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S Y NOP S I S  Re f e r e n c e  i s  ma d e  t o  t h e  s i t e  i n v e s t i g a t i o n s ,  r e a s o n s  g o v e r n i n g  t h e  s e l e c t i o n  o f  

c o n s t r u c t i o n a l  ma t e r i a l s ,  l a b o r a t o r y  t e s t i n g  a n d  p r o p e r t i e s  o f  i n - s i t u  a n d  f i l l i n g  ma t e r i a l s  
f o r  t h e  6 8 0 0 f t  l o n g  Pl o v e r  Co v e  ma r i n e  d a m.  T h e  c o n s t r u c t i o n  o f  a n  8 0 f t  h i g h  i n s t r u me n t e d  t e s t  
mo u n d  i s  d i s c u s s e d .  F a c t o r s  wh i c h  i n f l u e n c e d  t h e  d e s i g n  i n c l u d i n g  t h e  me t h o d  o f  c l o s u r e  a r e  
d e s c r i b e d  i n  s o me  d e t a i l .  So i l s  a s p e c t s  o f  p r o b l e ms  me t  d u r i n g  c o n s t r u c t i o n  a r e  d i s c u s s e d ,  i n  

p a r t i c u l a r  t h e  c h a r a c t e r i s t i c s  o f  d r e d g i n g  d e b r i s ,  e f f e c t s  o f  s e g r e g a t i o n  o n  t h e  p e r me a b i l i t y  
o f  t h e  c o r e  a n d  t h e  n a t u r e  o f  s e g r e g a t e d  l e n s e s  o f  d e c o mp o s e d  r o c k  f i n e s .  Me n t i o n  i s  a l s o  ma d e  
o f  i n s t r u me n t  b e h a v i o u r  a n d  c a u s e s  f o r  mo i s t u r e  l o s s e s  i n  f i l l  c o mp a c t e d  a t  we l l  a b o v e  o p t i mu m 
wa t e r  c o n t e n t .  T h e  p r i n c i p a l  l e s s o n s  l e a r n t  a t  P l o v e r  Co v e  a r e  s u n t n a r i z e d  i n  t h e  c o n c l u s i o n s .

I NT RODUCT I ON

T h e  p r o mi n e n t  f e a t u r e  o f  Ho n g  Ko n g ' s  
Pl o v e r  Co v e  wa t e r  s c h e me  ( s e e  f i g  1)  i s  t h e  
£ 1 0 m ma i n  ma r i n e  d a m ( s t a r t e d  i n  1 9 6 4 )  wh i c h  

t o g e t h e r  wi t h  t wo  s u b s i d i a r y  d a ms  h a s  s e a l e d  
o f f  f r o m t h e  s e a  a  l a r g e  c o a s t a l  i n l e t ,  t h e  
b e d  o f  wh i c h  l i e s  3 0 - 4 0 f t  b e l o w me a n  s e a  l e ­

v e l  ( M. S.  L . ) .  T h e  6 8 0 0 f t  l o n g  ma i n  d a m i s  1 0 0 -  
1 3 0 f t  h i g h  a n d  t h e  d r e d g e d  f o u n d a t i o n  wa s  
f o r me d  7 0 - 9 5 f t  b e l o w M. S . L . - s e e  f i g  2 & 3 ; t h i s  
ma d e  i t  n e c e s s a r y  t o  d e p o s i t  u n d e r  wa t e r  s o me  
1 0 m y d ^  o f  c o n s t r u c t i o n a l  ma t e r i a l s  wh i c h  r e ­

p r e s e n t e d  o v e r  90%  o f  t h e  t o t a l  v o l u me  i n c o r ­

p o r a t e d  i n  t h e  d a m.  T h e  t r a p p e d  s e a  wa t e r  wa s  

p u mp e d  o u t  a n d  i mp o u n d i n g  o f  f r e s h  wa t e r  i n  
t h e  n e wl y  f o r me d  r e s e r v o i r  ( 3 7 0 0 0 mg  u s e f u l  
c a p a c i t y )  b e g a n  i n  1 9 6 7  b e f o r e  c o mp l e t i o n  o f  
t h e  u p p e r  s e c t i o n s  o f  t h e  d a m.  A  f u l l  d e s c r i p  

t i o n  o f  t h e  s c h e me  c a n  b e  f o u n d  i n  t h e  p a p e r  
b y  F o r d  &  E l 1 i o t t ( 1 9 6 5 )  wh i l s t  s o me  c o n s t r u c ­

t i o n a l  a s p e c t s  o f  t h e  d a m h a v e  b e e n  d e s c r i b e d  

b y  Do d d ( 1 9 6 6 )  a n d  E l l i o t t  e t  a l  ( 1 9 6 7 ) .

S I T E  I NVE S T I GA T I ONS

T h e  s u b - s u r f a c e  e x p l o r a t i o n  o f  t h e  f o u n d a ­

t i o n  a n d  a b u t me n t s  o f  t h e  Pl o v e r  Co v e  ma i n  
d a m s i t e  wa s  ma d e  wi t h  9 6  h o l e s  i n v o l v i n g  s o me

F i g  1 L a y o u t  o f  P l o v e r  Co v e  Wa t e r  S c h e me  
&  So u r c e s  o f  F i l l i n g  Ma t e r i a l s
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Fi g 4 Soi l  St r a t a  on Ce n t r e - L i n e

6050 f t  of  pe r c us s i on  bo r i ng  f r o m bar ge- mount ed 
r i gs  and  750f t  of  r o c k  c or e dr i l l i ng .  Th e s e  
r e v e a l e d  ( f i g 4)  t hat  t he bed of  Pl ov er  Cov e  

c ons i s t s  of  r ec en t  depos i t s ,  v i z  a 30- 50 f t  
t h i c k  upper  s t r a t u m of  v er y  s of t  c l ay  wh i c h  
ov er l i es  a 30- 50 f t  t h i c k  l ower  l ay er  of  h e t ­
e r ogeneous  mat er i a l ;  t hes e  depos i t s ,  i n t ur n,  
ov e r l i e  t he d omi nan t  r o c k  f o r mat i ons  wh i c h  
s u r r ou i d  Pl ov er  Co v e  Th e  bor i ngs  we r e  a u g ­
men t ed  by  a c o mp r e hens i v e  p r ogr amme of  f i e l d  

t es t i ng,  t he h i g h l i g h t  of  wh i c h  was  t he c on ­
s t r u c t i o n  of  a l a r ge - s c a l e  t es t  mound  ( des ­
c r i bed  bel ow) .  Be f o r e  c ons t r uc t i on  s t ar t ed,  
s ome 1900 hand pr ob i ngs  wi t h  a Du t c h  c one 
pene t r omet e r  wer e  made  t o e s t a b l i s h  t he ex ­
t ent  of  t he s of t  mud on t he d a m s i t e;  t he 

r es u l t s  of  t hes e  pr ob i ngs  wer e  i n t e r p r e t ed  
wi t h  t he a i d  of  bo r e - h o l e  i n f or mat i on.

I n v i e w of  t he c o mp r es s i b l e  na t u r e  of  t he 

f oundat i on ,  i t  s oon b e c a me  c l ear  t hat  a f l e x ­
i b l e t y pe d a m wou l d  hav e  t o be  bu i l t  us i ng  
na t u r a l l y  oc c ur r i ng  mat e r i a l s .  Th e  c ho i c e  of  

c ons t r uc t i ona l  ma t e r i a l s  was  l a r ge l y  i n f l uen ­
c ed by  t hos e wh i c h  wer e  a v a i l a b l e  wi t h i n  r ea ­
s onab l e  d i s t anc e  of  t he d a m s i t e  -  s ee f i g 1.

Owi ng t o t he abs e n c e  of  any  ma j o r  r i v er s ,  
depos i t s  of  s and a r ound  t he c oas t l i ne  of  Hong  
Kong ar e  n o r ma l l y  s ha l l ow i n dept h,  l i mi t ed  
i n ex t en t  and  s mal l  i n ov e r a l l  v o l ume.  The  30 

bo r e - ho l es  i n t he s and ar eas  i nd i c a t ed  t hat  
t he d epos i t s  i n To l o  Ha r bou r  wer e  no  

ex c e p t i o n  and,  t hus ,  on l y  mi no r  u s e  of  s and 
f i l l  i n t he d a m c ou l d  be c ons i der ed.

Th e  g r an i t i c  and v o l c a n i c  s o i l s  a r e  f o r med 
by  t r op i c a l  ( i . e.  c hemi c a l )  wea t h e r i n g  of  t he 
par ent  r o c k  t y pes  and may  ex t end t o dep t hs  of  
abou t  125f t ;  t hes e c ov er ed  t he g r ea t e r  par t  
of  t he a r ea  nea r  t he d a m s i t e  and  wer e  pr eser t  
i n l ar ge quant i t i es .  Howev er ,  as  p r oduc t s  of  

wea t h e r e d  v o l c an i c s  ar e  c o n s i de r ab l y  mor e  

v a r i a b l e  t han  t hos e  of  g r a n i t e  and  ha v e  l es s  
f av our ab l e  e n g i nee r i ng  p r oper t i es ,  bo r r ow

ar eas  f or  t he pr i nc i pa l  s o f t  f i l l i ng  r e q u i r e ­
men t s  wer e  s e l ec t ed  i n  g r a n i t e  a r eas  wher e  

e x t ens i v e  d e c o mp o s i t i o n  of  t he  par en t  r o c k  had 
t ak en  pl ac e.  Some 46 t r i a l  pi t s  an d  d r i l l  

ho l es  wer e  s u n k  i n  t he  p r i nc i pa l  l and b o r r o w 
ar eas  of  Ma L i u  Shu i  ( gr an i t e) ,  Wh i t e  Head  

( gr an i t e)  a n d  Sh u e n  Wa n  ( g r anod i o r i t e )  f r o m 
wh i c h  i t  was  c o nc l uded  t hat  t her e was  amp l e  
ma t e r i a l  t o  c omp l e t e  t he ma i n  dam.  Howev er ,  

i n t he d e t a i l e d  s i t e  i n v e s t i ga t i on  i nv o l v i ng  
350 t r i a l  pi t s  at  150f t  c en t r es  c o mp l e t ed  
j us t  be f o r e  e x c a v a t i o n  s t ar t ed,  a 3 0 % ( or  
2 . 7 m y d3)  s ho r t f a l l  be c a me  a p pa r en t  an d  t he 

Wh i t e  Head  b o r r o w a r ea  was  ex t ended  t o 
i nc l ude  t wo ad j a c e n t  ar eas .

Qua r r y  s i t es  i n Hong  Kong,  f r o m wh i c h  r o c k  

p r o t ec t i on  and  a s s o c i a t e d  f i l t e r s  c ou l d  be  ob 
t a i ned,  a r e  c o mp a r a t i v e l y  f e w as  on l y  a r o u n d -  
t he c o as t l i ne  and  i n  t he b o t t o m of  deep n a r r o w 
v a l l ey s  i s  u n we a t h e r e d  r o c k  n o r ma l l y  f ound.

As  n e i t he r  v o l c a n i c  nor  me t a - s e d i me n t a r y  r ocl t s 
wer e  c o n s i de r ed  s u i t ab l e  f or  us e  i n t he d a m on 
a c c o u n t  of  t he i r  c l os e  j o i n t i ng,  t he  s ea r c h  
f o r  a qua r r y  s i t e  was  l i mi t ed  t o g r an i t e  

ar eas .  Tu r r e t  Hi l l ,  i n wh i c h  4 d r i l l  ho l es  
we r e  made,  was  f ound t o be t he  mos t  p r omi s i ng  
s our c e  of  r o c k  as  t he  d e p t h  of  ov e r b u r d e n  was  
no t  e x c es s i v e  a n d  j o i n t  s pac i ng  wi de.

TEST MOUND

The 80f t  h i g h  f u l l y  i ns t r umen t ed  t es t  
mound,  s h o wn  i n f i g  5,  was  c o n s t r uc t ed  a t  a 
c os t  of  £9 0 0 0 0  on a j s i t e 1000f t  eas t  of  t he 
r i gh t  a b u t me n t  us i ng  d e c o mp o s e d  gr ani t e b o t t o m 
du mp e d  f r o m bar ges  as  t he p r i nc i pa l  embank i ng  

mat er i a l .  Su c c es s f u l  c omp l e t i o n  of  t he  mound  
p r ov ed t hat  i t  was  pos s i b l e  t o f o r m under  
wa t e r  an  a d e q u a t e l y  s t ab l e  an d  i mper meab l e  
embank men t  wi t h o u t  any  und u l y  c omp l i c a t ed  
t ec hn i ques  of  s e l e c t i o n  or  p l ac i ng.

t  Oft  M p. L. CONCRETE BLOCKWORK 
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Fi g  5 Te s t  Mound  -  Ty p i c a l  Cr o s s - Se c t i o n

Dur i ng  c ons t r uc t i on ,  30 c omb i ned  t wi n - t ube  
h y d r a u l i c  p i e z o me t e r / s e t t l e me n t  c e l l s  wer e 
p l ac ed i n t he mound.  On l y  v e r y  s mal l  ex c es s  

por e pr es s ur es  wer e  o b s e r v ed  i n t he  l ower  
" s andy "  l ay er  of  d e c o mp o s e d  g r a n i t e  ( wp<20;  
327.  f i nes ) ,  bu t  i mmed i a t e l y  a f t e r  i n s t a l l a ­

t i o n  of  c e l l s  i n t he i n t e r med i a t e  " c l ay ey "  
l ay er  ( wp>20;  3 9 % f i nes ) ,  s ubs t an t i a l  por e 

p r es s ur es  i n  t hat  l ay er  we r e  r ec o r d e d  and 
t hes e  i nc r eas ed  t h r oughou t  f u r t he r  s t ages  of  
c ons t r uc t i on .  The  ev a l u a t i o n  of  ex c es s  por e 
p r es s ur es  was  c o mp l i c a t ed  by  v a r i a t i o n s  i n 

t ot a l  head c aus ed  by  t i da l  f l uc t ua t i ons .  I n 
s ome c as es  t he  ex c es s  head  r e l a t i v e  t o s ea 

l ev e l  v a r i e d  by  as  mu c h  as  ha l f  t he  t i dal  
r a n g e  i nd i c a t i ng  a " B"  v a l u e  f or  t i da l  l oad ­

i ng of  on l y  0. 5.  Th e  " B"  v a l u e  f o r  t he c o n ­
t i nuous l y  a p p l i e d  f i l l i ng  was  a p p r o x i ma t e l y  
u n i t y  f or  a l l  p i ez omet e r s  i n  t he " c l ay ey "  

z one.  To  e l i mi na t e  t i da l  e f f ec t s  c on t i nuous  
V h o u r  r ead i ngs  we r e  t ak en  -  s ee  f i g 6.

Th e  c o - e f f i c i en t  of  c o n s o l i d a t i o n  of  
ma t e r i a l  i n t he " c l ay ey "  z one was  c a l c u l a t ed

2 9 2
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Fi g 6 Te s t  Mound  -  Ti dal  Ef f ec t s  on 
Ex c es s  Pi ez omet r i c  Head

f r o m p o r e - p r es s u r e  d i s s i p a t i o n  c ur v es  and  a 
me a n  v a l u e  of  80x l 0 " ^ c m̂ / s  was  obt a i ned.  

Pe r me a b i l i t y  t es t s  we r e  a l s o  c onduc t ed  t hr ough 
t he  p i e z ome t e r  t i ps  an d  l eads ;  t hes e  I ndi c at ed 

t he p e r me ab i l i t y  of  t he " c l ay ey "  l ay er  t o be 
0 . 0 8 x l 0 ' ^ c m/ s .

Si nc e  i t  was  no t  pos s i b l e  t o meas ur e  
s e t t l emen t s  d i r e c t l y  owi ng  t o t he c on t i nuous  
du mp i n g  of  mat e r i a l ,  an  i nd i r ec t  me t h o d  was  

ev o l v ed  i n c o r po r a t i ng  an  a i r / wa t e r  ma nomet e r  
s y s t e m i n wh i c h  t he a i r / wa t e r  i n t e r f ac e  was  

a d j u s t e d  t o oc c ur  wi t h i n  t he  c el l  an d  i t s  po ­
s i t i o n  de f i n e d  b y  e l ec t r odes .  Un f o r t u n a t e l y  

ma n y  of  t he  c e l l s  wer e  d i s p l a c e d  d u r i n g  d u mp ­
i ng and,  as  t hey  wer e  no  l onger  a p p r o x i ma t e l y  

v e r t i c a l ,  f a i l ed  t o  f u n c t i o n  e f f ec t i v e l y .

L ABORATORY TESTI NG

Gener a l  Th e  l ab t es t i ng  was  p r i nc i pa l l y  under  
t a k e n  du r i n g  t he o r i g i na l  i nv es t i ga t i ons  and 
c ov e r ed  t h r ee  ma i n  c a t ego r i es  of  s o i l s  namel y ,  
s ea - bed  mud,  ex i s t i ng  f o u n d a t i o n  ma t e r i a l s  and 
f i l l i ng  n&t e r l a l s .  The z ones  i n wh i c h  t hes e  
s o i l s  l i e  on  t he  p l as t i c i t y  c har t  a r e  s h o wn  

I n f i g  7.

Fi g  7 Pl a s t i c i t y  Ch a r t  f or  I n - s i t u  & 

Co n s t r u c t i o n a l  Ma t e r i a l s

Pe r me a b i l i t y  r es u l t s  d e r i v e d  f r o m l ab  f a l l ­

i ng he a d  t es t s  wer e,  i n  gener a l ,  ab o u t  10 t i mes 
g r e a t e r  t han  t hos e  c a l c u l a t ed  f r o m c o n s o l i d a ­

t i o n  t es t s ;  n o  ex p l a n a t i o n  c an  be  o f f e r ed  f or  

t h i s  d i s c r epanc y .  Fi e l d  p e r meab i l i t i es  ag r e e d  
r e a s o n a b l y  we l l  wi t h  l ab  r es u l t s  on s ampl es

t ak en  f r o m t he  t es t  mound;  e l s ewher e ,  howev er ,  
f i e l d  t es t s  wer e  u n r e l i a b l e  owi ng  t o l eak age 
t h r ough  c as i ng  j oi nt s .

I n - s l t u  mat e r i a l s  Th e  p r oper t i es  of  t he sea-  
bed mud,  a v e r y  s of t ,  s ens i t i v e ,  nor mal l y -  
c ons o l i da t ed  ma r i n e  c l ay ,  hav e been d i s c us s ed  
r ec e n t l y  by  Lumb  and Ho l t ( 1 9 6 8 ) . Th e  mat er i al ,  
wi t h  a l i qu i d i t y  i ndex  a p p r o a c h i n g  un i t y ,  has  

a s e n s i t i v i t y  of  a r ound  5 and  i s  c har ac t er i z ed 
by  i t s  h i gh  At t e r b e r g  l i mi t s  and  c o mp r e s s i ­
b i l i t y  an d  l ow s t r eng t h  -  s ee t ab l e  I .  The 

u n c o n f i n e d  s hear  s t r eng t hs  f r o m nor mal  
s amp l es  wer e  u n s a t i s f a c t o r y  owi ng  t o s ampl e  
d i s t u r b a n c e  bu t  . t hose f r o m 2^ i n - d i a  s ampl es  
ob t a i ned  wi t h  a Swe d i s h  f o i l  s amp l e r  and  i n-  
s i t u  v ane  t es t s  ga v e  c ons i s t en t  r es u l t s ;  
t hes e s howed t hat  t he s of t  c l ay  ga i ned  
s t r e n g t h  l i nea r l y  wi t h  d e p t h  as  f o l l o ws : -  

cu  = 35 + 6 . 75h  ( h = d e p t h  i n f t  f r om 
s u r f ac e  l b/ f t ^ )

Th i s  s t r e n g t h  was  r e a s o n a b l y  c ons i s t en t  wi t h  
t hat  o b t a i ned  f r o m Sk empt on ' s  we l l - k n o wn  em­
p i r i c a l  f or mul a ;  c u  = ( 0. 11 + 0 . 0037  x  I p) y ' h.  

A c o mp a r i s o n  of  meas u r ed  and c a l c u l a t e d  s hear  
s t r eng t hs  t oge t he r  wi t h  i ndex  p r oper t i es  f or  
a t y p i c a l  b o r e - ho l e  i s g i v en  i n f i g  8.

UNDRAINED SH EAR^ STREN GTH Ub / t t 2 )

m 10
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M OISTURE CONTENT ( % )
22___5P '00 150

Fi g  8 Ty p i c a l  Pr oper t i es  of  Sea - Bed  Mud

Th e  a l l u v i a l  dep o s i t  i s ma i n l y  c l ay ey  i n 
c o mp o s i t i o n  wi t h  a d mi x t u r es  of  s and  and  gr avel  
and  und e r l i e s  t he s of t  ma r i n e  c l ay ;  howev er  

p r e d o mi n a n t l y  s andy  z ones  l i e near  t he a b u t ­
ment s .  Th e  er r a t i c  s t r e n g t h  of  t he mat er i a l ,  
wh i c h  has  b e e n  a f f e c t e d  by  d e s s i c a t i o n  du r i ng  

i t s  v a r i ous  s t ages  of  depos i t i on ,  i s i nd i c a ­
t i v e  of  i t s  e s t ua r i ne  or i g i n .  Howev er ,  mean  
e f f ec t i v e  s t r eng t h  pa r amet e r s  i nc r eas ed  wi t h  
de p t h  f r o m abou t  c ' =2401b / f t 2 ,  ¿i =24°  j us t  
b e n e a t h  t he  mud  t o ab o u t  c ' = 4 1 0 1 b / f t ^ ,
31°  a t  t he s u r f ac e  of  t he dec o mp o s e d  r oc k .  
L i k ewi s e  i n - s l t u  v ane  s hear  s t r eng t hs  I n ­
c r eas ed  f r o m abou t  1100 t o 16001b / f t 2  ov er  

t he s ame d e p t h  ( no r ma l l y  abou t  40f t ) ;  t hes e 
v a l ues  we r e  a b o u t  257.  h i g h e r  t han  t hos e  f r om 
u n d r a i n e d  t r i ax i a l  t es t s .  I n v i e w of  t he 

f a i r l y  l ow me a s u r e d  " c v "  v a l ues ,  s e t t l emen t  
of  t he f ou n d a t i o n  was  not  ex pec t ed  t o be 
r ap i d .  Summa r i z e d  p r ope r t i es  of  t he a l l uv i a l  
d e p o s i t  a r e  s h o wn  i n t ab l e  I .

De c ompos ed  r oc k s  und e r l y i n g  t he a l l uv i a l  

d epos i t  c ons i s t  of  i n - s i t u  wea t h e r e d  

r hy o l i t e ,  me t a - s ed i men t s ,  g r a n o d i o r i t e  and  
br ec c i a .  I t  wi l l  be no t ed  f r o m t ab l e  I  t hat  

t he e n g i nee r i ng  p r ope r t i es  of  t he dec o mp o s e d  
r oc k s  a r e  g e n e r a l l y  good,  i . e.  h i gh  s t r engt h ,  
l ow c o mp r e s s i b i l i t y  and  r a p i d  c ons o l i da t i on .

I I I I__
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GUILFORD and C H A N

Ta b l e  I  Su mmar i z ed  Soi l  Te s t  Res u l t s  ( mean v a l ues )  f or  I n - s i t u  & Cons t r u c t i o n a l  Ma t e r i a l s

w
Ie

G wL I p S i - k X C o n s o l i d a t i o n  T e s t T r i a x i a l  S h e a r  T e s t

S o i l  T y p e  % l b / % % c  l a y 10-7 C e c v x l 0 - k X 1 0 '7 c c  1 4 ' K

f t * % c m /s
c o

c n ^  s c m /s l b / f t 2 l b / f t J
o

I N -S I T U  MATERIALS

MUD 1 5 0 35 2 . 7 2 1 6 0 11 5 8 4

( F . H .

3

)

1 . 5 - 2 . 7 4 - 2 . 5 1 . 2 - 0 .  1 0 12^ 0 21 _
- 8 0 - 5 5 - 9 0 - 5 7 0 . 9

A LL U V IA L D E PO SIT

C l a y e y  2 3 . 2 102 2 . 7 0 36 18 - 4 . 9 0 . 1 1 0 . 6 3 3 2 - 2 0 0 . 5 - 0 . 3 5 0 0 2 0  2 3 0 0 27

S a n d y  1 8 . 1 10 9 2 . 6 8 - - 13 1 7 0 - - - - 8 1 0 27 6 2 0 31 -

DECOMPOSED ROCK

G r a n o d i o r i t e  3 0 . 8 8 9 2 . 7 4 4 2 12 - 89 0 . 1 5 0 . 9 3 3 3 0 - 3 1 0 5 . 6 - 3 . 2 7 2 0 22 6 3 0 28 -

R h y o l i t e  2 1 . 8 10 4 2 . 7 2 39 17 - 19 0 . 0 9 0 . 7 6 3 3 0 - 2 6 0 3 . 7 - 2 . 3 1 0 7 0 2 3 1 0 2 0 27% -

M e t a - S e d i m e n t  1 9 . 3 1 0 8 2 . 8 0 4 1 18 - 11 0 . 0 8 0 . 6 4 4 6 0 - 3 2 0 2 . 3 - 1 . 9 7 9 0 2 2 2 8 9 0 24% -

B r e c c i a  2 1 . 6 1 1 0 2 . 7 4 33 12 - 6 5 0 . 1 0 0 . 7 7 1 5 0 - 1 3 0 2 . 1 - 1 . 2 1 2 2 0 2 4 8 2 0 30 -

CONSTRUCTIONAL MATERIALS 

DEC GRANITE -  "C L A Y E Y "

L a b  p r e p a r e d  -  t o t a l  3 0 . 7 9 2 2 . 6 7 92 52 51 6 0 0 . 1 5 0 . 8 2 2 0 0 7 - 0 . 6 - - 0 32 0 . 5 2

L a b  p r e p a r e d  -  n o  36 - - 92 52 9 1 - - - - - 6 0 16*! 1 0 0 32% -

L a b  p r e p a r e d  -  n o  2 0 0  - - - 9 6 58 1 00 - - - - - 7 0 14 1 10 30 -

T e s t  m ou n d  2 0 . 6 10 5 - 4 5 19 35 - 0 . 1 0 0 . 5 9 3 7 - 2 1 0 . 8 - 0 . 5 - - 0 33 -

DEC GRANITE -  "S A N D Y "

L a b  p r e p a r e d  -  t o t a l  3 2 . 3 8 9 2 . 6 6 4 6 10 32 5 7 0 0 . 1 4 0 . 8 6 1 0 0 0 0 2 1 0 - 6 0 1 1 5 0 18% 2 4 0 36% 0 . 3 9

L a b  p r e p a r e d  -  n o  36 - - 4 6 10 6 4 - - - - - - - 3 30 38% -

L a b  p r e p a r e d  -  n o  2 0 0 - - 56 12 1 00 - - - - - 0 26 0 38% -

T e s t  m ou n d  2 0 ■3 1 05 - 4 3 14 25 - 0 . 0 7 0 . 6 1 4 8 0 - 1 2 0 1 0 - 3 - - 0 38% .

L a b  c o m p a c t i o n  1 8 . 0 1 0 8 - 4 4 13 28 - - - - - - - - - -

DEC GRANITE -  DAM

D um ped u n d e r v a t e r 16.3 i l l 31 9 30 -

P l a c e d  u n d e r w a t e r 18.5 106 31 9 4 4 -

T r a p p e d  f i n e s 4 2 . 4 ■ 78 4 7 2 0 9 2 -

C o m p a c t e d  

DEC GRANODIORITE

1 2 . 3  ' 117 2 9 10 30 -

L a b  p r e p a r e d  -  c l a y e y 4 3 . 3 77 2 . 6 8  4 5 16 56 -

L a b  p r e p a r e d  -  s a n d y  2 6 . 1 98 2 . 6 8  3 0 4 32 -

L a b  c o m p a c t i o n 2 0 . 2 1 0 3 4 2 11 4 0 -

C o m p a c t e d  i n  dam 18.6 107 35 14 4 0 -

Howev er ,  t he g r a n o d i o r i t e  i s l es s  dens e,  

we a k e r  unde r  u n d r a i n e d  l oad i ng  c ond i t i ons  and 
c ons i d e r a b l y  mor e  pe r meab l e  and  c ompr es s i b l e .  
As  has  o f t en  b e e n  no t ed  p r ev i ous l y ,  t he 

At t e r b e r g  l i mi t s  of  d e c o mp o s e d  r ocf es l i e 
g e n e r a l l y  b e l o w t he A- l i n e  ( f i g 7) .

Co n s t r u c t i o n a l  ma t e r i a l s  Be f o r e  t he s t ar t  of  
c o n s t r u c t i o n  of  t he  ma i n  ma r i n e  dam,  l ab t es t ­

i ng c onc en t r a t ed  on  es t ab l i s h i ng  t he  pr o ­
per t i es  of  t he p r i nc i pa l  embank i ng  ma t e r i a l s

Fi g  9 Ty p i c a l  Gr ad i ngs  of  Cons t r u c t i o n a l  
Ma t e r i a l s

- 0 . 5 0 3 1 0 - 1 8 0 - - - 5 0 0 36 k -

- 0 . 4 8 4 4 - 6 - - - 4 3 0 32 -

- - 3 . 5 - 1 . 8 0 . 3 - 0 . 1 - - 0 3 0 k -

- - 6 6 - 1 1 - - - 4 3 0 37 -

0 . 2 1 1 . 1 6 6 1 - 2 9 7 - 4 7 0 16 1 10 30% _

0 . 0 7 0 . 7 0 9 7 0 - 5 2 0 7 0 - 3 5 3 9 0 31 0 38% -

- 0 . 4 7 2 2 - 9 - - - 3 60 3 1 4 -

namel y ,  dec o mp o s e d  g r a n i t e  an d  g r an o d i o r i t e  
( f or  u s e  ab o v e  wat er ) .  Gr a i n - s i z e  ana l y s es  
( s ee f i g  9 f or  t y p i c a l  g r ad i ngs )  wer e  c a r r i ed  
out  on a l l  s ampl es  f r o m t he  t r i a l  pi t s  and an  

ex t ens i v e  p r ogr amme of  t es t i ng  was  u n d e r t a k e n  
on mat e r i a l  t ak en  f r o m t he t es t  mound,  f r o m 
an  e x i s t i ng  e a r t h / r o c k  f i l l  dam,  on  l 4  and 
Ai n - d i a  " s andy ”  a n d  " c l ay ey "  s amp l es  ( s ee f i g 
9)  p r epar ed i n t he  l oos es t  ob t a i nab l e  s t a t e  
( t o s i mu l a t e  t he i r  p r obab l e  i n i t i a l  s t a t e  when 

dep o s i t e d  unde r  wat er )  and  on s i mi l a r  s amp l es  
c ompos ed  of  d i f f e r e n t  f r ac t i ons  of  t he 
ma t e r i a l  ( t o s h o w t he e f f ec t  of  s eg r e g a t i o n  

on  t he i r  eng i n e e r i n g  pr oper t i es ) .  A  d e s c r i p ­
t i on  of  t h i s  t es t i ng  has  b e e n  g i v e n  by  
L a mb ( 1962) .

I n t er ms  of  e f f ec t i v e  s t r es s ,  t he s t r e n g t h  
of  d e c o mp o s e d  g r an i t e ,  whe t he r  o b t a i ned  f r o m 

t he t es t  mound  or  l ab - p r epa r ed  s amp l es  ( i n ­

c l ud i ng  t es t s  on s amp l es  wi t h  c oar s e  f r a c ­
t i ons  omi t t ed) ,  was  h i g h  and  v a r i e d  f r o m c'  = 
11 0 1 b / f t 2 , ¿' =300  t o c ’ =3 3 01b / f t  , ¿' =38%° .  
St r eng t hs  of  s amp l es  f r o m t he  c omp l e t ed  d a m 
l ay  wi t h i n  t he s ame r ange.  Co r r e s p o n d i n g  
t es t s  on d e c o mp o s e d  g r an o d i o r i t e  gav e  

ma r g i n a l l y  l ower  v a l ues .
Meas u r emen t s  i n c o n s o l i d a t i o n  s t ages  of  

t r i ax i a l  t es t s  s howed  t hat  b o t h  t he " s andy "  
an d  " c l ay ey "  d e c o mp o s e d  r o c k  f i l l i ng  wer e  r e ­
l a t i v e l y  i nc ompr es s i b l e  ( gener a l l y  Cc =0 . 07  t o 
0. 15) ;  t he oedomet e r  me t hod  was  no t  c ons i der ed 

s a t i s f ac t o r y  owi ng  t o t he  c oa r s enes s  of  t he 
s oi l .  Tes t s  s howed t hat  t he  r a t e  of  
c o n s o l i d a t i o n  of  b o t h  d e c o mp o s e d  g r an i t e  and

SAN D [ GRAVEL
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?
r a n o d i o r i t e  wo u l d  be r a p i d  f o r  " s andy "  but  
a i r l y  s l ow f or  " c l ay ey "  mat er i a l ;  t he l ab 

" c v "  of  20 t o 200x l 0" ^ c m̂ / s  f or  t he l a t t e r  
c ompar ed  r e a s o n a b l y  we l l  wi t h  t hat  f r o m f i e l d  
d i s s i p a t i o n  t es t s  i n t he  t es t  mound.

Th e  pe r meab i l i t y  of  bo t h  t y pes  of  d e c o m­
pos ed r o c k  was  of  t he s ame or der  bu t  v er y  v ar i  

abl e;  " s a n d y ”  mat e r i a l  was  a t  l eas t  10 t i me s -  
as  p e r meab l e  ( k =0 . 6x l 0" ^ c m/ s  by  f a l l i ng  head 
met hod)  as  t he " c l ay ey "  mat er i a l .  The i n - s i t u  

p e r me ab i l i t y  of  " s andy "  d e c o mp o s e d  g r a n i t e  i n 
t he t es t  mound,  howev er ,  was  c o n s i de r ab l y  
h i gher  i nd i c a t i ng  e x t e n s i v e  pe r v i ous  z ones  
i n t he dumped  mat er i a l .  A c omp l e t e  s u i mar y  of  
t he mean  p r oper t i es  of  t he c ons t r uc t i ona l  
ma t e r i a l s  i s  g i v e n  i n  t ab l e  I .

Co mp a r a t i v e  At t e r b e r g  l i mi t  t es t s  on s a m­
pl es  of  d e c o mp o s e d  g r a n i t e  and  g r a n o d i o r i t e  
us ed  bo t h  d i s t i l l e d  and  s ea wat er .  Ta b l e  I I  
s hows  t hat  s ea wa t e r  r e d u c e d  t he At t e r b e r g  
l i mi t s  c on t r a r y  t o t he us ua l  t heor y .  Ty p i c a l  

r es u l t s  of  c omp a r a t i v e  hy d r o me t e r  ana l y s e s  on 
t he f i nes  f r ac t i on  of  d e c o mp o s e d  r o c k  wi t h  
d i f f e r en t  s u s pens i on  l i qu i ds  ar e  s h o wn  i n f i g 

9.  Th e  f l oes  f o r med  wi t h  d i s t i l l e d  wat er ( wi t h-  
out  d i s p e r s i n g  agent )  wer e  c l ea r l y  l a r ger  t han 
when  us i n g  s ea wat er ;  a g a i n  t h i s  i s c on t r a r y  

t o wha t  mi gh t  be ex pec t ed .  Ho we v e r  i n ne i t he r  
c as e  a r e  t he d i f f e r e n c e s  v er y  gr eat ;  t r i ax i a l  
t es t s  on s ampl es  t ak en  f r o m t he t es t  mound  
and  l a t e r  f r o m t he d a m i t s e l f  s howed n o  ev i ­

denc e  t hat  t he e n g i nee r i ng  p r oper t i es  of  f i l _l  
i ng a r e  wo r s e n e d  by  d e p o s i t i o n  I n sea wat er .

Ta b l e  I I  Ef f ec t  of  Sea Wa t e r  on L i mi t s

PLOVER C O V E

Fr a c t i o n Dec Gr an i t e Dec Gr a n o d i o r i t e
Pas s i ng B. S. wu I P wL l |P

No. ( Ty pe) D S D S D S D S

36 ( s andy ) 46 4l 10 4 30 28 4 3
200 ( sandy ) 56 49 12 11 - - - -

36 ( c l ay ey ) 92 79 52 50 45 40 16 14
200 ( c l ay ey ) 96 81 58 49 51 48 17 15

l i ed Wa t e r  : S = Sa l t  Wat e r  

DESI GN ASPECTS

Bas i s  of  d e s i g n  Th e  r eas ons  f or  s e l ec t i ng  an  
e a r t h / r oc k t i l l  d a m t o s eal  of f  Pl ov er  Co v e  
hav e  a l r e a d y  b e e n  d i s c us s ed.

The  v er y  l ow s t r eng t h  of  t he s ea - bed  mud 
mean t  t hat  i t  had  t o be  r e mo v e d  c o mp l e t e l y  
f r o m t he wh o l e  l eng t h  of  t he d a m be f or e  

emb ank i ng  ope r a t i ons  c ou l d  begi n;  t he t es t  
mound  had s h o wn  t hat  a s a t i s f ac t o r y  f o u n d a ­
t i on  c ou l d  no t  be f o r med  by  dump i n g  l a r g e ­
s i z ed r o c k  i n t o  t he  mud.  Th e  1 : 1% s i de  s l ope  
f ound s t a b l e  d u r i n g  d r e d g i n g  f or  t he t es t  
mound  was  ad o p t e d  wh e r e  dept hs  of  mud  d i d  no t  
ex c eed  35f t .  A 20- 25 f t  ho r i z on t a l  b e r m was  

ad d e d  at  t he mi d - p o i n t  of  de e p e r  c ut s  r e d u c ­
i ng t he e f f ec t i v e  d r e d g e d  s l ope  t o 1: 2.  
Th e o r e t i c a l  ana l y s e s  c on f i r med  t he  s t ab i l i t y  

of  t hes e  s l opes .
Th e  t h r ee  z ones  of  d e c o mp o s e d  r o c k  f i l l i ng  

i n t he d a m a r e  s h o wn  i n f i g  2.  Th e s e  a r e  a 
c a r e f u l l y  p l ac ed  c or e ( s l i gh t l y  o f f - c en t r e  t o 
i mpr ov e  s t a b i l i t y  on dr aur - down) , a b l ank e t  
b o t t o m dumped  ov er  t he f ou n d a t i o n  t o p r ev ent  
s eepage  unde r  t he  d a m a n d  g ene r a l  f i l l i ng,  

a l s o  dumped,  t o  s uppor t  t he  c or e.  A  mi n i mu m 
f i nes  c on t en t  of  2 5 % was  r e qu i r ed  f o r  bo t h  
b l a n k e t  and  c or e.  Ho r i z o n t a l  s and d r a i ns  at

f ou r  l ev e l s  wer e  i n c o r po r a t ed  i n t he gener a l  
f i l l i ng  t o a c c e l e r a t e  p o r e - p r es s u r e  d i s s i p a ­

t i on  and,  t o f ac i l i t a t e  l o c a t i on  of  pos s i b l e  
l eak age  z ones ,  eac h  d r a i n  was  I s o l a t ed  at  

700f t  i n t e r v a l s  by  d e c o mp o s e d  r o c k  bar r i e r s .  
Al t h o u g h  a p e r me ab i l i t y  f o r  t he c or e of  l es s  
t han  0 . 1 x l 0 - 4c m/ s  was  hoped  f or ,  a v a l u e  of  

l x l 0 ” ^ c m/ s  was  c on s i d e r e d  ac c ep t ab l e .
The r i s k  of  c r ac k i ng  i n t he c o mpac t ed  f i l l ­

i ng ab o v e  s ea l ev e l  due  t o s e t t l emen t  of  t he 

und e r wa t e r  e mb a nk men t  an d  f o u n d a t i o n  was  

r ec ogn i z ed .  Thus  a c omp a r a t i v e l y  l ow d ens i t y  
( 9 0 % B. S.  s t anda r d  c ompac t i on )  an d  h i g h  wa t e r  
c on t en t  ( 1. 15 x  op t i mum)  we r e  s p e c i f i ed  f or  

t he c ompac t ed  f i l l i n g  t o ens ur e  t hat  i t  
r e ma i n e d  f l ex i b l e  f or  as  l ong as  pos s i b l e.

i f ax i mum s e t t l emen t s  of  3f t  i n t he 

f ou n d a t i o n  and  6f t  i n  t he d a m wer e p r ed i c t ed  
of  wh i c h  ha l f  a n d  t wo- t h i r ds ,  r es pec t i v e l y ,  

wer e  ex pec t ed  du r i n g  c ons t r uc t i on .
I n t he l i ght  of  t es t  mound  ex per i enc e ,  t he 

s t eepes t  f i l l  s l opes  t o be f o r med  un d e r  wa t e r  

we r e  1: 3.  The  ex t e r na l  s l opes  c ons i s t ed  of  
s and  b edd i ng  on wh i c h  f a i r l y  t h i c k  l ay er s  of  
wi d e - g r a d e d  f i l t e r  r o c k  we r e  t o r es t .  On  t op  
of  t he f i l t e r  l ay  t he ma i n  wa v e  p r o t ec t i on ,  a 

g r a d e d  r i p - r a p  of  t h i c k nes s  I . 5D50 ( Dc q = 
equ i v a l en t  s phe r i c a l  d i a me t e r  of  t he 5 0 % s i z e,  
by  we i gh t ,  of  t he gr ad i ng) .  A  ma j o r  f ac t o r  i n 
t he c ho i c e  of  r i p r a p  was  i t s  s e l f - hea l i ng  
p r ope r t y  and  t he  d e s i g n  i t s e l f  was  bas ed  on 
t he r ec o mme n d a t i o n s  of  Bu r g e s s  & Hi c k s ( 1966) .
A de t a i l e d  a na l y s i s  of  t y p h o o n  wi n d - g e n e r a t e d  
wav es  s howed t hat  s i gn i f i c an t  da ma g e  ( g r eat er  

t han  5 % of  r o c k  d i s p l ac ed)  t o t he r i p - r a p  
s hou l d  no t  oc c ur  mor e o f t e n  t han  onc e i n 75 
y e a r s .

Fo r t u n a t e l y  Ho n g  Kong  does  no t  l i e  on t he 

ma i n  c i r c u m- Pa c i f i c  ea r t hquak e  be l t  s ome 450 
mi l es  t o  t he  eas t .  The i n t ens i t y  of  t he 
s t r onges t  e a r t hquak e  r e c o r ded  I s  es t i ma t ed  at  
VI  on  t he Mod i f i e d  Mer c a l l i  s c a l e  a n d  t hus  
g r ound  ac c e l e r a t i o n s  of  0 . 05g  we r e  c ons i de r ed  
i n  a n a l y s es  of  s t ab i l i t y .

St ab i l i t y  du r i n g  v a r i ous  c o ns t r uc t i ona l  and 

oper a t i ona l  phas es  of  t he d a m was  an a l y s e d  
p r i n c i pa l l y  by  t he c i r c u l a r  s l i p  me t h o d  wi t h  
t he a i d  of  a n  En g l i s h  El ec t r i c  " DEUCE"  e l e c ­
t r on i c  c ompu t e r  us i n g  e f f e c t i v e  s t r es s  pa r a ­

met er s .  Al t h o u g h  i t  was  a n t i c i p a t e d  t ha t  mu c h  
of  t he " dumped"  ( as  oppos ed  t o " p l ac ed" )  
d e c o mp o s e d  r o c k  wou l d  be  " s andy "  i n  na t ur e ,  a 

c o n s e r v a t i v e  " c v "  v a l u e  was  us ed  i n  c a l c u l a t ­
i ng r e s i dua l  por e p r es s ur es  i n t he  dam.

Ta b l e  I I I  De s i g n  Par amet er s

M ARI NE  D A M

Soi l  Ty pe
Té

$
EMBANKMENT MATERI ALS
Roc k f i l l
Sand

De c  Gr a n o d i o r i t e *  
De c  Gr a n i t e - p l a c e d  
Dec  Gr a n i t e - d u mp e d  

I N- SI TU MATERI AL S 
Mu d
Al l u v l u m* * t o p  20f t  
A1 l u v i u m* * r e ma i n d e r  

Al l u v i u m -  s andy  

Dec  Ro c k  ( i n - s i t u^

r  c  

»  $

k  7 cv ,
xi cf  xi cr 4 
c m/ s  crr i ÿs

* Abov e  M. S. L.

116 134 0 40 - _

102 126 0 35 10 -

102 124 0 30 0 .1 35
102 126 0 30 1.0 35
102 126 0 35 1.0 35

39 89 50 15 0. 003 3
101 127 300 25 0. 005 20
101 127 300 30 0. 005 50
107 127 0 32% 10 -

99 124 900 n \ 0. 03 300
* * Cl ay ey
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GUILFORD and C H A N

Wi t h  t he par amet er s  s h o wn  i n t ab l e  I I I ,  t he 
p r e d i c t ed  f ac t or s  of  s a f e t y  we r e  1 . 25 du r i ng  
c o n s t r u c t i o n  and  1. 5 on c ompl e t i on .  We d g e  
a n a l y s es  wer e  a l s o  u s e d  t o c h e c k  s t ab i l i t y  
pa r t i c u l a r l y  du r i ng  c ons t r uc t i on .  Th e  des i gn  
a l l o we d  f or  f u t u r e  l i mi t ed  r a i s i n g  of  t he  dam.

At  eac h  abut men t ,  a s i ng l e  l i ne  of  c u r t a i n  

g r ou t  ho l es  a t  10 f t  c ent r es  was  s pec i f i ed  t o 
r e d u c e  t he e f f ec t i v e  pe r meab i l i t y  of  t he i n-  
s i t u  r o c k  t o 0 . 3x l 0 “ ^ c m/ s . Some b l ank e t  g r ou t  

ho l es  a t  20f t  c en t r es  wer e  a l s o  n e c e s s a r y  t o 
b r i ng  t he  pe r meab i l i t y  of  t he c on t ac t  z one 
r o c k  unde r  t he i n - s i t u  d e c o mp o s e d  r o c k  or  

f i l l i ng  n e a r  t he g r ou t  c u t - o f f  b e l o w 
l x l 0 " 4 c m / s .  Cut - o f f  t r enc hes ,  bac k f i l l e d  wi t h  
s e l ec t ed  mat e r i a l ,  wer e  p l anned  t o i s o l a t e  
t he s u r f ac e  b e a c h  d epos i t s  f r o m s andy  

f o u n d a t i o n  mat e r i a l  nea r  t he abu t ment s .

Cl os u r e  Fi na l  s ea l i ng  of f  of  Pl ov er  Co v e  
f r o m t he s ea pos ed an  i n t e r es t i ng  pr obl em.

Two  means  of  f i na l  c l os u r e  wer e  s t ud i ed;  t he 
f i r s t  env i s aged  us i n g  l ar ge f l oa t i ng  c a i s s ons  
( wi t h  b u i l t - i n  s l u i c es )  as  I n r ec en t  c l os ur es  
on t he De l t a  Pl an i n Ho l l a n d  and  t he s ec ond 
i nv o l v ed  u n i f o r m r a i s i ng  of  a ho r i z on t a l  r oc k  
mound.  Co mp a r a t i v e l y  c h e a p  and  r ea d i l y  

a c c e s s i b l e  r o c k  f av our ed  t he l a t t e r  met hod.
At  t he s t ar t  of  f i na l  c l os ur e,  ma x i mu m 

v e l oc i t i es  ac r os s  t he 3000 f t  wi de  c l os ur e  gap  

( s i l l  l ev e l - 20 f t  M. S. L . )  wer e  ex pec t ed  t o be 
abou t  l £f t / s .  To  c h e c k  t he f er odabi l i t y  of  t he 
s of t  f i l l i ng ,  f l ume t es t s  wer e  c a r r i ed  out  on 
r e p r e s e n t a t i v e  s ampl es ;  t hes e  t es t s  i nd i c a t ed  
t hat  n o  s i gn i f i c an t  s c our  ( <0 . 1i n/ h)  of  
e i t he r  dec o mp o s e d  g r a n i t e  ( 43% f i nes )  or  s and 
( Di  o = 0 . 09mm)  wou l d  oc c ur  un t i l  wa t e r  
v e l oc i t i es  r eac hed  abou t  1. 7f t / s .

Mode l  t es t s  a t  t he  U. K.  Hy d r au l i c s  
Re s e a r c h  St a t i o n  i nd i c a t ed  a ma x i mu m c ur r ent  

of  9 . 1 f t / s  at  t he c ent r e  of  t he c l os u r e  mound 
. under  c e r t a i n  t i da l  c ondi t i ons .  Howev er ,  as  
v e l oc i t i es  nea r  t he d o wn s t r e a m edge of  t he 

c r es t  of  t he mound  c ou l d  ex c eed  t h i s  v a l ue  by  
20%,  t he des i gn  v e l o c i t i e s  wer e  i nc r eas ed  
ac c or d i ng l y .  The  s t ab i l i t y  of  r oc k f i l l  i n 
r e l a t i o n  t o c ur r en t  v e l oc i t i es  was  a s s es s ed  
f r o m a U. S.  Bu r e a u  of  Rec l a ma t i o n  d e s i g n  
c har t  us i n g  as  t he e f f ec t i v e  s i z e  t he mi n i mu m 

s pec i f i ed  D50 s i z e ( 17 i n )  of  t he r o c k  gr ad i ng.

Ve l oc i t i es  u p  t o  4 f t / s  wer e  p r ed i c t ed  
ac r os s  t he s i l l  on wh i c h  t he c l os ur e  mound  
r e s t e d  a n d  s o  i t  was  d e c i d e d  t o r e p l a c e  t he 
i n t e r med i a t e  s and d r a i n  wi t h  g r aded  r o c k  t o 
p r ov i de  t he n e c e s s a r y  p r o t ec t i on  a ga i ns t  

s c our .  Ne a r  t he u p s t r e a m t oe of  t he  dam,  
v e l oc i t i es  u p  t o  3 . 5 f t / s  c ou l d  ex i s t  j us t  
a b o v e  t he s ea- bed  mud;  f u r t he r  f l ume  t es t s  

c ar r i ed  out  t o c h e c k  t he e r odab i l i t y  
c h a r ac t e r i s t i c s  of  t he  mu d  i nd i c a t ed  t hat  no 
s i gn i f i c an t  e r os i on  wo u l d  oc c ur  wi t h  c ur r ent s  
l es s  t han  abou t  6f t / s .

I ns t r u me n t a t i o n  I n v i e w of  t he u nus ua l  na-  
t ur e  of  t he pr o j ec t ,  a c o mp r ehens i v e  i ns t r u ­
me n t a t i o n  s y s t e m was  p l anned  t o g i v e  wa r n i ng  
of  i mpend i ng  f a i l u r e  of  t he embank men t  du r i ng  
c ons t r uc t i on ,  on d r a w- d o wn  f o l l owi ng  c omp l e ­
t i o n  and  i n any  s u b s equen t  r a i s i n g  of  t he 
dam,  t o i nd i c a t e  s u i t a b l e  c o r r ec t i v e  meas ur es  
s hou l d  I ns t ab i l i t y  appear  t o  be  i mmi n e n t , t o  

c h e c k  d e s i g n  s e t t l emen t  a l l owanc es  ( I n 
par t i c u l ar ,  t he a l l o wa n c e  t o be bu i l t  i n t o

t h e  c r es t  of  t he  dam)  a n d  t o r ev ea l  s eepage  

pa t t e r ns  t h r o u g h  t he  embank men t  and  f ounda t i on  
du r i ng  pump i ng - ou t  of  t he r es e r v o i r  and  l at er  
oper at i on .

I ns t r u me n t a t i o n  was  a r r anged  on 10 s ec t i ons  
( s ee f i g 2 & 3)  and  l eads ,  u p  t o 1600f t  i n 
l engt h,  l ed b a c k  t o 5 ma j o r  gauge  hous es ,  one 
on  eac h  a b u t me n t  and  t he  o t her  t hr ee on s t eel  
t ower s  i n t he  r es er v o i r .  Some  400 pi ez omet er s ,  
ma i n l y  of  t he t wi n - t ube  h y d r au l i c  t y pe ( ai r  
en t r y  v a l ues  0.2 t o 301b/ i n2) ,  66 s e t t l emen t  

g auges  ( wh i c h  c ou l d  f un c t i o n  s a t i s f a c t o r i l y  
ev en  wh e n  t i l t ed)  ba s e d  on a wa t e r / a i r  
ba l a n c e  s y s t e m o r i g i na l l y  d e v e l o p e d  by  t he 

U. K.  Bu i l d i n g  Re s e a r c h  St a t i on  and  19 Wi l s o n  
s l ope  i nd i c a t o r  ( s er i es  200B)  i ns t a l l a t i ons  

us i n g  p l as t i c  c as i ng  ( t o de t e c t  bo t h  h o r i ­
z ont a l  mo v emen t s  and  v e r t i c a l  s e t t l ement s )  
wer e  l oc a t ed  i n t he ma r i n e  embank ment .  

Po l y t hene - c oa t ed  O. l l i n  I . D.  ny l o n  11 l eads  
wer e  s pe c i f i e d  f or  t he p i ez omet e r  s y s t e m and 
l a r ger  d i a me t e r  b l a c k  ny l o n  f or  t he s e t t l e ­

men t  gauges .  A mu c h  f u l l e r  d e s c r i p t i o n  of  t he 
i n s t r umen t a t i on  d e s i g n  c an  be f ound i n t he 
paper  by  Dun n i c l i f f  ( 1968) .

De s i g n  c hanges  To  s peed c ons t r uc t i on ,  t he 
c on t r ac t o r  s u g ges t ed  c omb i n i ng  t he b o t t o m and 
s ea - bed  dr a i ns .  As  on l y  v e r y  s mal l  por e 
p r es s ur es  had  b e e n  r e c o r d e d  i n t he f i l l i ng ,  
p e r mi s s i on  was  gr ant ed.

Th e  c on t r ac t o r  was  a p p r e h e n s i v e  ab o u t  
b r i n g i n g  s of t  f i l l i ng  t h r o u g h  t he  t i da l  r ange  
a nd  e l e c t e d  t o c ons t r uc t  r o c k  mounds  on bo t h  
s i des  of  t he d a m wi t h i n  t he  f i na l  pr of i l es ,  

t o p r ev ent  b e ac h i ng  unde r  wav e  ac t i on.  To 
mi n i mi z e  t he qua n t i t y  of  a d d i t i ona l  r o c k  f i l l ,  
t he r es e r v o i r  f ac e  was  s t e epened  u p  abov e  
- 17 f t  M. S. L.  f r o m 1: 3 t o 1: 2%;  t h i s  r e s u l t ed  

i n heav i e r  and  t h i c k e r  r i [ >- r ap wav e  pr o ­
t ec t i on  be i ng  us ed  on  t h i s  s l ope.

A de t a i l e d  a n a l y s i s  of  s u r ge  r ec or ds  
f r o m l ocal  t y p h o o n s , us i n g  a c o r r e l a t i on  

b e t we e n  s u r ge  he i gh t  a n d  i ns t an t aneous  

b a r o me t r i c  pr es s ur e,  s howed  t hat  t he ma x i mu m 
l ev el  t o wh i c h  t he s ea a t  Pl ov er  Cov e  c ou l d  

r i s e,  wi t h  a r e t u r n  pe r i od  i n  ex c es s  of  1000 
y ear s ,  was  +19f t  M. S. L.  Th i s  r e s u l t ed  i n 

o mi s s i on  of  t he r o c k  f i l l  abov e  t hi s  l ev el  on 
t he s eawar d  f ac e  of  t he dam.

EXPERI ENCE DURI NG CONSTRUCTI ON

Dr e d g i n g  deb r i s  To  mi n i mi z e  t he a c c u mu l a t i o n  
of  debr i s  du r i ng  d r e d g i n g  of  t he ma i n  da m 
t r enc h  wi t h  buc k e t  and g r a b  d r e d g e r s , eac h 
l a t e r a l  c ut  was  l i mi t ed  t o  6f t  i n d e p t h  and  
t he  f i na l  c ut  was  k ept  t o a c ons t an t  t h i c k ­
nes s  of  3f t .  Nev e r t h e l e s s  a r es i due  u p  t o 6f t  
t h i c k  of  s e mi - f l u i d  mud,  wh i c h  wou l d  endanger  
t he  s t ab i l i t y  of  t he  dam,  f o r med  i n t he 
b o t t o m of  t he t r enc h.

A s pec i a l  s ampl er  c apab l e  of  t ak i ng  r e p r e ­

s e n t a t i v e  s ampl es  of  t h i s  debr i s  at  i n t e r v a l s  
t h r oughou t  i t s  t h i c k nes s  was  dev i s ed.  Sampl es  
i nd i c a t ed  t hat  t he d r e d g i n g  debr i s  c ons i s t ed  
of  t wo l a y e r s . Th e  t op  l ay er  was  a d a r k  g r ey  
f l u i d  f o r med  by  f l o c c u l e n t  s o i l  par t i c l es  
( 0 . 006mm a p p a r e n t  s i z e)  f r o m i n - s i t u  mud 
d r e d g e d  a t  h i ghe r  l ev el s ;  t he ma t e r i a l  g e n e r ­
a l l y  h a d  n o  s hear  s t r eng t h ,  a l i qu i d  l i mi t  

a r o u n d  60 - 1 0 0  an d  l i qu i d i t y  i ndex  of  6- 9.  Th e  
b o t t o m l ay er  was  o f t en  ab o u t  2f t  t h i c k  a nd
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c ompr i s ed  a mi x t u r e  of  s i mi l a r  na t e r i a l  and  

s mal l  f r agment s  of  mu d  i n t he i r  o r i g i na l  

s t at e.  Th i s  l ay er  was  f i r me r  t han  t he t op  
l ay er  and  c r ude ex per i men t s  i n  t he l ab i nd i ­
c a t ed  a s hear  s t r e n g t h  of  t he  or der  of  l - 31b 

/ f t 2 ; i t s  l i qu i d  l i mi t  was  a r o u n d  50 - 60  and 
l i qu i d i t y  i ndex  f r o m 3 t o 6.  I n i t i a l  e f f or t s  
t o r ed r e d g e  t he debr i s  wi t h  buc k e t  a n d  g r a b  
d r edge r s  and  by  a i r  l i f t  pumps  f ai l ed.  I t  was  
t hen  f ound t hat ,  i f  t he mud  was  l ef t  f or  4- 6 
week s ,  i t  ga i ned  s u f f i c i en t  s t r e n g t h  by  
t h i x o t r opy  and by  no r ma l  c o n s o l i d a t i o n  t o be 
r ed r e d g e d  s uc c es s f u l l y .

Qu a l i t y  c on t r o l  of  s of t  f i l l i ng  Th e  f i nes  
c on t en t  ot  d e c o mp o s e d  r o c k  and  s and  gov e r ned  

i t s  s u i t a b i l i t y  as  und e r - wa t e r  f i l l i ng  I n 
s pec i f i c  z ones  of  t he dam.  Thus  i t  bec ame 
c l ea r  at  an  ea r l y  s t age t hat  a s i mpl e,  
a c c u r a t e  and  r ap i d  me t hod  of  mea s u r i n g  t he 
f i nes  c on t en t  of  eac h  bar ge  l oad of  ma t e r i a l  
had t o be ev o l v ed;  t he nor ma l  l ab me t hod  was  
o b v i o u s l y  uns u i t ab l e .  The  t es t  ad o p t e d  

f o l l owed  t he wet  s i ev i ng  me t h o d  f or  f i nes  
d e t e r mi n a t i o n  ex c ept  t hat  t he  d r y i n g  and  
we i g h i n g  s t ages  wer e  r e p l a c e d  by  we i gh i ngs  I n 

a py c nomet er .  Samp l es  c ou l d  t hus  be t es t ed  
i n 15- 25 mi n;  c ompar i s ons  wi t h  no r ma l  l ab 

t es t s  gav e  s i mi l a r  r es u l t s .
Ex c av a t ed  mat e r i a l  was  g e n e r a l l y  dep o s i t e d  

i n l ar ge s t oc k p i l es  nea r  t he ma r i n e  l oad i ng  
i ns t a l l a t i ons  t o ens ur e  t hat  i n t e r r up t i ons  
on t he d a m s i t e  on  ac c o u n t  of  s e l e c t i o n  r e ­

q u i r e me n t s  wer e  k ept  t o  a mi n i mum.
As  a c h e c k  on t he met hods  of  c ons t r uc t i on ,  

many  bor i ngs ,  f i e l d  pe r me a b i l i t y  t es t s  and 
l ab t es t s  wer e  under t ak en .

St ab i l i t y  of  ma t e r i a l s  dep o s i t e d  unde r  wa t e r  
Th e  dec o mp o s e d  r o c k  c or e was  no r ma l l y  r a i s ed  

i n 15- 20f t  l i f t s  i n a s er i es  of  3f t  t h i c k  
l ay er s  p l ac ed wi t h  g r abs  ( up t o 22y d3 
c apac i t y ) .  Wi t h  c ar e f u l  c ont r o l ,  s i de s l opes  
of  1: 4- 5 c ou l d  be ac h i ev ed ;  t hes e  wer e  
f l a t t e r  t han  t he s l opes  o b t a i ned  on t he t es t  

mound  wh e n  s ma l l e r  e q u i pmen t  was  us ed.  Thi c k er  
l ay er s  r e s u l t e d  i n s l opes  as  f l a t  as  1: 10.

Co n s i d e r a b l e  t r i mmi ng  was  ne e d e d  b o t h  t o 
r e mo v e  s and  wh i c h  had s p r ead  on t o  t he c or e,  

t o p r epar e t he s u r f ac es  of  d u mp e d  d e c o mpos ed  
r o c k  t o r ec e i v e  s and d r a i ns  and  s l ope  beddi ng 
and  t o  f o r m t he uppe r  s u r f ac es  of  t hes e  s and 

■ zones wi t h i n  s pec i f i ed  t o l e r anc es .
Ver y  l i t t l e  da ma g e  oc c u r r ed  t o t he r o c k  

mo u n d  i n t he l as t  phas e of  c l os u r e  ( when a 
ma x i mu m f i e l d  v e l o c i t y  of  9 . 7 f t / s  was  
me a s u r e d ) ; t he wa t e r  c u r r en t s  pac k ed s ma l l ­
s i z ed  mat e r i a l  i nt o a t i ght  and  s t ab l e  ma t r i x  
l eav i ng  s mal l  p r o j ec t i ons  of  t he  l a r ger  

p i ec es  of  r oc k .  Th i s  ex pe r i enc e  s howed t hat  

s ma l l e r  s i z ed  r o c k  c ou l d  hav e  be e n  us ed,  ev en  
i n t he up p e r  z ones  of  t he mound.  No  s c our  was  
obs e r v ed  i n t he  f i l t e r  r o c k  b l a n k e t  ov e r l y i ng  

t he  c or e and  t oes  of  t he d a m or  i n  t he s ea ­

bed  mud.

Ef f ec t  of  s e g r e g a t i o n  on p e r me ab i l i t y  of  c or e 

I n s p i t e  ol  c ar e f u l  depos i t i on ,  t her e  was  
s ome s e g r e g a t i o n  of  " p l ac ed"  mat er i a l .  Some 

f i ne  mat e r i a l  was  l os t  i n t o  s u s p e n s i o n  as  

eac h  b u c k e t - l o a d  was  l ower ed t h r ough  t he 
wa t e r  and,  when  d e p o s i t e d  on a n y t h i n g  ot her  
t han  a h o r i z on t a l  s ur f ac e,  i t  t ended  t o

s p r ead  or  f l o w l at er a l l y .  Th i s  r e s u l t ed  i n 

l ens es  of  s eg r e g a t e d  ma t e r i a l  d e f i c i e n t  i n 
f i nes .  Be t t e r  p l ac i ng  t ec hn i ques  wer e  ev o l v ed 
t o l i mi t  l a t er a l  s p r ead i ng  an d  henc e  s eg r e g a ­
t i on.  Se g r e g a t i o n  c l ea r l y  had  a ma r k e d  e f f ec t  

on t he pe r meab i l i t y  of  t he cor e.

Th e  p e r me ab i l i t y  of  t he c or e was  meas u r ed  
( or  es t i mat ed)  by  t h r ee  d i f f e r e n t  t ec hn i ques  
namel y ,  by  r a p i d  d e t e r mi n a t i o n s  wi t h  a 
s pec i a l  hand - o p e r a t e d  3%i n - d i a  p e n e t r a t i on  
pr obe,  f r o m f i e l d  t es t s  on 20- 30 f t  s ec t i ons  

i n bo r e - ho l es  and  f r o m de t e r mi n a t i o n s  of  v o i d  

r a t i o  and  f i nes  c on t en t  of  s amp l es  t ak en  f r om 
t he dam.  I n t he l as t  met hod,  pe r meab i l i t i es  
wer e  e s t i ma t ed  f r o m t wo f ami l i es  of  c ur v es  
s howi ng  r e l a t i o n s h i p s  b e t we e n  v o i d  r at i o ,  
f i nes  c on t en t  and  p e r me ab i l i t y  f o r  l ab  p r e ­
pa r ed  s amp l es  of  d e c o mp o s e d  r oc k ;  t hes e  

c ur v es  a r e  s h o wn  i n f i g  10.  A  d e s c r i p t i o n  of  
t he t ec hn i ques  us ed  c an  b e  f ound i n t he 
paper  by  Ho l t  ( 1967) .

Fi g  10 Pe r meab i l i t y / Vo i d  Ra t i o / Fi nes  Cur v es

I n s p i t e  of  p r o g r es s i v e  i mp r ov ement s  t o 
t he p e r me ab i l i t y  pr obe,  r es u l t s  wi t h  t h i s  

I ns t r umen t  wer e e r r a t i c  owi ng  t o I nadequa t e  
s ea l i ng  a r o u n d  t he c ol l ar ,  s mear  e f f ec t s  on 
t he por ous  t i p  and  i t s  v e r y  l oc al  s pher e  of  
I n f l uenc e;  t h i s  me t h o d  was  a b a n d o n e d  as  s oon  
as  t he  f i l l i ng  was  f ar  en o u g h  a d v a n c e d  t o 
a l l o w l a r ge - s c a l e  bo r e - h o l e  t es t s  t o  be 
c a r r i ed  out .

Pe r meab i l i t i es  me as u r ed  i n t he  l a r ge - s c a l e  
b o r e - h o l e  t es t s  ( s ee f i g 11)  i nd i c a t ed  t hat  
t he av e r a g e  " k "  of  t he  mat e r i a l  p l ac ed  unde r  
wa t e r ( ma i n l y  dec  g r an i t e )  was  1 . 0 x l 0 _ 4 Cm/ s .  

Th i s  v a l u e  i s h i ghe r  t han  t hat  es t i ma t ed  
( 0 . 2x l 0 “ 4c m/ s )  f or  s amp l es  t ak en  i n t he s ame
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bor e - ho l es  and f r o m pr obe t es t s  ( 0 . 08 x  

10 ” ^ c m/ s )  bu t  c o r r es ponds  t o t he d e s i g n  val ue.  
The  d i f f e r e n c e  i s l i k e l y  t o be  due  t o a n i s ­
o t r opy  i n  t he d e c o mp o s e d  r o c k  p l ac ed unde r  
wat er .  Bo r e - h o l e  t es t s  i n t he  mor e homogeneous  
c ompac t ed  f i l l  abov e  s ea l ev el  s howed mu c h  

l ower  pe r meab i l i t i es ,  name l y  2 . 3x l 0" ^ c m/ s ( av ) .  
As  wou l d  be  ex pec t ed  t h i s  v a l ue  was  s omewhat  
l ower  t han  t ha t  es t i ma t ed  f r o m f i g  10 ( 4. 3 x  

10“ ' em/ s ) ,  t he c ur v es  i n t h i s  f i gur e  r e p r e ­

s en t i ng  t he uppe r  l i mi t  of  per meabi l i t y .  
Fl u c t ua t i ons  i n s ea l ev e l  c omp l i c a t ed  i n t e r ­

p r e t a t i o n  of  t he r es u l t s  of  t he f i e l d  t es t s .  
App a r e n t  pe r meab i l i t i es  wer e  as  mu c h  as  2- 3 
t i mes  g r ea t e r  at  h i gh  t i de t han  a t  l ow t i de 
dep e n d i n g  on  t he d a t u m us ed  ( s ee f i g  12) ;  t he 
r eas on  f or  t h i s  i s no t  f u l l y  u n d e r s t o o d  but  
i t  may  h a v e  be e n  due  t o a i r  t r apped  i n  t he 

por es  of  t he  f i l l .

a b o u t  hal f  t he p i ez omet er s  a n d  a t h i r d  of  t he 
s e t t l emen t  gauges  wer e b r o k e n  by  d r agg i ng  

anc hor s  and d r e d g e r  buc k et s .
No  ex c es s  por e pr es s ur es  we r e  r ec o r ded  i n 

t he unde r - wa t e r  s hou l de r s  of  t he dam.  Ev en  i n 
t he c or e,  ex c es s  por e p r es s ur es  s e l d o m ex c eed ­
ed 10 f t ( max  24f t )  and u s u a l l y  d i s s i p a t e d  wi t h ­
i n a f e w day s .  The r ap i d  r es p o n s e  of  p i ez o ­

met er s  du r i n g  pump i ng- ou t  and  r e f i l l i n g  of  t he 
r e s e r v o i r  s hou l d  be no t ed  i n f i g 13.  Ex c es s  
por e p r es s ur es  wer e  r ec o r ded  i n t he f i l l  
( ma i n l y  dec  g r anod i o r i t e )  c ompac t ed  abov e  
wa t e r  l ev el .  Al t h o u g h  " c v "  v a l ues  de r i v ed  
f r o m po r e - p r es s ur e  d i s s i p a t i o n  c ur v es  ( s ee 

f i g 14)  av e r a g e d  10x l 0 " 4c m2/ s  or  on l y  abou t  
one t h i r d  t he  de s i g n  v al ue;  t her e  was  no 
i ns t ab i l i t y  of  t he f i l l .

a - «
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Decor ni Dosed r o c k f i nes  Af t e r  t he t empo of Fi g 13 Ty p i c a l  Po r e - Pr es s ur e  Obs e r v a t i ons
wor k I nc r eas ed, I t  b e c a me  ev i den t  t hat mu c h

of  t he f i nes  f r o m ma t e r i a l  b o t t o m dumped 
f r o m bar ges  was  go i ng  i n t o  s us p e n s i o n  i n 
f l oes  and  d r i f t i ng ,  pa r t l y  wi t h  t he t i des  and 
p ar t l y  by  gr av i t y ,  i n t o  t he deepe r  a r eas  of  
un f i l l e d  t r enc h.  At  f i r s t  t hes e depos i t s  had 
n e g l i g i b l e  s hear  s t r e n g t h  and  a l i qu i d i t y  
i ndex  of  4- 6.  Th e y  gen e r a l l y  a c c u mu l a t e d  t o 
dep t hs  of  a f e w f eet  bu t  r ea c h e d  30 f t  i n t he 
d eepes t  s ec t i on  of  t he t r enc h.  Th e  s e l f  wei ght  
of  t he f l oes ,  s mal l  as  i t  was .  ev en t ua l l y  

c aus ed c o l l aps e  of  t he f l oc c u l en t  s t r uc t u r e  
a t  t he b o t t o m of  t he  l ay er  and  p r oduc ed  a 
mat e r i a l  r ec o g n i s a b l e  as  a s oi l  hav i ng  a 
f i n i t e  s hear  s t r engt h.

Al t h o u g h  t he f i nes  had a f a i r l y  h i g h  
e f f ec t i v e  an g l e  of  i n t er na l  f r i c t i on  ( 30i ° ) ,  
t he i r  c o n s o l i d a t i o n  c h a r ac t e r i s t i c s  wer e  poor  
( c v =2 . 6x l 0 “ 4 c m2 / s ) . A l ay er  u p  t o 2%f t  t h i c k  
on l y  c ou l d  be  t o l e r a t ed  i f  h i g h  c ons t r u c t i o n  
por e p r es s ur es  we r e  t o be av o i ded.  Ex c es s  
f i nes  we r e  r e mo v e d  by  a c o mb i na t i on  of  

d r edg i ng ,  d i s p l ac emen t ,  and  a b s o r p t i o n  ( by  
g r anu l a r  mat e r i a l )  t ec hn i ques .  A t y p i c a l  
g r ad i ng  of  t he f i nes  i s s hown  i n f i g  9 and  
s u i mar i z ed  t es t  r es u l t s  i n t ab l e  I .

Tes t s  on  d e c o mp o s e d  g r an i t e  be f or e  and 
a f t e r  depos i t i on ,  s howed t hat  u p  t o 1 2 % ( dr y  
we i gh t )  of  t he mat e r i a l  dumped  c ou l d  be  l os t  
i n t o s us pens i on .  Th i s  l os s  dec r e a s e d  as  f i nes  
c on t en t s  i nc r eas ed  ab o v e  abou t  20%.

I n s t r u me n t a t i o n  I ns t r umen t s  i n t he f oundat i on

30 d ays

20 —  Cv "  13 X 10"^ cm ^ / s«c.

J__ i i I 111 il
«0 60 100 d ays

Fi g  14 Comp a c t e d  Fi l l  -  Ty p i c a l  Bu i l d - u p

& Ex c es s  Por e Pr es s ur e  Di s s i p a t i o n

/ Dur i ng c ons t r uc t i on ,  s e t t l ement s  at  f ounda 
t i on  l ev e l  g e n e r a l l y  a mo u n t e d  t o 2- 3f t ,  i . e. -  
qu i c k e r  t han  pr edi c t ed.  Ob s e r v ed  s e t t l emen t s  
i n t he d a m 30f t  ab o v e  t he bas e  hav e r eac hed  
ne a r l y  3f t  r e l a t i v e  t o t he f o u n da t i on  c om­
par ed wi t h  t he p r ed i c t ed  6f t  f or  t he f u l l  

he i gh t  of  t he embank ment .  The  pl ot s  i n f i g 15 
s h o w t hat  t he r es p o n s e  of  gauges  t o e a c h  l oad 
i nc r ement  was  v er y  r ap i d ;  t h i s  wou l d  be

and e mb a nk men t  i nd i c a t ed  g e n e r a l l y  s a t i s ­

f ac t o r y  f unc t i on i ng  of  t he d a m du r i n g  c on ­
s t r uc t i on ,  pl umpi ng out  and  s u b s equen t  r e f i l l ­

i ng of  t he r es er v o i r .  Howev er ,  i n  s p i t e  of  
c ar e t o pj r ot ect  t he i ns t r ument a t i on ,  l eads  t o

' 9 6 6  1 1967 1 (9 6 8

Fi g  15 Ty p i c a l  Se t t l emen t  Cur v es
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e x p e c t e d  f r o m t he q u i c k  po r e - p r es s ur e  
d i s s i p a t i o n  i n nea r by  p i ez omet er s .

I n gener a l ,  s eepage  f l o w t h r ough  t he 
f o u n d a t i o n  and  emb a n k me n t  f o l l owed  t he 
ex pec t ed  pat t er ns .  ■

The  s l ope  i nd i c a t or  i ns t a l l a t i ons  wer e 
c l o s e l y  wa t c hed  du r i n g  i n i t i a l  d r a w- d o wn  and 
r e f i l l i n g  of  t he r es er v o i r .  On l y  s mal l  ho r i ­
z ont a l  mov emen t s  wer e  r ec or ded,  mos t l y  under  
3 i n  and  s e l d o m ov er  6i n;  t hes e wer e  h a r d l y  

s i gn i f i c an t  as  t he  s e n s i t i v i t y  of  me a s u r emen t  
d i d  n o t  ex c eed abou t  l i n ( hor i z )  i n 40f t ( v er t ) .

Co mp a c t e d  f i l l  I n or der  t hat  t he s of t  f i l l ­
i ng ( . nor mal  l y  dec  g r a nod i o r  i t e)  wou l d  meet  
t he s p e c i f i c a t i o n  r e f e r r e d  t o p r ev i ous l y ,  i t  
was  c o mpac t ed  wi t h  bu l l doz er s  i n 12 i n  l oos e 
l ay er s  mu c h  we t t e r  t han nec es s ar y ;  as  a r esul t  
t he doz er s '  t r ac k s  f o r med  r u t s  s ome 12i n 
deep.  The  mean  p l ac emen t  wa t e r  c on t en t  was

1. 36 x  o p t i mu m ( 20. 8%)  an d  d e n s i t y  937.  B. S.  
s t anda r d  c o mp a c t i o n  ( 1031b/ f t  ) .

Al t h o u g h  t he c o mpac t ed  f i l l  was  c ov er ed  

wi t h  2f t  of  l oos e s o i l  du r i n g  br eak s  i n c o n ­
s t r uc t i on ,  i t  l os t  mu c h  of  i t s  mo i s t u r e  by  a 
c o mb i n a t i o n  of  c ons o l i da t i on ,  na t u r a l  dr ai nage 

a nd  e v a p o r a t i o n  ( and a s s o c i a t e d  s hr i nk age) .  
Los s  of  mo i s t u r e  by  c o n s o l i d a t i o n  wou l d  no t  
be l ar ge wher e  t he s u r c ha r ge  i s s mal l .  Fi l l  
abov e  t he ph r ea t i c  s u r f ac e  and  a d e q u a t e l y  

p r o t ec t ed  aga i n s t  ev a p o r a t i o n  wi l l  d r a i n  by  
g r a v i t y  un t i l  an  e q u i l i b r i u m wa t e r  c on t en t ,  

ma i n t a i n e d  by  c ap i l l a r y  f or c es ,  i s r eac hed.  
Th i s  c o n d i t i o n  was  c hec k ed  wi t h  l ab s oi l  

s uc t i o n  t es t s ,  t he r es u l t s  be i ng  s hown  i n f i g 
16a;  t her e  was  c l os e  a g r e e me n t  ex c ept  i n t he 
s ur f ac e  z one a f f e c t e d  by  ev apor a t i on .  The 
i n f l uenc e  of  e v a p o r a t i o n  was  a l s o  c hec k ed  and 

l ab r es u l t s  ag r eed  c l o s e l y  wi t h  f i e l d  e x ­
per i enc e.  Fi g  16b  s hows  t hat  t he e f f ec t  of  
e v a p o r a t i o n  on wa t e r  c on t en t s  i s by  no  means  
c on f i ned  t o  t he s u r f ac e  but  wi l l ,  i n t i me,  

ex t end  t o s ubs t an t i a l  dept hs .
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( a )  EFFECT OF GRAVITY DRAINAGE

Fi g  16 Los s  of  Mo i s t u r e  i n Co mp a c t e d  Fi l l  

CONCL USI ONS

Th e  Pl ov er  Co v e  mar i ne  d a m has  pav ed t he 
wa y  t o  a n e w a p p r o a c h  t o  b u i l d i n g  ea r t h  dams  
an d  wi l l  c l ea r l y  be t he f o r e r unne r  of  many  
s i mi l a r  s t r uc t u r es  t h r oughou t  t he wor l d.  
Un d e r wa t e r  e a r t h  d a m c o n s t r u c t i o n  t ec hn i ques

a r e  v e r y  d i f f e r en t  f r o m c onv en t i ona l  met hods  
a n d  g i v e  r i s e  t o  unus ua l  pr obl ems .  The p r i n ­
c i pa l  l es s ons  l ear n t  a t  Pl ov er  Co v e  ar e: -

i  Ex t ens i v e  a n d  c o s t l y  s i t e  i nv es t i ga t i ons ,  

i nc l ud i ng  l a r g e - s c a l e  f i e l d  t es t s ,  ar e  
f u l l y  j us t i f i ed.

i i  Re f i ned  me t hods  a r e  needed  wh e n  d r e d g i n g  
t h i c k  d e pos i t s  of  s of t  c l ay  I n d e e p  wa t e r  

t o  mi n i mi z e  a c c u mu l a t i o n s  of  debr i s .

i i i  A s i mp l e  c r o s s - s e c t i o n  i s es s en t i a l  t o  
av o i d  c omp l i c a t e d  p l ac i ng  t ec hn i ques .

i v De c ompos ed  g r a n i t e  i s a good f i l l
ma t e r i a l  f or  u n d e r - wa t e r  e a r t h  d a m c on ­

s t r uc t i on .  Howev er ,  a t t e n t i o n  mus t  be 
pai d t o c o n t r o l l i n g  s egr ega t i on ,  i n 
pa r t i c u l a r  i n t he  c or e,  an d  t o  p r ev en t i ng  

t h i c k  d e pos i t s  of  s e g r ega t ed  f i nes .

v  A ho r i z on t a l  r o c k  mound  b r ough t  up  

u n i f o r ml y  ov er  a l ong p r o t ec t ed  s i l l  
i s a p r ac t i c ab l e  me t hod  of  e f f ec t i ng  
i n i t i a l  c l os u r e  of  a c oas t a l  I nl et .

v i  Ro c k  mounds  ar e  d e s i r ab l e  t o p r o t ec t  
s of t  f i l l i ng  i n t he t i dal  r ange.

v i i  Co mp r e h e n s i v e  i n s t r umen t a t i on  i s needed  
t o mon i t o r  t he behav i ou r  of  und e r - wa t e r  
dams  du r i n g  c ons t r uc t i on .
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