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ABSTRACT

Computations were made o f changes in  the shore line wave energy 
d is t r ib u t io n  re s u l t in g  from a change in  bathymetry. The re s u lts  o f  
these computations can be used to  q u a n t i ta t iv e ly  p red ic t the major 
shore line wave e f fe c ts  o f  bathymetric changes inc lud ing  shore line  
areas a ffec ted  and re la t iv e  energy changes, fo r  various bathymetric 
anomaly shapes, water depths and distances o ffshore . The major 
co n tr ib u t in g  fac to rs  a f fe c t in g  the in te n s i ty  and shore line loca tion  o f 
a change in  wave energy are: d istance from shore, v ^ te r  depth o f the
bathymetric anomaly, wave period and d ire c t io n  o f propagation.

Wave energy d is t r ib u t io n s  were generated w ith  a wave re fra c t io n  
computer model adapted to  the V irg in ia n  Sea by Goldsmith, et a l . ,  
(1974). The wave model was applied to  two depth g r id  systems. The 
f i r s t  was a te s t  depth g r id  w ith  p a ra l le l  contours and a d e c l iv i t y  o f  
1 .4°. The second was a depth g r id  representing the near and offshore 
area o f  V irg in ia  Beach, V i rg in ia .  The te s t  depth g r id  y ie lded  general 
in form ation  as to the in f luence on the shore line wave energy 
d is t r ib u t io n  o f anomaly shape, anomaly distance from shore, and other 
va r ia b les .

I t  was determined th a t w ith  e i th e r  an increase in  wave period, or 
an increase in  the angle between the shore line and the deep water wave 
d i re c t io n ,  there is  a re la t iv e  increase in the length o f shore line 
a ffec ted  by a given bathymetric anomaly. I t  was also determined tha t 
the fa r th e r  o ffshore a bathymetric anomaly is  placed, the smaller the 
change in  shore line wave energy.

In ves tiga tions  in to  the d i f fe re n t  shore line wave energy responses 
from changes in  the size and shape o f bathymetric anomalies showed 
th a t  w ith  an increase in  r e l i e f ,  the wave curvature around the anomaly 
is  increased w ith a subsequent spreading o f the energy along the 
shore. With an increase in  the diameter o f a bathymetric anomaly, 
there is  a r e la t iv e  decrease in  the wave curvature and a subsequent 
decrease in  the length o f shore line  showing a change in  energy. The 
la rg e r  diameter anomaly tends to  focus the wave energy b e tte r  then the 
sm aller diameter, re s u l t in g  in  more intense shore line wave energy.

A log shape anomaly and a cone shape anomaly were compared. The 
ends o f the log shape re f ra c t  waves towards the center o f the 
sho re line , suggesting converging longshore t ra n sp o r t .  A cone shape 
w i l l  r e f ra c t  waves towards a caustic  zone and then away from the 
shore line  opposite the anomaly, re s u l t in g  in a d iverg ing  longshore 
tra n sp o r t .  These re s u lts  suggest th a t  a log shape could be used to  
p ro tec t a p a r t ic u la r  length o f sho re line , and a cone could p o te n t ia l ly  
cause erosion. When the wave re fra c t io n  model was applied to  the 
V irg in ia  Beach depth g r id ,  i t  was found tha t the wave curvature , 
caused by a " r e a l is t ic - s iz e d "  bathymetric anomaly, was not lo s t  in  the 
complex bathymetry and was trans la ted  to  changes in the d is t r ib u t io n



o f wave energy a t the  sho re line . The lo ca tions  onshore o f  these wave 
energy changes were predicted w ith in  an e r ro r  o f  -2%, based on a set 
o f curves developed from the wave model output using the te s t  depth 
g r id .

xv



A MODEL STUDY OF 

THE EFFECTS OF BATHYMETRIC ALTERATIONS ON SHORELINE 

WAVE ENERGY DISTRIBUTION



INTRODUCTION AND STATEMENT OF PROBLEM

The impact o f  offshore dumping, dredging, and dand mining on the 

shore line  has been o f minor environmental concern i i i  the past.

Because sand mining on o ffshore areas had been ne ither techno log ica lly  

or economically fe a s ib le , early  in te re s t  in  offshore sand mining 

e f fe c ts  and uses was nonexistent. Recently, with growing demand fo r  

sand, and the deple tion o f on-land sources o f aggregate, i t  has become 

more economical to mine sand in  near and offshore areas, ra is ing  the

issue of shoreline a f fe c ts  from bathymetric a l te ra t io n s .  Also,

invo lv ing  bathymetric a lte ra t io n s  are the increased offshore 

placements o f dredged m a te r ia l.  With passage o f th ii wetlands 

p ro tec tion  ac ts , dredged material can no longer be dumped on the 

marshes. The sea bed seemed to  be the most dip lomatic place to 

deposit dredged m a te r ia l.  With continued shoreline development, there 

is  growing concern over the world 's  beaches, centered p r im a r i ly  around 

shore line erosion. This in te re s t  in  the coastal and nearshore zone 

and the increase in  environmental consciousness has spurred 

in te n s i f ie d  research in to  coastal processes.

The shape and movement of sedimentary coasts id  regulated by two 

major processes--wind and wave; i t  is  believed tha t wave action is  the 

most important process (LeMehaute, 1976). As a wavd propagates over 

the sh e lf  onto the shore i t  changes in  character. This process is 

normally re fe rred  to as shoaling transformation and re fra c t io n .  The 

most important changes tha t waves undergo as they move toward shore
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are changes in  c e le r i t y ,  he ight, and d ire c t io n  o f approach. These 

changes are d i r e c t l y  re la ted to  the topography o f  tl*ie bottom over 

which the shoaling waves pass.

In r e a l i t y ,  much o f the United States East Coa:fet she lf has 

I r re g u la r  bathymetry, and offshore mining and the dumping o f dredged 

m ateria l may tend to  enhance these i r r e g u la r i t ie s ,  t re a t in g  

bathymetric changes. Within th is  paper, these bathymetric changes 

w i l l  be re fe rred  to  as anomalies. I f  the anomaly i;t o f s ig n i f ic a n t  

size and close enough to  shore, waves passing over ! t  w i l l  re f ra c t ,  

and the wave energy d is t r ib u t io n  onshore w i l l  be changed from i t s  

normal pa tte rn . A good example o f a bathymetric anomaly a ffe c t in g  

wave energy d is t r ib u t io n  is  the case o f iso la ted  damage to  the outer 

breakwater o f  Long Beach Harbor in  C a l i fo rn ia .  In 1930, from April 

20th to  the 24th, the outer breakwater o f Long Beach Harbor was 

subjected to  large breaking waves with a 20 to  30 selcond period. At 

impact the waves dislodged stones o f 3.6 to 18.1 metric tons.

(O 'Brien, 1950). No large waves were reported elsewhere along the 

shore e i th e r  north or south o f the breakwater. O'Brien explains the 

occurrence o f these iso la ted  waves as the re s u lt  o f wave focusing due 

to  re fra c t io n  over a submerged ridge ly in g  due south o f Long Beach.

The main ob jec t ive  o f th is  study is  to  qua n t ify  the primary 

c o n t ro l l in g  variab les o f bathymetric anomalies involved in changing 

the wave re fra c t io n  patterns and the re su lt in g  longshore wave energy 

d is t r ib u t io n s  onshore. I t  is  postulated tha t a s p e c if ic  bathymetric
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r e l i e f  fea tu re  and i t s  loca tion  w i l l  produce a s p e c if ic  set of 

shoaling and re fra c t io n  changes. The primary variab les involved can 

be placed in to  three classes: (1) placement or p o s it ion  o f the

bathymetric anomaly; (2) shape & r e l i e f ;  and (3) the wave c lim ate 

passing over the area.

By holding some variab les constant and manipulating others, such 

as can be e a s i ly  done in  a model, inferences can be tiade as to the 

e f fe c ts  o f  p a r t ic u la r  va r iab les .

Waves passing over a given bathymetric feature re su lt  in  

p a r t ic u la r  energy d is t r ib u t io n s  alongshore which can be represented by 

the re la t iv e  concentration o f wave orthogonals (Ebersole, 1971). Wave 

orthogonals are l in e s  drawn perpendicular to  the wave c res ts , and the 

re s u l t in g  trapezoids are considered to  represent packets o f energy.

The wave energy fo r  a given area can then be ca lcu lated re la t iv e  to 

o ther parts o f the shore line and a re la t iv e  d is t r ib u t io n  drawn.



LITERATURE REVIEW AND DISCUSSION

There have been many inves tiga t ions  re la t in g  td  the b io lo g ica l 

and environmental e f fe c ts  o f  o ffshore sand mining arid dumping. In 

comparison there have been very few inves tiga t ions  <is to the 

q u a n t i f ic a t io n  o f  the p a r t ic u la r  physical c h a ra c te r is t ic s  re la ted  to 

p a r t ic u la r  bathymetric changes. An extensive in ve s t ig a t io n  in to  the 

l i t e r a tu r e  pe rta in ing  to  these physical e f fe c ts  has resulted in  an 

annotated b ib liography by F risch , et a l . ,  (1978).

A ty p ic a l ea rly  study o f aggregate mining dea lt only w ith  the 

area immediately surrounding the operation. S a ila , et a l . ,  (1972) 

studied the environmental e f fe c ts  o f re-entrainment o f sediment as a 

re s u l t  o f  wave a c t ion . These environmental e f fe c ts  centered around 

changes in  the b io lo g ica l community near the mining operation. They 

also described in  d e ta i l  the ch a ra c te r is t ic s  o f the dredged hole, but 

as w ith  most o f  the early  a r t i c le s ,  the gathering o f data and 

in te rp re ta t io n  decreases as the distance from the bclthymetric 

a l te ra t io n  s i te  increases. This was, in  pa rt,  due t:o a lack o f 

awareness o f  the coastal sciences community as to possible 

in te ra c t io n s  between the bathymetry, wave c lim ate , clnd shoreline 

co n f ig u ra t io n .  The United States Army Corps o f Engineers (1976) 

recognized the importance o f borrow zone placement Relative to  the 

shore, but not w ith respect to wave re fra c t io n .  Theiir major concern 

in vo lv in g  hole placement was the avoidance o f collapse o f the beach 

in to  borrow depressions. The Corps design also take's care to  minimize

5
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In te rfe rence  w ith  longshore tra n sp o rt  and p ro te c t ive  sand bar and bank 

complexes.

Other Corps studies (Hall & Herron, 1950; Harris  1954)

Investiga ted the placement o f sand in  11.6 m (38.1 f t )  o f water 0.8 km 

(0.4 nm) o ffshore  w ith  the in te n t  o f  nourishment o f  the shore. I t  was 

believed tha t the sand placed o ffshore  would migrate! to  the beach and 

rep len ish  sand lo s t  to  longshore t ra n sp o rt .  Eight months a f te r  

placement i t  was found th a t the nourishment mound wcis stab le and 

remained so through the restudy o f the te s t  four yeclrs la te r .

Although u n in te n t io n a l,  these studies substantiated the hypothesis 

th a t  sediment mounds placed in  s im i la r  pos it ions o ffshore  w i l l ,  in  

genera l, remain in  place w ith  on ly minor v a r ia t io n s . The s t a b i l i t y  o f  

these mounds is  unexpected due to  the fa c t  th a t  the bottom o rb i ta l  

v e lo c i ty  fo r  9 second waves (mean wave period @ N.J.) exceeds the 

threshold v e lo c i ty  f o r  medium quartz sand at th is  de'pth (Komar and 

M i l le r ,  1974). I f  the threshold v e lo c i ty  fo r  sediment is  exceeded, 

the sediment is  expected to  move. One simple explanation fo r  the 

s t a b i l i t y  o f  the mounds is  th a t a p a r t ic u la r  set o f wave conditions 

moves sand, but w ith  no net d ire c t io n s ,  so the mound' w i l l  appear 

s ta b le .

A few in ve s t ig a to rs  did recognize the problem c f  f lu c tu a t io n s  o f 

wave re fra c t io n  patterns over large changes in bathymetry (Thompson,

1973; J o l l i f f e ,  1971; NOAA, 1976). The general consensus o f these 

in ve s t ig a t io n s  was th a t  la rge changes in  bathymetry were to be
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avoided. Thompson (1973) suggested tha t ra ther than removing large 

amounts o f  material from one spot and creating deep holes, only the 

surface sediments should be removed. But other environmental 

considerations also need to  be taken in to  account, such as the 

des truc t ion  o f large areas o f surface benthic communities.

Costa and P eres tre llo  (1959) were possibly the f i r s t  to  propose 

th a t  submerged dams o f d i f fe re n t  shapes could be used to contro l the 

number o f waves entering a harbor. They also proposed the use of 

submerged dams to  contro l accretion and erosion by a l te r in g  wave 

energies e f fe c t in g  shore lines. Unfortunate ly, th e ir  proposals were 

overlooked. J o l l i f f e  (1971) proposed investigations in to  the problems 

o f coastal conservation in  re la t io n  to the m odifica tion  o f offshore 

areas due to  the removal o f aggregate.

An early  example of shoreline change as a re su lt  o f dredging took 

place in  1897 at Hallsands, South Devon, England. A local contractor 

obtained permission to use a dredger and removed nearly 382,000 cubic 

meters o f foreshore "sh ingle" ( i . e . ,  beach cobbles). E xp lo ita t ion  

ceased in 1902, but not before the beach had been lowered by as much 

as four meters. Wave action had reportedly increased and a period o f 

accelerated erosion ensued ( J o l l i f f e ,  1971).

Whalin, et a l . ,  (1975) also recognized the fact tha t the offshore 

placement o f a s truc tu re  could have an e f fe c t  on shoreline evo lu tion .

In order to  te s t  fo r  th is  e f fe c t  they constructed a d is to r te d  scale 

hydrau lic  model. They believed tha t wave re fra c t io n  was o f major
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importance ra th e r  than d i f f r a c t io n ,  so wave lengths were scaled w ith  

the v e r t ic a l  sca le . In so doing, the model was s im p l i f ie d  since 

re f ra c t io n  e f fe c ts  are a fu nc tion  o f  depth (d) d iv ided by wave length 

(L ) .  Consequently, (d/L) model = (d /L ) .  Whalin ran three te s t  series 

w ith  and w ithou t the model breakwater. He measured only minor changes 

in  the ta n k 's  "coastal processes." These changes were f e l t  to  be 

w i th in  the l im i t s  o f  the model's experimental e r ro r ,  so i t  was 

concluded th a t  the power p lant and breakwater under study would not 

" s ig n i f i c a n t l y  a l t e r  shore line  e v o lu t io n ."  However, these conclusions 

were dependent on the q u a l i ta t iv e  in te rp re ta t io n  o f kave tank re s u l ts ,  

and there was a large p o ten tia l experimental e r ro r .

Ebersole (1971) d i r e c t l y  re la ted  changes in wav«* re fra c t io n  to  

poss ib le  changes in  shore line  e vo lu t ion . He went on to  develop a 

scheme fo r  e s ta b lish ing  environmental baselines in  an area o f fu tu re  

mining and stressed the need fo r  more research. Goldsmith (1978) 

suggested the use o f computer wave re fra c t io n  models in conjunction 

w ith  changes in  sea f lo o r  bathymetry to  determine changes in  shore line 

wave energy d is t r ib u t io n .  Goldsmith (1978) fu r th e r  suggested tha t 

"bathymetry might be modified in  order to  achieve more des irab le  

shore line  wave energy d is t r ib u t io n s . "

P rice , et a l . ,  (1972) a lso recognized the fa c t  that g ro ins, 

breakwaters, o ffshore  dredge s i te s ,  and other b a r r ie r  disturbances o f 

the sea f lo o r  are capable o f  a l te r in g  the wave climaiie a t a s i te  on 

the beach. They developed a mathematical model to  p red ic t changes in
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the p la in  shape o f beaches a f te r  anomaly induced wave clim ate changes. 

This study was followed by another inves t ig a t io n  by Motyka and W i l l is  

(1974), who concentrated p r im a r i ly  on the re la t io n sh ip  between 

o ffshore  dredged holes, wave re fra c t io n ,  and beach erosion. They used 

a two-part mathematical model cons is ting  o f the beach p la in  shape 

model and a s im p li f ie d  version o f the Abernethy and G i lb e r t  (1975) 

wave re fra c t io n  model. They suggested th a t there are 12 parameters, 

d iv ided in to  three groups, tha t need to  be investiga ted . The f i r s t  

group includes the properties o f the beach, such as p la in  shape, 

p r o f i le  shape, and grain s ize . The second covers the properties o f 

the deep water wave clim ate such as wave height, period, and d ire c t io n  

o f propagation. The th i r d  group contains the properties o f the 

dredged hole, such as w idth, length, side slope, distance o ffshore, 

o r ig in a l water depth, and depth o f  dredging. In a firel iminary study 

i t  was found tha t beach erosion increases w ith  increasing depth o f  

dredged holes and with decreasing o r ig in a l water depth and distance 

o ffsho re . No other parameters were investigated in th is  study. An 

add it iona l study was conducted by W i l l is  and Price (1975) who upgraded 

the mathematical model but did not report any add it iona l re s u lts .

Ludwick and Saumsiegle (1976) also approached the problem o f 

changes in  o ffshore bathymetry causing changes in  the d is t r ib u t io n  o f 

wave energy onshore. With the use o f the V irg in ia n  Sea Wave Climate 

Model (Golsmith, et a l . ,  1974), waves were re frac ted before and a f te r  

the placement o f a sediment disposal mound offshore from Dam Neck, 

V i rg in ia .  Several wave re fra c t io n  diagrams, before and a f te r  dumping,
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were produced. No s ig n i f ic a n t  changes in  shore line wave energy 

d is t r ib u t io n  fo r  waves coming from the east and southeast were 

de linea ted . However, waves approaching from the northeast w ith  a 

period o f  12 seconds went from a pattern o f divergence to convergence 

re s u l t in g  in  a 20% increase in  wave height at Dam N5ck.

A s im i la r  study was conducted at the V irg in ia  In s t i tu te  o f Marine 

Science by Goldsmith, Sutton & Frisch in  connection w ith  a study by 

Borgeld, et a l . ,  (1978). The study concerned a proposed disposal area 

near the mouth o f the Columbia R iver, Washington. Approximately seven 

m i l l io n  cubic yards o f sediment were to be dumped there during the 

1977 dredging season. Pre- and post-dump bathymetry was developed and 

a wave re fra c t io n  analysis conducted as to the e f fe c ts  o f the proposed 

mound. The model computations ind icated tha t w in te r waves 

(approaching from the west) are concentrated on the end o f the south 

j e t t y  o f the main channel, w ith a subsequent decrease in  energy on 

the north j e t t y .  Energy from summer waves (northwest approach) was 

found to  be d i f f e r e n t ia l l y  d is t r ib u te d  on the seaward side o f the 

south j e t t y .  As a re s u lt  o f th is  study, i t  was recommended tha t an 

a lte rn a te  disposal s i te  be used in  the fu tu re  due to the fa c t  tha t the 

proposed s i te  had a marked e f fe c t  on the local wave c limate (Borgeld, 

e t  a l . ,  1978).

Discussion so fa r  has concerned pro jects  which are simply 

intended to f in d  a safe place fo r  aggregate mining and dredged 

m ateria l disposal or dumping. In a more sophistica ted approach
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Zwamborn, e t a l . ,  (1970) attempted to  use dredged mciterial from Durban 

Harbor, South A fr ic a ,  w ith  the in te n t io n  o f  p ro tec ting  nearby beaches 

from erosion. Tests were made which resu lted  in  thel decision to 

construct an o ffshore mound o f f in e  to  medium sand tio p ro tect and 

improve the beaches. The dimensions o f  the mound weire 4.5 km long, 

located 1.2 km o ffshore , 7.3 m below LWOST (low watelr ord inary spring 

t id e )  w ith  a 61 m c res t w idth, la te ra l  slopes o f 2 .3 ° , and an end 

slope o f  1 .1°. Although increased erosion occurred during 

construc tion  o f  the mound due to  wave focusing, wherl completed i t  was 

found to  be s tab le , and f u l l y  protected the beaches which experienced 

accre tion . Along the shore line the exposed beaches experienced 

eros ion , and beaches protected by a p a r t ia l l y  complete mound were 

e i th e r  at equ il ib r ium  or eroding.

Another s i tu a t io n  in  which bathymetric anomalies were he lpfu l was 

in  the approach channels o f Richards Bay, South A fr ica  (Zwamborn and 

Grieve, 1974). T ra d i t io n a l ly ,  two-arm breakwater systems have been 

used to  p ro tect harbor entrances from excessive wave energy. With the 

advent o f  the supertanker i t  has become necessary tc  increase the 

leng th , w idth, and depth o f harbor entrance channels to the point 

where breakwater p ro tec tion  over the e n t ire  length v<as im p ra c t ica l.  

Zwamborn and Grieve, (1974) concluded tha t 0.9 m high waves would be 

the upper l im i t  fo r  acceptable wave heights entering the harbor. In 

order to  achieve these wave he ights, a 3.5 km approach channel 25 m 

deep and 300-400 m wide, and a 1.2 km long main breakwater were 

constructed. In the new channel, wave transformations due to
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divergence o f  wave rays over the deep water reduced wave heights to a 

safe level fo r  wave approach d ire c t io n s  w ith in  20° to each side o f the 

long axis o f the channel. The d ire c t io n  o f the entrance channel was 

b u i l t  to  coincide with the dominant wave d ire c t io n s  to avoid the 

occurrence o f  beam waves in  the channel. Selective o ffshore dredging, 

was u t i l i z e d  to enhance wave re fra c t io n  and thereby minimize wave 

height and re su lta n t harbor penetration by waves.



ANALYTICAL REFRACTION MODEL AND MODEL VERIFICATION

When waves come across the s h e lf  toward the beach, a nunber o f  

changes take place; these changes can be re fe rred  td  as wave 

transformations due to  shoaling and re fra c t io n .  Waves genera lly  are 

steepened, shortened, and slowed as they move in to  shallower water. 

Normally these transformations do not take place uniform ly along a 

wave f ro n t  due to  d iffe rences in  bathymetry. This re su lts  in  the wave 

bending, and th is  bending is  ca lled  re fra c t io n .  A Wave begins to 

re f ra c t  when i t  is  said to  “ fe e l"  the bottom. That is  to say the 

shape o f wave o rb i ta ls  are d is to r te d  to  an e l l i p t i c a l  form ra ther than 

mainta in ing the c i r c u la r  path found in  deep water waves. At th is  

p o in t ,  the wave goes in to  t ra n s i t io n  from a deep water wave to  an 

in term ediate-water wave. By d e f in i t io n ,  th is  means th a t d/L <0.5 

(U.S. Army Coastal Engineering Research Center, 1973); however, in  

p rac t ica l terms appreciable changes only occur at d/L <0.25. As a 

re s u l t  o f  the contro l of depth on the wave c e le r i t y ,  the waves tend to 

a l ig n  themselves to  the bottom contours. This can be seen from a 

beach when a series o f wind waves approaching at a 45° angle to the 

shore tu rn  almost p a ra l le l  to  the shore by the time they break.

I f  we assume small wave steepness (amplitude/wave le n g th ) ,  l in e a r  

wave theory gives the expression fo r  the wave c e le r i t y  C or phase 

v e lo c i ty  o f a progressive sinusoidal wave tra v e l in g  through water o f  

the same depth (U.S. Army Coastal Engineering Research Center, 1973):
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This equation can be rearranged using C = L/T to  give an expression 

fo r  wave length  (U.S. Army Coastal Engineering Research Center, 1973):

L = | I 2 tanh ^  (2)

in  which L is  the wave leng th , g is  the g ra v i ta t io n a l acce le ra tion , T

is  the wave period, and d is  the loca l water depth.

I t  is  p o te n t ia l ly  d i f f i c u l t  to  apply Equation because the wave

length (L) is  found on both sides o f the equation. The so lu t ion  of

Equation 2 can be s im p li f ie d  by the app lica t io n  o f tabulated values 

fo r  parts o f the equation. (U.S. Army Coastal Engineering Research 

Center, 1973).

I t  can be seen th a t  in  deep water the ra t io  d/L w i l l  be large so 

tanh (2ird/L) w i l l  approach 1. This leaves the wave length d i r e c t ly  

p roportiona l to the square o f  the period o f the wave. This means tha t 

in  deep water the period w i l l  be the c o n tro l l in g  va r ia b le . In shallow 

water, tanh (2ird/L) w i l l  approach 27rd/L. Therefore,* i t  can be seen 

th a t  water depth w i l l  s ta r t  to  a f fe c t  wavelength and c e le r i t y  in 

shallow water. Throughout these ca lcu la t ions  i t  is  assumed th a t wave 

period remains constant.

The wave model used in  th is  study is  based on the Dobson (1967) 

wave re fra c t io n  model as adapted by Goldsmith et a l . ,  (1974) to  the 

V irg in ia n  Sea. The model w i l l  be re ferred  to  in  the paper as the 

V irg in ia n  Sea Wave Climate Model (V.S.W.C.M.). In th is  model, 

estim ations o f the re fra c t io n  e f fe c ts  are made via l in e a r  wave theory
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plus a term to  a llow fo r  bottom f r i c t i o n .

The basic assumptions fo r  the a p p lica t io n  o f l in e a r  wave theory 

are (U.S. Army Coastal Engineering Research Center, 1973, p. 2 -6 ):

1. Waves have small wave steepness and sinusoidal form.

2. Wave period is  a constant.

3. No energy loss from p e rco la t io n .

4. No energy loss from re f le c t io n .

5. No transmission o f  energy along the wave c re s t .

6. Constant water depth.

The c h a ra c te r is t ic s  o f  water waves in  the oceans do not stay w ith in  

these basic assumptions. But even w ith  the recogn it ion  o f these 

shortcomings there is  confidence in  the v a l id i t y  o f wave re fra c t io n

a na lys is .  Linear wave theory gives tt -  ^ r ) ( ^ s ) ( K f ) » where H and H0
Mo

are f in a l  and i n i t i a l  wave he ights, Kr and Ks , the c o e f f ic ie n ts  o f 

re f ra c t io n  and shoaling, re sp e c t ive ly ,  and are givert by (U.S. Army 

Coastal Engineering Research Center, 1973):

in  which b0 and b are the i n i t i a l  and f in a l  distances between adjacent

fa c to r  due to  f r i c t i o n ,  k f  y proportiona l to  the f r i c t i o n

c o e f f ic ie n t  f .  This fa c to r ,  k f ,  was developed by Coleman and Wright

(3)

(4)

wave rays, and n = 1 + 4Trd/L . The wave height reduction
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(1971) based upon equations fo r  c a lc u la t in g  bottom f r i c t i o n  developed 

by Putnam and Johnson (1949) and modified by Bretschneider and Reid 

(1954) and Bretschneider (1954).

U t i l i z in g  these re la t io n s h ip s ,  re f ra c t io n  diagrams are drawn by 

the V.S.W.C.M. using the wave ray or orthogonal method. Wave energy 

is  d i r e c t ly  p roport iona l to  wave orthogonal de n s ity ,  so the distance 

between the wave orthogonal represents equal energy u n i ts .  In other 

words, where the wave rays converge, there is  an increase in  wave 

energy; where the rays d iverge, there is  a decrease in wave energy 

(Figure 1). This is  ind ica ted  p hys ica lly  in  the form o f  h igher or 

lower wave he igh ts .

An ea r ly  s tunb ling  block o f the a p p lica t io n  o f  wave re fra c t io n  

computations was the in te rp re ta t io n  o f crossed wave rays (ca u s t ics ) .

I t  was believed th a t  the re fra c t io n  model did not represent what was 

re a l ly  happening during or a f te r  a wave passed through a caustic  

reg ion. Numerous studies by Chao (1971, 1972, 1974) and Chao and 

Pierson (1972) show th a t a f te r  wave rays leave a caustic  area, they 

w i l l  continue as i f  no caustic  had ever been present. Goldsmith, et 

a l . ,  (1977) made a thorough study o f  changes in  wave model 

computations as a re s u l t  o f  caus tics , and fu r th e r  substantiated th is  

conclusion w ith  respect to  the wave ray diagrams.

Further v e r i f i c a t io n  was made in  a study o f Saco Bay, Maine, by 

F a r r e l l ,  e t a l . ,  (1971). They compared v e r t ic a l  ae r ia l photography 

w ith  a computer-produced wave re fra c t io n  diagram based on real
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Wave fronts

Convergence of orthogonals \  
produces high waves in this >

30

Divergence of orthogonals 
produces low waves in this

Depth contours 
in fathom s-------

Figure 1. Schematic diagram i l l u s t r a t in g  the l in k  between 
continenta l sh e lf  waves and nearshore processes 
(From Goldsmith et a l . ,  1974).
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Figure 2. Comparison o f  v e r t ic a l  a e r ia l photograph o f 
Saco Bay Maine, and wave re fra c t io n  diagram 
computed fo r  T = 8.0 sec. and Az = 135 (from 
Goldsmith, 1976).
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bathymetry (Figure 2 ) .  Even w ith  an ir re g u la r  shore line and ir re g u la r  

bathymetry, there is  a high degree o f s im i la r i t y  between the computer 

output and the v e r t ic a l  imagery. Other v e r i f ic a t io n  studies include 

add it iona l comparisons between model output and aeria l photography, 

such as in  the Wave Climate Model o f the offshore New Jersey area 

(Goldsmith, et a l . ,  1977).

The most app licab le  model v e r i f ic a t io n  study o f wave re fra c t io n  

and shore line movement to  date using the V.S.W.C.M. is  tha t o f  F isher, 

e t a l . ,  (1977). Fisher and his colleagues used aeria l photography of 

the Cape Hatteras National Seashore before and a f te r  the L inco ln 's  

B irthday Storm o f February 1973 to  measure shoreline movement.

Following th is ,  they hindcasted the storm using the 

Sverdrump-Munk-Bretschneider method as ou tlined  in the Shore 

Protection Manual (U.S. Army Coastal Engineering Research Center,

1973). Fisher and his colleagues then used the hindcasted data to  

input the wave climate during the storm in to  the wave re fra c t io n  

model. Next, they co rre la ted  wave model output parameters and 

shore line changes. While co rre la t io n s  fo r  most o f the parameters were 

not s ig n i f ic a n t ,  c o rre la t io n s  between orthogonal density and shoreline 

change were s ig n i f ic a n t  at the 0.01 le v e l .  In th is  instance shoreline 

change could then be predicted using wave model output o f orthogonal 

d ens ity , fo r  the sp e c if ic  waves produced by a p a r t ic u la r  storm.



MODEL DESIGN

In order to  study the e f fe c ts  o f nearshore dredge material mounds 

and holes, three groups o f  variab les may be considered. The f i r s t  

group o f variab les is  concerned with the physical c h a ra c te r is t ic s  o f  

the bathymetric anomaly: (1) the d ire c t io n  po s it ive  and negative o f

the r e l i e f  corresponding respective ly  to  a mound and a hole; (2) 

length o f axis o f symmetry, e i th e r  p a ra l le l  or perpendicular to  shore; 

(3) the maximum height or depth above or below the undisturbed sea 

bed; (4) shoreward slope; (5) seaward slope; and (6) side slope.

The second group o f variab les deals with the placement o f the 

bathymetric anomaly re la t iv e  to  the shore. Two dimensionless 

parameters are used to  increment the anomaly seaward from shore. The 

f i r s t  re la tes  water depth to  the passing sea waves in  the form o f 

depth/wave length . The second parameter re la tes the distance from the 

shore line  the anomaly is  placed to  the diameter o f the anomaly a t the 

sea bed (Handin & Ludwick, 1950) o r , in the case of a non -c ircu la r  

anomaly, the average o f  the 2 major axes. In the case o f  a constant 

bottom slope, o r ig in a l water depth before a l te ra t io n  is  d i r e c t ly  

proportiona l to  the distance o ffshore .

The th i r d  group o f variab les is  the ch a ra c te r is t ic s  o f the waves 

passing over the bathymetric anomalies. The f i r s t  va r iab le  is  wave 

period from which a wave length can be ca lcu lated at a given depth in  

shallow water. The second is  d ire c t io n  o f propagation o f the wave 

c re s t .

20
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A depth g r id  was developed w ith  a smooth, re gu la r ly  s loping 

bottom and a s t ra ig h t  shore line p a ra l le l  to the depth contours (Figure 

3 ) .  This depth g r id  simulates the con tinen ta l she lf1 seaward o f 

V irg in ia  w ithout complex bathymetry. Some basic re t i re m e n ts  o f s ize 

and depth had to  be f u l f i l l e d  by the model g r id  to  cfllow fo r  a wide 

range o f  bathymetric anomalies and wave azimuths. The size o f the 

g r id  was 240 u n its  alongshore and 158 u n its  o ffshore , w ith  one u n it  

equal to  15.2 m ( 5 0 f t ) ,  and representing a to ta l  area o f 9.48 x 8.81 

m2 ( i 07 x 10^ f t ^ ) .  Another requirement was th a t  the maximum depth 

and d e c l i v i t y  o f the model te s t  g r id  should c lose ly  resemble the 

actual sh e lf  and d e c l i v i t y .  Uchupi (1970) s tated th a t the d e c l iv i t y  

o f  the A t la n t ic  Continental s h e lf  o f  the United States varies from a 

low 0°02' seaward o f Jacksonv il le  to  0°07‘ seaward o f  Cape Hatteras.

A d e c l iv i t y  o f 1.4° or 1°24‘ was chosen in  order to  span the complete 

range o f  depths o f  the continenta l sh e lf  (out to  57.91 m) and s t i l l  be 

w ith in  the a l lo t te d  computer space. I t  w i l l  be shown la te r  how th is  

high d e c l iv i t y  a f fe c ts  the a p p l ic a b i l i t y  o f  the depth g r id  to  the 

actual con tinen ta l s h e lf .

Fourteen bathymetric anomalies were chosen to  represent a wide 

range o f  dredge materia l mounds and holes. These 14 anomalies were 

comprised o f 7 d i f fe r e n t  shapes. Table 1 defines thte shape name fo r  a 

given set o f  s p e c if ic a t io n s  covering 5 d i f fe re n t  parameters. These 

parameters are: (1) r e l i e f  above or below the sea bed, (2) diameter 

p a ra l le l  to  shore, (3) diameter perpendicular to  shore, (4) side 

slope, and (5) to ta l  volume. In re fe r r in g  to  these shapes throughout
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th is  paper the word p o s it iv e  o r  negative d i r e c t ly  before the shape 

name w i l l  denote whether the anomaly in  question is  a mound or a hole 

re sp e c t iv e ly .  Consequently there are two anomalies represented by 

each set o f c h a ra c te r is t ic s  l is te d  in  Table 1. For example, a 

negative wide cone is  a hole w ith  a depth below the sea bed o f 14.48 

m, a diameter p a ra l le l  and perpendicular to shore o f 245.81 m, a side 

slope o f 6 .5 ° , and a to ta l  volume o f 2.46 x 10^ m^.

Some o f these anomalies were designed to study increased shape 

com plexity , w ith  a view towards increased wave re fra c t io n s  (Figure 4 ) .  

Other anomalies were designed to  model s tructures l i k e ly  to re su lt  

from ty p ic a l dumping or sand mining operations (Figure 5 ) . S t i l l  

others were designed in  order to  study the e f fe c t  o f  combinations o f  

d i f fe re n t  shape c h a ra c te r is t ic s  such as diameter or height (Figures 6, 

7, 8 ) .  As can be seen in the bathymetric anomaly diagrams, 9.0° was 

used as the side slope. This angle best represents the average side 

slope of a real bathymetric anomaly or the angle o f repose o f 

subaqueous s lides  o f loose sands and s i l t s  (Andresor* and Bjerrum,

1967; Morgenstern, 1967; Burkalow, 1945).

In order to  de lineate  the d i f fe re n t  fac to rs  c o n tro l l in g  the 

e f fe c ts  o f wave re fra c t io n  over dredge mounds and holes, these 

anomalies were manipulated on the model depth g r id  cn a l in e  

perpendicular to the middle o f the shore line . The anomalies were 

located at points on th is  l in e  which covered a wide range o f wave 

cond itions and distances from shore (Table 2 ). The d/L ra t io s  range
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I82.9m

182.9m

4.5 m
9.00°

Figure 6. Cone anomaly shape.
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Figure 7. Wide-Cone anomaly shape.
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Figure 8. Log anomaly shape and High log anomaly shape.
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Table 2
Crown depth fo r  three placement 

loca tions  re la t iv e  to anomaly r e l i e f

Anomaly Placement C
Distance from Shore 746.76 m
Depth o f  sea - 18.67 m
Bathymetric anomaly

R e lie f  (m) Crown depth (m)
14.48 4.19

-14.48 33.15
5.64 13.04

-5.64 24.31
6.28 12.39

-6.28 24.95
6.10 12.57

Anomaly Placement A 
Distance From Shore - 
Depth o f  sea - 32.39

■ 1295.4 m 
m

Bathymetric anomaly 
R e lie f  (m) Crown depth (m)

14.48 17.91
-14.48 46.87

5.64 26.75
-5.64 38.03
6.28 26.11

-6.28 38.67
6.10 26.29

Anomaly Placement B 
Distance From Shore - 
Depth o f sea - 46.10

• 1844.04 m 
m

Bathymetric anomaly 
R e lie f  (m) Crown depth (m)

14.48 31.62
-14.48 60.58

5.64 40.46
-5.64 51.74
6.28 39.82

-6.28 52.38
6.10 40.00
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from the beginnng o f  the t ra n s i t io n a l  zone to  the middle o f what is  

considered to  be a shallow-water zone. A bathymetric anomaly was not 

placed in  deep water since in  deep water the sea bottom has minimal 

e f fe c t  on re f ra c t io n .  A lso , model l im i ta t io n s  do ndt a llow the 

placement o f  an anomaly a t a po in t where the d/L r a t io  is  less than

0.125 since th is  would place the anomaly too close to  shore. In 

a d d it io n  to  the r a t io  d /L , the ra t io  o f  d istance from shore to  

diameter o f the f ig u re  was inves t ig a te d . This r a t io  was tested from a 

maximum o f 12 to  a minimum o f 3.

The parameters o f  the waves re frac ted  over the bathymetric 

anomaly were 6, 9 and 12 second periods w ith  angles o f  wave 

propagation o f  30°, 60° and 90° ( re la t iv e  to shore). A modified 

version o f the V.S.W.C.M. was used to  create the wav'e re fra c t io n  

diagrams. This model was adapted to  the College o f W illiam and Mary 

IBM 370/158 Computer by Goldsmith, e t a l . ,  (1974). The output from 

the re fra c t io n  model is  a series o f wave orthogonal diagrams (Figure 

9) and a set o f  punched cards. Each o f  the cards ir ld ica tes the wave 

parameters a t the po in t where the wave ray crosses the 3 m (1 0 ft)  

depth contour. The lo ca t io n  o f  the wave ray end po in t and i t s  re la ted  

parameters is  given in  terms o f  the model X-Y g r id .  From these 

lo ca t io n s ,  an orthogonal dens ity  is  ca lcu la ted fo r  each class length 

o f  shore line  o f 30.5 m (1 0 0 f t ) .

This wave model output is  evaluated w ith  respect to  three 

parameters, in  order to  de linea te  the e f fe c ts  o f a given set o f inpu t
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co n d it io n s . The parameters are: (1) length o f  shore line  w ith  a

change in  orthogonal dens ity  re s u l t in g  from the placement o f  a 

bathymetric anomaly; (2) lo ca t io n  o f the a ffec ted  length o f  shore 

r e la t iv e  to  a datum l in e  perpendicular to  shore and passing through 

the anomaly, and (3) re la t iv e  change in  energy fo r  each class length 

w ith in  the a ffec ted  sho re line .

The f i r s t  two parameters can be ca lcu la ted  d i r e c t ly  from the wave 

orthogonal end p o in ts . The th i r d  parameter must be ca lcu la ted  

re la t iv e  to  the change in  orthogonal de n s ity .  This orthogonal density  

can be re la ted  to  shore line wave energy in  the fo l low ing  manner. The 

average wave energy f lu x  between 2 adjacent orthogonals at the 3 m 

(1 0 f t )  contour (U.S. Army Coastal Engineering Research Center, 1973) 

is :

P = n b E C (5)

where n = — 1 + ________  , b is  the orthogonal spacing, E is  the
2 sinh (4ird/L)

s p e c i f ic  energy in  a wave per u n it  c res t w id th , C is  the wave

c e le r i t y ,  d is  the water depth, and L is  the wave lehg th . The

d if fe re n c e  in  the average wave energy f lu x  before and a f te r  anomaly

placement is  d i r e c t l y  proportioned to  the d if fe re n ce  in  orthogonal

spacing. The number o f orthogonals in  a given class can be re la ted  to

orthogonal spacing by d iv id in g  the orthogonal number by the class

leng th . In the case o f the model g r id  (constant d e c l i v i t y ,  p a ra l le l

contours and no anomaly), the orthogonal spacing alongshore w i l l  equal

the deep water orthogonal spacing. When a bathymetric anomaly is
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placed in  the model g r id ,  any change in  the orthogonal spacing w i l l  be 

the re s u l t  o f  the given anomaly.

Three sets o f  histograms were drawn showing the frequency o f  

orthogonals as a func tion  o f the distance alongshore. The f i r s t  set 

was drawn dep ic t ing  the frequency a f te r  the placement o f a bathymetric 

anomaly. The second set o f histograms was p lo tted  as a c o n tro l ,  

w ithou t a bathymetric anomaly. The pre-anomaly histogram was then 

superposed on the post-anomaly histogram,* and the th i r d  set o f 

histograms was drawn showing the d iffe rences  o f the frequency o f 

orthogonals in  a given shore line c lass . In equation 6 the d if fe re n ce  

between the number o f  orthogonals in  a given class before anomaly 

placement and a f te r  anomaly placement is  represented by B and re fe rred  

to  in  the te x t  as a c lass orthogonal number. The average wave energy 

f lu x  per class can be re la ted  to  the number of orthogonals in  a given 

class before anomaly placement (B0) and the class orthogonal number 

a f te r  anomaly placement by:

p = n —  --a +- -  E C  ^
B0 B0

where lz  is  the length o f one class alongshore. From th is  i t  can be 

seen th a t ,  given a B0 o f 2 and a B o f  3, then th a t class has 2.5 times 

as much energy as i t  did before the placement o f the anomaly. The 3 

parameters ( le n g th , lo c a t io n ,  in te n s i ty  o f wave changes) are shown 

g ra p h ic a l ly ,  r e la t iv e  to  a given va r iab le  in the orthogonal nunber 

histograms. Figure 10 is  a p lo t  o f three histograms corresponding to  

three d i f fe r e n t  wave periods, given a deep water wav<̂  azimuth o f 90°
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re la t iv e  to  shore and the anomaly (p o s i t iv e  cone) located at po in t 

(60, 89) on the depth g r id .  The X axis shows the onshore loca tion  o f 

the concentrations or d im inutions o f wave energy, represented by a 

class orthogonal number. Each histogram bar shows the class 

orthogonal number fo r  a given loca tion  (X ax is) corresponding to  a 

given wave period (Y a x is ) .  For example in  Figure 10, fo r  a 9 second 

wave, the shore line underwent an energy change from class number 47-48 

to  class 71-72. The length o f shoreline with a change in  orthogonal 

dens ity  is  26 g r id  un its  long. The loca tion  o f th is  a ffected 

shore line re la t iv e  to  a datum l in e  perpendicular to shore and passing 

through the anomaly is  0. The re la t iv e  change in  energy fo r  each 

class length can be ca lcu la ted by pu tt ing  the class orthogonal number 

(B) in to  Equation 6 given a B0 o f 2. The s l ig h t  asymmetry o f the 

histograms in  f ig u re  10 are a r t i fa c t s  due to edge e ffe c ts  a r is in g  from 

subtle  asymmetries in  the input wave ray loca tions and the locations 

o f  a rb i t r a ry  shoreline classes, re la t iv e  to the anomaly placement.

This a r t i f a c t  d id not a f fe c t  any o f the re s u lts .



RESULTS AND DISCUSSION

The e f fe c ts  over d i f fe re n t  dredged holes and mdunds were studied 

by in ve s t ig a t in g  three groups o f variab les:

1. The deep water wave climate

2. The loca tion  or pos it ion  re la t iv e  to  shore and water depth o f 

the dredged hole or mound

3. Geometry o f the dredged hole or mound

In a d d it io n ,  a fou rth  group o f  va r iab les , c h a ra c te r is t ic s  o f the 

beach, are included when the shore line wave energy d is t r ib u t io n  is  

applied to beach erosion and accretion .

The variab les re levant to  the deep water wave climate 

ch a ra c te r is t ic s  are wave period and d ire c t io n  o f propagation. As 

previously s tated, the wave periods used are 6, 9 and 12 seconds with 

th e i r  corresponding deep water wave lengths o f 56.18 m (184.32 f t ) ,  

126.14 m (414.72 f t ) ,  and 244.72 m (737.28 f t )  re s p e c t iv e ly . I f  the 

ra t io  o f water depth divided by the wavelength is  less than 0 .5 , then 

the wave c e le r i t y  is  p a r t ia l l y  con tro lled  by water depth and is  said 

to  be at a t ra n s i t io n a l  water depth. I f  the water depth divided by 

wavelength decreases to  less than 0.04, then the wave is  said to  be in  

shallow water (U.S. Army Coastal Engineering Research Center, 1973). 

The water depths at which 6, 9 and 12 second waves " fe e l"  bottom are 

28.09 m (92.16 f t ) ,  63.20 m (207.36 f t ) ,  and 112.36 to (368.64 f t )  

re spe c t ive ly .  Due to  the high costs o f shiptime i t  Would not be

37
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economically fe a s ib le  to  mine or dump in  what is  ca lcu lated deep 

water, because on the east coast o f the United States, deep water is  

an average distance o f  197 km (60 m iles) o ffshore.

Shoreline Varia tions Due to  D ifferences in  the Deep-Water Wave Climate

The deep water wave c limate has a major in fluence on the s ize, 

loca tion  and in te n s ity  o f energy changes onshore as the re s u lt  o f an 

o ffshore bathymetric anomaly. A wave climate is  comprised o f a series 

o f  wave azimuths and periods. As previously stated, the shorter the 

period, the shorte r the wave length, so consequently, the less e f fe c t  

from a p a r t ic u la r  bathymetric anomaly. This is  apparent in  the number 

o f  orthogonals w ith  a re su ltan t change in  d ire c t io n  and in  the 

magnitude of the d ire c t io n  change. This in  turn  a ffec ts  the re la t iv e  

length and in te n s i ty  o f the wave changes onshore. Figure 10 shows the 

class orthogonal number histograms fo r  three d i f fe re n t  wave periods.

As wave period is  increased from 6 to 9 seconds, the number o f  wave 

rays re frac ted increases from 2 to  8. In add it ion , the length o f 

shore line where these wave rays s t r ik e  shore is  increased from 12 g r id  

un its  to  26 g r id  u n its .  Comparing the histograms representatives of 

the 9 and 12 second waves, only the a ffected length of shoreline is  

changed. The shoreline increases from 26 g r id  un its  to 34 g r id  u n its .  

This is  due to  the higher degree o f wave curvature ft>r the 12 second 

waves. Figure 11 is  a summary p lo t o f  the length o f anomaly-affected 

shore line as a func tion  o f wave period fo r  three d i f fe re n t  placement 

loca t io n s . The bathymetric anomaly represented by t ^ is  p lo t is  the
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p o s it iv e  cone. The re la t ion sh ip s  in  Figure 11 are s im ila r  fo r  a l l  

o ther bathymetric anomalies tested .

Changes in  the deep water wave azimuth also cause changes in  the 

length o f shore a ffected by a given anomaly. When the angle between 

the wave orthogonal and shore line is  reduced, there is  a re la t iv e  

increase in  the a ffected length o f shore. Figure 12 is  the class 

orthogonal number histograms fo r  three wave periods. The given wave 

azimuth is  30° as opposed to the 90° wave azimuth in  Figure 10.

A comparison between the 9 second wave, orthogonal number 

histograms o f Figures 10 and 12 shows an increased length o f a ffected 

shore fo r  the 30° wave azimuth. Besides the re la t iv e  length o f the 

a ffected shore line , there is  also a d iffe rence  in where the a ffec ts  o f 

the anomaly are f e l t .  Given a wave azimuth o f 90°, the orthogonal 

number histograms are nearly symmetrical about a datum l in e  through 

the anomaly and perpendicular to shore. A wave azimuth o f 30° w i l l  

cause the wave rays re fracted by the anomaly to move from the datum 

l in e  1n a downwave d ire c t io n .  The histogram fo r  the 9 second wave in 

Figure 12 is  centered at g r id  point 137. The datun l in e  passes 

through g r id  po in t 60. Figure 13 is  a summary p lo t  Of the locations 

o f  anomaly-affected shorelines as a function  o f wave azimuth fo r  three 

anomaly locations w ith  three wave periods fo r  each lo ca t io n . Only 9 

and 12 second periods are represented fo r  anomaly loca tion  B, because 

the anomaly at the B loca t io n  did not invoke any re fra c t io n  in the 6 

second wave. The three anomaly placement locations are on the datum
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l in e  and 49, 85, and 121 g r id  un its  (747 m, 1295 m, and 1844 m) 

o ffsho re . The bathymetric anomaly used is  the pos it ive  wide cone.

Other anomalies, both po s it ive  and negative, give s im i la r  re su lts .

One important aspect o f  Figure 13 is  i t s  use as a p red ic t ive  

t o o l .  I f  an anomaly loca tion  is  known, the loca tion  o f any re su lt ing  

disturbance onshore can be found by in te rp o la t in g  between the 

appropriate l in e s ,  given a wave azimuth and period. I t  is  assumed 

tha t some e rro r  is  introduced due to l in e a r  in te rp o la t io n  but is  not 

considered s ig n i f ic a n t .  Figure 13 is  best applied to  areas w ith  

re la t iv e ly  smooth bathymetry and a constant d e c l iv i t y  from the point 

o f  anomaly placement to  shore.

Shoreline Varia t ions Due to  Differences in  Bathymetric Anomaly Placement

As stated p rev ious ly , the model depth g r id  was defined as having 

a d e c l iv i t y  o f 1 .4°. With th is  constant d e c l iv i t y  the water depth is  

d i r e c t ly  proportional to  the horizonta l distance offshore and can be 

expressed as:

depth -  d istance X tan ( d e c l iv i t y ) .

Consequently, distance from shore and the depth o f water in  which the 

dredge mound or hole was placed could not be independently varied.

The bathymetric anomaly placement was investigated in  two ways.

F i r s t ,  i t  was re la ted  to  the diameter o f the given anomaly; the second 

re la ted  d istance, in the form of depth, with the wavelength o f waves 

passing over i t .  These in ves tiga t ions  took the form o f two 

dimensionless ra t io s :  (a) distance from shore divided by the diameter
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o f the anomaly in  question, and (b) water depth d iv ided by the 

wavelength. As stated p rev ious ly , the ra t io  o f depth to  wavelength 

has i t s  foundation in  l in e a r  wave theory . Table 3 T is ts  the 

d if fe rences  in  d/L fo r  d i f fe re n t  placement locations! fo r  a p o s it iv e  

and negative cone and lo g . In some respects the r a t io  d/L is  a 

measure o f  the degree to which a wave is  a ffected by local bathymetry. 

The ra t io  o f  the placement distance o ffshore to  the diameter o f  the 

given anomaly is  an attempt to standardize the re su lts  fo r  various 

anomaly s izes. Problems develop when using distance o ffshore  divided 

by diameter when the anomalies are not c i r c u la r  and symmetrical. With 

a c i r c u la r  anomaly the diameter is  always perpendicular to  the wave 

approach, regardless o f the d ire c t io n  o f wave approach; w ith  an oblong 

anomaly, i t s  axis is  not always perpendicular to  the wave approach. 

Consequently in a m u lt i -d i re c t io n  wave c lim a te , the workable diameter 

o f  a given anomaly w i l l  be va r iab le  and a func tion  o f wave approach.

In a d d it io n ,  the period o f time i t  takes a wave to  pass over a given 

anomaly w i l l  also be re la ted  to  the d ire c t io n  o f wave approach. Due 

to  these com plications, i t  was necessary to  define a standard anomaly 

shape. This shape is  a cone w ith  i t s  v e r t ic a l  axis perpendicular to 

the sea bed. Four d i f fe re n t  bathymetric anomalies tested f i t  th is  

standard shape, p o s it iv e  and negative cone and wide cone. These 

anomalies can be seen in  Figures 6A and 6B, and th e i r  c h a ra c te r is t ic s  

are l is te d  in  Table 1. In Figures 14-19, the decrease in  shore line 

e f fe c ts  as the bathymetric anomaly is  moved offshore are quan tif ied  

fo r  a l l  tested wave periods, wave propagation d ire c t io n s  and
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bathymetric anomalies. For the p o s it iv e  cone, the length o f  shore 

w ith  a change in  wave energy ranged from 2066.5 m (6780 f t )  to  54.9 m

(180 f t )  given a deep water wave azimuth o f  30° and a period o f  6

seconds. Figures 20 and 21 show the re la t iv e  decrease in  a ffec ted  

shore line  as the bathymetric anomaly is  moved o ffshore  fo r  6, 9 and 12 

second periods and 30°, and 90° wave azimuths. Figures 22, 23 and 24

show the re s u lts  o f  the p o s it iv e  wide-cone fo r  6, 9 and 12 second

periods and 30°, 60° and 90° azimuths. In these summary p lo ts ,  

a f fec ted  d istance along shore is  shown as a func tion  o f two va r iab les : 

d is tance from shore, and the ra t io  o f  depth to  wavelength at the po in t 

o f  anomaly placement.

Another va r ia b le  not p rev iously  discussed but d i r e c t ly  re la ted  to  

d/L is  the absolute value o f  the change in  tanh (2Trd/L), from the 

crown o f  the anomaly to  the sea bed. This va r iab le  w i l l  be re fe rred  

to  as the re f ra c t io n  po ten tia l in  re la t io n  to  a given anomaly at a 

given lo ca t io n  and water depth. I f  the r a t io  d/L a t the sea bed is  

constant but the distance o ffshore  is  va r ia b le ,  there is  s t i l l  a la rge 

decrease in  shore line  a ffec ted  as the anomaly is  moved o ffshore .

Figure 25 shows the re s u lts  o f  the p o s it ive  cone bathymetric 

anomaly. Figure 26 shows the re su lts  o f  the p o s it ive  wide cone 

anomaly. Given a set o f bathymetric anomalies in which there is  a 

d if fe re n ce  in  | Atanh (2Trd/L) | ( re f ra c t io n  p o te n t ia l ) ,  t h e i r  

corresponding shorelines also show a d if fe rence  in  orthogonal d e n s ity .  

The sm aller the d if fe re n ce  in  re fra c t io n  p o te n t ia l ,  between the crown
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and adjacent sea bed, the shorter the length o f a ffected shore line.

The only remaining d if fe rence  to  be compared between the two anomalies 

whose re su lts  are depicted in  Figure 27 is  th e i r  distance from the 

shore line and th e i r  respective re fra c t io n  p o te n tia ls .  As the waves 

a ffec ted  by the bathymetric anomaly propagate towards shore, the 

crests  tend to rea lign  themselves perpendicular to the depth contours 

down wave from the anomaly. U n ti l  azimuth equ il ib r ium  is  reached, the 

zone o f  in fluence on the shore w i l l  expand or con trac t.  Expansion 

w i l l  occur when the waves propagating toward shore have already passed

th e i r  focal po int and are d ive rg ing . Contractions occur i f  the waves

have not ye t reached th e i r  focal po in t. Figure 28 'h  a wave 

re fra c t io n  diagram showing a convergence to a focal point and then 

divergence to  the shore line . The re la t iv e  decrease in  the d iffe rence  

in  d ire c t io n  o f wave propagation between a ffected arid unaffected waves 

as they move toward shore is  also apparent.

Shoreline Varia tions Due to  Differences in Bathymetric Anomaly Shape

Fourteen d i f fe re n t  bathymetric geometries were investigated using 

three basic shapes and two more "exo tic "  shapes. The basic shapes are 

the cone, the log perpendicular to shore, and the log p a ra lle l to 

shore. The exo tic  shapes are a group o f coalescing c irc le s  and a 

shape somewhat resembling a Fresnell lens. Within th is  study, the 

basic shapes are varied w ith respect to  th e ir  diameters, heights and 

side slopes. Also investigated are the d ifferences due to dredged 

holes versus mounds. The exotic  shapes are used in inves tiga tions  o f
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Figure 28. Refraction diagram.
Anomaly - P os it ive  Cone 
Anomaly distance offshore - 1295 m 
Wave period - 12 seconds 
Wave azimuth - 90°
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increased shape complexity.

Wave changes re s u lt in g  from dredged material mounds are very 

d i f fe re n t  from the wave changes due to dredged holes as delineated by 

the re fra c t io n  diagrams. A dredge mound re fra c t io n  pattern is  one o f 

convergence to  the focal point or caustic  zone, and then divergence. 

The dredged hole re fra c t io n  pattern is  an i n i t i a l  divergence w ith  no 

major down wave caustic  zone present. Figures 29 and 30 are wave 

re fra c t io n  diagrams o f the p o s it ive  and negative cones respec tive ly . 

Figure 31 is  the orthogonal number diagrams fo r  Figures 29 and 30. 

Despite the major d iffe rences in  the re fra c t io n  patterns, the 

orthogonal dens it ies  on shore have strong s im i la r i t ie s .  The only 

shore line d if fe rence  between the two ray diagrams is  the higher 

orthogonal numbers on the t a i l s  o f the diagram resu lt ing  from the hole 

as opposed to  a la rg e r  area a ffected as a re su lt  of the mound. In 

add it ion  the hole w i l l  e xh ib it  l i t t l e  change in the shoreline pattern 

w ith  distance from shore, the shore line pattern fo r  the mound w i l l  

vary s ig n i f ic a n t ly  w ith  distance from shore.

I f  the re fra c t io n  po ten tia l fo r  a mound is  compared to the 

re fra c t io n  po ten tia l o f a ho le, given the same absolute v e r t ic a l  

dispacement, the mound shows a re fra c t io n  po ten tia l on the order o f 

three times tha t o f the hole. For example, the re fr 'action potentia l 

f o r  the mound used to  give the re fra c t io n  diagram irt Figure 29 is  

0.1340; correspondingly, the re fra c t io n  po tentia l fo r  the hole is  

0.0456. This d if fe rence  between the re fra c t io n  po ten tia ls  o f the two
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Figure 29. Refraction diagram.
Anomaly - Pos it ive  Cone 
Anomaly distance o ffshore - 1295 m 
Wave period - 9 seconds 
Wave azimuth - 90°
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Figure 30. Refraction diagram.
Anomaly - Negative Cone 
Anomaly distance o ffshore - 1295 m 
Wave period - 9 seconds 
Wave azimuth - 90°
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anomalies accounts fo r  the decreased number o f wave rays w ith  

d ire c t io n  changes.

Besides the d iffe rence  in  the re fra c t io n  p o te n t ia l ,  the mound 

also has the po ten tia l o f inducing la rg e r  re fra c t io n  changes because 

o f  the mound's tendency to  re fra c t  the wave rays towards i t s e l f  ra ther 

than away from i t s e l f .  As a wave ray approaches a mound, the 

shallowing sea bed re fra c ts  the wave ray towards the mound apex. The 

shallower water at the apex in te n s i f ie s  the re fra c t io n  and induces a 

higher degree o f wave ray curvature. In con tras t, as a wave ray 

approaches a hole, the deepening sea bed w i l l  re fra c t  the wave ray 

away from the center o f the hole toward the undisturbed sea bed. 

Consequently the wave ray re fracted by the hole has p o te n t ia l ly  less 

chance o f passing over the deepest part o f the anomaly.

As in  other instances o f th is  study, i t  was not possible to vary 

only the diameter o f a bathymetric anomaly w ithout also changing the 

co n f ig u ra t io n , the side slope, or the he ight. The height and 

con figu ra t ion  were presumed to be o f more importance then the side 

slope, so they were held constant, and the angle o f the side slope 

varied w ith  the diameter. Figures 32 and 33 are re fra c t io n  diagrams 

o f  two bathymetric anomalies w ith d iffe rences only in diameter and 

side slope angle. The anomaly shapes are the po s it ive  cone and 

po s it ive  wide cone. The diameter and side slope angle o f the anomaly 

in  Figure 32 is  182.9 m (600 f t )  and 9.0° respe c t ive ly .  The diameter 

and side slope angle o f the anomaly in  Figure 33 is  245.81 m (836 f t )
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Figure 32. Refraction diagram.
Anomaly - Pos it ive  Cone 
Anomaly diameter - 182.9 m 
Anomaly distance offshore - 747 m 
Wave period - 9 seconds 
Wave azimuth - 90°
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Figure 33. Refraction diagram.
Anomaly - P os it ive  Wide-Cone 
Anomaly diameter - 245.8 m 
Anomaly distance offshore - 747 m 
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and 6 .5 ° . As the diameter o f  an anomaly is  increased, the number o f 

wave rays re frac ted  by th is  anomaly also increases p ropo rt io n a te ly .  

However th is  does not mean a greater length o f shore line w i l l  be 

a f fe c te d . (Figures 34 and 35 are the orthogonal number histograms fo r  

the anomalies used in  Figures 32 and 33 re s p e c t iv e ly ) .  I t  should be 

noted th a t  the ove ra ll length o f shore line a ffec ted  by the anomaly 

w ith  the smaller diameter is ,  on the average, 34% la rg e r  than the 

length o f shore line a ffected by the anomaly w ith  the longer diameter, 

though the energy changes o f  the la t t e r  are fa r  more intense. This 

decrease in  length o f a ffected shoreline may be due e ith e r  to  the 

decrease in  side slope angle or to  the increase in  diameter, or to a 

combination o f both parameters. I t  appears tha t the two parameters 

work together. The |Atanh 2wd/L| , o r re fra c t io n  po ten tia l fo r  the two 

anomalies in  question is  the same, but magnitude o f the rate o f change 

o f  tanh 2ird/L is  g reater fo r  the higher side slope angle (smaller 

anomaly). I t  appears th a t fo r  the higher rate o f  change o f tanh 

2nd/L, the re fra c t io n  e f fe c ts  are sharper so th a t  the waves pass 

c lose r to  the apex port ion  o f the anomaly, which w i l l  in  tu rn  increase 

the re f ra c t io n  e f fe c ts .  On the o ther hand, the la rg e r  diameter and 

the slower ra te  o f change o f tanh 2ird/L, w i l l  change the d irec tions  o f  

more wave rays but not w ith  as great a curvature. Consequently the 

wave rays passing over the la rg e r  anomaly do not pass as close to the 

anomaly apex, which re su lts  in higher in te n s i t ie s  and less wave 

sca tte r in g  by the la rg e r  anomaly. I t  is  f e l t  tha t the sca tte r ing  o f 

wave rays along a large po rt ion  o f shore line is  less l i k e ly  to  cause
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severe erosion than the same number o f  wave rays d irec ted  to  a short 

po rt ion  o f shore line .

The e f fe c ts  due to  changes in  bathymetric anomdly height are 

Investigated using the p o s it ive  log and h igh-log shapes. The 2 

anomalies have heights o f  14.48 m (47.5 f t )  and 5.64 m (18.5 f t ) .  The 

corresponding side slopes o f the anomalies are 8.8° and 21.6° 

re sp e c t ive ly .  Figures 36 and 37 i l l u s t r a t e  the anomalies' respective 

re fra c t io n  diagrams. The same number o f wave rays are re fracted

regardless o f the height o f the anomaly. This can be a t t r ib u te d  to

the e q u a lity  o f the horizonta l surface of the anomalies. The height 

a f fe c ts  only the degree to  which the waves are re frac ted , provided the 

depth d iv ided by the wavelength at the base o f the given anomaly is  

less than 0 .5 .  The re fra c t io n  po ten tia l ( |Atanh 2ttcI /L | )  o f  the higher 

anomaly is  0.158; the re fra c t io n  po ten tia l fo r  the lower anomaly is

0.051. I t  fo l low s  th a t the waves passing over the ilnomaly w ith  the

higher re fra c t io n  po ten tia l w i l l  have a higher degree o f wave 

curvature. Figures 38 and 39 are the orthogonal nunlber histograms fo r  

the log shaped anomalies prev iously  discussed. In th is  case, 

d iffe rences  in  anomaly height did not su b s ta n tia l ly  change the onshore 

loca tions o f  areas o f  increased wave energy and decreased wave energy. 

I t  appears, though, th a t  the higher degree of curvature re s u lt in g  from 

the anomaly w ith the higher r e l i e f  moves more wave energy in to  the 

center o f the d isturbed length o f shore line.

The e f fe c ts  o f  d iffe rences in anomaly o r ie n ta t io n  re la t iv e  to
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Figure 36. Refraction diagram.
Anomaly - P o s it ive  High-Log
Anomaly d istance o ffshore  -  1295 m
Anomaly o r ie n ta t io n  -  major axis p a ra l le l  to  shore
Wave period - 12 seconds
Wave azimuth -  90°
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Figure 37. Refraction diagram.
Anomaly - P os it ive  Log
Anomaly distance o ffshore  - 1295 m
Anomaly o r ie n ta t io n  - major axis p a ra l le l  to shore
Wave period - 12 seconds
Wave azimuth - 90°
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shore and wave were tested by ro ta t in g  the po s it ive  and negative log 

shapes to  a pos it ion  where the major axes are perpendicular to  shore. 

Figure 40 is  a re fra c t io n  diagram w ith  the long axis o f the pos it ive  

cone shape anomaly o r ien ta ted  p a ra lle l to the d ire c t io n  o f wave 

propagation and perpendicular to the shore line. The1 upwave portion  o f 

the anomaly re fra c ts  the waves onto i t s e l f  and in to  a resonant 

pa tte rn . These waves are said to be trapped by the bathymetric 

anomaly and remain trapped u n t i l  they pass o f f  the downwave portion o f 

the anomaly. In con tras t,  when the waves approach the anomaly's major 

axis at a 60° angle, the resonance does not occur (Figure 41). When 

resonance occurs, the waves enter the upwave portion and re fra c t  

toward the crown o f the anomaly. A fte r  crossing the crown at an 

oblique angle, the wave rays are re fracted back towards the crown of 

the anomaly again. This continues to occur u n t i l  the wave passes o f f  

the downwave port ion  o f the anomaly.

In add it ion  to  the d ire c t io n  changes already discussed, the waves 

also undergo changes in  wave height due to  energy losses. I f  the wave 

ray crosses the major axis o f the c o n tro l l in g  anomaly two times, the 

re s u lt in g  wave height reduction is  80% o f  the wave height (a t th is  

depth) before i t  entered the in fluence of the anomaly. Further wave 

height reductions occur i f  the wave ray crosses the major axis o f the 

anomaly more than two times. The d ire c t io n  o f propagation o f the wave 

rays a f te r  they leave the in fluence o f the anomaly are considered 

unimportant due to  the large wave height reductions. Consequently 

even the waves eventually reaching shore are assimed to add no
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Figure 40. Refraction diagram.
Anomaly - Pos it ive  Rotated-Log 
Anomaly distance offshore - 747 m
Anomaly o r ie n ta t io n  - major axis perpendicular to shore 
Wave period -  12 seconds 
Wave azimuth - 90°
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Figure 41. Refraction diagram.
Anomaly -  Pos it ive  Rotated Log 
Anomaly distance o ffshore  -  747 m
Anomaly o r ie n ta t io n  -  major axis perpendicular to  shore 
Wave period - 12 seconds 
Wave azimuth - 30°
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d isc e rn ib le  energy on the shore.

In order fo r  resonance to  occur, the anomaly's major axis has to 

be p a ra l le l ,  or nearly so, to the d ire c t io n  o f propagation o f the 

waves. Also the re fra c t io n  po ten tia l of the anomaly must be o f 

s u f f ic ie n t  magnitude in order to  d ire c t  the wave in fo  a resonant 

p o s it io n .  The la rg e r  the angle o f incidence re la t iv e  to the major 

axis o f the anomaly, the la rg e r  the required anomaly re fra c t io n  

po ten tia l to  set up a resonant s i tu a t io n .  An example o f th is  is  the 

comparison between Figures 42 and 43. Wave parameters, anomaly 

loca t io n s , and o r ie n ta t io n  are the same in the two f ig u re s . The 

pos it ive  h igh-log shape in  Figure 42 has a re fra c t io n  potentia l 3 

times tha t o f the p o s it ive  log shape in  Figure 43. Consequently 

Figure 42 shows waves being trapped, whereas Figure 43 does not.

Thus fa r ,  the bathymetric anomalies discussed are a l l  symmetrical 

about a point or a l in e ,  w ith constant side slope angles. These 

simple anomalies do not d i re c t ly  correspond to  a l l  the bathymetric 

changes tha t occur as the re s u lt  of sand mining or ilediment dumping. 

The simple anomalies are approximations o f expected bathymetric 

changes so the p a r t ic u la r  variables previously discussed could be 

tes ted . The complex anomalies are c loser approximations o f " re a l"  

bathymetric anomalies. For example, Hopper dredges dump th e ir  cargo 

in  a p a r t ic u la r  area but not necessarily on top o f the previous load 

o f  sediment. Consequently the bathymetry o f the dump zone w i l l  appear 

to  be a group o f p i le s  coalescing together. The coalescing-cones
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Figure 42. Refraction diagram.
Anomaly -  P os it ive  High-Log
Anomaly distance o ffshore -  747 m
Anomaly o r ie n ta t io n  -  major axis p a ra l le l to  shore
Wave period - 12 seconds
Wave azimuth -  30°
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Figure 43. Refraction diagram.
Anomaly - P os it ive  Log
Anomaly d istance offshore - 747 m
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bathymetric anomaly is  designed to  simulate ‘th is  sea f lo o r  

con fig u ra t io n . I t  is  made up of a set of randomly placed conical 

mounds overlapping each o ther. This overlapping causes large 

va r ia t ions  in side slope angles and areas.

Another complex anomaly tested is  the Fresnell lens anomaly.

This anomaly's primary purpose is  to simulate a complex, yet somewhat 

symmetrical bathymetric change and to  determine i f  a sea wave lens o f  

th is  type could be used to  d ire c t  waves in a predetermined d ire c t io n .

Figure 44 is  the re fra c t io n  diagram fo r  a dredged material mound 

shape, Coalescing-Cones. Figure 45 is  the orthogonal number 

histograms o f th is  anomaly fo r  3 d i f fe re n t  wave periods. I t  appears 

th a t the ind iv idua l cones o f the anomaly do not act as one fea tu re .

Each cone element has i t s  own re fra c t io n  pattern s im i la r  to  the 

pattern  re s u lt in g  from the simple cone shape anomaly. Since the 

spacing between the cone shapes is  random, the in te rac t ions  between 

the re fra c t io n  patterns are random. In the re fra c t io n  diagram (Figure 

44), 21 wave rays are re frac ted  by the anomaly. In the corresponding 

orthogonal number histogram, only 5 wave rays show a displaced 

po s it io n . The wave rays, as they re fra c t ,  are exchanging positions 

with other wave rays. Where one element o f the anomaly moves wave 

rays from a zone onshore, another element moves wave rays in to  tha t 

zone, thereby creating no net d iffe rences between the number o f 

orthogonals in  a given zone before and a f te r  the placement o f the 

anomaly.
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The re fra c t io n  patterns re su lt in g  from the Fresnell lens shape 

anomaly are very s im i la r  to  the re fra c t io n  patterns re su lt ing  from the 

coalescing-cones anomaly. The Fresnell lens netted no major focus 

zone nor did i t  appear th a t the anomaly, as i s ,  could be used to 

contro l wave rays. Further development is  needed to  achieve the goal 

o f wave manipulation w ith  th is  type o f anomaly. The key is  to have a 

complex m u lt i-s ided  anomaly act as one feature ra the r than a group o f 

shapes working against each o ther.
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Wave Model A pp lica tion  to V irg in ia  Beach

Thus fa r ,  the model depth g r id  has been used fo r  a l l  the 

re fra c t io n  studies o f the d i f fe re n t  bathymetric anomalies. In th is  

section an attempt is  made to apply the model depth g r id  re fra c t io n  

studies to  a real shore line and depth g r id .  This answers questions as 

to  the general a p p l ic a b i l i t y  o f the model depth g r id  re fra c t io n  

s tud ies. The p red ic t ive  aspects o f Figure 13 are also tested against 

the output fo r  the primary wave conditions o f V irg in ia  Beach.

The depth g r id  o f V irg in ia  Beach was chosen as a good 

representation o f a typ ica l shoreline and an offshore area o f the east 

coast o f the United States. In add it ion , a d ig i t iz e d  depth g r id  w ith  

a small g r id  spacing (0.1 nm) is  ava ilab le  fo r  V irg in ia  Beach. (A 

small g r id  spacing is  necessary in order to use a r e a l is t i c  size 

bathymetric anomaly.) The V irg in ia  Beach depth g r id  has a spacing o f 

185.3 m, (608 f t )  and covers the area from Cape Henry to ju s t  north o f 

Rudee In le t .  The depth g r id  encompasses 16,678.6 m (54,720 f t )  along 

shore, by 13,898.9 m (45,600 f t )  o ffshore .

The V irg in ia n  Sea Wave Climate Model (VSWCM) is  constructed w ith  

the use o f a square g r id .  For the f i r s t  phase o f  th is  study, one g r id  

u n it  on the te s t  g r id  is  equal to  (50 f t )  15.2 m. The stated 

d e c l iv i t y  is  1 .4°. In order to  re la te  the wave re fra c t io n  in  the 

f i r s t  phase to the wave re fra c t io n  o f  V irg in ia  Beach, the value o f the 

model g r id  un its  must be changed w ith  a view towards! e q u i l ib ra t in g  the 

distance and d e c l iv i t ie s  o f the standard te s t  depth g r id  and the
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V irg in ia  Beach depth g r id .  To e q u i l ib ra te  the two cfepth g r ids , the

te s t  g r id  must be expanded to  equal the d e c l iv i t y  of' the V irg in ia

Beach g r id ,  (0 .1 ° ) .  This is  done by increasing the value o f the te s t

g r id  u n it  u n t i l  the change in  depth divided by the g'rid u n it  value is

equal to  the tangent o f the d e c l iv i t y  o f the V irg in ia  Beach g r id :

Ad
GpQyf = tan D (7)

where Gnew is  the new g r id  u n it  value, Ad is  the change in  depth fo r  

one g r id  u n it  on the te s t  depth g r id ,  and D is  the d e c l iv i t y  of the 

V irg in ia  Beach depth g r id .  Given a value o f 0.40 m fo r  Ad, the value 

o f the new g r id  u n it  is  229.18 m, (751.9 f t ) .  The ra t io  o f  G 

(V irg in ia  Beach) to  Gnew is  the conversion fa c to r  from one g r id  to 

another. For example:

185.32m n qi
229.18m " u ,5 i (8)

The loca tion  o f the bathymetric anomaly is  75 g r id  un its  east and 90 

g r id  un its  south o f the o r ig in .  This puts the anomaly 50 g r id  un its  

east re la t iv e  to  the V irg in ia  Beach shore line . When these coordinates 

are trans fe rred  to the te s t  depth g r id ,  the anomaly is located a t 41

g r id  un its  east and 73 g r id  un its  south.

A bathymetric anomaly is  modeled to a set o f  required 

c h a ra c te r is t ic s  c lose ly  resembling a real bathymetric anomaly (Figure 

46). These are the c h a ra c te r is t ic s  o f the model bathymetric anomaly:

Volume ..............................1.4 x 10^m^, (5 x l0 ^ f t^ )
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Length perpendicular to  shore l,853.2nl, (6,080 f t )

Length p a ra lle l to  shore 

Height above sea b e d . . . .  

Side s lope...........................

3 ,706.4ni, (12,160 f t )  

6.1m, (2)0 f t )

0.40°

In order to simulate a real s i tu a t io n ,  the complete wave c limate 

fo r  V irg in ia  Beach (S a v i l le ,  1954) over a one year period is  

considered in  developing the various re fra c t io n  diagrams. Table 4 is  

a l i s t  o f the wave parameters used and th e i r  respective time weighing 

fa c to rs .  I t  can be seen in  Table 5 tha t the primary wave approach is  

from the east northeast, and the next most important, wave approach is  

north east.

A wave re fra c t io n  diagram was generated fo r  each azimuth and 

period in  Table 4 (Figures 47, 48 and 49 are the re fra c t io n  diagrams 

fo r  14.5 second waves). The diagrams were then weighed as to  th e i r  

percent time o f occurrence during a one year period. V irg in ia  Beach 

was then broken up in to  67 classes w ith  each class length equal to two 

g r id  un its  or 370.64 m, (1216.0 f t ) .  A comparison was then made o f 

the orthogonal nimbers o f  each class before and a f te r  the placement o f 

the dredge mound, and the d iffe rence  was calculated.^ These 

d iffe rences represent the change in  the wave energy d is t r ib u t io n  

d i r e c t ly  re s u lt in g  from the placement o f a bathymetric anomaly. The 

re su lta n t wave energy d is t r ib u t io n s  were then weighdd and sunmed fo r  

each class alongshore over the e n t ire  year. This resulted in the 

to ta l  change in the wave energy d is t r ib u t io n  fo r  V irg in ia  Beach
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Wave
period

6.5 sec

9 sec

11 sec

14.3 sec

Table 4
Refraction model weighing fac to rs

Time Time Time
Weighing Weighing Weighing

Factor (period) AZ° Factor (AZ) Factor (period» AZ)

.245 45.0 .137 .0336
67.5 .285 .0698
90.0 .295 .0723

112.5 .125 .0306
158.8 .158 .0387

1.000

.250 45.0 .244 .0610
67.5 .459 .1148
90.0 .217 .0543

129.3 .081 .0203

1.001

.248 22.3 .288 .0714
67.5 .519 .1287

112.5 .193 .0479

1.000

.258 45.0 .288 .0743
67.5 .502 .1295

112.5 .210 .0542

1.0 1.000 1.001 TOTAL
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Table 5
Percent time o f occurrence of d i f fe re n t  deep - 

water wave azimuths fo r  V irg in ia  Beach, V irg in ia  
(from S a v i l le ,  1954)

Wave % time
AZ o f occurrence

022.3° 7.14
45.0 16.89
67.5 44.28
90.0 12.66

112.5 13.27
129.3 2.03
158.8 3.87

Total 100.14%
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d i r e c t ly  re la ted  to  the placement o f the bathymetric anomaly.

Tables 6 through 8 represent the change in  orthogonal number fo r  

a given shore line lo ca t io n .  A zero represents no change in energy, a 

p o s it ive  number represents an increase in wave energy, and a negative 

number represents a decrease in  wave energy. The V irg in ia  Beach 

re fra c t io n  diagrams and the resu lts  in  Tables 6 through 8 give in s ig h t  

in to  what the e f fe c ts  would be i f  a bathymetric anomaly was placed 

o ffsho re . With the app lica t ion  of a complete wave climate to the 

generation o f  the wave energy d is t r ib u t io n s ,  i t  was c lea r tha t the 

e f fe c ts  o f the bathymetric anomaly would be f e l t  throughout the e n t ire  

shore line . I t  was also found th a t the anomaly caused the la rgest 

changes in energy along the shoreline downwave o f  the east north east 

and north east waves.

The m u lt i -d i re c t io n  wave spectrum of V irg in ia  Beach reduces the 

d i re c t  a p p l ic a b i l i t y  o f the f i r s t  phase o f th is  study. D irect 

app lica t ions  can only be made to  one wave azimuth and period at a 

time. For th is  reason, app lica tions w i l l  be discussed fo r  the two 

major wave azimuths and th e i r  respective periods. The overa ll shape 

and re su lt in g  re fra c t io n  patterns o f the bathymetric anomaly modeled 

fo r  V irg in ia  Beach c lose ly  resemble the standard log shape in  the 

f i r s t  phase o f th is  study. In the re fra c t io n  diagrams representing 

the 14.5 second waves (Figures 47, 48, and 49), the la rgest amount o f 

wave curvature occurred at the ends o f the anomaly. The center 

section o f the anomaly a lte red  the wave d ire c t io n  only s l ig h t ly .  The
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Table 6

Class orthogonal numbers alongshore (weighted 
as to  t h e i r  percent time o f occurrence) 
fo r  V i rg in ia  Beach, re s u l t in g  from the 

re f ra c t io n  o f 6.5 second waves.

Shoreline
Class ( G r id  __________ Wave Azimuths

i ts ) 45.0° 67.5° 90.0° 112.3° 158.8°

2 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.116
6 0.0 0.0 0.0 0.0 0.038
8 0.0 0.0 0.0 0.0 -0.038

10 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.0 -0.039
18 0.0 0.0 0.0 0.0 0.039
20 0.0 0.0 0.0 0.0 0.039
22 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0 -0.039
26 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 -0.077
32 0.0 0.0 0.0 0.0 0.0
34 0.0 0.0 0.0 0.0 -0.077
36 0.0 0.0 0.0 0.0 -0.039
38 0.0 0.0 0.0 0.0 0.116
40 0.0 0.0 0.0 0.0 -0.077
42 0.0 0.0 0.0 0.0 0.0
44 0.0 0.0 0.0 0.0 0.039
46 0.0 0.0 0.0 0.031 0.0
48 0.0 0.0 0.0 0.0 0.0
50 0.0 0.0 0.0 0.0 0.0
52 0.0 0.0 0.0 0.0 0.0
54 0.0 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 0.0 0.0
58 0.0 0.0 0.0 0.0 0.0
60 0.0 0.0 0.0 0.0 0.0
62 0.0 0.0 0.0 0.0 0.0
64 0.0 0.0 0.0 -0.030 0.0
66 0.0 0.0 0.0 -0.031 0.0
68 0.0 0.0 0.0 -0.091 0.0
70 0.0 0.0 0.0 0.030 0.0
72 0.0 0.0 0.0 0.030 0.0
74 0.0 0.0 0.072 0.061 0.0
76 0.0 0.0 0.0 0.062 0.0
78 0.0 0.0 0.0 0.0 0.0
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Table 6 (Continued)

Shorel ine
Class ( G r id  __________ Wave Azimuths______

Units) 45.0” 67.5° 90.0° 112.3° l 5 t P F

80 0.0 0.0 0.0 0.0 0.0
82 0.0 0.0 -0.072 -0.031 0.0
84 0.0 0.0 -0.145 -0.061 0.0
86 0.0 0.0 0.0 0.030 0.0
88 0.0 0.0 0.073 0.0 0.0
90 0.0 0.0 0.145 0.0 0.0
92 0.0 0.0 0.073 0.0 0.0
94 0.0 0.0 0.145 0.0 0.0
96 0.0 0.070 -0.289 0.0 0.0
98 0.0 -0.070 0.0 0.0 0.0

102 0.0 0.070 0.0 0.0 0.0
104 0.0 0.139 0.0 0.0 0.0
106 0.0 0.210 0.0 0.0 0.0
108 0.0 0.279 0.0 0.0 0.0
110 0.0 -0.070 0.0 0.0 0.0
112 -0.067 -0.209 0.0 0.0 0.0
114 -0.067 -0.140 0.0 0.0 0.0
116 0.0 0.0 0.0 0.0 0.0
118 0.033 0.0 0.0 0.0 0.0
120 0.0 0.0 0.0 0.0 0.0
122 0.034 0.0 0.0 0.0 0.0
124 0.134 0.0 0.0 0.0 0.0
126 0.0 0.070 0.0 0.0 0.0
128 0.033 0.0 0.0 0.0 0.0
130 -0.067 0.0 0.0 0.0 0.0
132 -0.034 0.0 0.0 0.0 0.0
134 0.0 0.0 0.0 0.0 0.0
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Table 7

Class orthogonal numbers alongshore 
(weighted as to  t h e i r  percent time 

o f occurrence) fo r  V irg in ia  
Beach, re s u l t in g  from the re fra c t io n  

o f 9.0 second waves.

Shoreli ne
Class (Grid Wave Azimuths

its ) 45.0° 67.5° 90.0° 129.3°

2 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.021
18 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0
22 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0
34 0.0 0.0 0.0 0.0
36 0.0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0
40 0.0 0.0 0.0 0.0
42 0.0 0.0 0.0 0.0
44 0.0 0.0 0.0 -0.021
46 0.0 0.0 0.0 0.020
48 0.0 0.0 0.0 0.021
50 0.0 0.0 0.0 -0.041
52 0.0 0.0 0.0 -0.020
54 0.0 0.0 0.0 -0.061
56 0.0 0.0 0.0 -0.020
58 0.0 0.0 0.054 0.021
60 0.0 0.0 0.0 0.021
62 0.0 0.0 0.0 0.081
64 0.0 0.0 0.055 0.021
66 0.0 0.0 0.0 0.041
68 0.0 0.0 0.0 -0.101
70 0.0 0.0 0.0 0.020
72 0.0 0.0 0.0 0.0
74 0.0 0.0 0.054 -0.020
76 0.0 0.0 0.0 0.0
78 0.0 0.0 0.0 0.0



101

Table 7 (continued)

Shorel1ne
Class ( G r id __________ Wave Azimuths

t i t s ) 45.0° 67.5° 90.0° 129.3°

80 0.0 0.0 0.0 0.0
82 0.0 0.115 -0.108 0.0
84 0.0 0.0 0.0 0.020
86 0.0 0.0 -0.109 0.0
88 0.0 0.0 0.0 0.0
90 0.0 0.115 0.054 0.0
92 0.0 0.0 0.217 0.0
94 0.0 0.0 -0.055 0.0
96 0.0 0.0 -0.108 0.0
98 0.0 -0.230 -0.055 0.0

102 0.0 -0.115 0.0 0.0
104 0.0 0.345 0.0 0.0
106 0.0 0.0 0.0 0.0
108 0.0 0.0 0.0 0.0
110 -0.183 -0.115 0.0 0.0
112 0.0 -0.229 0.0 0.0
114 0.0 0.115 0.0 0.0
116 0.061 0.115 0.0 0.0
118 -0.061 0.0 0.0 0.0
120 0.122 0.0 0.0 0.0
122 0.0 0.115 0.0 0.0
124 0.061 0.0 0.0 0.0
126 0.061 0.0 0.0 0.0
128 0.061 0.0 0.0 0.0
130 -0.122 0.0 0.0 0.0
132 0.0 0.0 0.0 0.0
134 0.0 0.0 0.0 0.0
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Table 8

Class orthogonal numbers alongshore (weighted as 
to  t h e i r  percent time o f occurrence) f o r  V irg in ia  

Beach, re s u l t in g  from the re fra c t io n  o f  11.0 
and 14.5 second waves and the to ta l  o f 
a l l  weighted deep water wave azimuths 

and periods.

11.0 second wave period 14.5 second wave period
 Wave Azimuths______________  Wave Azimuths
c i  ETC 110  c"5  o o  a  (T5 c ~ i  c  *  1 1 967.5° 112.5* 22.5° 45 ̂ 67 .5 112.5°

0.0 -0.719 0.0 0.0 0.0 0.0
0.0 0.048 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 -0.048 0.0 0.0 0.0 0.0
0.0 0.671 0.0 0.0 0.0 0.0
0.0 0.048 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 -0.048 0.0 0.0 0.0 0.0
0.0 0.048 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 O.l) 0.0
0.0 0.0 0.0 0.0 0.') 0.0
0.0 0.048 0.0 0.0 0.1) 0.0
0.0 0.0 0.0 0.0 0.') 0.0
0.0 0.0 0.0 0.0 o.l) 0.0
0.0 0.0 0.0 0.0 O.i) 0.0
0.0 0.0 0.0 0.0 0.1) 0.0
0.0 0.0 0.0 0.0 O.l) 0.054
0.0 0.0 0.0 0.0 o.l) 0.0
0.0 -0.048 0.0 0.0 o.l) 0.0
0.0 0.0 0.0 0.0 0.0 -0.054
0.0 0.0 0.0 0.0 0.1) 0.0
0.0 -0.048 0.0 0.0 0.0 -0.054
0.0 0.0 0.0 0.0 0.0 0.163
0.0 -0.191 0.0 0.0 0.0 -0.217
0.0 0.287 0.0 0.0 0.0 0.162
0.0 -0.048 0.0 0.0 o.o 0.0
0.129 0.0 0.0 0.0 0 . 130 -0.109
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Table 8 (Continued)

Shoreline 11.0 second wave period 14.5 second wave period
Class ( G r id  Wave Azimuths______________  Wave Azimuths______

Units) 67.5° 112.5° 22.5° 45° 67.5° 112.~50

80 0.0 0.0 0.0 0.0 0.0 0.054
82 0.0 0.048 0.0 0.0 0.0 0.0
84 0.0 0.048 0.0 0.0 0.0 0.109
86 0.0 -0.096 0.0 0.0 0.0 -0.109
88 0.0 -0.048 0.0 0.0 0.0 0.0
94 0.0 0.0 0.0 0.0 0.0 0.0
96 0.0 0.0 0.0 0.0 0.0 0.0
98 -0.257 0.0 0.0 0.0 -0.130 0.0

100 0.0 0.0 0.0 0.074 -0.129 0.0
102 -0.386 0.0 0.0 0.0 -0 k 259 0.0
104 0.257 0.048 0.0 0.0 0.0 0.0
106 0.0 -0.048 0.0 0.0 0.0 0.0
108 0.128 0.0 0.0 -0.297 0.129 0.0
110 -0.128 0.0 0.0 0.0 -0>129 0.0
112 -0.515 0.048 0.0 0.0 -0.388 0.0
114 0.129 -0.048 0.0 0.075 0*129 0.0
116 0.258 0.048 0.072 0.223 0*0 0.0
118 0.128 -0.047 0.0 -0.074 0 *380 0.0
120 0.0 -0.048 0.0 0.149 0*0 0.0
122 0.0 0.048 0.071 -0.148 0 >0 0.0
124 0.0 0.0 -0.143 0.075 0*1301 0.0
126 0.129 0.0 0.214 0.149 0 *0 0.0
128 0.0 0.0 0.0 -0.297 0,0 0.0
130 0.0 0.0 -0.286 0.0 O.iO 0.0
132 0.0 0.0 -0.071 -0.075 0 k0 0.0
134 0.0 0.0 0.0 0.074 o.,o 0.0

Total ( a l l  
azimuths and 

periods

0.054
-0.048
-0.029
-0.284

0.025
0.090

-0.327
-0.742
-0.633
-0.690

0.789
0.162
0.239

-0.625
-1.360
0.193
0.777
0.368
0.223
0.120
0.257
0.623

-0.203
-0.475
-0.180
0.074
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patterns on the V irg in ia  Beach diagrams were the sarte re fra c t io n  

patterns found in  phase one fo r  the log shape whose major axis is  

p a ra l le l  to  shore. A small amount o f  wave ray sca tte r ing  does occur, 

but the wave orthogonals genera lly  maintain th e i r  standard 

con figu ra t ion  fo r  the log shape.

Since the V irg in ia  Beach re fra c t io n  diagrams do not g rea tly  

d i f f e r  from the ones predicted from the model g r id  re fra c t io n  s tud ies , 

i t  is  f e l t  th a t  Figure 13 can be used to p red ic t the shoreline 

loca tion  o f a wave energy disturbance re su lt ing  from the placement o f  

an anomaly on the V irg in ia  Beach depth g r id .  The major co n tr ib u t in g  

fac to rs  a f fe c t in g  the shore line loca tion  o f a wave energy disturbance 

are: distance from shore and water depth o f the bathymetric anomaly

and wave period and d ire c t io n  of propagation. Table 9 shows a 

comparison between the loca tions o f the wave energy disturbance 

predicted from Figure 13 and the disturbance loca tion  taken from the 

V irg in ia  Beach re fra c t io n  diagrams. O vera ll, there is  a consistent 

e r ro r  o f  approximately -2% between the predicted values and the actual 

values, excluding the scattered rays. This e rro r  i l l  due p r im a r i ly  to  

the changing d e c l iv i t y  o f the she lf seaward o f  V irg in ia  Beach. When 

the d e c l iv i t y  decreases, the wave curvature per unii; length traveled 

also decreases. There are areas seaward o f V irg in id  Beach which have 

a d e c l iv i t y  approaching 0 .0 ° ;  consequently, waves trave l fa r th e r  

before they curve towards shore and break. I t  fo llows tha t wave rays 

th a t are constantly  curving towards shore would reach shore fa r th e r  

upwave than waves t ra v e l in g  w ith no curvature towards shore. I f  the
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Table 9
Comparison between the predicted and the actua l location  o f  

the breaking waves a ffected by the V irg in ia  
Beach bathymetric anomaly. (V irg in ia  [leach 

g r id  u n its ,  1 g r id  u n it  = 185.32 m, 608 >0 f t )

Actual loca tion  Actual loca tion  
Predicted without scattered with scattered

Wave Period Location wave rays wave rays
Azimuth (sec) (g r id  un its )  (g r id  un its )  (g r id  un its )

cn o 6 .5 119.8 121.5 123.0
9.0 114.5 119.5 120.0

14.5 110.5 118.0 121.0

67.5° 6.5 102.9 104.0 106.0
9.0 101.7 102.0 103.0

11.0 99.7 101.5 109.0
14.5 99.1 101.0 111.0



scattered rays are included, the e r ro r  between predicted and actual 

values increases to  an incons is ten t 10%. This somewhat random 

sca tte r ing  is  due to  the complex bathymetry o f the she lf  seaward o f 

V irg in ia  Beach and would not be pred ic tab le  by the simple te s t  depth 

g r id  in  the f i r s t  phase o f th is  study.



CONCLUSIONS

Bathymetric changes re su lt in g  from sand mining .knd dredged 

m ateria l dumping have the po ten tia l o f  causing major changes in the 

longshore d is t r ib u t io n  o f wave energy, as emphasized below, and shown 

q u a n t i ta t iv e ly  in  the referenced f ig u re s . I t  should be noted tha t 

w ith in  th is  section , when a p a r t ic u la r  variab le  is  described, a l l  

o ther variab les remain constant unless otherwise sta ted.

The d iffe rences in wave climate can d ra s t ic a l ly  change the 

shore line e f fe c ts  caused by a bathymetric anomaly placed o ffshore. 

With an increase in  wave period:

a) The number o f wave rays re fracted by an anomaly increases 

(Figure 10)

b) The length o f shore line showing a change in  energy increases 

(Figure 11)

c) The in te n s i ty  o f  the onshore energy changes increases 

(Figure 10).

With an increase in the angle between the deep water wave d ire c t io n  

and a l in e  perpendicular to  the shoreline:

a) The length o f  shore line showing a change in  energy increases 

(Figure 12)

b) The in te n s i ty  o f the onshore energy changes are decreased 

(Figure 12)

c) The lo ca tion  o f the anomaly-affected length o f  shoreline 

moves downshore (Figure 13).
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The fa r th e r  o ffshore  an anomaly is  placed, the1 greater the 

distance the wave rays re frac ted  by the anomaly have in which to  

re a l ig n  themselves w ith  respect to  the bathymetry. This becomes 

important in  terms o f the longshore energy f lu x .  I f  wave rays are a l l  

a ligned and moving in  the same d i re c t io n ,  t h e i r  wave energy is  acting  

in  the same d i re c t io n .  I f ,  on the other hand, wave rays are not 

a ligned , the waves have the po te n tia l o f  acting  against each o ther, 

thereby reducing the net longshore energy f lu x .  When the d ire c t io n  o f  

the waves passing over the anomaly are perpendicular to  shore and the 

anomaly is  placed an increasing distance o ffshore :

a) The cen tra l lo ca t io n  o f  the anomaly-affected length o f  

shore line does not change (Figure 14)

b) The length o f shore line  showing a change in  energy is  reduced

(Figure 20)

c) The in te n s i ty  o f  the energy changes are reduced (low wave 

periods, Figure 15) and increased, (high wave periods, Figure 

16).

I f  the d ire c t io n  o f the waves passing over the anomaly is  oblique 

re la t iv e  to  shore the lo ca t io n  o f the anomaly-affecfced length o f  shore 

moves downwave (F igure 13).

I f  the shape o f  the bathymetric anomaly is  varied, large 

d if fe rences  in  the re s u l t in g  re fra c t io n  diagrams occur. This does not 

necessarily  mean th a t  there are d if fe rences  in  the longshore wave 

energy d is t r ib u t io n .  The general re fra c t io n  pattern  re s u lt in g  from a
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mound shape is  the gradual convergence o f the wave rays to  the caustic  

zone and continu ing in to  a divergent zone (Figure 29). On the other 

hand, the re fra c t io n  pa tte rn  re s u lt in g  from a bathymetric anomaly hole 

is  simply a divergent pattern  w ith no major caustic  zone. I f  the wave 

ray changes due to  the anomalies are evaluated at the shore line, they 

appear very s im i la r  i f  the anomaly is  a s u f f ic ie n t  distance offshore 

(Figure 31). This re la t io n s h ip  occurs fo r  bathymetric anomalies of 

d i f fe re n t  shapes and s izes.

Given a bathymetric anomaly, w ith  a constant he ight, and 

increasing diameter:

a) The anomaly side slope angle is  decreased

b) There is  a re la t iv e  decrease in the wave curvature around the 

anomaly

c) The length o f  the anomaly a ffected shore line decreases.

d) The re la t iv e  in te n s i ty  o f the onshore energy changes

increase.

I f  the diameter o f  the bathymetric anomaly is  kept constant and the 

height above the sea bed is  increased:

a) The anomaly side slope angle is  increased

b) The wave curvature around the anomaly is  increased

c) The length o f anomaly-affected shore line is  increased

d) There is  a decrease in  the re la t iv e  in te n s i ty  o f the onshore 

energy changes decrease, w ith  the exception o f the log shape 

anomaly which shows increased in te n s ity  in the center o f the
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anomaly-affected shore line.

I f  a comparison is  made between a mound with a cone shape and a 

mound w ith  a log shape, the log shape acts l ik e  a cone s p l i t  in  h a lf  

and stretched out. The two ends o f the log sca tte r wave rays towards 

the center o f the anomaly-affected shore line. The center portion  o f 

the log only s l ig h t ly  a lte rs  the d ire c t io n  o f the wave rays. The 

major d if fe rence  between the cone and log shape is  the d ire c t io n  o f 

the re su lt in g  induced longshore energy f lu x .  The er'ergy f lu x  vector 

re la ted  to  the cone shape is  in  opposite d ire c tion s  from the center o f 

the anomaly-affected shore line . The energy f lu x  vector re su lt ing  from 

a log is  from the edge o f  the anomaly-affected shoreline towards the 

center. I f  these anomaly-induced energy f lu x  vectors are applied to 

longshore sediment movement, the cone would cause erosion o f the 

beach, and the log would cause accretion opposite the anomaly. As a 

re s u l t ,  there is  a p o s s ib l i ty  th a t  the shoreline adjacent to  th is  

accretional area w i l l  be eros iona l.

I t  is f e l t  that the variables discussed in this study can be 

expressed in terms of anomaly refraction potential (| Atanh 2-ird/L | ) .

I f  tanh ( 2ird/L) is  ca lcu la ted at the base and crown o f an anomaly, and 

the absolute value o f the d iffe rence  is  ca lcu la ted , a p red ic t ion  can 

be made as to  whether the waves w i l l  be affected or not. This 

expression takes most o f the variables and combines them in such a way 

as to  give a general idea o f the po ten tia l impact o f  a given anomaly 

at a given water depth fo r  a given wave period and leng th . Anomaly



I l l

re fra c t io n  p o ten tia l takes In to  account the r e l i e f  Of a given anomaly, 

the water depth at anomaly placement, the wave length o f  the waves 

passing over the anomaly and re la tes  them to  a po ten tia l change in  

wave c e le r i t y .  I f  the anomaly re fra c t io n  po ten tia l is  ca lcu lated to  

be 0 .0 , then no re f ra c t io n  can be expected from the anomaly in  

question.
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