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S u m m a r y 
This r e p o r t dea l s with inves t iga t ions to provide des ign data 

to Naba lco P ty . Ltd. , f o r t h e i r f eas ib i l i t y s tudy of "mining and 
shipping ope ra t ions at Gove, N. T, on the Gulf of C a r p e n t a r i a . 

Waves due to S. E . t r a d e winds and t r o p i c a l cyc lones w e r e 
f o r e c a s t f o r two poss ib le h a r b o u r loca t ions . Th i s involved 
checking the appl icabi l i ty of the S, M. B. f o r e c a s t i n g technique to 
th i s locat ion in the t r o p i c s . 

Cyclone induced s t o r m s u r g e s w e r e inves t iga ted and p r e -
dic t ions of s u r g e height we re m a d e . 

The l ikely c h a r a c t e r i s t i c s of s e i che at one of the h a r b o u r s i t e s 
was s tudied and found to be unl ikely to a d v e r s e l y a f fec t shipping. 

C u r r e n t s and sand movement w e r e inves t iga ted in a r e a s w h e r e 
t h e i r e f fec t on shipping and s h o r e s t r u c t u r e s could be impor t an t . 

Model s tud ies w e r e under taken to inves t iga te h a r b o u r waves 
caused by b r e a k w a t e r over topping and to evalua te h a r b o u r p ro t ec t ion 
at one of the s i t e s . 
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1. 
1. Wave Statistics 

1. 1 Introduction 

The development of the bauxite deposits at Gove, N. T . , on the 
west coast of the Gulf of Carpentaria, requires the construction of a 
port to handle bulk carr iers and general cargo. Two possible loc-
ations for the port have been suggested; the f i rst at Rocky Point which 
is exposed to the open waters of the Gulf but close to the bauxite dep-
osits; and the second at Melv i l le Bay about 15 miles further north , 
which is more sheltered but further away f rom the ore deposits. 

For the preliminary design of each of these proposed harbours 
information is required on wave characteristics in the region. Waves 
of importance to the study may result f rom two distinct meteorological 
situations: -

(a) The S. E. trade winds which blow fair ly continuously between 
Apri l and September. 

(b) Tropical cyclones with high wind intensities which occur 
infrequently over the summer months. 

At the time the investigation commenced there were no wave 
records available in the Gove area. Later in the study wave records 
taken by Pechiney at Rocky Point were obtained and although these were 
of great value they did not include any cyclone waves, nor did they 
cover more than one season of trade wind activity. It was therefore 
necessary to use synthetic methods to obtain wave statistics for the 
areas of interest. The methods used were the S. M. BT wave fo re -
casting procedure (Coastal Engineering Research Centre, 1966) which 
relates wave height and period to wind speed, fetch and duration, and 
Wilson's method of moving fetches which is a modification of the 
S. M, B. method applicable to moving storm systems. The former 
method was used in trade wind wave calculations and the latter in 
cyclonic wave estimation. This section of the investigation was a 
co-operative ef fort of the Bureau of Meteorology, Darwin, and the 
Water Research Laboratory of the University of New South Wales. 

1. 2 Rocky Point Area 

1. 20 Introduction 

At the commencement of this phase the Water Research 
Laboratory took advice f rom the Bureau of Meteorology,Sydney, to 

* Sverdrup, Münk and Bretschneider. 



2. 

assess the reliability of synoptic charts of the area for evaluating 
geostrophic wind speeds. This and later conferences with the 
Bureau's Darwin Office evoked the opinion that the synoptic chart 
analysis was not applicable to the area. Surface wind records from 
stations around the Gulf had been inspected and were found to be in-
fluenced too greatly by land-sea breeze effect to be of any use in 
wave hindcasting. At this stage the Bureau of Meteorology, Darwin, 
was retained by Nabalco to co-operate in the wave hindcasting program, 

1. 21 Trade Wind Waves 

1.211 Streamline Isotach Method 

The Darwin Office of the Bureau under the direction of Mr. R. 
Southern, had developed a method of streamline isotach analysis for 
relating 3000 ft. winds over the Gulf to balloon flight data from nearby 
observing statione» While this would yield the most precise data for 
wind speeds it is too lengthy to be used for a long term statistical 
analysis. 

A correlation was then developed by Mr. W. Kininmonth of the 
Darwin Bureau of Meteorology. This related the barometric pressure 
at Alice Springs, data (which is readily available for a long period of 
time) with wind velocities obtained by the streamline isotach method. 
The details of this method are set out by Southern (1966). The re-
lationship obtained was:-

V3OOO = 1. 27 P - 1198.6 

where V3000 is the 3000 ft. wind over the Gulf - knots 

P is the 0900 C, S. T. station level pressure 
at Alice Springs - millibars 

This relationship was used for obtaining statistics on wind 
over the Gulf of Carpentaria for the six year period 1960 to 1965 
inclusive. 

1. 212 Surface Winds 

The wind speed used in wave hindcasting method is the wind 
speed at anemometer height (30 ft .) . As some doubts existed as 
to the applicability of reduction methods given by Wiegel (1964, 
p. 245)m the tropics, a field test was undertaken by personnel of the 
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B u r e a u of M e t e o r o l o g y and the W a t e r R e s e a r c h L a b o r a t o r y with 
c o - o p e r a t i o n f r o m Naba l co and N a u t i c a l S e r v i c e s P ty . L td . B u r e a u 
p e r s o n n e l u s i n g pi lot ba l l oons m e a s u r e d t h e 3000 f t . wind at the 
Gove a i r f i e l d and s ta f f f r o m the W a t e r R e s e a r c h L a b o r a t o r y on the 
M. V, C o r i n g l e , l oca t ed 20 m i l e s o f f s h o r e , m e a s u r e d the s u r f a c e 
w i n d s . N a b a l c o p e r s o n n e l c o - o p e r a t e d by m e a s u r i n g s u r f a c e wind 
s p e e d s at Rocky P o i n t . The loca t ions of the m e a s u r i n g poin ts a r e 
shown in F i g u r e 2. 

T a b l e 1 i s a r e c o r d of the r e l e v a n t da t a . 
It w i l l be no t i ced tha t s o m e da ta a r e l ack ing in Tab l e 1. The 

m i s s i n g ba l loon da ta were due to low cloud ove r the s i t e o b s c u r i n g the 
ba l l oons b e f o r e t hey r e a c h e d 3000 f t . On the " C o r i n g l e " the 30 f t . 
wind o b s e r v a t i o n s w e r e t aken us ing an a n e m o m e t e r moun ted on a 20 f t . 
pole he ld v e r t i c a l l y at the bow of the sh ip . T h i s w a s to e l i m i n a t e the 
c o n s i d e r a b l e r o l l componen t which would be r e c o r d e d on any a n e m o m e t e r 
f ixed t o the r igg ing . The 16 f t . r e a d i n g s employed a hand held a n -
e m o m e t e r above the bow. A f t e r the f i r s t 8 h o u r s of the t e s t , condi t ions 
b e c a m e too h a z a r d o u s t o r i s k the a n e m o m e t e r on the 30 f t . o b s e r v a t i o n s . 
A f u r t h e r a t t e m p t at 1100 on 26. 8. 66 showed tha t condi t ions had not 
i m p r o v e d . 

With the da ta ava i l ab l e a r e l a t i o n s h i p was e s t a b l i s h e d be tween 
the wind s p e e d s at the 30 f t . and 16 f t . l e v e l s : -

V30 = 1 . 1 Vi6 

T h i s r e l a t i o n s h i p was then u s e d to obta in equ iva len t V30 ove r the 
e n t i r e p e r i o d . C o m p a r i s o n with ba l loon f l igh t s t hen y ie lded the r e -
l a t i onsh ip , 

V30 = 0. 72 V3000 
b e t w e e n the s u r f a c e winds ove r the gulf at the 30 f t . l eve l to winds 
at the 3000 f t . l eve l . Th i s c o m p a r e s c l o s e l y with the va lue of 0. 66 
g iven by Wiege l (196 4, p. 245) f o r the r a t i o be tween s u r f a c e and 
3000 f t . wind s p e e d s . 

1. 213 Hindcas t ing 
The r e l a t i o n s h i p s e s t a b l i s h e d w e r e appl ied to the s i x y e a r s 

1960-1965 by M r . Kin inmonth of the B u r e a u of M e t e o r o l o g y , D a r w i n , 
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Table 1 
Rela t ionship Between Winds at the 3000. f t . Leve l and the S u r f a c e 

Date 
and 
Time 

Wind Di rec t ion 
(degrees ) 

? 
- s < HI 

Wind Speed 
(knots) 

T e m p e r a t u r e s t aken 
f r o m M. V. "Cor ing le II Date 

and 
Time Gove 

A i r s t r i p 
30C0 ft. 
level 

Rocky 
Point 
30 f t . 
level 

M. V . "Cor ing le" Sling P s y c h r o m e i e r Sea 
T e m p . 

A i r 
T e m p . {%) 

Date 
and 
Time Gove 

A i r s t r i p 
30C0 ft. 
level 

Rocky 
Point 
30 f t . 
level 

30 f t . 
level 

16 ft . 
l eve l 

Wet 
BulbíTyr) 
T e m p , 

D r y 
Bulb(T¿) 
T e m p 

Sea 
T e m p . 

A i r 
T e m p . {%) 

25 .3 .66 
1200 115:32 - - - - - -

1300 113:12 14.6 - 13. 0 -: 11 .3 74 79. 5 - -
1400 14.8 100: 15.6 100: 14, 4 73 79 25. 5 -

1500 15. 5 90: 15 .7 90: 14 .6 73 79 2 5 . 5 -
1600 14. 4 100: 13.9 100: 14. 1 7 2 . 8 78, 5 25. 2 
1700 - 12,6 100: 13. 5 1 0 0 : 1 1 . 4 73 77 •¿5. 0 
1800 098:14 11. 3 100: 14. 4 100: 12. 2 73 77 2 5 . 0 -

1900 _ 15. 0 ' 25 U . 4 125: 11. 7 73 77 25. 0 -

2000 _ 15. S 120: 13. 3 120: 14. 9 72 .1 76. 8 25. 0 -

2100 091:23 14. 3 140: 13. 2 72. 3 ?fc. 8 25. 0 -
2200 - 14.6 140; 11. 7 - - 2 5 . 0 25. 2 
2300 10 .5 170:12. 3 72. 7 76. 5 2 5 . 0 24 ,2 

26. 8, 36 
0000 104:21 6. 8 180: 12. 9 - 24, 0 
0100 105:19 6 . 8 170: 12. 2 72 .8 75. e - 24. 0 
0200 106:20 7. 2 160: 11.7 - - 25.0 24. 5 
0300 098:18 7. 4 160: 11. 8 73. 0 7 5 . 5 - 24. 0 
0400 082:20 6. 9 150:11.. 9 72, 5 75. 5 24 .0 
0500 092:20 9. 9 150: 12, 9 7 3 , 0 75 .7 2 5 . 0 24 .0 
0600 090:15 13.6 130: 12, 2 7 3 . 4 76. 0 - 24, 0 
0700 - 17. 8 130: 13. 0 - 24.6 
0800 - 18. 8 120: 15. 1 74 78 25. 0 25, 2 
0900 - 19. 8 110: 14. 1 74, 5 79 25 .0 26. 0 
1000 - 17. 1 110: 14. 2 . - - 26 .5 lioo - 18.8 110:15. 2 110: 14, 2 73 .8 79. 2 25. 1 2 7 . 0 
1200 - 19.6 14, 9 - . _ 2 7 , 0 
1300 118:25 17. 1 12j0: 15 ,3 7 4 . 5 79, 5 25. 2 2 7 . 0 
1400 117:24 16. 9 120: 14 .3 73 .9 7 9 . 3 2 5 . 3 27. 0 
1500 - 15. 8 120: 14 .8 73 .5 78. 5 25 .3 2 7 . 3 1600 - 15. 2 100: 13 .1 7 3 . 0 7 8 . 8 25. 1 26. 9 1700 - 10. 5 100: 12 .9 73 78 25. 2 2 6 . 0 1800 118:16 10.6 110: 12 .5 73 77 25 .1 25. 0 1900 - 11. 0 90: 10, 4 73 77 25 .0 2 5 . 0 2000 - 12. 9 110:11, 4 73 77 25. 1 25. 0 2100 097:22 - 100:11,3 72. 5 77 _ 24. 7 2200 - 13.2 120:10.8 _ _ _ 24. 5 2300 - 11.1 140:10,6 72 .8 7 6 , 5 25, 0 2 4 . 5 27. 8 .66 
0000 - 8. 0 170: 10, 9 _ _ _ 2 4 . 5 0100 114:19 8. 1 150: 10.6 72. 8 76. 4 _ 2 4 . 0 0200 120:22 3 . 8 150: 11 .0 24. 5 0300 098:18 12. 1 150: 11 ,9 7 2 . 0 75. 5 _ 2 4 . 0 0400 090:15 12 .1 130: 12 .5 _ - _ 2 5 , 0 23. 7 0500 112:18 10. 1 130: 11.6 7 1 . 5 75. 5 _ 23. 5 0600 090:15 11 .8 120: 1 1 . 4 _ _ 2 3 . 8 0700 - 12.9 100: 12 .0 73 7 6 . 5 2 5 . 1 2 4 . 0 0800 - 13 .0 100: 10.6 - _ 2 4 . 8 0900 - 14. 1 100 :11 .6 7 3 , 8 79. 0 2 6 . 8 1000 111:13 14 .1 120:11,7 _ 26. 5 1100 - - 74 77 2 5 . 1 2 5 . 5 1200 100: 8. 0 1300 

26. 8.66 
1620 

k 
5 f t . . 



5. 

to obtain daily surface wind speeds in the trade wind season. A 
standardised fetch distance of 300 nautical miles was adopted for the 
Gulf. Since,under trade wind conditions,the daily wind run is a good 
measure of the mean wind speed applicable, the duration for each 
reading was taken as 24 hours« The S« M, B, method (Coastal 
Engineering Research Centre, 1966) was used to obtain wave heights 
and periods offshore at Rocky Point« A comprehensive presentation 
of this data is given in Southern (1966). Figure 3 shows the frequency 
of occurrence of significant waves (average of the highest one - third 
waves in a wave train) of various heights and was prepared from 
Southern (1966), Table 2. 

1. 214 Wave Refraction and Shoaling 

The trade wind waves as hindcast are applicable to deep water 
conditions ( i . e . depths greater than 120 feet) off Rocky Point. In 
depths less than 100-120 ft. wave refraction will affect wave heights 
(see Figures 4 to 6). Wave refraction is deperjdeg^ on sea bed top-
ography, wave direction and wave period. For/wind conditions the 
wave period is almost constant at 7 seconds. Wind direction is 
stated as from E. S, E. to S. S. E. Wave refraction diagrams were 
constructed for 7 second waves from the E. , E. S. E. , S, E, (Figures 
4, 5, 6). Reference to Figure 6 shows that the shoal area off Cape 
Arnhem has a marked sheltering effect on the Rocky Point area for 
waves f rom the South East. This effect is even more marked for 
waves from the South South East, Were an average direction of 
5, E. used for obtaining wave refraction coefficients an extremely 
favourable condition would be predicted for Rocky Point. Because 
of the assumptions necessary in forecasting direction of wave approach, 
it is not unreasonable that the average direction of wave approach could 
be E. S. E, rather than S. E. For these reasons the slightly more 
stringent case of wave approach for an average direction of E. S, E. 
was taken as the design condition. 

At Gove during the trade wind season the waves would be 
described as "sea" for which there is a spread of wave energy over 
a broad range of direction, resulting in short crested waves. Re -
fraction coefficients must take account of this variability in direction. 

There is not much information on the directional spectrum of 
wave energy for sea conditions, as measurements are extremely 
difficult to obtain. The most comprehensive work was an invest-
igation named SWOP (Stereo Wave Observation Project) and is 
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described by Cote (1960). Conditions in SWOP approximated those 
which would apply at Gove. The average wind speed was 17 kts . , 
the significant wave height was approximately 8 ft. and the significant 
wave period 8 seconds. The directional spectrum was determined by 
precise photogrammetric methods and extensive computer analysis. 
The result was that for an 8 second wave the wave energy was dis-
tributed fairly evenly over an arc of 70®. 

At Gove, ihS. E. trade conditions, the wave energy will be 
assumed to be uniform over an arc of 6 7 i ° oriented about a mean 
direction of E. S. E. If this arc is divided into three sectors with 
mean directions E. , E. S. E. and S. E, corresponding to the directions 
for which the wave refraction diagrams were drawn, one third of 
the total wave energy will be associated with each direction. Now, 
as wave energy is approximately proportional to the square of the 
significant wave height, 

H 2 . i „ 2 
• 3 " o . 3 3 

where HQ = effective significant wave height associated 
with each direction 

Hq̂  33= significant wave height as obtained from 
wave hindcasting. 

Then if the respective refraction coefficients are applied to 
each wave direction in turn, the wave height in 60 ft. of water depth 
associated with each direction (HQ QQ) is given by:-

where Kg = refraction coefficient for wave direction 0. 

The significant wave height in 60 ft. (H'Q 33) of water off Rocky 
Point is then obtained by summing the wave energies from the three 
directions 

2 2 

or — 
H 0 . 3 3 
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R e f r a c t i o n coef f i c i en t s fo r waves f r o m the E and E . S. E w e r e 
e s t i m a t e d at 0. 91 and 0. 93 r e spec t i ve ly . The r e f r a c t i o n coef f ic ien t 
f o r the S. E . d i r ec t i on was ca lcu la ted as 0. 65, but th is value was 
c r i t i c a l l y dependent upon the contour spac ing off Cape Arnhem. In 
view of th i s it is m o r e r e a s o n a b l e to take a conse rva t ive value of 
0. 7 f o r the r e f r a c t i o n coef f ic ien t . 

The r e l a t i o n s h i p between the s igni f icant wave in 60 f t . of wa t e r 
depth and that given f r o m the hindcas t ing is t h e r e f o r e : -

% 35 33 ( 0 . 7 ^ + 0.^93^+ 0. 91^ ) ^ 

= 

Wave height is a lso modif ied as the wave moves f r o m deep to 
sha l low w a t e r . The wave height f i r s t d e c r e a s e s s l ight ly and then 
i n c r e a s e s up to the l imi t of b reak ing . The r a t i o between shal low 
w a t e r wave height and deep wa te r wave height without r e f r a c t i o n is 
t e r m e d the shoal ing coef f ic ien t . At Rocky Point the shoal ing co-
ef f ic ien t fo r a 7 second wave in 60 f t . of wa te r is 0. 93. Combining 
this with the r e f r a c t i o n coeff ic ient f o r t r a d e wind waves yields 

I 
» 0 . 3 3 = 33 = 0 .8HO_33 

This o v e r a l l shoal ing and r e f r a c t i o n coeff ic ient was then 
applied to the h indcas t waves to give the second cu rve in F i g u r e 3. 

1. 215 C o m p a r i s o n with Recorded Waves 

Record ings w e r e made , dur ing 1965, of the waves off Rocky 
Point . Using these r e c o r d s c o m p a r i s o n of r e c o r d e d to h indcas t 
waves have been made fo r the per iod 1st Apr i l - 31st Ju ly 1965, 
the t r a d e wind per iod cove red by the r e c o r d s . The f i r s t c o m p a r i s o n , 
a day to day c o r r e l a t i o n for per iods of a ca lendar month at a t i m e , 
yie lded no c o r r e s p o n d e n c e other than that the means of the two groups 
w e r e app rox ima te ly equal and the s p r e a d of data about the m e a n s was 
s i m i l a r . 

The next cons ide ra t ion was whether the objec t ives of i n fo rma t ion 
fo r por t u t i l i sa t ion could be s a t i s f a c t o r i l y achieved with the h indcas t ing 
technique employed. This r e q u i r e d that the probabi l i ty of o c c u r r e n c e 
of waves of va r ious heights be known. To check this c r i t e r i o n . 
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c o m p a r i s o n s w e r e m a d e be tween h indcas t and r e c o r d e d wave f r e q u e n c y 
plots f o r the m o n t h s of A p r i l , May , June and J u l y 1965. T h e s e c o m -
p a r i s o n s w e r e plot ted in F i g u r e s 7 to 10 i n c l u s i v e . I n s p e c t i o n of 
t h e s e f i g u r e s shows tha t the h i n d c a s t wave he igh t c o r r e s p o n d i n g to a 
given f r e q u e n c y of o c c u r r e n c e is g e n e r a l l y wi th in j foot of the r e c o r d e d 
wave height of the s a m e f r e q u e n c y . T h e r e is no c o n s i s t e n t t r e n d in the 
dev ia t ions , h indcas t waves be ing h i g h e r in A p r i l and Ju ly , the s a m e in 
June , and lower in May, The c o m p a r i s o n s h o w s , h o w e v e r , tha t the 
r e s u l t s of h indcas t ing ove r the s ix y e a r p e r i o d (1960 - 1965) can be 
accep ted with conf idence as v a r y i n g l e s s than 1 foot f r o m the waves 
ac tua l ly o c c u r r i n g du r ing th is p e r i o d . In f a c t , the p r o b a b l e e r r o r in 
p r ed i c t i on wil l be l e s s than i foot . 

1. 22 Cyclonic Waves 

The e x t r e m e waves at Rocky Po in t wi l l be p r o d u c e d by an i n t e n s e 
t r o p i c a l cyc lone over the Gulf of C a r p e n t a r i a . Such a cyc lone , t he 
"Douglas M a w s o n " o c c u r r e d in 1923 (Whi t t ingham, 1966) and h a s b e e n 
the sub j ec t of ex t ens ive ana ly s i s by M r . H. Whi t t i ngham of the B u r e a u 
of Meteoro logy . The wind f ie ld d e r i v e d by M r . Whi t t i ngham was u s e d 
by the B u r e a u ' s D a r w i n Of f ice to h i n d c a s t e x t r e m e w a v e s at Rocky 
Point us ing W i l s o n ' s method of moving f e t c h e s (Wilson , 1955). The 
r e s u l t s a r e ava i l ab le in Sou the rn (1966) T a b l e 4, which shows the 
va r i a t i on of wave height depending on the s p e e d of m o v e m e n t of the 
cyclone c e n t r e ove r the Gulf . The m a x i m u m wave f o r e c a s t u n d e r 
t h e s e condi t ions had a height of 30 f t . and a p e r i o d of 13 o r 14 
s e c o n d s . 

1. 221 G r a d i e n t and S u r f a c e Winds 

In h indcas t ing the cyc lone w a v e s the B u r e a u h a s a s s u m e d tha t the 
r a t i o of s u r f a c e to wind to g r a d i e n t wind was 1. 0. The W a t e r R e s e a r c h 
L a b o r a t o r y c o n s i d e r s th i s is too c o n s e r v a t i v e and would have u s e d a 
r a t i o of 0. 85. Ev idence can be p roduced to s u p p o r t both opin ions and 
b e c a u s e of the lack of f i e ld m e a s u r e m e n t s in cyc lones t h i s point m u s t 
r e m a i n u n r e s o l v e d . 

Wave height v a r i e s a p p r o x i m a t e l y as the wind s p e e d to the p o w e r 
1 .6 . If the r a t i o be tween g r a d i e n t and s u r f a c e winds was t a k e n as 
0. 85 then the m a x i m u m wave height would be g iven by 

H = ( 0 . 8 5 ) ^ ' ^ X 30 f t . 

= 23 f t . 
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Work by the Bureau of Meteorology has f ixed the expec tancy of 
a "Douglas Maws on" type cyclonecas once in f i f ty y e a r s . 

1. 222 Wave R e f r a c t i o n 

The d i r ec t ion of wave approach in the e x t r e m e condition wil l be 
f r o m the e a s t . These e x t r e m e waves will be " s e a " with a d i r ec t iona l 
s p e c t r u m s i m i l a r to that fo r the t r a d e wind waves . In this c a s e the 
lack of f ie ld da ta fo r cyclone waves p reven t s an accu ra t e a s s e s s m e n t 
of the d i r ec t i ona l p r o p e r t y of the " s e a " but it wil l be a s s u m e d to be 
s i m i l a r to that of the t r a d e wind waves . The t h r e e d i rec t ions a r e 
then E. N. E, , E . and E . S. E . T h e r e will be negligible r e f r a c t i o n of 
the E . N . E . component and r e f r a c t i o n d i a g r a m s a r e p re sen t ed in 
F i g u r e s 11 and 12 fo r the E . andE. S. E . d i r ec t ions . The combined 
r e f r a c t i o n coef f ic ien t is then 

K = 1 /3 ( 1 . 0 ^ + 0 . 9 3 ^ + 0 .85^^2 

0. 93 

The shoal ing coeff ic ient fo r a 13 second wave moving into 60 ft . of wa te r 
is 0. 91. 

The product of these two gives a combined shoal ing and r e f r a c t i o n 
coef f ic ien t of 0. 85. Applied to the deep wate r wave height this wil l 
yield on an open s t r u c t u r e off Rocky Point a wave height of 25 f t . or 
20 f t . depending on which assumpt ion of s u r f a c e to gradient wind, is 
used . 

1. 3 Dundas Point A r e a 

1 .30 Introduct ion 

The por t conf igura t ion cons ide red for this s tudy is shown in 
F i g u r e 13. It c o m p r i s e s a bulk loading wharf to the wes t of Dundas 
Point and a g e n e r a l c a r g o wharf to the ea s t . In the feas ib i l i ty study 
th is is known as s cheme C - Dundas Point . 

1 .31 Cyclonic Waves 

It is c l e a r by inspect ion that the m a x i m u m waves at the g e n e r a l 
c a r g o wharf wil l be genera ted by cyclonic winds blowing over some 
sec t ion of Melvi l le Bay. In c o n t r a s t to this the bulk wharf may s u f f e r 
m a x i m u m wave a t tack e i the r f r o m local waves genera ted in Melvi l le 
Bay or by the r e f r a c t i o n and d i s p e r s i o n of h igher waves genera ted in 
the open Gulf. 
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Dundas Point is pro tec ted f r o m the nor th by Cape W i l b e r f o r c e 
and Bromby Island. Open Gulf waves mus t approach f r o m app rox -
imately N. E. to have the g r e a t e s t e f fec t at the bulk be r th . 

If a sp read of energy each s ide of the m e a n d i r ec t ion is 
assumed, then the s ignif icant wave height at the je t ty head can be 
es t imated by the p rocedures outlined in Section 1. 214. In the 
analysis a to ta l of seven d i rec t ions between N. and E. w e r e con-
s idered . Ref rac t ion d i ag rams for wave d i rec t ions N. to N. E . 
a re shown in F i g u r e s 14 to 17 and r e f r a c t i o n coef f ic ien t s a r e l i s ted 
in Table 2. 

Table 2 

Ref rac t ion Coeff ic ients Dundas Point , 12 Second 
Waves 

Direction® N N15°E N30°E N. E. 

Ref rac t ion 
Coefficient 

Kr 0. 27 0. 38 0. 50 0. 27 

F o r the remain ing t h r ee d i rec t ions between N60°E and E . no 
wave energy will r e a c h the je t ty head except fo r a s m a l l amount 
which pa s se s over the shoal between West Woody Is land and the 
mainland. The width of the shoal is eve rywhere g r e a t e r than t en 
wave lengths. So mos t of this energy will be r e f r a c t e d and 
diss ipated by breaking on the shore be fo re reach ing the je t ty . 
F o r these r e a s o n s , r e f r a c t i o n coeff ic ients fo r waves approaching 
Dundas Point f r o m N60°E to E have been taken as ze ro . 

Combining the wave energy reach ing the je t ty f r o m va r ious 
di rect ions gives; an effect ive r e f r a c t i o n coeff ic ient of 0. 27. So 
even if an ocean wave of 28 f t . f r o m the North E a s t is c o n s i d e r e d 
(Southern, 1966, Table 4) the resu l t ing wave at the bulk loading 
wharf (without allowance for shoaling) will be 7^ f t . R e f e r e n c e 
to Section 1 .3 2 will show that this is not the c r i t i c a l des ign con-
dition. 

1 .32 Local Waves 

The fetch for local waves is del ineated by the i r r e g u l a r 
coast l ine of Melville Bay. A technique fo r e s t ima t ing the e f fec t ive 
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fe tch in t h e s e condit ions has been developed by the Beach E r o s i o n 
Board (1962). E x p r e s s e d a lgebra ica l ly , 

+ 420 
Ef fec t ive fe tch = X ^^ c o s ^ i 3. 5 / 

whe re -42^, -36"^, - 30° + 42° 

and Xĵ  = the p ro jec t ion of a r a y f r o m the point 
of i n t e r e s t to the fe tch boundary on the 

wind vec to r . 

A h indcas t ing technique based on the B r e t s c h n e i d e r method was 
then developed. The r e s u l t s of the new technique were ve r i f i ed in the 
U. S. in a f ie ld expe r imen t las t ing f r o m 1950 to 1952, 

This method was used for f o r eca s t i ng waves in Melvil le Bay 
and the de r ived des ign c h a r t s fo r wave height and per iod a r e given in 
F i g u r e s 18 and 19. It is cons ide red that a "Douglas M a w s o n ' type 
cyclone can pas s c lose enough to Dundas Point fo r the winds to blow 
f r o m any direction.lAider these conditions the s ignif icant wave at 
the bulk loader wil l be 10 f t . f r o m N. N. W, with a per iod of 6 seconds . 
This a s s u m e s a s u r f a c e wind of 60 knots as obtained by using a f ac to r 
of 1. 0 on the g rad ien t wind. If a f ac to r of 0. 85 were used the wave 
height would be reduced to 9 feet , A dura t ion of 85 minutes is r e q u i r e d 
for the genera t ion of these waves . This could be achieved by a cyclone 
moving at 10 m. p. h. as the 60 knot speed cove r s a band 30 mi les wide. 
The height of the highest s ingle wave will be approximate ly twice the 
s igni f icant wave height. (Wiegel, 1964, p, 202). 

The e x t r e m e wave condit ions at the gene ra l c a rgo wharf will 
r e s u l t f r o m a 60 knot wind blowing f r o m the south. F o r any dura t ion 
in e x c e s s of 30 minutes th is wind will r a i s e a wave of s ignif icant wave 
height 5 fefet and per iod 4 seconds . Since the dura t ion of a 60 knot 
wind, caused by a slowly moving cyclone, can be s e v e r a l hou r s , wave 
condit ions a r e governed by the fe tch length and the height of the highest 
wave will be 10 fee t . 

As the e f f e c t s of wave r e f r a c t i o n a r e included in the des ign c h a r t s 
(Beach E r o s i o n Board , 1962) used in this study no f u r t h e r al lowance has 
been made . 
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Table 3 s u m m a r i s e s the e x t r e m e condi t ions at Dundas Poin t , 
Table 3. 

Wind 
Di rec t ion 

Wind 
Speed 

Wave 
P e r i o d 

Wave Height Wind 
Di rec t ion 

Wind 
Speed 

Wave 
P e r i o d 

S ign i f -
icant 

M a x -
i m u m 

Bulk 
Wharf N. N. W. 60 kts . 6 s e c . 10 f t . 20 f t . 
Gent 
e r a l 
C a r g o South 60 k t s . 4 s e c . 5 f t . 10 f t . 

1. 33 T r a d e Wind Waves 
The t r a d e wind s e a s o n was def ined in a c c o r d a n c e with the s y s t e m 

used by the B u r e a u of Meteoro logy , Darwin , as the mon ths A p r i l t o 
Sep tember inc lus ive . The m o s t appl icable data ava i l ab le f o r wave 
f o r e c a s t i n g in Melv i l le Bay w e r e the m a x i m u m s t e a d y wind s p e e d s , 
Y i r r k a l a 196 2 - 1965 (Bureau of Meteoro logy , Darwin) . Us ing 
these in conjunct ion with the des ign c h a r t s ( F i g u r e s 18 and 19) the 
following va lues w e r e obtained f o r the m a x i m u m wave height in each 
month. 

Tab le 4 
Max imum IV! 

Bulk Wharf G e n e r a l C a r g o Whar f 
Month Signif icant L a r g e s t Signif icant L a r g e s t 

Wave Single Wave Single 
Wave Wave 

f t . f t . f t . f t . 
Apr i l - - l i 3 May C3 l i 3 June < 3 2 4 Ju ly 2 4 August <3 2 i 5 S e p t e m b e r ^ 2 <4 2 4 
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E s t i m a t e s of wave condit ions at the bulk wharf in Apr i l have 
been excluded, as the r e c o r d s f r o m Y i r r k a l a used in the ana lys i s 
obviously r e f e r r e d to cyclonic and not t r a d e winds fo r th is month. 

2. S t o r m Surge 

2. 0 In t roduct ion 

A s t o r m s u r g e is an inci?ease in local wa te r level a s soc ia t ed with 
s t rong wind s y s t e m s and mus t be taken into account when fixing wharf 
deck l eve l s . A cyclone will i n c r e a s e wa te r level pa r t ly by b a r o m e t r i c 
p r e s s u r e changes and pa r t l y by s u r f a c e wind : d rag caus ing wa t e r to 
pile up against the coas t l ine . As well as t hese m a j o r f a c t o r s t h e r e 
can be s e c o n d a r y e f fec t s such as r e s o n a n t in te rac t ion of su rge waves 
and b a s i n g e o m e t r y but it is unl ikely that these s econda ry f a c t o r s have 
much s ign i f icance in the Gulf of C a r p e n t a r i a . 

2. 1 Groote Eylandt S to rm Surge 

The bes t documented s t o r m su rge in the Gulf occu r r ed during the 
Douglas Mawson Cyclone of 1923, Whit t ingham (1966) has analysed 
the data and es t ab l i shed that a su rge of 23 f t . was exper ienced at the 
E m e r a l d R ive r Miss ion on the w e s t e r n coas t of Groote Eylandt . 
Surges at o ther points in the Gulf at th is t ime a re ne i ther as l a rge or 
as wel l documented , being about 8 to 10 feet at Normanton and 
Burketown. F i g u r e 20 shows the r e a s o n the Gulf towns,( Normanton , 
Burketown and the E m e r a l d R ive r Mission) should expe r i ence l a rge 
s t o r m s u r g e s dur ing the p a s s a g e of the cyclone. In each case a c lock-
wise wind s y s t e m blows over r e l a t ive ly shallow wa te r against an ob-
s t r u c t i o n of o f f shore i s l ands . The Douglas Mawson cyclone p a s s e d 
jus t to the south of Groote Eylandt and at one t ime its c en t r e is e s -
t ima ted to have been 35'S 136° 40'E as shown in F i g u r e 20 with 
wind speeds as indicated. Wind d rag would then pile up wa te r in the 
bay to the wes t of Groote Eylandt . The nor thward flow of th is wa te r 
wi l l be negl igible because of the obs t ruc t ion by the i s lands be tween 
Groote Eylandt and the mainland. 

2. 11 Wind Drag E f f ec t s 

Wind blowing over a confined body of wa te r e x e r t s a d r ag fo r ce on 
the s u r f a c e w a t e r s caus ing f o r w a r d flow and an i n c r e a s e in wa te r level 
downwind. F o r equ i l ib r ium t h e r e is a r e t u r n flow at depth. In 
shal low wa te r m o r e r e s i s t a n c e is o f fe red to this r e t u r n flow by f r i c t i o n 
at the bed. L a b o r a t o r y and f ield s tudies have yielded the following 
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expression for storm surge. (Beach Erosion Board, 1966, p. 126): 

S = 3. 3 X 10"® J u^ g (d+ S) 

where S = surge height (ft.) 
U = wind velocity (f. p. s . ) 
d = water depth (ft. ) 
X = distance along the wind vector (ft ) 
g = gravitational acceleration (ft/ sec 

Referring now to Figure 21, a nodal line (no change in water 
level) was chosen arbitrarily as shown and approximate wind surge 
heights calculated for the west coast of Groote Eylandt. This gave 
surge heights ranging from 7 ft. to 26 ft. along the coastline as shown 
in Figure 21. These values will be excessive because in addition to the 
return flow at depth there will be a compensating flow approximately 
normal to wind velocity vectors. 

For Ene raid River Mission a surge of 19 feet or slightly less can 

be calculated from wind drag. To this must be added an increase in 
local water level of 1 ft. as a result of barometric pressure difference 
giving a total of 20 ft. This is comparable with 23 ft. surge recorded. 

2. 2 Storm Surges at Gove 

Figure 20 shows that the Gove area is less liable to high surges 
than is Groote Eylandt. At Groote, the water depth is less than 20 
fathoms over an area of sea about 70 miles square in which the surge 
is generated. At Gove the 20 fathom contour is never more than 20 
miles offshore. 

The highest storm surges would occur for cyclones which pass 
close to Gove. For design purposes it has been assumed that a 
"Douglas Mawson" type cyclone could be located with centres A, B and 
C as shown in Figure 22. 

2. 21 Rocky Point Area 

Considering centre A for calculating surges at Rocky Point the 
nodal line was assumed as shown on Figure 22. Anticlockwise from 
this line there will be a decrease in water level and clockwise there 
will be an increase. Wind shear calculations then yielded a surge 
height of 3 feet at Rocky Point. Adding 1 foot for barometric effect 
gave a total of 4 feet. This estimate is necessarily more conservative 
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than that for Groote Eylandt as the effect of lateral compensating 
currents wil l be greater in the Gove area. 

2. 22 Melville Bay 

Cyclone centres B and C by sinciilar calculation gave wind surge 
heights of 4 and 2 i feet respect ively in : Melville Bay (Figure 22). 
Adding barometric e f fects , the maximum surge is calculated at 5 fee t . 

2. 23 Empirical Relationship 

An empirical relationship between maximum storm surge and 
central cyclone pressure has been obtained by Harris (1958) from 
observations in the Gulf of Mexico and along the Atlantic coast of 
America. For a central pressure of 970 m . b . this relationship 
shows storm surges ranging from 5 to 11 feet with an average value 
of about 8 ft. The scatter in the results occurs because storm intensity 
is not the only factor affecting surge height. As was shown for the 
Groote Eylandt region, large variations can be caused by offshore 
topography. 

2. 24 Recommendations 

It is recommended that a design surge height of 5 feet be used in 
the Gove area. It has been shown that established analytical methods 
can predict a s torm surge of the correct order for Groote Eylandt, and 
these methods when applied to Gove never yielded a surge ofgreater 
than 5 feet. The value of 5 feet also compares with the results obtained 
by field correlation with cyclone central pressi ire made e lsewhere in the 
world (Harris 1958). 

3. Seiche 

3. 0 Introduction 

A "seiche" re fers to the oscil lation of an enclosed or s e m i -
enclosed boy of water such as a lake or bay. If the shape is regular 
there will be a unique natural period for such an oscil lation determined 
by water depth and length of basin. In inland waters, the driving force 
is meteorological (varying wind speeds and/or barometric pressures) . 
In s e m i - e n c l o s e d bays or harbours the driving force is thought to be 
derived from the ocean wave spectrum. In each case the disturbance 
must be quasi-periodic with a frequency c lose to a resonant frequency 
for the basin. 
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The study of s e i ches in h a r b o u r s has a r i s e n main ly because 
of the di f f icul t ies of moor ing ships in such por t s . Indeed, but fo r 
the i r effect on shipping they a r e an ins ignif icant phenomenon. It 
was shipping t rouble which ini t iated the se iche inves t iga t ions at 
Table Bay, South Af r ica (Wilson, 1960) and P o r t Kembla , N. S. W, 
(F i tzpa t r ick and Sincla i r , 1954). In each of these s tud ies the 
re levant wave period was of the o rde r of 2 minutes and the se iche 
heights within the h a r b o u r s were about 6 inches . 

Theore t i ca l analyses a r e p r a c t i c a l in v e r y r e g u l a r shaped 
bas ins which have a single fundamenta l r e sonan t per iod . McNown 
(1952) has predic ted se iche per iods and wave heights ampl i f i ca t ion 
for a c i r c u l a r bas in of un i fo rm depth with a s m a l l opening to the s e a . 
In this case the wave height within the bas in was s e v e r a l t i m e s the 
wave height at sea . Model t e s t s made in conjunct ion with th is 
analysis gave excel lent agreement with the theory . 

In ha rbou r s of varying depth or only approx imate ly r e g u l a r 
geomet ry , se iche propagat ion cannot be pred ic ted theore t i ca l ly . 
The best that can be done is to choose a Variety of s impl i f i ed modes 
of oscillatiori^^8alculate the i r resonant f r e q u e n c i e s . If t hese include 
a f requency which could cause t rouble to shipping, e i ther check 
the r e su l t s by a model or modify the moor ing s y s t e m to be beyond 
the range of resonant f r equenc ie s . 

3. 1 Melvil le Bay Seiche - Theo re t i ca l 

Although it is not c l a s s i ca l ly r egu la r in shape , it is poss ib le that 
some s ignif icant ly l a rge sec t ions of Melvil le Bay could be sub jec t to 
se iche . A study of the Admira l ty char t of Melvil le Bay (Aus. 44) 
showed two poss ible modes that could affect shipping moored on the 
lee s ide of Dundas Point . 

F i g u r e 23 shows the f i r s t of these . In this a long wave would 
t r a v e l f r o m the no r the rn bay to Dundas Point . Comple te ly r e f l e c t e d 
f r o m Dundas Point it would t r a v e l to D r i m m i e Head where it would 
be r e f l ec t ed back along its t r ack . Most moor ing d i f f icu l t ies a r i s e 
f r o m a se iche which has a component in the longitudinal d i r ec t ion of 
the ship. The se iche desc r ibed above has such a component . 

With the wate r depths and per iod involved the wave will be of 
the shallow water type and its ce l e r i ty may be ca lcula ted f r o m the 
l o rmu la 
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= ^ 
where C is the c e l e r i t y in feet pe r second 

d is the wate r depth in fee t . 

In a ba s in of un i fo rm depth, with r e f l ec t ions f r o m boundar ies 
which a r e approx imate ly s t r a igh t , the resonan t per iod T is given by: -

T = ^ C 

where B = length between the r e f l ec t ing boundar ies 

or if the depth v a r i e s a s t e p - b y - s t e p approach can be made using the 
d i f f e r en t i a l equation 

2 dT = dB 

Applying these f o r m u l a e to F i g u r e 23 yielded a r e sonance with 
a fundamenta l per iod of 12 minu tes . 

The second poss ib le mode involves wave t r a v e l a c r o s s the 
en t r ance to Melvil le Bay as shown in F i g u r e 24. The l ines A-A and 
B - B show the l imi t s of this mode which a re l ikely to have a s ignif icant 
e f fec t at Dundas Point . The i r fundamenta l per iods have been c a l -
culated as above at 25 minutes and 44 minutes r e spec t ive ly . 

T h e s e ca lcula t ions give the fundamenta l per iod for s e i ches . 
It is poss ib le to have a range of ha rmon ic s with wave per iods l / 2 , 
1 /3 , 1 / 4 e tc . of the fundamenta l per iod. In p r a c t i c a l s tud ies of 
ha rbou r s e i c h e s , it is e i the r the fundamenta l or f i r s t ha rmonic 
which . i s . involved. Table 5 then shows l ikely se iche per iods at 
Dundas Point . 

Table 5 

Poss ib l e Seiche Pe r iods at 
Dundas Point 

Mode 1 Mode 2 

Fundamen ta l 
F i r s t Harmonic 

12 minutes 
6 minutes 

25-44 minutes 
12^-22 minutes 
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3. 2 Evidence from Tide Records 

With such long periods it would be expected that seiche action 
could be discerned on the records of the Melville Bay tide gauge. 
The tide records from 5th December, 1963, to 3rd July, 196 4, were 
examined with this in view. At least twenty occasions of apparent 
surges were noted. In all these causes the surge occurred at 
either high water or ibw water regardless of the levels of H. W. and 
L. W. The only possible reason for this is that surge amplification 
is greatest at slack water and that with a current running the effect 
is damped. This is not a very tenable hypothesis to explain these 
particular phenomena, and these records will be discounted as being 
a function of the recorder and not of the bay. 

There were two periods when surge was more intense than usual. 
The general height of surge was 1 /4 ft. and the period approximately 
15 minutes. The very compressed time scale made it impossible to 
see if there were any harmonics present. The first of these se iches 
occurred irregularly between the 8th and 10th January 1964 and the 
second between 8th and 12th March, 1964. From 6th to 14th January 
196 4, Cyclone "Audrey" tracked from Thursday Island to Mornington. 
This is probably the cause of the seiche at Melville Bay. The mech-
anism could involve long period ocean waves generated by the cyclone 
being amplified by the resonant condition in Melville Bay. No reason 
for the seiche in March is known. 

On the basis of these calculations and observations seiche action 
could be expected for about eight days per year at Dundas Point. 

3. 3 Effect on Shipping 

Mooring problems in harbours which are subject to seiche 
occur because of a semi-resonant condition between the water move-
ment and the ship mooring system. If the waves in the harbour have 
a frequency that is much higher than this resonant frequency the ship 
movement and mooring forces will be small. If the seiche frequency 
approaches the natural frequency of the mooring system, ship surging 
begins and the mooring forces rise markedly, often to the point that 
doubled lines and springs are broken. With ships in the 5000 to 
15000 tons range using normal mooring systems the most trouble-
some seiche periods are from H to 3 minutes. With larger ships 
this period would be longer. 
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As only g e n e r a l c a r g o sh ipp ing wi l l u s e Melv i l l e Bay , it is u n -
l i ke ly t ha t s e r i o u s d i f f i c u l t i e s w i l l be e n c o u n t e r e d excep t t ha t s l i g h t l y 
t i g h t e r t han n o r m a l m o o r i n g s y s t e m s m a y be needed to r e s t r a i n the 
s h i p s d u r i n g a s e i c h e . No p r o b l e m s f r o m r e s o n a n c e of ship; 
m o o r i n g s a r e a n t i c i p a t e d . 

As the bulk c a r r i e r s a r e to be m o o r e d ou ts ide Melv i l l e Bay , 
w h e r e any s e i c h i n g wi l l be of a m u c h longer p e r i o d than tha t i n t e r n a l 
to the Bay , t h e r e w i l l be no p r o b l e m s if n o r m a l sh ip m o o r i n g s y s t e m s 

a re u s e d . 

4. L o c a l C u r r e n t s 

4. 0 In t roduc t ion 

F o r the d e s i g n of a h a r b o u r , i n f o r m a t i o n is r e q u i r e d on the m a g -
ni tude and d i r e c t i o n s of loca l c u r r e n t s in the r eg ion . Th i s s e c t i o n of 
the r e p o r t d e s c r i b e s the r e s u l t s of s t ud i e s u n d e r t a k e n to i n v e s t i g a t e the 
l o c a l c u r r e n t s at Rocky Bay and Dundas Po in t . 

4. 1 C u r r e n t s at Rocky Bay 

4. 10 G e n e r a l 

F l o w p a t t e r n s and m a g n i t u d e s of c u r r e n t s in the r e g i o n of the p r o -
posed h a r b o u r at Rocky Bay , w e r e s tud ied on a s m a l l s c a l e h y d r a u l i c 
m o d e l bui l t f o r th i s p u r p o s e . The m o d e l was c o n s t r u c t e d us ing the 
h y d r o g r a p h i e s u r v e y da ta shown on the A d m i r a l t y p lan, Aus t . 44. 
C u r r e n t d i r e c t i o n s and magn i tudes in the a r e a as r e p r e s e n t e d in the 
m o d e l w e r e v e r i f i e d by o b s e r v a t i o n s t aken in the f i e ld . 

4. 11 F i e l d Data 

O c e a n c u r r e n t f i e ld da ta obta ined in the Rocky B a y a r e a can be 
c l a s s i f i e d in two g r o u p s : -

(a) C u r r e n t o b s e r v a t i o n s by Nau t i ca l S e r v i c e s ( A u s t r a l i a ) P ty . Ltd . 
u s i n g a conven t iona l p r o p e l l o r c u r r e n t m e t e r . T h e s e r e a d i n g s w e r e 
t a k e n at 4 loca t ions at v a r i o u s dep ths . The r e a d i n g s w e r e t a k e n at one 
h o u r l y i n t e r v a l s ove r p e r i o d s of be tween 12 and 26 h o u r s . 

(b) Ve loc i ty m e a s u r e m e n t s by f loa t o b s e r v a t i o n . The f l oa t s c o n -
s i s t e d of 4 ga l lon d r u m s a d j u s t e d to a s l igh t ly nega t ive buoyancy by 
f i l l i ng with s a n d and w a t e r . The f l oa t s w e r e s u s p e n d e d 12 to 15 f e e t 
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below the s u r f a c e and m a r k e d on the s u r f a c e by j gal lon p las t ic 
bot t les . These m e a s u r e m e n t s w e r e made by Nabalco P ty . Ltd. 

The locations and max imum veloc i t ies as obtained f r o m the 
cu r ren t m e t e r observa t ions a r e shown as the t r i a n g l e s on F i g u r e 25. 
These co r respond to m e a s u r e m e n t s made 20 f t . below the s u r f a c e 
and a r e t h e r e f o r e comparab le to the float obse rva t ions . Flow 
direct ion was r e l a t ed to the t ides , the c u r r e n t s pe r iod ica l ly r eve r s i i i g 
along an approximate N. W. to S. E. axis . The d u r a t i o n of flow was 
skewed with flow occur r ing in the S. E , d i rec t ion for about t w o - t h i r d s 
of the t ime and the N. W. fo r one- th i rd of the t ime . The m a x i m u m 
velocity cor responded approximate ly with high t ide and was in the 
S. E. d i rect ion. 

The cu r r en t m e t e r observa t ions were supplemented by f loat 
m e a s u r e m e n t s off Rocky Point and in Rocky Bay. These m e a s u r e -
ments were taken at high t ide, co r re spond ing to the t ime of m a x i m u m 
velocity as indicated by the c u r r e n t m e t e r r ead ings . The d i r e c t i o n 

and magnitude of these obse rva t ions , toge ther with s t a r t and f in i sh 
posi t ions, where avai lable , a r e shown in F i g u r e 25. 

Veloci t ies taken by f loat observa t ion mus t be cons ide red l e s s 
re l iab le than c u r r e n t m e t e r m e a s u r e m e n t s . The f loat r ead ings w e r e 
taken dur ing rough s ea s making sextant and c o m p a s s obse rva t ions 
difficult f r o m the s m a l l boat used . T h e r e f o r e , whe re a conf l ic t of 
data occurs , as in the a r e a south of Rocky Bay, g r e a t e r weight was 
placed on c u r r e n t m e t e r r ead ings . 

4. 12 Model Studies 

To e s t ima te veloci t ies and the g e n e r a l wa te r c i r cu l a t i on in the 
Rocky Point a r e a , use was made of a s m a l l s ca l e c o a s t a l mode l to 
the following l inear s c a l e s : -

Ve r t i ca l 1:400 
Hor izonta l 1:12000 

The model boundar ies a r e shown in F i g u r e 26. 

Because of the predominance of S. E . c u r r e n t s and the h ighe r 
magnitude of t idal veloci t ies in th is d i rec t ion , the mode l was run 
in one d i rec t ion only (southerly) and ve r i f i ed by the avai lable f ie ld 
data. As a f i r s t assumpt ion for the model , the c u r r e n t d i r e c t i o n 
at sea was assumed pa ra l l e l to the g e n e r a l coas t l ine and then 
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modif ied as r e q u i r e d to obtain ve r i f i ca t ion with the f ield data . 
Veloci ty m e a s u r e m e n t s were then made by t r a c ing the paths of sub -
m e r g e d f loa t s . 

The model r e s u l t s , conver ted to prototype equivalents , a r e 
shown in F i g u r e 25. It is noted that r easonab le ve r i f i ca t ion between 
mode l and prototype was obtained both in magnitude and d i rec t ion so 
that mode l r e s u l t s can be accepted with a f a i r degree of confidence. 

4. 13 Conclusions 

A l a rge eddy is ca s t off f r o m the main s o u t h - e a s t e r l y c u r r e n t 
in the lee of Miles Is land. This gives r i s e to c u r r e n t s in the proposed 
en t r ance channel for the Rocky Bay ha rbour proposa l (F igure 25) which 
v a r y m a r k e d l y in d i rec t ion along the length of the channel . Veloci t ies 
in exces s of 1 foot per second knot) a r e at tained. Such c u r r e n t s 
which will exis t fo r the m a j o r pa r t of any t ida l cycle , and will be 
p r e s e n t at high t ide, will compl ica te navigation of la rge sh ips . No 
r ea l ignmen t of the approach channel could avoid the influence of the 
eddy or the counter eddy induced f u r t h e r into Rocky Bay. The 
c u r r e n t s in the dredged swinging bas in a r i s ing f r o m the south-
e a s t e r l y t idal cur rent . j a r e ins ignif icant . 

The n o r t h - w e s t e r l y c u r r e n t can be expected to produce some 
c u r r e n t s in the swinging bas in but it is ,expected that these would not 
exceed 0. 5 feet per second. At the outer l imit of the approach 
channel the n o r t h - w e s t e r l y c u r r e n t will flow with c u r r e n t s of the 
o r d e r of 2 fee t per second (1 .0 knot) As this condition would apply 

f o r l e s s than 30 pc. of the t ida l cycle it may be poss ible to schedule 
shipping to avoid it. 

4. 2 C u r r e n t s at Dundas Point 

4. 20 Introduct ion 

To a s s e s s navigat ional p rob l ems , c u r r e n t in format ion was r e 
qui red in the vicini ty of Dundas Point . Also shoaling of dredged 
a r e a s wil l occur if s t rong c u r r e n t s occur at the i r boundar ies . 

C u r r e n t s n e a r Dundas Point a r e due to the t idal movement of 
w a t e r into and out of Melvil le Bay and the g r e a t e s t veloci t ies occur 
at the t ime of sp r ing t ides . 
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4. 21 Data Col lec t ion 
It was o rg ina l ly intended to m e a s u r e c u r r e n t s with a Ke lv in and 

Hughes c u r r e n t m e t e r and by t r a c k i n g f l o a t s . As the c u r r e n t m e t e r , 
on a r r i v a l at Gove, was u n s e r v i c e a b l e , a l l the da ta w e r e c o l l e c t e d 
us ing c u r r e n t s f l oa t s . F i g u r e 27 is a s k e t c h of the type of f l oa t u s e d . 
When used to the wes t of Dundas Poin t ( the a r e a of bulk c a r r i e r m o v e -
ment) , the vane was se t 20 f ee t below w a t e r l eve l . Th i s was about 
mid d r a f t fo r a bulk c a r r i e r . A se t t ing of 15 f ee t was u s e d in t r a c i n g 
c u r r e n t s to the e a s t of Dundas Point w h e r e the g e n e r a l c a r g o sh ips wi l l 
ope ra te . 

The f loa t s w e r e c h a s e d with a 16 foot a l u m i n i u m boa t . P o s i t i o n 
f ixes w e r e obtained by anchor ing n e a r a f loa t and us ing a p r i s m a t i c 
c o m p a s s to s ight on s h o r e s t a t i ons p r e v i o u s l y t i ed to the land s u r v e y 
of the a r e a . 

Tide heights w e r e t aken f r o m the r e c o r d e r at D r i m m i e Head . 
O b s e r v a t i o n s made f r o m the 6th June to 12th J u n e 1967, inc lude 

both ebb and flood t ides and c o v e r a v a r i e t y of t i d a l r a n g e s . S t rong 
winds and a heavy chop dur ing the f i r s t t h r e e days s lowed the r a t e of 
work and a boat b reakdown on the 12th t e r m i n a t e d the p r o g r a m 

4. 22 R e s u l t s of C u r r e n t Study 
Tab le 6 l i s t s the days and t i da l r a n g e s du r ing which r e s u l t s w e r e 

obtained. 
4. 221 F lood Tide C u r r e n t s : I n f o r m a t i o n was obta ined d u r i n g 

two t ides of l a r g e r a n g e and t h r e e of s m a l l e r r a n g e . In F i g u r e 28 
t h e s e f loat t r a c k s a r e plot ted. Data shown in F i g u r e 28 inc lude the 
c u r r e n t ve loc i ty , the t i da l r a n g e and the t i m e be tween low w a t e r and 
high w a t e r . In addit ion, two c u r r e n t m e t e r r ead ings , as ob ta ined p r e -
v ious ly by Naut ica l S e r v i c e s P ty . Ltd . a r e p lot ted . 

Since the w a t e r s u r f a c e a r e a in Melv i l l e Bay is r e a s o n a b l y 
cons tan t f r o m high w a t e r to low w a t e r and the c r o s s s e c t i o n a l a r e a 
of the e n t r a n c e is l ikewise cons t an t , the t i d a l c u r r e n t s wi l l be 
p r o p o r t i o n a l to the t ida l r a n g e . Th i s f ac t was u s e d t o c a l c u l a t e 
m a x i m u m c u r r e n t s dur ing s p r i n g t i d e s , which a r e p lo t ted in F i g u r e 30. 
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Table 6 

S u m m a r y of Tide Reco rds at D r i m m i e Head and other events between 

Day Tide T ime Tid'e-Range (ft) R e m a r k s Day Tide T ime Ebb Flood R e m a r k s 

Mon. 5th M a r k e r buoys 
set in ) 
posit ion ) 

Tues . 6th L 
H 

1. 06am 
7. 58am n ' f i J-

4.7+ 
) 
) winds 
\ 

L 
H 

2. 00pm 
7. 51pm 

3. 

6.4+ 
4. 5̂ - ' with 

) 4ft. 

Wed. 7th L 
H 

2. 18am 
9. 08am 3. 8" 

5. 5 
) 
) chop 

L 2. 45pm 3. 8" 
4. 9" 

) ) 
H 8. 19pm 6. 8+ 

4. 9" } 

T h ü r s . 8th L 3. 18am 6. 1 H 9. 43am 3. 6 
6. 1 

L 3. 15pm 3. 6 
4. 9"̂  H 8. 56pm 7. 7"̂  
4. 9"̂  

F r i . 9th L 3. 38am 6 .6 

5. 

H 
L 

10. 15am 
4. 36pm 3. 8 -

6 .6 

5. H 9. 42pm 8.1+ 

6 .6 

5. 

Sat. 10th L 4. 30am 6 .8* 
H 11. 15am 6 .8* C u r r e n t m e t e r r e -
L 4. 45pm 5 1+ ceived at Gove 
H 10. 03pm 8. 2"̂  

t j . J. 

Sun. 11th L 4. 48am 7. 0 at tempt to use 
H 11 .30am 

Q 

7. 0 
c u r r e n t m e t e r 

L 5 .30pm o . y 
5 3"̂  abor t ive -

H 10. 42pm 8.3+ 
U • U period of g r e a t -8.3+ es t sp r ing t ide 

range 

* T ides dur ing which c u r r e n t vanes were t r acked 
+ Tides which o c c u r r e d at night and t h e r e f o r e could not be 

used in col lect ing f ield data. 
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Table 6 (cont 'd . ) 

Summary of Tide Records at D r i m m i e Head and o ther events be tween 

Day Tide T ime Tide Range (ft) R e m a r k s Day Tide T ime Ebb F lood R e m a r k s 

Mon. 12th L 
H 
L 
H 

5. 28am 
12. 10pm 

5. 42pm 
11. 37pm 

4. 1 
8. 1+ 

7 .2* 
5.1+ 

) 
) boat 
. b reakdown 
) 

Tues . 13th L 
H 
L 
H 

6. 30am 
12. 37pm 

6. 25pm 
12. 00am 

3 .8 
7. 

6. 8 
4. 9-̂  

. boat s t i l l 

. i nopera t ive 
) 

Wed. 14th L 6. 42am 

'' 'Tides during which c u r r e n t vanes w e r e t r a c k e d 
^ Tides which o c c u r r e d at night and t h e r e f o r e could not be used 

in col lect ing f ield data. 

4. 222 Ebb Tide C u r r e n t s : It was not poss ib le to use f loa t t r ack -
ing for any of the l a rge range ebb t ides as t he se a l l o c c u r r e d at night. 
Tides t r acked had r anges of 3. 6 feet and 3. 8 fee t . The r e s u l t s of 
f loat t r ack ing a r e shown in F i g u r e 29, us ing the s a m e method of data 
p resen ta t ion as used for the flood t ide c u r r e n t s . 

The ext rapola t ion f r o m field obse rva t ions to the m a x i m u m ebb 
tide c u r r e n t s to be expected used the following two techniques : -
(a) Compar i son with ebb t ide c u r r e n t m e t e r da ta obtained by 
Naut ical Serv ices Pty. Ltd . for sp r ing t i des . 
(b) Compar i son between c u r r e n t s fo r sp r ing t ides and c u r r e n t s f o r 
medium range t ides avai lable f r o m the flood t ide c u r r e n t t r a c k i n g . 

The r e s u l t s of this ex t rapola t ion a r e plotted in F i g u r e 31 as 
the max imum ebb tide c u r r e n t to be expected . 

4. 23 Discuss ion of Resu l t s 
The r e s u l t s fo r flood tide c u r r e n t s , including a s , t hey do s o m e 
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observations during large tidal ranges, will yield accurate extrapolation 
to the maximum flood tide currents. The predicted ebb tide currents 
will not be as accurate because of the greater extrapolation required. 
Flow patterns should be accurate except at the separation point off 
Dundas Point (see Figure 31). This point may move along an east-
west locus depending on tidal range. Even so, such a movement is 
unlikely to cause a major change in speed of the currents. 

4. 24 Conclusions 

To the west of Dundas Point the spring flood tide currents will 
be to the S. S. E. with a speed of between t.D and 1. 3 feet per second . 
The spring tide ebb currents in this area will be to the north with 
speeds between 1. 5 and 2. 0 feet per second. 

The flood tide currents will extend virtually unchanged to south of 
Dundas Point, while the ebb tide currents in this area will be , except 
immediately off the Point, rather weak. 

To the east of Dundas Point the maximum current will occur 
during the ebb tide. It will have a speed of 2. 0 feet per second in a 
S. W. direction. At other times the direction will be variable and 
the speed less than 1 foot per second except over the shoal areas to 

the east of the proposed shipping lanes. 

4. 25 Notes on Coloured Water 

During calm days following rough weather, it was noticed that 
areas of coloured water appeared in the vicinity of Dundas Point. The 
colour was caused by mud. The mud in Melville Bay was put into 
suspension by breaking waves. It is suggested that coloured aerial 
photographs could be used to obtain some additional information on 
current patterns. 

5. Sand Movement 

5. 10 Introduction 

Sand brought into the sea from rivers, cliff erosion or other 
sources is moved along the coast by waves and currents. Littoral 
drift, as it is called, often tends to be predominantly in one direction. 
The quantity of drift can vary between wide limits depending upon the 
local conditions. 
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Where significant littoral drift is present, sedimentation prob-
lems result when a barrier such as a breakwater is built across 
the littoral zone. Several methods have been used to estimate the 
littoral movement at Gove and to assess problems that may arise from 
the proposed harbour works. The results of these studies are dis-
cussed in this section of the report. 

5.11 Approaches Used to Estimate Sand Drift 
5.111 Air Photo Interpretation 

An excellent set of air photos (Adastra 1965) was made available 
by Nabalco. These were taken on 2nd October 196 5 and had a scale 
of approximately 2000 ft. to an inch. The area covered by the 
photos is shown on Figure 32. A second set of photos was obtained 
from the Department of National Development. These were taken in 
1950 but definition was rather poor. 

There are several features which may appear on air photos that 
can be used to deduce the direction of net . littoral drift in the near-
shore region. Where there is any obstruction on a beach such as a 
headland or jetty (provided this does not completely change the 
pattern of waves on the beach) littoral drift will build a wider beach on 
the downdrift end of the beach near the obstruction. The building of 
sand spits into deeper water will show the drift direction on nearby 
ocean beaches. Small creeks, which are generally intermittent in 
flow, and which enter the sea across a beach not near a headland, will 
show the direction of drift by the direction in which their entrances face. 

The above features tend to show the direction of the net dri ft . 
This does not mean that the sand drift is in this direction at all times. 

5. 112 Grain Size Variations 

Features of grain size can be used to establish drift direction but 
these are complicated by other active processes. If sand is moved 

along a beach by littoral drift from a source outside the area being in-
vestigated, the finer grains move more rapidly, causing the median 
grain size to decrease in the downdrift': direction. This effect is 
masked on beaches which vary in exposure to wave action. Severe 
exposure to steep waves causes a loss of sand, particularly fines, to 
seaward, leaving a coarse grained generally steep beach. At the 
other extreme, if the beach is sheltered and is affected only by small 
waves of low steepness, the tendency is to transport fine materials 
shoreward forming a flat fine grained beach. 
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5. 113 Littoral Currents 

The current in the littoral indicates the direction of drift. If 
the current is measured during a time of typical wave action the 
direction of sand movement can be found. The drawback to this tech-
nique is the necessity for sampling the current over a sufficiently 
wide range of parameters for the result to have any statistical signif-
icance. 

5. 12 Regional Sand Movement 
5. 120 General 

Using the above methods the directions of sand drift have been 
inferred. These are shown on Figure 32 and are discussed in more 
detail below for the area of interest. 

5. 121 South of Rocky Point 
The air photos showed no change in 15 years between 1950 and 

196 5. The beach samples showed a marked decrease in size in the 
southerly direction (Figure 33) and since the beaches all have the same 
exposure to south easterly weather this suggests a southerly drift. 
The marked change in grain size and the fact that the beaches are sep-
arated by rocky headlands also suggests that the rate of sand movement 
is extremely small. 

5. 122 Rocky Bay 
The model study of tidal currents in the Rocky Bay area (Section 

4. 12) shows that current velocities reach 1. 5 feet per second S, E. in the 
approach channel with an estimated current of 2 feet per second N. W. 
The sand in this area has a median diameter of 1. 5 mm to 2. 0 mm. and 
theoretically (Chow 1959) requires a current velocity of 2 feet per second 
for movement. This velocity requirement of 2 feet per second will be 
reduced in the presence of long period waves such as will exist during a 
cyclone. It is to be expected, therefore, that there will be some shoal-
ing of the outer quarter of the approach channel. The rate will be slow 
except when cyclones occur during spring tides. 

Dredging commences in a water depth of only 4 ft. and offshore 
movement of sand from the beach could occur under some conditions, un-
less bed slopes are kept down to the equilibrium slope consistent with 
sediment and wave characteristics. The beach area is protected from 
waves from the S. E. trade winds and no problem is foreseen for these 
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condit ions. The a r e a is a lso pro tec ted f r o m cyclone waves except when 
the di rect ion of wave approach is f r o m the Nor th E a s t . Under the 
la t te r condit ions, wave heights of up to 12 f t . impinge d i r e c t l y onto the 
beach a rea and breaking will commence jus t landward of the d redged 
a rea , and the re would be a potent ial movement of sand into the h a r b o u r . 
Offshore prof i les within Rocky Bay have a s lope of app rox ima te ly 1:130 
but this no doubt r e su l t s f r o m an accumula t ion of sand within the bay 
over a long period of t ime and is not t r u ly r e p r e s e n t a t i v e of equ i l i b r ium 
s lopes . Conditions off Rocky Point a r e cons ide red m o r e typ ica l whe re 
bed slopes inshore of the 35 ft . sounding have a m i n i m u m slope of 1:12 
and a maximum slope of 1:7. 

Dredging s ide s lopes of 1:5 have been sugges ted but to p reven t 
maintenance dredging a f t e r a cyclone f r o m the North E a s t t hese should 
b e f lat tened above the 20 ft . contour ( l imit of breaking) to a s lope of say 
1:12 to be consis tent with conditions exis t ing off Rocky Poin t . 

The c r e e k flowing into Rocky Bay is probably a s o u r c e of sand 
to the l i t to ra l but it is unlikely that th is sand will find i ts way into the 
dredged bas in . If some shoaling occu r r ed f r o m this cause it could be 
c o r r e c t e d by cons t ruc t ing a low t ra in ing wall to the eas t of the mouth of 
the c reek . 

5. 123 Rocky Point to Cape Wirawawoi 

T h e r e is a gene ra l reduct ion in g ra in s ize moving nor th f r o m 
Rocky Point indicating a no r the r ly d r i f t . The b r e a k in the s y s t e m a t i c 
d e c r e a s e at sample (14) (F igure 33) could be due to a new s o u r c e of 
m a t e r i a l or to the changing exposure of the beaches as the coas t swings 
nor thward . 

Over the y e a r s a l a rge shoal has built up along the eas t coas t of 
Cape Wirawawoi. This shoa l r e s u l t s f r o m a d i f f e r ence be tween the 
quantity of sand moving nor thwards towards Cape Wirawawoi and that 
moving wes twards away f r o m Cape Wirawawoi . 

5. 124 Cape Wirawawoi to Dundas Point 

The beaches on the north coas t , by t he i r shape , indicate a net 
d r i f t f r o m eas t to west . The d i rec t ion of the r i v e r e n t r a n c e behind 
E a s t Woody Island r e i n f o r c e s this hypothes is . The sand d r i f t p r e s u m a b l y 
occurs during the t r ade wind season . 
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5. 125 Dundas P o i n t and M e l v i l l e B a y 
F i g u r e 34 s h o w s t h a t t h e r e i s no t r e n d in m e d i a n g r a i n s i z e of 

b e a c h s a n d on e i t h e r s i d e of Dundas P o i n t . C o m p a r i s o n of 1950 and 
1965 a i r pho tos gave no i n f o r m a t i o n b e c a u s e of the poo r d e f i n i t i o n of 

t h e 1950 s e t . 

C o m p a r i s o n of s u r v e y s of 1958 and 1967 do not i n d i c a t e , wi th in 
t h e a c c u r a c y of the s u r v e y s , any m a j o r change in the pos i t i on of t he 
s a n d s p i t off D u n d a s P o i n t . 

T h e e x i s t e n c e of t h é long s a n d sp i t at Dundas Po in t poin ts to a 
s o u t h e r l y s a n d d r i f t . T h e c o n f i g u r a t i o n of the b e a c h e s on the w e s t e r n 
s h o r e b e t w e e n W e s t Woody I s l a n d and Dundas P o i n t i n d i c a t e s a ne t t 
s o u t h e r l y d r i f t which would be a m a x i m u m d u r i n g the n o r t h w e s t m o n -
s o o n s e a s o n . L i t t o r a l c u r r e n t m e a s u r e m e n t s m a d e d u r i n g the t r a d e 
wind s e a s o n ( T a b l e 7) a r e i n c o n c l u s i v e . 

T a b l e 7 
L i t t o r a l C u r r e n t s at Dundas Po in t 

15. 6. 66 
L o c a t i o n T i m e T ide Wind B r e a k e r 

Cond i t ions 
L i t t o r a l 
C u r r e n t 

W e s t e r n 
s i d e 

0940 F a l l i n g S . E . 
F o r c e 3 6" 5 s e e s . 

1 f t . p e r 
min. S. 

1315 R i s i n g S. E . 
F o r c e 4 

- 2 f t . p e r 
min. N. 

E a s t e r n 
s i d e 

0930 F a l l i n g S . E . 
F o r c e 3 

- 1 f t . p e r 
min . N. 

1310 R i s i n g S. E. . 
F o r c e 4 6" chop 

2 f t . p e r 
min. N. 

Sand h a s a c c u m u l a t e d a g a i n s t the s o u t h e r n s i d e of a c o n c r e t e r a m p 
n e a r t h e M i s s i o n j e t t y . C r o s s s e c t i o n s a r e shown in F i g u r e 35. E n -
q u i r i e s s h o w e d t ha t the r a m p w a s bu i l t in e i t h e r 1943 o r 1944. It was 
c l e a r t ha t in 1966 s a n d w a s passing a r o u n d the end of the r a m p . If a 
t i m e cou ld be f ixed when the bui ld up of the b e a c h on the u p d r i f t s i d e 
w a s j u s t c o m p l e t e an e s t i m a t e could be m a d e of t he a v e r a g e a n n u a l 
r a t e of s a n d d r i f t . T h e 1950 a i r photos w e r e c o m p a r e d wi th t h o s e of 
1965. T h e p o o r qua l i t y of the 1950 photos was a d i s a d v a n t a g e , but it 
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s eemed that acc re t ion was a lmos t comple ted by 1950. The f ix ing of 
1950 as the t ime to comple t ion of f i l l ing gives a lower bound to the r a t e 
of sand movement . The following data w e r e used in a s s e s s i n g the r a t e 
of d r i f t . 

Length of beach updr i f t = 1300 ft . 
Di f fe rence in a r e a between updr i f t and downdr i f t p r o f i l e s = 660 

sq. f t . Of this it is e s t ima ted that 2 /3 is a c c r e t i o n of upd r i f t p ro f i l e and 
l / 3 is e ros ion of downdrif t p ro f i l e . 

. . . ^ ^ 2 1300 X 660 1 Lower l imit of r a t e of sand d r i f t = - x ^ x ~ cu. yds . 
per year 

= 3 ,500 c u . y d s . p e r y e a r 
Say 5000 cu. yds, pe r y e a r 

In the proposed dredged a r e a s at Dundas Poin t , be ing o f f s h o r e of 
the l i t to ra l , the ef fec t of wave induced sand movemen t wil l be negl ig ib le . 

The c u r r e n t s ( r epo r t ed in 4. 2) a r e , at the bulk je t ty d r edged a r e a , 
l e s s than 1. 5 feet per second. Th i s , a l l ied with the fac t that the depth 
to be excavated is l e s s than 3 fee t , ind ica tes that the r a t e of shoa l ing of 
the bulk c a r r i e r moor ing wil l be slow. The d i r ec t i on of the c u r r e n t s 
shows that the shoal ing would occur at the n o r t h e r n and s o u t h e r n ends 
if at all . 

The g e n e r a l c a r g o dredged a r e a is sub jec t to ve loc i t i e s l e s s than 
1 foot per second. Consequent ly , no shoal ing p r o b l e m s a r e an t ic ipa ted . 

As both s t r u c t u r e s a r e des igned to be of open c o n s t r u c t i o n no prob-
l ems a r e f o r e s e e n of i n t e r rup t ion of the l i t t o r a l sand m o v e m e n t . The 
sho r t sol id sec t ions at the landward end would p r e s e n t only t e m p o r a r y 
obs t ruc t ions to l i t t o r a l d r i f t unt i l the beach buil t out beyond t h e m . 

5. 3 Conclusions 
On the evidence avai lable , l i t t o r a l sand d r i f t at Rocky Poin t or 

Rocky Bay will not c r e a t e p r o b l e m s . Slight ma in t enance d redg ing m a y 
be needed at the eas t end of the approach channe l to Rocky B a y and 
p recau t ions wil l be r e q u i r e d at the s h o r e w a r d l imi t of the d r e d g e d 
swinging bas in in the f o r m of f la t s l opes . 
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The r a t e of l i t t o r a l d r i f t at Dundas Point is e s t ima ted as 5000 cu. 
yds . p e r y e a r southward on the w e s t e r n s h o r e and nor thward tu rn ing 
e a s t w a r d on the e a s t e r n s h o r e . This conclusion r e s t s on the m e a s u r e d 
acc r e t i on at the conc re t e r a m p in Melvi l le Bay for quant i f icat ion and 
is suppor ted by beach shapes on both the w e s t e r n and e a s t e r n s h o r e s as 
ind ica to r s of d r i f t d i rec t ion . 

6. Red Mud 

6.0. In t roduct ion 

Red mud is a f inely divided m a t e r i a l which is a was te product in 
the p r o c e s s i n g of bauxite to yield a lumina. It is gene ra l l y d i sposed as a 
s l u r r y in land s t o r a g e a r e a s although, in r ecen t y e a r s , ocean d i sposa l 
has been contempla ted by s e v e r a l p lan ts . The feas ib i l i ty of ocean d i s -
posa l at Gove is d i s c u s s e d in the following sec t ions . 

6. 1 P h y s i c a l P r o p e r t i e s 

A sample of red mud was t e s t ed according to ASTM soi l s p r o c e d u r e s 
to give the p r o p e r t i e s l i s ted in Table 8. 

Table 8 

P r o p e r t i e s of Red Mud 

Specif ic g rav i ty 3. 98 
Liquid l imit 37 pc. 
P l a s t i c l imit 26 pc. 
L inea r shr inkage 4 pc. 
(oven drying f r o m 

39 pc. m. c . ) 
Median g ra in s ize 7 m i c r o n s 
P e r c e n t a g e l e s s than 

1 m i c r o n 38 pc. 

F i g u r e 36 is a grading curve extending down to 1 mic ron . 

6. 2 Ocean Disposa l 

If r e d mud w e r e d isposed at s e a off Rocky Point t h e r e would be 
s e v e r a l s o u r c e s of poss ib le t rouble . The f ines , which a r e extre^riiely 
f ine , would be suspended by ocean tu rbu lence and could by c u r r e n t s 
find t h e i r way into beaches and bays to the aes the t ic de t r imen t of the 
a r e a . This p r o c e s s would be t r ans i en t as so r t ing by wave action 
would e n s u r e that the m a t e r i a l was eventual ly deposi ted in deep wa t e r 
o f f sho re . 
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To investigate the likely dest inat ion of red mud a s e r i e s of 
samples was taken offshore at Rocky Point for g ra in s ize ana lys i s . 
The resul t s are listed in Table 9. 

Table 9 
Bed Samples off Rocky Point 

Sample 
No. 

Bearing f r o m 
Anemometer 

Tower 
Distance 
(met res ) 

Depth 
(feet) 

Median 
Grain 
Size 

R e m a r k s 

1 057° 300 42 2mm Coa r se sand and 
shel l 

2 057° 550 59 1. 5mm C o a r s e sand and 
shel l 

3 057° 730 69 1. 5mm Mostly she l l 
4 057° 830 80 1. Oxnm Shell and sand 
5 057° 1000 90 0. 9mm !1 t t 11 

5A 057° 1000 90 0. 45mm 11 11 11 

6 057° 1600 100 50ju(max) Clayey si l t 
7 057° 2500 105 0, 4mm Sand 
8 057° 5000 101 50iu(max) Clayey s i l t 

Note: l^ = 0. 001 mm. 
The above table shows that at about a mile f r o m shore in 100 ft . 

of water a re bottom deposits of m a t e r i a l of the same gra in sizze as the 
coa r se f rac t ion of red mud. Unless the red mud effluent f o r m s a self 
sustaining turbidi ty flow, a fact not eas i ly ver i f ied , t he re will be sub-
stant ia l deposition at this point. At a depth of 100 ft . and a d is tance of 
one mile it is likely that cyclone waves would t e m p o r a r i l y move a con-
s iderable quantity of this ma te r i a l onshore into she l t e red wa te r s with r e -
sultant discolourat ion of beaches . 

6. 3 Recommendations 
Ocean disposal cannot be recommended at this t ime and the cost 

of a complete investigation is such that it is unlikely to be w a r r a n t e d un-
less substant ial cost savings a re envisaged. 
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7. Wave Over topping of B r e a k w a t e r s 

7. 0 Int roduct ion 

A mode l s tudy into the wave overtopping of rubble mound b r e a k -
w a t e r s was ini t ia ted when h a r b o u r s at Rocky Point w e r e being con-
s i d e r e d . The g e n e r a l pro tec t ion r e qu i r e d was against 7 second 10 
foot waves genera ted by S. E . t r a d e winds. A brealcwater would, 
however , be exposed to waves f r o m the occas iona l cyc lones , with s i g -
nif icant wave heights and per iods up to an e s t ima ted m a x i m u m of 20 f t . 
and 14 seconds r e spec t ive ly . It became apparent that a non over topped 
b r e a k w a t e r fo r these condit ions would be much m o r e expensive than one 
des igned fo r pro tec t ion against waves genera ted only by t r a d e winds. 
This led to a s tudy of the poss ib i l i ty of accept ing waves within the 
h a r b o u r produced by b r e a k w a t e r overtopping. It was a s sumed that 
sh ips would leave the h a r b o u r dur ing cyclones and that any work at the 
wha rves would be suspended. The in te r rup t ion caused by such an op-
e r a t i n g pr inc ip le would be sl ight; a few days once or twice pe r y e a r . 
The only r ema in ing quest ion was the design of wharf s t r u c t u r e s against 
waves occu r r i ng in the ha rbou r dur ing cyclones . This r equ i r ed a 
knowledge of the height of waves genera ted in the lee of the b r e a k w a t e r . 

7. 1 L i t e r a t u r e Review 

A s e a r c h of the l i t e r a t u r e did not uncover any work applicable to 
the p rob lem. Wave run up has been studied by Saville (1956) and 
Savage (1959). Wave overtopping has been studied by Saville and 
Caldwel l (1955) and Sibul (1955) but h e r e the inves t iga tors were in-
t e r e s t e d only in the volume of wa te r overtopping, and on s lopes con-
s i d e r a b l y d i f f e ren t f r o m those which would exis t at Gove. A rev iew 
a r t i c l e de sc r ibed a comprehens ive set of expe r imen t s planned to 
r e m e d y th is lack of in format ion but this was not c a r r i e d out. Con-
sequent ly the data r equ i r ed have been obtained by model t e s t s 
d e s c r i b e d in the next sec t ion of th is r e p o r t . 

7. 2 The Model 

7. 21 B r e a k w a t e r Section 

As the t es t ing was done during the feas ib i l i ty s tudy a p r e l i m i n a r y 
des ign only was avai lable of the b r e a k w a t e r sect ion. Di scuss ion b e -
tween Nabalco Pty. Ltd. , Rankine and Hill , Consult ing E n g i n e e r s , and 
the W a t e r R e s e a r c h L a b o r a t o r y r e su l t ed in ag reemen t being r eached 
on the sec t ion shown in F i g u r e 37. This cons i s ted of a b r e a k w a t e r 
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founded at R L . -48' where the ocean bed slopes at approximately 1 to 80 

offshore. The crest level was at R L . + 30'. A top width of 30 feet and 

side slopes of 1 in li were adopted. It was estimated that armour equiv-

alent to approximately 40 ton blocks (Wiegel 196 4, p. 295) would be 

needed on the breakwater face. 

7. 22 Test Facilities 

The equipment available for the test program consisted of a 120 

feet long tilting wave flume with a 2 foot square cross section. A 

model scale ratio of 1:80 was chosen. Figure 38 shows the arrange-

ment used for the tests. A Ransford type wave generator at one end of 

the flume was capable of generating waves over a range of periods and 

wave heights. The first 20 feet of flume was set level. This was 

followed by 40 feet sloping upward at 1 in 80 and containing, at its 

upper end, the model breakwater section. The following 60 feet was a 

level section equipped with a gravel spending beach for dissipating the 

waves generated in the lee of the breakwater. 

The model section was built up of timber framed plywood, which 

was covered with gravel to simulate the armouring. At a scale of 

1:80, 40 ton blocks are represented by 1-1/4 inch cubes. The material 

used in the model was hand selected gravel with a typical dimension of 

li inches. This slightly larger size was chosen since the stones, when 

placed on the breakwater face, aligned themselves with their smallest 

dimension normal to the slope. Since the investigation was not aimed at 

determining breakwater stability the rocks were held in place by a layer 

of chicken wire attached at intervals to the plywood. A series of 1 / 4 " 

diameter holes was drilled near the base of both the seaward and 

shoreward faces of the breakwater. These allowed water level equal-

isation when significant overtopping occurred, whilst at the same time 

completely eliminating the transfer of pressure fluctuations through to 

the harbour side of the model. 

7. 3 Scaling Laws 

As surface gravity waves are involved, the model must be 

geometrically similar to the prototype and obey the Froude law of 

dynamic similarity. The first of these was satisfied in the model 

construction and the second requires that the time scale be the square 

root of the linear scale, that is 

^ R = ^ R ' 
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The m o d e l s c a l e s a r e then 

1:80 
1:9 

F o r s i m i l a r i t y it is a l so n e c e s s a r y that the volume and ve loc i ty 
of the por t ion of the wave impinging on the h a r b o u r s i d e w a t e r s u r f a c e 
be in F r o u d i a n c o r r e s p o n d e n c e . This condit ion wil l be s a t i s f i e d if the 
e n e r g y los s coef f ic ien t through the a r m o u r cove r is the s a m e in mode l 
and pro to type . F o r the wave per iod and heights adopted fo r t he se 
t e s t s , the e n e r g y l o s s e s in the rock i n t e r s t i c e s wil l be p r edominan t ly f o r m 
l o s s e s r a t h e r than s u r f a c e f r i c t i o n l o s s e s , and s ince the i n t e r s t i c i a l 
Reynolds n u m b e r of the mode l wil l be of the o r d e r of 10"^, t h e r e is j u s t -
i f i ca t ion in a s s u m i n g tha t g e o m e t r i c s i m i l a r i t y wil l p roduce equal head 
los s coe f f i c i en t s . It is i n t e r e s t i ng in th i s connect ion to note the r e -
q u i r e m e n t given by Le Mehaute (1957-8) fo r s i m i l a r i t y in the s tudy of 
the p e r m e a b i l i t y of r abb le mound b r e a k w a t e r s . He s t a t e s tha t , p r o -
vided the o s c i l l a t o r y d i s p l a c e m e n t s of wa t e r a r e g r e a t e r than the 
a v e r a g e length of a r m o u r b locks and the flow is tu rbu len t , then a 
g e o m e t r i c a l sca l ing of block s i ze wil l r e p r o d u c e p e r m e a b i l i t y 
c h a r a c t e r i s t i c s . 

Ins ide the a r m o u r l a y e r the r o c k s i ze is expected to d e c r e a s e 
qu i te r ap id ly to r e l a t i v e i m p e r m e a b i l i t y . It was on th is a s sumpt ion 
that the c o r e of the mode l b r e a k w a t e r was made i m p e r m e a b l e . 

7. 4 Model T e s t s 
7. 41 Range of Condit ions Tes t ed 
Wave P e r i o d . The e x t r e m e cyclone waves at Gove have a 

pe r iod of 12 to 14 seconds . A mode l per iod of 1. 45 s ec . c o r r e s p o n d -
ing to a pro to type per iod of 13 seconds was chosen fo r al l the t e s t s . 

Wave Height . With the per iod f ixed, the wave height was v a r i e d 
f r o m one which jus t c a u s e s overtopping to the m a x i m u m that could be 
achieved with the t e s t equipment . 

St i l l W a t e r Level . The s t i l l wa te r level dur ing a cyclone wil l 
be the s u m of the t ide and s u r g e he ights . It was thought advisable 
to t e s t fo r t h r e e va lues of s t i l l wa te r level , RL. 18. 0, RL. 13. 4 and 
RL. 6. 0 fee t . The tabula t ion below shows the wa t e r level fo r each 
t e s t s e r i e s and a l so the f r e e b o a r d which is s imp ly the d i f f e r e n c e 
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between c res t level at RL. SOacdthe s t i l l water level (S. W. L. ) 

Table 10 

Still Water Levels and Freeboards for Model Tes t s 

S. W. L. ( f t , ) F r eeboa rd ( f t . ) 

Test Series A R L + 18 12 
It 11 B RL + 13. 4 16. 6 
tj. ti C R L + 6 24 

1. 42 Testing Teciiniqiies) • 

If the measurements were made af te r the wave paddle had been 
operating for some considerable t ime, the wave pat tern offshore f r o m 
the breakwater would be composed of a number of waves, differ ing in 
height and phase angle, which had been generated by repeated ref lec t ion 
f rom the breakwater and the wave paddle. To avoid e r r o r s f r o m this 
cause, readings of wave height were made at stat ions A and B (Figure 38) 
af ter wave conditions had fully developed but before in te r fe rence f r o m 
reflect ion occurred. Ocean wave heights were measured by marking 
on the flume glass the average of the positions of the c r e s t s and the 
average of the positions of the troughs during the period before in t e r -
ference by wave ref lect ion occurred. As there was very little 
variation in wave height this technique was adequate. On the lee side 
of the breakwater conditions were a little more complex as the waves 
tended to be more i r r egu la r in height and period. The l a rge r waves 
were easy enough as they were reasonably regular and of consis tent wave 
height. The smal le r waves were more i r r egu la r and were recorded by 
t h e i r average period and an approximation of thei r significant wave 
height. With such a short run of waves available for measu remen t the 
est imated significant wave height was only about 10 pc. - 20 pc. less 
than the maximum wave height. 

7. 5 Test Results 

As stated ea r l i e r all tes ts were with an ocean wave period of 
1. 45 seconds corresponding to a prototype wave period of 13 seconds. 

For each condition of mean sur face level tes ted the re was a 
wave height which just failed to produce overtopping. Beyond this 
harbour wave height increased at a ra te of about one thi rd the r a t e of 
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i n c r e a s e of the ocean wave height. At f i r s t the overtopping wave 
caused a s m a l l volume of water to impinge on the ha rbour s ide wa te r 
s u r f a c e e v e r y 1. 45 seconds (13 second prototype). The durat ion of 
this flow was ve ry shor t (about l / 3 sec . ) and waves were impuls ively 
genera ted with per iods of about i second (4^ seconds prototype). As the 
ocean wave height i nc r ea sed , so the durat ion of overflow and con-
sequent ly the per iod of the ha rbour s ide wave inc reased unti l it r eached 
a value of 1. 45 seconds (13 seconds prorotype) . 

At s m a l l values of ocean wave height, the run -up on the seaward 
face was re l a t ive ly t ranqui l , but with i n c r e a s i n g wave height this g r a d -
ual ly changed to an act ion where the waves brokeythe rock face , in-
i t iat ing a turbulent jet run up. 

The data obtained f r o m t e s t s a re l is ted in Table 11 and a r e plotted 
-in F i g u r e 39. Values a r e in t e r m s of prototype equivalents and have 
been obtained by multiplying the model r e su l t s by the re levant sca le 
f a c t o r s . 

Table 11. 
T ransmi t t ed Wave Heights 

Still Water 
Level 

( f t . ) 
Ocean Wave 

Height 
( f t . ) 

Harbour Wave 
Height 
( f t . ) 

Harbour Wave 
P e r i o d 
( s e c . ) 

+ 18 10 0+ 5? 
+ 18 22 3 7 
+ 18 28 7 13 
+ 18 31 6 13 
+ 18 40 10 13 

H i 0 -

'.+ 13 M 23 3 7 
+ 13. 4 33 6 8 
+ 13. 4 45 11 11 
+ 6 22 1 4? 
+ 6 32 5 7 
+ 6 38 7 9 , 
+ 6 42 7 12 
Note: Ocean wave period = 13 seconds for al l t e s t s 
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For the tests with S. W. L. at RL. + 6 a limit of wave height in 
the harbour was reached when the incident wave commenced to break 
offshore. An increase in the ocean wave height produced no additional 
increase in wave height in the lee of the breakwater as indicated by the 
horizontal line on Figure 39. This resulted from portion of the ocean 
wave energy being dissipated by breaking further offshore. 

8. Rocky Bay Wave Model 

8. 0 Introduction 

Feasibility studies of the mining and shipping operations at Gove 
required an evaluation of the cost of a harbour in the Rocky Bay / Rocky 
Point area. For this evaluation an estimate was required of break-
water lengths to give protection against trade wind and cyclone waves. 

To have results available, in time to be of use in the feasibility 
study, model construction and testing had to proceed without any in-
terruption due to inclement weather. This necessitated having the 
model indoors. The area represented by the model extended from 
north of Miles Island to a distance south of Rocky Bay to cover the 
possible needs of all the tests required. The area covered is shown 
in Figure 40. 

To shorten the time for model construction the model size was 
kept to a minimum and a combination of a time factor and the available 
indoor space resulted in the choice of a horizontal scale of 1:750. 

8. 1 Model Design 

8. 10 Scales of Length 

Beginning with a horizontal scale of 1:750, there was a choice of 
either building an undistorted model or of distorting the vertical scale. 
Theoretically, models required to reproduce both refraction and diff-
raction effects should be undistorted. The generally shallow water 
depths associated with no scale distortion increase the relative mag-
nitude of viscous damping in the model. In the prototype it is in-
significant. Also, the accuracy of vertical profile required for a 
vertical model scale of 1:750 necessitates such careful modelling that 
the advantage of speed would be lost. A satisfactory compromise was 
to distort the vertical scale and a vertical scale of 1:400 was chosen 
for the model. 
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8. 11 Time Scale 

8. 110 Introduction 

For a Froudian model the velocity scale, from which the time 
scale is derived, is equal to the square root of the representative 
length scale. Whether the vertical or horizontal scale is taken in 
fixing the time scale of a distorted model depends upon the predominant 
wave characteristics in the model as discussed below, 

8 .111 Wave Refraction 

If wave refraction were the only phenomenon of primary import-
ance precise results could be obtained from a slightly distorted model. 
In this case the relevant length scale is the vertical scale of the model 
or 1:400. 

On the basis of P^roudian model relationships the corresponding 
time scale is 1:20. 

8. 112 Wave Diffraction 

Wave diffraction, on the other hand, is dependent on the local wave 
length which is itself dependent on local water depth, and therefore can -
not be reproduced exactly in a distorted model except in regions of 
constant depth. To obtain correct diffraction patterns the wave length 
scale should equal the horizontal scale (1:750) of the model. If deep 
water conditions are considered the corresponding time scale is 1:27. 5. 

As a wave moves into shallow water the ratio between wave 
length in the model and prototype varies from the horizontal scale and 
an error is introduced. This^error is proportional to the ratio of the 
value of the term (tanh 2 l d _ ) 2 

in the model and the prototype. For 
example, water depths in^he proposed harbour and near the jetty were 
6 4 feet whilst the wave period under trade wind weather is estimated at 
7 seconds. With these conditions and a model operated at a time 
scale of 1:27. 5 the error in wave length at the jetty is 11 per cent. 

8. 113 Wave Reflection 

Wave reflections from the edge of the dredged area could affect 
wave heights in the harbour, as also could reflections from the jetty 
itself or the steeply sloping shoreline behind it. In models,where dif-
fraction dominates, reproduction of the correct wave front pattern 
caused by reflections, requires that the wave length scale be the 
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s a m e as the h o r i z o n t a l s ca l e of the m o d e l . T h i s r e q u i r e s a t i m e 
s c a l e of 1:27. 5 based on the h o r i z o n t a l s c a l e of the m o d e l . H o w e v e r , 
whe re r e f r a c t i o n a p p r e c i a b l y a f f ec t s the d i r e c t i o n of wave a p p r o a c h t o 
the r e f l e c t i n g s u r f a c e , s ign i f i can t e r r o r m a y be i n t r o d u c e d . 

8. 114 T i m e Scale Adopted 
T ime s c a l e s a r e se t by a s i m p l e a d j u s t m e n t of the m o d e l wave 

gene ra t i ng m e c h a n i s m . 
The mode l was r u n at t i m e s c a l e s b a s e d on both the h o r i z o n t a l 

and v e r t i c a l s c a l e s of the mode l . T h e s e c l e a r l y ind ica ted tha t d i f f -
r a c t i o n e f f e c t s p r e d o m i n a t e d in the m o d e l f o r a l l wave cond i t ions and 
r e s u l t s given in th is r e p o r t a r e b a s e d on a t i m e s c a l e of 1:27. 5. 

8. 2 Model Cons t ruc t ion and I n s t r u m e n t a t i o n 
8. 21 Cons t ruc t i on 

The mode l was c o n s t r u c t e d of a low s t r e n g t h sand m o r t a r b a s e 
and was topped with a i inch l a y e r of 3:1 m o r t a r . S u r v e y i n f o r m a t i o n 
was obtained f r o m c h a r t s suppl ied by Naba lco P ty . Ltd . T h e s e i n -
cluded hyd rog raph i e s u r v e y s by Nau t i ca l S e r v i c e s and A u s t r a l i a n 
Hydrograph ie S e r v i c e s . F o r e s h o r e de t a i l s w e r e obta ined f r o m a 
land s u r v e y by A d a s t r a . P l a n s of the s e v e r a l s c h e m e s w e r e supp l i ed 
by Rankine and Hi l l / Coode and P a r t n e r s . The g e n e r a l o f f s h o r e a r e a 
was r e p r o d u c e d on t e m p l a t e s at 3 f t . c e n t r e s . C l o s e r s p a c i n g s w e r e 
u sed f o r the h a r b o u r and channe l a r e a s . W h e r e s u r v e y i n f o r m a t i o n 
was lacking, as in the a r e a behind Mi les I s land , r e c o u r s e w a s had to 
g e n e r a l d e s c r i p t i v e i n f o r m a t i o n ava i l ab le on A d m i r a l t y c h a r t s and 
m i l i t a r y m a p s of the a r e a . 

8. 22 I n s t r u m e n t a t i o n 
Wave g e n e r a t i o n was by a hinged paddle at the s e a w a r d l im i t of 

the mode l . The paddle was d r i v e n by a v a r i a b l e s p e e d d r i v e with a 
v a r i a b l e th row c r a n k . 

B e c a u s e of the s m a l l s c a l e of the m o d e l , m a n u a l wave he igh t 
m e a s u r e m e n t was d e e m e d i m p r a c t i c a b l e . A c a p a c i t a n c e w i r e wave 
p robe was employed in conjunc t ion with an u l t r a v i o l e t r e c o r d e r . 
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8. 3 Test Procedures 

The model was equipped with a set of level rails which enabled the 
wave gauge to be used over most of the area covered by the model. The 
ocean wave height was measured several wave lengths in front of the 
paddle. Wave heights at the jetty were measured at nine equally spaced 
points on a line 90 ft. in front of the jetty face. The position of these 
points is shown in Figures 40 and 41 and they are recorded in the re-
sults as Jl, J2 etc. Additional measurements were taken at points of 
interest within the harbour. 

The wave gauge was calibrated in a static test and the calibration 
obtained was used to set the ocean wave height. After some time it 
was noticed that the calibration drifted slightly during a test. This was 
eliminated by taking check measurements of the ocean wave heights at 
several times during each test and using the ratio between the recorded 
jetty wave height and the average of the recorded ocean wave heights to 
obtain the correct wave height at the jetty. 

8. 4 Schemes Tested 

Early in the program, advice was received from clients that 
testing would be limited to the Rocky Bay area. For this area there 
were two basic schemes. The first shown in Figure 40 involved a s 
breakwater extending from Rocky Point;in a northerly direction in con-
junction with a dredged basin and a narrowing dredged channel. The 
second scheme (Figure 41) used a breakwater extending in a more north 
westerly direction, a basin of similar size to the first scheme and a 
channel which was uniformly narrow over its entire length. The 
scheme was initiated after receiving advice from Captain Nickolls 
of the Maritime Services Board, N. S. W. on the navigation requirements 
for the harbour. 

8. 41 Range of Tests 

The wave conditions used in testing these schemes were 

(a) A wave of 7 seconds period and 10 feet wave height from the east. 
This was the extreme wave condition to be expected during the trade 
wind season and was used to evaluate the ability of the port to continue 
operations under such conditions. 
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(b) A 12 second 20 ft, wave f r o m approx ima te ly Nor th E a s t . This 
is the s ignif icant wave height which would ex i s t dur ing a "Douglas 
Mawson" type cyclone which has an e s t i m a t e d o c c u r r e n c e f r e q u e n c y 
of once in 50 y e a r s . The f r equency of o c c u r r e n c e of th i s cyclone f r o m 
the pa r t i cu la r d i rec t ion chosen would of c o u r s e be l e s s than th i s . 
Je t ty s t r u c t u r e would be r e q u i r e d to withstand wave act ion dur ing such 
a cyclone although shipping would have lef t the por t f o r t h e open s ea . 

All these waves , while run as s t eady wave t r a i n s , c o r r e s p o n d to 
s ignif icant wave heights of s t a t i s t i ca l ly vary ing wave heights in a 
prototype wave t r a in . The r e s u l t s obtained a r e s ign i f ican t wave he ights 
for the points within the h a r b o u r . 

8. 5 F i r s t Scheme (F igu re 40) 
8. 51 T rade Wind Conditions 
When t es ted with t r a d e wind waves and with no b r e a k w a t e r con -

s t ruc ted this scheme yielded the r e s u l t s shown in Table 12. 
Table 12 

Wave Heights ( f t . ) at Wharf due to T r a d e Wind Waves 
Model T ime Scale 1:27. 5 

Pos i t ion J1 J2 J3 J 4 J5 J6 J7 J8 J9 
Tes t 52 1 1 1 1 1 2 1 2 1 2 1 2 1 

The wave heights in the approach channel v a r i e d f r o m 8 i f t . in 
the exposed a r e a s to 4^ f t , in the c e n t r e of the bas in . 

F r o m this it is seen that even with no b r e a k w a t e r p ro tec t ion , 
the wave heights at the wharf a r e cons i s t en t ly l e s s than 2 fee t f o r 
the mos t s e v e r e t r ade wind condi t ions. 

8. 52 Cyclone Conditions 
The tes t ing cons is ted of extending the b r e a k w a t e r in i n c r e m e n t s 

of 600 f t . up to the apparent economic l imi t of length. The r e s u l t s 
fo r the t e s t s a r e given in Table 13. 
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Tab l e 13. 

Wave He igh t s at Wharf f o r Cyc lone Wave (12 s e c . 20 f t . ) 
Wave He igh t s in F e e t . D i f f r a c t i o n T i m e Sca le T e s t 1:27. 5 

B r e a k w a t e r 
Length ( f t . ) 0 550 1100 1630 2285 2900 3500 
T e s t No. 114 113 112 111 110 109 108 

J 1 18 14 18 15 17 10 8 
J 2 19 19 17 15 17 15 13 
J 3 22 18 15 15 16 10 12 
J 4 20 19 12 16 15 9 10 
J 5 15 14 12 9 6 13 11 
J6 20 12 12 9 8 - 12 
J7 15 22 18 16 13 16 13 
J 8 12 11 16 13 14 14 11 
J9 8 9 8 7 10 15 -

Avg. 
Max. 

16 
22 

16 
22 

14 
18 

13 
16 

13 
17 

13 
16 

12 
13 

O b s e r v a t i o n of the m o d e l showed tha t excep t f o r the s h o a l a r e a n e a r 
Mi l e s I s l and , the e f f e c t of wave r e f r a c t i o n was neg l ig ib le . Thè wave 
p a t t e r n s in the channe l show t y p i c a l wave d i f f r a c t i o n p r o p e r t i e s combined 
with what a p p e a r s to be s o m e r e f l e c t i o n f r o m the channe l bounda ry . In 
the j e t t y a r e a t h e r e was r e f l e c t i o n f r o m the f r o n t f a c e of the j e t ty which 
w a s m o d e l l e d as a so l id s t r u c t u r e . If the j e t ty is bui l t as an open 
s t r u c t u r e it i s h ighly l ike ly tha t r e f l e c t i o n s wi l l s t i l l ex i s t f r o m the 
s t e e p l y s lop ing s h o r e l i n e behind the j e t ty s t r u c t u r e to give an e f f e c t i v e 
wave he igh t of t he s a m e o r d e r as tha t m e a s u r e d . 

To s u m m a r i s e the r e s u l t s of t h e s e t e s t s , it c a n be s a id tha t b e -
c a u s e of the s m a l l angle which the b r e a k w a t e r m a k e s to the d i r e c t i o n of 
wave a t t a ck , i t s e f f e c t i v e n e s s i s s m a l l . Waves w e r e o b s e r v e d to 
fo l low the b r e a k w a t e r a l i gnmen t and t h e r e was e f f e c t i v e l y no c a l m a r e a . 

8. 6 Second S c h e m e 
A f t e r c o n f e r r i n g with Cap ta in Nickol l s the m o d e l was changed to 

the c o n f i g u r a t i o n shown in F i g u r e 41. Th i s s c h e m e m a k e s b e t t e r u s e 
of the b r e a k w a t e r f o r p r o t e c t i o n f r o m cyc lone w a v e s . T h e r e w e r e 
two v a r i a t i o n s of th i s s c h e m e . The f i r s t employed a bent b r e a k w a t e r 
shown as pos i t i on (i) in F i g u r e 41. The second u s e d a s h o r t e r s t r a i g h t 
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b reakwa te r shown as posit ion(i iJ , the second posi t ion showing a s l ight 
advantage over the f i r s t . The r e s u l t s of th is conf igura t ion a r e shown 
below. 

8. 61 T r a d e Wind Conditions 
The model was t es ted as b e f o r e fo r t r a d e wind waves f r o m the 

E a s t . The r e s u l t s for the d i f f r ac t ion t i m e s ca l e t e s t s a r e l i s t ed 
below. 

Table 14 
Wave Heights at Wharf for T r a d e Wind Waves (.7 s e c . 10 f t . ) 
Wave Heights in fee t . Model T ime Scale 1:27. 5. 

Posi t ion J1 J2 J3 J 4 J5 J6 J7 J8 J9 
(Tes ts Nos. 
205/207) 0 0 0 0 0 0 0 0 0 

The wave height in the approach channel jus t outs ide the b r e a k -
water was 7 feet and opposite the end of the b r e a k w a t e r was 5 f ee t . 
Wave heights f u r t h e r out along the channel we re app rox ima te ly 10 fee t . 
No f u r t h e r comment is needed on the p ro tec t ion a f forded by th is s c h e m e . 

8 .62 Cyclone Conditions 
Model t e s t s fo r cyclone waves gave the following r e s u l t s 

Table 15 
Wave Heights at Wharf fo r Cyclone Waves (12 s ec . 20 f t . ) 

Posi t ion J1 J2 J3 J 4 J5 J6 J7 J8 J9 
(Tes ts 
Nos. 229/ 

230 
12 10 7 7 4 i 4 i 2 3 i 3 

The r e s u l t s show that waves up to 12 fee t high, due p a r t l y to r e -
f lect ion and par t ly to d i f f rac t ion , wil l r e a c h the landward end of the 
wharf . More than half of the wharf e x p e r i e n c e s waves of l e s s t han 
5 fee t . It should be poss ib le by r ea l ignmen t of the wharf or the 
boundar ies of the dredged a r e a , to r educe the e x t r e m e va lues of wave 
height to l e ss than 10 fee t . 
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8. 63 W a v e s of E x t r e m e Height 
T o s t u d y the e f f e c t of e x t r e m e w a v e s , an a t t e m p t w a s m a d e to 

o p e r a t e the m o d e l wi th w a v e s of a p p r o x i m a t e l y 40 f ee t wave he igh t . 
It w a s found tha t the m o d e l w a v e s when g e n e r a t e d to the d i f f r a c t i o n 
s c a l e c o m m e n c e d b r e a k i n g at the paddle and cont inued to b r e a k as t hey 
m o v e d i n s h o r e . A . t h e o r e t i c a l check showed tha t the m o d e l w a v e s w e r e 
b r e a k i n g e a r l i e r than the n a t u r a l w a v e s . A f u r t h e r check obta ined by 
r e f e r e n c e to the r e s u l t s of the wave over topp ing m o d e l showed that 
w a v e s of 38 f t . could ex i s t without b r e a k i n g in the dep ths of w a t e r o f f -
s h o r e . To d e c r e a s e the wave s t e e p n e s s the m o d e l was then o p e r a t e d 
at the r e f r a c t i o n t i m e s c a l e . The wave b r e a k was then inhib i ted un t i l 
s h a l l o w e r w a t e r was r e a c h e d but a p p r e c i a b l e b r e a k i n g s t i l l e x i s t e d in 
a r e a s w h e r e , t h e o r e t i c a l l y , t h e r e should have b e e n no b r e a k i n g . At 
t h i s s t a g e , it was dec ided tha t the o p e r a t i o n a l l i m i t s of the m o d e l had 
b e e n e x c e e d e d . 

It should be pointed out h e r e tha t if the 40 f t . wave is c o n s i d e r e d 
as the e x t r e m e wave he ight o c c u r r i n g in a wave t r a i n of s ign i f i can t 
wave he ight 20 f t . t hen the r e s u l t s f o r e x t r e m e wave he igh ts wi thin the 
h a r b o u r would a l s o be obta ined by doubling the s ign i f i can t wave he igh t s 
ob ta ined . T h e r e m a y be a s l igh t r e d u c t i o n of th i s va lue due to high 
w a v e s b r e a k i n g o f f s h o r e , but it should be r e m e m b e r e d tha t e x t r e m e 
wave he igh t s a r e the r e s u l t of the addi t ion of a r a n g e of waves of 
d i f f e r i n g e f f e c t i v e p e r i o d s . The e x t r e m e wave should not be c o n -
s i d e r e d as a s ing le g r a v i t y wave which m o v e s in f r o m the sea'. Such 
an e x t r e m e wave would ex i s t f o r only a few wave lengths at any one 
t i m e , and r e s u l t s r f r o m the addi t ions of r a n d o m quan t i t i e s . E a c h 
point in a s e a wi l l e x p e r i e n c e a m a x i m u m (or e x t r e m e ) wave he ight at 
s o m e t i m e du r ing the d e s i g n s t o r m . Th i s a l s o app l ies to points wi th in 
a h a r b o u r . The t i m e of t h e s e o c c u r r e n c e s wi l l be r a n d o m l y d i s t r i b u t e d 
o v e r the a r e a be ing c o n s i d e r e d . 

8 .7 B r e a k w a t e r Ove r topp ing 
Mode l t e s t s d e s c r i b e d in Sec t ion 6. 5 ind ica te tha t a 20 f t . wave 

ove r topp ing a b r e a k w a t e r whose c r e s t he ight i s at R L . + 30 wi l l c a u s e 
a wave he ight of 2 j f ee t in the w a t e r on the lee of the b r e a k w a t e r , when 
the s t i l l w a t e r l eve l is at RL. + 16. 

F o r an angled wave a t t ack th i s va lue could be r e d u c e d b e c a u s e of 
the added e n e r g y d i s s i p a t i o n pe r unit of wave f r o n t . The b r e a k w a t e r of 
the f i r s t r ¿cher i ie ^ is inc l ined at an angle of at l e a s t 45° to the wave 
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fronts. In addition to this effect the overtopped waves would diffract 

inside the harbour. For these reasons the increase in wave height 

due to overtopping would be no more than 1 foot. 

The second scheme would give results more comparable with 

the flume tests. There would be a slight reduction in height by 

diffraction in the harbour which would yield a maximum wave height 

of say 2 feet within the harbour. 

8. 8 Conclusions 

All of the schemes tested provided excellent protection at the 

wharf during trade wind waves. Under trade wind conditions a re-

duction of 50 pc. in wave height occurs immediately inside the break-

water, 

The first scheme gave only moderate protection to the wharf 

under cyclone wave conditions. Significant wave heights of 12 feet 

were recorded for a 20 ft. significant ocean wave height. Final de-

sign modifications may enable this to be reduced to 10 ft. but the 

wharf structures must be regarded as only slightly protected by this 

scheme. 

The second scheme gave excellent protection and there should 

be no difficulty by design modifications in reducing the significant 

wave height at the wharf to less than 10 ft. As it is, along half the 

wharf, the wave heights are less than 5 feet. 
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Fig. 1: Locality Plan. 
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Fig. 2: Locations of Field Measurement Stations, 
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Fig. 4: Wave Refraction - Rocky Point -
7 sec. E. 
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Fig. 5: Wave Refraction Rocky Point -
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Fig. 6: Wave Refraction - Rocky Point 
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Fig. 7: Comparison of Hindcast and Recorded Waves 
Rocky Point, April 1965. 
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Fig. 8: Comparison of Hindcast and Recorded Waves -
Rocky Point, May 1965. 
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Rocky Point, June 1965. 
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Fig. 10: Comparison of Hindcast and Recorded 
Waves - Rocky Point, July 1965. 
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Fig. 15: Wave Refraction - Dundas 
Point 12 sec .N 15®E. 



12 s e c o n d w a v e s f r o m N o r t h 3 0 E ISOOiiMtrcs 
SCALE 
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Fig , 20: Gulf of C a r p e n t a r i a . 



Fig. 21: Storm Surge -
Groote Eylandt. 



Fig. 22: Storm Surge - Gove. 
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Fig. 24: Seiche across Melville Bay. 
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Fig. 29: Ebb Tide Field Data. 
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Fig. 30: Maximum Flood Tide Currents 
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R O C K Y P O I M T 

seii.: 
Oircct lea of g p p o r t M MM) <IRM 
i* ifcoini by arrow* near t h * 
eou t l l iM . I t » ( i r r om ta$ t of 
Ui lc* hkuid (ho« occoft cvrc i r t 
r*««rr«d to in char t Au*. 44. 

Fig. 32: Deduced Direction of Sand Drift. 



West 
Woody Is. I 

Mdlvilic ^ ^ 

Fig. 33: Beach Samples. 



West woody 
t». 

Oundäs 

Mclvill« Boy 

i nautical mile 

F IGURE 34: BEACH SAMPLES 

Mgd ian G r a i n Siz« (m.m.^ 
C E - E - ^ 



IS 

- lo 

V 9 W 
5 s 

640 SO. WT 

to 40 «O loo lao 
Ct»oinag« fro« ^k of ImkocH 

«OSOŜrs. 
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Fig . 37: Rubble Mound B r e a k w a t e r Sec t ion . 
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Fig. 38: Laboratory Wave Flume. 
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