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S Y N O P S IS :  F o r  la r g e , h ig h - c o s t  p r o je c t s  it  is  o f  u t m o s t  im p o r t a n c e  t o  b e  a b le  t o  p r e d ic t  h o w  t h e  s e t t le m e n t  o r  g r o u n d  s u b s id e nc e  w ill d e v e lo p  w it h  

t im e , d u r in g  a n d  a fte r  lo a d  a p p lic a t io n ,  o r  s tre s s  c h a n g e s . Re c e n t  c o s t ly  fa ilu r e s  t o  p r e d ic t  p r o p e r ly  t h e  t im e r a t e  d u e  t o  la r g e  s tre s s  c h a n g e s  in  v a r io u s  

s e d im e n t s  h a v e  u n de r s c o r e d  t h e  ne c e s s ity  fo r  im p r o v in g  the  s ta te  o f  a r t  in  t h is  fie ld .

T h is  p a p e r  p r e s e nts  a  s im p le  m e t h o d  o f  b a c k - c a lc u la t io n  fo r  e v a lu a t in g  t h e  b e h a v io u r  o f  t h e  s u b s o il.  I t  is  a p p lie d  to  e le v e n  c a s e  r e c o r ds , in c lu d in g  the  

G u llfa k s  C  p la t fo r m  in  the  N o r t h  S e a , a n d  t h e  K a n s a i In t e r n a t io n a l A ir p o r t  in  Os a k a . It  a ppe a r s  t h a t  w e  m a y  r a p id ly  im p r o v e  o u r  a b ilit y  t o  p r e d ic t  

p a r t ic u la r y  t h e  lo ng - t e r m  s e t t le m e n t  r a te s , b y  c o lle c t in g  s ta t is t ic a l d a ta  fr o m  s e ve r a l m o r e  c a s e  r e c o r d s  a n a ly s e d  in  t h is  s a m e  w a y .
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IN T R O D U C T IO N

T h e  p u r p o s e  o f  Ih is  p a p e r  is  t o  s h o w  b y  e x a m p le s  h o w  o n e  c a n  u t iliz e  

a v a ila b le  c a s e  r e c o r d s  o f  s e t t le m e n t  ve r s us  t im e  to  b a c k - a na ly s e  

fu n d a m e n t a l p a r a m e te r s  o f  s e d im e n t  b e h a v io u r . H e r e in , t he  m a in  

e m p h a s iz e  is  o n  c r e e p  b e h a v io u r .

T I ME ,  t

W h e n  t h e  s e t t le m e n t  (8)  is  r e c o r d e d  w it h  t im e  ( t ) a fte r  lo a d  a p p lic a t io n  (q )  

a n  in fo r m a t iv e  d ia g n o s is  o f  s uc h  (8- t) r e c o r ds  c a n  b e  m a d e , u s in g  a  ve r y  

s im p le  p r o c e d ur e , as  fo llo w s :

O b t a in  t h e  s e t t le m e nt  r a te  8 =  AS/ At  a n d  p lo t  the  r e s ult  a lo n g  t h e  t im e  a x is .

C a lc u la t e  the  s e t t le m e n t  p o t e n t ia l

S  =  8t  ( 1)

a n d  p lo t  S  a lo n g  t h e  t im e  a x is , s e e  k e y  s ke t che s  in  F ig . 1.

In  the  id e a l, c la s s ic a l c a s e , w it h  a  u n ifo r m  lo a d  o n  a  c la y  la y e r  o f  th ic k ne s s

H ,  t h e  id e a l S- t c u r v e  s h o u ld  b e  p a r a b o lic  t o  b e g in  w it h , a n d  g r a d u a lly  

a p p r o a c h  a  c o n s t a n t  v a lu e , S c, w h e r e

5  = __  = c r e e p  p o te n t ia l

r.
(2 )

F ig . l  D e f in it io n  o f  s e t t le m e nt  p o te n t ia l

He r e  rs =  c r e e p  n u m b e r , o r  t im e  r e s is ta nc e  n u m b e r , J a n b u  (1 9 6 9 ).

T o d a y  a  la r ge  n u m b e r  o f  s ta t is t ic a l d a t a  o f  r5 a r e  a v a ila b le  fr o m  o d e o m e t e r  

te s ts  o n  a  v a r ie t y  o f  s e d im e n t s . F o r  s a t ur a t e d  N C- c la y s  c o n v e n t io n a l v a lue s  

o f  rt m a y  r a ng e  fr o m  3 0  to  a b o u t  2 5 0  fo r  w a te r  c o n t e n t s  fr o m  1 0 0 %  to  

3 0 % . F o r  o v e r c o n s o lid a t e d  c la y s  rt is  m u c h  la r g e r , s a y  >  4 0 0 .

T o d a y  v e r y  fe w  d a t a  ar e  a v a ila b le  o f  fie ld  v a lue s  o f  b a c k - c a lc u la t e d  c r e e p  

p o t e n t ia ls , a n d  in  s it u  c r e e p  n u m b e r s , e x c e p t  fo r  t he  16 c a s e  r e c o r ds  

c o ve r e d  b y  Ja n b u  e t  a l (1 9 8 9 ). In  t his  p a p e r  11 m o r e  c a s e  r e c o r ds  ar e  

e va lua t e d .

B U IL D IN G S  O N  M E D I U M  C L A Y S

In  s it u  s e t t le m e n t  p o t e n t ia ls  h a v e  b e e n  o b t a in e d  fo r  4  N o r w e g ia n  b u ild in g s  

o n  m e d iu m  c la y s . T h r e e  o f  the s e  r e c o r ds  fr o m  D r a m m e n  w e r e  p u b lis h e d  

b y  B je r n im  (1 9 6 7 ) , n a m e ly :  T u m h a lle n ,  h e a v y  a n d  lig h t  p a r t  ( T H .H  a n d  

T H .L )  a n d  K o n n e r u d s g a t e  16  (K .1 6 ).
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T h e  fo u r t h  r e c o r d  w a s  p u b lis h e d  b y  An d e r s e n  e t  a l (1 9 7 5 ) r e g a r d in g  O s lo  

Je m b a n e t o lls t e d  (O JT ).  T h is  la s t  r e c o r d  ( O J T )  w a s  r e c e n t ly  d is c u s s e d  b y  

Ja n b u  (1 9 9 1 ).

T h e  c a lc u la t e d  p o te n t ia ls  a r e  p lo t t e d  v e r us  t im e  in  F ig .2 . T h e  m o s t  s t r ik in g  

im p r e s s io n  is  t h a t  S c r e m a in s  fa ir ly  c o n s t a n t  o v e r  s e ve r a l d e c a d e s , w h ile  

t he  p a r a b o lic  s ha pe  la s ts  o n ly  3 to  8 ye a r s .

T IM E  IN  Y E A R S  

0 10 20 30 40

F ig .2 . S e t t le m e n t  p o t e n t ia ls  fo r  4  b u ild in g s  o n  m e d iu m  c la y

T h e  fig u r e  s h o w s  t h a t  the  b a c k - a na ly s e d  fie ld  v a lu e s  o f  the  a v e r a g e  S c v a r y  

b e t w e e n  10 c m  a n d  2 0  c m .  T h e  to ta l la y e r  t h ic k ne s s e s  H  a r e  2 5  to  3 6  m . 

T h e  a v e r a g e  fie ld  v a lu e  o f  the  c r e e p  n u m b e r  is  n o w  o b t a in e d  fr o m  E q .(2 )  

as

T H E  G R A V IT Y  P L A T F O R M  G U L L F A K S  C

T h e  la r g e  g r a v it y  p la t fo r m  G u llfa k s  C  w a s  in s t a lle d  a t  2 2 0  m  d e p t h  in  the  

N o r t h  S e a  in  M a y  1 9 8 9 . It  is  h e a v ily  in s t r u m e n t e d  a n d  its  b e h a v io u r  ha s  

b e e n  v e r y  c lo s e ly  r e g is te r e d  b o t h  d u r in g  in s t a lla t io n  a n d  c o n t in u o u s ly  

t he r e a ft e r . T h e  fo u n d a t io n  d e s ig n  a n d  t he  s u b s o il c o n d it io n s  a r e  w id e ly  

p u b lis h e d , s a y  in  B o s s ’88 a n d  B o s s ’9 2 , T je lt a  e t  a l (1 9 9 2 ).

F r o m  the  o b s e r v e d  s e t t le m e nt  ve r s us  t im e  d u r in g  the  3 ye a r s  o f  e x is te nc e , 

t h e  s e t t le m e nt  p o t e n t ia l ha s  b e e n  c a lc u la t e d  in  g r e a t  d e t a il,  fr o m  t he  c o n ­

t in u o u s  r e c o r d  o f  d e fo r m a t io n , F ig .3 .

D u r in g  the  fir s t  100  d a y s  a ft e r  in s t a lla t io n  a  s u c t io n  o f  3 0 0  k P a  w a s  

a p p lie d  (- 30  m  o f  w a t e r  p r e s s ur e ) . D u r in g  t h a t  p e r io d  Ih e  to ta l s e t t le m e nt  

w a s  5 0  c m , a n d  o c c u r e d  fo r  a n  a lm o s t  c o n s t a n t  s e t t le m e n t  p o te n t ia l o f  2 0  

c m  ±  10 to  1 5 %. A lr e a d y  in  19 8 6  t h is  p o t e n t ia l w a s  e s t im a t e d  a t  16- 24 c m  

fr o m  la b o r a t o r y  v a lu e s  o f  rs.

D u r in g  t h e  n e x t  2 6 5  d a y s  the  s u c t io n  w a s  m a in t a in e d  a t  10 0  k P a , a n d  the  

a v e r a g e  s e t t le m e n t  p o t e n t ia l o v e r  t h a t  p e r io d  is  s e e n to  b e  7  c m  ± 3 0 % . F o r  

t he  n e x t  t w o  ye a r s  w it h  n o  s u c t io n , t he  a v e r a g e  s e t t le m e n t  p o t e n t ia l is  5
c m  ± 5 0 %.

W h e n  g o in g  c lo s e ly  in to  t h e  c o n t in u o u s  r e c o r ds  t he r e  is  a  lo t  o f  v it a l 

in fo r m a t io n  y e t  t o  b e  d ig e s t e d . H o w e v e r , a  fe w  m a in  t r e nd s  c a n  be  fo c us e d  

o n , r e g a r d in g  the  v a r ia t io n s  in  the  s e t t le m e n t  p o t e n t ia l.

T h e  100  d a y s  w it h  3 0 0  k P a  s u c t io n  le d  to  a lm o s t  c o m p le t e  d r a in a g e  o f  the  

u p p e r  2 8  m  o f  c la y - s a nd  in c lu d in g  t w o  e m b e d d e d  la y e r s  o f  s o ft  to  m e d iu m  

c la y . T h e  lo w e r  10 m  o f  c la y  w a s  h a r d ly  e ffe c t e d . W it h  S  =  2 0  c m  ±  it  

m e a n s  t ha t  t he  c o r r e s p o n d in g  a v e r a g e  rs =  2 8 0 0  c m / 2 0  c m  =  140. T h e  

v a r ia t io n  in  S  is  s m a ll p a r t ly  b e c a us e  o f  c a lm  w e a t h e r  d u r in g  t h e  s u m m e r  

s e a s on.

F o r  the  t w o  ye a r s  w it h  n o  s u c t io n  t h e  m e a s ur e m e n ts  h a v e  s h o w n  t h a t  it  is  

p r im a r ily  t h e  lo w e r  10 m  o f  m e d iu m  s t iff  c la y  t h a t  is  n o w  in v o lv e d  in  the  

s e t t le m e nt . W it h  S  =  5  c m ±  a n d  H  =  10  m  o ne  fin d s  r„ =  2 0 0 ± , w h ic h  is  a  

v e r y  r e a s o n a b le  a v e r a g e  fo r  t his  c la y  w it h  w  =  3 5 %±  a n d  q ,/ s u 2  3.

D u r in g  the s e  la s t  t w o  ye a r s  Ih e  S - va lue  ha s  flu c t u a t e d  in  a v e r a g e  b y  ± 5 0 %, 

b u t  a lw a y s  s o  t h a t  S  is  lo w e s t  in  the  s u m m e r  s e a s o n  (S ) w it h  c a lm  

w e a t he r , w h ile  t h e  m a x im u m  v a lue s  o c c u r  d u r in g  w in t e r  ( W )  w h e n  h ig h  

p e a k s  a r e  r e g is t e r e d . T h is  in d ic a te s  t h a t  w in t e r  s t o r m s  w it h  r e p e a t e d  w a v e  

fo r c e s  m a y  h a v e  a  c u m u la t iv e  s t r a in  e ffe c t ,  in  t he  s a m e  m a n n e r  a s  fo u n d  

b y  c y c lic  te s ts  in  the  la b o r a to r y .

le a d in g  t o  in  s it u  v a lue s  o f  r , b e tw e e n  150  a n d  2 5 0 . T h is  c o m p a r e s  w e ll 

w it h  o e d o m e t e r  te s t  r e s ults  fo r  t he s e  N o r w e g ia n  c la y  d e p o s it s  w it h  w a te r  

c o n t e n t s  o f  3 0  to  5 0 % , a n d  lo a d / s t r e n g th  r a t ios  o f  q js u =  1.5- 3.5 <  N c.

T h e  p a r a b o lic  S- t s h a pe  d u r in g  t he  e a r ly  p a r t  o f  t h e  r e c o r ds  s h o u ld  in d ic a t e  

p r im a r y  c o n s o lid a t io n , a c c o r d in g  t o  t h e  c la s s ic a l t h e o r y  o f  c o n s o lid a t io n . 

T h e  p a r a b o la  s h o u ld  t h e n  t e r m in a t e  a t  t ^ ,  w h e r e

w h e n  d  =  e ffe c t iv e  d r a in a g e  p a t h  (s e ld o m  k n o w n ).

T h e  o e d o m e t e r  v a lu e  o f  cv r u ns  b e t w e e n  10 a n d  15 m 2/ y e a r . A s s u m in g  

d o u b le  d r a in a g e , w it h  c o n s t a n t  s tr a in  o v e r  t h e  fu ll h e ig h t  o n e  g e ts  ^  = 2- 3 

ye a r s  fo r  K .1 6 , T H .H  a n d  T H .L ,  a n d  t j0 =  4- 8 ye a r s  fo r  O JT . T h e  o b s e r v e d  

b e h a v io u r  in  F ig .2  s h o w s  t h a t  t h e  p a r a b o lic  s ha p e  t e r m ina te s  a t  a p p r o x i­

m a t e ly  t*, a s s u m in g  d o u b le  d r a in a g e . H e n c e  the  c r e e p  b e h a v io u r  s ta r ts  to  

d o m in a t e  a lr e a d y  in  the  ve r y  e a r ly  p a r t  o f  the  p r im a r y  p ha s e .

RUNNING  T IM E  IN  YEARS

RUNNING  T IM E  IN  YEARS 

F ig .3 . S e t t le m e n t  p o t e n t ia l a t  G u llfa k s  C
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A ft e r  the  la s t  w o r ld  w a r  S w e d e n  w a s  lo o k in g  fo r  a  s u it a b le  s ite  fo r  a  n e w  

a ir p o r t  In  V S s b y  a n d  S k l- E d e b y  a lt o g e t he r  7  te s t  fills  w e r e  p la c e d  a n d  

t h e ir  b e h a v io u r  w a s  r e c o r de d  fo r  a b o u t  t w o  d e c a d e s . He r e , o n e  te s t  fill  

fr o m  e a c h  s it e  w ill b e  b r ie fly  r e v ie w e d , n a m e ly  o n e  a t  V S s b y  b u ilt  in 

1 9 4 7 , C h a n g  (1 9 6 9 ), a n d  o n e  a t  SkS - Ed e b y  b u ilt  in  1 9 5 7 , H a n s b o  (1 9 6 0 ) 

a n d  H o lt z  a n d  B r o m s  (1 9 7 2 ). T h e  d e t a ils  a b o u t  the  s u b s o il c o n d it io n s  a nd  

t he  c o n s t r u c t io n  o f  t he  t w o  fills  a r e  fo u n d  in  the  a b o v e  r e fe r e nc e s , a n d  d a t a  

e x tr a c ts  a r e  a ls o  g iv e n  b y  N o w a c k i (1 9 7 3 ).

T W O  T E S T  F IL L S  O N  V E R Y S O F T  C L A YS

R U N N IN G  T IM E  IN  Y E A R S  

5 10 15 2 0

R U N N IN G  T IM E  IN  Y E A R S

F ig .4 . S e t t le m e n t  p o t e n t ia ls  fo r  fills  o n  s o ft  c la y  w it h o u t  a n d  w it h  

s a n d dr a ins

F r o m  the  o b s e r v e d  s e t t le m e n ts  ve r s us  t im e , the  s e t t le m e nt  p o t e n t ia l is  

c a lc u la t e d , F ig .4 . T h e  S- t c u r v e s  a r e  a lm o s t  id e a l, w it h  a  p a r a b o lic  s ha pe  

d u r in g  the  fir s t  6  ye a r s , a n d  b e in g  c o n s t a n t  the  n e x t  10 t o  12 ye a r s  o f  

o b s e r v a t io n .

F o r  t h e  V S s b y  f ill ,  a  c o n s t a n t  Sc =  0 .5  m  is  fo u n d , c o r r e s p o n d in g  t o  a n  

a v e r a g e  in  s it u  c r e e p  n u m b e r  rs =  H / S e =  2 6 . T h is  v e r y  lo w  v a lu e  is  d u e  to  

t he  la r g e  w a t e r  c o n t e n t s  (1 2 0 - 7 0 % ) a n d  a  fa ir ly  la r g e  u n d r a in e d  load/ -  

s t r e ng th  r a t io  o f  a b o u t  3.

F o r  t he  S k S- Ed e b y  fill a  c o n s t a n t  S c =  0 .3  m  is  o b t a in e d , le a d in g  to  a n 

a v e r a g e  in  s it u  c r e e p  n u m b e r  o f  r( =  4 0 , w h ic h  is  c o m p a r a b le  t o  t h e  a b o ve , 

b e c a us e  o f  lo w e r  w a te r  c o n t e n t s  (8 5 - 5 0 %) a n d  a  s o m e w h a t  lo w e r  load/ -  

s t r e ng t h  r a t io  o f  2 .6  in  a v e r a g e .

In  b o th  c a s e s  the  p a r a b o lic  S- t  c u r v e  e nds  a ft e r  a b o u t  6  ye a r s . F o r m e r ly  it  

w a s  in d ic a t e d  t h a t  t h is  s ta te  m a y  c o r r e s p o n d  t o  5 0 %  d e fo r m a t io n  a s s u m in g  

d o u b le  d r a in e d  la y e r , ie . t j0 =  6  ye a r s  in  the  fie ld .

U s in g  E q .(4 )  a n d  =  6  ye a r s  o n e  ge ts  t h e  fo llo w in g  fie ld  va lue s :

T h e  a v e r a g e  la b o r a t o r y  v a lue s  o f  c„ a r e  g iv e n  in  p a r a n t he s is , a c c o r d in g  to 

d a t a  fr o m  H a n s b o  (1 9 6 0 ) a n d  C h a n g  (1 9 6 9 ), r e s p e c t iv e ly , a n d  N o w a c k i

(1 9 7 3 ).

T h is  v e r y  la r ge  d iffe r e nc e s  b e tw e e n  the  fie ld  a n d  la b o r a to r y  v a lu e s  o f  c„ 

c a n  o f  c o u r s e  p a r t ly  b e  d u e  to  la t e r a l m o v e m e n t s  a n d  la t e r a l d r a in a g e  in  

the  fie ld . H o w e v e r , t h a t  c a n n o t  b e  the  w h o le  e x p la n a t io n . T he r e  a r e  r e a ­

s o ns  t o  b e lie v e  t ha t  e v e n  the  pr oc e s s  d u r in g  the  fir s t  6- 7 ye a r s  is  n o t  

n e c e s s a r ily  a n  h y d r o d y n a m ic  p h e n o m e n o n  a lo n e , Ja n b u  (1 9 9 1 ).

T he s e  t w o  c a s e  r e c o r ds  fr o m  S w e d e n  h a v e  lo n g  b e e n  fa m o u s  fo r  t he  

o b s e r v a t io ns  t ha t  la r g e  e x c e s s  po r e  pr e s s ur e s  r e m a in e d  fa ir ly  c o n s ta n t  

(Au / Aq  -  0 .5  t o  0 .8 )  o v e r  10- 15 ye a r s , a n d  t hus  d id  n o t  o b e y  t he  o n e ­

d im e n s io n a l t he o r y  o f  c o n s o lid a t io n . S in c e  A u  -  c o n s t a n t , b o t h  o  a n d  a ’ 

a r e  c o ns ta n t s , h e n c e  t h e  p h e n o m e n o n  is  m a in ly  o f  r h e o lo g ic a l na tu r e , o r  

p u r e  c r e e p . N o  s a nd - d r a ins  w e r e  a p p lie d  u n d e r  the s e  t w o  fills .

In  t hr e e  o t h e r  te s t  fills  a t  S k J- E d e b y  s a nd - d r a ins  w e r e  a p p lie d  w it h  v a r io u s  

s p a c in g s , 0 .9  m ,  1.5 m  a n d  2 .2  m . T h e  b e h a v io u r  o f  the s e  fills  o v e r  a lm o s t  

2  ye a r s  a r e  d e s c r ibe d  in  d e t a il b y  H a n s b o  (1 9 6 0 ). F ig .4  s h o w s  t h e  c a lc u la ­

te d S- t fo r  a  d r a in  s p a c in g  o f  0 .9  m . It  is  in t e r e s t in g  to  n o t e  t ha t  the  fills  

w it h  s a n d d r a in s  a c t iva t e  the  s e t t le m e nt  p o te n t ia l im m e d ia t e ly  as  a  c o n s ta n t  

v a lu e  o f  0 .2 8  m  o v e r  the  fir s t  ye a r . T h is  is  a lm o s t  e q u a l to  the  long - te r m  

c r e e p  p o te n t ia l (0 .3  m )  w it h  n o  s a n d d r a in s , fo r  t  >  6  ye a r s .

T W O  A IR F IE L D  E M B A N K M E N T S  O N  S O F T  G R O U N D

T h e  s e t t le m e nt  o bs e r v a t io n s  fo r  t w o  a ir fie ld  e m b a n k m e n t s  a r e  s h o w n  in  

F ig .5 .  T h e  F o m e b u  e m b a n k m e n t  in  O s lo  w a s  s ta r te d  in  19 59  a n d  s e t t le ­

m e n t  r e c o r ds  a r e  a v a ila b le  fo r  5  ye a r s  o r  s o , B je r r u m  (1 9 6 4 ). T h e  p ilo t  

w o r k  a r e a  a t  K a n s a i In t e r n a t io n a l A ir p o r t  w a s  s ta r te d  a r o u nd  1988  a n d  

s e t t le m e nt  r e c o r ds  a r e  a v a ila b le  u n t il 1 9 9 1 , Ge o - Co a s t  ’9 1 , V o l . l .

In  b o t h  c a s e s  s a nd - d r a ins  w e r e  in s t a lle d , a n d  a  t he o r e t ic a l z e r o  r e fe r e nc e  

t im e  is  c o n s t r uc te d  c o r r e s p o n d in g  t o  fu ll  lo a d  a p p lic a t io n . T h e  c a lc u la t e d  

s e t t le m e nt  p o te n t ia ls  a r e  p lo t t e d  ve r s us  t im e  in  t he  lo w e r  d ia g r a m  in  F ig .5 .

UJ
h-
O

R U N N IN G  T IM E  IN  Y E A R S

S k i- E d e b y  c , 

V S s b y

=  1 .2  m 2/ y r  

=  1 .4  m 2/ y r

(0 .1 6  m 2/ y r ) 

(0 .6 0  m Vy r )

F ig .5 . S e t t le m e n t  p o te n t ia ls  fo r  t w o  a ir fie ld  e m b a n k m e n t s  o n  s o ft  s o il,  

w it h  s a n d d r a in s
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In  b o t h  c a s e s  a  s ho r t - te r m m a x im u m  S  o c c ur s  e a r ly , lik e  in  G u llfa k s  C  a n d  

S k i- E d e b y ,  a n d  t h e n  S  d r o p s  to  a  lo w e r  v a lue . A t  F o m e b u  S c s t a b iliz e s  a t  

0 .6  m ,  a n d  s in c e  the  c la y  la y e r  w a s  18 m  t h ic k  the  a v e r a g e  fie ld  v a lu e  fo r  

t h e  c r e e p  n u m b e r  is  rs =  3 0 , w h ic h  is  v e r y  lo w  b e c a us e  o f  o r g a n ic  c o n t e n t  

a n d  la r g e  w a te r  c o n t e n t s , p a r t ic u la r ly  in  t he  t o p  10 m .

F o r  the  K a n s a i p ilo t  w o r k  a r e a  t he  c o n s t a n t  c r e e p  p o t e n t ia l S e =  1.2 m .  T h e  

d e p t h  o f  in f lu e n c e  H  is  n o t  k n o w n . H o w e v e r , a s s u m in g  a  r e p r e s e n t a t ive  H  

=  3 0  t o  4 0  m  a t  9  m  s e t t le m e nt  (Ja n b u , 1 9 9 1 ) o ne  fin d s  rt =  2 5  to  33 .

T W O  S U B S ID E N C E  R E C O R D S

F ig .6  c o n t a in s  t h e  r e g is t e r e d  s u b s id e nc e  ve r s us  t im e  fo r  the  fa m o u s  W il ­

m in g t o n  O il  F ie ld  in  C a lifo r n ia , a c c o r d in g  t o  A lle n  e t  a l (1 9 7 0 ). T h e  fig u r e  

a ls o  in c lu d e  the  s u b s id e nc e  o f  t h e  E k o f is k  o il fie ld  in  t h e  N o r t h  S e a . T h e  

s h a d e d  a r e a  is  b a s e d  o n  a v a ila b le  p u b lic  d a t a , w h ile  t he  o p e n  d a s h e d  b a n d  

o f  v a r ia t io n  is  S IN T E F ’s  p r e d ic t io n  in  s e ve r a l r e po r ts  in  1985- 89  fo r  the  

fu t u r e  d e v e lo p m e n t . Ze r o  r e fe r e nc e  t im e  is  c o n s t r uc t e d  fo r  b o t h , s in c e  

r e s e r vo ir  p r e s s ur e  d e p le t io n  t a k e s  t im e ,  lik e  b u ild in g  a n  e m b a n k m e n t .

RUNNING t l M E  IN YEARS

RUNNING TIME IN YEARS

F ig .6 . S u b s id e n c e  p o t e n t ia ls  fo r  t w o  o ilf ie ld s , E k o f is k  a n d  W ilm in g t o n

T h e  c a lc u la t e d  s e t t le m e n t  p o te n t ia l fo r  W ilm in g t o n  r e a c h  a  fa ir ly  c o n s t a n t  

v a lu e  o f  2 .5  m , w h ic h  la s te d  10 - 12  ye a r s  b e fo r e  the  fie ld  w a s  c lo s e d  in  

1 9 6 8 . A s s u m in g  H  =  1 0 0 0  m  as  b e in g  e ffe c t e d  r , =  4 0 0 . P r o b a b ly  H  w a s  

le s s  a n d  t hu s  r , c o u ld  b e  s m a lle r  t h a n  4 0 0 .

T h e  c a lc u la t e d  p o t e n t ia l fo r  E k o fis k  is  m o r e  u n c e r t a in , b u t  t h e  s h a d e d  a r e a  

in d ic a t e  Sc =  2 .5  m  t o  3 .5  m  n o w , b u t  it  m a y  s t ill b e  in c r e s in g , w h ic h  is  

d is c o m fo r t in g , b e c a us e  it  m a y  in d ic a t e  t h a t  the  v e r t ic a l t h ic k ne s s  o f  the  

s e d im e n t s  in v o lv e d  is  s t ill g r o w in g , a n d  t h u s  w ill m a in t a in  t h e  r a te  o f  

s u b s id e nc e  a t  0 .3  m  t o  0 .4  m / y e a r  as  it  is  n o w . In d ic a t io n s  a r e  t h a t  the  

fie ld  w ill b e  c lo s e d  d o w n  o r  s u b s t a n t ia lly  u p g r a d e d  a g a in  b e fo r e  y e a r  2 0 0 0 . 

A s s u m in g  H  =  6 0 0  m  to  b e  e ffe c t e d  r ,  =  150- 250 , r o u g h ly .

T h e  c a s e  r e c o r ds  d is c u s s e d  a b o v e  s h o w  t h a t  the  in  s it u  s e t t le m e nt  

p o t e n t ia ls  m a y  r e m a in  fa ir ly  c o n s t a n t  o v e r  d e c a d e s . M o r e o v e r , it  is  o ft e n  

c o n s t a n t  fa r  in t o  the  p r im a r y  p ha s e , im p ly in g  t h a t  c r e e p  d o m in a t e s  e a r lie r  

t h a n  the  c la s s ic a l t he o r ie s  in d ic a t e .

I f  S c =  c o n s t a n t  fo r  t  >  to it  fo llo w s  t h a t  t h e  r a te  o f  s e t t le m e nt  is

C r e e p  r a t e s  i n  t h e  f i e l d

a n d  the  a d d it io n a l c r e e p  s e t t le m e n t  fr o m  t„ u n t il t  b e c o m e s

8  =  S  In  1  (6 )

'  'o

F o r  ins ta n c e , i f  S c =  3 .5  m  a n d  it  r e m a in s  c o n s t a n t  a t  E k o f is k  fo r  t h e  ne x t  

2 0  y e a r s , the  s e t t le m e n t  inc r e a s e  w ill be , r o u g h ly

5C =  3 .5  m  • In  3 -  3 .7  m

T h is  in d ic a te s  a  to ta l s e t t le m e n t  o f  a r o u n d  9  m  in  y e a r  2012 , a n d  a  r a te  o f

0 .12  m / y e a r  a t  t h a t  t im e . A  r a te  s lo w d o w n  is  n o t  y e t  r e g is te r e d  s o  t h e  t o ta l 

s e t t le m e n t  c o u ld  b e c o m e  s t ill la r ge r .

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

T h e  a u t h o r  is  p a r t ic u la r ly  u n d e p t e d  to  S t a t o il fo r  s p o n s o r in g  a  g e ne r a l

r e s e a r c h  p r o g r a m  o n  s e d im e n t  d e fo r m a t io n s . T h is  p a p e r  is  a  s m a ll p a r t  o f

t he  p r o g r a m , c o n c e r n in g  fe e d b a c k  fr o m  in  s it u  c a s e  r e c o r ds .
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