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THE IMMEDIATE GROWTH OF SPINIFEX 

VEGETATION IN PUMPED-UP DUNES 

(1) INTRODUCTION 

I n 1974, the Gold Coast C i t y Council embarked upon a major program of 

beach replenishment f o r t h e i r l o c a l beaches, t h a t had s u f f e r e d consid­

erable erosion during the cyclone induced wave co n d i t i o n s of e a r l y 

1972 and e a r l y 1974. I n terms of the Beach Protection'Act 1968-1970 

of the State of Queensland, these beach nourishment p r o j e c t s were 

required t o comply w i t h a se r i e s of c r i t e r i a , as l a i d down by the 

State's Beach P r o t e c t i o n A u t h o r i t y T w o p a r t i c u l a r c r i t e r i a were 

nominated as par t of the beach replacement process. F i r s t l y , an 

a r t i f i c i a l dune of s u b s t a n t i a l proportions was required to be cons­

t r u c t e d at the rear of the beach, and secondly, t h a t once constructed, 

t h i s new dune was t o be immediately protected by the p l a n t i n g of 

Spi n i f e x grasses. This r e p o r t t h e r e f o r e records the C i t y Council's 

e f f o r t s to meet these requirements. 

(2) THE NOURISHMENT WORKS 

I n mid 1974, two major nourishment contracts were l e t by the Council. 

At K i r r a , 1 x lO^m^ was dredged from the Tweed River t o the K i r r a 

beaches, t o the North, 1.4 x lO^m^ was concur r e n t l y dredged from the 

Southport Broadwater t o Mainbeach and Surfers Paradise. I n both 

c o n t r a c t s , the i n i t i a l sand placement s t r i c t l y f o l l o wed the c r i t e r i a 

nominated by the B.P.A. As described by Smith (1977), the requirement 

to r i g i d l y place a given renourishment volume per u n i t l e n g t h , w h i l s t 

at the same time c o n s t r u c t i n g the " t h e o r e t i c a l " dune p r o f i l e , was 

found t o be o p e r a t i o n a l nonsense. I t was very r a p i d l y observed t h a t 

Nature was a much b e t t e r designer of nourishment works, than was the 

B.P.A. Nature, through her day to day v a r i a b i l i t y of the wave cl i m a t e 

i n t e r a c t i n g w i t h the applied sediment, soon demonstrated where the 

nourishment volumes had t o be placed, to gain a new beach of e f f e c t i v e 

even p r o f i l e . Council's engineers t h e r e f o r e re-adjusted the beach 

placement ( w h i l s t s t i l l m a i n t a i n i n g a near constant volume/unit 

l e n g t h d eposition) t o a t t a i n a p a r a l l e l beach, where the a c t i o n was — 

i . e . i n the s u r f zone. Then i f any volume happened to be l e f t - o v e r 
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from the s u r f zone, then and only then, was an a r t i f i c i a l dune 

b u i l t - u p . 

Thus, where i n i t i a l l y a f i n e l o o k i n g dune had been constructed a t the 

expense of a ragged beach, the a l t e r n a t i v e end r e s u l t was a f i n e 

l o o k i n g beach w i t h a ragged dune! Council's engineers had no doubt 

as t o which approach was p r e f e r a b l e . To be f a i r to Council, i t must 

be recorded t h a t when these a l t e r n a t i v e r e s u l t s were reported by 

phone to B.P.A., they e l i c i t e d an absolute zero r e a c t i o n . There was 

not only a lack of any guidance, but no r e a l response at a l l e i t h e r . 

Council t h e r e f o r e pressed on and completed the works on the even 

p a r a l l e l beach a l t e r n a t i v e . At the same time, as any a r t i f i c i a l dune 

areas became a v a i l a b l e , they were immediately planted w i t h S p i n i f e x 

seed to the B.P.A. requirements, but t o the Council's astonishment, 

p r a c t i c a l l y every crop f a i l e d . Many S p i n i f e x seeds germinated, but 

as soon as t h e i r shoots began to appear, they withered and died. 

Again, the B.P.A. n e i t h e r o f f e r e d any explanation as to why the crops 

were f a i l i n g , nor any advice as t o how the problem might be solved. 

The Council t h e r e f o r e mounted i t s own i n v e s t i g a t i o n aimed at determ­

i n i n g the reasons f o r the f a i l u r e s . 

(3) SPINIFEX GROWTH INVESTIGATION 

I n October 1974, Council set up a se r i e s of t r i a l p l a n t i n g s i n a 

pumped-up dune at Mainbeach and at the same time, staked-out e q u i v a l ­

ent areas of a n a t u r a l dune on the S p i t . The growth of runners and 

seeds planted on the pumped dune was then compared w i t h the n a t u r a l . 

Sand temperatures, organics, moisture content, pH value and s a l t 

content, were also measured on the two t r i a l areas. I n i t i a l l y e x t r a 

t r i a l s were made i n the pumped dune t o a c c e l l e r a t e the S p i n i f e x by 

e x t r a mulching and f e r t i l i s e r a p p l i c a t i o n s . I n a d d i t i o n some p l o t s 

were also i r r i g a t e d w i t h f r e s h water f o r the same reason, but these 

were soon terminated when the r e a l reasons f o r crop f a i l u r e became 

more obvious. 

I n the pumped t e s t p l o t s , the number of S p i n i f e x shoots per u n i t area 

were counted per week and root growth was also assessed by excavating 

u n i t areas of the p l o t s at the same time. Even at the very commence­

ment of the comparative t r i a l s , one of the most ominous d i s c o v e r i e s 

was made du r i n g the simple p l a n t i n g o p e r a t i o n . The pumped-up dune 
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sand was very much more compact and dense, than the n a t u r a l dune. 

This n a t u r a l l y followed from the method of placement. A pumped dune 

sand, placed completely saturated, was at maximum density, whereas 

the blown dune sand was at minimum de n s i t y — anybody who has climbed 

any n a t u r a l dune, can n o t i c e t h i s d i f f e r e n c e immediately. The r e s i s ­

tance to r o o t growth w i t h i n a sand body, i s p r o p o r t i o n a l to i t s 

density — but i t s water p e r c u l a t i o n and s a l t leaching p r o p e r t i e s are 

i n v e r s l y p r o p o r t i o n a l to i t s d e n s i t y . Density however, makes l i t t l e 

d i f f e r e n c e t o the near-surface s o i l temperature, a l l sand deposits 

are heat-sinks, but a higher a i r content reduces n i g h t - t i m e heat 

r e - r a d i a t i o n . 

(A) RESULTS 

I n h i n d - s i g h t , a great deal of work was expended on t h i s study t h a t 

was i n - e f f e c t u a l and w a s t e f u l . However, a t the time the c r u c i a l 

parameters t h a t i n h i b i t e d pumped dune S p i n i f e x growth, were q u i t e 

unknown. The f i r s t c o n s i d e r a t i o n was to examine the d i f f e r e n c e s 

between the pumped sand and the n a t u r a l dune. A standard B.S. sieve 

t r a i n a n a l y s i s demonstrated t h a t the pumped sand D̂ ^ was o.SOmm 

compared w i t h the n a t u r a l dune D̂ ^ o f 0.21mm. A l l t h a t t h i s i n d i c a t e d 

was t h a t the n a t u r a l dune sand was very much " f i n e r " , but t h i s was 

only t o be expected. Wind blown dune sand i s nearly always dominated 

by the smaller grains winnowed from the parent beach-sand p o p u l a t i o n . 

Nothing s i g n i f i c a n t could be detected from t h i s data. 

The next t o p i c examined, was the r e s u l t s o f n a t u r a l r a i n - f a l l . Here 

i t was found t h a t on the pumped dune,9nim of r a i n i n A hours only 

penetrated 12mm below the sand surface and 42.Amm of r a i n i n the day 

only penetrated 90mm. The same day's r a i n on the n a t u r a l dune pene­

t r a t e d some 200mm and since i t was measured t h a t S p i n i f e x r o o t s pros­

pered only between 100 and 150mm below the surface i n the n a t u r a l 

dune, t h i s seemed to represent an important growth parameter. The 

n a t u r a l dunes, w i t h t h e i r sand i n a loose packing, held a s u i t a b l e 

p e r m e a b i l i t y to r a i n f a l l , to allow adequate r a i n moisture to reach 

the S p i n i f e x r o o t l e v e l . The pumped sand on the other hand, d i d n o t . 

A s e r i e s of i r r i g a t i o n t e s t s on the pumped dune p l o t s , was then 

mounted. An array of d i f f e r e n t a g r i c u l t u r a l a e r i a l r o t a t i n g spray 

devices were then employed. The e f f i c i e n c y of these spray d i s t r i b -
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utors was found to be remarkably low, the most e f f i c i e n t only d e l i v ­

ered 45% of i t s metered in p u t water onto the a c t u a l sand surface. 

The r e s t of the f r e s h water evaporated before the residue landed on 

the surface. I t was found t h a t a n e t t surface a p p l i c a t i o n r a t e ( i n 

one operation) of 150gal/m^ was required to penetrate the pumped sand 

to 150mm depth to S p i n i f e x r o o t l e v e l and leach out the NaCl t o 

acceptable S p i n i f e x growth tolerance l e v e l s . A r t i f i c i a l i r r i g a t i o n 

of the pumped dune sands was c l e a r l y un-economic. This i r r i g a t i o n 

dosage i t may be noted, represented the equivalent of an e n t i r e years 

n a t u r a l r a i n f a l l f o r Southport, i . e . 800 to 1000mm. 

I n t h i s , the reason f o r the f a i l u r e of a l l the mulching and "booster" 

f e r t i l i s i n g treatments on the pumped sand t r i a l p l o t s became obvious. 

Without s u f f i c i e n t sand p e r m e a b i l i t y i n the pumped m a t e r i a l , there 

was inadequate n a t u r a l moisture at ro o t l e v e l t o leach-out excess 

s a l t , induce r o o t growth, and a c t i v a t e the p e l l e t f e r t i l i s e r . 

The f i n a l research conclusion was t h a t the c r u c i a l S p i n i f e x growth 

i n h i b i t o r was the s a l t content of the sand. The basic comparisons 

between the pumped sand t r i a l p l o t s and the equivalent areas of the 

n a t u r a l dune where the S p i n i f e x growth was sparse and where i t was 

good, i s set out i n Table I . The s a l t content of the sand i s 

expressed i n parts/thousand of s o l i d NaCl over the d r i e d weight of 

sand. I n t h i s , the pumped sand residue held over a thousand times 

the s a l t content of the best n a t u r a l dune p l o t . Indeed, the pumped 

sand g r a i n s were almost completely covered w i t h s a l t c r y s t a l s . From 

Table I , i t can be deduced t h a t moisture content was i r r e l e v e n t , 

organic content and pH were s i g n i f i c a n t , but the dominant S p i n i f e x 

growth c o n t r o l was c l e a r l y exerted by the NaCl content. 

This conclusion was supported by the beach events of 1976 ( i . e . a 

year a f t e r the t r i a l s ) . Then the pumped beach sand was drenched by 

cy c l o n i c r a i n s and blown by high winds onto the back-beach sand d r i f t 

fences. Almost immediately a b u r s t of S p i n i f e x growth developed i n 

the newly-blown sand deposits, t r i g g e r e d perhaps by the high d e n s i t y 

of seeds planted the year before. A l l the S p i n i f e x seed had been 

placed w i t h a f e r t i l i s e r . I t seems t h e r e f o r e , t h a t the wind induced 

r o l l i n g of the sand grains removed not only the excess s a l t c r y s t a l s , 

but also ensured t h a t they came to r e s t a t a minimal packing. I n 



t h i s s t a t e , the pumped sand had reproduced the n a t u r a l dune c o n d i t ­

ions and by a l l o w i n g easy moisture p e n e t r a t i o n and low r o o t growth 

r e s i s t a n c e , i t had reverted t o an e f f e c t i v e medium f o r S p i n i f e x 

growth. The a d d i t i o n a l b e n e f i t o f applied f e r t i l i s e r was also 

probably advantageous. I t was also noted t h a t a sudden S p i n i f e x 

"delayed" success also occurred a t the two other beach replenishment 

placements ( e f f e c t e d i n 197A-75) at K i r r a and Palm Beach, a f t e r the 

same 1976 cy c l o n i c weather. 

(5) CONCLUSIONS 

A l l o f Council's research i n d i c a t e s t h a t i t i s i m p r a c t i c a b l e to grow 

" i n s t a n t " S p i n i f e x i n very r e c e n t l y placed a r t i f i c i a l dunes, formed 

from sands pumped d i r e c t l y i n t o p o s i t i o n w i t h s a l t water. The 

p r i n c i p a l i n h i b i t i n g agency i s the high NaCl content, held by the 

pumped m a t e r i a l . U n t i l t h i s excess s a l t i s removed by abrasion and 

n a t u r a l l e a c h i n g , i t i s p o i n t l e s s to expect any successful crop. 

The B.P.A. were c o r r e c t i n r e q u i r i n g the beach nourishment dunes to 

be s t a b i l i s e d w i t h S p i n i f e x , but very much i n e r r o r i n t h e i r s t r i c t 

i n s t r u c t i o n s as t o how — and more c r i t i c a l l y — when the S p i n i f e x 

was t o be c u l t u r e d . I f the B.P.A. did not leam t h i s lesson, a t 

l e a s t the C i t y Council d i d . From about h a l f way through the S u r f e r s 

Paradise nourishment c o n t r a c t , no f u r t h e r dunes were formed by 

d i r e c t pumping. For the l a s t h a l f of the c o n t r a c t , any spare sand 

l e f t from meeting an even surf-zone beach, was l e f t a t mid-beach and 

then dozed i n t o the back-beach, t o form a dune p r e f e r a b l y a f t e r r a i n 

but n e a r l y always a f t e r some n a t u r a l d r y i n g . I n t h i s way, the 

maximum o p e r a t i o n a l s a l t removal by leac h i n g and abrasion was a t t a i n 

ed. A f t e r t h i s procedure was i n s t i t u t e d , S p i n i f e x growth was th e r e ­

a f t e r much more r a p i d and e f f e c t i v e . 
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TABLE I 

COMPARATIVE SPINIFEX GROWTH ENVIRONMENTS 

Sand Location S p i n i f e x S a l t Content Organic Moisture 

Growth parts/1000 Content % Content % 

pH 

Pumped Dune 

Natural Dune 

Natural Dune 

F a i l u r e 

Sparse 

Good 

100-400 

2.0 

0.1 

n e g l i g i b l e 

0.01 

0.5 

2.5-6.0 

0.5 

3.0 

6.5-8 

8.5-8.7 

8.5-8.7 
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QL'/HENSLANO IMSTITUTE OF= TECHNOLOGY 

Gold Coast Beach Replenishment Program 

REPORT No. 82 

THE MANUAL ON ARTIFICIAL BEACH NOURISHMENT 

(1) This r e p o r t represents a pr e l i m i n a r y review of the above manual, 

i n terms of curre n t research and experience on the Gold Coast. The 

manual was prepared by a working group, ge n e r a l l y drawn from R i j k s ­

waterstaat and the D e l f t Hydraulics Laboratory, both of the Nether­

lands. The manual has drawn upon world-wide data, but u n f o r t u n a t e l y 

the Gold Coast experience i s reported i n only fragmentary and inade­

quate terms. This would not be s u r p r i s i n g , most of the work c a r r i e d 

out on the Gold Coast, has never been properly documented and no 

d e f i n i t i v e t e x t yet e x i s t s . Furthermore, w i t h one exception, none 

of the published accounts have been w r i t t e n by the engineers who 

a c t u a l l y e f f e c t e d the works and were able to monitor t h e i r behaviour 

f o r many years t h e r e a f t e r . I t now seems u n l i k e l y t h a t a f u l l review 

of the Gold Coast nourishment works w i l l ever be prepared, but some 

documents and data going back to 1972 do.exist. They are however i n 

only a p a r t i a l l y processed s t a t e , and much of the data i s s t i l l 

q u i t e raw. 

(2) The most complete review of the s i t e lessons, learned from the 

1973-75 Gold Coast works, i s a set of l e c t u r e notes t h a t form p a r t 

of the "Coastal Engineering" f i n a l year engineering e l e c t i v e a t 

Queensland I n s t i t u t e o f Technology, i n Brisbane. The notes are used 

f o r l e c t u r e No. 9 and a copy i s attached as Appendix A, t o t h i s 

r e p o r t . I n terms of 1986, we would see l i t t l e t h a t need be changed 

since the notes were w r i t t e n back i n 1983, but they are be no means 

complete nor f u l l y up t o date. Since the l e c t u r e notes are l a r g e l y 

s e l f explanatory, we w i l l not discuss them.in d e t a i l and the reader 

can draw h i s own conclusions about them. We the r e f o r e discuss more 

general matters t h a t may be absent or only p a r t i a l l y explored, i n 

the "Manual" and/or the attached notes. 

(3) Looking back, the most important lesson we now appreciate to be 

the matter o f the " l i f e - s p a n " o f a nourishment s l u g , on a l i t t o r a l 

d r i f t beach. Our f i e l d observations, show us t h a t a nourishment 

s l u g , placed on a high l i t t o r a l d r i f t beach, migrates b o d i l y along 
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w i t h the d r i f t but d i f f u s i n g slowly as i t does so. The process i s 

slow, and the e f f e c t i s p a r t i a l l y obscured by the noise generated by 

day to day beach response to the v a r i a b l e ambient wave c l i m a t e . The 

Surfers Paradise s l u g of 1.5 x 10 m̂  was tracked from i t s colour. 

The nourishment m a t e r i a l held a high s h e l l content and from the a i r , 

i t made the sand i n the swash zone orange, instead of the more usual 

yellow. The K i r r a s l u g of 1.0 x 10 m' held no colour d i f f e r e n c e , 

but i t could be r e a d i l y followed on a e r i a l photographs, d i r e c t obser­

v a t i o n and surveys. From these and other s t u d i e s , we conclude t h a t 

the l o c a l average long term l i t t o r a l t r a n s l a t i o n v e l o c i t y , i s close 

to 1.4kra/year. The s l u g placed at K i r r a , i s c u r r e n t l y (1986) s i t e d 

w i t h i n the Northern zone of Palm Beach, and the Surfers s l u g i s now 

p a r t i a l l y i n the Broadwater, w i t h the r e s t , f u r t h e r North on Strad-

broke I s l a n d . The m i g r a t i o n of the Surfers Paradise s l u g , has not 

been p a r t i c u l a r l y n o t i c e a b l e as f a r as the t o t a l beach i s concerned. 

The slug has merely been replaced by another long n a t u r a l s l u g from 

the South, where the beaches were much wider i n 1975 than the Surfers 

beach, p r i o r to nourishment. The e f f e c t s at K i r r a on the other hand, 

have been dramatic. With almost the t o t a l l i t t o r a l d r i f t i n t o the 

Gold Coast, being trapped by the Tweed T r a i n i n g Walls, the o r i g i n a l 

nourishment s i t e i s now an extreme s t a r v a t i o n shadow zone, the s l u g 

i s long gone. 

(4) We n®w b e l i e v e t h a t the o v e r a l l economy o f a beach nourishment, 

depends h e a v i l y upon the slug's d r i f t r a t e and the time i t may 

remain, w i t h i n the l o c a l beach " c e l l " . A slug placed at K i r r a , may 

take 25 years to reach Surfers Paradise, but i t w i l l b e n e f i t every 

pa r t of the beach c e l l f o r a w h i l e , during i t s m i g r a t i o n past each 

p o i n t . I n terras of t o t a l beach w i d t h gain by time, a K i r r a s l u g 

w i l l be 5 or 6 times more e f f i c i e n t than a s l u g placed a t Surfers. 

On a l i t t o r a l d r i f t coast t h e r e f o r e , the most economic nourishment 

w i l l f o l l o w from a placement s i t e at the extreme u p - d r i f t p o i n t of 

the embayment. Then the s l u g w i l l a t t a i n a maximum o p e r a t i o n a l 

" l i f e " . 

(5) Another a l l i e d f a c t o r t h a t c u r r e n t l y concerns us, i s the percen­

tage of a l i t t o r a l s l u g t h a t i s s i t e d w i t h i n the l i t t o r a l d r i f t 

cross s e c t i o n a l prism. I f we look at Fig. 5 of Appendix A, m a t e r i a l 

placed i n Zone A, w i l l be completely c l e a r of the l i t t o r a l prism, so 

i t w i l l s u f f e r no m i g r a t i o n at a l l , u n t i l storm waves wash i t i n t o 



3 

the prism. A placement i n Zone B, w i l l have perhaps h a l f o f i t s 

slug outside the prism, but the other h a l f w i l l be i n a m i g r a t i n g 

s t a t e continuously.. I t s d r i f t w i l l be a maximum. M a t e r i a l placed 

i n Zone C, on the other hand, w i l l probably remain seawards of the 

l i t t o r a l prism, so i t w i l l remain unmoved u n t i l - t h e r i g h t wave con­

d i t i o n s begin to sweep i t shorewards. We see here t h e r e f o r e , a new 

h i g h l y v a r i a b l e f a c t o r t h a t should also be considered. The selec­

t i o n of the optimum nourishment p o s i t i o n , i t s l i f e , i t s t r a n s p o r t ­

a b i l i t y and i t s p r o t e c t i v e capacity, c l e a r l y forms a high v a r i a b i l ­

i t y e f f e c t i v e n e s s m a t r i x . We have however, made a s t a r t i n assessing 

the l i t t o r a l d r i f t prism, by the simple a p p l i c a t i o n of Q = AV, but 

we as yet know nothing about the d e t a i l e d v a r i a t i o n i n the t r a n s p o r t ' 

v e l o c i t y w i t h i n the boundaries of the prism. We have been h i g h l y 

concerned on the other hand, to l e a r n t h a t measurements taken on the 

v i s i b l e beach, t e l l us nothing about the behaviour of the l i t t o r a l 

prism, other than over the very long time span i . e . > 10 to 20 years. 

We also have concluded t h a t there e x i s t s a t h r e s h o l d to l i t t o r a l 

t r a n s p o r t , t h a t i s p r i n c i p a l l y r e l a t e d t o the sediment " s i z e " and 

the wave perio d as w e l l as the wave height. This requires monitor­

in g surveys of beach nourishment p r o f i l e s , t o be taken o f f s h o r e t o 

water depths of 20 to 25 metres — an expensive operation. 

(6) I n Appendix A, we proposed a beach f i l l c o m p a t a b i l i t y c r i t e r i a 

w i t h the n a t i v e , based upon the parameter of S p e c i f i c Surface. Sub­

sequent work c a r r i e d out i n 1985, has provided some evidence t h a t 

there does e x i s t a d i r e c t r e l a t i o n s h i p ( a c t u a l l y Log-linear) between 

the seabed slope o f a n a t u r a l beach and the F^q sediment value. The 

data f o r K i r r a Beach i s thus shown p l o t t e d as Fig. 1 attached.' This 

i s only a f i r s t step of course, but i t seems t o be a t l e a s t encourag­

in g . We t h i n k t h a t the concept should m e r i t a great deal more study 

i n the f u t u r e . 

(7) This must remain a b r i e f and very p r o v i s i o n a l note, much 

prototype data remains to be processed and analysed, but we may at 

l e a s t take t h i s t o be a s t a r t . Normally we would w a i t u n t i l t h i s 

data processing had been completed, but what we have w r i t t e n , may 

represent an i n t e r i m r e p l y to the request from Drs. P i l a r c z y k , when 

he was r e c e n t l y on the Gold Coast. He asked f o r a t l e a s t some 

comment on h i s d r a f t manual. 

20th Dec. 1986. A.W. SAM SMITH. (Engineer.) 
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, APPENDIX A 
CEB 561 LECTURE 9 
BEACH NOTJEISHMENT 

( l ) FONCTION 

The haslc objective of beach noTxcishment i s to repair the ravages of past 

erosion and secular recession by constructing a new beach seawards of the 

existing, and using sediments from elsewhere than the parti c r i l a r beach system. 

This concept i s extremely d i r e c t and simple, any extra sediment introduced 

into a beach system must be of benefit to maintaining the beach and increasing 

i t s amenity. 

On the other hand, the success rate of major beach nourishment exercises has 

not been very high. I n many cases millions of dol l a r s have been expended on 

large new a r t i f i c i a l beaches, only for the added sediments to almost completely 

vanish within a year or two. The reasons for these f a i l u r e s has often not been 

at a l l c l e a r at the time. Perhaps t h i s should not be surprising, i f many of the 

physical processes af f e c t i n g natural beaches are barely understood, then i t 

may become impossible to predict the s t a b i l i t y of a new beach, constructed 

from di f f e r e n t sediments, under the same processes. 

To date, even a f t e r s i x years post-construction research, into the behaviour 

of large nourishment projects on the Gold Coast,- "the main conclusion reached, 

i s that the design of a nourishment beach i s very complex and beset by high 

areas of uncertainty. 

The concept of beach nourishment however, remains an extremely a t t r a c t i v e 

option to a l l Coastal Engineers, i t i s c l e a r l y a "soft" option much more com­

patible with Nature, than the "hard" options of groynes, revetments axid break­

waters. The side e f f e c t s of an a r t i f i c i a l beach, shotild also be very much 

l e s s than those generated by hard structures, and potential detrimental con­

struction e f f e c t s upon beach amenity should be almost zero. 

The problem i s that Nature's hydraulic processes are variable and continuous. 

They may also be quite implacable, i f Nature i s presented with an a r t i f i c i a l 
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beach she doesn't l i k e , then she w i l l v e r y r a p i d l y change i t - u n t i l she does. 

Such i s the h i s t o r y of a c t u a l hea.ch nourishment c 

(2) TIPES OE HODEISBMEET 

A l l beach nourishment co n s i s t s of merely p r o v i d i n g the beach v/ith more sed­

iment, but w i t h i n t h i s , there are two main classes of nourislment vrorlc. These 

depend upon the type of the na/fctiral beach being addressed, being;-

(a) Captive Beaches. 

Eor t h i s c l a s s i f i c a t i o n , a c a p t i v e beach may be defined as one t h a t i s 

f u l l y contained between headlands such t h a t there i s no s i g n i f i c a n t 

l i t t o r a l d r i f t e i t h e r i n t o , or out o f the p a r t i c u l a r system. Por such 

a beach, the volume of new sediment t o a t t a i n any given average e x t r a 

beach w i d t h should be f i n i t e , and losses from the system should t h e o r e t ­

i c a l l y be n i l . A c a p t i v e beach nourishment should only be exposed t o 

onshore-offshore sediment t r a n s p o r t , and maintenance demands should be 

very low. 

I n p r a c t i c e however, s i g n i f i c a n t sediment losses may be generated i n 

two ways. I f the new sediment contains a high e r p r o p o r t i o n of f i n e s than 

the n a t i v e , then wave energy may a b s t r a c t these from the new beach and 

t r a n s p o r t them i n t o deep water o f f s h o r e , where they may be l o s t . Then, 

i f the nourishment m a t e r i a l volume i s very l a r g e , the beach may prograde 

s u f f i c i e n t l y out t o the headlands, t h a t l i t t o r a l t r a n s p o r t becomes r e ­

a c t i v a t e d by Nature, and losses w i l l eventuate around the d o w n d r i f t 

headland. Any pre-assessment of these f a c t o r s however, i s extremely 

d i f f i c u l t . 

(b) L i t t o r a l D r i f t Beaches. 

these are beaches where the sediments move i n the onshore- o f f s h o r e 

mode, but t h a t i n a d d i t i o n , there i s a net l i t t o r a l d r i f t i n one d i r ­

e c t i o n t h a t i s s i g n i f i c a n t . About h a l f the N.S.W. c o a s t l i n e would f a l l 
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i n t o t h i s category. The a c t u a l l i t t o r a l d r i f t mast he d r i v e n by t h e 

o b l i q u i t y of the ocea,n s w e l l t o the bea.ch, but i t i s a process n o t 

sjnenable t o r e l i a . b l e mathematj.cal c a l c u l a t i o n . A beach nourishment slug 

placed on such a coast miist respond i n the same manner as the natixral 

beach d i d beforehand. Under v a r i a b l e wave climates sediment w i l l always 

move onshore and o f f s h o r e , but there w i l l a l s o be a. n e t t loss out of the 

s l u g due t o l i t t o r a J . d r i f t . 

The amorait of sediment required- f o r a given area of beach "gaJ.n" on 

a l i t t o r a l d r i f t coast may c a l l f o r much l a r g e r volumes than f o r a cap­

t i v e beach, t o malce up f o r these l i t t o r a l losses. Observations on the 

Gold Coast i n d i c a t e t h a t under s t r o n g l i t t o r a l d r i f t c o n d i t i o n s , n o u r i s h ­

ment slugs not only d i f f u s e l o n g i t u d i n a l l y ( o r smear themselves on to 

the beach) but the e n t i r e s l u g also migrates v f i t h the net d r i f t . Semi-

isola/bed slugs of nouj?ishment m a t e r i a l , even i f they are 3 t o 5 1cm. long 

thus demonstrate a l i m i t e d " l i f e " , on a l o n g ocean beach. I f a n o u r i s h ­

ment s l u g placed i n f r o n t of any p a r t i c u l a r beach zone, i s going t o 

migrate away from t h a t zone v j i t h i n a few years, then i f the d e s i r e d beach 

w i d t h "improvement" i s t o be maintained, then progressive re-nourishment 

becomes a n e c e s s i t y . 

I n economic terms, these c o n d i t i o n s are very d i f f e r e n t from c a p t i v e 

beaches. Not only i s nourishment an expensive ope r a t i o n i n the f i r s t 

p l ace, but u s u a l l y where nourisliment i s a v i a b l e economic o p t i o n , because 

of the value of assets i n hazard, then i n these areas there are few dep­

o s i t s of s u i t a b l e nourishment m a t e r i a l a v a i l a b l e . More than l i k e l y , by 

the time the m a t e r i a l i s most üeeded, i t i s found t h a t a l l the s u i t a b l e 

deposits have already been b u i l t uponI 

C l e a r l y , i n terms of sensible and r a t i o n a l c o a s t a l p l a n n i n g and manage­

ment, a p r e - r e q u i s i t e of any c o a s t a l s u b d i v i s i o n s on suspect areas coast­

l i n e , must be the i d e n t i f i c a t i o n of s u i t a b l e areas where deposits of 
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e f f e c t i v e nourishment sediments a c t u a l l y e x i t . These areas and depo s i t s , 

should then become reserved f o r f u t i i r e use by d e l i n e a t i n g them 8,s p u b l i c 

reserve or open space on the l o c a l l a n d p l a n n i n g schemes. A l l developers 

x-iithin the l o c a l i t y should then be r e q u i r e d t o donate the land over the 

s u i t a b l e d e p o s i t s , or i n l i e u c o n t r i b u t e i n cash so t h a t the Local Auth­

o r i t y may resume these c r i t i c a l areas. U n f o r t u n a t e l y , i n many areas i n 

N.S.W., i t i s now too l a t e , but t h i s i s no reason f o r not a p p l y i n g t h i s 

concept i n the futvxe. 

I t may be noted t h a t once the beach nourishment reserve deposits have a c t u a l l y 

been u t i l i s e d , and placed on the beach, the most economical procedure i s t o 

completely remove the m a t e r i a l and all o w a lake t o replace i t . V/hilst such 

e x t r a c t i v e excavations may provide a valuable avenue f o r Local A u t h o r i t y r u b b i s h 

d i s p o s a l , the noimal f a c t i s t h a t a lake provides j u s t as valuable a p u b l i c 

reserve as does a more s t a t i c "park". Indeed much experience suggests t h a t 

laJcefront p r o p e r t i e s i n urban areas reach s i m i l a r ra;bing values, as do prop­

e r t i e s a c t u a l l y f r o n t i n g the beach i t s e l f . Such lakes also h o l d h i g j i value 

f o r a c t i n g as "ponding basins" w i t h i n l o c a l areas, t o delay peak urban r a i n ­

f a l l r u n - o f f , and m i t i g a t e f l a s h f l o o d i n g . I t i s a l l a simple matter o f com­

prehensive h y d r a u l i c p l a n n i n g and design. The t o t a l economic b e n e f i t s t o the 

Local A u t h o r i t y may however, a l l be p o s i t i v e , p a r t i c u l a r y when looked a t over 

the medium t o l o n g term. Increased l o n g term r a t e s may well o f f s e t some of 

the c a p i t a l costs of the i n i t i a l e x t r a c t i o n , and lake maintenance should be 

a b s o l u t e l y minimal. 

(5) BEACH NOURISHMENT BEBAVIOUR 

I n theory, i f a r t i f i c i a l l y placed beach i s composed of e x a c t l y the same sed­

iments as the n a t u r a l beach, then i t should behave i n e x a c t l y the same manner, 

and d i s p l a y e x a c t l y the same geometry — except t h a t i t i s more seawards. 

U n f o r t u n a t e l y i n Nature, t h i s i s almost an i m p o s s i b i l i t y . 



On r e a l ocean beaches, p a r t i c u l a r l y those exposed t o a reasonably high wave 

energy c l i m a t e , I t i s found t h a t the sediment p r o p e r t i e s tend t o vary across 

the beach and dovm i n t o the sea-bed t o water depths r e a d i l y reaching seven 

metres, Pig.2 f o r example demonstrates the v a r i a t i o n i n the average sand g r a d i n g 

ba.sed on D50 (by sieve a n a l y s i s ) of the top 5 metres of seabed along f i v e 

w i d ely spaced survey l i n e s on the Gold Coast. The sand samples were a l l recov­

ered w i t h i n a, few days of each other, and d u r i n g a p e r i o d of normally f i n e 

weather, y e t they are a l l from w i t h i n a s i n g l e zeta form embayment. The spread 

of p a r t i c l e s i z e i s c e r t a i n l y very s i g n i f i c a n t , but a l l w i t h a general trend 

f o r the p a r t i c l e s t o become f i n e r , the f u r t h e r o f f s h o r e . 

I n some strange manner, not a t a l l c u r r e n t l y understood, Nature has some c a l l 

t o s o r t i t s beach sediments, and i n p a r t i c u l a r , t o place the l a r g e s t where, 

on the average, the h y d r a u l i c energy/sediment i n t e r f a c e i s the strongest. 

C l e a r l y i f a nourishment sand resource deposit tha.t i s of even p a r t i c l e size 

were t o be placed on any of these n a t i v e beaches, i t could not be immediately 

i n equilibi''i\im w i t h them. To a t t a i n e q u i l i b r i u m , the nev7 nourishment sand 

v/ould also r e q u i r e t o be s o r t e d , and i t s e l f migra/fce t o the n a t u r a l bea.ch zones 

of the same grading. 

One of the major problems of u s i n g s u i t a b l e nourishment resource deposits 

i s t h a t they are u s u a l l y l o c a t e d i n a d j o i n i n g e s t u a r i e s , as dunes, or i n the 

immediate o f f s h o r e deepwater seabed. I n p l a c i n g these deposits where ever 

they have f i n a l l y c o l l e c t e d , Nature has also exerted s o r t i n g and v a r i a t i o n 

upon them. H y d r a u l i c s o r t i n g occurs i n e s t u a r i n e shoals, dunes u s u a l l y c o n s i s t 

o f the more rounded sediment g r a i n s t h a t have been separated by wind, and 

deepv/ater seabed deposits are e i t h e r the f i n e s moved o f f s h o r e from the e x i s t i n g 

beach, or coarser sediments l e f t behind from previous beach forms m i g r a t i n g 

up the seabed from a l o n g term progressive r i s e i n sea^-level. The chance of 

f i n d i n g an economic nourishment source, tha.t i s p e r f e c t l y balanced v/ith the 

ambient a c t i v e beach zone, must t h e r e f o r e be somewhat remote. 
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The r e s u l t s may be r e a d i l y predictable. I f the nourishment work i s carr i e d 

out during ordinary mild weather, then a resource material coarser than the 

average native, w i l l tend to remain perched at the top of the beach. On the 

other hand, a much f i n e r resource material must be expected to migrate off­

shore immediately, seeking the deeper water conditions that s u i t i t . On the 

other hand, as soon as the next great storm arrives, a l l the seabed w i l l become 

mobile, and the extremely high hydraulic energy w i l l ens-ure that a l l the beach 

and seabed sediments w i l l become completely inter-mixed and the resultant w i l l 

be a sediment displaying the average of both the native, and the nourishment 

sediment populations. The f i n a l post-storm beach properties w i l l thus tend 

to demonstrate the f i n a l resultant of the interaction between native and nou­

rishment materials. U n t i l the next major storm a r r i v e s however, the l o c a l 

resource manager may percieve the nourishment operation as what i n truth i s 

either an exaggerated temporary success, or as an apparant t o t a l l o s s . Yet 

the end mean re s \ i l t can only be b e n e f i c i a l a f t e r the storm. There i s i n f a c t , 

nothing that the l o c a l resource manager can do about i t anyway, but at l e a s t 

there i s now a larger volume of sediment available within the swept prism. 

The basic fa c t then, i s that more sediment available, then the work absorbtion 

capacity of the t o t a l beach system can only be increased. 

Although i t cannot be currently regarded as conclusive i n any way, enough ev­

idence has accummulated over recent years, to suggest that an excess of fines 

at the bottom of the swept prism, may perhaps be capable of f i l t e r i n g out an 

equivalent volume of incident wave energy, as an excess of coarse material 

near the top of the beach. Unfortunately research into t h i s phenomenon i s again 

i n i t s infancy, and much basic work remains to be investigated. Yet, t h i s m i ^ t 

well be one of Natiire's simple mechanisms for absorbing wave energy, with what­

soever seabed sediments, that might be actually available. I t i s c e r t a i n l y 

already established that the slope of a beach, for constant wave energy, i s 

proportional to the s i z e of the beach p a r t i c l e s . Gravel beaches are steep, 

coarse sand i s in-between, and fine sand beaches tend to be much f l a t t e r . 



Yet al3- these c o n d i t i o n s mean no t h i n g t o the noxTnal beach-front r e s i d e n t , 

h i s Local A u t h o r i t y and o f t e n even t o h i s State Government Department, To 

a l l of these, only so o f t e n , the only c r i t e r i a of success of a beach n o u r i s h ­

ment p r o j e c t , i s an immediate and drajnatic increase i n the w i d t h of the 

A d s i b l e beach. This may, or may not happen of course, depending upon the 

nourislrjment rescource a c t u a l l y u t i l i s e d , but the publ.ic u s u a l l y demand only 

the g r e a t e s t v i s u a l "impact", and not the g r e a t e s t t o t a l optimum c o a s t a l 

" p r o t e c t i o n " . For as l o n g as t h i s s o c i a l c o n f l i c t continues, then a l l beach 

nonz'ishment exercises may w e l l be plagu.ed by t h i s class of p u b l i c acceptance, 

p a r t i c u l a r l y afterwards! 

I t may also be a truism,5 t h a t many beach nourishment exercises i n the p a s t , 

have been mounted f o r simple immediate p o l i t i c a l reasons, and w i t h o u t any 

serious research i n t o t h e i r p o t e n t i a l consequences. They have o f t e n been 

rushed i n t o f r u i t i o n p u r e l y on' the simple hypothesis t h a t "sediment i s sed­

iment", and even i f beach widening vanishes a f t e r a few years, then the 

rate-payers w i l l have f o r g o t t e n about i t a l l anyv/ay. This represents of course 

almost i r r e s p o n s i b l e engineering. As discussed below, the a c t u a l design p r o ­

cesses necessary t o evaluate a r a t i o n a l beach nourishment p r o j e c t , are com­

p l e x , f r u s t r a t i n g , and i n the end, based almost e n t i r e l y upon concepts of 

p r o b a b i l i t y , t h a t w i t h i n c u r r e n t knowledge, cannot be r e l i a b l y d e f i n e d . As 

w i t h many other f r o n t i e r d i s c i p l i n e s , beach nourishment remains much more 

an " a r t " than a "science". 

I n summarising, the r e s u l t s of any beach nourishment exercise, i t must be 

repeated t h a t regardless of the Designer's i n t e n t . Nature w i l l s e l e c t f o r h e r ­

s e l f wh^t- she w i l l do w i t h the e x t r a sediment o f f e r e d t o her. She w i l l c e r t ­

a i n l y constru.ct a new v a r i a b l e "regime" beach from the new sediment i n p u t . 

But then the beach may f l a t t e n or steepen i n a q u i t e unpredictable manner, 

i t depends upon the next ambient wave c l i m a t e , and the degree of i n t e r - m i x i n g 

between n a t i v e and nourisloment m a t e r i a l . These are a l l , i n the c u r r e n t s t a t e 



of lmowledg8f almost complete i n t a n g i b l e s ; r e l i a b l e data on the a c t u a l behav­

i o u r of nourishment i n j e c t i o n s t o n a t u r a j beaches, remains remarkably spa.rse. 

Much has been observed, yet l i t t l e i s r e a l l y -understood. 

Yet the basic p r i n c i p l e remains, Nat-ure w i l l always maintain a s u i t a b l e dynami 

beach from any beach nourishment m a t e r i a l , i t may w e l l vary the form b f the 

new beach, but the end r e s u l t w i l l always represent an e f f e c t i v e maximum 

energy a b s o r b t i o n system. As such, Nature w i l l always ad j u s t the behaviour 

of Ml " a r t i f i c i a l " beach t o s u i t her needs, but the f i n a l beach behaviour-

must always be " n a t u r a l " . A beach must always remain a beach, and i t w i l l 

always r e a c t t o -natural processes. I t w i l l always r e a c t t o n a t u r a l h y d r a u l i c 

f o r c e s i n an optimum manner, but f o r an economy of words, these p o t e n t i a l 

r e a c t i o n s are discussed below, under the considerations of the Design of 

Nourishment Works. 

(4) PAILWE MODE 

As discussed above, beach nourishment can never r e s u l t i n a " f a i l u r e " . Every 

cubic metre of e x t r a sediment can only Improve the re s i s t a n c e of a beach t o 

both s h o r t , and l o n g term erosion. The more sediment a v a i l a b l e , then the 

more must be the t o t a l energy abso r b t i o n c a E a c i t j a beach. On the other 

hand, there are l i m i t s t o t h i s concept. I f a very f i n e nourishment m a t e r i a l 

i s a p p l i e d t o a coarse n a t i v e beach, most w i l l migrate i n t o deep water. Then 

n o t h i n g of the new viork may remain on the v i s i b l e beach at a l l . I n t h i s case 

i t i s more i n terms of human amenity, t h a t the exercise may be regarded as 

a f a i l u r e . The beach may have been strengthened, but not e f f e c t i v e l y , because 

the added m a t e r i a l was u n s u i t a b l e f o r the immediate task. 

I n other cases, beach nourishment p r o j e c t s have been p o p u l a r l y regarded as 

f a i l u r e s , simply as a r e s u l t of the manner t h a t the work was c a r r i e d out. 

I f a l a r g e volume of new sediment i s placed on the to£ se c t i o n of an e x i s t i n g 

beach d u r i n g f i n e weather, -then the smallest waves cannot gain access t o the 
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materia,!, aaid r e - d i s t r i b u t e i t i n t o the wave energy zones t h a t need i t most. 

The new m a t e r i a l w i l l remain as a perched slixg of sediment over the above 

water beach. The p u b l i c then views t h i s as a marked v i s i b l e success. Most 

of the sediment i s t h e r e , i t can be seen t o have b u i l t up the beach. Then, 

when higher energy waves occur, the perched s l u g i s r a p i d l y d i s t r i b u t e d i n t o 

the swept prism. Tiie beach has suddenly become narrowed above sea l e v e l , so 

the p u b l i c immediately percieves t h i s as a.n "erosion", and as a " l o s s " . I n 

these terms, the c o n s t r u c t o r s and designers of the scheme, have generated 

t h e i r o m p u b l i c r e l a t i o n s d i s a s t e r . Perhaps u n w i t t i n g l y , they have l e d the 

p u b l i c t o expect t h a t once the new sediment has appeared on the beach, then 

i.t w i l l stay there f o r e v e r . This i s not the behaviour mode of dynamic beaches, 

but under the circumstances, who can r e a l l y blame the p u b l i c f o r regaa^ding 

the work as an apparant f a i l u r e ? 

(5) DESIGN OP NOUEISHiyiEWT WOEKS 

W i t h i n c u r r e n t s t a t e s of c o a s t a l process Icnovjledge, no beach nourisliment 

p r o j e c t can be p r o p e r l y and f u l l y designed, nor can the post-placement be­

haviour of the new sediment be a c c u r a t e l y p r e d i c t e d . However, even w i t h i n 

our very imper f e c t understanding of d e t a i l e d bea.ch processes, many of the 

l i k e l y sediment response modes can be considered i n advance, but l a r g e l y 

o n ly i n terms of p o s s i b i l i t i e s and p r o b a b i l i t i e s . 

Over recent years many nourishment p r o j e c t s have been c a r e f u l l y observed and 

monitored d u r i n g the c o n s t r u c t i o n phase, and sometimes f o r a few years a f t e r ­

wards. Subsequent analayses of these operations however, has only demonstrated 

t h a t w h i l s t many nou.rishment processes have i d e n t i f i e d , a s u f f i c i e n t volune 

of data t o q u a n t i f y them, has never become a v a i l a b l e . This should not be 

s u r p r i s i n g . The eq u i v a l e n t data f o r the d e t a i l e d processes on n a t u r a l beaches 

does not e x i s t e i t h e r , and i t w i l l be many years before i t can be accumulated 

i n any case. Then, a t the p o l i t i c a l l e v e l , the nourishment works c o n s t r u c t i o n , 

and f u n d i n g a u t h o r i t i e s , u s u a l l y percieve the work t o be so simple and obyious, 
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t h a t they are extremely r e l u c t a n t t o expend e x t r a monies on extensive da;ba 

c o l l e c t i o n . 

Nevertheless, w i t h i n a l l these c o n s t r a i n t s , there are at l e a s t seven f a c t o r s 

t h a t should be considered before moixnting a beach nourishment exercise. As 

such, the c o n s i d e r a t i o n of these f a c t o r s , p a r t i c u l a r l y i n p r o b a b i l i s t i c tenns, 

together w i t h t h e i r p o t e n t i a l i n t e r - r e l a t i o n , 3?epresents V7hat "design" steps 

as are a c t u a l l y a v a i l a b l e f o r t h i s class of work. These are:-

(a) M a t e r i a l Type. 

This remains the dominant design parameter, and i n f a c t o f t e n almost the 

only one considered. The energy a b s o r b t i o n , or s t a b i l i t y f a c t o r , of any sed­

iment, i s g e n e r a l l y d i r e c t l y p r o p o r t i o n a l t o i t s s i z e . I n Nature, as discussed 

above, the l a r g e r the p a r t i c l e then the steeper the beach, pjid conversely 

smaller the p a r t i c l e , the f l a t t e r the beach, a l l f o r the same wave energy 

c l i m a t e . 

For na.tural beach p a r t i c l e s t h a t may vary i n s i z e , but h o l d a s i m i l a r shape, 

or geometry, there i s much evidence t o suggest t h a t t h i s i s an almost u n i v e r s a l 

n a t u r a l "law" f o r beach behaviour. For p a r t i c l e s of an unusxial shape however, 

t h i s "law" appears t o lapse t o much ext e n t . I t i s conventional t o " s i z e " beach 

p a r t i c l e s by s i e v i n g , or passing them through decreasingly s i z e d apertures. 

This process a c t u a l l y "measures" the second l a r g e s t "width" of a p a r t i c l e , 

b u t as l o n g as the p a r t i c l e s a l l maintain a s i m i l a r shape, then i t represents 

a'reasonably r e l i a b l e i n d i c a t o r of i t s " s i z e " . For l o n g flalcey, h i g h l y angular, 

or n a t u r a l s h e l l - l i k e p a r t i c l e s however, s i e v i n g i s not e f f e c t i v e i n measuring 

the p a r t i c l e " s i z e " . Under these circumstances i t becomes necessary t o invoke 

a more basic parameter of p a r t i c l e shape — such as i t s s p e c i f i c surface. 

Hovjever, i f the parameter of s p e c i f i c surface .is used to c l a s s i f y sediment 

p a r t i c l e s , then again, there appears t o be a c o r r e l a t i o n , the h i g l i e r the 

s p e c i f i c surface, then the f l a t t e r the beach, and v i c e versa. I t may be noted 

t h a t small p a r t i c l e s h o l d a h i g h s p e c i f i c surface, and l a r g e p a r t i c l e s a low 

one . 
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I n p r a c t i c a l terms what may thus be eacpected, i s t h a t i f the nourishment 

m a t e r i a l i s coarser than the n a t i v e , then nourishment w i l l r e s u l t i n a steep­

ening of the n a t u r a l beach, and f i n e r nourisliment m a t e r i a l w i l l r e s u l t i n 

a f l a t t e r beach. At t h i s stage, i t may be r e l e v e n t t o consider the extremes. 

I f coarse g r a v e l i s dumped a t the top of a f i n e beach, then i t w i l l tend t o 

stay there i n the form of a steep scarp, because the innermost wave energy 

i s incapable of moving i t . On the other hand, i f a load of very f i n e sand 

or s i l t , i s dumped on t o the beach, i t w i l l very r a p i d l y be completely washed 

away i n t o deep-water. I n t h i s case, the sediment i s so f i n e , and r e q u i r e s 

such a f l a t beach slope t o l e t i t e x i s t i n any s t a t i o n a r y place a t a l l , t h a t 

the ambient wave energy w i l l m a intain i t i n suspension u n t i l i t i s l o s t from 

the system. 

For the l a s t t h i r t y years t h e r e f o r e , the o p e r a t i o n of any beach nourishment 

scheme has been based upon t h e ' i n t e n t t o u t i l i s e nourishment m a t e r i a l t h a t 

was e i t h e r the same, or coarser i n " s i z e " than the n a t i v e . I n s o c i a l terms, 

t h i s i s sound engineering. I f a coarser nourishment m a t e r i a l r e s u l t s i n a 

steeper average beach, then i t must also r e s u l t i n a wider " v i s i b l e " beach. 

This i s what the p u b l i c and the ratepayers expect, and on t h i s b asis they 

w i l l regard the nourishment exercise as a success. Then, they may even be 

prepared t o pay f o r the next exercise. 

I n many l o c a l i t i e s however, the p o t e n t i a l sources of nourishment m a t e r i a l , 

are " f i n e r " than the n a t i v e . Then the p r o j e c t designer i s faced w i t h the 

usual quandry. Should he recommend nourishment, simply because i t must help 

i n any case, or should he consider the v i s u a l impact of the p o t e n t i a l l y new 

f l a t t e n e d beach, and recommend t h a t nourishment i s not a v i a b l e option? Indeed, 

should he recommend "hard" o p t i o n s , such as groynes or revetments,- when he 

knows t h a t they may v/ell be l e s s successful o v e r a l l ? U n f o r t u n a t e l y , t h i s i s 

j u s t -bhe s t u f f t h a t Coastal Engineering i s made from. 

I n f a c t of course, the use of a f i n e r nourishment m a t e r i a l than the n a t i v e . 



may s t i l l r e s t o r e the beach t o a given v i s i b l e w i d t h . I t i s j u s t t h a t much 

more notirishment m a t e r i a l w i l l be r e q u i r e d — then i t may become a simple 

matter of economics. I f f i n e r nourisliment m a t e r i a l can be obtained a t much 

le s s e r cost than coarser m a t e r i a l , then i t may become r a t i o n a l t o u t i l i s e 

much l a r g e r volumes of f i n e m a t e r i a l t o a t t a i n the same end r e s u l t . Then, 

i f no coarser m a t e r i a l i s a v a i l a b l e , the use of f i n e m a t e r i a l alone may remain 

the cml^ o p t i o n . 

Over the years, many t h e o r e t i c a l s tudies have been made, i n an e f f o r t t o 

p r e d i c t the var i o u s amounts of nourishment, or as the Americans c a l l i t 

"borrow" m a t e r i a l t o achieve a given volume or vj i d t h f o r the new re p l e n i s h e d 

beach. As f a r as i s Icnowi, none of these t h e o r e t i c a l r e l a t i o n s h i p s have ever 

been c a l i b r a t e d against any r e a l p r o t o t y p e , so a great deal of u n c e r t a i n t y 

i s i n v o l v e d i n the a p p l i c a t i o n of these r e l a t i o n s h i p s . Much of the e a r l y 

" u n d e r f i l l " and " o v e r f i l l " r a t i o research was based upon a complex s e r i e s 

of p r o p e r t y moments derived from simple sieve t e s t i n g . Recent research however, 

has suggested t h a t p a r t i c l e p r o p e r t i e s based upon simple s i e v i n g , may be 

somewhat u n r e l i a b l e , vfhen a p p l i e d t o r e a l beach p a r t i c l e s . 

The most recent t h e o r e t i c a l approach t o t h i s matter w i t h i n A u s t r a l i a , based 

on the work of Smith & Gordon t h e r e f o r e , has been t o consider the p a r t i c l e 

p r o p e r t y of s p e c i f i c surface, i n s t e a d of some nominal sieve parameter. W i t h i n 

t h i s realm, the only basic assumption made i n the theory, i s t h a t the beach 

slope w i l l be p r o p o r t i o n a l t o a combination of the wave energy and the sediment 

s p e c i f i c surface. This assumption i s c e r t a i n l y no worse, than those i n v o l v e d 

i n other t h e o r i e s , i t i s a t l e a s t simple and d i r e c t , and i t remains q u i t e 

open f o r f u t u r e p r o t o t y p e proof. I n f a c t n o t h i n g b e t t e r i s y e t a v a i l a b l e , 

so i t a t l e a s t represents some s t a r t i n g p o i n t . f o r assessing beach nourishment 

p r o b a b i l i t i e s . This p a r t i c u l a r t h e ory, of course, l i k e a l l the others e x t a n t , 

has y e t t o be r i g o r o u s l y s u b s t a n t i a t e d i n the f i e l d , so i t must s t i l l remain 

c u r r e n t l y , as j u s t another theory. 
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On the other hand, t h i s theory allows f o r a d i r e c t estimate t o be made f o r 

any given borrow m a t e r i a l ' s beach slope-; compared w i t h the n a t i v e . I n f a c t 

the natd.ve m a t e r i a l aJready e x i s t s , and i t s regime beach slopes can be d i r e c t l y 

measured be survey. The theory thus merely allows f o r some reasonably r a t i o n a l 

approach, f o r c a l c u l a t i n g a beach slope cjiange, and does not r e l y on p o s t u ­

l a t i n g absolute beach slopes from f i r s t p r i n c i p l e s , and a l l i n the f i r s t 

place. C l e a r l y , once a beach slope change, has been estimated, then an ap­

proximate vol-umetric requirement c a l c u l a t i o n i s easy, f o r any grade of borrow 

m a t e r i a l . 

As an example, F i g . 5 demonstrates how the theory may be a p p l i e d , f o r the 

comparision of two p o t e n t i a l borrow m a t e r i a l s , both of very d i f f e r e n t sed­

iment shape p r o p e r t i e s . This diagram i s c l e a x l y s i m p l i s t i c , but i t a t l e a s t 

represents a s t a r t i n g p o i n t , t h a t may w e l l be of p r a c t i c a l c o n s i d e r a t i o n . 

I n p a r t i c u l a r , the diagram assumes a nourishment volume l a r g e r than c r i t i c a l , 

and t h a t no i n t e r m i x i n g has had time t o occur (see below). These p a r t i c u l a r 

f a c t o r s however, may be of considerable s i g n i f i c a n c e w i t h i n any a c t u a l beach 

nourishment exercise t h a t may be mounted, so again t h i s class of slope estimate 

must be considered as r e p r e s e n t i n g p o t e n t i a l l i m i t s t o the beach system response. 

Or again, a matter of p l a i n p r o b a b i l i t y . I n many engineering e n t e r p r i s e s , 

i t i s o f t e n j u s t as v a l u a b l e , t o know w i t h i n which " b a l l - p a r k " one i s o p e r a t i n g , 

than t o Imow of any i n d i v i d u a l p a r t i c u l a r " s t a t e " t h a t may happen t r a n s i a n t l y 

from time t o time. 

U n t i l such time t h a t r i g o r o u s research provides a more r e l i a b l e concept, 

then the beach nourishment designer designer may w e l l not expect a n y t h i n g 

b e t t e r . 

(b) I n t e r m i x i n g . , • 

I t i s impossible t o place l a r g e volumes of nourishment m a t e r i a l i n s t a n t a n e o u s l y , 

and the r e a l r a t e s of d e p o s i t i o n are comparatively slow. Since the seabed of 

any beach i s mobilised by a l l wave a c t i o n , then as soon as new borrow m a t e r i a l 
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iö a p p l i e d t o a beach w i t h i n wave access, then i n t e x i n i z i n g of both sediments 

coinmences immediately. 

j 

I f both n a t i v e and borrow m a t e r i a l s are i d e n t i c a l , then t h i s v n l l have l i t t l e ; 

e f f e c t on the beach slope or geometry. I f the borrow m a t e r i a l i s d i f f e r e n t 

however, then intexTnixing must r e s u l t i n a new sediment p o p u l a t i o n t h a t w i l l 

h o l d various p r o p o r t i o n s of both borrow and n a t i v e . The deg-ree and extent 

of the i n t e n u i x i n g w i l l depend upon the ambient wave c l i m a t e . I n a very calm ^ 

sea, i n t e r m i x i n g w i l l be s l i g h t , extend t o only a shallow depth of the seabed, 

and occur comparatively close t o the shore. During a great storm, on the other 

hand, comparatively vast volumes of beach sediment are c a r r i e d o f f s h o r e , t o 

form the storm bars. Under these c o n d i t i o n s , i t must t h e r e f o r e be expected t h a t 

extensive mixing w i l l occur throughout almost the e n t i r e swept prism. A f t e r 

a storm t h e r e f o r e , the t o t a l beach p o p u l a t i o n must be expected t o have changed 

t o a f u l l y mixed, v r i t h f i n a l p r o p e r t i e s approaching the average (on v o l m e t r i c 

p r o p o r t i o n s ) of both. 

I n p a r t i c u l a r , i f the nourishment m a t e r i a l i s placed d u r i n g f i n e wea.ther 

low wave energy c o n d i t i o n s , then i n t e r m i x i n g w i l l be small. The borrow m a t e r i a l 

w i l l then tend t o form a perched,slug a t the top of the a c t i v e beach.. Then 

a great deal of e x t r a beach w i d t h has apparently been gained f o r a reasonably 

moderate volume of new m a t e r i a l . When the next storm a r r i v e s however, i n t e r ­

m i x i n g out t o the toe of the storm swept prism w i l l generate a new mean slope, 

and the v i s i b l e beach w i l l recede. The volume of sediment i n the system remains 

the same, but an apparant " l o s s " has r e s u l t e d . The general p r i n c i p l e i s shovm 

i n Pig.4 which i s s e l f explanatory. 

The design of a nourishment exercise should t h e r e f o r e , i n c l u d e considerations 

of un-mixed and f u l l y mixed p r o f i l e s . Since each case demonstrates the extreme 

p r o b a b i l i t i e s f o r the new beach slope. 

The- e f f e c t s of i n t e r m i x i n g , must also become a f u n c t i o n of not only the d i f -
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ferances between borrow and n a t i v e , but a l s o the r e l a t i v e p r o p o r t i o n s of 

these l i k e l y t o r e s i d e w i t h the swept prism. Again as a crude estimate, and 

u s i n g the p o s t u l a t e t h a t beach slope may be a f u n c t i o n of p a r t i c l e s p e c i f i c 

surface, then Table I again demonstrates a reasonable approach t o the p r o ^ 

b a b i l i t i e s of slope change due t o v a r i o u s p r o p o r t i o n s of borrow aaad n a t i v e ~-

f o r a f i n e r , and coarser class of borrow m a t e r i a l . 

On r e a l h i g h energy beaches of course, the seabed sediment gradings are not 

constant, but tend t o become f i n e r p r o g r e s s i v e l y o f f s h o r e . There may thus 

be no average slope, but i f the new borrow m a t e r i a l also becomes so r t e d as 

has the n a t i v e , then the new beach slope should reach a s i m i l a r shape t o the 

n a t i v e , but m a i n t a i n sn o v e r a l l average steeper or f l a t t e r slope. Such diagrams 

are very amenable t o simple g r a p h i c a l integx-at::.on. Under c u r r e n t s t a t e s of 

imowledge however, i t i s d o u b t f u l i f t h i s class of refinement i s t o t a l l y 

warranted. Merely t o h o l d some a p p r e c i a t i o n of the gross p r o b a b i l i t i e s may 

be more than adequate a t present. I t should u l i m a t e l y be-possible t o measure 

the a c t u a l changes and i n t e r m i x i n g by a f u l l program of p r o f i l i n g and sediment 

i n t e r m i x i n g on the p r o t o t y p e , 

( c ) Placement P o s i t i o n . 

As an extension t o the above, i t may be concluded t h a t the r a t e of i n t e r m i i x i n g 

w i l l not only be p r o p o r t i o n a l t o the ambient wave energy, but a l s o where the 

nourishiBent s l u g i s placed upon the swept prism. I n Pig.5 f o r example, three 

p o t e n t i a l d e p o s i t i o n p o s i t i o n s f o r a nourishment s l u g are sho.m. Slug A has 

been put on top of the beach where t h e r e w i l l be no p e n e t r a t i o n by the f i n e 

weather swept prism. This s l u g w i l l remain almost e n t i r e l y u n a f f e c t e d by 

the sea u n t i l the f i r s t g reat storm a r r i v e s . Then i t must be e n t i r e l y t r a n s ­

p o r t e d i n t o the swept prism and become f u l l y i n t e r m i x e d . As such, and discussed 

above, the P u b l i c w i l l regard t h i s as a t o t a l l o s s . 

Slug B, on the other hand, has been placed h a l f i n t o the f i n e weather prism. 

Much of the s l u g w i l l be immediately a c t i v a t e d , and p a r t i a l l y i n t e r m i x e d . 
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Tlie dominant n a t u r a l beach demand f o r more sediment i s g e n e r a l l y w i t h i n the 

zone where the waves peak-up, and then break. Slug B, w i l l t h e r e f o r e , r e s u l t 

i n some increase i n the v i s i b l e beach, but not too much, and a t the same time, 

the c a p a c i t y of the f i n e vreather a c t i v e zone, has also become prograded. 

The p e r f e c t placement of Slug B of course, would be sLich, t h a t the toe of 

the s l u g co-incided w i t h the mobile toe of the f i n e vreather swept-prism. 

I n p r a c t i c e t h i s degree of " f i n e - t u n i n g " i s i m p r a c t i b l e . Nevertheless, Slug 

B represents a sound compromise. The s l u g has immediately nourished the c u r r e n t 

wave zone, but much has s t i l l been l e f t on the beach, ready f o r the f u t u r e 

storm. The p u b l i c ' s expectations of a vdder beach, have been met t o a reason­

able e x t e n t , but not t o an excessive degree of impermajience. During a great 

storm, the p u b l i c i s ready t o expect s i ^ i i f l e a n t beach recession, but not 

t o the e x t e n t , t h a t what t o them, appears t o be the whole system, has been 

" l o s t " . 

The placement p o s i t i o n of Slug B i n the p o s i t i o n shovm, i s also of great 

immediate b e n e f i t t o the scheme designer. Since a f a i r p r o p o r t i o n of new 

m a t e r i a l , has a c t i x a l l y been placed i n the s u r f , then the for-m and geometry 

of the "new" wet beach, may give the designer a valuable i n s i g h t i n t o how 

the combined m a t e r i a l s are behaving, arid how they may f u r t h e r do so i n the 

f u t u r e . I f there i s any detectable mean change i n beach slope, then the i n v e s t ­

i g a t o r may r e a d i l y measure t h i s by survey, and t h i s may give him a r e l i a b l e 

guide as t o what may a c t u a l l y happen, under more energetic f u t u r e wave c l i m a t e s . 

Much has been a c t u a l l y placed i n the s u r f , but not too much, y e t there i s 

enougli t o a c t u a l l y observe i t s response behaviour. 

F i n a l l y , i n Fig.5, Slug C has been placed i n much deeper v/ater near, or even 

below the toe of the f i n e vreather swept-prism. This i n f a c t i s , the d e p o s i t i o n a l 

s i t e of many nourishmeirb p r o j e c t s t h a t have u t i l i s e d borrow m a t e r i a l dredged 

from o f f s h o r e , and diimped i n water depths s u i t a b l e f o r l a r g e displacement 

barges aiid other p l a n t . This d e p o s i t i o n a l p o s i t i o n i s however, by no means 



i r r a t i o n a l or s t u p i d engineering. Althougli Slug C i s outside the f i J i e weather 

swept prism, i t i s however, p e r f e c t l y placed t o be immediately a v a i l a b l e t o 

act as the main o f f s h o r e bar, as soon as the next s i g n i f i c a j i t storm a r r i v e s . 

I f the main o f f s h o r e storm bar i s already i n p o s i t i o n , then when the storm 

does a r r i v e , then Nature w i l l have no need t o erode the beach, t o form the 

bar i t i s already t h e r e . Accordingly, when the storm does a r r i v e , the 

t o t a l beach stoim recession must be l e s s , and there w i l l be no t i m e - l a g needed 

t o form the bar e i t h e r . I f the next storm i s of short d u r a t i o n , Slug C may 

w e l l provide almost complete e r o s i o n p r o t e c t i o n , and even i f the storm i s 

prolonged, valuable e x t r a time has been gained. 

The problem w i t h the Slug C s i t i n g , i s t h a t i t provides no e x t r a beach r e s i s ­

tance d u r i n g f i n e weather, and i t s e f f e c t on m i l d c o n d i t i o n secular recession, 

v a i l be n e g l i g a b l e . Indeed, a steady r i s e i n sea l e v e l , v ? i l l even progress­

i v e l y reduce i t s o v e r a l l p o t e n t i a l e f f e c t s on the beach. On the other hand, 

once the great storm does a r r i v e j and Slug C becomes in c o r p o r a t e d w i t h i n 

the o f f s h o r e storm bars, then the u l t i m a t e p r o g r e s s i v e l y reducing wave cl i m a t e 

back t o m i l d c o n d i t i o n s , v / i l l sweep the s l u g back up on t o the near-shore 

beach, j u s t as n a t u r a l storm bars are handled by Nature anyway. Then Slug C 

v . ' i l l become of permanent nourishment v a l u e , but i t may taJce many years before, 

t h i s event a r r i v e s . Again, the P u b l i c associate nourishment v a l u e , w i t h v/hat 

they a c t u a l l y see. The Slug C ' p o s i t i o n , represents only l o n g term extreme 

event insurance, and an insurance t h a t w i l l not be a c t i v a t e d u n t i l the event 

a c t u a l l y happens, and not even be v i s i b l e , u n t i l much l a t e r t h e r e a f t e r . 

I n many ways, the Slug B p o s i t i o n probably approaches the optimum. Here, 

the m i l d weather a c t i v e beach zone has been improved. Much of the new m a t e r i a l 

i s immediately a v a i l a b l e f o r m i l d conditions,. more f o r moderate storms, and 

i t s e n t i r e l y f o r large-storms, and a l l i n the manner t h a t Nature handles 

beach sediments. The Slug A p o s i t i o n i s of much redxxced b e n e f i t . I n f a c t , 

Slug A might be regarded as. "cosmetic engineering", or an e f f o r t t o promote 
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a dramatic v i s u a l impact, but a l l a t the expense of a p r a c t i c a b i l i t y d e f e c i t . 

I n f a c t , when a type A s l u g begins t o erode, i t generates an alarming l o o k i n g 

v e r t i c a l scarp, t h a t holds even worse p u b l i c r e l a t i o n impact, the P u b l i c 

can't then even gain access t o the beachi 

As discussed above, the zone C s l u g i s b a s i c a l l y l o n g term storm ins-urance. 

I t i s not v i s i b l e , and i t may remain dormant f o r many years before i t ever 

becomes a c t i v a t e d . Nevertheless, i n simple engineering terms, i t must v/ell 

be considered t o represent more p r a c t i c a l value than Slug A a l t e r n a t i v e . 

I n mcunting a beach nourishment exercise, a t l e a s t the designer should con­

s i d e r a l l these a l t e r n a t i v e s very c a r e f u l l y , and opt f o r the best value he 

may o b t a i n , under ambient p o l i t i c a l and f u n d i n g p o s s i b i l i t i e s . To opt f o r 

the easy, and the obvious, may v/ell l a t e r generate p u b l i c o p p o s i t i o n , t h a t 

may preclude f u r t h e r sound work, or c a l l f o r immediate "hard" a l t e r n a t i v e s 

i n an attempt t o r e p a i r the v i s u a l damage t h a t r e s u l t s . Many beach n o u r i s h ­

ment p r o j e c t s t h a t were c a s u a l l y conceived, have r e s u l t e d i n the c o n s t r u c t i o n , 

f o r example, of groynes — a l l merely t o attempt t o maintain the h i g h l y v i s i b l e 

" i n i t i a l " g a in i n immediate beach p u b l i c amenity, u s u a l l y the f i n e weather 

vddth. 

(d) C r i t i c a l Voliunes. 

I n again extending the arguments set out above, i t may be noted t h a t the 

nourishment p r o j e c t designer may then become faced v;ith the basic problem 

of assessing the p r o v i s i o n of a c r i t i c a l sediment volume. As shown i n Pig.6, 

f o r example, i f the designer wishes t o a t t a i n a permanent e x t r a beach w i d t h 

under a l l c o n d i t i o n s , then the nourisliment sediment s l u g must extend seawards 

s u f f i c i e n t l y t o ensur-e t h a t even d u r i n g the worst of storms, then the new 

beach v a r i a t i o n w i l l be equal, or b e t t e r , than the n a t i v e beach. A simple 

c a l c u l a t i o n may then demonstrate t h a t t h i s r e s u l t a n t w i l l c a l l f o r e x t r a o r ­

d i n a r i l y lai-ge volumes of borrow m a t e r i a l , and t h i s does not a l l o w f o r s i g ­

n i f i c a n t i n t e r m i x i n g . P a r t i c u l a r l y , i f the new borrow m a t e r i a l i s f i n e r , or 
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coarser, than the n a t i v e , then the new sediment volume must he capable of 

absorbing the e n t i r e new swept prism completely, w i t h i n the volume of the new 

noirrishment m a t e r i a l . On most N.S.W. eriposed ocean beaches, t h i s may c a l l f o r 

p l a c i n g new m a t e r i a l out i n t o water depths exceeding 7 metres, or approaching 

even a k i l o m e t r e o f f s h o r e ! This i s o f t e n q u i t e an i m p o s s i b i l i t y . 

I n p r a c t i c a l terms t h e r e f o r e , the designer may be f o r c e d t o opt f o r a lower 

standard of p r o t e c t i o n d i r r i n g great storms, and merely provide a more a v a i l a b l e 

volume of sediment f o r the longer comparative periods of m i l d e r weather. Again, 

the p u b l i c u s u a l l y do not expect zero damage from major events, but they do 

expect a beach improvement most of the time from beach noiirishment works. To 

repeat, t h i s i s an exercise i n p r o b a b i l i t y , and there e x i s t t o date, n e g l i g i b l e 

design g u i d e l i n e s . I t i s i n f a c t perhaps r a t h e r f o r t u n a t e , t h a t most of the 

p u b l i c , are not able t o observe i n place, a c t u a l beaches dxoring great storms. 

Perhaps other\'dse, t h e i r expectations and demands would represent the e n t i r e l y 

u n - a t t a i n a b l e l 

\flaen the i n t e r m i x i n g of borrow and n a t i v e beach sediments i s taken i n t o account, 

then the p r o v i s i o n of a c r i t i c a l volume — or a new volxmie capable of p r o v i d i n g 

the e x t r a beach p r o t e c t i o n standard r e q u i r e d , i t becomes even more complex. 

Then we must consider two main p r o b i l i t i e s . Not only i s there the p r o b a b i l i t y 

of intexTnixing i n v o l v e d , but also what i s the p r o b a b i l i t y of the i n t e r m i x e d 

m a t e r i a l being e f f e c t i v e i n the face of the f u t u r e p r o b a b i l i t y of v a r i o u s storms 

of v a r i o u s i n t e n s i t y ? I n t h i s , we are c l e a r l y beyond the realms of s t a t i s t i c a l 

e n gineering knowledge. Yet, i f the p o t e n t i a l behaviour of a replenishment 

exercise i s t o be addressed, then these f a c t o r s must be considered. 

C l e a r l y , there must be a c r i t i c a l beach noxirishment volume below which the 

e x t r a p r o t e c t i o n purchased i s i n e f f e c t u a l , j u s t as there must be some c r i t i c a l 

volume above which the e x t r a p r o t e c t i o n i s excessive. The balance may be f i n e 

a t times, but again i t may only be expressed i n terms of p r o b a b i l i t y . At the 



moment, the only knovm manner i n which t o i n v e s t i g a t e v a r i a b l e i n t e r m i x i n g , 

and any r e s u l t a n t c r i t i c a l volume, i s t o p o s t \ i l a t e v a r i a b l e p r o p o r t i o n s of both 

i n the same manner as ^ig.A, and by t r i a l and e r r o r , but m a i n t a i n i n g the same 

gross c r o s s - s e c t i o n , p l o t v arious h y p o t h e t i c a l cross s e c t i o n s . At l e a s t when 

these are compared m.th various "design" sv/ept prism shapes, then some " f e e l i n g " 

f o r the outer l i m i t s of the p o t e n t i a l new beach may be considered. However, 

t o repeat again, the urgent need i s t o measure the a c t u a l performance of several 

prototypes and c a l i b r a t e the basic hypothesis — u t i t i l t h i s i s a c t u a l l y executed, 

l i t t l e "design" progress can be achieved. On the whole hov/ever, beach n o u r i s h ­

ment exercises are so expensive, t h a t t h i s basic f i e l d research i s an urgent 

c o n s i d e r a t i o n . 

U n f o r t u n a t e l y , even the basic i n p u t t o c o n s i d e r i n g the p r o f i l e p r o b a b i l i t i e s 

of r e a l beaches, i . e . the study of the swept prism, i s also r e l a t i v e l y s t i l l 

i n i t s i n f a n c y , w h i l s t much work has been attempted, only small progress has 

y e t been a t t a i n e d . Much more work i s r e q u i r e d i n computing a c t u a l beach prisms, 

and i n p a r t i c u l a r , equating them against the r e t u r n periods and p r o b a b i l i t i e s 

of major storms and cyclones. At i t s most s i m p l i s t i c l e v e l , perhaps the major 

lesson d e r i v e d from the study of a c t u a l A u s t r a l i a n beach nourishment schemes, 

i s t h a t the concept t h a t nourishment i s a s t r a i g h t f o r w a r d un-complicated op­

e r a t i o n of the most s t a t i c , s t e r i l e , and p r e d i c t a b l e k i n d , has been proven 

t o be f a l s e . 

(e) C r i t i c a l Placement Values 

An.other d i s t u r b i n g f e a t t i r e of p r o t o t y p e nourishment programs, i s t h a t t h e r e 

a l s o appears t o be another f a c t o r t h a t concerns the placement r a t e , and the 

placement p o s i t i o n . I t seems t h a t the wider the grading d i f f e r e n c e between 

n a t i v e and borrow m a t e r i a l s , then the more important are these f a c t o r s , but 

the i n t e n s i t y of the wave c l i m a t e , seems also t o be i n v o l v e d . 

Por example, i f the borrow m a t e r i a l i s f i n e r than the n a t i v e , and an attempt 

i s being made t o form a zone B s l u g as on Pig.5, and i f a very modest plac e -



ment r a t e i s adopted, then n a t u r a l i n t e r m i x i n g w i l l absorb a l l the new m a t e r i a l 

much quicker than i t can be placed. Sediment pnmping t o t h i s s i t e , may then 

continue f o r many weeks, but no v i s i b l e progress i n beach widening may be 

a t t a i n e d a t a l l I I n f a c t i f the borrow m a t e r i a l i s much f i n e r than n a t i v e , and 

i n t e r m i x i n g i s complete, the nev; average f l a t t e r beach slope, may even r e s u l t 

i n a v i s i b l e beach recession. 

I f t h i s class of immediate i n t e r - m i x i n g i s t o be minimised, then the new f i n e r 

m a t e r i a l must be placed as q u i c k l y as p o s s i b l e , so t h a t i n e f f e c t a complete 

"mantle" of new i m t e r i a l may r e s u l t w i t h the minimum i n t e r m i x i n g . Then the 

r e s i x l t s of P i g . 6 may be a t t a i n a b l e w i t h o u t o v e r l y degrading the slope s t a b i l i t y 

of the o r i g i n a l n a t i v e beach. 

Tlien i f the beach i n question, i s also exposed t o a h i g j i l i t t o r a l d r i f t , then 

the i n t e r m i x i n g slope degredation e f f e c t may be h i g h l y a m p l i f i e d . I n t h i s case 

not only i s the new sediment becoming dispersed " o f f s h o r e " , but a l a r g e propor­

t i o n of i t may also be c a r r i e d "alongshore". I f the new mixed Borrow and Native 

sediment, i s f i n e r than the n a t i v e , then the " r a t e " of l i t t o r a l d r i f t f o r any 

given ambient wave energy must also increase. 

I n f a c t , on the Gold Coast, when a f i n e e s t u a r i n e sand was pumped on t o Palm 

Beach a t a low r a t e , h i g h water content s l u r r y , f o r n e a r l y a month, n o t h i n g 

of the work could be seen a t a l l w i t h i n 12 hours of the pimping t e r m i n a t i o n . 

Nor d i d any v i s i b l e e f f e c t of the new sediment supply ever appear on e i t h e r 

t h i s , or i t s d o v m d r i f t beaches. I f dangerous excessive i n t e r m i x i n g i s t o be 

minimised t h e r e f o r e , there must thus e x i s t a c r i t i c a l placement r a t e . 

I f the borrow m a t e r i a l , on the other hand, i s much coarser than the n a t i v e , 

then other responses are p o s s i b l e . Por example, a coarse borrow m a t e r i a l placed 

as s l u g b i n Pig.5, must be of immediate beach st r e n g t h e n i n g e f f e c t . Even 

i n the p o s i t i o n of s l u g A, i t w i l l immediately i n i t i a t e a beach steepening 



as soon as i t becomes a c t i v a t e d . I f t h i s new coarse m a t e r i a l i s , however, 

placed i n the slug G p o s i t i o n , then under o r d i n a r y average m i l d v/ave c o n d i t i o n s , 

i t v d l l never come ashore a t a l l , i t w i l l simply he too d i f f i c u l t t o move. 

The very reverse c o n d i t i o n s , however, w i l l apply t o a f i n e r borrow m a t e r i a l . 

Then placj.ng the m a t e r i a l as a C type s l u g , may be much more b e n e f i c i a l than 

an A type s l u g . Nevertheless, d u r i n g any great storm, whenever i t a r r i v e s , 

complete intermi>d.ng must be expected, f o r a l l cases. 

At t h i s stage i t may be also noted, t h a t borrow and n a t i v e i n t e r m i x i n g v / i l l 

be p r o p o r t i o n a l t o the wave energy, and the time aver which t h i s energy i s 

a c t u a l l y a p p l i e d . Thus, on a high l i t t o r a l d r i f t beach, the'time t h a t the 

waves have access t o mix sediments w i l l be increased by the long-shore move­

ment, i n a d d i t i o n t o the o f f s h o r e d i s t r i b u t i o n . C l e a r l y , t o place a f i n e borrow 

m a t e r i a l i n i t i a l l y a t the u p d r l f t end of a l i t t o r a l d r i f t beach, can only 

ensure t h a t the combined i n t e r m i x i n g w i l l be a maximum, and o v e r a l l increased 

beach s t a b i l i t y a minimiim. The d e p o s i t i o n of a f i n e r borrow maberial under 

these c o n d i t i o n s , should commence from the d o w n - d r i f t end of the beach, and 

be c a r r i e d out as q u i c k l y as p o s s i b l e t o i n h i b i t i n t e r m i x i n g . Then, even some 

sand "groyne" e f f e c t may also be generated (see below). 

W i t h a coarser borrow m a t e r i a l than n a t i v e , on the other hand, the optimum 

placement sequence options remain much wider. Such new m a t e r i a l w i l l be very-

s a t i s f a c t o r y i f placed a t the u p d r l f t end of the beach, since the new "average" 

beach slope w i l l be r e a d i l y and r a p i d l y a t t a i n e d . The r e s u l t then, w i l l not 

be as dramatic as i f the new coarse m a t e r i a l placement s t a r t s a t the dovmdrift 

end. I n t h a t p o s i t i o n , i n t e r m i x i n g i s i n h i b i t e d , so a gr e a t e r v i s u a l beach 

widening impact w i l l be immediately generated. Yet a t l e a s t i n s t a r t i n g from 

the u p d r l f t end, average c o n d i t i o n s v d l l s t a b i l i s e much more q u i c k l y , and 

extremes i n wave c l i m a t e w i l l be much l e s s A^ariable and obvious, from then on. 

Prom t h i s , i t may be concluded t h e r e f o r e , t h a t there also e x i s t s a c r i t i c a l 
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placement -poaition.or sequence. Then, i f the borrow m a t e r i a l resources demon­

s t r a t e a h i g h l y s p a t i a l v a r i a t i o n i n g r a i n p r o p e r t i e s , then these v a r i a b l e s 

should become of r e a l concern i n determining which borrow m a t e r i a l s shoiild 

be used f i r s t , the order w i t h i n which they are t o be f i n a l l y u t i l i s e d , and 

j u s t where each v a r i a b l e deposit should be placed on the p r o t o t y p e . 

( f ) L i t t o r a l D r i f t E f f e c t s . 

Eor Eastern A u s t r a l i a n ocean beaches, much evidence has accummulated, t h a t 

suggests t h a t l i t t o r a l d r i f t does not occur as a steady "stream", but t h a t 

i t occurs i n " p i i l s e s " , or "slugs". W h i l s t n e i t h e r the cause nor the d e t a i l e d 

behaviour of t h i s c lass of l i t t o r a l t r a n s p o r t are y e t f u l l y understood, never­

t h e l e s s , t h i s phemonenon a p p l i e s a f u r t h e r v a r i a b l e t o no-orishment p r o j e c t s 

on l i t t o r a l c o a s t l i n e s . Experience t o date has however, shovm t h a t the manage­

ment of nourishment works t h a t have been based on v a r y i n g the placement r a t e 

a-nti 22£iM2S °^ a nat.ive beach, have been able t o " i r o n - o u t " these p u l s a t i e 

modulations given a reasonably constant borrow m a t e r i a l , by simply arranging 

the placement t o con t i n u o u s l y a t t a i n a new " s t r a i g h t " beach r e s u l t a n t . 

Whether i n f a c t , t h i s i s r a t i o n a l engineering, or n o t , remains i n c o n c l u s i v e , 

but a t l e a s t t h i s procedure has been successful i n coping v/ith b oth n a t u r a l 

s l u g transport,_and v a r i a b l e borrow m a t e r i a l , on the p r o t o t y p e . On the other 

hand, v/here the nourisliment management has been a p p l i e d on the basis o f a 

constant volume of borrow sediment, per u n i t l e n g t h of beach, pulse behaviour 

and beach c r e n n u l a t i o n s have merely been accentuated. I t i s not the " p o s i t i v e " 

e x t r a beach w i d t h c r e r m u l a t i o n t h a t i s important. W ith an accentuated "negative" 

beach w i d t h c r e n n u l a t i o n , a dangerous l o c a l beach erosion may sweep the down-

d r i f t beach beyond the circrent d e p o s i t i o n zone, and cause s i g n i f i c a n t damage 

t o e x i s t i n g f e a t u r e s . This phenomenon has been observed already. 

( g ) Groyne E f f e c t s . 

I n o r d i n a r y beach nourishment p r o j e c t s on l i t t o r a l d r i f t coasts, i t has o f t e n 



been postua/bed ths/b the i n i t i a l s i g n i f i c a n t sediment d e p o s i t i o n must, and Vvdll 

generate an immediate "sand groyne" t h a t w i l l t r a p u p d r l f t sediment, and generate 

a dovmdrift sand shadow. At l e a s t on the Gold Coast, t h i s p r e d i c t e d nourishment 

behaviour has never been detected. 

I t i s b e l i e A r e d , t h a t i n f a c t the reason why i t has never been detected, l i e s 

w i t h the n a t u r a l phenomenon of almost instantaneous borrow and n a t i v e sediment 

i n t e r m i x i n g , as discussed above. Nature holds an immense cap a c i t y t o organise 

beach sediment response, as a p u r e l y dynamic o p e r a t i o n , by means of i n t e r m i x i n g , 

slope change, wave r e - f r a c t i o n and r e s u l t a n t vrave incidence, t o always minimise 

l i t t o r a l d r i f t . The sampling of r e a l beaches (see Fig.2) has always demonstrated 

t h a t the simple concept of the constant beach, the constant sediment p r o p e r t i e s , 

and the constant beach slope, i s a myth. 

Watxire i s mu.ch more s u b t l e than t h a t . ReaJ beaches demonstrate an i n c r e d i b l e 

"macro", as v r e l l as "micro" v a r i a t i o n v a t h i n a l l the ambient n a t u r a l processes 

and the response of the sediments a v a i l a b l e t o accommodate these processes. 

I t may again be noted t h a t Nature holds an almost i n f i n i t e c a p a c i t y t o s o r t 

h e r s e l f out — then, i f we o f f e r her a beach nourishment t h a t does not s u i t 

her, then she w i l l s o r t out us as v / e l l . 

(6) EFFECTS ON AMEINITy 

One of the main a t t r a c t i o n s of beach nourishment as a means of " c o n t r o l l i n g " 

beach erosion , has been t h a t i t s side e f f e c t s on amenity are almost zero. 

Mobile sediments represent one of the most s t e r i l e h a b i t a t s f o r b i o t a i n the 

w o r l d , and those t h a t do e x i s t t h e r e , are almost e q u a l l y mobile, and t r a n s i e n t 

i n t h e i r h a b i t a t i o n . The sand crab t h a t can run as f a s t as a human can walk, 

and the s h e l l f i s h t h a t can burrow f a s t e r than h i s hiiman p r e d i t o r can d i g , 

are merely examples of t h i s . 

Many st u d i e s have been made on the environmental e f f e c t s of beach nourishment, 
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but a l l have demonstrated l i t t l e of d e t r i m e n t a l e f f e c t , and even these have ' 

been s h o r t - l i v e d . This should be expected, because beach nourishment c o n s i s t s 

merely of p l a c i n g more n a t u r a l m a t e r i a l s on a n a t u r a l s i t e , where an ajnbient I 

d e f i c i e n c y e x i s t s . Nature may not q u i t e handle them as we might expect, b u t . 

the c o n t r i b u t i o n must always be p o s i t i v e , and i n the end, u s e f u l . • 

The general pici;ure i s t h a t beach nourishment i s a powerful c o a s t a l management 

t o o l , w i t h the maximum p o t e n t i a l f o r b e n e f i t t o a l l . On the other hand, i t J 

i s o f t e n uneconomic t o provide the nourishment volumes necessary t o ensure | 

more than sh o r t - t e r m b e n e f i t . F i n a l l y , the design and execution of beach . j 

nourishment schemes i s n e i t h e r simple, nor d i r e c t . A great deal of o n - s i t e ' 

study w i l l be r e q u i r e d before the r e s u l t s of such schemes become f u l l y p r e - I 

t 

d i o t a b l e , and u n t i l t h i s r e s u l t i s a t t a i n a b l e , the hazards of a " f a i l u r e " \ 

loom a l a r m i n g l y h i g h . | 

1 

s 

! 

A.W. Smith. 

Engineer. 

i 

! 

Gold Coast, 

8 t h May, 1985-
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lUEENBl-AND INSTITUTB OP TECHNOLOQV 

GOLD COAST BEACH REPLENISHMENT PROGRAM 

REPORT No. 86. 

THE EFFECTS OF FILTER CLOTH IN BOULDER WALLS. 

(1) The most s t r i k i n g development i n the design and c o n s t r u c t i o n of 

coasta l s t r u c t u r e s over recent years, has been the a p p l i c a t i o n o f 

g e o t e x t i l e (or as i t i s l o c a l l y c a l l e d " f i l t e r c l o t h " ) i n a v a r i e t y 

of ways. F i l t e r c l o t h i s now a v a i l a b l e i n a wide range of p a t t e r n s , 

t e x t u r e s and forms —- the choice i s already becoming b e w i l d e r i n g . 

I t s a p p l i c a t i o n s are e q u a l l y diverse. I t s most common use i s as a 

replacement f o r t e r t i a r y armour i n rubble w a l l s , but i t i s also 

widely used beneath rubble s t r u c t u r e s and toe mattresses, i n an 

e f f o r t to i n h i b i t settlement of the rubble. Sand f i l l e d groynes have 

been b u i l t w i t h the m a t e r i a l and i t i s apparently commonly regarded 

as an i d e a l s t r u c t u r a l b a r r i e r , between any f i n e sediment and any 

l a r g e r sized armour. The co a s t a l l i t e r a t u r e abounds w i t h d e s c r i p ­

t i o n s o f a l l the d i f f e r e n t types of these t e x t i l e s , together w i t h 

many suggestions as t o where they could be applied. Much i s made 

about what the f a b r i c s should be able t o do, but l i t t l e i s a v a i l a b l e 

about what they a c t u a l l y do do, and how they f i n a l l y behave i n s e r v i c e 

on the prototype. 

(2) There are already probably over h a l f a dozen or so boulder w a l l s 

constructed on the Gold Coast, where f i l t e r c l o t h has been a p p l i e d as 

a d i r e c t replacement f o r the t r a d i t i o n a l clay-shale s o i l f i l t e r l a y e r . 

U n f o r t u n a t e l y none of these w a l l s have yet been exposed t o any r e a l 

wave energy i n p u t , so they a l l remain q u i t e untested to date. I f we 

want "hard" s i t e data on the behaviour of rubble w a l l s , backed w i t h 

f i l t e r c l o t h i n s e r v i c e , then we have to tu r n to C a l i f o r n i a f o r our 

t e s t i n g ground. Here our most potent reference i s Fulton-Bennett & 

Griggs (1986). Under storm c o n d i t i o n s , these authors observed t h a t 

f i l t e r c l o t h underlays beneath rubble w a l l s , d i d not prevent s i g n i f ­

i c a n t w a l l settlement nor d i d they remain s t a b l e as porous backing 

membranes, behind secondary armour. These are d i s q u i e t e n i n g obser­

v a t i o n s , perhaps we should reconsider what we expect from these geo­

t e x t i l e m a t e r i a l s i n co a s t a l works. 

(3) The c l a s s i c a l approach i s to consider f i l t e r c l o t h as a porous 

l a y e r behind the rubble w a l l , t h a t w i l l allow ground water from 

behind the m a t e r i a l to flow through i t , but a t the same time, prevent 
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the background f i n e m a t e r i a l s (e.g. sands and s i l t s ) from doing the 

same. The i n t e n t i n t h i s , seems to be twofold. F i r s t l y , high 

h y d r a u l i c pressures behind the s t r u c t u r e , w i l l be avoided, and 

secondly, loss of background f i n e s by p i p i n g or flow i n t o the s t r u c ­

t u r e , w i l l be prevented. Following the same reasoning, f i l t e r c l o t h 

i s o f t e n l a i d under the base and toe of the primary and secondary 

armour, to prevent w a l l settlement — settlement i n t h i s sense, being 

a t t r i b u t e d to sediments p i p i n g "up" through the l a r g e r armour u n i t s . 

I n both these l o c a t i o n s , f i l t e r - c l o t h should be ( i n theory) h i g h l y 

e f f e c t i v e and much more e f f i c i e n t than t r a d i t i o n a l n a t u r a l granular 

m a t e r i a l " f i l t e r s " . Perhaps however, we are seeing Hardin's Law i n 

a c t i o n , i . e . "You cannot only do one t h i n g " . We might thus suspect 

t h a t g e o t e x t i l e f i l t e r c l o t h , as i t i s usually applied i n rubble 

w a l l s , i s a c t u a l l y generating unexpected " s i d e - e f f e c t s " . 

(A) To comprehend the C a l i f o r n i a n experience, we f i r s t look at t h e i r 

f i l t e r c l o t h backed rubble w a l l f a i l u r e scenario, as shown by F u l t o n -

Bennett & Griggs. This i s shown i n Diagram 86.1 attached, being a 

d i r e c t copy of t h e i r F i g . 11. The most s t r i k i n g f e ature o f the 

diagram, i s the manner i n which nearly h a l f the main armour — and 

perhaps a quarter of the secondary armour — has been tra n s p o r t e d 

w e l l seawards. The second s i g n i f i c a n t f e a t u r e , i s how the armour 

t h a t reamined, has adopted a c l e a r concave-up surface p r o f i l e . This 

i s very d i f f e r e n t from our normal Gold Coast boulder w a l l f a i l u r e 

mode, where the armour tends to s e t t l e v e r t i c a l l y around the toe, and 

very few u n i t s are r o l l e d f a r seawards. Now a great deal o f power i s 

required to r o l l armour seawards along a very f l a t slope, against the 

incoming wave energy. We deduce t h e r e f o r e t h a t thefee can be only one 

agency capable of doing t h i s , and t h a t i s wave r e f l e c t i o n . We note 

t h a t i n c i d e n t waves s t r i k i n g armour u n i t s , push them against t h e i r 

background and t r y to compress the w a l l . Reflected waves on the 

other hand, can r e a d i l y r o l l u n i t s seawards, since there i s n o t h i n g 

but water to r e t r a i n them, and the r e f l e c t e d waves w i l l sweep sea­

wards between the incoming i n c i d e n t waves. Once the l o c a l Gold Coast 

w a l l s are exposed to constant green water i n f r o n t of them, i t i s 

easy to observe wave r e f l e c t i o n c o e f f i c i e n t o f 0.5 or more f o r the 

smaller waves, so there i s no doubt t h a t rubble w a l l s do hold a r e a l 

wave r e f l e c t i o n capacity. We begin t o suspect t h e r e f o r e , t h a t i n the 

C a l i f o r n i a n scene, the f i l t e r c l o t h i s accentuating the wave r e f l e c ­

t i o n phenomenon i n some way. 



(5) To obt a i n another c l u e , we compare the type of w a l l shown i n 

Dia. 86.1 w i t h the standard Gold Coast w a l l , as shown i n Dia. 86.2. 

The comparative f e a t u r e of the Gold Coast w a l l , i s the t h i c k f i l t e r 

l a y e r , constructed from n a t u r a l clay-shale m a t e r i a l . This l a y e r i n 

service , i s a c t u a l l y almost completely impervious, i t r e l i e s on i t s 

own weight to r e s i s t the groundwater loadings from behind i t . When 

a new Gold Coast w a l l i s i n i t i a l l y exposed t o wave a c t i o n , the f i r s t 

t h i n g that i s seen i s t h a t the water i n f r o n t of i t , turns yellow. 

The waves t h a t penetrate the armour, wash the clay from around the 

shale gravel i n the " f i l t e r " l a y e r . This provides a n a t u r a l l y and 

progressively graded l a y e r of t e r t i a r y armour, along the l e a d i n g 

face of the clay-shale l a y e r and the l a r g e r the i n c i d e n t wave, the 

t h i c k e r t h i s l a y e r becomes. Up to some l i m i t , the w a l l becomes 

"tempered" by wave exposure. By comparison, f i l t e r c l o t h has cons­

t a n t f i x e d h y d r a u l i c p r o p e r t i e s , and although i t may be f u l l y porous 

to groundwater seepage, i t i s completely opaque to waves. This must 

f o l l o w from the inherent p o r o s i t y of f i l t e r c l o t h . For seepage 

through f i l t e r c l o t h , we are probably t h i n k i n g of flow v e l o c i t i e s of 

a couple of metres/hour, but a 10 sec. wave h i t t i n g the w a l l , w i l l 

hold a c e l e r i t y of 5.5m/sec. i f i t has degraded t o the f u l l y 

s o l i t a r y s t a t e , o r 15.6m/sec. i f i t i s of almost deepwater form. 

When a wave s t r i k e s the face of a rubble w a l l , the c e l e r i t y o f the 

mass of water i s d i s s i p a t e d by armour f r i c t i o n and turbulence, but 

i t requires q u i t e a long wave "run" through the armour, before the 

wave energy i s exhausted. Local Gold Coast experiences, suggest 

t h a t a t o t a l "porous" armour thickness of between f i v e and seven 

metres, i s re q u i r e d to completely d i s s i p a t e the k i n e t i c energy of 

waves, w i t h an impacting height of only 2.5 to 3 metres. We see 

then t h a t i f any "dynamically" impervious l a y e r i s s i t u a t e d w i t h i n 

the wave d i s s i p a t i o n run, then whatever wave t h a t h i t s the l a y e r , 

must be i n s t a n t l y r e f l e c t e d . 

(6) Then we note t h a t as a dynamically opaque membrane, a l a y e r of 

f i l t e r c l o t h , w i l l accentuate the i n t e r n a l wave uprush, the backrush 

forces and the water volumes held w i t h i n the armour. To water f l o w , 

f i l t e r c l o t h i s s l i p p e r y , so i n a d d i t i o n t o l i m i t i n g the h o r i z o n t a l 

wave mass p e n e t r a t i o n , the water f l o w volumes w i t h i n the armour i n 

the up and down d i r e c t i o n s , w i l l be much higher as w e l l . I f the 

backflow and the r e f l e c t e d wave, happen to coi n c i d e , the " t e n s i l e 

f o r c e " capacity of the face armour, can be r e a d i l y overwhelmed. 



T o t a l f a i l u r e then w i l l become a r a p i d c e r t a i n t y . The p r o v i s i o n of 

a f i l t e r c l o t h membrane here, then begins to appear to represent a 

very dangerous expedient. I t s very existence w i l l contain the wave 

backrush, e n t i r e l y w i t h i n the toe armour zone and merely ensure th a t 

the face armour must be r o l l e d seawards and separate, instead o f 

s e t t l i n g v e r t i c a l l y . I f the toe armour s e t t l e s v e r t i c a l l y , i t may 

continue to act as a w a l l foundation, but i f i t becomes t r a n s l a t e d 

seawards, i t simply separates and becomes " l o s t " . As a f i n a l straw 

from Dia. 86.1, we also observe t h a t the concave-up armour and 

f i l t e r shape during the f i l t e r process, concentrates the wave uprush 

and makes i t backflow much f a s t e r — the membrane slope keeps 

incre a s i n g shorewards. This i s the reverse of the behaviour o f a 

clay shale l a y e r , under serious wave attack. 

(7) On the Gold Coast, a l l the boulder w a l l s are constructed 

against a background of pure sand. I n C a l i f o r n i a however, i t 

appears t h a t many are b u i l t against a background of a c l i f f face, 

and such a face would very e f f i c i e n t l y r e f l e c t wave power, whether 

the f i l t e r c l o t h was there or not. We may now begin to appreciate 

why rubble w a l l s i n C a l i f o r n i a , tend to be much less e f f e c t i v e than 

t h e i r counterparts on the Gold Coast. We would deduce t h a t the 

rubble w a l l s i n C a l i f o r n i a are dominated by wave r e f l e c t i o n behaviour 

and they are not i n f a c t , b u i l t nearly " t h i c k enough" to e l i m i n a t e 

t h i s problem. Our very sobering conclusion can only be t h a t f i l t e r 

c l o t h i s not a d i r e c t s u b s t i t u t e f o r t e r t i a r y armour. I f f i l t e r 

c l o t h i s used, then the primary and secondary armour l a y e r s , must 

be increased i n thickness or some t e r t i a r y armour must be provided 

as w e l l . 

(8) Although the number of prototype case studies t h a t we have 

discussed herein, i s small, our i n t e r p r e t a t i o n of them seems t o add 

up to an ominous warning. Wave r e f l e c t i o n i n a rubble mound s t r u c ­

t u r e , i s a potent f o r c e . The w r i t e r has seen an e i g h t tonne boulder 

r o l l e d 5m seawards, by 3.0m waves, r e f l e c t e d o f f a v e r t i c a l concrete 

monolith behind the boulder. We deduce t h a t a f i l t e r c l o t h membrane 

l a i d too close to the rubble armour face, can e f f e c t s i m i l a r r e s u l t s 

As such, i t seems reasonably c l e a r t h a t the use of f i l t e r c l o t h i n 

rubble w a l l s , where t h i s f a c t o r i s not considered, i s a p o t e n t i a l l y 

h i g h l y dangerous p r a c t i c e . As f a r as we can t e l l to date, the 

d e l e t e r i o u s s i d e - e f f e c t s o f f i l t e r c l o t h , almost c e r t a i n l y outweigh 
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i t s apparent "design" advantages. U n t i l such time as new s i t e 

o r i e n t a t e d design concepts, become developed, we do not t h i n k t h a t 

i t should be used as a replacement f o r t e r t i a r y armour, i n rubble 

w a l l s on the Gold Coast. 

(9) REFERENCE 

Fulton-Bennett, K. & Griggs, G.B. "Coastal P r o t e c t i o n S t r u c t u r e s and 

Their E f f e c t i v e n e s s " . U n i v e r s i t y o f C a l i f o r n i a a t Santa Cruz. (1986). 

25th March 1987. A.W. SAM SMITH. 

Engineer. 
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SEAWALLS AS LITTORAL DRIFT DEFLECTORS 

(1 ) INTRODUCTION 

A f e a t u r e of b a r r i e r i s l a n d crossing systems, be they creeks, r i v e r s 

or t i d a l o u t l e t s , i s the sand body t h a t u s u a l l y forms around and i n 

the o u t l e t . I n Nature, the sand body may adopt any of a myriad of 

shapes and form. The form of the sand body i s seldom constant, but 

v a r i e s depending upon the p a r t i c u l a r balance of the various h y d r a u l i c 

f o r c e s , t h a t may be i n t e r a c t i n g w i t h i n the entrance a t the time. 

The most p e r s i s t e n t i n f l u e n c e i s g e n e r a l l y the t i d e . I n ebb domin­

ated t i d a l c o n d i t i o n s , the sand body may form l a r g e l y i n the e x t e r i o r 

of the c r o s s i n g , and vi c e versa f o r a f l o o d dominant t i d e . Under 

balanced c o n d i t i o n s , the body may be nearly symmetrical, but where 

s i g n i f i c a n t creek or r i v e r flows c o n t r i b u t e to the o u t l e t ' s f l o w , 

the v a r i a b i l i t y increases immensely. The peak f l o w i n creeks and 

r i v e r s , occurs during major f l o o d s , but u n l i k e the t i d e s , major 

f l o o d s are almost random sporadic events. 

To c o a s t a l engineers who are concerned w i t h the s t a b i l i t y and he a l t h 

of ocean beaches, i t i s the f l o o d t i d e dominant entrances w i t h low 

creek or r i v e r flows and infrequent f l o o d i n g , t h a t are of the g r e a t ­

e s t concern. I n t h i s class of crossing, the t i d a l s a l t wedge e f f e c t , 

tends t o unbalance the average water f l o w on the bed of the crossing, 

and t h i s r e s u l t s i n a net inward flow of sediment, i n t o the estuary. 

I f there i s l i t t l e sediment in p u t from the creek or r i v e r , the f l o o d 

dominant estuary, may then become a major s i n k f o r sediments, washed 

i n from the beach. On a high l i t t o r a l d r i f t beach, these o u t l e t 

sinks can t r a p very large volumes of sediment and s i g n i f i c a n t l y "rob" 

the n a t u r a l d r i f t supply. Sometimes the i n f r e q u e n t major f l o o d s may 

wash most o f the sand body back i n t o the ocean, but sometimes they 

may not. I n t h i s event, the in-washed sediments may remain as r e l i c t 

sand-banks w i t h i n the estuary. To the Coastal Engineer, these 

deposits then become a t o t a l l o s s t o the beach system. The v i s i b l e 

"hallmark" of these entrances, i s t h a t the beach on the d o w n d r i f t 

side o f the crossing, i s more landward than on the u p d r l f t s i d e , the 

l i t t o r a l d r i f t l o s s generates an "erosion shadow". 
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(2) GOLD COAST EXAMPLES 

The Gold Coast i s a la r g e Zeta embayment, but near the centre there 

are two semi-subdued small headlands, t h a t d e f i n e the o u t l e t s o f two 

small creeks, see Fig. 89.1. These are c a l l e d Currumbin Creek and 

Tallebudgera Creek, and both discharge through a c t i v e t i d a l e s t u a r i e s 

t h a t breach the b a r r i e r dune and beach system. Both creek catchments 

are steep, t h e i r f l o o d i n g i s e r r a t i c and of sh o r t d u r a t i o n . The 

t i d a l s a l t wedge e f f e c t i s s t r o n g i n each of the estuary o u t l e t s . 

For the l a s t 50 years, both creeks have been almost c o n t i n u a l l y 

i n f i l l i n g w i t h ocean beach sand. The only recorded f l o o d t h a t 

s i g n i f i c a n t l y scoured and cleared e i t h e r of the creek mouths, occurred 

i n 1931. 

The quasi- e q u i l i b r i u m s i z e or form of the i n t e r n a l d e l t a sand mass 

f o r e i t h e r creek, remains e n t i r e l y unknown since both e s t u a r i e s have 

been p r o g r e s s i v e l y dredged, to win l a n d - f i l l m a t e r i a l , since before 

the f i f t i e s . The t o t a l volumes of sand removed from the creeks, i s 

also unknown, but i t i s believed t h a t some 1.5 x lO^m^ has been 

dredged from Currumbin Creek and perhaps 0.25 x lO^m^ from Tallebud­

gera Creek. I t was not appreciated u n t i l the e a r l y seventies, t h a t 

a l l these dredging operations were a c t u a l l y only robbing the n a t u r a l 

l i t t o r a l d r i f t , the t i d a l i n f l o w , given time, merely replaced the 

e x t r a c t e d sand d i r e c t l y from the beach. Palm Beach i s the sandy 

s e a f r o n t immediately d o w n - d r i f t of Currumbin Creek. From the l a t e 

f i f t i e s u n t i l the e a r l y e i g h t i e s , t h i s beach s u f f e r e d from a serious 

recession, yet the remainder of the whole Zeta embayment, appeared 

l a r g e l y unchanged. I t took q u i t e some time before the probable 

r e l a t i o n s h i p between these two events, became at a l l obvious. 

The r a t e a t which the t i d e could wash sand back i n t o a dredged hole 

i n the estuary of Currumbin Creek, was determined i n 197^. As an 

experiment, a dredge was used i n an attempt to fomr a deepwater 

entrance, i n the t h r o a t o f the o u t l e t . Pumping a t a r a t e of between 

200 and 300mVhour, the dredge made good progress f o r the f i r s t two 

days. However, on the t h i r d day t h i s progress ceased, the dredged 

sand was being replaced by m a t e r i a l from the beach, as q u i c k l y as 

i t was dredged. F i n a l l y on the f o u r t h day. Nature began to win. 

The incoming sand flowed past the dredge on both s i d e s , and the 

dredge was l e f t o p e r a t i n g a t f u l l c a p a c ity, i n an ever d i m i n i s h i n g 

pond. At t h i s p o i n t , the dredge was turned around and w i t h the help 
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of a second dredge, i t was j u s t able to r e t u r n to the es t u a r y . 

Approximate surveys suggested t h a t when the Currumbin Estuary was 

f u l l y dredged t o the i n c e p t i o n of the o u t l e t t h r o a t , some 200,000m^ 

of sand flowed back i n t o the dredge hole, i n only two years. The 

t o t a l net l i t t o r a l d r i f t through the Gold Coast embayment, i s of the 

order of 550,000mVyear — Currumbin Creek was a remarkably hungry 

" s i n k " . The behaviour of Tallebudgera Creek, f o l l o w e d the same 

p a t t e r n , but on a much reduced scale. 

Then when both the creek estuaries had been dredged, an unexpected 

p o l i t i c a l " s i d e - e f f e c t " developed. Once the e s t u a r i e s had been 

converted to blue-water c o n d i t i o n s , the p u b l i c found them t o be of 

immense amenity f o r sheltered boating, f i s h i n g , b athing and s a i l i n g . 

As the p u b l i c u s u a l l y does, i t r a p i d l y grew to demand t h a t the 

e s t u a r i e s by kept p e r p e t u a l l y i n the deep-water s t a t e . The p o l i t i c a l 

pressure applied has grown s t r i d e n t , s trong and remains continuous. 

[ 3 ] LITTORAL CLOSURES 

Un f o r t u n a t e l y the p o l i t i c a l side e f f e c t s , d i d not stop there e i t h e r . 

Once i t had become p r a c t i c e to dredge the creek e s t u a r i e s , i t became 

a popular f a l l a c y , t h a t a large measure of f l o o d c o n t r o l o f the 

creeks, had been a t t a i n e d . I t i s now no longer known how s e r i o u s l y 

t h i s f a l l a c y became widely accepted, but whether i t was or not, i t 

i s now c l e a r t h a t the l e v e l s of housing land near the estuary, had 

been set on the assumption t h a t the creek o u t l e t s , would always stay 

open. This would seem a most reasonable e x p e c t a t i o n — a major f l o o d 

as had occurred i n 1931, should have been q u i t e capable o f eroding 

an expanding escape channel, at any time across the beach. 

I t was i n the event. Nature h e r s e l f t h a t demonstrated t h i s expectat­

io n could be f a l s e . Early i n 1972, the Gold Coast was attacked by 

a t r o p i c a l cyclone storm wave t r a i n , t h a t shoaled very o b l i q u e l y 

from the South. This whipped up the l i t t o r a l d r i f t r a t e t o unprece­

dented l e v e l s , and the high sand t r a n s p o r t volumes, completely 

c l o s e d - o f f both creek entrances. I n s p i t e of the heavy r a i n f a l l , 

the cyclone c a r r i e d w i t h i t , the r e s u l t i n g floodwater f a i l e d t o 

breach the l i t t o r a l d r i f t induced beach berm clo s u r e s , and hundreds 

of houses suddenly became i n hazard of imminent extensive f l o o d i n g . 

Both creeks were u l t i m a t e l y opened i n the n i c k o f time, by the 

l i b e r a l a p p l i c a t i o n of manpower and b u l l d o z e r s , but the margin 



against severe inundation had been narrow indeed. I t f i n a l l y began 

to dawn upon the Gold Coast C i t y Council engineers, t h a t these two 

creeks had developed i n t o c o a s t a l problem areas, o f a very s i g n i f i c a n t 

magnitude. 

I t i s easy now to c l a r i f y the issues a t stake, but i n .raid 1972, the 

o v e r a l l p i c t u r e looked a great more clouded. As i s u s u a l l y the case, 

the engineers of the time, stumbled from c o n s i d e r a t i o n t o consider­

a t i o n , very much by t r i a l and e r r o r , but a f t e r about s i x months, 

t h e i r o b j e c t i v e s became d i s t i l l e d i n t o : -

.(a) The primary need was to prevent the closure of both creeks, 

by high cyclone induced l i t t o r a l d r i f t . 

(b) The second need, was to reduce the i n f l o w o f sediment i n t o 

both e s t u a r i e s . 

(c) The t h i r d and a l l i e d need, was t o reduce the estuarine t i d a l 

sand body demand and thus reduce the maintenance dredging, 

necessary t o keep the e s t u a r i e s l a r g e l y "blue-water". 

I t was obvious t h a t some s t r u c t u r a l conclusion would be necessary, 

and u l t i m a t e l y both creeks were provided w i t h what were simply 

c a l l e d "groynes" at the time, but what would now be c l a s s i f i e d as 

" L i t t o r a l D r i f t D e f l e c t o r s " . I t would be obvious t h a t i f the beach 

l i t t o r a l d r i f t , could be arranged t o l a r g e l y by-pass the immediate 

i n f l u e n c e o f the est u a r i n e o u t l e t s , then a l l three of the "needs" 

set out above, might be reasonably e f f e c t e d . The two seawalls t h a t 

were f i n a l l y b u i l t , were designed by e n t i r e l y d i f f e r e n t procedures, 

and they look very d i f f e r e n t , so each w i l l be described separately 

below. 

(A) CURRUMBIN SEAWALL 

I n l a t e 1972, the Gold Coast C i t y Council f i n a l l y embarked upon a 

long term program o f co a s t a l p r o t e c t i o n and c o a s t a l enhancement 

works. The basic g u i d l i n e s and the physi c a l process data-base then 

a v a i l a b l e , was the D e l f t Hydraulics Laboratory Report R257 (1970). 

This r e p o r t had been commissioned by the Queensland State Government 

i n 1968, perhaps l a r g e l y as a response to the erosive cyclone 

season of 1967. The r e p o r t was remarkably advanced f o r i t s time. 
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and i t c l e a r l y i d e n t i f i e d the l i t t o r a l d r i f t i n f i l l i n g behaviour, 

t h a t generated the on-going sand losses i n t o Currumbin Creek. I t s 

basic recommendation, c a l l e d f o r the c o n s t r u c t i o n of a seawall 

j o i n i n g Currumbin Rock, to the mainland. This became the s t a r t i n g 

p o i n t f o r the new seawall designers, i t being perceived by the 

Council, t h a t Currumbin Creek was the most urgent problem i n need of 

immediate address. 

The Council engineers' f i r s t a c t i o n , was to study and re-analyse the 

D e l f t recommendations and supporting data. By t h a t time, the same 

engineers had been on duty on the a c t u a l beaches, throughout the 

1972 cyclone erosion •— they had already observed the " r e a l t h i n g " 

i n a c t i o n , d uring a major storm event. The D e l f t i n v e s t i g a t o r s had 

thought t h a t i f the proposed w a l l connecting Currumbin Rock to the 

mainland was constructed, then n a t u r a l bypassing would be s t r o n g l y 

i n h i b i t e d and a mechanical bypassing system would be necessary. 

Having observed cyclone induced headland bypassing, the engineers were 

not at a l l sure t h a t t h i s need be so, and t h e i r research seemed to 

support t h e i r doubts. Their h i s t o r i c a l search suggested t h a t i n the 

past, Currumbin Rock had been connected to the mainland by a sand 

s p i t , at l e a s t as o f t e n as had the sand s p i t been absent. Their 

search also suggested t h a t the existence of a connecting sand s p i t , 

might w e l l be associated w i t h a wide beach on d o w n d r i f t Palm Beach, 

and v i c e versa. 

The engineers t h e r e f o r e mounted an almost d a i l y m o n i t o r i n g exercise 

on the prototype, t o observe the i n l e t sediment behaviour i n d e t a i l . 

At the time, the connecting sand s p i t was absent, and f o r t h i s s t a t e , 

t h e i r i n t e r p r e t a t i o n of the sediment t r a n s p o r t behaviour i s shown as 

Fig. 89.2. With no sand s p i t i n place, the water depth i n the 

g u l l e t reached nearly 6m a t low water, so something l i k e 70% of the 

t o t a l l i t t o r a l d r i f t along Currumbin Beach, was f l o w i n g through the 

gap. This ensured t h a t a c o n t i n u a l supply of s e m i - f l u i d sand, was 

being placed e x a c t l y where the f l o o d t i d e could wash i t i n t o the 

estuary, w i t h the minimum of e f f o r t . One only had to stand on the 

shore, under the r i g h t l i g h t i n g c o n d i t i o n s , t o be able to see the 

l i t t o r a l d r i f t , a c t u a l l y f l o w i n g under only moderate waves a t peak 

t i d a l f l o w . 

The second scenario f o r the creek entrance w i t h the sand s p i t i n 
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place, i s then shown as Fig. 89.3. At the time, t h i s scenario was 

only very t e n t a t i v e , a s i m i l a r mechanism appeared to occur on the 

prototype a t other headlands and groynes, but none of these s i t e s 

were i n any way associated w i t h a c o i n c i d e n t creek o u t l e t . I n f a c t , 

the bypassing process shown i n F i g . 89.3, was p a r t i a l l y i n c o r r e c t 

and the a c t u a l mechanism was not detected u n t i l over ten years l a t e r . 

F o r t u n a t e l y however, the basic p r i n c i p l e was r i g h t enough. Waves 

w i t h a s u i t a b l y high energy content, could and d i d , bypass l a r g e 

volumes of sand around headlands, i n water depths of between 2 and 

10 metres. This put the main l i t t o r a l d r i f t seawards of the wave 

breaking l i n e , where the t i d a l c u r r e n t s were not s t r o n g enough to 

wash too much sand i n t o the creek. 

The w a l l designers of course, had no idea how e f f e c t i v e the headland 

bypassing would be, nor whether i t would be only a temporary or 

permanent process. Nevertheless, the D e l f t Laboratories had sa i d 

the w a l l was necessary, and the engineers had been t o l d t o b u i l d i t , 

so i n s p i t e of t h e i r reserve, they set about doing so. 

At t h i s stage, the most important v i s u a l f e a t u r e of the w a l l , became 

adopted. The p r o v i s i o n a l s t r u c t u r a l design of the w a l l had been f o r 

a s t r a i g h t w a l l across the narrowest s e c t i o n of the g u l l e t , connect­

i n g Currumbin Rock to the mainland. The then Mayor of the Gold Coast 

had a good eye f o r .beach h y d r a u l i c s , and he suggested t h a t a connect­

i n g w a l l formed i n an arc concave to the South East i n plan, would 

look b e t t e r and probably "act" b e t t e r . To the designers, t h i s was a 

novel thought, so they went away t o t h i n k about i t f u r t h e r . I t then 

only took them a day or two to conclude t h a t a curved w a l l could be 

proportioned, such t h a t i t held two major b e n e f i t s over a s t r a i g h t 

w a l l . These were:-

(a) A concave shaped w a l l almost encroaching i n t o the creek, 

provided the maximum width of r e f i l l e d beach, where the w a l l 

" h e i g h t " was a maximum. This meant t h a t the centre of the 

w a l l would be exposed to the ocean, much more im f r e q u e n t l y 

than would a s t r a i g h t w a l l , so the beach would recover much 

more r a p i d l y a f t e r any storm erosion. 

(b) I f the concave shape of the w a l l i n plan, was made e x a c t l y 

the same shape as adopted by storm wave f r o n t s , r e f r a c t i n g 
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through the g u l l e t (when i t was blue water) then the impacting waves 

would "touch down" everywhere upon the w a l l , a t the same i n s t a n t . 

This would then not only minimise w a l l damage, but i t would also 

minimise wave r e f l e c t i o n , progressive wave "set-up" and i n h i b i t the 

development of escape head r i p c u r r e n t s , capable o f washing l a r g e 

volumes of sand o f f s h o r e . 

I n the event, the w a l l was designed and constructed i n accord w i t h 

these premisess, and s u r p r i s i n g l y both have since been found to be 

v a l i d . I n 1974, the w a l l was exposed to two major cyclone wave 

a t t a c k s . A 90% simultaneous wave touch-down was observed and no 

dangerous r i p currents developed a t a l l . Since 197A, the w a l l has 

never been re-exposed, but i t remains there as the f i n a l defence 

against a breach during any f u t u r e extreme event. I t was however, 

the bypassing behaviour of the w a l l and rock, t h a t astonished the 

designers the most, i t "worked" much b e t t e r than ever expected. The 

r a t e o f i n f i l l i n g of Currumbin Creek dropped t o 25% or l e s s , compared 

w i t h "open g u l l e t " c o n d i t i o n s , and the major sand i n p u t now occurs 

d u r i n g Southerly l i t t o r a l d r i f t s t a t e s , as induced by the compara­

t i v e l y i n f r e q u e n t wave t r a i n s a r r i v i n g from the North. The Currumbin 

seawall i s i n f a c t , one of those r a r e . " a c c i d e n t a l " successes. The 

designers o f the time, held only a very l i m i t e d understanding of 

b a r r i e r i s l a n d o u t l e t dynamics and r e a l l i t t o r a l bypassing modes. 

I n r e t r o s p e c t , i t was pure l u c k t h a t a c t u a l l y graced t h e i r e f f o r t s . 

(5) TALLEBUDGERA SEAWALL 

When 'the C i t y Council engineers came to address the design f o r a 

bypassing s t r u c t u r e f o r Tallebudgera Creek, they were much more 

c o n f i d e n t . They knew by then, t h a t the designed r e s u l t a n t was 

a t t a i n a b l e , so they determined to e f f e c t a f i n a l design i n a proper 

way, and not r e l y upon i n t u i t i o n . At t h a t time, the Currumbin 

seawall was not complete, but i t s f i n a l behaviour could already, be 

pr e d i c t e d . The C i t y Council t h e r e f o r e , commissioned a model study 

of the Tallebudgera Creek o u t l e t , by the Water Research Laboratory 

of the U n i v e r s i t y of New South Wales. The study, as reported by 

Tuck & Foster (1973) remains t o t h i s day, as q u i t e b r i l l i a n t . The 

l a b o r a t o r y constructed a "process" model of which " s c a l i n g " values 

were i m m a t e r i a l , i . e . the model was made to reproduce the behaviour 

of the pr o t o t y p e , and the wave i n p u t , the l i t t o r a l d r i f t and the 

t i d a l prism were v a r i e d u n t i l the model d i d act j u s t l i k e the 
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prototype. This was only possible, because by then, the C i t y 

Council had aramassed a la r g e data bank o f observations, surveys, dye 

tr a c e r studies and a e r i a l photographs of the r e a l o u t l e t i n a c t i o n . 

This i s shown i n F i g . 89.4. 

The form of the Tallebudgera Seawall i s shown i n F i g . 89.5. The 

Wall i s not a normal groyne at r i g h t angles to the beach, but i s 

very o b l i q u e l y aligned t o the mean beach l i n e . This necessary 

f e a t u r e was determined on the model, which l i k e w i s e demonstrated 

t h a t no a d d i t i o n a l b e n e f i t s could be a t t a i n e d by e i t h e r c u r v i n g the 

w a l l , or adding a seawards end spur to i t . The seawall was constru­

cted i n two stages. By t h a t time the Council engineers had learned 

a l i t t l e more about coastal process u n c e r t a i n t y . They thus adopted 

the p o l i c y o f i n i t i a l l y c o n s t r u c t i n g a co a s t a l w a l l , r a t h e r smaller 

or s h o r t e r than was thought d e s i r a b l e , m o n i t o r i n g i t s behaviour f o r 

some time, and then prog r e s s i v e l y adding t o , o r changing the s t r u c t u r e 

u n t i l i t was a c t i n g as required. As might be expected, the Tallebud­

gera seawall has been much more e f f i c i e n t than the Currumbin w a l l , 

i n d e f l e c t i n g the l i t t o r a l d r i f t . I n i t s Stage I geometry, the 

Tallebudgera Wall reduced the sediment i n f i l l i n g r a t e , to about 20% 

of the " p r e - w a l l " s t a t e , and the f i n a l w a l l estension has nea r l y 

halved t h i s again. To date, t h i s w a l l has been an unequivocal 

success. 

(6) CONCLUSIONS 

The Gold Coast experience of l i t t o r a l d r i f t d e f l e c t i n g s t r u c t u r e s , 

covers only two cases. However, t h i s experience does suggest t h a t 

w i t h an adequate prototype process data c o l l e c t i o n , and an adequate 

"process" o r i e n t a t e d flume model, i t should be possible to design 

and c o n s t r u c t b a r r i e r i s l a n d o u t l e t s t r u c t u r e s t h a t may e f f e c t i v e l y : 

(a) By-pass a la r g e percentage o f the l i t t o r a l d r i f t n e arly 

continuously. 

(b) Reduce the n a t u r a l sediment i n f i l l i n g r a t e . 

(c) Reduce the size and volume o f the n a t u r a l sand body t h a t 

u s u a l l y forms i n these o u t l e t s . 

I t must be noted t h a t t h i s class o f s t r u c t u r e , cannot be expected 

to generate a deep-water or navigable o u t l e t , the l i t t o r a l d r i f t i s 

only d e f l e c t e d seawards of the s t r o n g e s t t i d a l c u r r e n t s . L i t t o r a l 
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d r i f t by-passing and a permanent deep-water o u t l e t , are two completely 

incompatible s t a t e s . A permanent deep-water o u t l e t , demands n i l 

n a t u r a l l i t t o r a l d r i f t by-passing, and v i c e versa. You simply cannot 

have i t both ways. 

(7) POSTSCRIPT 

This account o f course, has been able t o be w r i t t e n w i t h the complete 

b e n e f i t of much h i n d - s i g h t . At the time (1972-74) the engineers 

i n v o l v e d , wasted a great deal of time i n e x p l o r i n g what u l t i m a t e l y 

turned out to be f r u i t l e s s avenues of sp e c u l a t i o n and research. For 

months on end, they were confused, unsure and i n grave doubt t h a t 

they were even approaching a sensible v i a b l e conclusion. This must 

u s u a l l y be the way w i t h many coastal p r o j e c t s , even though they are 

o f t e n l a t e r reported i n the most p o s i t i v e of terms. The Gold Coast 

engineer's t o t a l r e l i a n c e upon continuous f i e l d o bservation and 

process m o n i t o r i n g , u l t i m a t e l y paid o f f , but how narrow was t h e i r 

margin between r e l a t i v e success and f a i l u r e , i s something t h a t w i l l 

probably never be known. 
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FIG. 89.1 

L o c a l i t y Plan. 



FIG. 89.2 

T y p i c a l Currumbin Creek Before Seawall. 



FIG. 89.3 

Typ i c a l Currumbin Creek A f t e r Seawall 

S o l i d arrows show t r a n s p o r t as deduced i n 1973. Dash arrows show ac t u a l t r a n s p o r t as 

detected i n 1984. Sub-wall was b u i l t to s t a b i l i s e end of s p i t . 
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FIG. 89.6 

Currumbin Seawall Oct. 1982 

Rock and nearly buried seav/all at l e f t . Sub-wall c e n t r a l w i t h 

s p i t to r i g h t . Note s t r a i g h t l i n e of bypassing shoal. 


