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T h i s  r e p o r t  i s  p r e l i m i n a r y  a n d  has n o t  been reviewed for  c o n f o r m i t y  with U . S .  
Geological survey editorial standards and stratigraphic nomencla ture .  Any u s e  
of t r a d e  n a m e s  is  f o r  descriptive purposes only and does not imply endorsement 
by the USGS. 



INTRODUCTION 

Causeways and  a r t i f i c i a l  g r a v e l ,  s a n d ,  and  mud s t r u c t u r e s  are a p r o v e n ,  
d e s i r e d ,  and  a p p a r e n t l y  economical  t e c h n i q u e  u s e d  by i n d u s t r y  i n  t h e  U. S. and 
Canad ian  Arctic f o r  o f f s h o r e  e x p l o r a t i o n  and development  a c t i v i t i e s .  Concern 
h a s  b e e n  e x p r e s s e d  o v e r  t h e  effect t h e s e  a r t i f i c a l  f e a t u r e s  may have  o n  p r e -  
e x i s t i n g  c i r c u l a t i o n ,  f a u n a l  m i g r a t i o n  r o u t e s ,  and  s e d i m e n t  t r a n s p o r t  
pa thways .  Sediment  pa thways  a r e  a f f e c t e d  by  b o t h  t h e  i n t r o d u c t i o n  of a  new 
s e d i m e n t  s o u r c e  and  by  t h e  a l t e r a t i o n  o f  t h e  o r i g i n a l  t r a n s p o r t  pa thways .  The 
e f f e c t s  o f  t h e s e  a r t i f i c i a l  f e a t u r e s  o n  l o n g s h o r e  s e d i m e n t  t r a n s p o r t  s t u d i e s  
a r e  p o o r l y  known and may a d v e r s e l y  a f f e c t  c o a s t a l  and  n e a r s h o r e  e r o s i o n  and  
d e p o s i t i o n  p a t t e r n s .  

I n  1981 we p r e s e n t e d  i n i t i a l  o b s e r v a t i o n s  i n d i c a t i n g  s e d i m e n t  
a c c u m u l a t i o n  i n  t h e  v i c i n i t y  o f  a 4.0 km s o l i d - f i l l  causeway e x t e n d i n g  f rom 
t h e  n o r t h e r n  Alaska  c o a s t l i n e  (Barnes  and M l n k l e r ,  i n  p r e s s )  and  s p e c u l a t e d  o n  
t h e  e f f e c t  causeways  have  o n  s e d i m e n t  dynamics ( F i g  I ) .  I n  t h i s  r e p o r t  we 
document a d d i t i o n a l  o b s e r v e d  changes  i n  b a t h y m e t r y  and  present f u r t h e r  d a t a .  
We f e e l  t h a t  s u c h  d o c u m e n t a t i o n  w i l l  p r o v i d e  i n s i g h t  needed t o  a s s e s s  n a t u r a l  
v e r s u s  man- re l a t ed  changes .  G r a v e l  causeways  a n d  g r a v e l  i s l a n d s  p r o m i s e  t o  b e  
more p r e v a l e n t  i n  coming y e a r s  i n  t h e  s h a l l o w  n e a r s h o r e  w a t e r s  o f  t h e  Alaskan  

6 B e a u f o r t  Sea  s h e l f  a s  e v i d e n c e d  by  t h e  a d d i t i o n  o f  1.6 x 10 yds3  of g r a v e l  
u s e d  t o  e x t e n d  t h e  ' W e s t  Dock" causeway n o r t h w e s t  of  Prudhoe Bay, A laska  
( f i l a s k a n  C o n s t r u c t i o n  and O i l ,  December 1981) .  

The causeway ( a l s o  known as ' W e s t  Dock") c o n s i s t s  o f  3 segmen t s  each 
a b o u t  1500 m l ong .  The i n n e r m o s t  segment was b u i l t  d u r i n g  t h e  w i n t e r  o f  1974- 
75. The midd le  segment was b u i l t  d u r i n g  t h e  f o l l o w i n g  w i n t e r  (1975-761, a n d  
t h e  o u t e r m o s t  segment was b u i l t  d u r i n g  t h e  summer o f  1981. Thus  t h e  i n n e r  
segment h a s  i n f l u e n c e d  t h e  c o a s t a l  env i ronmen t  f o r  a b o u t  7 years, t h e  m i d d l e  
segment f o r  6 y e a r s ,  and  t h e  o u t e r  segment f o r  less t h a n  1 y e a r .  

METHODS AND OBSERVATIONS 

P r e c i s i o n  b a t h y m e t r i c  s u r v e y s  i n  1950,  1976,  and  1 9 8 1  were used t o  s t u d y  
changes  i n  s e a b e d  topography .  The data f o r  1950 was o b t a i n e d  f rom Coas t  a n d  
G e o d e t i c  Survey smooth s h e e t  #7857. I n  b o t h  1976 a n d  1981,  a  s k i f f  was u s e d  
to s u r v e y  t h e  s h a l l o w  a r e a  be tween  t h e  e n t r a n c e  to Simpson Lagoon a n d  t h e  West 
Dock ( B a r n e s  e t  a l e ,  1977 a n d  Fig. 2 ) .  A d d i t i o n a l  b a t h y m e t r i c  d a t a  were 
g a t h e r e d  u s i n g  t h e  R/V KARLUK. Water d e p t h  was a c c o u s t i c a l l y  measured  t o  a  
p r e c i s i o n  o f  0.2  ft. a n d  i s  b e l i e v e d  t o  b e  a c c u r a t e  t o  f . 5  f t .  A p r e c i s i o n  
r a n g e / r a n g e  s y s t e m  was u s e d  f o r  navigation f o r  t h e  1976 and  1981  s u r v e y s .  
P o s i t i o n s  are b e l i e v e d  t o  be a c c u r a t e  t o  10  m. Sea  l e v e l  f o r  a l l  d a t a  was 
adjusted to Mean L o w r  Low Water  (MLLW) u s i n g  NOAA t i d e  s t a t i o n  #979-7649 
located a t  t h e  West Dock. B a t h y m e t r i c  d a t a  are g i v e n  i n  f e e t  s i n c e  t h e  1950 
a n d  p a r t  o f  t h e  1976 s u r v e y s  were measured  i n  feet and  w f e l t  a d d i t i o n a l  
i n t e r p o l a t i o n  to metric u n i t s  w u l d  s i g n i f i c a n t l y  add e r r o r .  The c o n t o u r e d  
b a t h y m e t r y  i s  shown i n  Figures 3 ,4  and 5. 



S t e f a n s s o n  sound 

Figure 1. Location of causeway and study area, 
northwest of Prudhoe Bay, Alaska.  

Figure 2. 1981 Bathymetr ic  t r a c k l i n e s  used to 
construct  c o n t o u r  map of figure 5 .  



B a t h y m e t r y  ( in  f e e t )  
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F i g u r e  3 .  195C b a t h y m e t r g  ( i n  feet) from Coast an3 Geodetic Snooth Sheets. 
F u t u r e  location of cau'seway i s  shown (see F i g ,  1 ) .  

B a t h y m e t r y  ( in  f e e t )  
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F i g u r e  9 .  Surc~er 1976 bathyrretry ( i n  f e e t ) .  Caaseway was finished early 
in 1976. 
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F i g u r e  6 .  fsopach map (in feet) showing bathymetric changes from 1950 to 
1976. Positive values indicate depth decreases (deposition) and 
negative values indicate depth increases (erosion). Limit of 
isopach map is determined by the limit of overlapping data 1950 
and 1976. (See Figs .  3 and 4 ) .  



I s o p a c h s  of t h e  d i f f e r e n c e s  i n  observed water d e p t h  -re made f rom 
s u r v e y s  r u n  b e t w e e n  1950 and  1976 and be tween  1976 a n d  1981  where o v e r l a p p i n g  
b a t h y m e t r i c  d a t a  e x i s t s .  Volume c a l c u l a t i o n s  f rom t h e  i s o p a c h s  used t h e  mean 
t h i c k n e s s  b e t e e n  i s o p a c h  c o n t o u r s  a n d  t h e  area b e t w e e n  t h o s e  c o n t o u r s .  
C o n s i d e r i n g  n a v i g a t i o n  e r r o r s ,  l i n e  s p a c i n g ,  c o n t o u r i n g  s u b j e c t i v i t y  , and  
t i d a l  d i f f e r e n c e s ,  we b e l i e v e  t h e  i s o p a c h  map c o u l d  b e  i n  error b y  a f a c t o r  of 
as  much as 2. 

B a t h y m e t r i c  changes  d u r i n g  t h e  26 y e a r s  f rom 1950 t o  1976 shows a change  
of I f o o t  or less w i t h  minor  e r o s i o n  ( - . 4  cm/yr)  f o r  t h e  a r e a  wes t  o f  t h e  
causeway,  a n d  minor n e t  d e p o s i t i o n  (+.04 cm/yr)  f o r  t h e  a r e a  t o  t h e  e a s t  of 
t h e  causeway ( F i g .  6 and  Table I ) .  The d a t a  of Barnes a n d M i n k l e r  ( i n  press )  
are  not  s t r i c t l y  comparab le  as d i f f e r e n t  a r e a s  are c o n s i d e r e d  a l t h o u g h  the 
e a r l i e r  v a l u e s  s u g g e s t  s i m i l a r  t r e n d s .  

1950-1976 
5  2  Area  (x10 rn 1 

Table I - Areas ,  volumes and r a t e s  of  s e a b e d  change  

Common Area Ex tended  Survey 
(1950-1981) (1976-1981) 

West E a s t  T o t a l  West E a s t  T o t a l  
(Avg. (Avg. 1 

N e t  g a i n  & + A ,  l o s s  ( - )  (xlO'rnJ) -2.5 
Rate (x10 m / y r )  of g a i n  o r  l o s s  -0 .1  
Average s e d i m e n t a t  i o n  rate-crn/yr  -.4 +. 04 ( - . 2 5  1 

1976-1981 
3 Area (x loJm 24.1 11.9 36.0 43.3 4.5 47.8 

&+A 
5 3 N e t  g a i n  , l o s s  ( - 1  ( 1 0  m 1 +10.4 +4.5 +14.9 +14.8 +4.5 +19.3 

R a t e  (x10 m /yr) of g a i n  o r  loss +2.1 +0.9 + 3 . 0  +2.9 +0.9 +3.8  
Average s e d i m e n t a t i o n  ra te-cm/yr  +8.5 +7.6 (+8 .2 )  +6.8 +7.6 (+6.9) 

Core west  o f  causeway 
Average  s e d i m e n t a t i o n  ra te-cm/yr  +6.0 

The i s o p a c h  map o f  f i g u r e  7 shows t h a t  d u r i n g  t h e  5 y e a r s  from 1976 t o  
1981 ,  d e p t h  has  g e n e r a l l y  d e c r e a s e d ,  s u g g e s t i n g  d e p o s i t i o n  o f  up t o  2 .5  f t  of 
sed imen t .  I n  t h e  a r e a  w e s t  o f  t h e  causeway the a v e r a g e  s e d i m e n t a t i o n  r a t e  i s  
8.5 cm/yr, and  for  t h e  area e a s t  of t h e  causeway t h e  a v e r a g e  s e d i m e n t a t i o n  
ra te  i s  7 . 6  cm/yr ( T a b l e  I). 

I n  water d e p t h s  less t h a n  4 f e e t ,  b a t h y m e t r i c  d a t a  f o r  1976 a n d  1981  
overlap where 1950 data are a b s e n t  ( F i g s .  4 and 5 ) .  For  t h i s  e x t e n d e d  a r e a  a n  
isopach of c h a n g e s  b e t w e n  1976 a n d  1 9 8 1  was drawn ( F i g .  8 ) .  The r e s u l t s  
s u g g e s t  a n  area of d e p o s i t i o n  o f  up t o  2 f t  e x t e n d s  i n s h o r e  to about t h e  2 -  
f o o t  Contour d u r i n g  t h e  5 -yea r  p e r i o d  be t*en  s u r v e y s  ( F i g .  8 ) .  The west s i d e  
shows 6.8 cm/yr a v e r a g e  s e d i m e n t a t i o n ,  t h e  east side shows 7.6 cm/yr a v e r a g e  
s e d i m e n t a t i o n .  
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Figure 7. Isopach map (in feet) showing bathymetric changes from 1976 to 
1981. Area isopached is same as figure 6. 

F i q u r e  8.  Extended isopach map (in feet) showing bathymetric changes 
overlapping data sets obtained in 1976 to 1981. (See 
F i g s .  4 and 5 . )  



The volumes r e p r e s e n t e d  by t h e  change  i n  b a t h y m e t r y  e r e  computed f rom 
t h e  i s o p a c h  maps. The a r e a s  be t r r een  t h e  i s o p a c h  c o n t o u r s  *rere m u l t i p l i e d  by  
t h e  mean v a l u e  of t h e  t w  c o n t o u r s .  B e t e e n  1950 a n d  1976  t h e  s u r v e y  a r e a  
lost  a b o u t  1 0 , 0 0 0 m ~ / ~ r .  W h i l e  b e t w e n  1976 an$ 1981 the e u r v e y  shows t h e  a r e a  
t o  have  g a i n e d  s e d i m e n t  a t  a r a t e  of 300,000 rn /yr. 

A 37.5-cm-core sample was o b t a i n e d  i n  water 2 m d e e p  100 m -st of t h e  
causeway ( s e e  Fig .  1 ) .  The c o r e  c o n s i s t e d  o f  35 cm of mud u n d e r l a i n  by 2.5 e m  
of g r a v e l .  W e  i n t e r p r e t  t h e  g r a v e l  base as m a t e r i a l s  s p i l l e d  d u r i n g  t h e  t i m e  
t h e  causeway was b e i n g  b u i l t  (1975-1976). The a c c u m u l a t i o n  o f  mud above  t h e  
g r a v e l s  w u l d  i n d i c a t e  a n  a v e r a g e  s e d i m e n t a t i o n  r a t e  o f  6 cm/yr* 

DISCUSSION 

E a r l i e r  p a p e r s  ( B a r n e s  and  M i n k l e t ,  1980,  i n  p r e s s )  d i s c u s s e d  t h e  e f f e c t  
o f  t h e  causeway o n  t h e  g e o l o g i c a l  envi ronment .  The 1981  s u r v e y  e x t e n d s  t h e  
c o v e r a g e  and  f u r t h e r  c o n f i r m s  t h a t  t h e  causeway h a s  s h a r p l y  a l t e r e d  l o c a l  
s e d u n e n t a t i o n  p a t t e r n s .  S e d i m e n t a t i o n  h a s  o c c u r r e d  o n  b o t h  s i d e s  and off s h o r e  
of t h e  causeway (Figs. 7 and  8 ) .  

P r i o r  t o  causeway c o n s t r u c t i o n  s e d i m e n t s  i n  t h i s  s t u d y  area  w u l d  have  
b e e n  t r a n s p o r t e d  t h r o u g h  t h e  s t u d y  a r e a  b y  l o n g s h o r e  c u r r e n t s ,  b y  intensified 
c u r r e n t s  e n t e r i n g  t h e  nar row e n t r a n c e  t o  Sirnpson Lagoon a n d  by waves d e v e l o p e d  
o v e r  l o n g  f e t c h e s  i n  S t e f a n s s o n  Sound ( F i g .  1). These  o b s e r v a t i o n s  a re  i n  
k e e p i n g  w i t h  t h e  g e n e r a l  c o a s t a l  and  i s l a n d  erosion and r e t r e a t  n o t e d  by  o t h e r  
~ r k e r s  a l o n g  t h e  c o a s t  ( B a r n e s  e t  al., 1977;  L e w e l l e n  1977;  Cannon and  
Rawl inson,  1979; a n d  R e i m n i t z  e t  a l . ,  1980), 

R e i m n i t z  a n d  Kempema ( 1 9 8 2 )  o b s e r v e d  i n f i l l  o f  a  n a t u r a l  s e d i m e n t  t r a p  ( a  
s t r u d e l  s c o u r )  o n  t h e  S a g a v a n i r k t o k  R i v e r  d e l t a  18 km e a s t  of t h e  West Dock. 
The c a l c u l a t e d  a volume of  bedload s e d i m e n t  moving over t h e  d e l t a  p l a t f o r m  o f  Y - 1  - 1  9 rn m y r  . I f  the t m  i n n e r  causeway segmen t s  act as  a 2500-m 
p e r p e n d i c u l a r  to t h e  s h o r e ,  t h e y  could form a b a r r i e r  t o  22 ,500 m'r::nsedirnent 
per y e a r .  This nwnber i s  more t h a n  a n  o r d e r  o f  magn i tude  less t h a n  t h e  

3 s e d i m e n t  we e s t i m a t e  t o  b e  a c c u m u l a t i n g  a r o u n d  t h e  causeway (300,000 m / y r ,  
T a b l e  I). The causeway a p p a r e n t l y  t r a p s  t h e  e q u i v a l e n t  of 10  times t h e  
b e d l o a d  t r a v e l i n g  i n  t h e  n e a r s h o r e .  Sed imen t s  t r a v e l i n g  a s  b e d l o a d s  a r e  
no rma l ly  much less t h a n  t h e  t o t a l  s e d i m e n t s  i n  t r a n s i t .  I n  s t r e a m s  suspended  
s e d i m e n t  l o a d s  are 10  t i m e s  bedload--the causeway i s  a p p a r e n t l y  t r a p p i n g  much 
o f  t h i s  s e d i m e n t  a l s o .  

H a r p e r  (1982) s t u d i e d  c h a n g e s  i n  t h e  t e x t u r e  of s u r f i c i a l  s ed imen t  n e a r  
t h e  eauseway f rom 1977 t o  1981. These  s t u d i e s  showed t h a t  s u r f a c e  s e d i m e n t  o n  
t h e  e a s t  s i d e  of t.he dock became c o a r s e r  w h i l e  s e d i m e n t  o n  t h e  =st s i d e  
became f i n e r  d u r i n g  t h e  4-year  p e r i o d  ( F i g .  9 ) .  The i n c r e a s e d  s e d i m e n t a t i o n  
and a l t e r a t i o n  of texture c o u l d  be d u e  t o  t h e  wind r eg ime  and  p r e s e n c e  of the 
causeway. During t h e  open-water  s e a s o n  c u r r e n t s  are  d o m i n a n t l y  w s t e r l y  d u e  
t o  t h e  p e r s i s t e n t  n o r t h e a s t  winds ( M a n g e r e l l a  et a l . ,  1 9 8 2 ) .  The causeway 
acts as a g r o i n  to d i v e r t  c u r r e n t s  no r thward  o n  t h e  east s i d e  (Fig. 1 0 )  which 
c a r r y  w i t h  them c o a r s e r  b e a c h  m a t e r i a l s  c o a r s e n i n g  t h e  seabed sed imen t s .  The 
q u i e t  b a c k w a t e r  created t o  t h e  -st of t h e  eauseway u n d e r  t h e  p r e v a i l i n g  
n o r t h e a s t  wind m u l d  enhance  t h e  d e p o s i t i o n  of f i n e r  m a t e r i a l s .  F u r t h e r m o r e ,  
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Figure 9. Changes in surficial mud percentages 
between 1977 and 1981 (from Harper, 
1982). 

Figure 10. Conceptual model of surface and bottom 
circulation with easterly winds (from 
Mangarella et al., 1981). 

8 



d u r i n g  p e r i o d s  of n o r t h e a s t  winds (Fig. 11) t h e  a r e a  to t h e  -st of t h e  
causeway is a n  area of reduced wtve energy  t h a t  f u r t h e r  enhances  d e p o s i t i o n  o f  
f ine -gra ined  sediment.  

Da ta  from i n s h o r e  ( F i g s .  4,5 ,  and 8)  s u g g e s t  t h a t  t h e  s h o a l  e x t e n d i n g  
from t h e  e a s t  tip o f  Stump I s l a n d  h a s  b u i l t  up 1-2 f e e t  s i n c e  1976. I n  1976 a 
4 - foo t  channe l  r a n  a l o n g  t h e  c o a s t  from Stump Is land toward t h e  causeway. 
This  channe l  i s  about  1 f o o t  s h a l l o w r  now (F ig .  6 )  and s u g g e s t s  a Less 
e f f e c t i v e  f l u s h i n g  o f  t h e  e a s t e r n  end of Simpson Lagoon. 

Area of reduced wave energy. 

Y-AXIS 

F i g u r e  11. Wave o r t h a g o ~ l s  from n o r t h e a s t  wind wi th  
sugges ted  a r e a s  of reduced m v e  energy i n  t h e  
q u i e t  "back-ter" o f  West Dock (f rom Harper,  1982) .  
Bathymetry i s  pre-causeway c o n s t r u c t i o n .  

Sediment s o u r c e s  f o r  t h e  a r e a  c o u l d  b e  c o a s t a l  e r o s i o n ,  i n p u t  from t h e  
Sagavan i rk tok  and Kuparuk R i v e r s ,  t h e  causeway i t s e l f ,  r e m r k e d  sediment from 
t h e  seabed ,  and combina t ions  o f  these. W e  believe reworking o f  t h e  s e a  f l o o r  
i n  t h e  c o a s t a l  a r e a  t o  t h e  east of t h e  c a u s e m y  i s  t h e  most l i k e l y  source  of 
t h e  d e p o s i t e d  m a t e r i a l s .  The Kuparuk R i v e r  i s  downstream from t h e  sites o f  
d e p o s i t i o n  d u r i n g  p e r i o d s  o f  n o r t h e a s t e r l y  winds. The Sagavan i rk tok  R i v e r  i s  
about  1 5  km t o  t h e  east; t o o  f a r  t o  b e  a n  immediate sediment  source .  C o a s t a l  
e r o s i o n  of t h e  1- t o  2-m-high c o a s t a l  bluffs near t h e  c a u s e m y  i s  about  1 rn 
p e r  y e a r  (Barnes  e t  a l . ,  1977)  and  again t o o  s m a l l  a s o u r c e  t o  b e  t h e  
immediate p r o v i d e r  of sediment .  The c a u s e m y  i t s e l f  is  composed predominant ly  
o f  sandy g r a v e l  wi th  less t h a n  5 p e r c e n t  f i n e s  a n a  a g a i n  is  a n  i n s u f f i c i e n t  
source; e s p e c i a l l y  s i n c e  o n l y  t h e  s u r f a c e  of t h e  causewy deposits are 
remrked .  



The s e a b e d  i n  t h e  v i c i n i t y  i s  composed o f  v a r i a b l e  amounts  o f  s and ,  s i l t ,  
and  clay ( B a r n e s ,  1974; B a r n e s  et a l . ,  1980)  p r o b a b l y  d e r i v e d  o v e r  t i m e  f rom 
t h e  t h r e e  s o u r c e s  discussed above:  r i v e r s ,  c o a s t a l  e r o s i o n ,  and t h e  
causeway.  As t h i s  s e d i m e n t  becomes r e suspended  during summer and f a l l  s t o r m s ,  
i t s  t r a n s p o r t  a n d  d e p o s i t i o n  are  c o n t r o l l e d  b y  t h e  wave a n d  c u r r e n t  reg ime i n  
t h e  v i c i n i t y  of t h e  causeway. T h i s  means t h a t  c o a r s e r  s e d i m e n t  b r o u g h t  f rom 
t h e  c o a s t  w i l l  b e  d e p o s i t i n g  on  t h e  e a s t e r n  side of t h e  causeway w i t h  i t s  
h i g h e r  wave and  c u r r e n t  e n e r g y  and  t h a t  f i n e r - g r a i n e d  s e d i m e n t  will be 
d e p o s i t e d  i n  t h e  lee  o f  t h e  causeway t o  t h e  -st where lower  wave and  c u r r e n t  
e n e r g i e s  a r e  e n c o u n t e r e d .  

f f b r e a k s  or  o p e n i n g s  i n  t h e  causeway had b e e n  i n c o r p o r a t e d  d u r i n g  1974 
a n d  1975 c o n s t r u c t i o n ,  t h e y  may have  m a i n t a i n e d  t h e  o r i g i n a l  s e d i m e n t  
t r a n s p o r t  regime.  The island c h a i n  b o r d e r i n g  Simpson Lagoon ( F i g .  1) c o u l d  be 
c o n s i d e r e d  a s  a l o n g  causeway.  The f a c t  t h a t  s e d i m e n t a t i o n  rates  i n  t h i s  
l a g o o n  a r e  known t o  be l o w  e v e n  w i t h  t h e  Kuparuk R i v e r  dumping i n t o  t h e  
e a s t e r n  end  ( F i g .  l), s u g g e s t s  t h a t  t h e  l a g o o n  i s  w e l l  f l u s h e d .  The o p e n i n g s  
b e t w e n  t h e  i s l a n d s  form a b o u t  10 p e r c e n t  o f  the b a r r i e r  ( causeway)  l e n g t h .  
T h i s  s u g g e s t s  t h a t  b r e a k s  o n  t h e  o r d e r  of  10 p e r c e n t  o f  t h e  l e n g t h  of t h e  
causeway w u l d  b e  s u f f i c i e n t  t o  a l t e r  t h e  r a t e  o f  s i l t a t i o n  i n  t h e  v i c i n i t y  of 
t h e  causeway. 

The p r e s e n t  b r i d g e d  o p e n i n g  be tween  t h e  m i d d l e  a n d  o u t e r  s egmen t s  may 
a f f e c t  s e d i m e n t  t r a n s p o r t  pa thways ,  The f r e q u e n t  i n f i l l i n g  w i t h  g r a v e l  d u r i n g  
t h e  summer of 1 9 8 1  s u g g e s t s  n e a r s h o r e  s e d i m e n t s  are i n i t i a l l y  a t t r a c t e d  t o  t h e  
open ing .  Fu r the rmore ,  t h e  p r e s e n t  o p e n i n g  i s  o n l y  1 t o  2 %  of t h e  causeway 
l e n g t h  and  t h u s  may b e  i n a d e q u a t e  t o  i n f l u e n c e  s e d i m e n t a t i o n .  

SLMM ARY 

R e p e t i t i v e  b a t h y m e t r i c  s u r v e y s  and  c o r e s  i n d i c a t e  t h a t  s e d i m e n t  
d e p o s i t i o n  i s  o c c u r r i n g  i n  t h e  v i c i n i t y  o f  a n  a r t i f  i c i a l - f  ill causeway. 
P r e v i o u s l y  t h e  a r e a  had  b e e n  one  o f  seabed e r o s i o n .  The change  i n  env i ronmen t  
i s  r e l a t e d  t o  t h e  change  i n  wave and  c u r r e n t  r eg ime  b r o u g h t  a b o u t  by t h e  
causeway c o n s t r u c t i o n .  The combination of o b s t x u c t i o n  t o  s h o r e - p a r a l l e l  
t r a n s p o r t  and  t h e  d e f l e c t i o n  of  f l o w  o f f s h o r e  r e s u l t s  i n  s e d i m e n t a t i o n  i n  t h e  
v i c i n i t y  of t h e  causeway;  t h e  dominant  winds f rom t h e  n o r t h e a s t  d e f l e c t  
coarser b e a c h  m a t e r i a l s  o f f  s h o r e  o n  t h e  windward s i d e  and f a v o r  f i n e - g r a i n  
s e d i m e n t a t i o n  i n  t h e  lee. Thus t h e  causeway a c t s  a s  a  g r o i n ,  d e c r e a s i n g  
c u r r e n t s ,  which allows s e d i m e n t  t o  be d e p o s i t e d .  E x t e n s i o n  o f  t h e  causeway 
from t h e  water flood p r o j e c t  w i l l  e x t e n d  t h e  a r e a  of q u i e t  w a t e r s  and  
a e f l e c t e d  c u r r e n t s  a n d  w i l l  e x t e n d  t h e  area of s e d i m e n t a t o n  seaward. 
P r o v i d i n g  o p e n i n g s ,  s imilar  t o  t h o s e  i n  t h e  e x i s t i n g  b a r r i e r  i s l a n d  c h a i n s ,  
m i g h t  m a i n t a i n  t h e  p r e s e n t  s e d i m e n t  t r a n s p o r t  regime.  
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