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S Y N O P S IS :  G ro u n d w a te r  h a s  b e e n  k n o w n  to  be  p o te n tia l ly  d a n g e ro u s  in u n d e rg ro u n d  c o n s tru c tio n s . 1 'a ilu re s  o f  

te m p o ra ry  w o rk s  d u e  to  in g re ss  o f  w a te r  a re  n o t u n c o m m o n . A t o n e  o f  th e  d e e p  e x c a v a tio n s  c a r r ie d  o u t in T a ip e i ,  d r i ll in g  fo r 

th e  re p la c e m e n t  o f  a m a lfu n c t io n in g  p ie z o m e te r  d a m a g e d  th e  u n d e r ly in g  c la y  b la n k e t an d  n e c e s s i ta te d  th e  f lo o d in g  o f  the  

e n tire  p it  fo r  b a la n c in g  th e  h y d ra u lic  p re ss u re  fro m  th e  g ro u n d w a te r . A to ta l o f  7 0 ,0 0 0  to n n e s  o f  w a te r  w a s  re c h a rg e d  in to  

th e  p it. T h e  u n d e rg ro u n d  c a v it ie s  to o k  a b o u t 5 ,4 0 0  c u b ic  m e te rs  o f  g ro u t to  fill. T h e  c o n s tru c tio n  w a s  d e la y e d  by s ix  

m o n th s  a n d  th e  f in a n c ia l  lo ss  w a s  e n o rm o u s . T h is  p a p e r  p re s e n ts  th e  s e q u e n c e  o f  e v e n ts , th e  re m e d y  an d  th e  re h a b il i ta t io n

1 I N T R O D U C T I O N

F o r  d e e p  e x c a v a tio n s  in so f t g ro u n d , g ro u n d w a te r  has 

b e e n  r e s p o n s ib le  fo r a g re a t  m a jo r ity  o f  p ro b le m s  

e n c o u n te re d . L e a k a g e  o f  r e ta in in g  w a lls , fo r e x a m p le , 

f re q u e n tly  r e s u lts  in e x c e s s iv e  g ro u n d  s e ttle m e n ts  o u ts id e  

th e  p its  a s  s a n d s  a re  e ro d e d  a n d /o r  a s  c la y s  c o n s o lid a te  

b e c a u s e  o f  r e d u c tio n  in p o re w a te r  p re s s u re s . I f  it so  

h a p p e n s  th a t  a w a te r  m a in  ru n s  a c ro s s  th e  d e p re s s io n , 

c h a n c e s  a re , it w ill b e  d a m a g e d  an d  th e  ru n n in g  w a te r  w ill 

lead  to  a  la rg e  s in k h o le .

D e s c r ib e d  h e re in  is a  c a s e  h is to ry  in w h ic h  the  

r e p la c e m e n t  o f  a  fa u lty  p ie z o m e te r  w ith o u t s u p e rv is io n  by 

a  g e o te c h n ic a l  e n g in e e r  led  to  in g re ss  o f  w a te r  a t the  

b o tto m  o f  a  d e e p  e x c a v a tio n . T h e  flo w  so o n  b e c a m e  

u n c o n tro l la b le  a n d  th e  p it  h ad  to  be  f lo o d e d  to  p re v e n t  the  

s i tu a tio n  f ro m  d e te r io ra tin g . B e c a u se  th e  p it is a la rg e  o n e  

an d  e x c a v a tio n  w a s  n e a r ly  c o m p le te d , a s  m u ch  as 7 0 ,0 0 0  

to n n e s  o f  w a te r  w a s  re c h a rg e d  to  b a la n c e  th e  h y d ro s ta tic  

p re s s u re  f ro m  th e  g ro u n d w a te r .  It to o k  6 m o n th s  to m en d  

th e  d a m a g e d  c la y  b la n k e t  u n d e r  th e  b o tto m  o f  e x c a v a tio n  

b e fo re  th e  p i t  w a s  d ra in e d  an d  th e  w o rk s  re su m e d . A  to ta l 

o f  a b o u t 3 ,0 0 0  c u b ic  m e te rs  o f  L W  (L a b ile  W a s se rg la s )  

g ro u t ( c o n s is t in g  o f  c e m e n t, s o d iu m  s i l ic a te  an d  w a te r )  an d  

a b o u t 2 ,4 0 0  c u b ic  m e te rs  o f  C e m e n t-b e n to n ite  g ro u t 

( c o n s is t in g  o f  c e m e n t, b e n to n ite  an d  w a te r)  w as  in je c te d  

in to  th e  g ro u n d  to  till u p  c a v it ie s  m a d e  by  th e  se e p a g e  How.

2 T H E  S IT E

T h e  s ite  is lo c a te d  in c e n tra l  T a ip e i C ity . A s can  be 

n o te d  fro m  th e  ty p ic a l  so il p ro f i le  g iv e n  in F ig . I, th e re  

e x is ts  a th ic k  la y e r  o f  y o u n g  s e d im e n ts ,  i.e ., th e  so -c a lle d  

S u n g sh a n  F o rm a tio n , fro m  th e  g ro u n d  s u r fa c e  to  a d e p th  o f  

4 8 m . T h e  S u n g sh a n  F o rm a tio n  c o m p r is e s  6 s u b la y e rs  o f  

w h ic h  S u b la y e rs  I, 111 a n d  V a re  c o m p o s e d  o f  s illy  sa n d s  

(S M /M L )  a n d  S u b la y e rs  II, IV  an d  VI a re  c o m p o s e d  o f  s illy  

c la y s  (C L /M L ) . U n d e rn e a th  th e  S u n g s h a n  F o rm a tio n  is a 

g ra v e lly  la y e r, i.e ., th e  so -c a lle d  th e  C h in g m e i G ra v e ls .

T h e  C h in g m e i G ra v e ls  w a s  in an  a r te s ia n  c o n d it io n  d e c a d e s  

a g o  an d  w a s th e  so le  s o u rc e  o f  w a te r  su p p ly  fo r ih e  C ity  o f  

T a ip e i fo r n e a r ly  h a l f  a c e n tu ry . In th e  m id -7 0 ’s, the  

p ie z o m e tr ic  lev e l in th e  C h in g m e i G ra v e ls  d ro p p e d  lo , as 

lo w  as , R L  6 0 m  as  a re su lt  o f  e x c e s s iv e  p u m p in g . It 

g ra d u a lly  r e c o v e re d  a s  p u m p in g  w a s  b a n n e d . T h e  c la y e y  

su b la y e rs  in th e  S u n g s h a n  F o rm a tio n  a re  re la tiv e ly  

im p e rm e a b le . T h e y  se p a ra te  th e  e n tire  s u b s u r fa c e  so il 

s tra tu m  in to  th re e  a q u ife rs  w ith  d if fe re n t  p ie z o m e tr ic  lev e ls ,

i.e ., R L  100m  in S u b la y e r  V , R L  9 4 m  in S u b la y e r  III an d  

R L  8 9 m  in S u b la y e r  I a n d  th e  C h in g m e i G ra v e ls . 

H o w e v e r , s in c e  th e  p ie z o m e tr ic  le v e ls  in th e  S u n g sh a n  

F o rm a tio n  re s p o n d e d  to  th e  lo w e r in g  an d  r is in g  o f  the  

p re s s u re  h e a d s  in th e  C h in g m e i G ra v e ls , th e re  o b v io u s ly  

w e re  f lo w s  a c ro s s  n e ig h b o r in g  a q u ife rs .

T h e  e x c a v a tio n  o f  in te re s t w a s  fo r c o n s tru c tin g  an 

u n d e rg ro u n d  s ta tio n  o f  th e  T a ip e i R a p id  T ra n s it  S y stem s . 

A s sh o w n  in F ig . 1, it w a s  2 3 m  in w id th  a n d  w as c a rr ie d  o u t
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to  a  d e p th  o f  2 4 .5 m  by  u s in g  th e  b o tto m -u p  m e th o d . T h e  

p it w a s  r e ta in e d  by  d ia p h ra g m  w a lls , 1 .2m  in th ic k n e s s  an d  

4 4 m  in le n g th , a n d  b ra c e d  by  8 le v e ls  o f  te m p o ra ry  s tru ts . 

T h e  d ia p h ra g m  w a lls  to e d  in S u b la y e r  11 to  p ro v id e  a 

se e p a g e  c u to f f . S u b la y e r  II, w h ic h  is an  im p e rv io u s  la y e r 

c o n s is t in g  m a in ly  o f  s ilty  c la y , e s s e n tia l ly  se rv e d  a s  a se a l at 

th e  b o tto m  o f  so il  p lu g  w h ic h  w a s  e n c lo s e d  by d ia p h ra g m  

w a lls  o n  its  fo u r  s id e s . W ith  a le n g th  o f  so il p lu g  o f  2 0 .5 m , 

a fa c to r  o f  sa fe ty  o f  1.3 w a s  o b ta in e d  a g a in s t  b lo w - in  fo r a 

p ie z o m e tr ic  h e a d  o f  2 9 .5 m  at th e  b o tto m  o f  th e  p lu g . A t 

th e  tim e  w h e n  th e  in c id e n t o c c u r re d , th e  b o tto m  o f  

e x c a v a tio n  h a d  b e e n  re a c h e d  a n d , e x c e p t  at th e  so u th e rn  en d  

w h e re  th e  in c id e n t o c c u r re d , b a s e  s la b  h ad  a lre a d y  b een  

cas t.

3 T H E  E V E N T S

T h e  e x c a v a tio n  w a s  w e ll in s tru m e n te d  w ith  se t tle m e n t 

m a rk e rs , in c lin o m e te r s ,  lo a d  c e lls , e tc . B e c a u se  b lo w -in  

w a s  o n e  o f  th e  m a jo r  c o n c e rn s , th e  p ie z o m e tr ic  le v e ls  in th e  

S u n g s h a n  F o rm a tio n  a n d  th e  C h in g m e i G ra v e ls  w e re  

c lo s e ly  m o n ito re d . O n e  o f  th e  p ie z o m e te r s  b e c a m e  fau lty  

an d  th e  c o n tr a c to r  a t te m p te d  to  r e p la c e  it by  a n ew  o n e . A t 

th a t  t im e , th e  e x c a v a tio n  at th e  s o u th e rn  e n d  h ad  a lre a d y  

b e e n  c o m p le te d  a n d  th e  b o tto m  o f  e x c a v a tio n  w a s  p ro te c te d  

b y  a  la y e r  o f  p la in  c o n c re te . D r il l in g  w 'as c a r r ie d  o u t fro m  

th e  b o tto m  o f  e x c a v a tio n  a t th e  lo c a tio n  sh o w n  in F ig . 2. 

A s d r i l l in g  re a c h e d  R L  5 9 .4 m , re fe r  to  F ig . 1, w a te r  s ta rte d  

to  o v e r f lo w  fro m  th e  b o re h o le . T h e  c o n tra c to r  p ro m p tly  

e x te n d e d  th e  c a s in g  to  th e  sa m e  lev e l as th e  p ie z o m e tr ic  

le v e l in  th e  C h in g m e i G ra v e ls , i.e ., R L  8 9 m . T h e  f lo w  w'as 

s to p p e d  a n d  th e  s i tu a t io n  a p p e a re d  to  be  u n d e r  c o n tro l. 

H o w e v e r , 3 h o u rs  la te r , w a te r  s p u r te d  o u t fro m  a su m p , 

w h ic h  w a s  4 m  in d e p th  b e lo w  th e  b o tto m  o f  e x c a v a tio n , 

a b o u t 5 m  to  th e  s o u th  o f  th e  b o re h o le . T o  a v o id  th e  

g ro u n d  f ro m  b e in g  fu r th e r  d is tu rb e d , th e  c o n tra c to r  d id  th e  

r ig h t  th in g  by  re m o v in g  th e  e x te n s io n  o f  th e  c a s in g  an d  

le t t in g  th e  w a te r  to  o v e r f lo w  f ro m  th e  b o re h o le .

S a n d  b a g s  w e re  p la c e d  o n  to p  o f  th e  b o re h o le  in an 

a t te m p t to  s to p  th e  w a te r . H o w e v e r , th e y  w e re  n o t very  

e f fe c tiv e  b e c a u s e  w a te r  w a s  s till a b le  to  f lo w  th ro u g h  g ap s . 

S in c e  th e  c a s in g  w as  10 0 m m  in d ia m e te r  a n d  th e  b o re h o le  

m a d e  by p e rc u s s io n  d r i ll in g  w a s  e s t im a te d  to  be  1 5 0 m m  in 

d ia m e te r , m u ch  w a te r  c a m e  o u t fro m  th e  a n n u la r  sp a c e  

b e tw e e n  th e  c a s in g  a n d  th e  w a ll o f  th e  b o re h o le  an d  b ro u g h t 

in m u ch  so il p a r tic le s . A s th e  w a ll o f  th e  b o re h o le  w as 

e ro d e d , th e  h o le  w as  q u ic k ly  e n la rg e d .

T h re e  g ro u tin g  m a c h in e s  w e re  m o b il iz e d  to  in je c t L W  

g ro u t in to  th e  g ro u n d . T h e  g ro u t in g  d id  s to p  th e  w a te r  lo r 

a  w h ile . H o w e v e r , a ll o f  a s u d d e n , a la rg e  q u a n ti ty  o f  

w a te r  ru sh e d  in to  th e  p it an d  b ro u g h t in  a la rg e  q u a n ti ty  o f  

so il , e s t im a te d  to  be  3 0 0  c u b ic  m e te rs  in v o lu m e . S in c e  

c ra c k s  s ta r te d  to  d e v e lo p  o n  th e  s tr e e t  o n  th e  w e s t o f  th e  p it 

an d  g ro u n d  s e t tle m e n ts  b e c a m e  a p p a re n t ,  fo u r  o f  th e  s tre e t 

la n e s  w e re  c lo s e d  to  tra ff ic . A  to ta l o f  9 ,0 0 0  c u b ic  m e te r  

o f  sa n d  an d  g ra v e ls  w a s  d u m p e d  in to  th e  p it in an  a t te m p t to 

s to p  th e  H ow . T h e  p ile  o f  sa n d  an d  g ra v e ls  re a c h e d  a 

h e ig h t o f  7m . T h e  flo w  ra te  w as  re d u c e d  fro m  5 cu b ic  

m e te r  p e r  m in u te  to  2 c u b ic  m e te rs  p e r  m in u te , p a r t ly  d u e  to 

th e  c a p p in g  o f  sa n d  p ile  on  to p  a n d  p a r t ly  d u e  to  th e  2 .5 m  

in c re a se  in w a te r  h e a d  in th e  p it  ( fro m  R L  8 0 m  to  8 2 .5 m ). 

S in c e  th e  s u r ro u n d in g  g ro u n d  c o n tin u e d  to  s e t tle  a n d  m o re  

a n d  m o re  c ra c k s  w e re  d e v e lo p in g  o n  th e  s tre e t , it w as 

d e c id e d  to  flo o d  th e  p it to  s lo p  th e  f lo w  b y  b a la n c in g  th e  

d if fe re n tia l  w a te r  h e a d  b e tw e e n  th e  in s id e  a n d  th e  o u ls id e  o f  

th e  p it. F o r tu n a te ly , a w a te r  m a in , 6 0 0  m m  in d ia m e te r , 

w a s  a v a ila b le  r ig h t a t th e  s ite . A n  o p e n in g  w a s  m a d e  on  

th is  w a te r  m a in  an d  a to ta l o f  7 0 ,0 0 0  to n n e s  o f  w a te r  w as 

d is c h a rg e d  in to  th e  p it  in 18 h o u rs . T h e  w a te r  lev e l in th e  

p it ro se  to  R L  8 9 m  an d  b e c a m e  s ta b le  a t an  e la p s e  tim e  o f  

100 h o u rs  s in c e  th e  le a k a g e  firs t s ta r te d .

A s sh o w n  in F ig . 2, th e  2 0 m m  c o n to u r  o f  g ro u n d  

se ttle m e n t e x te n d e d  lo  a m a x im u m  d is ta n c e  o f  6 0 m  a w a y  

fro m  w h e re  th e  b o re h o le  w as . G ro u n d  s e t t le m e n ts ,  as 

sh o w n  in F ig . 3, h o w e v e r , w e re  c o n f in e d  by  an  e x is tin g  

u n d e rg ro u n d  s tru c tu re , w h ic h  h ad  d e e p  d ia p h ra g m  w a lls  as 

r e ta in in g  s tru c tu re s  w h e n  it w a s  c o n s tru c te d ,  an d  d id  n o t g o  

to o  far to w a rd  th e  w e s t. T h e  m a x im u m  g ro u n d  s e ttle m e n t 

w a s  e s t im a te d  to  e x c e e d  2 5 0 m m .

4 T H E  S C E N A R I O

T h e  in c id e n t o b v io u s ly  s ta r te d  as th e  so il a t th e  b o tto m  

o f  th e  b o re h o le  liq u e f ie d . A s i l lu s tra te d  in F ig . I , th e  tip  o f  

b o re h o le  w a s  e n te r in g  S u b la y e r  1 a t th e  tim e  w h e n  w a te r  

s ta r te d  to  o v e r f lo w . T h e  C h in g m e i G ra v e ls  is e x tre m e ly  

p e rm e a b le . T h e  fin e  p a r t ic le s  in S u b la y e rs  1 an d  II w ere  

c a r r ie d  a w a y  b y  th e  fa s t m o v in g  w a te r  a t th e  c o n ta c t  w ith  

th e  C h in g m e i G ra v e ls .  A t f irs t, w a te r  p a th s  w o u ld  

p ro p a g a te  la te ra l ly  in  S u b la y e r  I w h ic h  is m o re  s u s c e p tib le

lo  e ro s io n  th a n  S u b la y e r  II an d  th e  C h in g m e i G ra v e ls . A s 

S u b la y e r  II c a v e d  in , its  in te g r ity  as a c la y  b la n k e t w a s  

d e s tro y e d  a n d  th e  w a te r  p a th s  w o u ld  p ro p a g a te  u p w a rd  in to  

S u b la y e r  III w h ic h  h a d  a h ig h e r  p ie z o m e tr ic  lev e l th a n  the

Fig .2 Site  p lan and  settlem ent c o nto u r Fig . 3 Sc en ario  o f  the inc id ent
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C h in g m e i G ra v e ls .  T h e s e  w a te r  p a th s  w o u ld  s p re a d  in  all 

d i r e c t io n s  a n d  c o n n e c t  e a c h  o th e r  to  fo rm  la rg e  c a v itie s . 

A s  a rc h in g  e f fe c ts  w e re  n o  lo n g e r  a b le  to  h o ld  up  the  

g ro u n d , th e  r o o f  a b o v e  th e s e  c a v it ie s  c o lla p s e d  an d  g ro u n d  

s e ttle m e n ts  fo llo w e d . T h e  s c e n a r io  sh o w n  in F ig . 3 an d  

th e  e x te n t  o f  d is tu rb a n c e  to  th e  g ro u n d  w e re  c o n f irm e d  by 

th e  s u b s e q u e n t  in v e s tig a t io n s  fo l lo w in g  th e  in c id e n t.

5  T H E  R E M E D Y

T h e  s a fe ty  o f  th e  r e ta in in g  sy s te m  for th e  e x c a v a tio n  

w a s  c e r ta in ly  o f  p r im a ry  im p o rta n c e . S o m e  o f  th e  s tru ts  

e x p e r ie n c e d  in c re a s e s  in lo a d s  e x c e e d in g  2 0  p e rc e n t o f  th e ir  

c a p a c ity  a n d  h a d  to  b e  re in fo rc e d  by  a d d in g  n e w  m e m b e rs . 

S tru ts  in th e  a f fe c te d  a re a  w e re  b ra c e d  to  fo rm  a th ree -  

d im e n s io n a l  tru ss . T o  p re v e n t th e  d ia p h ra g m  w a lls  fro m  

s e ttl in g , g ro u t in g  w a s  im m e d ia te ly  c a r r ie d  o u t a lo n g  the  

w e s te rn  w a ll. A  to ta l o f  156 c u b ic  m e te r  o f  c e m e n t m ilk , 

w ith  a c e m e n t c o n s u m p tio n  o f  9 6  to n n e s , w a s  in je c te d  in 12 

h o le s  a t a le v e l o f  R L  5 7 m . G ro u tin g  w a s c a r r ie d  o u t till 

p re s s u re  r e a c h e d  a  m a x im u m  o f  6 5 0  k P a  w ith o u t s p e c ify in g  

th e  q u a n ti ty  o f  g ro u t  to  be  ta k e n  in e a c h  h o le .

T h e  a re a  a f fe c te d  w a s  d iv id e d  in to  Z o n e s  A , B a n d  C as 

d e p ic te d  in F ig . 4. C o m p e n s a t io n  g ro u tin g  s ta r te d  in Z o n e  

C  in th e  d a y  fo llo w in g  th e  in c id e n t  in o rd e r  fo r  th e  s tre e t to 

b e  o p e n  to  tra ff ic  a s  so o n  a s  p o s s ib le . A  to ta l o f  2 ,2 3 0  

c u b ic  m e te rs  o f  L W  g ro u t, w ith  a  c o n s u m p tio n  o f  8 5 0  

to n n e s  o f  c e m e n t a n d  2 2 3  c u b ic  m e te rs  o f  s o d iu m  s il ic a te , 

w a s  in je c te d  in 68  h o le s . M o s t o f  th e  g ro u t w a s  ta k e n  

b e tw e e n  R L  6 0 m  a n d  R L  8 4 m . G ro u t in g  c o n t in u e d  till a 

p re s s u re  o f  3 0 0  k P a  w a s  re a c h e d  w ith o u t s p e c ify in g  the  

q u a n tity  o f  g ro u t to  be  ta k e n  in e a c h  h o le . G ro u n d  h e a v e d  

u p  by , o n  an  a v e ra g e , 3 3 m m . A t a few  lo c a tio n s , h e a v e s  

u p  to  8 0 m m  w e re  o b s e rv e d . T h e  h e a v e , in a  s e n se , w as  an  

in d ic a tio n  th a t c a v it ie s  w e re  s a t is fa c to r i ly  f illed .

T w o  c u r ta in  w a lls  w e re  in s ta l le d , o n e  at th e  n o r th e rn  

a n d  th e  o th e r  a t th e  so u th e rn  e n d  o f  Z o n e  B , to  c o n f in e  the  

g ro u t to  w ith in  th e  d is tu rb e d  z o n e . A s sh o w n  in F ig . 5, 

th e s e  c u r ta in  w a lls  e x te n d e d  to  a  lev e l o f  R L  6 5 m . A to ta l 

o f  8 0 0  c u b ic  m e te rs  o f  L W  g ro u t, w ith  a c o n s u m p tio n  o f  

2 0 0  to n n e s  o f  c e m e n t an d  2 0 0  c u b ic  m e te rs  o f  so d iu m  

s i l ic a te , w a s  in je c te d  in 6 0  h o le s  fo r fo rm in g  th e  so u th e rn  

w a ll an d  in 63 h o le s  fo r fo rm in g  th e  n o r th e rn  w a ll. In  each  

h o le , th e  ta k e  w a s  lim ite d  lo  2 2 0  li te rs  p e r  m e te r  o r  till a 

m a x im u m  p re ss u re  o f  8 0 0  k P a  w a s  re a c h e d , w h ic h e v e r  

o c c u rre d  first. T h e  p in  p ile s  s u p p o r t in g  th e  s tru ts  h e a v e d

u p  b y , on  an  a v e ra g e , 10 m m  o r so  an d  th e  s e q u e n c e  o f  

g ro u tin g  h ad  to  be  a d ju s te d  to  m in im iz e  h e a v e s . T h e  

m a x im u m  h e a v e  o f  p in  p i le s  o b s e rv e d  w a s  3 8 m m .

G ro u tin g  in Z o n e  B w as  c a r r ie d  o u t in I 17 h o le s  to , as 

sh o w n  in F ig . 5, th e  sa m e  d e p th  a s  th e  c u r ta in  w a lls , i.e ., R L  

6 5 m  u s in g  th e  d o u b le -p a c k e r  te c h n iq u e . G ro u t in g  c o n tin u e d  

till a  ta k e  o f  1 ,000  lite rs  p e r  m e te r  o r  a p re s s u re  o f  8 0 0  k P a  

w a s  re a c h e d , w h ic h e v e r  o c c u r re d  f irs t. A  to ta l o f  1 ,580 

c u b ic  m e te rs  o f  c e m e n t-b e n to n ite  g ro u t, w ith  a c o n s u m p tio n  

o f  6 3 0  to n n e s  o f  c e m e n t an d  71 to n n e s  o f  b e n to n ite , w as 

in je c te d . T h e  h e a v e s  o f  p in  p ile s  w e re  in g e n e ra l le ss  th an  

10m m  w ith  a m a x im u m  o f  16m m .

In Z o n e  A , g ro u t in g  w a s  c a r r ie d  o u t to  a m a x im u m  

p re s s u re  o f  3 0 0  k P a  w ith o u t a n y  lim it on  th e  q u a n tity  

b e tw e e n  R L  5 7 m  a n d  R L  6 5 m , a n d  to  a m a x im u m  ta k e  o f  

7 0 0  li te rs  p e r  m e te r  b e tw e e n  R L 6 5  an d  R L  78 m . A  to ta l o f  

6 8 8  c u b ic  m e te r s  o f  c e m e n t-b e n to n ite  g ro u t, w ith  a 

c o n s u m p tio n  o f  2 7 5  to n n e s  o f  c e m e n t an d  31 to n n e s  o f  

b e n to n ite , w a s  in je c te d  in 33 h o le s . T h e  h e a v e s  o f  p in  

p ile s  w e re  s ig n if ic a n t  a n d  p re s s u re  re lie v e  h o le s  h ad  to  be 

d r i lle d  to  re d u c e  h e a v e s . E v e n  so , a m a x im u m  h e a v e  o f  

5 2 m m  w a s  o b s e rv e d .

T h e  w o rk s p a c e  w as  lim ite d  by m a n y  n e w  s tru ts  an d  

ste e l m e m b e rs  b ra c in g  th e  s tru ts . T h e  w a te r  in th e  p o n d  w as 

9 m  d e e p  a n d  th e re  w a s  a  la rg e  p ile  o f  sa n d  an d  g ra v e ls  at 

th e  b o tto m . F u r th e rm o re , in q u ite  a la rg e  a rea , 

re in fo rc e m e n t b a rs  h ad  a lre a d y  b e e n  p la c e d  fo r th e  b ase  s la b  

to  be  c a s t. T h is  a d d e d  to  th e  d if f ic u lty  in d r ill in g . It th u s  

to o k  6 m o n th s  fo r  th e  c o m p e n s a tio n  g ro u tin g  to  be 

c o m p le te d .

6  T H E  R E H A B I T A T I O N

A s m e n tio n e d  p re v io u s ly , a t th e  tim e  w h e n  th e  in c id e n t 

o c c u r re d , e x c a v a tio n  h ad  re a c h e d  th e  b o tto m  an d , e x c e p t at 

th e  s o u th  e n d , b a s e  s la b  h ad  b een  c a s t. B e c a u se  th e  rem ed y  

o f  th e  s o u th e rn  e n d  w o u ld  b e  tim e  c o n s u m in g , in o rd e r  fo r 

th e  w o rk s  in  th e  r e m a in in g  s e c tio n  to  re su m e  as q u ic k ly  as 

p o s s ib le , a  d ik e  w a s  c o n s tru c te d  to  se p a ra te  th e  p o n d  in to  

tw o . It w a s  c o n s tru c te d  r ig h t  a b o v e  th e  n o r th e rn  c u r ta in  

w a ll u s in g  th e  sa n d  a n d  g ra v e ls  p re v io u s ly  d u m p e d  as the  

e m b a n k m e n t T h e  e m b a n k m e n t w a s  tr im m e d  to  th e  

c o n f ig u ra tio n  sh o w n  in F ig . 6 T h e  c u r ta in  w all w as  

e x te n d e d  b y  h ig h  p re s s u re  j e t  g ro u tin g  to  fo rm  an  

im p e rv io u s  c o re  fo r  c u tt in g  o f f  s e e p a g e  th ro u g h  th e  d ik e . 

T h e  g a p s  b e tw e e n  th e  g ro u t c o lu m n s  a n d  th e  d ia p h ra g m  

w a lls  w e re  se a le d  b y  L W  g ro u t.

T h e  d ik e  a ls o  s e rv e d  a s  a c o n tin g e n c y  in c a se  th e  so il
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F ig . 6  C ro s s - s e c tio n  o f  d ik e

p lu g  w a s  n o t fu lly  m e n d e d  a n d  a  s im ila r  p ro b le m  o c c u r re d  

fo r th e  s e c o n d  tim e . In su c h  a  c a s e , th e  s o u th e rn  p o n d  w as  

a b le  to  b e  f ille d  u p  q u ic k ly  w h ile  th e  w o rk s  to  th e  n o r th  o f  

th e  d ik e  c o u ld  s till c o n tin u e . F o rtu n a te ly , th e  c o m p e n s a tio n  

g ro u tin g  w as  s u c c e s s fu l  a n d  p ro b le m  d id  n o t o c c u r  in the  

s u b s e q u e n t o p e ra tio n s .

7 C O N C L U S I O N S

T h is  c a se  h is to ry  i l lu s tr a te s  h o w  d a n g e ro u s  the  

g ro u n d w a te r  c a n  be in u n d e rg ro u n d  c o n s tru c t io n s . A n y  

n e g lig e n c e  co u ld  e a s i ly  lead  to  d is a s t ro u s  c o n s e q u e n c e s . 

In c id e n ts  o f  th is  n a tu re  a n d  o f  th is  s c a le  a re  n o t u n c o m m o n  

(C o n s tru c tio n  T o d a y , 1990 ; D u a n n , e t a l ., 1997 ; T su ji , e t a l.,

1996). T o  m in im iz e  su c h  r is k s , p a r t ic ip a tio n  o f  

g e o te c h n ic a l  e n g in e e r s  in u n d e rg ro u n d  c o n s tru c t io n s  is 

a b s o lu te ly  e s se n tia l

A C K N O W L D E M E N T

T h e  a u th o rs  a re  g ra te fu l  to  th e  D e p a r tm e n t o f  R a p id  

T ra n s it  S y s te m s  o f  th e  T a ip e i M u n ic ip a l  G o v e rm e n t fo r  th e  

p e rm iss io n  to  p u b lish  th is  p a p e r .
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