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CHAPTER 7 - WAVES IN SHALLOW WATER 

"See, the slow, marbled heave, the liquid arch. 
Before the waves' procession to the land 
Flowers in foam; the ripples onward march; 
Their last caresses on the pure hard sand". 

Frances Cornford, 
"Summer Beach". 

For linear wave theory of deep water waves the particle motion is 

circular, with decreasing diameter as depth increases, so that at the 

sea bed there is no particle movement, (Fig.151 (a) ) . As the wave 

enters shallow water the vertical motion of the water particles is 

reduced and horizontal motion increased, resulting in the elliptical 

movement of the particles (Fig.151 (b) ) . The wave is then said to 

"feel" the bottom and the wave profile changes its shape. Shallow water 

is therefore defined as the region where wave motion is transformed 

by the sea bed. 

These transformations are most apparent for long-period swell waves 

since they "feel the bottom" further offshore and are generally more 

sinusoidal. Locally generated wind waves are often steeper at first and 

the transformations are then not so obvious. 

Considering linear wave theory and taking the wave celerity,c , as the 

criterion: 

where L = wave length 

cL = water depth. 

In deep water cL/Lo (subscript o referring to deep water) is large, 

the term ta-n-k (Zrrol/L) approaches 1 and therefore: 

C= (144) 
V iTT 
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It is only when cL/Lg = 0.50 that the term tkcnk (2rr«̂ /L) , then equal 

to 0.9963, is affected and it is generally accepted that shallow water 

occurs when ol/'-o*C0.50. 

The factors which transform the profile of a wave entering shallow water 

are shoaling, refraction, diffraction, reflection and transmission, 

friction and percolation, currents and breaking. 

7.1. WAVE SHOALING 

As a wave travels into shallow water a change in wave height occurs 

resulting from alterations in the group celerity, cy , of the wave. 

The wave power per unit length of wave crest is given by 

P = f l (145) 

Assuming that energy is conserved as a wave progresses through water 

of varying depth, by considering two locations, one in deep water, it 

follows that 

S 

Therefore, Ho 

or Kg Ho 

where Kg = is the coefficient of shoaling. 

(146) 

(147) 

(148) 

Since 

"3 ' 3 + s L T (4rT^/L) ] < ' W 

and in deep water as , tacnK (2ITOL/L)—^ I 

and sCnk (4-rr<?L/L)—poo 

(150) 

it follows that: 

Ks = I 4-
4.rrc*/L 

sCnh (thrrot-^L.) 
2noi 

(151) 
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This expression enables the coefficient of shoaling, Ks , to be 

calculated for any water depth, provided that the steepness (H/L) 

has not reached the limiting value when the wave breaks. 

7.2. WAVE REFRACTION 

The wave celerity,c , is given by linear wave theory as Equation (143) 

which shows that, as depth decreases, the term ta-nh (2«Tat/L) reduces 

and the wave decelerates. When waves approach shallower water, with 

their crests at an angle to the depth contours, any part of the wave front 

will decelerate at a different rate from that of another part of the 

front, resulting in a change in the direction of wave propagation. Over 

a shoaling bed the wave crest will swing round in the direction where the 

angle between the crest and bed contour will be decreased. Consequently 

the crest tends to conform to the bed contour. This phenomena, known as 

wave refraction, is illustrated in Fig.152 for waves propagating towards 

a straight shoreline. Lines plotted at right angles to the wave crests are 

termed orthogonals or rays. 

Wave refraction is analogous to the refraction of other types of wave, 

such as light and sound. Snell's Law (Fig.153) describes the behaviour 

of rays passing from one medium to another which have a different 

transmission celerity viz: 

2; (152) 

In the present case there is a gradual change in wave celerity, instead 

of the abrupt one shown in Fig.153. 

It is assumed that the wave energy between two orthogonals remains constant, 

resulting in a concentration of wave energy, and thus greater wave 

heights, where rays converge. Conversely, diverging orthogonals would 

result in reduced wave heights. This is illustrated in Fig.154 where 

wave energy is more concentrated in the vicinity of the headland and less 

so in the bay. The refraction effect results in the wave crests conforming 

to the shape of the shoreline. 
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If bo and b are the orthogonal separations in deep and shallow 

water, then by equating the wave power at two locations, one in deep 

water, it follows that; 

(153) 
S 8 

Therefore, 

Ho (154) 

or H--KsKrHo (155) 

where Kr = (bo/b)'^ is the coefficient of refraction. 

7.3. WAVE DIFFRACTION 

Wave diffraction is the scattering of an incident wave field by an 

obstacle, which may be completely submerged (abrupt changes in 

underwater topography, channel training walls) or which may project 

through the water surface (breakwaters, peninsulas, spits). The 

phenomenon is most easily explained by considering a wave crest 

immediately after it has passed a thin vertical barrier, when a vertical 

face would exist on the end of the wave. Obviously, this is not the 

case and instead the wave acts as an energy source causing waves to 

be propagated in a circular arc pattern in the lee of the barrier, as shown 

in Fig.155. This results therefore, in a lateral transfer of energy 

along the wave crest. 

The conventional treatment of diffraction owes its origin to the study 

of polarised light. The amplitude of the diffracted waves decreases 

exponentially along the arc and is given by Putnam and Arthur (1948) as 

^ ^ cosW(k^). F(K.0) (156) 

where ex. = wave amplitude 

k = 2rr/L 

The theory of wave diffraction is based on work by Penney and Price 

(1952) and Johnson (1952) which is summarised by Wiegel (1964) and 

Worthington and Herbich (1970). 
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Referring to Fig.156 it may be shown that 

\ r / ^ - i - k r c o s ( e - O o ) . - L k r c o s ( e + 0 o ) 
F(r,0)=^(^j€ +^(o-Ve (157) 

and 

where or = V ^kr/n Stl»>i(0o+®) 058) 

g-'= VA-kf/n- Si>.i(0o-0) (159) 

(160) 

(161) 

To solve these Equations Fresnel integrals are used, defined as: 

C(3^) = j (162) 

-iLrrfc^ 

•e cLt 

eo 
er _ 

e * cLt 

JO 

fx. 
and J = ̂  sin S(3C.)= \ (m.^) «><-«. (163) 

Tabulated values of these Fresnel integrals permit the evaluation 

of (160) and (161) which may then be used to calculate the wave 

height at any point in the vicinity of the breakwater. 

When a gap in a single breakwater occurs the method of solution depends 

on the size of the opening. If the gap width is five wavelengths, 

for example - large, in comparison to the wavelength - then the 

diffraction effects of each wing are nearly independent. The solution 

may be regarded as a summation of the solutions for two separate 

breakwaters. 

If the gap width is less than five wavelengths the solution may be 

expressed as a series of Mathieu functions. These converge rapidly 

for small gaps, as given by Morse and Rubenstein (1938). 

Knowing,the wave height (Hp) at any location in the lee of a breakwater 

and the incident wave height (Hi) the coefficient of diffraction. Km., 

is given by (Fig.156): 

Hp 
K^(0o,*,z) (0o,r,0) = "h- (164) 
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Diagrams showing values of Kg(_ in contoured form behind breakwaters 

for varying angles of wave incidence have been constructed. For a 

semi-infinite, rigid and impermeable breakwater the diagrams were 

constructed by Wiegel (1962), while for a gap in a single breakwater 

the work of Johnson (1952) is applicable. Both cases are summarised in 

the U.S. Army Corps of Engineers (1973) Shore Protection Manual. 

7.4. WAVE REFLECTION AND TRANSMISSION 

Wave reflection will occur as a result of abrupt changes in underwater 

topography, beaches, training walls and breakwaters. 

For waves impinging at right angles to a perfectly reflecting vertical wall, 

the incident water surface elevation is given by linear wave theory as: 

h- (,65) 

where Hi. = incident wave height 

X = horizontal distance from a defined origin 

L = wave length 

fc = time 

T = wave period 

and the reflected water surface by: 

c<rs (Ape + (166) 

where Hr= reflected wave height. 

The resulting water surface elevation (n) is given by the sum of n : 

and My. which reduces to: 

h = Hi ors (167) 

This represents the water surface elevation of a standing wave which is 

periodic in t and ac , having a maximum height of 2HL when both 

iurs (2rrac/L) and c<rs(in-t/T) equal unity. 

In harbours, lakes and other enclosed bodies of water, the effects of 
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wave reflection are most severe when multiple reflections, in the 

absence of sufficient energy dissipation, may cause a build up of 

energy which appears as wave agitation and surging. 

The coefficient of reflection, , is given by: 

Kr:̂ L = (168) 

and will depend on the roughness, permeability and slope of the reflector, 

in addition to the steepness and angle of approach of the incident 

waves. Miche (1953) assumed that the reflection coefficient for a 

beach could be described as the product of two factors, by the expression: 

Kr^L = X , X i (169) 

where DC, depends on the roughness and permeability of the beach and is 

independent of slope, whereas depends on the beach slope and the 

wave s teepne s s. 

Based on measurements made by Schoemaker and Thijsse (1949), Miche 

found that OC, was approximately 0.8 for smooth impervious beaches. 

For rough slopes and step-faced structures DC, varied from 0.3 to 0.6. 

The factor was given by: 

(Hoy ôr- I Mo I \ I Mo j (1 70) 
(Mo/Lo) \i-o/»wxx 

/Vvl«.x 

where is constant for a particular beach slope and is given by 

'/z 
/ i k ) = ( j ^ j ( 1 7 2 ) 
\ (-0 Aw&x \ ̂  ^ 

in which beach slope = ^ . (173) 

and Ho/Lo is the incident wave steepness. 

The greatest amount of reflected energy is produced when a wave 
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impinges on a smooth vertical wall and then 95% of the incident 

energy may be reflected. For beaches of moderate slope the reflected 

energy is much smaller. For example, for normal incidence on 

impermeable slopes of 4° and 10°, less than 1% and 10% of the incident 

energy is reflected (Heaf (1974) ) . A permeable surface, such as sand, 

absorbs wave energy more efficiently so the reflection would be even 

less. In addition, Caldwell (1949) reports that most beaches and 

shallow water topographies have slopes of less than 10°. 

A small value of the reflection coefficient, Kr^L , does not necessarily 

imply that wave energy is dissipated at a surface, since energy may 

be transmitted through structures such as permeable rubble-mound 

breakwaters. This may lead to the incorporation of a transmission 

coefficient, Kt<~ , defined as: 

Kkr = (174) 
Hi 

At the site of such structures both the reflection and transmission 

coefficients will depend upon the geometry and composition of the 

structure as well as on the incident wave characteristics. 

7.5. WAVE FRICTION AND PERCOLATION 

The energy losses due to friction at the sea bed and percolation into 

the bed are often small and their omission leads to a slight over 

estimate of nearshore wave heights. However, in some cases, such as on 

a wide shallow continental shelf, these factors may be more important. 

The amount of energy dissipated per unit area at the bottom per unit 

length (averaged over a wavelength) is given by Putnam and Johnson 

(1949) as: 

Pj- 3 (s:«K (Znc4./l.)̂  (175) 

where ^ = mass density of fluid 

H = wave height 

T = wave period 

L = wave length 

oL = water depth 

= friction coefficient of the sea bed. 
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A similar expression for the amount of energy dissipated by viscous 

forces in a permeable bed is given by Putnam (1949) as: 

tX g P ^ 
" V L. (i<rsh (176) 

where p = permeability coefficient of Darcy's Law 

v> = kinematic viscosity of water 

This expression assumes that cLyoSL., 

Bretschneider (1954) gives an expression for the coefficient of 

friction, , as; 

A ! + I 
(177) 

Where A=:fHo/hv,T^ (178) 

Where »n= slope or sea bed directed along the propagation path of the 

wave or the wave orthogonal towards the shoreline. 

Kg= coefficient of shoaling. 

Bretschneider (1954) also lists the coefficient of percolation, Kp , as; 

Kp k ( L )J ̂  (180) 

"h*"" S-- (18.) 

7.6. WAVE CURRENT INTERACTION 

Until very recently the interaction between waves and currents has been 

ignored in coastal wave problems because of the complexity of their 

movement and the difficulty of incorporating equations into a wave 

refraction program. However, as described by Peregrine (1976), in a 
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review of the subject, currents are often strong in coastal regions, 

especially those produced by local winds during storms, and they can 

be comparable in magnitude with those due to tides in many places. 

The work of Longuet-Higgins and Stewart (1961), which considered the 

special case of wave-current interaction in deep water, has been 

extended by Jonsson et al (1971 and 1978 (b) ) to produce the coefficient 

of wave-current interaction, Kwe. , for waves propagating across a current 

discontinuity in water of constant depth as shown in Fig.157, as: 

/ h, 2o<, \ ̂  
K"'' (182) 

where n , ' I + C M ) 

and (184) 

for Hi= H, (185) 

Methods are also available which determine the combined effect of 

currents and changes in water depth (Skovgaard and Jonsson (1976) ) and 

for currents running parallel with arbitrary, but parallel, bottom contours 

(Jonsson and Wang (1978 (a)) ). 

7.7 WAVE BREAKING 

Breaking waves are commonly classified as spilling, plunging, collapsing 

or surging, depending on the way they break as shown in Fig.158. 

Spilling breakers occur in deep water or on very mild slopes. Generally 

their profile is stable except in the crest region where foam is 

produced and spills down the face of the wave. The energy dissipation 

takes place gradually and thus spilling may occur over a distance of 

several wave lengths. 

In plunging the wave becomes strongly asymmetric. The shoreward face 

of the wave becomes vertical and then the crest curls over, enclosing an 

air pocket. Plunging breakers are associated with considerable turbulence. 

Collapsing breakers occur when the lower part of the front face of the 
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TABLE 24 

BREAKER TYPE CLASSIFICATION 

Ho 

Breaker type m^Lo NL 

0.0 0.0 3.4 

Surging 
0.09 0.003 3.4 

Collapsing 
— - 2.4 

Plunging 
4.8 0.068 0.4 

Spilling 
09 oo 0.4 
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wave steepens and loses its stability. 

Surging breakers occur along steep coasts where the breaker zone is 

very narrow. The waves do not truly break but surge up the incline 

with minor air entrainment. 

A number of parameters have been suggested which classify the breaker 

type using quantitative observations. 

Galvin (1968) used parameters defined at the breaker zone or offshore 

and listed in Table 24 as 

Ho 

where Ho = deep water wave height 

Lo = deep water wave length 

m = beach slope 

T = wave period 

Hbr= breaking wave height 

Battjes (1974 (a) ) suggests the use of the Iribarren number, Nl j 

(Iriberren and Nogales (1949) ) listed in Table 24 and given by: 

where Hl = incident wave height. 
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In general, the breaking criterion, which can occur at any point, depends 

on the wave length, the water depth and the sea bed slope. When critical 

values of these parameters are reached the waves become unstable and 

eventually break. The location of wave breaking in relation to a 

coastline is important in wave refraction programs because it is at such 

places that the governing equations are invalid and wave rays should be 

stopped. The limiting conditions for wave breaking have been categorised 

according to water depth 

(a) Beep water : in this case only the wave length is important 

and it is the wave steepness (H/L) which determines the 

point of breaking. Thus, from Muga and Wilson (1970) 

_ 0 /^2 — — ('89) 
L-br 7 

where Hbr= breaking wave height 

l-br" wave length at breaking. 

This limit occurs when the horizontal water-particle velocity at the 

crest of the wave equals the wave's celerity. At the limiting condition 

the crest angle is 120°. 

(b) Intermediate water depth : in this case the onset of 

breaking is predicted by the expression 

Lbr 

where water depth at breaking. 

(c) Shallow water : as oscillatory waves travel into shallow 

water, over a relatively flat bed, the wave behaves like 

a solitary wave. For such a wave, the horizontal water-

particle velocity at the crest is equal to the wave celerity 

when 

Hbr _ 0-78 (191) 
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When the sea bed slope is not small it is necessary to base predictions 

of breaker height on experimental data. The results of Goda (1970(a)) are 

recommended by the U.S. Army Corps of Engineers (1973) Shore Protection 

Manual, where the following may be determined by iteration or from 

graphs; 

092) 

where cu = ( I ) (193) 

and k ( l t Smj (194) 

where m = beach slope. 

In addition to a knowledge of the location of breaking waves, the onset 

of breaking is important because of the transformation of wave shape and 

subsequent changes in the location of the M.W.L. of the waves relative 

to S.W.L. Fig.159 shows this phenomenon. As waves near the "breaker 

line" the wave height increases and the M.W.L. of the waves reduces 

below S.W.L., a phenomena known as "wave set-down". Inshore from the 

"breaker line" the wave height decreases and the M.W.L. of the waves rises 

above S.W.L., resulting in "wave set-up". The amount of wave set-down and 

set-up varies according to the type of breaker. These phenomena are 

covered in greater detail by Svendsen and Jonsson (1974) and Battjes 

(1974 (b) ) but the general equation for the height of the wave crest 

above the bed at wave breaking (see Fig.160) is given by: 

+ (195) 

where Ah = wave set-up or set-down. 

7.8. SHALLOW WATER WAVE HEIGHT EXPRESSION 

In the preceding Sections all of the factors which modify waves as they 

move from deep to shallow water have been considered. In a wave refraction 

program the aim is to model the deep water waves as they move inshore 

to obtain, at any location, the wave height and direction. 



273. 

The wave height at a point X can be obtained from the deep water wave 

height using the collected product of the above modifying factors as: 

H* - ( kg. . kCol. KrfC . kfcr • . \Cf>. I<u>c Ho (196) 

In general, few of the above factors are included in practical wave 

refraction programs because of their relative insignificance or 

complexity of calculation. 

In Poole and Christchurch Bays the major factors which influence incident 

waves are shoaling and refraction, on account of the shallow nature of 

the Bays. 

To a lesser extent wave diffraction at headlands is important. The Bays 

are located between the headlands at Anvil Point and the Needles. Their 

location will influence waves approaching mainly from the west and east 

respectively. In addition, Hengistbury Head will affect waves entering 

near to Christchurch Harbour entrance from directions with a westerly 

component. Similarly, Swanage and Studland Bays will be in the shadow of 

headlands for waves approaching with easterly components. 

To estimate the importance of diffraction in the Bays Wiegel's (1962) 

diagrams were used, assuming that a headland acts as a semi-infinite, 

rigid and impermeable breakwater and all water depths are considered deep, 

even in the lee of the headland. Since the diagrams extend only 10 

wave lengths from the tip of the breakwater, the lines of constant 

diffraction coefficient were extrapolated, but this is not difficult since 

many of them follow reasonably straight paths. 

For one metre waves of 8 s period approaching from the south west, the 

uninterrupted wave rays, after passing close to Anvil Point, would 

me^t the shoreline at Solent Road, assuming there is deep water and no 

shoaling or refraction. Wave heights would decrease along the coastline 

from this region towards the west as the shadowing effect of the 

headland became more pronounced. At Boscombe, Bournemouth and Poole 

Harbour entrance it was estimated that wave heights would be 0.2 m, 0.1 m 

and 0.05 m respectively. 
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The inclusion of diffraction will, therefore, depend on the required 

accuracy of the model. Some diffraction at headlands will occur but the 

phenomenon is not as important as it would be inside a harbour entrance, 

for example. 

Reflection and transmission would be small at the shoals which are 

covered by water at all stages of the tide, and at beaches. More 

pronounced effects would occur where cliffs reach the shoreline, as at 

Highcliffe and Barton at high tide, and where sheet piling has been 

constructed parallel to the shoreline. However, over most of Poole and 

Christchurch Bays, reflection and transmission would be of minor 

importance. 

As was noted in Section 7.5. the energy losses due to friction at the sea 

bed and percolation with the bed are often small as they are in this 

instance, especially in comparison with shoaling and refraction. 

The tidal currents in the region are small - one knot at the most 

except at the entrances to Poole and Christchurch Harbours and to the 

West Solent. A maximum of 4 knots can be recorded at the latter site. 

This is illustrated in Fig.161 which shows the directions and magnitudes 

of tidal currents two hours after high water on a spring tide. Therefore, 

over the majority of Poole and Christchurch Bays the effects of such small 

currents are of little consequence. 

With the exception of high wave conditions in storms, there is sufficient 

depth over the shoals in Poole and Christchurch Bays for waves to proceed 

to the shoreline without breaking. The effect of wave breaking can then be 

included as a method of stopping wave ray approach, when the wave height 

reaches an insufficient depth of water, or when a minimum wave celerity 

is reached. Apart from this it is complex to model the changing wave 

characteristics either in or beyond the breaker region, due to the 

predominance of non—linear effects (Heaf (1974) ). 

The coefficients which are considered important must relate to the problem 
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under consideration. Inside harbours, refraction and shoaling may not 

be as significant as diffraction and reflection. However, for the 

present situation, in a large coastal area, it was considered that 

shoaling and refraction were the important coefficients. To a lesser 

extent diffraction was an influencing factor and would have been 

incorporated had time permitted. The other coefficients were of 

minor significance for the present situation and have been omitted 

without loss of accuracy, at least in comparison to the accuracy of 

the input data which is described in Chapter 9. 
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Fig.153: Snell's Law 
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headland 

wave crest orthogonal 

Fig.154: Wave refraction in the vicinity of a headland 
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Incident wave direction 

Breakwater 

Shadow region 

Fig.155: Wave diffraction in the lee of an impermeable breakwater 

Incident wave direction 

Breakwater 

Fig.156; Relevant parameters in wave diffraction theory 
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CURRENT 
DISCONTINUITY. 

Fig.157: Effect of a wave orthogonal propagating 
across a current discontinuity 
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(a) Spilling 

(b) Plunging 

(c) Collapsing 

(d) Surging 
Fig.158: Classification of wave breaking 
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(a) Changes in wave height 

Wave set down 

Wave set up 

(b) Changes in water level 

Fig.159: Wave set-down and set-up 
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M.W.L 

Trough envelope 

Breaker point 

Fig. 160: Relevant parameters for a breaking wave 
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CHAPTER 8 - WAVE REFRACTION - DEVELOPMENT OF PROGRAM 

"'Out of sight, out of mind' when translated into 
Russian by computer then back again became 
'Invisible maniac '". 

Arthur Calder-Marshall, 
"The Listener 23rd April 1964", 

8.1. WAVE REFRACTION TECHNIQUES 

Wave refraction diagrams were first used in the Second World War. An 

interesting extract, given by Sverdrup and Munk (1946), describes how 

the wave conditions at beaches, selected on the basis of wave refraction 

diagrams, remained as predicted during the entire period of a military 

landing. 

Early methods of constructing wave refraction diagrams by hand have 

been extended more recently to computer methods. These have been 

outlined and discussed below. 

8.1.1. GRAPHICAL METHODS 

The first technique for constructing wave refraction diagrams was the 

"wave-crest" method. Successive positions of the wave crest were 

drawn by plotting the wave advance from one point to another along the 

crest. The mean water depth and average propagation velocity determined 

the distance of wave advance. 

This method was extended to the "crestless" method where each orthogonal 

was plotted directly by determining its shoreward deflection as it 

crossed successive bottom contours. 

Plotting aids in the form of graduated protractors for both methods are 

shown by Johnson, O'Brien and Isaacs (1948). An outline of the 

merits and disadvantages of both techniques is given by Dunham (1951). 

One of the first methods for construction of a wave refraction diagram 

was outlined by the U.S. Army Corps of Engineers (1942). The method 

described by the U.S. Navy Hydrographic Office (1944) was employed by 

Munk and Traylor (1947) where both wave crests and orthogonals were 

drawn and interpreted. 
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Arthur (1946) noted the inaccuracy and time required in drawing wave 

refraction diagrams and produced analytical solutions for cases where 

waves propagate over point and circular islands and a shoal. 

An inproved graphical technique was developed by Johnson et al (1948) 

and then extended, in terms of accuracy and ease of construction, by 

Arthur et al (1952). The method uses a perspex "plotter" to construct 

wave orthogonals over smoothed contours. This technique has not been 

improved further and, therefore, remains the best known graphical 

method. 

Today, few wave refraction diagrams are plotted using graphical 

techniques because computers, once programmed, can produce diagrams in 

a few minutes to an accuracy only limited by the validity of chart 

soundings. 

8.1.2. COMPUTER METHODS 

There are a number of computer wave refraction methods available. All 

techniques plot a series of individual wave rays from deep water. The 

difference between the available methods is effectively the degree of 

sophistication. Thus the number of coefficients, described in 

Sections 7.1. to 7.7., and other features such as sea bed smoothing, 

method of sea bed representation, corrections due to the earth's 

curvature, accuracy of solution of the governing equations and 

modifications to aid the computation are important. 

Griswold's (1963) method was the earliest application of computer 

techniques to wave refraction. His ideas were extended by Harrison and 

Wilson (1964) and then by Wilson (1966). This program was applied to an 

area at Virginia Beach, Virginia, U.S.A. for assessing wave power 

distributions along the shoreline. It was also employed by Jen (1969) 

to study wave refraction near San Pedro, California, U.S.A. and by 

Aranuvachapun (1977) in the Southern North Sea. 

Dobson (1967) applied Griswold's (1963) method, which was further 

refined by Rabe (1975) where it was applied to a section of coastline 

near Columbia River, U.S.A. 
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LePetit (1964) also extended the work of Griswold (1963), employed later 

by Orr and Herbich (1969 and 1970) and it was then combined with 

diffraction by Worthington and Herbich (1970 and 1971). The solutions 

to the ray equations developed by LePetit (1964) were also employed 

by Heaf (1974) and Crookshank (1976). However, the equation for 

orthogonal separation developed by LePetit (1964) is in error, as 

reported by Dobson (1967) and Whalin (1971). This error was contained 

in much of the work which employed the LePetit solutions. 

Skovgaard et al (1975) have reformulated the corrected LePetit solutions 

and included bottom friction. They also compare many of the wave 

refraction computer programs. 

Today, many countries of the world have sophisticated computer programs 

which include the modifying coefficients. Some of these programs use 

other methods to those described above. In Denmark and the Netherlands 

finite element techniques are employed by Abbott et al (1978) and 

Berkhoff (1974 and 1976) respectively. At the Hydraulics Research 

Station, England, a representative number of components in an offshore 

spectrum are refracted to obtain the spectrum in shallow water, as 

described by Abemethy and Gilbert (1975). All of these methods 

reproduce the effects of irregular waves, in contrast to the regular 

wave refraction in earlier computer methods. 

8.2. SELECTION OF WAVE REFRACTION PROGRAM 

Before selection of a suitable wave refraction program was made, the 

choice of computer was an important decision. The computer in the Data 

Analysis Center of the Institute of Sound and Vibration Research was 

chosen because 

(a) The computer had already been used to analyse wave data and 

produce wave spectra. Thus the system operation was 

reasonably well understood. 

(b) An essential part of the wave refraction analysis was the 

necessity for graphics and the ability to produce hard-

copies therefrom. The visual display computer terminal and 

on line graphical hardcopy printer were very suitable. 
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(c) It was considered that the available suite of standard 

programs might prove useful in the subsequent analysis of 

littoral drift movements at the shoreline. 

(d) The conguter input is not in the form of cards and an 

immediate error diagnosis system is available. It was 

considered that, for a user new to computing, much time 

could be saved. 

The computer, called "DATS II" is an interactive, multi-terminal, time 

sharing system based on the Digital Equipment Corporation (DEC) RSXl1 

operating system, working on a PDF 11 processor with a 32 K memory. 

An outline of the hardware is shown in Fig.162. The standard suite of 

programs, which have been used in subsequent analysis are listed in the 

Appendix. 

A number of factors were important in the choice of the wave refraction 

program:-

(a) The time available was short and, in addition, the results of 

the refraction analysis had to be applied to obtain 

estimates of littoral drift at the shoreline. 

(b) Although a number of wave refraction programs were available 

in published work, the FORTRAN had to be adapted to the 

DATS 11 computer. Unless the program was written from the 

outset, fault diagnosis would be extremely difficult. 

(c) A graphical hardcopy incorporating the DATS 11 commands had 

to be included. 

(d) Initially it was considered that wave refraction and 

shoaling were the important phenomena transforming waves 

in Poole and Christchurch Bays. Other factors were either 

too complicated to include in the early stages (e.g. 

breaking) or were considered of relatively minor importance 

(e.g. reflection, effects of currents, percolation and 

friction). It was hoped that the effects of diffraction 

might be included if time permitted. 
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(e) It was important to employ a straight forward, well 

proven technique that was clearly and logically explained 

in the published literature. 

The program which was initially used was that of Orr and Herbich (1969) 

with corrections summarised by Skovgaard et al (1975). As will be 

explained later, the program finally employed in the refraction analysis 

was that of Brampton (1977). Both programs are described in the 

subsequent Sections. 

8.3. THE METHOD OF ORR AND HERBICH (1969) 

8.3.1. DESCRIPTION 

A wave orthogonal is considered when moving from deep water at time t 

into shallow water. The celerity, c, will vary along the wave crest 

as a function of water depth, resulting in the crest turning towards the 

region of lowest celerity. In Fig.163, M and M are two adjacent points 

along the crest separated by a distance An at time t . The corresponding 

wave lengths are therefore cAt and (c+ Ac)At . The incremental angle A'>< 

is 

= (197) 

and as An approaches zero 

oU = eU (198) 
atk oin 

This is a differential equation describing the orthogonal path as 

a function of time. It may also be written as a function of 

incremental distance As along a ray as shown in the same Figure as 

oLs = colt (199) 

Hence, 
, jLjic (200) 

ois ^ cLr\ 
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In Fig. 164, AA' and BB>' are the lengths of two adjacent orthogonals 

making angles of at A and (o( + Ao<) at 6 with the horizontal (X) 

axis. The orthogonal separation is b , between A and 6 , and (b+Ab) 

between A' and G>' . LePetit (1964) has shown that 

b ̂  (201) 

and (202) 

Then, if ^ is the ratio of the orthogonal separation for shallow water 

to deep water i.e. b/b* , it follows for b,= 1 that 

= 1 fiA. (204) 
oLn /3 Us 

and substituting for Equation (199) the result is 

(205) 

From Equation (204) and (205) it follows that 

. i I I (206) 

and as shown by Skovgaard et al (1975): 

Coudert and Raichlen (1970) have shown that using Fig.164 

^ = cors (208) 

c (209) 
oCfe 

= — 51^ OC — ̂  cs%<< (210) 
oCt: ) 'J 
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Skovgaard et al (1975) from the work of Munk and Arthur (1952) 

have derived the following second order homogeneous differential 

equation: 

+ p s ^ + (211) 

Pk = - c +agi (212) where 

(213) 

Then, inserting Equations (206) and (207) into (211) yields the 

differential equation for the orthogonal separation with t as the 

independent variable: 

(214) 

and using: 

^ (215) 
cLs oLx. 

it follows that 

where pt " ~ ̂  "*• ot j (217) 

and a . = c f 5 wn ^ ̂  2 5 ces A + ^^5 ̂o<. ) 

(218) 

The above expressions are used to calculate the coefficient of 

refraction. The coefficient of shoaling, which is a function of group 

celerity variation along an orthogonal, is calculated using Equation 

(151) derived in Section 7.1. 
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8.3.2. COMPUTER APPLICATION 

The region where a wave refraction diagram is required is represented 

by a rectilinear grid system. The input data to the computer program 

consists of spot depth values at grid intersections. The application 

of this grid in Poole and Christchurch Bays is fully described in 

Section 9.1. 

The wave input data consists of the period and the angle which the 

deep water orthogonals make with the X-axis. If the wave height is 

also input then the celerities at the grid intersections may be deduced 

from water depths using linear wave theory derived from Equation (143) 

of: 

c = - g ( ^ ) (219) 

This Equation may be solved by iteration choosing c initially equal 

to the deep water wave celerity (^T/Zir ), until successive approximations 

differ by less than 0.001. 

The partial derivatives of the celerity with respect to X and V may 

be calculated for a grid intersection (I,J) using the celerity values 

at the eight adjacent points as shown in Fig.165. Using the numerical 

differentiation formulas expressed by McCormick and Salvadori (1964), 

with Aa: and Aj , the grid element spacing in the X and Y directions, 

the derivatives may be written as:-

. [c(r+ I ,J-) - c (I - l,x)] 
hx 2A% 

a c - c ( r , j - i ) ] 

.J) -2oCi,j-) 4-c (i-i .3-)] 
dxJ- Ax' 

(220) 

(221) 

(222) 

(T,j)ic(I,3--n) -2c(r .J'}+c(l.T-l)] (223) 
A . . 1 

.3-+I) -c (r-',T+i)-c(T-H,T-l)-c(r-l,3--l)] 

x̂. 4-Ax A J 

(224) 
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For a location not sited at a grid intersection a Lagrange interpolation 

function is employed to calculate the depth, celerity and celerity 

derivatives at that point. The depths, celerities and celerity 

derivatives must be established at the surrounding four grid inter-

sections. Each surrounding grid intersection has therefore employed 

eight adjacent points to obtain the celerity derivatives - hence, 

sixteen grid intersections have been used in this instance as shown in 

Fig.166. 

For a location, P , situated at coordinates (R,S ) relative to the bottom 

left hand comer of the surrounding grid element as shown in Fig. 166, 

the interpolated value is given by: 

i(P) = + RCi-s)^(i+i ,j; 

+ (i-i^)si-(r.j+i)+ RSiCr-Hi ,T+i) 

(225) 

A time increment,Ak , is input into the computer and successive 

coordinate points are calculated along the orthogonal. A value of 

y(i-) is calculated using a numerical form of Equation (198) as: 

, oic<(u) >c(L) . 
= (226) 

This allows the first estimate of the change in oC to be calculated 

as: 

/Soi - (227) 

The first approximations of the new co-ordinates are then: 

x ( i - n ) = x f c ) + c ( i - ) A t Cos ( L ) + - ) ( 2 2 8 ) 

Y {t-+1) = y(^) («< (^) +" 2. ) (229) 

i) = (X ((-) + (230) 
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These values are used to obtain a closer approximation. The celerity 

coefficients at the new location are recalculated as )/3ac and 

and a value of is obtained. A second estimate of 

the change in c< is then obtained from 

A . A . (230 

The second approximations of the new co-ordinates are then: 

X(L-H)= Ak ATS (232) 

= y(u) At s (o< (t-) + ) (233) 

The coefficient of refraction may be calculated by solving Equation (216) 

The method employed used the computed values of pt and with the 

orthogonal separation factors at locations L-l and L to calculate p 

at i-»-1 . 

Fig. 167 shows the values of , /S (t-) and which correspond 

to the three values (fc-At;, t and (fc+Afc). Orr and Herbich (1969) 

show 

_[g(L+')- (236) 
oLk 2.A.fc 

and 

(Afc)^ 

Substituting for these in Equation (216) it follows that: 

(pfeAfc +(^-2^fe(Afc)^);3(0 (236) 
/ rt A £_ J- O ' p f c A t - t - 2 

and /3(t-+0 may be calculated directly using previously computed values 

of ̂ a n d fi(Q . If the wave ray origins are in deep water then 

oLyg = o and /3(') and I . The coefficient of refraction may be 
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calculated from: 

K». = 

-'/2 

I f l (237) 

The coefficient of shoaling is obtained from Equation (151). 

8.3.3. PROGRAM OUTLINE 

The program listing called YWAVES.FTP is given in the Appendix. The 

input data consisted of eleven parameters, which were:-

(a) The grid of water depths through which the waves were to 

propagate. 

(b) The wave period in seconds. 

(c) The angle of wave ray approach in deep water expressed in 

degrees and measured anticlockwise from a positive X-axis. 

(d) The coordinates X and Y of the first wave ray. The origin 

was situated in the bottom left hand corner of the grid. 

(e) A "wave line" containing the equally spaced wave ray 

origins was created in deep water, orientated so that the 

wave rays were projected at the correct approach angle. 

The length of the line and number of wave rays originating 

from it were required as input. 

(f) The time increment Afc in seconds between successive 

confuted points as the rays moved inshore. This was 

generally chosen to be 25 seconds (as advised by Orr 

and Herbich (1969) ). 

(g) The deep water wave height. 

(h) The wave heights may have been printed along the wave ray 

as it moved inshore if required. 
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(i) These wave heights were stored in an output file, which 

was named. 

As will be described in Section 9.1., the grid was arranged so that 

all depths were positive and land values were negative. The columns and 

rows were orientated in north-south and west-east directions respectively. 

The program read in successive row values of each column in turn. To 

recognise the end of a column of data and the arrival of land, the 

distinctive value of +100 m was input, since no depths were below this 

value. In cases where land was reached temporarily, on a peninsula 

for example, the value of -100 m was input to indicate that wave depth 

values would follow, when sea was again reached. This was necessary in 

columns 8, 9, 35, 36 and 37. These values were subsequently used in the 

refraction routines to identify regions where computation ceased. All 

grid depth values were multiplied by 100 to create integer values, which 

required approximately half the storage of floating point numbers. 

For wave rays moving in an initial direction east of north, successive 

ray origins had X and Y co-ordinates which were greater and smaller 

than the initial wave ray origin respectively. For wave rays moving 

west of north, ray origins had both X and Y co-ordinates which were 

greater than the initial wave ray origin. It is important, therefore, 

to establish the wave line orientation and wave ray propagation 

directions correctly. This was done after the subroutines SHORE and 

BORDER had plotted the shoreline and a surrounding edge on the V.D.U. 

The subroutine DERIV, having identified the co-ordinates of the location, 

obtained the surrounding sixteen spot depths at grid intersections, and 

using subroutine CELER, the corresponding wave celerities were computed 

by iteration from Equation (219). These were then used to calculate the 

partial derivatives at the four surrounding grid intersections using 

Equation (220) to (224). Employing Equation (225), the partial 

derivatives and wave celerity at the required location within a cell were 

then computed. These were used with Equations (236) and (237) to 

calculate the coefficient of refraction after computation of the 

parameters pe and . The coefficient of shoaling was obtained by 

using Equation (151) and a new wave height was calculated. 
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A first and second approximation of the co-ordinates of the new location 

were obtained following the Equations (226) to (233), and the process 

was repeated until the wave rays ran ashore or outside the limits of the 

grid. 

8.4. THE METHOD OF BRAMPTON (1977 (a) ) 

8.4.1. DESCRIPTION 

The major subroutines of this method were given to the author by 

Dr. A.H. Brampton of the Hydraulics Research Station, Wallingford. The 

subroutines had to be adapted to the DATS 11 computer and a main program 

was written to establish the required conditions. The program had to call 

and then analyse the output of the subroutines. Much of the detail 

of the subroutines is therefore not known, and the description which 

follows is an outline of the report by Brampton (1977 (a) ). 

The grid of water depths covering the region of interest was represented 

by right angled triangles, as shown in Fig.168. Provided the depth 

did not change rapidly across a triangle, it is reasonable to assume 

that the depth, and hence celerity (Equation (219) ), behaved linearly 

over each triangle. Thus, it is assumed that both depth and celerity at 

any point in the triangle were given by linear interpolation between 

the true depths or celerities at the triangle vertices. This resulted 

in each triangle having a series of depth or celerity contours which are 

straight and parallel to each other across the triangle as shown in Fig.169 

This figure also illustrates how a line of c = 0 may be obtained by 

extrapolating the celerity plane. 

Abernethy and Gilbert (1975) show that the "ray trajectory equation", as 

the change in direction << of a wave ray in a distance S (ray curvature), 

is given by: 

- N . 2k (23g) 

where N = unit vector normal to the wave ray 

Vc = grad c 

or, for co-ordinates X and Y , and for oC= 0 on the X-axis: 

s — sLfi « -CyCo-So<) (239) 
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If the y -axis lies along the contours (i.e. o( is the angle between 

the wave crest and the contours), then Cy is zero, whilst is 

a constant,K, because the planar behaviour of c within a triangle is 

assumed. Hence: 

(240) 

and since from Snell's Law sw\e<̂ c. is a constant, the ray curvature 

is also a constant. This will be only true if the ray is part of 

the arc of a circle whose centre is on the line in the extrapolated 

plane where c = 0. 

The method of Brampton (1977 (a) ) only predicts the movement of wave 

rays over a region and so the coefficients of shoaling and refraction 

were added by the author. 

8.4.2. COMPUTER APPLICATION 

As shown in Equation (240), the ray path across the triangle was 

generally a circular arc, whose centre was on the line where the extra-

polated plane predicted zero celerity. If the plane had a sufficiently 

small gradient the ray was assumed to be straight. Brampton's 

(1977 (a) ) program divides into two alternative methods of analysis. 

For a straight ray the exit point is easily found, since a straight line 

can only cut a triangle in two places. For a circular ray path the problem 

is more complex because the ray can cut the triangle in up to six places, 

only two of which can be the true entry and exit points. 

The equation of the celerity plane was determined from the assumption 

that the form was 

c - PLI X + PL2. y 4- pus (241) 

where PLI, Pt-2 , Pi-S are constants which passed through (xi,yi,cl}, 

^z,yz,cz),(x3,yg^cS) where (xi, y i), (x2, Yz; and (x3,y3) are the 

vertices of a grid triangle. 
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Hence Equation (241) can be written as: 

PLI XI +. PL.Z y\ -h pus r c l 

Pi-1 XZ -h pi.2 yz + PL& C C 2 

pt-l x3 + Pt-z YS+ peg c c3 

(242) 

(243) 

(244) 

or in the matrix form as 

/ V I "Vl I ̂  XI r\ \ 

xz Y i 1 

X3 y3 1 

I pLI 

Pi~Z 

Pi-i 

' c l 

C l 

c3 
(245) 

Using the co-factor method the constants may be determined by 

inverting the "vertex" matrix as 

p n ^ / 
P L l 1 

DET 
PL 3 

QD 

Q6r 

/ cl \ 

Cl 

c3 

(246) 

where DST is the determinant of the original "vertex" matrix. 

The last known ray position and direction define a tangent and thus 

one diameter of the circle. The intersection of this diameter with the 

line of the celerity plane for C = 0 is therefore the circle 

centre.The radius of the circle can then be deteirmined by using the co-

ordinates of its centre and the last known ray position. This is 

sufficient to calculate the equation of the ray within the triangle 

under consideration. 

The intersection of the circular ray with the triangle sides may be 

found by assuming the straight line has the equation 

AI. X + A2. y = S (247) 

where Al,A2 and S are constants and the equation of the circle is: 
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(x-xc)^4. ( y - y c y = (248) 

where VC and YC are the co-ordinates of the centre and R is the 

circle radius. 

If the straight line is parallel to either the X or the Y axis 

(i.e. A1 = 0 or A2 =0), Y or X may be determined using Pythagoras' 

Theorem in the right angled triangle formed by the hypotenuse of 

length R. between the circle centre and intersection of the grid 

triangle and circle. Otherwise, the equation for the straight line is 

re-written as 

V -
^ - PH (249) 

and this expression is then employed to replace X in the circle 

equation. A quadratic equation in Y yields solutions for Y with 

corresponding values of X determined by Equation (249) . 

The correct ray exit position of the possible six is obtained by 

comparing the change in ray direction between its last known position 

and each intersection. Fig.170 illustrates a typical case. 

Various checks were made for rays over-running into shorelines or out 

of the grid extremities before calculation continued into the next 

triangle and the exit point of the last triangle became the entry 

point to the new one. 

8.4.3. PROGRAM OUTLINE 

The main program listing, called YREFRA.FTP, and the master subroutine, 

called YREFRB.FTP are given in the Appendix. 

The input data to YREFRA.FTP consists of eight parameters, seven of 

which have already been described for the method of Orr and Herbich 

(1969) and are listed as (a) to (e) in Subsection 8.3.3. The.only 

addition is that a minimum wave celerity CMIH must be specified. 

At this stage computation ceased. It is normally convenient to use a 

celerity corresponding to a particular depth contour given by: 

(250) 
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for depth eL in shallow water. 

The input grid was from the method of Orr and Herbich (1969) except 

that shoreline values were left in their original form and were not 

converted to depths of 100 m or -100 m. 

The calculation of successive wave ray origins along the wave line were also 

determined by the same method. The subroutine CELER calculated the 

celerities at each grid point using the previous method. The subroutines 

SHORE and BORDER were also included as before. 

The master subroutine called REFRAC by Brampton (1977 (a) ) was renamed 

YREFRB.FTP in accordance with requirements of the DATS 11 computer. The 

information required by YREFRB.FTP consisted of: 

(i) information concerning the grid system:-

(a) IMAX,TMAX- the number of columns and rows respectively. 

(b) ^X^tSrV - the grid spacing in the X and Y directions. 

(c) Z (IMAX,TMAX)- an array holding the wave celerities at 

each grid point. 

(ii) information concerning the wave ray:-

(d) the starting position XX and YY . 

(e) the initial direction AL in radians. 

(f) CMiM as described above. 

Each of the smaller rectangles of size and AY was divided into 

two right angled triangles by a diagonal; a top or bottom triangle 

was identified by subroutine TRE. 

The celerity values at the comers of the triangles were found and 

subroutine PLANE found the equation of the celerity plane passing through 

these vertices by the method outlined in Equations (241) to (246). 

YREFRB.FTP then divided into the two alternative methods to determine the 

exit point of the ray. If the plane is of small gradient, the ray is 

straight and its exit point is calculated by the method of Subsection 

8.4.2., using subroutine SOLVLL. If the ray is curved. Equations (247) 

to (248) are employed, using subroutine SOLVLC. 
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Having found the exit point,YEEFRB.FTP checked that a line of minimum 

celerity had not been crossed. If it had, then the intersection of the 

ray at this time and the ray's direction were calculated. The calculation 

then ceased and a new wave ray was tracked in (if another was required). 

If calculation of the same ray path was continued, the two paths of 

YREFRB.FTP met again to check if the exit point was at the edge of the 

grid system. If it was, calculation again ceased and a new wave ray 

was initiated. Otherwise, the next triangle was found by using subroutine 

SHIFT. 

The output of YREFRB.FTP consisted of the final wave ray co-ordinates 

and direction. In addition, a value of XRAY was returned which was 

an integer indicating why a wave ray had stopped. Values were 1 and 0 

for successful runs and were negative for unsuccessful runs. A list of 

IRAY values is given in the Notation section of YREFRB.FTP. 
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Fig.163: The rotation of wave crest resulting 
from differential wave celerities 
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Fig.164: Two wave crests and orthogonals in the X-Y plane 
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CHAPTER 9 - WAVE REFRACTION - APPLICATION 

"A thing may look specious in theory and yet be 
ruinous in practice; a thing may look evil in theory, 
and yet be in practice excellent". 

Edmund Burke, 19th Feb. 1788. 

9.1. SEA BED REPRESENTATION 

It has already been stated that, for the purpose of the wave refraction 

analysis, a representation of the sea bed was made which was a 

rectangular criss-cross grid. A number of factors were important in 

deciding the position and extent of the grid, and the spacing of the 

grid elements 

(a) The larger waves reaching the coastline of Poole and 

Christchurch Bays can be refracted into the Bay system 

from any clockwise direction between east and west. Thus, 

it was important that the grid extended far enough east and 

west so that wave rays could enter the Bay system from the 

English Channel. 

(b) It has already been mentioned in Chapter 7 that waves start 

to "feel the bottom", i.e. they reach shallow water and 

are transformed by the bottom topography, when d-/Lo= 0.50. 

It was ingortant, therefore, to extend the grid far enough 

south so that the majority of the larger waves reached 

the shoreline without having undergone refraction and 

shoaling effects before reaching the grid boundaries. 

(c) The further the grid extended offshore, the greater would 

be the inaccuracies due to wave generation, as the waves 

propagated inshore. 

(d) It was decided at an early stage that a single grid system 

should be used because of the computational complexities 

in multi-grid systems. The further the grid extended, 

therefore, the greater the number of spot depths required. 
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(e) The grid size had to be small enough for the bottom 

topography to be approximated by a plane surface, which did 

not need to be horizontal. 

(f) Each depth had to be individually read from a chart, 

reduced to a common datum, typed into the computer and 

checked. The number of such depth points which could be 

obtained by one person was an important consideration. 

(g) The small storage capacity of the DATS II computer had 

to be taken into account. 

The final choice was an area along the coast from St. Alban's Head in 

the west to St. Catherine^ Point in the east, which extended offshore 

to approximately the 60 m depth contour, about 50 km south of the Bay 

shorelines. 

The depth of 60 m is "deep water" (oC>'-o/2) for all waves up to 

9 s period. This includes the majority of the large waves reaching the 

Bays, the exception being swell waves. It should be noted, however, 

that some of the longer swell waves will start to refract on reaching 

the English Channel offshore from Cornwall, for example. Thus, swell 

waves are difficult to model in any U.K. Continental Shelf waters. 

The region reproduced was approximately square, covering an area of 
2 

about 2,500 km . The bathymetry changes more rapidly in a north-south 

direction and thus a rectangular shaped grid element was chosen in a 

west-east direction. This was also convenient since the grid could be 

aligned with the longitudinal and latitudinal directions, thus helping 

subsequent analysis. 

The grid element size was originally chosen as 1 km west-east by 

500 m north-south, but as will be explained later, the latter's dimension 

was changed to 250 m. There were approximately 4,500 grid points for the 

first grid and 9,000 for the second. 
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The Admiralty charts are of little use for extracting spot grid depths 

because the depths shown cover the region too sparsely. For example, 

the average distance between charted depths in Poole and Christchurch 

Bays is 1 km. In addition, the depths of some areas, especially shoals, 

are adjusted to read smaller depths which accounts for future sea bed 

sand movements. 

It was, therefore, necessary to use the original plotted charts known as 

collector charts. A visit was made to the Curator's office at the 

Admiralty Hydrographic office in Taunton, Somerset, where the necessary 

charts were selected and copies were then obtained. These charts were 

plotted to varying scales, and depths were reduced to different datums. 

The charts which were used are listed after the References. 

Employing the latitude and longitude divisions on each chart and 

considering the scale differences between the charts, the grid was 

transferred to all charts so that the required region was covered. 

Tables were completed for each column (north-south line) reading a 

spot depth at each row intersection until the shoreline was reached. 

The depth readings were generally so closely spaced on the chart that 

a grid intersection fell on a reading. In some cases, however, a 

linear interpolation was made from surrounding depths. At the 

shoreline the final grid intersection was a land value which was 

obtained by linearly extrapolating the sea depth values in relation to 

the land - sea interface shown on the chart. 

The chart datums were then reduced to mean sea level and the tables of 

spot depths were adjusted accordingly. It was decided that the 

accuracy with which the spot depths could be quoted was one decimal place. 

Fig.171 shows the collector chart of Christchurch Bay and overlying grid. 

The north south spacing is 250 m in this Figure. When the grid spacing 

was doubled in the north-south direction a value had to be inserted 

between each existing spot depth in the tables. 
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The data was then typed by hand into the computer. Again, when the 

grid spacing was doubled, a depth between each value had to be typed 

in the computer. The typed data was checked as carefully as possible by 

comparing a computer print-out with the tables. 

It was necessary to check that the correct number of spot depths existed 

in each column. This then showed that the grid had been accurately 

transferred from one chart to another, and that no value had been 

overlooked from the time the data had been extracted from the charts to 

the final computer print-out. A program called XDOTS.FTP (see Appendix) 

was written. This placed a cross at all positive depth values. For this 

purpose all negative land values were assigned the number zero, so 

that no cross was plotted. The program proved useful because a number 

of depth values had been omitted. The final plot is shown in Fig.172. 

The Figure also indicates the comprehensive depth cover of the region. 

9.2. VISUAL REPRESENTATION OF SEA BED 

As a means of checking the grid data and as an accompaniment to the 

refraction analysis, it was thought necessary to represent the sea bed 

in a visual manner. Two different types of diagram were chosen for 

this purpose. 

9.2.1. THREE DIMENSIONAL PLOTS 

Two standard programs available for use with the DATS 11 computer permit 

data to be represented as a three-dimensional solid. The program 

called HIST plots individual values as vertical columns or blocks, 

giving a "stepping-stone" appearance. The program ISM joins data 

points to form a surface which may be either "single lined" or 

"webbed". The computer has the option of viewing the 3D - solid 

tipped both to any vertical angle and at any desired horizontal angle. 

For this particular case all land points were given the value of zero, 

and depths were plotted in relation to this datum. Also, for the 

wave refraction analysis it was found unnecessary to grid the West 

Solent. Hence, this region is represented by land. 
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Figs.173 and 174 show the three-dimensional sea bed topography 

represented as blocks and a "single lined" surface respectively. Both 

diagrams are views from an approximately south-east direction with the 

3D- solid tipped at 30° to the vertical. 

Figs.175 and 176 show views from an approximately W.S.W. direction 

tipped at 20° and lO"" 

and "webbed" surface. 

tipped at 20° and 10° to the vertical, represented as a "single-lined" 

The diagrams were useful to pick out wrongly typed values or data where 

the decimal point had been omitted. 

The Figures also show some interesting topographical features which are 

not so apparent from the data or an Admiralty chart. 

There is a general upward curvature of the sea bed from deep water to 

a latitude from approximately St. Alban's Head in the west to St. 

Catherine's Point in the east. The two Bays prominently resemble two 

open sided saucers. The regions where the topography changes rapidly 

are also apparent - viz. Dolphin Sand and its continuation to Dolphin 

Bank and the Shingles, Christchurch Ledge and the region south of 

St. Catherine's Point. 

9.2.2. CONTOURING THE SEA-BED 

A standard program called CONTOR for contouring was available in the 

DATS 11 computer, but when it was subjected to the vast quantity of 

grid data a number of mistakes occurred such as incorrect joining 

of contour lines in complex regions. This made a revised contouring 

program for the Data Analysis Center necessary. 

Contouring by computer is complex and a flow diagram of the program 

called YCONTR.FTN (see Appendix) is shown in Fig.177. The location of 

contour points was determined by linear interpolation between two spot 

depths, one of which was above and one below the contour value. These 

positions were then joined together using the subroutine JOIN, 

depending on the location of one contour value in relation to another 

in adjacent columns. 



316, 
An, example of a contour plot is shown in Fig. 178 for 10 m intervals 

between depths of 10 m and 60 m. Fig.179 shows a similar plot for 

10 m intervals between depths of 5 m and 55 m. The contours compare 

reasonably well with those on Admiralty charts of the area. The 

only divergence is near the Shingles, Dolphin Bank region where the 

coDq)lex topography cannot be clearly represented by this particular 

grid size. 

9.3. THE PROBLEMS ENCOUNTERED 

9.3.1. THE METHOD OF ORR AND HERBICH 

When the program for the refraction method of Orr and Herbich (1969) 

had been run, it became obvious that the orthogonals tended to "over-

refract", especially in regions of complex topography. One of the 

worst areas was in the approaches to Christchurch Bay in the Dolphin 

Bank region. In some cases, especially for longer wave periods of 8 

or 9 seconds, the orthogonals even doubled back on themselves. Figs.180 

and 181 show two plots for waves of 6 second period approaching from 

the south-east and south-west directions respectively. The equivalent 

diagrams plotted using the Brampton method are shown in Figs.182 and 

183 for comparison with the above. 

It was felt that this was not representative of the wave action in the 

Bays, and that the grid element size, then 1 km west-east by 500 m north-

south, should be made finer. The number of grid lines in the north-

south direction was doubled so that the spacing was reduced to 250 m. 

The result was some orthogonal straightening, but the real life 

representation was still poor. 

It appears that similar problems have been experienced by other authors 

who have used this refraction method. Fisher et al (1975) have used 

the method in a beach erosion model at Cape Hatteras, U.S.A. and the 

resulting wave refraction diagrams show many entangled orthogonals 

from smoother topography than Poole and Christchurch Bays. Aranuvachapun 

(1977) has used the similar Wilson (1966) method to study wave refraction 

in the southern North Sea near East Anglia. The refraction diagrams he 
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includes show highly deviating orthogonals and he comments that the 

"wave orthogonals are unreliable near the coast". 

A number of reasons may contribute to the poor representation of the 

orthogonals 

(a) It appears that this wave refraction method may be 

acceptable where the topography does not change rapidly. 

It is therefore important to either employ a very fine 

grid or to smooth out irregularities in some regions, in 

the Shingles, for example. 

(b) The method employs depth values from sixteen grid 

intersections surrounding a point. Thus it is possible 

for data 2 km from the position under observation to 

influence the wave refraction. In regions of complex 

topography where grids are not fine, this seems an 

unreasonable assumption. 

(c) The deviation of an orthogonal as it moves inshore is 

cumulative, in that once it starts to veer, successive 

computations do not return it onto a true course. 

(d) The governing equations are of low order and these may 

not be sufficient in regions with complex topography. 

From the early stages of the wave refraction work if was considered wise 

to write a computer program since it would be easier to rectify errors, 

avoiding a major problem which occurs when adapting a published program. 

This had been done but, unfortunately, it seemed the program was not 

sufficiently complex. 

On reviewing the situation it was considered that the original aim was to 

utilise the results of the refraction analysis rather than develop a 

workable program. In addition, much progress had been made in the 

field of wave refraction programming in recent years, so that complex 

programs already existed in the published literature. With the limited 
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time available it was decided to adapt a program for use on the computer. 

The program of Heaf (1974) was available but unfortunately it was in 

the language ALGOL, which would have meant transferring languages to the 

FORTRAN system used by the author. It was, therefore, considered 

safer to use the method of Brampton (1977 (a) ) , a recently published 

FGETRAN computer program. 

9.3.2. THE METHOD OF BRAMPTON 

The subroutines for this method were given to the author by 

Dr. A.H. Brampton, but it was necessary to write the main "calling" 

program. This was performed, using similar methods to those already 

applied for the program of Orr and Herbich (1969) which therefore 

meant that this early work had not been in vain. For this method only the 

finer 1,000 m x 250 m grid size was used. 

When the program was run on the computer the orthogonals appeared to 

track into shore as expected, but then some rays "kicked" when close to 

the shoreline - the orthogonals, after moving in small steps, would then 

suddenly jump across the V.D.U. screen, often over the boundaries of the 

border. A number of reasons for this were considered 

(a) Had the program subroutines been read in and accepted 

correctly or were there a number of commands not compatible 

to both computers? With the help of the computer experts 

in the Data Analysis Center this suggestion was dismissed 

after the computer had checked all the lines and structure 

of the program. 

(b) Was the grid size still too coarse in the inshore region? 

After checking, it was decided that the "kicking" 

occurred even in some areas of almost flat topography. 

(c) Was the shoreline poorly defined so that in some regions 

orthogonals were impinging on a sharply changing or "step" 

like coastline? The shore was then carefully redefined 

and this suggestion was eliminated. 
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The program then output large quantities of data from calculations 

at various stages of the computation. After carefully following the 

track of a number of orthogonals, this kicking was diagnosed as having 

been produced by the program subroutines. Dr. A.H. Brampton was then sent 

this output and he finally diagnosed that the problem was caused by 

differences in the computer accuracy. The computer at H.R.S. is larger 

and more accurate than the DATS 11 computer. Thus some checking 

statements had been computed more accurately than the DATS 11 could manage 

thus peculiar numbers were output. The problem was solved by altering 

the accuracy of some checks, although this had no affect on the ortho-

gonal path. 

When the outputs had been fully checked and verified by Dr. A.H. Brampton, 

it was rather satisfying since this was the first time that the program 

had been run on a computer other than at H.R.S. It was hoped that the 

experience learned in this operation would prove useful when other 

researchers used this wave refraction model. 

9.3.3. CAUSTICS 

As the wave orthogonals moving from deeper water pass over shoals, 

convergence of the wave rays often occurs. In some cases the orthogonals 

may cross over to form a "caustic". The shoals seem to behave like 

lenses by focussing the rays together at a point. For short wave periods 

the rays may converge, but never cross, before a shoreline is reached, but 

for longer period waves the situation is often more severe because 

focussing occurs close to the shoal. 

In Section 9.5. it will be shown that caustics are formed predominantly 

by the shoals of Dolphin Sand, Dolphin Bank, the Needles, the Shingles and 

Christchurch Ledge. These caustics cause a problem, because the reduction 

of the orthogonal separation to zero results in the prediction of infinite 

wave heights using Equation (154). This is clearly unrealistic, although 

there is no doubt that caustics do occur. The formation of caustics for 

water waves propagated over a shoal with circular bottom contours has 

been shown by Arthur (1946) and has been verified in a laboratory 

experiment which used a clock glass by Pierson (1951). In addition. 
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Pierson (1951) found the existence of caustics in the ocean by studying 

aerial photographs. In Poole and Christchurch Bays the use of aerial 

photographs has enabled regions of caustics to be identified as described 

in Section 9.4. 

It is obvious, therefore, that care must be taken when examining wave 

refraction diagrams. One of the influencing parameters is the deep 

water orthogonal separation. Figs.184 to 186 show three diagrams of 

the same wave period and ray approach angle, but because of the ray 

separation, Fig.184 shows no caustics. Fig.185 a few caustics and Fig.186 

many caustics. Caustics are also localised in space for a particular 

wave period and approach direction. By slightly changing the input 

parameters to the refraction program, a caustic region of high predicted 

wave heights can be transformed to a low energy area. Therefore, more 

important than a localised caustic position for a particular set of 

input data is an envelope which contains all caustics for a great 

variety of offshore wave conditions. Such an envelope is constructed 

in Section 9.5. 

Caustics are of great interest to engineers because they are areas of 

high predicted wave height. Unfortunately, it is in such locations 

that the reliability of conventional refraction techniques is at its 

lowest. Caustics can be found in all the conventional wave refraction 

diagrams described in Section 8.1'.. but it still seems that no satisfactory 

solution exists. 

Pierson (1951) verified the formation of caustics by considering a single 

wavefront which splits into two or more wave trains at a caustic. This 

occurs when the speed of various portions of a wave crest reduces over 

areas of decreasing depth. Such an effect can be seen in Fig.187 for 

waves passing over a localised shoal, which then forms a pattern of 

crossing waves. Pierson (1972) has used this technique to explain the 

loss of two British trawlers in storms which occurred close to caustic 

regions. The incorporation of this type of effect into refraction diagrams 

has proved complex. 

Beitinjani and Brater (1965) and Battjes (1968) have both shown that as 
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wave orthogonals converge, the resulting wave amplitude gradients along 

a wavefront cannot exist. Instead, there is a lateral flow or 

"shedding" of energy along wave crests and troughs which, if neglected 

in the computation of wave heights, results in appreciable error in 

both the wave pattern and amplitude. Fig.188 illustrates this behaviour 

for a refracting wave. 

A number of modifications to the theory have been indicated and a 

possible incorporation into refraction programs has been suggested. 

Beitinjani and Brater (1965) have represented the modification of steep 

waves entering shallower water more accurately by using Stokes'theory 

rather than linear wave theory. 

Chao (1971) has applied the uniform asymptotic theory suggested by 

Ludwig (1966) to linear wave equations. Chao (1971) found that when 

waves approach a caustic, the amplitudes increase monotonically and 

peak immediately before reaching the caustic. On the other side of the 

caustic (in the shadow region) the wave amplitudes decrease exponentially 

with an increasing distance from the caustic. Chao (1971) also 

suggested that a 90° phase shift occurred after the waves passed through 

a caustic point. 

Battjes (1968) indicates that an alternative method of wave ray 

calculation is being developed, where the phase and amplitude are 

computed in predetermined locations in a caustic region. However, to 

the author's knowledge, this work has not yet been published. 

There is some evidence to suggest that, although conventional refraction 

diagrams produce unreliable wave height estimates in a caustic region, the 

refraction pattern itself, shoreward of the caustic, may not be as 

unrepresentative as it appears at first sight. Chao and Pierson (1972) 

and Chao (1974) have demonstrated through wave basin studies and theoretical 

analysis that the wave rays, after emerging from the caustic region, 

eventually follow the continued ray path, and wave conditions are determined 

as if no caustic had occurred. There may be, however, a phase shift of 

90° which is often unobservable because in nature the waves are so random. 
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In addition, it must always be remembered that the real sea, at all 

times, contains some spectrum of wave periods, heights and directions. 

Thus, for a given location the refraction diagrams produced for a small 

number of selected wave periods and directions must be continuously 

viewed, especially when they suggest that the wave height is large. 

Ideally, the refraction of a wave spectrum, as described by Abemethy and 

Gilbert (1975), provides a more realistic model to real sea waves. 

However, not only is the refraction procedure extremely complex, but 

also, offshore wave spectra data does not exist for Poole and 

Christchurch Bays. 

9.4. VERIFICATION OF THE WAVE REFRACTION DIAGRAMS 

Before the wave refraction diagrams could be confidently applied in the 

Bays, it was necessary to compare modelled with actual wave conditions. 

It is interesting to note that in the published literature no mention is 

made of the verification which is so important. It can only be 

concluded that comparisons are undertaken but are considered of insufficient 

interest to warrant a description, and of more significance are the 

results. 

Verification of wave refraction diagrams can be made by using aerial 

photography, or by using radar images, whose application and 

interpretation are described by Ross et al (1975) and Mattie and Harris 

(1978). 

9.4.1. USING AERIAL PHOTOGRAPHS 

In the present case the use of radar was not possible. Aerial 

photographs must include recognisable sections of the coastline and 

must be obtained from a sufficient height to encompass areas some 

kilometres offshore. A problem with all aerial photography is that such 

flights are not made in high wind conditions, or in other words, during 

the wave generation stage when photographs would be of most interest. 

Thus, aerial photographs often show little or no wave patterns. 

A number of organisations were approached in the hope of obtaining aerial 

photographs of the region. The only available photographs were the 
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TABLE 25 

WIND DIRECTION AND SPEED DATA 

Wind direction (degrees clockwise from north): Wind speed 
(knots) 

Hour 7th July 1959 6 th Ju! .y 1960 20th November 1962 
commencing Calshot Calshot Hum Calshot Hum 
(G.M.T.) 

0 340:05 245:13 240:11 300:08 290:06 
1 070:05 250:13 240:11 300:08 L+V 
2 080:05 250:12 240:12 290:07 260:03 
3 070:05 255:12 260:10 300:06 L+V 
4 070:06 260:11 250:11 300:07 CALM 
5 080:06 255:11 240:13 260:06 L+V 
6 130:08 255:12 250:15 260:08 L+V 
7 130:08 260:15 260:16 270:08 L+V 
8 120:10 250:15 250:16 280:06 L+V 
9 120:11 240:16 260:16 L+V L+V 
10 120:12 240:15 250:15 220:06 L+V 
11 120:13 240:17 250:15 170:10 100:05 
12 120:12 240:19 250:16 170:09 160:07 
13 120:12 240:15 240:15 180:10 160:09 
14 120:11 245:17 250:18 150:12 150:12 
15 130:10 240:17 250:15 150:12 160:14 
16 120:08 240:15 250:14 170:18 160:15 
17 130:09 245:15 250:12 160:19 150:16 
18 140:07 245:13 250:11 160:20 140:17 
19 160:07 245:11 250:11 150:21 140:15 
20 150:07 240:12 240:11 150:18 130:15 
21 140:07 245:13 250:11 150:17 140:13 
22 130:05 250:11 250:11 150:17 140:14 
23 120:03 245:12 240:11 140:14 130:13 

L+V = Light and variable 
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WIND AND WAVE DATA 

324. 

Date Wind direction 
( in degrees 
clockwise from 
north) 

Wave approach 
direction (in 
degrees anti-
clockwise from 
a positive 
X -axis) 

Wind 
speed 
(knots) 

Hs 
(m) 

Tz 
(s) 

7th July 1959 120 150 12 0.47 4.5 

6th July 1960 240 30 18 0.91 5.0 

20th November 
1962 170 100 10 0.35 
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AERIAL PHOTOGRAPHS USED TO VERIFY THE 
WAVE REFRACTION DIAGRAMS 

Date Photograph numbers Region covered 

V58/RAF/2843 - 0040 Hurst Castle Spit to Highcliffe 

- 0041 Milford on Sea to Solent Road 

- 0042 Beckton Bunny to Boscombe Pier 

- 0043 Highcliffe to Branksome Chine 

7th July 1959 - 0044 Solent Road to Mid Studland Bay 

- 0045 Boscombe Pier to Mid Studland Bay 

- 0046 Branksome Chine to South Studland Bay 

- 0047 Poole Harbour 

- 0048 Flag Head Chine to Anvil Point 

- 0049 East Cliff to Anvil Point 

F21-58/RAF/ 
T3646 - 0007 Barton-on-Sea to Highcliffe 

- 0008 Highcliffe to Christchurch Harbour 
Entrance 

6th July 1960 - 0009 Mudeford to Double Dykes 

- 0010 Christchurch Harbour Entrance to 
Solent Road 

- 0011 Hengistbury Head to St. Catherine's 
Path 

V58/RAF/4878 - 0025 Hengistbury Head to Boscombe Pier 

20th November 
1962 - 0026 Highcliffe to Southboume 

- 0027 Barton-on-Sea to Double Dykes 
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property of the Ministry of Defence and, after inspection, it was 

apparent that only three flights had yielded recognisable wave patterns 

from a reasonable portion of the Bays. These had been flown on 

7th July 1959, 6th July 1960 and 20th November 1962. Five such 

photographs encompassing the Bays are shown in Figs.189 to 193. 

The offshore wave approach direction and period were required to simulate 

the wave patterns on the computer. The Meteorological Office at 

Bracknell were able to supply hourly average wind speeds and directions 

at Calshot and Hum as shown in Table 25 on the required days, with the 

exception of 7th July 1959 when only Calshot was operational. This 

enabled an estimate of the wind speed and direction over the daylight 

hours to be made. 

It was assumed that the offshore approach direction of the waves followed 

the wind direction. The wind speed was used with Equation (100) of 

Section 5.2., derived for the Poole Bay Waverider Buoy site, to obtain 

an estimate of the significant wave height from 

= 8 26 X lO'̂  (100) 

Using the scatter diagrams for 1975 to 1977 (Figs.66 to 68) it was then 

possible to estimate a possible wave period for the particular value of 

Hs • This wave period was used with the ray approach direction to 

simulate conditions in the Bays. The input data is shown in Table 26. 

For the 7th July 1959, Fig.194 shows a diagrammatic representation of 

the wave pattern taken from the aerial photographs, with numbers shown in 

Table 27. Fig.195 is the wave ray pattern for the approach angle 150° 

anticlockwise from a positive X-axis, with wave period of 4.5 seconds. 

A comparison of the figures shows that the wave pattern was well 

approximated in Poole Bay with perhaps two criticisms. Firstly, the 

model wave rays were not refracted enough near to the shoreline, 

although this is sometimes difficult to interpret on the small scale. 

Secondly, some rays stopped short of the coastline in Swanage and 

Studland Bays and near to Poole Harbour entrance, whereas the aerial 

photographs predicted some strange crossed wave patterns with approach 

angles very different from those further offshore. Obviously, some 

peculiar phenomena had taken place which the refraction model could not 
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imitate. 

In the model few wave rays entered Christchurch Bay, while the aerial 

photographs showed a quite definite pattern. Diffraction had taken 

place around the Needles, swinging the wave crests into Christchurch 

Bay, and in the east this had resulted in almost a reversal of 

approach direction. 

For the 6th July 1960, Fig.196 shows the wave pattern from five 

photographs over east Poole Bay, and west and central Christchurch Bay. 

Fig.197 shows the equivalent wave rays for an approach angle of 30° 

and a wave period of 5 seconds. It can be seen that the model predicted 

that no wave rays entered the region covered by the photographs. As in 

the previous case, diffraction, this time around Anvil Point, would occur 

and the model could not predict this. However, this would have resulted 

in wave rays swinging into Poole and Christchurch Bays and an approach 

angle greater than 30° (anticlockwise from a positive X-axis). But, 

the aerial photographs show quite clearly an approach angle of 30°, 

which may have represented waves generated in Poole Bay, since the winds 

were quite strong on that day (Force 5). So, perhaps there is a 

conflict between the effects of diffraction and local wind generation, 

both of which were not included in the model when deep water waves 

were simulated. 

On 20th November 1962 the winds were light, in the early part of the day 

from the north and later from a direction east of south. The three 

aerial photographs clearly show (Fig.198) an approach of the wave 

crests from the south west. This swell condition cannot be modelled 

from wind data. 

The two sets of applicable aerial photographs posed more questions, 

rather than gave positive answers. So, a new technique of wave 

refraction model testing was devised. 

The aerial photographs already referred to illustrate two other interesting 

features which have not been described above. 

Firstly, there is a radiating pattern of wavelets generated from the 

tip of the Long Groyne at Hengistbury Head as shown in Fig.196 from 

the photograph for 6th July 1960. 
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Secondly, some regions of caustics can be identified on the photographs 

of 7th July 1959, particularly at the Shingles, Dolphin Bank and in 

Swanage and Studland Bays. These are recognised as areas where wave crests 

cross over, so that wave trains are travelling in two different 

directions at the same time. The wave pattern at the Shingles appears 

to be complex. This is confirmed in the wave refraction model. 

9.4.2. USING VISUAL WAVE DATA 

This method of verification used simultaneously recorded Waverider 

Buoy data and estimated wave approach direction from a beach observer 

at Southboume. This data was included in the Monthly Reports since 

July 1974. 

To avoid difficulties already noted when modelling swell waves from 

recorded data a number of conditions were imposed, which apart from a 

few correlations, resulted in the consideration of only wind-generated 

waves; 

(a) Wave heights must be rising from a calm sea ( 3 m) . 

(b) Hs must exceed 1 m. 

(c) Before a new set of correlations are examined, must 

reduce to the calm condition. 

(d) Southboume beach observer data must exist or be easily 

estimated. 

This produced 132 correlations of Hg , Tz , the wind direction at 

Portland and the wave direction at Southboume. The directions were 

expressed in degrees clockwise from north. 

A fair degree of scatter on all plotted graphs of the data was noted 

but some general trends became apparent. In Fig.199 a plot of the 

offshore wind direction against the wave approach angle at Southboume 

shows that as one parameter increases so does the other. For each 
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TABLE 28 

WIND AND WAVE DATA 

Wave approach angle 
at Southbourne (in 
degrees clockwise 
from north) 

Wind direction at 
Portland Bill (in 
degrees clockwise 
from north) 

Recorded Tz, at 
Waverider Buoy site 
(s) 

160 150 4.9 

170 180 5.4 

180 190 5.5 

190 220 5.3 

200 240 5.2 

210 250 5.2 

220 260 5.2 
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Southboume wave approach angle between 160° and 220°, estimates of 

the mean offshore wind and wave direction are listed in Table 28. 

In Fig.200 is a graph of the Portland wind direction against the 

recorded wave period at the Waverider Buoy site. There is no obvious 

trend in the data, for all periods tend to show a mean of about 5 seconds 

for every wind direction. However, some rather crude estimates have 

been made and these are listed in Table 28. 

Using the data for offshore wave approach direction and period, wave 

rays can be projected shorewards from deep water to pass through the 

Waverider Buoy position and impinge on the Southboume coastline. 

For the approach angles of 10°, 20° and 30° measured anticlockwise from 

a positive X-axis, (this corresponds to Portland wind directions of 

26, 25 and 24 respectively), no wave rays reach the Waverider Buoy site 

or Southboume when projected from deep water as illustrated for the 

30° case in Fig.201. It appears that diffraction around Anvil Point must 

be taking place and would result in rays swinging into the Bays with 

greater angles of approach from the positive X-axis. This appears 

to be true since at Southboume, for offshore approach angles of 10°, 

20° and 30°, the observed approach angles at the beach are 50°, 60° 

and 70° respectively. 

For the offshore approach angle of 50° as shown in Fig.202 the wave 

rays swing close to the shoreline to impinge at an angle of about 80° 

corresponding to the average field observed direction. 

The wave rays for the offshore angle of 80°, shown in Fig.203, approach 

the coastline at Southboume from the south (90°) which is in 

agreement with the observed data. 

For the offshore approach angle of 90° as shown in Fig.204 very little 

deviation of the rays occurs from deep water to the coastline. The 

beach observer data predicts an angle of 100° at the shoreline which is 

close to the 90° predicted by the model. 
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Fig.205 shows the offshore approach angle of 120° and it can be seen that 

the rays, after showing little deviation from deep water, turn close to 

the shoreline to impinge at an angle of about 110°. This is in 

agreement with the observed data. 

The above information still does not conclusively verify the model. The 

two sets of aerial photographs and Waverider Buoy - Southboume data are 

all applicable to wave periods of only 5 seconds when little deviation 

of the rays occurs, except close inshore. It would have proved useful if 

information for longer wave periods had been available. 

It has been shown that the model predicts reasonably accurately the 

conditions which are directly open to the wave approach direction, but 

it poorly defines wave patterns in sheltered regions. In such regions 

the effects of diffraction around headlands and locally generated wind-

waves are not portrayed in the model. 

9.5. RESULTS AND DISCUSSION OF WAVE REFRACTION USING THE BRAMPTON METHOD 

A discussion of the application of the wave refraction diagrams to coast 

protection has been given by Henderson and Webber (1979 (c) ). The 

wave refraction program proved to be a powerful tool for the wave ortho-

gonal s could then be simulated for any wave period or direction. It 

would be possible, therefore, to produce many hundreds of refraction 

diagrams. For this reason a selection had to be made to include in this 

Section. It was considered most beneficial to discuss those diagrams 

relevant to conditions which occurred most frequently in the Bays during 

an "average" year. 

It has already been shown that 1977 was the year when winds, and thus waves, 

approximated to an average year, since wave records were first collected 

at the Poole Bay Waverider Buoy site in 1974. 

It was considered that wave orthogonals could be produced well for offshore 

approach angles between 30° from a positive X -axis (240° clockwise 

from north) to 150° from a positive X-axis (120° clockwise from north). 
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It was assumed that in the offshore region the waves follow the incident 

wind direction for locally generated wind waves. It has been shown 

by Mitsuyasu and Mizuno (1976) that there is some angular scatter about 

the mean but that the wave energy is propagated in approximately the same 

direction as the wind. 

A frequency analysis was obtained for 1977 of wave periods and corresponding 

wind directions at Portland Bill for waves with Hj greater than 0.5 m, 

as shown in Table 29. A dividing line of seven occurrences or more 

was chosen to represent the conditions which most frequently exist. The 

corresponding wave refraction diagrams are shown in Figs.206 to 226. 

The diagrams for wave periods of 5 seconds indicate that little wave 

refraction occurs outside the Bays. For higher periods of 7 and 8 

seconds, dispersion and convergence of the orthogonals takes place 30 km 

south of the Bays. 

Each separate diagram is interesting, but a general outline of the 

predicted wave patterns for all the Figures is given below 

(a) There are crossings of wave rays and caustic formation in east 

Christchurch Bay. For the 5 second period the figures have 

been used with diagrams of the less frequently occurring 

directions to plot a caustic envelope which was described 

in Subsection 9.3.3. as a curve surrounding all caustics, 

as shown in Fig.227. The regions of caustic formation are 

caused by the shoals of Dolphin Sand and Bank, the Needles, 

the Shingles and Christchurch Ledge. 

(b) There is a convergence of wave rays onto the headland at 

Hengistbury Head as shown, for example, in Figs.213 and 

225, which is what is expected from Fig.154 in Section 7.2. 

(c) The entrance to Christchurch Harbour is sheltered because of 

its orientation facing almost due east. 
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(d) The deep water channel between the Needles Channel and the 

West Solent is sheltered with very few wave orthogonals 

actually penetrating into the Channel. This is a well 

known phenomena and has been observed at the deep water approach 

channel at Jebel Ali Dubai by the Hydraulics Research Station 

(1978) and schematised by Brampton (1977 (b) ) for waves 

passing from a shallow to a deep bed over a vertical step. 

(e) Poole Bay is sheltered for all approach angles of 30° and 

40° irrespective of wave period and orthogonals reach 

only the east of the Bay for directions of 50° and 60°. 

Similarly Christchurch Bay is sheltered for the angle of 

approach of 150°, with a few orthogonals reaching the 

shoreline for 140° approach direction. However, this 

ignores the effects of diffraction which would otherwise 

expose more areas than is suggested by the Figures. 

(f) For the diagrams with wave periods above 6 seconds there is 

a tendency to converge on various parts of the Bay shorelines. 

For example, in Figs.225 and 226 for an approach angle of 

140° and wave periods of 7 and 8 seconds respectively, 

there is a strong convergence of orthogonals to Alum and 

Branksome Chine with a corresponding divergence away from 

the region between Bournemouth and Boscombe Piers. It would 

be unwise to make detailed deductions from such results, 

because the offshore orthogonal spacing is large, and only 

a single wave period is considered, which produces refraction 

diagrams sensitive to the orthogonal origins. In Sections 

11.4. and 11.5. the calculation of numbers of wave rays 

reaching the shoreline and littoral drift quantities is made 

with a small orthogonal spacing, and the consideration of all 

wave periods and directions in a year. This gives a more 

representative view of the relative exposure and erosion 

at different parts of the shoreline. 
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9.6. DISCUSSION OF THE LIMITATIONS M P INACCURACIES OF THE BRAMPTON METHOD 
AND PRESENT APPLICATION ' 

A number of wave refraction diagrams using the Brampton method have been 

included in this Chapter and several limitations have already become 

obvious. 

For the particular application in Poole and Christchurch Bays, diffraction 

of incident waves is an important phenomena which has not been considered. 

If diffraction were considered, the radiating effect around headlands, 

such as Anvil Point, Handfast Point and the Needles, would bend the wave 

orthogonals into shadowed parts of the Bays. It is obvious from Fig.194, 

combined with the aerial photograph of Fig.195, that the diffraction 

conditions are not correctly reproduced in the model. 

The inclusion of diffraction would also represent the conditions at the 

underwater shoals and banks more accurately. For example, quite 

strong diffraction effects would occur between Christchurch Ledge and 

Dolphin Bank at depths of 9 m below M.H.W.S., and the intersecting deep 

of about 24 m. In addition, refraction methods are based on approximations 

of geometrical optics which do not give reliable solutions near caustics 

where diffraction effects are important (Radder (1978) ) . 

A discussion of the relevance of the other shallow water processes to 

the Poole and Christchurch Bay area was made in Section 7.8. The 

significance of phenomena such as reflection, friction and percolation 

would be greatest at the shoals which are the most complex regions to model. 

Their inclusion might possibly reproduce conditions in these areas more 

accurately. It is unlikely that the effect of the weak currents over 

much of the region need be taken into consideration. 

Another important omission is the result of amplitude gradients on 

converging and diverging wave orthogonals which will influence the 

dispersion pattern of the waves and the resulting wave height calculations. 

As described in Subsection 9.3.3. this phenomena is most strongly apparent 

at caustics. 
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The area covered by the grid satisfies the condition of deep water for 

all wave periods up to 9 seconds. This includes the majority of large 

waves reaching the Bays. However, the result is an extremely large grid 

extending some 50 km south of the Bay shorelines, and since wave 

conditions in both Bays were required the west-east margins are over 50 km 

apart. This produces two important considerations 

(a) Since all depths were extracted from the Admiralty collector 

charts by hand, allowing for the available computer storage 

requirements, there was a limit to the size of grid 

elements employed in the analysis. This severely restricted 

the accuracy of the sea bed representation. In the areas of 

complex bed topography over the shoal regions of the Bays, 

the grid was far too coarse. Consequently, the depth 

and thus celerity gradients across the triangular elements 

would have been great. This conflicts with the original 

assumption for the Brampton method made in Subsection 8.4.1. 

(b) From the southerly limit of the grid to the shorelines, a 

distance of 50 km, there would be considerable wave generation. 

This would result in a superposition of the generated waves 

onto the assumed incident wave pattern to probably produce 

very different conditions from those predicted by the model. 

It might, therefore, have been wise to restrict the southerly limit of 

the grid to a region just outside the Bay margins. The effects of 

refraction and shoaling of waves reaching this margin would have to be 

ignored and the grid element size would be dictated instead by the 

distance between consecutive depth soundings on the Admiralty collector 

charts. 

It must be remembered, however, that the problems outlined above are 

inherent in all published wave refraction programs. 

At the 16th Coastal Engineering Conference in Hamburg in September, 1978, 

the author discussed some of these problems with two leading world 

authorities. Professors Jonsson and Skovgaard. They commented that for 

the complex bottom topography of the Bays only the most sophisticated 
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refraction method, with a very small grid element size would suffice. 

They remarked that the Norwegians have spent seven man years 

attempting to produce an accurate refraction program and they are still 

employing the Danes to carry out refraction analyses for them. 

In conclusion, therefore, the method of Brampton seems to reproduce the 

wave orthogonal pattern more realistically than other more simple methods 

like that of Orr and Herbich for example. It does not, however, either 

consider the phenomena of diffraction or account for wave amplitude 

gradients along wave crests and troughs, which are considered important 

in this case. In the present application the need to attain deep water 

for waves of periods less than 9 seconds produced a grid extending 

too far south. The resulting grid element size was too large, and 

either a smaller fine grid placed over the Bays, or a multi-grid system 

employing finer grids over the regions of complex topography and 

coarser grids elsewhere is required. This does, however, introduce 

problems when transferring a wave orthogonal between grids. 

It should be noted that, even with very sophisticated refraction programs, 

the problem of representing the real sea spectrum of wave frequencies, 

heights and directions by a small number of selected frequencies and 

directions still remains. An improved technique is the refraction of 

a spectrum inshore from deep water, provided data for offshore spectra 

exists at a site. 



338, 

= c% =n 5E 

nj 
•H 
u 
00 
00 0 • H 
1-4 
U 
<u 
I 

1 
PQ 
rC 
u u 

u 4-> 
03 
•H 

U 
M-l 
O 

u cd 
-g 

S-I 
o 
4J 
o 
Q) 

O 
O 

bO »H 
PM 



339, 

Fig.172: Grid intersections represented by a cross in the Bays 
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Main Program 

INPUT DATA 

1. MAX 4. GRID OF DEPTHS 

2. MIN 5. Y 

3. NLEV 

> 

CLEAR SCREEN 

DRAW SHORE 

DRAW BORDER 

CALL SHORE 

CALL BORDER 

CALCULATE CONTOUR LEVELS 

_ (MAX-MIN) 

(NLEV-1) 

P(M)=MIN+CV(M-1) 

SET CONSTANTS 

lY.IX.K 

READ FIRST COLUMN 

READ NE: 

READ FIl 

KT COLUMN 

IST P(I) 

READ FIRST DEPTH 

VALUES(CL) 

END 

NO 

IS 

THERE ANOTHER 

COLUMN 

NEXT P(I) 

NO 

Fig.177: Flow diagram of the program YCONTR.FTN 
© 
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NO 

IS 

YES P(I)=MAX 

LAST LEVEL 

(TEMPORARY IS 

SHORE)-100 100(SHORE) 

OR-100 

NO 

IS 
YES(DOWN GRADIENT) NO(UP GRADIENT) 

CL>CLL 

IS IS 

CLL>P(I) NO CLL(P(I) NO 

,YES 

IS 
YES 

CL 1st VALUE 

NO 

CALL JOIN 

CL OR CLL=10d 

M D CL<P(I) AND CL>P(I) 

JOIN CONTOURS 

READ NEXT DEPTH 

VALUES(CLL) 

TRANSFER COLUMNS 

C1=C2 

VALUE IN 
U(if 1st col) 
V(if 2nd col) 

STORE BORDER STORE IN U OR V POSITION 

+IY 

STORE IN U OR V POSITION 

+IY 

IŜ  

CL 1st 

Fig.177: (cont'd) Flow diagram of the program YCONTR.FTN 
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C O N T O U R D I A G R A M OF P O O L E AND D H R I S T P H U R C H B A Y S 

G R A H A E M E H E N D E R S O N J A N U A R Y 1 9 7 8 

N T O U R L E V E L ] 5 . 0 0 C O N T O U R L E V E L 4 3 5 . 0 0 
N TOUR L E V E L 2 1 5 . 0 0 C O N T O U R L E V E L 5 4 5 . 0 0 
N T O U R L E V E L 3 2 5 . 0 0 C O N T O U R L E V E L 6 5 5 . 0 0 

Fig.178: Contour plot of Poole and Christchurch Bays 
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C O N T O U R D I A G R A M OF P O O L E A N D C H R I S T C H U R C H S A Y S 

G R A H A E M E H E N D E R S O N J A N U A R Y 1 9 7 8 

C O N T O U R L E V E L 
C O N T O U R L E V E L 
C O N T O U R L E V E L 

1 1 0 . 0 0 
2 20.00 
3 3 0 . 0 0 

C O N T O U R L E V E L 
C O N T O U R L E V E L 
C O N T O U R L E V E L . 

4 4 0 . 0 0 
5 5 0 . 0 0 
6 60.00 

Fig.179: Contour plot of Poole and Christchurch Bays 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING ORR AND HERB I CHS METHOD 

GRAHAEME HENDERSON FEBRUARY 1978 

WAVE PER I0D= 6-0SECS : INITIAL ANGLE OF APPROACH^ 13 5° 

Fig.180: Wave refraction diagram using the method of Orr and 
Herbich for waves of period 6 seconds from the S.E. 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING ORR AND HERB J CHS METHOD 

GRAHAEME HENDERSON FEBRUARY 1378 

WAVE PERIOD- 6.0SECS :INITIAL ANGLE OF APPROACH^ 45' 

Fig.181: Wave refraction diagram using the method of Orr and Herbich 
for waves of period 6 seconds from the S.W. 
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WAVE R E F R A C T I O N I N P O O L E A N D C H R I S T C H U R C H B A Y S 

U S I N G B R A M P T O N S M E T H O D 

G R A H A E M E H E N D E R S O N J U N E 3 9 7 8 

WAVE P E R 1 0 0 = 6 . 0 S E C S ; I N I T I A L A N G L E OF A P P R O A C H = 1 3 5 . « 

Fig.182: Wave refraction diagram using the method of Brampton for 
waves of period 6 seconds from the S.E. 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1978 

WAVE PER 100= 6.0SECS .INITIAL ANGLE OF APPROACH = 45 

Fig.183: Wave refraction diagram using the method of Brampton for 
waves of period 6 seconds from the S.W. 
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WAVE R E F R A C T I O N IN POOLE AND CHRISTCHURCH BAYS 

USING B R A M P T O N S METHOD 

G R A H A E M E HENDERSON JUNE 1978 

WAVE PER 100= 9. 0SECS J INITIAL ANGLE OF APPROACH = 90. ( 

Fig.184: Wave orthogonals with a deep water separation of 2km 
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W A V E REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING B R A M P T O N S METHOD 

G R A H A E M E HENDERSON JUNE 1978 

W A V E P E R I O D : 9. 0SECS J INITIAL ANGLE OF APPROACH = 90.( 

Fig.185: Wave orthogonals with a deep water separation of 1km 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING B R A M P T O N S METHOD 

GRAHAENE HENDERSON JUNE 1978 

W A V E PER 100= 9.0SECS i INITIAL ANGLE OF APPROACH = 90.1 

Fig.186: Wave orthogonals with a deep water separation of 500m 
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Wave :rests 

SHOA 

re crests 

Fig.187: Splitting of wave crests after passing over a shoal 
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DIRECTION OF LATERAL 
MOTION 

Trough Reg 

/ 
Wave Crest 

Orthogonal 

Fig.188; Lateral flow of energy along wave crests and troughs 
for a refracting wave 
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Fig.189: Aerial photograph of West Poole, 
Studland and Swanage Bays 
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IK* 

Fig.190: Aerial photograph of Poole Bay 
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Fig.191: Aerial photograph of Hengistbury Head 
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Fig.192: Aerial photograph of Christchurch Bay 



361 

1 

Fig.193: Aerial photograph of east Christchurch Bay 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D ^ 4 5 S E C S : I N I T I A L ANCLE OF APPROACH = 1 5 0 

Fig.195: Wave orthogonals approaching the Bays modelling 
conditions on 7th July 1959 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = S . 0 S E C S ' . I N I T I A L ANGLE OF APPROACH 30 

Fig.197; Wave orthogonals approaching the Bays modelling 

conditions on 6th July 1960 
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* t * * I. 180 
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360 

Fig.199: Comparison of simultaneously recorded Portland 
Bill wind direction and observed Southbourne 
wave approach angle 
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Fig.200: Comparison of simultaneously recorded wind direction 
at Portland Bill and wave period at the Poole Bay 
Waverider Buoy site 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

CRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D 5 . 2 S E C S :• I N I T I A L ANGLE OF APPROACH = 30 

Fig.201: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

CRAHAEME HENDERSON JUNE 1 S ? 8 

WAVE P E R I O O = 5 . 3 S E C S I N I T I A L ANGLE OF APPROACH - 5 0° 

Fig.202: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER 1 0 0 = 5 . 5 S E C S : I N I T I A L ANGLE OF APPROACH = 8 0° 

F ig .203 : Wave r e f r a c t i o n diagram w i t h parameters as s p e c i f i e d 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 5 . 4SECS ) I N I T I A L ANGLE OF APPROACH = 9 0 

Fig204: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 , 

WAVE PER I 0 0 = 4 . 9 S E C S : I N I T I A L ANGLE OF APPROACH - 1 2 0 

Fig.205: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G B R A M P T 0 N 5 METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 5 . 0 S E C S i I N I T I A L ANGLE OF APPROACH = 3 0 

Fig.206; Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE A N D C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D ^ 5 . 0 S E C S ( I N I T I A L ANGLE OF APPROACH = 4 0 

Fig.207: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G B R A M P T O N S METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 D = 5 . 0 S E C S ; I N I T I A L ANGLE OF APPROACH = 6 0 

Fig.208: Wave refraction diagram with parameters as specified 
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W A V E R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 3 7 8 

WAVE PER I 0 0 = 5 . 0 S E C S ; I N I T I A L ANGLE OF APPROACH = 8 0 

Fig.209: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N TN POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 5 . 0 S E C S . ' I N I T I A L ANGLE OF APPROACH = 1 0 0 

Fig.210: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

CRAHAEME HENDERSON JUNE 1 3 7 8 

WAVE PER 1 0 0 = 5 . 0 S E C S : I N I T I A L ANGLE OF APPROACH 1 1 0" 

Fig.211: Wave refraction diagram with parameters as specified 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 19 78 

WAVE PER 100 = 5. 0SECS ; INITIAL ANGLE OF APPROACH = 130 

Fig.212: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G B R A M P T O N S METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 5 . 0 S E C S . ' I N I T I A L ANGLE OF APPROACH = 1 4 0 

Fig.213: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER J OD = 5 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 1 5 0 ' 

Fig.214: Wave refraction diagram with parameters as specified 
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WAVE REFRACT ION I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G 8 R A M P T 0 N S METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D : : 6 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 3 0 

Fig.215: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D - 6 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 4 0° 

Fig.216: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND CHRTSTCHURCH BAYS 

U S I N G B R A f i P T O N S METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 6 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 50 

Fig.217: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D ^ 6 . 0 S E C S i I N I T I A L ANGLE OF A P P R O A C H - 6 0 ' 

Fig.218: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N T N POOLE AND CHRTSTCHURCH BAYS 

U S I N G 8 R A M P T 0 N S METHOD 

GRAHAEME HENDERSON JUNE 19 78 

WAVE P E R I O D - 6 . 0 S E C S ( I N I T I A L ANGLE OF APPROACH = 80 

Fig.219: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

CRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D = 6 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 100 

Fig.220: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

CRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D - 7 . 0 S E C S : I N I T I A L ANGLE OF APPROACH = 30° 

Fig.221: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D : : 7 . 8 S E C S I N I T I A L ANGLE OF APPROACH = 5 0 

Fig.2225 Wave refraction diagram with parameters as specified 
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WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS 

USING BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1978 

WAVE PER I 00= 7.8SECS ; INITIAL ANGLE OF APPROACH = 60 

Fig.223: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER I 0 0 = 7 . 0 S E C S '• I N I T I A L ANGLE OF APPROACH 80 

Fig.224: Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE P E R I O D ^ 7 . 8 S E C S : I N I T I A L ANGLE OF APPROACH = 14 0° 

Fig.225; Wave refraction diagram with parameters as specified 
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WAVE R E F R A C T I O N I N POOLE AND C H R I S T C H U R C H BAYS 

U S I N G BRAMPTONS METHOD 

GRAHAEME HENDERSON JUNE 1 9 7 8 

WAVE PER 1 0 0 = 8 . 0 S E C S : I N I T I A L ANGLE OF APPROACH ' = 1 4 0 

Fig.226; Wave refraction diagram with parameters as specified 
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CHAPTER 10 - METHODS OF LONGSHORE DRIFT COMPUTATION 

"Come unto these yellow sands. 
And then take hands. 
Curt'sled when you have and kissed. 
The wild waves whist". 

William Shakespeare, "The Tempest". 

Littoral transport is the movement of beach material in the littoral 

zone by waves and currents. The littoral zone extends from the shoreline 

to the most seaward breaking waves. 

Littoral transport consists of onshore - offshore transport and long-

shore transport, which defines material movement perpendicular to and 

parallel to the shoreline respectively. 

There are two types of littoral transport, one is bed load movement, 

which consists of material rolling over the sea bed, and the other is 

suspended load motion, which is the transport by currents of grains 

lifted from the sea bed by turbulence. Both modes of transport are 

normally present at the same time, and littoral transport formulae and 

models consider these together as the total movement of material. 

There are several available methods for the calculation of the total 

longshore drift, and the difference between them is the degree of 

complexity. All of the published literature on the subject considers the 

movement of sand particles because it is the problems with sandy shore-

lines of the U.S.A. and the Netherlands which have stimulated the 

research. 

10.1. THE CERC FORMULA 

Observations in both prototype and model beaches have exposed a 

correlation between the volumetric sand transport rate Qc along a 

coast and a component of the longshore wave energy flux the form 

where A and n are constants. 
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TABLE 30. 

VARIATIONS OP THE CERC FORMULA 

Reference Equation 

Watts (1953) QL = M13o ( Pus )*' 

Caldwell (1956) QL= IOSIO(Pls)°'® 

Savage (1962) Qi.= 4-Mo Ra 

CERC (1966) 4-IIO Pa 

Das (1972) <Jt"6oROP(LS 

CERC (1973) QL - 7SOO Pes 

Note: Uni ts of Qc and Pcs are ydVyr and f t I b s f / s / f t 
r e s p e c t i v e l y . 
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This method is popular in the U.S.A. and is the empirical relationship 

suggested by the U.S. Army Corps of Engineers (1973). There are 

several choices for expressing Plj in terms of breaker and offshore 

wave conditions. The one shown here is for offshore wave conditions 

(subscript o ), combined with wave breaking conditions (subscript b ) 

at the shoreline in the form: 

FLs = ^ (Ho K)'' Cjb curs o<b (252) 

^ = mass density of fluid 

Ho = deep water wave height 

Cgb= breaking wave group celerity 

= angle between the wave crests and the shoreline 
at breaking 

K = coefficient of refraction and shoaling. 

The values of the constants A and n in Equation (251) have been 

updated six times as shown in Table 30 which is taken from Galvin 

and Vitale (1976). 

Watts' (1953) equation was based on four monthly field data points 

collected at South Lake Worth Inlet, Florida, U.S.A. The longshore 

transport rate was measured by surveying the amount of sand pumped 

into a detention basin at the inlet. Pus was computed using values of 

Hs and Tz derived from a pressure gauge installed some kilometres 

seaward of the Inlet. Wave direction was estimated from visual 

observations. 

Caldwell (1956) calculated five additional field data points. The 

longshore transport was measured by comparing successive sets of 

surveys of the beach along a 3 km study area immediately south of the 

jetties at Anaheim Bay, California. Pls was calculated from wave 

records of a step resistance wave gauge installed some kilometres 

seaward of the Bay. Wave direction was obtained from wave hindcasting 

and wave refraction analysis using synoptic weather charts. Caldwell's 

(1956) equation was based on these five records and Watts' (1953) four 

data points. 



398, 

TABLE 31 

COMPARISON OF DATA USED IN DERIVING THE CERC FORMULA OF 
1966 AND 1973 

Type of Data Reference CERC(1966) CERC(1973) 

Krumbein (1944) 15 0 
Saville (1950) 9 0 

Laboratory Shay and Johnson (1951) 99 0 
Sauvage and Vincent (1954) 17 0 
Savage (1962) 10 0 
Total 150 0 
Watts (1953) 4 4 

Field Caldwell (1956) 5 5 
Komar (1969) 0 14 
Total 9 23 
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The equation of Savage (1962) was obtained by adding numerous 

laboratory data points to those of Watts (1953) and Caldwell (1956). 

This relationship, given by: 

QL= 4-IIO Pes (253) 

was suggested for use by the U.S. Army Corps of Engineers, Coastal 

Engineering Research Center, Shore Protection Planning and Design Manual 

(1966), denoted CERC (1966). 

Das (1972) added fourteen field data points from Komar (1969) and Mosre 

and Cole (1960) to those of Savage (1962), but ignored laboratory data 

based on experiments with lightweight sediments, to obtain his equation. 

The most recent relationship given in the U.S. Army Corps of Engineers, 

Coastal Engineering Research Center, Shore Protection Manual (1973), 

denoted CERC (1973) is; 

Qc=75-ooPcs (254) 

3 

where is the longshore transport rate in yd /year and FLs is the 

longshore wave energy flux in ft Ibsf/s/ft of beach for significant 

wave height characteristics. 

The reason for the considerable difference between Equations (253) 

and (254) is that the CERC (1966) equation is based on 9 field 

observations and 150 laboratory data points, whereas the CERC (1973) 

equation is based on 23 plotted field observations, without laboratory 

data, as listed in Table 31 taken from Calvin and Vitale (1976). 

The data used to establish Equation (254) was derived from three 

independent studies of Watts (1953), Caldwell (1956) and Komar (1969) 

and cover a range of grain size, from 0.175 mm to 0.6 mm, while using 

different techniques to determine Qc and P(,s . The relationship is 

purely empirical and is established by plotting points of versus Pls 

on log-log paper as shown in Fig.228. 
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There are severe limitations in using either of the CERC formulae, 

although Greer and Madsen (1978) report its wide application in the 

U.S.A. 

The fact that only a total sand transport rate is computed and no 

information on the distribution of this movement over the width of 

the breaker zone is given limits the results, especially where coasts 

have several offshore bars, or where shorelines are groyned. Svasek 

and Bijker (1969) have attempted to overcome this restriction by 

assuming that the sand transport occurring across a width of the breaker 

zone, is directly proportioned to the loss of power of waves crossing 

that same width. However, this assumption has not, as yet, been rigorously 

proved. 

The formula does not take account of the bed material properties, such as 

grain size, and was derived for beaches with a uniform sand. The beach 

slope or breaker zone width are not considered. In addition, the only 

driving force is that of the waves, and the effects of wave set-up and 

set-down, along yith tidal currents, are ignored. 

Recently, Greer and Madsen (1978) have made a critical review of the 

different methods used to determine the longshore sediment transport 

rate. It appears that the data points of Watts (1953) and Caldwell 

(1956) are of questionable quality. A number of fundamental assumptions 

in the calculation of Oi_ have been questioned and the data employed 

for Pes consists of neither breaking nor offshore measurements. Komar s 

(1969) use of sand tracers has been criticised on the basis of the unsteady 

conditions during the course of the experiment, the uncertainty 

concerning insufficient time between the tracer injection and sampling, 

and the ambiguity in the determination of the thickness of moving sand. 

The conclusions of Greer and Madsen (1978) are that the results obtained 

when using the CERC formula should be used as no better than order of 

magnitude estimates. 
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10.2. THE METHOD OF KOMAR AND INMAN 

This method is an extension of the work of Bagnold (1963) who considered 

that a unidirectional current superimposed on a to-and-fro sediment 

motion under a wave would produce a net sediment drift, given by 

Lq ̂  K'w (255) 

where Iq = sediment transport per unit width in direction 8 

K' = dimensionless coefficient 

to = available power from wave motion 

= current in direction 0 

u-o = orbital velocity of the wave motion. 

Bagnold (1963) considered the available power from the wave motion,to, 

represented by a portion of the wave energy flux (ecn)^ curs o<b • 

The Equation (255) was then an expression of the total immersed weight 

of sediment transport in unit time past a section of beach as 

Ic' K'(£cn)|j c<rso<b m (256) 

where = angle between the wave crests and the shoreline 
at breaking 

Vt, = average longshore current. 

This Equation was verified by Inman and Bowen (1963) in model sand 

transport studies. 

Komar and Inman (1970), using the same field data of the CERC formula, 

obtained values of the average longshore current and used the 

mavimiim orbital velocity under the breaking waves, , as 

W-ir\ (257) 

where Eb= wave energy at breaking 

^ = mass density of fluid 

h(,= water depth at breaking. 
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to obtain a best fit line of the form: 

Il= O-2'g (Ecn)b O r s o < t ( 2 5 8 ) 

where II is in the units of dyne/s and c«rso(bin erg/s/cm. 

Komar (1976) reports that Equation (258) is basically the same as that 

derived theoretically by Longuet-Higgins (1970). 

10.3. THE METHOD OF BIJKER 

Bijker (1967) proposed that the combined effect of each possible driving 

force component be determined, and from these the longshore current and 

sediment transport should be determined. 

The method of Bijker (1967) is based on the river sediment transport formula 

of Frijlink (1952) and Kalinske (1947) for currents only, in a unit 

channel width. The bed load transport is given by: 

-0-27 __ (259) 

where B = dimensionless coefficient 

D = mean sediment grain size 

V = current velocity averaged over depth 

C = Chezy friction factor 

j*. = the "ripple" factor. 

A •= is the relative sediment density 

(260) 

From elementary fluid mechanics, the bed shear stress is given by 

so that Equation (259) becomes 

Sb= 6 D 3 A/J txp 
A tc 

(262) 
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Bijker then adjusts the value of tc to obtain an average longshore 

shear stress, resulting in: 

QDvi/^ 
Sb = c 

-O Z7 A D pq 

L/**- t-Hj + (S 
(263) 

where water velocity at the bed caused by wave motion, 

and fh, = dimensionless coefficient. 

Bijker then showed that where suspended and bed load sediment exist 

together they are related by the expression: 

Sg = I g S Q S b (264) 

where Q = dimensionless coefficient. 

Since the total sediment transport is given by 

S = SB 4 SS (265) 

then S= Sb (l + 1-«SQ) (266) 

The value of Q can be determined from graphs or tables using a 

value of Z* , the dimensionless depth of the shear velocity given 

by (Bijker (1968) ) as 

. w V F 

where W = full velocity of the particles in water 

VC = Von Karman coefficient. 

The computation of the sediment transport proceeds using the longshore 

current velocity profile in the breaker zone as described by, for example, 

Longuet-Higgins (1971) or Battjes (1974). A knowledge of the wave period 

and offshore wave height and approach angle are required with the wave 

breaker index (y = Hbr/W, beach slope, bottom roughness and mean sand 

size, density and "fall time". The parameter Z * is calculated, which 

allows Q to be determined, and by computing from Equation (263), a 

value for S may be determined for a particular location in the current 
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Although in the Bijker formula consideration is given to offshore wave 

and beach conditions, there are a number of approximations which have 

since been questioned. 

The method relies on an adjustment of the bed shear stress to account for 

wave presence, but it is based on relationships for a constant current. 

This is assumed valid for the combination of waves and currents. 

Bijker assumed that the bed transport layer had a thickness equal to 

the bottom roughness. More recent studies, however, have indicated 

a roughness value of two or four times that indicated by Bijker. In 

addition, the assumption of a constant bed load concentration over the 

thickness of the layer have been questioned by laboratory experiments. 

Despite this, the Bijker method has been applied in the coastal environment 

with some success (Swart (1976) ) . 

10.4. MODERN RESEARCH 

The methods outlined above for the calculation of longshore sand movement 

are based on empirical formulae. In recent years much research has been 

devoted to nearshore sediment movement analysis and measurement. Many 

numerical models have been suggested (e.g. Fleming and Hurst (1976) and 

LePetit and Hauguel (1978) ) and with the advent of modem instrumentation, 

new measuring techniques are now available (e.g. Coakley et al (1978) 

and Sawaragi and Deguchi (1978) ) . 

In the U.S.A. the Nearshore Sediment Transport Study (Duane and Seymour 

(1978) ) has been established with four aims:-

(a) To develop instruments,and measuring and analysis 
techniques. 

(b) To conduct large field experiments which measure 
the nearshore wave and velocity fields and the local 
response of the sediment. 
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(c) To conduct large field experiments to determine the net 
transport of sediment. 

(d) To obtain models for surf zone dynamics and sediment 
response. 

The experiments referred to above will be carried out on the Atlantic, 

Gulf and Pacific shorelines and will record in excess of one million 

data points for each trial. 

At a recent Workshop on coastal sediment transport (Dean (1978) ) , the 

state of the art was outlined and the necessity of a new model for 

predicting longshore drift was emphasised. This will undoubtedly 

contain many variables on account of the complex nature of sediment 

movement and the number of influencing parameters. In addition, it 

is likely that it will be applicable only to the movement of sand 

and not the shingle or shingle and sand beaches often found in the U.K. 

For the time being, however, well tested empirical relationships must 

still be relied upon,even if their basis appears intuitively incorrect. 
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l o V 
SAND SIZE (mm) 
0 2 • KOMAR (El Moreno) 
0 ' 6 ® KOMAR (Silver Strand) 
0-4 • CALDWELL 
0 - 4 ® WATTS 

Q=(7-5xlO')Pi3 

10 10' 

WAVE ENERGY FLUX (ft Ibsf/s/ft of beach) 

Fig.228: Log-log plot of versuo P for the CERC(1973) formula 
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CHAPTER 11 - ESTIMATES OF LONGSHORE DRIFT 

"The skyline smoke, bulwarks of sand: 
His tunic creased from side to side 
The blue god creeps upon the land 
Relentlessly with every tide". 

Chris Wallace-Crabbe, "Littoral". 

Since the turn of the century there has been a great change in the 

character of Poole and Christchurch Bays, due to man's influence. 

In Poole Bay the building of a promenade, started in 1907 and 

completed in the 1950's has given a frontage extending from Alum 

Chine in the west to Solent Road in the east. The construction of 

groynes, set at 90° to the coastline, has proceeded eastwards from Alum 

Chine (Fig.229), culminating in the two most recent additions to the 

groyne system between Solent Road and Double Dykes in 1976-77. The 

Long Groyne at the foot of Hengistbury Head as shown in Figs.230 and 

231, was constructed in 1937 and has proved of great importance to 

the stability of this headland. 

The shoreline of Christchurch Bay which is less attractive to the 

tourist industry, has not received as much coastal protection despite 

its record of severe erosion problems. Although some groyning and sheet 

piling have been constructed near Mudeford, Highcliffe, Barton and 

Milford (Fig.232) long stretches of unprotected cliffs in the central 

and eastern portions still remain (Figs.233 and 234). 

The interference by man in the coastal processes has resulted in the 

stabilisation of falling cliffs, which would otherwise have provided a 

source of beach material, and the reduction of longshore drift supply to 

downdrift areas. 

Thus, in considering longshore drift quantities and directions in the 

Bays, it must be remembered that an "artificial" and not a "natural" 

beach system is under consideration. 
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Another important factor is the variety of beach material within 

the Bays. From Studland to Southboume the beach material is sand 

(Figs. 235 and 236) but along Solent Beach to Hengistbury Head the 

upper part of the beach is shingle and the lower part is sand 

(Fig.237). Near to the entrance to Christchurch Harbour, the material 

is predominantly sand, but along the rest of the shoreline of 

Christchurch Bay, extending eastwards, the beaches are of sand and 

pebbles. 

In the mixed beach regions the amount of shingle visible on the surface 

varies considerably and relates to the prevailing wave climate. 

11.1. LONGSHORE DRIFT DIRECTIONS 

As yet the only evidence of longshore drift direction has been obtained 

by observation. It is obvious that the direction in which the beach 

material moves varies throughout the year, according to the orientation 

of the waves at the shoreline at one particular time. Thus, th§ . 

information given here is the total or net longshore drift direction 

which is associated with the relative exposure to wave action from 

various directions. 

It has already been stated that the waves occur most frequently from 

the south-west. In addition, because the fetch in the English Channel 

is greater to the Atlantic in the west, it is possible, by refraction, 

that the largest wave heights in the Bays are associated with south-

westerly generated waves. 

The east of Poole Bay and the central and eastern portions of Christchurch 

Bay are unprotected from the prevailing south-westerly waves and because 

of the orientation of the shoreline, the longshore drift direction in 

these areas is from west to east. Evidence of this exists in the form 

of a material build-up on both the western side of the Long Groyne and on 

an extension eastwards of Christchurch Bay, at Hurst Castle Spit. 

The western end of Poole Bay is protected from south-westerly wave action 

by the headlands at Swanage and Anvil Point. This region is exposed 
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to the waves from the south-east which occur less frequently and are 

generally of lower height than south-westerly waves. However, some 

south-easterly gales can be quite vigorous. The longshore drift 

direction in this region is from east to west and the result of this is 

an accumulation of sand near to the Poole Harbour entrance at Sandbanks. 

In the area between Bournemouth and Boscombe Piers in Poole Bay the 

net longshore drift appears to be negligible and thus there is no 

prominent drift direction. This region receives the diffracted and 

refracted south-westerly wave action and is also exposed to south-

easterly waves. There appears to be a resulting balance in the drift 

directions in this region and the onshore-offshore changes are more 

noticeable (Newman (1978) ) . 

In the west of Christchurch Bay, near Mudeford, the beach has suffered 

severe erosion such that groyne construction and a beach renourishment 

scheme are planned for the near future. This part of the Bay, which 

faces almost due east, is protected by Hengistbury Head from south-

westerly waves and by the Isle of Wight from south—easterly waves. The 

entrance to Christchurch Harbour is subject to shifting sand shoals and 

this has caused many problems at the harbour entrance in the past as 

described by Robinson (1955). 

11.2. LONGSHORE DRIFT QUANTITIES 

No comprehensive data exists for the quantities of longshore drift in 

any part of the two Bays. Some small scale field experiments were 

carried out for shingle at Solent Road by Wright et al (1978 (a) and 

(b) ) and Wright (1979). However, these were undertaken during a 

limited set of wave conditions for a total of 16 days in 1977 and 

19 days in 1978 and were used primarily to test the feasibility of 

aluminium as a new type of pebble tracer. 

The only other source of information is from Newman (1978) in whose work 

volumetric beach changes are listed for sections of the shoreline of Poole 

Bay since the beach renourishment scheme in 1974-75. However, these do 

not constitute quantities of longshore drift as, for example, where a loss 
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is recorded the material does not necessarily contribute to the adjacent 

area either alongshore or offshore, for the distance or direction 

of travel of material cannot be assessed. However, some of the results 

of this study are instructive and are reviewed below. 

Fig.238 taken from Newman (1978) gives the volumetric changes from just 

above M.H.W.S. to a distance of 450 m offshore. 

To the west of Bournemouth Pier variations in beach level are mainly 

seasonal and show some accretion during the summer with a drawing-down 

through the winter. The beach between the piers at Bournemouth and 

Boscombe has maintained an acceptable level since renourishment in the 

summer of 1974, although there have been minor losses to the sea. 

To the east of Boscombe Pier the mild longshore drift to the east has 

resulted in the loss of some sand. Between Southboume and Solent Road 

the losses of sand are much heavier. From here it has drifted to the east 

because there was no effective groyning in this area. 

From Solent Road to Hengistbury Head there has been little change since 

1974, probably because the beach consists of coarser material than to 

the west, and because the barrier formed by the Long Groyne has proved 

effective. 

In Christchurch Bay some small scale fluorescent tracer experiments were 

undertaken as described by Babbedge (1976, 1978) but the results were 

never assessed to estimate the quantity of longshore drift. The only 

information which exists is from an observation of severe cliff erosion at 

Highcliffe and Barton—on—Sea (Fig.239). This was a source of longshore drift 

material before the protection of the cliff base by sheet piling which 

prevents undercutting. 

11.3. APPLICATION OF THE CERC FORMULA 

When choosing a method of longshore sediment transport it was accepted 

that only estimates of quantity and direction could be made, as a result 

of the following approximations:-

(1) The coastline is not natural, but is groyned for most of 

Poole Bay and in the central and western parts of Christchurch 

Bay. 
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(2) The beach material size and type varies along the length 

of the shoreline, and in many regions it is a mixture 

of sand and shingle. Thus the great variation in beach 

material characteristics and the existence of shingle are 

contrary to the conditions for which the longshore sediment 

transport models were derived. 

(3) The crudeness of the wave refraction model and the fact that 

diffraction was ignored, would result in only approximate 

input data to the sediment transport model. 

(4) The whole of the shoreline of Poole and Christchurch Bays 

was under study, which created a problem of great 

magnitude. If a small section of coastline had been 

chosen, a closer control of input data and possible 

"correction coefficients" could have been introduced which 

would account for inaccuracies such as diffraction, mixed 

beach material etc. 

It was decided that with the above limitations the models suggested by 

Komar and Inman (1970) and Bijker (1967) were too complex for the 

present application and, also, many of the parameters required for 

computation were not available. The more simple CERC formula was 

considered to be more appropriate since, in spite of its criticism by 

Greer and Madsen (1978), it has been widely used in the U.S.A. Indeed, 

Jarrett (1978) in a study of coastal processes at Oregon Inlet, North 

Carolina, describes its continuing use by the U.S. Army Corps of 

Engineers. 

The CERC (1973) formula has already been given as 

75oo Pis (268) 

3 

where Q l in units of yd /year and P̂ g in ft Ibsf/s/ft of beach 

front, and 

( Ho K } C^b 0<b (269) 

Converting (3)̂  to m /year and Pls to J/s/m of beach front, 

= (270) 
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and substituting for the constants ^ and 3 the expression for 

Pls becomes 

PLS= 1-226 X IO^(Ho»<)^CgbSt:^o^bC<rso{b (271) 

so that substituting in Equation (270), dJt, becomes 

Ql_- I S g X IO^CMoK )^c^b 51^ ô b o(b (272) 

which has also been checked against values on the graph of Fig.228 

It was decided that the shoreline of Poole and Christchurch Bays 

would be divided into lengths of 2 km, and the average conditions in each 

of these "cells" would be used with Equation (272) to calculate Qc for a 

specific set of offshore wave conditions. By applying the appropriate wave 

refraction diagrams the recorded Waverider Buoy data could be linked to 

the offshore wave conditions. Then, using the results from one year of 

recorded Waverider Buoy data, the sand movement could be summed to produce 

an estimate of the longshore transport in each cell. 

The wave refraction program of Brampton (1977 (a) ) did not calculate wave 

heights along the wave orthogonals. It was therefore necessary to 

extend the program so that it could be used for this application. 

The cells, each consisting of 2 km of shoreline, were extended on either 

side of the Long Groyne at Hengistbury Head. There were fifteen cells 

in total, seven in Poole Bay and eight in Christchurch Bay, as shown in 

Fig.240. Equation (272) was modified in the following manner so that 

it could be applied in the present case:-

(a) The coefficient K is given by 

K= Kg Kr (273) 

Then, breaking wave height, Ht , is 

Hb= HoK (275) 
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The wave refraction program computed the wave celerity at a location 

and this was used to calculate the group celerity as 

^3 - i [ \ ^ siXtln^L/.)) «76) 

But, since the parameter ̂ nd./L. could not be directly computed by 

the wave refraction program it was obtained using Equation (143) as; 

'/j. 
(277) 

Thus, ( ^ ) = ̂  ^ (278) 

Hence, ( - ^ ) (279) 

so that. Equation (276) becomes 

which allows the group celerity to be calculated offshore (Cgo) or 

at the shoreline (Cgi, ) . 

A deep water orthogonal separation ( ) was specified in the wave 

refraction program, but the calculation of the spacing between 

adjacent orthogonals at the shoreline(b) was difficult to incorporate 

in the congiuter program. In addition, the formation of caustics, 

especially for the higher wave periods, might have resulted in some 

large orthogonal spacing if the wave rays had shown considerable 

divergence before reaching the coastline. 

To overcome these problems the calculation of b was made by using 

a simple counting process. For particular offshore wave conditions 

the final co-ordinates of the wave orthogonals were output from the 

program and the number arriving in each cell was determined. Then, 

since each cell consisted of 2 km, or 2000 m, of coastline, the 

value of b for a cell was calculated in metres as 

2000 
b = 

no. of orthogonals in the cell (281) 
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(b) The frequency of occurrence of offshore wave height, period 

and direction of wave approach were not known but wave data since June 

1974 was available from the Waverider Buoy site near Southboume and 

wind data, over the same period, was available from the nearest 

representative Meteorological Station at Portland Bill. 

The offshore wave approach direction was assumed to correspond to the 

wind direction at Portland Bill as described in Section 9.5. In 

addition, the wave period was assumed to remain constant between the 

offshore region and the Waverider Buoy. 

The offshore wave height could be linked to the wave height at the 

Waverider Buoy site in the wave refraction program using the relation 

Hsihe = Ks Kr Ho (282) 

or Ho = (283) 

The calculation of bo and Cgo were made as in (a) above. The 

Waverider Buoy site was located at (1°48'00"W, 50 42'42"N) or as 

shown in Fig.241, almost exactly on the grid row 47.75 km from the 

most southerly grid row and nearly 18 km from the most westerly grid 

column. To enable the calculation of Ĉs'ii-e and bsiic to be made, 

a line 2 km west to east between two grid columns 17 km and 19 km from 

the most westerly grid column and on the grid row 47.75 km from the 

most southerly grid row was considered. For particular offshore wave 

conditions the average group celerity of orthogonals reaching this 

line was confuted to represent (ygikp . The number of orthogonals 

reaching this line was determined and hence was calculated in 

metres as 

bs'ih€ - 2000 

no. of orthogonals reaching the line 

(285) 
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(c) It was necessary not only to obtain the angle between the 

wave crests and the shoreline (ot) but then to relate this to a west 

or east longshore drift movement. 

Each coastal cell was represented by a straight piece of shoreline. In 

all cases this was a good approximation to the true coastline on account 

of the smooth outline of the Bays. The orientation of this relative 

to the positive X-axis co-ordinate system was measured. The last 

approach angle of a wave orthogonal relative to the same co-ordinate system 

was output from the refraction program. Geometry was then necessary to 

calculate the breaker angle o( and the related direction of longshore 

drift. 

There are four possible cases to be considered as shown in Figs.242 to 

245 which are:-

(i) Longshore drift west to east 

+ (286) 

(ii) Longshore drift east to west 

^ = (0-0)-'io° (287) 

(iii) Longshore drift west to east 

<< = (9(-0)'<=1o'' qo''<(0-e)<l»o" (288) 

(iv) Longshore drift east to west 

qo°+(e-0) 0°<(<z5-oX'^o" (289) 

11.4. COMPUTATION OF LONGSHORE WAVE ENERGY FLUX FOR 1977 

It has been stated above that the year 1977 approximated well to an 

"average" year with regard to wind conditions (speed and direction) at 

Portland Bill. It therefore seemed reasonable to assume that 1977 was 
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Ĉ  
*H 

M 

O o 

O 
00 
iH 

< 

s 

O 
o\ 

Di 
§ 

o 
o\ 
tH 

1 

o 
00 

M 

Z 

O 
O 
(M 

2 
M 

Z 

o 

U M 

B 
iV 

o 
1—1 
c\] 

u 
M 

M 
iV 

o 
\0 

M 
Q o 

CM 
(M 

5 

Q 

X 

PL, 

o 
U1 

M O 
CO 
(M 

5 

Q 

X 

PL, 

o iH 

O 
N 

< 

5 o 
CO 

oa 

O 
lO 
N 

1 

o 
c\] CM 

O 
\0 
N o 

o 
rH 

O 
(M 

o tH rH 

- 3 CO in vO t^ 00 o\ o 
rH rH 

rH 
CM 
rH 

CO 
rH rH 

in 
rH 

416, 



lo (M N 

O 
o\ 

o 

o 
«-4 

o 

t H 

«—1 (/) M >< 

O 
< 1 

(M 
1—1 X 

O > m M 
'H k 

O 2 
tH 

< 
— 

o 
in o 

fti 
tu 

O 
\0 V) 
w 

o H 
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TABLE 41 

FREQUENCY ANALYSIS FOR 1977 OF WAVE PERIOD 
AND DIRECTION FOR Hs>2.5 m 

425, 

Hs Tz. Wind direction Wave approach 
(m) (s) (degrees) (degrees) 

2.60 7 220 50 

2.65 6 180 90 

2.72 8 270 0 

2.82 7 190 80 

2.87 6 200 70 

3.32 7 240 30 

3.35 7 190 80 

3.57 7 270 0 

3.65 7 180 90 

4.86 7 190 80 
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an average year for waves occurring in Poole Bay and hence the most 

appropriate to apply, in the present case, to estimate the annual 

longshore wave energy flux and hence the longshore drift at the Bay 

shorelines. 

The Poole Bay Waverider Buoy data was analysed and Tables 32 to 41 

were compiled which show simultaneously recorded wind directions and 

wave periods for wave height ranges. The summed data for offshore 

orthogonal approach angles between 30° and 150° from a positive 

X-axis formed Table 29 in Section 9.5,where it was also assumed, when 

displaying wave refraction diagrams, that the waves in the offshore 

region followed the incident wind direction for locally produced wind 

waves. 

For the calculation of longshore wave energy flux, this same 

assumption was applied to orthogonal approach angles between 30° and 

150 from a positive X-axis with three additions: 

For approach angles between 0° and 20°, and 160° and 

180 inclusive from a positive X-axis, the waves were still assumed 

to follow the incident wind direction but they would, have been locally 

generated within the Bays. In the real situation offshore waves 

^^^^r^cted at the outer points of the Bays would be superimposed onto 

locally generated waves, but this condition could not be reproduced 

in the model. 

2) Wave records, especially in the latter stages of a storm, 

are often linked to wind directions with a northerly component, although, 

it is obvious that at such times waves continue to reach the shoreline 

with a southerly component. In these cases it was assumed that waves 

approached from a south-westerly direction with the recorded wave period, 

since it is probable that the incident waves enter the Bays from the 

exposed seas in the western parts of the English Channel. 

At times of calm sea states (Hs ̂ 0.3 m) , which were 

recorded on 1190 occasions from a total of 1986 in 1977, waves still 

impinge on the shoreline, often with long wave periods corresponding to 

swell conditions. Such waves could not be ignored and were included as 

waves with a period (T^ ) of 12 seconds approaching from the south-west. 
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The wave refraction program was run in two steps 

(a) The waves with offshore orthogonal approach angles from 

30° to 150° were generated from deep water since, as 

stated in Section 9.5., such waves could be adequately 

reproduced by the wave refraction model. 

(b) For orthogonal approach directions between 0° and 20° and 

160° and 180°, waves were generated in the Bays at the 

extreme westerly and easterly ends respectively. 

In both cases the program YREFRD.FTP (a non-graphics version of 

YREFRA.FTP) was used to project wave orthogonals towards the shoreline, 

with an initial separation of 100 m. 

For case (a) above, 182 permutations of fourteen offshore wave approach 

angles (30° to 150° in steps of 10°, plus 45° from a positive X-axis 

co-ordinate system) and thirteen wave periods (3 to 15 seconds) were 

input. The co-ordinates of the first ray origin were chosen so that 

the whole width of both Bays was saturated with wave rays. This 

resulted in the generation of nearly 100,000 wave orthogonals offshore. 

For case (b) the co-ordinates of the first ray origin were chosen close 

to the coastline and extended seawards to saturate the whole of the 

Bay shorelines. In this case 78 permutations of six wave approach 

angles and thirteen wave periods were input, resulting in the generation 

of almost 25,000 wave orthogonals. 

Relevant data for each wave ray successfully reaching the shoreline was 

stored for further analysis. The data consisted of the initial and 

final wave orthogonal co-ordinates, approach angles, wave celerities 

and wave period. 

The program XCOUNT.FTP (which is shown in the Appendix for the case (a) 

above) was then used to calculate the longshore wave energy flux using 

Equation (271) shown in Section 11.3. In each wave height range and 
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for each wave approach angle and wave period, the longshore wave energy 

flux was computed for the 182 and 78 possible permutations for cases 

(a) and (b) respectively. This resulted in 2340 files for Tables 32 

to 40 and 10 files for the values where Hs was in excess of 2.50 m 

listed in Table 41. Each file contained an estimate of longshore 

wave energy flux for the 15 coastal cells. 

The above procedure was automatically performed, using many hours of 

computer time, by the job CONTROL (shown in the Appendix for case (a) 

as before). 

The wave heights used were from Waverider Buoy data, whereas offshore wave 

heights were required for the CERC formula. As described in Section 

11.3., the equivalent deep water wave heights were obtained using refraction 

and shoaling coefficients for wave orthogonals moving from offshore to 

the Waverider Buoy site. These coefficients were obtained by running the 

same computer programs but the wave rays at the Waverider Buoy site 

were stopped. Using the program XWAVEC.FTP (see Appendix) the average 

value of the shoaling - refraction coefficient was obtained for each 

wave period and deep water wave approach angle. 

The job YEAR (see Appendix) made the final computation of longshore 

wave energy flux for the 2340 plus 10 permutations of offshore wave 

conditions using the Equation (271) 

Pts = I 2.2.6 X lô  Cgb c<b Cors (271) 

which becomes 

Pls = 1-226 X lô  K ] ĉ b s<Uno(bĈ o<:b (290) 

for each three hour period. 

The number of occurrences of each wave period - offshore approach angle 

for a particular HsU« range was then multiplied by Equation (290) and 

since each occurrence represents a proportion of 1986 of a year, it 

follows that 
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TABLE 42 

LONGSHORE WAVE ENERGY FLUX DISTRIBUTION FOR 1977 

Cell No. pLs(J/s/m) 

1 -507.7 

2 -203.0 

3 + 58.1 

4 +152.6 

5 +240.8 

6 +285.4 

7 +465.0 

8 +1843.1 

9 +547.2 

10 +905.3 

11 + 90.1 

12 +156.5 

13 +344.3 

14 + 91.7 

15 -158.1 

Positive (+ve) and negative (-ve) values of Pls indicate 
wave energy fluxes directed to the east and west respectively 
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It IS therfifore assumsd that the missing data, which was for approximately 

one third of the year (2920 recordings) occurs randomly and can be 

ignored. This seems to be a fair assumption because, although the 

Waverider Buoy was removed for calibration and refurbishing for 21 days 

in January and February and for 10 days in July, few other gaps 

occurred in the winter period. Missing records, due to chart and pen 

disorders, occurred more frequently in the less severe summer months. 

Thus, the overall returns for 1977 were derived from similar 

proportions of stormy and calm weather conditions which occurred 

throughout the whole year. 

After running the job YEAR, there were 2340 plus 10 files containing 

the particular contribution to the 1977 longshore wave energy flux 

computation for the fifteen coastal cells. Some of these files contained 

no estimate , corresponding to no occurrence of the incident wave 

conditions. 

The program UPADD.FTP (see Appendix) added these files together to 

produce an estimate of the 1977 longshore wave energy flux, in J/s/m 

of beach front in Table 42 and is shown in Fig.246. The conversion 
3 

of this to a quantity of material movement in m /year is discussed in 

the next Section. 

The computed values of Pes are of the same order as values calculated 

using the CERC formula by other researchers. Cambers (1975) has 

estimated quantities of Pts which are slightly greater for a 

more hostile wave climate along the shoreline of East Anglia, and 

Jarrett's (1978) values of fts for the east coast of the U.S.A. are 

smaller, corresponding to a less severe wave climate. 

The overall pattern of longshore wave energy flux directions is the same 

as known movements of drift material, with the exception of Hurst Castle 

Spit. In Poole Bay the positive values of FLs are greater towards 

the east as the shoreline becomes increasingly open to.the more severe 

south-westerly waves. 

In Christchurch Bay the magnitude of Pes fluctuates along the length 
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of the coastline. Although this may occur in the field, a feature 

which cannot be checked due to lack of detailed site measurements, it 

is possible that it results from the wave refraction model. The 

shallow nature of Christchurch Bay and the shoals, which have been 

referred to in earlier Chapters, cause heavy caustic formation for most 

wave periods. It has already been noted that the pattern of wave 

orthogonals at the caustics is difficult to model, and it may well 

be that the distribution of Plj in Christchurch Bay is more a function 

of the refraction analysis than a true variation. However, it should 

be noted that even in nature peculiar wave patterns occur at the 

caustics, a feature which was remarked upon in Section 9.4., following 

a study of aerial photographs of the region. This may result in a 

similar distribution of FL, to that which has been computed here. 

It is interesting to note that in a study of sea bed drifters, 

Tyhurst (1976) remarked upon the complexity of the results obtained 

from Christchurch Bay as compared with Poole Bay, where the trends 

were more regular. 

A more detailed discussion of the variation of computed values of Plj 

is made below, on a cell by cell basis commencing in the west of 

Poole Bay; 

(a) Cells 1 and 2 - from Poole Head to Durley Chine : a 

movement of material is predicted from east to west which 

is the same as the drift direction suggested by field 

evidence, in the form of a westerly pointing spit across 

the entrance to Poole Harbour. 

(b) Cells 3 to 7 - Durley Chine to Hengistbury Head : an 

increasing movement of material to the east is suggested by 

the model, with a levelling off along the Boscombe-

Southboume coastline (cells 5 and 6), before a sharp increase 

in Pis at Hengistbury Head. This seems a reasonable pattern, 

since there will be a concentration of wave energy at the 

headland resulting from converging wave orthogonals. This will 

reduce the intensity of the wave orthogonals reaching the 

adjacent cell 6, and hence the related energy level is 

similar to the more sheltered cell 5. 
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(c) Cell 8 - Hengistbury Head to Mudeford : a comparatively 

high value of exists probably resulting from high 

angles of incidence at the shoreline which faces towards the 

east-south-east. There is no doubt that, from field 

evidence, high energy levels do exist at this section of the 

coastline because it has been heavily eroded, to such an 

extent that a beach renourishment scheme, following groyne 

construction, is planned for the near future. 

(d) Cells 9 and 10 - Mudeford to Barton : a movement of material 

of increasing magnitude is predicted from west to east, which 

is similar to conditions in the field. Severe cliff erosion 

has taken place in this region which has led to the 

construction, by the local council, of sheet piling at the 

cliff base, parallel to the shoreline. It appears from the 

computed quantities of Plj that there may be a concentration 

of wave orthogonals to this region since the value of Pus in 

the adjacent cell 11 is ten times smaller. However, this 

may also be a result of the wave orthogonals themselves, 

with the westerly and easterly components of drift 

cancelling each other. 

(e) Cells 11 to 14 - Barton to Milford-on-Sea : the values of 

Rus are all positive, suggesting a west to east drift of 

material. This is known to exist in the field. However, 

the fluctuating quantities from 90 J/s/m increasing to 

344 J/s/m and then back to 92 J/s/m may be a result of the 

wave refraction analysis, although this is difficult to 

verify without substantial field evidence. 

(f) Cell 15 - Hurst Castle Spit : a longshore drift direction 

from east to west is predicted by the model, whereas field 

evidence suggests a drift in the opposite direction. This 

region is protected to any waves with an easterly component 

to the south, by the Isle of Wight. Waves from the south-

west would tend to be refracted so that their crests would 

approach parallel to the shore, if the complications caused 

by the extensive offshore shoals did not exist. As 

described in Subsection 9.3.3., Dolphin Bank, the Needles 
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and the Shingles are regions where the wave orthogonals 

show much convergence and crossing, even for small wave 

periods. The resulting angles of incidence at the shoreline 

may, in some cases, be large and it is likely that waves 

approaching in deep water with a westerly component will reach 

the coastline and thus produce a drift from east to west. Thus, 

the predicted drift to the west is probably more a function of 

caustics than of the deep water wave approach direction. 

The above phenomenon is not without field evidence, since an 

indication of this may be given by the peculiar configuration 

of the shoreline in this region. Instead of continuing the 

smooth outline of Christchurch Bay, the coastline east of 

Milford-on-Sea, firstly ducts in and then the stem of the 

spit extends further out to sea. 

In the computation of longshore wave energy flux a number of 

approximations and assumptions were necessary and, with further work, 

refinements could be made, especially with regard to the following 

1) The problems of caustic formation, which are common 

in most wave refraction models, may have caused 

fluctuations in the value of Pls along the shoreline 

which was not evident in the field. This has been 

discussed above and, unfortunately, it is a feature that 

cannot be checked without field data. 

2) The deep water wave orthogonals were assumed to propagate 

in the same direction as winds recorded at Portland Bill. 

It is a pity that Meteorological wind stations do not 

exist at Anvil Point and St. Catherine's Point, although 

in the present circumstances the use of Portland Bill 

was sufficient. 
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(3) When the wind was blowing from a direction with a 

northerly component, waves were assumed to approach, in 

deep water, from the south-west. In addition, when calm 

conditions (Ĥ  <Z0.3 m) existed swell waves with Hg = 0.25 m, 

Tz = 12 s were assumed to propagate from the south-west. 

(4) Wave orthogonals approaching from between 0° and 20°, 

and 160° and 180° respectively were originated from 

the shallow water margins of the Bays. They were 

introduced to simulate the condition of local wave 

generation. It is difficult to verify this assumption, 

but it is more likely that the true pattern is a 

superposition of locally generated and deep water 

diffracted waves. 

(5) The effects of diffraction were ignored in the model. 

Without a more detailed investigation it is difficult 

to assess the importance of diffraction on the 

computation of at the shoreline. 

(6) The calculation of the longshore wave energy flux, Pl$ , 

has been made, using Equation (269), which is requoted 

below: 

Pls = (HoK)̂ c:3i,sî o<i, crsoCfc (269) 

There are obviously severe limitations in the use of this 

formula, some of which are outlined in Section 11.5. To 

overcome some of the inadequacies of the expression, 

extensions to the formula have been suggested. 

The Hydraulics Research Station, Wallingford, are at 

present investigating the use of the formula 

A PA ^ |_|t 
(Hok)^Cgb (sCry 0<h ctrs o<̂  - B Ĉ rSoCh) (292) 

which includes some consideration of the beach material 

type, in the form of the submerged weight ( % ), of the 
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LONGSHOBE DRIFT DISTRIBUTION FOR 1977 
BASED ON CERC FORMULA COEFFICIENTS 
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Cell No. Pus Q Q 

(J/s/m) using CERC (1966) 
(m /yr) 

using CERC (1973) 
(nr/yr) 

1 -507.7 -358000 -654000 

2 -203.0 -143000 -261000 

3 58.1 + 41000 + 75000 

4 152.6 +108000 +197000 

5 240.8 +170000 +310000 

6 285.4 +201000 +368000 

7 465.0 +328000 +599000 

8 1843.1 +1301000 +2374000 

9 547.2 +386000 +705000 

10 905.3 +639000 + 1166000 

11 90.1 +636000 + 116000 

12 156.5 +110000 +202000 

13 344.3 +243000 +443000 

14 91.7 + 65000 +118000 

15 -158.1 -112000 -204000 

+ refers to a longshore drift from west to east. 

- refers to a longshore drift from east to west. 
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beach slope ) and of the effects of energy losses 

due to variations in the height of the breaking waves 

along the shoreline ( ) . 

The use of such an extended model may produce values of 

Pls which are more representative of field conditions. 

11.5. COMPUTATION OF LONGSHORE DRIFT FOR 1977 

For the fifteen coastal cells values of the longshore wave energy 

flux, , in J/s/m were calculated in Section 11.4. and are shown 

in Table 42. To convert these to estimates of longshore drift, Qc , 

in m /year a constant, k , must be applied, as described in Section 11.3. 

in the form: 

Ql=I^PU (293) 

The value of k will be a function of beach characteristics such as 

material size, shape, specific gravity, surface properties, sorting 

and compaction, beach morphology (particularly the angle of the beach 

face) and of the type and effective height of breakers as well as 

tidal range, surge, wave set-up conditions and shoreline protection. 

It is, therefore, an almost impossible task to obtain a value of k 

applicable to all beaches and, in addition, k will not only vary 

from one region to another, but also over the beach face as a result 

of material grading by wave action. 

In the U.S.A. values of k of 706 (corresponds to 4110 for the American 

In^erial Units in Equation (253) in Section 10.1.) and 1288 

(corresponds to 7500 in Equation (254) in Section 10.1.) were recommended 

in 1966 and 1973 by the U.S. Army Corps of Engineers, Coastal 

Engineering Research Center. These values have been applied in the 

present case and are shown in Table 43. They represent estimates of 

longshore drift on equivalent natural (ungroyned) American shorelines, 

assuming the beach material to be sand of grain size 0.175 mm to 

0.6 mm. These values for k have been used before in the U.K. to 

estimate longshore drift on sandy shorelines of East Anglia as described 
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by Cambers (1975). However, these could not be rigorously checked 

against actual known values of drift. 

Babbedge (1978) carried out two small scale fluorescent tracer 

experiments at West Barton using a mean tracer grain size of 0.25 mm 

over one tide, and he found results corresponding well with the CERC 

(1973) value for k of 1288. The experiments, which were performed 

on a natural ungroyned coastline, should be regarded with caution, 

however, because of their small extent and the uncertainties in the 

depth of the layer of moving sand. 

The aluminium pebble tracer experiments of Wrigjit (1979) at Solent 

Road yielded a value of K of 20 (metric units) for shingle of 50 mm 

average diameter. However, Wright (1979) states that the experiments 

were not designed to determine the value of K , and the value quoted 

here will only apply when conditions are similar to those operating on the 

day of the experiment. 

The only estimate of longshore drift which can be made from known 

quantities of sand movement follows the beach renourishment scheme 

in 1974. After initial losses, the quantity of sand remaining on 
3 

the beach was approximately 650,000 m (Newman (1978) ) . Assuming 

that this will be completely lost at a constant rate over 10 years, 

the expected life of the remourishment scheme, the average longshore 
drift along the central part of Poole Bay is of the order of 65,000 
3 . 

m /year. This represents the drift of sand of mean size 0.25 mm along 

a groyned coastline, assuming there is neither onshore - offshore 

movement nor feed from natural sources. In addition, it is unlikely 

that a constant drift rate will occur, but more probably the rate of 

drift will decrease as the beach is denuded. 

3 

If a longshore drift rate of 65,000 m /year is considered across cells 3 

to 6 inclusive, where the average value of Ptt is 184 J/s/m then it 

follows that: 

65 ,000 ̂  350 
1S4 



TABLE 44 

LONGSHORE DRIFT DISTRIBUTION FOR 1977 
BASED ON NEW COEFFICIENTS 
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Cell No. Material 
type 

Pt5 
(J/s/m) k 

Q 

(mP/yr) 

1 sand -507.7 350 -178000 

2 sand -203.0 350 - 71000 

3 sand 58.1 350 + 20000 

4 sand 152.6 350 + 53000 

5 sand 240.8 350 + 84000 

6 sand and shingle 285.4 185 + 53000 

7 sand and shingle 465.0 185 + 86000 

8 sand 1843.1 350 +645000 

9 sand 547.2 350 +191000 

10 sand and shingle 905.3 185 +167000 

11 shingle 90.1 20 + 2000 

12 shingle 156.5 20 + 3000 

13 shingle 344.3 20 + 7000 

14 shingle 91.7 20 + 2000 

15 shingle -158.1 20 - 3000 

+ refers to a longshore drift from west to east. 

- refers to a longshore drift from east to west. 
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A value of k, therefore, of 350 will then apply at all groyned 

sandy cells in Poole and Christchurch Bays. 

For cells which contain predominantly shingle the value of 

of 20, determined by Wright (1979), will be applied, since no other 

estimate is available either in the Bays or at any other location in 

the world. 

For cells where sand and shingle exist together, a value of 185 will 

be assumed to apply for which is the average of 

ksovwd and kshlr̂ L* • These values of k have been applied to obtain 

estimates of longshire drift which are listed in Table 44 and are 

shown in Fig.247. 

At the junction between two cells there must be a balance of littoral 

drift quantities, whose difference is derived from an onshore or 

offshore movement, providing no material is supplied by erosion of the 

shoreline and no accretion takes place at the coastline. Such onshore-

offshore transport of material has been added to Fig.247. If the 

system of material transport in the Bays is considered 'closed', 

i.e. material moving offshore arrives back onshore later at another 

location, then a circularity motion of littoral movement in the Bays may 

be suggested. 

Although the existence of a closed or nearly closed system would 

reasonably be assumed for the Bays, no obvious trends of movement occur. 

The results suggest that, in the Bays as a whole, there is a greater 

quantity of material movement offshore than onshore of the order 

of 3,000 m /year, but that there appears to be an overall loss of 

material offshore in Christchurch Bay and a gain in Poole Bay. 

Finally, it should be noted that the only criterion for selection of 

cell locations was on the basis of 2 km lengths of adjacent coastline, 

with the Long Groyne at Hengistbury Head as the origin. Thus no 

consideration was given to natural variations in the coastline. It 

is possible that a more useful set of results may have been produced 

from the selection of cells of different length but linked to known 

coastal form. In Poole Bay the shoreline is so regular that little 

improvement on cell location could have been made. However, in 
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Christchurch Bay, the Harbour entrance and the mouths of the rivers 

Chewton and Beckton Bunny may have been more appropriate cell 

boundaries. 

11.6. THE INFLUENCE OF VARYING GRID ELEMENT SIZE ON THE BREAKING 
WAVE APPROACH ANGLE 

In the expression for P(.s in Equation (252) the product of 

and c«̂ oib is of great importance since small changes in the value 

of o(b can result in large variations of fls • For example, the value 

of crsoii, for equal to 2° is two times the value when ôb 

is 1°. As a result of wave refraction, such small angles occur 

frequently at the Bay shorelines. Thus, it is important to obtain 

accurate angles of ôt, in order to confidently assess the values of Pes , 

and hence, longshore drift at the coastline. 

For reasons stated in Section 9.1. a large grid element size was 

selected for use with the wave refraction program. It is, therefore, 

in^ortant to ensure that the seabed representation is not too coarse, 

especially near to the complex topography of the shoals, which produces 

variations of Pcj that may be more a function of poorly calculated 

values of rather than true breaking conditions. 

To investigate this problem in more detail, selected wave rays were 

tracked towards the shoreline from deep water using the coarse grid 

element size of 1 km west-east by 250 m north-south and then transferred 

to a finer grid in the nearshore region. The new grid was located to 

the north of a line passing in an easterly direction through Handfast 

Point. This finer grid would then encompass the shoals of Dolphin Sand 

and Bank, the Needles, Christchurch Ledge and the Shingles. 

The finer grid element size was successively halved from 1000 m to 

125 m in the west - east direction and from 250 m to 31.25 m in the 

north-south direction.This enabled sixteen permutations of varying grid 

column and row dimensions to be considered. 

Four regions of particular interest were chosen for the study, namely 
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cells 6, 7, 10 and 11. Ten wave rays with an offshore spacing of 50 m 

were tracked until they reached the required section of the shoreline 

where they were stopped when the wave celerity corresponded to the 

breaking celerity. The average angle between the wave crests and the 

coastline was computed in the same manner to that described in Section 11.3, 

The waves were chosen to be of 1 metre height and periods of 6 and 9 

seconds were considered. Five deep water wave approach directions were 

chosen making anticlockwise angles with a positive X - axis of 45°(S.W.), 

60°(S.S.W.), 90°(s,), 120°(S.S.E.) and 135°(S.E.). The results of the 

analysis are shown in Tables 45 to 49. For the offshore angles of 45 and 

135° wave rays would not, respectively, in^inge on cells in Poole Bay 

(6 and 7) and Christchurch Bay (10 and 11) with any consistancy. Hence, 

these were not considered in the analysis. Figs. 248 and 249 for wave 

periods of 6 and 9 seconds, respectively, show the two outer rays of the 

set of ten propagating from deep water over the two grids to impinge at 

the shoreline in cell 7. 

A number of interesting conclusions may be drawn from these results 

(1) The waves of 9s period are refracted more than those of 6s period 

and approach with their crests more parallel to the shoreline. 

A reduction in the value of oCb of 2°, at the most, is 

apparent for the 3 second increase in period. 

(2) For the offshore approach angles of 60° and 90° there are 

occasions when the direction of the waves at the shoreline 

change from having a westerly to an easterly component between 

successive grid entries, or vice versa. 

(3) Changes in the value of o<!k, can be in excess of 2° between 

successive grid entries but this is generally for higher 

approach angles of 10° or more at the shoreline. For 

smaller angles of less than 5°, a 1° change, at the most, is 

more common. 

(4) Grids which have larger element spacings show greater variations 

in successive entries of the angle of approach of the breaking 

waves than those with smaller element spacings. 
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(5) An in^ortant question is at what stage, when reducing the grid 

element size, is the optimum reached i.e. when is no further 

benefit gained by significantly increasing the number of grid 

elements. This is obviously difficult to assess but smaller 

variations in occur between successive grids when the 

element dimensions are below 250 m west-east by 62.5 m north-

south. 

(6) Table 46 shows the anguler variation between the coarsest 

(1000 m X 250 m) and the finest (125 m x 31.25 m) grid and 

it can be seen that there is a reduction of 0.6° in the 

value of for the four cells and both wave periods. 

Individual changes of 1.27°, 0.16°, 0.80° and 0.24° 

occur for cells 6, 7, 10 and 11 respectively. However, there 

is a greater variation between successive entries as the grid 

is made finer for cells 10 and 11 than 6 and 7. 

(7) In general, the angle of wave approach at the shoreline is 

reduced by considering a finer grid i.e. the rays approach 

more perpendicular to the shoreline. 

(8) A reduction in the value of will reduce P(_i . This will 

result in a larger predicted value of than 350, perhaps 

of the order of 360 or 370 assuming an overall change of about 

1° at the shoreline. The affect on the values quoted in 

Table 44 would be a small increase in longshore drift quantities 

in cells 1, 2, 7, 8, 9 and 10. This is because cells 3 to 6 

were employed to calculate ks*** , and would 

also be changed. 

(9) It is difficult to assess how much these variations would have 

affected the overall pattern of Pes and hence Q in the Bays. 

It has already been stated in Section 11.4. that the 

distribution of Pts is probably quite significantly dependent 

on the formation of caustics. Certainly a smaller grid element 

size, which models the seabed more realistically, can only 

improve the confidence in the determination of Pls • It has 

been noted that quite large variations of the breaker angle occur 

between successive entries when the grid is made finer, 
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especially for cells 10 and 11. This is a region where a large 

discontinuity in drift occurs. Hence, it is possible that 

utilising a smaller grid element spacing this irregularity in 

the distribution of R,5 would be reduced. 
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VARIATIONS IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS AND THE 
SHORELINE AT BREAKING FOR DIFFERING GRID ELEMENT SIZES. THE WAVE 
HEIGHT IS 1 m AND OFFSHORE APPROACH ANGLE IS 45° 

N-S grid element 
size (m) 

Cell 
No 

W - E grid element size (m) N-S grid element 
size (m) 

Cell 
No 1000 500 250 1 125 

N-S grid element 
size (m) 

Cell 
No 

Period (s) 

N-S grid element 
size (m) 

Cell 
No 

6 9 6 9 6 9 6 9 

250 

6 - - - - - - - -

250 
7 - - - - - - - -

250 
10 9.97 7.34 11.37 7.66 11.78 7.42 10.31 7.10 

250 

11 14.47 12.38 14.83 14.31 16.86 13,72 15.77 13.03 

125 

6 - - - - - - - -

125 
7 - - - - - - - -

125 
10 11.49 7.38 10.68 7.25 11.37 7.03 1 1.01 6.84 

125 

11 17.26 14.67 15.78 14.43 14.94 13.29 15.59 13.94 

62.5 

6 - - - - - - - -

62.5 7 - - - - - - - -

62.5 

10 10.92 6.82 11.20 7.14 10.84 7.22 10.54 7.15 

62.5 

11 16.38 14.27 15.33 13.86 15.46 13.35 15.38 13.82 

31.25 

6 - - - - - - - -

31.25 
7 - - - - - - - -

31.25 
10 11.53 7.09 11.15 6.99 10.76 6.91 10.82 6.81 

31.25 

11 16.02 14.11 15.71 13.32 15.82 13.57 15.20 13.76 

All values of Vk have west to east components 
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VARIATIONS IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS AND THE 
SHORELINE AT BREAKING FOR DIFFERING GRID ELEMENT SIZES. THE WAVE 
HEIGHT IS 1 m AND OFFSHORE APPROACH ANGLE IS 60° 

N-S grid element 
size (m) 

Cell 
No 

W - E grid element size (m) N-S grid element 
size (m) 

Cell 
No 

1000 1 500 1 250 125 

N-S grid element 
size (m) 

Cell 
No 

Period (s) 

N-S grid element 
size (m) 

Cell 
No 

6 9 6 9 6 9 6 9 

250 

6 6.77 4.42 5.20 4.86 5.84 4.91 5.61 4.55 

250 
7 8.06 5.93 8.57 6.21 8.26 6.32 8.15 5.90 

250 
10 2.31 -0.39 2.21 0.10 2.09 0.32 2.02 -0.37 

250 

11 4.42 2.89 3.11 3.41 3.48 1.77 3.38 2.76 

125 

6 6.90 3.90 6.01 4.05 5.77 4.51 5.82 4.64 

125 
7 7.70 5.86 7.69 6.00 7.55 5.97 7.72 5.81 

125 
10 2.70 -0.36 3.11 0.30 2.83 -0.27 2.56 -0.02 

125 

11 3.20 1.79 3.21 4.02 3.65 2.62 3.57 3.04 

62.5 

6 6.95 3.46 6.16 4.50 6.10 3.98 6.03 4.26 

62.5 7 6.35 5.74 7.07 5.81 6.89 5.23 6.96 5.72 
62.5 

10 3.74 1.84 3.77 1.46 3.09 1.35 3.13 0.82 

62.5 

11 2.60 2.66 4.04 -0.53 3.72 2.57 3.80 2.10 

31.25 

6 6.82 3.52 6.47 4.29 6.32 3.84 5.99 4.14 

31.25 
7 6.67 5.59 6.92 5.37 6.77 5.10 6.80 5.48 

31.25 
10 2.82 0.77 3.42 1.20 3.32 0.77 2.95 0.91 

31.25 

11 3.07 3.29 3.83 2.34 3.41 0.08 3.96 1.66 

Positive values of eii, have west to east components. 

Negative values of have east to west components. 
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VARIATIONS IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS AND THE 
SHORELINE AT BREAKING FOR DIFFERING GRID ELEMENT SIZES. THE WAVE 
HEIGHT IS 1 m AND OFFSHORE APPROACH ANGLE IS 90° 

N-S grid element 
size (m) 

Cell 
No 

W - E grid element size (m) N-S grid element 
size (m) 

Cell 
No 

1000 1 500 1 250 1 125 

Period (s) 

6 9 6 9 6 9 6 9 

6 -1.57 -0.61 -1.28 0.74 -0.97 1.12 -1.02 0.97 

250 
7 -1.17 -0.78 -0.98 -0.66 -1.17 -0.43 -1.03 -0.51 

250 
10 -1.51 -1.56 -1.45 -0.99 -1.25 -0.78 -1.14 -0.83 

11 -0.13 1.58 0.94 1.33 1.12 1.30 1.09 1.24 

6 -1.31 -0.24 -1.12 0.50 -0.75 0.66 -0.68 0.67 

125 
7 -1.43 -1.20 -1.32 -0.80 -0.94 -0.02 -0.92 -0.36 

125 
10 -0.92 -0.62 -0.70 -0.59 -0.54 -0.31 -0.41 -0.26 

11 -1.28 1.42 -0.12 0.93 0.31 0.57 0.27 0.98 

6 -1.37 -0.23 -0.99 0.42 -0.58 0.39 -0.51 0.41 

62.5 
7 -0.97 -1.24 -1.12 -0.93 -1.07 -0.31 -0.96 -0.25 

10 0.82 0.45 0.27 0.16 0.16 0.19 0.06 -0.03 

11 0.48 1.99 0.52 1.14 0.49 1.01 0.36 1.06 

6 -1.06 -0.11 -0.81 0.40 -0.55 0.36 -0.52 0.44 

31.25 
7 -1.02 -1.02 -0.95 -0.91 -0.92 -0.24 -0.91 -0.27 

31.25 
10 0.67 0.43 0.14 0.38 0.03 0.27 0.08 0.17 

11 -0.21 1.66 0.18 1.48 0.27 1.11 0.32 0.92 

Positive values of have west to east conponents. 

Negative values of oib have east to west components. 
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VARIATIONS IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS AND THE 
SHORELINE AT BREAKING FOR DIFFERING GRID ELEMENT SIZES. THE WAVE 
HEIGHT IS 1 m AND OFFSHORE APPROACH ANGLE IS 120o 

440-7. 

N-S grid element 
size (m) 

Cell 
No 

W - E grid element size (m) N-S grid element 
size (m) 

Cell 
No 

1000 1 500 1 250 125 

Period (s) 

6 9 6 9 6 9 6 9 

6 -12.91 -13.15 -11.86 -11.46 -10.91 -10.99 -10.84 -10.94 

250 
7 -9.85 -7.69 -9.45 —6.16 -9.11 -7.23 -9.02 -7.04 

250 
10 -18.76 -7.64 -15.88 -6.59 -14.31 -7.21 -16.88 -7.49 

11 -14.28 -9.69 -15.27 -9.42 -14.77 -8.18 -14.99 -8.02 

6 -13.50 -11.18 -10.94 -9.75 -10.77 -10.14 -10.62 -10.71 

125 
7 -9.56 -7.41 -9.31 -7.21 -9.32 -7.16 -9.27 -7.22 

125 
10 -17.01 —6.06 -16.35 -6.56 -17.39 -7.13 -17.17 -7.10 

11 -16.67 -8.65 -15.57 -6.61 -15.72 -7.09 -15.62 -7.76 

6 -13.16 -12.35 -10.17 -11.81 -10.23 -10.64 -10.04 -10.79 

62.5 
7 -9.44 -7.53 -9.29 -7.41 -9.04 -7.42 -9.16 -7.08 

10 -15.62 -6.38 -15.71 -6.72 -16.21 -7.09 -16.72 -7.02 

11 -14.17 -8.31 -14.82 -7.41 -15.31 -7.11 -15.41 -7.51 

6 -12.62 -12.11 -10.76 -11.43 -10.92 -10.58 -10.51 -10.81 

31.25 
7 -10.12 -7.69 -9.29 -7.20 -9.13 -7.03 -9.16 -7.12 

31.25 
10 -14.91 -6.32 -16.22 -6.45 -15.81 —6.66 -16.39 -7.08 

11 -14.92 -8.17 -15.17 -8.03 -15.18 -7.37 -15.13 -7.55 

All values of e(k have east to west components. 



TABLE 49 440-8. 

VARIATIONS IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS M P THE 
SHORELINE AT BREAKING FOR DIFFERING GRID ELEMENT SIZES. THE WAVE 
HEIGHT IS 1 m AND OFFSHORE APPROACH ANGLE IS 135° 

N-S grid element 
size (m) 

Cell 
No 

W - E grid element size (m) N-S grid element 
size (m) 

Cell 
No 

1000 500 1 250 1 125 

Period (s) 

6 9 6 9 6 9 6 9 

6 -19.52 -19.95 -19.93 -19.73 -19.31 -18.31 -19.46 -17.75 

250 
7 -15.09 -12.67 -15.12 -15.02 -15.34 -13.76 -15.41 -13.94 

250 
10 - - - - - - - -

11 - - - - - - - -

6 -19.49 -19.92 -18.78 -20.44 -18.92 -18.73 -19.03 -18.22 

125 
7 -15.75 -10.23 -15.12 -11.79 -15.59 -12.17 -15.57 -12.62 

125 
10 - - - - - - - -

11 - - - - - - - -

6 -19.36 -18.76 -19.05 -19.01 -19.24 -18.55 -19.17 -18.46 

62.5 7 -15.48 -11.34 -15.39 -13.32 -15.31 -13.92 -15.49 -14.11 

10 - - - - - - - -

11 - - - - - - - -

6 -19.22 -18.54 -19.11 -18.30 -19.27 -18.12 -19.18 -18.02 

31.25 
7 -15.57 -12.76 -15.46 -13.74 -15.52 -13.98 -15.59 -14.67 

31.25 
10 - - - - - - - -

11 - - - - - - - -

All values of have east to west coiq)onents, 



TABLE 50 440-9, 

VARIATION IN THE ANGLE (DEGREES) BETWEEN THE WAVE CRESTS AND THE 
SHORELINE AT BREAKING FOR THE COARSEST (1000m X 250m) AND THE 
FINEST (125m X 31.25m) GRIDS 

Offshore wave 
approach angle 
(degrees ant-
clockwise from N.) 

Cell No. Wave period (s) Offshore wave 
approach angle 
(degrees ant-
clockwise from N.) 

Cell No. 

6 9 

45° 
10 -0.85 0.53 

45° 
11 -0.73 -1.38 

60° 

6 0.78 0.28 

60° 7 1.26 0.45 
60° 

10 -0.64 1.30 

60° 

11 0.46 1.23 

90° 

6 1.05 1.05 

90° 
7 0.26 0.51 

90° 

10 1.43 1.73 

90° 

11 0.45 0.66 

120° 

6 2.40 2.34 

120° 7 0.69 0.57 120° 

10 2.37 0.56 

120° 

11 -0.85 2.14 

135° 
6 0.34 1.93 Combined 

Periods 135° 
7 -0.50 -2.00 

Combined 
Periods 

Average 

6 1.14 1.40 1.27 

Average 
7 0.43 -0.12 0.16 

Average 
10 0.58 1.03 0.80 

Average 

11 -0.17 0.66 0.24 

All Entries 0.62 

+ refers to a decrease in the value of oib. 
- refers to an increase in the value of 
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Fig.229: Groynes and the promenade looking east 
from Bos combe Pier 
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Fig.231: Hengistbury Long Groyne 
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Fig.239: Cliff erosion at Barton-on-Sea 
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Fig.240: The coastal cells in Poole and Christchurch Bay^ 
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shoreline 

DRIFT 

454. 

orthogonal 

Fig.242: Longshore drift from west to east for 

O°<(e-0)<9O° 

shoreline 

DRIFT 

orthogonal 

Fig.243: Longshore drift from east to west for 

90°<(8-d)<180° 
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missing from bound volume 
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Fig.244: Longshore drift from west to east for 

9O°<(0-e)<18O° 

shoreline 

DRIFT 

orthogonal 

Fig.245: Longshore drift from east to west for 

O°<(0-0)<9O° 
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HANDFAST 
POINT 

COARSE 
GRID 

Fig.248: Wave rays propagating from deep water over the coarsest and 
finest grid (both full line) with a period of 6 seconds to 
inpinge at the shoreline in cell 7. 
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HANDFAST 
POINT 

COARSE 
GRID 

Fig. 249: Wave rays propagating from deep water over the coarsest grid 
(full line) and the finest grid (dashed line) with a period 
of 9 seconds to inpinge at the shoreline in cell 7. 



CHAPTER 12 - CONCLUSIONS AND FURTHER RESEARCH 459 

"Don't turn away from possible futures before you're 
certain you don't have anything to learn from them. 
You're always free to change your mind and choose 
a different future, or a different past". 

Richard Bach, "Illusions". 

12.1. WAVERIDER BUOY OPERATION AND DATA PROCESSING 

A Waverider Buoy was located in Poole Bay in the same position from 

June 1974 to March 1979. The overall data retrieval during this period 

was 75% for analogue recordings in the form of an ink pen trace on chart 

paper. A digital recorder was placed on site from October 1977 to 

August 1978. The data was recorded on magnetic tape cartridges 

and transferred to the DATS 11 computer for analysis. The data retrieved 

was 87% for digital recordings. 

A number of important practical conclusions,resulting from nearly 5 years 

experience in Waverider Buoy operation and maintenance, have become 

apparent 

(a) It is preferable to have a continuous set of wave records 

with no gaps in the data. For this purpose it is wise 

to purchase two Waverider Buoys, maintaining one on site and 

reserving the other as a replacement should the recording 

Buoy be removed for calibration and refurbishing, or 

malfunction. 

(b) The batteries in the Waverider Buoy should be changed 

every 9 to 12 months, according to the supplier's 

recommendation. At the same time the Buoy should be 

calibrated to check the performance against known wave 

heights and periods. It is important to check the 

outer shell for corrosion and pitting and desirable to 

repaint the top half of the outer shell with the regulation 

colours. 



(c) 
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If only one Waverider Buoy, and no spare, is operated, 

then the above exercises should be performed in the summer 

months during as short a period as possible. The 

probability of the occurrence of large wave heights, which 

should be recorded, is then kept to a minimum and the chances 

of low wave heights, required for the boat operations, are 

kept to a maximum. If two Waverider Buoys are operated the 

timing of the above exercises is not such an important 

consideration. 

The mooring system shown in Fig.18 of Section 3.1. has 

Proved successful for the site in Poole Bay where the 

water depth is 14 m below C.D. It is important to ensure 

that the length of rubber cord and shackles is less than the 

likely minimum water depth to avoid abrasion with the sea bed 

material. 

It has proved satisfactory to change the mooring system at 

yearly intervals as a precaution, although it should be 

noted that the wear on most of the mooring components which 

have been replaced was negligible. The only exception is 

the shackle below the rubber cord which had, at certain 

periods of the tide, been scraping on the sea bed. 

It has proved wise for divers to inspect the Waverider 

Buoy and mooring system at regular monthly intervals. 

The accumulation of marine growth in one month can be 

excessive and this should be removed to avoid unnecessary 

drag on the Waverider Buoy. 

During boat operations involving Waverider Buoy inspections, 

removal or deployment and when the mooring system is changed, 

it is easier to include as few personnel as possible, and to 

manage the craft oneself. With keen support, it is then 

possible to undertake the operation at any time, on any day 

of the week, at only, perhaps, one hour's notice. 

(d) 
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The Warep receiver was successfully operated during the period that 

the Waverider Buoy was on site. Certainly it seemed to benefit from 

the dry, heated pier hut in which it was housed. 

Problems with the chart paper recording system were varied and included 

ink pen blockage, chart paper jamming and expiry of a chart roll at 

the completion of a three day recording period. The personnel who 

operated the receiver visited the pier hut every three days, on average. 

There is no doubt that the data retrieval would have been improved if the 

^^siting period were daily, since faults could then be rectified with 

minimum loss of data. 

To include the facility to record large wave heights such as 8.8 m on 

14th October 1976, a full scale deflection of 10 m was selected for the 

chart recorder. However, this resulted in 1 cm on the chart paper being 

equivalent to 1 m of wave height and thus problems in manual processing. 

Although values of Hg less than 0.3 m (corresponding to less 

than 0.5 m) were considered too small to analyse, there is no doubt that 

wave traces with less than 1 m are open to subjective interpretation, 

especially with reference to the occurrence of zero crossings of S.W.L. 

and hence wave period. 

A digital data logging unit has been constructed to record data at 

intervals of half a second. The cost of the complete unit was £1500 

(1977) which is less than any similar commercially available equipment. 

There were fewer gaps in data retrieval using digital recording and a 

site visit just once every nine days was necessary. A number of problems 

became apparent with the particular digital recording instrument 

employed, resulting from both a marker of insufficient magnitude at the 

end of a 20 minute recording interval and spurious data points 

introduced by the equipment itself. Fortunately these could be 

overcome but there is no doubt that analysis would have been far 

sin^ler if a large marker were included* 

The digital recordings allowed a more rigorous and elaborate analysis of 

the wave data to be undertaken. Once programmed, the computer could 
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analyse vast quantities of data very quickly and all possible errors 

resulting from misjudgement and subjectivity were avoided. However, 

it is advisable to include a chart paper recorder in the instrumentation 

to act as a visual check of the digital equipment. 

The comparison of digital and analogue wave recordings analysed by 

computer and manual methods respectively, has yielded some anomalies 

which require further research 

(a) The wave height parameters of , H, and Hj 

calculated using the digital data are greater by 

approximately 0.4 m on each occasion than those from the 

chart paper. In addition,out of 116 comparisons only on 

eight occasions at the most, was a wave height parameter 

recorded on chart paper greater than its corresponding 

digital wave height. 

(b) Apart from seven occasions out of the same 116 comparisons 

was the manually estimated value of Tz greater than Tz 

from the digital analysis. A more detailed analysis 

showed that as Hs increased the correlation between values 

of T-z obtained from the two methods of analysis 

improved. At values of Hs in excess of 1.5 m the 

correlation was good. 

(c) The value of Hs obtained by the intrinsic definition 

using digital data was greater than the manually 

analysed value of , using H, and Nz , by an average 

of 0.15 m on each occasion. 

The above correlations of wave heights and periods seem to suggest a 

degree of damping of the chart paper pen causing it not to respond as 

quickly as the digital recording equipment. 

It is hoped that further research into the above problems may be 

undertaken in the future. The results require some verification for 

they were obtained from a single unserviced Warep which had been on 

site for over three years. 
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Parameters computed from the digital wave records have been correlated 

and a number of relationships indicated. The important results are:-

(a) The ratio of HMAX/HSWof 1.75 and HSW/hRMSW of 1.43 

are close to theoretical values derived from a Rayleigh 

distribution of wave heights. This distribution assumes that 

the wave spectrum contains a narrow band of wave frequencies, 

although the correlation of HMAX and HI and values of ET 

indicate that the recorded waves belong to a wider band 

process. 

(b) It is evident that where larger spectral moments are 

employed to estimate wave parameters, greater inaccuracies 

occur. 

(c) The values of HSS and HSE give a good approximation to 

HSW. 

(d) The values of HRMSE give a good approximation to HftMSW. 

(e) TZ is more accurately estimated using T6S ( = M O / M I ) 

than TZS (= [mo/m2]'^, 

(f) TCS (=|M2./M4-ĵ )is a poor estimator of TC . 

(g) When HSiaj is correlated with TZ or TC the existence of 

wind generated and swell waves is clearly defined. 

(h) The greater values of SF occur when To is between 5 and 

11 s with the three highest values of SF associated with 

TO values of 7.5 and 8 s. 

A limited comparison with data recorded at the Christchurch Bay Tower 

has been made:-

(a) The maximum recorded wave height in Christchurch Bay is 

generally higher than the corresponding Poole Bay 

maximum wave height. 
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(b) Wind speeds recorded at Portland Bill and at the 

Christchurch Bay Tower are reasonably comparable up to 

18 knots. Above this wind speeds are greater in 

Christchurch Bay than at Portland Bill. 

(c) The winds recorded at Portland Bill are generally more 

westerly than in Christchurch Bay by an average of 15°. 

12.2. WAVE CLIMATE AT THE SITE 

The manually analysed wave data has been plotted to give ,a 

diagrammatic representation of the recorded wave climate for the 

years 1975 to 1978 inclusive. 

The wave climate for 1978 should be viewed with some caution since much 

of the data for the usually stormy months of October, November and 

December is missing. The rest of the year is characterised by a large 

percentage of calms (Hj'CO.S m) and swell wave action. Hence, many 

of the diagrams for 1978 give undue importance to the longer period 

swell waves. 

The scatter diagram illustrating the joint distribution of Hs and T& 

emphasises the difficulties of analysing a wave trace when Hs is less 

than one metre for the particular recording scale of 1 cm equivalent to 

1 m. In general, the scatter diagrams show that values of Hs occurred 

frequently up to 2.1 m and values of Tz can occur up to 18 s. 

The spectral width parameter diagram shows that values of £ tend to be 

distributed in the range 0.5 to 0.8. 

A comparison has been made between the distribution of winds at Calshot 

and Portland Bill for the years 1975 to 1978 inclusive and in an average 

year (1960-74 for Calshot and 1970-75 for Portland Bill). 

For Portland Bill, the percentage occurrence of winds in all the 

diagrams increased steadily from the direction S.S.E. proceeding in a 

clockwise direction to west. In general, the directions W.S.W., west 

and W.N.W. occurred most frequently, while S.S.E. and south occurred 

least often. 
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For Calshot, the greatest percentage of winds occurred from the W.S.W. 

direction, which is almost twice as often as from any other single 

direction. It has been suggested that this may be attributable to a local 

effect. 

In all the diagrams a greater proportion of winds are recorded at Calshot, 

compared with Portland Bill, for directions W.S.W. and S.S.W. Portland 

Bill recorded a greater percentage of winds from east, E.N.E., west, W.N.W. 

and N.N.W. Overall, winds recorded at the two stations do not show a 

favourable comparison. 

Waves recorded at the Waverider Buoy site and winds recorded at Portland 

Bill have been correlated. Some new wind-wave diagrams have been 

suggested and they illustrate the close relationship that exists between 

recorded waves at a coastal location and wind speed and direction. 

The wind roses for Portland Bill with contemporary significant wave 

height showed that for winds of Force 2 to 3 the majority of waves were 

categorised as calm, irrespective of wind direction. With Force 4 to 5 

winds the diagrams show that, for winds with a southerly component, 

few wave heights in the calm category were produced, whilst for 

northerly components the calm category was more dominant. 

The diagrams of significant wave height in relation to contemporary wind 

zonal conditions at Portland Bill show that above a value of Hs of 

0.6 m the percentage of waves produced by offshore winds was relatively 

small in comparison to those produced by onshore winds. 

A problem apparent with the above wind-wave diagrams, was that wave 

heights increased with strengthening wind speed as a depression passed, 

but wave heights remained high for some time in correlation with 

correspondingly low wind speeds. An attempt was made to overcome this by 

considering only records up to the highest wave in a storm. 

Empirical wind-wave relationships are obviously complex at a coastal site 

because of the strong dependence on wind direction. A relationship 

between Hs and U was established for the strictly onshore wind direction 

of 140° to 250° clockwise from north. This relationship was used to 
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hindcast wave heights from incident wind speeds at Portland Bill. The 

results were compared with estimates from the Darbyshire-Draper and 

Bretschneider wave prediction curves, and it was apparent that the 

curves produced an over-estimate of wave height, the latter being a 

closer approximation to the recorded values. The curves were designed 

for use in much deeper water and so, for coastal waters, application of 

the curves with caution was advisable. The results show that a 

prediction based on actual recordings, even if of limited duration, 

combined with wind information was likely to give superior results. 

Gumbel, Log-normal and Weibull probability distributions have been 

investigated to obtain a best fit to the wave height data. The Weibull 

distribution has proved the most satisfactory and, by extrapolating the 

line, values of Hj have been estimated for certain return periods. For 

return periods of 1, 5, 10 and 50 years the predicted values of H& are 

3.9 m, 4.6 m, 5.0 m and 6.1 m respectively. For the same 

return periods result in values of 7.6 m, 9.2 m, 10.3 m and 12.2 m 

respectively. This ignores site constraints such as limited water depth 

which are obviously important at a coastal site. 

The set of wave data used for extreme wave height prediction should contain 

a representative distribution of stormy and calm months, which will 

approximate to average conditions. However, this is rarely the case and, 

at present, the only correction of such wave data predictions has been 

based on the percentage variation of mean wind speed from the average 

at a nearby wind recording station. An attempt has been made to correct 

the Weibull probability line for a particular period of recording 

using contemporary wind data to correspond to an average year. This 

has been reasonably successful, but this is a subject that requires further 

research. 

The variation of the wave spectrum with varying numbers of degrees of 

freedom has been outlined, and it was concluded that above 36 degrees 

of freedom the shape and peak spectral density were most stable. 

An analysis of the digital data has allowed a study of the spectral build 
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up of six storms when Hs exceeded 2 m. There were two types of spectral 

build up. The first resulted from a depression which moved in a north-

easterly direction across the region when winds strengthened as the 

direction veered from south through S.W. to west. The resulting 

spectra were of single mode with high values of S(f) . The second was the 

result of a more complex wind system resulting in spectra which were 

often wider and sometimes bimodal with lower associated values of S(^) . 

Such complex systems may have resulted from either a less intensive 

depression passing the region not long before, or from a rapidly veering 

wind and fluctuating speed. A more detailed study of wave spectra, 

and spectral build up would certainly improve the knowledge of the wave 

climate in Poole Bay. 

A severe storm occurred on 14th October 1976 and it contained the highest 

wave ever recorded at the Waverider Buoy site and, in addition, resulted 

in much damage to the Christchurch Bay experimental tower and destruction 

of the nearby "sand tower", as well as erosion of the unprotected 

shoreline of the two Bays. Six of the analogue strip charts recorded 

on that day were digitised using a manually operated pen-following 

sonic digitiser. The wave spectra from these records were compared with 

the JONSWAP spectrum, which was too sharply peaked, and the Pierson-

Moskowitz spectrum, which proved a better fit. 

An analysis of the wave height data for 14th October 1976 showed that the 

value of of 8.8 m at 12.00 G.M.T. was a "freak" wave, i.e. it 

was out of character with the rest of the wave trace. This illustrated 

the weakness of using the Tucker-Draper method of analysis and estimating 

Hs from H, which equalled in this case. It is recommended that 

this should always be checked using an estimate of from Hi . The 

return period of the value of 4^^* of 8.8 m was estimated to be 

4 years, and from the peak value of Hs of 3.93 m the return period was 

1 year. 

12.3. WAVE POWER AT THE SITE AND POSSIBLE UTILISATION 

The available wave power at the Waverider Buoy site in Poole Bay has been 

estimated using the analogue wave records for three years - 1975 to 1977 



468. 

inclusive. Since a complete set of wave data without gaps was necessary, 

missing values were estimated by using a hindcasting procedure which 

involved contemporary wind speed and direction data at Portland Bill. It 

appears that this analysis technique has not been previously performed 

at a coastal site. 

The most precise method of wave power evaluation involves the use of the 

wave spectrum, and the power contributed by each wave period component 

may then be summed to produce the final estimate. However, this is 

only possible where the data exists in digital form. 

A limited comparison of simultaneous power estimates from analogue and 

digital data has been undertaken by Mansard (1978). His results indicate 

that the method involving analogue data always produces over-estimates of 

the available power. However, the author is of the opinion that the 

subject of wave power estimation from various methods of analysis 

requires closer examination. Certainly this could be performed from 

using the data that has been recorded at the present site. 

For the three year period 1975 to 1977 the average available power is 

nearly 2 kW/m and the average energy per year is approximately 17 MWh/m. 

More power is available during the winter when electrical demand is 

highest, although the amount is still small when compared with the most 

recent estimates of 50 kW/m attainable from the west coast of Scotland. 

A system of wave power machines, possibly of the Salter's Duck type, has 

been suggested in an arc from Handfast Point to the Needles, over a 

distance of 18 km. The estimated energy potential, allowing for shipping 

and small craft lanes, would be about 0.3x10^ MWh/year, which is 

approximately 0.1% of the total energy demand of the U.K. Assuming a 

50% efficiency of the wave power devices, the available power is 

sufficient only to supply a township of about 30,000. This is one-tenth 

of the population of the Poole Bay towns. In addition, the present cost 

per kW of electricity produced from wave power devices would be almost 

ten times fossil fuel alternatives. Hence, for energy utilisation alone, 

it would be uneconomical to develop this site. 

A coastal location would be beneficial however, for power transmission 
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to the shoreline and the larger waves would be refracted so that their 

orientation would be reasonably consistent, with the crests impinging 

directly onto the devices. In addition, the reduced wave activity in the 

lee of the wave power devices could be advantageous with regard to coast 

protection and amenity. If these factors were taken into consideration, 

from the energy utilisation aspect, it might become an economic proposition. 

However, some caution would be needed with respect to the interference 

with the natural processes and the possible detrimental affects of coastal 

readjustment on the new incident wave pattern. This would necessitate model 

studies and presumably some tests in the open sea. 

Since the wave power availability at this site is so low it is unlikely 

that a scheme similar to the one described above would be implemented. It 

could be suggested that offshore floating breakwaters, extracting no power, 

may provide a possible long-term solution to the coast protection problems 

in the Bays. However, such a scheme could be usefully employed in 

countries such as Japan, where there are no natural fuel deposits and 

sensitive shorelines exist. 

12.4. WAVE REFRACTION 

Until about a decade ago the general procedure for the development of 

wave refraction diagrams employed a graphical technique. However, the 

advent of computers has allowed a fast and accurate analysis of waves 

propagating from deep to shallow water. The computer, once programmed, 

can reproduce conditions for any variety of offshore wave approach angles 

and periods. 

The various shallow water wave processes have been outlined in Chapter 7 

and it was concluded that refraction and shoaling were the factors of 

primary importance. To a lesser extent,in the present case,diffraction was 

considered an influencing factor for waves passing close to headlands which 

resulted in a lateral movement of some energy along the wave crests and 

disturbances in the lee of the promontory. 

A number of programs for wave refraction exist in the published literature 

and, for the reasons outlined, the method of Orr and Herbich (1969), 
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with corrections summarised by Skovgaard et al (1975), was initially 

chosen. However, after running the program it became evident that 

the orthogonals were "over-refracting", especially in regions of 

complex topography. In an attempt to rectify this the grid element 

size was made finer in the north-south direction and, although there was 

some improvement, the real life representation was still considered 

unsatisfactory. A number of reasons for this have been proposed. 

The method of Brampton (1977 (a) ) was then adopted and after some initial 

problems, a more acceptable model of the approaching wave orthogonals was 

produced. 

Aerial photographs were examined, in an attempt to verify the wave 

refraction diagrams. However, a basic problem was that such flights are 

seldom made in high wind, and hence, large wave conditions, when 

photographs would have been most relevant.. 

A method which took into account the results of beach observations and 

Waverider Buoy data recorded in Poole Bay was then employed. Although 

this provided much useful information, no conclusive evidence could be 

produced to verify the model. It was shown, however, that the model 

predicted, with reasonable accuracy, conditions which were directly open 

to the wave attack, but it poorly defined wave patterns in sheltered 

regions where diffraction effects and locally generated wind waves were 

of considerable importance. 

Careful interpretation of wave refraction diagrams is necessary because 

of the possible influence of the selected initial offshore conditions. 

However, a number of general conclusions, with regard to conditions in 

the Bays were possible 

(1) There is a convergence of wave orthogonals onto the headland 

of Hengistbury Head,and the deep water channel between the 

Needles Channel and the West Solent receives few wave rays. 
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(2) Ignoring diffraction and the effect of local wave 

activity, Poole Bay is sheltered for all wave periods with 

approach angles less than 40 , and only the east of the Bay 

receives attack from directions of 50° and 60°. Christchurc 

Bay is protected for offshore approach angles greater than 

150°, witt 

direction. 

150°, with little influence to the coastline for the 140° 

(3) There is no doubt that if diffraction effects were included 

there would be some activity in the lee of the headlands. 

As with more sophisticated wave refraction models, caustics or crossed 

wave orthogonals are formed, more so in Christchurch Bay than in Poole Bay. 

The shoals of Dolphin Sand and Bank, the Needles, the Shingles and 

Christchurch Ledge all influence waves approaching the shorelines of 

Christchurch Bay. Dolphin Sand has some effect in Poole Bay especially 

when the incident waves approach with an easterly component and are of 

long period. 

Caustics have been discussed at length, and it appears that one of the 

weaknesses of the Brampton (1977 (a) ) method is that no reference is made 

to wave amplitude gradients formed along the wavefront while the ortho-

gonals converge. These occurred in the program but do not exist in reality 

because a lateral flow of energy along the wave crests and troughs exists. 

It therefore appears that the method of Brampton reproduces well the 

effects of refraction and shoaling, but for the present application it 

would be necessary to extend his computational technique to consider 

diffraction and wave amplitude effects. However, further research on 

caustic formation, with perhaps field experiments, is still required. The 

reproduction of caustics in the laboratory over a clock glass simulates 

conditions unlike those on site, and it appears that a comprehensive system 

of simultaneous measurement at various locations above a shoal is necessary 

to validate wave refraction techniques. 

In hindsight, considering the inaccuracies in the refraction method, and 

the complexity of the underwater topography in the Bays compared to that 
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offshore, it would appear that there is probably little to be gained 

from extending the grid to deep water for all but the very long period 

waves. A southerly limit on a line with Handfast Point, just outside 

the Bay margins, would have allowed a complex grid system to be placed 

over the Bays. 

The effects of refraction and shoaling of waves reaching the margins of 

the grid would have to be ignored, but this may be offset by the influence 

of wave generation over the region from deep water. 

It must be noted, however, that many of the inadequacies outlined 

above would probably have been apparent in all but a few of the available 

published programs. In addition, the problem with using more sophisticated 

techniques is that the input data soon becomes a limiting factor and the 

problem of accurate representation of the sea bed and of the real sea 

spectrum of wave frequencies, heights and directions is important. 

12.5. ESTIMATES OF LONGSHORE DRIFT 

A number of methods for the estimation of longshore drift have been 

outlined and, for the reasons given, it was decided to apply the CERC 

formula in the present case. 

In order to do this the refraction program of Brampton (1977 (a) ) was 

extended to calculate wave heights and group celerities at the coastline 

after tracking orthogonals in from deep water. It was also necessary to 

compute the angle between the wave crests and the shoreline and to relate 

this to a west or east longshore drift movement. 

The year 1977 was chosen for the analysis since it approximated well to 

an "average" year for wind conditions at Portland Bill. 

The longshore wave energy flux was calculated in 15 coastal cells each 

containing a 2 km length of shoreline. The values obtained were 

comparable with computations made by other authors at different locatilies. 

By application of a coefficient, k , it was possible to estimate quantities 

of longshore drift from the longshore wave energy flux. For a natural 
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shoreline, con̂ josed of sand, the value of k of 1288 (metric units) 

has been derived in the U.S.A. But, a new value of k had to be 

obtained for the groyned beaches in Poole and Christchurch Bays which 

were con^osed of, in many cases, a mixture of sand and shingle. 

Using some fairly sinqple assumptions outlined in Section 11.5., values of 

k for protected shorelines composed of sand, sand and shingle, and shingle 

were estimated to be 350, 185 and 20 respectively. Applying these values, 

quantities of longshore drift have been estimated for the coastline of 

Poole and Christchurch Bays. 

The predicted directions of movement are, for the most part, equivalent 

to those recorded by field observations. The drift along most of the 

shoreline of the Bays is from west to east, apart from a section in the 

west of Poole Bay where the drift is from east to west. The quantities 
3 3 

vary from just 2,000 m /year to 645,000 m /year. 

In Poole Bay the longshore drift increases both west and east from 
3 

approximately the mid-piers region, reaching 178,000 m /year and 
3 . . 

86,000 m /year in the extreme portions to the west and east respectively. 

In Christchurch Bay the situation is more complex, with quite large 

variations in longshore drift quantity around the shoreline. Of most 

consequence is the predicted high rates of drift movement in the 

Highcliffe and Barton-on-Sea region, which is part of the coastline that 

has been severely attacked in recent years. 

A detailed study has been undertaken of the effect of varying the grid 

element size on the breaking wave approach angle (^b) in the refraction 

analysis. This was necessary because in the expression for Pu in 

Equation (252) the value of is of great inportance - small 

changes in the value of ôt, can result in large variations of . 

Selected wave rays were tracked towards the shoreline from deep water 

using the coarse grid element size of 1 km west-east by 250 m north-south 

and then transferred to a finer grid in the nearshore region. The new 

grid was located to the north of a line passing in an easterly direction 

through Handfast Point. 
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The finer grid element size was successively halved from 1000 m to 125 m 

in the west - east direction and from 250 m to 31.25 m in the north-south 

direction. This enabled sixteen permutations of varying grid column and 

row dimensions to be considered. Wave rays of height 1 metre and period 

6 and 9 seconds were propagated from five offshore approach angles and 

an average considered at cells 6, 7, 10 and 11. 

A reduction in the value of Uy from the coarsest to the finest grid 

was noted of the order of 0.6°. The effect of this is a larger 

predicted value of ksa^L than 350, perhaps of the order of 360 or 

370. This would result in small increases of longshore drift quantity 

in cells 1, 2, 7, 8, 9 and 10. It is also suggested that the use of a 

finer grid will reduce the great irregularities in the distribution of 

PLS as, for example, between cells 10 and 11. 

Using the CERC formula with the values of k stated above, it is possible 

to obtain only rough estimates of longshore drift. It has already 

been noted that research directed to obtain an improved drift formula 

is in progress in the U.S.A. In the present case, there is no doubt 

that, if field measurements could be undertaken to derive known drift 

quantities under known wave conditions, then values of k could be 

calculated. Their application would then yield estimates of longshore 

drift which would be derived with fewer assumptions than those 

obtained in the present research. 

12.6. SUMMARY 

Most wave recording has been carried out for deep-water situations. 

Coastal sites present special problems and there is little published 

data covering wave conditions. 

The Thesis utilises the data obtained in 4 years of wave recording in 

Poole Bay. The wave climate is assessed and the coastal engineering 

implications examined. 

Apart from the contribution to knowledge of wave behaviour in Poole and 
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Christchurch Bays, the Thesis includes further developments and 

refinements of existing techniques of wave recording and analysis, as 

well as some new ideas concerning wind-wave relationships and the 

assessment of littoral drift from refraction diagrams. 

During the course of the study a number of papers have been published 

on some of the more interesting findings and these are enclosed in the 

folder at the rear of the Thesis. 



ACKNOWLEDGEMENTS 

"The road goes ever on and on 
Down from the door where it began. 
Now far ahead the road has gone. 
And I must follow, if I can. 
Pursuing it with weary feet. 
Until it joins some larger way. 
Where many paths and errand meet. 
And whither then? I cannot say". 

J.R.R. Tolkien, "The Lord of the Rings' 

As is often the case in a three year research project, many people 

gave assistance beyond that normally expected and for no personal 

benefit. 

Primarily, the author would like to thank Mr. N.B. Webber for 

providing the opportunity to study for a further three years and 

for his advice and encouragement throughout. 

The author would also like to express his gratitude to Mrs. G. Jewell, 

without whose help much of the computing would not have been possible. 

In addition, Mr. C. Jewell is also acknowledged for the construction 

of the interface unit to enable the DATS 11 computer to receive 

digital data. 

Mr. C. Dyne, Dr. C. Mercer, Mr. R. Pacifico and Mrs. V. Barron are 

also thanked for their patient and cheerful co-operation in all 

aspects of the computer work. Dr. J. Hammond is acknowledged 

for some interesting discussions on the subject of spectral analysis. 

Dr. N.A. Halliwell gave assistance to the author with mathematical 

problems. 

Mr. J. Cross and Mr. D. Bowden are thanked for their assistance with 

the operation and maintenance of the Waverider Buoy. Mr. E. Meech 

gave invaluable help with repairs to the instrumentation and 

adapted the Penny and Giles digital recorder for use with the Warep 

receiver. Mr. R. Harkness is also thanked for his assistance in 

design of the digital recorder. 



The author is indebted to Dr. A.H. Brampton for making his wave 

refraction program available and for his subsequent help and advice. 

Mr. K.J. Donald and Mr. P. Mockford are acknowledged for their 

assistance in the calculation of wave power availability and 

digital data analysis respectively. 

Mrs. S. Plummer and Mrs. G. Hutchins carried out the unenviable task 

of analysing and drawing up vast quantities of analogue wave data. 

Mr. A.S. Bum provided an efficient service for analysing and 

plotting data and produced excellent drawings for published papers, 

some of which are reproduced in this Thesis. 

Mrs. I.J. Docherty accurately typed many reports and papers and is 

also thanked for typing this Thesis as is Miss G. Madoc-Jones 

for checking the final script for errors. 

Finally the author is grateful to various organisations for their 

assistance during the period of research. They include the Science 

Research Council for financial support; the National Maritime 

Institute for the use of Christchurch Bay wind and wave data; 

Bournemouth Corporation, Sir William Halcrow and Partners, and the 

Department of the Environment for the use of the wave data; The 

British Council for subsidising an enlightening visit in 1978 to 

the 16th Coastal Engineering Conference at Hamburg, to Datawell at 

Haarlem and to Dr. J.A. Battjes at Delft University of Technology. 

He is also thanked for some interesting discussions and kindness 

throughout the visit. 



"People who make their own rules 
when they know they're right ... 
people who get a special pleasure out 
of doing something well (even if only 
for themselves) ... people who know 
there's more to this whole living 
thing than meets the eye: they'll be 
with Jonathan Seagull all the way". 

Richard Bach, 
"Jonathan Livingston Seagull". 



REFERENCES 

Abbott, M.B., Petersen, H.M. and Skovgaard, 0. 1978. Computation 
of short waves in shallow water. Proc. 16th Conf. Coastal 
Eng., Hamburg. 

Abernethy, C.L. and Gilbert, G. 1975. Refraction of wave spectra. 
H.R.S. Rep. No. INT 117. 95pp plus fold-out figures. 

Aranuvachapun, S. 1977. Wave refraction in the southern North 
Sea. Ocean Eng. 4, pp 91-99. 

Arthur, R.S. 1946. Refraction of water waves by islands and shoals 
with circular bottom contours. Trans. Am. Geophys. Union. 
27(2), pp 168-177. 

Arthur, R.S., Munk, W.H. and Isaacs, J.D. 1952. The direct 
construction of wave rays. Trans. Am. Geophys. Union. 
33(6), pp 855-865. 

Babbedge, N.H. 1978. Barton West beach: sand tracer experiment. 
Dept. of Civil Eng., Univ. of Southampton. 65pp. 

Babbedge, N.H. 1978. Fluorescent tracers and longshore transport-
background theory and models. Tracer experiments on Barton 
West beach. Dept. of Civil Eng., Univ. of Southampton. 80pp. 

Bagnold, R.A. 1963. Mechanics of marine sedimentation. The Sea. 
3, pp 507-528. 

Bainbridge, G.R. 1964. Nuclear options. Nature, London. 249, 
pp 733-737. 

Baird, W.F. and Mogridge, G.R. 1976. Estimates of the power of wind 
generated water waves at some Canadian coastal locations. Nat. 
Research Council, Canada. Rep. No. LTR-HY-53, 23 pp. 

Baird, W.F. and Thompson, E.F. 1977. The presentation of wave data. 
Ports '77, 4th Annual Symposium of ASCE, California. 
pp 382-393. 

Bamett, T.P. and Wilkerson, J.C. 1967. On the generation of wind 
waves as inferred from airborne radar measurements of fetch-
limited spectra. Jour. Marine Research. 25(3), pp 292-328. 

Bamett, T.P. and Sutherland, A.J. 1968. A note on an overshoot effect 
in wind generated waves. Jour. Geophys. Research. 73(22), 
pp 6879-6885. 

Bamett, T.P. and Kenyon, K.E. 1975. Recent advances in the study 
of wind waves. Rep. Prog. Phys. 38, pp 667-729. 



Battjes, J.A. 1968. Refraction of water waves. Jour. Waterways 
and Harbors Div., ASCE. 94, WW4, pp 437-451. 

Battjes, J.A. 1970. Long-term wave height distribution at seven 
stations around the British Isles. N.I.O. Int.Rep. No.A44. 
56 pp. 

Battjes, J.A. 1974 (a) Surf similarity. Proc. 14th Conf. Coastal 
Eng., Copenhagen, pp 466-479. 

Battjes, J.A. 1974 (b) Computation of set-up, longshore currents, 
run-up and overtopping due to wind-generated waves. Dept. of 
Civil Eng., Delft Univ. of Tech. 244 pp. 

Beitinjani, K.I. and Brater, E.F. 1965. A study of refraction of 
waves in prismatic channels. Jour. Waterways and Harbors 
Div., ASCE. 91, WW3, pp 37-64. 

Bendat, J.S. and Piersol, A.G. 1971. Random Data: Analysis and 
Measurement Procedures. John Wiley and Sons Ltd., London. 

Berkhoff, J.C.W. 1974. Computation of combined refraction-
diffraction. Delft Hydraulics Lab. Pub. No.119. 19 pp. 

Berkhoff, J.C.W. 1976. Mathematical models for simple harmonic 
linear water waves - wave diffraction and refraction. Delft 
Hydraulics Lab. Pub. No.163. Ill pp. 

Bijker, E.W. 1967. Some considerations about scales for coastal 
models with moveable beds. Delft Hydraulics Lab. Pub. No.50. 
142 pp. 

Bijker, E.W. 1968. Littoral drift as a function of waves and current. 
Delft Hydraulics Lab. Pub. No.58. 21 pp. 

Black, K.P. 1978. Wave transformation on a coral reef. Look Lab., 
Univ. of Hawaii Sea Grant Program. Tech. Rep. No.78-42. 240 pp. 

Blain, W.R. and Webber, N.B. 1978. The rapid digitisation of tide 
chart records. Int. Hyd. Rev. 52(2), pp 85-91. 

Branpton, A.H. 1977 (a) A computer method for wave refraction. 
H.R.S. Rep. No. INT 172. 48 pp. 

Brampton, A.H. 1977 (b) Surface waves over a step. H.R.S. Rep. 
No. INT 170. 30 pp. 

Bretschneider, C.L. 1954 (a) Modification of wave height due to 
bottom friction, percolation and refraction. U.S. Army 
Corps of Engineers, Beach Erosion Board. T.M. No. 45. 37 pp. 

Bretschneider, C.L. 1954 (b) Field investigation of wave energy loss 
in shallow water ocean waves. U.S. Army Corps of Engineers, 
Beach Erosion Board. T.M. No.46. 21 pp. 



Bretschneider, C.L. 1962 (a) Modification of wave spectra on the 
continental shelf and in the surf zone. Proc. 8th Conf. 
Coastal Eng., Mexico, pp 17-33. 

Bretschneider, C.L. et al 1962 (b) Data for high wave conditions 
observed by the OWS "Weather Reporter" in December 1959. 
Deutsche Hydrographische Zeitschrift. 15(6), pp 243-255. 

Bretschneider, C.L. 1965. Generation of waves by wind-state of 
the art. Nat. Eng. Science Council. Rep. No. SN-B4-6. 64 pp. 

Bretschneider, C.L. 1970. Forecasting relations for wave 
generation. Look Lab., Univ. of Hawaii. 1(3), pp 31-34. 

Bretschneider, C.L. 1973. Shore Protection Manual. U.S. Army 
Corps of Engineers, Coastal Eng. Research Center. 1, 
pp 3-35 to 3-40. 

Caldwell, J.M. 1949. Reflection of solitary waves. U.S. Army 
Corps of Engineers, Beach Erosion Board. T.M. No. 11. 36 pp. 

Caldwell, J.M. 1956. Wave action and sand movement near Anaheim 
Bay, California. U.S. Army Corps of Engineers, Beach Erosion 

Board. T.M. No. 68. 21 pp. 

Cambers, G. 1975. Sediment transport and coastal change. East 
Anglian Coastal Research Programme, Univ. of East Anglia. 
Rep. No. 3. 65 pp. 

Cartwright, D.E.and Longuet-Higgins, M.S. 1956. A statistical 
distribution of the maxima of a random function. Proc. 
Royal Soc. A.236, pp 212-232. 

Cartwright, D.E. 1958. On estimating the mean energy of sea waves 
from the highest wave in a record. Proc. Royal Soc. A. 247, 
pp 22-48. 

Chao, Y.Y. 1971. An asymptotic evaluation of the wave field near 
a smooth caustic. Jour. Geophys. Research. 76(30), 
pp 7401-7408. 

Chao, Y.Y. and Pierson, W.J. 1972. Experimental studies of the 
refraction of uniform wave trains and transient wave groups 
near a straight caustic. Jour. Geophys. Research. 77(24), 
pp 4545-4554. 

Chao, Y.Y. 1974. Wave refraction phenomena over the continental 
shelf near Chesapeake Bay entrance. U.S. Army Corps of 
Engineers, Coastal Eng. Research Center. T.M. No. 47. 53 pp, 

Coakley, J.P., Saville, H.A., Pedrosa, M. and Larocque, M. 1978. 
Sled system for profiling suspended littoral drift. Proc. 
16th Conf. Coastal Eng., Hamburg. 



Copeiro, E. 1978. Extremal prediction of significant wave height. 
Proc. 16th Conf. Coastal Eng., Hamburg. 

Coudert, J. and Raichlen, F. 1970. Discussion of wave refraction 
near San Pedro Bay, California by Jen, Y. Jour. Waterways 
and Harbors Div., ASCE. 96, WW3, pp 737-747. 

Crookshank, N.L. 1976. Numerical calculation of refraction diagrams-
program HYDRSDC. Hydraulics Lab., Nat. Research Council, 
Canada. Rep. N0.HY88. 124 pp. 

Darbyshire, J. 1955. An investigation of storm waves in the North 
Atlantic Ocean. Proc. Royal Soc. A. 250, pp 560-569. 

Darbyshire, J. 1963. The one-dimensional wave spectrum in the 
Atlantic Ocean and in coastal waters. Proc. Conf. on Ocean 
Wave Spectra, Maryland, pp 27-39. 

Darbyshire, M. and Draper, L. 1963. Forecasting wind-generated sea 
waves. Engineering. 195, pp 482-484. 

Darlington, C.R. 1954. The distribution of wave heights and periods 
in ocean waves. Quarterly Jour. Royal Met. Soc. 80(346), 
pp 619-626. 

Das, M.M. 1972. Suspended sediment and longshore sediment transport 
data review. Proc. 13th Conf. on Coastal Eng., Vancouver, 
pp 1027-1048. 

Dattatri, J. and Nayak, I.V. 1976. Ocean wave record analysis by 
Tucker's method - an evaluation. Proc. 15th Conf. on 
Coastal Eng., Hawaii, pp 289-300. 

Dean, R.G. 1978. Proc. of a Workshop on Coastal Sediment Transport. 
Univ. of Delaware, Newark, Delaware, U.S.A. Rep. No. DEL-SG-15-78. 
105 pp. 

Dette, H.H. and Fuhrboter, A. 1976. Wave climate analysis for 
engineering purposes. Proc. 15th Conf. on Coastal Eng., 
Hawaii, pp 10-22. 

Dobson, R.S. 1967. Some applications of a digital computer to 
hydraulic engineering problems. Dept. of Civil Eng., 
Stanford Univ. U.S.A. Tech. Rep. No. 80. 172 pp. 

Donker, A.W., Oorschot, J.H. van and Sanders, J.W. 1978. An 
operational wave forecasting method and its application for 
the prediction of workability. Proc. 16th Conf. Coastal Eng., 
Hamburg. 

Draper, L. 1963. Derivation of a "Design Wave" from instrumental 
records of sea waves. Proc. Inst. Civ. Eng. 26, pp 291-304. 

Draper, L. 1964. "Freak" ocean waves. Oceanus. 10(4), pp 12-15. 



Draper, L. 1966. The analysis and presentation of wave data - a 
plea for uniformity. Proc. 10th Conf. Coastal Eng., Tokyo, 
pp 1-11. 

Draper, L. and Shallard, H.C. 1971. Waves at Owers Light Vessel, 
central English Channel. N.I.O. Int. Rep. No. A46. 20 pp. 

Draper, L. 1972. Extreme wave conditions in British and adjacent 
waters. Proc. 13th Conf. Coastal Eng., Vancouver. 
pp 157-166. 

Draper, L. and Humphery, J.D. 1973. An investigation into the large 
wave height response of two wave records. N.I.O. Int. Rep. 
No. A63. 19 pp. 

Draper, L. 1975. Waverider discussion. Proc. of a Conf. held at 
N.I.O. 148 pp. 

Draper, L. 1976. Waves at Dowsing Light Vessel, North Sea. I.O.S. 
Int. Rep. No. 31. 20 pp. 

Draper, L. 1976. Revisions in wave data presentation. Proc. 15th 
Conf. Coastal Eng., Hawaii, pp 3-9. 

Draper, L. and Wills, T.G. 1977. Waves in Cardigan Bay, Irish Sea. 
I.O.S. Int. Rep. No. 32. 19 pp. 

Duane, D.B. and Seymour, R.J. 1978. The Nearshore Sediment Transport 
Study. Proc. 16th Conf. Coastal Eng., Hamburg. 

Dunham, J.W. 1951. Refraction and diffraction diagrams. Proc. 1st 
Conf. Coastal Eng., California, pp 33-49. 

Everard, C.E. 1954 (a). Submerged gravel and peat in Southampton 
Water. Proc. of the Hampshire Field Club. 18, pp 263-285. 

Everard, C.E. 1954 (b). The Solent River. Trans, of the Inst. Brit. 
Geographer. 20, pp 41-58. 

Ewing, J.A., Weare, T.J, and Worthington, B.A. 1978. A hindcast study 
of wave climate in the northern North Sea. European Offshore 
Petroleum Conf. and Exhib. Paper No. EUR 10, pp 82-94. 

Fisher, J.S., Gulbrandsen, L.F. and Goldsmith, V. 1975. Analytical 
prediction of shoreline erosion. Proc. Conf. Civil Eng. in the 
Oceans. ASCE Speciality Conf., Newark, Delaware, U.S.A. 
pp 161-177. 

Fleming, C.A. and Hunt, J.N. 1976. Application of sediment transport 
model. Proc. 15th Conf. on Coastal Eng., Hawaii, pp 1184-1202. 



Frijlink, H.C. 1952. Discussion of the sediment transport formulas 
of Kalinske, Einstein and Meyer-Peter and Mueller in relation 
to recent sediment transport measurements in Dutch rivers. 
Jour. Hydraulique, Soc. Hydraulique de France, pp 98-103. 

Galvin, C.J. 1968. Breaker type classification on three laboratory 
beaches. Jour. Geophys. Research. 73(12), pp 3651-3659. 

Galvin, C.J. and Vitale, P. 1976. Longshore transport prediction -
SPM 1973 equation. Proc. 15th Conf. Coastal Eng., Hawaii, 
pp 1133-1148. 

Goda, Y. 1970 (a) A synthesis of breaker indices. Trans. Jap. Soc. 
Civ. Eng. 2(2), pp 227-230. 

Goda, Y. 1970 (b) Numerical experiments on wave statistics with 
spectral simulation. Rep. of the Port and Harbour Inst., 
Yokosuka, Japan. 9(3), 57 pp. 

Goda, Y. 1977. Numerical experiments on statistical variability of 
ocean waves. Rep. of the Port and Harbour Inst., Yokosuka, 
Japan. 16(2), 26 pp. 

Goda, Y. 1978. The observed joint distribution of periods and heights 
of sea waves. Proc. 16th Conf. Coastal Eng., Hamburg. 

Golding, B.W. 1978. A depth dependant wave model for operational 
forecasting. Proc. NATO Symposium on Turbulent Flows Through 
the Sea Surface, Wave Dynamics and Prediction. Plenum Press. 
12 pp. 

Gourlay, M.R. 1973. Wave climate at Moffat Beach. Dept. of Civil 
Eng., Univ. of Queensland, Australia. Bull. No.16. 74 pp. 

Greer, M.N. and Madsen, 0. 1978. Longshore sediment transport data: 
a review. Proc. 16th Conf. Coastal Eng., Hamburg. 

Griswold, G.M. 1963. Numerical calculation of wave refraction. Jour. 
Geophys. Research. 68(6), pp 1715-1723. 

Haland, L. and Smaland, E. 1976. Reconstruction of extreme storms. 
Norwegian Met. Inst., Oslo. Prelim. Rep. No.2. 

Handin, J.W. and Ludwick, J.C. 1950. Accretion of beach sand behind 
a detached breakwater. U.S. Army Corps of Engineers, Beach 
Erosion Board. T.M. No.16. 13 pp. 

Hanson, J.A. 1974. Open sea mariculture - perspectives, problems and 
prospects. Offshore Tech. Conf. Texas. Paper No. OTC 2085, pp 
527-540. 

Harris, D.L. 1970. The analysis of wave records. Proc. 12th Conf. 
Coastal Eng., Washington, pp 85-100. 



Harrison, W. and Wilson, W.S. 1964. Development of a method for 
numerical calculation of wave refraction. U.S. Army Corps 
of Engineers, Coastal Eng. Research Center. T.M. No.6.64 pp. 

Hasselmann, K. et al 1973. Measurements of wind-wave growth and 
swell decay during the Joint North Sea Wave Project (JONSWAP). 
Deutsche Hydrographische Zeitschrift. Eeihe A(8), Nr.12, 
pp 1-95. 

Heaf, N.J. 1974. Wave refraction - a study of waves in shoaling 
water. Ph.D. Thesis. Univ. of Liverpool. 269 pp. 

Henderson, G. and Webber, N.B. 1977. Storm surge in the U.K. south 
coast. Dock and Harbour Auth. 57, pp 21-22. 

Henderson, G. and Webber, N.B. 1978. Waves in a severe storm in the 
central English Channel. Coastal Eng. 2, pp 95-110. 

Henderson, G. and Webber, N.B. 1979 (a). Utilization of wave power 
at a coastal site. Proc. Inst. Civ. Eng. 67, pp 1-11. 

Henderson, G. and Webber, N.B. 1979 (b). Wind wave relationships for 
a coastal site in the central English Channel. Estuarine 
and Coastal Marine Science. 11 pp. 

Henderson, G. and Webber, N.B. 1979 (c). The application of wave 
refraction diagrams to shoreline protection problems : with 
particular reference to Poole and Christchurch Bays. Quarterly 
Jour, of Eng. Geology. 12 pp. 

Houmb, O.G. and Rye, H. 1973. Analysis of wave data from the 
Norwegian Continental Shelf. Proc. 2nd Conf. Port and Ocean 
Eng. under Arctic Conditions, pp 780-788. 

Houmb, O.G., Pedersen, B. and Steinbakke, P. 1974. Norwegian wave 
climate study. Proc. Int. Symposium Ocean Wave Measurement 
and Analysis, Louisiana, pp 25-39. 

Howard, D.J. 1974. The statistical properties of random water waves. 
Ph.D. Thesis. Univ. of Liverpool. 296 pp. 

Hydraulics Research Station 1978. The new port at Jebel Ali, Dubai. 
H.R.S. Rep. No. EX 794. 

Inman, D.L. and Bowen, A.J. 1963. Flume experiments on sand transport 
by waves and currents. Proc. 8th Conf. Coastal Eng., Mexico, 
pp 137-150. 

Ippen, A.T. 1966. Estuary and Coastline Hydrodynamics. McGraw Hill, 
London. 

Iribarren, C.R. and Nogales, C. 1949. Protection des Ports. 17th 
Int. Navigation Congress, Lisbon, pp 31-80. 



Jarrett, J.T. 1978. Coastal processes at Oregon Inlet, North 
Carolina. Proc. 16th Conf. Coastal Eng., Hamburg. 

Jeffreys, H. 1925. On the formation of water waves by wind. Proc. 
Royal Soc. A. 107, pp 189-206. 

Jeffreys, H. 1926. On the formation of water waves by wind. Proc. 
Royal Soc. A. 110, pp 241-247. 

Jen, Y. 1969. Wave refraction near San Pedro Bay, California. Jour, 
Waterways and Harbors Div., ASCE. 95, WW3, pp 379-393. 

Jenkins, G.M. and Watts, D.G. 1969. Spectral Analysis and its 
Application. Holden Day, San Francisco. 

Johnson, J.W., O'Brien, M.P. and Isaacs, J.D. 1948. Graphical 
construction of wave refraction diagrams. U.S. Naval 
Oceanographic Office, Washington D.C. H.O. No. 605, TR-2. 45 pp. 

Johnson, J.W. 1952. Generalized wave diffraction diagrams. Proc. 
2nd Conf. Coastal Eng., Texas, pp 6-23. 

Johnson, R.R. and Ploeg, J. 1977. A problem of defining design 
conditions. Ports '77, 4th Annual Symposium of ASCE, 
California, pp 413-415. 

Jonsson, I.G., Skovgaard, 0. and Wang, J.D. 1971. Interaction 
between waves and currents. Proc. 12th Conf. Coastal Eng., 
Washington D.C. pp 489-507. 

Jonsson, I.G. and Wang, J.D. 1978 (a). Current depth refraction of water 
waves. Inst. Hydrodyn. and Hydraulic Eng. (ISVA), Tech. Univ. 
of Denmark. Series Paper No. 18. 46 pp. 

Jonsson, I.G., Skovgaard, 0. and Jensen, J. 1978 (b). Wave refraction 
across a current discontinuity. Proc. 16th Conf. Coastal 
Eng., Hamburg. 

Kalinske, A.A. 1947. Movement of sediment as bed load in rivers. 
Trans. Am. Geophys. Union. 24 (4), pp 615-620. 

Kayser, H. 1974. Energy generation from sea waves. Eng. in the 
Ocean Environment Conf., Halifax, Canada, pp 240-243. 

Khanna, J. and Andru, P. 1974. Lifetime wave height curve for Saint 
John Deep, Canada. Int. Symposium Ocean Wave Measurement and 
Analysis, Louisiana, pp 310-319. 

Komar, P.D. 1969. The longshore transport of sand on beaches. Ph.D. 
Thesis. Scripps Inst, of Oceanography, Univ. of California, 
San Diego, U.S.A. 

Komar, P.D. and Inman, D.L. 1970. Longshore sand transport on 
beaches. Jour. Geophys. Research. 75(30), pp 5914-5927. 



Komar, P.D. 1976. Beach Processes and Sedimentation. Prentice-Hall, 
Englewood Cliffs, New Jersey, U.S.A. 

Kriimbein, W. C. 1944. Shore currents and sand movement on a model 
beach. U.S. Army Corps of Engineers, Beach Erosion Board. 
T.M. No.7. 44 pp. 

Lee, T.T. and Black, K.P. 1978. The energy spectra of surf waves 
on a coral reef. Proc. 16th Conf. on Coastal Eng., Hamburg. 

Leishmann, J.N. and Scobie, G. 1975. The development of wave power -
a techno-economic study. Nat. Eng. Lab., East Kilbride. 
126 pp. 

Le Petit, J.P. 1964. Etude de la refraction de la houle monochromatique 
par le calcul numerique. Bull, du Centre de Recherches et 
d'Essais de Chatou. 9, pp 3-25. 

Le Petit, J.P. and Haugel, A. 1978. A mathematical model for sediment 
transport. Proc. 16th Conf. Coastal Eng., Hamburg. 

Longuet-Higgins, M.S. 1952. On the statistical distribution of the 
heights of sea waves. Jour, of Marine Research. 2(3), 
pp 245-266. 

Longuet-Higgins, M.S. and Stewart, R.W. 1960. Changes in the form of 
short gravity waves on long waves and tidal currents. Jour. 
Fluid Mech. 8, pp 565-583. 

Longuet-Higgins, M.S. and Stewart, R.W. 1961. The changes in 
amplitude of short gravity waves on steady non-uniform currents. 
Jour. Fluid Mech. 10, pp 529-549. 

Longuet-Higgins, M.S. 1969. A non-linear mechanism for generation of 
sea waves. Proc. Royal Soc. A. 311, pp 371-389. 

Longuet-Higgins, M.S. 1970. Longshore currents generated by obliquely 
incident sea waves, part 1. Jour. Geophys. Research. 75(33), 
pp 6778-6789. 

Longuet-Higgins, M.S. 1971. Recent progress in the study of longshore 
currents. Proc. of an Advanced Seminar, Waves on Beaches and 
Resulting Sediment Transport. Univ. of Wisconsin, U.S.A. Pub. 
No. 28. pp 203-248. 

Ludwig, D. 1966. Uniform asymptotic expansion at a caustic. Comm. 
Pure and Applied Maths. 19(2), pp 215-250. 

Mallory, J.K. 1974. Abnormal waves on the south-east coast of South 
Africa. Int. Hyd. Rev. 51, pp 99-129. 

Manohar, M., Mobarek, I.E., Morcos, A. and Rahal, H. 1974. Wave 
statistics along the northern coast of Egypt. Proc. 14th 
Conf. Coastal Eng., Copenhagen, pp 132-147. 

Monohar, M. , Mobarek, I.E. and Sharaky, El N.A. 1976. Characteristic 
wave period. Proc. 15th Conf. Coastal Eng., Hawaii. 
pp 273-288. 



Mansard, E.P.D. 1978. Different methods of evaluating wave power 
in a random sea state; a con^aritive study. Nat. Research 
Council, Canada. Rep. No. HY-97. 18 pp. 

Masuda, Y. 1974. Study of wave activated generator for island power 
and land power. 2nd Int. Colloquium on Exploitation of the 
Oceans. Paper No. BX119. 

Mattie, M.G. and Harris, D.L. 1978. The use of imaging radar in 
studying ocean waves. Proc. 16th Conf. Coastal Eng., Hamburg. 

McCormick, J.M. and Salvadori, M.G. 1964. Numerical Methods in 
Fortran. Prentice Hall, Englewood Cliffs, New Jersey, U.S.A. 

Miche, M. 1953. The reflecting power of maritime works exposed to 
action of the waves. U.S. Army Corps of Engineers, Beach 
Erosion Board. 7(2), pp 1-7. 

Mitsuyasu, H. and Mizimo, S. 1976. Directional spectra of ocean 
surface waves. Proc. 15th Conf. Coastal Eng., Hawaii, 
pp 329-367. 

Morse, P.M. and Rubinstein, P.J. 1938. The diffraction of waves by 
ribbons and slits. Phys. Rev. 54, pp 895-898. 

Muga, B.L. and Wilson, J.F. 1970. Dynamic Analysis of Ocean 
Structures. Plenum Press, New York. 

Munk, W.H. and Traylor, M.A. 1947. Refraction of ocean waves: a 
process linking underwater topography to beach erosion. Jour. 
Geology. 55, pp 1-26. 

Munk, W.H. and Arthur, R.S. 1952. Wave intensity along a refracted 
ray. Gravity Waves, Nat. Bureau of Standards, U.S. Govt. 
Printing Office, Washington D.C. Circular 521. pp 95-109. 

Neumann, G. 1954. On ocean wave spectra and a new method of 
forecasting wind generated seas. U.S. Army Corps of Engineers, 
Beach Erosion Board. T.M. No. 43, 42 pp. 

Newman, D.E. 1978. A study in coast protection. H.R.S. Rep. No. 
IT 174. 26 pp. 

Nolte, K.G. and Hsu, F.H. 1973. Statistics of ocean wave groups. 
Soc. Petrol. Eng. Jour, pp 139-146. 

Nordenstrom, N. 1969. Long-term distribution of wave heights and 
periods. Det Norske Veritas. Rep. No. 69-21-S. 27 pp. 

Ochi, M.K. 1978. On long-term statistics for ocean and coastal 
waters. Proc. 16th Conf. Coastal Eng., Hamburg. 

Orr, T.E. and Herbich, J.B. 1969. Numerical calculation of wave 
refraction by digital computer. Coastal and Ocean Eng. Div., 
Texas A. and M. Univ. Rep. No. 114. 79 pp. 

Orr, T.E. and Herbich, J.B. 1970. Numerical calculation of wave 
refraction from shorelines by digital computer. Offshore Tech. 
Conf., Texas. Paper No. OTC 1279, pp 533-539. 



Ou, S.H. and Tang, F.L.W. 1974. Wave characteristics in the Taiwan 
Straits. Proc. Int. Symposium Ocean Wave Measurement and 
Analysis, Louisiana, pp 139-158. 

Ou, S.H. 1977. Parametric determination of wave statistics and wave 
spectrum of gravity waves. Tainan Hydraulics Lab., Nat. Cheng 
Kung Univ., Taiwan, Rep. of China. Dissertation No.1. 98 pp. 

Penney, W.G. and Price, A.T. 1952. The diffraction theory of sea 
waves by breakwaters. Phil. Trans. Royal Soc. Ser. A.244, 
pp 236-253. 

Peregrine, D.H. 1976. Interaction of water waves and currents. Adv. 
in Applied Mech. 16, pp 9-117. 

Phillips, O.M. 1957. On the generation of waves by turbulent wind. 
Jour. Fluid Mech. 2, pp 417-445. 

Bhillips, O.M. 1969. The Dynamics of the Upper Ocean. Cambridge 
University Press, Cambridge. 

Pierson, W.J. 1951. The interpretation of crossed orthogonals in 
wave refraction phenomena. U.S. Army Corps of Engineers, 
Beach Erosion Board. T.M. No. 21. 83 pp. 

Pierson, W.J. and Moskowitz, L. 1964. A proposed spectral form for 
fully developed wind seas based on the similarity theory of 
S.A. Kitaigorodskii. Jour. Geophys. Research. 69(24), 
pp 5181-5190. 

Pierson, W.J. 1972. The loss of two British trawlers - a study in 
wave refraction. Jour, of Navigation. 25(3), pp 291-304. 

Putnam, J.A. and Arthur, R.S. 1948. Diffraction of water waves by 
breakwaters. Trans. Am. Geophys. Union. 29(4), pp 481-490. 

Putnam, J.A. 1949. Loss of wave energy due to percolation in a 
permeable sea bottom. Trans. Am. Geophys. Union. 30(3), 
pp 349-356. 

Putnam, J.A. and Johnson, J.W. 1949. The dissipation of wave energy 
by bottom friction. Trans. Am. Geophys. Union. 30(1), 
pp 67-74. 

Rabe, K. 1975. The Delaware-Dobson wave refraction model. 
Environmental Prediction Research Facility, Naval Postgraduate 
School, Monterey, California, U.S.A. Rep. No. AD - A008 841. 
45 pp. 

Radder, A.C. 1978. On the parabolic equation method for water wave 
propagation. Ministry of Transport and Public Works, 
Rijkswaterstaat, Nijverheidsstraat 1, 2288 BB Rijkwijk, The 
Netherlands. Int. Rep. No. Div 78863. 32 pp. 

Reina, H. 1978. Wave power faces up to the hard facts. New Civil 
Engineer. 30th Nov. 1978. pp 17-18. 



Rice, S.O. 1944. Mathematical analysis and random noise. Bell 
System Tech. Jour. 23, pp 283-332. 

Robinson, A.H.W. 1955. The harbour entrances of Poole, Christchurch 
and Pagham. Geographical Jour. 121, pp 33-50. 

Ross, D., Teleki, P. and Wiley, J. 1975. Radar in oceanography. Proc. 
Conf. Civil Eng. in the Oceans, ASCE Speciality Conf., Newark, 
Delaware, U.S.A. p 1169. 

Rutkovskiy, V.A. 1971. Wind wave characteristics in deep and shallow 
parts of a bay. Oceanology. 11(1), pp 28-35. 

Rye, H., Byrd, R.C, and Torum, A. 1974. Sharply peaked wave energy 
spectra in the North Sea. Offshore Tech. Conf., Texas. Paper 
No. OTC 2107, pp 739-744. 

Saetre, H.J. 1974. On high wave conditions in the northern North Sea. 
I.O.S. Int. Rep. No.3. 50 pp. 

Saetre, H.J. 1975. On high wave conditions in the northern North Sea. 
Proc. Oceanology Int., Brighton, pp 280-289. 

Salter, S.H. 1974. Wave power. Nature, London. 249, pp 720-723. 

Sauvage, M.G. and Vincent, M.G. 1954. Transport littoral formation de 
laches et de tombolos. Proc. 5th Conf. Coastal Eng., Grenoble, 
pp 296-328. 

Savage, R.P. 1962. Laboratory determination of littoral transport 
rates. Jour, of the Waterways and Harbors Div. ASCE. 88, 
WW2, pp 69-92. 

Saville, T. 1950. Model study of sand transport along an infinitely 
long, straight beach. Trans. Am. Geophys. Union. 31(4), 
pp 555-565. 

Sawaragi, T. and Deguchi, I. 1978. Distribution of sand transport 
rate across surf zone. Proc. 16th Conf. Coastal Eng., Hamburg. 

Schoemaker, H.J. and Thijsse, J.T. 1949. Investigations of the 
reflection of waves. 3rd Meeting Int. Assoc. for Hydraulic 
Structures Research, Grenoble, France. Paper 1-2, 7 pp. 

Shay, E.A. and Johnson, J.W. 1951. Model studies on the movement 
of sand transported by wave action along a straight beach. 
Inst, of Eng. Research, Univ. of California. Berkeley. 7(14). 

Shellard, H.C. and Draper, L. 1975. Wind and Wave relationships in 
U.K. coastal waters. Estuarine and Coastal Marine Science. 
3, pp 219-228. 

Skovgaard, 0., Jonsson, I.G. and Bertelsen, J.A. 1975. Computation 
of wave heights due to refraction and friction. Jour, of the 
Waterways, Harbors and Coastal Eng. Div. ASCE. 101, WWl, 
pp 15-32. 



Skovgaard, 0. and Jonsson, I.G. 1976. Current depth refraction 
using finite elements. Proc. 15th Conf. Coastal Eng., Hawaii, 
pp 721-737. 

Smith, R. 1976. Giant waves. Jour. Fluid Mech. 77(3), pp 417-431. 

Snyder, R.L. and Cox, C.S. 1966. A field study of the wind 
generation of ocean waves. Jour, of Marine Research. 24(2), 
pp 141—178. 

St. Denis, M. 1973. Some cautions on the en^loyment of the spectral 
technique to describe the waves of the sea and the response 
thereto of oceanic systems. Offshore Tech. Conf., Texas. 
Paper No. OTC 1819, pp 827-840. 

Sturm, H. 1974. Giant waves. Ocean. 2(3), pp 98-101. 

Suhayda, J.N. Determining nearshore infragravity wave spectra. Proc. 
Int. Symposium Ocean Wave Measurement and Analysis, Louisiana, 
pp 54-63. 

Svasek, J.N. and Bijker, E.W. 1969. Two methods for determination 
of morphological changes induced by coastal structures. Proc. 
22nd Int. Navigation Congress, Paris, pp 181-202. 

Svasek, J.N. 1969. Statistical evaluation of wave conditions in a 
deltaic area. Proc. Symposium Research on Wave Action. Delft 
Hydraulics Lab. Paper No.l, 22 pp. 

Svendsen, I.A. and Jonsson, I.G. 1974. Hydrodynamcs of Coastal 
Regions. Den. Private Ingeniorfund, Tech. Univ. of Denmark, 
Lyngby, Denmark. 

Sverdrup, H.U. and Munk, W.H. 1946. Theoretical and empirical 
relations in forecasting breakers and surf. Trans. Am. 
Geophys. Union. 27(6), pp 828-836. 

Swart, D.H. 1976. Predictive equations regarding coastal transports. 
Proc. 15th Conf. Coastal Eng., Hawaii, pp 1113-1132. 

Tann, H.M. 1976. The estimation of wave parameters for the design 
of offshore structures. I.O.S. Int. Rep. No.23. 29 pp. 

Tucker, M.J. 1961. Simple measurement of wave records. Dock and 
Harbour Auth. 42, p 231. 

Tucker, M.J. 1963. Analysis of records of sea waves. Proc. Inst. 
Civ. Eng. 26, pp 305-316. 

Tukey, J.W. 1949. The sampling theory of power spectrum estimates. 
Symposium on Applications of Autocorrelation Analysis to 
Physical Problems, Woods Hole, Massachusetts, U.S.A. pp 47-67. 

Tyhurst, M.F. 1976. Sea-bed drifter work in Poole Bay. Int. Rep. 
of Bournemouth Borough Council, Bournemouth, Dorset. 33 pp. 



U.S. Army Corps of Engineers. 1942. Beach Erosion Board. A summary 
of the theory of oscillitory waves. Tech. Rep. No.2, pp 37-41. 

U.S. Army Corps of Engineers. 1966. Shore protection, planning and 
design. Coastal Engineering Research Center. Tech. Rep. No.4, 
(3rd ed.). 

U.S. Army Corps of Engineers. 1973. Shore Protection Manual.Coastal 

Eng. Research Center. 

U.S. Navy Hydrographic Office. 1944. Breakers and surf, principles 

in forecasting. Rep. No.234. 

Verhagen, C.M. 1975. Operation and service manual for the Waverider. 
Datawell by, Haarlem, The Netherlands. 76 pp plus fold-out 
figures. 

Waters, C.B. 1975. Experiences in the operation of Waverider Buoys. 
Int. Assoc. for Hydraulic Research, Sao Paulo, pp 384-491. 

Watts, G.M. 1953. A study of sand movement at South Lake Worth Inlet, 
Florida. U.S. Army Corps of Engineers, Beach Erosion Board. 
T.M. No.42. 24 pp. 

Whalin, R.W. 1971. The limit of applicability of linear wave 
refraction theory in a convergence zone. U.S. Army Waterways 
Experiment Station. Rep. No. H—71—3. 156 pp. 

Wheatley, J.H.W. 1976. A British offshore research facility. The 
Royal Inst, of Naval Architects. Paper No.8, Spring meeting. 

pp 1-10. 

Wiegel, R.L. 1949. Wind waves and swell. Proc. 7th Conf. Coastal 

Eng., The Hague, pp 1-40. 

Wiegel, R.L. and Kukk, J. 1957. Wave measurements along the 
California Coast. Trans. Am. Geophys. Union. 38(5;, 

pp 667-674. 

Wiegel, R.L. 1962. Diffraction of waves by a semi-infinite breakwater 

Jour. Hydraulics Div. ASCE. 88, HYl, pp 27-44. 

Weigel, R.L. 1964. Oceanographical Engineering. Prentice-Hall, 

New York. 

Wilson, W.S. 1966. A method for calculating and plotting surface 
wave rays. U.S. Army Corps of Engineers, Coastal Eng. 
Research Center. T.M. No.17. 57 pp. 

Measurement and Analysis, Louisiana, pp 87-106. 



ADMIRALTY AND COLLECTOR CHARTS CONSULTED 

2610 

2175 

2219 

K4A67/1 
Shelf Kp 

K5320 
Shelf Pz 

E8891/1 
Shelf Lt 

K1247/1 
Shelf Mi 

K2530/1 
Press 17 m 

E5190 
Shelf Es 

E8890/1 
Shelf Lt 

E8889/1 
Shelf Lt 

E5528 
Press 38 e 

K3736/1 
Shelf Kj 

E8360/1 
Shelf Ms 

K5566/1 
Shelf Fh 

K6874/1 
Shelf Py 

Bill of Portland to Anvil Point (surveys to 1967) 
at scale 1 ; 40000 in metres 

Poole Bay (surveys from 1938 to 1958) at scale 
1 : 20000 in metres 

Western Approaches to the Solent (surveys from 
1938 to 1971) at scale 1 : 20000 in metres 

Approaches to Portland surveyed by R.P.F. Martin 
(March to May 1964) at scale 1 : 15000 in 
fathoms 

Approaches to Portland by J.T.K. Paisley (July 
to Aug.1967) at scale 1 : 25000 in fathoms 

St. Alban's Ledge surveyed by W. Ashton (Aug. 
to Nov. 1950) at scale 1 : 29092 in fathoms 

Anvil Point to St. Catherine's by N.D. Royds 
(June to Nov. 1955) at scale 1 : 72000 in 
fathoms 

Swanage Bay surveyed by J.T.K. Paisley (Sept. 
to Nov. 1958) at scale 1 : 12000 in fathoms 

1957 

Dolphin Sand to St. Catherine's Point surveyed 
by W. C. Jenks (1937) at scale 1 : 50200 in fathoms 

Western Approaches to Poole Bay surveyed by 
W. Ashton (Aug. to Nov. 1950) at scale 1 : 54157 
in fathoms 

Poole Bay surveyed by W. Ashton (Aug. to Nov. 1950) 
at scale 1 : 14619 in fathoms 

Western Approaches to the Solent surveyed by 
N.A.C. Hardy (1938) at scale 1 : 20050 in fathoms 

Christchurch Bay by J.T.K. Paisley (Nov. 1961 to 
May 1962) at scale 1 : 20000 in fathoms 

Needles Channel by H.P. Price (July to Sept. 1948) 
at scale 1 : 20000 in fathoms 

The Shingles surveyed by J.T.K. Paisley (July - Oct. 
1968) at scale 1 : 20000 in fathoms 

Western Approaches to St. Catherine's Point by 
J.T.K. Paisley (April 1971 to Oct. 1973) at scale 
1 : 50000 in metres 



APPENDIX 1 - WRITTEN COMPUTER PROGRAMS 

1. CONTROL 

2. SPLIT 

3. YEAR 

4. UPADD.FTP 

5. XCOUNT.FTP 

6. XDATA.FTP 

7. XDOTS.FTP 

8. XWAVEC.FTP 

9. YCONTR.FTN 

10. YREFRA.FTP 

11. YREFRB.FTP 

12. YWAVES.FTP 



1. CONTROL 

C GRAHAEME HFNDERSON OCTOBER 1978 
C JOB NAME ; CONTROL 
C JOB USE • THIS JOE RUNS YREFRD. FTP AND XCOUNT. FTP FOR THE 
C 169 PERMUTATIONS OF 13 WAVE PERIODS AND 13 APPROACH ANGLES 
C 
C NOTATION ; 
C 
C A1NC=THE INCREMENT OF THE APPROACH ANGLES 
C. AL=THE FIRST APPROACH ANGLE 
C ALF=THE FINAL APPROACH ANGLE 
C I=THE I'TH VALUE OF THF 13 RAY APPROACH ANGLES 
C MHWSGR=THE GRID OF WATER DEPTHS IN METERS BELOW M.H.W.S. 
C T=THE FIRST WAVE PERIOD 
C TINC=THE INCREMENT OF THE WAVE PERIODS 
C TF=THE FINAL WAVE PERIOD 
C X<I).Y(H=THE STARTING COORDINATES OF THE FIRST WAVE RAY FOR THE SET 
C OF I'TH RAY APPROACH ANGLES 
C 
C 
DIMENSION X(13),Y(13) 
X(l)=735. 0 
X<2)=735. 0 
X<3)=735. 0 
X(4)=735. 0 
X(5)=735. 0 
X(6)=735. 0 
X(7)=3675.0 
X(S) = J0045. 0 
X(9) = 15190. 0 
X(10)=72050. 0 
X(in=?7440. 0 
X (1?)=33565. 0 
X(13)=41405. O 
Y d ) =31850. 0 
Y(2)=31115. 0 
Y(3) =3035:0. 0 
Y(4)=79S90. 0 
Y(5)=?7685. 0 
Y(6)=15925. 0 
Y<7)=735. 0 
Y<8)=735. 0 
Y<9)=735. 0 
Y(10>=?205. 0 
Y(11)=5SS0. 0 
Y<12)=9065. 0 
Y(13) = 12740. 0 
/READ("START I'.I) 
/READ('START AL'. AL) 
/READ ('INC. AL'.AINC) 
/READ('FIN. AL',ALF) 
/READ('START T'.T) 
/READ('INC. T'.TINC) 
./REAtiCFIN. T'.TF) 
/READ("SAVE XDATA NO".K,"SAVE YREFRD" . K2) 
AL1=AL 

2 T1=T 
1 /KILL(K. K2) 
/WRITE(K, Tl, ALl, I) 
IF(K. EG. 1093) GOTO 50 
IF(K. FO 1123)GOTO 50 
IF(K. FQ. 1147)G0T0 50 
IF(K. FQ. 1163)GOTO 50 
/YREFRVK "MHWSGR".T1,X(I),Y(I). ALl. 501. 50000. li K2.0> 
/XCOUNT(K2, K,1) 
50 K=K+1 
K2=K2+1 
T1=T1+TINC 
/WRITE(T1,TF. TINC, T) 
IF (TJ.LE. TF) GOTO 1 
ALl-AL1+AlNC 
1 = 1 + ) 
T=3 
TINC=1 
TF (ALl. I.E. .•->,LF) GOTO 2 



2. SPLIT 

C GRAHAEMF HENDERSON JULY 1978 
C JOB NAME : SPLIT 
C JOB USE ; THIS JOB SPLITS A WEEK OF RECORDED DATA INTO 20 MINUTE 
C SECTIONS CONTAINING 2565 DIGITAL DATA POINTS. THE DATA IS 
C CONVERTED INTO METERS AND NORMALISED TO FLUCTUATE 
C ABOUT M. S. L. THEN USING PSD AND XDATA. FTP SINGLE WAVE 
C PARAMETERS ARE CALCULATED 
C 
C NOTATION : ' 
C 
C THE NOTATION USED IS LISTED IN XDATA. FTP 
C 
C 
AK=30 
/RFAP(IC. 'HOW MANY') 
DO 2 1=1.IC 
/KIULdf 
2 /CONV(*, I.. 4) i 
DO 3 1=1.IC 
K=I+IC 
/KTIL(K. "FILE") 
/STORE(K.0) 
/OONV<I, "FILE",4) 
/GTVE("FILE". -1. A) 
1 /KILL("1A","2A". "3A", "4A". "5A". "L". "6A") 
/C0NV("F1LE"."6A",4,2500.AK) 
/AtTER("6A", "2A".-4,. 5) 
/ARITH<"2A''. "3A",8. 100) 
/N0RM("3A". "4A". 1) 
/PSD("4A". " L . 0156) 
/XTiATAd, "L", AM, EM, TZS, TCS. TBS. HSS, SF. TO) 
/XnATA(2. "4A",NZ.TZ.TC. ET. HRMSW,HI.H2. HMAX. HSW) 
/Xr.iATA<3, NZ. HI. H2. HSE, HRMSE) 
/STORE(K,S, HMAX, HI, H2. HSW,HSE, HSS. HRMSW. HRMSE) 
/STORE(K.9. TZ. TZS. TC, TCS, TBS, TO. SF.ET.EM) 
AK=AK+2565 
lF<AK+2500. GT. A)GOTO 3 
GOTO 1 
3C0NTINUE 
ENri 



3. YEAR 

C GRAHAEME HENDERSON DECEMBER 1978 
C JOB NAME ; YEAR 
C JOB USE;THIS JOB IS USED TO CALCULATE THE LONGSHORE WAVE ENERGY FLUX 
C EASED ON THE CERC FORMULA FOR 15 CELl S ALONG THE SHORELINE OF POOLE 
C- AND CHRISTCHURCH BAYS FOR THE YEAR 1977. FOR EACH POOLE BAY WAVERIDER 
C BUOY WAVE HEIGHT RANGE A MATRIX OF RECORDED WAVE DIRECTIONS AND WAVE 
C PERIODS ARE MULTIPLIED BY DATA CALCULATED FROM YREFRD. FTP AND XCOUNT. FTP 
C 
C NOTATION ; 
C 
C CON=LONGSHORE WAVE ENERGY FLUX 
C HH, HI,H(J)=THE POOLE BAY WAVERIDER BUOY WAVE HEIGHT RANGES 
C J=THE 15 WAVE HEIGHT RANGES 
C K=FILE3 CONTAINING DATA FROM THE REFRACTION ANALYSIS FOR THE 
C POOLE BAY WAVERIDER BUOY SITE 
C L=FILES CONTAINING THE WAVERIDER BUOY DATA 
C M=FTLES CONTAINING THE OFFSHORE WAVE GROUP CELERITY,THE SHORELINE 
C REFRACTION-SHOALING COEFFICIENT AND THE SINE AND COSINF OF THE 
C ANGLE BETWEEN THE BREAKING WAVE CRESTS AND THc SHORELINE FOR EACH 
C CFLL FOR A PARTICULAR OFFSHORE WAVE PERIOD AND APPROACH DIRECTION 
C N=F1LES TO STORE THE ESTIMATE OF THE LONGSHORE WAVE ENERGY FLUX 
C V=THE SQUARED VALUE OF TH^ REFRACTION-SHOALING COEFFICIENT FOR THE 
C POOLE BAY WAVERIDER BUOY SITE 
C 
c 
DIMENSION H(15),HH(9), HI(6) 
EQUIVALENCE (H(1),HH(1)),(H(10),HI(1)) 
DATA HH/0. 25, 0. 625, 0. 875, 1. 125, 1. 375, 1. 625, 1. 875, 2. 125. 2. 375/ 
DATA Hl/2. 625, 2. 875, 4. 86, 3. 65, 3. 35, 3. 32/ 
N=7000 
L=10000 
DO '? J=l. 15 
K=3000 
M=500 
DO 1 1=1,13 
I1=(I-1)*13+13 
DO 1 11=1,13 
/KILL(N) 
/GIVF(K,5, V) 
IF(V. FQ. 0)G0T0 99 
C0N=(H(J)«H<J))/(V)*l. 226E3 
9S/GIVE(L, 11, VV) 
IFtVV. Efj. 0)G0T0 99 
C0N=C0N*VV/1986 
/WRITF(J, II, II, 1,L,N,K.V,C0N, VV) 
/ARITH(M, N, 7, CON) 
99K=K+1 
M=M+1 
11=71-1 
1N=N+1 
L=l.+1 
2C0NTIMIJE . • 
END 

4* • 



4. UPADD.FTP 

C GRAHAEMF HENDERSON FEBRUARY 1979 
C PROGRAM NAME : UPADD. FTP 
C PROGRAM USE : THIS PROGRAM ADDS TOGETHER THE ESTIMATES OF LONGSHORE WAVE 
r. ENERGY FLUX FOR THE 15 COASTAL CEILS FOR WAVE DATA RECORDED IN THE YEAR 1977 

lOGICAL*! FILNAMO) ' 
DIMENSION A(300),CB(128), S(15), B(300) • 
riATA S/15*0. 0/ 
CALL TYPECSTUPADD') 

44 CALL ASKN(E>,'S'OUTPUT=') 
CALL OUTPUT(B) 
FILNAM(l>='7' 
F1LNAM(2)='0' 
F1LNAM(3)='0' 
FILNAM(4)='0' 
FILNAM(5)=0 
DO 5 0 0 J = 7 0 0 0 , 9 5 3 5 , 1 6 9 
DO 5 0 2 J K = 1 , 1 6 9 
CALL. SETFN<A, FILNAM) 
CALL. FSFIND(A, I) 
IF(I. LT. 0)G0T0 100 
CALL INPUT(A,CB,M) 
ASSIGN' 100 TO M 
CALL INSCA,0,0) 
DO 10 11=1.15 
CALL IN(A, X) 

10 S(1I)=S(1I)+X 
100 FILNAM<4)--=FILNAM(4)+1 

DO 99 1=4. 1,-1 
1F<FILNAM(I).NE. "72)G0T0 99 
F1LNAM(I)='0' 
FILNAM<I-l)=FILNAM<I-l)+l 

99 CONTINUE 
CALL TYPE 
CALL TYPEKJ) 
CALL INEND(A) 

502 CONTINUE 
DO 501 1=1,15 
CALi. OUT(B. S<1)) 
S(1)=0. 0 

501 CONTINUE 
500 CONTINUE " 

CALL OUTENDO, CB) 
END 



5. XCOUNT.FTP 

C GRAHAEME HFNDERSON OCTOBER 1978 
C PROGRAM NAME : XCOUNT.FTP 
C PROGRAM USE : THIS PROGRAM RECORDS DATA IN 15 COASTAL CELLS FOR WAVE RAYS 
r APPROACHING FROM DEEP WATER. CALCULATIONS ARt MADE OF THE AVERAGE VALUES 
r OF THE OFFSHORE AND COASTAl ORTHOGONAL SEPARATION AND WAVE GROUP CELERITY.THE 
C COEFFICIENT OF REFRACTION AND SHOALING AND THE ANGLE THAT THE WAVE CRESTS 
C MAKE WITH THE SHORELINE 
C 
C NOTATION ; 

§ AL=ANGLE OF WAVE RAY APPROACH IN DEGREES MADE WITH THE X-AXIS 

C ANTICLOCKWISE POSITIVE 
C ALE=THE FINAL RAY APPROACH ANGLE IN RADIANS MADE WITH THE X-AXIS 
C ALN=SPACING BETWEEN EACH WAVE RAY IN DEEP WATER 
C AREACT=THE ANGLE BETWEEN THE WAVE RAY AND THE SHORELINE 
C B(I)=WAVE RAY SEPARATION IN SHALLOW WATER 
C B(0)=WAVE RAY SEPARATION IN DEEP WATER 
C CELL(1, I)=NUMEER OF WAVE RAYS IN EACH CELL 
C CELL(?,I)=DEEP WATER WAVE RAY SPACING 
C CELLO. I)=AVERAGE OF CFIN'S IN EACH CELL 
C CELl (4, I)=AVERAGE OF CGO'S IN EACH CELL 
C CELL(5,I)=THE VALUE OF K(R)*K(S) ,COEFFICIENTS OF REFRACTION AND 
C SHOALING=SQRT((B(0)/B(I))«(CGO/CGI)) 

CELL(4fI)=AVERAGE ANGLE BETWEEN THE BREAKING WAVE CRESTS AND THE 
C SHORELINE IN EACH CELL 
C CFIN=THE WAVE GROUP CELFRITY AT THF SHORELINE 
C CGO=DFEP WATER WAVE GROUP CELERITY 
C CMIN=THE MINIMUM CELERITY AT WHICH COMPUTATION CEASES 
C IRAY=AN INTEGER INDICATING WHY A WAVE RAY HAS STOPPED. VALUES ARE 
C 0 AND 1 FOR SUCCESSFUL RUNS AND ARE NEGATIVE FOR UNSUCCESSFUL RUNS. SEE 
C YREFRB. FTP FOR IRAY VALUES AND REASONS FOR STOPPING 
C SX,SY=X AND Y COORDINATES OF EACH WAVE RAY AT THE SHORELINE 
C SXX.SYY=X AND Y COORDINATES OF EACH WAVE RAY ORIGIN 
C T=WAVE PERIOD IN SECONDS 
c X=X COORDINATES OF SHORELINE LIMITS SEPARATED BY A 2 KM. LENGTH OF 
C COAST. IN THESE REGIONS THE COMPUTATIONS OF THE NUMBER OF WAVE RAYS 
C ARRIVING, WAVE HEIGHTS. ANGLES OF WAVE RAY APPROACH ETC. ARE MADE 
C 
^ DIMENSION A(300).B(300). CB(123). X(16). CELL(7, 15). ALPH<15> 

DATA X/8471. 0. 9956. 0. 11721. 0. 13662. 0. 15647. 0. 17603. 0 
1. 19560. 0. 21540. 0. 22440. 0. 24000. 0. 26000. 0. 27960. 0 
?. 29900. 0. 31800. 0, 33640. 0. 35230. 0/ 
DATA ALPH/42. 0. 27. 5. 13. 0. S. 5. 0. 0. 170. 0. 166. 0. 61. 0 
2. 30. 0. 2. 0. 171. 0, 164. 0. 161. 0. 159. 0. 147. 0/ 
DATA CELL/105*0. 0/ 
CALL TYPECfyXCOUNT") 
CALL ASKNCA.'S<INPUT=') 
CALL ASKNCB, •'S!0UTPUT=') : 
CALL ASKRCCMIN, '&'.CM1N=') 
CALl INPUT(A.CB.M) 
ASSIGN 100 TO M 
CALl INS(A,0.0) 
CALL. OUTPUT(B) 
Y=45500. 0 

1 CALL IN(A,SXX) 
CALL. IN(A. SYY) 
CALL IN(A,T) 
CALL IN(A. AL) 
CALL IN(A.ALE) 
CALL IN(A,SX) 
CALL IN(A.SY) 
CALL. IN(A. CGO) 
CALL. IN(A. CFIN) 
CALL IN(A,ALN) 
CALL IN(A.AREACT) 
CALL IN(A.RAY) 
1RAY=RAY 
1F(SX. LT. X(1))G0T0 1 
IF<SX. GT. X(16))G0T0 1 
IF (SY. LT. Y) GOTO 1 
IF (IRAY. EG!. OGOTO 6 
GOTO 1 



6 DO 3 1=1,15 
IF ((SX. GE. X(l)). AND. (SX. LT. X(I + 1)))G0T0 4 

3 CONTINUE 
GOTO 1 

4 CELL(1,1)=CELL<1. I) + l 
CELL(2.I)=ALN 
IF (C-FIN. LT. CM1N)CFIN=CMIN 
CJ=(6. 2831853*CFIN)/(9. 80665*T) 
e=(Q+l)/(1-Q) 
G=LOG(&) 
CFlN=(CFIN/2)»(l + (C!/SINH(Gf))) 
CELL(3.I)=CELL(3,I)+CFIN 
Z=(6. 2331S53i^CG0)/<9. 80665*T) 
Z=(Z+1)/(1-Z) 
Z=LOG(Z> 
CG0=(CG0/2)*(1+(Z/SINH(Z))) 
CELl (4,1)=CELL(4, I>+CGO 
THETA=ALE»lS0/3. 1415926 
TA=THETA-ALPH(I) 
AT=ALPH(1)-THETA 
1F( (TA. GE. 0). AND. <TA. LE. 90)) GOTO 20 
IF( (TA. GT. 90). AND. (TA. LE. ISO)) GOTO 21 
iF( (AT. GT. 0). AND. (AT. LF. 90)) GOTO 22 
IF( (AT. GT. 90). AND. (AT. LE. ISO)) GOTO 73 

20 F1=90+AT 
GOTO 24 

21 FI=TA-90 
GOTO 24 

22 FI=AT-90 
GOTO 24 

23 F1=90+TA 
24 CELL(&,1)=CELL(6, I)4FI 

GOTO 1 
100 DO 2 1=1,15 

IF(CELL(1, I). EQ. 0)G0T0 5 
CELL(3, I)=CELl (3, D/CFLLd, I) 
CELL(4,1)=CELL(4,I)/CELl(1,1) 
CELL(5, I) = (CELL(4, I)/CELL(3. I)) 
CELl .(5,1)=SQRT(CELL(5,1)) 
CELl -(5,1) =CELL (5,1) *SGRT ( (CELL (1,1) »CF.LL (2.1) ) /2000. 0) 
CELl (5,I)=CELL(5, I)«CELL(5,I) 
CELL(&, 1)=CELL(6, I)/CELL(1,I) 
CELL6=CELL(6, I)*3. 1415926/180.0 
CELL(7,1)=CELL(3,I)*CELL(5,I)*SIN(CELL6)*COS(CELL6) 

5 DO 2 J=1.7 
2 CALL OUT(B,CELL(J,I)) 

CALL INEND(A) 
CALL OUTEND(B,CB) 
END 



6. XDATA.FTP 

C GRAHAFME HFNTiERSON JULY 1978 
C PROGRAM NAME : XDATA. FTP 
C PROGRAM USE ; THIS PROGRAM ANALYSES THE POOLE BAY WAVERIDER 
C PUOY DIGITAL DATA TO OUTPUT SINGLE WAVE PARAMETER DATA 
C • SPECIAL NOTE : THERE ARE THREE MODES USED IN THIS PROGRAM: 
C MODE 1 ; THIS IS A SPECTRAL ANALYSIS 
C MODE 2 : THIS IS AN ANALYSIS OF THE DIGITAL 
C WAVEFORM TO CALCULATE PARAMETERS BY DEFINITION 
C MODE 3 ; THIS USES H1.H2 AND NZ TO ESTIMATE 
C HSE AND HRMSE 
C 
r. NOTATION : 
C 
C FM=SPECTRAL WIDTH PARAMETER CALCULATED FROM THE SPECTRAL MOMENTS 
C FT=SPECTRAL WIDTH PARAMETER CALCULATED FROM WAVE PERIODS 
r. FO=FREQUENCY OF THE PEAK ENERGY DENSITY OF THE SPECTRUM 
C VICI. HC3. HC4=HEIGHTS OF WAVE CRESTS ABOVE M.S. L. 
C HTl. HT3,HT4=DEPTHS OF WAVE TROUGHS BELOW M. S. L. 
C HMAX=MAXIMUM WAVE HEIGHT 
C HRMSE=ROOT MEAN SQUARE WAVE HEIGHT ESTIMATED FROM H1.H2 AND NZ 
C HRMSW=ROOT MEAN SQUARE WAVE HEIGHT CALCULATED BY DEFINITION 
C HSE=S1GNIF1CANT WAVE HEIGHT ESTIMATED FROM H1.H2 AND NZ 
C HSS=SIGNIF1CANT WAVE HtlGrii CALCULATED FROM THE SPECTRUM 
C HSW=SIGN1FICANT WAVE HEIGHT CALCULATED BY DEFINITION 
C H1=THE SUMMATION OF THE HEIGHEST CREST AND THE LOWEST TROUGH 
C H?=THE SUMMATION OF THE SECOND HEIGHEST CREST AND THE SECOND 
C IOWEST TROUGH 
C MO,Ml.M2.M3.M4=2ER0TH, FIRST, SECOND ETC. MOMENTS OF THE SPECTRUM 
C NC=NUMBER OF CRESTS 
C NZ=NUMli:ER OF UPWARD ZERO CROSSINGS 
C SF=PEA.< ENERGY DENSITY OF THE SPECTRUM 
C TBS= 
C TC=PER10D OF THE CRESTS 
C TCS=PERIOD OF THE CRESTS CALCULATED FROM THE SPECTRUM 
C • PERIOD OF THE PEAK ENERGY DENSITY OF THE SPECTRUM 
C X.Y,Z=THREE CONSEQUTIVE VALUES OF THE DIGITAL DATA 
C TZ^UPWARD ZERO CROSSING PERIOD 
C TZS=UPWARD ZERO CROSSING PERIOD CALCULATED FROM THE SPECTRUM 
C 
C 

DIMENSION A(300),CB(128), H3N<1250), H3NT(1250) 
RFAL MO,Ml.M2,M3, M4 
CALL TYPE('SiWAVERlDER BUOY DIGITAL DATA ANALYSIS') 
CALL ASKKMODE,'S<MODE=') 
IF (MODE. EQ. 3) GOTO 103 
CALL ASKN(A,'&INPUT=') 
CALL 1NPUT(A,CB,M) 
ASSIGN 100 TO M 
CALL INSCA, 0, 0) 
IF (MODE. EQ. 1) GOTO 2 
NZ=0 
NC=0 
01=0 
K=1 
HT1=0. 0 
HC1=0. O 
HT3=0. 0 
HC3=0. 0 
HT4=0. 0 
HC4=0. O 
HRMSW=0. 0 
CALL IN(A,X) 
CALL. 1N(A,Y) 

) IF ( (X. LE. 0. 0). AND. (Y. GT. 0)) GOTO 13 
16 CALL IN(A.Z) 
17 IF(Y. EQ. Z)GOTO 16 

IF ((X. LT. Y>. AND. (Z. LT. Y) ) GOTO 4 
IF { (X. GT. Y). AND. (Z. GT. Y) ) GOTO 5 
GOTO 6 

4 IF < (ABS(Y-X). GE. 0. 4). AND. (ABS(Y-Z). GE. 0. 4) > GOTO 6 
NC=NC+1 



IF (HCi. GT. Y) GOTO 7 
HC1=Y 

7 P1=Y 
GOTO 6 

13 CALL IN(A,Z) ' , ^ 
IF ( ( A B S < Y - X ) . GF. 0. 4). AND. (ABS(Y-Z). GE. 0. 4) ) GOTO 6 
N7=NZ+1 
IF (CI. EQ. 0) GOTO 14 
P?=HC1-HT1 
H3N(K)=P2 
K=K+1 
CALL. TYPE 
CALL TYPEKK) 
CALL TYPFKNZ) 
CALL ASKKJ. 'J=') 
HRMSW=P2*P2+HRMSW 
IF (HCI. GT. HC3) GOTO 19 
IF (HCI. GT. HC4) HC4=HC1 
«0T0 IS 

J9 HC4=HC3 
HC3=HC1 

J8 IF (H-ri.LT.HT3) GOTO 20 _ . 
IF (HTl. IT. HT4) HT4=HT1 
CALL TYPE 
CALL TYPER(HC1,HC2, HC3, HC4, HTl. HT2. HT3.HT4) 
GOTO 21 

20 HT4=HT3 
HT3=HT1 

21 HC1=0. 0 
HT1=0. O 

14 Cl=l ' 
J5 IF (K. LT. 3) GOTO 17 
9 MK=0 

DO 8 1=2.K-1 
IF (H3N(I-i). LE. H3N(I)) GOTO 8 
H3=H3N(I-1) 
CALL TYPE 
CALL TYPER(H3) 
H3N(1-1)=H3N(I> 
H3N<I)=H3 
MK=1 

8 CONTINUE 
IF (MK. EQ. 1) GOTO 9 
GOTO 17 

5 IF ((ABS(Y-X). GE. 0. 4). AND. (ABS(Y-Z). GE. 0. 4) ) (!0T0 6 
IF (Y. GT. HTl) GOTO 6 
HT1=Y 

6 X=Y 
Y=Z 
GOTO 1 

100 IF (MODE. EQ. 1) GOTO 101 
TZ=1250. 0/NZ 
TC=1250. 0/NC 
ANZ=NZ 
ANZ=ANZ/NC 
ANZ=ANZ*ANZ 
FT=1. 0-ANZ 
ET=SQRT(ET) 
HRMSW=SQRT(HRMSW/NZ) 
CALL TYPE 
CALL TYPEKNZ) 
CAIL RETNKNZ) 

" CALL TYPER(TZ,TC,ET.HRMSW) 
CALL RETNR(TZ) 
CALL RETNR(TC) 
CALL RETNR(ET) 
CALL RETNRCHRMSW) 
H1=HC3-HT3 
H2=HC4-HT4 
HMAX=H3N(K-1) 
HSW=0. 0 
CALL TYPE 
CALL TYPEKK) 
KK=((K)/3) 



R=(K)-(KK*3) 
CAIL TYPE 
CALL TYPEI(K,KK) 
CALL TYPER(R) 
no 10 I=K-KK+1.K 

C CALL TYPE 
C CALL TYPER(H3N(I)) 
C CALI. ASKKJ. 
10 HSW=HSW+H3N<I) 

CALL TYPE 
CALL TYPER<HSW> 
HSW=HSW+(R/3)*H3N(K-KK) 
CALL. TYPE 
CALL TYPER(HSW) 
FK=K/3. 0 

C fK=FK/KK 
CALl TYPE 
CALL TYPER(FK) 
H£W=HSM/FK 
CALl TYPE 
CALL TYPER<H1. H2, HMAX. HSW) 
CALl RETNR(Hl) 
CALL RETNR(H2) 
CALL RETNR(HMAX) 
CALL RETNR(HSW) 
GOTO 102 

103 CALL ASKKNZ,'&NZ') 
CALL A£KR(H1.'&H1') 
CALl. ASKR(H2, '?vH2') 
1HFTA=ALOG(FLOAT(NZ >) 
BRl = l/(l + (0. 2S9/THETA)-<0. 247/(THETA*THETA)>) 
E1=(H1*BR1)/(2*SQRT(2*THETA)) 
F1=E1»E1 
BR2=l/<l-<0. 211/THETA)-(0. 103/(THETA»THETA>)) 
E2=(H2*BR2)/(2»SGRT(2*THETA)) 
-E7=F2tE2 
E=(El+E2)/2 
HSE=4. 0*SQRT(E) 
HRMSE=2. 0*SQRT(2. 0*E) 
CALl RETNR(HSE) 
CALl RETNR(HRMSE) 
GOTO 104 - -

2 M0=0. 0 
M1=0. 0 
M2=0. 0 
M3=0. 0 
M4=0.0 
F=CP(3) 
SF=0. 0 

9 CALL IN(A. X) 
IF(X. LT. SF)GOTO 223 
SF=X 
F0=F 

223 M0=M0+X 
M1=M1+X*F 
M2=M2+X*F*F 
H3=M3+X»F-»F*F 
M4=M4+X*F*F*F*F 
F=F+CB(4) 
GOTO 3 

101 M0-M0*CB(4) 
M1=M1«CB(4) 
M2=M2*CB<4) 
M3=M3*CB(4) 
M4=M4*CB(4) 
EM= < M0*M4-M2*M2>/(M0*M4) 
E«=SQRT(EM) 
TZS=--SQRT<M0/M2) 
TC.S=^SORT (M2/M4) 
TBS=-M0/t11 
HSS^4. OfiSQRT(MO) 



T0=1. O/FO 
CALl TYPE 

107 
104 

CALL 
CAl L 
CALL 
CAl L 
CALL 
CALL 
CALl 
CALL 
CALl 
CALL 
CONTINUE 
END 

TYPFR(MO,EM,T2S.TCS, IBS. HSS. SF,TO) 
RETNR(MO) 
RETNR(EM) 
RETNR(TZS) 
RETNR(TCS) 
RETNR(TBS) 
RETNR(HSS) 
RETNR(SF) 
RETNR(TO) 
INEND(A) 



7. XDOTS.FTP 

C GRAHAFME HENTlFRSON AUGUST 1978 
C PROGRAM NAME : XDOTS. FTP 
C PROGRAM I.ISF : THIS PROGRAM PLOTS A CROSS AT GRID INTFRSFCTIONS IN POOI E 
C AND CHRISTCHURCH BAYS 
C 
C NOTATION ; 
C 
O A=THE GRIP OF WATFR nFPTHS TO BF IISFP 
C K,I =THt COLUMN ANli ROW NUMRFR COUNTFRS 
n SC=THE SCAl F OF THF PI OT 
C ISX.ISY=THF VAt UFS OF X AND Y IN "SCRFFN UNITS" LISFH PY THF PLOTTER 
0 
C 

COMMON/THRFF/A<300) 
COMMON/SFVFN/CR(1) . 
COMMON/FOl IR/STORE(300) 
CALL TYPFC^XPOTS') 
CALL ASKN(A, '&INPL1T=') 
CALI INPUT(A,CP,M) 
ASSIGN 100 TO M 
CAl L INS<A. 0.0) 
CALL PSAVF 
CAl I PSCI.R 
CALL SFTFN<STORE,'YREF. TMP') 
CAlL PFLFTE(STORE) 
CALL OUTPUT(STORE) 
no 3 K=3, 54 
no 3 I =1.704 

5 CAl I IN(A, GR) 
IF (GR. FQ. 0. 0) GOTO 3 
.l=(K-l)»12. 0+700. 0-4 
KK=(L-1 )*3. .0+100. O-A • -
CAlL VEC(J.KK) -
CAl I TYPE(' + -') 

3 CONTINUE 
100 CAM. INFNP(A) 

CAl! SHORE 
CAlI BORPFR 
CALL OUTFNn(STORE. CB) 
CALL Pl.OT 
END 

C 
. SUBROUTINE SHORE 

C THIS SUBROUTINE PLOTS THE SHOREl fNE 
DIMENSION IPUF(IO) 
CnMMON/SEVFN/CB(1?S> 
COMMON/EIGHT/A(300) 
CGMMuN/FO: IR/STORE (300 ) 
CAl L SFTFN(A. 'SHORE. PAC") 
CAM INPUT(A,CB.MM) 
ASSIGN 100 TO MM 
CAM INS(A, 0. 0) 

1 CALI IN(A. Y) 
CAM. IN(A, X) 
IY=Y 
IX=X . 
IF <IY. l.T. 0) I0C=?9 
IY=IABS(IY) 
Y=APS(Y) 
IE( IOC. FQ. 79)X=-X 
CAl L PRC IOC. IX, lY. NN. I RUE) 
CAM TYPFBtNN.IBUE) 
I0C=0 
CAM OUT(STORE.X) 
CAM OUT(STORE. Y) 
GOTO J 

too CAlI INFNP(A) 
RETURN 



SIIPROIITINF PDRriFR 
C THIS SISBROUTINF PLOTS A BORriFR AROUND THF OR in 

niMFNSION IBUF(IO) 
COMMnN/FOI-IR/STORF (300) 
HAl I riRC'Sr., 200, 5 00, NN. IPI.IF) 
CAl I TYPFP(NN, I PI IF) 
CAM nR(0,?00,750,NN,IBUF) 
CAl I TYPFBCNN, I PI IF) 
CAl I riR(0, P.3A. 750. NN. IBIF) 
CAl I. TYPFBCNN, I PI IF) 
CAl I nR<0, P36, 100, NN, IBUF) 
CAM TYPFBCNN,IBUF) 
CAl I nR(0, 200, 5 00, NN, IPtlF) 
CAl I TYPFB(NN, IPUF) 
CAL I 0I,1T(ST0RF,-200. 0) 
CAl I OUT(STORF. 100. 0) 
CAl I. OUT(STORF, 200. 0) 
'CAM 01 IT (STORE, 750. 0) 
CAM OUT(STORE,P36.0) 
CAl I. 01ITCSTORF, 750. 0) 
CAM OI.IT(ST0RF. S.%. 0) 
CAM OLIT (STORF, 1 00. 0) 
CAl I OUT (STORE, 200. 0) 
CAM OIJT(STORF, 5 00. 0) 
RETURN 
FNn 

c 
SUPROIITINF PLOT 

C THIS SUPROUTINF PLOTS A HARD COPY OF THF 
C .WAVE REFRACTION PIAGRAM 

nIMENSION IPUF(10), GRA(40) 
COMMON/EOUR/STORF(300) 
COMMON/SFVFN/CB(126) 
COMMClN/THRFE/AA (300) 
CAM INPUT(AA, CB, MM) 
ASSION 101 TO Ml 
CAM INS(AA, 0, 0) 
CALL INPUT(STORE, CB. M) 
CAM VEC(50,10) 
CAlI ASKR(SC,'SCALF=') 
TS=SC<H5 
TF (IS. OT. 30) IS=30 
CAl I GRAPH(ORA, IS) 
ASSION 100 TO M 
CAM INS(STORE.0,0) 

1 • fALi IN (STORE, A) 
CALL IN(STORE,B) 
ISX=(ABS(A)-200)«SC+200 
IS Y= (B-1 00) •!tSC+5 00 
IF (A. LT. 0) CALL PENUP 
CALL XYCORDdSX, ISY) 
CAM PENnWN 
OOTO 5 

100 CAl I PFNLIP 
no 20 K= I ,54 
no 20 I=5 .204 

21 CALL IN(AA, OR) 
TF(OR. EQ. 0. 0)i30T0 20 
.)=( (K-5 )*52. 0)*SC+200-4 
KK=((I-5)*3.0)*SC+100-6 
CAM. XYCORPCJ, KK) 
CAM 0TFXT(2,'+') 

20 CONTINUE 
101 CALL INFNn(AA) 

CALL GFNn 
CAM. INENFUSTORF) 
CAl I DtLFTF(STORF) . 

102 RETURN 
FNn 



8. XWAVEC.FTP 

niMFNSICiN A(300). B(300). CB(128). X(4).CELL<7,2) 
TlATA X/17000. 0, 19000. 0. 29000. 0, 30000. 0/ 
riATA CEL L/14*0. 0/ 
CALI TYPEC&XWAVE COUNT') 
CALL ASKN(A,''&INPUT=') 
CALI ASKN(B.'S'OUTPUT=') 
CALL A3KR(CM1N, '&CMIN=') 
CALL INPUT(A,CB.M) 
ASSIGN 100 TO M 
CALL INS (A, 0.0) 
CALL OUTPUT(B) 
Y=45500. 0 

1 CALL INCA, SXX) 
CALL IN(A,SYY) 
CALL IN(A,T) 
CALL IN(A, AL) 
CALL INCA,ALF) 
CALL IN(A,SX) 
CALL IN(A.SY) 
CALL IN(A,CGO) 
CALL IN<A,CFIN) 
CALL IN(A, ALN) 
CALL IN(A,AREACT) 
CALL 1N(A,RAY) 
IRAY=RAY 
IF(SX. LT. X(1))G0T0 1 
IF(SX. GT. X(4) )GOTO 1 
IF (SY. I T. Y) GOTO 1 
IF (IRAY. EQ. 0)G0T0 6 
GOTO 1 

A IC=1 
riO 3 1 = 1,2 
IF ((SX. GE. X d O ) . AND. (SX. LT. X<IC+1)))G0T0 4 
IC=IC+2 

3 CONTINUE 
GOTO 1 

4 CFLLd. I)=CELL(1, I) + l 
CELL(2,I)=ALN 
IF (CFIN.LT. CMIN)CFIN=CMIN 
Q=(6.2831S53*CFIN)/(9.80665*T) 
Q=(Q+1)/(1-Q) 
«=LOG(Q) 
CF1N=(CF1N/2)»(1+(Q/SINH(Q))) 
CELLO, I)=CELL(3, I)+CFIN 
7 = <6. 2831853*CG0)/(9. 80665*T) 
7=(Z+1)/(1-Z) 
Z=L0G(2> 
CGO=(CGO/2)«(1+(Z/SINH(Z)>) 
CFLL(4,1)=CELL(4,1)+CG0 
CFLl (6,1)=CELL(6,1)+AREACT 
GOTO 1 

100 no 2 1=1,2 
IF(CELL(1,1).EQ. 0)G0T0 5 
CFLL (3, I)=CELL(3, D/CELLd, I) 
CELL(4,I)=CELL(4.I)/CELL(1,1) 
CFLL(5, I) = (CELL<4, I)/CELL(3,I)) 
CFLL(5, I)=SQRT(CELL(5, I)) 
CFLL(5, I)=CELL(5, I)*SORT( (CELLd, I)*CFLL(2, I) )/2000. 0) 
CFLL(5,I)=CELL(5,1)*CELL(5,I) 
CFLl ( 6 , I > = C E L L < 6 , I ) / C E L L < l , I ) 
CFLL6=CELL(6, I)#3. 1415926/130. 0 
CFLL(7, I)=CELL(4, I)*CELL(5, I)«SIN(CELL6)«C0S(CELL6) 

5 no 2 j=l,7 
2 CALL 0UT(B, CELL(J, I) ) 

CALL INEND(A) 
CALL OUTEND(B.CB) 
FND 



9 . YCONTR.FTN 

r. nRftHAFMF. HFNriFRSnN l̂ANllARY )97A 
n PROr-iRAM NAMF : YnONTR. FTN 
r. PROGRAM USF : THIS PROARAM IP. USFP TO nONTOIIR THF SFABFP IN PCiOLF AND 
f: CHRISTCHURCH BAYS FROM A ORIP OF WATFR PFPTHS BFIOW A MFAN 1 FVFl 
r ." 
n NOTATION : 
C 
r. A = O R i n O F W A T F R O F P T H S T O R F USFP 
r. C l . . C l I = r . O N S F C I l T I V F O F P T H V A I U F S I N A C O I LIMN 
f; r . V = n T S T A N C F P . F T W F F N I FVFl S 
-r m ( i ) = N F P T H VAI UFS I N F I R S T COI UMN 
C C7(I)=nFPTH VAI UFS IN SFCTiNP 001 UMN 
c 1=001 UMN NUMBFR 
r. in=POSITION IN "SCRFFN UNITS" OF FIRST OOI UMN 
f; TCC=POSITION IN "SCRFFN UNITS" OF SFCONP OOIUMN 
r. T I=COlUMN NUMBFR 
p TP=],IF A OONTOIIR niAORAM IS RFQUTRFB;=0. IF THF CONTOUR POSIiIONS ARF RFQUIRF 
•C "iX. IY=THF niSTANCF BFTWFFN p| OTTTNO POSITIONS IN "SORFFN UNITS" 
C IM=1.IF CONTOUR I FVFl MARKS ARF RFRUIRFP ON THF CONTOURS;=0,IF CONTOURS 
r. WITHOUT I FVFl MARKS ARF RFRUIRFP 
r. MAX=-MAXIMUM RFQUIRFP CONTOUR I FVFl 
r. MIN=MINIMUM RFQUIRFD CONTOUR I.FVFl 
n Nl FV=NUMBFR OF CONTOUR I.FVFl S RFQUIRFO 
r. P(M)=THF CONTOI IR I FVFl VAI UF 
n ll=POS]TION OF CONTOUR CROSSING I N F I R S T COIUMN 
r. V= P A S I T I O N OF CONTOUR CROSSING in SFCONIl COI UMN 
r. 
n 

niMFNSTON A(300).CJ(204), C?<204) 
TNTFGFR 11(100), VOOO) 
REAI MAX,MIN 
r;OMMON/FIVF/P( JOO), Nt.FV 
COMMON/FOUR/B(300), CB(178) 
COMMON/THRFF/1C. IX, I, LM 
COMMON/TWO/U. V 
nOMMON/ONF/IP 
CAI.L TYPF('?<YCONTR') 

. ' CAM. ASKN(A, 'MNPUT^^') 
CAI.I. ASKRLMAX, '^MAXIMUM CONTOUR I FVFl =') 
CAI..1 ASKR(MIN, '^MINIMUM CONTOUR I FVFl=') 
CAM ASKKNl FV, '?<N0. OF I FVFl 5=') 
CAM ASKI ( I P , '?<IS A CONTOUR niAGRAM RFQUIRFIT?') 
CAM ASKKl M, "kARF I FVFl MARKS RFOUIRFP?') 
CAM INPUT(A,CB,MM) 
ASSIGN 100 TO MM . V • 
C A M INS(A, 0, 0) 
CAM SFTFN(P. 'YCON. TMP') 
CAM nFl.FTF(B) 
CAM OinPUT(B) 
TF(NLFV. FQ. DGOTO A66 
CV=(MAX-MIN)/(N1.FV-1 ) 

AAA IY=100 
TX=17 
IC=200 
TCC=IC+17 
Y=3 
M=0 
n= j 
-TC0=1 
CAM PSAVF 
CAM PSCI R 
CAI I BORPFR 
CAI I SHORF 
TF(NIFV. FQ l)P<n=MIN 
TF(NLFV. FQ. 1 )GOTO AA7 
no 1 M=1.N1.FV 
P(M)=MIN+CV«(M-1) 

1 CONTINUF 
AA7 T=1 
9 CAM IN(A, C K D ) 

TF (CI (I). I T. 0. 0) GOTO 3A 
T = r + 1 
GOTO 7 

AA Citl)=0.0 



N=T 
66 1=1 

TT=TI+1 
TFCIP. FQ. J )OnTO 3 
CAI I TYPFCMCO') 
HAI 1 TYPFTdCO) 

S TF ((IT. FQ. f:) OR. (II. F«. 9)) ROTO 53 
TF ( (II. FR. 35) OR. (II. FQ. 3A) ) OOTO 53 
TF (TT.FQ. 37) fiOTO 53 
CAII TN(A,C?(I)) 
TF (r.7(T). l.T. 0. 0) fiOTO 47 
1=1+1 
ROTO 3 

R3 r.AI I IN(A. 07(1)) 
TF (07(1). I T. 0. 0) OOTO 54 
T=T + ) 
OOTO 53 

r.4 r,7(I)=0. 0 
T = I + 1 
CAM 1N(A.07(1)) 
IF (C7( I). I T. 0. O) (WTO 54 

55 T=T+1 
CAM IN(A,07(1)) 
TF (07( I). OT. 0. 0) OOTO 55 

47 O7(I)-0.O 
N1 = I 
1 = 1 

no 4 I = 1,N1FV 
I =1 
I 1=1 
no 5 J=l,7 
TF (.1. FQ. 1 ) CI =01 (1 ) 
TF (U. FQ. 7) a =r?(] ) 
K=1 

45 TF (..I. FQ. 1) 01 1=01 (K) 
TF (J FQ. 7) a..l =07(K) 
IF (01 I . OT OI ) GOTO JO 

13. IF ((CI . OT P(I)). ANR (CJ 1. I F. P(I))) OOTO 1 * 
ROTO 6 

11 IF (U. FQ. 1 ) OOTO 30 
IF (11. OT. 1 ) OOTO 15 
V(l 1 ) = IY 
11=11+1 
ROTO 15 

30 TF (I. OT. 1 ) GOTO 15 
11(1 )=IY 
1 = 1 + 1 
ROTO 15 

31 IF (J. FQ. J ) GOTO 37 
TF (K. NF. N1 ) OOTO 15 
V(1.1) = ((P(I )-CI. )/(Cl.l -CI ) )*Y+(K-7)*Y+IY 
I 1=1 1+1 
Vd.l ) = (N1-1 )*Y+IY 
I 1=! 1+1 
GOTO 5 

37 IF (K. NF. N) GOTO J5 
U(l ) = ( (P( I )-CI )/(Cl l_-CI ) )*Y+(K-7)*Y+IY 
I =I . .+ 1 

11(1 ) = (N-1 )*Y+IY 
1 = 1 + 1 

10 TF^aCl t . GT. P(I) ). ANn. (CI . I F. P(I)) ) GOTO 31 
ROTO 6 

1 5 IIV=( (P( I )-CI ) / ( n l.-CI ) ) » Y + ( K - 7 ) « Y + I Y 

IF (IP. FQ. 1 ) GOTO 16 
CAM TYPFRdIV, P( I), CI . CI I , Y) 
CAM TYPFKI ) 
CAM ASK(-&?') 

16 TF (J. FQ. 1 ) 11(1 )=IIV 
TF (J FQ. 7) V(t 1 )=HV 
TF (.1 FQ. 1 ) GOTO 37 
TF (11. FQ. 1 ) OOTCI 3S 

3A I 1=1 1+1 
GOTO 6 

c j ? T F ( I . FQ. 5 ) GOTO 3 9 



A9 I = 1 + 1 
A CI = m 

K=K+J 
TF (.-I. FG. 7) OOTO 44 

43 TF (K OT. N) fiOTO 5 
nnrn 45 

44 TF (K GT. Nl) GOTO 5 
RHTO 45 

5 nnNTTNUF 
1=1-1 
I 1=1 1 - 1 
TF ( (I /?)*?. FQ. I ) GOTO 33 
I =1 +1 
IKI ) = (N-1)»Y+IY 

33 TF ( (I 1/?)«?. FQ. l.l ) GOTO 34 . 
11=11 + 1 
V(l 1) = (N1-1)*Y+IY 
11=11+1 

34 CONTTNUF 
r.AI I JOIN(l .l l.TI) 

A rONTTNUF 
no 35 T=1.N1 

35 C1(T)=C7<T) 
TC0=TC0+1 
M=N1 
nOTO 46 

100 HAII TNFNn(A) 
CAI I nilTFNn(P. CB) 
r:AI I VFC.<?0. 70) 
nAl.l ASKJdJT.'?') 
TF (TII. FQ. 0) GOTO 101 
PAI I PI OT 

101 OAI I PSRFS 
FNn 

r. 
SUBROIITJNF .lOTNd.l . 1-. TT ) 

C THTS SUPROUTINF ^lOINS THF RFI ATTVF CONTOUR. 
C IFVFl. CRri?:SING POSTTIONS 

COMhON/TWO/TI-KlOO). TVdOO) 
I 7=1 
I 1=1 

>4 TF <11 . FQ. O) GOTO 19 
TF (I. FR. 0) GOTO 15 

' GOTO 30 
19 TF (I. FQ. 0) GOTO 3 

GOTO 31 
30 IF <IV(l.7+n. GF. TIKI.1+1 )) GOTO 17 

TF (TVd 7+1). GT. TIKI. J ) ) GOTO 13 
CAI I nRAW( IV(l 7), TV(I 2+1 ),7, TT) 

16 I 7=1 7+2 
TF <L.?. GT. I.) GOTO 15 
GOTO 14 

12 TF (IV<I.7). GF. ILUl 1 + 1 )) GOTO 39 
CAM nRAW(TV(l.7), H.KI 1 ). 1. TI) 

40 IF ((11+7) GT H_) GOTO 36 
TF (111(1.1+2). GT. IVd 7+1 ) ) GOTO 43 

47 I 1=1 1+7 
CAI I PRAWdlKl.l-l ). ItUl 1),0. IT) 
GGTO 36 

13 CAl.l PRAWdVd 7). Tl.Kl.l ), 1. IT) 
36 I 3=1 7+2 

IF (13. GT. I ) GOTO 47 
TF( TIKI 1 + 1 ). GT. IVd 3) )GOTO 37 
TF((I 1+7). GT. LI )GOTO 38 
TF(IV(L3-1). GT. I L K l 1+7))GOTO 47 
GOTO 38 

37 I 7=1 7+7 
TF ( d 1+7). GT. I I.) GOTO 41 
TF (11.1(1.1+7). GT. IVd 7+1 ) ) GOTO 41 
I 1=1 1+7 
CAl I PRAWdUd 1-1 ). I'UI 1 ).0. IT) 
GOTO 34 

41 CAI I. PRAWdVd 7+J ), ILKI 1+1 ), 1, II) 
GOTO 34 



n;? CAi.i nRAW(iV(i.3-i). iv<t.3).7. II) 
I ?=l ?+2 
ROTO 36 

35 IF( (I 1+?). GT. LDGOTO 43 
1F(IU(L1+2).GT. IV(L?+J))GCiTO 38 
I 1 =1 J +2 . 
r.AU. PRAWdLKl.l+l ). TUd.l ). 0. II) 
GOTO 35 

44 CAl I nRAW<IV(L?). II.UI 1). 1. II) 
47 IF( (I J+2). GT. LDGOTO 45 

TFdlKl ]+?).. GT. IV(L?+)))GOTO 46 
r.Al 1 D R A W ( I U(M+n, I U < l . l + 7 ) . 0 . II) 
I 1=1 1+? 
GOTO 47 

45 r.Aii riRAW(iv(i.7+n. iu(i.j+j). 1. II) 
GOTO 3 

4A CALI riRAWdVd ?+l), IlK I ]+)),], II ) 
GOTO 34 

43 CAl I riRAW(IV(L7). IlKM >, 1. II) 
38 C.AI L nRAW(IV(L2+n, IlKLl+n. 1,.II) 
17 I J =1. J+7 

IF (11. GT. LI ) GOTO 18 
GOTO 16 

18 17=1.7+2 
IF (1.7. GT. I.) GOTO 3 

31 CAM DRAW( JV(L2). TVd 7+1 ), 7, II) 
GOTO IS 

39 CAM riRAWdlKLl), IU(I.1 + 1 ).0. II) 
I 1=1 1+2 
TF (11. GT. I I.) GOTO 31 
GOTO 14 

15 CAM riRAWdUdJ ), IU(I.1+1 ). 0. II) 
34 11=1,1+2 

- IF (L 1. GT. I L ) GOTO 18 
GOTO 16 

3 RFTLIRN 
FNn 

c 
SIIP.R0I.IT7NF PLOT 

C ' THIS SI.IPR0I.ITINF PLOTS A HARD COPY OF THF CONTOUR DIAGRAM 
DIKFNSION GRA(40) 
COMMON/F T VF/P(100),Nl FV 
COMMON/FOLIR/B (300), CB (178) 
CALI VFCdO. 30) 
CAM ASKIdW, 'S<WAVFS nRAWN=') 
CALL ASKR(SC, '?<SCALF.= ') 
CAM INPUT(B, CB, M) ' 
ASSIGN 100 TO M , 
CAM INS(B. 0.0) 
IS=30 
CAM GRAPH(GRA, IS) 
. IFdW. EQ. nCALL. COMBIN(SC) 

n o 3 L = l , 7 
I F < L . FQ. 1 ) L l = 1 7 3 
I F ( i . . FQ. 7 )1 
CALL PFNLIP 
n o 7 1=1 .1 L 
CALI IN(B.X) 
CAM IN(B,Y) 
J=(X-700)*SC+200 
K=(Y-100)*SC+100 
CAM XYCORnCJ. K) 
CAI I PFNHWN 

2 CONTINUF 
3 CONTINUF 
1 CALL PENUP 

CAM IN(B.X) 
CAM. IN(B,Y) 
CAI 1. IN(B. XI) 
CAI 1. TN(B, Y1 ) 
1̂= (x-700) *sr.+?oo 
K=(Y-100)*sr.+ l00 
CALI XYCORTK J,K) 
CAI I PENnWN 
.i=(Xl-700}*SC+700 
I / — / v i — ^ \ j t c 1 



HAI L XYCORHCJ, K) 
GOTO 1 

100 CAl I PENLIP 
IFdW. FQ. 1 )GnTO 107 
JJ=700 
KK=800*SC 
CAM XYCORPCJJ, KK) 
CAl I OTFXT(?.,'CONTOUR DIAGRAM OF POOl F ANP CHRISTCHLIRCH BAYS') 
KK=775*SC 
CAl.I XYCORn(..lJ, KK) 
CAl I. GTFXT(2,'ORAHAFMF HFNPFRSON JANUARY 1978') 
KK=60 
no J 01 1 = 1, Nt.FV 
CAlI XYCORFK JJ. KK) 
CAl I 6TEXT(?, 'CONTOUR I FVFl. ') 
CAl.I GWRITCI, 2, 0, ?. 7, 2) 
CAl.l. GWRIT(P(I).^. 7, 4, 7. 2) 
IF (I. EQ. 3) J.J=JJ+400 
JF (I. EQ. 3) KK=90 
KK=KK-20 

101 CDNTINUF 
107 CAl. I GENin 

CALL INFNn(B) 
CAIL riFtFTF(B) 
RFTL:RN 
FND 

C 
SURROUTINF nRAW(M],M,K,II) 

C THIS SUBROLITINF PI OTS THF CONTOURS 
COMMON/TWO/IUOOO), IV(IOO) 
COMMON/THRFF/IC, IX. LC. l.M 
..l=(II-2)«IX+IC . 
..I1 = (II-1 )«IX+IC 
IF(M. GT. ftOO)M=SOO 
1F(M1. GT. ?.00)M)=800 
I F ( ( M . F0. LOO). AND. ( M l . FQ. 1 0 0 ) ) G 0 T 0 9 9 
IF(K. FQ. 2)GOTO 1 . 
IF(K. FQ. 0)GOTO 2 

6 CAl L D0("35.J,M) 
CAL I TPOCO. Jl.Ml) 
GOTO 99 

1 CALl n0("35. Jl.M) 
CALI D0(0. Jl.Ml) 
IF(I M. EQ. 0)G0T0 99 
.l7=Jl-5 
J3=Jl+5 
M7=(M-M1)/2+Ml 
no 3 1=1, LC r • 
CAIL no ("35, J2, M2) 
CALI no (0,J3. M2) 

3 M2=M2-2 
GOTO 99 

2 CAl I nO("35,J,M) 
CALI n0(0 , J , Ml) 

99 RFTIJRN 
FNn 

c 
SUBROUTINF nOdOC, J, K) 

C T H I S SUBROUTINF IS USFIi BY DRAW TO PLOT THF CONTOURS 
DIMENSION IBUF(IO) 
COMMON/ONF/IP 
COMMON/FOI IR/B(300) 
IF (IP. EQ. 1 ) GOTO 1 
CALL TYPE 
CAl L TYPFKJ. K, IOC) 
CAlI ASK('&?') 
GOTO 2 

1 CAl I nR(IOC,J,K,NN,IBUF) 
CAlL TYPFB(NN,IBUF) 

2 A=J 
AA=K 
CAl 1 OUT (P., A ) 

CALL OUT(B,AA) 
RETURN 
FNn 



r 
SllBFJinUTINE SHORE 

C THIS SUBROUTINE Pl.OTS THF SHORFl INF 
DIMENSION CB(128).B(300) 
CAI I. SETFNCE,'SHORE. RIAC ) 
CAI.I INPUTCH, CB, MM) 
ASSIGN 100 TO MM 
nn 100 J=i . 2 
OALl INSCB, 0, 0) 

1 CAI I.. IN(B. Y) 
CAI.I. IN(B. X) 
IY=Y 
IX=X 
IF (lY. LT. 0) I0C=29 
IY=IABS<IY) 
CAII nOCIOC. IX. lY) 
ioc=o 
•GOTO 1 

100 CONTINUE 
CALL INENn(B) 
RETURN 
FNIJ 

C 
SUBROUTINE BORNFR 

C T H I S SUBROUTINE PI OTS A BORBER AROUND THE GRID 
DIMENSION LEUF(LO) 
COMMON/EM IR /STORE(300 ) 
CAM D R ( " 3 5 , ? 0 0 , 1 0 0 , N N , I B U E ) 
CAI I TYPEB(NN, IBUE) . 
CAI I D R < 0 , 7 0 0 , 7 5 0 . N N , IBUE) 
CAI 1 TYPEB(NN, IBUE) 
CAM DR<0,836, 750, NN. IBUE) 
CAM. TYPEBCNN, IBUF) 
CAM- DR(0,836,100,NN,IBUE) 

• CAM T Y P E B ( N N , I B U F ) 
CA'.I. DR(0, 700, 100. NN, IBUF) 
CAI I TYPEBCNN, IBUE) 
CAI K OUT (STORE, 200. 0) 
CAI I . OUT (STORE, 100. 0) 
CAM OUT (STORE, 700 . 0 ) 
CAM OUT(STORE. 750. 0) 
CAM OUT(STORE,836.0) 
CAM OUT(STORE, 750. 0) 
CAM. OUT (STORE. 8 3 6 . 0 ) 
CAI.I OUT (STORE, 100. 0) 

" " CAM O U T ( S T O R E , 7 0 0 . 0 ) 
CAI I OUT (STORE. 100. 0) 
RETURN 
END 

C 

R THI^SUBROLIT INE^0TVES THE OPTION OF SUPERIMPOSING WAVF RAYS FROM THE 
Q REFRACTION ANALYSIS ONTO A CONTOUR DIAGRAM 

DIMENSION J B U E ( 1 0 ) . S T O R E ( 3 0 G ) . CN<178) 
REAI I EN 
COMMON/NINE/AS, PT, N, X, Y, I FN 
CAI I. SETEN (STORE, 'YWAVES. TMP") 

101 CAM INPUT(STORE,CB,M) 
ASSIGN 100 TO M 
CAM INS(STORE, 0, 0) 

1 CAM. IN(STORE,A) 
CAM. IN(STORE,B) 
I S X = ( A B S ( A ) - 7 0 0 ) * S C + ? 0 0 
T S Y - (B-100 ) * S C +100 
I oc=o 
IE(A. I T. 0)I0C="35 
r;AI I DR( IOC, ISX, ISY, NN, IBUF) 
CAI I TYPEFKNN, IBUF) 
IF (A LT. 0) CALL PENUP 
r:Al.L XYCORDdSX, ISY) 
CAI L PENDWN 
ROTO 1 

100 CALL PFNUP 



1900=900 
T 900=(700*SC)+700 
CAI I. XYCORTK 1900, 700) 
CAll GTFXT(2,'WAVE PFRIOD') 
CALI GWRIT<T.8.4,4,2,2) 
nAl.l GTFXT(?, 'SFCS') 
CAI I XYCCiRrK 1900. 660) 
CAI.I GTEXT(?, 'INITIAL ANGI.F-OF-APPROACH') 
CAl.l OWRIT(AS, 8, 4, 4, 2, 2) 
CALL XYCORn(1900, A20) 
CAII GTFXT(2,'TIMF INCREMENT') 
CAI I GWRITdlT, 8, 4, 4, 2, 2) 
CALI GTEX1(2, 'SFCS') 
CAI I XYCORn(1900,580) 
CAI I GTEXT(2, 'NO. OF WAVE RAYS') 
CAI I. GWRITCN, 8, 4, 4, 2, 2) 
CALI XYCORFK 1900, 540) 
CAl.l GTEXT<2,'X COORD. OF FIRST RAY ORIGIN') 
CAll GWRIT<X, S, 4, 4, 2, 2) 
CAM. XYCORD(I900,500) 

' CAL L GTFXT(2, 'Y COORD. OF FIRST RAY ORIGIN' ) 
CAI I 'GWRIT(Y. 8, 4, 4. 2. 2) 
CAl.l XYC0RD(I900.460) 
CAl.l GTEXT (2, 'LENGTH OF. WAVE IINE') 
CALI. GWRITdFN, 8, 4, 4. 2, 2) 
CAll INFND(STORE) 

10? RETURN 
END 



10. YREFRA.FTP 

C GRAHAEME HENDERSON JUNE 1978 
C PROGRAM NAME : YREFRA. FTP 
C PROGRAM USE ; PROGRAM FOR WAVF REFRACTION IN POOl E AND CHRISTCHURCH 
C' BAYS USING THE METHOD OF BRAMPTON 
C A SCREEN PLOT IS OBTAINED WITH VAtUES OF IRAY 
C SPECIAL NOTES : THIS PROGRAM USES SUBROUTINE YREFRB. FTP 
C 
C NOTATION : 
C 
c A=THE GRID OF WATER DEPTHS TO BE USED 
0 AA, H:B=ANGLES AS DEFINED (IN MAIN PROGRAM) AND PREVIOUS X AND Y 
C COORDINATES (IN SUBROUTINE PLOT) 
C AL=INITIAL ANGLE OF WAVE RAY APPROACH IN DEGREES FROM +VE X-AXIS 
C ANTICIOCKWISE POSTIVE 
C ALF=FINAL ANGLE OF WAVF RAY APPROACH IN RADIANS FROM +VE X-AXIS 
C ANTICLOCKWISE POSITIVE 
C ALN=DISTANCE BETWEEN EACH WAVE RAY IN DEEP WATER 
C CMIN=MINIMUM CELERITY AT WHICH COMPUTATION CEASES 
C GR(K, I )=THF GRID WHICH CONTAINS SEA BED DEPTHS ORIGINALLY AND THEN 
C THE CELERITIES AT GRID INTERSECTIONS 
C ex.GY=DISTANCE BETWEEN COLUMNS AND ROWS IN M. 
C IRAY=AN INTEGER INDICATING WHY A WAVE RAY HAS STOPPED. VALUES ARE 
C 0 AND 1 FOR SUCCESSFUL RUNS AND ARE NEGATIVE FOR UNSUCCESSFUL RUNS. SEE 
C YREFRB.FTP FOR IRAY VALUES AND REASONS FOR STOPPING • 
-C IMAX,JMAX=THF NUMBER OF COl UMNS AND ROWS 
C ISX.ISY=THE VALUES OF X AND Y IN "SCREEN UNITS" USED BY THE PLOTTER 
C K, I --COLUMN AND ROW NUMBER COUNTERS 
C LN=THE TOTAL LENGTH OF THE LINE OF WAVE RAY ORIGINS IN PEFP WATER 
C N=NLIMBER OF WAVE RAYS REQUIRED 
C T=WAVE PERIOD IN SECS. 
C X, Y=X AND Y COORDINATES OF FIRST RAY ORIGIN 
C XX, YY=A COMPUTED LOCATION IN THE GRID ALONG A WAVE RAY 
C 
c 

DIMENSION A(300) 
INTEGER GR 
REAL. NC, LN 
COMMON/ONF/D. PI, T. C. NC 
C0MM0N/TW0/GR(54,206) 
COMMON/FOUR/IOC 
COMMON/SEVEN/CB(128) 
COMMON/SIX/STORE(300), lOP 
COMMON/RBLOCl/IhAX. JMAX, GX, GY. CMIN 
COMMON./NINF/AL, X, Y, P 
COMMON./TEN/AA, BB, ISX, ISY 
CAL.I ASKN(A, '&GRID^) 
CAl I , ASKRCT,'S-PER') 
CALL ASKR(X. 'StX') 
CALL ASKR(Y, '&rY') 
CALL ASK-:R(AL, ••S-ANGl E') 
CAM ASKI (N, '&N0. ') 
CALl ASKR(LN, 'S<LEN') 
CALL ASKR(CMIN, 'S.NIN. CEL=') 

• • . G=9. 80665 
PI=3. 1415926536 

• P=PI/1S0. 0 
D=G*T/(2*PI) 
1MAX=54 
JMAX=206 

- ' GX=1000. 0 
GY=250. 0 -
AS=AL 
ALN=LN 
Al N=ALN/(N-1) 
LN=ALN 
I0P=0 
CALL INPUT(A,CB,M) 
ASSIGN 100 TO M 
CALl INS(A,0,0) 
K=1 
L=1 
MK=0 



5 CALL IN(A,GRK) 
IF (GRK. LT. 0) GOTO 4 
CALL CELER(GRK) 

9 GR(K,L)=NC*1000 
MK=0 

10 L=L+1 
GOTO 5 

4 GRK=-GRK 
CALL CELER(GRK) 
GR(K.L)=-NC*1000 
L=L+1 
CALL IN(A.GRK) 
IF (GRK. GT. 0) GOTO 6 
MK=1 
GOTO 4 

6 CALl CELER(GRK) 
IF (MK. EG. 1) GOTO 9 
K=K+j 
L=1 
GR(K,L)=NC«1000 
MK=0 
GOTO JO 

100 CALL INENn(A) 
CALL SETFN(STORE. 'YREF. TMP') 
CALL DELETE(STORE) 
CALL OUTPUT(STORE) 
IF (AL. LE. 90. ) GOTOl 
C0SAA=CC3((AL-90. 0)«P) , 
S1NAA=SIN((AL-90. 0)«P) 
GOTO 7 

1 COSAA=COS((90. 0-Al )«P) . 
. SINAA=SIN((90. 0-AL)«P) 

LN=-IN 
2 CONTINUE 

CALL PSAVE 
CALl. PSCL.R 
CALL SHORE 
CALl BORDER 
IV=700 
no 7 KK=1.N 
RK=(KK-1) 
RKK=LN 
XX=X+RK*ABS(RKK)«COSAA 
YY=Y+RK*RKK*SINAA 
Al =AS«P 
I0C="35 
SX=XX 
SY=YY 

8 CALl R E F R A C ( X X . YY. AL . XE. YE. ALE, IRAY) 
CALL VEC(800. IV) 
CALL TYPEKIRAY) 
IV=IV-20 

7 CONTINUE 
•GALL OUTFND(STORE. CB) 
CALl VECdO. 30) 
CALl ASKKIOP.'&.PLCT?') 
IFdOP. EG. DCALL PLOT 
FND 

C 
SUBROUTINE PLOT 

"C THIS SUBROUTINE PLOTS A HARD COPY OF THE 
C WAVE REFRACTION DIAGRAM 

DIMENSION IBUF(IO). GRA(40) 
COMMON/ONE/D.PI,T 
COMMON/FOUR/IOC 
COMMON/SIX/STORE(300),IOP 
COMHON/SEVFN/CBC12S) 
C0MI10N/NINF/AS, X, Y, P 
COMMON/TFN/AA, BE. ISX,ISY 
COMHON/ELEVEN/SX. SY 
IFdOP. EO. 1 )GOTO 101 
A=(SX/1000. 0)*12 0+200. 0 
B=(SY/500. 0)*6. 0+100. p 



IF (ABS(A).GT. 836) A=83& 
IF (AFtS(A). LT. 0) A=0 
IF <B. GT. 750) B=750. 0 
IF (B. LT. 0) B=0. 0 
IFdOC. EG!. "35)A=-A 
IF (IOC. EQ. "35) GOTO 103 ' 
IF (APS(B-BB). GT.3) GOTO 10? 
IF (ABS(A-AA).GT.6) GOTO 102 

103 ISY=B 
ISX=ABS(A) • 
CALL DR( lOC", ISX, ISY. NN, IBUF) 
CALL TYPEB(NN. IBUF) 
I0C=0 
CALI OUT(STORE, A) 
CALI OUT(STORE,B) . -

0103 IF(ABS(A).GT.32000)GOTO 104 -
AA=ABS(A) 
BB=B 
GOTO 102 

104 CALI TYPER(A. B) 
CALL ASKC?') • 
GOTO 102 

101 CALI INPUT(STORE,CB,M) 
CALI. VECdO, 10) 
CALL A-SKR (SC, ' SCALE= ') 
IS=30 
CALL GRAPH(GRA,IS) . 
ASSIGN 100 TO M 
CALL INS(STORE, 0, 0) 

1 CALL IN(STORE,A) 
CALL IN(STORE,B) 
ISX=(ABS(A)-200)»SC+200 
ISY=(B-100)*SC+100 ' 
IF (A. LT. 0) CALL PENUP 
CALL XYCORD(ISX, ISY) 
CALL PENDWN 
GOTO 1 ^ 

100 CALL PENUP 
L=200 
K=40*SC 
CALI XYCORIKL, K) 
CALL GTEXT(2,'WAVE PERiOD=') 

. CALL GWRIT(T, 5, 1,2. 2, 2) 
CALL GTEXT(2,'SECS :') 
CALL GTEXT(2,'INITIAL ANGLE OF APPROACH = ') 
AS=AS/P 
CALL GWRIT(AS.6j1, 3, 2,2) -
K=15«SC 
CALL XYCORD(L,K) 
CAl I. GTEXT(2,'COORDINATES OF FIRST RAY ORIGIN=') 
CALL GWRIT(X, 11, 1.6,2,2) 
CALI. GTEXT(2, ') 
CALL GWRIT(Y, 11,1,6, 2, 2) 
L=200 
K=SOO«SC 

" " CALL GTEXT?2!'''WAVE REFRACTION IN POOLE AND CHRISTCHURCH BAYS') 
K=775«SC 
CALL. XYCORD(L, K) 
CALL. GTEXT(2, 'USING BRAMPTONS METHOD') 
K=750*SC 
CALL XYCORD(L,K> 
CALL GTEXT(2,'GRAHAEME HENliFRSON JUNE 1978') 
CALL. GEND 
CALL INEND(STORE) 

102 RETURN 
END 

C 
SUBROUTINE SHORE 

C THIS SUfROUTINE PLOTS THE SHORELINE 
L1IM̂ "NSI0N IBUF (10) 
COMMON/SEVEN/CB(128) 
COmON/E ] GHT/A1300) 
COKMON/SIX/STORE(300) 



CALl SETFN'.A, 'SHORE. D A C ) 
CALL INPUT(A,CB,MM) 
ASSIGN 100 TO MM 
CALL INS (A. 0.0) 

-1 CALL IN(A,Y) 
CALL IN(A.X) 
IY=Y 
IX=X 
IF (lY. LT. 0) I0C=?9 
IY=IABS(IY), 
Y=ABS(Y) 
IFCIOC. EQ. 29)X=-X 
CALL DR(IOC, IX, lY, NN, IBUF) 
CALL TYPES(NN, IBUF) 
I0C=0 
CALL OUT(STORE,X) 
CALL OUT(STORE. Y) 
GOTO 1 

i o o CALL INEND(A) 
RETURN 
END 

C 
% " SUBROUTINE BORDER 
C • THIS SUBROUTINE PLOTS A BORDER AROLIND THE GRID 

DIMENSION IBUr( lO) 
COMMON/SIX/STORE(300) 

" CALL DR("35, 200, 100, NN,IBUF) 
CALL TYPEB(NN, IBUF) 
CALL riR(0, 700, 750, NN, IBUF) 
CAll. TYPEB(NN, IBUF) 
CALl DR(0,836,750.NN.IBUF) 
CALL TYPFB(NN, IBUF) 
CALL DR(0,836.100,NN,IBUF) 
CALL TYPEB(NN.IBUF) 
CALL DR(0-200, 100, NN, IBUF) 
CALL TYPEB(NN,IBUF) 
CALL OUT(STORE,-200. 0) 
CALL OUT(STORE, 100. 0) 
-CALl. OiJT(STORE, 200.-0) - -
CAt L OUT (STORE, 750. 0) 
CALL OUT(STORE,836. 0) 

- CALL OUT(STORE, 750. 0) 
CALL OUT(STORE,836. 0) 
CALL OUT(STORE, 100. 0) 

.: CALl OUT (STORE, 200. 0) 
_ • CALL OUT (STORE, 100. 0) 

RETURN 
END 

C 
SUBROUTINE CELER(GRIJ) 
REAL NC 

2 • COMMON/ONE/U. PI, T, C;. NC 
C=D 

6 . NC=n»TANH(2-0*PI»GRIJ/(T«C)> 
C CALL TYPEC&CELFR') 
C CALL TYPER(C,NC) 

IF (ABS(C-NC). LT. 0. 001) GOTO 5 
C=ABS(NC) 
GOTO 6 

5 RETURN 
END 



11. YREFRB.FTP 

C GRftHAEMH HENDERSON JUNE 1978 
C SUBROUTINE NAME : YREFRE. FTP 
C SUBROUTINE USE : THIS SUBROUTINE WRITTFN BY BRAMPTON IS U^ED 
C BY THE PROGRAM YREFRA. FTP 
C 
c NOTATION : 

C ALF=FINAL ANGLE OF WAVE RAY APPROACH IN RADIANS FROM +VE X-AXIS 

C ANTICLOCKWISE POSITIVE 
C ALF=RAY DIRECTION ON LEAVING A TRIANGLE 
C ALS=COPY OF INITIAL WAVE DIRECTION ALSS -
C ALSS=1NITIAL ANGLE OF WAVE RAY APPROACH IN RADIANS FROM +VE X AXIS 
C ANTICLOCKWISE POSITIVE 
C Al. A2.E=COEFFICIENT£ DEFINING A STRAIGHT LINE 
C All.A12. Bl.A21i A22. I52=COEFFICIENTS OF TWO STRAIGHT LINES 
C CFIN=RAY CFLERITY ON LEAVING A TRIANGLE 
C CMIN=THE MINIMUM CELERITY AT WHICH COMPUTATION CEASES 
C CL.C?,CS=THE WAVE CELERITIES AT THF VERTICES OF THE TRIANGLE 
C CONTAINING A RAY POSITION 
r DEFLEC-SMALLEST PREVIOUS RAY DEFLECTION IN A TRIANGLE 
C GX,OY=THE SPACING OF THE GRID LINES IN THE X AND V DIRECTIONS 

: w»LUE0F7ER0 * * ***, 

: oerECTEo WH^N =_i 

: HAs SIOPPEO. vAWEs oF iRAv 
c =1.THE RUN WAS SUCCESSFUL,RAY REACHED GRID EDGE 
C =0.THE MINIMUM CELERITY HAS BEEN REACHED 
C = - 1 .THE RUN WAS UNSUCCESSFUL FOR NO APPARENT REASON 
C =-•>, RAY DEFLECTED OVER 90 DEGREES IN A TRIANGLE 
C =-3, FAILURE TO FIND THE INTERSECTION BETWEEN THE WAVE RAY 
C PATH AND THE LINE C=CMIN 
C =-4.STARTING POINT OF RAY OUTSIDfc GRID 
C = - 5 , RAY STARTING DIRECTION EXACTLY ON GRID 
C IX.IY=TWO VARIABLES USFD TO FIND THE. CELERITIES AT THE TRIANGLE VERTICto 
C • KS0L=IND1CATES THE EXISTANCE OF A SOLUTION, =-10,NO SOLUlIUN EXISTS;-+^0.A 

C LL(6L=AN ARRAY STORING VALUES OF LS FOR EACH INTERSECTION POINT 
R LS=A VARIABLE INDICATING THE SIDE OF THE TRIANGLE WHICH THF IS 
C CROSSING:=-1, THE SIDE PARALLEL TO THF Y-AXIS;=0,THE SIDE PARALLEL 
C TO THE X-AXIS:=+1, THE HYPOTENUSE 
g PLl,PL2. PL3=VARIABLES DEFINING 1 HE CELERITY PLANE, 

C RKDEL=THE TYPE OF TRIANGLF;=1,AN UPPER TRIANGLE;-1.A LOWER TRIANGLE 
C SENSE=SENSF OF RAY ROTATION EITHER CLOCKWISE OR ANTICLOCKWISE 
C SLOPE=HYPOTENUSE SLOPE(GY/GX) 
C T=THE WAVE PERIOD 
C TAl=TANGENT OF ANGLE AL 
C x,Y=THE COORDINATES OF THE RAYS STARTING POINT 
C XC. YC=THE COORDINATES OF THF CIRCLE CENTRE 
C XE, YE=THE WAVE RAY'S FINAL COOKDINATES 
f xF-VF=T"E tJAUF RAY'S COnniNATES ON LEAVING A TRIANGLE 
C XLL,YLL=COnRDINATES OF THE INTERSECTION OF TWO LINES 

: ^ ^ ( X R ^ ^ I ^ ^ S R ^ R ^ N ^ M N M O ' S ' G S R R G O R O I N A T E S OF INTERSECTION P O I ^ S 
C XREM. YREM=THE REMAINDERS OF X AND Y AFTER DIVISION BY GX AND GY 

: ;8 ' J :5?;5c : ' :L :%THR:o :Z:AT:;':F mTERSECTioN PomTs 

: oRio PoiNT 

FUNCTION LINF (X.GX) 
XD = AINT (X/GX + 0. 5) * OX 
LINE = 1 
IF (ABS (X - XD) . LT. 1. OE-06 « GX) LINE = 0 
RETURN 
END 



SUBROUTINE TRE(X,Y, AL,RKDFL, lER) 

C THIS^SUBROUTINE FINDS THE TRIANGLE IN WHICH THE RAY STARTS 
C AND SETS THE VALUES IN COMMON BLOCK 2 

C0MM0N/TW0/Z(54,206) 

= . V. . V. . V3, .X ..V 

lER = +1 
IF (LINE(X,GX) .EG. 0) GO TO 15 
IF (LINE(Y, GY-) . EG. O) GO TO 35 
XX = INT(X/GX) 
XREM = (X - uX*FLOAT(IX))/GX 
lY = INI <Y/GY) 
YREM = <Y - GY*FL0AT(1Y))/GV 
IF (AP.S(YREM - 1.0 + XREM) . LE 1. OE-06) GO TO 55 
IF (YREM . GT. 1. 0 - XREM) GO TO 10 

5 RKDEL = -1.0 
IP (IX .LT. 0 .OR. IX . GE. IMAX-1) GO TO 120 
IF (IY . LT. 0 .OR. lY . GE. JMAX-1) GO TO 120 
XI = FLOAT(IX) * GX 
X3 = XI 
X2 = XI + GX 
Y1 = FLOAT(IY) * G Y 
V2 = Y1 
Y3 = Y1 + GY 
CI = 7.(IX+1. IY+1 )/1000. 0 
C2 = Z(IX+2. IY+1)/1000. 0 
C3 = Z(IX+1. IY+2)/1000. 0 
RETURN 

10 lY = IY+1 
IF (lY . LT. 0 .OR. lY . GE. UMAX) GO TO 120 
IF (IX . LT. 0 .OR. IX . GE. IMAX-1) GO TO 120 

11 XI = FLOAT(IX) * GX 
X2 = XI + GX 
X3 = X2 
Y1 = FIOAT(IY) * GY 
Y2 = Y1 
Y3 = Y1 - GY 
RKDEl. = 1.0 
CI = Z(IX+1,IY+1)/1000. 0 
C2 = 7.(IX+2. IY+1)/1000. 0 
C3 = Z(IX+2. IY)/1000. 0 
RETURN 

15 IF (LINE(Y,GY) . EQ. 0) GO TO 70 

C SPECIAL CASE 1 RAY STARTS FROM POINT ON A LINE X = N*GX 

C 
IF (COS(AL)) 25,30.20 

20 IX = INT(X/GX + 0.25) 
lY = INT(Y/GY) 
GO 10 5 

25 IX = INT (X/GX + 0.25) -1 
lY = INT (Y/GY) 
GO TO 10 

30 lER = -1 
RETURN 

C SPECIAL. CASE 2 RAY STARTS FROM POINT ON A LINE Y = K*GY 

C 
35 iX = INT(X/GX) 

lY = I NT (Y/GY + 0.25) 
IF (SIN(AL)) 11,40,5 

40 lER = -2 
RETURN 

C SPECIAL CASF 3 RAY STARTS FROM POINT ON TRIANGLE HYPOTENUcE 

THETA = 3. 14159265 - ATAN2(BY. GX) - AL. 
IF (SIN(THETA)) 5,65.IC 

65 lER = -3 
RETURN 

C SPECIAL CASE 4 RAY STARTS FROM GRID INTERSECTION POINT 

C 



70 THETA = 3.14159265 - ATAN2 
IF (SIN(THETA) ) 75.120.85 

75 IF (SIN(AL)) S :0. 120.103 

80 IF (COS(AL)) 104 . 120. 105 

85 IF (SIN(AL)) 106 ,120.90 

90 IF (COS(AL)) 102.120. 101 

101 IX = 1NT(X/GX + 0. 25) 101 
lY = INT(Y/GY + 0. 25) 

GO TO 5 
102 IX = INT(X/GX- - 0. 25) 

lY = INT<Y/GY + 1. 25) 

GO TO 11 
103 IX = INT(X/GX - 0. 25) 

lY = INTCY/GY + 0. 25) 

GO TO 5 
104 IX = INT(X/GX - 0. 25) 

lY = INT(Y/GY + 0. 25) 

GO" TO 11 
lOS IX = INTCX/GX + 0. 25) 

lY = INT(Y/GY - 0. 25) 

GO TO 5 
106 IX = INT(X/GX + 0. 25) 

lY = INT(Y/GY + 0. 25) 

GO TO 11 
120 lER = -4 

RETURN 
END 

c I N E ° T m T ^ F % S THE INTERSECTIONS OF A LINE 

C EQUATION : A1*X + A2*Y = B 
C WITH A CIRCLE 

: iNTSRSECTioN 

= . R , A1 . A2 . B . WJCl . XLC2 . YLCl 

+ YLC2 
IF (Al) 25,5.23 

5 IF (A2) 10,99,10 

C SPECIAL CASE WHERE LINE IS PARALLEL TO X AXIS (Y VALUES KNOWN) 

C 
10 YLCl = B /A2 

YLC2 = YLCl 
D = (YLCl - YC)**2 
E = R*R -D 
IF (E) 100,15.20 

15 — XLCi = xe 
XLC2 = XC . 
goto 101 

20 E = SQRT(E) 
XLCl = XC - E 
XLC2 = XC + E 
GOTO 200 

25 IF (A2> 50.30.50 

C SPECIAL CASE WHERE LINE IS PARALLEL TO Y AXIS (X VALUES KNOWN) 

C 
30 XLCl = B / Al 

XLC2 = XLCl 
D = (XLCl - XC)**2 
E = R*R -D 
IF (E) 100.40,45 

40 YLCl = YC 
YLC2 = YC 
GOTO 101 

45 K = SORT(E) 
YLCl = YC + E 
YLC2 = YC - E 
GOTO 200 

C 
c GENERAL CASE 
C 



50 D = B/Al - XC 
E = A2 / A1 
P = 1.0 + E*E 
HP = P+P 
G! = -7. 0 * (YC + E*D) 
S = D*D + YC*YC - R«R 
RT = Q*Q - 4. 0 * S«P 
IF (RT) 100,55,60 

C 
C ONLY ONE SOLUTION 
C 
55 YLCl = -Q / HP -

YLC2 = YLCl 
XLCl = (B-A2 * YLCl) / A1 
XLC2 = XLCl 
GOTO 101 

C 
c TWO SOLUTIONS 
c 
60 RT = SQRT(RT) 

YLCl = (RT - G!) / HP 
YLC2 = -(Q/P + YLCl) 
XLCl = (B-A2 * YLCl) / A1 
XLC2 = (B-A2 * YLC2) / Ai 
GOTO 200 

9 9 KSOL = - 9 9 . ' 
RETURN 

C 
c NO SOLUTIONS _ 
C 
100 KSOL = -10 

XLCl = 0. 0 
XLC2 = 0. 0 
YLCl = 0.0 
YLC2 = 0. 0 
RETURN 

101 KSOL = 0 
RETURN 

200 KSOL = 1 0 
RETURN 
END 

C THIS°SUBR0UTINE"S0LVES. FOR PLl, PL2. AND PL3. THE VELOCITY PLANE 

C , X 2 . X S . . V? . vs. IX .r, 
COMMON / RBL0C3 / PLl, PL2, PL3 
GA=Y2-Y3 
G!B=X3-X2 
aC=X2*Y3-Y2*X3 
DETP = XI » QA + Y1 * OB + QC 
IF ( DETP ) 5 , 10 . 5 

5 1DET=1 
SD=Y3-Y1 
QE=X1-X3 
QF=Y1*X3-X1*Y3 
GG=Y1-Y2 
GH=X2-X1 
Q1=X1«Y2-Y1«X2 
PLl = (0A*C1 + QD*C2 + 0G*C3) / DETP 
PL2 = (GB*C1 + GE*C2 + QH«C3 ) / DETP 

PL3 = ( GC*C1 + QF*C2 -» 0I«C3 ) / DETP 
RETURN 

10 IDET=-] 
RETURN 
END 

r n C2 , r3 , XI , X2. X3, Y1 , Y 2 , Yj 
C AS A RAY CROSSES FROM ONE TRIANGLE TO THE NhXT. 

INTEGFR Z 

. C3 . « . X2 , X3 , VI , Y2 , V3. IX , IV 

COMMON /KBL0C1/IHAX . UMAX , GX , GY •• un.w 



IF( RKDEL ) 5 , 50 , 25 
5 IF ( l.S ) 10 . 15 . 20 

C CROSSING SIDE OF TRIANGLE PARALLEL TO Y - AXIS 

C 
10 X2 = X3 . 

Y2 = Y3 
X3 = XI 
Y3 = Y1 
XI = X2 - OX • 
Y1 = Y2 
C2 = C3 
C3 = CI 
lY = lY + 1 
IX = IX - 1 
CI = Z(IX+1. lY+D/lOOO. 0 

RETURN 
c * 
C CROSSING SIDE OF TRIANGLE PARALLEL TO X - AXIS 

C 
15 X3 = X2 

Y3 = Y2 - GY 
C3 = Z(IX+2.IY)/1000. 0 
RETURN c 

C CROSSING TRIANGLE HYPOTENUSE 

C 
20 XI = X3 

Y1 = Y3 
X3 = X2 
Y3 = Y2 
X2-= X3 • 
Y2 = Y1 
lY = lY + 1 -
CI = C3 
C3 = C2 
C2 = 2(IX+2, IY+l)/i000. 0 

RETURN 

C CROSSING SIDE OF TRIANGLF PARALLEL TO Y - AXIS 

C 
25 
30 

IF ( IS ) 30 , 35 , 40 
XI = X3 
Yl = Y3 
X3 = X2 
Y3 = Y2 
X2 = XI + GX 
Y2 = Yl 
IX = IX + 1 
lY = lY - 1 
CI = C3 
C3 = C2 
C2 = Z(IX+2,IY+1)/1000. 0 
RETURN 

'Q CROSSING SIDE OF TRIANGLE PARALLEL TO X - AXIS 

C 
35 X3 = XI 

Y3 = Y2 + GY 
C3 = Z(IX+l.IY+2 )/1000. 0 
RETURN 

c 
C CROSSING TRIANGLE HYPOTENUSE 

C 
40 X2 = X3 

Y2 = Y3 
X3 = XI 
Y3 = Y1 
XI = X3 . 
Yi = Y7 
lY = lY - i 
C2 = C3 
C3 = CI 
CI = Z(IX+1,IY+1)/1000. O 
RETURN 



RETURN 
END 

C 
SUBROUTINE SOLVLL(KSOL) 

C A SUBROUTINE TO SOLVE THE EQUATIONS OF TWO LINES, 
C (All)X + (A12)Y = B1 

C FOR^THE CO-ORDINATES OF THE POINT OF INTERSECTION, 

COMMON /RBL0C5/XLL . YLL , All , A12 . A21 , A22 , B1 , B2 
01 = A21 * A12 
Q2 = All * A22 -
DETS = Q2 - Q1 
IF (DETS) 1,2,1 

1 Q3 = A21 * B1 
G4 = All • B2 
Q5 = G4 — Q3 
YLL = 0 5 / DETS 
07. = A22 * B1 
QS = A12 * B2 
09 = 07 - Q8 
XLL = 09 / DETS 
KSOL = +10 
RETURN 

r XLL = 0. 0 
- YL L = 0. 0 

KSOL = -10 
RETURN 
FND 

I "OS • 
r AS DEVELOPED BY G GILBERT AND C ABERNETHY 

DIMENSION XP(6),YP(6),LL(6) 

. Y. . ,2 , V3. ..Y 

. . = K R I . , . S . XLC. , XLC2 , YLC. , 

COMMON /RBL0C5/XLL , YLL , All , A12 , A21 , A22 . B1 , B2 
COMMON/ELEVEN/XFiYF.CGI,CFIN 

IS = 9 
SLOPE = GY/GX 
XM = FLOAT(IMAX -1) * GX 
YM = FlOATtJMAX - D * GY 
IF ( XSS . LT. 0. 0 . OR. XSS . GT. XM ) GO TO 994 
IF (YSS . LT. 0. 0 . OR. YSS . GT. YM ) GO TO 994 
HYP = SQRT(GX*GX + GY*GY) 
TV = HYP * 1.OE-03 
XS = XSS 
YS = YSS 
ALS = ALSS 

1 IF (ALS . LT. 6.2831853072) GO TO 2 
ALS = ALS — 6. 2S31S5o'072 
GO TO 1 

• 2 IF <AI S . GT. 0. 0) GO TO 3 
A L S = A L S + 6 . 2 3 3 1 8 5 3 0 7 2 

GO TO 7 
3 XE = 0. 0 

YE = 0. 0 

. ALE = 0. 0 
IRAY = 1 
CALL TRE(XS, YS, ALS, RKDEL,LER) 
IF (lER) 995,10.10 

• 5 CALL SHIFT (RKDEL , LS > 
RKDEL = -RKDEL 
IF (LS . EQ. 9) GO TO 991 

10 CALL PLANE(IDET) 
IF (IDET) 991, 11, 11 

" I F ' - C I N L ^ P L U ^ ' L E . L.OE-09 AND. ABS(PL2) .LE. L .OE-09) 0 0 TO 105 

All = PLl 
Ai2 PL2 
B1 = -PL3 
IF (TAL . EQ. 0. 0) GO TO 15 



A22 = 1. 0 
B2 = YS + XS * A21 
GO TO 20 

15 A22 = 0. 0 
A21 = 1.0 
B2 = XS 

C 
C FINDING THE CENTRE OF THE RAY ARC 
C 
20 CALL SOLVLL(KSOL) 

•If̂  -(KSOL-: LT; • 0> GO TO H)5-
XC = XLL . 
YC = YLL 
R = SQRT((XS-XC)««2 + (YS-YC)**2) 
IF (R . GT. 5000. 0 * GX ) GO TO 105 

C 
C RAY PATH IS A CIRCULAR ARC 
C 
c 
c TESTING FOR RAY INTERSECTION WITH LINE X = X3 

C 
25 A2 = 0. 0 

J = 0 
B = X3 -
A1 = J O 
CALL SOLVLC(KSOL) 
IF (KSOL) 40,40,30 

30 J = J+1 
XP(J) = XLCl 
YP<J) = YLCl 

• LL(J> = -1 
J = J+1 
XP<J) = XLC2 
YP(J> = YLC2 
IL(J) = -1 

C TESTING FOR RAY INTERSECTION WITH GRID HYPOTENUSE 

C 
40 A1 = SLOPE 

A2 = 1. 0 
B = X3 « SLOPE + Y3 
CALL SOLVLC(KSOL) . . 
IF (KSOL) 60,60,50 

50 J = J+1 
XP(J) = XLCl 
YP(J) = YLCl 
LL(J> = 1 
J = J+1 
XP(J) = XLC2 
YP(J) = YLC2 
LL(J) = 1 

C TESTING FOR RAY INTERSECTION WITH LINE Y = Y1 

C 
60 A1 = 0. 0 

. B = Y1 
CALL SOLVLC(KSOL) 
IF (KSOL) 80,80.70 

70 J = J+1 
XP(J) = XLCl 
YP(J) = YLCl 
LL(J) = 0 
J = J+1 
XP(J) = XLC2 
YP(J) = YLC2 
LL<J> = 0 

C 
C FINDING CORRECT EXIT POINT 
C 
80 XT = XC - XS 

IF( XT . EO. 0. 0) GO TO 81 
IF( XT « ( ALS - 3. 1415926536) ) 83 . 82 , 84 

81 IF (ALS . LT. 3. 14 . OR. ALS . GT. 3. 15) GO TO 82 
IF( YS . GT. YC > GO TO 84 
GO TO 83 

82 IF ( YS.LT. YC ) GO TO S4 



c 
c 
c 

84 
C 
C 
C 
B5 
86 

C 
C 
C 
C 
C 
C 

IF SENSE = —1 RAY IS TRAVELLING CLOCKWISE 

GO TO 85 
SENSE = 1. 0 

IF SENSE = 1 RAY IS TRAVELLING ANTI-CLOCKWISE 

DEFLEC = 1'. 57079 
1 1 = 0 
no 87 I = 1. J 
ANGT = ATAN2(YP(I)-YC,XP(I)-XC) 
ANGT = ANGT + 1. 57079632 * SENSE 

0. 0 ) ANGT = ANGT IF ( ANGT . LT. 
niFF = ( ANGT - ALS > * SENSE 

0. 0 ) DIFF = DIFF 
DEFL EC ) GO TO 87 
1. OE-03 . AND. LS . EQ. 

87 

90 

95 

IF ( DIFF . LT. 
IF ( niFF . GT. 
IF ( niFF . LE. 
riFFLEC = DIFF 
XF = XP(l) 
YF = YP(1) 
ALF = ANGT 
LST = LL(I) 
11 = 1 
CONTINUE, ^ -
IF (11 . EQ- 0 ) GO TO 992 
IF (IRAY .EG. 0) GO TC 170 

CFIN =^PL1 * XF + PL? * YF + PL3 
IF (CFIN - CMIN) 95.90.170 
IRAY = 0 
GO TO 170 
IRAY = 0 
A1 = PLl 
A2 = PL2 
B = CHIN -_PL3 
CALL SOLVLC (KSOL) . . 
IF (KSOL . LE. 0 ) GO TO 993 
XP(1) = XLCl 
XP(2) = XLC2 
YP(i> = YLCl _ 
YP(2) = YLC2 
J = 2 . 

. GO TO 86 

6 283185307 

6. 283185307 

LI(I) ) GO TO 87 

END OF RAY PATH IS IN THIS TRIANGLE NOW FOUND 

RAY PATH STRAIGHT 

IF (TAD 130.110,130 
YF = YS 
IF (ALS . LT. 0. 5 . OR. ALS . GT. 
IF (RKDEL ". LT. 0. 0) GO TO 120 
XF = (Y3 + SLOPE*X3 - YF) / SLOPE 
IS = 1 
GO TO 145 
XF = X3 
IS = -1 
GO TO 145 

125 IF (RKDEL) 110.991.115 

J 05 
110 

115 

120 

6.0) GO TO 125 

C 
C 
C 
130 

C 
C 
C 

SET UP EQUATION FOR STRAIGHT RAY 

All = -TAL 
ftlr2-= 1:0 
B1 = YS + XS * All 
TT = ALS - 3.14159265 

TESTING FOR RAY INTERSECTING X = X3 

IF (LS . EQ. -1) GO TO 135 
A21 = 1 0 



A22 = 0. O 
Fi? = X3 
CALL SOLVLL(KSOL) 
IF (KSOL . LT. 0 ) GO TO 135 
TYY = YS - YLL 
IF ( AES ( TYY ) . LT. 1. OE-OS ) GO TO 135 
IF < TT * TYY . LT. 0.0 ) GO TO 135 
IF ( (Y1 - YLL) « (Y3 - YLL) . GF. 0.0) GO TO 135 
I S = -1 
XF = X3 
YF = YLL 
GO TO 145 

C TESTING FOR RAY INTERSECTING GRID HYPOTENUSE 

C 
135 IF <LS . EQ. 1) GO TO 140 

A21 = SLOPE 
A22 = 1. 0 
F!2 = Y3 + X3 * SLOPE 
CALL SOLVLL(KSOL) 
IF (KSOL . LT. 0 ) GO TO 140 
TYY = YS - YLL 
IF < AGS ( TYY ) LT. 1. OE-08 ) GO TO 140 
IF ( TT * TYY . LT. 0. 0 ) GO TO 140 
IF ((Yl - YLL) e (Y3 - YLL) . GE. 0. 0) GO TO 140 
I S = 1 
XF = XL! 
YF = YLL 
GO TO 145 

C TESTING FOR RAY INTERSECTING Y = Yl 
Q 
140 IF (LS . EQ. 0) GO TO 991 

A21 = 0. 0 
A22 = 1 . 0 

- f2 = Yl 
CALL SCiLVLL (KSOL) 
TYY = YS - YLL 
IF < ABS ( TYY ) . LT. 1. OE-08 ) GO TO 991 
IF ( TT * TYY . LT. 0. 0 ) GO TO 991 
IF ((XI - XLL) * (X2 - XLL) . GE. 0.0) GO TO 991 
IF (KSOL . LT. 0. 0) GO TO 991 
I S = 0 
XF = XLL 
YF = Yl 

145 CFIN = PLl * XF + PL2 «• YF + PL3 
IF (CFIN - CMIN) 155.150.165 

150 IRAY = 0 
00 TO 165 

155 IRAY = 0 

C FINDING INTERSECTION OF RAY AND C = CMIN 

C 
A21 = PLl 
A2? = PL2 
P2 = CMIN - PL3 
CALL SOLVLL(KSOL) 
IF (KSOL . GT. 0 ) GO TO 160 

160 IF U Y ^ - YLL) * (YS - YLL) . GT. 1. OE-06) GO TO 993 
XF = XLL. 
YF = YLL 

165 ALF = ALS 
C 
C END OF STRAIGHT RAY 

C 

C TESTING WHETHER RAY HAS RUN ASHORE (IRAY = 0 ) 
C OR HAS REACHED EDGE OF GRID (IRAY - D 
C 
170 CONTINUE _ -

IF (IRAY . LT. 0) GO TO 175 
CALl PLOT 
IF (IRAV. EQ. 0) GOTO 175 

TX = ABS (XF - XM) 
T Y = A B S ( Y F _ Y M ) _ _ ' 



r. 
c RAY STILL RUNNING 

C 
XS = XF 
YS = YF 
ALS = ALF 
GO TO 5 

C 
C RAY HAS STOPPFD 
C 
175 XE = XF 

YE = YF 
ALE = ALF 
RETURN 

C 
c ERROR RETURNS 
991 IRAY = -1 

GO TO 375 
997 IRAY = -2 

GO TO 175 
993 IRAY = -3 

GO TO 175 
994 IRAY = -4 

GO TO 175 
995 IRAY = -5 

GO TO 175 _ .... 
FND 



12. YWAVES.FTP 

C GRAHAEME HFNDERSON FEBRUARY 1978 

C WAVE R N H A C T T O N IN M X L E AN* C H R I S T O U M C H 

C BAYS USING THE METHOD OF ORR AND HERBICH 

C « : 
C NOTATION ; • 

C. A=AN3LE OF WAVE RAY APPROACH 

c AS=INITIAL'"LGLF"OF^WAVE RAY APPROACH FROM +VE X-AXIS 

C CN=CELERnY AT THE SURROUNDING GRID INTERSECTION N 
C CR=COEFFICIENT OF REFRACTION 

"= 5::::;::n::%:'::!EL::;i:%;*::n;?;ATivEs THc suRRouNoiNG ciRio 
c 
c INTERSECTION N 

: i i l i i # ' # = a i s z = , » , 
c HBR=BREAKING^WAVE HEIGHT IN THE WATER DEPTH DD 

2 coRRccr PosiT,oN oF THE LiNc 

P iuSNo cAYs, =0, 

:' r x r : r " " : ! m N uNiTs- EMPLOYSO 

c 3niRE5=%''plRAMETER TO OBTAIN THE CORRECT CELLS SURROUNDING (XX, YY) 

C K=COLUMN NUMBER COUNTER 
C Kl =COUNTER FOR THE CEILS SURROUNDING (XX. YY) 
C I=ROW NUMBER COUNTER 
O I FN=LENGTH OF WAVE LINE 

C 1 . N = D I S T A N C E ° B E T W E E N EACH WAVE RAY IN DEEP WATER 
C N=^NUMBER OF WAVE RAYS 
C PC=CELERITY AT (XX.YY) 

C PT^QT^^EFFlklENTl IN^'^ElE^^NS^OR^R DIFFERENTIAL EQUATION 

c R^^S^THriN^CEr^HOMZONTAL AND VERTICAL DISTANCES FROM THE GRID 
r INTERSECTION TO XX AND YY RESPECTIVELY 
C SURCEL(N)=CN.FOR EASE OF COMPUTATION 
C T=WAVE PERIOD IN SECS. 
c X=X COORDINATE OF FIRST RAY ORIGIN 

E AioN, A wAVE 
r X1.Y1=FIRST APPROXIMATION OF (XX.YY) 
C X?. Y2=SEC0ND APPROXIMATION OF (XX. YY) 

DIMENSION B(3) 
DIMENSION AAOOO) 
INTEGER GR 
REAL LL,NC. LEN 
COMMON/ONE/D, PI, T, C, NC, A 
COMMON/TW^/uR(54,204),SURCEL(^6), I^TOP 
COMMON/THREE/PDCX, PDC".PD2CX, PD2CY. PD2CXY 
COMMON/FOUR/1SX, ISY,H, IOC, IHC, IP 
COMMON/FIVt/R,£• I'J'TH,T F,TH2, rp2 
COMMON/SIX/STORE(300), lOP 
COMMON/SEVFN/CB(128) 
COMMON/NINE/A':., DV, N, X, Y, LEN 



CALL TYPFC&YWAVFS") 
CALL ASKN(AA.'&GRID=') 
CALL ASKRCT, '&PER') 
CALL ASKR(AS, 'ANGLE') 
CALL ASKR(DT, '&T1ME INCR. =') 
CALl ASKKN, '&N0. ') 
CALl ASKRCX.'&X') 
CALL ASKR(Y,'&Y') 
CALL ASKR(LEN,'&LEN') 

S u . S a ? : PRINTED ALONG R.YS?', 

CALl INPUT(AA,CB,MM) 
ASSIGN 100 TO MM 
CALL INS(AA,0,0) 
CAll SETFN(STORE,'YWAVES. TMP ) 
CALL DELETE(STORE) 
CALL OUTPUT(STORE) 
no 3 K=1.54 
I =] 
IF ((K. EQ. 8). OR. (K. FQ. 9)) GOTO 11 
IF ( (K. EQ. 35). OR. (K. FQ. 36)) GOTO 11 
IF (K. EQ. 37) GOTO 11 

4 CALL IN(AA,GRK) 
GR(K, L)=GRI(*100 
I = 1 + 1 
IF (GRK. GT. 0. 0) GOTO A 
GR(K,L-l)=10000 
GOTO 3 

"IJ CALl IN(AA,GRK) 
IF (GRK. LT. 0.0) GOTO 12 
GR(K. L)=GRK«-100 
L = L + 1 . 
GOTO 11 

12 GR(K,L)=-10000. O 
" l=L + l 

CALL INCAA.GRK) 
IF (GRK. LT. 0. 0) GOTO 12 

13" GR(K,L)=GRK*100 
l.=L+l 
CALL IN(AA,GRK) 
IF (GRK. GT. 0. 0) GOTO 13 
GR(K. L) =10000. 0 
GOTO 3 

3 CONTINUE 

CALL ASKN°AA?'S<WAVE HEIGHTS OUTPUT FIIE=') 
CALL OUTPUT(AA) 
G=9. 80665 
PI=3. 1415926536 
P=PI/1S0. 0 v., 
ri=G*T/(2*PI) 
TH=1000. 0 
TF=250. 0 
TH2=TH»TH 
TF2=TF*TF 
AL=LEN 
AN=N-1 
LN=AL/AN 
-IOP=0 -
CALL PSAVE 
CALL PSCL R 
CALl SHORE 
CALL BORPER 

, IF (AS. LE. 90. 0) GOTO 1 
COSAA=COS((AS-90. 0)«P> 
SINAA=3IN((AS-90. 0 )»P) 
GOTO 2 

1 COPAA=COS <(90. 0-AS)«P) 
SirJAA=SIN( (90. 0-AS)*P) 
T N = - L N 

-J CONTINUE 
6 DO 7 KK=1,N 

B(l)=l 



RKK=KK-1 
RLN=IABS(LN) 
XX=X+RKK*RLN*COSAA 
RLNN=LN 
YY=Y+RKK«-RLNN«S IN AA 
A=AS 
10C="35 
IST0P=0 
IHC=1 

10 CALL DERIV(XX. YY. PC) 
IF (ISTOP. FQ. 1) GOTO 7 
SINAG=SIN(A*P) 
COSAG=COS(A«P) 

C R = A B S ( B ( 2 ) 5 ) 
XjRl=GR<l. J)/100 
GR?=GR(1 + 1. J)/100 
GR3=GR(I. J+l)/100 
GR^z^CRC % + l, J+1 )/100 
DD=(1-R)<^(1-S)*GR1+R*(1-S)*GR2+S*(1 R)«GR3 
DD=nD+R*S«GR4 
LI =PC«T 

^ : % + H 4 . P I . D L )/(SINH(4*PI*DL))))*TANH(2.PI.DL)).#-0. 5 

H=KH«CR«CS 
HBR=H/DD 
IF (HER. GE. 0. 7S) GOTO 7 
CAl.I. OUT(AA, H) 
lSY=<YY/?50. 0)*3. 0+100. 0 
ISX=(XX/1000. 0)*12. 0+200. 0 
SXX=-ISX 

lOJ CONTINUE 
CALL. PLOT 

C MOVF TO NEXT LOCATION 
C FI'\ST APPROXIMATION 

GL ] =PDCX*SINAG;*TH-PDCY*COSAG*TF 
DA1=GL1*DT 

CAL.I ̂ ANGLES( AD 1, COSAl SINAI. IDIREC, P, A) 
X1=XX+PC«DT«C0SA1»IDIR£C 
Y1 =YY+PC»r'T«S IN A1 
CALL DERIV(X1.Yl,PC2) 
IF (ISTOP. FQ. 1) GOTO 7 
SINA1G=SIN((A+DA1)*P) 
C0SA1G=C0S(<A+DA1)*P) 

C SECOND APPROXIMATION 
CL2=PDCX«SINA1G*TH-PDCY*COSA1G*TF 
DA:>= (GL 1+GL 2) ftDT/2 
AD2=A+DA2/2. 0 
CALL ANGLES(AD2, C0SA2, SINA2. IDIREC. P. A) 
X2=:XX+( (PC+PC2) *DT*IDIREC*C0SA2)/2 
Y2=YY+((PC+PC2)*DT*SINA2)/2 
XX=X2 
YY=Y2 
A=A+DA2 
B(1)=B<2) 
B(2)=B(3) 
GOTO 10 

7 CONTINUE 
. CALL OUT(AA,SXX) 
CALL OUTENrUSTORF, CB) 
CALL ASKKIOP.'S'PLOT OPTION-') 
IF . <IOP. EQ. 1) CALL PLOT 

100 CONTINUF 
CALL. OUTENDCAA, CB) 
CALL PSRES 
END 

C T H E C E L E ^ . T Y « T A G R I D I N T E R S E C T I O N 

RFAl NO 
COMMON/ONF/D. PI. T, C. NC 
C=D 



6 NC=n*TANH(2. 0«^PI*GRW/(T*C)) 
IF (ABS(C-NC). LT. 0. 001) GOTO 5 
C=ABS(NC) 
GOTO 6 

5 RFTURN 
END . 

THE C.L.RITV «N. celerity 

= E f s s . . . . , 0 . . . . . 
REAl NC 
INTEGER GR 
COMMON/ONE/D.PI.T.C.NC.A 

iiiiiiliiiiiL. 
EQUIVALENCE (SURCEL(16).C16) 
I=XX/TH+1. 0 
J=YY/TF+1. 0 
IF (I. GE. 54) GOTO 10 
IF (J. GE. 204) GOTO 10 
IF (I. LT. 1) GOTO 10 
IF (J- LT. 1) GOTO 10 
F1=I-1 
FJ=J-1 . 
R=(XX-FI»TH)/TH 
S=(YY-FJ*TF)/TF 
IF (A. LE. 90) GOTO 8 . 
R=l-R 
1=1 + 1 
11=1+1 
111=1-2 
JJ=J—1 
J J .J=J+2 
JDIREC=-1 
O O f O - 9 

8 11=1-1 
111=1+2 
JJ=J-1 

. JJJ=J+2 
JD1REC=1 

9 KL=1 
DO 5 K=JJ. JvJJ 

' DO 5 L=II,III. JDIREC 

<0RK.LT.-99,. GOTO .0 
CALL CELER(GRK) 
SURCEL(KL)=NC 

5 KL=KL+1 
OCX(6)=(C7-C5)/(2*TH) 
DCY(6)=(C10-C2)/(2*TF) 
D2CX<6)=(C7-2»C6+C5)/TH? 
U2CY(6)=<CI0-2»C6+C2)/TF2 
D2CXY(6)=(C11-C9-C3+C?)/(4*TH*TF) 
DCX<7)=(C3-C6)/(2«TH) 
DCY(7)=<C11-C3)/<2*TF) 
D2CX(7)=(C8-2*C7+C6)/TH2 
D2CY(7)=<C11-2«C7+C3)/TF2 
D2CXY(7)=(C12-C10-C+C2)/<4«TH*TF) 
DCX(10)=(C11-C9)/(2«TH) 
DCY(10)=(C14-C6)/(2»TF> 
CI2CX ( 10) = (C11-2«C 10+09 >/TH2 
n̂ 'HYC 10)==(C14-2eC10+C6)/TF2 
D2CXY(10)=(C15-C13-C7+C5)/(4*TK»TF) 
DCX(11)=(C1—C10)/(2^1H) 
nrY(11)=(C15-C7)/(2fTF) 
D2CX( 11 ) = 



EB=R«-( 1-S) 
CC=S*(1-R) 

PDCX=ftA*DCX(6)+BB*DCX(7)+CC«DCX(10)+EE*DCX(11) 
PUCY=AA«'DCY (6) +EB*DCY (7) +CC*DCY (10) +FE*DuY (11) 
PU2CX=Aft*D2CX(6)+BB*D2CX(7)+CC*D2CX(10)+EE*D2CX(11) 
pn'?CY=AA«D2CY < 6)+BE;ifD2CY (7)+CC«D2CY (10)+EE*U/CY( 11 ) 
PD2CX Y=AA*ri2CX Y (6) +EB«D2CX Y (7) +CC.«D2CX Y (10) +EE»D2CX Y (11) 
PC=AA-»C6+BB«-C7 +CC*C10+EE«C 11 
GOTO 6 

10 1ST0P=1 
6 RETURN 

END 

C 

SUBROUTINE ANGLFS(AD. COSA, SINA. IDIREC^P. A) 
THIS SUBROUTINE CALCULATES THE REQUIRED APPROACH ANC5LE 

C SINE AND COSINE FOR WAVES WITH WESTERLY AND 
C EASTERLY COMPONENTS 

1F(A. LE. 90) GOTO 11 
COSA=COS((1SO-AD)aP) . 
SINA=S1N((1S0-AD)«P) 
IDIREC=-I 
GOTO 12 
CCSA=C03(AD*P) 
S1NA=S1N(AD*P) 
1DIREC=1 

12 RETURN 
END 

C 
SUBROUTINE PLOT 

C THIS SUBROUTINE PLOTS A HARD COPY OF THE 
"C WAVF REFRACTION DIAGRAM 

DIMENSION IBUF(10), GRA(40) 
RFAl. LEN • _ 
COMMON/ONE/D, PI. T 
COMMON/FOUR/1SX, ISY.H.IOC.IHC.IP 
COMMON/SIX/STORE(300). IOP 
COMMON/SEVEN/CB(128) 
COMMON/NINE/AS. DT. N.X. Y. LFN 
IF (IOP. EQ. 1) GOTO 101 
A=ISX 
B=ISY 
IF (IOC. EQ. "35) A=-A 
CALL OUT(STORE.A) 
CALI OUT(STORE.B) 
IF (IP. EQ. 0) GOTO 103 
IF (IHC. NE. 5) GOTO 103 
CALI DR("35.ISX. ISY. NN. IBUF) 
CALI. TYPEB(NN. IBUF) 
CALI. VEC( ISX, ISY) 
CALL TYPER(H) 
IHC=0 
CALI. DR("35, IX, lY.NN, IBUF) 
CAM. TYPEBfNN. IBUF) 

103 1HC=IHC+1 
CALI DR(IOC.ISX. ISY. NN. IBUF) 
CALI. TYPEB(NN. IBUF) 
1X=ISX 
IY=1SY 
10C=0 
GOTO 102 

101 CALI. INPUT(STORE,CB.M) 
CALI. VECdO. 10) 
CALI ASKR(SC,'SCALE=') 
IS=30 
CALI GRAPH(GRA,IS) 
ASSIGN 100 TO M 
CALI. INS(3TCRE, 0, 0) 

1 CALI. IN(STORE, A) 
CALL IN(STORE, B) 
ISX=(ABS(A)-200)»SC+200 
1SY-<B-100)»SC+100 
IF (A. LT. 0) CALL PENUP 
CALt. XYCORtK ISX, ISY) 

I eiJNnUW 



100 CALL PENUP 
L=200 
K=40*SC 
CALL XYCORD(L,K) 
CALl GTEXT(2.'WAVE PERIOD=') 
CALL GWR1T(T,5, 1,?, 2, 2) 

CAU GTEXT(2,'INITIAL'ANGLF OF APPROACH=') 
CALL GWRXKAS. 6, 1.3, 2. 2) 
K=15*SC 

CALl. GTEXT(2.'COORDINATES OF FIRST RAY ORIGIN=') 
CALl GWRIT(X. 11, 1< 6, 2. 2) 
CALl GTEXT(2,'.') 
CALl GWRIT(Y, 11, 1,6. 2, 2) 
L=200 
K=SOO«SC 

CALL GTEXT(2!"'wLE REFRACTION IN POOLF AND CHRISTCHURCH BAYS') 

K=775*SC 

CALL-CTEXT(2i'USING ORR AND HERBICHS METHOD') 
K=750*SC _ _ 

CALL GTEXT(2,'GRAHAEME HENDERSON FEBRUARY 1978 ) 
CAL-l GEND 
CALL INEND(STORE) 

102 RETURN 
END 

C 
SUBROUTINE SHORE 

C THIS SUBROUTINE PLOTS THE SHORELINt 
DIMENSION IBUF(IO) 
COMMON/SEVEN/CB(128) 
COMMON/EIGHT/A(300) 
COMMON/SIX/STORE(300) 
CALL. SETFN(A,'SHORE. DAC) 
CALL INPUT(A.CB, MM) 
ASSIGN 100 TO MM . • • 
CALL INS(A,0,0) 

1 CALl. IN(A, Y) 
CALL IN(A. X) 
IY=Y 
1X=X 
IF (lY. LT. 0) I0C=29 
IY=IABS(IY) 
Y=ABS(Y) 
IF (IOC. EG. 29)X=-X 
CALl DR(IOC,IX,lY,NN,IBUF) 
CALL TYPES(NN. IBUF) 
10C=0 
CALL OUT(STORE, X) 
CALL OUT(STORE, Y) 
GOTO 1 

100 CALL INEND(A) 
RETURN 
END 

C 
SUBROUTINE BORDER .r-

C THIS SUBROUTINE PLOTS A BORDER AROUND THE GRID 
DIMENSION IBUF(IO) 
COMMON/SIX/STORE(300) 
CALl tiR( "35, 200, 100, NN, IBUF) 
CALL TYPEB(NN,IBUF) 
CALL DR(0,200,750,NN, IBUF) 
CALL TYFEB(NN, IBUF) 
CALL DR(0,836,750,NN,IBUF) 

• CALL TYPEB(NN, IBUF) 
_ CALL DR(0,S36, 100,NN, IPUF) 

CALL TYPEB(NN, IBUF) 
CALL DR<0,200, 100,NN, IBUF) 
CALL TYPEB(NN,IBUF) 
CALL OUT(STORE,-200. 0) 
CALL OUT(STORE, 100. 0) 
CALL OUT(STORE, 200. 0) 
CALL OUT(STORE, 750. 0) 
CALL OUT(STORE. 836. 0 ) 
CALl OUT(STORE, 750. 0) 
CALl OUT(STORE, 836. 0) 
CALL OUT(STORE, 100. 0) 
CAU OUT (STORE, 200. 0). 
CALL OUT (STORE, 100. 0) 



APPENDIX 2 - STANDARD COMPUTER PROGRAMS 

1. ALTER 

2. ARITH 

3. CONV 

4. GIVE 

5. HIST 

6. ISM 

7. NORM 

8. PSD 



1. ALTER 

A program that allows for EDITING of data files, and their 

control blocks. 

Example: /ALTER ("Z", "S", 10,5,0,1.0) 

Parameters: 

1. Input file name 

2. Output file name 

3. Which value? 

0 = Extension by zeroes 

N = Number in file to be changed 

-N = Control block 

If parameter 3 = 0 

4. How many zeroes? [<32000] 

Omit parameters 5 and 6. 

If parameter 3 > 0 

4. How many numbers this value is to be replaced by. 

+N = replace one value by N values 

(If N = 1 then omit parameter 5) 

5. Will these values be identical? 

0 = YES 

1 = NO 

6. Value(s) to be inserted 

If parameter 4 0 

4. How many numbers to be removed? 

-N = remove N values including the Nth 

(In the first example the 10th to the 13th will 

be removed) 



2. ARITH 

Arithmetic operations between files 

Example: /ARITH ("A", "C", 5,14.9) 

Parameters: 

1. Input file name 

2. Output file name 

3. Mode 

1 = FILE + FILE ("A"+"B") 

2 = FILE - FILE ("A"-"B") 

3 = FILE X FILE ("A"x"B") 

4 = FILE / FILE ("A"/"B") 

5 = FILE + CONSTANT 

(f = FILE - CONSTANT 

7 = FILE X CONSTANT 

8 = FILE / CONSTANT 

9 = CONSTANT - FILE 

10 = CONSTANT / FILE 

4. Depending on mode 

modes 1-4 input file name 2 

modes 5-10 constant 

5. Units - At the present time use V (volts) 



3. CONV 

Convert data to required form 

Example: /CONV ("A", "B", 4,1000,0,2) 

Parameters: 

1. Input file name 

2. Output file name 

3. Mode 

0 = complex output = complex input 

1 = con^lex output = reversed complex input 

2 = con5)lex output = real input + zero imag 

3 = complex output = imag input + zero imag 

4 = real output — real part of input 

5 = real output = imag part of input 

6 = complex output = real input + imag of 
origin/increment 

4. Number of numbers to be copied. Default value = whole file, 

[start point in file is no.O] 

5. Start value in file. Default value = 0 

6. Skip value. Default value = 0 



4. GIVE 

Extract a specifisd value from the file 

Example: /GIVE ("A", 10, X) 

Parameters 

1. Input file to be looked at 

2. Which value to be output to the users terminal. If a 

value from the control block is wanted use the following 

numbers 

—1 = number of values in the file 

-2 = sampling rate 

-3 = origin in Z scale 

-4 = increment in Z scale 

3. Variable name. The value requested will be stored in this 

variable. If the variable is not specified the value will 

still be output to the terminal. 



5. HIST 

A three dimensional display of data represented in block form. 

Example: /HIST ("A", 6,40,30,30,10,10,5) 

Parameters: 

1. Input file name many profiles merged together 

2. Number of profiles 

3. Number of points in each profile 

4. Vertical angle 

5. Horizontal angle 

6. X size of base in cms 

7. Z size of base in cms 

8. Y size in cms 

9. Presets 

0 = no 

1 = yes 

If parameter 9 = 1 

10. Maximum amp 1 i tude 

11. Minimum an?) li tude 



ISM 

A three dimensional display program. 

Example; /ISM ("A", -4,20,30,-40,10,10,0.5,0,1,0,1,2,2,0) 

Parameters; 

1. Input file name 

2. Number of rows 

i.e. Number of files merged 

3. Number of columns 

i.e. Number of values in each row or file 

4. Vertical angle 

5. Horizontal angle 

6. X size of base (cms) 

7. Z size of base (cms) 

8. Y size - vertical size (cms) 

9. Is the Y size specified as a size or a scale 

0 = Scale 

1 = Size (default value) 

10. Solid or a surface 

0 = Surface (default value) 

1 = Solid 

11. Linear or log X 

0 = Linear (default value) 

1 = Log 

12. Linear or log X 

0 = Linear (default value) 

1 = Log 

13. X grid 

0 = None (default value) 

1 = Centimetre's marked 

2 = Number of points in each row marked 

14. Y grid 

0 = None (default value) 

1 = Centimetre's marked 

2 = Number of points in each row marked 

15. Are the rows equally spaced? 

0 = Yes (default value) 

1 = No 

If No the 'N' position values will be asked for (which must be 

supplied in ascending order). 



7. NORM 

Reduce to zero mean or normalise 

Example; /NORM ("A", "B", 1) 

Parameters: 

1. Input file name 

2. Output file name 

3. Mode 

1 = X - MEAN 

2 = X / SD 

3 = (X-MEAN) /SD 

Where X is the data and SD is standard deviation 



8. PSD 

Compute single—channel Power Spectral Density 

Example: /PSD ("A", "B", 1,5,3) 

Parameters: 

1. Input file name 

2. Output file name 

3 Desired Resolution: 0 = finest possible (default=0) 
(default=4=) 

4. Window Type: 

1 = Hanning 

2 = Parzen 

3 = Bartlett 

5. Desired Degrees of Freedom 

0 = maximum possible (default=0) 



The following published papers were included in the bound thesis. These have 
not been digitised due to copyright restrictions, but the links are provided. 

Utilization of Wave power at a coastal site 
Proceedings of the Institution of Civil Engineers. 
Volume 67 Issue 1, March 1979, pp1-11 Part 2. 

https://doi.org/10.1680/iicep.1979.2313 

Waves in a severe storm in the central English channel 
Coastal Engineering.  
Volume 2, 1978. Pages 95-110 

https://doi.org/10.1016/0378-3839(78)90009-1 

Wind-wave relationships for a coastal site in the central English channel. 
Estuarine and coastal marine science. 
Volume 9 Issue 1, July 1979. Pages 29-29 

https://doi.org/10.1016/0302-3524(79)90004-5 
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