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ABSTRACT 

This report r e s p o n d s  t o  a n e e d   f o r  better data  on 

coas ta l  processes i n   t h e   C a n a d i a n   B e a u f o r t  Sea r e q u i r e d  by 

Government  and by t h e  O i l  and Gas I n d u s t r y  for t h e  s i t i n g  and 

d e s i g n  of new shore-base f a c i l i t i e s .   N u m e r i c a l  estimates of 

a 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   a n d   n e a r s h o r e   p r o f i l e   a d j u s t m e n t s  

are d e v e l o p e d  for the f o l l o w i n g  sites: A t k i n s o n   P o i n t ,  N.W.T.; 

Kay P o i n t ,  Yukon;   King  Point ,   Yukon;   North Head, N.W.T.;  Stokes 

P o i n t ,  Yukon; and Tuktoyak tuk ,  N.W.T.  The i n f l u e n c e  of storm 

s u r g e s  of coas ta l  processes is also i n v e s t i g a t e d .   T h e   e v o l u t i o n  

on t h e   s h o r e l i n e  a t  K i n g   P o i n t   u n d e r   e x i s t i n g   c o n d i t i o n s   a n d  

w i t h  a t o t a l  l i t t o r a l  barrier s t r u c t u r e   h a s   b e e n  modelled. 

O f f s h o r e   a n d   n e a r s h o r e   w a v e  climates have  been  computed for 

s e v e n  sites; t h e  six m e n t i o n e d   p l u s  Pauline Cove o n   H e r s c h e l  

I s l a n d .   T h e y  are based on  new f o u r t e e n - y e a r  parametric 

h i n d c a s t s .  The inshore  wave climates were computed   us ing  

two-dimens iona l  spec t ra l  t r a n s f e r   t e c h n i q u e s   w i t h   a l l o w a n c e   f o r  

s h a l l o w  water e q u i l i b r i u m   s p e c t r a l   f o r m s .   T h e  report is i n  two 

Pa r t s :  Par t  I comprises t h e  f u l l   t e x t  w i t h  summaries  of 

r e s u l t s ;  Part I1 comprises s e v e n  complete data packages, o n e  for 

each of t h e  sites c o n s i d e r e d .  
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SECTION 1 INTRODUCTION 

1.1 purpose 

This addresses  the  need for  better  data  on  coastal 

processes in the  Canadian  Beaufort Sea. Data and information 

are  required by Government  and by the O i l  and Gas Industry for  

the siting  and  design of shore-base  facilities. For t h i s ,  one 

of the most urgent  requirements is for a better  understanding of 

the  magnitudes and variations of the following: 

- inshore  wave  climates; 
- influence of surges on  coastal  processes; 
- alongshore  sediment transport rates; 

- nearshore  coastal  profile  adjustments; 
- impact of a t y p i c a l  structure on coastal processes. 



1-2 

The purpose of this  study was to apply advanced 

numerical estimation techniques to each of the  above-mentioned 

phenomena  at one or more of seven  designated  sites: 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

The 

Atkinson Point, N.W.T. 

Kay Point, Yukon 

King P o i n t ,  Yukon, 

Nor th  Head, N. W.T 

Pauline Cove, (Herschel Island), Yukon 

Stokes Point, Yukon 

Tuktoyaktuk, N.W.T 

site locations are shown in Figure 1.1. 

King Point was to be regarded as a key location, being 

considered the most likely s i t e  for the n e x t  new  shore-base 

facility, For this reason it was selected for study of the 

impact of a  structure  and  generally to be treated preferentially 

in the course of the  work. 
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1.1.1 Readership 

The i n t e n t i o n  of t h i s  s t u d y  was t o  g e n e r a t e  da ta  of 

direct  v a l u e  to  those i n  G o v e r n m e n t   a n d   I n d u s t r y   r e s p o n s i b l e  for 

deta i led  p l a n n i n g  of shore-base f a c i l i t i e s ,  p i p e l i n e  shore 

crossings and t h e  l i k e .  

To t h e  e x t e n t  t h a t  it has p r o d u c e d   a c c e p t a b l e  data, it  

c a n  be so u s e d .   I n   t h i s   r e s p e c t  the wave climate data will be 

of v a l u e  where it f i l l s  gaps i n  the a v a i l a b l e  da t a  base. 

The i n s h o r e  wave climate da ta  is of s p e c i a l   v a l u e ,   n o t  

o n l y   b e c a u s e  i t  f i l l s  gaps b u t   b e c a u s e  i t  corrects some 

s i g n i f i c a n t  errors t h a t  h a v e   c h a r a c t e r i z e d  most p r e v i o u s  w o r k  

due  t o  t h e  ove r - s imple  methods used, a n d   i n   p a r t i c u l a r  t he i r  

n e g l e c t  of t h e  shallow water s p e c t r a l   s a t u r a t i o n  effect .  

T h e   a 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   c o m p u t a t i o n s  and 

coastal  p r o f i l e   a d j u s t m e n t  data  t o  a l a r g e   e x t e n t  f i l l  a y a p  and 

should  a lso  p r o v i d e  better estimates fo r  s e v e r a l   p l a c e s  t h a t  

h a v e   b e e n   s t u d i e d   p r e v i o u s l y .  

For coas ta l  research workers t h e  r e p o r t  will be of 

i n t e r e s t  as a d e m o n s t r a t i o n  of t h e  a p p l i c a t i o n  of s t a t e  of t h e  

a r t  coas ta l  p r o c e s s   s o f t w a r e  to t h e  complex arctic coas t a l  

env i ronmen t .  I t  shows, on  one   hand ,  the s t r e n g t h   a n d  

I 

I 
I 

/ . .  . 
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versatility of the  wave analysis techniques, and on the other 

hand, the need for further  research and development of t h e  

coastal sediment transport models. Some steps in this  direction 

will be implemented in the  immediate future; others will require 

a major  new research effort. 

Finally, it is probable  that one of the major benefits 

of this work has  been to highlight t h e  inadequacies of the 

available  field data base and to point to the  urgent  need to 

rectify the deficiencies before coastal development actually 

takes place. 
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Arrangement of the Report 

The report is arranged in two parts: 

Part I Main  Text  describing: 

Input data and Information 

Methodologies 

Summaries of R e s u l t s  

Discussion 

Conclusions 

Recommendations 

Appendices 

S i t e  Descriptions 

Wave  Climate  Statistics 

Coastal Process Data 
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1.4 Scope of the  Report 

1.4.1 Par t  1 

Numerical estimates of annual  alongshore sediment 

transport and nearshore profile adjustments under  storm action 

are developed for  six coasta l  sites in the Canadian Beaufort 

Sea. The six sites are near Atkinson Point, Kay P o i n t ,  King 

P o i n t ,  North Head, Stokes Point, and  Tuktoyaktuk. 

The influence of storm surges on alongshore sediment 

transport and nearshore  profile adjustment was also  investigated 

at the  same  sites. 

The evolution of the shoreline near King Point has been 

investigated  under  existing conditions and as it  would  be with a 

total littoral barrier  structure in  place. 

Offshore wave climates were computed for the  six sites 

mentioned plus another near Pauline Cove on Herschel Island. 

They are based on new  fourteen-year  parametric  wave  hindcasts. 

Two-dimensional,  directional spectral transfer 

techniques  with allowance for shallow water  equilibrium  spectral 

forms were used to obtain the inshore wave climates from the 

hindcast results. 



1-9 

The sequence of presentation of the work is as follows: 

1. Data and Literature  Searches.  (Section 2) 

2. Computation of inshore wave climate. 

(Sections 3 and 4) 

3 .  Investigation of the  sensitivity of coastal 

processes to storm surge  action.  (section 5 )  

4,  Estimation of alongshore  sediment transport rates. 

(Section 6 )  

5. Estimation of coastal profile  adjustments  under 

different  patterns of wave attack. (Section 7) 

6. Evaluation of the effect of a coastal  structure at 

the King Point site. (Section 8 )  

Part I the Report  concludes  with  discussion of methods 

and results  (Section 91, Conclusions  (Section 101, and 

Recommendations  (Section 11). 
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1.4.2 Part 11 

Part I1 of the  Report contains an outline of 

methodology and seven complete sets of numerical results for 

each of  the sites in alphabetical order. Each data set is 

separately  paginated.  For each site  information is presented in 

t h e  f o l l o w i n g  sequence, (according to availability): 

- Description of Site  and S i t e  Plan 

- Deepwater/Offshore Wave Statistics 
- Nearshore  Wave  Transformation Analysis 
- Inshore Wave Statistics (King P o i n t  only) 

- Alongshore Sediment Transport Rates (excludes 
Pauline cove) 

- Nearshore Profile Adjustment  Results (excludes 

Pauline Cove and  North Head) 

- Beach Plan Evolution (King Point only) 
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Summary of Numer ica l  Work 

T h i s  summary of t h e   n u m e r i c a l  w o r k  is i n t e n d e d  as a 

p r e v i e w  of the report p r o p e r .  I t  is i n  t h e  s e q u e n c e   i n d i c a t e d  

i n  1.4.1 - scope of Part I. 

1.5.1 Computat ion of I n s h o r e  Wave Climates 

I n s h o r e  wave climates were computed for f o u r t e e n  years 

for two "nodes"  a t  e a c h  of the seven sites. The n o d e s  were 

located j u s t  beyond the breaker z o n e ,   t y p i c a l l y   a r o u n d  t h e  

fou r -me t re   con tour .   The  work was d o n e   i n  two i n t e r a c t i v e  

p h a s e s :  

1, c o m p u t a t i o n  of offshore wave climates u s i n g  wind- 

wave h i n d c a s t i n g  (See S e c t i o n  3 1 ,  and 

2 ,  c o n v e r s i o n  to  i n s h o r e  climate w i t h  computed 

n e a r s h o r e  wave t r a n s f o r m a t i o n   f u n c t i o n s   u s i n g  

the spectral  t r a n s f e r   t e c h n i q u e .  (See S e c t i o n  4 ) .  
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The procedure  used to predict  the  offshore  wave 

climates used  in  this study, parametric  hindcasting of effective 

waves ( P H E W ) ,  provides a flexible  vehicle  for  calibration 

purposes with good definition of wave  directions. However, in 

the  absence of directional wave measurements, the  hindcasting 

procedure had to be calibrated and verified  using  four sets of 

non-directional  wave  measurements. 

A wind data Set for use in  the hindcasts had to be 

synthesized by selectively  merging  three sets of wind records 

from Tuktoyaktuk (1970-1983). 

The two-dimensional directional spectral transfer 

technique (SPECTRANS) used for computing wave  refraction is 

based on linear  wave-ray  backtracking  and deepwater JONSWAP 

spectra. A shallow water spectral saturation criterion was also  

incorporated. 

The method provides accurate unambiguous definition of 

inshore wave conditions for virtually  any  combination of 

bathymetry and sheltering  conditions. It would appear from the 

results obtained here, that most previous s t u d i e s  have 

significantly  overestimated  the  severity of inshore  wave 

climates. 
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Offshore wave climate statistics for  a l l  sites are 

p r e s e n t e d   i n  Par t  I1 of t h i s  report. Inshore wave s t a t i s t i c s  

are  also  presented for K i n g   P o i n t   o n l y .  

1.5.2 S e n s i t i v i t y  to  S u r g e s  

1) The e f fec ts  of storm surge e v e n t s   o n  estimates of 

a 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  a n d   n e a r s h o r e   p r o f i l e   a d j u s t m e n t  

were e x t e n s i v e l y   i n v e s t i g a t e d .  The o b j e c t i v e  was to  d e t e r m i n e  

I . 
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t h e  e x t e n t  to which  storm s u r g e   e v e n t s   c o n t r i b u t e  to  coastal  

change   and  t o  d e t e r m i n e  how to  i n c o r p o r a t e  these  effects i n  

s u b s e q u e n t   s e d i m e n t   t r a n s p o r t   c o m p u t a t i o n s .  

2) T y p i c a l   " l a r g e "   a n d  "average" s u r g e   e v e n t s  were 

d e f i n e d   f o r  each s i te  u s i n g   t h e   r e s u l t s  of p r e v i o u s   s t u d i e s .  

These  s u r g e s  were t h e n  appl ied  to t h e  a l o n g s h o r e   s e d i m e n t  

transport c o m p u t a t i o n   s y s t e m  SEDX and t o  t h e  profile a d j u s t m e n t  

model SEGAK. 

3 )  I t  was found t h a t  water l e v e l   c h a n y e s   d u e  t o  surges 

may ei ther  i n c r e a s e  or decrease t h e  a l o n g s h o r e  transport rates 

d e p e n d i n g   o n  local c o n d i t i o n s   b u t  t h a t  t h e  effect  o n   a v e r a g e  

ra tes  wou ld   no t   exceed  1 0 %  for t h e  sites examined .   Th i s  is 

n e g l i g i b l e   c o n s i d e r i n g  the level of a c c u r a c y   a t t a i n a b l e  by 

c u r r e n t   a 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   e s t i m a t i o n  methods. 

S u r g e s   h a v e  a much greater e f f e c t   o n   n e a r s h o r e  profile 

a d j u s t m e n t s   a n d  t h e  repor t s  of s u r g e   e f f e c t s   m u s t  therefore be 

a t t r i b u t e d  more to  t h i s  c a u s e .   T h i s  is a p p a r e n t  i n  the r e s u l t s  

described i n  Section 7. the  most s p e c t a c u l a r  reports 

of major coastal re t reats  i n  the B e a u f o r t  Sea i n c l u d e  e f fec ts  of 

g round  ice m e l t i n g  which were n o t   a c c o u n t e d  for i n  t h e  n e a r s h o r e  

profile a d j u s t m e n t  model SEGAR. 
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1.5. 3 Alongshore Sed imen t  T ranspor t  Estimates 

The a l o n g s h o r e   s e d i m e n t  t ranspor t  estimates were 

carried o u t   u s i n g  a m o d e l l i n g  sys tem w h i c h   i n c o r p o r a t e s   t w e l v e  

d i f f e r e n t  state of t h e  a r t  predictor models. Three  were s imple 

n o n - d e t a i l e d   b u l k   e n e r g y  models i n c l u d i n g  t h e  o r i g i n a l  CERC 

formula.  The r e m a i n i n g   n i n e  models were de ta i led  predictors  

which i n c o r p o r a t e   r o u g h n e s s  estimators and an a l o n g s h o r e   c u r r e n t  

model. All models draw from a common i n p u t  da ta  set .  

All of t h e  detai led predictors g a v e  more or less 

u n s t a b l e   r e s u l t s  a t  some of t h e  sites b u t  t h e  N i e l s e n  e t  a l . ,  

(1978) b r e a k i n g  wave model was judged  better t h a n  t h e  others 

o v e r a l l .  S tab le ,  t h o u g h   n o t   n e c e s s a r i l y  more a c c u r a t e ,  results 
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were consistently  obtained  from two of the three b u l k  energy 

models, the CERC model  itself  and a recent development of it, 

Davies (1984). 

"Best estimates"of  alongshore  sediment  transport  were 

obtained by averaging results of several models af te r  

eliminating those that yielded  unrealistically h i g h  or low 

results. The selection of valid models varied  from site to 

site. The wide scatter of results from  detailed  predictors 

underlines the need fo r  further development and calibration of 

these models. 

The results of  the  alongshore  transport computations 

are summarized in Section 6 of Part I and complete results for  

all six sites are given in Part 11. 

1.5.4 Nearshore Profile Adjustments 

The investigation of profile adjustment was performed 

with a numerical model based on onshore-offshore sediment 

transport  theory  developed by swart (1974). The model computes 

changes in the  position  and shape of the  nearshore  profile 

resulting  from  wave  attack at variable  water levels .  

.. . . 
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R e s u l t s  from t h i s  model and similar models have   been  

ve r i f i ed  a t  s e v e r a l   o c e a n i c  sites a n d   i n  t h e  laboratory. 

However, s i g n i f i c a n t   d i f f i c u l t y  was e n c o u n t e r e d   i n   a p p l y i n g  t h e  

model a t  the s t u d y  sites. A t  s i t es  where t h e  i n v e s t i g a t i o n  

p r o v i d e d   r e a s o n a b l e   r e s u l t s  there was a d e f i n i t e   t r e n d  for 

s h o r e l i n e  re t reat  to increase w i t h  i n c r e a s e d  water l e v e l .  A 

complete p r e s e n t a t i o n  of t h e  n e a r s h o r e  profile adjustment 

i n v e s t i g a t i o n  is presented i n   S e c t i o n  7. 

1.5- 5 E v a l u a t i o n  of t h e  Effect of a Coastal S t r u c t u r e  

a t  King P o i n t  

As t h e  "key s i te" ,  King P o i n t  was selected for  

i n v e s t i g a t i o n  of t h e  effect  of a hypo the t i ca l  coastal  

s t r u c t u r e .  T h i s  was carried o u t  assuming t h e  c o n s t r u c t i o n  of a 

j e t t y  forming  a t o t a l  barrier to  alongshore s e d i m e n t   t r a n s p o r t .  

The e f f e c t s  of t h e  s t r u c t u r e  were i n v e s t i g a t e d  by 

s u c c e s s f u l   a d a p t a t i o n  of the e x i s t i n g  beach p l a n  e v o l u t i o n  model 

BPLAN t o  t h e  n o n - t y p i c a l   c o n d i t i o n s  a t  King P o i n t .  The  model 

assumes  a simple beach coast w i t h  u n r e s t r i c t e d   s a n d  s u p p l y  

whereas t h e  King P o i n t  coast i n c l u d e s  eroding c o h e s i v e   t u n d r a  

b l u f f s ,  n o n - s a t u r a t e d  alongshore t r a n s p o r t  rates, and a 

p r o g r a d i n g  barr ier  beach w i t h  overwashing .  
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The inshore  wave  data for  the beach plan evolution 

model  were  derived from SPECTRANS for five nodes, with  wave  data 

utilized in chronological  sequence.  Additional nodes are 

interpolated. The wave data  were  applied to a "one-line"  beach 

model using a bulk energy alongshore  transport  predictor. BPLAN 

was modified  to account for the special characteristics of the 

site by introducing a spatially varied beach  height  adjustment 

factor. It was successfully  calibrated  with simple sediment 

budget data derived  from  bluff composition, bluff recession, and 

beach  accretion  data from the  field. 

Although this is a simple model, the  incorporation of 

several data points to ensure a well defined shoreline, the 

evaluation of the effects of continuity  among  them, and the 

facility for calibration, a l l  suggest that  beach  plan  modelling 

provides a practical operational tool corsllating shoreline 

change data with estimates of alongshore  transport for the less 

typical  coastline. 

See Section 8 of this part of the report for further 

derails and P a r t  I1 for  a complete compilation of resul ts .  
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SECTION 2 DATA SOURCES AND REVIEW OF PREVIOUS WORK 

2.0 I n t r o d u c t i o n  

A l l  s o u r c e s  of r e g i o n a l   a n d  s i t e  specific da ta  and 

i n f o r m a t i o n   u s e d   i n  t h i s  s t u d y  are i d e n t i f i e d   i n  t h i s  s e c t i o n .  T h i s  

i n c l u d e s   m e t e o r o l o g i c a l   a n d   o c e a n o g r a p h i c ,   a n d   g e o t e c h n i c a l /  

geological data  together w i t h  t e c h n i c a l  reports a n d   p u b l i s h e d  

l i t e r a t u r e  referred to  for  i n t e r p r e t i v e   p u r p o s e s  or as s o u r c e s  of 

r e l e v a n t   i n f o r m a t i o n .  

Basic e n v i r o n m e n t a l  data and related s t u d i e s  are  presented 

f i r s t ,   f o l l o w e d  by s i te  specific data related to coastal processes or  

m o r p h o l o g y ,   a n d   f i n a l l y ,  brief d e s c r i p t i o n s  of t h e  s e v e n  sites are 

g i v e n .  Here, and  elsewhere i n  t h i s  r e p o r t ,  the sites are i n t r o d u c e d  

i n  a lphabet ical  sequence   by  name. 

I n   c o n c l u d i n g  t h i s  i n t r o d u c t i o n  i t  s h o u l d  also be ment ioned  

t h a t  t h e  da ta  i n  t h e  r e g i o n  are st i l l  r e l a t i v e l y  scarce, so t h a t  i n  a 

number of cases resort has been made t o  i n t e r p o l a t i o n ,   e x t r a p o l a t i o n ,  

and , i n  some i n s t a n c e s ,  t o  i n f e r e n c e  where data  a c t u a l l y  are 

l a c k i n g .  
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2.1 Environmental Data 

2.1.1 Previous Reports 

A considerable number of s t u d i e s  have been made of 

environmental factors that  could  influence  alongshore sediment 

transport and coastal prof i l e  adjustments on the shores of the 

Beaufort Sea. Most of these  have  appeared  since 1974/75 when  the 

"Beaufort Sea Project" was put i n  hand  by  the Government of Canada. 

For example, Lalonde  and  McCullogh (19751, on ratios of wind speed 

over water to that over land; Henry (19751, Henry  and Heaps (1976) on 

storm surges. 

At that  time  there  was  little  field evidence on which to 

base conclusions. As field  data  became available further studies 

appeared:  Baird  and  Hall (1980) produced  hindcast  wave estimates for  

several island  sites.  In 1981 Hodgins et al, and Hodgins and 

Dal-Santo  produced studies of extreme  water  level  and  wave conditions 

obtaining results which  were  substantially more severe  than  Baird's. 

These were updated in later s t u d i e s  by Hodgins and Barry (1982) and 

MEP (1983) which led in turn to more moderate estimates of extreme 

storm  conditions.  More recently, Danard (1983); Danard and Grey 

(1984); and Niwinski and Hodgins (19841, have  cooperated  with  Henry 

(1984) in a new  study of extreme  water  level and  wave conditions at 

Tuktoyaktuk. 
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Among t h e  r e c u r r e n t   i s s u e s   e v i d e n t   i n  these s t u d i e s  is t h e  

p a u c i t y  of wind  and water l e v e l  records, from around  and  over t h e  

B e a u f o r t  Sea. Compar isons  of wind  over water w i t h  w i n d s  measured  on 

land were made i n  s e v e r a l  of t h e  a b o v e   s t u d i e s  and also Readshaw 

(1982 and 1983) .  Tuk toyak tuk  wind  records have commonly  been used as 

a basis of compar i son   because  they  p r o v i d e  t h e  l o n g e s t   r e l a t i v e l y  

c o m p l e t e  da ta  set i n  t h e  region. 

Water l e v e l  records are q u i t e   f r a g m e n t a r y  w i t h  numerous gaps 

e v e n  i n  t h e  Tuk toyak tuk  records, which  Henry 1975,  1984 has 

n o n e t h e l e s s   u s e d  for c a l i b r a t i o n   a n d   v e r i f i c a t i o n  of n u m e r i c a l l y  

computed p o s i t i v e  surge r e s u l t s .  Although the r e l a t i v e   a b u n d a n c e  of 

n e g a t i v e   s u r g e s  h a s  been  n o t i c e d  (Henry and Heaps, 1 9 7 6 )  and 

observers have  commented on their p r o b a b l e  effects ( p r i v a t e  

communica t ions ,  D.L. Forbes, J . R .  Harper); they have not y e t  been 

s t u d i e d  i n  d e t a i l .  

2.1.2 Water Level Records 

Water l e v e l  records are sparse. The o n l y   p e r m a n e n t  gauge, 

t h e  o n e  a t  Tuk toyak tuk ,  has operated s i n c e  1961. U n f o r t u n a t e l y ,  t h e  

record is marred by numerous gaps ,  some of s e v e r a l   m o n t h s   d u r a t i o n .  

Elsewhere there are o n l y   t e m p o r a r y   g a u g e  records m o s t l y  of one or two 

months for one or more y e a r s .  Where s e v e r a l   y e a r s  are a v a i l a b l e  t h e y  

are n o t   n e c e s s a r i l y   c o n s e c u t i v e ;  for example ,  a t  A t k i n s o n   P o i n t ,   o n e  

of t h e  bet ter  represented sites, o n e  t o  two months  of data are 
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a v a i l a b l e  from 1971,  7 2 ,  7 4 ,  75, 81 and 82. Henry,  ( 1 9 8 4 )  p r o v i d e s  a 

water l e v e l  data  c o v e r a g e  report  wh ich  is r e p r o d u c e d   i n  Figures 5.5 

and 5.6 of t h i s  report. 

Tide  r a n g e s   t h r o u g h o u t  t h e  area of i n t e r e s t  are r e l a t i v e l y  

small, a b o u t  0.3 m for average t ides  and 0.8 m for large t ides.  The 

mean water l e v e l   r e l a t i v e  t o  t i d a l  da tum has b e e n   t a k e n  as 0.5 m for  

all sites examined  in  t h i s  s t u d y .  

For t h e  p u r p o s e s  of this study t h e  p r i m a r y   i n t e r e s t   i n  water 

l e v e l s   c o n c e r n s  the effects  of s u r g e s  on coas ta l  processes. Henry 

( 1 9 8 4 )  has p r o v i d e d  an overview of p o s i t i v e   s u r g e s  recorded or  

observed at Tuktoyak tuk ,  which is i l l u s t r a t e d   i n  Figure 5 . 5  of this 

report. It shows that  five l a rge  storm surges e x c e e d i n g  1.5 rn 

o c c u r r e d   i n  t h e  23 years from 1961 to 1983 .  The most r e c e n t  of these 

o c c u r r e d   i n  1972.  o n l y  t w o  of t h e  f i v e  were recorded. ALSO 

twenty-one smaller surges l a s s  t h a n  1.5 m were recorded i n  t h e  same 

period. There may well have been a t  l eas t  four or f i v e  other small 

s u r g e s  t h a t  went u n r e c o r d e d .  Only four surges were recorded i n  t h e  

t e n  years 1974-1983. A l m o s t  a l l  surges o c c u r   i n  three open water 

months: July, Augus t ,  September. 

The 1 : l O O  year storm s u r g e  a t  Tuk toyak tuk  was estimated t o  

be 3 . 3  m by Henry  and Heaps (1976). Kolberg and Shah ( 1 9 7 6 )  o b t a i n e d  

t h e  same v a l u e   i n  an i n d e p e n d e n t   s t u d y .  Also, Henry and Heaps u s i n g  

a n u m e r i c a l  storm surge model h a v e   p r o v i d e d  storm s u r g e   d i s t r i b u t i o n  
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maps from which storm surge h e i g h t s  a t  Tuk toyak tuk  c a n  be re la ted to  

probable  s u r g e  h e i g h t s  a t  t h e  other six sites. I t  is based on  a 

t y p i c a l   n o r t h - w e s t e r l y  storm. See S e c t i o n  5 .  

U s i n g   F i g u r e  5.5 (from Henry, 1984) as a g u i d e ,   c o m p l e t e  

sets of Tuk toyak tuk  water l e v e l  records were obta ined  from MEDS for 

a l l  m o n t h s   i n  which storm surges were recorded. 

2.1.3 Wind Records 

Wind data  is used for wave h i n d c a s t i n g .  I t  had b e e n  d e c i d  e d  

t o  e x t e n d  t h e  wave h i n d c a s t   o v e r  t h e  l o n g e s t   p o s s i b l e  period for 

which s u i t a b l e   w i n d  records e x i s t e d .   T u k t o y a k t u k ,  for which  records 

e x t e n d  back to 1970,  was t h e  o n l y  feasible s o u r c e .  Wind data on  

magnetic tape was o b t a i n e d  from the Atmospheric Environment  Service 

of Environment  Canada. 

The s t a n d a r d   i n f o r m a t i o n  required for t h e  wind-wave h i n d c a s t  

model (PHEW) is one- or t h r e e - h o u r l y   w i n d  speed data  measured  to  t h e  

n e a r e s t   t e n  degrees. However a complete a n d   c o n t i n u o u s  d a t a  set  

m e e t i n g  t h e  a b o v e   r e q u i r e m e n t s  d i d  n o t   e x i s t .   I n s t e a d ,  three 

h e t e r o g e n e o u s  sets  of data  had t o  be merged to form a u s a b l e  data  

set. See Table  2.1. The measurements  were t a k e n  a t  t w o  s t a t ions ,  

Tuk toyak tuk  and Tuktoyaktuk  A,  which are i n  close p r o x i m i t y  to  each 

other. A t  Tuktoyaktuk   wind  speeds and 36 p o i n t   d i r e c t i o n  

measurements  were t a k e n  4 times a day. At Tuktoyak tuk  A measured  
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Table 2.1 

Wind Data Records 

Tuktoyaktuk, N.W.T. source: A . E . S .  Jan. 1970 to Dec. 1983. 

Directions:  sixteen  directions from Jan. 1970 to Dec. 1970 and 

thirty-six  directions from Jan.  1971 to Dec. 1983. Wind 

speeds: km/hr. wind data every sixth h o u r .  Magnetic Tape No. 

C21056. 

I 
I 
I 
I 
I 
I 
I 
1 Tuktoyaktuk " A " ,  N.W.T. source: A . E . S .  April 1970 to Dec. 1983. 

Directions: s ix teen  directions from April  1970 to Sept. 1970 

and thirty-six  directions from Feb. 1971 to Dec. 1983. Wind 1 
speeds: km/hr. Wind data hourly  but not for  24 hours e a c h  I day. Magnetic Tape No. C21054. 

Tuktoyaktuk "AI', N.W.T. Source: A . E . S .  April  1970  to Sept .  

1983. Directions: e i g h t  directions. Wind s p e e d s :  km/hr. 

mileage averaged h o u r l y .  Magnetic Tape No. C20977 

I 
Wind 1 

I 
I 
I 
I 
I 
I 
I 



I 

2-7 

wind speeds and 36 point direction measurements were recorded on an 

hourly basis but  not for 24 hours  each day; they were available for  

varying  time  intervals  during  the  day. Finally, the  third  data set 

consisted of measurements from a mileage type anenometer located at 

Tuktoyaktuk A. An average wind  speed for  each hour of t h e  day at 8 

compass p o i n t s  was given, derived from the measurements. The other 

two data sets provide  instantaneous  velocities. Details of t h e  

procedure by which  these data sets  were  merged  and  edited are 

outlined in Section 3.  

2.1.4 Wave data 

Wave records were  required in this  study  for  the purpose of 

calibrating t h e  wave hindcastiny  procedure.  Directional measurements 

are very desirable but  none  were  available. However, non-directional 

data are  available  from Marine Environment  Data Service, Fisheries 

and Oceans Canada. The output comprises significant wave  height  and 

peak  period  plus  spectral  density data at 3 hourly  intervals. 

Although  non-directional  accelerometer wave gauges have  been 

deployed at numerous sites in the  Canadian Beaufort Sea, since 1975 

all records are of short duration  and most are incomplete. It was 

therefore  not  possible to obtain s i x  months of records a t  one site as 

had  been proposed. After reviewing  seventeen  possible  wave records, 
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it was eventually  decided to calibrate the  wave  hindcast for  two 

offshore island wave recorder sites, Pullen NE (MEDS Station 5 0 )  and 

Gulf # 2  (MEDS Station 191) with records aggregating less than  five 

months. These stations were  more or less centrally located in  the 

area offshore from  the seven coastal sites. Two other nearby 

simultaneous sets of wave  data  were  also  used  for  verification (MEW 

Stations 25 and 1 9 3 ) .  See section 3.5 and Table 3.2 for  details. 

It was subsequently  concluded  that it would  have  been of 

considerable value to have used wave records from one of the 

shallower and  confined  water areas represented in  the study  such as 

Kugmallit Bay or near Stokes Point. However, no suitable shallow 

water records y e t  exist. 

2.1.5 Other  Environmental Data 

Several other paramaters of secondary  importance to this 

study  have  been  examined  and  referred to in this  study. These 

include currents, water  temperature and radiation. The main sources 

of information on these  secondary  parameters  have  been data syntheses 

such as the  Beaufort Sea E . I . S .  In addition, sea ice data in  the  form 

of ice charts has  been  analyzed in  detail. (See 2.2.1). 

The main source of information on these  secondary  parameters 

has  been  data syntheses such as the  Beaufort Sea E . I . S .  
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2 . 2  Surveys Graphics 

2.2.1 Ice C h a r t s  

B e c a u s e   w a v e   g e n e r a t i n g   f e t c h e s   i n  the B e a u f o r t  Sea are  

l a r g e l y   b o u n d e d  by t h e  c o n s t a n t l y   c h a n g i n g  edge of t h e  ice, it was 

c o n s i d e r e d   n e c e s s a r y  to i n t r o d u c e  a time v a r y i n g - f e t c h  i n t o  t h e  wave 

h i n d c a s t i n g   p r o c e d u r e .  

Data to d e f i n e  t h e  ice l i m i t e d  fetches was obtained from 

w e e k l y  ice charts which are a v a i l a b l e   s i n c e  before 1970, t h e  s t a r t i n g  

year for t h e  wave h i n d c a s t .  Nearly 400 charts  were o b t a i n e d  from t h e  

Ice Centre, Atmospheric Environment   Serv ice ,   Envi ronment   Canada .  

They were a t  three d i f f e r e n t  scales and more t h a n  o n e  method of 

d e s c r i b i n g  ice c o v e r a g e  had been   u sed  over t h e  period of t h e  c h a r t s .  

See Table 2.2  for f u r t h e r  de t a i l .  

2.2.2 Hydrograph ic  C h a r t s  and  F i e l d  Sheets 

P u b l i s h e d  hydroyraph ic  char ts  have been   used  for g e n e r a l  

r e f e r e n c e   p u r p o s e s  (Table 2.3). However, for detai led analysis of 

b a t h y m e t r i c  da t a ,  i n   p a r t i c u l a r  for the  p r e p a r a t i o n  of wave 

r e f r a c t i o n  g r i d s ,  h y d r o g r a p h i c   f i e l d  sheets i n  U.T.M. c o o r d i n a t e s  

h a v e  b e e n   u s e d .   P r i n t s  were s u p p l i e d  by the Canad ian   Hydrograph ic  

Data Centre, Fisheries and  Oceans, Canada. 
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Table 2 . 2  

Ice Charts  

Atmospheric  Environment Service 

Ice Centre, Environment Canada. 

weekly  ice charts were  obtained for  open water season (which is 
generally from June until mid-October) for the period 1970 to  1983. 

Period: Scale:  
May 21, 1970 to O c t .  29, 1975 1:8,790,000 
June 20, 1975 to April 20, 1982 1:4,900,000 
May 15, 1982 1:16,000,000 
June 22 ,  1982 to Dec. 8 ,  1983 1:4,900,000 

Name Scale 

7650 1:500,000 

7651 1:500,000 

7604 1 : 50O,000 

7625 1:15,000 

7603 1:60,000 

7601 1 : 150,000 

Table 2.3 

Hydrographic Charts  

Canadian Hydrographic Service 

Title Date 

Barter  Island to Toker Point 1974 

Toker Point to Cape Lyon and 1974 
Cape Kellet 

Pelly Is land to Toker Point 1972 
including  Kugmallit Bay 

Tuktoyaktuk and Approaches 1975 I 
Herschel Island to Kay Point 1984 

S i k u  Point to Kay Point 1975 
1 



2-11 

T w e n t y - t h r e e   f i e l d   s h e e t s  were u t i l i z e d  as l is ted i n  Table 

2 .4 .  V a r i a t i o n s   i n  scale from 1:6,000 n e a r   T u k t o y a k t u k ,  to  1:100,000 

created ma tch ing  problems, as  d i d  t h e  fact t h a t  a U.T.M. zone 

boundary passes t h r o u g h  some of t h e   g r i d s .   T h e  age r a n g e  of t h e  

S u r v e y s ,  1956-1983, was n o t   i n  i t se l f  a problem. 

2.2.3 A i r  Photos and O t h e r  S i t e  G r a p h i c s  

At least  two a i r p h o t o s  were p r o v i d e d  for each s i t e .  These 

were u s e d  to  assist i n   u n d e r s t a n d i n g   t h e   m o r p h o l o g i c a l   c h a r a c t e r  of 

each location. E x c e p t   i n  t h e  case of the barrier beach  at King 

P o i n t ,   t h e y  were n o t   u s e d  to  assess coas ta l  changes .  

A detai led oral and v i s u a l   p r e s e n t a t i o n  of t u n d r a  c l i f f  

m o r p h o l o g y   a n d   d e g r a d a t i o n  processes n e a r   K i n g   P o i n t  was p rov ided   by  

David Harry, GSC. A collection of p h o t o s  from t h e   K i n g   P o i n t  area 

was p r o v i d e d  l a t e  i n  the study by W. F i e l d ,  Fisher ies  and   Oceans ,  who 

has also g i v e n  d e t a i l e d  d e s c r i p t i o n s  of t h e   K i n g   P o i n t  bar r ie r .  

S i t e  l o c a t i o n s  are shown i n   F i g u r e  1.1, a n d   p l a n s  of t h e  

s e v e n  sites are shown i n   F i g u r e s  2.1 to 2.7  i n   a l p h a b e t i c a l  order. 

The   nodes  which a p p e a r   i n   t h e s e   f i g u r e s  mark t h e  locat ions for which 

n e a r s h o r e  wave climate da ta  a n d   s e d i m e n t  transport  data were 

d e v e l o p e d .   ( S e e   s e c t i o n  4 et seq.) 
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Table 2 . 4  

H y d r o g r a p h i c  F i e l d  S h e e t s  

C a n a d i a n   H y d r o g r a p h i c   S e r v i c e  

L o c a t i o n  

Tuk toyak tuk   Harbour  
Approaches  to Tuk toyak tuk   Harbour  
H e r s c h e l  I s l a n d  & Mackenzie  Bay 
H e r s c h e l   I s l a n d  & Mackenzie  Bay 
B e a u f o r t  Sea Sheet #1 
B e a u f o r t   S e a  Sheet # 2  
T r e n t  Bay 
T o k e r  P o i n t  to  H u t c h i s o n  Bay 
A t k i n s o n  P o i n t  to  Novorak   Po in t  
K u g m a l l i t  Bay 
White summit 
H u t c h i s o n  Bay 
H e r s c h e l   I s l a n d  to Kay P o i n t  
Wes te rn  Arctic Mackenzie  Bay 
Mackenzie  Bay 
Mackenzie  Bay ( N o r h t e r n  Part) 
B e a u f o r t  Sea S h e e t  #1 
B e a u f o r t  Sea S h e e t  # 2  
B e a u f o r t  Sea S h e e t  $ 3  
B e a u f o r t  Sea Sheet # 3  
Mac kanz ie  Bay 
Approaches to Tuktoyak tuk   Harbour  
H e r s c h e l  I s land ,  Yukon Coast 

Year 

1956 
1956 
1969 
1969 
1969 
1970 
1963 
1964 
1979 
1964 
1964 
1967 
1970 
1970 
1970 
1970 
1971 
1971 
1971 
1972 
1974 
1979 
1983 

S c a l e  

1:6,000 

1:50,000 
1:50,000 
1: 100,000 
1:100,000 
1:12,000 
1:50,000 
1:50,000 
1:75,000 
1:50,000 
1:50,000 
1:50,000 
1:50,00U 
1:50,000 
1:50,000 
1:100,000 
1:100,000 
1:100,000 
1:100,000 
1:50,000 
1:40,000 
1:100,000 

1~24,000 
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2.3 The Arctic Coastal Environment 

2 . 3 . 1  Arctic  Coastal Processes 

There is a growing  literature on the special characteristics 

of arctic coastal processes. These studies were  effectively 

summarized by Owens and Harper (1983). They  briefly describe how sea 

ice, shore zone ice  and terrestrial ice all affect coastal 

processes. Although t h i s  is not  the place for  an indepth  review of 

the subject, it is necessary to indicate  the  more  important ways that 

arctic coasts differ from the  sandy  beach  coasts  assumed in the 

derivation of  virtually all of the sediment transport models utilized 

in this study. 

First, for  purposes of comparison, there  are  four 

fundamental assumptions on which  the coastal process models used in 

this  study  are  implicitly based. 

1. Coastal processes  are wholly mechanical. 

2. They are  controlled by the  unrestricted effect of wave 

energy, modulated  to a limited extent by variations in 

water level. 
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The sol id  phase of t h e  coasta 1 i n t e r f a c e  cons i s t s  e n t i r e  

of a permeable as semblage  of mobile c o h e s i o n l e s s  par t ic les .  

The  e x t e n t   a n d   t h i c k n e s s  of t h e  non-cohes ive  material is 

grea t  enough t o  e n s u r e  t h a t  w a v e - p a r t i c l e   i n t e r a c t i o n   c a n n o t  

be affected i n  any  way by a n  impermeable s u r f a c e  o r  bonded 

material s u c h  as rock, c l a y ,  ice,  or ice-bonded  sed iment .  

The b a s i c  ways i n  which a n  a r c t i c  coast differs from a t y p i c a l  beach 

are: 

1. Arctic coastal p r o c e s s e s  are i n f l u e n c e d  by thermal effects  

as well as m e c h a n i c a l   e f f e c t s .  

2. The solid phase of an  a rc t ic  coast c a n   i n c l u d e   v a r y i n g  

p r o p o r t i o n s ,  and p a t t e r n s  of o c c u r r e n c e  of ice a n d / o r  ice 

bonded  sed iment  which  may i n t e r f e r e  with wave a c t i o n   a n d / o r  

par t ic le  mot ion .  

Where e r o s i o n  of a g iven   vo lume  of material from a n  ice-rich 

coast takes place, t h e  y i e l d  of s e d i m e n t  released i n t o  t h e  l i t t o r a l  

zone is less t h a n   i n  t h e  case of a sandy beach coast. T h i s  c o u l d  

have  t h e  e f fec t  of i n c r e a s i n g  t h e  rate of r e c e s s i o n  or  r e d u c i n g  t h e  

rate of a c c r e t i o n ,  i f  t h e  s u p p l y  of sed imen t ,   and   hence  t h e  a c t u a l  

a 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  ra te ,  is less t h a n  t h e  p o t e n t i a l  rate 

as determined by wave a c t i o n .  T h i s  is similar to t h e  s i t u a t i o n  t h a t  

o c c u r s  i n  t h e  case of c o h e s i v e  coasts where  o n l y  a f rac t ion  of t h e  
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eroded material remains in  the littoral  zone  and  the  supply of 

cohesionless material is less than  the alongshore transporting 

capacity of the waves (Philpott, 1984). A practical  problem in both 

cases is that  available models can only compute potential rates and 

hence, other things  being equal, will  tend to overestimate alongshore 

transport rates. This also means that there is no longer  the direct 

connection between alongshore transport and shoreline  recession on 

which beach-coast  theory is built. 

Typical arctic coastal processes  which  may  accelerate 

coastal change include seabed ice scour, ice-override of the coastal 

zone, ground ice melt  and  ground  ice  slump. Processes which may 

retard coastal change include  formation  of  protective ice ridges, ice 

foot, and ice bonding of beach  material.  In each case, the 

variations in rates of coastal change in an arctic environment are to 

be understood as being relative  to rates of change of a classical 

sandy  beach coast exposed to the  same  wave  action. 

This discussion is concluded  with  a  brief assessment of 

probable influence of each of the  above-mentioned  thermal  phenomena 

and their  likely effect on the  model  results. 

Sea bed ice scour in the littoral zone may cause 

deformations of the  nearshore  profile (W. Field, private 

communication), but  these  are  quickly  erased by wave  action  with 

little or no  lasting effect. 
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Ice override has  received a lot of attention  because of its 

potentially disastrous consequences. See, for example; Croasdale 

(1978), Harper  and Owens (1981) and, Harper (1983). However, the 

frequency of occurrence is very low and not  likely to have  seriously 

affected  any of the  seven sites since 1970, the  starting year of our 

model  simulations. 

Melting of ground ice  and consequent slumping are the 

principal factors leading  to  the  high  recession rates observed  along 

arctic shorelines where  bluffs are present (Harper 1978). This has 

probably  affected several of the sites, such as Pauline Cove, King 

Point, North Head and  in particular, Tuktoyaktuk. These phenomena 

are not reproduced in  the sediment transport and profile adjustment 

models although  they can be allowed  for in  the  beach  plan evolution 

model (See Section 8 ) .  

Melting  ground  ice also affects beaches creating  furrowed 

profiles  where melting has occurred. However, such profile 

deformations are  quickly  erased by wave  action  and  appear  to  have no 

lasting effect on coastal change. The same appears to be generally 

true of beach deformations due to ice-push  and  ice-thrust. 
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Ice masses t e n d  to  b u i l d  up a l o n g  coas t l ines  i n  t h e  form of 

ice foot and ice ridges. o p i n i o n s  seem to differ on their  p r o t e c t i v e  

e f f e c t .  Where s u c h  ice formations p e r s i s t  a f t e r  the  a d j a c e n t  f loe 

ice has melted, they provide p r o t e c t i o n ,  as ment ioned   by  McDonald and 

L e w i s  ( 1 9 7 3 ) .  However, Forbes ( p r i v a t e   c o m m u n i c a t i o n )  has  s u g g e s t e d  

t h a t  t h e  p e r s i s t e n c e  of these shore f a s t  ice forms is n o t   g e n e r a l l y  

a n   i m p o r t a n t  factor ,  s i n c e  most of t h i s  ice has melted by t h e  time 

t h e  ice edge has retreated f a r  enough to allow moderate seas t o  be 

* 

generated. 

Ice bonding  of beach material will have  some e f f e c t ,  but due 

t o  t h e  rapid i n t r u s i o n  of s a l t  water i n t o  t h e  beach face i n  t h e  

spr ing ,  t h e  rate and e x t e n t  of m e l t i n g  of i n t e r s t i t i a l  ice is q u i t e  

rap id .   (Owens   and  Harper, 1977 ;  Harpe r  e t  al 1978 . )  However, H a r p e r  

also c o n c l u d e s  t h a t  " t h e  normal thaw of ice bonded mater ia l  i n  t h e  

beach limits t h e  d e p t h  of which l i t t o r a l  s e d i m e n t s  can be 

d i s t r i b u t e d " .   S u p p o r t i n g  t h i s :  a t y p i c a l  thaw d e p t h  is i n  t h e  order 

of one  to  one   and  a h a l f  metres, w h i l e  coastal p r o f i l e   c h a n g e s   d u r i n g  

major storms may e x c e e d  two metres v e r t i c a l l y  and five metres 

h o r i z o n t a l l y .  
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2.3.2 Beach  profiles & Sediment Texture Data 

Beach and nearshore  bottom  profiles  are  used  along  with 

bottom sediment texture data in the  computation of alongshore 

sediment  transport rates using  detailed  predictors (models in which 

the distribution of alongshore  transport is computed  from  computed 

roughness and computed  alongshore current distribution). 

Profile and sediment texture data proved  to be somewhat  hard 

to come by, and at one site - Pauline Cove - unavailable. A t  the 

other six sites, a variety of sources was tapped  yielding  usable data 

in variable amounts and qualities. Sources and amounts of data are 

summarized in Table 2.5 which is supplemented by the  following 

comments. 

Not surprisingly, Tuktoyaktuk data was most prolific. 

Numerous  nearshore profiles had  been measured, forty-four boreholes 

were  sunk  and  numerous  sediment samples collected  and  anlayzed by 

Kolberg and Shah (1976). These were  supplemented by some data from 

1984 obtained by an A . G . C .  (Atlantic Geoscience Centre) field  team. 

Stokes Point had a lso  been  relatively well investigated  for 

Gulf Canada Resources in 1982 by Hardy Associates as well as by 

Readshaw (1983). Again  additional  information  was also available 

from A . G . C .  
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The other sites were generally less well supplied  with 

d a t a .  Virtually, no direct evidence from North Head o t h e r  than 

descriptions (Forbes, private  communication) and t h e  upper sample 

results from two bore hole records. At  King  Point, a l s o ,  it was 

necessary to rely on descriptive  material (C.P. Lewis, W. Field) 

supplemented by sample analyses and a sounding  survey from Peter 

K i e w i t  and Sons Co. Ltd. From  Kay P o i n t  there were two sets of 

profiles  and seven  sample analyses (Forbes and F r o b e l ,  1985), par t  of 

a l a r g e r   d a t a  base assembled by McDonald and Lewis (1973) and Lewis 

and Forbes (197s). From  Atkinson  Point there were a g a i n  two profile 

d a t a  sets, but  only one textural  analysis resu l t .  
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T a b l e  2.5 

Data base for Coastal P r o f i l e s  

and Sediment T e x t u r e  

A t k i n s o n   P o i n t  4 n e a r s h o r e   p r o f i l e s .  C.P. L e w i s  1973  
2 b e a c h  profiles. A.G.C. 1984 
1 f o r e s h o r e   s e d i m e n t  sample. A . G . C .  1984 

Kay P o i n t  2 nearshore p r o f i l e s .  A.G.C. 1984 
2 beach p r o f i l e s .  A.G.C. 1984 
6 nearshore samples. A.G.C. 1984 
1 beach sample A . G . C .  1984 

King P o i n t  1 beach p r o f i l e  McDonald &Lewis 1973  
with notes by B.  McDonald D.C.McDona1d 1972 
n e a r s h o r e   p r o f i l e s  C.H.S. F . S .  

6 n e a r s h o r e  samples Kiewit 1983 
s i t e  d e s c r i p t i o n s  W. F i e l d  1984 

I1 II K i e w i t  1983 survey 

N o r t h  Head profiles deduced 
s e d i m e n t  samples 
s i t e  d e s c r i p t i o n  

C . H . S .  F.S. 
A . G . C .  boreholes 
D. L. F o r b e s  

P a u l i n e  Cove No usable data 

Stokes P o i n t  2 n e a r s h o r e   p r o f i l e s  Hardy 1983 
beach and nearshore profile A.G.C. 1984 
1 0  samples beach & nearshore  Hardy 1983 
1 beach sample A . G . C .  1984 
2 n e a r s h o r e  samples A.G.C. 1984 

T u k t o y a k t u k  Detailed s u r v e y  D.P.W. (Kolberg) 1976  
4 4  bore h o l e s  D.P.W. (Kolberg) 1976 
2 b e a c h   p r o f i l e s  A . G . C .  1984 
2 n e a r s h o r e   p r o f i l e s  A.G.C. 1984 
2 n e a r s h o r e  sample A . G . C .  1984 
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2.3.3 P r e v i o u s  S i te  S p e c i f i c   S t u d i e s  of Coastal Processes 

Detailed s t u d i e s  of coastal processes, i n c l u d i n g  

n u m e r i c a l  estimates of a l o n y s h o r e   s e d i m e n t   t r a n s p o r t   h a v e   b e e n  

u n d e r t a k e n  a t  four o f  the s e v e n  sites addressed i n   t h i s   s t u d y .  

1) A t k i n s o n   P o i n t :  

A preliminary coastal  e n g i n e e r i n g   s t u d y  was u n d e r t a k e n  

for Gul f  Canada i n  c o n n e c t i o n   w i t h  a possible s u p p l y  base a t  

McKinley Bay, Readshaw  (1982) .   The   s tudy   i nc luded  a 10-year  wave 

h i n d c a s t ,   f o r w a r d - t r a c k e d  wave r e f r a c t i o n ,  and m o n t h l y   a 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  computations based on a m o d i f i e d  CERC b u l k  

model (Kamphuis and Readshaw, 1978) .  T h e   a v e r a y e   n e t   a l o n g s h o r e  

t r a n s p o r t  was found to  r a n g e  from 29,000 t o  38,000 m3/year ,  

eastwards towards McKinley Bay. T h i s  s t u d y  also s u g g e s t s  t h a t  

the d i s t a l  end of A t k i n s o n  P o i n t  had d i m i n i s h e d  i n  w i d t h  from 

1950 due t o  o v e r w a s h i n g   i n t o   t h e  Bay. 

2 )  Kay P o i n t :  

Coastal p r o c e s s e s  at Kay Point were examined  by Forbes 

(1981) as part of a research p r o j e c t   c o n c e r n i n g   t h e   h y d r o l o g y  and 

s e d i m e n t o l o g y  of t h e  Babbage R i v e r   E s t u a r y .  T h i s  i n v e s t i y a t i o n  

i n c l u d e d   d a y  by d a y   a 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  estimates for 

two open  water s e a s o n s ,  1975 and 1976. Fetches were d e f i n e d  from 

1 
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ice char t s ;  winds  were o b t a i n e d  from Kay P o i n t   ( t e m p o r a r y  

anemometer) .  Forward tracked wave r e f r a c t i o n  was used, t o g e t h e r  ' 

w i t h  the c o n v e n t i o n a l  CERC b u l k  model. Rates o b t a i n e d   v a r i e d  
from 7000 t o  21000 m / y e a r   s o u t h w a r d s  towards t h e  t i p  of t h e  Kay 3 

P o i n t  s p i t .  

3 )  Stokes  P o i n t :  

Ano the r  coastal e n g i n e e r i n g   s t u d y  was carried o u t  by 

Readshaw ( 1 9 8 3 )  for Gulf  Canada for  a n o t h e r   p o s s i b l e  supply base 

m a r i n e   f a c i l i t y  a t  Stokes Poin t .   The   methodology was basically 

similar a l t h o u g h   i n  t h i s  case more de ta i led  s u p p o r t i n g  work  was 

performed to o b t a i n  t h e  best 'wind data c o r r e c t i o n s   a n d  t o  

ca l ibra te  t h e  h i n d c a s t .  The n e a r s h o r e   b a t h y m e t r y  appears to  have 

created some prob lems  and modified p r o c e d u r e s   u s i n g  smoothed 

c o n t o u r s   a n d   a p p l y i n g   p l a n e  beach r e f r a c t i o n  were a p p a r e n t l y  

i n t r o d u c e d  t o  c i r c u m v e n t  t h e  problems. T h i s  was e v i d e n t l y  a 

d i f f i c u l t  s i t e  to  deal w i t h  u s i n g   c o n v e n t i o n a l  forward-tracked 

r e f r a c t i o n  because of t h e  complex p a t t e r n  of d e p t h  v a r i a t i o n  and 

t h e  s h e l t e r i n g  effects  of Herschel I s l and  and  Kay Point. I t  is 

noted t h a t  Readshaw u s e d   m o n t h l y   a v e r a g e  ice edge data to  d e f i n e  

f e t c h e s  a t  bo th  Stokes P o i n t  and A t k i n s o n   P o i n t ,  w h i c h  would have  

affected t h e  r e s u l t s .  

The p o t e n t i a l   n e t   a n n u a l   a l o n g s h o r e  sediment transport 

rates a t  S t o k e s  P o i n t  were found by Readshaw to be s u p r i s i n g l y  

h i g h ,  1 4 0 , 0 0 0  m / y e a r  to 560,000 m /year for v a r i o u s  p o i n t s  a l o n g  3 3 
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the shoreline and a second  set  of lower estimates in  the range 

30,000 m3/year to 120,000 rn3/year were a lso  provided by him. The 

latter set of estimates were  obtained  using  a  reduced coefficient 

in the CERC equation based on results published by Kamphuis and 

Readshaw (1978) for surf  zones characterized by spilling 

breakers. However, in both cases the pattern of transport 

diverged from the  point  towards  the east and west in a re la t ive ly  

symmetrical pattern. This pattern led to the suggestion that 

Stokes Point is a relict depositional structure now subject to 

relatively  rapid  erosion. However, this  hypothesis is not in 

accord with geomorphological indications (McDonald and Lewis, 

1973). 

4 )  Tuktoyaktuk: 

Tuktoyaktuk was studied by Kolberg and Shah (1976). 

This was an  engineering  study of shore erosion and protective 

measures.  It  included extensive profile measurements, 

geotechnical, sediment and  permafrost studies as well as the 

estimation of alongshore sediment transport. It is the most 

detailed coastal investigation of Tuktoyaktuk  that we are aware 

of. Coastal geomorphology and coastal recession rates, which 

were  very high, were  also  examined.  The  net  alongshore  transport 

rate was estimated at about 31,000 rn3/year, moving in a southerly 

direction. Their estimation  method is not  described in detail 

but it is known  that  they  used  forward-tracked  refraction 
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c model. Unfort . u n a t e l y   f r o s t  t a b l e  

m o n i t o r i n g  data  is imcomplete. 

2 .3 .4  site D e s c r i p t i o n s  

S 

The f o l l o w i n g   s u b s e c t i o n s   p r o v i d e  brief d e s c r i p t i o n s  of 

m o r p h o l o g i c a l  characterist ics of t h e  coastal  e n v i r o n m e n t s  of each 

of t h e  sites. These are based on  several s o u r c e s l   i n c l u d i n g  

r e g i o n a l   s e d i m e n t   s t u d i e s   s u c h  as Harper and Pen land ,  1982 and 

Fissel and Birch 1984# as well as more detai led s t u d i e s  like 

McDonald and Lewis, 1973, and the most recent s t u d i e s :  Forbes 

both of 1985. and Frobel, and  Harper e t  al., 

1) 

s a n d  

A t k i n s o n   P o i n t  

A t  A t k i n s o n   P o i n t  a 

spit e x t e n d s  towards t h  

of t h e  mouth of McKinley Bay 

km l o n g ,  low, wide, medium-fine 

e n o r t h - e a s t  across the w e s t e r n   h a l f  

from an a n c h o r   p o i n t   c o m p r i s i n g  a 

reach of r e c e d i n g  low, s a n d  r ich  c l i f f s .  The d i s t a l  e n d  of t h e  

s p i t  t e r m i n a t e s   i n  a wide,  low sand bank which e x t e n d s  a f u r t h e r  

3 km across t h e  mouth of t h e  Bay. See F i g u r e  2.1. 

A t k i n s o n  Point Beach d i f f e r s  from t h e  other six sites of 

this s t u d y ;  it is all s a n d ,  whereas a t  each of t h e  other sites 

there is e i the r  a s i g n i f i c a n t   p r o p o r t i o n  of g r a v e l  or coarser 

material or v e r y   f i n e  material .  
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According  t o  Forbes a n d  Frobel, (1985) A t k i n s o n  P o i n t  

has been stable for t h e  last  decade even t h o u g h   p r e v i o u s   e v i d e n c e  

i n c l u d i n g  Readshaw, 1983,  suggests a s i g n i f i c a n t  r a t e  of 

t r a n s g r e s s i o n .  

2 )  Kay P o i n t  

Kay P o i n t  is a n a r r a w   t r a n s g r e s s i v e ,  gravel  barrier 

which e x t e n d s  over 4 km southwards from the  rap id ly  r e t r e a t i n g  

c l i f f ed  h e a d l a n d  t o  which it is anchored at i ts  n o r t h e r n   e n d .  

See F i g u r e  2.2.  The s p i t  f e a t u r e s  a n a r r o w   r e l a t i v e l y  steep 

coarse g r a i n e d  beach f a c e .  

McDonald and L e w i s  1973 mapped shore l i n e  c h a n g e s  from 

1 9 4 4  t o  1970 u s i n g  a i r  photos ,  T h i s  s u g g e s t e d   c l i f f   r e c e s s i o n  

rates of the order of t w o  metres per y e a r .  The s p i t  itself 

retreated one   hundred  metres and was breached, w h i l e  t h e  tip 

prograded by more t h a n  600 m. S a n d   b a n k s   e x t e n d  1.5 t o  2 km 

beyond the t i p  of t h e  s p i t .  

3 )  King P o i n t  

The K i n g   P o i n t  s i t e  i n c l u d e s  a 50 rn high ice-rich 

e r o d i n g   c l i f f  t o  t h e  west of a lagoon w i t h  a barrier beach 2 km 

l ong .  See F i g u r e  2.3. Simi lar  c l i f f s  about 20 m high occur eas t  

of t h e  l a g o o n .  The lagoon was e v i d e n t l y  formed by t r a n s g r e s s i v e  
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b r e a c h i n g  of a lake. I t s  d e p t h  was a b o u t  3 metres i n  t h e  

n i n e t e e n  fifties. According  to airphotos  t h e  barrier was 

c o m p l e t e  in 1 9 7 0 ,   b u t  16 y e a r s  ea r l ie r  it  a p p e a r e d  as  a s p i t  

wh ich   ex tended  from t h e  west, a b o u t  three q u a r t e r s  of t h e  

d i s t a n c e  across t h e   m o u t h  of the l a g o o n  from K i n g   P o i n t .  The n e t  

eastward t r a n s p o r t  required to  p r o d u c e  t h i s  c h a n g e  was estimated 

2O,OOO m3/annum (Gi l l i e ,  p r i v a t e   c o m m u n i c a t i o n )  . The barrier 

beach c o n s i s t s  of s a n d  and g r a v e l ,  i ts  crest  a b o u t  2 . 5  metres 

above sea l e v e l .  Recession ra tes  for t h e  b l u f f s  for  1 0  t o  20 km 

west from King P o i n t   h a v e   b e e n  estimated a t  a b o u t   o n e  metre per 

year (McDonald and Lewis 1973). The w e s t e r n   e n d  of t h e  barrier 

m u s t   h a v e   t r a n s g r e s s e d  a t  a similar  rate. The cliffs to  t h e  

eas t ,  w i t h i n   a b o u t   h a l f  a kilometre of t h e  l a g o o n ,  were s u b j e c t  

to h i g h e r   r e c e s s i o n  r a t e s ,  a b o u t  3 m/a and beyond t h a t ,  f u r t h e r  

t o  the  east ,  t h e  rates were 1.5 - 2.5 m/a (McDonald  and L e w i s ,  

1 9 7 3 ) .   T e x t u r a l   c o m p o s i t i o n  of t h e  c l i f f s   s u g g e s t e d  t h a t  5 - 10% 

of t h e  material is coarse enough to  remain  i n  the l i t t o r a l  zone. 

4 )  North  Head 

Very l ittle d i rec t  e v i d e n c e  was 

other  t h a n  some r e c e n t   n e a r s h o r e  bore ho 

available for t h i s  s i t e  

les.  ( K .  MOran, p r i v a t e  

communica t ion) .  North Head is a low c l i f f ,  l a r g e l y   c o m p o s e d  of 

ice-rich f i n e   g r a i n e d   s e d i m e n t ,   b o r d e r i n g   v e r y  shallow water. 

See F i g u r e  2.4.  I n d i c a t i o n s  are  t h a t  beach s l o p e s  are  g e n t l e  
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a l t h o u g h   n o  profile data  is a v a i l a b l e .  There is some doubt  t h a t  

c o n v e n t i o n a l   s a n d - b e a c h   p r o c e s s  models c a n  be a p p l i e d  a t  t h i s  

site. The e x t r e m i t y  of North Head is known t o  be r e c e d i n g .  

From the  geography  of t h e  area it  is apparent t h a t  a 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   m u s t  be s o u t h w a r d s   i n t o  a more sheltered area 

where a c c u m u l a t i o n   m u s t  take place. 

5) P a u l i n e  Cove 

T h i s  site is located o n  t h e  exposed s o u t h - f a c i n g  

h e a d l a n d   o u t s i d e  the c o v e  by which it is named. See F i g u r e  2.5. 

There is no d e t a i l e d  d o c u m e n t a r y   e v i d e n c e ,   b u t  i t  a p p e a r s  t h a t  

there is a c o m p a r a t i v e l y   n a r r o w   c o a r s e - g r a i n e d  beach a t  t h e  foot  

of t h e  c l i f f .  (Forbes, private communica t ion ) .  Nearshore 

ba thymet ry  was i n f e r r e d  from CHS f i e l d  sheets. There was 

i n s u f f i c i e n t  data to  apply  t h e  s e d i m e n t   t r a n s p o r t  models a t  t h e  

P a u l i n e   C o v e  site. 

6 )  Stokes Point 

Stokes Point is a beach ridge fareland complex   abou t  5 

km long and up to  700 m wide formed from s a n d   a n d   g r a v e l .  See 

F i g u r e  2.6. The overall c o n f i g u r a t i o n ,  and i n  p a r t i c u l a r  t h e  

r i d g e   a n d  swale f o r m a t i o n  of the e a s t e r n  2 km, i n d i c a t e  formation 

d u e  to a l o n g s h o r e  t r anspor t  from t h e  n o r t h  west,  with 
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progradation to the south east, [McDonald  and L e w i s  (1973); 

Forbes, private  communication]. Harper et al., 1985, report 

small rates of coastal change suggesting  the morphology of Stokes 

P o i n t  is re la t ive ly  stable. In contrast, Readshaw (1983) 

suggested  that  the entire foreland is undergoing rapid erosion, 

although, on the whole, that appears i n c o r r e c t .  

7 )  Tuktoyaktuk 

The site at  Tuktoyaktuk comprises the shore of a barrier 

which separates part of Tuktoyaktuk  Harbour from Kuymallit Bay. 

The barrier is described as sandy gravel. (Forbes and Frobel, 

1985). See Figure 2.7.  A sparse, coarse-grained  beach f r o n t s  

low tundra cliffs, but there is a substantial d e p o s i t  of sand 

close to  the  shoreline. High rates of recession have been 

reported. Kolberg and Shah, 1976; Forbes and Frobel, 1985; 

Harper et al., 1985. Because the area is well sheltered (and the 

recession rates are relatively  high), it appears  that  thermal 

erosion may be important at this site. 
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3.2 Parametric  Hindcasting by the Effective Wave  Procedure 

The philosophy  underlying  the  hindcasting procedure is that 

parametric models are approximations to two-dimensional  spectral 

models. Hence, to optimize parametric model performance it is at 

first necessary to approach  the  two-dimensionality  of t h e  spectral 

models by eliminating  the  subdivision of the wave generation 
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SECTION 3 WAVE HINDCASTS AND COMPARISON WITH MEASUREMENTS 

3.1 Summary of Wave Hindcasting  Work 

Month-long  calibration  wave  hindcasts  were  performed a t  two 

Beaufort Sea wave recording stations for periods when  wave 

measurements were  available  for  comparison.  Four  parametric  hindcast 

models were applied  with various procedural options to determine the 

best  fit with measurements by comparison of time series p l o t s .  

Fourteen-year (1970-1983) hindcasts  were  then  performed for the seven 

field sites using the preferred combination of options. The 

month-long  calibration comparisons are shown in Appendix A as time 

series plots  and  the  fourteen-year hindcast results are  presented in 

the farm of standard wave statistics plots and tables, in the  

appropriate sections of Part IT of this report. 
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process  into  predetermined sectors of fetch.  When  wind direction 

varies gradually but  continuously, it is impossible  to  divide  time 

into  clearly  defined sequences of wave generation and wave decay. 

Thus, generating  and  decaying  wave  trains are present,  varying in 

height  and  period at a l l  times and both must be  considered. 

The hindcasting procedure used is referred to as the 

Parametric  Hindcasting of Effective Wavers (PHEW). It w i l l  work  with 

any  parametric  model  which  takes  wind speed, wind duration, and fetch 

length as inputs. (Fleming, Philpott, and Pinchin, 1984). 

The PHEW procedure  permits fetches of arbitrary  angular 

width  and requires no fetch  defining  pre-processing of wind  data. In 

effect, the  hindcast proceeds hour by hour  irrespective of fetch, 

with  wave generation and  decay sequences being  defined by the 

occurrence of rapid changes in wind  speed  and direction, not by the 

crossing of fetch  boundaries.  Accurate definition of wave direction, 

the  smoothing of directions, and  the  transitions from fetch to fetch 

are i m p l i c i t l y  built  into  this  procedure. 

The result of each time-step of the  hindcast calculation is 

an "effective" significant wave height, a peak period, and a 

direction defined to the  nearest  degree. The effective  wave 

incorporates  two  components:  a  generated  wave and a  decayed wave. 

The resulting statistics can be accumulated by any chosen ranges of 

direction independent of the fetch sectors used in the  calculations. 
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3.2.1 I n p u t  Data for the Parametric Models 

The p a r a m e t r i c   h i n d c a s t  models r e q u i r e  wind speed, wind 

d u r a t i o n ,   a n d  fetch l e n g t h  as i n p u t  data .  Wind da ta  is i n p u t  to t h e  

PHEW p r o c e d u r e  as an e q u a l   i n c r e m e n t  time series of wind  speed and 

d i r e c t i o n .  The PHEW procedure   computes  the wind  speed  and d u r a t i o n  

t o  be u s e d   i n  the p a r a m e t r i c  models by a v e r a g i n g  t h e  inpu t   w ind  

speeds over a n   a p p r o p r i a t e   l e n g t h  of time. T h i s  method is described 

i n   S e c t i o n  3.2.3. 

F e t c h   l e n g t h  is d e f i n e d  as a f u n c t i o n  of az imuth  from the 

h i n d c a s t  site. The PHEW c a p a b i l i t i e s   i n c l u d e  the o p t i o n  of u s i n g  

e i ther  " s t r a i g h t   f e t c h e s "  or " e f f e c t i v e  fetches". S t r a i g h t   f e t c h e s  

are  m e a s u r e d   d i r e c t l y  from ice charts or h y d r o g r a p h i c   c h a r t s  and are 

s u b j e c t i v e l y   c h o s e n  to r e p r e s e n t   a n   a v e r a g e  fetch for the  sector 

u n d e r   c o n s i d e r a t i o n ,   E f f e c t i v e  fetches are computed from t h e  

measured s tra ight  fetches by a d a p t i n g  t h e  method p r e s e n t e d  i n  t h e  

Shore Protection Manual (CERC,  1977). With t h i s  method t h e  fetch 

l e n g t h  of a sector is determined by summing  and  averaging the c o s i n e  

components  of fetch l e n g t h  from other sectors whose central  rad ia l s  

are w i t h i n  45  d e g r e e s   ( o n  ei ther side) of t h e  c e n t r a l  rad ia l  of t h e  

f e t c h   u n d e r   c o n s i d e r a t i o n .  
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3.2.2 The Effective  Wave 

The effective wave condition  predicted at any given time 

s t e p  is assumed to be composed of two  components:  a  generated wave 

and a decayed wave, The generated  wave w i l l  have  been  generated by 

the current wind  field and the  decayed wave by an earlier wind f i e l d .  

Both components are defined by three  parameters: 

- a characteristic wave height; 
- a  characteristic  wave  period; 
- the deep water back-azimuth direction. 

The component wave with  the greater height is referred to as 

the dominant wave. The effective  wave is then  defined as follows: 

height = r.rn.s. sum of generated and decayed  wave  heights 

period = period of the dominant wave 

direction = direction of the dominant wave. 

Any waves less than 0.1 m i n  height are  neglected as and 

when  they arise in  the computation. This means that  effective waves 

up  to 0.14 m in height  may be neglected. The wave decay process is 

o n l y  applied to dominant waves. 
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3.2.3 The Generated  Wave and Wave Generation Sequences 

The characteristic  parameters of the component generated 

wave, at any given time-step,  are  determined from the  selected 

parametric  hindcast model by the application of a wind  speed and 

duration computed from the input  wind data for the  time-steps 

immediately  preceding  and  including  the g i v e n  time-step. The PHEW 

procedure  hindcasts  the  wave  height  produced by t h e  average wind 

speed over a  number of time-steps,  that is the  wind duration, for a 

series of wind durations ending a t  the given time-step  and  starting 

at progressively  earlier time-steps. T h i s  is referred  to a8 

back-stepping. 

A t  the  end of a back-stepping  sequence  the  largest wave 

height  that was hindcast  during  the  back-stepping is considered to be 

the  generated  wave  height for the time-step under  consideration. The 

wind  speed  that generated the wave was the  average of the  input data 

wind speeds over the duration of the  generating process. The 

direction of the  wave is taken as the mean of the  wind directions 

over the  generating  sequence. 

The hindcast  wave  computed at each back-step  may  have  been 

either  fetch  limited or duration  limited. The wind duration was 

equal to the  time  interval  between  time-steps  multiplied by the  

number of back-steps  being  considered. The maximum fetch  length was 

the fetch  length in the  direction of wave generation, that is the 
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mean of t h e  w i n d   d i r e c t i o n s .  Each of the parametr ic  hindcas t  models 

has i ts  own c r i te r ia  for d e t e r m i n i n g  whether  a wave is f e t ch  or 

d u r a t i o n  l imited.  
0 

The back-stepping process is t e r m i n a t e d  by one of two 

possible o c c u r r e n c e s :  a r ap id  c h a n g e   i n  wind  direction, or h a v i n g  

c o n s i d e r e d  a f i x e d  maximum d u r a t i o n .  The latter p r o v e s   n e c e s s a r y  t o  

g u a r d   a g a i n s t  cases where the  wind has been slowly v a r y i n g   o v e r  

a r b i t r a r i l y  long d u r a t i o n s .  A rap id  c h a n g e   i n   w i n d   d i r e c t i o n  is 

c o n s i d e r e d  to have  occurred when t h e  w i n d   d i r e c t i o n  a t  the n e x t  

back-step di f fe rs  from t h e  a v e r a g e   w i n d   d i r e c t i o n  ( i . e .  wave 

d i r e c t i o n )  of t h e  i m m e d i a t e l y   p r e c e e d i n g   s e q u e n c e  of back-steps by a n  

amoun t   exceed ing  a pre-set wave d i v e r g e n c e   a n g l e .  The wave 

d i v e r g e n c e  angle and t h e  maximum allowable number of back-steps are 

o p t i o n s   a v a i l a b l e  to  be set as desired i n  t h e  PHEW p r o c e d u r e .  

3.2.4 The Decayed Wave and Decay S e q u e n c e s  

A wave d e c a y   s e q u e n c e  is i n i t i a t e d   u n d e r  t h e  PHEW p r o c e d u r e  

by one  of two possible e v e n t s .  

1. When a calm is e n c o u n t e r e d  af ter  h a v i n g  

comple t ed  a l l  o p e r a t i o n s  a t  a g i v e n  time-step, 

( i . e . ,  when the  e f f e c t i v e  wave c o n d i t i o n  has 

b e e n   d e f i n e d )  and t h e  next  step forward is begun. 
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2. When, during b a c k - s t e p p i n g ,  a r a p i d   c h a n g e  of 

wind d i rec t ion  is e n c o u n t e r e d ,  def ined  by 

e x c e e d i n g  t h e  p r e - s e t  wave d i v e r g e n c e   a n g l e .  

I n  each case, the wave to  be decayed is t h e  d o m i n a n t  wave component 

i m m e d i a t e l y   p r e c e d i n g  t h e  e v e n t .  The period a n d   d i r e c t i o n  of the 

decayed  wave remain the  same, w h i l e  t h e  decayed h e i g h t  Hd decreases 

w i t h  time t from its i n i t i a l  value H D  as follows: 

H d ( t )  = HD(l - t.CdF)X for Hd 2 0.1 m 

If Hd < 0.1 m ,  t h e n  it is assumed t o  be zero. 

Where: H D  = dominant  wave h e i g h t  p r e c e d i n g   d e c a y  

Hd = decayed wave h e i g h t  

t = time from start of decay 

C g  = group v e l o c i t y  associated with t h e  

dominant  wave period TD 

F = f e t c h   l e n g t h  

x = wave decay   exponen t .  

The wave decay  exponent :  may have a n y   p o s i t i v e  value .  Tests were made 

w i t h  x * 1, l i n e a r  decay; x = 2,  q u a d r a t i c  decay; and x = - I 

i n s t a n t a n e o u s  decay (Hd = 0 ) .  L i n e a r  decay produced m a r g i n a l l y  

better results and was t h e r e f o r e  adopted, 
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In practice,  the  wave  decay process will  invariably be 

completed in substantially less than  the maximum wave generation 

duration. 

3.2.5 Parametric Models Applied 

Four parametric wave hindcasting models have  been 

investigated: 

1. Darbyshire and  Draper (Coastal Waters version); 

2. JONSWAP (parameterized  version); 

3. S .M.B.  deep water  (revised  version by 

Bretschneider); 

4 .   S .M.B.  shallow water (revised v e r s i o n  by 

Bretschneider) . 

The first method, based on Darbyshire  and Draper (1963), has been 

formulated in parametric form (Carter, 1980). This is a purely 

empirical  method  based  largely on data from  the Irish Sea. The 

second method, JONSWAP (Hasselman, 1974) is based on a 

semi-theoretical  approach of wave spectrum development as a function 

of wind  speed. The version  used  here for wave  hindcasting has been 

parameterized to incorporate  the  usual  hindcasting  parameters of 

fetch and  wind duration as well as wind speed ( H . R . S . ,  1982). The 

third and  fourth methods are  based on the Sverdrup-Munk-Bretschneider I 
( S . M . B . )  deep water and shallow hindcasting equations as revised by 
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Bretschneider (1973). The shallow water version, which was used for 

fetches less than 20 m deep, provides f o r  wave energy losses due to 

bottom effects. Details of the equations used  in each of these 

models may be found in Fleming, Philpott, and Pinchin, (1984). 

3 . 3  Modification to  Hindcasting Procedure for Use in the 

A number of modifications had  to be made to  the PHEW 

procedure  to make it suitable for use in the Beaufort Sea. These 

changes were  required  because of the moving sea ice and large shallow 

areas near  the  hindcast  site. 

3.3.1 Time-Varying Fetches 

I 

I 

I 

In most cases f e t c h e s  in  the Beaufort Sea are limited by the 

extent of the sea ice. A routine was incorporated in t h e  PHEW 

procedure  for  automatic  variation of fetch lengths depending on the 

location of the sea ice. Fetch lengths can be input for any dates 

during  a  hindcast run, and fetch lengths are  then  linearly 

interpolated fo r  each day. The PHEW procedure does not  restrict the 

dates at which  fetch lengths may be input. 
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3 . 3 .  2 Deep  and Shallow Fetch Sectors 

Because of the  relatively  large areas of shallow water in 

the Beaufort Sea, a capability for shallow water  wave generation was 

introduced  to  the PHEW procedure.  Any  fetch sector can be designated 

as always being a "shallow water" fetch, as always being a "deep 

water" fetch, or as being  either  a shallow water or deep water fe tch  

at any time, depending on the  fetch  length  at  that time. If the last 

option is chosen then  the  fetch  length at which  the  fetch  changed 

from shallow water to deep water  has to be input. It was necessary 

t o  include this option because a fetch  which  may  have  predominantly 

deep water  when the ice edge is far off the  hindcast site could be 

predaminantly shallow when the ice edge is close to the hindcast 

site.. 

If a fetch is designated as deep water  then  the  parametric 

model  that has been chosen for that  hindcast run is used to pred ic t  

the wave height and period. If, however, a fetch is designated as 

shallow water  then  the S . M . B .  shallow water parametric  hindcast model 

is used, irrespective of which  parametric model has been  selected for 

the hindcast run. (Although it was developed  and used in t h i s  study, 

the need for this option is under review in the l i g h t  of ongoing  work 

on shallow water  equilibrium forms). 

3 . 3 . 3  Frictional Hindcast Model 

The inclusion of shallow  water fetches, as described in 

Section 3.3.2, was to cover the  instances  when a fetch sector could 
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be c o n s i d e r e d  to  have   mos t ly  deep or mos t ly  shallow water. At 

Tuktoyaktuk ,   however ,  when the ice edge is well offshore there are,  

to t h e  n o r t h ,   f e t c h e s  which are d e e p  offshore b u t  shallow for a 

s i g n i f i c a n t  portion n e a r s h o r e .  The shallow portion of these fetches 

are long enough that  the wave e n e r g y  losses due  t o  bottom act ion w i l l  

have a s i g n i f i c a n t  effect .  

The shallow water S.M.B. parametric h i n d c a s t  model c o u l d  n o t  

be used to hindcas t  waves for these fetches. Even  though t h e  model 

* i m p l i c i t l y   c o n s i d e r s  t h e  e f f ec t s  of bottom action, i t  assumes  t h a t  

the bottom effects  are p r e s e n t   d u r i n g  t h e  entire wave generation 

process. A t  Tuktoyaktuk ,   however ,  deep water  waves are g e n e r a t e d  

w i t h o u t  t h e  e f f e c t s  of bottom action, and are t h e n   s u b j e c t e d  to t h i s  

a c t i o n  as they p r o p a g a t e   t h r o u g h  Kugmallit Bay. T h i s  results  in t h e  

wave h e i g h t s  b e i n g   s i g n i f i c a n t l y   r e d u c e d   b u t  the wave periods 

r e m a i n i n g   e s s e n t i a l l y   u n c h a n g e d ,  

T h i s  problem was handled by p r o v i d i n g  a " f r i c t iona l  

h i n d c a s t "   o p t i o n   i n  t h e  PHEW p r o c e d u r e .  When t h i s  option is selected 

the PHEW p r o c e d u r e   h i n d c a s t s  t h e  wave h e i g h t s  w i t h  t h e  S . M . B .  shallow 

water parametric model and the wave periods w i t h  t h e  S.M.B.  deep 

water parametric model. 
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3.4 Input Data  for  the PHEW Procedure 

3 . 4 . 1  Wind  Data 

Wind data is not  normally  pre-processed with the PHEW 

procedure, However, a considerable amount of effort was required to 

repair and fill in missing data. Three sets of wind measurements 

from  two  Atmospheric  Environment Service recording stations, 

Tuktoyaktuk and Tuktoyaktuk A, had to be selectively merged to obtain 

a sufficiently complete data set. The desired r e s u l t  was a record 

with directions to 10 degrees as well as average  hourly  wind  speeds. 

However, in several areas of the  record, instantaneous  velocities had 

to be used  and  interpolation  was sometimes required to fill  data gaps 

up to a  maximum of twelve hours. 

The time increment for  the  hindcast  was made equal to  the 

wind sampling  interval of one hour .  Wind speeds less than a 

specified  threshold  were  treated as calms that could trigger  wave 

decay. The threshold  wind  speed  used in this  work was 1.0 m / s .  

Hindcasts were not performed  when  wind speeds, averaged over time, 

fell  below  the same threshold. 

The overland  wind speeds measured at Tuktoyaktuk  were 

adjusted to account for differences in friction  between  the land and 

sea. Baird  and Hall (1980) present  an  extensive review of wind r a t i o  

modifications used  in previous  hindcasts.  They  developed a wind 

speed transfer  function as a function of overland  speed by comparing 
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urence histograms bet :ween o v e r l a n d   m e a s u r e m e n t s  a t  

Tuk toyak tuk   and   ove rwa te r   measu remen t s  a t  o f fshore  i s l a n d s  U k a l e r k  

and  Kopanoar.  The ratios der ived  by Baird and Hall were u s e d   i n  t h i s  

s t u d y  and are shown i n  Figure 3.1. 

A more restricted s t u d y  on w i n d s  i n  the  area, which was o n l y  

made a v a i l a b l e  to t h e  c o n s u l t a n t  a t  a l a t e  stage i n  t h i s  w o r k ,  

s u g g e s t s  t h a t  o n s h o r e   o v e r w a t e r   w i n d s   a b o v e  20 km/hour should  be 

h i g h e r  t h a n  proposed by Baird and Hall (Danard and Gray, 1984). I n  

t h i s  s tudy   w ind  data  measured a t  Tuk toyak tuk  Airport was compared 

w i t h  wind  measurements  taken a t  offshore d r i l l i n g   r i g s .  See Table 3.1 

3 - 4 . 2  F e t c h  D e f i n i t i o n s  

The fetch l e n g t h s  were t a k e n  from hydrographic  charts for  

l a n d  restricted fetches and from ice charts for fetches which were 

restricted by ice. The ice charts show areas c o v e r e d  by ice w i t h  

different regions c a t e g o r i z e d   b y  t h e  f r a c t i o n  of t h e  water s u r f a c e  

c o v e r e d  w i t h  ice floes.  Ice charts are available o n  a weekly basis 

as described i n   S e c t i o n  2.1.5. Ice limited f e t c h   l e n g t h s  were 

d e f i n e d  on a d a i l y  bas i s  by i n t e r p o l a t i n g  between the weekly c h a r t  

data. 
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Comparison of offshore and Tuktoyaktuk w i n d s  in the summer of 1982 

Station 

Tarsuit  Island 

McKinley  Bay 

IskalUk B-35 

Nerlerk “98 

Orvilruk 0-3 

Kenalook 5-94 

Kiggavik H-32 

Aiverk 1-45 

~ l l  stations 

Lat. Long. Speed 

r a t i o  

69.8 136.2 1.28 

69.9 131.2  1.01 

1.16 

70.5  133.5  1.12 

70.3 136.5 1.18 

70.7 134.0 1.19 

1.18 

1.05 

1.18 

Angle 
diff. ( ) 

0.1 

0.9. 

-0.6 

0 .4  

-0.4 

-0.3 

-0.5 

0.2 

-0.1 

0 
.C 

U 1.15 
al 

1.11 .* 
3 

1.m 

1 . 1  

8.95 I . . . .  . . . . . . . . . . . . . . . . .  L . . . . . . . ,  
1.0 11.1 28. I 30.4 u.a  so. I 61.1 

Wind Speed (Km/h) 
Overwater t o  Overland Wind Speed Rat io  

F I G U R E  3 . 1  

Number of 
wind pairs 

367 

117 

24 1 

136 

20 1 

335 

244 

96 

1 7 3 7  
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The limit of the ice coverage was taken as the  boundary of 

the 3/10 ice concentration  region,  that is to say concentrations u p  

to 2/10 are  included  as  part of the  wave  generating fetch. Fetch 

lengths less than 2 km were not  considered. 

3.5 Calibration of the PHEW Procedure 

The basic  method of calibrating t h e  PHEW procedure is to 

perform hindcasts  with a number of procedural options and  to compare 

the results  with  measured  wave data. The combination of options that 

gives  the b e s t  results is then  used f o r  hindcasting.  Although  wave 

measurement  gauges have been  deployed  at a number of sites in the 

Beaufort  Sea  all data sets  are of a short record and  most of these 

are incomplete. Problems in recording  wave  data are often 

encountered in the Beaufort  Sea so it was  decided  that  the  measured 

wave  data used fur the  calibration  comparisons shou ld  be verified i f  

at  all  possible. 

Two main  hindcast  calibration  stations were chosen, MEDS 

Station 191 and MEDS Station 50. These  were  verified by MEDS 

Stations 193 and 25 respectively.  Table 3.2 gives a brief 

description of the  stations,  and  Figures 3.2, 3.3, and 3.4 show the 

data  comparison plots. The study area map, Figure 1.1, shows the 

locations. 
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Table 3.2 MEDS Wave R e c o r d i n g   S t a t i o n s  

MEDS 

S t a t i o n  Latitude N Longitude W Depth(m) Coverage 

191 70 '-08 '-24" 136°-241-4a11 42.7 Aug. 1 6 - 0 c t . 1 1 , ' 7 7  

193 70 '-23 ' -54"  135°-061-00" 6 4 . 0  Aug. 7 - 0 c t .  l , ' 7 7  

50 69°-57 ' -05"  133°-50'-05" 1 5 . 0  Aug. 8-Oct.  8,'76 

25 69  ' - 5 8  '-05" 134O-59'-00" 15.0 Aug. 8-0ct. 9,'76 

Examination of Figure 3.2 shows very good agreement between 

S t a t i o n s  191 and 1 9 3  w i t h   t h e   e x c e p t i o n  of the August  26 and 27 

storm. It was concluded t h a t   S t a t i o n  191 could b e  used for h i n d c a s t  

c a l i b r a t i o n .  The agreement  between S t a t i o n s  25 and 50 is not as 

good, as can be s e e n  from Figures 3 . 3  and 3 . 4 .  There appears to be a 

possible 48-hour time d i f f e r e n c e  i n  t h e  September 7-9 peaks of t h e s e  

two data sets. The two data sets are quite  close during Augus t ,  with 

the e x c e p t i o n  of t h e  14th, b u t  not as good for September and October. 
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It was concluded  that Stations 25 and 50 could be used for 

hindcast calibration, but  could  not be considered  to be as reliable 

as the data from Station 191. It was decided  that the hindcast 

calibration would be first performed for Station 191. The resulting 

b e s t  estimates of procedural options would  then be verified against  

Station 50 with  the exception of August 17 to August 26, 1977. 

Station 25 would be used for this period. 

A total of thirty-six  month-long  trial  hindcasts  were made 

for the months covered by the recorded data. The results are shown 

in Appendix A pages A1 to A24 and A28 to A39. The various 

combinations of models and input  parameters  are  listed in Tables 3 . 3  

and 3.4. 



Run 

1 

2 

3 

4 

5 

6 

7 

8 

( 2 )  

SMB 

JONSWAP 

Draper 

SMB 

SMB 

SMB 

SMB 

SMB 

H i n d c a s t  w i t h  Measured Wave Heights and 

Notes: ( 
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Table 3 . 3  

MEDS Station 191 

L i s t  of Month-Long Cal ibra t ion  Tests Comparing 

( 4 )  

s t r a i g h t  

s tra ight  

s t r a i g h t  

s t r a i g h t  

e f f e c t i v e  

straight 

s t r a i g h t  

s t r a i g h t  

(5) 

l i n e a r  4 

l inear  4 

l i n e a r  4 

l inear  2 

l i n e a r  4 

l inear  4 

total  4 

q u a d r a t i c  4 

( 6 )  

d a y s  

days 

d a y s  

days 

days 

d a y s  

days 

days 

Periods 

Appendix 

A 1  - A3 

A4 - A6 
A7 - A9 

A10 - A12 

A13 - A15 
A16 - A18 
A19 - A 2 1  

A22 - A24 

was performed for each month Aug. - O c t .  

Parametric H i n d c a s t  Models 
SMB = SMB ( d e e p  water v e r s i o n ) ,  B r e t s c h n e i d e r  ( 1 9 7 3 )  
Draper = Darbysh i r e   and  Draper (1963) p a r a m e t e r i z e d  

JONSWAP= Hasselman (1974) p a r a m e t e r i z e d  by HRS ( 1 9 8 2 )  
by Carter 

Wind Direction Dive rgence  Angle 45, 60 degrees 

s t r a i g h t  = s t r a i g h t  f e t c h  as described i n  3.2.1 
e f f e c t i v e  = e f f e c t i v e  fetch as described i n  3.2.1 

l inear  = l i n e a r  decay as described i n  3 . 2 . 4  
t o t a l  = tota l  d e c a y  as described i n  3.2 .4  
q u a d r a t i c  = q u a d r a t i c  decay as described in 3.2.4 

Maximum Wave Generation D u r a t i o n  2 or 4 days, 
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Table 3 . 4  

MEDS Stations 25 and 50 

List of Month-Long Calibration Tests Comparing 

Hindcast with  Measured  Wave Heights and Periods 

Run ( 2 )  ( 3 )  ( 4 )  ( 5 )  (6) Appendix 

1 SMB ( 4 5  ) straight linear 4 days A28 - A30 

3 Draper ( 4 5 )  straight linear 4 days A31 - A 3 3  

5 SMB ( 4 5  1 effective linear 4 days A34 - A36 

6 SMB (60 1 s tra ight  linear 4 days A37 - A 3 9  

Notes: (1) a run was performed  for  each month Aug. - O c t .  

( 2 )  Parametric  Hindcast Models 
SMB = SMB (deep water version),  Bretschneider (1973) 
Draper = Darbyshire  and Draper (1963) parameterized 

JONSWAP= Hasselman (1974) parameterized by HRS (1982) 
by Carter 

( 3 )  Wind Direction Divergence Angle 45, 60 degrees 

(4) straight = straight fetch as described in 3.2.1 
effective = effective fetch as described in 3.2.1 

(5) linear = linear decay as described in 3 . 2 . 4  
total =I total  decay as described in 3.2.4 
quadratic = quadratic decay as described in 3.2.4 

( 6 )  Maximum Wave Generation Duration 2 or 4 days. 
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The d e t e r m i n a t i o n  of t h e  best c o m b i n a t i o n  of parametric model 

and other o p t i o n a l  parameters, s u c h  as t h e  wind d i v e r g e n c e  a n g l e s ,  

is u l t i m a t e l y  a matter of judgement .   Al though some aspects are  

eas i ly  r e c o g n i z e d  as being d i f f e r e n t ,  it is n o t  always o b v i o u s  t h a t  

one  t r i a l  h i n d c a s t  is d e f i n i t e l y  better or worse t h a n   a n o t h e r .  

I t  seems t h a t  t h e  S . M . B .  deep water model g i v e s  t h e  b e s t  

r e s u l t s   o v e r a l l  (and Run 6 was judged  t h e  best h i n d c a s t ) ,   a l t h o u g h  

the r e s u l t s  from t h e  Draper  model are v e r y  close and   even  better i n  

some i n s t a n c e s   e s p e c i a l l y  when  wave p e r i o d  is c o n s i d e r e d .  The 

JONSWAP model had a t endency  to  considerably o v e r - p r e d i c t  wave 

h e i g h t s .  I n  common w i t h  other h i n d c a s t i n g  models, t h e  estimates of 

wave h e i g h t  are s i g n i f i c a n t l y  better t h a n  those of' wave p e r i o d .  

Longer   swel l - type   waves  are n o t  described well, 

I n   g e n e r a l ,  there was a t e n d e n c y   f o r  t h e  ca l ibra t ion  and 

v e r i f i c a t i o n   h i n d c a s t s  to u n d e r - p r e d i c t   m e a s u r e d   o c c u r r e n c e s  of 

l a r g e   w a v e s .  One p a r t i c u l a r   i n s t a n c e  of t h i s  was o n  September l l t h ,  

1976 at MEDS Sta t ion  50 when t h e  measured  wave h e i g h t  was 2.6 m (See 

Appendix 2429). The wind   speeds   measured  a t  Tuk toyak tuk  for t h e  same 

date are c o n s i d e r a b l y  less than  would be r e q u i r e d  t o  p roduce   such  a 

wave. A deta i led  check showed t h a t  2.6 m waves   could  n o t  be 

h i n d c a s t   e v e n  w i t h  a n   e x a g g e r a t e d   l a n d - s e a  w i n d  s p e e d  ra t io .  I t  was 

a lso found t h a t  d u r i n g   p e r i o d s  of r a p i d l y  changing  winds  a t  

Tuk toyak tuk ,  t h e  ca l ib ra t ion  was poor. ( T h i s  can be o b s e r v e d  by 

compar ing  t h e  measured  wind prof i les  for Aug.-Oct. 1976 a t  
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Tuktoyaktuk - Appendix A25-A27, to  t h e  calibration hindcasts  for 

Station 191 - Appendix A16-Al8; and  measured  wind  profiles for 
Aug.-Oct. 1977 at  Tuktoyaktuk - Appendix A40-A42, to the  verification 

hindcasts  for Stations 25 and 50 - Appendix A37-A39).  Most of these 

problems are directly attributable to t h e  remoteness of the  wind 

measuring station from the wave measurement stations.  In some cases 

rapid changes in the  position of the  ice edge would  have  contributed. 

3 . 6  Fourteen-Year Hindcasts 

Basis of Hindcasts 

From available  wind data and on the  basis of calibraiton and 

verification  test runs, the  following conditions were  established fo r  

the fourteen-year deep water wave hindcasts off the seven field 

investigation sites (Pauline Cove, S t o k e s  Point, Kay Point, King 

Point, N o r t h  Head, Tuktoyaktuk, and  Atkinson Point). 
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- H i n d c a s t  mode1 SMB deep and shallow water v e r s i o n s  
-Loca t ion  of wind record Tuk toyak tuk  
-Years of wind record 1970-1983 inc l .  
-Maximum open water season 1 June - 1 November 
-Wind d i r e c t i o n   i n c r e m e n t s  10 degrees 
-Hindcas t  time-step 1 hour  
-Minimum wind  speed for h i n d c a s t  1.0 m / s  
-Fe tch  sector maximum w i d t h  a t  

ice b o u n d a r i e s  20 d e g r e e s  
-Maximum wave d i v e r g e n c e   a n g l e  60 degrees 
-Maximum d u r a t i o n  of wind i n  

-Wave d e c a y   e x p o n e n t   u n i t y   ( l i n e a r  decay) 
-Wave d e c a y  time d u r a t i o n  of wave t r a v e l  over fetch 

-Model p r e c i s i o n  

one   wave   gene ra t ion   s equence  4 d a y s  

-Fe tch  t y p e  s t r a i g h t  

wave he i g  ht 0.1 m 
wave period 0.1 m 
wave d i r e c t i o n  1 degree 

3.6.1 Common Fetches 

I t  had been o r i g i n a l l y   a n t i c i p a t e d  t h a t  t h e  s e v e n   s t u d y  

s i tes  c o u l d  be described by three sets of deep water fetch sectors. 

There was to be one set for the four w e s t e r l y  sites: P a u l i n e   C o v e ,  

Stokes  P o i n t ,  Kay P o i n t ,  and King P o i n t  (see Figure 3.51, one  set for 

North Head and T u k t o y a k t u k   ( F i g u r e  3.6), and one set  for A t k i n s o n  

P o i n t  ( F i g u r e  3.7). I t  was f e l t  t h a t  the distances from t h e  common 

f e t ch  p o i n t s  to  t h e  s t u d y  sites would be small compared w i t h  t h e  

d i s t a n c e s  from t he  fetch p o i n t s  to  t h e  edge of the ice, and s i n c e  

h i n d c a s t i n g  is i n s e n s i t i v e  to  f e t ch  l e n g t h s  t ha t  t h i s  a p p r o x i m a t i o n  

would be a c c e p t a b l e .  Each of t h e  s e v e n  study sites was t o  have its 

own local h i n d c a s t  fetches which w o u l d   u s u a l l y  be restricted by land 

rather t h a n  ice. 
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I t  was found,   however ,  t h a t  the 3/10 ice edge was q u i t e  

close to  t h e  s t u d y  sites for s i g n i f i c a n t   d u r a t i o n s   a n d  t h i s  c a u s e d  

t h e  error i n   u s i n g  common fetches t o  become s i g n i f i c a n t .  As a 

r e s u l t ,  deep water fetch l e n g t h s  were measured  for all sites u n t i l  

t h e  ice was a p p r o x i m a t e l y  150 km offshore,  After t h i s  the common 

d e e p  water fetches were a g a i n   u s e d .   F i g u r e s  3 . 8  to  3.11 show the 

local fetch sectors as well a3 the  o u t l i n e  of t h e  r e f r a c t i o n  gr ids  

for t h e  f o u r   w e s t e r n   s t u d y  sites. The fetches for A t k i n s o n   P o i n t ,  as 

shown i n  F i g u r e  3.7, remained  unchanged.  The f e t ch  sectors which are 

shown w i t h  arrows are t h e  deep water sectors t h a t  u s e  a common 

h i n d c a s t i n g   p o i n t  when t h e  ice is well offshore. 

As fetches are d e f i n e d  by angular limits t h e  gaps shown 

between some of t h e  fe tch sectors do n o t  ind ica te  areas where f e t c h e s  

h a v e   n o t   b e e n   d e f i n e d .  These apparent gaps are a result  of t h e  need 

t o  measure fetch lengths to  the  proximity of t h e  refraction g r i d  

b o u n d a r i e s  rather t h a n  to  a specific common p o i n t  w i t h i n  t h e  gr ids .  

The r e s u l t s  of t h e  h i n d c a s t s  are p r e s e n t e d   i n  Par t  IT as s t a n d a r d  

wave statist ics p l o t s  and  tables as described i n   s e c t i o n  3.6.4. 

3.6.2 H i n d c a s t i n g  a t  Nor th  Head 

The spectral t r a n s f o r m a t i o n  wave r e f r a c i o n   a n a l y s i s   r e s u l t s  

for North Head (as  described i n   s e c t i o n  4 a n d   p r e s e n t e d   i n  Part II) 

showed t h a t  it was possible for deep water waves w i t h  a 
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mean d i r e c t i o n  of 200 degrees (back a z i m u t h )  to  refract  to  

i n s h o r e   n o d e s .   S i n c e  t h e  wave refract ion ana lys i s  r e s u l t s  

wave c o n d i t i o n s  a t  t h e  r e f r a c t i o n  g r i d  b o u n d a r i e s ,  t h i s  me 

t h e  North Head deep water h i n d c a s t  fetches had t o  i n c l u d e ,  

s o u t h w e s t  sectors, Mackenzie  Bay. T h i s  sector is shown i n  

t h e  

a p p l y  to  

a n t  t h a t  

for t h e  

F i g u r e  

3.12. However sou thwes t   w inds   wou ld  also g e n e r a t e   w a v e s  over t h e  

shallow bay to the s o u t h w e s t  of Nor th  Head a n d   s o u t h  of Hooper 

I s l a n d .  This meant  t h a t  two separate wave t r a i n s   c o u l d  be g e n e r a t e d  

by the  same winds  and reach t h e  same i n s h o r e  p o i n t s  from two separate 

paths. 

T h i s  over lap was handled by p e r f o r m i n g  two f o u r t e e n - y e a r  

h i n d c a s t s  for N o r t h  Head. The f i r s t  h i n d c a s t ,  referred t o  as the 

"deep water h i n d c a s t " ,   u s e d  t h e  e i g h t  n o r t h e r n  fetches and   one  

w e s t e r n   f e t c h  shown i n   F i g u r e  3.12. These r e s u l t s  were t h e n  

t r a n s f e r r e d   i n s h o r e   u s i n g  t h e  refraction a n a l y s i s  r e s u l t s .  The 

s e c o n d   h i n d c a s t ,  referred t o  as  t h e  " loca l  shallow water h i n d c a s t "  

was performed u s i n g  t h e  f i v e   f e t c h  sectors i n  t h e  immediate v i c i n i t y  

of Nor th  Head. The two wave data  sets were combined a t  t h e  i n s h o r e  

nodes ,  i.e, a f t e r   r e f r a c t i o n  effects were c o n s i d e r e d   ( s e c t i o n  4 . 2 ) .  

3 . 6 . 3  H i n d c a s t i n g  a t  Tukroyaktuk  

An o u t l i n e  of t h e  T u k t o y a k t u k   r e f r a c t i o n  g r i d s  is shown 

a l o n g  w i t h  t h e  Tuk toyak tuk  deep water h i n d c a s t  fe tches  i n   F i g u r e  

3 . 1 3 .  





3-36 

FIGURE 
3.13 

BEAUFORT SEA COASTAL SEDIMENT Date: 21 Mar 85 STUDY 
Scales as shown 

Checked by: 

Keith Phi lpott 
Consulting Limited 1 

r 

Tuktoyaktuk: Local Hlndcast Fetch Sectors 

1 
I 



3-37 

When the deep water h i n d c a s t  wave da ta  was t r a n s f e r r e d   i n s h o r e ,   u s i n g  

t h e  r e s u l t s  of t he  wave r e f r a c t i o n   a n a l y s i s ,  t h e  r e s u l t i n g   i n s h o r e  

wave h e i g h t s  were c o n s i d e r e d  to be u n r e a l i s t i c a l l y  low. T h i s  was 

a t t r i b u t e d  t o  t h e  p rob lems   caused  by r u n n i n g  a c o n s e r v a t i v e  spectral 

t r a n s f e r  model ( n o   e n e r g y   i n p u t  or losses) o v e r   s u c h  a large shallow 

area. I n   e s s e n c e  t h e  model r e s u l t s   s u g g e s t e d  t h a t  very few waves 

would make it from t h e  o u t e r  g r i d  b o u n d a r i e s  to  t h e  inshore nodes  

when t h e  model was r u n   u n d e r  t he  s p e c i f i e d   c o n d i t i o n s .  T h i s  matter 

is e l u c i d a t e d   i n   s e c t i o n  4.3, 

The ideal  solution to  t h i s   p r o b l e m   w o u l d  be t o  r e f r a c t  each 

wave c o n d i t i o n   i n d e p e n d a n t l y ,   a d d i n g  energy due  to w i n d   g e n e r a t i o n  

and   removing   energy   due  to  bottom e f f e c t s  as t he  wave p r o p o g a t e s  

i n s h o r e .  T h i s  sort of s o l u t i o n ,   h o w e v e r ,  was n o t   f e a s i b l e   w i t h i n  the  

scope of t h i s  project. The s o l u t i o n   c h o s e n  was t o  b r i n g  the 

refraction b o u n d a r i e s  closer to Tuktoyaktuk and to  allow f o r  bottom 

e f f e c t s  o n  wave h e i g h t  b y   u s i n g  wave h e i g h t s   f r o m  t h e  S.M.B.  shallow 

water p a r a m e t r i c  model. The S.M.B. d e e p w a t e r  model was used  t o  

h i n d c a s t  t h e  wave periods b e c a u s e  bottom effects  do n o t   s i g n i f i c a n t l y  

a l ter  wave periods. T h i s  c o m b i n a t i o n  of parametric models was 

referred to as t h e  " f r i c t i o n a l   h i n d c a s t "  model. When t h e  edge  of the 

ice was close to  Tuk toyak tuk  a l l  h i n d c a s t i n g  was done w i t h  t h e  S.M.B.  

shallow water p a r a m e t r i c  model. 
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3.6.4 wave S t a t i s t i c s  Plots and Tables  

The r e s u l t s  of t h e  fourteen-year  hindcasts have been 

converted into statistical plots  and tables. Results for . each of the 

s e v e n  study sites are p r e s e n t e d  i n  Part 11. An example and 

explanation of e a c h  p l o t  is p r e s e n t e d  as follows: 

1. Scatter Diagram of Significant Wave Height vs. Peak Period 

( Figure 3 . 14 ) 

These   d iagrams   represent  the f o u r t e e n  years of hindcast data 

in parts  per thousand. Two wave steepness lines are shown, 

1:20 and 1:40. The 1:20 line is in the prox imi ty  of a 

limiting s t e e p n e s s  for  deep water waves, the  1:40 l i n e  is 

shown for  reference purposes. 

< 
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2. Weibu l l  Long-Term D i s t r i b u t i o n  of Wave Heigh t s  I 

This is a s tandard  W e i b u l l   a n a l y s i s  where Log(Log( l/P)) is 1 
p l o t t e d  against Log (wave h e i g h t ) ,  and P is the  p r o b a b i l i t y  

of e x c e e d a n c e  of a g i v e n  wave h e i g h t .  The wave data is 

collated i n t o   c u m u l a t i v e  wave h e i g h t   g r o u p s  as shown i n  

1 

Table 3.5. The c u m u l a t i v e   p r o b a b i l i t y  of occurence is 

computed by d i v i d i n g  t h e  number of o c c u r e n c e s  i n  each g r o u p  

by t h e  total number of Occurences. A l ea s t  s q u a r e s   c u r v e  

f i t  is t hen   pe r fo rmed  o n  t h e  logarithmic  data p o i n t s  as 

shown in Table 3.6 and F i g u r e  3.15. 

A c o e f f i c i e n t  of correlation of 0.99 can be a c h i e v e d  by 

e x c l u d i n g  t h e  lower one and sometimes two wave h e i g h t  

g roups .  T h i s  is s t a n d a r d  w i t h  a W e i b u l l   a n a l y s i s .  Results 

such as in the form of Tables 3.5 - 3.8  and F i g u r e  3.15 are 

g i v e n  i n  Part I1 for each of the seven study sites. 
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TABLE 3.S WEIBULL PROBABILITY MhLYSIS - KIN6 POINT 

CUH TOTAL 

32736 
21167 
11126 
4151 
1453 
71 I 
379 
148 
h9 
29 

6 

""""_ CUH PRDB(P1 

,799969 
,643523 
,339868 
,126798 
844304 
,421719 
,011577 . lR4S2l 

,811186 
,880183 

"-1°C"- 

.1e21ea 

L06LO6(1. /P IH) 1 

-4.877672 
-.717976 
-.329195 -. 847263 
,131225 
.220936 
.286995 
,371112 
.427917 
.48467b 
,572510 

"-I""""- 

LO6 ( YHT 1 

-. 391940 
-, 154962 

.8lW# 
,113943 
,284128 
,270154 
,342423 
,397948 
,447158 
,491362 
,531  479 

""1- 

TABLE 3.6 LEAST SBUlRES CURYE FIT  Dw LOBLOG(lll1-P)) - KIWG POINT """""-""""""""""""""""""""" 

LO6 I WHT 1 

-. 39794 
-I 15491 

# 00898 
,11394 
.20412 
27875 
,34242 
39794 
,4471b 
,49136 
,53148 

"""" 

LO6LO6~l./P(H)) 

-4.87767 
-.71798 
-.32911 -. 04726 
,13123 
,22894 
,28699 

,42752 
,48468 
5'1251 

"""""" 

. m e  

CURVE FIT 

-.512!4 
14179 
,20291 
,24721 
.2752b 

,29975 
,31281 
.32184 
,33882 
* 344b3 

""""3 

,28937 

RESIDUAL 

-23.10418 

59,55455 
35.91456 
17,79971 
2.47347 
-9.39883 
-11,88917 
-25.0b62b 
-3s.  9N310 
-34.96587 

""" 

9a.e1w 

SLOPE= 15718  INfERCEPT=.2944 CORR COEFF=.84119 
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TABLE 3.7 LEAST SRWRES CURVE FIT ON REDUCED  DATA - KING POINT 
~"""""-1""-"""~"""""""""""""""""" 

2 6RDUPS ORITTED  FROM  FIT1  LOGIWHT) 

{ . 4  32736 . SlMS 
{ .7 21%67  ,11394 

,26412 
,21875 
,34242 
.397W 
.4471 b 
,49136 
.53148 

"""" 

CURVE FIT 

-. P4BSb 
.13545 
,24692 
.30295 
.34420 

.43196 

"""_ 

,39618 

a4blbS 
52291 

RES1  DUAL 

-8,91699 
5.b7721 
18.35701 
5.72056 
.41010 -. 12242 

-3.1393s 
-5.31243 
-2.04435 

""1" 

SLOPE= 62431 INTERCEPT=. 16497 CORR COEFF=.98?48 

0 

TABLE 5.8 PREDICTED M V E  HEIGHTS FOR GIVE1 RETURN PERIODS - KIN6 POINT 
"""-3"~"""""""""""""""""""""""~"""~""~ 

RETURN PERIODIYEARS) W E  HEIGHTIHS) """""""""- """"""" 

1,1 3.1 
5.0 3.5 

10. 0 3.7 
20. I 3.8 
91. B 4.0 

168.B 4.2 
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Deep Water Wave Energy D i s t r i b u t i o n  

Wave e n e r g y   d i s t r i b u t i o n s  are p r e s e n t e d  as shown i n  Table.. 

3 . 9  a n d   F i g u r e  3.16. The f o u r t e e n - y e a r   h i n d c a s t  is col la ted 

i n t o  wave h e i g h t ,  period,  a n d   d i r e c t i o n  groups w i t h  u s e r  

d e f i n e d  g roup  s i z e s .   T h e  total e n e r g y  for each d i r e c t i o n  

sector is computed   u s ing  the mean   wave   he igh t ,   mean   pe r iod  

and  number of waves for  each wave h e i g h t  and period group i n  

t h a t  sector.  

The e n e r g y   ( k i n e t i c  and p o t e n t i a l )  per metre width of  wave 

crest  per wave is found  by: 

where P = d e n s i t y  
- 
g = acceleration of g r a v i t y  

H,~ = root mean s q u a r e   w a v e   h e i g h t  

L = peak period w a v e   l e n g t h  

The p e r c e n t a g e   e n e r g y  i n  t ab l e  3.9 is found by d i v i d i n g  t h e  

total engrgy from all w a v e s   i n  each sector by t h e  t o t a l  

energy of a l l  waves a t  t h e  site. The p e r c e n t a g e   f r e q u e n c y  

is t h e  total time of waves  per sector d i v i d e d   b y  t h e  t o t a l  

time of all waves.  The mean  wave power is the weighted 
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as: 

P -  - .E L .  " 
( 3 . 3 )  

where Cg is t h e  wave group v e l o c i t y  and E and L are as 

defined for Equation 3.2. 
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' DIRECTION SECTOR 
"""""""" 

270. - 288. 
28%. - 290. 
290. - 300. 
309. - 310. 
318. - 320. 
328. - 330. 
340. - 350. 
350. - 366. 
364. - 10. 
19. - 28. 
28. * 30. 
38. - 48. 
40. - 50. 
5B. - be. 
60. - 70. 
78. - 88. 
8 k  - 90. 
90. - 100, 

108. - 110. 
110. - 128. 
124, - 130, 
130. - 140. 
148. - 150. 
159. - lb0. 
169. - 178. 

lfl0. - 190. 

338. - 340. 

17%. - 180. 

TABLE 3.9 PERCENTAGE HAVE POWER DISTRIBUTION - KING POINT 
""""r""~"II-""""""""""""""~~"""~"~ 

PERCENTM FREBUENCY 
-"""*"""""" 

4.44 
3.98 
4.16 
2.96 
5.33 
4.30 
3.13 
1.95 
3.33 
2. El5 
2.47 
3. b8 
3.93 
3.52 

1.73 
8.93 
4.73 
6.20 
4.79 
5.74 
1.62 
2.24 
3.17 
.34 
.49 
.87 
I02 

6.18 

HEAN POWER (KW) 
-"""""*"- . a8 

m 88 
* 75 
.78 

1.51 
2.34 
2.37 
3.18 
2.48 
1.02 
1.86 
1.18 
1.81 
2.22 
3.43 
1.13 
1.66 

.76 
.98 
"77 
.71 
.48 
.38 
.31 
.13 
.13 
15 

. I 6  

PERCENTAGE ENERGY 
"""""""* 

2.04 
2.48 
2.27 
1.52 
5w86 
1.33 
5.48 
4.48 
5.81 
1.53 
1.90 
3.17 
5.18 
5.69 

15.25 
3.90 

18.81 
2.60 
4.09 
2.69 
2.9b 

,56 
.62 
.06 
.03 
.05 
.19 
.09 

I 
I 
I 
I 
I 
I 
I 
I 

' I  
I 
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Wave He igh t  Exceedance   and  Wave Period Exceedance  

The wave h e i g h t  exceedance   and  wave period e x c e e d a n c e  plots 

( F i g u r e s  3.17 and 3.18) show t h e  p e r c e n t a g e  of time t h a t  the 

s i g n i f i c a n t  wave h e i g h t  and peak p e r i o d s  exceed any v a l u e s .  

Wave Period Occurance  

F i g u r e  3.19 shows t h e  p e r c e n t a g e   o c c u r e n c e  f o r  the  peack 

wave periods in each of t h e  u s e r   d e f i n e d  wave period g r o u p s .  

6. Wave Height  Persistence 

Figure 3.20 shows an  example of both  f a v o u r a b l e  and 

u n f a v o u r a b l e  wave h e i g h t  p e r s i s t e n c e  diagrams. These show 

the number of times t ha t  wave h e i g h t s  are e i ther  above 

( u n f a v o u r a b l e )  or below ( f a v o u r a b l e )   c e r t a i n  wave h e i g h t s  

( 1 . 0 ,  2.0, 2 .5 ,  and 3.0 m here) for c o n t i n u o u s   d u r a t i o n s .  

For example, the waves were below 1.0 m €or 100 c o n t i n u o u s  

h o u r s  approximately n i n e t y  times i n  the  f o u r t e e n   o p e n - w a t e r  

season. The waves were above 2.0 m for 24 c o n t i n u o u s  hours 

four times. 



Ii 
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TABLE 3.10 ALL DIRECTIONS WAVE TABLE - KIN6 POINT 
""""""I~"""___________________I"--"- 

ALL DIRECTIONS 
""-I"""- 

"""~*"""""~"""""""""""""""""" 

WAVE ! Wave Period(racr1 !Total ! 
! H T W  ! ! !  
! .  I",I-,""""""""""lc,,,,,,,,,,""~I ! 
! > !2 -3 !3 -4 !4  -5  !5 -6 ! b  -7 !7 -1 !9 -9 ! 9  -10! - ! 
I""""",""",",,,"",,,"""""""""""""""I 

! . l e !  S3R8! 303! 37! E! 3! i! 8!  I! 5659! 
! .40! 23m! 6824! I l l !  34! 2! 0! e! P! 9356! 
! .70! I! 4M2! 28M! 41! I! i! B! O! 6953! 
! l.M! R? 2! 2593! 94! b !  I! 0! I! 2695! 
! 1 . w  a! e! uz! bel! q !  O! e!, I! 742! 
! 1.68! O! B! P! 250! 82! O! P! B! 332! 
! 1.91! O! I! P! 3! 227! l!  e! O! 231? 
! 2.28! O! e! B! I! 77! 2! 0! O! 79! 

! 2.M! D! 0! e! O! R! 23! 9! b! 23! 
! 2 , ~  P! e! e! e! 3! 37! P! P! M! 

! to! e! I! a! e! e! b!  B! o! b !  
! 3 . 4 ~  I! I! e! 0! I! e! I! e! I !  
! 3.7~ e! e! e! I! e! I! e! a! e! 
! 4 . w  e! e! o! e! I! I! o! e! e! 
1""""""""",,,,,-1,,""",,,"",1 

!TOTAL! 7693!11231! %82! 1031! 411! 69! I! 1!2bllb! 

NO. I N  TOTAL SECTOR = 32736 
NO. WTSIPE TOTAL SECTOR = 1329 

TOTAL No. DF AIL RECORDS = 32736 
PERCEWTAGE CALI% = 19.4% 

MI. OF CALM = 6621 
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SECTION 4 NEARSHORE WAVE TRANSFORMATION 

4.1 Wave  Refraction Analysis and Spectral Transfer 

4.1.1 Outline of Procedure 

The following  paragraphs outline the  overall  process by 

which the deepwater wave  climate is transformed  into a 

corresponding shallow water wave climate at or near the breaker 

line. The shallow water  wave data is in a  form  that may be 

directly  applied to the  alongshore sediment transport models 

described in Section 6 of t h i s  report. The two principal 

components of the computational software are t h e  linear wave 

refraction model LINREF and the  spectral  transfer  post- 

processor, SPECTRANS, The latter calculates the  wave 

transfer functions which in turn  provide  wave  height 

coefficients and direction changes from deep to shallow water. 

A more comprehensive  explanation of these models including 

relevant equations can be found in Pinchin et al., (1985). 

The wave refraction program computes wave  ray paths 

using  either forward or backward  tracking  techniques. The 

seabed is defined by a series of digitized depth grids. Waves 

of  specified  period  and  initial  direction are refracted over the 

numerical bed for  any  specified tide level. For each  ray 

traced, the  program outputs a  file  containing  initial and final 

ray conditions. 
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When  backward  tracking with high ray density, wave 

spectra may be transferred from one location to another by using 

the directional ray concentration information  produced by the 

refraction program. By transferring  a  number of  offshore 

spectra encompassing  the f u l l  range of possible mean wave 

directions and  peak  spectral  periods, it is possible to compute 

wave  height factors and direction shifts for all offshore wave 

conditions. These factors are a function of offshore mean 

direction  and  peak  period  only. 

Wave ray backtracking is not essential to a wave 

spectrum transformation calculation. It merely ensures that all 

direction and frequency components are represented at a point of 

interest. In mathematical terms, the  identical  wave ray path 

will be calculated  irrespective of whether  the start point is in 

deep or shallow water, given that  the  boundary conditions are 

identical. However, backtracking provides much the simplest way 

of obtaining comprehensive data at a specified  inshore  location. 

4.1.2 Wave Ray Tracking 

Wave refraction is the bending of wave crests in 

response to seabed  topography. It is a function of wave speed 
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which is i t s e l f  a f u n c t i o n  of water d e p t h  and wave p e r i o d .  When 

c o n s t r u c t i n g  wave refraction d i a g r a m s  it is c o n v e n i e n t  to  work  

w i t h  wave o r t h o g o n a l s ,   o f t e n  called wave r a y s ,  which are 

p e r p e n d i c u l a r  t o  t h e  wave crests. 

The t e c h n i q u e s   u s e d   i n  LINREF are based on  t h e  

" c i r c u l a r  arc" method o r i g i n a l l y   d e v e l o p e d  a t  t h e  H y d r a u l i c  

Research S t a t i o n ,   W a l l i n g f o r d   ( A b e r n e t h y   a n d  G i l b e r t ,  1975). 

B r i e f l y ,  the  method assumes  t h a t  w i t h i n  a small t r i a n g u l a r  

e l e m e n t  t h e  v a r i a t i o n  of wave speed c a n  be closely approx ima ted  

by l i n e a r   i n t e r p o l a t i o n ,  The wave ray path is t h e n  described by 

a c i r c u l a r  arc w i t h i n  each e l e m e n t   a n d  is t a ' n g e n t i a l  t o  t h e  

c o r r e s p o n d i n g  arcs i n   a d j a c e n t  elements, With appropriate 

boundary   cond i t ions   wave  rays c a n  be refracted o v e r  t h e  

n u m e r i c a l  bed t o  some unknown destination. 

4.1.3 P r e p a r a t i o n  of Grids 

F o r  r e f r a c t i o n  analysis, t he  bathym ,etry w 'as r e d u  ced to  

a number of r e c t a n g u l a r  g r i d s  w i t h  d imens ions   and  g r i d  s i z e  

v a r i e d   a c c o r d i n g  to p r o x i m i t y  to t h e  area of i n t e r e s t ,  t h e  

absolute v a l u e  of d e p t h ,  and t h e  bottom g r a d i e n t .  The g e n e r a l  

p r i n c i p l e s  for s e l e c t i n g  g r i d  sizes are as f o l l o w s :  
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- The grid s p a c i n g  i n  t h e  shallow water area of 
interest s h o u l d  be of the same order of magni tude  as  
t h e  wave l e n g t h s  to  be c o n s i d e r e d .  

- The s o l u t i o n  technique makes t h e  basic a s s u m p t i o n  
t h a t  wave speed varies l i n e a r l y   w i t h i n  each of t h e  
e l e m e n t s  of t h e  g r i d .  If f o l l o w s   t h e r e f o r e  t ha t  t h e  
wave speed c o r r e s p o n d i n g  t o  d e p t h s  a t  a d j a c e n t  g r i d  
p o i n t s   s h o u l d  closely follow t h e  c u r v e  described by 
t h e  shallow water wave speed r e l a t i o n s h i p ,  t h a t  is, 
t h e  d e p a r t u r e  from the  c u r v e  at t h e  mid -po in t  between 
two n o d e s   s h o u l d  be n o  more t h a n  a few percent. 

- Taking t h e  above  i n t o   a c c o u n t ,   e x p e r i e n c e  has shown 
* t ha t  a g r i d  s ize  of 50 m is a d e q u a t e  for  t h e  inshore 

g r i d  area i n  t h e  immediate area of interest. 

- These c o n d i t i o n s  may be r e l a x e d  i n  t h e  s h o r e l i n e  
regions o u t s i d e  t h e  area of i n t e r e s t .  Here one is 
o n l y   c o n c e r n e d  w i t h  i d e n t i f y i n g   t h o s e   h i g h l y   o b l i q u e  
wave rays which are i n v a l i d  as t h e y   r e t u r n  to s h a l l o w  
water. 

- As t h e  water depth i n c r e a s e s ,  so may t h e  s p a c i n g  
s i n c e  t h e  change   in   wave  speed becomes p r o g r e s s i v e l y  
less dependen t   on  the change  i n  water depth .  

- I n  t he  i n t e r e s t  of computa t iona l   economy grid s p a c i n g  
is i n c r e a s e d  as q u i c k l y  as p o s s i b l e .  A t  t h e  same 
time, s i g n i f i c a n t  bottom f e a t u r e s   c a n n o t  be 
overlooked. 

- The seaward limits of t h e  g r i d s  s h o u l d  be i n  
"deepwater" or a t  a point where o f f s h o r e  wave data  is 
a v a i l a b l e .  The f o r m e r  is t h e o r e t i c a l l y  h a l f  a wave 
l e n g t h   b u t  i n  pract ice  wave r e f r a c t i o n  a t  s u c h  depth  
is so s l i g h t  t h a t  a dep th  of a b o u t  30 rn is u s u a l l y  
s u f f i c i e n t .  

The s o u r c e s  of the b a t h y m e t r i c  data are g i v e n  i n  

S e c t i o n  2.2.2.  

A number of d i f f i c u l t i e s  had t o  be ove rcome   i n  

p r e p a r i n g  t h e  d e p t h   g r i d s .  These i n c l u d e :  



4-5 

- field  sheets  using  different 
- field sheets in geographic ct 

U.T.M. zones 

oordinates  onl! Y 
- field sheets in different  units 
- field  sheets  with  different  scales 
- field sheets  with  different  datum 
- sparse data at some  sites 

- overlapping  field  sheets  with  different  depths. 

Diagrams  showing  the  location, nodal dimensions,  and 

mesh sizes of the  refraction  grids are presented  for  each  site 

in the  appropriate  sections of Part I1 of this report. 

4.1.4 Forward  and  Back-tracked  Refraction  Diagrams 

Forward-tracked  ray diagrams may be constructed by 

tracking a number of rays from the offshore  boundary to cover 

the  inshore area of interest. Such a diagram for King  Point is 

shown in Figure 4.1. whilst  this  method  provides a good picture 

of general wave  refraction  patterns in an area, associated 

methods  of  calculation of wave refraction coefficients are 

unsatisfactory for a number of reasons  which are fully discussed 

in Abernethy  and  Gilbert (19751, but may be summarized as 

follows: 
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(i) Wave  refraction  coefficients  calculated  from  the 

wave  intensity  equation  are  highly  sensitive to 

wave  ray  position  and  wave  frequency for 

non-uniform  topography. 

(iv)  Bottom  topography  smoothing can reduce  the 

variability,  but  the results then  tend to become a 

function of the  smoothing  strategy  adopted (poole, 

1975). 

( V )  As a result of the above, it was  concluded  that 

refraction  results from forward-tracking rays used 

to evaluate a wave  intensity  relationship  exhibit 

an  inherent  bias  towards  high  wave  heights,  an 

excessive sensitivity to frequency, offshore 

direction  and  position  which is greatest in 

regions  where  refraction  coefficients are large. 
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These difficulties may be overcome by constructing a 

large  number of wave rays at  very  small  angular  increments fo r  a 

number of wave  periods from each  single  point of interest. This 

process is known as backtracking.  It allows an  inshore  two- 

dimensional  frequency-direction  wave spectrum to be subdivided 

into elements by frequency and direction each of which is 

individually  tracked  during  the spectrum transfer  process. 

Abernethy and Gilbert (1975) showed  that  this technique gives 

more  stable and realistic results even in regions of caustics. 

Caustics are regions where  forward-tracked  wave rays 

converge and cross producing singularities with  theoretically 

infinite concentrations of wave energy (Pierson, 1951). With 

backtracked  wave rays the  phenomen does not  explicitly arise. 

By  using  spectral  transfers  wave energy concentrations are 

diffused in a manner which more accurately reproduces what is 

actually  observed. 

In contrast with  forward-tracking,  backward-tracked  ray 

diagrams are not visually  enlightening.  Hence, only one 

back-tracking  diagram for each  site is presented in Part 11. An 

example of a back-track  diagram for King Paint is shown in 

Figure 4.2 ,  
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4.105 Wave Spectrum Transfer 

The process of refracting  a wave spectrum is based on 

the  assumption  that  the  wave energy flux in a  frequency  band of 

width  df  centered about frequency f will  remain in that band as 

the wave spectrum is transferred inshore. With this assumption 

it is possible to take a discrete element from an offshore 

spectral  density distribution and to independently  transfer it 

inshore  applying only shoaling  and  refraction  coefficients. 

This conservative method applies over distances where  the 

shoaling and refraction effects dominate over dissipative 

effects, i.e. outside the breaker zone. This method also 

neglects local generation. 

The selection of the  initial inshore directions and 

periods  will  partition  the  inshore spectra into a corresponding 

number of discrete elements of size df.dQ. Each element of the 

inshore spectrum w i l l  thus be represented by a single wave ray. 

The principal output from the wave refraction analysis 

is the deep water direction of a l l  wave rays. This g i v e s  the 

original deep water direction 0, of the  energy flux in each 

element df.dQ of the  inshore  spectra. The deep water energy 

flux that is present  at  any deep water  direction at a given 

frequency is dependent on the deep water directional spectrum 

model used. 
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4.1.6 The  Deep  Water  Spectrum  Model 

The offshore  spectrum  model  used was the JONSWAP as 

described by Hasselman et al,, (1973). Having  specified  a 

series of wave  periods for wave ray backtracking  the 

corresponding peak frequencies  were  used to construct JONSWAP 

deep water spectral  density  distributions S(f). 

A value of Y = 2.2 was used for the  JONSWAP "peakedness 

parameter"  which  relates a JONSWAP  spectrum to a fully  developed 

Pierson-Moskiwitz  spectrum. This value was  determined by 

comparing  theoretical  with  measured spectra from the  Beaufort 

Sea  (Leblond  et al., 1982). 

Each JONSWAP spectrum is assumed to be directly  distributed 

according to the power cosine  function 

- 
where 8-,is the  mean  deep water direction of wave propagation 

and n is the direction  spreading index. An  index  value of 2 

corresponds to a broad-banded  energy  distribution  characteristic 

of locally generated waves,  whereas an index  value of 10 

corresponds to a narrower  spectrum  which  would be more 

characteristic of a wave condition  generated  outside t h e  area. 
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The direction and  frequency components of the spectral 

energy term  are  assumed to be independent such that 

It is important  when  applying  the  power cosine function 

F(o) that the values are  normalized so that  the  area  under  the 

two-dimensional spectral density surface is equal to the  area 

under  the  one-dimensional JONSWAP curve. The deepwater 

significant wave  height is computed  from  the zeroth moment of 

the one-dimensional JONSWAP spectrum 

(4.3) 

4.1.7 The Conservative Inshore  Directional Wave Spectra 

To summarize the above steps, it is possible  to compute 

the  spectral  density  for each frequency-direction element of an 

inshore spectrum S(f,Q). Each such element is then  uniquely 

represented by one wave ray  and  hence one deep water wave 

direction. The deep water spectral density element which is 

transferred along a ray  path is computed  using  a  directionally 

distributed JONSWAP spectrum. It is therefore necessary to 

define the mean direction 8, and  peak  frequency f p  of the deep 

water  spectrum. The elements of the deep water spectrum are then 

refracted inshore by applying  refraction  and  shoaling 

coefficients. 
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( 4 . 4 )  

The  zeroth  moment and  first  moment of direction of the 

inshore spectra are computed as: 

Moi = JJ S ( f  ,e)df de 

where Q o  is the mean  offshore  wave  direction. The inshore 
significant  wave  height  and  mean inshore direction are then 

found by: 

I 

Hs = 4 p i  ( 4 . 7 )  

"10, 

U i 
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4.1.8 The Inshore Wave Height Factor 

An  inshore  wave  height  factor  for each offshore 

complete JONSWAP spectrum is computed by dividing  the  inshore 

significant wave height (Equation 4 . 7 )  by the offshore 

significant wave  height (Equation 4 . 3 ) .  Because the offshore 
directional JONSWAP spectrum is dependant on only the spectral 

peak frequency and mean direction of wave propagation, the wave 

height factor is also  a function of only peak  frequency  and mean 

offshore direction. 

For any offshore wave condition the significant wave 

height can be multiplied by the appropriate inshore  wave  height 

factor (as  determined by the offshore mean direction  and  peak 

period) to predict  the  corresponding  inshore wave height. 

This procedure  for  predicting  inshore wave heights was 

recently applied to measured offshore wave data during the 

Canadian Coastal Sediment Study (Pinchin et al, 1985). The 

results, when compared  with  measured  inshore wave data, showed a 

substantial overestimation of the predicted  inshore  wave 

heights. This discrepancy was corrected by allowing  for energy 

dissipation due to wave-wave  interaction  using the shallow water 

equilibrium spectrum theory of Kitaigorodskii et al., (1975). 

The inshore  wave heights computed  using spectral transfers t h a t  

allowed for  wave-wave  interactions  compared  very  well with the 
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measured wave data. The  Kitaigorodskii  theory was therefore 

incorporated in the spectral transfers performed for each of the 

seven  study  sites of this project. 

4.1.9 Shallow water saturated Spectrum 

u is t h e  Phillips constant 0.0081, h is the water depth, 

and 9 ( W h )  is the  dimensionless function shown in Figure 4.3. 
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0 0.s I .o 2.0 2.s 

W h  

Dimensionless Funct ion $ ( t u h )  
FI GURE 4 . 3  

T h i s  theory is i n c o r p o r a t e d  i n t o  t h e  spectral  transfer 

process by comparing t h e  v a l u e  of the  computed inshore 

c o n s e r v a t i v e   s p e c t r a l  d e n s i t y  S ( f ) ,   f r o m   E q u a t i o n  4 . 4 ,  w i t h  t h e  

v a l u e  of t h e  s a t u r a t e d   i n s h o r e   s p e c t r a l   d e n s i t y   f r o m  Equation 

4.5.  when the c o m p u t e d   d e n s i t y  S ( f )  is greater t h a n  t h e  

saturated d e n s i t y ,  a l l  v a l u e s  of S(f,O) ( E q u a t i o n  4 . 4 )  are 

factored l i n e a r l y  by t h e  ratio sm(f)/s(f) . 

The i n s h o r e  s i g n i f i c a n t  wave h e i g h t   a n d  mean i n s h o r e  

wave direct ion are again computed  by  Equat ions 4.7  and 4 . 8 ,  and  

t h e  i n s h o r e  wave h e i g h t  factor is computed as i n  Section 4.1.8. 
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4.1.10 Computed  Nearshore  Wave  Conditions 

Two inshore  points of interest, or nodes,  were  chosen 

for each of the  seven  field sites. The  node  locations  are 

shown in Figures 2.1 to 2.7. An  additional  three  nodes  were 

chosen  at  King  Point in connection  with  the  beach  plan  shape 

modelling  (Section 8 ) .  

For each  inshore node, wave h e i g h t  factors and mean 

inshore  wave  directions  were  computed for spectra  with 

frequencies corresponding to wave periods of 3.2, 4.0,  5.0, 6.3, 

7 . 9 ,  10.0 and 12.6 seconds  and  ten  degree  increments of 

deepwater  wave  direction  covering  the  complete  range of possible 

deepwater  conditions.  Thus, for  any offshore wave  condition the  

corresponding  inshore  wave  condition  can be computed by applying 

the  appropriate  wave  height  factor and direction shift. The 

peak  periods  are  assumed  to  remain  unchanged from offshore to 

inshore 

Plots of the  inshore  wave  height factor and  inshore 

wave  direction as a function of deepwater  wave  direction  have 

been  prepared for periods 3.2, 5.0, 7.9, and 10.0 seconds. An 

example of the 5.0 second  plots  for  King  Point  are  shown in 

Figure 4.3. The  complete  sets of plots for each  site &re 

presented in Section 11. The  wave  height  factors  refer to the 

significant  wave he ight  associated  with  the  deepwater sea state 

and  not to any  individual  spectral  constituent. 
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Three v a l u e s  of t h e  p o w e r   c o s i n e   d i r e c t i o n   i n d e x  n 

( E q u a t i o n  401) were c o n s i d e r e d :  2,  4 ,  and 10. I n  t he  a b s e n c e  

of f i e ld  data a m o d e r a t e l y   f o c u s e d   v a l u e  of 4 was used  t o  

compute t he  f o u r t e e n   y e a r s  of i n s h o r e  wave c o n d i t i o n s   f o r   u s e  i n  

t he  rest of t h e  project. 

4 . 2  Inshore Wave Sta t i s t i c s  

Wave h e i g h t  factors and direction shifts were a p p l i e d  

to  t h e  f o u r t e e n  years of o f f s h o r e   h i n d c a s t  wave data to  compute 

f o u r t e e n  years of i n s h o r e  wave data a t  each of t h e  seven s t u d y  

sites. Detailed i n s h o r e  wave statistics were computed and 

p l o t t e d  for one  node a t  K i n g   P o i n t ,   u s i n g  t he  p r o c e d u r e s  

described i n   S e c t i o n  3 0 6 . 4  a n d   p r e s e n t e d   i n  P a r t  11. 

4.3 Wave T r a n s f o r m a t i o n s  a t  North Head 

S i n c e  t h e  offshore directions of t h e  wave rays d e f i n e  

t h e  amount of wave e n e r g y  t h a t  is transferred a l o n g  a ray p a t h ,  

i t  is essential  t h a t  o n l y  one o f f s h o r e  wave c o n d i t i o n   e x i s t s  for 

a n y   o n e   d i r e c t i o n  a t  any  one  time. At North Head, however ,  the  



4-20 

back-track  diagrams showed the wave rays  could e x i t  the  western 

edge of the  refraction g r i d s  both to  the  north and south of 

Hooper Island. These two areas  are  defined by two very 

different  hindcast  fetches  as shown i n  Figure 3.12. As 

explained i n  Section 3.6.2, t h i s  meant that  two separate 

wind-wave hindcasts had to  be performed. 

I t  was obvious that  these two h i n d c a s t  data sets could 

not use the  results of the same refraction  analysis. In order 

to  compute t h e  offshore  to  onshore wave transformation  functions 

for  the deepwater data set, it was essential   that   the wave rays  

be rest r ic ted from exiting  the  refraction g r i d s  south of Hooper 

Island. A back-track  diagram for t h i s  case is shown i n  Figure 

4 .4 .  

Spectral  t ransfers  were performed u s i n g  backtracks w i t h  

t h i s  res t r ic t ion  and the deepwater wave climate was transferred 

to  the  inshore nodes. The spectral   transfer  results for the 7 .9  

second case are shown i n  Figure 4.5.  I t  can be seen here t h a t  

deepwater spectra w i t h  a mean back-azimuth of 200 degrees w i l l  

have constituent waves that  can refract  to the  inshore nodes. 

Because the  local  shallow  water  hindcast was performed 

i n  essentially  the same depth of water as the wave refraction 

nodes were located, it was concluded that  the  shallow  water 

wave data did not need t o  be refracted  before it was combined 
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with the  refracted  deepwater  wave data. It is therefore 

important to note  that the spectral  transfer  results  which  are 

presented in Part XI of the  report do not apply to the  local 

hindcast  wave  data, 

4.4 Wave  Transformations at Tuktoyaktuk 

A deepwater wave refraction  analysis  similar to that at 

North Head was performed at Tuktoyaktuk.  In  this  case,  wave 

rays were not  permitted to exit  the  western edges of the 

refraction  grids  within  Kugmallit Bay (See Figure 3.13). Figure 

4.6 shows a wave ray back-track diagram computed  with this 

restriction. 

When  the  deepwater  hindcast  data was transferred 

inshore,  the  resulting  inshore wave data  seemed  unrealistically 

low. It  was  concluded  that  this  was caused by considering  such 

a large refraction  area  and not considering  wind  energy  input 

within  the grids. The  refraction gr id  sizes  are  shown in Figure 

4.7. The ideal  solution  to this problem  would be to  refract 

each wave  condition  independently,  adding  energy due to wind 

generation  and  subtracting  energy due to  bottom  effects. As 

this sort of solution  was  not  feasible  within  the scope of this 

project,  the  chosen  solution  was  to  reduce  the area of 

refraction grids. 
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As part of the  initial  wave  refraction analysis at 

Tuktoyaktuk, a separate series of wave back-tracks, had been 

performed  using grids 1 to 5. This was originally going to be 

used to refract the results of a local hindcast from southwest 

of Tuktoyaktuk. However, this analysis was not completed once 

the problem with the deepwater wave transformation was 

identified. 

The problem with the deepwater wave  transformation was 

solved by re-hindcasting  the  wave  climate  using  the "frictional" 

model described in Section 3.6.3. These results were  then 

refracted through  the small g r i d  system. The spectral  transfer 

results are  presented  in Part 11. 



SECTION 5 SURGE SENSITIVITY ANALYSIS 

5.1 Objective 

The  objective of the  work  described  here is to determine  the 

sensitivity of alongshore  and  onshore-offshore  sediment  transport to 

positive storm surges. It shows  that surges have an important 

influence  on  nearshore  profile  adjustments  but  only a secondary 

influence  on  alongshore  transport  which may be increased or decreased 

by a positive surge. These results are used to evaluate  the 

influence of surges  on yearly  estimates of alongshore  and 

onshore-offshore  sediment transport presented in Sections 6 and 7 

respectively. 

5.2 Eff0cts.of a Surge on the Numerical Models 

Before examining  results from surge analyses it is important 

to have a general  understanding of how surges influence  the  various 

models used in this study. 

5.2.1 The  Hindcast  and  Wave  Transformation  Models 

The  deepwater  wave  hindcast  remains  unaffected by surges. 

However, at sites where  shallow  water  hindcasts  were performed (North 

Head  and  Tuktoyaktuk) , there  will be a significant effect due to the 

reduced  friction losses over  fetches with increased  water depth. 
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In  comparing wave transformations at different water levels 

it is first noted  that  the  node locations are automatically  adjusted 

to maintain a  specified  water depth when the  water l e v e l  is changed. 

Consequently, if the  bathymetric contours were regular and  parallel 

to the shoreline, the wave transformation  would  not be influenced by 

a change in water level. However, due to the  irregular  nature of the 

bathymetry in  the Beaufort Sea some differences are i n e v i t a b l e .  

Figures 5.1 to 5.4 show spectral  transfer results for King Point at 

two different water levels (0.50 m  and 2 . 2 5  m above CHS datum) for 

wave  periods of 3.2 s, 5.0 s, 7.9 s and 10.0 s. The comparison shows 

only very small differences in the  wave  height factors and direction 

changes. This indicates  that surges do not significantly affect 

nearshore wave transformation results at King  Point. 

One water level  related effect which is n o t  within  the scope 

of the  wave  transformation  technique  used in this study concerns wave 

breaking over offshore shoals. A close examination of the  study 

sites reveals that with the  exception of stokes Point and Kay Point, 

shoals are  either  very  localized and some distance offshore or non- 

existent. At Stokes Point the shoal affects waves originating  from 

the east, which is n o t  the  prevailing direction of wave attack. The 

same shoal affects the Kay Point inshore climate, where it will  have 

had some effect. However, due to the  blurring effect of directional 

wave spectra, the  shoal  has less influence  than one might expect from 

consideration of  idealized  uni-directional  wave  fields. 
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5 .2 .2  The Alongshore   Sed imen t   T ranspor t   Package  

The breaker zone moves i n s h o r e  w i t h  a rise i n  water l e v e l  

and offshore w i t h  a f a l l .  Its wid th  may i n c r e a s e  or decrease 

depending   on  t he  p r o f i l e   s h a p e .  Thus an i n c r e a s e  or decrease i n  

water l e v e l  could r e s u l t  i n  a c h a n g e   i n  t h e  e f f e c t i v e  beach slope 

w i t h i n  t h e  zone of a c t i v e   s e d i m e n t   t r a n s p o r t   a n d   n e a r  t h e  beach. I t  

may also a l t e r  t h e  s e d i m e n t   p a r t i c l e   s i z e   d i s t r i b u t i o n  across t h e  

s u r f   z o n e   d u e  t o  t h e  c h a n g e   i n   p o s i t i o n .   E v i d e n t l y  there would be no 

c h a n g e   i n   s e d i m e n t   t r a n s p o r t  for t h e  case of a p l a n e  beach slope w i t h  

a u n i f o r m   s e d i m e n t  par t ic le  s i z e   d i s t r i b u t i o n .  

The p r e c o n c e p t i o n  t h a t  a 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  is 

a l w a y s   i n c r e a s e d  by raised water l e v e l s  is also n o t   s u p p o r t e d  by a 

detailed s t u d y  of t h e  b e h a v i o u r s  of t h e  v a r i o u s  models. Changes i n  

t h e  slope a n d   g r a i n  size d i s t r i b u t i o n s  may have somewhat different 

e f f e c t s   o n   e a c h  of the  s e d i m e n t   t r a n s p o r t  models employed. T h u s ,  i n  

p r o f i l e s   h a v i n g   v a r y i n g  slopes (concave ,   convex  or u n d u l a t i n g )  w i t h  

v a r y i n g   s e d i m e n t   t e x t u r e ,  a s u r g e  may c a u s e  ei ther a n  increase or 

decrease i n   t r a n s p o r t  rates. T h i s  i s s u e  is i n v e s t i g a t e d   f u r t h e r  i n  

S e c t i o n  5. 5.1. 

5.2.3 The Nearshore P r o f i l e   A d j u s t m e n t  

The p r o f i l e   a d j u s t m e n t  model is based on t h e  c o n c e p t  t h a t  a 

d e v e l o p i n g   p a r t  of the n e a r s h o r e  profile evolves toward a n   e q u i l i b r u m  
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sponding  to a specific  wave con dition. As the  water  Zeve 1 

changes the  position of the  developing  profile changes and 

consequently surges have a significant effect on profile  adjustment. 

Section 7 of this report deals specifically w i t h  the effect of surges 

on the  profile  adjustment. 

5.3 Surges in the Beaufort Sea 

Both positive  and  negative surges are common in the Beaufort 

Sea. The occurence of both  types has been  examined by Henry and 

Heaps (1976). The coastline of the Beaufort Sea is subject to 

positive surges when strong  northwesterly to westerly winds occur 

during ice-free  periods. The surges are  amplified by the  bathymetric 

features of Kugmallit Bay and also by the outflow of t h e  Mackenzie 

River  into  Mackenzie Bay and t o  a lesser extent into Kugmallit Bay. 

Negative surges occur during  periods of offshore and 

easterly winds in the  Beaufort Sea; while  these surges are quite 

frequent, they seldom drop the  water  level more than a metre. (Henry 

and Heaps, 1976). 

Tide gauges have  been in operation at Tuktoyaktuk 

intermittently since 1961  and  temporary gauges have been used 

elsewhere (see Figures 5.5 and 5.6). The periods of tide gauge 

operation and the  recorded and  unrecorded surges are  shown in Figure 

5 . 5  (after Henry, 1984). During the  past  ten years  surges have been 

relatively  insignificant. The largest  known surges occurred in 1944 



5-9 
FIGURE 5.5 

T U K T O Y A K T U K  

J F M A M J  

A Recorded surge > 
A Unrecorded surge > 
1. Recorded surge < 

I .5m. 
1.5m 
1.5 m 

(after Henry, 1984) 

BEAUFORT SEA COASTAL SEDIMENT-STUDY Datat 8 k y S  

5 scales PI shown 

checked by 

keith Ph1lpott 
consulting Limited 

Periods of Tide Guage Operation and Surge Occurrences 
- 



5 - 1 8  
FIGURE 5 ,  

1964 I 9 6 5  1966  

I970 I 9 7 1  1 9 7 2  

Boiltie lslond 

Cope Dalhousie 

Atkinaon Point 

Hooprr Island 

Polly lrland 

Horschd I l land 

1973 I 9 7 4  1975  

aaiitio ISIOIRI 

Horrowby Boy 

Atkimon  Point 

Kitligoruil Boy 

Rae Island 

Garry l l lond 

Shallow Boy 

Shinglr Point 

Koy Paint 

Horrehal Island 

Domareotlon Boy 

BOilli. l l lond 

Porloyut B o y  

Eost Channel 

aor c 
Forrwall 

Gerry b lond  

Boilllr Ialond 

C O P l  DOlhoutl@ 

Atkinmon Point 

oarry lalond 

Herschel Island 

I 9 7 6  I 9 7 7  19 79 

I 9 8 1  I 9 8 2  1 9 8 3  

(after Henry, 1984) 

BEAUFORT SEA COASTAL SEDIMENT STUDY DMeI IS Hey 85 

Seal PS PI shun 

Chacked but 
Periods o f  Temporary Tide Guage Operation Ke I th Ph I 1 port  

Cmsultlng Llmltod 

I 
I 
I 
I 
I 
I 
1 
I 
1 



5-11 

and 1970,  a l t h o u g h  b o t h  were u n r e c o r d e d   t h e y  have been  estimated  to 

be i n  the ne ighbourhood of 3 m at Tuktoyaktuk .   Henry   (1984)  

s u g g e s t e d  3 m ( a b o v e  MWL) c o u l d  be t a k e n  as a rough  lower limit O f  

t h e  1 0 0 - y e a r   s u r g e   h e i g h t  at T u k t o y a k t u k ,   i n c l u d i n g  t ide but 

exc lud ing   w ind  wave e f f e c t s .  

Henry (1984) used a n   e x p l i c i t   f i n i t e   d i f f e r e n c e  model t o  

pred ic t  t h e  100-year storm s u r g e .  The n u m e r i c a l  de t a i l s  are 

described i n  Henry (1975)  and  Henry and Heaps ( 1 9 7 6 ) .  Wind stresses 

c o r r e s p o n d i n g  t o  a 70-year  design storm were used to  d r i v e  the storm 

s u r g e  model to d e t e r m i n e  t h e  1 0 0 - y e a r   s u r g e   l e v e l  ( t h i s  was based o n  

a s s u m p t i o n s  by  Burns,  1973, and Markham, 1975, t h a t  ice cover is 

s u f f i c i e n t  to  p r e v e n t  large storm surges i n  3 summers o u t  of 1 0 ) .  A 

100-year  surge l e v e l  of 3.5 m above CHS datum was p r e d i c t e d  a t  

Tuk toyak tuk  by t h e  model. However,  Henry ( 1 9 8 4 )  q u a l i f i e d  t h e  resul t  

as t e n t a t i v e  since a proper c a l i b r a t i o n  was n o t  possible d u e  t o  

i n s u f f i c i e n t  water level  data. 

An ear l ie r  s t u d y  at Tuktoyak tuk  by Kolberg and Shah ( 1 9 7 6 )  

provides estimates of a p p r o x i m a t e   r e t u r n   p e r i o d s  for v a r i o u s  water 

l e v e l s  (See F i g u r e   5 . 7 ) .  These were d e t e r m i n e d   u s i n g  data  on storm 

water l e v e l   o c c u r e n c e s   o b t a i n e d  from a v a i l a b l e   r e f e r e n c e s   a n d  

a v a i l a b l e  t i d a l  and wind records. The estimate of t h e  100-year  

r e t u r n  period water l e v e l  is about 3.5 m above CHS datum which agrees 

w i t h  t h e  more r e c e n t   s t u d y  by Henry   (1984) .  

The s e n s i t i v i t y - a n a l y s i s  at King P o i n t  was performed w i t h  a 

large s u r g e  and a l so  w i t h  a n   a v e r a g e   s u r g e .  The l a r g e   s u r g e  was 
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based on a peak h e i g h t  of 2.75 m above  CHS datum at Tuktoyak tuk  which 

wou ld   have   an   approx ima te   r e tu rn   pe r iod  of 1 i n  20 y e a r s   ( a c c o r d i n g  

to Kolberg and Shah) . The a v e r a g e   s u r g e  was t a k e n  as one metre, 

t y p i c a l l y  a y e a r l y   o c c u r r e n c e .  

5.4 D e s c r i p t i o n  of t h e  Storm Even Used i n  the  S e n s i t i v i t y  

A n a l y s i s  

The i n i t i a l  surge s e n s i t i v i t y   a n a l y s i s  was per formed a t  King 

P o i n t   u s i n g  a two-day storm s u r g e .  The h y b r i d  storm e v e n t  t h a t  was 

s i m u l a t e d   c o n s i s t e d   o f   w a v e s  from the l a r g e s t   h i n d c a s t  storm series 

( a r o u n d  2 September 1972 at most sites) superimposed on a t y p i c a l  

l a r g e  storm s u r g e  water l e v e l   p r o f i l e   r e p r e s e n t e d   n u m e r i c a l l y  i n  step 

form. The s u r g e  was based on  an   assumed  peak   he ight  of 2.75 m above 

mean water l e v e l  a t  Tuktoyaktuk .  The 2.75 m surge at Tuktoyak tuk  can 

be t r a n s l a t e d  to  surge h e i g h t s  a t  t h e  other s t u d y  sites u s i n g   r e s u l t s  

of t h e  n u m e r i c a l  model of Henry  and  Heaps. A t  King   Po in t  t h e  factor 

is 0.6 and t h e  peak   surge   would  be 1.65 m above MWL or 2 .15  m above 

CHS datum.  Surge factors a t  a l l  of t h e  s e v e n  sites, n o r m a l i z e d  

r e l a t i v e  t o  Tuk toyak tuk ,  are p r e s e n t e d  i n  Table 5.1.  Figure 5.8 

shows the wave climate and water l e v e l  time series used a t  King   Po in t  

for t h e  s u r g e   a n a l y s i s .  



5-14 

5.5 Results  and Comments 

Table 5.1 

Surge Factors (after Henry, 1976) 

Site 
Atkinson 
Kay Point 
King Point 
North Head 
Pauline Cove 
Stokes Point 
Tuktoyaktuk 

Factor 
1.0 
0.4 
0.6 
1.0 
0.15 
0.2 
1.0 

I 
I 
I 
I 
I 
I 

Mode 1 

CERC 

Queen's modif iec 

At MWL 

5703 

1 CERC 3315 

Swart modified CERC 4886 

Bi j ker 4 2  

Engelund  and Hansen 2197 

Swart model 17 1 

Willis model 3568 

Van Der Graaf  and Overeem model 3289 

Nielsen model (breaking waves) 4168 

Nielsen model (non-breaking  wave) 1794 

Fleming model 67 9 

Swart and Lenhoff model 1970 

P o i n t  (node 1) 

Storm Surge 

2722 

2536 

2338 

0 

1602 

38 

23 18 

2042 

3051 

1311 

670 

1114 
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5.5.1 Alongshore Sediment Transport 

The initial  sensitivity analysis was performed at King 

P o i n t .  The results of sediment transport runs using  the SEDX 

package, a) at mean water  level and, b) with the  synthesized  storm 

surge are  presented in Table 5.2. 

Accordiny to all of the models used in SEDX,  there is less 

alongshore sediment transport at the  higher  water  level of 2.15 m 

above CHS Datum at node 1 at King Point. A similar  result  was  found 

at node 2 with a very different upper  beach  profile. 

A closer examination of t h e  implications of large surges at 

King Point explains these results. At node 2 a 2.15 m surge would 

partially submerge a very steep bluff which causes a significant 

reduction in  the width of the  active sediment transport zone, and 

reduces the  alongshore sediment transport rate. 

At node 1, a 2.15 rn surge would  submerge  the  barrier beach, 

creating in effect, a  profile with a very large bar which the model 

was not  designed to accommodate.  Consequently,  a  modified  profile 

was introduced in which a long gentle upward slope was connected to 

the crest of the  barrier  at  the same slope as the  top of the  barrier 

in place of the back slope. Therefore, the  decreased sediment 

transport  at  node 2 during  the  surge can be attributed to a much less 

steep slope in the zone of active  transport at the raised water 

level. This is believed to be a good  simulation of what occurs in 

reality except that  overwashing of the  barrier was not  included. 
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The analysis was  repeated for a smaller  surge with a peak 

height of 0.9m above MWL. A slight decrease in sediment transport 

was observed  at  both nodes. 

The greatest effect was  found at Atkinson Point where 

similar surge sensitivity calculations were made. There, large 

surges (with a peak height of 2.751~1 above MWL) were found  to  increase 

the alongshore transport to a significant extent (by approximately 

5 0 % ) .  Smaller surges with a peak  height of 1.5m above MWL do not 

significantly  increase  the  transport (less than 10% during a storm 

event).In that case the  profile was moderately convex and  the grain 

size  was taken to be constant.  Taking account of surge frequencies 

it is inferred  that the effect of surges on the annual rate at 

Atkinson Point would be to increase it by 5-10$, which is not 

significant compared to the  standard  deviation of sediment transport 

estimates (see Section 6 .4 .2 ) .  

A sensitivity analysis was also completed at Tuktoyaktuk. 

The shallow water wave hindcast and  the  wave  transformations  were 

repeated at storm surge depths. While the inshore wave heights were 

greater, the sediment transport  during the  storm surge decreased 

significantly  because  the  sediment  distribution changes in the 

shoreward direction from  sand to gravel, which is less mobile. A 

similar  trend was evident for small surges. 

Surges at Kay Point, Stokes Point, and Pauline Cove are not 

significant (see Table 5.1). A surge sensitivity analysis could  not 
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be completed a t  Nor th  Head due  to  a lack of p r o f i l e  da ta  above mean 

water l e v e l .  

The s e n s i t i v i t y   a n a l y s e s  a t  A t k i n s o n  P o i n t ,  King P o i n t  and 

T u k t o y a k t u k   d e m o n s t r a t e  t h a t  t h e  response of a l o n g s h o r e  sed iment  

t r a n s p o r t  to water l e v e l   c h a n g e s  is s i t e  dependen t .  The r e s p o n s e  is 

v e r y   s e n s i t i v e  t o  i n p u t  parameters which c h a r a c t e r i z e  t h e  raised 

water l e v e l   z o n e  of a c t i v e   t r a n s p o r t .  I t  would   appear  t h a t  i n  cases 

where the s l o p e  of t h e  s u r g e - i n u n d a t e d  area is ei ther  much s t e e p e r  

( i n  t h e  case of b l u f f s )  or much more shallow ( i n  t h e  case of 

low- ly ing  areas) ,  s e d i m e n t   t r a n s p o r t  w i l l  t e n d  to  be r educed .  

The f o r e g o i n g  results,  i n  g e n e r a l ,  show t h a t  t h e  e f f e c t s  of 

e l e v a t e d  water levels o n   a l o n g s h o r e  sediment t r a n s p o r t  c a n n o t  on 

their own a c c o u n t  for large s h o r e l i n e  recessions known t o  have 

o c c u r r e d .  However  because they  u s u a l l y   o c c u r   i n   c o n j u n c t i o n  w i t h  

severe wave condi t ions,  storm s u r g e s  are, i n  f ac t ,  n o r m a l l y  

associated w i t h  major s e d i m e n t   t r a n s p o r t   e v e n t s  t h a t  accompany the 

more s t r i k i n g  examples of coastal change. 

5. 6 I m p l i c a t i o n s  of t h e  S u r g e   S e n s i t i v i y   A n a l y s i s  

The o n s h o r e - o f f s h o r e   s e d i m e n t   t r a n s p o r t  model (SEGAR) shows 

much greater s e n s i t i v i y  to  water l e v e l  changes associated w i t h  storm 

surges, t h i s  is r e p o r t e d   i n  Section 7. I t  c a n  be p o s t u l a t e d  t h a t  

a l o n g s h o r e  sediment t r a n s p o r t   p l a y s  a n  important i n t e r a c t i v e  role i n  

p r o f i l e   a d j u s t m e n t .   H o w e v e r ,  t h i s  is n o t  r e p r o d u c e d  d i r e c t l y  w i t h  

t h e  t e c h n i q u e s  employed i n  t h i s  study. 
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I 
SECTION 6 L I T T O M L  TRANSPORT ESTIMATION 

I ! '  The sediment  transport  numerical  modelling package, 

SEDX, was implemented  at two inshore  nodes for each  of  the 

following sites: Stokes Point,  Kay  Point,  King P o i n t ,  North 

Head, Tuktoyaktuk, and Atkinson Point, A detailed description 

Of SEDX is given in Fleming, Philpott, and Pinchin (1984); only 

a summary is provided  herein. 

6.1 Outline of Method 

The sediment.  transport  rates  were  computed  using data 

from t h e  hindcast,  statistical  analysis, spectral transfer and 

refraction  analysis stages. The procedure used was as follows:- 

.Hindcast hourly deep water  significant wave 

conditions for the  fourteen  year  period 1970-1983. 

.Collate these wave conditions i n t o  statistical groups 

of 10 degree directional increments, 0.3 rn wave h e i g h t  

increments  and 0.5 s wave period increments. 

.Transfer the offshore  statistics  to  corresponding 

inshore  statistics. T h i s  was  done by combining  the 

offshore  statistics with the spectral transfer output. 

.Apply the alongshore sediment transport suite SEDX to 

the inshore  wave  conditions to compute alongshore 

transport rates  using  twelve  different models. 
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6.2 A l o n g s h o r e   S e d i m e n t  Transport Package  

The sediment t r anspor t  package, SEDX,  i n c o r p o r a t e s  

three v a r i a n t s  of t h e  bulk e n e r g y . m o d e l   a n d   n i n e   d i f f e r e n t  

de t a i l ed  predictor models (see Table 6.1). The de ta i led  

predictor models are c o u p l e d  w i t h  a l o n g s h o r e   c u r r e n t  model. 

6.2.1 Bulk   Energy  Models 

p a r a m e t e r  can 

The three t o t a l  e n e r g y   b u l k   a l o n g s h o r e  sediment 

t r a n s p o r t  models assume t h a t  t h e  a v a i l a b l e   e n e r g y  of waves  

a p p r o a c h i n g  t h e  s h o r e l i n e  can be related t o  t h e  a l o n g s h o r e  sand 

t r a n s p o r t  rate.  All three methods are  v a r i a n t s  of t h e  U.S.  Army 

where qRs is t h e  a l o n g s h o r e  sediment t r a n s p o r t  ra te  

i n  m 3 / s ,  Tp is the peak wave per iod,  Hs is t h e  

deepwater s i g n i f i c a n t  wave h e i g h t ,  K R  is t h e  r e f r a c t i o n  

c o e f f i c e n t   a n d  a is t h e  wave breaker angle to the 

s h o r e l i n e .  Swart (1976b) i n t r o d u c e d  a parameter t o  

a c c o u n t   f o r  t h e  g r a i n   s i z e  of t h e  bed material. T h i s  

be r e p r e s e n t e d  a s  a f ac to r ,  

K = 1.466 loglo 

t o  be appl ied  

diameter).  

t o  E q u a t i o n  6 * 1  (DS0  is t h e  median g r a i n  
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Table 6.1 

The  Sediment  Transport  Models - References 
and General  Classification 

Model/Narne References General  Classification 

1. CERC Formula u.S.  Army Coastal  Bulk  energy model 
Engineering  Research 
Centre - CERC (1977) 

2. Queen's  modified  CERC Kamphuis and  Sayao  (1982)  Bulk  energy  model 
Formula  Davies ( 1 9 8 4 )  

3. Swart  modified  CERC Swart (1976b) 
Formula 

4. Bijker  Formula Bijker (1971) 

5. Engelund  and  Hansen  Swart (1976b) 
(by Swart) 

7. Swart model 

8. Willis model 

9. Van der Graaf  and 
Van Overeem 

10. Nielsen  model 
(breaking  waves) 

11. NielS8n  model 
(I non-breaking waves) 

12. Fleming model 

13. Swart and  Lenhoff 
model 

Swart (1976a) 

Willis (1978) 

Van der Graaf  and  Van 
Overeem (1979) 

Nielsen e t  al., (1978) 
Nielsen (1979) 

Nielsen e t  al., (1978) 
Nielsen (1979) 

Fleming ( 1 9 7 7 )  

Swart  and Lenhoff (1980) 

Bulk energy model 

Based  on  bed  and/or 
suspended  load 
concentration 

Eased on bed and/or 
suspended load 
concentration 

Adaptation of ACkers 
and  White 

Adaptation of Ackers 
and  White 

Adaptation of ACkers 
and  White 

Based on bed and/or 
suspended  load 
concentration 

Based  on bed and/or 
suspended load 
concentration 

Based  on bed and/or 
suspended  load 
concentration 

Adaptation of Ackers 
and  White 
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Sayao and Kamphuis (1982) introduced  the  surf  similarity 

parameter to account for the effect of beach slope and the rate 

of wave energy dissipation. To be applied to Equation 6.1 this 

parameter can be described as a multiplying factor, 

0 i77 

where Y b  is the  breaker  index and m is beach  slope. 

Recently, Davies (1984) has developed an expression for  K 

from a study of f i e l d  experiments. He found IC was related  to 

suspended sediment concentration which was a function of energy 

density per wave  at breakpoint, E b w r  defined as 

where p is t h e  density of water and db is the  beaker  depth. 

The expression for K was found to be: 

' 0 . 5 4  =[e] 
with Ebw = 0.95 KJ/wave/m  crest. 

C 

6.2.2 Detailed Predictors 

The remaining models may be classed  as detailed sediment 

transport  predictors, These provide either, a )  suspended load 

plus bed load ,  or b), t o t a l  estimates of sediment concentration 
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which is then  transported by the action of background  currents. 

All such models have been  developed  for use with linear wave 

theory  and require a current to be applied  for  any  net movement 

to take place. A brief  description of these models is provided 

here. The models fall into  two  very general categories, those 

which are similar to the  Bijker (1971) derivation ( 9 . g .  includes 

a suspended  load distribution and usually a bed load expression) 

and those which are modifications of the Ackers and White (1973) 

formula. 

6.2.2.1 Bijker  Related  Models 

Bijker's  original formula  developed in 1967 is one of 

the earliest attempts to describe in detail both bed load  and 

suspended load due to waves and currents . The bed load  formula 

was adapted from the  Frijlink (1952)  formula for sediment 

transport in unidirectional flow by modifying  the shear stress 

terms to account for the  stirring action of waves. The 

suspended  load is found by defining the Rouse-Einstein 

distribution of suspended  material from the bed to the free 

surface and  integrating the product of this distribution and 

instantaneous  velocity  through  the depth. (See Einstein, 1950). 

Although  the  formula contains no inception of motion criterion, 

the transport rates predicted  for shear stresses below  the 

threshold shear are  very low. 
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Swart (1976a) adapted t h e  original formula by Enyelund 

and HanSen (1967) for the  prediction of total sediment transport 

rates in any depth under steady flow conditions in an analagous 

manner to the  Bijker formula. The expression does not contain 

an initiation of movement criterion  either. 

Fleming (1977) developed a transport  formula from which 

the bed load  and  suspended  load for wave  action can be 

predicted, He defined a reference concentration close to the 

bed and used a force balance of bed particles to derive a 

theoretical expression for its value. It contains an  incipient 

motion criterion. It also assumes that the concentration at the 

bed cannot exceed 0 .52  and  that the eddy diffusivity is constant 

above the bed load  region.  Integration of the product of 

concentration and a one-seventh  power law velocity distribution 

through  the depth provides the  transport  rate. 

Nielsen (1979) and  Nielsen et al. (1978) determined  the 

distribution of suspended sediment with distance from  the bed 

for  breaking  (spilling breakers) and  non-breaking  wave 

conditions in the  laboratory. The data were  used to develop 

quantitative predictors for the eddy diffusivity, which were 

found to be constant  with distance from the bed for non-breaking 

waves  and  increasing strongly with distance from the  bed for 

breaking waves. Nielsen also defined a reference Concentration 

at the top of the bedforrns. It contains an incipient motion 
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criterion.  The  total load transport rate is determined by 

integrating the  product of the  respective  concentration 

distribution  (either for non-breaking or breaking  waves)  with 

the  one-seventh power law velocity  distribution.  The  Nielsen 

derivation  assumes  all  transport is by suspension. 

6.2 .2 .2  Adapted  Ackers  and  White Models 

Ackers and  White (1973) developed a  technique  for 

estimating  sediment load in unidirectional  flow by considering 

that the work  done in moving  sediment is the  product  of  the 

power  available to move  the  sediment  and  the  efficiency of the 
system. Their  derivation makes a  distinction  between bed load 
and  suspended  load on the basis  of dimensionless  grain  size  and 

not  on  the  basis of position in the water column.  Distinct 

ranges of dimensionless  grain  size  are  considered to be moved 

predominantly as bed load, as suspended load or by a  mixture of 

both. A threshold of sediment  movement  criterian is included. 

I n  his  version of the  Ackers  and  White  formula,  Syart 

(1976b) adapted  the  fine  grained  component of shear  stress to 

include  the  effect of wave  action. A subsequent  version 

adjusted  initiation of movement  relationships. 
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Willis (1978) concluded  that  the critical (incipient 

motion) value of mobility number given by Ackers and White is 

different for  combined wave and current action  from  the  value 

for currents alone. To compensate for this difference he 

multiplied the wave induced shear stresses by an empirical 

coefficient which is a function of grain size. Willis a l so  

adapted  both  the  fine  grained and coarse grained components of 

shear stress to include  the effect of wave action. 

Van der Graff and Van Overeem (1979) added the effect 

of waves on shear stresses to b o t h  the  fine-grained  and 

coarse-grained components of shear. At the same time, they used 

the same critical mobility  number as for steady state conditions 

as well a3 a  steady state formulation for  wave power. 

Another  version of the Ackers and White formula has 

been developed by Swart  and Lenhoff (1980). This version 

integrates all instantaneous  time dependent variables  through a 

wave period. Values for instantaneous resultant velocity at the  

bed and instantaneous shear stress at the bed are found by 

vector  addition of the contributions by the waves and the 

currents. An empirical formulation of critical  mobility number 

is developed from 800 data sets for a wide range of flow 

conditions including: 
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- o b s e r v e d   i n c i p i e n t  motion on a f l a t  bed for waves 

o n l y  

- o b s e r v e d   i n c i p i e n t   m o t i o n   o n  a r i p p l e d  bed for waves 

only 

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

a n d   c u r r e n t s  

- s e d i m e n t  load data  o v e r  r i p p l e d  beds for  waves o n l y  

- s e d i m e n t  load data  o v e r  r i p p l e d  bed with waves  and 

c u r r e n t s .  

6.2.3 A l o n g s h o r e   C u r r e n t  Model 

The r a t i o n a l e   b e h i n d  t h e  SEDX package  approach is 

e x p l a i n e d  by swart and  Fleming (1980) .  I n  order t o  o b j e c t i v e l y  

compare results from the d i f f e r e n t   s e d i m e n t   t r a n s p o r t   f o r m u l a e  

t h e  i n p u t   v a r i a b l e s  must be d e t e r m i n e d   c o n s i s t e n t l y .  

A c c o r d i n g l y ,  t h e  same l o n g s h o r e   c u r r e n t  model s h o u l d  be u s e d   i n  

each deta i led  p r e d i c t o r .  A new framework f o r  t h e  p r e d i c t i o n  of 

a l o n g s h o r e   c u r r e n t s  was proposed by Fleming and Swart (1982). A 

brief summary of the p r i n c i p l e s   a n d   a s s u m p t i o n s  t h e y  a p p l i e d  

follows . 
The m a g n i t u d e   a n d   d i s t r i b u t i o n  of t h e  wave-driven 

a l o n g s h o r e   c u r r e n t  i n  t h e  breaker zone   depends  on t h e  momentum 

balance, which in t u r n   d e p e n d s '  on t h e  u n d e r w a t e r  profile,  t h e  

i n c i d e n t  wave characterist ics and the wave   breaking  mechanism. 
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In 1970 Longuet-Higgins  solved  this momentum balance equation in 

the alongshore direction in the shore area by making specific 

assumptions regarding  three  individual terms; namely,  the 

driving  force or radiation stress term,  the bed shear and  the 

lateral mixing, the latter two  being dissipative terms. 

The momentum  balance in the  alongshore direction X as 

given by Longuet-Higgins is: 

where aRYx 3 

aY 
variation in flux of x-momentum 

with distance y offshore; 

bed shear in the direction of the 

longshore current; and 

exchange of momentum due to lateral 

mixing. 

The type of solution obtained, or more  specifically  the 

variation of the current with distance offshore, depends on the 

assumptions made regarding these three terms. 

Predicted alongshore sediment transport rates are very 

sensitive to the distribution and magnitude of the  alongshore 

current. An error in prediction of the  alongshore current of 10 

percent could cause an error in the  prediction of the alongshore 
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s e d i m e n t   t r a n s p o r t  of as h i g h  as 70 percen t .   (F l eming   and  

Swart, 1 9 8 2 ) .  

I n  a l a b o r a t o r y   s t u d y   i n t o   c u r r e n t   p a t t e r n s  i n  t h e  

v i c i n i t y  of a proposed coastal  s t r u c t u r e ,  it was o b s e r v e d   t h a t  

a l o n g s h o r e   c u r r e n t   v e l o c i t i e s   g e n e r a t e d   b y   r e g u l a r   w a v e s  on a 

very f l a t   b e a c h  ( a  slope of 1 i n  100)  were between 2 and 5 times 

h i g h e r   t h a n   p r e d i c t i o n s   w i t h   t h e   L o n g u e t - H i g g i n s  model would 

t end  to  i n d i c a t e   ( C S I R ,  1978). This   anomaly  is s e e m i n g l y  

c o u p l e d  to  t h e  bed roughness .  

Fleming  and Swart in a r e a n a l y s i s  of t h e  data  

o r i g i n a l l y   u s e d  by   Longuet -   Higgins ,   deve loped  a f u n c t i o n a l  

e x p r e s s i o n  for t h e   r o u g h n e s s  parameter CLH used  by 

Longuet-Higgins  to d e t e r m i n e   b e d   s h e a r .  Many i n v e s t i g a t o r s   h a v e  

assumed CLH to  be a c o n s t a n t  equal to 0.01; Fleming  and  Swart  

have shown it is i n   f a c t  related to bed slope and bed r o u g h n e s s  

as f o l l o w s :  

where Ch = C h e z y   r o u g h n e s s   c o e f f i c i e n t  

E, = wave f r i c t i o n   f a c t o r .  

m = beach  slope 
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A theoret ical  framework for the p r e d i c t i o n  of 

a l o n g s h o r e   c u r r e n t s   g e n e r a t e d  by random  waves was d e v e l o p e d  by 

Battjes (1974) which y i e l d e d ,  re l iable  r e s u l t s .  I t  is comparable  

t o  the Longuet -   Higgins   approach  for regular  waves e x c e p t  t h a t  

wave  set-up was n o t   n e g l e c t e d  and for t h e  o b v i o u s   d i f f e r e n c e s  

between regular and random waves. The method has  to  be app l i ed  

n u m e r i c a l l y   s i n c e  no a n a l y t i c a l   s o l u t i o n  was found.  Batt jes 

draws t h e  v e r y   i m p o r t a n t   c o n c l u s i o n  t h a t  l a t e ra l  mix ing  is n o t  

i m p o r t a n t  i n  t h e  d e t e r m i n a t i o n   o f  t h e  v e l o c i t y  p ro f i l e  for 

random  waves and may t h e r e f o r e  be omitted. 

For sEDX a d e r i v a t i o n  for random  waves was carried o u t  

a t  t h e  same l e v e l  of a s s u m p t i o n  as used  by Longuet-Higgins  for  

r e g u l a r  waves:- 

L i n e a r  wave t h e o r y  is used:  

Waves are random w i t h  a Rayleigh h e i g h t  

d i s t r i b u t i o n ;  

Waves break as s p i l l i n g  breakers w i t h  a constant  

breaker i n d e x  Yb = Hb/db t h r o u g h o u t  t h e  

breaker zone ; 

The wave   spec t rum  wi th in  t h e  breaker zone  is 

treated i n  the  same way as by Battjes 

(19741, t h a t  is, waves i n  e x c e s s  of Y times t h e  b 
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(VI Wave set-up is initially neglected  and t h e  

implication is discussed in Fleming  and Swart 

(1982); 

(vi) The bed slope m in t h e  breaker zone is 

considered constant; 

(vii) The bed roughness coefficient C L H  is constant 

over the breaker zone; and 

(viii) Lateral mixing is neglected (Battjes, 1974). 

and 
n n  

where H~~~~ = fictitious rms wave height at water depth 

d ,  which would have existed under the influence of 

shoaling, refraction, and bed friction if no wave 

breaking had occurred. 
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1 

H e mean wave  height at depth d ,  after including  the 

effect of wave breaking  and subscript bs refers to the 

significant breaker line. 

6.3 Application Of the Alongshore Sediment Transport Model 

6 . 3 . 1  Optional Modes of Operation 

A complete summary of the different operational modes 

in the sediment transport package is presented in Fleming, 

Philpott, and  Pinchin (1984). Only an update of additional 

features which  have  been  incorporated i n t o  the model in  the 

interim is presented. 

In order t o  apply sEDX to shorelines with coarse- 

grained sediment a change had to be made to allow the option of 

calculating the roughness l e n g t h  on the basis of 2*D90 instead 

of ripple height. This alteration reflects the assumption that 

ripples do not  form on gravel beds. 

For the  detailed predictor transport models, the 

profile is divided  into sediment transport zones. The 

availability of sediment distributions at different depths  along 

the  profile  prompted another change in SEDX to incorporate this 

more detailed  information. 
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6.3.2 Input  Data 

Several  input  parameters  were  common to the  six  sites 

where SEDX was  implemented.  At  each site an  average  water 

temperature of one  degree  Celsius was used  for  the  computation 

of kinematic  viscosity.  Also, for each  site, for  the  sediment, 

a relative  mass  density of 1.52 and  a  porosity of 0.6 were 

used. The porosity is required for mass  transport to volume 

conversions. 

Site  specific  information is summarized f o r  each node 

at  each  site in tables  preceding  the  detailed  sediment  transport 

results  given in Part 11 of this report. As an  example,  the 

data at King Point is examined here in  (See Table 6.2). 

Information is presented for both  nodes  on  this table. The 

first item is the  profile  data  and  the  corresponding  profiles 

for  King Point  are  shown in Figure 6.1. (Beach  profiles  are 

presented  for each site in Part I1 of this  report),  The  profile 

data is followed by the  input  grain  size  distributions.  At node 

1, the  first  distribution shown (a gravel) applies to zone 1 on 

the  profile,  profile  zones  2 to 8 are characterized by the 

second  grain  size  distribution  which is a medium  to  fine  sand, 

The  chosen  option  for  calculating  bottom  roughness is also  shown 

alongside  the  grain size distributions. The next data item is 

the  depth at the  node  which was set in the refraction  analysis. 

The U.T.M. coordinates of each node used in the  study  are 
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" 

T a b l e  6.2 - K i n g  P o i n t ,  I n p u t  fo r  S E D X  ( N o d e s  1 a n d  2 )  

BEMUFORT SEA EOASTAL SEDIHENT STUDY 

Current date is 82/2?/85 
Current tine is 17:45:45.45 

14 YEAR AVERAGE SEDIHENT TRANSWRT HIMCAST 

WAVE DATA IS HINDCAST FROH TUKTOYAKTUK W.Y.1. YIWOS 

This  run  used  the folloring  sediwnt  transport Mdels 

1 E R C  fotrula 
2 Pueen's mdified CmC (March 1985) 
3 Suatt d i f i t d  eERc 
4 Bijker formla 
S Enqelund and Hmm ( by Swart 1 
7 h a r t  mdri 
8 Willis rods1 
9 V a n  Der kraf and Overem model 

11 lliclsen rodel (btcdkinp waves) 
11 Miclm rodrl (non breaking naves) 
12 Flaring rodcl 
13 Swart and Lenlroff rodcl 

KfN6 POIWT MDE i HEAH HATER L E M .  

Profiie Data 
Zone 1 2 3 4 9 6 7 0 

Shoreline O/S to Rid-zone 3.2 12.7 25.2 44,0 131,5 fSb.5 586.5 886.5 
Sd. Transport Zone Width 6.S 12,s 12.5 25.0 150.0 398.8 160.9 H8,0 

k p t h  a t  Cmtrr of Zone .2S .75 i.25 2.88 3.00 4.50 6.75 9,25 
Sedircnt  Transport Switch On On On On On On On On 

Input Grain Size Distributiun (H) 
Zonr Dlb D25 035 IS1 DbS D75 084 D W  
1 ,710 1,991 4.91 8 . 3 0  12.718 16,209 21,280 25.080 Ruughness  Based on 2091 

2 to  8 ,168 ,218 ,265 ,381 ,528 ,731 1.845 1,390 Roughness Eased on Ripple Height 

rrfraction analylis wls t o  a depth of 4.8 meters 
baath normal azimth = 43.5 drqrees 
wcighted breaker depth = A 7  ratrrs 

Profile Data 

Shoreline O/S t o  rid-zone 3.6 12.3 32.3 107.3 282.3 
Sed. Transport Zone Width 7.3 18.0 30.8 128,0 230.0 

Depth at Centre of 2mr ,25 ,7S 1.75 4.88 8.08 
Sedirat Transport &ri.trL Qn L OD On On 

10nQ 1. 2 3 4 5 

Input Grain Site Disttihution (u) 
Zone 016 D2S D55 PSO DbS P7S BB4 W I  
1 ,110 1,901 4.911 8.310 12.71 iL,20I 21,209 25.011 Roughness  Based on 2D98 

2 to  S ,168 ,239 ,265 .f80 A20 ,730 1.145 1.338 Ruuqhness Bared on Ripple Height  

refraction  analysis WJJ t o  a depth of 4.0 neterr 
beach nwrrl aziwth = 38.9 d q r e n  
weighted breaker d e p t h  = .69 rrters 



6-17 
FIGURE 
6.1 

["I 
W

J.0
 

BEAUFORT SEA COASTAL SEDIMENT STUDY 

K I n
g

 Po I nt : Beach 
P

ro
f I 1 es used 

In
 SEDEMENT T

ra
n

s
p

o
rt 

Date: 15 mar 85 
~ 

*
la

 
m

s 
b

u
n

 
r
 u

l
d

d
 by: 

K
m

l+h 
Philpott 

Conrultlng Llnltmd 
Pradlc+lonr 



6-18 

p r o v i d e d   o n  t h e  location p l a n s  i n  Par t  I1 of t h i s  r e p o r t .  The 

beach normal   az imuth  of t h e  p r o f i l e   u s e d   i n  t h e  sediment 

t r a n s p o r t   c a l c u l a t i o n s  is also g i v e n .  F i n a l l y ,  the weighted (or 

a v e r a g e )  breaker dep th  p r o v i d e s   a n   i n d i c a t i o n  of the i n t e n s i t y  

of the  inshore wave climate. 

6.4  S e d i m e n t   T r a n s p o r t   R e s u l t s  

6 . 4 0 1  Form of Resu l t s  

The r e s u l t s  for King P o i n t  (node 1) are  p r e s e n t e d  i n  

the  following pages .  Complete sets of results ( e x c l u d i n g  

Pauline Cove) are p r e s e n t e d  i n  P a r t  I1 of t h i s  r e p o r t .  The six 

basic forms of o u t p u t  are described as follows: 

Tables 6.3 and 6.4 .  Gross, n e t ,  p o s i t i v e   a n d   n e g a t i v e  

s e d i m e n t   t r a n s p o r t  rates f o r  each prof i le  z o n e   a n d   i n  t o t a l  

across t h e  pro f i l e .  P o s i t i v e  v a l u e s  are d e f i n e d  as clockwise 

w i t h  r e s p e c t  to  t h e  beach n o r m a l   a n d   n e g a t i v e  is 

c o u n t e r - c l o c k w i s e  w i t h  r e s p e c t  t o  the beach normal. Cumula t ive  

d i s t r i b u t i o n  of n e t  s e d i m e n t   t r a n s p o r t  and p e r c e n t a g e  

d i s t r i b u t i o n  of n e t  sediment t r a n s p o r t  across the  p r o f i l e .  The 

deta i led  o u t p u t  for King   Po in t  is also p r e s e n t e d  i n  g raph ica l  

form i n  P a r t  If of t h i s  r e p o r t .  
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T a b l e  6.3 - King P o i n t  SEDX resu l t s  ( I )  - ,Node 1 
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6 .402  Summary of Results 

The  totals  of  positive  and  negative  sediment  transport 

estimates  from  each  model  are  presented for each node at each 

site in Table 6.5. It  is  apparent  that  at  each  site  estimates 

of sediment  transport  vary  among  the  models by at least  two 

orders of magnitude.  Best  estimates of sediment  transport (as 

shown on Table 6.5 and on  Figures 6.2 to 6.7 ) were  produced by 

screening  out  invalid  results.  Those  models  which  were 

considered to produce  valid  results  are  identified  on  Table 

6.5. The  choice of valid  models  varies  from  site to site  since 

it depends  on  environmental  conditions  such as beach slope and 

sediment size distribution. A full description of the  beach 

profiles  and  sediment  distributions is given  for  each  site in 

Part If of this report. The  selection of valid models is 

described in the  following  sub-section. 

It should be recognized  that  the  variation in results 

could  have  been  reduced by individually  tuning  the  models. 

However,  the  package d e a l  approach  was  adopted  specifically to 

facilitate  objective  intercomparison of models. (6.2.3) 

6 . 4 . 3  Selection of Valid  Models 

The  principal  conclusion  from  the SEDX runs is that 

some of the detailed  predictors  yield  unreasonably high  
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TABLE b.3 Surratv of Sediment  Transport  Results and Bast Estimates - All Sites (m per annm) 3 

Stoker PDint  Node 1 

Hadel SI€ Nf  Y 

1 4M10 787  1 
2 13888 I a49 
3 52980 16229 
4 18088 5919 
5 106580 42079 
7 t 1.%+06 lb21eO 
8 * 1*4E+B6 3B700 
9 f 1. K t 1 6  526181 
10 19258 8993 
11 14358 6084 
12  93408 37080 
13 4 1. K+06 269719 

BPS t 
Estirate 44916 1 4 9 9  

Kay Point Node 1 

Hodel HIE SIW 

I 8 59788 
2 8 12570 
3 0 65189 
4 r  8 9329 
S 8 961 88 
1 0 m a  
B f  8 287900 
9 t  0 3568W 

I0 0 35388 
t l  0 12991 
12 0 55321 
13 t 8 177889 

Best 
Estinatr 49885 

Kin9 Paint Node 1 

bdel S/E M/W 

1 24915 19989 
2 111711 5354 
3 13148 18199 
4 4  454 32 
5 22988 m e  
7 4  192 k 333 
8 37148 18780 
9 33050 16159 

111 31188 16318 
11 15840 b64l 
r2 6209 4054 
13 19521 8775 

Bert 
Estirate 21334 11893 

"""1""""" 

"""""""" 

"""13""""" 

Stokes  Point Nude 2 

Node1 9/€ NfW 

1 44790 8 
2 11350 8 
3 50328 e 
4 9844 8 
S 108308 8 
7 16978 0 
B + lb418B 0 
9 i 190380 I 

19 26370 0 
11 I4240 8 
12 47148 8 
13 88991 B 

"""""""""" 

Best 
Estirattc 40471 

Kay Point Mod@ 2 

llodel MI€ SIW 

1 0 69179 
2 1 28840 
3 0 58431 
4 ,  0 7217 
5 0 b8B20 
7 0 73691 
8 f  0 214688 
O r  a 263046 

10 0 0797 
11 0 1952 
12 8 37I90 
13 + 1 135680 

81s t 
Estiratr 13025 

Kin9 Paint Node 2 

"""1"""- 

""""Y"" 

Hodel 

1 
2 
3 
4 f  
5 
7 r  
B 
9 

19 
11 
12 
13 

8RSt 
Ertimrtr 

S/E 

24660 
t ne0 
12948 
211 

10588 
9% 

16728 
15728 
15611 
6526 

931 b 

lm9 

3e13 

n/ w 
2S880 

0498 
16260 

163 
lS280 
862 

23398 
21390 
2 1570 

9159 
4545 

12278 

15922 

North Head Node 1 

Hodel HI w SI€ 

1 1261 37499 
2 *  11 861 
3 1519 45161 
4 t  1 918 
5 1766 88590 
7 0 1797% 
B *  3293 228809 
9 4  1967 283800 

I8 1281 62780 
11 382 29450 
12 1232 53808 
13 572 76610 

Best 
Estimte 1892 51376 

Tuktoyrktuk  Node 1 

hdrl IIE Sf w 

1 560 22498 
2 24 is22 
3 265 18530 
4 ,  0 0 
5 636 1800e 
7 ,  0 0 
B 818 14588 
9 232 4369 

10 243  7330 
11 t 43 1221 
12 183 3865 
13 166 2104 

Best 
Estirate 321 8033 

Atkinson  Point  Node 1 

"""""1"""" 

""3"""""- 

""""""""""" 

SIN 

15219 
1525 

20270 
16190 
98718 

kbbf8B 
714780 
973510 
21680 
14818 
92659 

443908 

14948 
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sediment transport rates for  fine grain size distributions. 

Since all the models are to  some degree empirical, they  will 

have  been  formulated for a specific range of grain sizes and 

slopes, and extrapolation outside of these ranges can cause 

instability in places which have a median grain size less than 

about 0.25 nun. This is especially  true at Atkinson Point where 

results from models 5 to 9 ,  12, and 13 were not  included in  the 

best  estimate. It is also apparent to varying degrees at Stokes 

Point and Kay Point. Part of  the reason for  instability of 

these models at  fine grain sizes may be related to the  threshold 

for incipient sediment motion. A recent paper by Wang  and Shen 

(1985) suggests that  the  threshold of motion at  fine grain sizes 

and with  turbulent flow may be much higher  than  under  the 

laminar  sub-layer condition assumed in this modelling  system. If 

this is true,  the Ackers and White models would  be  expected to 

overpredict sediment  transport a t  fine grain sizes. 

At Atkinson Point and at node 1 at Stokes Point the 

Engelund  and  Hansen model and the  Fleming model were not 

included in  the best estimate of sediment transport.  Again,  the 

instability is probably  related to applying  the model outside of 

the range of environmental conditions used  to derive the 

empirical coefficients. The Fleming model was specifically 

develpoed for one particular site which had a relatively  flat 

profile with fine sand. 
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Results from the  Bijker  model were a lso  omitted  from 

best  estimates  at  many  sites  because  the  sediment  transport 

rates  were  very low. This is a specific  instance  where 

individual  calibration  would  have  provided  more  reasonable 

results. Typically,  exaggerated  roughness  lengths are used in 

conjunction  with  this model. 

The North Head  results  bring  the  influence of another 

important  factor  to  light:  beach slope. Almost all of the 

models at this  site produce apparently  reasonable  results  even 

though the median  grain size diameter was taken as 0.20 mm. The 

difference at North  Head is an extremely flat beach slope 

ranging  from 1:200 to 1:425 in the zone of active  transport. 

The  mild  slope  would  act to spread  the  surf  zone  producing a 

less concentrated  zone of wave  energy  dissipation. 

Consequently,  the shear stresses  would be significantly  reduced 

thus  offsetting  the  influence of fine  grain  diameters. 

The results  at  King  Point, where the  median  grain  size 

was 0 .27  nun, proved to be quite  reasonable.  Only  the  results 

from  the  Bijker and Swart (Ackers  and  White,  adaptation)  models 

were  not  included in the b e s t  estimate  since  the  estimates from 

these  two  models  were  quite low. 
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6 . 4 . 4  Evaluation of Sediment Transport Models and 

Possible Sources of Error 

Some limitations of the twelve sediment transport 

models have  been  revealed  through  an analysis of the  results. 

Other probable limitations which exert an  influence on the 

results, but yet have not been  explicitly identified, will also 

be discussed in the  following paragraphs. 

Bulk  Models: 

Because they  have a strong empirical basis the results 

from  the  bulk models have  been  generally  accepted as valid. 

However, a weakness is that these models do not possess a 

threshold criterion for  incipient motion and  all  alongshore  wave 

energy even that due to minimal wave  heights is assumed to be 

equally capable of causing sediment transport. Obviously this 

is erroneous.  Although  the  strong empirical basis of the 

formulae tends to counteract this deficiency, it does mean that 

the models can only be accurate  within  the  range of 

environmental conditions for which  they  were  derived. These 

include wave climate, beach  profile, and sediment 

characteristics. 

Along  the  Beaufort coast both  very  fine  and very coarse 

grain sediments are common, and  the results from the bulk 
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models should  therefore be cautiously  interpreted.  For example, 

the original CERC model was derived  from  field data with median 

grain sizes of 0.2  mm 0.4  mm and 0 . 6  mm Also, mathematical 

instability  precludes  the  use of the Swart CERC model for a 

sediment distribution which has a median diameter greater than 

1.5 mm 

Detailed  Predictors: 

Before proceeding to specific comments on the causes 

for  the  wide  range  of results obtained with the  detailed 

predictors, some general comments may be in order.  First  and 

foremost it should be appreciated  that  the development of 

detailed  alongshore sediment transport models is still in its 

infancy. Also ,  most models have not been  thoroughly  tested 

against data other than  that  used in their original 

derivations. Possibly more important are the facts a) that 

most of the models derive from modifications of unidirectional 

flow sediment transport  techniques; and b) that  they  depend on a 

complex chain of interrelated computations several parts of 

which were originally derived  under  rather different boundary 

cases, often only at laboratory scale. The bulk models avoid 

the  resulting  instability  problems by making  the  transport rate 

a simple proportion  of  the  alongshore wave power. However, they 

do not  provide details of the  process that are required in many 

applications. A final general comment addresses the  package 

deal approach.  Many of the models would  produce  more  realistic 
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results if they  were  calibrated  individually, however, the 

package deal approach was chosen for this study f o r  the  purpose 

of objective comparison between sediment transport models. 

The calculation of bed roughness and shear stress is 

one of the most important steps in the sediment transport 

model. These parameters influence  both  the amount of sediment 

mobilized as well as the  velocity of the  longshore current which 

moves the  mobilized  sediment. The effect of bed. roughness on 

the magnitude of Longshore currents has been  quantified with the 

aid of over 350 individual data sets by Fleming  and Swart 

(1982) and  included in the  longshore current model. The effect 

of bed roughness on shear stress and  the amount of sediment 

being  mobilized is treated  differently in almost every  model. 

However, the  modified Ackers and White  formulae exhibit a 

greater dependence on shear stress in this respect than do the 

Bijker  related  formulae (with suspended  and bed  load 

expressions) and presumably errors in shear stress will be 

magnified in these models. This may  partially  explain  the 

instability in these models at  fine grain sizes, especially 

considering  the  possible error in threshold  shear stress at fine 

grain sizes discussed in Section 6.4.3.  

The influence of breaking waves will affect the 

validity of a l l  model results in several ways. Both sediment 

mobility (or suspended concentration) calculations and  longshore 

current determination are affected. The effect of breaking 

I 
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waves has been  shown by N i e l s e n  e t  a l . ,  (1978)  to  s i g n i f i c a n t l y  

i n f l u e n c e  t h e  l e v e l  of t u r b u l e n c e   i n  a r e g i o n  of t h e  water 
co lumn  ex tending  down from the  f r e e   s u r f a c e  to  f i v e  times t h e  

r i p p l e  h e i g h t  above t h e  bed. Those models which are based 

ei ther  p a r t l y  or wholly on the  suspended  load d i s t r i b u t i o n  

t h r o u g h  the  water co lumn  shou ld   i nc lude  t h e  i n f l u e n c e   o f  t h e  

i n c r e a s e d   t u r b u l e n c e   c a u s e d  by breaking  waves.  O f  the f i v e  

models of t h i s  t y p e   o n l y   o n e  of the N i e l s e n  models does t h i s .  A 

compar ison  of t h e  Nie l sen   non-b reak ing   and   b reak ing  wave 

v e r s i o n s   r e v e a l s  t h a t  i n c l u d i n g  t h e  i n f l u e n c e  of t u r b u l e n c e  

c a u s e s   s e d i m e n t   t r a n s p o r t  ra tes  to  i n c r e a s e  by up to  a f a c t o r  of 

two. N i e l s e n  e t  al., (1978) d e t e r m i n e d   e m p i r i c a l   c o e f f i c i e n t s  

for eddy d i f f u s i v i t y   f r o m   l a b o r a t o r y   m e a s u r e m e n t s  of suspended 

s e d i m e n t   u n d e r   s p i l l i n g   b r e a k i n g  and non-breaking  waves.  The 

da ta  set  i n c l u d e d  a wide r ange  of g r a i n   s i z e s   f r o m  0 . 0 8  mm to 

0 . 5 5  mm which may be t h e  r e a s o n  t h e  N i e l s e n  models are t h e  o n l y  

d e t a i l e d  predictors w h i c h   g i v e   c o n s i s t e n t l y   r e a s o n a b l e  results 

a t  f i n e  g r a i n   s i z e s .  I t  shou ld  be stressed tha t  none of t h e  

detai led p r e d i c t o r s   c o n s i d e r   p l u n g i n g  breakers which can o c c u r  

a t  some of the  Beaufort Sea sites. 

There are s e v e r a l   o t h e r   i n a c c u r a c i e s  related t o  t h e  

i n f l u e n c e  of breaking  waves.  The wave c h a r a c t e r i s t i c s   i n s i d e  

t h e  s u r f   z o n e  are d e f i n i t e l y   n o t   s i n u s o i d a l ,  as assumed. Also, 

the  bed roughness  and  wave-induced bedforms, d e r i v e d  for 

non-breaking  waves are p r o b a b l y   n o t   v a l i d   i n s i d e  t he  breaker 

zone . 
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There are a lso  several s o u r c e s  of error related t o  t h e  

l o n g s h o r e   c u r r e n t  model which c o u l d  a f f ec t  t h e  estimated 

s e d i m e n t   t r a n s p o r t  rates. The effect  of bed roughness  on 

l o n g s h o r e   c u r r e n t s  h a s  a l r eady   been   men t ioned .  One a s sumpt ion  

i n  t he  development  of t h e  l o n g s h o r e   c u r r e n t   p a c k a g e  (described 

i n   s e c t i o n  6.2.3) is that a l l  waves break as s p i l l i n g  breakers 

and t h i s  i n  t u r n  leads to the assumpt ion  t h a t  l a t e ra l  mix ing   can  

be ignored for random waves (Battjes, 1974). However, t h e  steep 

n e a r s h o r e  slopes a t  King P o i n t  w i l l  c a u s e  most waves to form 

p l u n g i n g  breakers, and many breakers w i l l  be of p l u n g i n g  form a t  

Stokes  P o i n t   a n d  Kay Poin t .   F leming   and  Swart (1982) s u g g e s t  

t h a t  i n  t h e  case of l o n g s h o r e   c u r r e n t s   g e n e r a t e d  by  random  waves 

b r e a k i n g  as p lung ing  breakers l a t e ra l  mix ing   shou ld  be i n c l u d e d .  

S t e e p   b e a c h  slopes also c a u s e  ref lect ions which 

effectively i n c r e a s e  t h e  breaker i n d e x   a c c o r d i n g  t o  recent f i e l d  

s t u d i e s  by Thornton   and  Wu (19841, and  hence t h e  constant v a l u e  

of 0.78 is p r o b a b l y  a non-conse rva t ive   a s sumpt ion .  
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SECTION 7 NEARSHORE PROFILE ADJUSTMENT 

7.1 Introduction 

The nearshore profile  adjustment  model, SEGAR, computes 

changes in beach profile geometry  due to changes in wave  and 

water level conditions  such as those  due to storm surges. It 

was implemented at one  inshore node for each of the five 

following sites: Atkinson Point, Kay Point, King  Point,  stokes 

Point  and  Tuktoyaktuk.  There was not sufficient data to use 

this  model  at  North Head or Pauline Cove. 

SEGAR was developed by D.H.  Swart based on his 

onshore-offshore  sediment  transport  theory, Swart (1974). The 

model computes  changes in the nearshore profile as a function of 

gradients in onshore-offshore sediment transport based on the 

difference  between  the  current profile and an equilibrium 

corresponding to current wave and water level conditions. 

This  model  has been verified at several oceanic sites. 

Also,  Swain and Houston (1983, 1984) using  the  same  theory  and 

computational  approach  have  independently developed and verified 

their  own  model using different  field  and  laboratory data. 
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7.2 Theoretical Background 

The principles  underlying the model may  be  summarized: 

i) A beach  profile is characterized by three 

distinct zones, each with its own transport 

mechanism. These are: 

the backshore which is the area above  the  wave 

run-up limit; 

a developing profile (D-prof i l e )  where a 

combination of bedload  and  suspended  load 

transport  takes place; 

a transition area, seaward of the D-profile 

and  landward of the  point where sediment 

transport by wave act ion is initiated  and 

where only bed  load  transport  normally  takes 

place. 

(ii) The most basic assumption is that the developing 

D-profile  will  eventually  reach a stable 

configuration under steady wave  attack 

conditions. This profile is then  considered  to 

be stable in.both form and 'position. 
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(iii) The sediment transport rates into (or out of) the 

D-profile  from (or  to) the  backshore or 

transition  area  provide  the  boundary conditions 
for the change in the  D-prof ile. 

( i v )  The rate of onshore/offshore sediment transport 

. at a given time is a function of the deviation of 

the  profile at that  time from the  equilibrium 

condition. Consequently, the  time dependent 

profile development may be examined in relation 

to a time series of wave conditions. 

A more detailed  explanation of these  principles and the 

computational methods used in the model are presented in a paper 

by Swart (1976) which has been  appended to this report. I 
I 
I 
I 
1 
I 
I 
1, 
I 
I 
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7.3.1 Calibration 

The.initia1 step in the analysis is to calibrate the 
model against a  measured profile. The purpose of calibration is 

to tune  the model to reproduce a representative  measured  profile 

under  the  action of the given wave climate. It therefore has to 

be assumed  that  the  measured  profile is a good representation of 

t h e  mean annual profile,  a  typical wave formed  profile 

undistorted by antecedent storm or ice  action. 

For  calibration purposes the fourteen year hindcast 

wave data set was collated  into statistical groups by wave 

height, period  and  direction. The frequency of occurence of 

each group was then  divided by fourteen to produce an average 

year of wave data. This data set was treated as a time-series 

and  then  randomized to remove any  biases  introduced in the 

statistical collation process. 

The process of Calibration begins by running  the model 

with the one year of randomized wave data using  the  measured 

profile as the initial  condition. Surges were not  considered in 

t h e  calibration process  because  they  could  not be  related to the 

randomized  wave data. The objective of calibration is to produce 

a  computed  profile at the end of the  run  that  closely matches 

the measured profile  used at the start of the  run. 



7-5 

This can generally be achieved  by  varying a Scaling 

factor WSKAAL. This factor is used to adjust  the  active  length 

of the  developing  D-profile. A better  calibration fit can 

sometimes be  achieved by also adjusting  the  mean  water l eve l  

used during the  calibration run. 

Once an  adequate  calibration fit is achieved  the 

measured  profile is recalibrated  using a "one-third rollback" of 

the  initial  wave  data set. This consists of taking the first one 

third of the  randomized  time-series of waves and  splicing it to 

the end of the  data set, The  rollback  calibration is a check on 

the  validity of the  initial  "random"  data  set. 

The  assumption  that  the  input  profile  should  return to 

its initial form and position  following one year of average  wave 

data  will be valid  providing that the wave climate follows an 

annual  cycle and no  sediment is lost from the  profile or added 

to it. 

Four factors which weaken the validity of the 

calibration  process in the  region  under  study are listed: 

1. The annual cyclic variation of the  wave  climate 

in  the  Beaufort Sea is accentuated by the  fact 

that the  open  water  season is very short,  leaving 

the  possibility of very large year to year 

variations in the  wave  climate. 
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3.  While surges have a pronounced effect on the 

coastal morphology they are not considered in the  

calibration process used in t h i s  study. 

4. Only instantaneous  profile measurements were 

available at the study sites, and  these  were  not 

necessarily representative of the  average 

profiles at those sites. 

Quite often the profile that  resulted from a trial 

calibration run was different from the input profile.  In some 

cases the subsequent surge analysis was then performed with  the 

output profile resulting  from  the calibration run rather than 

the measured profile.  ln  these  instances  the  measured  profile 

was assumed to be non-typical due to profile  composition or 

antecedent conditions such as ice effects which are not 

accounted for by the model. 
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7.3.2 Storm S u r g e   A n a l y s i s  

The nearshore p r o f i l e   a d j u s t m e n t   a n a l y s i s  is i n   e f f e c t  

a s u r g e   s e n s i t i v i t y   s t u d y  of n e a r s h o r e   p r o f i l e s   i n c l u d i n g  

estimates for s h o r e l i n e  retreat d u r i n g   l a r g e  storms. A t  Some 

sites rates of a n n u a l  re t reat  c o u l d  a lso be estimated based on 

t h e  r e c e s s i o n  during i n d i v i d u a l  storm surges.(See s e c t i o n  9). 

The storm e v e n t s  used in t h i s  a n a l y s i s  are i d e n t i c a l  t o  

those used i n  t he  s u r g e   s e n s i t i v i t y   a n a l y s i s  of a l o n g s h o r e  

sediment transport ( S e c t i o n  5). T y p i c a l l y ,  a two t o  three day 

storm e v e n t  was s y n t h e s i z e d   u s i n g  the largest wave e v e n t   i n  t h e  

f o u r t e e n  year h i n d c a s t  series ( a r o u n d  2 September 1972 at most 

sites) superimposed on varying storm surge water l e v e l  profiles 

r e p r e s e n t e d   n u m e r i c a l l y  i n  step form. Each s i t e  was u s u a l l y  run 

first wi th   no  surge and t h e n  w i t h  a t  l ea s t  two d i f f e r e n t   l e v e l s  

of peak s u r g e .  

7.4  A p p l i c a t i o n  of the Nearshore P r o f i l e  Adjustment Model 

7.4.1 O p e r a t i o n a l  Modes 

The SEGAR package has two basic o p e r a t i o n a l  modes - 
p e r p e n d i c u l a r  or o b l i q u e  wave a t tack.  In the  l a t t e r  case shear 

Stresses are i n c r e a s e d  to  account for the p r e s e n c e  of n e a r s h o r e  
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currents generated by oblique waves. For t h i s  study only the 

perpendicular wave attack mode was employed since most of the 

previous verification for SEGAR has been  associated  with  this 

mode. 

7.4 .2  Input Data 

Several input parameters were common to the  five sites 

investigated. A t  each site an  average water temperature of one 

degree Celsius was used for the computation of kinematic 

viscosity. A relative mass density of 1.52 was used fo r  the 

sediment at each site. 

A single sediment size distribution is required fo r  

each profile. The distribution was taken as the shoremost 

sediment distribution used for the alongshore sediment transport 

modeling. 

The profiles  used at each site were derived from the 

measured profiles used  in  the alongshore sediment transport 

runs. However, in some cases these profiles had to be slightly 

altered to be compatible w i t h  the software. The profiles are 

shown superimposed in Figure 7.1. 
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A t a b l e  showing the  maximum wave h e i g h t  and per iod  

during the  storms a t  each s i te  is provided (Table 7.1). The 

l i s t i n g  of the  wave data f i l e s  for  the storm e v e n t s  are given in 

Part 11. 

Table 7.1 

Maximum Wave C o n d i t i o n  During  Simulated 

storm'surges for SEGAR Runs 

""-~"""1"-~"""~"""""~-""-~"-~"""""""-~- 

Site Inshore  Maximum Total Storm Surge L e v e l s  

H s  TP Duraton ( h r s )  Tested 

(m) (SI (No. of wave (peak surge) 

conditions) ( m .  1 

"""""~"""""I"---3""~~~"~~"""""""~~~~"""~"~~~ 

Atkinson 2.31 9.06 45 0.0,1.0,1.5,2.75 

Kay 2.26 8 - 4 8  46 0.0,0.5,l.l 

King 1.19 6.65 42 OmO,lmO,lm65 

Stokes 1.61 8 - 4 8  4 2  0.5p1.0 

Tuktoyaktuk 1.00 6.29 54 O.5,1.5,2.75 

"""1"""-11-1"""""~-~"""~""""~"""""~"~" 
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7. 5 Form of the R e s u l t s  

I n  t h i s  s t u d y  t h e  r e s u l t s  are p r e s e n t e d  as  f i g u r e s  

showing both i n i t i a l   a n d   f i n a l   p r o f i l e s .  The model also 

p r o v i d e s  the amount of re t rea t  or advance  at a n y   p o i n t  along the 

p r o f i l e .   T h e   r e c e s s i o n  a t  Mean Water Leve l  is g i v e n   o n   t h e  

f i g u r e s   u n d e r  the heading   Supplementary  Data. 

7 . 6  D i s c u s s i o n  of R e s u l t 3  

7.6.1 A t k i n s o n   P o i n t  

C a l i b r a t i o n  runs were a t t e m p t e d  a t  A t k i n s o n   P o i n t  on 

t h e  m e a s u r e d   p r o f i l e   u s i n g  WSKAAL v a l u e s  of 0.7,  1.0 and 1.25 

(See Figures 7.2-7 .4) .  The best f i t  was a c h i e v e d  w i t h  a WSKAAL 

of 1.25, however it was still  n o t  a good r e p r e s e n t a t i o n  of t h e  

shape  of t h e  m e a s u r e d   p r o f i l e .  A f u r t h e r   c a l i b r a t i o n   r u n  was 

performed w i t h  a one metre rise i n  water l e v e l   ( r e f e r r e d  t o  as 

"tide" i n   F i g u r e  7 . 5 )  T h i s  produced a v e r y  good f i t  below MWL, 

but a r e l a t i v e l y   p o o r   f i t  above MWL. Possible r e a s o n s   f o r  

o b t a i n i n g  a better f i t  a t  a raised water level  c o u l d  be: 

1. The m a j o r i t y  of waves   occur  a t  i n c r e a s e d  water 

l e v e l s .  

2. The datum associated w i t h  t h e   p r o f i l e   m e a s u r e m e n t  

c o u l d  be i n a c c u r a t e .  
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I t  is also p r o b a b l e  t h a t  t h e  poor f i t  above MWL is 

related to the fact t h a t  t h e  beach at Atk inson  Point is a c t u a l l y  

on a s p i t  which e x p e r i e n c e s   o v e r t o p p i n g .  SEGAR was n o t  d e s i g n e d  

f o r   s p i t s  or barrier beaches. The ca l ib ra t ion  a t  Atk inson  P o i n t  

was deemed u n s u c c e s s f u l   b e c a u s e  t h e  match above mean water level 

was inadequate .   Hence the ana lys i s  was terminated. I t  appeared 

t h a t  t he  m e a s u r e d   p r o f i l e  was i n c o n s i s t e n t  w i t h  t h e  t h e o r y  

u n d e r l y i n g  SEGAR. 

7.6.2 Kay P o i n t  

A series of c a l i b r a t i o n   r u n s   p r o d u c e d  t h e  best f i t  a t  

Kay P o i n t  w i t h  WSKaAL = 0.7. There is some d e v i a t i o n  between t h e  

f i n a l  p r o f i l e  from the  ca l ib ra t ion  run   and  t h e  m e a s u r e d   p r o f i l e  

(see F i g u r e  7.6). However, bo th  p rof i les  were t h o u g h t  to  be 

p l a u s i b l e  and c o n s e q u e n t l y  storm surge r u n s  were performed w i t h  

bo th .  The r e s u l t s  are p r e s e n t e d  for both  p r o f i l e s  for three 

storm r u n s ,  one w i t h  no s u r g e ,   o n e  w i t h  a c o n s t a n t   s u r g e  of 0.5 

m and one with a s t e p  form s u r g e  series w i t h  a peak h e i g h t  of 

1.1 m. The l a t t e r  c o r r e s p o n d s  t o  a 2.75 m surge a t  

Tuktoyaktuk.  The r e s u l t s  indicate  t h a t  s h o r e l i n e  retreat  

i n c r e a s e s  a t  Kay P o i n t  as the surge l e v e l   i n c r e a s e s .   D u r i n g  a 

two day  storm w i t h  a peak   su rge  of 1.1 m, wave h e i g h t  of 2.26 m ,  

and wave period of 8.48 s, SEGAR p r e d i c t e d  t h e  s h o r e l i n e   w o u l d  

re t reat  9-10 m depending  on which i n i t i a l  p rof i le  (measured  or 

cal ibrated)  is adopted .  A c o n s t a n t  0.5 m su rge   p roduced  a 

s h o r e l i n e  re t reat  of a b o u t  6.5 m o n   a v e r a g e .   ( R e s u l t s  a re  

presented i n   F i g u r e s  7.7-7.9). 

I 
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7.6.3 King P o i n t  

C a l i b r a t i o n  runs on the  measured prof i le  a t  King P o i n t  

d i d  n o t   p r o v e  t o  be e n t i r e l y   s u c c e s s f u l .  The best match o c c u r r e d  

w i t h  a WSKAAL of 0.7, however t h e  r e s u l t i n g   p r o f i l e  was h i g h e r  

and less s t e e p   t h a n  the  a c t u a l   m e a s u r e d   p r o f i l e  (see F i g u r e  

7.10). As w i t h  Atk inson  P o i n t  it is b e l i e v e d  t h a t  p a r t  of t h e  

reason for t h e  poor match relates to  the  f a c t  t h a t  King   Poin t  

is a barrier beach s u b j e c t  to  overwashing .   Consequent ly ,  the 

r e s u l t a n t   p r o f i l e  from t h e  c a l i b r a t i o n   r u n ,  rather t h a n  t h e  

m e a s u r e d   p r o f i l e ,  was chosen  as t h e  r e p r e s e n t a t i v e   p r o f i l e  a t  

t h i s  site.  C a l i b r a t i o n   r u n s   w i t h  t h e  i n i t i a l  wave data  s e t  and 

w i t h  a one t h i r d  roll-back o n  the data  set  gave  consis tent  

r e s u l t s  for t h e  adopted profile.  (See Part I1 of this report for 

a f u l l  set of f i g u r e s   s h o w i n g  a l l  t h e  model r u n s ) .  

F i g u r e s  7.11-7.13 show the r e s u l t s  of three storm r u n s  

a t  v a r y i n g   s u r g e   l e v e l s .   A g a i n ,   s h o r e l i n e  retreat  at mean water 

l e v e l   i n c r e a s e s  w i t h  a rise i n  water l e v e l  to a maximum of 4 . 7 5  

m f o r  a peak s u r g e  of 1.65 m above MWL. 

Figure 7.13 a lso shows major f l a t t e n i n g  of t h e  beach 

f a c e   i n  which t h e  crest of t h e  beach berm retreated a b o u t  50 

metres and rose more that a metre i n  e l e v a t i o n .   A l t h o u g h  such 

changes  are p r o b a b l y   n o t   f u l l y  rea l izable  o n   t h e  barrier beach 

a t  King   Po in t   t hey  may be i n t e r p r e t e d  as an i n d i c a t i o n  of 

overwashing  on t h e  real beach. 
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7.6.4 S t o k e s  P o i n t  

The most s u c c e s s f u l  c a l ib ra t ion  run  on  t h e  measured 

profile of Stokes P o i n t  was o b t a i n e d  w i t h  a WSKAAL v a l u e  of 0.7 

and a Water l e v e l   a d j u s t m e n t  (or t i d e )  of -0.5 m (see F i g u r e  

7.14). The need for a n e g a t i v e  water l e v e l   a d j u s t m e n t  may 

i n d i c a t e  t ha t  the reported p r o f i l e   d a t u m  is i n  error. 

Storm s u r g e   r u n s  were performed on t h e  measured profile 

w i t h  surges of 0.5 m and 1 .0  m which i n  l i g h t  of t h e  c a l i b r a t o n  

r e s u l t s   l e v e l s  may r e p r e s e n t  0.0 m and 0.5 m s u r g e s .  

The  s u r g e  r u n s  once a g a i n  ind ica ted  t h a t  s h o r e l i n e  

re t reat  i n c r e a s e s  as water level increases. At t h e  l a r g e r   s u r g e  

t h e  two day storm produced   abou t  2 m of shoreline retreat a t  

MWL. (Figure 7.15) 

7.6*5 Tuktoyaktuk  

I n  order to  obtain a s u c c e s s f u l   c a l i b r a t i o n   r u n   o n  t h e  

m e a s u r e d   p r o f i l e  a t  Tuktoyaktuk  t h e  water l e v e l  had to  a d j u s t e d  

by t h e  add i t ion  of a 0.5 p o s i t i v e  tide (see Figure 7.16). Again,  

t h i s  ei ther indicates  an  error i n   e s t a b l i s h i n g  the datum of t h e  

measured profi le ,  or it s u g g e s t s  t h a t  a majority of the waves 

which influence t h e  p rof i le  o c c u r  when the  water level is 0.5  m 

h i g h e r  t h a n  the MWL. 
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T h e   s u r g e   r u n s   g a v e   u n u s u a l   r e s u l t s  a t  Tuktoyaktuk ,  i n  

which a s h o r e l i n e   a d v a n c e   r a t h e r   t h a n  a re t reat  was recorded a t  

mean water level for a l l  s u r g e   l e v e l s .   S e v e r a l   e x p l a n a t i o n s  can 

be offered for  t h i s .  T h e   p r i m a r y   p o i n t s  are t b a t   a b o v e  MWL t h e  

p r o f i l e  is composed ( a t  l eas t  on t h e  surface) of v e r y  coarse 

material a n d   c o n s e q u e n t l y   t h e  upper backshore p r o f i l e  is v e r y  

much s t e e p e r   t h a n   t h e   r e l a t i v e l y   g e n t l e   s l o p i n g   n e a r s h o r e   w h i c h  

is ' covered w i t h  f i n e   s e d i m e n t .   T h i s  made it i m p o s s i b l e  t o  

choose a s i n g l e   r e p r e s e n t a t i v e  sediment d i s t r i b u t i o n  for t h e  

e n t i r e   p r o f i l e .  
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SECTION 8 EFFECTS OF A STRUCTURE AT KING POINT 

8.1 Introduction 

The objective was to  determine  the effect of a hypothetical 

structure located at the  west  end of the  barrier  beach at King 

Point. The structure, in t h e  form of a jetty or causeway, was 

assumed to be a total  littoral  barrier  allowing no bypassing of 

littoral  sediment. 

The beach  plan shape evolution model (BPLAN) was used to 

investigate t h i s  problem. The model computes changes in  the planform 

of a shoreline due to spatial and temporal  variations in alongshore 

sediment transport rates. It uses wave data in s tr i c t  chronological 

order and  updates  shoreline geometry at the  end of each wave 

condition so as to simulate the  actual  evolution. Coastal planform 

adjustments from 1970 to 1983 were determined with and without the 

coastal structure. 

There is also a discussion of the feasibility of having an 

opening i n  the  structure near the  shore to facilitate fish 

migrations. 
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8 . 2  Description of the Model 

8.2.1 Theoretical  Background 

The model (BPLAN) is a one-line shoreline change model based 

on the  Pelnard-Considere (1956) principle which assumes that  the 

shoreline erodes or accretes in parallel  slices. A simple equation 

of continuity  illustrates  the  basic principle, as follows: 

" g y + h # = o  BQx 

where Q x  is the  littoral  transport rate at point x ,  

h is the  active  beach  height  below  and  above water, 

a Y / a t  represents the  rate of shoreline change. 

(See Figure 8.1). 

With the  present limits of knowledge, only potential 

alongshore  transport rates, which assume  unlimited  availabiltiy of 

s a n d ,  can be computed  directly. Similarly, there is an  underlying 

assumption  that  all of the material eroded  from  the  active  beach face 

is transported as littoral material; possible offshore losses of fine 

material or overwash losses of coarser material are  neglected. 

However, where  field  data is available for  calibration it is p o s s i b l e  

Or to approximate the effects of restricted  sand  supply 

inshore losses in BPLAN. 

and off shore 

Assume  the  actual  alongshore  transport  rate 

to a Q p  , where Q p  is the  potential  transport  rate 

Q x is equal 

and a is a fa 

less than 1. Also, if part of the erosion product of an  eroding 

c tor  
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face of height  h is lost offshore then  the  second  term in equation 

8.1 becomes BhayJat where B is the fraction of erosion  product  that 

is not  lost  offshore. The case of an  accreting  beach  face  where a 

proportion of the material is either "lost" over a barrier beach, or 

offshore, can be similarly represented, although in that case B is 

greater than  unity. With  these  two adjustments, equation 8.1 becomes 

a - t + h g = O  BQP ax 

F o r  simplicity  the  two factors may be  combined: 

( 8 . 3 )  

It will be clear from Equation 8 . 3  that  the  application of a 

single factor to the beach height, in effect the  use of a fictitious 

height, suffices to calibrate the model to account  for  either or both 

of actual  alongshore  transport rates and losses from the  beach  face. 

The factor can be  varied  from one segment of beach  to  another as 

required. Generally, different factors apply to zones of erosion and 

accretion. 

The BPLAN model also includes facilities to allow for the 

effects of beach  nourishment, and for partial  littoral barriers as 

well as total  littoral  barriers as used  in  this  study. 
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8.2.2 Input Data and Operation 

The definition of the shoreline at  King Point is shown in 

Figure 8.2. The coast was divided  into 11 sections and  the shape was 

determined by the offset from a baseline (dashed lines in Figure 

8.2). The 1970  shoreline was used to define the  initial  condition. 

A fictitious erodable  beach  height was assigned to each section of 

beach. The input  data for runs without  and  with a structure are 

shown in Tables 8.1 and 8.2 respectively. 

The inshore  wave climate was defined  at  five nodes shown on 

Figure 8.2. Nodes 1 and 2 were used for  the  alongshore sediment 

transport estimations described in Section 6. The inshore  wave 

climate for each of the  three additional nodes was determined 

specifically fo r  application of the  beach  plan shape model. The 

three  additional  node locations were selected  located  with the  aid of 

forward  tracking  wave refraction diagrams ( s e e  example in Figure 8 . 3 )  

The wave characteristics were  interpolated  at seven more 

locations to provide  twelve  littoral drift calculation points (these 

points  fall On the solid lines in Figure 8.2). The model was applied 

using  fourteen years of sequential  hindcast data (1970-1983). Waves 

are  refracted from the  inshore  node (at a depth of 4 m) to the 

breakpoint  using  plane  beach refraction, assuming  the contours are 

locally  parallel  to  the  shoreline. The potential  littoral drift 'rate 

is then  calculated fo r  the  twelve points using  the Swart (1976b) 
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Table 8.1 

Application of the Beach  Plan Model a t  King Paint 

Conditions Without a Structure 

Operating Conditions for Final Run 1970-1983 

Beach  Plan  Shape Model Results - Hi thout a Structure - Run KPBP7 

No. of beach sections = 11 

Initial beach offsets 
a t  each section (1 t o  11): 81#.l, O#.P, 900.0. 9B4.1, 871.1, 781.8, 721.0, 648.8, 530.1, 721.0, B71.6 

Length  of  each ractiPn(1 t o  11): 651.1, 491.0, 34.6, 3fl.1, 4lM.h 4W. I .  380.0, 480.0, 2IB.l. 518.8, 388.8 

Anqle of baseline nrrrral t o  true north = 17.1 

Refraction data specified a t  
drift calculation points: 2, 4, 8, 10, 11 

Refrartim data given a t  4.8 R. contour 

Calibration heiqht 
(for sections 1 t o  11): 50.1, SB.B, 98.1, 59.8, 5,I, S.b, 25.0, 25.0, 25.8, 25.8, 25.1 

Drift  calculation point 1 is an  open boundary 

Drift  calculation poin t  12 is an open boundarv 

Notes: 1, Distances and heights are in retras; angler are i n  degrees. 
2, Calibration beach heiqht equals (actual height) X (height factor). 
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Table 8.2 

Application of the Beach Plan Model a t  King Point 

Conditions With a Structure 

Operating Conditions for Final Run 1979-1983 

Beach Plan Shape Model Results - With a Structure - Run KPBPB 

No, of beach sections = 11 

Ini t ia l  beach offsets  
a t  each section11  to 11): 811.0, 988.8, 988.0, 981.1, 870.1, 780.0, 720.9, b44.8, 539.8, 720.0, 878,8 

Length of each section(1  to 11): 650.8, 400.8, 388.8, 308.1, 488,$, 4B0.0, 300.8, 408.0, 299.0, 508.0, 38ll.0, 

Anqle of baseline normal to   t rue  north = 47.8 

Refraction  data  specified a t  
drift calculation  points: 2, 4, e, 18, 11 

Refraction  data given a t  4.0 o. tontour 

Calibration  height 
(for sections 1 t o  11): 5.8, 5.8, 5.8, 5.8, 

Drift calculatim paint I is an opan boundary 

Orift  calculation  point 5 is a Ion9 groyne 

Drift  talculatim  point 12 is  an open boundary 

Notes: 1. Distances and heights are in ratrcs; angles in degrsrs. 
2. Calibration beach height  equals  (actual  height) X (height  factor). 



"""""""" 

Figure 8 . 3  

YRVE RRY 0ET;IILS 

f t d e  Level= 8.58 m. 

z 
N 

lWFORT COFtsTRL SEDIMENT STUDY 

Wave Rafractlon Rnalyslr f o r  



8-10 

modified CERC bulk energy model. The amount of erosion or accretion 

is determined by the difference in the  littoral drift entering  and 

leaving  a  beach section. The shoreline position offsets change with 

each wave condition and therefore  the  beach  plan  shape is redefined 

after each wave. This ensures that shoreline change is properly 

evolutionary (i.e.  in correct chronological sequence). 

8 . 3  Potential VS. Actual Littoral Drift 

All sediment transport models determine the  potential 

maximum alongshore transport  rate  which is only  realized  when  there 

is an  unlimited  supply of sand. Ideally, beach  plan  shape models 

should only be applied  where  there is a fully  developed  beach  with  an 

unlimited  sand  supply. At King Point, the  potential  transport is 

of ten  not realized  since  there are no  fully  developed beaches east or 

west of the  barrier  beach. 

At King Point the actual sediment transport was estimated by 

using  recession rates of the bluffs east and  west of the  barrier 

beach (McDonald and Lewis, 1973: Harper et a1.,1985). Confidence in 

t h i s  approximation was strengthened by a separate calculation of 

infilling of the  barrier  beach over a period of fourteen years, 

1956-1970. 

Through a personal communication from R .  Gillie, Dobrocky Seatech, 

the composition of the  bluff was estimated from information  included 
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i n  McDonald and L e w i s  (1973). The i n f o r m a t i o n   i n c l u d e d  sediment 

p a r t i c l e   s i z e   d i s t r i b u t i o n   a n d  the p e r c e n t a g e  ice c o n t e n t .  The  

volume of sand a n d   g r a v e l  which migh t  be e x p e c t e d  t o  be moved as 

l i t t o r a l  d r i f t  was t hen  t a k e n  a s  a p e r c e n t a g e  of t h e  t o t a l  volume per 

metre alongshore ( b l u f f  h e i g h t  m u l t i p l i e d  by t h e  recession rate ) .  

T h i s  c a l c u l a t i o n   i n d i c a t e d  t h a t  a c t u a l  d r i f t  was a b o u t  15,000-25,000 

m3/year  from t h e  west and 2500 m3/year from t h e  east. The separate  

a n a l y s i s  for the  i n f i l l i n g  of t h e  barrier beach produced  an estimate 

f o r  gross l i t t o r a l  t r a n s p o r t  of 21,000 m3/year which agrees well w i t h  

t h e  r e s u l t   d e t e r m i n e d   f r o m   t h e   r e c e s s i o n  rates. 

The p o t e n t i a l  l i t t o r a l  d r i f t  a l o n g  t h e  coast a t  King P o i n t  

reaches a maximum gross p o t e n t i a l   t r a n s p o r t  ra te  of 183,000 m3/year, 

a c c o r d i n g  to  t h e  beach p l a n  model. This is obviously much greater 

t h a n  t h e  a c t u a l   t r a n s p o r t  rate. I n p u t  to  t h e  beach p l a n   s h a p e  model 

had t o  be a d j u s t e d  to  accommodate t h e  d i s c r e p a n c y   b e t w e e n   a c t u a l  and 

po ten t i a l  rates of t r a n s p o r t .  

I n i t i a l   c a l i b r a t i o n   r u n s  were performed w i t h  estimated 

a c t u a l  beach h e i g h t  pa rame te r s .  The r e s u l t s  from t h e s e  r u n s  showed 

a n  un reasonab ly  large amount of d e p o s i t i o n  at t he  east  end of t h e  

barrier beach and larger r e c e s s i o n  ra tes  a l o n g  t h e  b l u f f  west of the 

beach t h a n   a c t u a l l y   o c c u r r e d .  I t  was possible to  compensate  for the 

a r t i f i c i a l l y  h i g h  a c c r e t i o n   a n d  erosion by a p p l y i n g  a factor to t h e  

beach h e i g h t  to  restrict  s h o r e l i n e   c h a n g e   ( u s i n g  t h e  p r i n c i p l e  

described by Equa t ion  8 . 3 ) .  A reasonable estimate of t h e  r e q u i r e d  

beach h e i g h t  factor could be made i n  both cases. The e x c e s s i v e  



recession rates. To cal ibrate  for accretion at the  east end of the 

. beach, t h e  beach height was multiplied by the   ra t io  of deposition 

predicted from potential  transport rates to  the  deposition  calculated 

from the actual sediment transport  rates. 

Some of the  calibrated beach heights were adjusted when the 

structure was added. West of the  structure,  the  calibration beach 

height  factors were reduced to  reflect   the  altered  coastal   processes 

i n  t h i s  area. East of the  structure  calibration  factors remained the 

same . 

a. 4 Form of Results 

The results  are  presented i n  P a r t  I1 of t h i s  report i n  t h e  

form of summary tables for the end of each open water season 

(1970-1983).  The tabular  results  consist  of yearly and cumulative 

values of beach l ine  posi t ion  (offset)  changes and beach volume 

changes a t  each l i t t o r a l  d r i f t  calculation p a i n t .  The tables also 

include  the littoral d r i f t  e s t imates   ( le f t ,  r i g h t  and net)  at each 

calculation point. The BPLAN model has the   fac i l i ty  to produce 

summaries for  any chosen period of time. 
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D i s c u s s i o n  of t h e  R e s u l t s  

The beach p l a n  shape c h a n g e  betw 

r u n   w i t h o u t  a s t r u c t u r e  is shown i n   F i g u r e  

' e en  1970 and  1983 f o r  t h  

8.4.  The n o t i c e a b l e  

e 

c h a n g e s   i n c l u d e  some e r o s i o n  a t  t h e  west e n d  of t h e  barrier beach and  

a v e r y  large area of d e p o s i t i o n  a t  t h e  east e n d  of t h e  barrier beach. 

The r e s u l t s  from t h i s  model c o u l d  be checked a g a i n s t  a e r i a l  

p h o t o g r a p h s ,  but u n f o r t u n a t e l y   n o  photographs have  been t a k e n  by EMR 

since 1970. The d e p o s i t i o n a l   f e a t u r e  does seem to  be o v e r e s t i m a t e d :  

150 m of a c c r e t i o n  was p r e d i c t e d  a t  beach i n   s e c t i o n  9. The 

c a l i b r a t i o n  would have been   improved  i f  a n  estimate of t h e  amount of 

s e d i m e n t  l o s t  over t h e  barrier beach i n t o  t h e  l a g o o n  was a v a i l a b l e .  

T h i s  c o u l d  also be a c c o u n t e d  for by a n  i n c r e a s e  i n  a p p a r e n t  beach 

h e i g h t  to  l i m i t  the e x t e n t  of a c c r e t i o n .  

The s e c o n d   r u n  was performed w i t h  a n  impermeable s t r u c t u r e  

a t  t h e  west end of t he  beach. T h i s  h y p o t h e t i c a l  coastal  s t r u c t u r e  

has  b e e n   i n c l u d e d   i n  some c o n c e p t u a l   d e s i g n s  proposed for a King 

P o i n t   h a r b o u r   d e v e l o p m e n t  ( f o r  i n s t a n c e ,  t h e  B e a u f o r t  Sea 

E n v i r o n m e n t a l  Impact S t a t e m e n t ,  1982.) 
," 1 

The r u n  w i t h  a s t r u c t u r e  i n  p l a c e  a g a i n  p r o b a b l y  over- 

estimates d e p o s i t i o n  eas t  of t h e  barrier beach for t h e  reasons 

presented above .  (See F i g u r e  8 . 5 ) .  F u r t h e r m o r e ,  t h e  area of erosion 

immediately east  of t h e  s t r u c t u r e  for a d i s t a n c e  comparable to  its  

l e n g t h  w i l l  h a v e   b e e n   o v e r e s t i m a t e d   b e c a u s e  the s h e l t e r i n g  of the  

s t r u c t u r e   o n  local  wave act ion is n o t  t a k e n   i n t o   a c c o u n t .  
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FIGURE 8.4 
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~ Considering  that  this  volume of erosion is overestimated and that  no 

bypassing  occurs  at  the  structure,  deposition east  of the  beach would 

be  considerably less than  computed. One interesting  conclusion  from 

the  model is that  net  deposition  west of the structure is not likely 

to occur in the long term,  although in some years deposition may 

occur, (resulting from net  transport to the east), as evidenced by 

the  predicted  shoreline  position after 1974. In  Figure 8.5 the 

structure appears to have been outflanked, however, the erosion in 

the  immediate v i c i n i t y  of the  structure  will be reduced or even 

reversed by the effects of sheltering,  thus  reducing  the  risk of 

outflanking. 

8.6 Feasibility of Fish  Migration  Passages 

Environmental  concern  has  arisen  over  the  impact of an 

impermeable  structure  on  coastal  fish  migration. The possibility of 

leaving gaps in the structure  would not be  advisable in the  nearshore 

zone.  During years when  westerly storms are significant,  accumulation 

of sediment occurs w e s t  of the  structure (see predicted  shoreline 

position in 1974-Figure 8.5). 

The effects of gaps near the shoreward ends of littoral 
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barriers on l i t t o r a l  c u r r e n t s  and l i t t o r a l  transport have  been 

examined  on a number occasions: For e x a m p l e   d u r i n g   p r e l i m i n a r y  

s t u d i e s  for F i f t y   P o i n t   M a r i n a  on  L a k e  O n t a r i o   ( p e r s o n a l  

communica t ion ,   Pub l i c  w o r k s  Canada) ,and  i n  Oman ( P h i l p o t t ,  1 9 8 0 ) .  I t  

was a lso tr ied u n s u c c e s s f u l l y  a t  Rungs led   Harbour   i n  Denmark (since 

r e b u i l t ) .  

The c o n c e p t  of l e a v i n g  a g a p  to  p e r m i t   p a s s a a g e  of cuments ,  

sediment and fish does n o t  work well u n l e s s  t h e  c o m p l e t e   s t r u c t u r e  is 

" t r a n s p a r e n t "  to  waves. T h i s  is b e c a u s e   a l o n g s h o r e   s e d i m e n t  

transport is reduced i n  a n y   p a r t i a l l y  sheltered "wave shadow" area 

l e a d i n g  to  d e p o s i t i o n  and e v e n t u a l   f i l l i n g  of the gap. 

To b u i l d  a s u f f i c e n t l y  "open" s t r u c t u r e  i n  the Arctic is 

e v i d e n t l y   n o t  feasible and   would   fur thermore  defeat t h e   o b j e c t i v e  if 

it is to  s e r v e  as a breakwater. Under these c i r c u m s t a n c e s  t h e  only 

f e a s i b l e   a l t e r n a t i v e  the f i s h   m i g r a t i o i n  passage is e s s e n t i a l   w o u l d  

be t o  p i e r c e  t h e  s t r u c t u r e  w i t h  l a r g e   c u l v e r t s   a n d  t o  reopen  them 

when they become blocked. Depending  on t h e  water depth r e q u i r e m e n t  i t  

c o u l d  be more economica l  t o  i n s t a l l  s e v e r a l   c u l v e r t s   a n d  simply 

abandon  those  close t o  shore as t h e y  become f i l l e d  w i t h  sand. 

T h i s  t o p i c   r e q u i r e s   f u r t h e r   c o n s i d e r a t i o n .  
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SECTION 9 DISCUSSION OF METHODOLOGY AND RESULTS 

9.1 Overview of Methodology 

This is a discussion of both  the  techniques used in this 

study  and of the  results  obtained by their use. The techniques are 

reviewed  through  examining  the  numerical models implemented. The 

results  are  presented on a site by si te  basis. 

In  this it is also necessary to  make a clear distinction 

among  the  three  types of numerical  models used and their  relative 

merits. These are: 1) wave  hindcasting? 2 )  nearshore wave 

transformation;  and 3 )  coastal  sediment transport. These three types  

of models are  designed to be interfaced  although they are separate 

and distinct  modelling systems which are commonly used  independently 

or with other models, They are  discussed  under separate headings 

following  this  overview. 

The  conventional sequence in wave  analysis is to commence 

with hindcasting  and  then  proceed to g r i d  preparation,  backtracking, 

etC, However, in  the  present study where complex  sheltering 

conditions were encountered  at several sites it was found to be 

essential to consider the  grid  boundaries before deciding on wave 

hindcasting  stations.  From  this came a  clearer  recognition that any 

given  wave  sheltering  problem may be resolved in a number of ways; 
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that selection of a particular set of grid boundaries is most 

important and will influence the proper selection of the hindcasting 

' stations and  the range of fetch directions that must be taken into 

account. The derived inshore wave climates from the wave modelling 

systems are then used as input t o  t h e  coastal process models. The 

wave data is used in either sequential or statistical format 

depending on the particular model application. 

9 . 2  Wave Hindcasting 

The wave hindcasting procedure PHEW was successfully adapted 

to incorporate time varying fetches to allow for  the changing 

position of the  ice  limit. Two other modifications were required to 

cope with unusual shallow water conditions at North Head and 

Tuktoyaktuk. The PHEW procedure, a "one-dimensional" parametric wave 

hindcasting system, was designed to imitate some features of more 

complex two-dimensional systems and to incorporate several features 

to facilitate calibration. Calibration tests with the limited amount 

of available directional wave measurements (none in the Beaufort Sea) 

have shown that this procedure is significantly more accurate than 

the common practice of defining offshore wave angles to the nearest 

45  degrees. However, a wider range of good quality measured wave 

data is still needed  to continue calibrating and  verifying its 

output. In the present study the shallow water modifications were 

introduced because they were obviously better than 
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p r e v i o u s l y  available f a c i l i t i e s  t h o u g h   t h e y  could n o t  be p r o p e r l y  

calibrated for lack of measured data. 

Some other p o s s i b l e   r e f i n e m e n t s  also await s u i t a b l e   m e a s u r e d  

data and t h e  o p p o r t u n i t y  for  u n d e r t a k i n g   c a l i b r a t i o n  and v e r i f i c a t i o n  

tests. The complete lack of direct ional  wave data and shallow water 

n e a r s h o r e   m e a s u r e m e n t s   i n  t h e  B e a u f o r t  Sea is a n  important c o n s t r a i n t  

t h a t  s h o u l d  be remedied. 

9 . 3  Nearshore Wave T r a n s f o r m a t i o n s  

The r e f r a c t i o n  of d i r e c t i o n a l   s p e c t r a   u s i n g  LINREF and 

SPECTRANS has proved  t o  be of s p e c i a l  value because  of t h e  complex 

p a t t e r n s  of coastal  s h e l t e r i n g   a n d / o r  t h e  shallows that were found in 

v a r y i n g   d e g r e e s  a t  v i r t u a l l y  a l l  of t h e  seven  sites other than 

Atk inson   Po in t .  

The l a te  a d d i t i o n  of a f a c i l i t y  t o  limit the s p e c t r u m  

a c c o r d i n g  t o  t h e  form of t h e  shallow water e q u i l i b r i u m   s p e c t r u m  

p r o v i d e s  an  i m p o r t a n t   r e f i n e m e n t  to t h e  t e c h n i q u e .  According to 

measurements  a t  P o i n t e  Sapin ,  New Brunswick, this phenomenon can 

r e d u c e   i n s h o r e  wave h e i g h t s  by as much as 50%. I t  is e s p e c i a l l y  

worth noting here t h a t  t h e   u s e  of the shallow water s a t u r a t e d  

s p e c t r u m  to  limit t h e  i n s h o r e  wave h e i g h t   a p p e a r s  t o  make  it u s u a l l y  

r e d u n d a n t  to pe r fo rm complex wave f r i c t ion  c a l c u l a t i o n s .   T h e r e  is 

s t i l l  a strong need, however, for i n s h o r e  d i rec t iona l  wave 
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I measurements at places  like Kay Point, Stokes Point, North  Head  and 

Tuktoyaktuk to further  confirm  these  methods  and  assumptions. 

The  complexities of some of the  sites  required  the 

development of a special  procedure in addition to the software 

modifications discussed elsewhere.  For  example,  the  North  Head site 

is exposed to two independently  generated  wave  fields.  One is the 

"deepwater" wave field  from  Mackenzie Bay which is quite  strongly 

refracted  before  reaching  the  site. The other is the locally 

generated  shallow  water  wave  field  which is subject to much less 

refraction. Two separate wave hindcasts  were  required here. 

9.4 Alongshore  Sediment  Transport  Models 

The alongshore  sediment  transport  package S E D X ,  was 

originally  developed  for  research  purposes and not as an operational 

tool. It was intented to be a "test-bench'' for making  objective 

comparisons  among  different  models by applying  exactly  the  same  input 

data set to all  models. For this  reason  no  facility for individual " 
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tuning’’ of inputs to each model  was  provided, as normally  done  when 

o n l y  one  model is in use. On  the  other  hand, in an  operational 

application, such as this,  the SEDX format  can produce a startling 

range of answers  that  serves to dispel  any  misconception about the 

accuracy of coastal  sediment  transport  estimates  that  might be 

engendered by having only one model. 

This study  confirms  that  there are major  shortcomings  with 

the  available models for  the  prediction of alongshore transport. The 

difficulties are exemplified by the wide range of results the 

different  models  can y i e l d  from the  same set of input  data. To some 

extent  the  problems  arise from the specific morphology of Beaufort 

Sea coasts which evidently dif fer  substantially from the  conditions 

used in the  derivation of the models. However, this is not the  whole 

story, and  another part of the problem lies i n  the  fact  that most of 

the models have  been synthesized from somewhat  heterogeneous 

combinations of theoretical, laboratory, and f i e l d  data sources. 
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9.4.1 Bulk Energy Predictor Models 

The bulk  energy  models, the first of which appeared n e a r l y  

30 years ago, r e l a t e  alongshore  transport  directly  to a simple 

fraction of the  alongshore component of wave power. They produce 

stable resu l t s ,  and are  believed  to be accurate  to w i t h i n  half an 

order of magnitude under  appropriate  circumstances. However, they 

provide no de ta i l  and l i t t l e  i n s i g h t  into  the sediment transport 

process,  just a number for the  alongshore  transport  rate, based o n  

the accumulated to t a l  work done by the  dissipation of the  alongshore 

component of wave power. 

The most familiar,  and s t i l l  most widely  used, the CERC bulk  

energy model, is least appropriate for the  Beaufort Sea coastl ine 

since it  does  not  include a threshold  criterion for sediment  motion, 

and does  not relate alongshore  transport  to wave breaker 

character is t ics ,  beach slope, and g r a i n  diameter. The sediment sizes 

ranged from fine sand to  gravel and the CERC model does  not 

d i f fe ren t ia te  between  them. The Swart ( 1 9 7 9 )  adaption can be 

regarded as a modest improvement to the  CERC model but  it  o n l y  works 

over a res t r ic ted  range of sediment s ize  and  wave character is t ics  and 

cannot  produce results  outside t h a t  range. The most promising 

version of a b u l k  energy model was developed by Kamphuis and Sayao  

(1982) and improved by Davies ( 1 9 8 4 ) .  I t  includes  the  effect of 

beach slope, wave steepness and sediment  suspension. I t  implicit ly 
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i n c l u d e s  a t h r e s h o l d   c r i t e r i o n .  The most r e c e n t   r e f i n e m e n t  of t h i s  

e x p r e s s i o n  a lso i n c o r p o r a t e s   g r a i n  diameter i n  the manner described 

by Sayao, Nairn  and  Kamphuis (1985). 

9 .4 .2  Detailed Predictors 

The detai led p r e d i c t o r s   e x h i b i t   n o t a b l e  i n s t a b i l i t i e s  and 

sometimes t h e  r a n g e  of answers from the v a r i o u s  models for a s i n g l e  

set of i n p u t  data is as h i g h  as three orders of magn i tude .   S ince  

n a t u r e  is n o t  so u n s t a b l e ,  this v a r i a t i o n   m u s t  be a t t r i b u t e d  t o  t h e  

model formulations and t o  i n t e r a c t i o n s   b e t w e e n  the models and 

computed i n p u t s  which rely i n  t u r n  on other theories or research 

r e s u l t s .  

The detai led p r e d i c t o r s  a l l  u s e  a common set of r e s u l t s  to 

compute bottom roughness   and  t h e  a l o n g s h o r e   c u r r e n t   d i s t r i b u t i o n  but 

then differ more or less i n  t h e  s e d i m e n t   t r a n s p o r t  models they use 

and t h e i r  way of d e a l i n g  w i t h  suspended  sediment .While  t h e  package 

deal appoach can lead t o  i n s t a n c e s  of i n s t a b i l i t y   w h i c h  may have been 

a v o i d e d   t h r o u g h   i n d i v i d u a l   t u n i n g ,  it does not p r o v i d e  a n  o b j e c t i v e  

e v a l u a t i o n  of t h e  v a r i a t i o n   i n   r e s u l t s  t h a t  c a n  be e x p e c t e d  from 

these models. 

The l o n g s h o r e   c u r r e n t  model that Fleming  and Swart ( 1 9 8 2 )  

deve loped  from t h e o r y  by Longuet-Higgins  ( 1 9 7 0 )  assumes t h a t  waves 
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break as spilling  breakers. This assumption is not  entirely  valid  at 

some of the  study sites and the  confidence in prediction  would be 

improved if the model  could  accomodate  plunging  breakers by 

introducing  lateral  mixing to the alongshore  current  velocity 

distribution  where  necessary.  Furthermore,  the  original 

Longuet-Higgins  development was not  intended for steeply  sloping 

beaches or barred  profiles.  While barred profiles did not exist  at 

the study sites, in some cases steep  beach slopes d i d ,  

Unfortunately, an acceptable  formulation for longshore currents on 

steep slopes is not present ly  available. 

Of the  two  families of detailed  predictors  the  most  advanced 

from each  category  are  the Swart and Lenhoff (1980) model and  the 

Nielsen et al., (1978) model. The Ackers and  White  adaptation by 

Swart and  Lenhoff is unstable  at  fine  grain sizes and deserves 

improvement in this  aspect - p o s s i b l y  by calibrating bed roughness to 

produce  reasonable  results or by improving on the  incipient  motion 

threshold  criterion based on  recent  discoveries. The more  reasonable 

sediment transport estimates  provided by the Nielsen models (even at 

very  fine  grain sizes) most likely  result from the  inclusion of very 

fine g r a i n  sizes ( e g .  0.08 m) in  the laboratory tests Nielsen  used 

to define  his  empirical  coefficients.  One  possible  improvement to 

this model  might be to extend it to include  an  expression for 
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sediment  concentration in a surf zone characterized by plunging 

breakers. However,  this  would  present  considerable problems 

concerning  spatial  or  temporal  variation  of  sediment  concentration 

due to the  nature of plunging  breakers. 

Finally,  none of the models tested are distinctly  applicable 

to gravel beaches. Although an option has been  incorporated in the 

system to accomodate  coarser grain s ized  sediments there has been no 

opportunity to calibrate it. More  research is required on this  topic 

also. 

9.5 Coastal Profile  Adjustment with SEGAR 

The nearshore  profile  adjustment  model, SEGAR was 

implemented  with  modest success at five of the seven study sites. 

Several limitations became apparent in this work, including  the 

special  characteristics of arctic region coastal  conditions  which 

differ  from the theoretical  assumptions underlying the model and the 

paucity of coastal profile data. 

open  water  season and the 

(approximately 3-4 months 

In the Beaufort  Sea  the  variability of the  length of the 

relatively short  length of season 

) contribute to cause an extremely  variable 
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annual wave climate. The calibration  exercise of the  nearshore 

profile  adjustment  process  (described in Section 7.3.1) is based on 

the assumption  that a relatively  consistent  year to year or  cyclic 

variation in wave  climate exists. The large  annual  variation  that 

occurs in the  Beaufort Sea may interfere  with  the  calibration process 

because  the  mean  annual  profile  can vary  widely from year to year 

w i t h  variation in the  wave  climate. 

The method i n  which a representative  measured  profile was 

obtained also presents  problems  for the  calibration process. The 

measured  profile  measurement  may  not  be  representative of a mean 

annual profile,  especially if it is measured  following  ice  action or 

a severe storm. It is preferable to synthesize  a  mean  profile  from a 

series of profile  measurements  made  throughout one or more open water 

seasons. 

Another  difficulty  that  was  encountered concerns the 

reported  datum  level for the  measured  profiles.  Atkinson  Point, 

Stakes Point and Tuktoyaktuk  required  adjustment in t h e  datum  level 

during  the  tuning process. There is the  possibility  that  the 

reported datum was in error in these  cases. However,  since the 

adjustment was to raise the  water  level a t  Atkinson  and  Tuktoyaktuk 

it may indicate  that  surges  are  particularly  important  at  those 

sites, Unfortunately,  surges  could not be considered  during  the 

calibration  process  adopted  for  this study. 
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It  would be advantageous to augment the calibration process 

by calibrating  against  an  actual  storm  sequence  with  measured 

environmental  conditions,  including  initial  and  final  profiles. This 

type of approach would  address  several of the shortcomings  that  have 

arisen in the  calibration  process  used  for  this  study. 

A major  limitation of the  nearshore  profile  adjustment model 

and its application  at t h e  study sites arises when  barrier  beaches or 

spits are considered.  Overtopping of s p i t s  at Rtkinson  Point and Kay 

Point probably occurs in most years and at the barrier  beach  at  King 

Point during  extreme events (see Table 9.1). Overtopping  and 

subsequent  overwashing of sediment on barrier beaches must  have some 

effect on the  profiles. However, the  equilibrium  profile  developed 

by Swart did not explicitly  consider  barrier  beaches or spits  which 

undergo overtopping. This may account for the poor matching of the 

upper parts of the  profiles above mean  water  level  at some of the 

sites. It is also cause for exercising  caution  when  interpreting  the 

results from sites which  can be characterized as beaches  which 

experience overwashing. 
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Table 9 .1  

B e a c h   P r o f i l e   H e i g h t s  & Estimated S u r g e   H e i g h t s  

B e a c h   P r o f i l e   C a l i b r a t i o n  S i tes  

Surge B e a c h   P r o f i l e  Height Data 

H e i g h t  (m) 

K i n y   P o i n t  Node 1 1.65 barrier beach  1.5 m above MWL 

S t o k e s  P o i n t  Node 1 1.0 h i g h e s t   l a n d  1.4 m above MWL 

storm limit 0.5 m above  MWL 

Kay P o i n t  Node 2 1.1 s p i t  1 .05 m above  MWL 

T u k t o y a k t u k  Node 2 2.75 measured  t o  5 m above  MWL 

A t k i n s o n   P o i n t  Node 1 2.75 spit 0.96 rn above  MWL 

Swart ' s  d e v e l o p m e n t  of o n s h o r e - o f f s h o r e   s e d i m e n t   t r a n s p o r t  

t h e o r y   c o n s e r v e s  sand mass t h e r e b y   i m p l y i n g   t h a t  no l o n g  term. 

s h o r e l i n e  re t rea t  or a d v a n c e  OCCUTS. However, a s t r o n g  influence of 

s u r g e s  a t  sites where o v e r w a s h i n g  of spits or barrier b e a c h e s   O c c u r s  

w i l l  i n v a l i d a t e  t h i s  a s s u m p t i o n   s i n c e   t r a n s g r e s s i o n  Of the f e a t u r e  

w i l l  o c c u r .   F u r t h e r m o r e   l o n g  term c h a n g e s   i n  coastal  morphology a l s o  

o c c u r  through g r a d i e n t s   i n   a 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  (as computed 

w i t h  BPLAN), and the c h a n g e s   i n f e r r e d   f r o m  t h e  coastal  profile 

a d j u s t m e n t  model w i l l  o n l y  be v a l i d   w h e r e   n e t   a l o n g s h o r e   t r a n s p o r t  

g r a d i e n t s  are n e g l i g i b l e .  
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Beach Plan Evolution  Modelling 

In this  study a one-line beach plan evolution model, BPLAN, 

was successfully  applied a t  King Point to a shoreline  that  differs 

considerably  from  the  idealized beach coast for which it was 

designed. The model takes advantage  of  the  inshore  wave  climate from 

the  advanced spectral transfer  technique and combines it with a 

s i m p l e  bulk model - stable but not  necessarily  very  accurate. The 
advantage of this type of model is that it can provide  results for  a 

sequence of points  along a shore and can test the reasonableness and 

consistency of those  results by calibration  against  shoreline 

posit ion data. 

Apart from its  use of spectral  transfer output , BPLAN as it 

stands is a  rather  simplistic model. Still it gives a clearer 

i n s i g h t  i n t o  macro-scale coastal processes f o r  the effort  expended 

than the application of SEDX at two or more nodes. The point of this 

discussion is to r a i s e  the  question whether it  would be worthwhile to 

invest  some  effort in the further  development of BPLAN as a r o u t i n e  

operational  method of evaluating  alongshore  sediment  transport? Such 

an approach would  eventually  incorporate detailed predictors and 

other  advanced features  when  there are suitable stable models. 

Evaluation of Results 

This discussion c o n c l u d e s  with a n  evaluation Of the results  

on a si te  by site basis. 
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9.7.1 A t k i n s o n  Point 

A t k i n s o n   P o i n t  l ies  be tween two bays .  I t  c o n s i s t s  of a 

h e a d l a n d   w i t h  low c l i f f s  to which are a n c h o r e d  opposed s p i t s  

o n e   e x t e n d i n g   n o r t h  eastwards par t  way across t h e  mouth of 

McKinley Bay a n d   t h e   o t h e r   s o u t h  westwards pa r t  way across 

t h e   a d j a c e n t  Bay. I t  a p p e a r s  t o  be a closed system, a 

l i t t o r a l  cell. T h e   o n l y  obvious s o u r c e  of l i t t o r a l  s e d i m e n t  

is erosion of t h e   h e a d l a n d ,  The o n l y   o t h e r  possible 

s o u r c e ,   a n   u n l i k e l y  one, is f rom t h e  sea by o n s h o r e  

t r a n s p o r t .  From a s t u d y   o f   t h e  coastal  p l a n f o r m ,   d i v e r g e n t  

n e t   t r a n s p o r t  away from t h e  c l i f f s  towards t h e  ends of the 

two s p i t s  would be e x p e c t e d .  The a c t u a l  rates of alongshore 

t r a n s p o r t  m i g h t  be deduced  from a simple s e d i m e n t  budget 

t a k i n g   i n t o   a c c o u n t   c l i f f   c o m p o s i t i o n ,   c l i f f  and b e a c h  

r e c e s s i o n  rates less beach   ove rwash .  The a l o n g s h o r e  

transports w o u l d   o n l y  be equal to t h e  c l i f f  erosion r a t e  i f  

t h e  s p i t s   t r a n s g r e s s e d   w i t h o u t   c h a n g e   i n  profile. 

U n f o r t u n a t e l y ,   t h e  data required f o r   s u c h  a c o m p u t a t i o n  was 

n o t   a v a i l a b l e  and hence  it is n o t   p o s s i b l e  t o  compare 

estimates of a c t u a l   a l o n g s h o r e  transport w i t h   t h e   c o m p u t e d  

v a l u e s  shown i n   F i g u r e  6 . 2 .  

The estimates of sediment transport rates are v e r y  Similar 

a t  nodes 1 and  2 w i t h  n e t  eastward t r a n s p o r t s  of 107 ,000 

m/a and95,OOO m 3/ a r e s p e c t i v e l y .   E i t h e r  t h e  s p i t  is 
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prograding or the mouth of McKinley Bay is filling as a 

result of overwashing - or both. The  potential  sediment 

transport  rates  are probably indicative of the actual 

transport rake because  of apparent  abundance of sand 

depositional features. Therefore, t h e  predicted sediment 

transport rate is probably a reasonable  estimate of the 

infilling rate in McKinley Bay. This site displays the 

greatest  sediment transport rates of the six sites 

considered. The high  rates of coas ta l  recession from earlier 

periods would substantiate these results but r e c e n t  

observations by Forbes and Frobel (1985) do not. However, 

if the actual  alongshore  transport is significantly less 

than the potential  rates the difference would presumably b e  

due to ice bonding or overwashing since there does not 

appear to be any lack of sand. 

The investigation of profile adjustment at Atkinson  Point 

was not completed  due to a poor fit i n  calibration of the 

measured profile. This probably  results from overwashing of 

beach which  gives rise to a different  equilibrium  profile 

shape than that determined by Swart. 

To deal  with barrier beaches or spits there is an obvious 

need for  a method of estimating the overwashing of sediment 

- the process by which such features transgress. When 

overwashing occurs, how are the alongshore transport and 

nearshore profile affected? 
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9.7.2 Kay P o i n t  
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Kay P o i n t  is a t r a n s g r e s s i v e  s p i t  four kilometres long 

a n c h o r e d  t o  an e r o d i n g   c l i f f  headland (Forbes, 1981). Here 

a s e d i m e n t  balance would be required to  o b t a i n  an 

i n d e p e n d e n t  estimate of t h e  n e t   a l o n g s h o r e   t r a n s p o r t  wh ich  

was computed a t  43,000 m3/a to 49,000 m3/a. See F i g u r e  

6 . 3 .  Most, i f  not a l l ,  of t h e  s e d i m e n t  entering t h e  s p i t  a t  

i t s  north end  is d e r i v e d  from c l i f f   e r o s i o n .   H o w e v e r ,  t h e  

coastal  g e o m e t r y  is s u c h  that o n l y  a short length of t h e  

c l i f f ,   p r o b a b l y  less t h a n  500 m is s u i t a b l y   o r i e n t e d  to 

s u p p l y  t h e  spit. Could it  s u p p l y  over 40,000 m3/a? 

A g a i n ,  more data  would be r e q u i r e d  to perform a sediment 

budyet, but f o r t y -  or fifty-thousand c u b i c  metres is 

considered to be a h i g h  estimate. 

I n  this case, where there is direct  e v i d e n c e  of r a p i d  

t r a n s g r e s s i o n ,   t h e r e  is also a need for a means of 

s y s t e m a t i c a l l y   e s t i m a t i n g   o v e r w a s h   a n d  i t s  i n f l u e n c e   o n  

a l o n g s h o r e   t r a n s p o r t .  

I f  overwashing is n e g l e c t e d  the r e s u l t s  from t h e  SEGAK r u n s  

can be a c c e p t e d  a t  face value. From t h e  r e s u l t s  presented 

i n   S e c t i o n  7.6.2 and from the f r e q u e n c y  of surges a 

r e c e s s i o n  r a t e  a t  MWL of a b o u t  3 m/yr can be i n f e r r e d .  
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9.7.3 King P o i n t  

The K i n g   P o i n t  site c o n s i s t s  of a 2 km l ong  barrier beach  

which i n t e r r u p t s   a n   e r o d i n g   b l u f f   s h o r e l i n e .   T h e  bar r ie r  

beach was f o r m e d  by e x t e n s i o n  of a s p i t .  I t  closed off  t h e  

l a g o o n  prior t o  1970. 

The a 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   r e s u l t s  as  computed by 

S E D X  show a gross p o t e n t i a l   t r a n s p o r t  r a t e  n e a r  t h e  east  e n d  

of t h e  beach o f   a b o u t  3 2 , 0 0 0  m3/a which  is s i m i l a r  t o  

s e d i m e n t   b u d g e t  estimates of a c t u a l  l i t t o r a l  t r a n s p o r t  from 

bluff r e c e s s i o n  rates a n d  beach i n f i l l i n g  rates.  The n e t  

t r a n s p o r t   a l o n g  t h e  cliffs t o  t h e  west of t h e  barr ier  beach 

is o n l y  3 ,000  m3/a directed to  t h e  west. 

A more de ta i l ed  e x a m i n a t i o n  of t h e  l i t t o r a l  c e l l  in t h e  

v i c i n i t y  of K i n g   P o i n t  is possible t h r o u g h  t h e  r e su l t s  of 

t h e  beach p l a n  shape model BPLAN. I t  was r u n  from 1970 t o  

1983,  without a s t r u c t u r e .  T h e  r e l a t i v e  magnitudes and 

d i r e c t i o n s  of s e d i m e n t   t r a n s p o r t  a r e  shown i n  F i g u r e  9.1. 

I t  is e v i d e n t  t h a t  there is a d i v e r g e n t   s e d i m e n t   t r a n s p o r t  

n o d e   j u s t  west of t h e  west e n d  of t he  bar r i e r  beach and a 

c o n v e r g e n t  node at the east  end  of t h e  beach. The s h o r e l i n e  

is probably transgressing t h r o u g h o u t  t h e  l i t t o r a l  c e l l  

e x c e p t  a t  t h e  c o n v e r g e n t   n o d e  w h i c h  will be a z o n e  of 

d e p o s i t i o n .  
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I t  is d i f f i c u l t  t o  estimate t h e  r a t e  of p r o g r e s s i o n  of t h e  

s h o r e l i n e  a t  t h e   c o n v e r g e n t  node s i n c e   o v e r w a s h i n g  of t h e  

barrier b e a c h  w i l l  p l a y   a n   i m p o r t a n t  role.  I n   o t h e r  words 

t h e   b a r r i e r  beach is a lso  growing back f u r t h e r  i n t o  t h e  

l a g o o n .  However, it is e v i d e n t   t h a t   t h e   b e a c h  a t  King  P o i n t  

is a r a p i d l y   d e v e l o p i n g   f e a t u r e .  

T h e   s e d i m e n t   t r a n s p o r t   r u n s  f o r  t h e  storm s u r g e   s e n s i t i v i t y  

a n a l y s i s   g i v e   a n   i n d i c a t i o n  of the episdic n a t u r e  of 

s e d i m e n t   t r a n s p o r t  i n  t h e   r e g i o n .  A l a r g e   p a r t  of t h e  

s e d i m e n t   t r a n s p o r t e d   d u r i n g  a y e a r  may o c c u r   d u r i n g  one 

l a r g e  storm. W h i l e   t h i s   h a s   b e e n   r e c o g n i z e d  as a common 

phenomenon o n  many beach  coasts (Seymour  and Castel ,  1985) 

i t  is p a r t i c u l a r l y  important i n  t h e   B e a u f o r t  Sea since o p e n  

water seasons are s h o r t   a n d   s i n c e  storms are u s u a l l y  

s e p a r a t e d  by p e r i o d s   o f  calms. 

The p o s s i b i l i t y  of l e a v i n g   g a p s  i n  a coas ta l  s t r u c t u r e  a t  

K i n g   P o i n t  t o  p r o t e c t   f i s h   m i g r a t i o n  patterns  would be a 

costly f e a t u r e .   T h e   r a p i d   d e v e l o p m e n t  of d e p o s i t i o n a l  

f e a t u r e s  a t  t h i s  s i t e  would suggest c o n s t a n t   d r e d g i n g   w o u l d  

be r e q u i r e d  t o  r e t a i n  open p a s s a g e s   t h r o u g h   t h e   s t r u c t u r e .  

The p r o f i l e   a d j u s t m e n t  analysis r e v e a l e d  a s h o r e l i n e  r e t r ea t  

o f  almost 5 m d u r i n g  a l a r g e  storm ( e q u i v a l e n t  of a 2 . 7 5  rn 



s u r g e  a t  T u k t o y a k t u k   c o m b i n e d   w i t h   t h e  l a rges t  storm d u r i n g  

t h e  14 y e a r   h i n d c a s t  per iod) .  However, t h e   a c c r e t i o n   d u e  t o  

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

of a l o n g s h o r e  t r a n s p o r t  far overshadows p r o f i l e   a d j u s t m e n t  

d u r  i n y  surges. 

9.7.4 N o r t h  Head 

T h e   N o r t h  Head s i t e  is t u c k e d   i n   o n   t h e  west side of N o r t h  

Head. I t  is u n d e r s t o o d  to have  a f l a t   f i n e   g r a i n e d   b e a c h  

w i t h   a n   a p p r o x i m a t e   n o r t h - s o u t h   o r i e n t a t i o n . T h e  water d e p t h  

i m m e d i a t e l y   o f f s h o r e   o f   t h e   b e a c h  is shallow a n d  d e c r e a s i n g  

s o u t h w a r d s  t o  less t h a n  two metres. The  s i te is a l so  p a r t l y  

s h e l t e r e d  from d o m i n a n t   w e s t e r l y  storms by  Hooper  I s l a n d .  

As e x p e c t e d ,  u n d e r  these c i r c u m s t a n c e s ,   t h e   n o r t h e r l y  node 

is much more exposed and p o t e n t i a l  s e d i m e n t   t r a n s p o r t  rates 

are h i g h e r   t h e r e  t h a n  to t h e   s o u t h ;   1 0 8 , 0 0 0  m3/a versus 

51,000 rn3/a. T h i s   s u g g e s t s   t h a t   a n  area o f  deposition 

e x i s t s   s o u t h   o f   t h e  s i t e .  T h e   e x t e n t  of d e p o s i t i o n  w o u l d  

d e p e n d  o n  t h e   a c t u a l  rates  of t r a n s p o r t .   T h e   m a i n   s o u r c e   o f  

s e d i m e n t  is p r e s u m a b l y   s h o r e l i n e  erosion. Hence t h e  a c t u a l  

a l o n g s h o r e   t r a n s p o r t  may be much less t h a n   t h e   c o m p u t e d  

v a l u e s .  v e r y  l i t t l e  de t a i l ed  s i t e  i n f o r m a t i o n  was a v a i l a b l e  

f o r   t h i s  s i t e  and no sediment b u d y e t  c o u l d  be a t t e m p t e d .  
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A recent  decision by Gulf  Canada Resources to t r e a t  sediment 

transport i n  the area as a "mud flow" s u g g e s t s  that   the  

application of sandy beach coast  models was inappropriate a t  

North Head. Implementation of the  profile  adjustment model 

was not possible due to a lack of profi le   data  above MWL. 

9.7.5 Pauline Cove 

A t  Pauline Cove the numerical modelling process terminated 

with the computation of the inshore wave climate when i t  

became apparent  that  there was insufficient data for coastal 

sediment  modelling. However, t h e  location of the beach s i t e  

at t h e  foot of a long c l i f f  near t he   d i s t a l  end of a sharply 

pointed c l i f f e d  headland s u g g e s t s  t ha t  t h i s  would a l so  have 

been a d i f f i c u l t  s i t e  for  the application of the coastal 

sed iment  transport models. 

9 . 7 . 6  Stokes Point 

Stokes Point, a larye depositional fea ture ,  is apparently 

r e l a t ive ly   s t ab le ,  Moderate alongshore  transport  rates were 

computed t o  be around 30,000 m3/a. Much higher rates and 

inferred  rapid  erosion, Readshaw (1983) are judged 

improbable a t  h i s  site. 
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Large accretions  like  Stokes Point tend to form on reaches 

of coast where there is a downdrift reduction or reversal in 

the alongshore transporting capacity of the waves, and/or an 

increase in sediment s u p p l y .  I n  t h e  present  instance it is 

not self-evident what  the main  cause is although it may well 

be related to the s h e l t e r i n g  effect of the o f f l y i n y  shoals. 

An examination of nearshore profile  adjustment revealed 

recession ra tes  of 2 m in large  surges  (equivalent to a 

2.75 m at Tuktoyaktuk) and 1 m in average suryes  (with a 

return period of about 1 year). From the results it is 

estimated that shoreline  recession would be approximately 1 

m/yr. Since t h e r e  doesn' t appear  to be a gradient in 

alongshore  sediment transports at Node 1 t h e  estimate oE 1 

m/yr recession should be valid and unaffected by a l o n y s h o r e  

transport. 

T h i s  would be an excellent  site for the application of t h e  

BPLAN model using perhaps three additional backtracking 

nodes. 

9.7.7 Tuktoyaktuk 

This site is on a sand-gravel barrier about 1.5 km long 

oriented north-south and exposed to the shallow waters of 

Kugmallit Bay. The direction of net drift is southwards 



While 3 0 , 0 0 0  m3/a is c e r t a i n l y  too h i g h ,  8 ,000  m3/a may well 

be too low because it  is l i k e l y  t h a t  t h e  s e d i m e n t  

t r a n s p o r t e d   a l o n g ,  t h e  shore is  f i n e r   t h a n  t h a t  f o u n d  on t h e  

p ro f i l e .  I t  is a p o t e n t i a l   w e a k n e s s  of c u r r e n t   m e t h o d o l o g y  
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and there is v i r t u a l l y  no d r i f t   i n  t h e  opposite d i r e c t i o n .  

The s e c t i o n  of s h o r e l i n e   i n v o l v e d   a p p e a r s  t o  be a c o m p l e t e  

l i t t o r a l  cell. T h e r e f o r e ,   u n l e s s  there is a n  onshore 

t r a n s p o r t  of 

sand it  wou ld  appear t h a t  the o n l y   s o u r c e  of l i t t o r a l  

material is r e c e s s i o n  of t h e  coast i tself .  

The c o m p u t e d  potential alongshore transport rates were f o u n d  

to  be 11,000 a n d  8 ,000  rn3/a. T h a t  t h e  r a t e  is less a t  t h e  

s o u t h e r n  n o d e   s u g g e s t s   a c c r e t i o n  r a the r  t h a n  erosion is 

o c c u r r i n g  there. T h i s  is p r o b a b l y  correct because t h e  n o d e  

is close t o  the  a c c r e t i n g  s p i t  which  Eorms the m a i n   s i n k   f o r  

the l i t t o r a l  ce l l .  The  low a l o n g s h o r e   t r a n s p o r t   v a l u e s  

c o m p u t e d   r e f l e c t  the mildness of t h e  wave climate due t o  the  

s h a l l o w n e s s  of K u g m a l l i t  Bay a n d  the ra ther  coarse g r a i n e d  

material f o u n d  i n  t h e  z o n e  of active transport. By 

c o m p a r i s o n  Kolberg and Shah (1976) obtained a r e s u l t   a b o u t  

four times as  g r e a t  (30 ,000  rn3/a) u s i n g   c o n v e n t i o n a l  

p r o c e d u r e s  which  would e x a g g e r a t e  the wave climate and 

d i s rega rd  a c t u a l   g r a i n  s i z e .  
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t h a t  t h e  particle sizes of sediment   found on t h e  p r o f i l e  are 

taken  to be r e p r e s e n t a t i v e  of t h e  p a r t i c l e  sizes of sed iment  

t h a t  moves through an area. That is n o t   n e c e s s a r i l y  SO.  A 

sediment   budget   approach based o n   t e x t u r a l   a n a l y s i s  of 

e r o d i n g  material and e r o s i o n   r a t e s   m i g h t   b e   u s e f u l .  

The nearshore  profile adjustment a n a l y s i s  a t  Tuktoyaktuk d i d  

not p r o d u c e   r e a s o n a b l e   r e s u l t s .  The v e r y  coarse gra ined  and 

s t e e p   b a c k s h o r e   p r o b a b l y   g a v e  r i s e  to the u n r e p r e s e n t a t i v e  

r e s u l t s  of this site. 
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SECTION 10 CONCLUSIONS 

The conclusions p r e s e n t e d   h e r e w i t h   s u m m a r i z e  t h e  

findings of each s t a g e  of t h i s  s t u d y .  

10.1 Data 

T h i s  study has h i g h l i g h t e d  a s h o r t a g e  of d a t a  for 

coas ta l  p r o c e s s   s t u d i e s  i n  t h e   B e a u f o r t   S e a .  Some of t h e s e  

d e f i c i e n c e s  are known to be r e c e i v i n g   a t t e n t i o n  i n  ongoing EMK 

( A G C )  and DIAND programmes; o thers  lie i n  t h e   d o m a i n  of other 

a g e n c i e s .  

10.1.1 Wind Records 

Such records s h o u l d   c o m p r i s e   2 4 - h o u r l y   o b s e r v a t i o n s   p e r  

day w i t h  36 directions to meet t h e  needs of h i g h   q u a l i t y  

h i n d c a s t i n g .  A p o s s i b l e  a l t e r n a t i v e  would be e i g h t  o b s e r v a t i o n s  

per day a t  c o n s i s t e n t   t h r e e - h o u r l y   i n t e r v a l s ,   a g a i n   w i t h  36 

direct i o n s .  



10-2 

Pending  implementation of the above there is a need for 

a comprehensive  once-for-all  comparative s t u d y  of a l l  measured 

wind records p l u s  t h e  AES computed geostrophic w i n d  da t a   s e t   t o  

provide t h e  best  possible  over-water w i n d  data   set .  T h e  output 

s h o u l d  be avai lable  a s  conversion  factors t o  be applied to 

measured wind records and as modified  synthetic d a t a  sets tha t  

can be direct ly   appl ied to air-sea modelling. 

10.1.2 Water Level Records 

Water level  gauge records i n  the area are inadequate 

for de ta i led  comparisons of storm surges. Hence, reliance h a s  

had t o  be placed on the discontinuous records a t  Tuktoyaktuk 

together w i t h  t h e  resul ts  of numerical storm surge models. 

Apart from the need to  maintain  the Tuktoyaktuk gauge a t  a11 

times,  there would seem to be a case for  i n s t a l l i n g  a t  l e a s t  one 

more permanent gauge, somewhere o n  t h e  Yukon coast ,  say a t  the 

location of the  anticipated new shore-base. 

10 .1 .3  Wave Measurements 

Although  there is a rapidly growing data base of wave 

records from a r t i f i c i a l   i s l a n d  sites i n  the Beaufort Sea, there 

are s ign i f i can t  def ic iencies  w i t h  respect t o  needs for 
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1. None of the measurements made to date are 

directional and  hence cannot be used to calibrate 

direction outputs of hindcast models such as the one 

used in this study. 

2. Station records are all of very short duration only 

one to two months, and stations are not occupied in 

consecutive seasons. Hence, records are too short 

for fully effective calibration of hindcasting 

procedures. 

3 .  Data acquistion problems at many of the stations 

have resulted in sparse data s e t s  that  are 

ineffective for calibrating hindcasts, 

4.  NO wave 

are ava 

records suitable for calibration purposes 

ilable in sheltered and shallow inshore areas 

that characterize sites such as Kay P o i n t ,  North 

Head, Pauline Cove, S t o k e s  Point and  Tuktoyaktuk. 
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10.1.4 Geomorphology and Sediment 

1. 

2 .  

3 .  

4.  

Nearshore  profile data was generally  minimal for 

this type  of study. Ideally, there should be 

repeated measurements at several transects per site. 

Repetition is needed to delineate t h e  range of 

variation and to define the time-averaged mean 

profile. This is required to calibrate  profile 

adjustment  models such as SEGAR. 

Where o v e r w a s h i n g  of spits or barrier beaches is 

anticipated, t h e  profiling should be carried over 

the beach crest and down the back face into the 

adjacent lagoon or embayment. 

Sediment texture data  was a l so  sparse. There should 

be at least half a dozen sample analyses per profile 

to provide adequate input to t h e  alongshore 

transport rate system S E D X .  

T h e r e  are indications of unusual  combinations of 

profile slope and particle size  on the Beaufort  Sea 

coasts. Occurrences of cohesive material and/or ice 

bonding are likely causes. More detailed 

investigations, coring and continuous monitoring of 

the ice bonding interface w i t h i n  the profile are 

desirable to better define  site conditions. 

I 
I 
I 

I 
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5. Wherever p o s s i b l e ,   s u f f i c i e n t  data on s h o r e l i n e  

c h a n g e s ,   c l i f f  composition, and c l i f f   r e c e s s i o n  

should be o b t a i n e d  to permit t h e  p r e p a r a t i o n  of a 

simple sed iment  budget .  T h i s  was o n l y  performed a t  

t h e  King P o i n t  s i te  in t h e  present s t u d y  where i t  

made an i m p o r t a n t   c o n t r i b u t i o n  to unders tanding  

coastal processes. 

I 
1 0 . 2  Nearshore Wave C1 imates 

Wave Hindcasting and Wave Transformation 

1. It h a s  been  found necessary in t h i s  s t u d y  to 

r e d e f i n e  t h e  ice limits on a weekly bas i s  and to 

i n t e r p o l a t e  daily fetch v a l u e s   i n  order to o b t a i n  

more accurate wave h i n d c a s t s .  

2 .  I t  has also  been n e c e s s a r y  to d e v i s e  a method of 

changing from deepwater to shallow water h i n d c a s t  

models as t h e  ice edge m o v e s   i n .  This is i n  

addition to hav ing  f e t c h  depth  vary  w i t h  fe tch 

d i r e c t i o n .  

3 .  With  l o n g  fetches at Tuktoyaktuk,  i t  was found 

n e c e s s a r y  to use  t h e  deepwater model to d e f i n e  
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wave periods b u t  t o  use the shallow water model for  

h e i g h t s  t o  allow for t h e  f a c t  t h a t  wave h e i g h t s  

t h e r e  are  c o n t r o l l e d  by bottom f r i c t i o n   d u e  to t h e  

width and s h a l l o w n e s s   o f  Kugmallit Bay. There is a 

n e e d  to v e r i f y  t h i s  p r o c e d u r e   a g a i n s t   w a v e  

measurements. 

4 .  To deal  e f f e c t i v e l y  w i t h  c o m p l e x   c o m b i n a t i o n s  of 

deepwater and shallow water f e t c h e s  w i t h  s h e l t e r i n g  

effects, it  was found to  be n e c e s s a r y  t o  se lec t  t h e  

r e f r a c t i o n   g r i d   b o u n d a r i e s  before c h o o s i n g  t h e  

h i n d c a s t i n g  locations. D i f f e r e n t  boundaries were 

o f t e n   u s e d  for d i f f e r e n t  fetches a t  t h e  same s i t e .  

5. I t  was f o u n d   n e c e s s a r y  t o  use a d d i t i o n a l  h i n d c a s t  

s t a t i o n s ,   o n e  fo r  t h e  o u t e r  deepwater f e t c h e s ;  and 

one or more others  for  shallow water f e t c h e s .  These 

were located i n  t h e  v i c i n i t y  of t h e  edge of the 

applicable r e f r a c t i o n  g r i d s .  

6. A g a i n ,  w i t h  c o m p l e x   c o m b i n a t i o n s  of deep  a n d  shal low 

water f e t c h e s   a n d  w i t h  s h e l t e r i n g ,  i t  was f o u n d  

n e c e s s a r y  to  s p l i t  t h e  b a c k t r a c k i n g  f o r   i n d i v i d a u l  

n o d e s   i n t o   p h a s e s   u s i n g  d i f f e r e n t  g r i d  b o u n d a r i e s  

for each phase. 
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7 .  The introduction of the shallow water spectral 

saturation limit into  the nearshore wave 

transformation routine has eliminated a major 

Source of error which has evidently l e d  to serious 

overestimation of inshore waves and coastal sediment 

transport rates in previous studies. The method is 

based on Canadian Coastal Sediment Study field and 

numerical work which has shown that nearshore wave 

heights were previously being overestimated by 50% 

or more in some cases (pinchin et al, 1985). 

8 .  The wave analysis software brought to this study, 

with the addition of spectral saturation, had 

already been well proven in "normal" environments. 

TO fully develop its potential there is an urgent 

need for directional wave measurements in shallow, 

sheltered waters. 

9. On the basis of comparison of methods and results of 

this and previous studies, it must be concluded that 

the conventional refraction analysis technique with 

forward  tracking of unidirectional monochromatic 

waves can produce misleadingly inaccurate r e s u l t s  

concerning inshore wave climates. Its use in this 

context should be discontinued forthwith. 



1 0 . 3  
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Effects of surges  on  Coastal  Processes 

1. Surges have little effect on mean alongshore 

sediment transport rates  at the study sites 

considered. For a plane beach with uniform  sediment 

distribution, raising or lowering the water level, 

as in a surge,  makes no significant  difference to 

the alongshore  sediment  transport rate. In 

practical cases a positive surge may either increase 

or decrease the transport rate  depending on the 

shape of the profile and  the variation in sediment 

size  over its surface. The largest  effect found was 

at  Atkinson  Point where the impact on the annual 

mean rate was less than 10%. 

2. In contrast to t h e  above,  surges do have a major 

impact on nearshore profiles. This is readily 

apparent from results  of SEGAR. Profiles  can be 

stable at MWL and yet  show  recession at a raised 

water level under the same set of wave conditions. 

It is not surprising because t h e  profile is a 

function of water level as well as wave conditions. 

The whole profile is displaced by a change in water 

level . 

3. Reported instances of sudden  massive  recessions due 

to the combination of surges and melting of ground 

ice are no doubt correct but  cannot be directly 

confirmed  with t h e  present models. 
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10.4 Numerical Estimates of A 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  

1. T h e   t w e l v e   a 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   p r e d i c t o r s  

used i n  t h e  SEDX s y s t e m  have p r o d u c e d  a wide, e v e n  

b e w i l d e r i n g   r a n g e  of r e s u l t s  when a p p l i e d  t o  t h e   s i x  

s i tes  o n  t h e  B e a u f o r t  Sea. I n  a l l  cases t h e  

estimates r e p r e s e n t   v a l u e s  of t h e  p o t e n t i a l  o r  

maximum possible transport rates. The wide sca t te r  

is i n  c o n t r a s t  to  a p p l i c a t i o n s  to more t y p i c a l  

o c e a n i c  beach coasts where most p r e d i c t o r s  have 

g i v e n  c o n s i s t e n t   r e s u l t s .  

2. The c a u s e  of t h e  sca t te r  i n  resul ts  is b e l i e v e d  to  

be d u e  to  n o n - t y p i c a l   c o m b i n a t i o n s  of wave climate,  

p r o f i l e   g e o m e t r y ,  and s e d i m e n t   t e x t u r e  t h a t  are 

found  in t h e  a r c t i c  r e g i o n ,  

3 .  The detai led p r e d i c t o r s   p r o d u c e d  t h e  wides t  s c a t t e r ,  

and  a t  most sites s e v e r a l  had to  be e x c l u d e d   b e c a u s e  

the i r  results were judged to  be i n v a l i d .  The  

N i e l s e n  e t  a1.,(1978) b r e a k i n g  wave model was j u d y e d  

best  o v e r a l l  among de ta i led  p r e d i c t o r s .  

4 .  The bulk models gave more s t a b l e  r e su l t s  b u t  these 

are n o t   n e c e s s a r i l y  more a c c u r a t e .  Also t h e y  

p r o v i d e  l i t t l e  i n s i g h t  into t h e  p r o c e s s .  
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Nevertheless, in their most  developed  forms they 

are, at present,  perhaps  more useful in some 

applications than detailed predictors, pending 

f u r t h e r  detailed calibration of the detailed 

predictors. 

6 .  To overcome the above mentioned shortcoming 

requires: 

a )  data at more nodes, say at least  five; 

b )  data o n  the implications of continuity among 

the nodes; 

c )  field data  on  shoreline  change and sediment 

budget for calibration purposes. 

7. It would appear  that, at most of the sites examined 

in this study, ac tua l  sediment transport rates  must 

differ from the potential rates computed by the 

models. In most cases the actual  rates will be less 

than the computed potential rates; but the reverse 

may a l so  be true in some instances. 
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8. A c t u a l   s e d i m e n t   t r a n s p o r t  r a t e s  may e x c e e d   p o t e n t i a l  

r a tes  f rom de ta i led  predictors  i n  places where  t h e  

s e d i m e n t   f o u n d  on t h e  a c t i v e   p r o f i l e  is coarser t h a n  

t h e  sediment a c t u a l l y   t r a n s p o r t e d  over t h e  p r o f i l e .  

T h i s  may be t r u e  a t  the T u k t o y a k t u k  s i te .  

9. T h e r e  is another p o t e n t i a l  problem i n  t h e  s t a n d a r d  

a s s u m p t i o n  t h a t  t h e  t e x t u r e  of s e d i m e n t   o n  a segmen t  

of a p rof i le  is t h e  same as  t h e  s e d i m e n t   t r a n s p o r t e d  

o v e r  t h a t  s egmen t .  T h i s  a s s u m p t i o n  leads t o  

c o n t i n u i t y   p r o b l e m s  where s e d i m e n t   t e x t u r e  varies 

from node to  n o d e   a n d   f r o m   o n e   p a r t  of a p r o f i l e  t o  

a n o t h e r  . 

10. There is a need  for better p r o c e d u r e s  t o  deal w i t h  

s i t u a t i o n s  where  f u l l y   d e v e l o p e d  beaches do n o t  

e x i s t  and a l o n g s h o r e   t r a n s p o r t  r a tes  are less t h a n  

p o t e n t i a l  rates. T h i s  o c c u r s   o n  shores where t h e  

t h i n  layers of beach mater ia l  are u n d e r l a i n  w i t h  

c o h e s i v e ,   i c e - b o n d e d  or r o c k y  mater ia ls ,  i n c l u d i n g  

p l a c e s  where e r o d i n g   c l i f f s  and bluffs are p r e s e n t .  

11. A n o t h e r  situation e n c o u n t e r e d  in t h i s  s t u d y ,  where 

a c t u a l   t r a n s p o r t  rates, are e v i d e n t l y  less than 

computed p o t e n t i a l  rates o c c u r e d  w i t h  s p i t s   a n d  

barrier beaches s u b j e c t  t o  t r a n s g r e s s i o n   c a u s e d  by 
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overwashiny. A special method  is also needed to 

model t h i s  situation. 

12. Generally speaking the S E U X  modelling system  appears 

t o  be in need of considerably more development to 

give  consistent  results under non-typical coastal 

conditions  such  as those of the Beaufort Sea. As it 

stands, it has  apparently been calibrated to g i v e  

good resu l t s  under typical oceanic beach coast 

conditions. The f ac t  that most  component models can 

display instability under other  conditions suggests 

t h a t  none of the present detailed predictors, with 

the possible exception of the N i e l s e n  b r e a k i n g  wave 

model,  can be regarded as a general purpose model. 

Since these models display a degree of instability 

not found in nature the problem must l i e  in t h e  

formulation and/or numerical manipulation applied. 

N e a r s h o r e  Coastal  Profile  Adjustments 

1. Difficulty  was encountered in calibrating the 

coastal profile adjustment  model SEGAK at several of 

the sites for various reasons summarized in points 

2-6. 
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2. Variability of the year to year wave climate causes 

difficulty in obtaining a representative mean annual 

profile. 

3. The profile measurements acquired for this study are 

single measurements and it is likely they may not be 

representative of a mean profile. 

4. In some cases the  reported datum for  the measured 

profile may be  in error. 

5. Surges appear to have a significant effect on t h e  

mean equilibrium profile  and this cannot be taken 

into account in t h e  present calibration process due 

to the lack of a continuous water level record at 

all sites, and  the lack of documented profile change 

during a storm sequence. 

6 .  Overwashing of the  beach occurs at  three of the  five 

sites investigated with SEGAR. This would  probably 

a l t e r  the equilibrium shape derived by Swart (1974) 

which would affect any results predicted by SEGAK. 

7. The successful SEGAR runs do show that shoreline 

retreat increases with increased water levels.  
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8 .  If the alongshore  transport is constant  over a reach 

of shoreline ( i . e .  no gradient exists), the results 

of SEGAR may be taken at face value. However, if 

there is a large  alongshore  transport  gradient 

shoreline  recession may be much  more or much less 

than predicted by SEGAR. 

9. Coastal profile  adjustments which are  related to 

onshore-offshore  sediment  transport  account for  

some of t h e  larger more rapid coastal changes. 

However, the most striking changes are p r o b a b l y  

associated with  characteristic  arctic phenomena 

such as ground-ice melt, surge-accelerated slumps, 

and the rarely  occuriny ice override. 

US@ Of the Beach  Plan Model at King Point 

1. The BPLAN model was successfully  calibrated and used 

to predict  shoreline  changes  at King Point under 

much  less than ideal conditions. 

2. The modification of t h e  beach plan evolution model 

to non-typical conditions  at King Point indicates 

the potential value of t h i s  simple type of model. 



6 .  I n  the long r u n  of c o u r s e ,  there w i l l  be a ready 

demand f o r  a n  e c o n o m i c a l   t h r e e - d i m e n s i o n a l  coas t a l  

e v o l u t i o n  model i n c o r p o r a t i n g   a n   i m p r o v e d  de t a i l ed  

a l o n g s h o r e   p r e d i c t o r ,   a n d  a p r o f i l e   a d j u s t m e n t  

f e a t u r e ,  together w i t h  p l o t t i n g  of r e s u l t i n g  

s h o r e l i n e   c h a n g e s ,  

10-15 

3. Because  i t  computes  l i t t o r a l  t r a n s p o r t  rates a t  a 

number of points a l o n g  the shore for s u c c e s s i v e  

years, a n d   b e c a u s e  it a l s o  a c c o u n t s  for c o n t i n u i t y  

from node t o  node it p r o v i d e s  a means of c a l i b r a t i o n  

and v e r i f i c a t i o n  t h a t  is not p o s s i b l e   u s i n g  SEDX a t  

i n d i v i d u a l   n o n - c o n n e c t e d  nodes. 

4 .   A t  sites where  m o r p h o l o g i c a l  features are r a p i d l y  

d e v e l o p i n g   s u c h  as t h e  d e p o s i t i o n  a t  t h e  c o n v e r g e n t  

s e d i m e n t   t r a n s p o r t   n o d e  a t  K i n g   P o i n t ,   p r o f i l e  

a d j u s t m e n t  is n o t   s i g n i f i c a n t  and a two-dimens iona l  

beach p l a n  model prov ides  s u f f i c i a n t   a c c u r a c y  i n  

p r e d i c t i o n  of s h o r e l i n e   c h a n g e .  

5. For E u t u r e  a r c t i c  coastal  p r o c e s s   s t u d i e s  a beach 

plan e v o l u t i o n  model m i g h t  well be d e v e l o p e d  as t h e  

primary model for u s e  at a l l  sites t o  i n v e s t i g a t e  

macro scale c h a n g e s  i n  morphology - for example by 

i n c o r p o r a t i n g  the b e s t  a v a i l a b l e   b u l k  model, 
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APPENDIX B 

PREDICTIVE EQUATIONS REGARDING COASTAL TRANSPORTS 

by 

D.H. Swart 
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PREDICTIVE EQUATIONS 
0 

I 

ion o f  e q u a t i o n  (2.10) above i n t o  equation (2.7) yields an expression for It  : 
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... (2.11) 

... (2.12) 

( 7 )  The thqory La v a l i d ,  not o n l y  for p r r p r n d i c u l a r  vaver, bur alro fer obliqua wave attack. In thr 
l r t t r c   c a w   t h e   t r a n r p o r c   c o c f f i e i e n t r  I nnd I are inCrlrUrd, to  allow for t h 8  affecc of th. in- 
crease i n   s h e a r  r t ~ e a r  &e t h e  bcd, dur to th8 presence of ne4rIhor8 currencr, p ~ f a t l d  by the oblique. +' 

WOVIS. t h r   d r t r  urtd t o  derive t h e   r a l a t i o n r h i p  for t h a  increrre in I a d  I , I I  pteredtad i n  [ 141 

and [ 131,  was d e r i v r d  from model t e a t s  i n  which a rtront r i p - o u r r a n t  fomurion u4r found. A rubaequrnr  
s tudy   i n to   t he  e f f e c t  of the r i p - c u r r e n t s  on rhr increrrr fn ofC#horr t t a n a p r t ,  rhoved  thac th* in- 

C C C ~ L O  i n  tranaport, v h i c h  i# d u r  to t h e  prrrener of longrhorr c~rrencr alona, ea6 brat br written i n  
c e r w  of t h e  Increase (due t o  l o n g r h o r e   c u t r e n t s )  of t h e  mdSa*nt mobility t (rater to [ 17)  4nd [ I ]  1. 

Y i  Yll 

Y i  P 

(re8 tigura 61 
where Fi ir thq redimrnt mobility a t  location i 4 d  t h r  rubacriptr 130 4nd w rater eo d i r u d  WVI a d  
current action and W V M  action only r e r p e c t i v a l y .  

In  ordrr to,  comply with a t r p  (5)  4bova ,   the  maan v a l u e  of rgU.tiOn (2.16) over Chu Uhab -0 Of PIP- 
f ' i l e  dcuolcpvunt wi l l  b r   a p p l i e d  to a11 t r a n r p o r t  coaflicientr. 

... (2 .17)  

Keeping in m i n d  t h e  normal u n c e r t a i n t y   f a c t o r  in t h e  ruahution o f  r r d k n t  trmrpoct data, it caa be 
s t a t u d   t h a t   t h r   v a l i d i t y  of e q u a t i o n #  (2.16) and (2 .17)  i o  ptovrd  by th. data i n  l i g w r  6,  

2.3. Ropresentatiue wvo height 

The theory   descr ibed   above  uds d e r i v e d  rnd v e r i f i e d   f o r   r e g u l a r  wavr a t t a c k .  In o r d e r  t o  M k e  i t  

g e n e r a l l y   r p p l i c a b l r  to p r o t o t y p e   c o n d i t i o n a ,   t h e  rffect of irregular vavra oa t h e  theory must br 
know. The i r r egu la r   wav ta  will a f f e c t  nut t h e   u n d r r l y i n g   p r i n c i p l r l ,  bur thr empirical p r e d i c t i v e  
e q u a t i o n r   v h i s h  vi11 br d e s c r i b e d  in rrction 2.4 brlov. 
Observa t ions  showed t h a t   t h r   h i g h e r  waver in  t h e  vava r p r c t r u s  will d d h  t h r  profile lhitl d e r e t i b e d  
i n  s e c t i o n  2.2 ,  r t e p  ( I )  above. The tmur Zfnrit8 o f  t h e  D - p r w f i k  and t m d t i a  W Q  rerpactivmly 
a t e  both  found by uring t h e  sigdficrmt wave h e i g h t  i n  t h e   e m p i r i c a l  formular d r r i v r d  €or emgulrr wave 

a t t a c k ,  whereas t h e  upprrr limit of t h e  D-profila i r  l o u d  from t h r  rrgularlravr fornula by u r i n g  4 

v o w  v i t h  4 h e i g h t  twicu t h a t  o f  t h e   r i g n i l i e r n t  VIVI  h r i g h t  

I f  i t  i r  asamed that t h e   t r a n r p o r t - f o m u l r r  are a t i l l   r p p l i c a b l r  i n  the t r a n l p o r r  tone# d e f i n e d  by 
there r t p r e s c n t r c i v e  u a v ~  heights ,  the single ruprr8ontatiuu wtru h d g h t  which vi11 y i r l d   r h a  I- 

rcnuttnnt IrcmTpcrt d s  the   spectrum, can ba computed ( t h 0  uave heighta are aarumcd to  be Ralei+ 
d i s t r i b u t e d ) .  
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The tomulu for frtagular wave attack, drrivad i n  t h i r  mamet, and thorr for regular YAW a t t a c k r  will 
be given in aectioa 2.4,  

2.4 h d t c t i u o  rquntlotu 

Tha various  aquatioar  needed €or t h r  application of tho  theory i n  #action 2.2* will be r-riied b r l w  
for the rake o f  convanienca. 

2.4,1 LZnrik of p r o f i Z o  dovolopnnt (refar t o  Figure I )  
The upprr Z h i t  of t he  buckohore ir choocn a t  t h e   h i g h e r t  lave1 from which r r d h e n t  CAU be eroded indi- 
rectly by WlVl Action. 

ha 2r d a m n  

uhara Hmo - maximum wave h t i g h t  in t h r  rpectruol 2(Ho)riln. ; t fr  t he  wave period and Ds0 ir rha 
median par t ic le   d iammtr t .  For regular wave atcack, guch a8 i n  mall-scale hydraulic wdalr, Hm I He. 

lower t M t  D-profile 
0 

0 .473  

hm - 0.0063Ao e%p (4.347 (Ho) o,894 8 ign o,oz) 
t 

. . a  (2.19) 
5 0  

where X. is the  deepwater wave l ength .  For regular wavr a t t a c k  (HJrira - H,. 
tarw limit t rmr i t iun  m a  
The maximum orb i t a l  velacity a t  rh* b4d a t  the  location &err initfaeioa of rrdimrae wvamanc raker 
place (us,&, ir found from t h r  folloviag formula, which raprerant# tha  vaigheed w40 of a arrplbar of 
d i f f r r c n t  in i t ia t ion of mourmont-Formulae. (121, [I4JI 

U I 4 .51  Ds0 0.30 TO ,043 
SECAR :. . (2.20) 

The d tp th  re which t h i r  vclocicy occurm i r  h,. The corterpaading w v a  l rug th  i r  X,. Thr f i r a t  order 
wave reprelentation o f  the o r b i t a l  vclocity can now be ured to  Obtain 4 valur for ht/Xt, u h r r e d t r r  
i t  foltowa t h a t  : 

** .  (2.21) 

In the care of irrlgular vave attack the l i g n i f i c a n t  vava hrighc rhould be ured t o t  the corputation of 

(hZ/Ac). Finally, with the a i d  OE equat ions  (2. IS), (2.19) and 
6e - ha\-  ho 

6 - bo hm 
6, - ht  - hm 

2.21).  it IOllOUl t h e  t ... (2.22) ... (2.23) ... ( 2 . 2 4 )  

2 . 4 . 2  Equitibn'wn profit c h c t o r i s t i c s  (rcfmr t o  [ I&]  and (13 ) )  

Tha eornpuration o €  the equilibrium l eng th  U is subdivided into two partr, v i t .  : 
( I )  the compucation of a referrnee valua  Ur (-Wi a t  the  rtilllrater levml), and 

( 2 )  the computation a t  a l l  other locrtionr in  t h r  D-profile of tha   ra t io  Ui/Ur. 

15'  I I )  

i 

x 
m r  

w -3 0 

0 
0.71 + 0.11 x 10 . I *  (2.23) 



d 
yr h r 

PREDICTIVE EQUATIONS 

re (2) 
Pot any location i in the 0-profile the r a t i o  Wi/Wr is p i v m  by I 

Wi/Ur - 0.76, + I * 3.97 x IO 7 b Ds0 2 61.36 L: x IO 4 Ds0 

vhrrr 
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... (2.26) 

0 . .  (2.30) " 

Uith the aid of aquatio~r (2.2s) - (2.30) above Cha f o m  of 'the rquiZibrdunr V-profib, marutrd tala- 
rive to  tha porition in the  profile where b I i  - 0 (111 Pigura I), ern br written t 

* 

P 3.97 x IO b Ds0 7 2 ... (2.33) 

The equilibrium IZOPQ otQ of tho deporittd  matrtial in  tha t m i t i a  m a  can be found I r a  th4 
equation of Ergleson at rl [ 61 : 

vhete Ai!, i r  a depth increment and ALt i r  th. horizontal dirtancr in  tha a p u i l i b r i m  drporitiorul 
profile between the depth4  brackating Ut. 

The values of the echomatiaed ~ ~ c o s e i a  of tho bacbhoru (We) 4nd thr r o h n u t i u d  vth 0 )  tiu tm- 

rrition woo ( W t )  can be fouad by drawing up rquacions for I 

( I )  the cannawarion of mars (re Figure 74) 

( 2 )  the geometrical form of che cquilibrlum profilm (re (Figura 7b), and 

( I )  che disrribution o f  the redimant in tha tranrition ara4 IC r q u i l i b r i m  (ea ri&ure 7b). t h o  
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where (Ho)50 i r  the median deepwater wave height and is the significant deepwater wave height.  
In the case of regular wave attack, both and are replaced by H0* 
With the sid of section 2.2,  step (S) ,  it follows that t 

with as I result 

... (2 .40)  

(2.41) 

... ( 2 . 4 2 )  

( 2 . 4 3 1  

where 
L C  

( 2 . 4 8 )  
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r - hydraul ic  bed roughness / 

A - 25 A ( ') .x; ... (2.51) 

(See figure 8 )  
a. is the orbital arcursion a t  the bed, br is the ripple height and Xr is the ripple length 

r4 I - 0.2432 in (Dgt) (with 0 4 n  4 I )  ... (2.52) 

O3S particle diameter which is ewceedad i n  rim by 652 ( i n  vaight) of th. coral 
8 w p h .  

fn  the  care of irrrgulrr wave attack the median wave h r i g h t  (Ho)% rhould br u8rd ia the equatiof~ 
(2.44) - (1.50).  

In the can. of p r o f ; & - p n d i c t i o n ,  che &-tion of tha rquilibriwn p l l o f i h  c&n br predicrrd, becrur8 

t h c  h i t i a t  p r o f i t #  ie  givea rad the rqt~ittbriun p r o f i k  form 41 vel1 aa tha valura Y, d Ye era b. 

cornputad from rection 2 .4 .  Tha por i t i oo  Y i t  of the  profile a t  elavatlon Z i  a d  tima t i$ rhao given by: 

f n  tha C A m  o€ traneporkld-rrotw pwdt'etion tha total voluma of ttanrportrd mater ia l  up t o  time 
t (VyiJ can be computed fro0 rqurrion (2.10) by putting t - a, whrreattct V t he  total  v o h e  

of redimant t t anrpor t rd  p u t  thr location i n  thr pro f i l e   w i th   r l eva t ion  Z i ,  Sen br computed frcm : 
rig 

" y i t  - "yi* ... (2.55) 

?ha arrhoru-offahore rdinmnt tmmport rat0 a t  loca t ion  i can d r o  be found i n  teroc of V m a d  f t  : 
f i- 

3.  LONGSHORE SEDIMENT TRANSPORT 

tongrhore  a tdtent- t ransport   conputat ionr  can bq used, eithrr t o  grin an inaighc into tha OV8IUtl 
81dfwnt budget of an area, or to study &tPtt p m b k n m  (ruch a# deporition of srdimrnc i n  m enttaacm 
channel  t o  a harbour). The tatat  redimtit bad a$ u d a w  bautio~ vi11 be nrrded in rha f i t a t  cars, 

vherara the vortical dirtFibution of rrdinmt bad (and rprcfficrlly t h r  divisioa brtuqrn bed and 

total toad) wil l  also be nreded i n  thr second case. 
The available  formulae for  tha predic t ion  of longshore rediment eranmport t a t 8 s  e m  be elaraified into 
two groups, v i r .  : 
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rrtoro rhr 
cmpu t r t i on r   v i ch  two or mora of t h r  avdlable foe~11114., and to bas8 th8 jY-2 pa-&& on the @ut- 
c o w  of a22 tho re&k &rained. In t h i r  ch.pter 4 de ta i l -p red ic to r   w thod  (SWAMBY) vi11 be drrcr ibad  
'in detai l ,  4s w.31 as a dwd w r 8 h  of the  SPn-predictor,  which i a  u r d  to back up the d a t a i l -  
p tad ic tor   r r rufcr .  

3.2 &W'Utt PWdd&8 

Although tha   ova ta l l   p r rd i c to r r  are by d d i n i t i o n  061y appl icable  ia ~ ~ 8 . 8  u i t h  negl ig ib la  longshora 
gradf rn t r ,  and e snbt  b* wrd co obtain r d i a b l a   c r t h t e r  of  chr loagrhora tfmrport racer i u  araar 

u i th   r t t ong  loagrhor. t i d a l  flow, they can b r   u r r f u l  fn  amrcrring t h r  atrarall longrho 

gat in an area. Ar ruch they c4n be usad io conjunct ion  virh rha d a t r i l   p r e d i c t o r s ,  
The SPM-.Cormula, which r e l a t e r   t h r   o v r r d l  longshotr t r a n r p o r t   r a t e  Sxtot to a quaat i  
chr  longrhora componrac of the wava-energy f lux ,  is thr bart-knovn o w t a l l  predic tor  
SPH*rebtionrhip  can be rewticrra t o  read t 

0 

I . .  (3 .1 )  

whrr. Kc i r  the refraction c o r t I i c i e n t ,  Bb i a  rha angla betwarn the wave creac and tha   rhorel ine IC 

wave braaking,  and Ko is a coef f ic ien t  which i r  arrued  t o  b4 COllltMnt. 
H ~ e v e r ,  ar tighcrr mataria1 w i l l  br   t rmrpor ted  more t8adily than  hqavler  materiala under t h r  4- 

u4ve eoadiCioaa, i t  is  to be rxprcted  that  KO vi11  ba a function of tha #rain rfra of thm bod u t r r i u l .  
A t r ~ e v a l u a t i o a  of the dnta givan i n  [I91 and [ 31 yi r ldcd  Figurr 10, from which 4 char  taadrucy can 

be reen f o r  KO t o  vary  ui th  grain aixe. Although a r t e spa r  cuwe i r  to be axpacted  iatuicivmly,  tha 
data ruggartr  KO t o  Vary 41 : 

Equatioar (3.1) and (3.2) ara a o m l l y  ured t o  back up e m p u t r t i o a r  perfomad with tha d a t r i l  predic- 
t o r ,  which will be de rc r ib rd   i n   r ec t ion  3.3.  

" 

1.3. I 

In 1966 Bijkrr [ 21 pub1irh.d a method for  the  computation of t h e  longrhore  redimant trmarport a t  ray 
rpecf f ic   loca t ion  i n  the c o a a t r l  envi rowaat ,  which conr t i t u t ed  a major brerkthrough in  Cormtal lagin- 
erring. Bijkrr rarumrd tha t  i t  will be porrfblr t o  urr, i n  t h r  C04rtrl rnv i roman t ,  4 aadfP.qt tranm- 
port  formula  which had been  developed for uniform f low condftioar,   provided  that  tha ahrat att 'aas 
t e m r   i n   t h e  chaman formula a re  4dapted  to incorporate t ha   a f f ec t  of t h r  V I V ~  action. Ha chore a8 

baufr for th i r   adapta t ion   the  fornufa of Prijlink, which YI I  a t  t h e  tima a muchvrrd formula i u  r iva t -  
f lov  problem  in  t h e  Nrrherlandr.  Although  the  rcrulring Bijkrr-Priflink equation  moortimar  yirldad 
u n t w a l i r t i c   r e r u l t r ,  i t  ham been used rincr than  with 1 raaronablr mouac o f  sueearn fa m r w a  
appl ica t ionr  i n  tha corrtal  rnvirormwtt. However, t h r  inright  into  tha  fundamentals of amdimrat C~AELI- 

portetion under wave ac t ion  ham lncraared  ovrr  the parr dacade.   Furthamera,   var ioul   rvr luar ionr  of 
the availabta prrdiccot mathod. rmvrrlrd  recently ([ 51,  [ 7 1 ,  [IS], [2011 that  therm IC@ oora raliable 
method# for the  romputacion o €  r e d b e n t   t r r n r p o r t  under uniform flov conditionr than t h r  I r i j l i n k -  
equation, uhich can  alno be used over a wider range of boundary conditionr. Therefore. a nev pre- 
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dic to t  uthad war drvrloped by S u w t  [Is] u d r r  th. ~urptC.8 of t h e  Coart.1 S e d h a c  Group a t  t h e  
Dutch  Applied c o a a t ~ t - ~ r 8 A r c h  Prmgr-, for 4pp~ie~tiaa in t h r  CoartAl envit-t. 
The b u i c   d i f f a r e n c * r   b r t w i a a   t h o  n w  t a c h a i p u r  (callad the SWAH&Yllwthod) a d  t h e  old l i j k e r - P t i J S i n k  
rpptorch  vi11 be dircurred balow, 

( 1 )  the   ?r i j l ink-for#l l r ,   urad in  t h e  o r ig ia r l  approach, ir a bod 1ard’Ionula. The total l o a  war 
colput rd  from cha bed load by r d d i q  tha r u r p e d a d  lo4d, ar caeputad vith the rid of t h e  Rnurrl 
E i n s t e i n   d e r c r i p t i o n  of t h r  vrr t icd d i r t r i b u t i o n  of rurprndrd  rrdiment. The th icknaar  of t h e  bed 
l a y r r  i r  in ruch aa approach ~ t l  ioportrat parmater La t h r  dataminatioa of the total loAd. Due t o  

t h e   u a c r r t a i n t y  io t h r   d e f i a i t f o n  oC t h a  layer fa which   the  bad load CAkrr pl.C*# it will be mote con- 
v r n i r a t  to choorr r t o t a l  load f o m u l a  aa baria Lor cwpucationa. ia t h e  correal envirolrrrne. If 
n~c~srary, I d e f i n i t i o a  caa than ba Md8 of 4 bad 1Ay.t t h i c k a e s r ,  rad thr amount of r e d b e n t  trrnr- 
p o c t r d   i n  thrt 1AyM ern be computed. 

(11 Uhan Q V l h A C h g   t h e   r h e r r  a t ram a t  thr bed d u r  LO combinad wave aad currmt action, I i j tor  
anrumad c h r   o r b i t a l   v a l o c i t y  ul,  4 t  th r   edge  o f  t h e   v i r c o u r   r u b l a y e r  to be : 

IC La, hwever, to be  axprc t rd   t h rc   fha  affect o f  ;ha vavr motion on the r h e a r  s t r e ~ r  will vary v i t h  
a variation i n  the flw rrgima re the bad. Jonraon 91 d d i n r d  che ftw regime a t  t h e  bed i n  t a m  
of tho ra t io  ao/r vhera c ia  the   hydraul ic   bed  roughnear  and ro t h r  maximum VIV8 prrticlr excurr ion  
a t  t h r  bad, Uring Jonaron*r W t k ,  it Can be rhown t h a t  

where 

Ch i r  tho Chery-rou8hnrrr  value and fw i a  t h r  vrvr fr ict ion factor .  

fn th. SuANU-rppto4Ch equation (3 .4)  W I I  u#rd inrcrad Of q u a t i o n  ( 3 . 3 ) .  

( I )  In the Bijkmr-Prijlink approach thr h y d r a u l i c  bed  roughnrar u8a t aken   equa l   t o  onr-half r h r  rfpplo 
height .  A #ubaequaat rrudy (151 hae r h m  the r e l a t i v r   r o u ~ h n r r r  (r/d 1 to  vary v i t h  the t i p p l 8  rtrap- 
near  A,/Ac (mar Ffaure 8). Thir vra u r r d  in  tho SWANBY-thoory. IC was rho- in [Is]  tha t   tho   th ick-  
n a r r  af shr  loyrt m a r  the  bad i n   v h i c h   v o r t i c a l  (fillrd with  rediment) 4ra f o m r d  and dt f furrd ,  ir or 
tho IAW ordat of magnitude a# the h y d r a u l i c  bad  touphnr8a r .  Tha thicknrrr of t h r  t4y.t Ln which bad 

load t a h a  place war t h a r r a t t e r  r l ro  rrrtmad t o  be r q u r l  to  t h a   h y d r r u l i c  bed rouahneaa t. 

(3) A comprrr t ive rtudy of t h e  variour m8chod~ for the  computation of t h 8  vqrcica l  d i a t r i b u e i o n  o f  

*urP*nd*d r e d i m n t  ( zz / cr )  i n  rho count41 o n v i r o m a n t  (15lahow.d that there i a  l i r t l r  d i f f e r e n e r  

; 

” 
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b8tuartn t he  prediction of by var ious  rhaorirr. Thr be8t COlcNktim w i t h   d a t a  covering a wide 
range of boundary  condition8 in the corrtrl environment  ura,  hw8v8+,  obtriaad  with I t h a o t y   i n  which 
the ddf rn ion  coofftdont for rolidr c vra crru~nrd to  v q  Z i n o a r l V  ovar the depth, Tha cottrapand- 
ing variation i n  Z t / E r  ir  : 

% Ob I - - 
'r 

vhcre b l  i a  a constmne for each   #pac i f ic  ruapvnded  rrdiment d i r t t i b u t i o n  over the depth. 
* U i t h  t he  rrrum~pcion of 8 l o l a r i t h i a  variation in v e l o c i t y  over the depth,   equrt ioa (3.6) y ie lda  10 

rxp ra r r ion  for r h r   m u a t  of rurprndrd r e d h n t  vhich i r  tranaported,   which ia orrsirr to appQ M 
my of tho othor approrchrr teated. Dua t o  thcar rara~na i t  V I S  drc idrd  t o  urr   equa t ion  (3.6) io  t h r  
SUAHBY-mathod inrcead a t  t h e   b u s e / E i n r t e i a  4pptaach. 

I n  Figure I I longshora  radiment   t tanrpot t  ratr8, mersurrd in A ImAll-aeAle model, are campared wirh 
predic ted   r ranrpor t  tatea, ma givrn by t h r  Dijkrr-Prijlink rnd SUMBY (Adapted  Ackrtr-Uhita)  formulaar 
I t  i r  obvious  that  the SUANBY-mmthod rhous  thr batter coapat i ron  with t h e  d 8 t r .  

3 3 2 Prodietitre r q u a t h n  

The equacionr nmmdad for the  r p p l k r c i o n  o f  the SWMBY-merhod for thr  computation of the longshore 
amdimant t fan6poff ,  w i l l  br given  b8lou. 

total toad 
Tha total lsngrhota redimant   t tanrport  Sxr (bad plus  murptndrd  lord) It m y  r p c c i f f c  location fa  
given ,by : 

... (3.7) 

... (3.81 

0.23 

gr 
A - 7 ... (3.9) 
C - rxp ( 2.86 In  (D ) - 0.1343 (In (Dgr)  ) 2  - 8.1281 s t  I.. (3.10) 

The hydraul ic  bed roughness t i r  r e l a t e d   t o  the t i p p l e  dimenafona 01 given i n  l q u r t i o n  (2.51).  The 
r ipple  dimensions can e i t h e r  be known from observrtionr or be compucad from one o f  tha rvailabla 
mtthodr ( for  inseance[ I 1 3  and [ I S ]  1. 

bed Load 
The bed loud can bo computed from equation ( 3 . 7 )  and potnra (4) and (5)  in aretion 3.3 .1  rbovr, v i s .  I 

3 nd 



PREDICTIVE EQUATIONS 1123 

3.4 Rlpr r r an t r r ive  wave hoighr 

Tha r i ~ h  roprermtuttva Wme, which vi11 y ia ld  t h r  1-1 r r ru l t an t   l ongrhore  redfmrnt t t r n s p o r t  a8 

the ronpf*tr w a  #p~*ctnUn i n  the cane of i r r e g u l a r  vava r t t 4 e k ,  vi11 rgria be  A fune t ion  Of t h e  
boundary eonditionr. By raruming ( I )  I R a l e i g h d i a t t i b u t r d  wrve hriaht   aprctrum, rnd (2) the   auprr-  
poricion of t he   t r an rpor t a   g rn r ra t ed  by rh r   i ad iv idua l  wavas i n  t h r  apectrum* I F9prrr.nta&Ur wav* 

b i g h t  Hr uaa  computrd for fhr SWUtBY-drtait p r r d i c t o r  in t he  I*W w a e t  ra In Chrp t r t  2. 
A desiga euf fa  i r  p r r r ea t ed  in Figure 12, whrrrby it breorra parriblr go drtrrminr the lypnr.ntu~U9 
wue hatght Hr i n  trm$ of t h8  mr - YIVI coad i t ion r .  the r rpe rYen t r r fv r   h r fgh t   va r i e r   b r tvaaa   t he  
median VIVI hr i ah r  (H50) and t h r   r i g n i f i e r a t  wnvr h r i g h t  (Hr i ln ) ,  d i r h  A tendency  towardr HIiSa a t  the  
love r   t r r a rpo r t  race$. S a r i n 8   t h a t   t h e  lwrr WVII ia t h r  rpeetrm vi11 Rot trrnrpoet #rdim.nt AI 

tardily in  casra  aaac thr initfacton o f  morion, t h i s  readency i r  eo be expected. 

The singh r r p r r # e n t a t i v r  wave h r i g h t  for t h a   S ~ P W r A l l   p r e d i c t o r  i r  by d e f i n i t i o n   t h r  rm, WLVI heighc. 

0 .  APPLICATION 

4.1 Gln*rUz 
Normally t h r  lorrea f r w  aa r r r a  which  had brea r a ~ l e n i a h r d  by 4 berchfill, ern b r  r r t i u c r d  by us ing  
methods which rr.  bared on tha  g&n r i a 4  dS.tributh o f  t h r  bow ~ n d  r u t h  mU*z only.  Thr 
three wore-urad f o r w l r r  in t h i r   e r t e l o r y  rre t h o u  of KnmbrinJlorus [ IO], which i r  ruggr r t rd  for ure 
i n  tha Shot. Protac t ion  Manual [ 191, Oerm [ 41 rnd J-8 [ 81, 

The Krumbrin-hmar rnd Darn  mrthods  predict an ouerfitt ratio,  1.1, the r a t i o   b e t v e r n   t h e  U O k u n  Of 

aodimmt chat  h4r to br p h c d  i n  otdrr t o  rrcafn thr droign  volume and rhr Nqdrrd &rim Votwno 
of sedimrnr in the  f i l l .  The Krumbeia-fmr w r h o d  rratmra ,om. po t t i an  o f  borrov ortrti.1 (which 
hrr the  ram. #rain r i t e  d i r r r i b u t i o n  14 th8  naciva mtrrial) to br r b r o l u t r l y   a t r b l r  rad fo s t a y  On 
tha beach fndrfirurrly, uhrtars t he   r ea t  of t he  borrow material will be lout.  Thr  Orancaethod, on the 

other  hand, Amumar thac  the  borrow matrriol vhich i r  coarser than   the   na t ive   mater ia l  vi11 not bo 
101 t t 
J a r s  rrwm8a chat 110 a r t e r i a l  i r  a b r o l u t r l y   a t r b l r ,  and t h a t  tine mater ia l  ir l e a l  arable   than ~ 0 4 3 1 8  

m ~ r r i r l .  Ha then eomputaa a ru&tt'w rrtrrat ~ t a ,  which i r  bas i ca l ly   t ha  ratio between  the ZOUU 
ruto of the  borrow m t e r i r l  i n  the  Ill1 rnd t h a t  of t h r   r u t f v a  matwirl in  t h r  original beach profila. 

In order  t o  r l l o v   t h a   c m p r t i r o n  of t h r  lorrea, I S  predic ted  by the  Cechniqual  described i n  t h i r   p a p w ,  
and thorr given by t h r  rbovr-mncioncd t h ree   b r r ch f i l l   oo thodr  [ io ] ,  [ 41, [ $1,  t h e   f a l l w i n g  two 
dafinitionr vara nude t 
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, ., I E.. 

"f i t1  is t h e  volume of redillwnt placed frr t h e   b r a c h t i l l .  mea computing (A S ) i t  rhould   be   kept  in + 

m i n d  tha t   the   d imenr ionr  o f  t he  transport r a t e r  S ia chapter  2 ara PI /m/r, wbilr t b a a  io chapter 3 .:f 

(Ss) ate m /a. lo equat ions  (4.1) and (4 .2 )  redimeat i r  codr idered   loa t  when ie w v e a  out o f  the area ! 
in which it uar placed, Le. that volum4 of r e d h a t  which tu8 to be rep laced  in, for inrcanca. an 

3 Y 
!-;. 

3 Y 

m t z y  n&w N p k t r i r h n t .  h a  to t h e   f a c t   t h a t   t h e   r e d h a t   . w e d  in t h e  offrhore d i r e c t i o n  ' 

vi11 avencual ly   bui ld  a new e q u i l i b t i m   c o d i t i o n ,  which will confokm to t h e  bortau material and t h a  5 
wave climace, the  annual lorrer, i . a .  the  rmquircd rmcurring r a p l e r i i r b a a t ,  an c h a r a c t e r i t d  by aqua- .i, 

tiona (4.1) and ( 4 . 2 1 ,  v i l l  g t r d u a l l y   d h i a i r h   w i t h  t h e .  The p r t r r a t   e r l c u t r r i o n r   o n l y  ,shew t ha  I. 

l o r r e r   d u r i n g   t h e  f i t r r  t ep l rnhhmen t  prtiod, The longahore  lorrer  were computad by bo th   t he  SWANBV- 

d a d 1  p red ic to r  method and t h r  SPH-overall  predictor,  wherraf.ter a r e p r e r e a t a t i v e  lorr vaa  computed ' 
from t ha ra  two I igutew. " 

Due t o  the fact th rc   bo th  the owrfi2Z r d o  (SEGIRI ~ n d  t he  re&tive ntrrat mtd 'IsEGrQRI are time- : 
drprndent,  a time-duration d IO day8 war chorra  aa baa i r  Lor the  eompaciaon, during which tima one I 

vave  condition  took place. when doin8 an a c t u a l   b e a c h f i l l  derign, t he  uava coaditionr in  an aurrage : 
yare rhould  bc  applied e * c u t i r r * t y  to  thr   g radual ly   d rve lopiag   prof i le .  

i 

prof i le   for   the   computa t iona .  The ge-rry of t h r ' f n i t i r l   p r o f i l e  and t h e  tw b e r c h f f l l a ,  as vmll 11 

vi2* % O f t O W  

the  grain r i r e   c h a r a c t e r i r t i c r ,  are given ia  Figure 13. A* can be seen, r i x  d i f f e r t n t  cases r e a u l t ,  , - 1/10 and 1 / 5 ,  r r c h  with Os0 - 200 x 500 x and 1000 x IOm6m. IC war aswmed 

edge r f f e c t r   a t   t h e   l o n g r h o r e   a x t r r m i t i e r  of the  f i l l  w i l l  be neglected. 
The wave c o n d i t i o n   i n   t h e  8rCI war taken PO be : 

("0) a ign Z ~ ; T - I O ~ ; ~ ~ = S ~ .  

6 .3  PSamrrion of rcrruttn 

Thr computad loaaam, a8 given by t h r   v a r i o u r  methoda, are reprerentad graph ica l ly  in  Figure IO. Thr 
following prnrtal obrarvat ionr   regarding  the  r rmultr  are relrvanc : 

( I )  The b e a c h f i l l  mathodr of Ktumbein-huts, Dean and Jams a r e  a11 independme of t h e   p r o f i l e  gao- 
metry,   vhereas  the Krumbcin-Jamrs and Dean mechods are a l r o  independent o f  t he  wave c l imate .  In tha  
James-rchod the uavt clinute  cad  perhrpr  be  included via the  choicr o f  the mearure o f  r c l r c t i v i t y  of 
t he   so r t ing   p toce r r  A (41 defined by Jam8 [ 8) ) .  Both the  uave c l i r r r r  rad  the  prof i le   geametry do, 

however,   influance  the l o r a e r .  Canrequently, the r b o u t l ~ r n t i o n 8 d   t h r e e  mrchodm can only be used   to  
ob ta in   co rpa ra r iv r  rerultr for w r i o u r  parrible borrow  materiafn. 

~ ( 2 )  If a l l  the conarcut ivr  vave eondi t iona  in an rverrg. year are taken into  account ,   the   temulcant  

that the   beachf i l l   ha8  a fonphore   l eng th  la - 1000 m, and i a  r i t u a t a d  in an area with  no u p d r i f t  I- 

nuppty of rmdimrnr. No g r a d i e n t s   i a i t i a t e d  by the   placing of t h e   f i l l   i t s e l f ,  will be conridered, i .e.  
*. -. . .  
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5.  S l R O u m  

Predictor trchoiqurr hwr barn pr r rmtad ,  whereby i t  ir por r ib l e  to coopurr m h o r r ~ f f a h o n  rad 
t%whotr r a t  tnarpo- ra rpac t iva ly ,  nrrr t rapact ive  t rchniquer  can ba ured ia carbiartion 
t o  computr MdiMat lorrar in nmrour appl ica t ienr .  Om ruth appl ica t ion ,   v i r .   to  a bcrehlll l  problem, 
"4 dercribrd la drtail ,  Thr r a ru l c r  vera rhwn t o  be tr*lirtic. 

A -run of OapuMd nruZt8 with u o t u o 2  field nwarwlrnwntr a t  4 beachfill locntlon vi11 be the 

- 
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Figure 1 : Schematizacion of beach profile a t  rime t 

Figure 2 : Schematized time-variation of sediment in D-profile 

Figure 3 ,: Relationship between transport S 
and prof i le  form Y i  
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t - 1.040 

I : average I-value OF f l  AT IO 
EQUALLY-SPACED LOCATIONS IN PROFILE 

Figure 4 : time- and depth-variation of measured fractions f i  
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Figure I I  : Comparison between measured and computed longshore transport rates 
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1 

I . LNTRODUCTION 

Lrphological changer a te  the remult of gtadimatr in loryrbore and @nrborWfflhOt. 8rdiwaC ttanaPort. 
n e  coartal  engineer i r  continually faced with  ragiaaarimg p r o b l r r  ia which a qumtitativa  knauladle 
of thsra  wrphologicml chragra i r  tequirmd. ?or th i s  purporr prdictivm mqwtioar b v o  ba- d.ve1op.d 

for  both 1oagnhoPr urd oarhorr-offrhota r r d h n t  tranrporC, which arr b e i q  u r d  in practical applica- 
tioar. In this paper 4 few of theam ptrdietivr  trehaiqurr,  as wll &a ona oC tbrir typical rpp l i e~ t iona ,  
v i t .  t o  a beachfi l l  problem, will be d i r c u r d .  

2. OHSHORE-OPFSHORE SED= 'IRANSWAT 

2.1 m n t t  
Tha barier of Suart'm ~ h o r u - o f f a h o r u  a v d f r m t - - w t  th.ory mr4 dbrcribod io  d r t d l   i o  [ I L J .  A 

papar about t h i a  rubjrct  w.8 prasemad a t  the 1974 Coartrl Eagiommriq Conferanem in Copanhagan [ 13). 
Subraqumt1y it had bscomm c h a r   t h a t  thm eolputmtioaal rt&od darcribad in [ I C ] b  too -1icat.d for 
wrul uraI and that i t  cwld b. rodif ied eo rinplify t k r   c a p u t ~ t i o n ~ ,  wftbwt affmcting  tbr rrrultl . 
r i g n i f i c p t l y ,  In tb. premat papat 4 -ry w i l l  ba given of chm baric ptinciplma udmrlyiag t h  
theory, AI ua l l  41 of the sodifird coapuratioml apptoacb uwd at prrrmat. In Chapter 4 the r r t h d  rill 
be appliad t o  4 brouhfi22 pmbknr, t o  i l l u r r t a t a  om of it@ typical applieationr.  

2.2 hdarhing prin0ipt.r 

( I )  The dwmlop*rrt in 4 wrarl beach p ro f i l r  i r  charactmrirmd into thrr. &fin<* tonoa, (Figurr I ) ,  
each with i t a  OM traarport mmchanism, vi#.  

(a) th r  h o b b o r r ,  i.e.  the arm4 abovr tha vavm cun'up limit io which Hh" tl30mrport talrem place, 
(b) 1 dew&ping pmfik (D-ptofild vhrre a c d i a t i o a  of bad bod- md 8wpmd.d twb-tr+arport 
t a r  place, .fad 
(cS 4 ~ I W W S ~ ~  m a ,  rawardr of tha  peptofilm, rad l ladrardr of the  point +re r e d h a t   r o t i o n  by 
vavm action i r  in i t ia ted ,  harm oor~.lly only &d twd transport ulur placa. , 

. (2) The mort baric arrumption in thm rch.artiratioa of oorhorm-otfahorm amdimant tranrport  ir that the 
devrlopiag profile  (D-profila) w i l l  eventually rmaeh a rtabh .itaat(m udrr pmtrir'tmat vava Attack. 
Thir rtable  r i tuatioa  impliar bath an rqvittbidur, f o m  a d  40 rquiZSb~rm porS&w of the beach p r e  
f i l a .  Thir l a r t  concept i a  i l l u r t r a t ed  in FiBurm 2, wharm thr r b t k r d  v o l u r  of r a d h o r  ia  tbm 
D-profila i r  plot t rd  as a function of time. Similar vathtioor ara found for the   different  location# 
k the .D-profile, thur alae  coofirofrig the equilibrium forr concept. 

(3) Tha redimrnc transport r a t r s  fnro (or out of) t h r   W p r o f i h  frm (or i o )  t h r  bactrhora and the 
traarition area (S  ( e )  and S,(t) rerpoctively) form tha boudary eoaditioar for tha  c&tatioa o t  

prof i l c  ehanpsr in tha P p r o f i l r .  Thm.8 to.nrpart fatar ware Loud i n  (14) f o  bm givao by t 
e 

* .  , 

' *  

. .  Coastal  Engineering and Hydraulic8 Divirion 
I National Research foar i tu t r  €or Ocaauology,  South Africa 
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(4) With the rid of the  aratmptiolr io rtrp (2) abovab rho r a t a  of onrhorr-offrhorr  redimant  t tanopott  
Sr i t  LC 4 #pac i f i c  b a t i a  i in  thr p t o f f l e  a t  any t h  t can be ahom eo be 4 function of the d i f for -  ' 

e w e  betwarn  thr valurr of  a ptollflr  cturretrrirtic P 4 t  t L a  t (P(t)) rad tfmr t - ( P ( r ) ) ,  I .  ; I  
1 4  

. I .  (2.1) ' ;f 
(ore FigUta 3) ;; 0 '  

Exparimento rhovmd that   tha  bare dereripsion of t h r   t t a n r p o r t , i r  Cound i f  t h e   p r o f i l e   c h a t a c t e t i o t i c  io i i  

syit a P(-) " P ( t )  
. m  

1 

vhr r r  r and I are ttanrpott codiiciancr and rn ri d 

(L, " L1) f r  + M i  ... (2.6) ,i 
The meaning of (L2 - L , l i t  a d  t h e  seamatry of the br4cR p r o f i l r  ac t h a  t ir drfiamd i n  ?igurr I. 

' 5  
.I * 

Aelationrhipr 4re prarratd ia [131, vhrreby I ( I  /I ) m d  Wig 44 Val1 41 rhr l imit4 of t h r  
1 '  
.I 
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