1 to 8 x 10 can  be  deducted from t h i s  
tes t .  

TIME (rnin) 

T w e  18. Hyci~opam o f  de~cend - l o g .  -time, d u n i q  74-2 pump& t e n t .  

The second tes t  ( f i g .  17)  l a s t ed  30 hours  15 min a t  a  pumping 
r a t e  cf 1;4 l / sec .  with a t o t a l  production of 6,022 m3. The r e su l t s  
ob ta ined  confirm the  aqu i f e r  cha r ac t e r i s t l c s  observed  i n  t he  
p r ev ious  t e s t .  

2 .  Effect of Pumping Tests  Over t he  Ramp Dewatering 

The r amp  dewater ing  was c l ea r l y  affected by  the  pumping 
tes t s  a t  TH-2 a n d  TH-3. A reduction on pumping time a n d  a n  
equ iva l en t  i nc r ea se  on i d l i ng  time was observed  for t he  ramp 
pumps ( f i g .  19 ) .  This effect continued a f t e r  the  t e s t s  were 
f i n i shed ,  re f lec t ing  t he  reduction of water  reserves  i n  the  aqu i f e r .  

3. Water Chemistry 

The a s s a y s  on water  samples  t aken  d u r i n g  t he  pumping tes t s  
showed b i ca rbona t ed  fac ies  with h igh  magnesium content  a n d  ve ry  
low sodium. The ionic composition was ve ry  s im i l a r  for a l l  t h e  
samples ,  showing a h igh  homogeneity of water  composition over  a 
l a r g e  p a r t  of the  aqu i f e r .  
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A continuous a n d  progress ive  decrease  of t he  r a t i o  SO /HCO 
was  observed  d u r i n g  t he  t e s t .  This c a n  be expla ined  b$ t h s  
b i ca rbona t ed  composition of t he  water  a n d  t h e  dec r ea se  with depth  
of t he  su lpha t e  ions produced from the  oxida t ion  of py r i t e s .  

CONCLUSIONS 

As a r e su l t  of phase s  1 and  2 of t h i s  i nves t i ga t i on ,  t he  
following conclusions may be  s t a t e d :  

. The piezometry of the  aqu i f e r  shows v a r i a t i o n s  of over  f i ve  
metres r e su l t i ng  from the  ramp d r a i n a g e  a n d  t he  r echa rge  due  
to r a i n f a l l .  Larger  v a r i a t i o n s  may be  expected once the  
aqu i f e r  d r a i n a g e  i s  s t a r t e d .  

. The ove ra l l  r e cha rge  r a t e  du r ing  t he  time period observed i s  
lower t h a n  t h e  water  losses  due  to pumping a n d  water  outflow 
a t  T-L6; t h u s ,  t he  aqu i f e r  i s  loosing r e se rve s  slowly.  

. Ramp d r a i n a g e  a n d  T-46 outflows have  reduced wa t e r  ex i t  
th rough the  Old Mine workings to a minimum. The pumping 
tes t s  h a v e  f u r t h e r  reduced outflows a t  t he  r amp ,  T-46 a n d  Old 
Mine. 



The tempera ture  and  chemical  composition of water  a r e  s l i gh t l y  
d i f fe rent  from other  aqu l f e r s  i n  the  a r e a .  

The ramp a n d  TH-1 well a r e  located i n  a  zone which i s  not 
well connected with t he  main c i r cu l a t i on  ways  in  t h e  a q u i f e r .  
Fan  d r i l l i n g  from t h e  ramp down in to  t h e  l imestones would 
i nc r ea se  water  inflow to t h e  r amp ,  t h u s  acce l e r a t i ng  d r a i n a g e .  

The aqu i f e r  presents  water  ways  with e x t r a o r d i n a r i l y  high 
h y d r a u l i c  connection between low permeabi l i ty  b locks ,  a s  
shown in  t he  idea l ized  model i n  f i gu re  20. 

The aqu i f e r  i s  l imited by  "negat ive  b a r r i e r s "  which f ac i l i t a t e  
i t s  d r a i n a g e  by  pumping a t  moderate r a t e s  ( a b o u t  ten l i t e r s  
pe r  s econd ) .  As a  r e su l t  of d r a i n a g e ,  induced  r echa rge  may 
a p p e a r  a n d  in  t h a t  c a s e  pumping r a t e s  of 100 l / sec .  might be 
r equ i r ed .  

= Maln karrtlc canal 
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