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G e n e r a l i n t r o d u c t i o n 
The Indonesian goüvernment i s s t i m u l a t i n g development .of areas 
outside Java t o increase the food production o f the country and t o 
decrease the p o p u l a t i o n d e n s i t y on Java. Also the Bengkulu d i s t r i c t 
on the west coast of Sumatra has t o 
be developed. Important f o r develop­
ment i s a good i n f r a s t r u c t u r e , and i n 
an archipelago l i k e Indonesia sea-
t r a n s p o r t i s cheap and easy. But har­
bours are necessary. 
Nowadays Bengkulu has a small harbour 
w i t h an average depth o f 1 m, and of 
course t h i s harbour i s too shallow f o r 
normal shiphandling. Hence most o f the jr"ta£etKr 

merchantships are loaded and unloaded 
on the roadstead. 
Further Bengkulu has two road connections w i t h Palembang. These roads 
cross the Barisanmountainchain; -They are i n a poor c o n d i t i o n . Improving 
these roads i s d i f f i c u l t and expensive. 
There i s no r a i l w a y t r a f f i c i n the Bengkulu d i s t r i c t . The nearest r a i l ­
way s t a t i o n i s Lubuklinggau, j u s t on the other side of the Bukit Barisan. 
To b u i l d a r a i l r o a d through the B u k i t Barisan i s even more d i f f i c u l t 
than b u i l d i n g a road, and plans t o give Bengkulu a railway-connection , 
are not r e a l i s t i c i n the present circumstances. 
Improving harbour f a c i l i t i e s i s necessary, because loading and unloading 
ships on the poor p r o t e c t e d roadstead i s not always p o s s i b l e , s p e c i a l l y 
not i n the January-March monsoon period. 
Several p o s s i b i l i t i e s are possible t o improve the present s i t u a t i o n 

I To improve the roadstead t o assure p r o t e c t i o n agains waves. 
I I To improve the e x i s t i n g harbour i n Bengkulu. 
I I I To b u i l d a new harbour at an. other l o c a t i o n , f o r exemple 

i n the Pulau Bay. 
Pulau Bay i s a bay, about 20 km south o f Bengkulu, p r o t e c t e d by a sand 
s p i t from the sea, and w i t h a depth o f 10 m. The n a t u r a l entrance o f 
t h i s bay.is the mouth o f the A i r Teluk, which has s i l t e d up and i s not 
navigable. 



To make a good decision about what to do, i t i s necesary to know several 
things: 

1. What are the needs of Bengkulu with respect to harbour f a c i l i t i e s , now 
and i n future? 

A short investigation on t h i s subject i s discussed i n chapter 
5 of t h i s volume, Short time needs ( u n t i l 1985) in respect to 
the improvement of the existing harbour are discussed i n vol.D. 
The needs aft e r t h i s year ( i n view of the lay out of the Pul"u 
Bay harbour) w i l l be si 'died in d e t a i l by Boss de Char ante. 

2. What i s the wave - "".mate along the coast of Bengkulu? 
In t h i s study (chapter 3) i s t r i e d to describe the wave.-climate. 
Because not enough basic wave information i s available the 
r e s u l t s have to be regarded with caution. A re f r a c t i o n analysis 
presented i n vol C. 

3. What i s the morphological si t u a t i o n of the Bengkulu coast? 
In t h i s study the morphnV 5*7 c a l system i s discussed i n chapter 
M-. Also the r e s u l t s of a sand transport computation are presen­
ted in that chapter. 
The development of the computation-method i s described i n vol B, 

4. What i s the influence <~f a r t i f i c a l works on the morphological system? 
This question has to be s p l i t into two sections: 
a, Improvement of the existing harbour. 

This subject i s discussed i n d e t a i l in vol D. 
b. The new harbour f a c i l i t i e s in the Pulau Bay. 

This subject i s not discussed i n t h i s report, a detailed 
investigation on t h i s item i s made i n Indonesia. 
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The h i s t o r y o f th e Bengkulu c o a s t 
The oldest a v a i l a b l e i n f o r m a t i o n about the Bengkulu area was found 
i n V a l e n t i j n (1726). I n t h i s book Francois V a l e n t i j n , a missionary a 

gave a d e s c r i p t i o n of South-East Asia, and also about Sumatra. I n 
those days the English and the Dutch competed h e a v i l y i n the f a r 
east. This competition continued u n t i l 1825 ( t r e a t y of London). 
V a l e n t i j n t e l l s t h a t in 1686,1687 and 1688 we got trubbles with 
the English about Bangkoelo.He complains t h a t the English expelled 
the k i n g of Bantam (who was a Dutch v a z a l ) , so t h a t pepper wasn't 
sent anymore t o the Dutch, but t o the English. 
The book of V a l e n t i j n also contains a map of Sumatra. Some d e t a i l s 
were drawn very c l e a r . The town of S i l l e b a r i s not e x i s t i n g nowa­
days but i s s t i l l mentioned on the topo g r a p h i c a l map o f 1926. The 
Tanjung Kerbau cape i s also i n d i c a t e d on the Valentijn-map, but 
on the wrong side of the S i l l e b a r - r i v e r (This r i v e r i s nowadays 
c a l l e d A i r Tanjungaur). I t i s possible t h a t the river-mouth was 
indeed south of Tanjung Kerbau i n the 17th century. The shape of 
Tanjung Kerbau w i l l be discussed l a t e r . 
On t h i s map a town c a l l e d Panarikan i s i n d i c a t e d at a l o c a t i o n NW 
of S i l l e b a r a t a cape. On t h i s s i t e one should expect Bengkulu. 
But Bengkulu i s i n d i c a t e d more northward of t h i s cape. The name 
Panarikan i s not found on any other map. 
Paulus (1917) mentioned however t h a t i n the beginning of the 18th 
century f o r reasons of p u b l i c h e a l t h the town o f Bengkulu was moved 
s i x miles t o the south. At the new s i t e the English b u i l t the Fort 
Marlborough (between 1710 and 1714). 
So one may expect t h a t on the Valentijn-map s t i l l the o l d l o c a t i o n 
i s g iven, and Bengkulu-town was moved t o the s i t e of the o l d 
Panarikan-town, which name dissappeard i n due course. And so 
Panarikan-river should be i d e n t i c a l w i t h the modern Bengkulu-river. 
The Bengkulu r i v e r of V a l e n t i j n has probably t o be i d e n t i f i e d as 
the modern A i r Itam. 
At the beginning of the 19th century the English took over the 
government i n the Dutch-Indies. From 1811 t o 1816 Thomas Stamford 
R a f f l e s became lieutenant-governor of Java and the other Dutch 
posessions. But a f t e r the Vienna congress the Dutch got back t h e i r 
c olonies. The Bengkulu area however remained a p o i n t of discussion. 
In 1817 R a f f l e s became lieutenant-governor o f Bengkulu, and he t r i e d 
t o bind Sumatra and Malacca t o the English empire. To support t h i s 
i m p erialism he founded Singapore i n 1819 ( i n those days Malacca was 





a Dutch colony). At the t r e a t y of London Sumatra was rendered t o 
t o the Dutch government, but Malacca and Singapore stayed t o the 
English. 
Under h i s government R a f f l e s ordered several d e t a i l e d surveys of 
the Sumatran coast. These surveys were published by Gardner i n 1829. 
From these data a map was drawn and published by Perthes (1837). 
This map i s the f i r s t t h r u s t w o r t h y map of t h i s area. Also several 
depths are i n d i c a t e d . The depth of the Pulau Bay was 6 t o 7 fathom 
(ca. 11 m), which i s about the same as nowadays. The shape of 
Tanjung Kerbau i s n e a r l y i d e n t i c a l t o the shape according t o 
V a l e n t i j n . When t h i s i s conferred t o modern maps one should con­
clude t h a t i n 1800 the sand s p i t was s t i l l not formed. 
The next source of i n f o r m a t i o n i s a chart surveyed by McDonald i n 
1856. On t h i s chart a very d e t a i l e d map of Pulau Bay i s presented 
w i t h many soundings. The depth i s 6 fathoms(10 m). The depth i n 
the area i n f r o n t o f the s p i t i s 6 - 10 fathoms (10-14 m), which 
i s also p r a c t i c a l l y i d e n t i c a l w i t h the nowadays s i t u a t i o n . 
I n 1860 F.G. Stek surveyed the area f o r a map i n the "Algemene A t l a s 
van Nederlandsch I n d i e " . This map gives not much more informa­
t i o n than the McDonald ch a r t . 
The Pulau Bay i s both on the McDonald chart as on the Stek map n e a r l y 
closed by a sand s p i t , which ends i n the neighbourhood of Pasar A t j e h 
(This v i l l a g e has dissappeared nowadays). 
I n 1904 a hydrographic chart i s published. On t h i s chart the McDonald 
data are used, so t h i s chart adds no i n f o r m a t i o n t o our knowledge. 
A f t e r the c o n s t r u c t i o n of the harbour-moles of Bengkulu, the surveying 
vessel Van Gogh a f the Dutch navy c o l l e c t e d new data i n 1908. On a 
chart published i n 1908 the s p i t has grown somewhat since 1856, 
Modern topographical surveying s t a r t s i n t h i s area i n 1911. I n t h i s 
year the Bengkulu area was t r i a n g u l a t e d . On Tanjung Kerbau a t h i r d 
order t r i a n g u l a t i o n p i l l a r (T2049, Oedjung Telokpoengoer) was 
erected. I n 1913 the surveyors found t h i s p i l l a r below the beach sand, 
the p i l l a r was removed by the s u r f . 
From t h i s f a c t one might conclude t h a t the c o a s t l i n e i s not s t a t i o n a r y . 
This i s also mentioned by Zieck (1932): Probably in connection with the 
monsoons the sea has changing currents^ so that the beach is alternat­

ing wide and. small3 and even sometimes dissappears. 

I n Knappert (1915) some i n f o r m a t i o n i s given about the c o n s t r u c t i o n 
of the harbour o f Bengkulu. The f i r s t plan was t o b u i l d only the western 
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harbour mole. While b u i l d i n g , heavy erosion was n o t i c e d east of the 
dam, near Fort Marlborough. Mr. Nobel, consultant of the p o r t autho-
r o t i e s advised t o b u i l d also the eastern mole. This had a p o s i t i v e 
e f f e c t . 
But problems were not solved, the harbour s t i l l s i l t e d up. So i n 
December 1923 several proposals were made f o r improving. Chosen was 
a plan t o dredge the harbour and t o make an opening i n the eastern 
harbour mole (Roos van Raadshoven 1924). This opening s t i l l e x i s t s , 
but the e f f e c t i s very small. 

Plans f o r the Pulau Bay are very o l d . The r e s i d e n t of Bengkulu had 
proposed t o construct a harbour i n t h i s bay i n 1896. As a r e s u l t 
of t h i s proposal the general consultant o f p o r t a u t h o r i t i e s i n the 
Dutch Indies v i s i t e d Pulau Bay i n 1915 (Topod 1915). The plan was 
to c onstruct a harbour f o r the export of coal from the Bukit B a r i ­
san; i t should be the t e r m i n a l of the r a i l r o a d t o Palembang (Paulus, 
1919). The topographical service mentioned t h a t a p o r t c o n s t r u c t i o n 
i n t h i s bay probably would s u f f e r from s i l t a t i o n problems (Topod 
1915). 
As mentioned the oldest a v a i l a b l e d e t a i l e d chart i s McDonald (1856) 
On t h i s map a short sand s p i t i s i n d i c a t e d . As can be seen of f i g . 

the s p i t grew r e l a t i v e l y f a s t . Going back i n h i s t o r y i t i s t o 
expect t h a t the s p i t s t a r t e d growing around 1800. This i s confirm­
ed by the maps of Perthes and V a l e n t i j n . They show an i d e n t i c a l 
peninsula, without a c l e a r sand s p i t , but only w i t h a short hook. 

A question i s why the s p i t s t a r t e d growing i n 1800. As i n d i c a t e d i n 
the next chapter, the coast of Bengkulu i s r i s i n g . Verstappen (1973) 
describes Bengkulu and Tanjung Kerbau as h o r s t s . I t i s t o expect 
t h a t on the l o c a t i o n of Tanjung Kerbau an i s l a n d e x i s t e d , which 
was connected i n due course w i t h the mainland. On t h i s way sand 
t r a n s p o r t was blocked f o r c e n t u r i e s . When sand s t a r t e d t o pass 
again Tanjung Kerbau the genesis of the s p i t s t a r t e d . But the 
l o c a l depth was about 10 m. So i t took the s p i t many years t o r i s e 
above the water l e v e l . 



2. Waves on the Bengkulu c o a s t 
I n t r o c u c t i o n 

Knowledge of the wave climate along the coast i s a basic need f o r 
c o a s t a l engineering. For a d e s c r i p t i o n of t h i s wave-climate a l o t of 
long term measurements i n deep water are necessary. U n f o r t u n a t e l y no 
long term measurements were made i n the Bengkulu area. The Dwidelta 
corp. and the Yogyacarta U n i v e r s i t y measured i n a few short periods 
(9 days) wave heights and sometimes wave periods. These were no c o n t i ­
nuous measurements, but measurements once per hour, and w i t h each mea­
surement only ten waves were measured. Waves were only measured during 
d a y l i g h t - t i m e . Hence s t a t i s t i c a l operations w i t h these data are impos­
s i b l e . 
I t i s possible t o p r e d i c t waves w i t h h i n d c a s t i n g procedures from d e t a i l e d 
weather ch a r t s . Because the Indian Ocean south o f the equator i s not f r e ­
quented by ships also meteorological data are scarce. More d e t a i l e d i n ­
formation i s a v a i l a b l e along the south coast of Java. So i t i s u s e f u l l 
t o t r y t o use these data f o r the Bengkulu area. These two areas are i n ­
fluenced by aproximately the same winds and storms. 

Tides and cur r e n t s 

Because Bengkulu l i e s a t the coast of an ocean no large t i d a l i n f l u e n c e s 
have t o be expected. Indeed the t i d a l d i f f e r e n c e i s only 60 cm (Admi-
r a l t y t i d e t a b l e . 1976). More d e t a i l e d date are presented i n Koshiro 
(1974): HHWL 1.25 m + chart datum 

HWL 1.04 m + chart datum 
MWL 0.70 m + chart datum 
LWL 0.40 m + chart datum 
LLWL 0.06 m + chart datum 

No important ocean currents were measured (0.02 - 0.07 m/s, Dwidelta 1975) 
A slow d r i f t occurs between the islands west o f Sumatra and the Sumatran 
coast. This d r i f t has a small i n f l u e c e on c o a s t a l morphology. The ocean 
d r i f t has no i n f l u e n c e on the waves. 

The i n f l u e n c e on morphology i s discussed i n the next chapter. 

Wind systems near Bengkulu 
I n Indonesia winds are semi-annual, because of the monsson system. I n 
January A u s t r a l i a i s heated and t h e r e f o r e a i r flows towards t h i s area. 
I n J u ly the c e n t r a l p a r t s of China (Gobi) are heated and thus the a i r 
i s f l o w i n g i n the opposite d i r e c t i o n . These winds are in f l u e n c e d by the 
r o t a t i o n of the e a r t h according t o the law o f B u i j s - B a l l o t . The r e s u l t s 
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of t h i s system are a SE wind in July and a NW wind in January along 
the western coast of Sumatra. Between these two periods the winds are 
changing ( t r a n s i t i o n ) . This i s i n March/May and September/November. 
An other wind system i s c a l l e d "daily monsoon". During the day the land 
i s warmer than the sea. At night the sea i s warmer. Therefore by day 
the a i r flows from the sea to the land,- and at night the. a i r flows from 
land to sea. Local measurements show both the normal and the d a i l y 
monsoon. 

Wave types 

As follows from the former paragraph two windsystems are present i n 
t h i s area. So we may expect also two types of wind waves; waves genera­
ted by the normal monsoon, and waves generated by the d a i l y monsoon. 
Of course also swell i s possible. This swell has to be generated i n the 
storm areas at l a t t i t u d e 50° S. I t w i l l be shown that these swell waves 
are low (0.5 - 1.5 m) and very long (15' sec and more). The -monsoon 
waves w i l l vary from 1.5 to 5.0 -m and have periods of 7 to 15 seconds. 
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The d a i l y waves w i l l be short ( 3 - 7 sec). The s w e l l waves w i l l come from 
a SW d i r e c t i o n , s p e c i a l l y i n the pe r i o d between May and September ( w i n t e r 
on the southern hemisphere). The monsoon-waves w i l l come from SE i n June-
August and from NW i n December-February. 
The d a i l y waves w i l l come from W and SW, and s p e c i a l l y i n the afternoon. 
In the next sections a l l wave types are described, which c o n t r i b u t e t o 
the wave-climate i n the Bengkulu area. Before analysing and combining 
t h i s i n f o r m a t i o n i t i s necessary t o know f o r which purposes i t w i l l be 
used. The d e s c r i p t i o n of the wave climate i s necessary f o r the c a l c u l a ­
t i o n o f : 
- a breakwater. For t h i s c a l c u l a t i o n s i g n i f i c a n t wave heights of storms 

which are seldom exceeded ( 1 per 10-100 years) have t o be known. 
- wave heights i n the harbour and on the roadstead. For t h i s c a l c u l a t i o n 

wave heights have t o be known which are exceeded a few times per year. 
During t h i s time ships cannot be loaded or unloaded. The d i r e c t i o n s o f 
the waves and t h e i r periods are important f o r t h i s c a l c u l a t i o n . The 
d i r e c t i o n i s important because the entrance of the harbour and the 
p r o t e c t i o n of the roadstead have t o be s i t u a t e d i n such a way t h a t the 
in f l u e n c e of waves i s small. The p e r i o d i s important because w i t h 
c e r t a i n periods ship movements w i l l increase. S p e c i a l l y the small 
vessels used f o r t r a n s p o r t a t i o n of goods from the ships on the roadstead 
t o the coast are hindered by the wind-waves. Waves w i t h these periods 
should not o f t e n enter harbour and roadstead. 

- the sand t r a n s p o r t . For t h i s c a l c u l a t i o n the wave heights (H = 
Hroot mean square = / { ( Z H 2 ) / n } ) , the d i r e c t i o n s and the periods have 
t o be known near the breakerzone. 

The d i f f e r e n t wave types have t o be combined j u s t before the breakwater, 
i n the harbour, on the roadstead and i n the breakerzone. 
The waves generated by the d a i l y winds have l i t t l e i n f l u e n c e , because 
t h e i r heights are very small (ca. 4-0 cm). These waves may p o s s i b l y be 
omitted from f u r t h e r c a l c u l a t i o n , unless t h e i r s t i r r i n g - f a c t o r becomes 
important (sand t r a n s p o r t ) . Also when considerable r e f r a c t i o n or d i f f r a c ­
t i o n appears, these waves could become important, because they are less 
r e f r a c t e d , resp. d i f f r a c t e d than the longer waves of monsoon and s w e l l . 
Also when the periods are near t o the periods of resonance of ships i t 
i s not allowed t o omit these waves. 

Swell waves 

C a l c u l a t i o n of s w e l l waves i s n e a r l y impossible when no d e t a i l e d weather 
i n f o r m a t i o n i s a v a i l a b l e about the whole ocean. But i t can be assumed 
t h a t s w e l l a t the south coast of Java i s about the same as i t i s near 
Bengkulu (apart from mearshore e f f e c s , e.g. r e f r a c t i o n ) . As can be seen on 
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the map of the Indian Ocean, the differences i n direction and distance 
are nearly negligible. 
From the southcoast of Java two types of wave measurements are available. 
A continuous measurement with a Wave-Rider (three months) and data of 
February, A p r i l , August and December. The l a t t e r data are obtained from 
ships by v i s u a l observation. 
I t i s not c l e a r how the l a s t measurements were executed. I t i s not menti­
oned i n the o r i g i n a l report. The f i r s t idea i s that these are observations 
of merchantmen, collected by the weather-bureaus. But merchantmen obser­
vations are collected in areas, and not i n s p e c i f i c points. The given 
observations are from 8°15'S/110°30'E and from 7OH9»S/109O10»E. 
These observations give very detailed information, e.g. waves of 15 sec 
and longer, with a height of 60 cm were measured. Therefore i t i s to 
suppose that these observations were made from survey-vessels. In tables 
frequencies of .wave heights, wave periods and wave directions are given. 
Frequencies of wave heights are crosstabulated with directions and with 
periods. I n the next two tables the annual average i s given. This 
average i s the mean value of the data from February, A p r i l , August and 
December, (see next page) 
To determine the swell a crosstabulation of periods with directions i s 
necessary. Unfortunately t h i s table i s missing, and i t i s not possible 
to calculate t h i s table, because the o r i g i n a l data are missing too. 
So i t i s necessary to analyse the available data very accurately. 
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S i g n i f i c a n t wave height groups (m) 
d i r e c t i o n 0.00 

0.60 
0.60 
1.20 

1.20 
1.80 

1.30 
2.40 

2.40 
3.00 

3.00 
5,00 

5.00 
plus 

t o t a l 
% 

N 4.2 0.5 0.1 — — — 4.8 

NE 5.7 0.9 0.2 — 6.8 

E 13.2 3.7 2.3 1.4 1.0 0.8 0.3 22.7 

SE 9.8 2.7 1.6 1.0 0.7 0.5 0.2 16.5 

S 5.4 1.3 0.6 0.4 0.2 0.2 0.1 8,2 

sw 7.7 1.7 0.8 0.4 0.3 0.2 0.1 11.2 

w 12.9 2.7 1.4 0.7 0.5 0.3 0.1 18.6 

NW 8.4 2.0 0.6 0.2 — — .... 11.2 

t o t a l % 67.3 15.5 7.6 4.1 2.7 2.0 0.8 100.0 

annual t a b l e 2.1 

S i g n i f i c a n t S i g n i f i c a n t wave height groups (m) 
Wave p e r i o d 0.00 

0.60 
0.60 
1.20 

1.20 
1.80 

1.80 
2.40 

2.40 
3.00 

3.00 
5.00 

5.00 
plus 

0 - 4 sec 57.3 34.9 20.3 10.5 5.3 2.3 0.0 
5 - 6 sec 26.0 35.5 31.9 22.0 14.4 8.0 4.0 
7 - 8 sec 10.7 17.2 27.1 34.3 31.6 23.9 16.9 
9 - 1 0 sec 4.0 7.5 11.5 18.7 27.7 35.2 36.3 

11 - 12 sec 1.2 2.9 5.2 8.1 11.7 16.5 24.0 

13 - 14 sec 0.5 1.4 2.8 4.2 5.6 7.0 8.4 
15 - 16 sec 0.2 0.4 0.8 1.4 2.1 3.9 5.4 

17 + sec 0.1 0.2 0.4 0.8 1.6 3.2 5.0 
t o t a l % 100 100 100 100 100 100 100 

annual t a b l e 2.2 

Also at the south coast of Java three types of waves do e x i s t (waves 
generated by l o c a l winds 3 by monsoon winds and by storm depressions). 
Only the s w e l l from the storm depressions at 50° S i s searched f o r . 
A f t e r some a r i t h m e t i c i t i s possible t o w r i t e t a b l e 2,2 i n an other 
form ( t a b l e 2.3). 
Recepe for the conversion of table 2.2 into 2,3. 

First multiply all numbers in colum 1 (0-0.6) with 0,673 (which is the 

percentage of waves with a wave-height less than 0.6 m3 see table 2.1); 

the numbers in colum 2 with 0.155, the numbers in colum 3 with 0.076, etc. 

On this way a table is made with in the lowest row (total) the same num­

bers as in the lowest row of table 2.1. Now add all the values per row to 

get the percentage of waves in class 0-4 see, in class 5-6 sec, etc. This 

percentage is called n„ Then multiply the values of each row with 100/n^. 
The result is table 2.3. 17 





Significant s i g n i f i c a n t wave height group (m) 
wave period 0.00 

0.60 
0.60 
1.20 

1.20 
1.80 

1.80 
2.40 

2.40 
3.00 

3.00 
5.00-

5.00 
plus 

t o t a l 
% 

0 - 4 sec 84 12 3 1 0 0 0 100 
5 - 6 sec 65 20 9 3 2 1 0 100 
7 - 8 sec 48 17 14 9 6 4 2 100 
9 - 1 0 sec 33 16 13 12 10 10 6 100 

11 - 12 sec 30 15 15 11 11 12 6 100 
13 - 14 sec 26 17 16 13 12 10 6 100 
15 - 16 sec 27 13 12 12 11 16 9 100 

17 + sec 22 10 10 11 14 20 • 13 100 

annual table 2.3 
Table 2.2 gives the d i s t r i b u t i o n of T within the distinguishable wave¬s 
height groups. Table 2.3 gives the d i s t r i b u t i o n of H within the d i s -

s 
tinghuishable wave-period groups. . From table 2.3 follows that the d i s ­
tribution of short waves d i f f e r from the d i s t r i b u t i o n of long waves. 
This can be seen better in a graphical impression of table 2.3 ( f i g . 2.7) 
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In one wave-field the steepness of the waves w i l l not vary very much, or, 
with other words, short waves are low and long waves are high..: The short 
low waves are generated l o c a l l y , and the long, high waves have had already 
a longer fetch. 
In the Bengkulu area low, long waves can he distinguished. These waves have 
to be swell-waves. The three cl a s s e s of waves are also indicated in f i g . 2.7. 
The direction of the swell-waves has to be SW, because the area of origi n 
i s the zone at la t t i t u d e 50° S. 
I t i s not to expect that the high, long waves are swell waves too, because 
waves with heights between 1.2 and 2.4 m occur seldom. I t i s to be expected 
that the dis t r i b u t i o n of long waves i s the sum of the di s t r i b u t i o n of 
swell waves (with a decreasing probability of occurance when the wave height 
increases) and a di s t r i b u t i o n of .monsoon waves (with an increasing proba-

% 
Te/7 

b i l i t y of occurance when the wave height 
increases u n t i l 5 m). This i s i n d i ­
cated i n ajacent figure. 
Note:. These figures are no spectra, 

T i s a constant'.! 
As already was indicated i t i s assumed , 
that swell i s generated only i n the 

^ storm areas at 50° S. Of course storms 
occur also i n other areas of the Indian 
Ocean, but these storms are probably 
of minor importance"in comparision with 

u 
the 50 storms. 

From the tables on the former pages the conclusion i s that south of Java 
swell-waves with heights up to 1.80 m with periods of 13-17 seconds may 
occur. 
From these data i t i s not possible to estimate the probability of occurance 
of these waves. 
When the r e s u l t s are compared with the data from the Wave-Rider measurements 
a different pattern of wave dist r i b u t i o n becomes cl e a r ( f i g . 2.6). 
The difference between the two measurements i s that on the ships much more 
small waves were measured, and in general the periods are too short. Possi­
bly these differences are due to a systematic error i n the wave measurements 
on the survey v e s s e l . An other difference is. that the Wave-Rider measurements 
are continuous measurements, observations from ships are only samples. Obser­
vation of long, low waves from a rather small v e s s e l i s extremely d i f f i c u l t . 
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The l a r g e number of small waves cannot be explained very w e l l . Perhaps not 
enough large waves were measured because i t was not possible t o measure i n 
bad weather. 
The Wave-Rider measurements are very t h r u s t w o r t h y , even the measurements of 
long, low waves. 
As already mentioned Wave Rider data are only a v a i l a b l e f o r three months, 
J u l y , August and September 1971. These three months have about the same 
cli m a t e . I n August the mean wave height was less than i t was i n Ju l y and 
September. This can be explained as a perio d of r e l a t i v e good weather i n 
the sea between Java and A u s t r a l i a i n August 1971. J u l y i s known as the 
worst month i n t h i s r e g i o n . 
Wave periods i n August are as long as they are i n J u l y , but longer than 
they are i n September. I n September sp r i n g s t a r t s i n the southern hemisphere 
and the weather gets b e t t e r . So less s w e l l i s coming from SVJ. Also t r a n ­
s i t i o n s t a r t s and the i n f l u e n c e of the monsoon winds decreases. 
As already mentioned info r m a t i o n s about how the ship obsevations were 
made are scarce. I t i s not known i f these data are from one year of from 
a number of years. This may also be an explanation of the d i f f e r e n c e between 
the ship observations and the wave r i d e r data. 
The • impression from these data i s t h a t the pe r i o d of s w e l l i s 13 - 17 
sec and the wave height i s moderate (up t o 1.8 m). This i s the same con­
c l u s i o n as was made from the ship observations. The only d i f f e r e n c e i s 
t h a t long waves occur f a r more o f t e n than i s i n d i c a t e d by the ship measure­
ments. 
I n Bengkulu the same s w e l l may be expected. Hence s w e l l waves of 1 - 1.8 m 
and 13 - 17 sec from SW do occur, s p e c i a l l y i n J u l y and August. I n the 
other months s w e l l w i t h a shor t e r p e r i o d and a lower wave height does occur, 
due t o seasonal inf l u e n c e s i n the South Pole area. 
I n the storm area at 40 - 50 °S most storms have a western d i r e c t i o n , as 
can be seen on the c l i m a t i c map ok the KNMI (1952). Only i n 2 - 8 % of the 
time wind w i t h a f o r c e of 8 - 12 Beauford i s blowing i n the d i r e c t i o n of 
Bengkulu. These winds are caused by storm depressions. These depressions 
are moving west. Hence i n a c e r t a i n area the wind blows only a short time 
( v i z . only during the passage of the second h a l f -of the depression). We 
assume t h a t t h i s i s only 10 hours i n a normal s i t u a t i o n . 
For our computations we choose a wind speed of 45 knots, which f o l l o w s also 
fromthe c l i m a t i c map (KNMI 1952). Then according t o Bretscheider (US Army 
1973) wave height (H ) i s 5.7 m and the p e r i o d i s 10 seconds. A f t e r 5000 km 

s 
these waves are changed i n t o waves of only 0.7 m and 15 seconds. 
Now we assume t h a t on the ocean always somewhere such a wind i s blowing, 
so t h a t i n " w i n t e r " a t the Bengkulu coast a l l the time a s w e l l w i t h a H 

0 s 
of 0,7 m and a pe r i o d of 15 seconds a r r i v e s . 
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This i s an average value. Sometimes there i s a severe storm on the ocean. 
Then the r e s u l t i n g s w e l l w i l l be higher, but at other days there w i l l be 
no s w e l l at a l l . However, i t i s impossible t o enter these d i f f e r e n c e s 
i n t o the computations. 
I t i s c l e a r t h a t an exact determination of s w e l l i s not p o s s i b l e . But 
f o r c a l c u l a t i o n s i t i s necessary t o introduce a c e r t a i n value. A good 
guess i s the use of the f o l l o w i n g data: 

i n June J u l y and August H = 0 , 5 m T = 15 sec 
rms 

( w i n t e r i n the southern hemisphere) 
i n March, A p r i l , May and T T „ „ m - c 

3 F 5 J H = 0.4 m T = 15 sec 
September, October, November 

i n December, January, February H = 0 . 3 m T = 15 sec 
rms 

These s w e l l waves o r i g i n a t e from a wide area near the south pole, and 
can come t o Bengkulu from d i f f e r e n t d i r e c t i o n s (l65°-225°). For c a l c u l a ­
t i o n s a s i g n i f i c a n t s w e l l d i r e c t i o n of 200° i s assumed, l a c k i n g a b e t t e r 
value. 
Monsoon waves 
Monsoon waves are wind waves generated by a continuous wind. The speed 
of t h i s wind i s not extremely h i g h , but i t i s a constant wind, blowing 
over a very long f e t c h . 
From a d e t a i l e d map o f the Indonesian monsoon system ( f i g . 2.4) and from 
c l i m a t i c maps (KNMI 1952) f o l l o w s t h a t i n June - August a r a t h e r constant 
wind comes from SE. But i n the December - February monsoon winds come 
from several d i r e c t i o n s between N and NW. 
Because i n the June - August p e r i o d the wind s i t u a t i o n i s q u i t e s i m i l a r 
t o the s i t u a t i o n at the south coast o f Java, the assumption can be made 
t h a t the wave d i s t r i b u t i o n i s the same f o r both areas i n t h i s p e r i o d . 
I n t h i s p e r i o d the monsoon waves propagate n e a r l y p a r a l l e l t o the coast­
l i n e . For the December - February p e r i o d the s i t u a t i o n i s more complica­
ted because comparision w i t h the area south of Java i s not allowed. The 
character of the monsoon winds near Bengkulu i n December - February d i f f e r 
t o t a l l y from those south of Java. 
Only few wave measurements i n open sea are a v a i l a b l e near Bengkulu. Some 
wave data can be found i n the Oceanographic a t l a s of the world (US Navy 
1975), but the number of observations i s small ( o n l y 10 - 20 observations 
each month). 
The impression i s t h a t most of the waves come from N, W and NW; wave 
heights vary from 1 t o 3 m. I t w i l l be extremely d i f f i c u l t t o estimate 
a r e l i a b l e p r o b a b i l i t y of occurance. 
T h e o r e t i c a l l y these observations include both monsoon waves and s w e l l 
waves. But these observations are a l l v i s u a l observations from ships, and 
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Wave d a t a from t h e Bengkulu r e g i o n (US NAVY, 1976) ( h e i t T h t s i n m) 

January February March 
d i r . ( J 1 2 3 i t o t 0 l : I 3 i t o t 0 . L 2 3 i t o t 
N 05 05 17 17 
NE 00 13 13 
E 07 07 
SE 03 03 
S 13 13 07 07 07 25 32 
SW 17 07 24 21 21 02 02 
w 09 18 04 31 13 21 43 07 07 
NW 05 01 01 07 23 23 03 03 

CALM 16 16 07 07 13 07 20 
t o t 47 42 05 100 i 14 43 43 100 40 54 07 100 

A p r i l May June 
d i r . ( ) . L : 2 ; i 4 t o t 0 1 2 3 4 to t - ' 0 1 2 3 4 t o t 
N 13 

! r 1 •• • 

13 
NE 

P 
07 

ti 
SE 29 21 50 13 12 25 
S 07 07 INSUFFICIENT DATA 22 06 28 SW 28 
W 05 05 
NW 09 09 04 04 

Calm 14 07 21 12 18 30 
t o t 64 36 ! 100 18 47 35 100 

Ju l y August September 
d i r 0 1 2 3 4 t o t ( ) i ; » 3 4 t o t C 1 1 2 3 4 t o t 
N 
NE 
E 
SE 08 10 18 43 12 06 61 
S INSUFFICIENT DATA 08 06 14 29 06 35 
SW 02 02 04 04 
,w • 19 19 
NW 10 15 25 

2alm 23 23 
t o t 46 54 100 ! 176 18 06 100 

d i r 
N 
NE 
E 
SE 
S 
SW 
w 
NW 

|Calm 
t o t 

October 
1 2 3 4 [tot 

117 

17 

06 
06 
01 
10 

22 

31 
31 

61 i 

06 
23 
01 
41 
31 

1100 

November 

109 

December 

12 
12 
01 
22 
15 
06 
76 

12: 
12 

24 

4 [tot 
09 

24 
24 
01 
22 
15 
06 

Ü00 

0 1 
I 

!06 
02 
06 
02 

U5 

13 
102 I 
23 
31 
69 

06 
02 

08 

06 
02 
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long waves are mostly not recognised from ships. I t i s assumed i n f u r t h e r 
c a l c u l a t i o n s t h a t these wave-data contain only i n f o r m a t i o n about the mon­
soon waves. 
For c a l c u l a t i o n the year i s devided i n t o 5 seasons. 

1 December January February Monsoon-waves from NW 
2 March A p r i l May T r a n s i t i o n , waves mostly from SE 
3 June J u l y August Monsoon-waves from SE 
4a September October November (50 I ) T r a n s i t i o n , waves mostly from SE 
4b September October November (50 %) T r a n s i t i o n , waves mostly from NW 

Out o f these data the f o l l o w i n g rms-values can be computed 
December 1. 1 m 
January 0. 8 m season 1 1.1 m 
February 1. 3 m 
March 0. 9 m 
A p r i l 0. 6 rn Season 2 0.8 m 
May 9 
June 1. 2 in 
J u l y Season 3 0.9 m 
August 0. 7 m 
September 0. 6 m Season 4a 1.0 
October 1. 4 m Season 4 1.1 m 
November 1. 2 m Season 4b 1.2 

South of Java the f o l l o w i n g values were found: 
Ship observations Febrary 0,8 m Wave r i d e r J u l y 1.5 m 

A p r i l 0.8 m August 1.2 m 
J u l y 1.4 m September 1.3 m 
November 0,9 m July-Sept 1.3 m 

Ship observations south of Java are about 10 % lower than the wave r i d e r 
data. Assuming t h a t the wave-rider data are c o r r e c t , i t i s reasonable t o 
suggest t h a t also the Bengkulu ship observations should be increased w i t h 
10 %. Further no wave data are a v a i l a b l e from J u l y . I t i s t o suppose t h a t 
waves i n July are even higher than waves i n June. 
Considering t h i s , the f o l l o w i n g guess f o r the monsoon wave-height i s made: 

season H rms 
1 1.2 m 
2 1.0 m 
3 1.3 m 
4a 1.0 m 
4b 1,2 m 
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D a i l y waves 
Because of the d a i l y monsoon system, i n the afternoon a wind i s blowing 
towards the coast. The f e t c h i s not e x a c t l y known, but i s expected t o be 
about 20 km. The i n f l u e n c e of micro climate phenomena i s never considera­
b l e . The wind v e l o c i t y i s about 3 - 5 m/s i n A p r i l (Dwidelta 1975), This 
wind w i l l generate waves of 3 seconds and o, 4 m according t o B r e t t s c h e i -
der (US Army 1973). However, l o c a l observation i n d i c a t e d t h a t higher 
waves do occur r e g u l a r l y . Because the d a i l y monsoon i s constant a l l over 
the year, i t can be supposed t h a t every afternoon these waves may occur. 

The i n f l u e n c e of the isl a n d s i n f r o n t of the Sumatran coast 
A p a r t of the wave energy of the waves from the Indian Ocean i s d i s s i p a t e d 
on the isl a n d s i n f r o n t of the coast. I n the Bengkulu area waves, not 
in f l u e n c e d by r e f r a c t i o n , can reach the coast from a SW d i r e c t i o n . Waves 
from a northern d i r e c t i o n and a western d i r e c t i o n loose a small p a r t of 
t h e i r energy on the i s l a n d s . 
We s h a l l neglect the d i f f r a c t i o n o f the waves from the j u s t mentioned 
d i r e c t i o n s around the is l a n d s i n f r o n t of the Bengkulu coast. The waves 
have s t i l l t o t r a v e l about 200 - 300 km from the i s l a n d s t o the coast, 
t h e r e f o r e we assume t h a t the wave energy i s already r e d i s t r i b u t e d . 
The only consequence might be t h a t long waves enter the Bengkulu area 
from a d i r e c t i o n which i s s l i g h t l y d i f f e r e n t from the d i r e c t i o n s which 
should be expected without r e f r a c t i o n around these i s l a n d s . The ocean 
waves which come from north-western d i r e c t i o n s have less i n f l u e n c e i n 
the Bengkulu area. There are two p o s s i b i l i t i e s f o r these waves t o reach 
the coast: 
- The waves may t r a v e l through the gap between P. Pagai and P. Enggano. 

The i n f l u e c e of r e f r a c t i o n on the shoals around these i s l a n d s i s 
n e g l i g i b l e (see f i g . 2.10). 

- The waves can t r a v e l between the is l a n d s and the coast w i t h wave or-
thogonals p a r a l l e l t o the coast. Most of these waves d i s s i p a t e t h e i r 
energy on the coast a f t e r bent t o the coast by r e f r a c t i o n . Therefore 
few waves from t h i s d i r e c t i o n reach the Bengkulu coast. 

R e f r a c t i o n and d i f f r a c t i o n 
As was already mentioned wave generating winds are blowing e i t h e r from 
NW or SE, i e . p a r a l l e l t o the c o a s t l i n g e . 
At sea wave orthogonals w i l l also have about the same d i r e c t i o n as the 
c o a s t l i n e . The p e r i o d of the NW-monsoon i s the worst season f o r the 
Bengkulu area. Infor m a t i o n from l i t e r a t u r e and v i s i t o r s agree t h a t i n 
t h i s p e r i o d loading and unloading of ships on the roadstead i n extremely, 
d i f f i c u l t . Waves coming from southern d i r e c t i o n s do not have any i n f l u -
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ence at a l l , because of the geographical position of the Bengkulu harbour. 
The roadstead of Bengkulu, j u s t north of the harbour, i s protected by some 
reefs west of Bengkulu (Pata Sarabilanl. Because of these reefs waves from 
west and south-west cannot reach Bengkulu harbour either. The Bengkulu 
roadstead has no protection against these waves. Both harbour and roadstead 
are not protected against waves from northern directions. The coastline north 
of Bengkulu u n t i l Pasar Seblat has a direction of 305° (for the locations 
of the mentioned towns and v i l l a g e s , see f i g . 2.9). So waves may come from 
t h i s or a more westward direction. Bathymetrics show that yayes from 295° 
to 305° hardly w i l l be refracted to the Bengkulu area. These waves w i l l reach 
the coast either north of Lais or south of Pasar Ngalami. Waves with d i r e c ­
tions between 285° and 295° have a maximum fetch of 200 km- From the south 
the l i m i t a t i o n i s 150°. Waves from a more eastward direction w i l l have no 
influence in the Bengkulu area. The influence of the Enggano i s l e at 150 km, 
170°-109°, i s expected to be small. 
For several incoming waves of 7, 10 and 15 seconds re f r a c t i o n i s calculated 
with a ray-refraction computer program. The r e s u l t s of these calculations are 
presented i s vol D. 
Diffraction around Tanjung Kerbau can be neglected, d i f f r a c t i o n on the.Bengkulu 
roadstead and near Bengkulu harbour i s of minor importance, Therefore d i f f r a c ­
tion i s neglected t o t a l l y for the computation" of wave-heights, 
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3. C o a s t a l Morphology 
borne geological a7ïït~rjeophysica1 considerations 

On the west side o f Sumatra a border between two g e o l o g i c a l p l a t e s 
i s found. Geophysical research shows i n t h i s area an intense a c t i v i t y 
of earth-movements. Here the Indian Ocean Plate meets the Sunda 
Plate. Earthquakes show the edge 
where the Indian Ocean Plate i s 
forced beneath the Sunda Plate. 
This system i s also recognisable 
by gravimetry. G r a v i m e t r i c a l 
research by Vening Meinesz show­
ed negative anomalia on the 
west side of Sumatra. 
Together w i t h the l o c a t i o n s of 
earthquakes (deep earthquakes 
on the eastern side of the f a u l t 
and shallow quakes on the western 
si d e ) and the l o c a t i o n of the volcanos, they give a good impression 
of the t e c t o n i c a l system i n West Sumatra. 

By t h i s t e c t o n i c a l system the west-coast of Sumatra i s moved upwards 
very slowly ( s l o w l y from a t e c h n i c a l p o i n t of view, from a g e o l o g i c a l 
p o i n t of view i t i s q u i t f a s t ) . A negative beach propagation, i . e . the 
co a s t l i n e moves seaward, i s the r e s u l t o f t h i s movement. On the coast 
a l o t of c o r a l r e e f s can be found several meters above m.s.l. 
Because the coast i s r a t h e r steep t h i s negative beach propagation has 
no caused a large extension of the land 
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On the g e o l o g i c a l raap of Sumatra t h i s area i s found as a small 
quartertiary s t r i p along the coast. Near Bengkulu t h i s s t r i p s t a r t s 
south o f Pulau Bay. 
Observations of 3rb (1905) show t h a t the coast i s s t i l l r i s i n g , w i t h 
a (from a g e o l o g i c a l p o i n t o f view) remarkable speed. Verstappen 
(1973) confirms t h i s and suggests t h a t Bengkulu and Tanjung Kerbau 
are l y i n g on horsts which are somewhat higher than t h e i r surroun­
dings . 





When indeed Tanjung Kerbau i s a h o r s t , i t might have been an i s l a n d i n 
i t s f i r s t stage, l i k e Pulau Tikus nowadays. I f t h i s i s assumed so, a 
p o s s i b i l i t y f o r the formation of the coast is-the f o l l o w i n g theory: 

The separation-line between tertiary and quarternary sedimentes is 

regarded as the old coastline (see fig. 3.6) This is nearly a straight 

line (line I on fig. 3.7). Because of the tombolo effect a sediment-

transport between the Kerbau island and the coast was impeded (II). 

This is assumed to have happened at the beginning of the quarternary. 

After this had resulted in the formation of a peninsula, the coast will 

accrete at the updrift side, and will erode at the downdrift side 

(as will be demonstrated later, resulting transport is directed north­

ward). The result of this accretion is a long straight coastline and 

a triangular strip of quarternary sediment south of Tanjung Kerbau (III). 

This strip is also indicated on the geological map (fig. 3.6). 

At the downdrift side of Tanjung Kerbau the coast will erode. But in 

this coast some fixed points exist, viz. Bengkulu cape and Ujung Tjoko. 

Due to these fixed points a broken coastline develops (because of 

erosion) (IV, fig. 3.7). 
th 

A few hundreds years ago, at the end of the 16 century, the coast 

south of Tanjung Kerbau reached an equilibrium and accreted no more. 

From this moment all sediment was transported around Tanjung Kerbau, 

and the spit started to develop. In those days the depth just behind 

Tanjung Kerbau was 15 - 20 m. On this submarine plateau the spit was 

formed. 

Dynamics o f the Bengkulu c o a s t 
Morphology can be studied from the a v a i l a b l e c h a r t s , but also from a e r i a l 
and s a t e l i t e photographs. We had the o p p o r t u n i t y t o study a s a t e l i t e -
p i c t u r e of t h i s area, made by Landsat I i n June 1973, 
We had f o u r p r i n t s , each from a d i f f e r e n t p a r t of the electromagnetic 
spectrum. We had two i n f r a - r e d photos, one from the green p a r t of the 
spectrum and a photo from the yellow p a r t of the spectrum. 
The yellow p r i n t gives about the same impression as a panchromatic p i c t u r e . 
On the green p r i n t submerged banks can be seen. On the i n f r a - r e d ones the 
d i f f e r e n c e between land and water becomes c l e a r . From t h i s p i c t u r e we have 
made a morphological map of the coast ( f i g . 3.9) and a d e t a i l e d sketch 
of the mouth of the A i r Teluk ( f i g . 3.13). 
From the wave r e f r a c t i o n a n a l y s i s f o l l o w s (see v o l C) t h a t monsoon waves 
enter the b r e a k e r l i n e a t the undisturbed coast, f o r example near Pasar 
Talo (see f i g . 3.8) i n June August out o f a southern d i r e c t i o n ; i n the 
January-March monsoon these waves enter the b r e a k e r l i n e out of a nort h e r n 
d i r e c t i o n . So there w i l l be a longshore c u r r e n t i n a northern d i r e c t i o n 
i n the June-August p e r i o d and a curr e n t i n the opposite d i r e c t i o n i n the 
January-March p e r i o d 32 





Because of differences in wave height, angle of incidence and period of 
occurance the northward current i s somewhat stronger than the southward 
current. Therefore r e s u l t i n g transport w i l l have a northern direction. 
Observations of v i s i t o r s agree with t h i s . The f i r s t description of the 
coast by Erb (1905) did already mention t h i s current. Prof. Erb v i s i t e d 
the south-western coast of Sumatra between Bengkulu and Belimbingo (near 
s t r a i t Sunda, south Sumatra). He observed a longshore current in northern 
direction. He found also a l o t of pumice-stone. These stones came from 
the Krakatau eruption in 1883. I t i s only possible to find these stones 
there when a r e s u l t i n g transport in northern direction e x i s t s . 
Blocks (ca 3 m ) are eroded from rocks at the coast, shattered by waves 
and transported north i n pieces to the next beach where erosion of these 
stones contiues. Also most of the r i v e r mouths were offset northward. 
Terpstra (1936) made a s t a t i s t i c a l analysis of these r i v e r offsets and 
confirmed the idea of a northward bound longshore current. 
On general oceanographic maps (KNMI 1952) an ocean current i s indicated 
i n a southern direction, but t h i s i s a current outside the breakerzone. 
On the s a t e l i t e pictures the i - ^ v/ / 

influence of both currents can I 
be seen very well, s p e c i a l l y A ^ ^ L ^ ^ r - ^ - > 

along the undisturbed coast J&ZSf.^i 

from Tanjung Kerbau to Manna. ^'$$^^'2 / 

The undersea banks are c l e a r l y " '' " i ^ f e i ^ . / 
influenced by currents (fig.3.8) ?;*|p$»t'f§^^ 

The June August Monsoon period ^- ' ^ " ^ ^ ^ ^ ^ ^ 
In the June-August monsoon 

** "V- i' v'' '••".rf̂ St 
period a l o t of sand i s trans- *&?:'.ï.'j 
ported along the coast in a "Sr '•' 

fig. 3.8 ' 
northern direction, due to the "ü& 
j u s t mentioned longshore current. Coming from the south the coast turns 
east at Tanjung Kerbau. Therefore the current stops and sand i s dumped near 
a (see f i g . 3.9; for convinience of the reader a 1:100000 print of t h i s map 
i s added to t h i s report). This accretion area i s v i s i b l e on the s a t e l i t e 
pictures, but can also be found on the charts. 
In t h i s periods nearly no waves enter the breakerline along the Pulau Bay 
s p i t . Hence no wave induced longshore current w i l l develop. Because of 
differences in wave-setup the l o c a l mean water l e v e l (MWL) along the.coast 
w i l l r i s e . This elevation of the MWL i s a function of the wave height-. 
Waves along the s p i t are lower than waves near f because of d i f f r a c t i o n and 
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r e f r a c t i o n . Therefore the MWL near f i s higher than the MWL near e and d, 
and so a curr e n t w i l l develop from f t o e, I t i s t o expect t h a t t h i s cur­
r e n t w i l l have a very low v e l o c i t y , because of the long distance from 
f t o e (a v e l o c i t y l e ss than 10 cm/sec). North of the mouth of the A i r 
Teluk (from f t o g) waves enter the breakerzone at an angle. Hence a cur­
r e n t w i l l be generated by the r a d i a t i o n s t r e s s . 
Boths of these c u r r e n t s are able t o t r a n s p o r t sand. The sand i s brought i n 
suspension by the incoming waves and thereupon t r a n s p o r t e d w i t h the c u r r e n t s . 
Bottom and banks are t h e r e f o r e eroded near b, and most of t h i s sand i s 
tra n s p o r t e d i n a northern d i r e c t i o n t o the Bengkulu cape ( g , see f i g . 3.10). 
There the s i t u a t i o n i s q u i t e s i m i l a r t o the s i t u a t i o n a t Tanjung Kerbau, 
so sand w i l l be dumped there. Because of the presence of r e e f s the s i t u ­
a t i o n i s more complicated. Waves from a southern d i r e c t i o n u s u a l l y break 
on the r e e f s near h. The remaining waves w i l l probably break on the 
co a s t a l r e e f g ( f i g . 3.10). 
Hence there are two breakerzones. Longshore cu r r e n t s w i l l o r i g i n a t e on 
the r e e f near g and d i r e c t l y along the c o a s t l i n e . 
Because a f t e r Bengkulu cape no longer a pr o p u l s i n g force e x i s t s , sand w i l l 
s e t t l e a t j . 

January-March monsoon p e r i o d 
I n the January March monsoon p e r i o d wind waves come from western and 
north-western d i r e c t i o n s , s w e l l i s s t i l l coming from the south. Wind waves 
induce a r a d i a t i o n s t r e s s and so a longshore c u r r e n t along the Pulau Bay 
s p i t from Tanjung Kerbau t o the mouth of the A i r Teluk. Also a curr e n t 
s t a r t s i n Bengkulu going t o the same mouth. 
This system of cur r e n t s w i l l erode the a c c r e t i o n near a ( f i g . 3.9) and 
t r a n s p o r t the sand along the Pulau Bay s p i t . Near b the current stops and 
sand w i l l be dumped t h e r e . This sand i s t r a n s p o r t e d t o the Bengkulu cape 
i n the other season. 
Along the Pulau Bay s p i t a shallow channel e x i s t s . This channel can be 
seen on the s a t e l i t e p i c t u r e s , but i t i s also possible t o f i n d i t on the 
cha r t s . The Dutch hydrographic chart i n d i c a t e s a r a t h e r f l a t bottom i n 
t h i s area w i t h a depth of 16-18 m. But there are only few soundings and 
they are a l l taken from ships. The Dwidelta chart was made by soundings 
from a land base. Soundings s t a r t e d at the coast and sounding was continued 
u n t i l a depth of 20 m was reached. Then sounding was stopped. .On the chart 
the impression i s given t h a t the whole area has a depth of 20 m. As can be 
seen from the s a t e l i t e p i c t u r e both charts are r i g h t and wrong. From the 
sounding data the conclusion can be made t h a t t h i s channel has a depth 
of 2 m below the surrounding bottom. 
Near Bengkulu an i d e n t i c a l c u r r e n t i s generated as along the Pulau Bay. 
This longshore c u r r e n t erodes the a c c r e t i o n near j and t r a n s p o r t s the 
sediment along the harbour ( f i g . 3.10). 
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Just east of Bengkulu harbour there w i l l be a wave induced current in 
eastern direction (near I, f i g . 3.10). This current e x i s t s also in the 
June-August monsoon period because waves from the south are refracted 
intesely by the reefs west of Bengkulu. 
This indicated current w i l l also erode the coast. Deposits from dredging 
a c t i v i t i e s i n the harbour were removed by t h i s current. This current 
also forms a spit i n front of the mouth of the Air Bengkulu and t h i s 
mouth w i l l be offset i n northern direction, ( f i g . 3.9). 
The origin of the sand spi t 
Model investigations by Me i s t r e l l (19B6) indicate that i n the formation 
of s p i t s three stages can be distinguished. F i r s t a submerged part i s 

formed. This submerged part w i l l not 
r i s e above the water l e v e l d i r e c t l y . 
Evans (1942) stated that r i s i n g of 
the s p i t above the water l e v e l i s only 
possible when the submerged part of 
the s p i t has a reasonable width. This 
wide, submerged part i s c a l l e d p l a t ­
form by Me i s t r e l l . In the second 
stage a dry s p i t i s formed on t h i s 
platform. In the th i r d stage t h i s 
dry s p i t can grow in length. These 
stages are also distinguishable at 
the Pulau Bay s p i t . 

So i t i s to be expected that a f t e r the sediment could pass Tanjung Kerbau 
such a submerged platform was formed. After an unknown number of years 
t h i s platform was wide enough for the formation of a dry s p i t . This 
happened around 1820. 

From t h i s moment the dry s p i t grew with a remarkable speed on the p l a t ­
form. About 30 years l a t e r the sp i t had covered the platform t o t a l l y . 
When the spit had reached the coast, sp i t formation should have been 
finished a f t e r closing the Pulau Bay in normal situations. But the Air 
Tanjungaur debouches into the Pulau Bay and i t s decharge has to flow to 

3 

the sea. Also a t i d a l prism of Pulau Bay (about 5 000 000 m ) causes a 
small current (ca. 0.5 m/s). These currents were responisble for a gap 
between the.spit and the coast. Hence the s p i t was bent north, and 
continued growing. A platform was no longer necessary because the s p i t 
grew in shallow water, j u s t i n front of the beach. 
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The t i d a l c urrent and r i v e r discharge eroded the o l d coast somewhat. From 
maps the t o t a l volume of the s p i t can be computed: 

p e r i o d I ( u n t i l 1856) accreted volume 41.6 x 10 6 m3 ( = 0.4 x 10 6 m 3/year) 
pe r i o d I I ( u n t i l 1915) accreted volume 19.3 x 10 m ( = 0.3 x 10 m /year) 
peri o d J J I ( u n t i l 1975) accreted volume 23.0 x 10 6 m3 ( = 0.4 x 10 6 m 3/year) 

The f i r s t p e r i o d i s estimated t o be 100 years, because both on the V a l e n t i j n 
(1726) as on the R a f f l e s (1810) map no sand s p i t i s recognised. But i t i s t o 
expect t h a t i n the days of R a f f l e s the submarine p l a t f o r m already was formed. 
Soundings on the Raffles-map are not d e t a i l e d enough t o recognize such a 
submerged p l a t f o r m . 
The a c c r e t i o n i n p e r i o d I I I i s 0.44 x 10 6 m 3/year ( a t the sea-side o f the 
s p i t ) and an erosion of 0.04 x 10 6 m 3/year ( a t the bay-side of the s p i t ) . 

6 3 
Hence the feeding t r a n s p o r t i s at l e a s t 0.44 x 10 m /year. I t has t o be 
noted t h a t i n the area n o r t h of the s p i t the coast also accreted somewhat 
i n p e r i o d I I I . On the s a t e l l i t e p i c t u r e a changement of the c o a s t l i n e of 
about 350 m i s v i s i b l e . The l e n g t h of t h i s a c c r e t i o n i s 5 km, the average 
depth i s 10 m, So i n p e r i o d I I I 350 x 5000 x 10 = 17.5 x 10 m accreted 
n o r t h of the s p i t . 
Be cause i n the l a s t 200 years hardly anywhere along the s p i t erosion 
occured, and sand i s t r a n s p o r t e d along the coast t o the edge of the s p i t 
w ithout cousing a c c r e t i o n , i t i s t o be expected t h a t t h i s coast i s i n a 
s i t u a t i o n of dynamical e q u i l i b r i u m (the s p i t grew only at i t s end). 
I n the Dwidelta r e p o r t some erosion near d ( f i g . 3.9) was ascertained, but 
as can be seen on f i g . 3.12 on t h i s s i t e the coast has grown since 1918. 
Hence i t i s t o suppose t h a t t h i s erosion i s only temporary. 
Also the surveyors of the Topographical Service had problems w i t h a 
moving c o a s t l i n e a t t h i s p o i n t (see chapt. 2 ) . This phenomenon i s caused 
by the f a c t t h a t i n one season sand i s dumped near a and d, and t h a t sand 
i s t r a n s p o r t e d along the s p i t i n the other season, 
A s i m i l a r e f f e c t i s also mentioned by Zieck (1932) as described i n chapter 
2, 
Sand f o r growing of the s p i t from e t o f (see f i g . 3.9) i s supplied by the 
February longshore c u r r e n t . But t h i s c u r r e n t stops near f . I n t h i s area 
also sand i s deposited from the southward cu r r e n t from g. In the J u l y 
p e r i o d t h i s sand i s c a r r i e d away by an other c u r r e n t . But t r a n s p o r t along 
the coast near f i s low. So a l a r g e , but low sediment plateau w i l l be b u i l d 
up here. Hence i t i s t o expect t h a t the mouth of the A i r Teluk w i l l stay 
at about the same s i t e as nowadays, and t h e r e f o r e i t i s also t o expect t h a t 
the s p i t w i l l not grow very much. 
I n 1918 the connection between Pulau Bay and the Indian Ocean was a short 
channel w i t h n e a r l y no h y d r a u l i c a l r e s i s t a n c e . Because the s p i t grew, t h i s 
channel got longer, hence the h y d r a u l i c r e s i s t a n c e increased. This i s the 
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reason why the influence of the tide i s l e s s nowadays than i t was in 1918. 
So i t i s possible that in. periods of low r i v e r discharge the mouth of the 
Air Teluk i s nearly closed by a bar. This bar can be seen very well on 
the s a t e l i t e picture (the sketch 
of t h i s mouth i s made from the 
s a t e l i t e ~ pi c t u r e ) . 
Behind the bar and the spit a 
flooded marshy area can be • 
seen« In t h i s area water from 
the Air Teluk watershed i s 
collected i n time of low d i s ­
charge» This water seeps 
through the sp i t to the ocean. 
In periods of large discharge 
the bar i s carried away by 
the current. After the high 
run-off the bar i s restored. 
Erb (1905) describes a simi­
l a r system for several r i v e r s 
i n t h i s area. 
The bar i s probable b u i l t up 
from the northern edge of the 
Pulau Bay s p i t and from the 
southern edge of a s p i t north 
of the rivermouth. 
There i s a p o s s i b i l i t y that 
the s p i t w i l l break at an 
other s i t e between e and f than 
at the present mouth. Such a 
break-through occurred also at j i q 3 1 3 

other r i v e r s i n t h i s region. 
Recently the Ai r Bengkulu has made such a new mouth south of the or i g i n a l mouth. 
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4. C a l c u l a t i o n o f sediment t r a n s p o r t 
I n t r o d u c t i o n 
Sediment t r a n s p o r t along the coast i s computed w i t h the computer program, 
described i n v o l b. 
The necessary input data are: 

a. Wave height (see chapter 2) 
b. R e f r a c t i o n (see v o l d) 
c. Sediment d i s t r i b u t i o n (see next s e c t i o n ) 

C a l c u l a t i o n i s c a r r i e d out f o r nine cross-sections along the coast. The 
r e s u l t s of these computations are presented i n f i g . 4,2. 

Sand of the Bengkulu beach 
Six samples o f beach m a t e r i a l of the Bengkulu coast were received. These 
samples were sieved w i t h the organic m a t e r i a l (mostly lime from s h e l l s and 
c o r a l ) . The exact percentage o f organic m a t e r i a l o f sample nr. 3 was 
determined, v i z . 11.9 % of the t o t a l weight was o f an organic o r i g i n . 
The d e n s i t y o f the sample was 2.58, hence the d e n s i t y o f the l i m e - p a r t i ­
c l es has t o be 2.14, assuming a sand d e n s i t y o f 2.65, 
The d i s t r i b u t i o n o f both the organic and the anorganic p a r t o f sample S3 
i s given i n f i g . no, 1 (sample S3a i s sample 3 a f t e r the organic m a t e r i a l 
had been removed). The lime-percentage of the other samples i s not deter­
mined e x a c t l y , but only one of these samples (S6) contents some organic 
m a t e r i a l . 
The g r a i n size d i s t r i b u t i o n of samples S10, S15, S19 and S20 i s n e a r l y the 
same, the sand near Tanjung Kerbau i s much coarser due t o the heavy breakers 
on t h i s cape„ Probably the f i n e r f r a c t i o n i s t r a n s p o r t e d around the cape 
as suspended load. The sand of sample S19 i s also somewhat coarser than 
S20, S15 and S10. The wave height on t h i s l o c a t i o n might be somewhat hi g h ­
er than i t i s southward of t h i s l o c a t i o n . 

Summary of the d i s t r i b u t i o n data 

sample d50 d84 d16 Ö 

S3 410 u 780 4 190 y 495 y 
S3 (anorgan) 360 u 730 4 184 u 457 y 
S3 ( o r g a n i c ) 660 u 1210 y 430 u 820 y 

S6 210 u 450 y 132 u 291 y 
S10 140 u 160 y 112 u 136 y 
S15 140 u 176 V 112 u 144 u 
S19 149 u 170 y 122 u 146 y 
S20 140 u 160 y 112 u 136 y 

i s the standard d e v i a t i o n of grain--sizes of the analysed sample. This 
value gives a measure of the u n i f o r m i t y o f the g r a i n s . 
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Comparision w i t h other data 
The Dwidelta corp d i d analyse also the other samples. These d i s t r i b u t i o n s 
are presented i n diagram 2 - 5. 
The Dwidelta a n a l y s i s gives a r e s u l t wich i s somewhat courser. This i s 
probably caused by a manual s i e v i n g procedure and a percentage of moisture 
which was not zero. 
Very c l e a r i s also (see f i g , no. 3) t h a t the data of sieve nr. 20 are 
i n c o r r e c t . Too much sand passes through t h i s sieve. 
But i n general the r e s u l t s are i d e n t i c a l t o the r e s u l t s obtained by 
s i e v i n g i n D e l f t . 

Grain sizes t o be used i n the sand t r a n s p o r t formula 
As can be seen from the summary of the d i s t r i b u t i o n data f o r samples S10 -
S20, one can c a l c u l a t e w i t h a D of 150 u. Samples S3 and S6 seem t o 
be coarser, but one may expect t h a t here also a f i n e f r a c t i o n e x i s t s , 
but t h i s f r a c t i o n cannot s e t t l e because of breaker a c t i v i t y . 
Hence i n the f o l l o w i n g sand t r a n s p o r t c a l c u a l t i o n a D̂ ^ of 150 :u i s used 
and an D g Q of 190u, 
Input data 
The r e q u i r e d input (wave)data f o r the computer program are: 

-breakerheight 
. . o f the f i r s t system o f waves -per i o d J , s r (monsoon-waves; 

-angle of incidence 
-breakerheight 

. , of the second system of waves -period J , ... \ r (swell-waves) 
-angle of incidence 

These data are determined i n two steps. F i r s t the angle of incidence and 
the wave height are determined as close as po s s i b l e t o the b r a k e r l i n e (as 
f a r as i t i s allowed t o use the computer program) see v o l d. Then, s t a r t i n g 
w i t h these data the breakerdepth and the waveheight and angle of i n c i ­
dence on the b r e a k e r l i n e are computed, now assuming p a r a l l e l depth con­
t o u r s . 
In the next t a b l e the r e s u l t s of chapter 2 are summarized 

seasons T Q 1 T Q 2 H Q 1 H Q 2 ^ ^ 

Dec, Jan Feb; season 1 10 15 1.2 0.3 285° 200° 
Mar, Apr, May; season 2 7 15 1.0 0,4 180° 200° 
Jun, J u l , Aug; season 3 10 15 1.3 0.5 180° 200° 
Sep, Oct, Nov; season 4a 7 15 1.0 0,4 180° 200° 
Sep, Oct, Nov; season 4b 7 15 1.2 0.4 285° 200° 

T_, i s the wave p e r i o d ( i n sec), Ĥ „ the wave height (H i n m) and <{>_., 01 01 rms 01 
the d i r e c t i o n on deep water of the monsoon waves. The s u f f i x 02 i n d i c a t e s 
s w e l l waves on deep water. With T^ and the r e f r a c t i o n diagrams are c a l -
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The f i r s t step 
2ft 

With these r e f r a c t i o n diagrams the re f r a c t i o n coefficient (K r ) and the 
angle of incidence <•*) i s determined in front of the coast ( a t a depth 
h*) for the different waves. 

normally 

The sign of $* indicates the direction of 
the r e s u l t i n g transport due to these waves, 
A plus (+) sign means that the direction 
of the transport caused by these waves i s 
northerly. See also ajacent figure. 
For the locations of the cross-sections 

3 - 4 J see f i g . 4.2. Depths i n in. 
direction of the coast 305° 
l i n e perpendicular to the coast 215° (seaward) 

Cross-section I 

season *2 h 2 K r 1 Kr 2 

1 -70° +15° deep deep 1.0 IcO 

2 +35° +15° deep deep 1.0 1.0 

3 +35° +15° deep deep . 1.0 1.0 

4a +35° +15° deep deep 1.0 1.0 

4b -70° +15° deep deep . 1.0 1.0 
Cross-section I I .direction of: the coast 320 

season h l L 2 
v ft 2 K r 2 

1 -30° +15° 12 12 0.6 0.3 

2 +32° +15° 10 12 0.55 0.3 

3 +20° +15° 10 12 1.0 0.3 

4a +32° +15° 10 12 0.55 0.3 

4b -40° +15° 10 12 0.7 0.3 
Cross-section I I I direction of the coast 50° 

l i n e perpendicular to the coast 320° (seaward) 

season 

+30 1 
2 
3 
4a 
4b +32C 

Cross-section IV 

h l 
10 

ft v ft 2 v ft 2 
^ 1 ^ 2 
0.5 

10 0.75 
o direction of the coast 60 

l i n e perpendicular to the coast 330 
K r 2 season h l h2 

ft 
K r 1 

1 +30° - 10 - 0.6 
4b +40° ... 10 - 0.9 
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Cross-section V 

season 
1 

Cross-section VI 

direction of the coastline 
l i n e perpendicular to the coast 

.ft ,ft . ft . ft ,, ft 2 ,, ft 2 
*1 *2 h l h2 i 1 < r2 

+10° - 5 - 0.75 

direction of the coastline 
l i n e perpendicular to the coast 

season A* • l 
A 
*2 h l h21 

. 4 2 Kr^ Kr 2 

1 - +20° ~ 10 „ 0.4 
2 +15° +20° 5 10 0.25 0.4 
3 +20° +20° 10 10 0.5 0.4 
4a +15° +20° 5 10 0.25 0.4 
4b - +20° „ 10 „ 0.4 

Cross-section V I I direction of the coastline 
l i n e perpendicular to the coast 

355 
265C 

330 
240C 

315 
225( 

season 
1 

• ft 

• l 
-25° 

*2 
0 

, ft , ft h 1 h 2 

5 5 

v ft 2 K r 1 

0.5 

v ft 2 Kr 2 

0.6 
2 + 12° 0 5 5 0.35 0.6 
3 +5° 0 5 5 1.0 0.6 
4a +12° 0 5 5 0.35 0.6 
4b -40° 0 10 5 1.0 0.6 

section V I I I direction of the coastline 60° 

season • l 

l i n e 

^2 

perpendicular to the coast 
.ft .ft .;> ft 2 ft 2 
h h 2 Kr Kr 

330° 

4b +35° ... 5 1.0 -
section IX direction of the coastline 350° 

h 
+5° 

li n e perpendicular to the coast 260° 
season 

a 
h 
+5° 

*2 
, K .8 h 1 h 2 

5 
K r x 

0.98 
Kr 2 

4b -25° - CO — 1.0 _ 

With the above data the input-data for the computer program can be 
calculated, v i z . 

'br 

bp 

- breakerdepth 
- breakerindex 
- breakerangle 
- ripple factor 

The second step 
For the calculation of h and <j>. i s assumed that the depth contours are br — r b r 
p a r a l l e l to the coastline; t h i s i s a reasonable assumption. 
To simplify the calc u l a t i o n s , the input data are calculated back to deep 

ft 
water. A new angle of wave-approach ( <j>0 ) i s found, t h i s angle does not 
have to match the o r i g i n a l ^ of the waves. Therefore the refraction co-
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e f f i c i e n t w i l l d i f f e r from that which can be calculated with 
A new factor i s introduced: 

the angle 

HH = Hq / H Q =Akr 2 I Kr 2 ) Kr / Kr 

Cross-section I beach slope a= 0.025 

season * 0 1 ^ HHj HH2 RUN h ^ h h ^ Yj_ Y 2 

1 
b r l *br2 
-12.5° +1.75° -70° +15° 1.0 1.0 1 1.30 0.75 0.8 0.: 

2 
3 
4a 
4 b 

+35° +15° 1.0 1.0 
+35° +15° 1.0 1.0 

2 1.80 0.95 0.6 0.8 +12.5° +1.95° 
-9.7° +2.15° 3 2.25 1.15 0.7 0. 

+++identical with run 2++++ 
4 

cross-section I I beach slope a =0.025 
1 -51° +35° 0.9 0.6 

6 

-70° +15° 1.0 1.0 1.30 0.95 0.7 0.8 -17.5° +1.95° 

5 1.55 0.47 0.8 0.8 -11.5° +3.1° 
2 
3 
4a 
4b 

+43° +35° 0.8 0.6 1.25 0.60 0.7 0.8 +12.5° +3.5° 
+35° +35° 1.1 0.6 7 2.35 0.72 0.7 0.8 +10.0° +3.75° 

+++identical with run 6++++ 
-55° +35° 1.0 0.6 8 1.75 0.60 0.6 0,8 -18.0° +3.50° 

crossr-section I I I 
,o 1 

4b 
+57v 

+43C 

cross-section IV 
,o 1 

4b 
+57 
+55C 

cross-section V 
1 +23° -

cross-section VI 
,o 1 

2 
3 
4a 
4b 

beach slope a = 0.01 
- 0.9 - 9 1.45 - 0.8 - +11.5C 

- 0.9 - 10 1.85 - 0.6 - +15.5C 

beach slope a = 0.025 
- 1.0 - 11 1.55 - 0.8 - +12.0C 

- 1.1 - 12 1.95 - 0.6 - +18.5C 

beach slope a =0.02 
0.9 - 13 2.00 - 0.7 - +6.4C 

beach slope a =0.03 
+51" - 0.8 14 - 0.52 - 0.8 +4.35 

+26 +51 0.5 0.8 15 0.85 0.65 0.8 0.8 + 6.3 +4.90 
+35° +51° 0.8 0.8 16 1,60 0.80 0.8 0.8 + 8.4° +5.30° 

+++identical with runl5++++ 
+51° - 0.8 17 - 0.65 - 0.8 - +4.35° 

beach slope a = 0.025 cross-section V I I 
1 
2 
3 
4a 
4b 

-77 0 1.4 0.8 18 1.50 0.62 0.8 0.8 -13.5 
o +21 0 0.6 0.8 19 1.10 0.80 0.7 0.8 + 6.3 

+11° 0 1.0 0.8 20 2.40 0.95 0.7 0.8 + 3.5° 
+++identical with run19++++ 

-55° 0 1.2 0.8 21 2.05 0.80 0.6 0.8 -19.0° 

0 
0 
0 

cross-section V I I I beach slope a = 0.025 
.o 4b +74 - 1.3 - 22 1.70 - 0.6 - +20.5 

beach slope a = 0.025 cross-section IX 
,o 1 

4b 
+11 
-25C 

- 1.0 -
- 1.0 -

23 2.25 -
24 2.15 -

0.7 - + 3.4" 
0.6 - -10.0C 

time 
r of the 

10 15 0.0175 y§§? 
T T 1 2 

7 15 0.0175 25% 
10 15 0.0175 25% 

12j% 
7 15 0.0175 12j% 

10 15 0.0175 25% 
7 15 0.0175 25% 
10 15 0.0175 25% 

12i% 
7 15 0.0175 12|% 

10 - 0.015 25% 
7 - 0.015 12j% 

10 - 0.015 25% 
7 - 0.015 12j% 

10 - 0.015 25% 

- 15 0.025 25% 
7 15 0.0175 25% 
10 15 0.0175 25% 

- 15 0.025 12^% 

10 15 0,0175 25% 
7 15 0.0175 25% 
10 15 0.0175 25% 

7 15 0.0175 12i% 

7 - 0.015 12^% 

10 - 0.015 25% 
7 - 0.015 12^% 



Calculated sand transport capacities 
Cross-section I season 1 -0.45 X i o 6 3 

m 
season 2 +0.67 X i o 6 3 

m 
season 3 +1.46 X i o 6 3 

m 
season 4a +0.34 X i o 6 3 

m 
season 4b -0.22 X i o 6 3 

m 
+1.80 X 10 6 3 

m , 
Cross-section I I season 1 -0.71 X i o 6 3 

rn 
season 2 +0.32 X i o 6 3 

m 
season 3 +1.64 X i o 6 3 

m 
season 4a +0.16 X i o 6 3 

m 
season 4b -0.40 X i o 6 3 

m 
+1.00 X i o 6 3 

m 
Cross-section I I I season 1 +0.67 X i o 6 3 

m 
season 4b +0.48 X i o 6 3 

m 
+1.15 X i o 6 3 

m 
The sand transport in season 2, 3 and 4a i s neglected, because the waves 
causing t h i s transport, are diffracted around Tanjung Kerbau and therefore 
small (so a small transport). Some calculations showed that the transport 
caused by these waves was about 25 % of the transport i n season 1. This i s 
within the accuracy of the whole calculation and hence i t i s neglected. 
Cross-section IV season 1 +0.84 X i o 6 3 

m 
season 4b +0.64 X i o 6 3 

m 
+ 1.48 X i o 6 3 / 

m /year 
Cross-section V season 1 +0.66 X i o 6 3 

m 
+0.66 X i o 6 m /year 

Cross-section VI season 2 +0.10 X i o 6 3 
m 

season 3 +0.64 X i o 6 3 
m 

season 4a +0.05 X 10 6 3 
m 

+0.79 X 10 6 3 
m 

Cross-section V I I season 1 -0.75 X i o 6 3 
m 

season 2 +0.11 X i o 6 3 
m 

season 3 +0.61 X i o 6 3 
m 

season 4a +0.06 X i o 6 3 
m 

season 4b -0.69 X i o 6 3 
m 

-0.66 X i o 6 m^/year 
Note: Due to i n c e r t a i n t i e s in refraction calculation t h i s quantity i s very 

doubtfull 
6 3 

Cross-section V I I I season 4b +0.47 x 10 m 

Cross-section IX 
+0.47 x 10 m /year 

6 3 
season 1 +0.49 x 10 m 

6 3 
season 4b -0.46 x 10 m 

g '"' 3 
+0.03 x 10 m /year 



The net longshore capacity data are presented in f i g . 4.2. In cross-
section V I I a net transport capacity of -0.66 x 10 m /year was 
found. This i s not indicated i n f i g . 4.2, because t h i s r e s u l t i s 
very dubious. As can be seen on the r e f r a c t i o n diagrams the waves 
which enter to the coast from a southern direction are refracted 
very much by various r e e f s , so the values of and tj>br are not 
r e l i a b l e for the seasons 1 and 4b. From morphological observations 
we expect a small northward transport through t h i s cross-section. 
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Because of the uncertainty i n the input data, also the r e s u l t s 
have to. be regarded with caution. Further one has to keep in mind 
that i n r e a l i t y not the sediment transport, but the.sediment trans­
port oapaaity i s calculated. This i s important i n the v i c i n i t y 
of r e e f s . 
Regarding the data of f i g . 4.2 i n comparision with the morpholo­
g i c a l description as given i n chapter 3 our conclusion i s (see 

3 

f i g . 4.3) that a re s u l t i n g transport of about 1 million m /year 
e x i s t s along the undisturbed coast south of Tanjung Kerbau and 
also along the Pulau Bay s p i t (The calculated values of 1.8 and 
1.5 million are probably too high). 
At e, between cross-section V and VI much sediment w i l l accrete. 
This accretion i s v i s i b l e on the morphological map (see the 
1:100 000 copy of f i g . 3.9 added to t h i s r e port), but also on 
aereal photographs made by prof. B i j k e r i n the summer of 1977. 

3 
From e to b the transport capacity i s about 0.8 million m /year, 3 • so 0.2 million m /year has to accrete near e. This means that in 
the l a s t 60 years 12 million m did accrete. From maps the volume 
of the accretion i s not determined exactly, but estimated as 

3 
\ x 4000 x 2000 x 35 = 14 million m . So t h i s f i t s rather w e l l . 
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Between the cross-sections VI and V I I the coastline i s moved ca. 350 m 
in the direction of the sea over a distance of ca. 5000 m. The average 
depth i s 10 m, so the accreted volume i s 350 x 5000 x 10 = 17.5 million 
3 

m . 
This accretion also occured in the l a s t 60 years, together with an accretion 
of the s p i t (23 million m 3). So the t o t a l accretion in t h i s period was 40 -

3 3 million m or 0.67 m /year. 3 3 We assumed a transport of 0.8 million m /year, so about 01 million m /year 
w i l l pass through cross-section V I I a a r e s u l t i n g transport. 
The transport capacity along the harbour i s computed as 0.5 m i l l i o n m /year, 
but as can be seen from f i g . 4.4 the incoming waves break on the coral 
reef i n front of the harbour. On t h i s reef i s a large sand transport capa­
c i t y , but t h i s capacity i s not saturated because there i s not much sand 
available for transport. 
After passing t h i s reef the wave height i s not very high (ca. 0.60 m). 
These small waves break on the second breakerline (at the beach) and 
originate there a transport capacity. There i s plenty of sand, so the 
transport capacity w i l l be u t i l i s e d to i t s f u l l extend. 
This w i l l be approx. 0.1 million m /year, coming from cross-section VI 
and going to the harbour. 
This proces i s discussed in d e t a i l in vol. . r). 
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Economical c o n s i d e r a t i o n s 
I n t r o d u c t i o n 
I n p r i n c i p l e two p o s s i b i l i t i e s e x i s t f o r t r a n s p o r t a t i o n of goods from 
and t o Bengkulu. 

1, By land (road and r a i l ) t o Palembang 
2. By sea 

Transport flows e x i s t from Bengkulu t o Jacarta, Palembang (both 36 % ) , 
Lubuklinggau ( 1 1 % ) , Padang ( 8 % ) , Surabaja (6%) and Semarang ( 3 % ) . 
For t r a n s p o r t s t o Lubuklinggau sea t r a n s p o r t i s not i n t e r e s t i n g , but 
tr a n s p o r t s t o the other towns may go over sea. 
A deci s i o n has t o be made which of these two p o s s i b i l i t i e s has t o be 
developed. For the development of sea t r a n s p o r t improvement of the 
harbour f a c i l i t i e s i s necessary. For development of land t r a n s p o r t i t 
i s necessary t o improve the road from Bengkulu t o Lubuklinggau, which 
i s the nearest r a i l w a y - s t a t i o n . 
Due t o f i n a n c i a l problems i t i s not possible t o do both. Because of 
the poor c o n d i t i o n of the Bengkulu harbour the tendency i s an i n c r e a s i n 
share o f land t r a n s p o r t . 
From an economic p o i n t of view t h a t s o l u t i o n has t o be developed which 
i s the cheapest i n long terms. I t i s very d i f f i c u l t t o c a l c u l a t e the 
c o s t - b e n e f i t r a t e of these two p o s s i b i l i t i e s . As w i l l be i n d i c a t e d 
harbour development i s economically only a t t r a c t i v e when the costs 
of improving harbour f a c i l i t i e s does not exceed one m i l l i a r d Rupiahs 
(Rp 1 000 000 000). 
Of course also other considerations are important. Development of the 
Bengkulu d i s t r i c t i s easier when a good i n f r a s t r u c t u r e w i t h r e g i o n a l 
harbour f a c i l i t i e s e x i s t s . 
Perhaps harbour f a c i l i t i e s may encourage more i n d u s t r i a l a c t i v i t i e s . 
I t i s not possible t o express a l l the b e n e f i t s of harbour development 
i n terms of money. 
Hence the d e c i s i o n t o inve s t one or two m i l l i a r d s o f Rupiahs i s a 
p o l i t i c a l d e c i s i o n , which has t o be made by the Indonesian a u t h o r i t i e s . 
An important question i s when t h i s d e c i s i o n has t o be made and v/ether 
i t i s possible t o postpone some p a r t s of the t o t a l d ecision t o a l a t e r 
date. 
I n the next sections som date are i n v e s t i g a t e d which can serve as a 
basis f o r these decisions. 



Estimate of t r a n s p o r t q u a n t i t i e s 
I n order t o estimate the amount of goods which w i l l be tra n s p o r t e d 
through the harbour of Bengkulu, the Dwidelta corp. made an economical 
survey of the whole Bengkulu province (Dwidelta, 1975b). I n t h i s pro­
vince most commodities are tr a n s p o r t e d over land by t r u c k and by t r a i n 
t o and from Palembang (harbour on the east side of Sumatra). The har­
bours i n the Bengkulu region play a less important r o l e , p r o p e r l y 
speaking only the harbour of Bengkulu i s important f o r the tra n s p o r ­
t a t i o n ever sea. The other harbours, Muko-muko, Ipuh, Bantal, B i n t u -
han and Manna are very small. 
The commodities t r a n s p o r t e d out of the Bengkulu region consist of 
spices, c o f f e e , r o t t a n , r e s i n , rubber and other a g r i c u l t u r a l pro­
ducts; the incoming commodities consist of cement, corrugated i r o n 
sheet, sugar, s a l t , f i s h , r i c e , merchandise, kerosine, f e r t i l i z e r 
and c o n s t r u c t i o n m a t e r i a l s . E s p e c i a l l y rubber and cement are t r a n s ­
ported over sea, so they are loaded and unloaded i n the harbour of 
Bengkulu. 

About 60 % (1973) of the economic a c t i v i t i e s i n the Bengkulu province 
are i n the a g r i c u l t u r a l , f o r e s t r y and f i s h e r y sector, the importance 
of t h i s sector i s (economically) decreasing-; other sectors are r a p i d ­
l y i n c r e a s i n g (more than 5 % a y e a r ) , such as i n d u s t r y , c o n s t r u c t i o n s , 
t r a n s p o r t 3 communications, a d m i n i s t r a t i o n & defence. The growth of 
populat i o n i n the Bengkulu province i s estimated t o be 2 . 3 % - 2.4% 
f o r the next years u n t i l 1990; the t o t a l populations i n 1973 was 
555 400 i n h a b i t a n t s . 
With these f i g u r e s the Dwidelta corp. made an estimate of the pro­
d u c t i o n - and consumption f i g u r e s . From the l a s t f i g u r e s the i n f l o w 
( i m p o r t ) and ou t f l o w ( e x p o r t ) of goods wsre c a l c u l a t e d f o r the Beng­
k u l u province and also ( w i t h some assumptions) f o r the Bengkulu har­
bour. When the mentioned f i g u r e s ( u n t i l 1974) concearning the amount 
of goods tra n s p o r t e d i n t o and aout of the Bengkulu region are com­
pared w i t h the estimated f i g u r e s ( o f 1975) a discrepancy i s shown. 
This discrepancy needs f u r t h e r i n v e s t i g a t i o n s (e.g. an economical 
sub-project) and t h i s i s beyond the scope of t h i s r e p o r t . 
Therefore an other estimate was made of the development of the t r a n s ­
p o r t a t i o n of goods i n f u t u r e , based upon the mentioned f i g u r e s of 
i n f l o w and outflow. 



Outflow ( i n tons) 

Bengkulu Ipuh,Bantal Bintuhan Platform Scale Platform 
year harbour Muko-muko Manna Lubuk Tanjung Pagar > 

I I I I I I IV V 
1970 9155 _ _ — — 
1971 9750 590 — — — 1972 8595 1845 700 — 1973 11225 1560 245 8550 — 
1974 7830 2425 120 1.1600 1.9595 
Outflow ( t o t a l s ) ( i n tons) 

year I I + I I I - I I I I - IV I - V 
1970 9155 — _._ — 
1971 9750 10340 — — — 1972 8595 10435 11135 — — 
1973 11225 12785 13030 21585 — 
1974 7830 10255 10375 21980 41575 

I n f l o w ( i n tons) 

year 

1970 
1971 
1972 
1973 
1974 

Bengkulu 
harbour 

11890 
8130 
8650 

10320 
9195 

Ipuh 3Bantal Bintuhan Platform Scale Platform Scale 
Manna 

year 
.1970 
1971 
1972 
1973 
1974 

Muko-muko 
I I 

95 
345 
390 
760 

Inflow* ( t o t a l s ) ( i n tons) 
I I + I I 

11890 
8130 
8650 

10320 
9195 

8225 
8995 

10715 

I - I I I sea t r a n s p o r t 
IV - V Land t r n a s p o r t 

I I I 

90 

90 

I I I 

9085 
ca 10800 

10045 

Lubuk Tanjung 
IV 

13150 
9575 

IV 

ca 23950 
20120 

Pagar Alam 
V 

17605 

37725 

f o r l o c a t i o n s see f i g . 5.1 

Table 5.1 
Transport q u a n t i t i e s from and 
t o the Bengkulu region 

Nedeco (1973) made a study of the t r a n s p o r t a t i o n flows i n Indonesia. 
One of the conclusions of t h i s study was t h a t the export ( o u t f l o w ) of 
t r a d i t i o n a l commodities ( a g r i c u l t u r a l , f o r e s t r y , f i s h e r y ) i s not 
growing very r a p i d l y , only 0 % - 2 % a year. The import ( i n f l o w ) i s 
growing f a s t e r , about 4 % - 6 % a year. The mentioned f i g u r e s f o r the 
Bengkulu province ( i n f l o w from and outf l o w t o the other i s l a n d s ) p o i n t 
out t o the same t r e n d . Due t o the poor c o n d i t i o n of the Bengkulu har-





hour, i t s importance i n t o t a l t r a n s p o r t a t i o n i s decreasing. Transpor­
t a t i o n over land ( t o Palembang) i s r a p i d l y i n c r e a s i n g . 
I n order t o obt a i n a good view of the development of f u t u r e t r a n s p o r t s , 
an estimate i s made o f i n f l o w and outf l o w o f goods i n the Bengkulu d i s ­
t r i c t and harbour. The f o l l o w i n g assumptions are made: 

I The export ( o u t f l o w ) w i l l increase w i t h 1 % a year u n t i l 1985, 
and then w i t h 2 % a year. 

I I a The import ( i n f l o w ) w i l l increase w i t h 4- % a year u n t i l 1985, and 
then w i t h 5 % a year, 

b The import w i l l increase w i t h 4 % a year u n t i l 1985, and then 
w i t h 3 % a year. 

I l l a The importance of the harbour w i l l decrease w i t h 1 % a year u n t i l 
1980, and then w i t h 0.5 % a year u n t i l 1985. 

b The importance of the harbour w i l l decrease w i t h 1 % a year u n t i l 
1980, and w i l l stay the same u n t i l 1985 when the harbour i s 
supposed t o be improved. 

IV a The importance of the harbour w i l l increase w i t h 2 % a year from 
1985 u n t i l 1990 and w i t h 1 % a year from 1990 u n t i l 1995. 

b The importance of the harbour w i l l increase w i t h 1 % a year a f t e r 
the harbour i s improved (1985) f o r the next 10 years. 

V a The t o t a l i n f l o w i n 1974 was 37000 tons, the share of the harbour 
was 24 I . 

b The t o t a l i n f l o w i n 1974 was 38000 to n s , the share of the harbour 
was 25 %, 

VI a The t o t a l o u t f l o w i n 1974 was 41000 tons, the share of the har­
bour was 18.5 %. 

b The t o t a l o u t f l o w i n 1974 was 42000 to n s , the share o f the har­
bour was 19.5 %. 

With these given assumptions i t i s possible t o c a l c u l a t e the i n f l o w 
and ou t f l o w of the Bengkulu harbour i n f u t u r e . This c a l c u l a t i o n gives 
the minimum and maximum f i g u r e s as i n d i c a t e d i n t a b l e 5.2. 
The minimum f i g u r e s were c a l c u l a t e d w i t h the assumptions I , l i b , I l i a , 
IVb, and Va; the maximum f i g u r e s were c a l c u l a t e d w i t h the assumptions 
I , Ha, I l l b , IVa and Vb. 

Expected savings from the new harbour 
This economical survey has the i n t e n t i o n of being a survey of the amout 
ofcommodities t h a t w i l l be tra n s p o r t e d through the harbour ( i n f u t u r e ) 
and of the economical savings of the t r a n s p o r t a t i o n costs, t h a t are 
caused by the improvement of the harbour. The e s t i m a t i o n of t h i s l a s t 
f i g u r e w i l l be very rough, an e r r o r of more than 100 % i s pos s i b l e . 



Outflow ( i n tons) 

year t o t a l o u t f l o w share of the har- share of the har­
bour i n %. i n tons. 

1974 41000-42000 18. c _ 19.5 % 7585- 8190 
1975 41410-42420 17. 5 - 18. 5 % 7245- 7850 
1980 43520-44585 12. 5 - 13.5 a •o 5440- 6020 
1985 54740-46860 10. 0 - 13.5 Q 4575- 6325 
1990 50500-51735 15. 0 - 23.5 % 7575-12160 
1995 55755-57120 20.. 0 - 28.5 0, 

-6 11150-16280 
2000 61560-63065 20. 0 - 28,5 q. 12310-17975 

I n f l o w ( i n tons) 

year t o t a l o u t f l o w share of the har- share of the '. 
bour i n % 

0 . 
i n tons 

1974 37000-38000 24.0 - 25.0 o, 0 8880- 9500 
1975 38400-39520 23.0 - 24.0 % 8850- 9485 
1980 46815-48080 18.0 - 19.0 % 8425- 9135 
1985 54270-61365 15.5 - 19.0 •a 8410-11660 
1990 62915-78320 20.5 - 29.0 Q 0 12895-22715 
1995 72935-99960 25.5 - 34.0 % 18600-33985 
2000 84550-127575 25.5 - 34.0 O, 

X) 21560-43375 

t a b l e 5.2 Future i n f l o w and ou t f l o w 
of the Bengkulu harbour 

I t only gives an i n d i c a t i o n of the amount of money ( 1 m i l l i a r d or 
10 m i l l i a r d Rupiahs) which can be spent on t h i s p r o j e c t . This f i n a n ­
c i a l l i m i t a t i o n was c a l c u l a t e d only w i t h f i g u r e s of the d i r e c t eco­
nomic savings ( i . e . not i n c l u d i n g the e f f e c t s of s t i m u l a t i n g econo­
my by a b e t t e r i n f r a s t r u c t u r e ) . So the improvement o f the i n f r a ­
s t r u c t u r e of the Bengkulu province was not taken i n t o account. The 
improvement of t h i s i n f r a - s t r u c t u r e could have i n f l u e n c e upon the 
growth of i n d u s t r i a l , a g r i c u l t u r a l or other a c t i v i t i e s . 
As already i n d i c a t e d i n the i n t r o d u c t i o n of t h i s chapter t h i s may be 
a reason t o i n v e s t more money i n t o the harbour than the d i r e c t econo­
mical ( t r a n s p o r t a t i o n ) p r o f i t s . 
The economical savings can be estimated from the f i g u r e s of i n f l o w 
and o u t f l o w of the Bengkulu harbour w i t h the f o l l o w i n g assumptions: 



- mean costs of t r a n s p o r t a t i o n ( f r e i g h t costs, i n c l u d i n g handling 
and storage) are 10 - 15 Rp/kg (Dwidelta 1975b) 

- savings because commodities are tra n s p o r t e d over sea instead of 
over land ca 10 % of the t o t a l t r a n s p o r t a t i o n costs 

- amount of goods over which no savings are c a l c u l a t e d (some k i n d 
of a t h r e s h o l d v a l u e ) : i n f l o w 11000 tons, ou t f l o w 6000 tons 

- the savings are c a l c u l a t e d a f t e r 1985, when the harbour i s supposed 
t o be improved. 

1985 
I n f l o w harbour 8440-11660 

( t o n s ) 
Outflow harbour 4575- 6325 

( t o n s ) 
I n f l o w corrected 0- 660 

( t o n s ) 
Outflow corrected 0- 325 

( t o n s ) 
Savings per year 0- 1.5 
( m i l l i o n Rp. ) 

1990 1995 2000 
12895-22715 18600-33985 21560-43 S5 

7575-12160 11150-16280 12310-17975 

1895-11715 9600-22985 10560-32375 

1575- 6160 5150-10280 6310-1.1975 

3.5- 26.8 12.8- 49.9 16.9-66.5 

t a b l e 5.3 Expected savings 

The t o t a l savings over 1.5 years are about 128 - 585 m i l l i o n s of Rupiahs. 
Taking i n t o account only the d i r e c t economical savings and the costs 
of c o n s t r u c t i o n of the improvement can be paid o f f i n 25 years without 
i n t e r e s t , the f i n a n c i a l l i m i t a t i o n s of t h i s p r o j e c t are aprx. one 
m i l l i a r d Rupiahs (Rp 1 000 000 000). I f i n t e r e s t i s also taken i n t o 
account the l i m i t a t i o n s are w i t h 4 % ca 0.8 m i l l i a r d Rupiahs and w i t h 
8 % ca 0.5 m i l l i a r d Rupiahs. 
I n an o t h e r . r e p o r t (Dwidelta 1975) a f i n a n c i a l survey i s given of the 
costs of c o n s t r u c t i o n of a new harbour i n Pulau Bay. I n t h a t survey 
the costs of improvement of the i n f r a s t r u c t u r e are also given, s p e c i a l l y 
the costs of new roads and road-improvements, The new roads and road-
improvements are necessary f o r the t r a n s p o r t a t i o n o f stone from the 
Bukit Sunur quarry t o the new harbour. The costs of n e a r l y a l l o f these 
roads were regarded as costs of improvement of the i n f r a - s t r u c t u r e and. 
hence paid by other departments, not being the department of communica­
t i o n s , or by the province i t s e l f . Therefore the d i r e c t d i r e c t econo­
mical savings are assumed t o be spent e n t i r e l y f o r the improvement of 
the harbour. 
The conclusions t o be drawn from t h i s survey are t h a t the t r a f f i c t o 
and from Bengkulu harbour i s too small t o allow a l a r g e improvement, 
due t o economical u n a t t r a c i t i v e n e s s . 



Special developments 
The assumptions made f o r the e s t i m a t i o n of i n f l o w and outf l o w are 
based on a "normal" economical growth. Special p r o j e c t s s t i m u l a t i n g 
economical a c t i v i t i e s are not taken i n t o account. 
I t came t o our knowledge t h a t the Indonesian government w i l l s t a r t an 
a g r i c u l t u r a l p r o j e c t 50 - 100 km n o r t h of Bengkulu. This p r o j e c t may 
have a large i n f l u e n c e on the economical development of the province, 
and thus on the devopment of the harbour. 
This p r o j e c t i s a t r a n s m i g r a t i o n p r o j e c t . 

The Indonesian government tries to diminish overpopulation 

as well as food shortage on the densely populated islands 

of the country, in particular on Java. 

People from these densely populated islands are enabled, to 

settle in transmigration areas. After these areas have been 

brought under cultivation food production will start. 

It is to expect that by means cf modern agricultural methods I) 
these areas will have a. large food surplus, which can be ex­

ported to islands with a food shortage. 

So transmigration has two effects: less people on the densely 

populated islands, so less food shortage. And because the 

transmigrated people start food production in new agricultural 

areas total food production in Indonesia will increase. 

The main problem of transmigration is that people are not 

interested in leaving their ovm islands and moving to other 

is lands. 

The area selected i n the Bengkulu province i s a ju n g l e at t h i s moment. 
I n t h i s area nearly no i n f r a - s t r u c t u r e e x i s t s . Due t o t h i s lack of 
i n f r a - s t r u c t u r e , roads, bridges, i r r i g a t i o n and drainage canals have 
t o be constructed befox^e a g r i c u l t u r a l a c t i v i t i e s can s t a r t . Also 
houses and other b u i l d i n g s have t o be b u i l t . 
I t i s obvious t h a t t h i s p r o j e c t w i l l have an i n f l u e n c e on the f l o w of 
goods. I n the f i r s t stage of the p r o j e c t the import of c o n s t r u c t i o n 
m a t e r i a l s and machines w i l l be l a r g e . 
Later the outf l o w of a g r i c u l t u r a l products w i l l increase. This o u t f l o w 
w i l l increase more than was expected i n the former s e c t i o n . Also the 
i n f l o w w i l l increase more, due t o the necessary commodities f o r the new 
a g r i c u l t u r a l areas ( f e r t i l i z e r , seeds). 
I t i s q u i t e u n c e r t a i n how t h i s p r o j e c t w i l l develop. When i t becomes 
a succes i t w i l l take about 5 - 1 0 years before t h i s p r o j e c t has any 

l) Modern agricultural methods are not identical with mechanisation 1 



i n f l u e n c e on the economical a c t i v i t i e s o f the Bengkulu province. 
As already mentioned the a d d i t i o n a l f l o w of goods as a r e s u l t of t h i s 
p r o j e c t was not taken i n t o account i n the e s t i m a t i o n of the q u a n t i t y 
of goods transported trough the Bengkulu harbour. 

Short term development 

As i n d i c a t e d before the amount of goods t r a n s p o r t e d by sea i s de­
creasing and the importance of the r a i l and road connections are 
increasing. 
Consequences are t h a t t r a n s p o r t s from and t o Bengkulu w i l l be done 
by t r a n s p o r t companies .specialised i n r a i l and road t r a n s p o r t w i t h 
braches i n Palembang. 
When a deci s i o n t o b u i l d a new harbour would be ms.de t h i s year i t 
would take 5 - 1 0 years before t h i s new harbour w i l l be o p e r a t i o n a l . 
In the mean time n e a r l y a l l t r a n s p o r t w i l l go by road and by r a i l 
v i a Palembang. Then i t i s very d i f f i c u l t f o r a new harbour t o reg a i n 
i t s place i n the t o t a l t r a n s p o r t f l o w . When land t r a n s p o r t a t i o n has 
been established every company w i l l have i t s connections i n Palembang 
and although sea t r a n s p o r t w i l l be cheaper, many goods w i l l be sent 
v i a Palembang. 

Decision dates 

When no decision at a l l i s made sea t r a n s p o r t w i l l stop i n a few 
years. Hence i n a very short time the deci s i o n has t o be made i f 
sea t r a n s p o r t should play a r o l e i n the f u t u r e Bengkulu d i s t r i b u t i o n 
system. 
When t h i s i s decided i n favour of sen t r a n s p o r t the present s i t u a t i o n 
at the Bengkulu roadstead has t o be improved as soon as possible i n 
such a way t h a t sea t r a n s p o r t keeps i t s p a r t of t o t a l t r a n s p o r t a t i o n 
from and t o Bengkulu. 
Two types of improvements are pos s i b l e : 

- Temporarely improvement of the Bengkulu roadstead and 
c o n s t r u c t i n g a t o t a l l y new harbour w i t h i n 10 years. 

- To improve the Bengkulu roadstead i n such a way t h a t 
t h i s improvement i s the basis f o r a new enlarged harbour. 

In order t o make a good dec i s i o n about what t o do i t i s necessary t o 
i n v e s t i g a t e both p o s s i b i l i t i e s . 



The decision t o improve the roadstead has t o be made s h o r t l y . 
When t h i s improvement i s done i n such a way t h a t enlargement of the 
e x i s t i n g harbour and c o n s t r u c t i n g a new harbour are both p o s s i b l e , 
the decision whether enlargement or c o n s t r u c t i n g new can be made 
i n a l a t e r stage when more and more d e t a i l e d i n f o r m a t i o n about 
the development of the Bengkulu area i s a v a i l a b l e . 
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Samenvatting 

In verband met de ontwikkeling van de buitengebieden moeten de havenfaci­
l i t e i t e n i n Bengkulu (West-Sumatra) verbeterd worden, (de huidige prauw­
haven i s ca. 2 voet diep). De Indonesische overheid heeft daarbij haar 
keus laten vallen op de ontwikkeling van een haven in de Pulau Baai, ca. 
20 km ten zuiden van Bengkulu. 
Om een indruk te krijgen in de behoefte van deze streek i s een beknopt 
vervoerseconomisch vooronderzoek gedaan. 

Als hoofdonderzoek i s het golfklimaat en de kustmorfologie van deze streek 
onderzocht. B i j het v a s t s t e l l e n van het golfklimaat moest, wegens gebrek 
aan gegevens, gebruik gemaakt worden van golfgegevens elders i n Indonesië. 
B i j de bestudering van de kustmorfologie bleek een h a l f j a a r l i j k s ritme te 
bestaan in het sedimenttransport, veroorzaakt door de moesson. Verder 
bleek het zandtransport aangedreven te worden door een tweetal g e l i j k ­
t i j d i g optredende golfsystemen. 
Om het zandtransport ten gevolge van een dergelijk s t e l s e l golven u i t te 
rekenen i s een berekeningsmethode opgezet, gebaseerd op de theorie van 
B i j k e r - F r i j l i n k . Deze berekeningsmethode i s verwerkt i n een computer­
programma . 
Met behulp van d i t computer-programma, het vastgestelde golfklimaat en een 
uitgebreide refractieberekening i s het zandtransport langs de kust bepaald. 
Om op korte termijn de ha v e n f a c i l i t e i t e n te kunnen verbeteren, i s een 
ontwerp gemaakt om de bestaande haven t i j d e l i j k u i t te diepen en toegang-
k e l i j k te maken voor kleine schepen, d i t a l s een overgangsfase totdat de 
nieuwe Pulau Baai haven gereed i s . 
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1. I n t r o d u c t i o n 
I n the Bengkulu area i n most time waves eome from two or three d i ­
r e c t i o n s at the same time, which accomplishes sand t r a n s p o r t c a l c u ­
l a t i o n s . The e f f e c t of waves on sand-transport i s n o n - l i n e a r , and 
t h e r e f o r e a simple a d d i t i o n of sand-transport due t o the separate 
wave systems i s not allowed. 
A s i m u l a t i o n model f o r sand t r a n s p o r t due t o several wave systems 
was not found i n l i t e r a t u r e , so an e x i s t i n g computation method had 
t o be adapted t o allow computation of sand t r a n s p o r t caused by waves 
from several d i r e c t i o n s . I n t h i s study the wave system i s described 
by two monochromatic waves, w i t h d i f f e r e n t wave-height, p e r i o d and 
angle of incidence. The e f f e c t s of the s t o c h a s t i c character o f waves 
are neglected. Wave-height, wave-period as w e l l as angle o f i n c i ­
dence should have been described i n a p r o b a l i s t i c way w i t h a d i r e c ­
t i o n a l energy spectrum. 
This i s not done because d i r e c t i o n a l spectra from the Bengkulu coast 
are not known. Even the monochromatic data: wave-height, p e r i o d and 
d i r e c t i o n are h i g h l y u n r e l i a b l e . Also such a s p e c t r a l appraoch i s ' f a r 
beyond the scope of t h i s study. 
The d e r i v a t i o n s i n t h i s r e p o r t are f i t t e d f o r such a s p e c t r a l approach 
but computations w i l l cost very much work. The main problem w i l l be 
the book-keeping of a large amount o f data i n the computer program. 
Some p r e l i m i n a r y computations f o r a s p e c i a l case, i n which the c a l ­
c u l a t i o n method w i t h spectra was based on B a t t j e s (1974), i n d i c a t e 
some small d i f f e r e n c e s i n the t o t a l t r a n s p o r t , but large d i f f e r e n c e s 
i n the d i s t r i b u t i o n of t h i s t r a n s p o r t . 

Longshore v e l o c i t y and sediment t r a n s p o r t are c a l c u l a t e d according 
t o the formulae of B i j k e r and F r i j l i n k ( B i j k e r 1967, B i j k e r 1972). 
This i s done because i t i s possible t o adapt these formulae f o r a 
s i t u a t i o n i n which the waves come from several d i r e c t i o n s , which i s 
not possible w i t h the CERC-formula (US Army 1973). 
The White-Ackers formula i s not chosen because we were not very f a ­
m i l i a r w i t h the p h i s i c a l backgrounds of t h i s formula, and also be­
cause a f i r s t c a l c u l a t i o n w i t h t h i s formula r e s u l t e d i n a t r a n s p o r t -
q u a n t i t y which was much too l a r g e . We were somewhat su r p r i s e d by 
t h i s r e s u l t , because a c c o r t i n g t o TOW (1976) t h i s formula f i t s very 
w e l l t o measurements. A more d e t a i l e d i n s p e c t i o n of the data pre­
sented i n TOW (1976) showed however t h a t a l l measurements were 
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measurements i n h y d r a u l i c models and no prototype measurements. 
Perhaps d i f f e r e n t c o e f f i c i e n t s have t o be chosen f o r a good des­
c r i p t i o n o f the prototype. 

The B i j k e r - F r i j l i n k formulae are w e l l f i t t e d f o r a d e r i v a t i o n , w i t h 
two waves. No problems occur w i t h the formulae themselves, but 
w i t h several approximations and s o l u t i o n s . The s i m p l i f i c a t i o n 
according t o Bakker ( B i j k e r 1972) as w e l l as the r e s u l t s o f the nu­
mer i c a l computations given by B i j k e r (1967) are not a p p l i c a b l e . 
For the c a l c u l a t i o n o f the sediment-transport w i t h these adapted 
B i j k e r - F r i j l i n k formulae, a computer program had t o be developed. 

As already mentioned the two wave-systems are described by means 
of d i f f e r e n t crossing waves. Such a system i s c a l l e d c r o s s - s w e l l . 
When the crossing waves enter the b r e a k e r - l i n e from opposite 
d i r e c t i o n s , the r e s u l t i n g v e l o c i t y w i l l be very low, because the 
pro p u l s i n g forces also work i n opposite d i r e c t i o n s . Bottom shear 
st r e s s w i l l increase, as w e l l as the s t i r r i n g f a c t o r . 
An other e f f e c t i s also important. When only one wave i s broken 
and the other s t i l l i s n ' t , t h i s non-broken wave w i l l not c o n t r i ­
bute t o the p r o p u l s i n g f o r c e , but w i l l increase both shear-stress 
and s t i r r i n g f a c t o r . 
I n t h i s study only the i n f l u e n c e o f the waves on sand t r a n s p o r t i s 
taken i n t o account, and not the i n f l u e n c e of the waves on each 
other. 
Both waves are considered t o be l i n e a r ( f i r s t o rder) even when they 
have been broken. The i n t e r a c t i o n o f both waves i n the breakerzone 
i s discussed i n a separate r e p o r t . 



2. Some c h a r a c t e r i s t i c s o f c r o s s - s w e l l 
I t i s assumed t h a t i n cross-swell both waves do not i n f l u e n c e 
each o t h e r , so one may suppose t h a t the maximum wave height i s 
the sum o f the o r i g i n a l wave heights (Hp - H* + H2>. 

fi 

But t h i s maximum w i l l occur only at one p o i n t , and not along a 
l i n e , l i k e i n normal waves. At a c e r t a i n time the surface can be 
described by n = a- s i n k^x + a ? s i n k 2 y (n i s the d e v i a t i o n from 
the SWL, a i s the amplitude o f the o r i g i n a l wave, k i s the wave 
number k - ~ ~ ) . This i s v i s u a l i s e d i n f i g . 1. L 
For computations i n which the energy i s important, i t i s not 
allowed t o use V = -| pgH^, but V = ~ pg(H| + H*). This i s shown 
i n annex I . 
On the surface no c r e s t - l i n e s can be d i s t i n g u i s h e d , only c r e s t -
p o i n t s . 
Problems 
When the periods of the two incoming waves are i d e n t i c a l ( e x a c t l y 
i d e n t i c a l ) , c a l c u l a t i o n i s very d i f f i c u l t , because o f d e v i s i o n by 
zero. I n nature t h i s w i l l not occur, because the waves are not mo­
nochromatic, and they do not have the same p e r i o d . I n such cases 
phase-lagging becomes also important. I n normal cases the phase-
l a g between the two incoming waves can be neglected. 
Some ideas about these s p e c i a l cases are presented i n annex I I . 

4 



3. Derivation of a sand transport formula 

The c a l c u l a t i o n of sand t r a n s p o r t i n a cross-swell s i t u a t i o n asks 
f o r a formula i n which the d i f f e r e n t parameters can be d i s t i n g u i s h e d . 
Therefore the CERC-formula i s not f i t f o r these k i n d of c a l c u l a t i o n s . 
A formula which includes more s p e c i f i c parameters i s the B i j k e r - f o r -
mula. The d e r i v a t i o n of t h i s formula, given by B i j k e r (1967), i s 
only v a l i d f o r waves from one d i r e c t i o n . Hence i t i s necessary t o 
extend the B i j k e r - f o r m u l a t o a two wave s i t u a t i o n . 

I n the f o l l o w i n g d e r i v a t i o n i s assumed t h a t both waves are monochro­
matic, and break independently on the same l i n e as they should break 

i n a one wave s i t u a t i o n . Hence two 
'breakerlines w i l l appear, as . i n d i ­
cated i n ajacent f i g u r e . Thus: both 
waves do not i n f l u e n c e each other. 

V V V' V V When as b r e a k i n g - c r i t e r i o n i s chosen 
/ V V V V* ^ H 

/ V * " a q u o t i e n t £, i - t i s a l s o P o s s l b l e 

//]//)>,/n u un a rtm m > rn ///cosstif ' n 
Wave ray (pon- irvfóny 

>vy (Stoker!) 
ir'eah'ns poinb 

t o defend t h a t the combined wave 
w i l l break when the t o t a l H i s l a r ­
ger than yh. This r e s u l t s i n a 
curved b r e a k e r l i n e . The curves i n 
t h i s l i n e w i l l move c o n s t a n t l y , so 
no r e a l b r e a k e r l i n e can be d i s t i n ­
guished, but only a breakerzone. 
I n t h i s r e p o r t i s chosen f o r the 
t w o - l i n e model, because the breaking 

TT c r i t e r i o n ~ i s not necessaraly the h 
r e a l reason f o r breaking. A wave 
breaks because the v e l o c i t y at the 
top i s much l a r g e r than the v e l o c i t y 

~1 I / I H 1 ' r 

of the wave (and normally the v e l o c i t y at the top i s a f u n c t i o n of 
H). So i t i s supposed t h a t the v e l o c i t y - d i f f e r e n c e only causes break­
i n g f o r the waves w i t h the same d i r e c t i o n as these breaking-inducing 
v e l o c i t i e s . This aspect w i l l be discussed i n a seperate r e p o r t . 

Longshore t r a n s p o r t w i l l be c a l c u l a t e d i n several steps. F i r s t the 
pro p u l s i n g f o r c e i s c a l c u l a t e d ( F r ) . Then the shear s t r e s s due t o 
both the incoming waves i s c a l c u l a t e d ( T ) . This shear s t r e s s i s a 
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f u n c t i o n o f the longshore v e l o c i t y ( T = T ( V ) ). By equating = x 
i t i s possible t o determine the longshore v e l o c i t y . 
The next step i s a determination o f the s t i r r i n g - f a c t o r , due t o the 
two waves. This s t i r r i n g f a c t o r and the longshore v e l o c i t y are enter­
ed i n the t r a n s p o r t formula t o f i n d the bottom-transport. The l a s t 
step i s the determination of the suspended load w i t h the method o f 
E i n s t e i n . 

The p r o p u l s i n g f o r c e 
To compute sand t r a n s p o r t i t i s necessary t o compute f i r s t the long­
shore v e l o c i t y . I n t h i s case two f o r c e components determine the mag­
ni t u d e of the r e s u l t i n g v e l o c i t y , v i z . the wave-forces due t o the 
r a d i a t i o n s t r e s s , and the f r i c t i o n forces on the bottom. 
I t i s supposed t h a t the cur r e n t i s not accelerated (a few notes on 
a c c e l e r a t i o n can be found i n annex V I I I ) , and the wave heights are 
constant along the coast. So only the r a d i a t i o n s t r e s s i s impor­
t a n t and S and S^ may be neglected. 
I n shallow water S i s described by: 

xy i 
S = E1 s i n ^ c o s ^ + E 2 sin<j>2coS(f>2 

i n which E 1 i s the energy of the waves from d i r e c t i o n 1 (= -g- pgH 2) 
and E 2 i s the energy o f waves from d i r e c ­
t i o n 2 ( = I PgH 2). For a d e t a i l e d d e r i -

J v a t i o n o f t h i s formula See annex I I I . 
ct'trckirit a 

cos<j> ÖCOS(() and sincj> =/h/h b p sin<j> b r >. 

S x y = E l s i ^ b r 1
C O S * b r 1

 + E 2 "V*5?2 ^ b r / ' H 
A f t e r both waves are broken one can assume a l i n e a r r e l a t i o n s h i p 

between waterdepth and waveheight H=Ah. So we get: 
S x y = I ^ A l h Z A / \ ^ 1

 s i n * b r 1
C O S ^ b r 1

 + 

A i s not necessaraly equal t o A 2, because A depends on the type o f 
breaking. 
A v a r i a b l e $ i s introduced: 

A 2 ' A 2 

* = TÏÏT" ^ b r ^ V + T E T " S i n < | , b r 2
C O S * b r 2 b r ^ 1 1 



so: 
1 v. 5/ 2 * S = ~ pg h $ 

xy 8 
To get the propu l s i n g f o r c e per u n i t o f area one has t o d i f f e r e n ­
t i a t e S w i t h respect t o x: 

xy 
8 S x y _ „ _ 5 ,3/2 . - J = F —. r r r pg h t g a $ 3x r 16 H & 6 

The bottom shear s t r e s s 
'VCS froifi 

wowej J ton direction \/, Ju j ' ri-
^ *%; T h e longshore v e l o c i t y V , i s a t a 

c e r t a i n moment: 
V~yl = v y t + p u b l .+ p u b 2 . 

The magnitude o f t h i s v e l o c i t y i s : 
Ji>6 6 

V = / V y ' + ^^bï^bP + 2 Vy»P ( ubl S i n <* ,l + Ub2 S i n , |'2 ) + 

. 2 p 2 u b l u b 2 c o s ( < ( ) 1 - <j>2)'. 

The angle Y between the r e s u l t a n t instantaneous bed shear and the 
main curr e n t i s i n t h i s case d e f i n e d by: 

cosy 
v , + p( u b l s i i K f > 1 + u b 2 s i n ( | ) 2 ) 

y' 
The component on the r e s u l t a n t bed shear i n the d i r e c t i o n o f the 
main c u r r e n t i s given by: 

T»(t) = { v y t + p(ublsin<|,1+ub2sin(l)2)}£y4 /""v2, + P Z ( u £ i + u b 2 } + 

~2v , p ( u b ] s i n ( j ) 1 + u b 2 s i n ( ( ) 2 ) + 2 P 2 u b l u b 2 c o s t ^ - ^ ) ' 

(u b lsin^ 1 +u b 2sin^)}£ y4 / T T ^ (u^u^) + 

2^(u b lsin<l>. ; L +u b 2sin (t> 2) + T ^ ^ c o s i ^ ) 

v.2 , 1 + I (ul.,sin*1+ub2sin<fr2)}£^/ 1 + ̂ Z^+u^) + r ' v v „ 

2 i ( u b l s i n ^ f - u b 2 s i n ^ ) + 2 ^ u b l u b 2 c o s ( ̂  ) 

p v ^ 2 { l + ~ ( u b l s i n o > 1 + u b 2 s i n o > 2 2 ^ ( u b l s i n ^ 1 + u b 2 s i n ( ) ) 2 ) + 

—_ — — , 

^ ( u b l + 2 U b l U b 2 C O S ( < | , r < ! , 2 ) + U b 2 ) 

i n which I- tcy" and pfcC//g 



Suppose cos ^2.~^2^ ~ 1 ^A1^ 

={ 1+ |( u b l s i n ^ 1 + u t ) 2 s i n < ( > 2 ) } A+2£(ublsin«|>1+ub2sin<f>21 + 

§*r (u, -+U, A2 

b l b2 
According to Bakker & ( u ^ s i n ^ + u ^ s i n ^ ) i s small in respect to 

^ v u b l T U b 2 ' £|(u +u, )? Hence: (A2) 

I x i l 1 = { 1 + f ( u b l s i n ^ 1 + u b 2 s i n * 2 ) } / + £ U ^ A 2 

and with assuming —(u,-+U, „)»v follows (A3) 

2^11 = { 1 + f (u b lsin^ 1 +u b 2sin4» 2)}f | u b l + u b 2 | 

T» = ̂  {1 + f (ublsin<j»1+ub2sin<(,2)}f | u M + u b 2 | • 

= ^ { 1+ I ( u b l s i n < | , 1 + u b 2 s i n 4 . 2 ) } | u b l + u b 2 | 

= £ P C { I Ubl + Ut>21 + f ( u b l s i n < ! > l + U b 2 s i n < ( > 2 ) l U b l ^ U b 2 l } 

u b l = G b l S i n w l t a n d Ub2 = Gb2 3 i n ü J 2 t 

Note: I t i s assumed that ü, , = u, 0, because af t e r breaking both 
b l b_ 

waves have the same height when A^A^ (A4) 

T» = 2^-Z{ luj^sinw^ + CL^sintUgtl + ̂  (_ bsinw 1tsin<|> 1 + 

übsin<A>2tsin<j>2) lu^sinw.jt + u b s i n w 2 t | } 

- ^ë-Z u f c{ I s i n w ^ + sintü2t|+ ( s i n c ^ t s i n ^ + 
sin(0 2tsin4> 2) |sinü>1t + sinoj 2t|} 

A time average over a long i n t e r v a l T i s : 
. T S b 1 T 

T ' = ^ ? ^ u b { ~ ƒ IsinoL^t + sinu) 2t|dt + 5 — ^ / (sinw 1tsin<j> 1 + 

sinw2tsin<j»2 ) I sintü^ + sino) 2t|dt> 
u, 

= ^ ? u b { F ( W l , w 2 ) + F ' U ^ , ^ , ^ ) } 

The functions F and F' were computed numerically 
(see table on the next page) 



period 7 sec T = 7 sec 1^=10 sec 
T =10 sec T2=15 sec T2=15 sec 

• F 0.856. 0.863 0.916 
F' F* F' 

ló 35 0° 0.001 0.001 0.001 
5° 345° 0.000 0.002 0.000 
10° 345° 0.002 0.001 0.002 
10° 340° 0.001 0.002 0.002 

10° 335° 0.001 0.002 0.001 
15° 340° 0.003 0.001 0.004 
15° 335° 0.002 0.002 0.003 
20° 335° 0.004 0.001 0.005 

F= ~ j (sin^t+sinwgtldt 

T 

P« = | J ( s i i u o 1 t s i n * 1 + 

sina>2tsin<J)2 ) 

I sinto-jt+sinu^t | dt 

In shallow water aft e r breaking: 
Ah 
2 2 

Hence 

- A Pg/(g 5h) 
- 2C 5 

A%2«r2oh 

When a permanent situation i s asumed, i . e . the longshore current i s 
not accelerated, then F = T. or: 

5 A2V>3/2 + ,_p/(g 3h)A Fg T ? pg 2A 2hg 2 , •T^pgA^h tga i=tL—f~ir v + * 4 C 2 T F 16 h' e" " -e» 2C 
5 »2v.3/2. . PgA^hC2 

•j^3gAzh tga $ - • P I - pAg'jh)A gP 
2C 2 

5pgA 2h 3 / 2 tga $2C 2 pgA 2hg 2F' 2C 2 

v = I s t T T F h l A f F 4C*p/(g ah)AgF 
5AC2h tga « Agh)Ag" F' 

v " ïpTg " 2F 

On t h i s way.a se m i - a n a l i t i c a l solution i s found for v, but several 
asumptions were made (Al to A4). In a t o t a l l y numerical aproach these 
assumptions are not necessary s as w i l l be explained i n the next 
chapter. 
The s t i r r i n g - f a c t o r 
Because of waves the shear s t r e s s increases. The increase of t h i s 
shear s t r e s s w i l l be larger than the increase by only one wave. The 
increase can be described according to Bijker by a s t i r r i n g - f a c t o r 

T pic V2^ r r v 



As indicated on page 7 

V 2=v 2
+ P<u£ 1 +uJ 2) + 2v p(u b lsin<|, 1 +u b 2sin4. 2)+2p 2u b : Lu b 2c 0s( <i ) l-<|, 2) 

y y 
u, , = u, 1sinc l) 1t 

kT 
V2" 
y 

^ 2 = üb2sintü2t 

_ 1 ƒ U + p 2 G 2 s i n 2 u t + p 2ü 2
2sin 2u> 2t + 2v BÜ^sixHöjtsin^ + 

y o * y ^ 
2v ypu b 2sina) 2tsin<}. 2 + 2p 2u b lu b 2sinu 1tsinw 2tcos(<j> 1-<j> 2)] dt 

kT i s a period af t e r which ta't and u t are i n phase again. 
kT 1 2 kT 

_ * 1 ( 1 + — ^ s i n V t ) dt + J -^si*\t) dt + 
T c cr . y 0 y 

kT' pu 
kT -

° kT y 
- M s i n u . t s i n ^ . dt + v 1 1 

r p u b 2 J 2——sint»2tsin<t»2 dt + 

kT 
J dt 

_ [ ( H P U ^ s i n V t ) d t = 1 + — r kt J 1 ki 
0 

2-2 

y 1 

kT 

J 0 
2*2 

1 + .1)1 
kT !rkT 

p 2 ü b l 
1 + 2 ,,Z 

1_ 
kT 

.kT ~ 
pu b l 

V 
1 r 

p u b i 

0 
2 — _ s i n u ^ t s i n ^ dt = ̂  2—--

v y y 
(- -i-cosüj.tjsinij). Ü)„ x x 

kT 

J 0 

1 p b l . , 1 1 v _ rt 

i _ - _ s i n ^ ( + __-) = o 
kT v Y l w1 

kT 2 . y . _ f P Ubl Ub2 { c o s ( ü j t _ M t ) _ cos(w t+ui t))cos(* 1-<|) 2) dt = 
kT J V 1 2 x _ _ <s 

f) y kT 

p 2 g b A 2 c o s U r * 2 ) 

kTv z 

y o 
p 2 ö b i V c o s ( i , r < ( ! 2 ) 

(COS(OJ1-U> )t - cosUj+u^Jt) dt 
_, kT 

kTv* 
y v u 2 V W 2 

y'kT _ = b _ ( a a nd. b are integers) 

u r w 2 = H ( a _ b ) + s i n ( v w 2 ) k T = s i n 2 7 r C a - b ) = s i n 2 l T = 0 

+ cos (w 1 -_ t 2)kT = 1 
2ir 

V W 2 = kT 
(a+b) -»-sin(wi'fu>2)kT = s i n 2ir(a+b) = s i n 2n = 0 

-> cos (w^+wpkT = 1 
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P \ l Q b 2 C ° s ( V V 
kTv ( 0 - 0 + 0 - 0 ) 

S o „2-2 2-2 
T r „ r P U b l J? ub2 

c y y 

= i + \ i£f)2 * I U ^ 2 - ) 2 

Hence, the Bij k e r formula for waves from two directions i s : 
-0.27 AD C 2 

S b = 5 D ̂  exp u, 
V V 2 { 1 + i ( g ^ ) 2 + _ ( ^ ) 2 } 

i n which 

5C 2h tga 
v = m l 2F 

Note: The veloci t y formula i s only v a l i d when the two waves are broken. 
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4. A n u m e r i c a l a p p r ~ a c h 

Because sand t r a n s p o r t c a l c u l a t i o n s w i t h a l o t of v a r i a b l e s cost 
much time, and because some p a r t s o f these c a l c u l a t i o n s can only be 
solved by numerical computations, a computer-program was made t o 
s i m p l i f y these c a l c u l a t i o n s . 
A problem w i t h computer programmes i s always t h a t the i n f l u e n c e of 
several v a r i a b l e s i s not q u i t c l e a r . Also the computer gives anwers 
i n very accurate numbers, but t h i s accuracy i s not r e a l i s t i c . A l a r g e 
e r r o r because o f the i n c e r t a i n t y i n the i n p u t data may be expected. 

The i n p u t data are the constants p (water d e n s i t y ) , g ( g r a v i t y con­
s t a n t ) , K (Von Karman c o n s t a n t ) , D ( D r n p a r t i c l e s i z e ) , D90 (D 

50 r ' 90 
p a r t i c l e s i z e ) , A ( ( P p a r t i c l e - P w a t e p ) / P w a t e r ) , R ( A R 5 r i p p l e h e i g h t ) , 
HBR (breaker depth), ALFA (beach s l o p e ) , A ( q u o t i e n t of broken wave-
height and waterdepth), F I (-. i g l e o f i n c i d e n c e ) , T ( p e r i o d ) , KGV (smal­
l e s t common value of both p e r i o d s ) . 
The values R, HBR, and KGV have t o be c a l c u l a t e d f i r s t . R i s c a l c u l a ­
t e d apart because both waves give d i f f e r e n t r i p p l e - h e i g h t s . This pro­
blem i s discussed i n d e t a i l i n chapter 7. HBR i s not c a l c u l a t e d because 
t h i s value i s i n f l u e n c e d h e a v i l y by l o c a l r e f r a c t i o n . R e f r a c t i o n i s 
c a l c u l a t e d w i t h other methods. This i s discussed i n v o l C. KGV i s 
not c a l c u l a t e d because i t i s very easy t o do i t by hand and very 
d i f f i c u l t f o r a computer ( f o r "normal" wave p e r i o d s ) . 
Fig. 7 represents a f l o w diagram of the program. F i r s t the a v a i l a b l e 
i n p u t - d a t a are read and p r i n t e d back. Some constants are c a l c u l a t e d 
(w, mv V L b r 2 , * o ) . 
w i s the f a l l - v e l o c i t y o f a sand p a r t i c l e i n water, which i s computed 
w i t h the e m p i r i c a l formula 

w
s = exp {-0.1941(lnD) 2 - 1.961 InD - 6.2988} (TOW 1976) 

This e m p i r i c a l formula i s used i n s t e a d of the formula w = gADz/18v, 
because t h i s second formula i s only v a l i d f o r spheres, and assumes a 
laminar f l o w around these spheres. Normal sea sand oft'^n f a l l s w i t h 
such a speed t h a t the f l o w around the p a r t i c l e i s changing from l a ­
minar t o t u r b u l e n t . The given TOW formula i s v a l i d f o r a water tempe­
r a t u r e of 20 °C, which i s r e a l i s t i c f o r the Bengkulu coast. 

and a>2 are the wave frequencies. When one of the waves does not 
e x i s t , i t s p e r i o d i s given a high value, so the frequency gets a small 
value (0.0000001), This value i s not zero because otherwise d i v i s i o n s 
by zero w i l l occur, which w i l l stop the numerical process. 
L b r 2 1 S t h e w a v e l eng- !-h of the second wave on the second b r e a k e r l i n e . 
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This value i s necessary t o compute the shoaling and r e f r a c t i o n co­
e f f i c i e n t s f o r the second wave between the two b r e a k e r l i n e s . F i r s t 
the wavelength i s approximated w i t h the formula of Eekért, and t h i s 
value i s improved by a three step i t e r a t i o n . 

LB:*2ftGAPI/W2/W2ftSQRT(TANH(HBR2ftW2*W2/G))j 
' FOR' P: =1' STEP' 1' U N T I L ' 3 1 DO1 '' BEGI N 1 

L 2 : =2ftGftPI/W2/W2ftTAiW(2ftPIftHBR2/LB; 
LB:=(2iftL2+LB)/3; ,END'; 

Afterwards the value of LB i s m u l t i p l i e d w i t h a f a c t o r t o s i m p l i f y 
the c a l c u l a t i o n of the s h o a l i n g - c o e f f i c i e n t . This w i l l be discussed 
l a t e r i n t h i s paragraph. 
A f t e r the c a l c u l a t i o n of these constants sand t r a n s p o r t i s c a l c u l a ­
t e d f o r several depths, w e l l d i s t r i b u t e d over the breakerzone. 
F i r s t the depth i t s e l f i s c a l c u l a t e d . (NOTE: i n the program the c a p i ­
t a l H always means depth, i n t h i s t e x t i s used the small h f o r depth 
and the c a p i t a l H f o r wave hei g h t . I n the program the wave-height i s 
not computed e x p l i t e l y ) . Also the wave numbers and the bottom v e l o ­
c i t i e s are c a l c u l a t e d ( k ^ , k , u , u ). For c a l c u l a t i o n of the wave 
numbers i t i s necessary t o c a l c u l a t e the wavelength, v/hich i s done 
w i t h the same procedure as described above. 
Note: L 1 and L 2 are dummy v a r i a b l e s , L i s both the wavelength of 
the f i r s t and the second wave. Also the c o e f f i c i e n t s C, £ and y and 
the p r o p u l s i n g force F are c a l c u l a t e d . 

For the c a l c u l a t i o n of k 2 and u 2 a d i f f e r e n c e has t o b e made between 
the broken and the unbroken wave. For c a l c u l a t i o n of these v a r i a b l e s 
i t i s necessary t o know the waveheight, which i s c a l c u l a t e d i m p l i c i -
t e l y . For a broken wave the waveheight i s H = Ah, but f o r an unbroken 
wave no such simple r e l a t i o n e x i s t s . 
The a c t u a l unbroken waveheight i s 

H = H, x K X x K X 

br s r 
x 

K i s a reversed f u n c t i o n of the shoaling c o e f f i c i e n t and K X i s a r e ¬
versed f u n c t i o n of the r e f r a c t i o n c o e f f i c i e n t . 

l+TTh, /LB br2 / L 
/ 1 + s T n H T T /LB) / T t a n M 2 h b r 2 / L B ) 

- —>r z 

+ s T n f l h ) — -
 /T t a n h (kh) 

Note: P a r a l l e l depth contours are assumed 
H = H b r • ( n b c b ) / ( n c X ne = I ( I t - ^ j / f i t a n h k h 

~ f i + 2 k h s / t a n h kh 
sinh kh ; k 
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1<X = /cosó, /cosè r br r 

Note: H/H, =/b /b =v/cosd>.L/cosd1 b r rb 
coscf) i s not known, but can be c a l c u l a t e d w i t h : 

s i n * b r / s i n * = % r / c =/A- t a n h ( k b r h b r ) / i tanh (kh) 
^br 

=>/L~ tanh (k h ) / L tanh (kh) b br br 

Note: i n the program L ^ a n h d ^ h ) i s c a l l e d F I O , 4 i s c a l l e d F I H 

Between the b r e a k e r l i n e s the p r o p u l s i n g f o r c e i s caused by the broken 
wave only, so $ i s c a l c u l a t e d w i t h cL and h, , only. 

1 b r l 
FI0;=LBftTANH(2ftPI/LBftHBR2); 
LB:=HBR2ftSQRT((l+4ftPI/LBftHBR2/SINH(2ftPI/LBAHBR2))ft 

SQRT(LB/ 2 / P I f t T A N H ( 2 f t P I / L B f t H B R 2 ) ) ) ; 
F I H : - A R C S I N ( S Q R T { L 1 / F I O f t T A N H ( K 2 A H ) f t S I N ( F I 2 ) ) ; 
U2:*NftW2ftLB/2/SINH(K2iiH)/SQRT((l+2ftK2ftH/SINH(K2ftH))ft 

S Q R T ( T A N H ( K 2 A H ) / K 2 ) ) f t S Q R T ( C O S ( F I 2 ) / C O S ( F I H ) ) ; 
F I : = S I N ( F I l ) f t C O S ( F I l ) / S Q R T (HBRl)AAAA; 

When both waves are broken the s i t u a t i o n i s r e l a t i v e l y simple. Shoal­
i n g c o e f f i c i e n t s are not important and r e f r a c t i o n i s hidden i n the 
p r o p u l s i o n f o r c e . 

U l : = M H f t W l / 2 / S I N K ( K U H ) ; 
U2:=NAHAW2/2/SINH(K2&H); 
FI:=SIN(FIl)ftC0S(FIl)/SQRT(HBRl)ftAÖA+SIN(FI2)aC0S(FI2)/SQRT 

(HBR2)ttNjftN; 
I n the d e r i v a t i o n on page 7 a constant £ = pKC/gi was introduced, p i s 
the r a t i o of the bottom v e l o c i t y (according t o wave formula) and the 
r e a l v e l o c i t y at adistance er/33 ( w i d t h of the viscous s u b l a y e r ) . Accor­
ding t o B i j k e r (1967) p has a t h e o r e t i c a l value of 0.39. I n expiriments 
a value o f 0.4-5 was obtained. 
I n v e s t i g a t i o n s of Jonsson (1966) i n d i c a t e t h a t p i s not a constant, but 
a v a r i a b l e , dependent from the amplitude a t the bottom. According t o 
Jonsson ( a f t e r some rear r a n g i n g ) p = / f /2K* i n which f can be 

w w 
approximated by I n f = -5.977 + 5.213 ( — ) u * i y \ 

w r 
a Q i s the amplitude at the bottom, r i s the Nikurads roughness which 
i s supposed t o be equal t o two or three times the r i p p l e - h e i g h t . 
Jonsson used i n h i s d e r i v a t i o n the value of a , because he s t a r t e d h i s 
d e r i v a t i o n w i t h the formula 

T = f I p u 2 

max w ^ v max 
instead of 

i" 3 f 2Pu|u| ( a t any time.) 
15 



He n o t i c e d t h a t x and u are not a c t i n g simultaneously. To de-max max & y 

termine f he used the f i r s t formula instead of the second, because 
i n the f i r s t i t i s possible t o express f as a f u c t i o n on some known 

w 
v a r i a b l e s . Thereafter he proved t h a t f o r a rough t u r b u l e n t case f - f . 

w 
Jonsson d i d not prove t h a t the maximum d e v i a t i o n at the bottom ( a m p l i ­
tude) i s indeed the parameter governing the phenomenon. He only proved 
t h a t the amplitude describes ( f o r a one-wave s i t u a t i o n ) the phenomenon. 
Perhaps the mean d e v i a t i o n , or the root-mean-square d e v i a t i o n i s the 
r e a l parameter. 
For a one-wave s i t u a t i o n these parameters d i f f e r only a m u l t i p l i c a t o r , 
which might be b u i l t i n t o the formula. These m u l t i p l i c a t o r s have 
d i f f e r e n t values i n a two-wave s i t u a t i o n . 
Because the r e a l parameter i s not known, i n t h i s r e p o r t i s assumed 
t h a t the amplitude describes the phenomenon i n a two-wave s i t u a t i o n 
too. I n annex IV i s shown t h a t t h i s might be a good guess. 
However a problem i s t h a t i n case of two waves w i t h d i f f e r e n t periods 
no r e a l amplitude can be computed. There i s a maximum amplitude 
( a m a x = > /Tu 1/u 1) + (u 2/u> 2) + 2u 1u 2/w 1co 2 cos(§ 1~§ n) )which occurs 
seldom, and also a minimum amplitude, which occurs seldom too: 
a

m i n = > /(u 1/w 1) + ( u 2 / w 2 ) - 2u 1u 2/o) 1w 2 cos(^x~^2) 

I n our computations we use the mean of these amplitudes. 
Notes: Several c a l c u l a t i o n s have i n d i c a t e d t h a t the i n f l u e n c e o f 

v a r i a t i o n s i n t h i s i s very small. 
In the computer program a procedure i s incorporated t o c a l ­
c u l a t e t h i s amplitude i n case of two i d e n t i c a l waves. This 
procedure i s used only i n s p e c i a l cases (see annexes). 
In the program the amplitude i s c a l l e d EPS. 

Then i t i s possible t o c a l c u l a t e E,, p and F^ 
KSI:=CASQRT(EXP(~5.977+5.213A((EPS/R)AA(-. 1 9 4 ) ) ) / 2 / G ; 
MU:=(C/7.82/LN(12AH/D90))AA1.5; 
FR: «5/16AR0AGASQRT (HAHAH) A A L F A A F I ; 

F i s the p r o p u l s i n g f o r c e due t o the r a d i a t i o n stresses S . The 
r xy 

i n f l u e n c e of a v a r y i n g waveheight along the coast i s neglected. 
Also a permanent s i t u a t i o n i s supposed (no longshore a c c e l e r a t i o n ) . 
This p r o p u l s i n g f o r c e i s compared w i t h the d i s s i p a t i n g f o r c e (7) and 
from t h i s comparision v can be computed. 
Note: I n chapter 3 angles are measured clockwise. I n the computer-

program these angles have t o be measured counterclockwise. This 
i s because a minus sign i s omitted i n the equation T" = F . I n r e a l i t y 
t h i s equation should be read as ~ + F = 0 . 

r 
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The component o f the r e s u l t a n t instantaneous bed shear i n the d i ­
r e c t i o n o f the main cur r e n t i s : 
t = p v 2 {lH|(u b lsin<|> 1 +u b 2si n<» 2^ 

f z L ( u b l + 2 u b l U b 2 C O s ( * r ( f ' 2 ) + U b 2 ) 

i n which u b l = ü b l s i n ^ t and u b 2 = u ^ s i n ^ t 

Now two f u n c t i o n s can be defined: 

F l ( V W 2 3 G b l ' Ü b 2 ' * 1 5 * 2 s t ) = G b ! S i n V s i n * l + Q b 2 s i n W 2 t s i n ( ! ! 2 
F2< wi»«2» Qbl» 0b2»*l»*2» t ) = ubl + 2 u b l U

b 2
C O s ( * r t ) + Ub2 

Hence, s u b s t i t u t i n g ^ _ a s v 2g/C 2 becomes: 
T = p v 2 g / C 2 { l + | F 1 } / 1+2^F 1 + i j F 

Because x has the same d i r e c t i o n as v, i t i s necessary t o w r i t e v 
as v I v I . 

T 
A time average over a long p e r i o d i s x = ƒ T dx 

When a permanent s i t u a t i o n i s assumed, i . e . the longshore c u r r e n t i s 
not accelerated, then: 

T = F 
r 

F - 5
 u3/2 

r * 16 p g h tS ( X $ 

So i n the equation f » F p only v i s unknown. Unfortu n a t e l y i t i s not 
possible t o solve t h i s equation a n a l y t i c a l . Hence a numerical approach 
i s chosen. 

An approximation of v i s according t o chapter 3 

v = 5 A C 2h t g q f 
8 % F /g 

F has a value o f about 0.9, hence t h i s can be w r i t t e n as 
v = 2.2 C 2F r / t-pA ^ 

This approximation serves as a s t a r t i n g value f o r the numerical 
process. 

To allow an i n v e s t i g a t i o n o f phase-lags (see Annex) i t i s necessary 
t o introduce a phase d i f f e r e n c e . For t h i s purpose u 2 i s w r i t t e n as 
u 2 = u 2 s i n < u t + phase). This ± a done i n the f u n c t i o n s F and F . 
The numerical aspects of the procedure t o c a l c u l a t e v w i l l be ? 

discussed i n the next chapter. 

A f t e r the longshore v e l o c i t y has been computed, i t i s possible 
t o compute the bedload t r a n s p o r t w i t h the modified B i j k e r formula, 
as derived i n chapter 3. 

17 



Because t h i s formula needs no s p e c i a l numerical a t t e n t i o n , the com­
puter can c a l c u l a t e bedload-transport d i r e c t l y . 

S:=5ftDftV/CftSQRT(G)ftEXP(-.27ftDELTMDftCftC/(MUftVftVft(l+ 
V ) f l ( K S I f t U l / V ) / 2 + ( K S I f t U 2 / V ) f t ( K S I A U 2 / V ) / 2 ) ) ) ; 

0 U T S T R I N G ( 1 , 1 ( ' S E D I M E N T TRANSPORT (BEDL0AÜ) ' ) ' ) ; 
F L 0 ( 1 9 4 , 3 , S ) ; 
0 U T S T R I N G ( 1 S ' ( ' M3/M Y E A R ' ) ' ) ; 
L I N E ( I . I ) ; 

Suspended load i s computed according t o the method of E i n s t e i n as 
described i n B i j k e r (1972). Suspended load i s 

Ssus = -T^- S b { l n t l l n ^ + I n t 2 > X, 
i n which 

I n t l = 0 . 2 1 6 ^ ƒ {±JL) d y 
M . Y 

AA X -1 1 

I n t 2 * 0.216 — ƒ ,1-y, 2* . 
( l - A A ) Z x {1T' } l n y d y 

AA 
AA = r / h 
zx - W S/KV x = w s//r/p 

wg i s the f a l l - v e l o c i t y of sand p a r t i c l e s , T i s the bottom shear s t r e s s , 
caused by c u r r e n t and waves. The i n t e g r a l s are computed numerically w i t h 
a procedure, described i n the next chapter. 
F i n a l l y a g r a p h i c a l p r e s e n t a t i o n of the important data i s made and the 
t o t a l t r a n s p o r t i s c a l c u l a t e d . The way i n which t h i s i s done i s also 
described i n the next chapter. 
A complete l i s t i n g of the program i s given at the end of t h i s r e p o r t . 

y 
) The formula i n B i j k e r (1972) i s S =1.83 R ( . . . . ) . This formula 

s b 
i s not derived p r o p e r l y , but i s said t o be the r e s u l t of "some mathe­
matics". Carrying out these mathematics (see annex V) leads t o 
c - °- 7 3 c t S r, s " ~'~K~ b *•••••'• F o r a value o f < = 0.4 t h i s i s i d e n t i c a l w i t h 
1.83. But i n the formula presented i n t h i s r e p o r t K = 0.384, reasons 
t o keep K i n the formula of S . 
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5. Some n u m e r i c a l a s p e c t s 
In t h i s chapter some numerical procedures are discussed. Only 
the mathematical tools are discussed to transform a n a l y t i c a l equa­
tions to numerical algorithms. 

The ca l c u l a t i o n of x and v 
As indicated on page 17 in the computer program the time average 
— I T • 
T s y g/ T dt has to be computed numerically. 

z 

,*.*' * -V, 

''JV7 VH%• W.•* VH%• W.•* 

rence i n t e r v a l ) . This is'the smallest common product (KGV) of T], 
and T 2 > The KGV of 10 and 15 seconds i s 30, for 7 and 10 seconds 
i t i s 70. I t i s very time consuming to calculate t h i s KGV-value 
with a computer, and for normal wave periods i t i s very simple to 
calculate t h i s value by hand. Hence t h i s period has to be entered 
as input data on the same card as T^ and T^* 
The in t e g r a l i s computed i n 53 steps & ) , with the trapezium-rule, 
i . e . the surface of the dotted area i s computed instead of the r e a l 
surface. For o s c i l a t i n g functions t h i s i s quite accurate. (The time-
average of the function F 1 (=u b lsinw ;jtsinij) ; 1+u b 2sinu 2tsin<(i 2,see page 17) 
was also calculated with t h i s procedure. The answer was of the order 
10 , which i s quite near to the exact answer 0) 
For numerical reasons, four variables are used, TAU, TAU0LD,TAUMEAN 
and SUMTAU. QTPPCJ 

1 TAU - TAU OLD TAUOLD = TAU.. . TAUMEAN = -^=i=^ E STEPS t-1 TAU = TAU. 

Note: In the program also the variable PHASE i s introduced. Normally 
PHASE = 0; t h i s variable i s only used i n sp e c i a l cases, see 
Annex I I . . 

* ) . The number 53 i s chosen because with t h i s number coincidences of 
step-period and wave-period w i l l only occur with periods of 53 
seconds, which i s a rare wave. 
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/ 

TAUOLD: =TA'Jp;t;'Af; i -y1 lr" T M': * 
»FOf-" TJsn »Slf P»f fiv / S T b * IJIW7 1 L » K '-«V MnM "••+>|h« 
F 1 t =U1 * S I M Wl * T > * « I f - (F I i ) + b?*S I*. «'.> i +r'n:.S' ) * S i F 12) » 
F ? t W ü l * ü i * M r t ( *1 * 1 ) *<S t h. (» J *T ) •..} ] r M ( * 1 * T ) «STK * *?*T*PH/«Sr ) « 

TAli:=PO*V #3/'C/C* < i •'••Sl-f'F l /v ) '*Suv>--"i i j ̂ « t ó l ^ i /V + ftSi'*l<bJ:»r?/y/V.J»MK»< V 
TAUMFA>f;»(TAU*TölJOl.Lv) /?: . 
TAUOLOïsïTflü; 
S U M T A t > t = S i.H T A U + T AI * f-' h A'-'f 
»FMD»ï 
t A (.IMF A M: s S cN T A U /SIM'S: 

— I T 
The v e l o c i t y i s given i m p l i c i t as T ( V ) = ̂  Q J x(v)dt.= F . After the 
in t e g r a l i s solved with the trapezium r u l e , as described on the for­
mer page, the equation has s t i l l to be solved. This i s done with a 
r e g u l a - f a l s i procedure. 
F i r s t the approximate value of v i s computed. This value i s entered 
i n the formula and x~ i s computed. The value of T i s compared with 
F . When ~ i s too large, v i s decreased u n t i l a value of x i s found, r & 

which i s smaller than F . On the other hand when the f i r s t value of 
r x i s smaller than F., 

r 
v i s increased.until a value of x i s found 

which i s larger than F p . In t h i s way two values of T are known (with 
corresponding values of v ) , of which one i s larger than the searched 

T ( t h i s value i s c a l l e d TAUPLUS), 
and one i s smaller than T~(TAUMIN). 
Then the point i s calculated 
where the connection-line from 
TAUMIN to TAUPLUS crosses the 
F^ l i n e (point P ) , and a new 
value of v i s found. Then i s 
checked i f the x corresponding 
to t h i s new value of v does not 

d i f f e r more than 0.0005 from F •. I f t h i s i s true the process i s stopped, 
else a new step i s carried out. As can be seen from the figure the 
accuracy i s low when ~ i s nearly zero. No exact error-calculation was 
made, but the error due to t h i s procedure i s or the order 0.02 %. 

£ < 0.9995 r 

V . T =V 
mm p:=l 

£ > 1.0005 

v , :=v plus 
.q:=l 

P+q=2 

v: 
v * +v . plus mm 

>+q?2 
v:=0.9v 
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» I F « TAUMFAN/FP<.^c'^'-i • TH»- M »Mf.6U« * 
VMJNJ=Vï 
P J - ) • 
• I F • c + 0 = ? * 1 HE V* »*(i ï h' 
V r ~ (VMTN + VPI. US) /V'S 
•GOTO'ThPFFS ? 
V*»l . 1 * V I 
KïOTO* THPF.F.S • F.Nifi' ; 
» I F * TAUMFAN/F~>1 .000*» TMfcN • »f*K6J v « 

«lF»P+Os?*THFM»•HF b I v • 
Vïs(VMÏN+VPLUS)/?i 
•GOTO'THRhFï *fc>n» 5 
V:=0.9*v? 
• GOTO'THPFF J •£.• !,» 5 
t. IMF (1 .1) 5 

Computation of suspended load 
The integrals I n t l and Int2 have to be solved numerically. For I n t l an 
a n a l y t i c a l solution i s only possible when z x i s an integer. Integration 

of these integrals causes some troubles, 

y 

tie 

because of the steepness near y = 0. As 
1 1-y 

an example the function IntO = j • 
0.001 J 

i s sketched in adjacent figure. Integra-
taon-steps of 

dy 

53 0.02 are rather 
course, s p e c i a l l y near AA. ( I n the sketched 

c a s e 0.001 7 
f 1 ±2. d y ) 

0.02J y y 1 

The trapezium-rule gives a very large pwnn 
hence the area i s computed using the value 
in the middle between AA and AA + 0.02. 
This decreases the error; s p e c i a l l y i n the 
steep area, but gives not a r e s u l t which 
i s accurate enough. 
So integration i s devided into two parts. 
F i r s t the i n t e r v a l between AA and 1 i s 
devided i n 53 steps, and then the f i r s t 
step i s devided again i n another 53 steps. 
On t h i s way the r e s u l t i s quite r e l i a b l e . 

For numerical treatment the int e g r a l I n t o i s rewritten as: 

1 I n t o eps 
50 
E 

T=l 
• (AA + (T - \) x eps) 
AA + (T - D x eps 
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1-AA 1-AA i n which, eps i s the width of a step; eps = g-pgps ^ o r e P s 

STEPS for 
the f i r s t i n t e r v a l ) . 
The accuracy of t h i s calculation depends on the amount of steps. To i n ­
vestigate the number of steps I n t l and In t 2 were calculated with various 
numbers of steps, v i z . STEPS = 5 0 , 1 0 0 , 2 0 0 and 300. The r e s u l t s of these 
analysis are presented i n Annex VI. A calculation with steps = 50 seems 
to be accurate enough i n t h i s case. 
In the program an a x i l l a r y variable M i s used to simplify the computations. 

TAt'M? ANt *R0*V*V«V/C SC.* (1 + O'.. S I U1 / V ) •» lKS!*Ul 
• (KSI*O?/V)*(KST*DJ.?/V)/?); 

7X!=W/KAPPA / S 0 R T (TH^F .AN/f 'O i * 
AA:=P/H; 
I W T 1 : s r IMT? ï=ü i 
F P S t s ( l - A A ) / S T E P S s 
«FOP'T: = l/STFPS'STr>» 1 /SÏEPS'UNT V • 1 * DO • 
Mi = ( ( 1 - A A - (T - . b/STf.PS) »FPS) / (A A* ( ï - . v / S Ï EPS) *E"PS) ) «*2 X ï 
I N T 1 : * I M T 1 + M 5 
J N T 2 Ï * IH T 2 • »«5 * t M (A A + (T - . S / S T F P S) * E P S) ? 
• END• 1 
INT1 s = I M 3 /STEPS? 
INT?S=INT?/STFPS? 
»FOR * T ï * 2 * STEP »J M J N T Ti »$Tf PS * i ; 0« 
M : = ( ( ] - A A - ( T - . S ) *E P S ) / ( A 6 + ( T - . S ) *r. P S ) ) * * 2 * ? 
TN'Tl i = INTl*MS 
I N T ? • = iNT?*M*LN(A A +(T-.S)»£PS) ? 
•END* t 
M:» .«? ï f c*<AA** ) ) / { U - A A - ) * * / X > ? 

• I N T 1 ! = I N T 1 * £ P S * M : 
INT2 : s I N T 2 » E P S » M « 
sus:=o. 73 * s * < INT l n ( 33*H/« ) +1 MC. ) /* AP*A ; 
OUT STRING (1 9 « { 'SEOI'-'iFiMT TPAMSPOFT (SMSPfewOFO) •)•).» 
FLO (1 «4«3«SUS) i 
OUTSTRINGd « M » ^ 3 / ^ SEC OP* ) ' M 
F I X (1 , 7» 0. SUS*3IS3M- ft ft) ; 
OUTSTPI NO { ] • « ( » M3/-« YEAN« ) • 5 « 
Computation of the t o t a l transport 
When the sand transport on each of the seven depths i s known, the t o t a l 
transport i s calculated. Within the two breakerlines three points, so 

t o t a l transport i s computed with the simpson-
ru l e . Because the concave shape of the 
r e a l transport curve i s nearly always the 
same the r e a l transport i s 5 % l e s s 
as the transport calculated with simpson.' 
Hence i n the program the calculated trans-

*~ port between the breakerlines i s multiplied 
with 0.95. Transport between the coast and breakerline 2 i s calculated 
with a five-points polynome, correction i s not necessary. 
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6. D e t e r m i n a t i o n o f t h e i n p u t d a t a 
As an example the following two-wave system i s calculated: 
1. Monsoon waves H Q 1 = 1.30 m (r.m.s.-wave height) 

T a = 10 sec » 0 1 * 35° * b r l » 10° 

K , = 0.91=/ — 
r l c o s 4 b r l 

2. Swell waves H Q 2 = 0.50 m (r.m.s.-wave height) 
T 2 = 15 sec * 0 2 = 10° <(>br2 = 2° 

K _ = 0.99 r2 
Notes: 4» i s the angle between wave-orthogonals and a l i n e perpendicular 

to the coast. 
The root-mean-square waveheight H = /(H? /n) i s a measure for 
the energy of the waves. 
The given waveheights (deep water waveheights) and directions of 
the wave orthogonals aré estimated. So i t has to be investigated 
what are the e f f e c t s of changes in these data. 

Estimation of breakerheight and breakerdepth 
The breakerheight and breakerdepth are in p a r t i c u l a r influenced by the , 
wavelengths (periods) and the beach slope. The. r a t i o between breaker-
height and -depth i s the breaking index y T h i s index can be found 
(estimated) when two parameters are known, v i z . : 

H 0 , H b r 
and g a T 2 

in which: H Q (m) r.m.s. wave height on deep water 
L Q (m) wavelength on deep water 
a (-) tangent of the beach slope 
H, (m) r.m.s. breakerheight br • 
g (m/s 2) acceleration of gravity 
T (sec) wave period. 

The only c o e f f i c i e n t which i s not exactly known i s H, , because i t depends 
on the shoaling factor K and the r e f r a c t i o n factor K . These two factors 
depend on the breakerdepth, which i s not known. Because the breakerheight 
cannot be calculated d i r e c t l y , the calculation becomes an i t e r a t i o n 
process: -estimate breakerheight 

-calculate breakerindex y 

-calculate breakerdepth h b ^ - K^/y 
-calculate the shoaling and r e f r a c t i o n factor K and K 
-calculate the breakerheight, and check t h i s figure with the 
estimated breakerheight. 23 



monsoon: EL„ = 1.30 m; L_ = T 2 = 156 m; a = 1/50; 4 s 35 c 

01 Ql 2TT • 0.1 01 5 01 
H, . = EL.K ,K -; b r l 01 s i r l 

. , c b r l . , v v _ f i 1 
• b r l = a r G S i n ( s i n * 0 1 } ' K s ~ V * n 1 c ^ '01 u " ° " 1 " l ' ^ O l 

e s t i m a t i o n : ^p-^" 1*50 

H 0 1 1.30 
L o i a 

2- = 1 5 6 ( l / 5 0 ) z = 20.83 

When t h i s f a c t o r i s l a r g e r than 4.8 the breakertype i s 
s p i l l i n g (Galvin 1968, Swart 1974). 
H 
b r l _ 1.50 _ n 7 7 g o T f 9.8 (1/50) 10' 

When t h i s f a c t o r i s l a r g e r than 0.068 the breakertype i s 
s p i l l i n g . |i 

This i n d i c a t e s t h a t the breakertype i s s p i l l i n g ; the breakerindex y 
i s about 0.6. The breakerdepth . w i l l be 1.50/0.6 = 2.50 m. The breaker 
height and depth can now be checked by means of Table CI of the 
Shore P r o t e c t i o n Manual (volC) (US Army, 1973). 

K , =2.50 m .+ h/L = 2.50/156 = 0.0160 -> 
B R L 0 0 0 K « = 1.288; <h. = a r c s i n (0.3117sin35 ) = 10.3 s i T b r 
K „ =0.9125. r l 
HL , = 1.30 x 0.9125 x 1.288 = 1,53 m (102%) b r l 
The breakerheight was assumed t o be 1.50 m, 
So breakerheight H ^ r i = I * 5 0 m y ••= Q 6 

breakerdepth h b r l ~ 2 » 5 0 m 

breakerangle ^ = 1 ° < 3 

s w e l l : H Q 2=0.50 m; T 2= 15 sec; L Q 2 = 351 m; a = 1/50; 4 0 2 = 10° 
r2 
H, 

est i m a t i o n ^v2~ °«92 m 

L02 a 2 

02 
- 3.56 < 4.8 •*• plunging 

2 s r - = 0.021 < 0.068 -y Plunging 
g a T 2 

The breakertype w i l l be pl u n g i n g , y= 0.8 
The breakerdepth i s = 0.92/0.8 = 1.15 m. 
h, _ - 1.15 •> h/L„ = 0.00328 br2 0 
Ks2 = 1 - 8 7 5 ' 4 = a r c s i n (0.1431sin 10°) = 1.4° 1 br2 
K = 0.9925 r 2 
H ' - 0.50 x 1.876 x 0.9925 = 0.93 m (101%) br2 
The breakerheight was assumed t o be 0.92 m 
So breakerheight H = 0.92 m 

Ü V A Y= 0.8 breakerdepth h. 2 = 1.15 m 
breakerangle <f> ~ - 1.4° & br2 



7. A c a l c u l a t i o n by hand 
The breakerheight and -depth o f t h e two wave-types are now known. The 
sand t r a n s p o r t can be c a l c u l a t e d by means o f t h e f o l l o w i n g formulae: 

5 A C 2 a h s i n « D b r l c o s * b r l s i n 4 , ^ c o s 4 A r^/glT 

e n v / , -0.27 A D C 2 , 
. S b= 5 D - /g exp{ — } 

v v 2 { 1 + i ( ^ ) 2 + i u - ~ ) 2 } 

I n wich: 
A the r a t i o between the breakerheight and -depth (H/h) i n the breaker-

zone. This f i g u r e i s assumed t o be constant. 
C Chêzy-friction-coefficient f o r a "bottom"-roughness r ; . r i s 2 or 3 

times the r i p p l e - h e i g h t Ar. 
fi 

a tangent o f the beach slope 
h waterdepth 
g a c c e l e r a t i o n of g r a v i t y (9.8 m/s2) 
£ m u l t i p l i c a t i o n f a c t o r f o r the o r b i t a l v e l o c i t y a t the bottom: 

i n which p = p T = / ( f / 2 K 2 ) ; f = expf-5.98 + 5.21 (a / r ) " 0 - 1 9 } r ^Jonsson w w <- o j 

K i s the Von Karman constant K= 0.384; a Q i s the amplitude of the d i s ­
placement of a w a t e r p a r t i c l e a t the bottom 

u amplitude o f the o r b i t a l ( h o r i z o n t a l ) v e l o c i t y a t the bottom 
F f u n c t i o n o f T„ and 
F' f u n c t i o n o f T 1 and T 2 

h b breakerdepth 
<J>bri breakerangle, angle between wave orthogonals ( a t breaking) and a l i n e 

perpendicular t o the coast 
. , . , C ,1.5 _ „ 1 f l . „ 12h y r i p p l e f a c t o r u = ( ^— ) ; C q n - 18 l o g — 

U90 90 
ps~ pw 

A r e l a t i v e d e n s i t y of sand and water: 
pw 

D g r a i n s i z e , i n t h i s formula 
v water v e l o c i t y i n the breakerzone (longshore v e l o c i t y ) . 
S b bedload t r a n s p o r t 
Notes: I n t h i s formula i s assumed t h a t the breakertype (represented by A) 

of both waves i s the same. 
The f u n c t i o n s F and F' are c a l c u l a t e d w i t h the assumptions t h a t 
u Q 1 = u Q 2 ( b o t t o m - v e l o c i t i e s ) . This i s not t r u e , s p e c i a l l y not 
bètween the two b r e a k e r l i n e s . 
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Because the calculation i s very complicated the sand transport i s 
calculated in some spec i a l points. The t o t a l sand transport i s c a l ­
culated by means of a mean sand transport between two. points: 

& b t o t 2 U 2 V 
The only factor which i s not known i s the ripple height. A method to 
calculate ripple-heights i s presented i n TOW (1976). This method i s 
based on laboratory and f i e l d measurements. 
Calculation of the ripple-height 

Q = ~ ( £ ) 2 P = Q/13.6 for Q > 34.8 
P = 1 + Q/22.3 for Q< 34.8 , 

Ao ~~ TCW) ( 1 " 8P " Ï28P* ) 3 = 90 a r C C O S ( V 

Q, P, A q and 8 are constants. 
H i s the wave height ( s i g n i f i c a n t wave height or height of the broken 
wave; h i s the water depth and L i s the wave length. 
t c r e s t = ^ X T * S t t i e t " a e d u r ^ n S which the o r b i t a l v e l o c i t y has the 

same direction as the wave c e l e r i t y ; T i s the wave period. 

u = ~sr •• j- ^ - ) ; r f i ! v .• v> i s the maximum o r b i t a l v e l o c i t y a t the bed ov T smh k(h+H(l-A ) ) J 

according to a wave theory proposed by Van 
k s 2ir/L Hijum. 
a = u x t „ , o r b i t a l amplitude at the bottom o ov cr e s t ' i 56 
Ar = A x a ( a / /(L x D C r t) ) ~ ' Dcr> i s the grainsize. r o o 50 50 ° 
A^ i s a constant dependent on L, D 5 Q, W and Re. (w i s the f a l l - v e l o c i t y , 
Re i s the Reynolds number). 
The calculation of Ar i s v a l i d when u /v. > 10. 

O HC 
A p can be determined with the following equation: 

A = C Re 0.31 ( L / B 5 0 ) °' 0 5
 R e - 0 . 5 

v p o « 
C p = 1.475 exp (0.645 - 9.2 x l o " 4 Ah/D^) - (0.009Re+0.2) 

exp(-.008Re) 
He - IÜS2 

V 
log (1/w) = 0.447(log D, f t) 2 + 1.961 log D + 2.736 

-fi Cl R7 o v = 1.792 x 10 exp ( -0.042 T ) for 0 < T < 30 C 
Re = W ( D50 " * V D = 50 x 10~ 6 m o 0 
Re = w ( D50 + Dcc ) D = 500 x 10~ 6 m 

OS 00 
V 
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for D c n = 150 x 10" 5 and T = 25 °C 
5 0 -7 v = 8.98 x 10 

w = 1.685 x 10~ 2 

Re = 1.88; Re = 12.20; Re = 2.81; . 
C = 1.457 exp ( 0.645 - 9.2 X 10 X 4 (L/d c„) - 0.220) P ou 

The calculation of the " r e a l " Ar with two wave-types i s very complicated 
because the a o and L cannot be calculated. So for eacht wave-type a Ar 
i s calculated, for different waterdepths. I t i s important to know whether 
Ar i s dependent on depth. 
Because t h i s calculation i s rather cumbersome, i t i s automatised by a 
seperate computer program. This program i s not included i n the sand 
transport program because of the d i f f i c u l t y j u s t metioned. 
waterdepth h = 2.5 m 
Monsoon -wave H = 1.5 m (broken wave); T= 10 sec; h/L Q = 0.0160, so 

according to the shore protection manual L = 48.7 m 
Q = 227.7; P = 16.74; A =0.1369; g = 0.2173; t „=2.17 s; 

' o * ' c r e s t u = 1.60 m/s; a = 1.60 x 2.17 = 3.47 m; ov * p 
L/D c n = 3.25 x 10 J A = 0.553. ou r 

Ar = 3.47 x 0.553 x ( < H B . 7 j [ ' % 0 x 1 0 - 0 ) > " 1 , 5 6 » ° ' 0 0 5 9 • 

Swell-wave H - 1.09 m ( s i g n i f i c a n t wave); T = 15 sec L = 73.7 m 
a = 3.65; A = 0.494. o ' r 

• Ar = 0.0071 m 

waterdepth h = 1.0 m 
Monsoon-wave H 0.6 m (broken wave); T = 10 sec; L = 31.1 m; 

a = 1.65 ra; A = 0.609 o * r . 
Ar = 0.0070 m . 

Swell-wave H = 0.8 m (broken wave); T = 15 sec; L * 46.9 m; 
a = 1.94 m; A = 0.558. o r 

Ar = 0.0081 m 
The above calculations show that Ar does not vary much i n the breaker-
zone. Therefore the roughness r can be assumed to be constant i n the 
breakerzone. (An other reason i s that a good multiplication factor to 
calculate r out of Ar i s not at hand) 

r = 2 or 3 times Ar 
So: assume r = 0.02 m. • 

In the computer program (see l i s t i n g on page 28) the nomenclature i s 
almost equal to the nomenclature, used i n the above calculation,' only 
A Q i s c a l l e d AX. Note: Int the program H = wave-height. 
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•BEGHsJ» 
•REAL• D»OMAX IOZE-PO»TEMP «NU * >«/»REYNZEPO» REYNMAX «REYNOLDS»A » H«L » Z.tTtQ»P»G, 

AX«8tBETA.AMAX»AP,DELTAR»BX? 
•RFAL» «PROCEDURE» ARCCOS C F ' ) ; « R E A L ' F ; 
A R C C O S : - A R C T A N ( S O R T ( l / ( F » F > - 1 ) ) ; 
• P F A L • » P R O C E D U R E » S I N H ( F ) ; » R F A L » F ; 
S I N H : = ( E X P ( F ) - E X P ( ~ F ) ) / ? ; 
• R E A L » ' P R O C E D U R E » T A N H ( F ) I ' S F A L ' F ; 
TANH: m (EXP (F ) - E X P ( - F ) )/(fcXP(F)+F:xp<-F) ) ? 
OUTSTRINGU»•('CALCULATION OF T H E R I P P L E - H F I G H T ' )'HLINF. ( } • ? ) ! 
READ <0»D);READ(0*TEMP); 
6:=10* 
DMAX:=,0005:DZERO:=.n000S: 
NUïs.000001792#EXP(-.OA2»{TF'wP^ t t.b7) ) ! 
W: s E X P ( - . 1 9 4 1 » ( L N < D > )<MLN<0) ) - 1 . 9 l S l * L N (D>-f« .2998) • 
REYNZERO:=w*(D-DZEPO)/NU; 
REYNMAX:=W#(OMAX+DJ/NU; 
REYNOLDS:«W*D/NU; 
A:s.645- <.009*REYNOl.OS*.2)*EXP{-.00**i :>FYNOtD$> ; 
B:sl/SQRT(REYNMAX); 
C O N T I N U E : „ 
R E A D ( O . H ) ; • I F ' H > 1 0 0 0 ' T H E N " G O T O ' F I N I S H : 

RFAO(OtZ);»EA0(0«T1; 
L : s G » T * T / 2 / P I * S Q R T { T A N H ( 4 » P I » P 1 / T / T / M ) i 
•FOR'P: = l»STEP' L»UNTI!.»3»D0» • BEGIN• 
A X : s G * T » T / 2 / P l * T A N H ( ? t t P l * 7 / L ) ; 
L:=(2*AX*L)/3;'END'ï 
Q : = H » L * L / Z / Z / Z ; 
•IF'Q>34.8'THEN'P:=0/l3.6»Fl$E»P:=l +Q/?2.3: 
A X « = 1 / S G R T ( P I » P > * ( 1 - 1 / B / P + 1 / 1 2 H / P / P ) ï 
B X : « A X » » { I / P / 2 ) ; 
B E T A : * A R C C O S < B X > * ? / P I ; 
AMAX:=2*PI/T*H*n-AX)/SINh{?»PI/L<MZ + ̂ <M !-A X ) ) ) *t*F T A « T I 
AR:al.475*EXP(A-.000P?*SQRTü./Ü) ) *H* ( RFYNZERÜ** ( » 3 1 * ( ( L / D ) • • . 0 5 ) ) ) ; 
D E L T A R : s A R * A M A X * ( ( A M A X / S Q R T ( D W L ) . S 6 ) ) ? 
OUTSTRINGUfM'TF^P D H l DE^TH T DELTA R»)')l 
L I N E ( l . l ) ; 
F I X < l » 2 » 0 » T E M P ) ? F L 0 ( 1 , 3 * 2 . 0 ) ? F I X<1»?«?*H> ïF I x ( 1 , 3 « O » L ) *?lx<1«2«2*Z>I 
F I X ( 1 » 2 * 0 » T ) ; F L 0 ( 1 » 3 » 2 » D E L T A » ) * 
L I N E ( l d ) ; 
0UTSTRIN6< 1« » C » • ) • M 
UNE(l«4)f 
• G O T O » C O N T I N U E ; 
FINISH:PAGF(1)ï 
'END* 

CALCULATION ON THE RIPPLE-HEIGHT 
TEMP D H L DEPTH T DELTA R by hand 
+25 +.150'-03 +1.50 +50 +2.50 +10 +.597'-02 .59 10 ~ 2 

+25 +.150*-03 +1.10 +76 +2.50 +15 +.716'-02 .71 10~ 2 

+25 +.150'-03 +.60 +31 +1.00 +10 +.703'-02 .70 1 0 - 2 

+25 +.150'-03 +.80 +47 +1.00 +15 +.807'-02 .81 .ïo"2 

+25 +.150'-03 +.66 +16 +1.10 +5 +.526'-02 

2Ü 



Differences with the hand-calculation are due to the determination of 
the wave-length. In the hand-calculation L i s determined with the 
tables i n the shore protection manual, in the program L i s computed 
with the formula of Eckert, followed by a three step optimizing 
algorithm, as described on page 14. 

Sand transport calculations 
The calculation of the v e l o c i t y of the longshore current and the bed-
load transport are executed i n the.following way: 
f o r hbr2 < h < \ r l 

v = 2.372 x 10 6 — £ 2.515x10 p C r A 
tr 

A = 0.6, <j>brl = 10.3°; h b r l = 2.5 mj = 0.384; F = 0.916; F' = 0.002. 

for 0 < h < V 2 t 

V r 2.858 x 10" 3 - 2 — - 2.515 x 10" 4 p C r /h 
6, = 1.4°; h, = 1.15 m 
ybr2 br2 , x-0.19v C r = 18 log (12h/r); p = / ( f w / 2 < 2 ) ; f w = exp(-5.98+5.21(a o/r) ) 
r = 0.02 m 

-5 2 
„ „ v , 6.48 x l O x C r , •> 

5^=74042 Tr- exp-( sr. „ F~7; ~- ) 

v v 
D,.,, = 150 x 10" 6; A = 1.6; g = 9.8. 

H Uo^ 
M= <VCD90)1,5; 5 = P K V / g i

 U o = Tsinh(2 1rh/Ii) ' a o = 2ÏT 
Velocity and sand transport i s calculated for the following waterdepths: 

h a !. X 5 + i 2 - 5 0 : 1 < 1 S (i=l>2...8); h. = 0 + ( j = l , . . 4 ) 
Suspended load 
Sand transport does not only take place on the. bottom, sand w i l l be trans­
ported also suspended i n the water. This transport i s c a l l e d suspended-
load- transport and depends on (acc. to E i n s t e i n ) ) 

-bottom transport S b 

- f a l l v e l o c i t y of the suspended material wg 

-waterdepth 
-the roughness of the bottom r . 

S - h l l S v ( I n t l In (33h/r) + Int 2) = B S s k b a 

3 
S = S + S = S, (B + 1) m /ra/year tot 1 s b b 

*) The o r i g i n a l publication i s . not studied, but only the reference i n 
B i j k e r (1972). To investigate what i s meant by "some mathematics" 
the complete derivation i s made i n annex V. 
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w 
I n t l and Int2 depend on = 

& K v É 
:/ (T /p) =/( l£ l i ); 

C 
A = r/h; w=0.01685; K= 0.384; r 

I n t l and Int2 can be read i n a figure i n Bijker (1972).. 
0.02 m 

h (ra) Hr v B+l S tot 
2.500 
3.331 
2.163 
1.994 
1.825 
1.656 
1.438 
1.319 
1.150 
1.150 
0.863 
0.575 
0.288 

0.77 
0.79 
0.80 
0.81 
0.83 
0.85 
0.88 
0.90 
0.93 
0.93 
0.69 
0.46 
0.23 

2.33 
2.28 
2,23 
2.25 
2.34 
2.49 
2.75 
2.92 
3.23 
3.23 
2.62 
1.77 
1.61 

57.2 
56.6 
56.0 
55.4 
54.7 
54.0 
52.8 
52.2 
51.1 
51.1 
48.9 
45.7 
40.3 

1.27 
1.17 
1.07 
0.97 
0.89 
0.80 
0.70 
0.64 
0.55 
0.67 
0.46 
0.26 
0.11 

1531 
1418 
1306 
1192 
1103 
998 
889 
819 
721 
882 
612 
359 
143 

87.1 
78.2 
75.6 
68.6 
62.5 
52.9 
45.2 
42.4 
38.9 
39.5 
26.4 
16.5 
6.9 

13.33 
11.09 
9.87 
8.18 
6.89 
5.28 
4.02 
3.47 
2.80 
3.48 
1.61 
0.59 
0.01 

In ajacent table , i s in 
4 3 t o t 

10 m /m/year. 

Total transport i s calculated as follows: 
Transport between and i s : 

t i t i - l (X. X. 

Total transport i n the breakerzone: 
t i ' t i - l 1 

o 

= (h. - h..,) t 
a 

n 
S t Z 

i = l 

For h b r 2 < h < h b r l 

S t l (for n x = 
S t l ( f o r n l = 

S t l ( f ° r n l = 

For 0 < h < h, _ br2 
S t 2 ^ f o r n

2
 = 

S t 2 (for n 2 = 
The transport i n the whole*breakerzone i s 5.366 x 10 u m°/year. 
In the computer program S i s approximated with n, = 3 and n r 

6 3 * transport becomes 5.526 x 10 m /yèar. This transport i s a b i t too high 
CL C 

and therefore better approximated by 0.95 x 5.526 x 10 = 5.278 x 10 . 
The factor 0.95 i s choosen because S ^ ( T 1

1
= 8 ) i s a l s o a n approximation of 

the transport, the r e a l transport w i l l be about 1 % l e s s . 
The t o t a l sand transport calculated with two incoming waves can not be 
checked with the CERC-formula, therefore t o t a l sand transport i s calcu­
lated with the computer for both waves alone. 

8) = 4.798 X i o 6 m^/year (100 %) 
4) = 4.868 X 10 6 m 3/year (101. 5 %) 
2) = 5.047 X i o 6 m /year (105. 2 %) 

4) = 0.568 X i o 6 m"Vyear (100 %) 
2) = 0.670 X i o 6 m /year (118 %) 

,6 3 

4, t h i s 

30 



H„ = 1.30; h w = 2.50; k =0.9 è, =10° T = 10 sec 0 br r br 
6 3 

S (comp) 4.56x10 m /year tot 
1 
"tot S. . (CERC) 2.84 x 10 6 m 3/year 

H„ = 0.50. h, = 1.10; k = 0.95;$, = 2° T = 15 sec 0 br r br 
6 3 

S (comp) 1,46 x 10 m /year 
S. . (CERC) 1.39 x 10 6.m 3/year 
tot 

3 t o t 
From the above figures the conclusion cam be drawn that the difference 
in sand transport between CERC and computerprogram depends on the wave 
period. Therefore sand transport i s also calculated for a wave with a 
period of 5 sec. 

H A = 0.58; h, = 1.10; k = 0.998 <j> = 2 ° T = 5 sec r= 0.015 0 br r br 
5 ' 3 

S (comp) 0.924 x 10 m /year 
S„ _ (CERC) 0.691 x 10 5 m 3/year tot 

So: T = 5 sec S /S-„ e r t = 1.34 comp CERC 
T =10 sec S / B n ' - 1.61 comp CERC 
T =15 sec S / S n m n = 1.05 comp CERC 

Note: In these formula the H i s used; in the CERC-formula a factor 
rms 

0.024 i s used. 
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8. A n a l y s i s of the a c c u r a c y of the s a n d t r a n s p o r t c a l c u l a t i o n s 
Only the c a l c u l a t i o n of sand t r a n s p o r t i s not enough. A l l r e l a t i v e e r r o r s 
i n the in p u t data have t o be taken i n t o account f o r the determination of 
a r e l a t i v e e r r o r i n the sand t r a n s p o r t . This r e l a t i v e e r r o r i n the sand 
t r a n s p o r t w i l l not be a standard of the accuracy o f the used formula. The 
d e v i a t i o n o f the r e a l value can only be determined by sand t r a n s p o r t 
measurements along the coast. 
The i n t e n t i o n o f t h i s chapter i s the determination of the accuracy o f the 
inp u t data f o r the sand t r a n s p o r t c a l c u l a t i o n , i n order t o o b t a i n a more 
or less accurate f i g u r e f o r the sand t r a n s p o r t ( r e l a t i v e e r r o r o f + 50 % ) , 
The i n p u t data are ( f o r the computer-program): 
K Von Karman constant 

3 
p d e n s i t y o f seawater (kg/m ) 
A r e l a t i v e d e s i t y of sediment (p -p /p ) 

2 S 

g a c c e l e r a t i o n of g r a v i t y (m /sec) 
D 9 0 5 D50 S r a i n s i z e s ( m ) 
a tangent of the beach slope 

Y 2 breaker indexes of the two wave system 
*k breaker-angle 
T p e r i o d (sec) 
h ^ breakerdepth (m) 
r bottom roughness (m) 

The r e l a t i v e e r r o r s of (the constants) K 3 p 5 g and A are small i n compari-
sion w i t h the other r e l a t i v e e r r o r s , so these e r r o r s are neglected. The 
v a r i a b l e D g Q appears only i n the f a c t o r y i n the exp-function of the sand-
t r a n s p o r t formula. The i n f l u e n c e of an e r r o r i n D g Q i s t h e r e f o r e very 
small and can be neglected too. 
For the remaining v a r i a b l e s an an a l y s i s (by means of the computer) i s made 
of the infl u e n c e s of t h e i r r e l a t i v e e r r o r s on the t o t a l sand t r a n s p o r t . 
I n t h i s r e p o r t only the r e s u l t s are presented. I n a n n e x y i i a more d e t a i l e d 
c o n s i d e r a t i o n i s given. 
beach co n d i t i o n s 
The computer c a l c u l a t i o n f o r the in f l u e n c e s of D 5 Q, r and a are made w i t h 
the data of the f i r s t p e r i o d (Dec-Feb) i n the f i r s t cross-section. The r e ­
s u l t s of these c a l c u l a t i o n s were: 
bottom roughness r : 0.015 . 0.020 0.025 m 
calc. t o t a l t r a n s p o r t : 2.03 1.61 1.34 m i l l i o n m 3/year 
When r = 0.020 i s regarded as the 100 % value, there f o l l o w s : 

- an increase of ca. 25 % i n the bottom roughness r e s u l t s i n a decrease 
of 15 % i n sand t r a n s p o r t 

- a; decrease of ca. 25 % i n the bottom roughness r e s u l t s i n an increas 
of 25 % i n sand t r a n s p o r t . 
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g r a i n - s i z e D : 130 150 170 ym 
3 

calc. t o t a l t r a n s p o r t : 1.75 1.61 1.46 m i l l i o n m /year 
When D 5 Q = 150 ym i s regarded as the 100 % value there f o l l o w s : 

- an increase o f ca. 13 % of the g r a i n - s i z e r e s u l t s i n a decrease 
of ca 9 % of the sand t r a n s p o r t 

- a decrease of ca. 13 % of the g r a i n - s i z e r e s u l t s i n an increase 
of ca 9 % of the sand t r a n s p o r t 

beach slope a : 1:33 1:40 1:50 
3 

calc. t o t a l t r a n s p o r t : 2.04 2.01 1.98 m i l l i o n m /year 
When a = 0.025 (1:40) i s regarded as the 100 % value there f o l l o w s 

- an increase of ca. 20 % of the beach slope r e s u l t s i n an increase 
of ca. 1.5 % o f the t r a n s p o r t 

- a decrease of ca 20 % of the beach slope r e s u l t s i n a decrease o f 
ca 1.5 % of the sand t r a n s p o r t . 

Conclusions: 
-a- The beach slope a i s not important when only the t o t a l sand-trans­

p o r t has t o be known. When the d i s t r i b u t i o n o f the sand t r a n s p o r t 
over the breakerzone has t o be known the beach slope becomes very 
important. The v a r i a t i o n of the t o t a l t r a n s p o r t because o f a v a r i ­
a t i o n i n the beach slope a i s n e g l i g i b l e . 

-b- Because of v a r i a t i o n s of the g r a i n - s i z e ( D
5 Q ) along the coast a v a r i 

a t i o n of about 10 % of the t o t a l sand t r a n s p o r t i s expected. 
-c- The bottom-roughness ( r ) cannot be c a l c u l a t e d . So a large e r r o r 

i n t h i s f a c t o r i s p o s s i b l e . Therefore a v a r i a t i o n of about 20 - 25% 
of the t o t a l t r a n s p o r t i s expected. 

-d- The t o t a l v a r i a t i o n of the sand t r a n s p o r t because o f D r„ and r i s 
b0 

about 25 - 30 %. 
In the l a s t p a r t of t h i s chapter the i n f l u e n c e o f e r r o r s i n the wave para 
meters (wave-data) are analysed. These parameters are 

H n - deepwater wave-heights (H ) 0 ° rms 
$q - deepwater angle of wave incidence 
T - pe r i o d o f the waves 

The sand t r a n s p o r t depends on a two-wave system. This system i s very com­
ple x , yet i s t r i e d t o c a l c u l a t e the i n f l u e n c e s of e r r o r s i n both wave-
types. A more d e t a i l e d d e s c r i p t i o n of the a p p l i e d method i s given i n 
Annex V I I . 
C a l c u l a t i o n o f the i n f l u e n c e of an e r r o r i n the p e r i o d of one of the 
wave-types gives the f o l l o w i n g r e s u l t : 



- an increase of the perio d (T) w i t h 20 % r e s u l t s i n an increase of the 
t o t a l t r a n s p o r t of ca. 7 % 

- a decrease of the p e r i o d w i t h 20 % r e s u l t s i n a decrease of the t o t a l 
t r a n s p o r t of ca. 5 % 

The v a r i a t i o n of the t o t a l t r a n s p o r t caused by e r r o r s i n the periods o f the 
two wave-types i s valued at 10 %. 
Ca l c u l a t i o n of the i n f l u e n c e of an e r r o r i n the deepwater waveheight o f one 
of the two waves i s very complicated. I t appears t h a t the v a r i a t i o n o f the 
t o t a l t r a n s p o r t i s not "constant" a t d i f f e r e n t deepwater waveheights. A 
good approximation i s : 

- an increase of the deepwater waveheight w i t h 25 % r e s u l t s i n an i n ­
crease of the t o t a l t r a n s p o r t w i t h ca 90 %. 

- a decrease of the deepwater waveheight w i t h 25 % r e s u l t s i n a decrease 
of the t o t a l t r a n s p o r t w i t h 45 %. 

Because no d e t a i l e d measurements of the deepwater waveheight are a v a i l a b l e , 
i t i s almost impossible t o give a c e r t a i n variance f o r t h i s parameter. 
For the c a l c u l a t i o n of the v a r i a t i o n o f the t o t a l sand t r a n s p o r t only an 
e r r o r i n the e s t i m a t i o n of the r e f r a c t i o n c o e f f i c i e n t i s taken i n t o account. 
The v a r i a t i o n of the t o t a l sand t r a n s p o r t , because of t h i s e r r o r i s valued 
at 40 %. 
The arguments, as mentioned above, are used f o r the c a l c u l a t i o n of the 
v a r i a t i o n of the t o t a l sand t r a n s p o r t due t o e r r o r s i n the deepwater 
waveangle. A good approximation o f t h i s v a r i a t i o n i s : 

- a v a r i a t i o n o f the angle of incidence w i t h 15 % r e s u l t s i n a v a r i a t i o n 
of the t o t a l sand t r a n s p o r t of ca. 50 %. 

For the c a l c u l a t i o n of the v a r i a t i o n of the t o t a l sand t r a n s p o r t only an 
e r r o r i n the e s t i m a t i o n o f the breakerangle i s taken i n t o account. The 
v a r i a t i o n o f the t o t a l t r a n s p o r t , because of t h i s e r r o r i s valued a t 
35 %. 
Conclusions: 

- The v a r i a t i o n of the t o t a l sand t r a n s p o r t , due t o e r r o r s i n the wave-
approach, wave-height or wave p e r i o d (wave-parameters) i s about 50 %. 

- As already mentioned the v a r i a t i o n of the t r a n s p o r t due t o e r r o r s i n 
D 5 Q and r ( c o a s t a l parameters) i s valued a t 25 %. 

I t i s not allowed t o combine these e r r o r s , because the second e r r o r i s 
constant along the coast, due t o the f a c t t h a t D 5 Q i s constant along the 
coast. 
Remark So r e l i a b l e wave data are v i t a l f o r a good p r e d i c t i o n of sediment 

t r a n s p o r t . Hence i t i s advised t o s t a r t wave observations (on deep 
water, during at l e a s t one year) immedeatly. 
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sao?e AcA&</S Ore c/et/e/oytcA w/aA m /yAA Ay>y>e/? in sue A crsybec/aA case. 

Qrihy/mA 
c/zrccL/orr cA 
tie . 

or/a'/H// <ArecA/on 
•6/Zlcfïtsé 

wart 

Wove 

^uc/éjor? oé 
0/ ceré<y/n / 

AZecause AAe ce/rA/y 0/ / o / / v/e?vej> KS / / e scmej /Ae rasc/A^y fsAcA/y /&s AAe sews. 
cA'recéf'0/7 <7$ AAe <:c>r7/7ecA/os7 /we °A ores As a-/?cAArouyAs. /A/s AAe As cceAA*cA A/& 
"y>Aase~ ^e/-o Ar?e. /Ah w-we w/A/Ae. ey>Aair>ec/ Aéer. 
fAoAe: kAAen e/éAer / / e reAerAAy or-A/e AnyAA /s no/ /e/er?AAcaAJ AAe resu/^/Ay ee/rs/y 

/S no/ necesjaraAr cArec/ec/ Ao /ne y,Ai?se-A/?es. /~or 0 cAscussA^n of AAA /7?ore_ 
/ . . / / . / / / ' jye/7eroA coye, see AAe n&fA eAryAer. ^ y s 

A^/ncr AAe 'yAase-z?/-o*~ A/Ae o- yroycrycy///?<y wye. w / / / cr Any/A A? -r siAy~ Az///cosj>) 
e//7<A Q-yer/ocA ~7~ car? Ae cAs//n<yuAs/ec/ 7~Ae wave AoAyAé As 0/course A7\~A///-/^. 

>/ cx/s-e see /Ae ne>c/ c/ypAer. 
>yc/< 

a Oyer/ocf A can lie o'/sA/nyoAsAecA. /Ae woveAe/y^c /s 0/ course f/^-/vf 

On cf Ane /n AA^ rnroAAe Ae/h'ee* Awo pAose^zera" A/ifSj C/ vyaye yr-cy>ayo/eS wAAA 
A/escynve <y= VncA A /<-/ W/'/A-o wavc-Ae/yAA /A=//A/ -Afc/X TA/J AnO <s C<?AAecA 
"/>4ose^ 77"-A„e. 
7/7© /ormuAo öf /Ae Ao/Aom-VeAci/y, CS c/r/veeA Onyooye AAA'Z c&n /?o*v Ae 
Aecc/use &t ~ 

Ao 

eos<j>~ coss\ 

7^ L , A i 1 AÏÏ+X^MA // , A / / Ax~y4$?/Jv cos® 

7- J . 7 

A ' V/*Ayy A * ( 0 \A77éyyA/^ ^AW y 

\/r(pri ///Sy^ormu/? / s >Vcr/ed/ <ouA /As camy>one/?ésy / / /e-cocryes c/ar / / a A ~tAj* /s 
éoAA cAyr,er?cAnA on é Qn</ y joo-cAon jc 0/ course/. WAen A/\ oncA AA% are &y-"*/ 
Oj fS tero on sWervl y Acse- An cs, / ° r ony w/ve. ö/ x:cr/i<A A. 
7~Ae AaA/om -veAoe/Ay ecrr? / e rencAer^oA /r? O A/SScyou-ryAyore. AAA //<s y/jrurQ 
are sAro/w/? /Ae Awo AoAAom- veAoc/AAj>s ot ana1'cr, /^e^y,yy 0/7 AAe &e*<ê y^yey 
\/Aen / o / A /4e \/e/>c///rs /ave / / e scy/rrey?Avse A' e AAe y^A cse- oA/Aer?/?c/j >c^°) 
AAe. resoAA'nry veAoer/y 'J crAyoys O s Asa Ay A/ A/r?e. /Ass. qyf \XAen AAe yAase-
cA/^/erence /s T7j ié /Is °/Aso o jAr^/yAA /Uc/A/ss /~A/. Tor- <? c/y/erence of 'Z one/ 



i % «£ê Aissyoe/^-jA^nre is on eApse. Jjf/ Ays Ao Ae 
rro/'cCc///a/ O/7/y 0*7 //<z p/tt^e ~ ZCro O/xA Orj AAe 

p/iase. a 17 A/r?cs A^C AaA/aw~ye/ociA> y <5 so/rre/i'tres 
zero. 0 / j A/e oAAer Ancs AAe Ao/Ao/77-yeAc/Ay is never 
zero. /Ais /acA may /afe* O/r //yA/e/?ce 0/7 Jcy/7 M 

/ / o v j y o r / 
/A/'s )s iAAos/ro/ec/jiy AAe M//e Ae/h*/. Me r/amer/co ( 
exemy/e is cMMMecZ/o/^ <?, -Q - % . c\ c / "/A ancf 

phase di'J-J- max veloc/fcy lexample mm veloc'Ly | example 
O \/u^+0t+a.C,utcos3>k j 9.-3 O 0 i, A. a, a a v 1 , o j-

-yUi^jMJ.H^cosj j ).d>5 
Mi 1 
0 0 F,\/t^+L^-*twasg> ; 0.7/ 

i 8. A i t ^ ' + a 4 4 j 1.5-

S«5-ISC/OQ/ COO Ae èronspor/ec/Ay af%Ac/ wiAA O hoA/er- /ow ve/bc/'/y w/ien /'/ /Is An 
peas/on Sol /-0 de-come s/j^pencAeaA / I APS 
' / J /• / -zr i l , * / • • I 

op ror tn/s Strrrr/ry O 
/ o ée sf/r-rex/op. /~or AA/s sAirrr/y o /arjyQ 
V^/ocrAypn any cArretcè/onfis necessot-y. Or 
ff/Ore. exphe/ie/y, a laryQ loAAorn sAec/r sl/ess. 
\ / / e n c ve/ocr/y is s/nus oidbfj onJy c/orrny 
cr yaré o/ AAe Arme, Mis Meor-^AresS AS 'Orye. 
e.nooyA Ao Cause sMriny. 7~A/s s/AuoA/ev? occurs 
norrno/ry W/M Wires y/on, one c/recA/on. 3c i 
m cose <sf~ crosSrSwe// waves nrtxy come Jfom 

severer/ cArrec/ro/rS, one/ Me s/ec/.s/ress — é/rve eA'Ayra/??s Aove on/y /M/s s^ope Or? 
Me Mes y/?c?se~ze/o one/yAcrse^rV 
AoeAween Mese Ames Me veAoc/Ay is neven zero, e.y. on Me //?es pMse=%. one/ 

pAcrs'e •= ^A-fsee Me lissop'omr- c/hyrc/nn, / i y ¥.J. Meice se tyiac/?/ is sM//ec/ op c/or/'/Tj 
Q mvc4 lonyer I'Ore., AMn i / is s/rrreMuy> 
a/ony Me /nes pd'c/se-z.ero tyna/yAase^ 77. 
i^/so 3an</w//AnoA cApos/A i/ery /r7<^cA On Me 
Q/eas Ae/ween Mese Mes^ Aecatse Me A/n?e 
Ao seA// is s Aar/er ^era-os e o/ / / e (sn??//) 

Aonys/ore ?orren£ AM scpeno/cA seoAmenó 
i j ^ is /ran^porAecAo/>ny A/e coc/sA A^^aryr/zhy 
Jig 6 /Ais //anspor/ Cfnc/A/e vo/y/ny s//rrsAzy AA 

/s Ao ey>ec/ lM/ on /Ae An?s pAase^ %. orjr/ 
pAase~Z more sancA is /rrmsyorAccA Ikon On /Ae //nes yAose~zero onc/yA&se-/7. 
/So one coo/A erpecA a A/ryer- o4pAA on /Ae Anes p/?<?se~/z ona1'yA<rse-3/7M. 7~Ais /A 
Spi/e 0/ A/e/c/cé /MA AAe maxi/vum veAoc/Ay is Aryer on AAe Ane yAffSe^zero 
AAcr/7 on AAe oA/er Ar?es, 
Of COcrrs? / / $ corn onAy t/e /roe in /Ae ir>l//a/s</- Qye^ a//er- cy s/orA pen'oM5Q/?oA 
A/onsporA feconTCs eyuo-A om oA /Ae Aves'y AcA A/en AAe /h/Avencz cf/ cA/yy^erences 
/o sMtirxf-yeriooi rs erytessccA in Ae//r?s c/ Aaet/A Ap/A o/y/c/ences, CA/? AAis Wap nyp/es 
n?oy occur W///7 cr "wayeienyèA * of '/ l s cosec /SP, ~ %) , 0l~ 

y l, cosec C9, --9Ü A~7, ^ 
r- \A<L[/reos<p) 

Stir -AL 

Zs/ny 
Je*- A-som, ^>-ió6 crntA'($-<}/) ~oa, ^ Aeco/ncs 90 ny. 



T/?e o/ove c6/7*/o4re/é/oQS are roAAer sysecuAMrve . AAs c/s we Arrow, /?o /poMeA /nves-
Arqa lions *?&?e done on A/is yAe/A ,Ao Mrs noAyoassiAAe Ao sny on/A My c/AooA AAe 
C/Ua/rl/Ao-A/ye e//ecAs o/' lAe enA/ye<A sArrr/ny yeriocA //e/?ce m Me OvmervcoAe^rM^o Aes 
cy/ren in May Ar- f Me. i/?/il>er>c<i 0/ Aj/s pAenomevor? / s ryeyAecAeA 
Tie Wove-Ae/yAl MonyMe CoasA wMvary a/so, W/AA /nAerycM 0 / cyAaM A^ meAers 
On lAe Anes yAose=zero, Wave AeiyAé is //r-A^,*AitA, On Me A/?es y / o s e ^ ^ave-AeiyAA 
/S / / r ^ / / / f - / Y M [//A?: lAAeo- ^ = 0̂ 7 AAe MRS y/osc = ̂  Wove-Aeiy/l is teroH/ 
7~Ae JirM imyress/or //oA Ave Aa A/is /eiy/A-A/yy/e/frre, seA-cy wAMary_ Mso is 00A CorreM 
Utve seA-op A on/y cAsrrr/ecA / y ^ ^ o ^ / y / w / ^ AA-AA/My-g) /ZaAAyes i f f y 7 in cose 
0/ One wave cAiecc'On A<A~ or/yi/?oA waAo- dy?AA, seA-cy) 
A/ccorc/ny Ao 23MAyesj seAyp is Aescr/AeA Ay 

e/^eX /j jAM. _ 0 -5iix /s A/e ro-oVoA/^n-sAr-esj. <ro/rr-
c/x. 

t/x. . porrer?/ /'/> Me x- cAieM/cy?. 
J/7 caso 0/ C/asS-swMA S x x is r?o/ A ^ t H t ) , Av/ 

= ((•, {cos 1%) £f +(//-{fas zgQf? M?e M^ne^A?/7 

MicA resMAs in t3 * U 
in w/rc/ 

Aj^~ AeoAcrcAyM 
A) -rq/io A e Awe-en Wave/cy-AA an AwMerrAey/A 

ySLz IreaAen-a/yM 
"Because x/^,=0, se/~oy /S consla/?A a Any AAe coaj-A^ crssorniny AAvA A j f j anM 
/,, are Inc/^yenoAevl J/om y /see cAcyAer J *>/&/. 

A) y>rO Ale/71 
Tn mosc cases Q lorysAore co/reM wiAA Ae yeneroAeM TA/J currenA /s sAow&cAcA>xo 
Ay fr/'cAion. VAen o Aarye. A0AA0/77 vMoc/Ay /obe Ao wires) ex/sAs //rcA/on A Mso 
Ac/rye, <Y/7CA wiAAy/evenl a A/rye AonysAo/e veAcc/Ay. Ais can Ae seen Ar? AM AoAé o*y 
lAe/cr/yer y#ye.y AAe mean {"wave) veAoc/Ay ^os /As mat/Artsn? on AAe A//?es yMse-zr-rq, 
oncA lis a/M/vum on AAe Iocs y>/?°s£~ 77. 
/Ao AAe AonosAore ve/oc/Ay s/ouMAnve /As mox/mony or? AAe Anes y/ose^rr^ c/n A Ms 

M/Mwtrm on Me //nes yAose=zero. . , 
3„i- Mis can 'é le /rue, lecc/ose Ac/rye Ay//e/e>?c&s A" A^nysrk>ce ve/bc/Ay are onAy 
poss/AAe *rAen Me MepJA-AylAere/p/es lelwee* Me Anes ylcse-zero one/ yl*se=r,-
art COnsic/rM/e AKI, - vMt j of COnAints/lyJ. 
jlese AAAer^cej '° •MyM c " e srrroAA Mo AM concAjs/on rs AAM An cose of c/oss-
sweAi' wiAA Awo /cAr/McoA wat/e-yoen'oaA, AAe VeAoc/Ay /armu/a As /?oA cAsc/M/Ay 
/Ae p/cxess «er~y ^rM/ one/ /Ac/A one Ms Ao aireraye óvr/- r/AAyMses 
Tl is no/ c/ec/r AoJAA/S SA»»AA Ae Aone X inVesA/yo/Ae A Ais MeAa/AxA veAoc/Ay-
fneastn-<?r77e/7és r'o crc&s-sweAAsrAi^M/o/yj ore necessary. 

y. Al numerica/ ^PA/P/IAA: / 
7ö ///usl/ale AAe eyyeel 0/ some 0/ AAe /Aernj menAlonecA ir? AAe /A>'n?ee~ 
c/opAer ir/ Me cornpuAer- yroyyam AAepossAA/A'Ay is /TTjc/e Ao cMcu/Me sc/nM 
Arcr/?sy>orA in cose 0/ A*'o / 'c/enA/coA Wave y>erioAs AAcv? aAso AAe yM^e-
Ai//r/er?ce Ms Ao Ae enAereA 
Ms or? exarr/yAe a cose is cc?AcuAcr/?Min w/icA AoAA roves ore ey<^aA Or?t2_ 
wave er?/e/s AAe ArecrArmAte y? eybencAcuAor, /or AAe o/Aer wo ye AAe a/7yAe 0/ 
Anc'cAence is Jo°. 
ïAorn? oAA* cAMcr tc= 0-3Ó A-'Ao Ay : %i -^50 m 

$JO-tSOfo l i r a 6 7,*Tte/OieC. j y ^ 



T^e resoAAs cfAM^C cony>uAoA/6r,j ore.-

pi?o$e /oévA secA^/fr- è Jr>r>jpc,r£ 
o o, 38 s m/s 0V£a mU 1 rÓ£7'/3 rr>>/ 

/year n/3 i ov/ OM78 % V lol '42 tni/ 
/. «.53 f I1/CJ Ayl 'YCae 

Tr /• Ajb % 0. 66C mr\ 1 3 sA6 9o6 mi/ 
/yea* /.SLAK O.S83 % 7 lAó my 
r/cot. *% I.ÖH7 0-18/ % V ^7S 

5 r _ z Z.<9 

Mofe: \AAen AAe. yseryenc/ictsAyr WaVe /s A/syyOr-AecA. anfA/c//?jporA As cc/AccAMeff er-
Me /ö° WQlre. oMy, AAe resa4As Qr-O: 

i ^ i /3<? % Vnicw = 0.£s5 *A - 9 s<?/ /O/ ^Vyeor 
Trom Mese fc/Ao /é ó cA&yr AAoé //? rose of f y / o -woires w'/4 AcAr/JrcoA wayefnyAns 
iA is nol OAAQWCA AO oVe/yo Me f q d AAMyAose-Ayy-rny ex/sAs. 

for eases wAen éwo wares Aeri/e AferenA Ae/jyAAs, c/ Aoye A/Ae/e/?ce is caAro-
AffAecA Ar.cy. y/Ae-n AAe yoe/yencAcuAar y/ave Aeeys a Ar et/Aer Apt,// of 2 AoA 
é f e e>AAry"G wai/e decreases urrAiA a A>rec/A<erffyAA cf i'm, 50=J/'/ JSy ^A'ear-
Or?cA Sy c/ 399 SS/ mV/ear- C Ar/Asü z y f ) -
A)s aAeaay /r/AicaAcAin AAefo/rver cAe/pAe^ JAcse Aarye oyfAerences 'n re>A)CsAy QmM 
so/7c/ ArQ/7syt>or-l al e imyoss/AAe consetyofnA or? canArr/iJ'Ay Mo one Aaj Ao cor?. 
c/ocAz AAQA 'n ostse of ffosssweA/ w/AA' rcAr/A/coA wav^pf-rrhfs AA/s yroyrt,,?? 
CQ-rPnoA Ae cseA n1 correcA arrswer /77/yAA Ae. a/7 avercryr* over «AA AAe yoA 
A/yfcrSoceSj A<rA w/AfouAfrAAer /esec/rc4 '4 A rtyc?as5;AAe Ao Ae 3ure QAOUA éA/s. 

AAe/? 4Ae Av/o Wctves lai/e A/yA^renAy>e//oo4, AAe cfecA of yAose- Aoqc///)jy rs oeyA-j/AAe. 
JA/'J is Aiscc/sseAir? AAe /7&£ cAy/Aer Ajs on exar/yoAe AAe sAo/tcA/rA C&se* wos 
cc/AcoAaAecA w/A4 s/A yAose Aays Cfr^ =l0As, A&ic& ar? ir?fAe/?ce con foss/AAy Ae. 
seen or, y?Aose anA 9/^. /Ae resoAAs e,re yresenAe <f 'o AAe /ÓAAo^/?r?y AoAle 

ase 
o 

"As 
tn/5 

TT 

*As 
%.Ö^>2> "'As 
1.0ZZ % 
2. . 03-4 "fs 
% .OSH "'/s 

^i'nne^ire"4FA 
I.039 % 
1.035 "JÓ 

1.03.9 m / i 
I 05? mAs 
i os? % 

Aoia/ SecA/Wenl irgujpaAÏ 
3 9SX 832. 
£1 139 549 
q 199 5H8 
g si?.2- 83H 
g 9.18 8 f 9 
Q 51! 8 S73 

yeat 

f 

/ycai 
N yec\>-

AfSlo sec Tts 'S sec 
L ~%S cn 

TndéecA Me f/^crer/ces ore /reyA/'^/AAe 

F- AAe. A/i/Ae/?ce_pf CrQ33-swe/A?i?ye/?ercA 

U~n ntosé coses AM Awo inro/77//?y v/o/es wiAA /10A Aai?e /4e se//ne. y>tr/bcA TAGO AAe, 
AirecAior? of AAe ceAer/fy Aoes r?oA moMA w/AA AAe co/7/7eeA/br>- Ar?e cf fAe cresfs 

Heforo c/ec/Air?cr w/'4A AAe roosA {je-neroArose^ o s/Auc/A/or? w/A7 Ae A/scoSseMAr> 
wA'C/b AAe wc/Aer JeyAA i j smMi 7~A ?n AAe ceM/Ay ó i/iAeyer/Mr/ó forr? AAe. 
WQire y?errof AM or/Ay from AAe acAooA AepA4y wJicA i j A4e someylor~ AoAA 
WtMres [ c - f y M ] , 
f>o o rresA-yo/r?A WS/AAyrofajyc/fs cfforry c/r? oAAer J/^e AAar? c/A/jc? AAe för?/7ecMor> ^ 
//Ms Aefv/ee/7 Me cresAs (AAeyAasc-Mes). / f e e f f , y7 7Ae corrseyue/?ce /Js Mof 
aAony a CoQjA yMseM/rjrs Ao e/CisA, 4<J èAM AAey ore r?oA sAayr/y oA AAe, 
same y/ace TAP i/eAociAy oA AAese A/Ms is ir/A'cc/AccA ir? f y y v/'M o-/? orrow, 
hnoMeA % r j c . Ao/yseyo-er/AAy syecic/AeffcAs, ers Aesrr/AeA/o fA/O for/p/er-eAy>Aers^ 
W/AA aoA oceor. jAo pAvse-/ojyioy wiAA Ao^e r?oA any irfAoe/?ce. or? AAe rrr^orn 





T^ocf/aé/on -sit 
fQnnex AM 

ormu/ Jae Jar rao4a//0/7-sfess were cAer/recf {Ay / c ^ ^ e / - ^ / « cynMsAewaMj 
for a one-wove sysle/r? MA is ncA Mow/7 wAeMer A/?e caM/aA/cy, - Mress o/r/ Awo-
VWB sysAen? co/7 Aejfo^c/ l y cycM/A/on or AMA oMer reAoA/csns Ax*ve Ao £ e cAer-iv^J. 
/fie /MeoAron of AA/s crn/yex ii> Ao /nveMiyO-Ae. Ale raA^f/ón-s A/ess / „ v cross-swcAA 
s/AuMion. 
Jfr AAef>/&w/oy fscoss/ons Me foAAsw/Ay cor?/e/?A/'ons wM Ae oseM 
-Me or/yr/j of Me r0orAnn/es w/A/'Ac yAoceM al Me MAA h/oAe-r- fer&f AAe sc-c^/s 

wM' Aave Me A/recA/on <M ware. proys^rycrA/Oo of o/?e of Me waves. A/e yocysM/ve 
Z-c/JC/'s exM/7</s C7yO»cr/-o4 from Afe sAr^AwtAf^-A? YeAf$ UCf 

- Me wo Apr c/p/?M/yP, As conMo/ié. 
- Me f y / o iv<7ves f o noé /nf/ve/ice Facf o f f e r 

x -OJr/s 
9~ ft/s. 

v-V) ft? 
t/zrocé/ónfi/ ̂ "C SCcantf r.fi'^ 

Uavt J.; cAlrecAioa of yropc/ycyA/O't 
w>/e V,:c//reM/on °JyropvyoMn 

r-V&Tf? ; cf~ r cosfo-^ Q-orcAyf~) 

fa] <f- V&r-y^J cos (orcfj IT) _ g>J 

inn k, {ifA) sin(Kx-c, <0 è£ wf s z 

<7 O. 

in wb'cA ^ - P , e f ' / & 

ci = a/nplilvJe of Ue oriy//?M waives fmaximt#n AevioAior? cf Me su/f/cef 
k^in/L , wave nam Mr-

é-zéime 
freyofney 

f 
SWL-Ï-

I 
t>o££o*n 

-JY,Z, pos/A/on /n Me Mree cAme/pio/H/A crrrMes/'ar? fArme g/zr^v^re 
/ z. WoA<?M(yoM 
u-/nsfanMneous Aocizon/o/ ve/ocMp of aysc/Mic/ 
w ^/nsla/zMneoos /eM/cM re/oc/M of cryoaM/Mc, 

- cos<j> +sinj> vedor ofonily in y- cf reef/on. 
Me MMl flox of /Tor/eo/jéa/ rnomenéoo-i ir> Me cAcec/<yj cf f f e x-ox/j. 

Me /-c/cfiaf/on-sfress wi//'Ae: 

MnfAe in Me one-ware, system. Aft Aor/toMM/e/oc/fy in Ane 
x. - tfi/ecf/on w/AA icocy. VAertfors t/y is i/jAro olice <f Aec c/ose of AA/s 

AAe vtAoc/Ay (A3 is on/y erfoncAion of. x a/o eAé 

waler-Si/rfocr 

M-4 



PXX /'s seycrrcAeAzoAo AAree ycr/As: 
[ l i j $ / x s &n 

M *®:{jjTfr-&)<ty4 f X ( / x Ae„oAes Mejme 

[ f 5 ] ^ . r C r T ^ ) ^ ° ^AAe /oAeyra/ f x o i 
a 

£y(scA/0S7 [ t i j / s syAA ago/a ____ 

1 h afoticA/on of AAe ozz-yAzAocA & AoOj so /Ae As A Ae/zTz v///Ay/e/cA 0/7/y o A(?/-/7? of 
/ /A/rA0/~o4/- zO//?ee 00 Ay f / f s A czicfserorpcACvc/éz- éerzzyj ore co/7S/cAre<A fA<s 4%sA 

"BoAA- Az??/As oAAAe /oAecyxrAo/e cozxsfopfs, so f j £ Aecomes 

A, use cA 

P0 is Cue AAe A A A e A/me OVPrcrye, Aeccsose StyyoXusecAAo Ae oz COZPS Ac/fjA 

Trte zn&y/?AA^K of verAccrf /7zc,z7,er>Av/>~> c/czoSs o Aor/?ar,AtrAy/one. znosA fe- eyoc/A Ao AAe 
vzc/Aer oAove A/zoA yAoz/e. /Ae are/r/ye wo-Aer/eveA ^ z=ot f/ezefoze. 
It/7 p , P W z =-£yz^yQ 

LSiJ y.yQ - - f W * 
iSoAsA/A-^Azon /z?Ao fkof y/eAf-

z^fJ/rTj SKte onA SXA ye/As os/zTj A/sJ anrA Ahj. 

a v s : ; > , s ^ ^ M ° { A ï - c ^ ^ A 

/Ae AA>z/A /errn of fAx>( Wos Ce. 's) 

/Jssuzzvef/s AAOA y /s zzc^rzy eyopAAo f f e A/cAasAffA/cyresore rrpeosOrecAfrorzy A^e 
tzTsAaz/AQs/eoos s^/foce />,. 
[AAA p - ( ? 3 J 2 0 ->*rT A^eco/T/es 

s o s l f f j j f y f p f ^ , ^ A Ï U y \ 7 ) f * y 

6>J s y f é e s - e 1 / ' ' / 

/Ae /As Ac/yff-}poos woAez-surfce As A^/SA) 
2 * % cos A)f oz cos AA^ in */A/cA A)t - A, x - <^ A 

— _ ; ^ ^ f f ^ ^ [ ° ^ s f ï ) ' 9 7 J x 'S ^ 
^ = foicos^O?Jy$yy^ = of cos''/}, i-c^rcjfiy * *o, Qtcr>s/?,cos/lx ________ 

r of c o f f l , y a* coj^ V- SLo; at cosfl, cos/% - cf c0stfiJ + Qt cösTrf * « Q o_ cevfy cos/)~ 
tJa/t cos'f -~ f^Cos1^ Jj S'/K 

cosQy Cr>s?t * = O 

MT-SL 
tyfor c* proof of /Aase $ AoAernm/^ seeyxtyQ JIT- ? 



Tr om Me 

^a/cu/vltoa wi//Ae ccmMueMw/M Me oAieryorAs 0/ MJQ/, My 2y) 

In \<///ny O r u =• u t f \ = <s <y *-uz è̂ " 
tss/fjy eyoM'Gf? Mf c<nc//dj yte/c/s: 

t 3 0 j Ut^&Mö W ^ ^ M / ^ O ^ T ^ J ) r o ^ 4 £*4> H ^ £ 
cswe? atjuctéiöri [ y j onJ /"^Jyie/e/s. 

con / e wrM/en tn /Ae /o/Zowiojf- \ray • 

^ - (° « t ó / ? c V " f o * * ~ ^ M % ) } ^ } 

2/ can Ae prove A/Aoé r o o^c/ St u c c o fsee yqpeM/A; so ay fi&J Aecomes.-

m e J y { _ J ° ^ A Z - f e A, -jb? A,/ 

ejoJiohs [M £?/' [SjOr, A fej y/AAs Q 

t t ~n »o 

/Ae d/me Qveri/cy^o/ CoAj c,sie/s/'o2y Ji j Me /oAeyrvc'' ^^JAJOOSM/, AZM) cA y/eAA: 

/ f ' / ros» i? I) y 

•*> A J M Z - M t , i -

/l/so Con 6e prove A /Mé - I I I 

§?7 
Ao, os'hj / ) y j /s>~7j /'MAs: 
r 7 r> (<> <•! J f fr/V t fs'Mi/,4 , U7 

_/ rj^kjM h >/, / 

3>Or,xkth z/ <ikt ^ 7 

s W l n ï L t/H, 1 J 

_ %lHl t[j±hA£ u7 
*hA'4M lL Ï** ) M 

Trorr, /Ae o/ave *yuM'On / / UtotnU c/eor~ //>ac SjftS• ' /s /nAeyenMeMf'-orn y so Ay con Ae 



For a one-Wove system A/iefo/A>w/hy ey^M/on /s *t?AtA 
tej coK-^A A*MfM) 
As AA/s eyoof/on 0A0 yo'/AyA/ et ^yno-Wat^ sysAen? ? 
&7 _ = <$ros A%x-<vf6) cosM£y-cj>tA-^M). 
fivy>t>03 e : A/e Tfo cAy y o/en 7 10/ $ fx, V, é ) /S, 

&°J IA* y4 z, I).- §, V j 1.6)1-& fr. iiéJ^r f*Mky} 

TA/S eyuoAion of $ fcsV^^J A<?3 Ao /7?eeA AAe. /oAAow/rpy co/rcA/A/ryjs-
frj ÉÉ.+ ï i t t A£l = o A/cyAyce eyucyAon) £z« óyt OZL ' ' * 

Bit te - % *i +«l *4 ' " S t y 

I f - - ^ i & ^ * * A * - H 4 > f ^ K * £ ^ * A r - H ' r 9 

\AiAfy AwJ C">A Cfs'J AAe ConA/A/Of, 0/ is^broupc/ 

\AilA 1</AJ /Ae conA'A/on o j Mij / j Jbrovec/ 

e»J S •& m fAAër^- *AAAMh « A m < W 

ToA AAe firsA Wave ccrn Ae yrovecf A4<?A ( dzi * èx? *"dy? Jd -O wiAA f f f ] ' AfsJ a/, A f f s f . 
TAereAo/e fy/J ex/Ms 0/,/y 00A of Ae//ns 0/ AAe SeconA wave* Mo AAecMy co* Ae. 

pt-av^cA /Ay axis-A/onsfa/n>o6/on) 

A A i t * i . m = o 

By /neons of ey. Arof con AeyroveM f-gg * g~ ~° z-% p.Af AAoA 
vf* $A, MM /to 

fcfuMionAssA cvn Ae r-ewiAAe/, wif/eyoM/asr AAA Ao¬

** * 2 ' & ' 3 & A ^ > # * 3 ^ * A M i r J ' t f 
^ n'M'As'vttkA u f _ *3*jti J*»4 * j f i/7 

iiMïiMTA <ik, "**/ ^ * f t i ' / ' ~ ~ W J 

£?x/ le comesf os/ny ay fisf/kfcto Afsof: 
J I r 1 \\ 1 t I t I i f i kit 7 • 'm 



Ü^mj He energy- Jensiiy oj Ihz Wares; £f s f gg** ®nd 4 Esi1 dec&mtj< 

\i//e/t £ y y 4cn /a Act t&éer*rrs*e<eA////s necessary Ao exQ/z>/he AAejfAa*/ o/ /?7omev?Ao/r? 
in AAe yZy>/**e_ — o 

&7 érr*l-AJ C/xf'M'.iJ 

BsJ SYY - { 4 / ^c/cjc/x 

Ejtscfhon fss/ can Je rewr/AAen c?s: 

sec<y?c//erm is neyAecAec/ /ije I'^Jo/?r//rt 

fid fa) «f> Z*0' \ i 7 / 

l i t ] 5yy * syy - l-hJ -f^JazjcU 

In A/e Sot/7?e Way c/S Sjc/r l^/J Co/i feWf/A^v 

jEjcoékr, /£/7 y/c/cA os 'irffétJuncA ƒ t i j ; 

t , . t 

>wk,h u <ik, i j ÏXFÜÏÏ 7~Vcr--*~y7 

Trom J//'s to-uc/A/o/? Incomes r/éfir J7a/ SY/ SY^ /s /hc4y>Pno4»é yC-onr J T , SO (AC ca/? 
Ae omtAAesA 7"Ac ^oAc/ArocA/vA/on-sArcis >n /4e Y- A/rCt^/on Acrcy^fj os/ty ey. Aftf feaj, £s?J croc*"AAsA 

SAeor stresses 

0/?e 4os Ao //Tf^-sA/yc/Ae AAcyjoss/'A/A^y o/ AAc Ason/èr- o/" ?e- /^cxTtPvAcjsr? across AAc ybAo 
ystc>nsAo/?A ^A'hce AA/s mom>CwAi#fr*A*a*s/tr* /TIO/J/JAFJAI /AsctfA c/s cr s/cct- ^Ars_ry A-A<t 

f»~C$sore. CYA AAeyJOs'srA cAo(*s r?o^ Ccv?//~/£/e, 7~A's 'ejfAAs /'/? a />TO/-? ss/»yj>/c ey**vA'or> 
éAvn C'/J Or- £~SS£ V't -

%y s / £C eft M S 

- A 



7/ó e^naiion cqn _______ ______ 

f / a j Sxy~./{oVc/z t f puvAz 

/é̂ e CCri>$& f f ov Ac is f / / e 7/r'r Aor o^-^ 

inw4t6 [tM V=ot* _ o/?/ [AiJ vziVty ,So //sfy'MAs; 

**y \/T°z c°' ^ + ^ c 

ZA con 4e frö/ecA/AoA bfo^ =o, Aeeoex?e A ü ajsvmecA //oé- CJ, yét^ £ots/f')eos crxj 
Hy z/6y)fos jtz anA cosox. COS^TC-O/ 

19/; 

froj Sxy - f f ' j f è f y c o s ^ *i coS({».„t£t/>4) *">} & 

__________ c o s y v _ . ^ 5 ffjrp r o s j , f cos/*4 (ir/)Ai 

Z* «/7 eyoM/oa [?o7 y/e/As: 

f/ow q/AraA/'c/A/'on-s/resses are lenowrr. f/»c resMAs Aare Ao Ae i/Merpr-eAeoAéecouse M Sj 
nny>cr/en,7 7a 7now w/effc-n roc/taMorr jAsesscs cf A o </y/<°re/>A vrtrnres /my Ae cAcAoA 
£a/rne/rr's'"J é^C rrjtM/s 0/rAe e/Aore. c/pr/ir^A/b ** &/>/*£• 

V/Aen /J Sisppos 
Vof,A 

rosj> 

ecAMM co A0 7/00 jArestfj tnay / e oAc/f M? fr/C 

s '° e f M ) 

c 1 0 - B f t i L . , _ / / ) 

5°J ** 
/ k h _ ) 

2 w _ w 

^ //e roAtJ/on Mresscs <o 77c xy-fratre cf reference ore cA/ern,,^ Mefor^Mrre fs*£ MO 
one/£7(7 oreAot"rA 
Ao ,7<s yrovec//7o7 roAMron ^Arrssrs ran 7e aAcAcA ucc/er /Ts /M/o*«/og vssvnyjr'ons 

- 7/ie Mo 'Ocom/hy i^otrs cé> no/ /nfM/rce eocó o//en 
~7/k pernc/s of Mese 7wo wires <vre no/ Men/'co/3-» / / a f case A/f/co/Ms ksM/ 

crr/se wA/ 2/e Ae/cminMion of A/e /'/ne arerc/ge* 

7f/ne Ü/Prcr^ejf_^_ ?Jc\^AMf c rjc>nioop/rr±.f*nc//On_ 

fa cas^l-i cos (^ ètp/,)/^_=_- J {o, cos <.f v 0lCQs{<*f+p/i)}*~J& 
~ ± f 7 f ö c * 3 \ i *lq QJLrL% écoJ(Ct//M) ^ c o s t M i t*WJ °^ 

7 7 T 
zAof<fcoi\ê</è v i fzQ/lyozcjfccxsCvJtrVAé f A f n ^ / M f / p ^ A è ^ 

j,-.-y ••?<-- 7 • 





f/?//ex HA 

fls aMrMy moA'coAef/n m/B fyo/s) AA-fMssonfo/znuAa ts usee/Ao CO-AC/AMQ A. 2A 
Al/j fo/zmM J w )s a Juoc //on o j Me. erzr/pA/AtrcAz . 7~/s Mzoice /a use Me Czmy/iluAe of 
a/? oMer Vrttve-yOararnMer seems Ao Ae rty/Mr orAz/ra/e/y -27? cose <f one *vave M odes 
t?M /na//en Very mud, M/ /n Cc/se of A Wo waves AA /ecomes /?7ore r'/7jporAc/z?A. 
75 j/ow MM / / e y/npMuc/e is nofsacA a ^oA cAoice /n /Ms cose erMer Me 
M/ow/vy tons/ fpro//b/?J ore rnaMe 
r/rsl a £/'/vcrf,on w/AA baizes w/AA /fez/AzexzAperioAs As co/zs/feref. 
A* 

ï p l / f , Mcjpar/'c/e 

Oüe Wc/ve. 

A/siyoO zc-f/'yvre 

COQs6//r>e 

7wo Woise5 

cooséine 

-An A/e oAovejCyvre AM Aissyovxfzjyvres O/JC/ Me. yo/As of AAeyparf/cAj are s f e f c f e c A 
To Me Mo-Waves case /M a/zryAz'Aooe. sf As /Ae crmp/AvcA. óf AM Azssyócz^-fzy^re of MéA 
y/ctves. In sizvA cases ié seems Ao Ae ai/wecA Ao ose /Ae A/sscyaox- c/z-nyi/luAe. ~TAe A/s-seybtztc-
f/yores of /wo ic/s-oA/ca/ woices arey/Ven in f/y%./yzje3Z-vJ, Me waves Aove on/y a pAt/se 
Affere/zce. I A /'scfear l/czA M//'s p/zctse- Affereore Aas <v Arye /'of/op/re on Me vo/ue 0/ eg. 
f f f o M s Ao M'jf an 0/70///C0/So/o/ior? of Me oayr/ft,</e as qJoncA/on of Me pAose-Aoy 

f a / / e f so a nuoier/cM a/jcvr'/A/7z /'smoel? Aofrnt/ AA/s /We>////7?vn? wA/tA is eet/Ae t/BfiS. 
Mfen Me waves are no/ zno/zccArozryoA/c 
AAe Srfc/crA/on c/yfers [AAe* s/oMosA/c 
Waves come fo/7? one c/rec Azon^ AAe 
poAA of a y>oMrcle /s inAcoAed AeAw. 

yc/lA e/- oyor//e/e 

-~tf- l*/—J/-— — fiy3 

6ÊS1M 
'f\EAL' £>T, AX, Ay, AOLPER, A OLD, A HEW, B X, BY T_j 
'INTEGER'Kj 

= K£v/sT£PSj 

=AOl.p£r\-

DT 
ay 
A\ 
A y A o l D: = ^ s/NfF / i - p 15l)/w i' 
K--Oj 
LOOP: K--Kï4 
Ay-- (Ui*cos(W±*Kitt>T) +bY*COS(w£* k*0TrPtf4sf„)M; 
A/:= &X# COS (w*.* Kit DT ïP/M s ë ) / W ± j 
ANEV- r s _> KT(AY* Ay t AX *A x)i 

'if'AOLOcANEV ' t h e n ' B ro'ELse' 
2>=CAOLVET\~AOLV)A(^OLD~AHEW)J 
'IF1 B^so'THEN"BES/N' 
'iF'AOLD >- Ati£W'rHEhl"n>EGlH' 

'|F'K>„'TH£M'5Ê<S/AJi 

B^S • rAOLDj 
'ÓOTO'Tv/Oj 
'EfJDj'ENDj'EMO'j 'ENl-j 
A Oi-DEK = A o l d ; AOt-P :=A NEVj 
'GoTo'LOOP j 
rwo:*6Klbj 

Tbr cozz7puJe///oz?s an average moxinzo/n Comyc;cqc/o 
A'luAe A% amp/MuAe. A f f 0 ) / s (zse/y w/iez, two 

/nonocAto/nal/c waves er/Mr AAe Arec/Aer-
Zo/re., ec/cA yz/AA a f/fferez>l per/'o A 
AAe po/A of cz ptrMrc/e rs yc/l/esso?/ 

'if Vfez) A 

Arr- /o /Ae yMa in f / ' y S. 
M 

P f k 
coarséi/zie 

7/ 
y/e Ae/ónyiny Aissn/'oozr-f/yO/e is s/pcAfc/ 
z'af'yS. 3n Aziese case one s/zooio/ AoAe. 

JF-1 

-





a ho j/e overage of AAe ompA/AucAes. 7A>oA AAis Ol>Vroye oemnof Ae co-AcuAyAeA e*océ4<i 
lAe^e/or? ié <s as some (AAo Ae eyuoé Ao AAe mean of AAe maxAnv/n- cfrTyi/AévcAe QocA 
AAe /ni/ttmorrt o-myA, é»Ac* . 
jAe matlmvm apvp/iAofe is dmo(A\/(ZfJ 1 + ( f f i /• X Up^l ««Oï -?,) 

r/e ntt'wmvm ampAAvAe * 3m;n * y f y f +(£,f - 2 § ^ ™1 (?,-?,) 

To AesA- )f AAI/S qpprox'fnaA/Ot/ is corrccA, fAe teo-Ameott c/wpAlAfAe As conofeAecA 
sclera/ cc/ses 

per io As ' 0 / / S 10 /I? loA'o 
^mctit * ^f»t'r) 

% IAI /._75 
rec/l mco/7 
ompliluo/e. 
/or phostz-

O £-V3 iAA rec/l mco/7 
ompliluo/e. 
/or phostz- "AA 293 2. JO 5_7 
rec/l mco/7 
ompliluo/e. 
/or phostz-

*°/A <t/<f 
I i/l 2 tfTv 27? 

/_ry 
i.2.0 2.50 

tScAeor AAQA AAe Q/prOxin?rrA/Or? 
is occepAoAAt. wApr, AAe periotA A/fer 
~For epoc/ipec/ocAs AA/j c^p/ox/intr A/art 

/s r>oé accep Act A Ac 
A-0/-Al>rr?Ae Ay /,y /AoSO Coses AAe 
weroye a/npJUuAe ran Ae roAcu/oAef 
tec/A-Ay AAe <#tporAAAtm prescrjAccA Or? 
paye 2E~-si. 





32kj?££££^ /g spAe A/e _______ ___*<___ ^Pne*~^~ 

Tor A/e co/cJcrlan of Me occupy rs ossorvef JAM XnAAr§oofOr,c/ *»l'2 /kooj ore 
/ / e re*/volts o f X M l and TMZ f f M I„l/lsooJ ^ on Me^Mon ,00 ^ 
/occ//co/ole XnUf >s nol romp/e/My Met, /erouse X,AXf'ooJ cv, fXn /Z ftooj 
wtyMyive omore exocA vp/e 23.1 A/is assunyfon /sf^sJfiecA Ay AlefAcA AMI 
A / / "y/^ " 0 ° / ^ Ac come sw/M- wAeo Me Omoonl of sAr/os A«crises. 
We„ Me c/Möooé cf sAfy,s /erodes Awo /Mes Aoryery Me errors in sr*/X onAX^AS. 
Ütorne Mo /Mes surfer. TMsfore M y O r M / y j ^ / f i e c / /o vssonre AAoA AAe 
/not/or**? error- /r, Xvl^fsaaA *oA Aorcye-r Mos? 

for r>-»c^ me,X. error- / j O.S*o0M0. _7*c O, O 7S % 
Me rnoxirrrom error ir? XnAHsoof is 0.oA*% 

7/ferefire M A f o s / f i e f Jo vssome MM Me error- / n JMAfsof is o>JoM 0.3sX one/ 
"1 Tnjflso] oL^l O.yo% 7/ese errors ore sn?o// in, co^p^/jr^ V//AA o/Mr- errors 
Aocroi m Me coAcoffroo of" j / e sor?cA'fso>r>sfOr/ M> SO Meps io Me co/u/of/on 0 / 
X"M ™<JïMX is enoojyf AoyeA or? crccuny/e vo/oe of Me sc^yoPn<A>ffovfM/nsy>oM 
//no/Mr cone As ion is Mof Me MMrrnrrraJ/oo of TniJ wai'Jh/g WiM Me Majrorrrs 

fresy/ec/ir,>%jM<-/b?& is no/ orcorcy/e X/is AMAAcu/f Jo AeoM Mc cfojrcrnrs trooefy 
/ ^ y ^ y ^ & ^ rerommeno-eM Jo cg,fuA?fe J^/X onfXn/Z 7% error- h?Qc/C 

/nMec/Merrnrhcfrör7of^lAcrnJXn/2 W/AAMe c/oyro-r^j Wriesfrooy dL Jo /O % 
A/oAe. Aor z + eAAon vnoAyf/coAsoAf/or? of t„J\y Qx^i-s. 

2=0 4 
A .0 . 0,2,6 , 

• Al-4) 
Z M J ; 0 . 2 M ^ j J f l f ) ° / y . ^ 

/ForZnlZ "© ona/y/ico/so/A/on r'sfovociy 

•z^o A 
A 

Io -3 
IO~ 

A -lo'2 

=7 JMA . l/S.ygy MMjf3OöJ=l.OO0Q*7n/J . error <o, 01 %J 
e j T n l ï - <L/.38, [TMiboaJ-10öÖO«TnU^trror<ooi %f 
rSyZold =J.i77S0'3 ljnM[sooJz0.3cjA^Znli ^ecror CcO.ZS %f 
-7 z*é 4 -0-788?// L&èiLi 00]c 0. $333 *?U is « 0 0 ? % J 

J T j / l j er/ • °i 
orj /n rc 
tnoK error mean eryor-

ZntJlsoJ 
mat- erroi-
ToilDooJ 

n% eon frro r 
loiiliooj 

tria* error 
TnilfcooJ 

mfo.r> error 
TnilTtCtf 

nrexji? error 

A- lo'z O. SL9 O./y 0.07 0-Ö6 0.03 7- O 9-Z 
0. 7%, o.iy O95 0 IS a/9 009 3 5 U 

M i M i menu Crror 
InlXlSÖ] 

hyectn rrror 
&>i Z [soj 

/DOX CrrO^ tntran t/rer-mux Crror-tveart erro r ft? 0*c ?rror 
Znhl/Oj 

0.35 0.19 0 a 0. OS 0.0 v 73 91 
OS* 0. 99 0S8 O. 2S a.i9 O.07 2 -SI 

ZntfoJ/s Mc cAAermoAecA vo/uc from AAe c/ioyrom io ZjAerfonJ- BacA pcra-Jocye , j Alt 
/ / / • . .. ,. r ~r 

errors /'„ Cya 

maf trrir 
SlsoJ 

nifrii) error mot Crrar 
èf'aoj Sl'oqJ 

rnn* frrtr 
ófeooj 

Ac 10-1 0.3/ 0,1.6 O'/y 0.07 O.06 
cxó'y oil 0.3 6 oio 0. IO 

&=ToUf/ojfi+TolSL 

'riCriti Prro r 
S/?OQ? 

\fXM error-
S/oJ 

0.05 
g_? 
6.6 

3/CÜ 

3. / 



Annex IE? 
"De/er/rirnodiOn of AAe aeeirrocy of lie co/coAa/ef sanf AtonsjooM 

Jn oAA ci033-secAtons f t AoAM of nine) AAe AeiyAAs one/AirecArons of Me nr&ves we AeAer-
rn/ritc/fAe mcé/jof for AAe calcu/aAion of AAe ArevAerAepAAs Atea/era/>aAs onci Arealec— 
in Acres /s prese/yAec/in vol A). Some cAiffic Aires tvfl errtse wAcn A Ac feAoA/re) err on in afA 
llese cActAct nas Ao Ae loler? inlo acrois/tA. 
Mo specific proMcms WiJ/ ctfise wiAA AAe cg/cvAa/ron f l/e re///re error in A Ac AoAo/SOnf 
AfctnsporA ceyesef Ay /naccirrac/es of AAe cooslMparn/ne/ers fwJ 4 Mc)- AAweirer 
prolkms v,/ii'arise wil A AAe cMcMgl/on of Me reloA/re et for in fie AoAol M/nsyorA caused 
Ay errors in AAe AeAerminaAion of /Ae wave-forameAers fway-c-Af/yyAAj yer/ocA troA A/rec/iol) 

7nyuA AMn fey AAe caArfoA/on f lb ioAa/sqnc/ //c/ttsforA: 
•4*-'4k ^MeMeyAAs 
7jy 7J_ periods 

%tlJ Ateolerctnrfes 
j fa Arectker indexes 
D< AcrnqenA cf AAe AeooAs/ye 
t~ AoMo/77 roocyf, wess 

Wave pxjrafflelcrs 

Af Slh.ay/^f r , • \ coos let I' pa'crmeMs 
P cAens/Ay of ^W'crtrr- \ 
As re/al/ve AeftslAy of '/eac/moAerroA 

^sosfyo cyi-p'tr sizes of AeacA mMeriol 
/c Aon Adorer??/? consAonA 

7/4 re/A're errors i n lc ,p, J7 vMA a/e sn?MA in comyaris/on v/A/ A/c oAAer re/A/ve errors 
CynA Me error m Hefor/nulop. So l/ese celoltve errors ore rtPylecfeA 7~le yorc/meMr-
Qjo oyyears oMy in lie fclcv in Ah exp-fpcAion f/O- <Afi8 Aqy AjMf see ve>i B. l/rrce AAe 
influence of at, error- in is very smct/f and'can Ae neylpclecf loo. 

lor MAcaAcuia//ons AAe foAbwrrxy yyrameAers are ossutneA fo Ae consfcyrrfs: 
y=9-c?AMsy7 (o ^iotsfhA^J A =/M ic = o.38y &,0- i?o* io'6 AMI 

A)AAeaAcv/alions cite execMeA wiAA AAe Aofo cf AAe frsA cross-seMi'on. ?fe fofowly deyo-
rvMcy Ac/fa Qre crssontef lo op vaAcf 

r%y/.ZOm7^IO>ec %s-70° Aox_zO.SO*, i 5 see %p f*S* 

Aa/cAMio-r, of AAe infAoenre oA AAe- AoAAom-rooyAness __ 
AJssorninj Ale AeacAsApe e(- O.OS.S, Ale AreoAercAepA^s. a/pyAs ctnf incAtces can Ae c<?/ru-
Ac/MAA=O.O^m i-s ctssumecA Ao Ae lie sMnAarcA case.' 

Atj-/.30rr, yy 0.<9 C?JrI c -/2iS° T-/OSeC 

A _y ^ ^ ° 7 s m f i = a <p %%= *• J-?° / . y T i ~ / s s e c

/ 

Tie Moireyrtro-meAcrs are Ay,A rorxfanf' wAr/e AAe folAom-rooyApess r' is \rorref /Ae 
mean vo/e <sfAAe /MAom roooAness is aAouA o.oZ nt f e e AAe rtfAcuitrAion meAAoMpresen Aeo' 
in r-oA&J. fAe /MAomrouyAriess As varieMffom 0.0/5 onAiA o.ots-

In AAe AoA/e On AAe neMyoje. A/e vcrrivfAs wfrf &re cAarpcyrryiy w/o; Afe AoAAom rocryA^ 
f>css cfaocye^ are yiven: 

dAtA/ety-frrMot. y_- /nys/ore currer?/ vMoc/fy 
HST- §zP/ccy\rj^ S^- Aollom Ar,rnsporA 
MU z d//<$ M ^ 3 xmMf/y>A'cc,fiorr fac/or-fór AAe oc?AMoAron 
S£ zAoAoAAransporA oA of s^spencief AOQM 

dtpAA I- IMAyearJ ss ~ *Q 



r £ hanging variables C To *»«fcf» fegcirj to S I ) r d MU 0/ 
10 

V 0/ 10 S t 0/ 
'O 6 °i 10 /o 

Si loo 100 0.4 5 C \oo -1.555 I 0 0 -9,070 \oa GXl loo -l.08-«ioc 100 
'=o 015 54 104 1/5 o.4_? 107 -1 655 io_; -1114 _S.3 115 -138. 10s 

rro o%S so <3* 1/9 101 -'47? 95 -2033. 90 H39 a1! -0.83.10* 
bro.75 61 48 IOO 1.40 loo 0 4 3 100 -O Sis 100 -1134 IOO IS.f -SLQl.lO1 IOC> 

So 104 1 V9 9 9 0 40 107 -0.878 100 -lldte 103 *U 111 13.5 
r-f 015 3 ^ 1 SI 101 OMO -0.7^/ 94 -Wo £ 961 41.9 05 83 

\zo7s _T loo l wg 100 O H3 100 loo -958 100 2i) 8 IOO -l.S.ylo 1 100 
50 104 1MB 93 Oq<£ 107 108 - 3 8 - I03 30.0 iS./ -2 _7 loM \%s 

3* 1 51 101 o.wo 63 9* -331 97 il.S So" -».Q8̂ o* 83 
ïn ik aio 

y e iai/e. A^e cAvr/yiny Vtr/oA/es are exomyixtcA oA AAee A(yo A As vyz / / e /wo Arecr/erAtyAAj 
of/Ae AffaenA wore sysAeyvJ. M Lhe second Area/ernne the var/olfe ore cc/icv/vAecA' oA AoAA s/Aes 
'•̂ 1 «. 0/ AAe ArecrAeoAoc £0 c,A one siAez wAAooA o^cA cuA AAe 

oA4er srAe >"A4 /r>/Atr<?<7ce A Ac seco/xA Wore. 
TAe VOr/of/on.of AAe AoAaA Iransyor/ c/oe Ao Vtrr/oAran 0/'/At 
loêAorrr-rOotyApeSS Is,; 

i 
0.35 

Si / 
/s„ 

"•a 
L€lSL t IO m'A/eor /oo% /year 

>-~O.OfS- t.OS.7 * IO "S/yeor 
6 vyt 

r-OOfS.- / J(/S * /0 "'Yyeor-

ays 125 

^Ayeor- 81% 
Trom AAe olove AoAAe il Aerones c/ó?r AAtfA AA? Vor/aAAon ir? 
5ar?AArpt?sporA Aoes r>o6 Aepe/pcA orr AAe AyAA A^ne vnriaAion 
w/AA Aey>AAt is very s/ritr/A anA/Aerefore nejAcAecf. )AAer? /Ae AoAcrA 
ZcrncA Arrtfisyoré 0/ /As- sAc/pArA cose /jr assume A Ac, /e A At 
mean vc,Ai/e.,a rcAoAion can Ae given Ae/ween A/a/0/Afi^eo„ 

ar>A %„.,„• Sr,lfon ? AOAQAArnnsyorA of /AesAancArxACase, ^AoAAom r-oojAocss of 'AAe sAao Aorc/ 
case. lAis rrAAtoo my/A Ae non-A/vexr, AoA orr qyyroximoA/or? K/AA O Avcor reAc/A/ón vr/A/'r>o C 
Aeirio/e mccA (£or-% /Q/^o-t? a rjon-Anear- reAoAror?. Ao AAe >"-eAoAion AeAween c,ncA y^n As 
assumed Ao Ae A//>ear 

reAoAiors/or- Ar^Ai ^ = f f A ^ ) - t h f a o i ) >< i 
. A >,1 SAsm - f A ^ y i j r , f o Asf iJ 
fnon-Aneor- re/oA/on • SfS^ ^ 1%,)'°' 

Tl is no A oAroweA /o exlrcyooAAe. A Ais A'Jure- Ao il con On Ay de use A wAer> o?s4 ^ I. IS. 

dct/ci/laAion cfAAe infAocnce. cA AAe yro/n-s/ze DCn 

Tor J/e ca/cJa/ion cf /Ae inf/verjce 0/ AAe jrtr/o-srze Dso AAe sAorrArA-cose (' sx) is use A wiAA 

D 
so 

changing v o n ' o D 
so Sb 0/ 10 B % e f % 

b.l.-0 SI -2.07O IOO 51.3 loo l.03« 105 100 
0= '30 JO -I8IO 67 \1H 117- 10s 

108 
11 42 9, Si o.3(J. io5 

91 
h-o.js S X -II3V IOO 45 7 100 2 _/ * IO*1 100 

T):l3ofv -397 88 3 t . ' \<LS StOrlo'1 no 
D-I70r* -\lCj I I * 20.7 8\ 90 

1,03 
104 
03. 

1> v.. 

0&6 i( 33 

Sr 1.6/z ,/0^ mVyeor- iOo% 
dz/Jo/H, %i - / . * / < / /AAyeor- iOj% 
dc/yoy, 5/J:f.<jA<i tio* rr/Ayeor j/% 

Secouse, AAe <yroirr-sA/e anA iAs A/jAciAuA/ón can ^ AeAerr>Af>cAeOf^ /Ais cAvr. AAoAAAe rcAct. 
fire error 'n AAe sonA Arorrsyor-A fue Ao i/arloArprrs in jyroin-srre. atn />e Ay/ Sf7?crA/. Aor-
087. < % < A/3 AAe A°AAo w/no fAoeor) re/oAion can Aeyiroy AeA^ccr? sfs^i anA 

%m*(%^A)*(-o.6f)T-±. K% 



Secavsz AAe st/nA ofAfc Ae&cAes in AAe genjAMo areo /re/s 0M0M AAe san>e cAsAri/t/Aror** AAe 
AfAcpnces of irrrriaAionS An Q0 /s fiof /vore J t- or /O ra 

CcfcvAgAion of / / e /jifAuencc. of MacA-sAye <x 
Tbs ccfcv/oc/on h execv/eA w/AA s/ondarA cose AL j for AM cose ^/e same dtrywerAer Ao/o was 
Aq/en^ oMy AAe A'Cc/Aer-Andex Was no/ esA/mc/AeAcorrecAry. 
f/a/it/orx/case & +<* ~o oio an/ cx^o.oso 

*/ ?*> *>, Tjï/osec, fjr=-as0, ytzoA 4/rl-O/sr T^e'ssec, epp -/./' ^=0.c9. 

}C is AAe. AenjAA Iv/vyee» 
/Ae Aeo/er/incs, or //e 
Ji'slnoce ie/ween /Ae 
/recf/c~r/ine and /Ae 
coc/s/. 

( X V % S t % 1i IO X % io 
tizi.yo \Oo -1815 loo s6s loo Z80 100 •l.ois^/o 5 IOO 

<Ar O OtO -113 96 -153? 85 Si . i 95L Hj.s 1 ooo^o5 

99 
-lés 113 MV 60 A l°7 317 83 )OJ 

h-oyS 

CK=OOJO -0H3 
-o A 

IOO 
83 

" 7 

- <>05 
-570 
-8» 

loo 
8«_ 

Uf 

2.0 3 

Z0.3 

loo 

\o% 

30.0 
375 
ISO 

IOO 

03 

1 MS3,*05 

-l.^rf'O5 

100 
too 
100 

t'onc/vslOn '/e Vor/o/ion of sand Aronsport Aire Ao A/e variv/ion cf cr. is negij/6A i.7/e 
Wi/A A/e j/'ren re/oA/or/J éeAween Mb crncA h/t„, resys ^f>m , A/e i'of/e/yre of smoAA cAaneyes /errors) 
of r and f s o can Ae ccfcoAoAed 7/ese reA/ions ore cssomed /o M vo-AAf°r o/A cross-sec Ar cos. /A's 
OSSumyA/on fios /o Ae pro ye a/ On //e oAAer- /onf //is /hown A/oA /Ae ora/n-S'ze 2>SQ on A /Ae 
/o/Zom-i-ovyi)'//ess r fo no/ vary tpucA fonyy//>e roof so 0/ Aorye deviation cf Me yiven f/fores 
is no/exyec/ecA Tn^ AzWcièion of l/>e caicv/crceA so/M- /ransporA /~c/e /o errors in / / e de/erm/nQ-
/ion of Dso anA r) con ie erpec/eA /o Ae cons/an/ ey/ony AAe coasA /Ae maxirnom re/cArve 
error of /Ae sandAransyorA Joe Ao vorro/Aons of AAe COOS/Q/yarr/meAers is voAuedoA3o% 

/An 
A/Or/J 

1A oiA Ac. 

dci/ei>faA~ior, of fAe inAAfoee of wave-yarnme/ers 
On /Ac forecyo/nj ybayes AAe infAoences of errors in AAe roots AoAyc/rarneAens [f arr/rneAer-s 
AAc/Areyreser?A AAe coo-sA-AyyA) v/fveyoresrnAecA On AAe A°AAow/ny yooyes AA infAoences of 
errors rn A/e \r/?ve-yorc/n?eAers fr/cive-AA/) are AscusseA 7Ae yc/romcAers wAicA Aove Ao 
tie varied Ore: /A0~ Acey> v/aAer wove AeiyAA 

$>0 • Aeey wo/pr onyAe of rrt/oAnce 
T- period of /Ae waives. 

A>e/eraAproAAems arise wAcv? A/<? infA^crrces cf AAe errors cf AAeseyaromeAcrs Ao Ae caA-
ro/Aed 
4 /Ae sonf AronsyoorA AyoencA on a Awo-v/o^es sysAem. / A rs noA Anawr? wA/cAyo>-Aof 

/Ae sandAro/rsporA is caosef Ay one cf AAese wave sysAenrs. ^Aen onAy one wave is 
ArpcArno fand is acArvoArnn a AonrysAcve correnAj, anf AAe oAAer ware. sAAA is r?of 
froAenf /i>is Acts/ wave inf/oenres /Ae /onjrsAore CorrenA Aoo Ay rneans of an "iyAuence on 
A/t AoAAom-sAec/r-sAesS. T/IS AoA/orr?~sfeor-sAress W/AA rhcrease. so AAe AonysAore, 
Ye/crAy v/iAAAecome smoAAr. Tor/u/erKe increases^ Aence suspenAeJ /oc/A w/A/ increase. 
T^ie Ao/c/sysAem i j very conyArx. 

Exon7/nir><y AAe caAco/o-AeAsonAAranspcu-As fAon i-%\ VoAf[) >/ Aecomej cAeos- A/QA AAe r'yAAuence 
Op' /Ae sweA-wave Ayye fir? a Awo-woves srAuoAioA) is smiAA in co/ryoarision wiAA AAe rnfiience 
ofAJe monsoon-vrave. 
- T/e anfe cf Anc/fence fdA Arec/Aiiq) cf AAe swe/A waves is very sn?oAA fi.S° -7-5°j. /pvarioArar,. 

oA Me deep woAer anfe 0/'inc/aenCe w/AAnoA Mve mircA infAoevre or? AArisfryoro fan A 
AAcefore a/so a s*'aA/'rf/e*ce on /Ae AoAaAia/MAmnsy>orAf f>o AAe. iofMnre cf snxdAvorrMrorrs 
of AAe ArcMeranyAe cf Me sweA/ waVeSj yS noA AfAcn iMo c/ccoonA. 

- Trie ifA^ences on AAe AMM AransyorA of errors in Me per rods w/AA /roA Ae AAe same f s r 
MA cr oss secAiOns doe Ao refrocAlon- 7~Ae cc/AcuAMAon of AAese rrfnocr/ces ore on/y ercecoAed 
for- a one-wave sysAem. if // appears, fornfA/scfcuAMron, AAoAAAeifAoence óf on error-
ip A/e period is considered/:, fie\>r refracAion yaAAerns /ave /o Ae coAcMa/eA OnAfe cMAer-



Aianf,Aden /Ae /fAence cf AAeyer/od on AAe SQ-oA- Aransyod r's srnoóA a mean error- in 
( / / / cross-sec//ons can Ae /a/en /h/o c/rcour^ 

— Me Jn//e/!ces oferrors 7n A/e vrove~Ae/y/As a/e AyyAcvfA fo roAcoAc/Ae yAprpfcre /Ae 
'nf/ur/ices of /Ae wnre-ZeryAAs or? /Ae sand ArarrySorA is or?Ay roAcuAaAed for a Orre-
Wqye cysAerrrj AAe c/fa/rAcrye of AA/s s&rffoeA,/s AAvA AAe //> Apryrefofron of /Ae. cc/A 
co/a/rcv?j rs e<r$y. /</ d/'sctAra/jAo<ye of AAis rneAfocA r's A/oA AAe rrfAe/rre m cr /w&-*mveS 
zyjArnr rs noA Anoyrrr 2sU Ae cause of /Ae smoAA wnve-AefAA oA AAe syye/A vvcru^s^ AAe 
Var/aA/Oy, of / / e monjoon wove-fe/fAA in a Awo wnves-srAtvaAron cao Ae assumef Ao Ae. 
n f f d Ao His vti'ioAion 'n o one wave s/AooA/on. AAe //fAeenfe cf yaric/Arons in / / e 

Aeiy/A'cf AAe Swc/Awayes is smo/A ir, <~ony>cyr/sron w/AA A/e 'pfAoer/ce f W-ic/A/ons 'n Anonsoon-
wai/es^ oaA AAerfore neyAecAeA. 

(/g/cir/c/Aion qA AAe AfAuence cf AAeyer/od ~7~ 
/br He CQ/CUAA/OI7S a one-wove syj/cn? /s used, w/AA /Ae AA)*""^ c/Av. ry - t.3%j /Ojec j J^-o.6^' 
<fy c /S.y" f/Aeje are AAe monsoon- wsve doAo o/ Arf- "Because A/e /nf/ri>ce o/- /Aeyer/ocA 
o<7 AAe scroA-Acor>Syx>rA rs srro//, A/e JoAc/ Ay one/g%r are cfeAerm/ned UnA/A ennt resy Aer/AAj 

> cbanQing varia isles C <% v/\kh rencitè to sA) 
1 h % t " %' % V % % % M 

100 0.3 100 -12.1)" IOO -\io8 IOO -•ma 1&0 So.S IOO -loy.iö1. 
IOO 

TrSsec 103 07 S3 - I5.g° 127 -1 6\8 \0\ - 21 \8 100 So.\ -1.09,10s 102. 

* T-6*ec 91 0.8 100 -in 3° 120 -\£y\ 10>-f -2.1 HS 4 8 7 <*( -l.o Ulo5 94 
108 0.6 lOo -lo.?1- 86 - isC\ 9? -1033 36 52.5 104 -UtV ld5 \o8 

IzQiec, 

0.66 \ 00 - - - -om 100 - ion 100 7.5 lbo -J.7/,104 100 

IzQiec, 068 \os - - - -0.778 101 - >C»7 100 17.O lol 
* T:8sec 0A1 9*. - - - - -0.803 low -1030 107 \6.9 97 95 

0.7 ' 108 - - - - -0.7SI 97 - göx '7 9 lOi -igo, ioN 
107 

* To i'i'ese cases ine A/eaker index was ooi c/ariyef wAi<A ̂ -as necessary AAe Arec/Aer c/rler/um 
Aof Aecar/re A'yf/cren^ (• lAgm 7"* ~ O 068 -*- tf= O y) 

\°5 
100 
.gs 

>/ T 4 
.So .1.00 .I.ÏO 

CAZJ ? t.yoy */os

c 

S/oi (T=6sec~) ; / ,7J3 4 10 
* SjJ lT=6seA) s .1.6 tl « I0S 

sbi fr=n>cc) = USUI. <io6 

r^Ayeor 
mVycor lot°A 
mAyea~ 3s-% 
"Aye*- loy% 

?er10 7 is SmoAA /Aerfyore A /J 00AnecesSory Ao dtzAt 

7 4 > 

r . . . , 
t-frc/rAron- Ac er/nine new r y r t c f C / . / Q f ? . 

O.ZS 

vcytOA/S 

AoncAos/ons.' 
- T/e inAAornce of A/e ^oriof/on of AAeyerioA ftlo°Ao^ is smoAA /jS°Aa)_ 
- T/e i f A en re of AAe Vor/o//bn cf /Ae yenoz/ is oAmos/ A/rSt/zne for v/AciyAAs. 
- \AAcn AAe AreoAerrnAex ii cAcnyeA Aecooseofcr vor/c/Aron of AAe y>eaöA f f sanAArr/rrsyorA 

does r>oA cAr/ncye mucA. AAe AfArrcnces AeAweeo AAe Awo SarrrcA AransyorAs, COAOADAPCA w/A A 
Tc-ó 7 sec is caused A/ er A/yycrrrré ArpyApr/nAex y f . /Ae infAe//re 0/ errors i/, AAö AreaAer-
iiTc/x y is noA regarded Aeeause no re/ia ti ie rrfor/^A/an is aircr/A/Ae 7~Ae r/froe*cQ 
of AAeje errors Ore cons/dfred as errors in /Ae formuiaj w/rcA ore AoA>AAy onAvowr? 

lAe oAove corrcAosrons ore vofdfor a one^w^ve SysAem. ~/ör a Av/o-wnve SysAem AAe error roused 
Ay irc/rioA/onj of AAe yer/'ocA /income Aoryer. /Ae moX/'/oam var/dA/on Wi/ Ae oAou/ fwo Arnres 
A/e ccrAc/oAed irorro//on jo %*S~s iO/o 

C^cjAcoAoA/an QAAAe r/yfenre of Arte grijAe of inr/dei enfe or? •Afr_/£L 
7~or AAe co/coAai/ons <f one^wove jys/em rs used. 7~Ae do/t of Aj //<./ oniy wr/A monsoon-waves) 
onJ a vor/oA/e CD f (fo,yo'ond8o*)are used for / / e cdccAa/Zorrt. /y 



changing variables £%Wi'Wi regard to é 2 ) 
b % V % St 0/ 

Io 
B % *\ % 

<S>„ »-*>• 
1 32. 
1 ss 
I. Oo 

1 OO 
I I ? 

-12.4' 
-11,3° 
- li.H" 

loo 
33 
3% 

-i. (fee 
-1.78/ 
-1.153 

111 
7 8 

-2.121 
-2527 
-life? 

\00 
no 
80 

50.5 

33.4 

JOO 
115 

-I 07* io E 

-1.72»lo5 

043 x10 s 

100 
100 
M 0 

9o - -50° 
0-77 
0.50 

IOO 
117 
7<* 

-
-0 jn 
-0.861 
- 0. sfjfi 

100 
M l 

77 

-102? 
-nqs 
-780 

100 
11 / 7-3 

1! 7 

100 

As 

I7<S* io1 

•is?* 
-ofe* io 1 

10<3 
• 4 
33 

7/e w o / / a r t o / / f e / o / , / W / / < w ^ 5 ^ AAA) - 1.707*10 ^Ayeof /00% 

s&t » * / o < r ^ ^ w - / o o % 

T^e o é o v e f/iyo/ej incAcoAe AAoA o vocxs/Aio// //> AAe onyAe cf//?r/^e on Aery woAes- JOS CX xotn/e 
infAi^we. on Jfiet AoAoAsanA Axc//~zsyaré T/an AAco/eA/rcy/ canU/'tAero/Aioaj yAoAows 

-\/Ae/7 g> cO* fA/c cA/ecA/on 0/ iv^ e yroy/*yoA/ory /s feyencAic" loc ^ 
io AAe (oasA) AAe sc/ncA A/a/rsyorA Ac re^o. 

-wAen g> zjo' (A Ac firecAlOn cf y/01/e yroyo^oA'on is paroAAcA io AIt 
Coos £) i/{e SQfcJ A/o/?syorA is c//so TP/O Aecocsc AAe wois es nocr . 
refrtci a/xAwiii Arore/ />an*A/c/ Ao AAe eoc?s6. 6 3°° 

\iArn AAe/e. sAouAA Ae ao refocAxOn /A As cxeox- AAcxA AAe. 
rngj(//nt//p SCTXTA Aevsfen w/A occor wAp? -^s°. As/iy cosy A>oj 
/As /rratz/ncxm for <p = i/s^). 3 err/use gA /-efcrscA/bn AAe /yrOA/nruny 
ixoAue &w/AA Ac. AnrrryecA Ao AAe ArecA/on 0/ <3> -o £0 AAe j , / / -s~/ . / . I 1 * J - J 

ept 

..IO*5 

S 

Vari'c/Aio/' of AAe sc/r><A-Ar<ynsyosé AepencA on AAe 

*A -Ao/ni 
r/on-t Qy'a-ce/yA y{yvr£ AA Aeronfes cAeoc A A, A'yA>r fêxs/'o0 

"', AAesAye. 0 / A fie /eAAion AieAween £ crncA is /noxi/naA. 
'15° 60 jo 90 30 c^ AAe cc/AcoA/AecA vac/once is AAe /77aAn~nsn7 variance. wA/cA 

con occur. 
.CoAvAgAioY? of AAe inAAoenre of AAe oAty> woAcs- wove-Ac/fAA AAn 

Aa/coAc/A/ons cr/e execcAeci v//AA a one-wore sysAem o/nA AAe AoAa of A: wA S^r.wiAA a 

H p 
c hanging Variabl es ( % with rcgcirj to or 

H p h . % % V % St % B % s i % 
100 -I2.H" 100 -I.608 1 OO -1122. IOO 50.5 100 - i 0 7 „ i o s IOO 

H0=o.9 l o s 8 0 -1/1° qo -1.174 72 -1^3 73 3S-.3 70 I0 S 

l.<$0 111 -137° n o -I.9H5 111 -1536 110 135 -2.05,10s 

o& 1O0 - - -0.775L loo -I0Ï.7 loo '7 3 lOo - J.78 x 10s too 
Ö.5SL 8 0 - - -O.60I 78 - 789 7 ; i t . 4 71 -0.7a/10 s 44 

40t/5 0.S0 \tl - - Mi. -Iflk 13-1 133 -3 53-I05 

133 
1.70 IOO J4.0°- 100 -I.H73 100 -1ÖH? 100 5-3.3 IOO -g.84*to" 100 

Ho=03 l 32. 73 -lis0 83 -1181 80 -1482. 80 3̂ .0 S8 4«-
4.0I 118 -15.3° log -1.78-t 1 %o -2? 14 llö 71-a 134 -IcS ^irlo"1 183 
0 8 S 1 00 - - -O.713 100 -070 100 175 |00 -IS? Jo 1 loo 
0.66 TS - - -0.5^1 75 -6ts US. 10 -o .^ . io" 1 48. 

H0=I5 loo 118 - - -1078 |14 43.0 13 1 -2 33^!01 

vQrinAion of lAe A0A0AAtansyofé-

Hoi (Hoz03) z-OjAs/o* 
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R e f r a c t i o n a n a l y s i s 

I n t r o d u c t i o n 
I n the p r e l i m i n a r y r e p o r t some r e f r a c t i o n diagrams were presented. 
These are diagrams of 7, 10 and 15 seconds. Although r e f r a c t i o n i s 
important on the Bengkulu coast, i t i s d i f f i c u l t t o describe i t s 
e f f e c t a c c u r a t e l y , because o f the i r r e g u l a r shape of the c o a s t l i n e . 
A n a l y t i c a l computations are only p o s s i b l e f o r a s t r a i g h t coast w i t h 
p a r a l l e l depth contours, so other methods have t o be a p p l i e d t o 
achieve a r e s u l t . 

The g r a p h i c a l method 
The r e f r a c t i o n diagrams presented i n the p r e l i m i n a r y r e p o r t were 
made w i t h the g r a p h i c a l method, as described i n the Shore P r o t e c t i o n 
Manual (US Army 1973, v o l I , pp 268-275). The advantage o f t h i s method 
i s t h a t i t allows t o get an idea of the r e f r a c t i o n p a t t e r n w i t h very 
simple means, and also t h a t problems w i t h s i n g u l a r i t i e s are solved by 
i n t e r p o l a t i n g on a v i s u a l way. Small shoals and channels do not i n ­
fluence the r e f r a c t i o n p a t t e r n , which i s very r e a l i s t i c . Further the 
process i s c o n t r o l l e d w i t h every step, because i t i s easy t o see when 
the process goes wrong. A disadvantage i s t h a t i t s accuracy i s small 
on a small scale map, and t h a t i t takes a l o t o f work when many rays 
are needed. 

The numerical method 
At the f l u i d mechanics group of t h i s department a computer program 
f o r ray r e f r a c t i o n c a l c u l a t i o n was developed by K. Popp and extended 
by. N. Booij (Popp & B o o i j , 1977). With t h i s program i t i s p o s s i b l e 
t o c a r r y out many r e f r a c t i o n c a l c u l a t i o n s f o r a c e r t a i n area w i t h o u t 
time consuming procedures. When a d e t a i l e d depth-matrix i s made, the 
computer can draw charts w i t h depth contours, and draw on these c h a r t s 
the r e q u i r e d wave rays. t Also the imported wave data along a ray are 
p r i n t e d out ( d i r e c t i o n , c e l e r i t y , wave l e n g t h ) . 
With t h i s program r e f r a c t i o n was analysed f o r the Bengkulu area. Two 
depth matrices were made f o r these c a l c u l a t i o n s . A 10 x 23 m a t r i x w i t h 
a mesh-size o f 2619 km was made from data o f the B r i t i s h hydrographic 
c h a r t s 2780 and 2781. A 33 x 38 m a t r i x w i t h mesh-sizes o f 654.8 km 
was made from the Dutch hydrographic chart "Vaarwaters naar Benkoelen" 



(1918-1919). More recent sounding data are not a v a i l a b l e at t h i s 
moment. The small scale r e f r a c t i o n c a l c u l a t i o n (on a chart w i t h 
scale 1:500 000) serves as a boundary c a l c u l a t i o n f o r the l a r g e 
scale c a l c u l a t i o n (1:50 000). As could be expected t h i s i s only 
important f o r the 15 second waves, because the 7 and 10 second 
waves are not r e f r a c t e d beyond the 50 rn depth contour. 
This small scale m a t r i x i s also used f o r a check o f the computer 
program. On the same scale as i n the p r e l i m i n a r y r e p o r t f o u r d i ­
r e c t i o n s o f 10 second waves were c a l c u l a t e d . The r e s u l t s are pre­
sented i n f i g . 1 and f i g . 2 * As can be seen the d i f f e r e n c e s are 
s m a l l , so the computer program i s r e l i a b l e i n cases when no 
channels or r e e f s have t o be passed.' 
Because of r e p r o d u c t i o n the c h a r t s presented i n t h i s r e p o r t are 
scaled down. 

The upper and the lower h o r i z o n t a l l i n e s o f the frame o f these f i g u r e s 
are p a r a l l e l , although because o f an o p t i c a l e f f e c t i t seems not t o be 
so. The e f f e c t i s very c l e a r i n the lower f i g u r e of f i g . 1. 



-0.63 W-O.00 T=10.00 

computer c a l c u l a t i o n 
g r a p h i c a l method 

Comparision of the g r a p h i c a l and the numerical method t o determine 
wave rays. 
Periods o f 10 seconds, waves from 170° and 150° ( c f . f i g . 3-12 i n 
the p r e l i m i n a r y r e p o r t ) 

f i g . 1. 



v>~0. 63 W-O.00 T- 10.00 

w-0.63 W-0.CO T-10.00 

computer c a l c u l a t i o n 
g r a p h i c a l method 

Comparision of the g r a p h i c a l method•and the numerical method t o determine 
wave rays. 
Periods o f 10 seconds, waves o f 285° and 295° ( c f . f i g . 3-12 i n the 
p r e l i m i n a r y r e p o r t ) 

f i g . 2 . 



The lens e f f e c t 
I n areas w i t h channels and r e e f s the program i s inaccurate i n so f a r 
t h a t the s i n g l e drawn wave rays are not r e p r e s e n t a t i v e f o r a wave s i ­
t u a t i o n . The main problem i s t h a t the program c a l c u l a t e s one ray a t 
a t i m e , a p p l y i n g Snell's law, but i s not t a k i n g i n t o account t h a t the 
energy between two rays has t o be constant. So when two rays cross 
each ot h e r a l l the energy i s f o r c e d i n t o one s i n g l e p o i n t . This i s 
p h y s i c a l l y impossible. 
The wave energy i n c r o s s - s e c t i o n A (see f i g . 3) i s — pgH^b. I n cross-

o A 
se c t i o n B t h i s energy has t o be the 
same, hence: 

I PgH^b = A pgH* J _ b 

H • Hence: 

H_ 

— H 2 

.10 B 
10 H, 

f i g . 3. 

B ' -" "A 
In P the wave h e i g h t becomes i n f i n i t e , 
due t o the f a c t t h a t the distance be­
tween the wave rays becomes zero. 
Of course such a wave w i l l break, as a 
r e s u l t of i t s steepness. A f t e r breaking 
the waves w i l l c ontinue, probably w i t h 
a s h o r t e r p e r i o d and i n se v e r a l d i r e c t i o n s 
but a major p a r t o f the energy w i l l con­
t i n u e i n the o r i g i n a l d i r e c t i o n . 
These s h o r t e r waves have a t o t a l d i f f e r e n t 
r e f r a c t i o n p a t t e r n , but w i l l be no longer 
important f o r sand t r a n s p o r t c a l c u l a t i o n s , 

f 1 g . *+• because o f the small heights of these 
waves (energy i s smal-l i n comparision w i t h the o r i g i n a l 10 second waves). 
The above mentioned e f f e c t occurs s p e c i a l l y i n the neighbourhood o f a l ­
most c i r c u l a r r e e f s . I t i s comparable w i t h t h e • f o c u s s i n g of l i g h t by a 
l e n s , t h e r e f o r e i t i s c a l l e d the lens e f f e c t . Because o f t h i s lens e f f e c t 
behind r e e f s waves might be very steep and high. 

The e f f e c t i s very c l e a r a t the Lebar r e e f . As can be seen on the r e f r a c ­
t i o n diagrams wave rays are always cr o s s i n g each other on t h i s r e e f . ( B e ­
cause of the s p e c i a l form of t h i s r e e f c r o s s i n g mostly occurs on the 
shallowest p o i n t of i t ) . Hence the Lebar r e e f w i l l n e a r l y always be 
marked by breaking waves, without regard of t h e i r o r i g i n a l d i r e c t i o n . 



This i s confirmed by the B r i t i s h a d m i r a l t y p i l o t ( A d m i r a l t y , Malacca 
S t r a i t P i l o t , 1971):"Lebar reef, with a depth of 19 feet (5m8) over it, 

lies about 3% miles west-south-westward of Tanjung Kerbau. This reef 

is nearly always marked by breakers." (p.374). Because t h i s r e e f has 
a depth o f about 6 meters over i t , breaking as a r e s u l t o f shallow 
water i s only p o s s i b l e f o r waves o f 4 meters and more. F o r t u n a t e l y 
these waves seldom occur i n the Bengkulu area. 
Another type of ray crossings i s sketched i n adjacent f i g u r e . This 

s i t u a t i o n i s p h y s i c a l l y p o s s i b l e . I n 
the area A behind the b a r r i e r waves come 
from two d i r e c t i o n s (so c a l l e d "cross-
s w e l l " ) . The maximum wave hei g h t i n 
such an area i s two times the normal 
wave h e i g h t , but n i s only /2 - times 
the normal n ( n i s the time-average 
of the d i f f e r e n c e between the momentane-
ous water l e v e l and the s t i l l water, 

f i g . 5. 
wit h o u t regard o f i t s s i g n ) . When the 

incoming waves are monochromatic i n A, a r e g u l a r p a t t e r n appears, 
but when the incoming waves have, a wide spectrum, t h i s wave p a t t e r n 
becomes very complicated. This type of ray crossings i s also very 
d i f f i c u l t f o r normal n a v i g a t i o n . 
I n the Bengkulu area i t i s p o s s i b l e t h a t two or t h r e e wave systems 
from d i f f e r e n t d i r e c t i o n s occur at the same t i m e , e.g. s w e l l from SW 
and monsoon waves from NW. These wave-systems already give a p a t t e r n 
of c r o s s - s w e l l , and when t h i s p a t t e r n i s r e f r a c t e d the surface o f the 
sea w i l l be very i r r e g u l a r . Loading and unloading o f ships i s n e a r l y 
impossible, even w i t h r a t h e r low waves. 
Hence roadstead and harbour entrances should never be planned i n such 
areas. Although on a s u p e r f i c i a l view the presence o f r e e f s before a 
roadstead or an harbour entrance seems t o provide calm water, t h i s 
i s not necessaraly t r u e . 
As can be seen on t h e r e f r a c t i o n diagrams t h i s occurs i n the area i n 
f r o n t of the Bengkulu harbour, i n p a r t i c u l a r when SW s w e l l as w e l l as 
NW monsoon waves occur a t the same t i m e , v i z . i n December-February. 
I n t h i s case the Pata Sambilan i s one.of the lenses which d e t e r i o r a t e s 
the s i t u a t i o n . Therefore one may expect t h a t l o a d i n g and unloading on 
the e x i s t i n g Bengkulu roadstead w i l l be d i f f i c u l t i n the p e r i o d from 



December u n t i l January, i n s p i t e o f r a t h e r low waves. This conclusion 
i s confirmed by l o c a l observation o f several v i s i t o r s . 

I n t e r p r e t a t i o n o f the r e f r a c t i o n diagrams . 
The computer program does not take any care o f breaking and wave rays 
do cross each other f r e q u e n t l y . A f t e r such a cro s s i n g the wave ray 
might be only t h e o r e t i c a l ( i n case of ground s w e l l wave rays w i l l not 
pass t h e c r o s s i n g , i n case of cross s w e l l however they w i l l ) . For these 
reasons the computer drawn r e f r a c t i o n diagrams have t o be i n t e r p r e t e d 
w i t h care; they do not necessaraly represent the r e a l r e f r a c t i o n , even 
not i n case o f monochromatic waves. Therefore i t i s not allowed t o 
estimate t h e r e f r a c t i o n c o e f f i c i e n t (K ) at the coast by simple measu­
rement o f the distance between two adjacent waverays. At f i r s t i t has 
t o be determined i f these wave rays do reach the coast. The same pro­
blem plays also a r o l e w i t h the det e r m i n a t i o n of the angle o f incidence 
($,. ) o f the waves a t the b r e a k e r l i n e . 

Wave per i o d s 
As i n d i c a t e d r e f r a c t i o n c a l c u l a t i o n s were c a r r i e d out f o r waves w i t h 
periods o f 7, 10 and 15 seconds. This i s done because these periods 
represent the three groups of wave types i n the Bengkulu area. Of 
course waves are not monochromatic i n r e a l i t y , e s p e c i a l l y not the 
monsoon and the d i u r n a l waves (10 and 7 seconds) and a s p e c t r a l ap­
proach should have been made. 
But because r e f r a c t i o n c a l c u l a t i o n s w i t h s p e c t r a l components i s very 
complicated, and on the other hand not s u f f i c i e n t r e l i a b l e wave data 
are a v a i l a b l e t o determine a spectrum, i t i s not a p p r o p r i a t e t o make 
a s p e c t r a l approach. 
I n t e r p r e t i n g the r e f r a c t i o n diagrams one should keep i n mind t h a t 
periods w i l l vary somewhat i n r e a l i t y , which may have a l a r g e i n f l u ­
ence , i n p a r t i c u l a r when the r a d i u s of curvature o f the wave rays 
i s s m a l l . 
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hO.90 W-0.00 T-7.00 R = 55. 

R e f r a c t i o n diagram 
* 

Wave p e r i o d 7 seconds 
D i r e c t i o n o f the incoming waves 170 
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R e f r a c t i o n diagram , 

Wave p e r i o d 7 seconds 
D i r e c t i o n , o f the* incoming wave 195C 
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u=0.90 W=0.00 T-7.00 • fl=0. 

R e f r a c t i o n diagram 
« 

Wave p e r i o d 7 seconds 
D i r e c t i o n of the incoming wave 225 
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» = 0.90 W = O.DO T-7.00 - fl=330. 

R e f r a c t i o n diagram 

Wave p e r i o d 7 seconds 
D i r e c t i o n o f the incoming wave 255° 
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90 00 T-7.00 R=315. 

R e f r a c t i o n diagram 

Wave p e r i o d 7 seconds 
D i r e c t i o n o f the^incoming wave 270c 
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:0.90 W=0.00 T=7.00 R=300. 

R e f r a c t i o n diagram 

Wave p e r i o d 7 seconds 
D i r e c t i o n o f th e incoming wave 285C 
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W=0.00 T=7.00 n-280. 

R e f r a c t i o n diagram 
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Wave p e r i o d 7 seconds 
D i r e c t i o n o f t h e incoming wave 305 
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W--0.00 T = 1 O . 00 5--0.30 fl=-2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
D i r e c t i o n o f the incoming waves 170° 
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u> = 0.63 W=0.00 T-10.00 S = 0.30 fl-2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
D i r e c t i o n o f the incoming waves 180° 
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W=0.00 7=10.00 S=0.30 R=2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
« 

D i r e c t i o n o f the incoming waves 210 
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•« = 0.63 W-0.00 T-10.00 S-0.30 R=2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
D i r e c t i o n o f the incoming waves 24-0C 
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W=0.00 T-10.00 S = 0. 30 fl=2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
D i r e c t i o n o f the incoming waves 255 

DELFT U N I V E R S I T Y OF TECHNOLOGY 
Dept 0 f c i v i l e n g i n e e r i n g 

C o a s t a l e n g i n e e r i n g g r o u p 
J — BENGKULU HARBOUR PROJECT — 

« W I Ü K J J U U I 

H ra H 



63 W = 0.00 T-10.00 S = 0.30 A--2.52 

'" "' R e f r a c t i o n diagram ' "" "'" " '' "." 

Wave p e r i o d 10 seconds 
D i r e c t i o n o f t h e incoming waves 270° 
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U-O.00 T=10.00 S=0.30 fi-2.52 

R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
D i r e c t i o n of the incoming waves 285 
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R e f r a c t i o n diagram 

Wave p e r i o d 10 seconds 
• waves r e f r a c t e d t o Pulau Bay 
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w=0.42 W=0.00 T - 1 5.0 

R e f r a c t i o n diagram (boundary c a l c u l a t i o n ) 

Wave p e r i o d 15jseconds 
D i r e c t i o n of the incoming waves 150° and 170° 
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T- 15,CO R = 30. •Q.H2 W---0. 00 

R e f r a c t i o n diagram (boundary c a l c u l a t i o n ! ' 

Wave p e r i o d 15 seconds 
D i r e c t i o n o f the incoming waves 195° and 225. 
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w=0.42 W-O.00 T- 15.00 0=315. 

R e f r a c t i o n diagram (boundary c a l c u l a t i o n ! 

Wave p e r i o d 15 seconds 
D i r e c t i o n o f the incoming waves 255° and 270 C 
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W=0.00 T = 1 5.0 

R e f r a c t i o n diagram (boundary c a l c u l a t i o n ) 

Wave, p e r i o d 15 seconds 
D i r e c t i o n o f the incoming wave 290° 
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42 W-0.00 T-15.00 

R e f r a c t i o n diagram 

Wave p e r i o d 15 seconds 
D i r e c t i o n of the incoming wave 15CL 

':ï DELFT U N I V E R S I T Y OF TECHNOLOGY 
D e p ! o f c i v i l e n g i n e e r i n g 

C o a s t a l e n g i n e e r i n g g r o u p 
— BENGKULU HARBOUR PROJECT — 



W-O.00 T=15.00 

R e f r a c t i o n diagram 

Wave p e r i o d 15 seconds 
D i r e c t i o n o f the incoming wave 170C 
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R e f r a c t i o n diagram 

Wave p e r i o d 15 seconds 
'D i r e c t i o n o f the incoming wave 255 
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R e f r a c t i o n diagram 
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Wave p e r i o d 15 seconds 
D i r e c t i o n o f the incoming wave 270 
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1. I n t r o d u c t i o n 
The existing harbour of Bengkulu has s i l t e d up t o t a l l y . To improve sea-
transport a new harbour w i l l be b u i l t i n the Pulau Bay, some 15 km south 
of Bengkulu. This new harbour w i l l not be able to handle ships before 
1983. So for a period of at least 5 years the Bengkulu area lacks any har­
bour f a c i l i t i e s . This w i l l not.only give problems to the short term de­
velopments i n the area, but i t w i l l also have influences on longer terms. 
As already indicated i n vol A, chapter 5, most transport w i l l go by road 
and r a i l to Palembang i n the next f i v e years, when there i s no reasona­
ble harbour. After these years i t w i l l be very d i f f i c u l t f o r a new Pulau 
Bay harbour to regain i t s place i n the t o t a l transport flow. When land 
transport has been established, every company w i l l have i t s connections 
in Palembang and although sea transport w i l l be cheaper, there i s a big 
chance that many goods w i l l be sent via Palembang. Only gouvernemental 
instructions with penalties can change t h i s . Perhaps i t i s easy to change 
these customs, but i t i s better to prevent that a l l goods are transported 
via Palembang. 
An other aspect i s that f o r the construction of the Pulau Bay harbour a 
temporary work harbour i s necessary. An upgraded harbour at Bengkulu can 
serve as such a work harbour. 

Morphological conditions 
The t o t a l sand-transport which was calculated f o r the area i n fro n t of 
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the Bengkulu harbour was about 0.5 m i l l i o n m /year. This figure i s pro­
bably too high, because: 
- sand transport decreases south of Bengkulu harbour (south of cross-

section V I I , see f i g . 2) 
- morphological considerations of the Bengkulu harbour area (see 

chapter 5) 
- the 'beach-slope" i s n ' t a normal slope. 

These items are discussed i n d e t a i l i n the chapters 5 to 7 of t h i s report. 
Maintenance by continuous dredging w i l l be an expensive operation too, 
in p a r t i c u l a r because one cannot dredge only once a year (because of the 
coral-reefs i t i s not possible to dredge to an overdepth, the deposits 
have to be removed several times a year). 
So one should t r y to design a construction which w i l l not influence long­
shore current very much. The only way to do so i s finding a construction 
i n which the entrance channel does not cross the breakerzone. This means 
that several port f a c i l i t i e s (wharfs) have to be constructed off-shore, 
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and connected to the shore-based storage area by means of a bridge. The 
best and cheapest way i s to construct the f a c i l i t i e s as a pier or j e t t y . 
Consequently the off-shore construction may not be situated too far o f f 
the coast, and has t o be constructed i n shallow water. The minimal d i s ­
tance i s the extend of the breakerzone. Near Bengkulu the breakerzone 
has a width of approx. 100 m. Waves should be able t o pass through the 
gap between the coastline and the construction, t o propulse the long­
shore current (and the longshore transport) as long as possible. 

Shipping requirements 
The construction should be allow save bearthing of .at least barges, small 
coasters and wooden sailing-ships. Bearthing accomodation f o r bigger 
coasters i s t o appreciate, but not s t r i c t l y necessary. The small coast­
ers and wooden ships i n Indonesia haye a draught of about 2.5 m, a 
length of 15 m and a width of 3.5 to 4.5 m. 
So the entrance channel needs a depth of about 2.5 m below 1.1.w. (the 
t i d a l difference i s about 0.8 m). At the bearthing places also a depth 
of 2.5 m i s necessary (For these ships a min. keel-clearance of 0.15 m 
i s s u f f i c i e n t to leave the harbour, i f the bottom consists of sand. 
Eventual rock or coral reefs have to be removed). 
The entrance channel requires a width of about 20 m. (5 times 4 m) and 
a good marking by means of some buoys.. The channel has to be as stra i g h t 
as possible. The width of the .basin depends on the way of mooring but i s 
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estimated at 50 rn i n view of the bearthing manouvres of the vessel. 
The wave height at the bearthing places should be very small, about 30 
cm i n normal conditions. 
The distance from the bearthing places to the roadstead should not be 
longer than half an hour s a i l i n g by barges (approx. 5 km). 

Financial requirements 
The costs have to be low because of the temporary character of the con­
struc t i o n . The economic l i f e t i m e i s estimated to be 10 years. After these 
10 years the Pulau Bay harbour i s int o f u l l service. I t i s possible that 
for l o c a l use the Bengkulu f a c i l i t i e s w i l l be s t i l l important, but t h i s 
should not be taken in t o account, when judging the necessity of certain 
investments. The f i n a n c i a l aspect i s not worked out i n d e t a i l i n t h i s 
report» The decision to invest a certain amount of money i s a p o l i t i c a l 
decision. In t h i s report i s searched f o r the cheapest p o s s i b i l i t y . I t i s 
to the Indonesian gouvernment to decide whether t h i s investment should 
be made or not. 

Necessity of transshipment on the roadstead 
Because of the large sand transport and the l i m i t e d budget i t i s not 
possible to construct shore connected bearthing f a c i l i t i e s f o r "large 
ships", i.e. ships with a draught of 3 m and more. So goods from these 
ships have to be transshipped on the roadstead into barges, which bring 
these goods to the f a c i l i t i e s on the coast. 
The Bengkulu roadstead i s an open roadstead, of f e r i n g l i t t l e shelter. 
This causes some d i f f i c u l t i e s f o r transshipment, especially i n the a f t e r ­
noon during the December-February monsoon period. The only way to solve 
t h i s problem i s to construct a breakwater to protect the transshipment 
area. This offshore breakwater has to be b u i l t i n a waterdepth of 8 to 
10 m, to ensure suitable circumstances f o r cargo-handling. Such a break­
water should have a length of at least 200 m. A stone breakwater, with 
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a slope of 1:3 and a crest height of 0.5 above SWL contains 30 000 m of 
quarry stone, and w i l l cost approx. 600 millions Rp. Probably t h i s 
w i l l be too expensive, specially when t h i s breakwater i s used only f o r 
10 years. 
An other p o s s i b i l i t y i s a breakwater composed of caissons. This i s only 
an acceptable solution when caissons constructed i n a cheap way are 
available. As f a r as we know t h i s i s not so. A varia t i o n of t h i s caisson 
type breakwater i s a breakwater formed by old ships. I f one or two ships 
are available i t i s possible to run them aground, and form a breakwater. 
In t h i s report t h i s solution w i l l not be regarded, because i t depends on 
the a v a i l a b i l i t y of old ships. 
The consequences of not building an offshore breakwater i n deep water are 
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that ships can only he loaded during a part of the day i n the December 
January monsoon. At some days transshipment w i l l be t o t a l l y impossible 
and one has to wait f o r better weather. Although no cost-benefit analy­
sis i s made, we assume the construction of t h i s offshore breakwater as 
economically unatractive. 
Two alternatives 
Two alternatives w i l l be discussed, v i z . : 

1. an improvement of the ex i s t i n g harbour, and 
2. a new-constructed, wave protected j e t t y . 

In both cases the existing f a c i l i t i e s can be used, which i s important 
f o r a quick development. 
1» The existing harbour can be improved by dredging i t to a depth of 2.5 
m (below 1.1.w.) and the dredging of an approach channel. The (damaged) 

quay wall opposite to 
the the harbour entran­
ce (near A) i s protec­
ted from waves by the 
new extension of the 
breakwater (NB). Becau¬
se of the morphological 
s i t u a t i o n near the har­
bour i t might be possi­
ble to maintain a chan­
nel during a large part 
of the year without great 
costs. 
2. The other alternative 
i s the construction of a 
new j e t t y east of the 
existing harbour. Nowadays 
the area east of the exis­
t i n g harbour i s eroding. 
I f a j e t t y i s designed in 
the r i g h t way most sand 
w i l l pass behind the j e t t y 
when t h i s sand Is not a l ­
ready trapped'near the old 
harbour. 
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I t i s very easy to connect t h i s new j e t t y by means of a bridge ( ca. 50 
- 80 m) with the old harbour f a c i l i t i e s . The silted-up area i n the old 
harbour basin can be used as a new marshalling and storage yard. The 
j e t t y i t s e l f can be b u i l t very simple, as a staging or as a wooden 
cofferdam, or something l i k e t h a t , protected by armourstone on the 
seaward side. 

Both alternatives are regarded i n d e t a i l i n the next chapters. 
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2 . T r a n s p o r t q u a n t i t i e s 

For the determination of the length of the harbour-pier i t i s important t o 
know the amount of ships which c a l l at Bengkulu, t h e i r size- and the amount 
of cargo which i s loaded and unloaded. In a report of Dwidelta (1975b) some 
figures are given. The sea-transport can be s p l i t into three parts, v i z . : 

-transport with l o c a l vessels (20 - 200 tons) 
-transport with domestic shipping companies (200 - 1000 tons) 
-transport with international shipping companies ( u n t i l 7000 tons) 

For each of these ways of transport the following tables are given: 
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The incoming comodities are: 
cement9 corrugated iron sheets, r i c e , s a l t , salted f i s h , merchandise, 
sugar and construction materials 

The outgoing commodities are: 
rubber, coffee, rotan and resin 

The export of rotan and resin i s decreasing; i n 197ty they were not mentioned 
as outgoing commodities. 
Conclusions: 
- 85 % of the incoming commodities are transported by l o c a l vessels; 

the amount ofgoods per vessel i s valued at 25 tons (unloaded i n the 
harbour). 

- 15 % of the incoming commodities are transported by domestic shipping 
companies; the volume of these ships Is somewhat increasing, so the 
amount of goods per vessel i s valued at 100 tons (unloaded on the 
roadstead). 

- the International shipping companies do not transport goods to 
Bengkulu. 

- the amount of exported goods transported with domestic shipping com­
panies i s about 5 I . The amount of goods per vessel i s valued at 10 tons. 

- In 1968 about 95 % of the exported goods were transported by l o c a l 
vessels. In 1971 t h i s figure was about 35 %. The rapid decrease i n im­
portance of t h i s transport cer t a i n l y did not stop i n 1971 (the l a s t 
year of which we have f i g u r e s ) . So i t Is not clear which part of the 
outgoing goods are transported by lo c a l vessels, we assume i t i s 25 %. 
The amount of goods per vessel i s valued at 15 tons. 

- the international shipping companies w i l l transport about (100-5-25) 
= 70 % of the outgoing goods. The goods transported with these ships 
are mostly rubber and coffee ( i n the l a s t years ( ?74 and r75) coffee 
was no more mentioned as an outgoing commodity). The mean amount of 
goods per ship i s valued at 750 tons, the maximum at 1500 tons. 
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3. P o r t f a c i l i t i e s 
The existing harbour of Bengkulu has a basin of 500 by 100 m. The length 
of the quay i s 500 m, 180 m has a concrete apron behind the quay-wall. 
The remaining 320 m can not be used because of i t s bad condition. The t o -

2 
t a l harbour area has a surface of 36250 m (Dwidelta 1974) i n which the 
following parts are located: 

2 
- 8 sheds with a t o t a l area of 2070 m and a t o t a l storage capacity of 

o 
4000 tons (2 ton/m ) 

2 2 
- 5000 m storage yard with a heaping capacity of 0.5 ton/m , thus a t o ­

t a l open storage of 2500 tons. 
2 

- 625 m of accomodation f o r the attendance of max. 200 passengers. 
2 

- an area of 180 x 40 = 7200 m with no special use. 
2 

- an apron around the quay of about 320 x 7 = 2240 m . 
2 

The area near the harbour i s about 500 x 40 = 20 000 m ; of which about 
3000 m2 (20000 - 2070 - 5000 - 625 - 2700 - 2240) i s used f o r roads and 

2 . 
other f a c i l i t i e s . The remaining p a r t , namely 36250 - 20000 = 16000 m i s 
situated at a distance of more than 50 m from the quay. This area can be 
used as secondary port area for supporting f a c i l i t i e s . 
The t o t a l storage capacity of the harbour nowadays i s 

4000 tons i n sheds 
, 2500 tons on the surrounding aprons 

6000 tons t o t a l 
The maximum amount of goods transported through Bengkulu harbour i n 1985 
i s valued at 18 000 tons. So the storage capacity w i l l be enough u n t i l 
1985. I f , according to the si t u a t i o n measures are taken i n time (e.g. the 
creation of more covered storage room, e t c . ) . 
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4. Loading and unloading on the r o a d s t e a d 
The s e l f propelled barges used f o r loading and unloading of ships on the 
roadstead have an average load-capacity of 10 tons. The amount of barges 
i s 12 according to Dwidelta, with an average condition on 60 % ( so about 
7 barges can be used). During his v i s i t i n July 1977 Bijker estimated 
a much worse condition of the barges. 
The distance between the roadstead and the harbour I s about 1000 m. The 
estimated speed i s 10 km/hour (a motor-capacity of ca. 40 HP). So the 
time to s a i l from ship to harbour i s about 8 to 10 minutes. 
According to Dwidelta an average capacity of 25 tons per barge per hour 
was obtained during high t i d e and good weather. So the return time i s 
60 minutes _ 60 _ . 
-257ÏÖ = 275 - 2 4 m i n u t e s « 
In t h i s case ships were loaded only, so the barge sailed back empty. 
Hence loading and unloading costs 24 - (2x8) = 8 minutes. I t i s not to ex­
pect that t h i s i s possible i n normal situations. To load a 10 tons barge 
in 4 minutes i s only possible with special goods, which are very easy to 
handle 0 

A loading time of 6 to 8 minutes i s expected in.normal cases, so the tu r n ­
around time of one barge i s 7+9+7+9 - 32 minutes 

So one crane can serve four barges (see f i g . 5), The loading (cq. unloading) 
capacity i s 4 x 10 = 40 tons per 32 minutes, which i s about 80 tons per hour, 
Increasing the number of barges i s not useful! when only one crane i s used. 
I t i s economically not atractive to use more cranes. 
The average amount of hours on which can be worked each day i s valued at 6 
hours (from 6 am. u n t i l noon). So the average capacity per day i s 5 00 tons. 
The mean amound of goods to beloaded In int e r n a t i o n a l ships was valued at 
750 tons, so these ships can be loaded i n two days. The maximum amount of 
goods was 1500 tons. Such an amount of goods can be loaded i n 3 or 4 days. 
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5. Morphological c o n s i d e r a t i o n s 
The net sand transport near the Bengkulu harbour i s very small ( I n com­
parision with the calculated sand transport south of Bengkulu). The trans-

3 
ported amount of sand i s about 30 000 - 100 000 m /year. The transport-
capacity i s much larger, about 500 000 m3/year; the reason why t h i s ca­
pacity i s not u t i l i z e d w i l l be explained In t h i s chapter. 
During the June-August monsoon period sand i s transported i n northern 
di r e c t i o n ( i n a). Because the coast l i n e turns east near Bengkulu, sand 
w i l l s e t t l e near b. During the December-February period sand i s transpor­
ted i n southern direction from b to a ( and further on). The accretion 
area b w i l l erode, but also the coast between b and a (observed by 
i r . Burger of Nedeco). 
In t h i s Dec-Feb period and during lo c a l storm periods, which generate 

wind waves from north­
western directions, sand 
i s also transported i n 
eastern d i r e c t i o n (from b 
to c and further on). This 
transport w i l l s t a r t i n b, 
so the area near b w i l l 
erode. 
Before the extention of the 
western mole had been b u i l t , 
the beach between b and c 

J has never grown so f a r f o r -

direchon ajsanJ-
transport mkhe 
Dsc-reh. jeriecl 

t;lSOot> 
/oat, 

f'9 >& 

ward that the beach was extended (in eastern direction) i n fro n t of the wes­
tern harbour mole. This means that the transport capacity i n fro n t of t h i s 
harbour mole (between c and d) i s large enough to transport the amount of 
sand which passes c. The waterdepth in- jp 
fron t of t h i s mole i s more than -0.70 m 
below m.w.l. (1.1.w.l. i s -0.65 m below 
m.w.l,), because there i s no indication 
for a beach. 
As a re s u l t of t h i s depth only a part 
of ( a l l ) waves w i l l break i n front of 
t h i s mole. (The other part breaks on the mole or i s refl e c t e d back to the 
sea). Therefore only a part of the radiation stress ( p a r a l l e l to the d i ­
rection on the mole) i s used as a propulsing force f o r the longshore 
current. This indicates t h a t ' i n c the longshore current i s not f u l l y de­
veloped. The same conclusion can be drawn i n another way. The longshore 
current w i l l be accelerated between b and a ( and further on), because 

Est/rml&Jprofi/e. Ojf 
tóe w&itern hcrttiaur-mo/e. f i g . 7 
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the current starts i n b (thus the current velocity i s almost zero). So 
there can be expected that the longshore current i s not f u l l y developed 
in c, because of the short distance between b and c (ca.'250 rn). 
A part of the amount of sand which i s transported along the western 
harbour mole w i l l s e t t l e i n the harbour. 'The sand enters the harbour i n 
several ways: 
- i t can be washed over the western harbour mole during severe storms. 

Behind t h i s harbour mole the wave a c t i v i t y i s small, so the sand w i l l 
s e t t l e . 

- because of the breaking of the waves on the harbour moles, set-up w i l l 
occur.So there w i l l be set-up differences near the harbour entrance; 
in the harbour entrance set-up w i l l be about zero because waves w i l l 
seldom break at a depth of 1.5 - 2.0 m. " • 
Because of these set-up differences currents w i l l occur i n several 
directions, as indicated i n f i g . 8. 
Probably the inward transport Is larger than the outward transport. 
(This tranport Is observed by i r . Burger/Nedeco) 



6o C a l c u l a t i o n of wave-heights near t h e Bengkulu harbour 

The incoming waves near the Bengkulu harbour w i l l break on the reefs i n 
fr o n t of t h i s harbour. Nevertheless some of the waves (or wave energy) w i l l 
reach the coast. By means of the'following methods the wave-height behind 
the reef are estimated . . 

/
hts 1 

b. Experiments of Saville, presented i n figures 
c. Experiments of Hall and Ha l l , also presented i n figures 
d. Rules of thumb, z /H. = 0; H,/H = \\ a /H. < - J j H /H > 3/4 

C X " U i C- X L X 

Ĥ  i s the incident wave height 
Ĥ  i s the transmitted wave height 
z i s the elevation of the crest above the water l e v e l 
c fi 

h i s the water depth i n front of the reef 
The waterdepth i n f r o n t of the reef 
Is valued at 1 m below l . l . w . l . Two 
reefs can be distinghuished, one i n 
front of the harbour (A), which i s 
submerged by l . l . - w . l . , and another 
west of the harbour which dries at 
l . l . w . l . 

Assume that: z f o r reef A i s -0.10 - -0.30 m (at l . l . w . l . ) 
c 

z f o r reef B i s +0.10 - +0.30 m (at l . l . w . l . ) 
c 

A ' At l . w . l . H = 1.25 m 
a. H /HL = 0.53 - 0.66; 

z = -0.35 
c 

b. Ht/H. > 0.5 (Saville only gives figures f o r 
c„ H./H. e 0.65 - 0.8 t l 

-0.55 m 

h+zr 1.133, 1.013 and 0.899) 

d. Ht/H, < 3/4 

reef water 
lev e l -z 

c 
h 

H./H. 
reef water 

lev e l -z 
c 

h a b c d average 
A l.w . l o.35 - 0.5.5 1.25 0.53-0.66 > 0.5 0.65-0.8 i 

2 
- .3/4 0.65 

B l.w . l 0.15 - 0.35 1.25 0.35-0.53 > 0.5 0.6 -0.7 1 2 - 3/4 0.55 
A m.w.l 0.80 - 1.00 1.70 0.69-0.77 > 0.5 0.75-0.9 1 

2 
- 1 0.75 

B m.w.l 0.60 - 0.80 1.70 0.59-0.69 > 0.5 0.65-0 ..85 2 - 3/4 0.70 
A h.w.l 1.20 - 1.40 2.10 0.76-0.82 > 0.5 0.95-1.0 3/4 0.88 
B h.w.l 1.00.'- 1.20 2.10 0.69-0.76 > 0.5 0.9 -0.95 '1 2 - 1 0.83 

The r e l a t i o n between H /H. and the water l e v e l Is almost lin e a r . Because of 
t l 

the inaccuracy of the whole calculation i t i s acceptable to•calculate the 
wave-heights only by m.w.l. '• . 



f 'I 

$30 

f 

Refraction analysis near Bengkulu harbour f i g . '10 
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re f r a c t i o n coeff. ^ d i f f r a c t i o n coeff. ^breaking K , (5m) = 0,981, K sh r 
coeff. 
I t i s almost impossible to calculate the si g n i f i c a n t wave height (at 5 m) 
for section I and I I , respectively f o r 280° and 290°, because the waves 
w i l l break f i r s t at Pata Sambilan, so a part of t h e i r energy i s l o s t , and 
secondly jus t behind t h i s reef (because of the "lens- e f f e c t " ) . 
D i f f r a c t i o n around Pata Sambilan w i l l cause d i f f i c u l t i e s ; the wave height 
behind the reef i s also Influenced by t h i s phenomenon. 
Because these wave-heights can not be calculated, an estimation i s made. 
For reef I , H = 1 m (at a depth of 5 m), the direc t i o n i s 30 -35 (with s o v regard to re e f l i n e I ; angle between coastline and r e e f l i n e i s about 10 ) 
For reef I I H s = 1.2 m, the di r e c t i o n (only north of the reef) i s 30 -35 
(with regard to r e e f l i n e I ) . 
With the following assumptions the wave heights j u s t behind the reefs are 
calculated. 
- p a r a l l e l depth contours u n t i l the reefs 
-breaking on the reef w i l l not influence the direc t i o n 
of wave propagation 
-because of the shape of reef I I , the wave w i l l break 
twice - 15 



-the depth just, behind the • reefs i s the same as the depth jus t i n fr o n t 
of the reefs (at m.w.l. 1,70 m) 
The wave height (H )jus t i n f r o n t of the reefs:, 

H (5m) s (f)(5m) K (5-1.7m) 
r 

H (1.7m) s •(1,7a) 

reef I 1.0 30°~3S° 0.95-0.94 1.15 o O 17.5-20.5 
reef I I 1.2 30°-35° 0.95-0.94 1.40 17.5°-20.5° 
T= 7 sec, K .= Ic22 

The depth i n f r o n t of the reef i s 1.70 m. the max. wave-height which can 
occur at t h i s depth i s about 1.35 m ( slope a = 0.05 , so y(breakerindex) 
i s 0.8). So specially at reef I I the depth l i m i t s the wave-height i n f r o n t 
of the reef. When i s assumed that the wave-height i s Rayleigh-distributed 
the wave-height hehind the reef can be calculated i n the following way 

reef I H = 1 . 3 .5 . . _ 
s 

H, P {H>H } d d 
H = 1 . 3 5 0 . 0 6 4 -max 

1 . 1 5 0 . 1 3 5 

H 
m 

P { H }] K | H H • 1 (ri j"' P{H } m j dt i m ; m m s 
H, P {H>H } d d 

H = 1 . 3 5 0 . 0 6 4 -max 
1 . 1 5 0 . 1 3 5 

1 . 35 0 . 0 6 j 0 . 7 5 1 . 0 1 6 . 2 x 1 0 ~ 2 

s 
H, P {H>H } d d 

H = 1 . 3 5 0 . 0 6 4 -max 
1 . 1 5 0 . 1 3 5 

1 . 2 5 0 . 0 7 0 . 7 5 0 . 9 4 6 . 2 x 1 0 ~ 2 

s 
H, P {H>H } d d 

H = 1 . 3 5 0 . 0 6 4 -max 
1 . 1 5 0 . 1 3 5 

1 . 0 5 0 . 1 2 0 . 7 5 ' 0 . 7 9 j 7 . 4 x 1 0 
0 . 9 5 0 . 2 5 5 

0 . 8 5 0 . 1 7 0 . 7 5 0 . 6 4 
- 2 

6 . 9 x 1 0 
0 . 7 5 0 . 4 2 7 

0 . 5 5 0 . 6 3 3 
0 . 6 5 0 . 2 1 0 . 8 5 0 . 5 5 6 . 4 x 1 0 ~ 2 

0 . 7 5 0 . 4 2 7 

0 . 5 5 0 . 6 3 3 
0 . 4 5 0 . 2 0 1 . 0 0 0 . 4 5 4 . 1 x 1 0 ~ 2 

0 . 3 5 0 . 8 3 1 

0 . 1 5 0 . 9 6 7 

0 . 0 0 1 . 0 0 0 

0 . 2 5 0 . 1 4 1 . 0 0 0 . 2 5 
. . . . 

8 . 8 x 1 0 ~ 3 
0 . 3 5 0 . 8 3 1 

0 . 1 5 0 . 9 6 7 

0 . 0 0 1 . 0 0 0 
0 . 0 5 ' 0 . 0 3 1 . 0 0 0 . 0 5 7 . 5 x 1 0 

0 . 3 5 0 . 8 3 1 

0 . 1 5 0 . 9 6 7 

0 . 0 0 1 . 0 0 0 
£ ( H ) P J -H J= 0 . 3 8 1 m - mJ 

The waterdepth above t h i s reef Is about 0.90 jnj so waves less than about 
0.50 m ( y- 0.6: H = 0.6 x 0„9 = 0.55 in) w i l l not break, max _ _ _ _ _ 
The H behind the reef i s about / 0.381/1 = 0.6 m. The H behind the rms rms 
reef can also be calculated i n the following way: H = H x K, / /2 = 

rms s hr 
1.3.5 x 0.75 / /2 = 0.6 rn. The same re s u l t i s obtained because the per­
centage of waves larger than H i s small. 

0 max 
An i d e n t i c a l calculation i s made f o r reef I I on page 17. There the water-
depth above the reef i s about 0.7 m. So the max. waveheight i s 0.35 rn (at 
1.7 m depth, at 0.7 m i t i s 0.42 m). The H after breaking one time i s 0.415 = 0.65 m.» afte r the second rms breaking the H becomes •/0.230 = 0.5 m. The H calculated i n the other rms rms 
way becomes 1.4 x 0.7 / /2 = 0.7, resp. 1.4 x 0.7 x 0.7 / /2 = 0.5 m. 
The wave heights.just behind the reef are now determined, so the wave height 
i n f r o n t of the coast can now be calculated. The depth between the reef 
and the coast i s not known exactly., An old chart of the harbour of Bengkulu 



reef I I H = 1.4 m 
s 

H, P{H>H.) d d 
H ! P{H }; i C 1 5 

rn m | br m (HVP{H ) ra rn I br m ( H M ) 2 P { H } m m 
s 

H, P{H>H.) d d 1.35 0.16; 0,7 0.95 0.143 •0.7 0.67 0.071' 
1.35 0.156 
1.15 0.259 

1.25 0.10 0.7 0.88̂  0.077 0.7 0.62 0.038 1.35 0.156 
1.15 0.259 1.05 0.14; 0.7 ;0.74! 0.076 0.7 0.52 0.038 

0.025 
0.031 

0.95 0.398 
0.75 0.563 

0.85̂  0.14 
0.65; 0.20 

0.7 j0.60 
0.7 io.46 

0.050 
0.041 

0.7 
0.85 

0.42 
0.39 

0.038 
0.025 
0.031 

0.55 0.734J 

0.35 0.882 
0.45 0.15 0.85 i 1 — i 

0.38 
— —• • 

0.022, 1.0 
1.0 

0.37 
0.25 

0.021 
0.006 

0.55 0.734J 

0.35 0.882 0.25 0.10 1.0 0.25 0.006 
1.0 
1.0 

0.37 
0.25 

0.021 
0.006 

0.15 0.977 0.05: 0.02 1.0 0.05 0.000 1.0 0.05 0.000 
0.00 1.000 r C H V P{HJ. 

rn « rrf 
= 0.415 ( H M ) 2 PfHJ =0.230 m 1 rrr 

indicated that the depth in f r o n t of the harbour was more than 1.3 m (at 
m.w.l.). Assuming that the breakerindex was o t8, the max. wave-height i n 
front of the coast (beach) Is about 1.0 m. 
The maximum wave-height behind the reefs was valued at 1.15 (at 1.3 m) or 
0.77 (at 1.3 m). So nearly a l l waves which t r a v e l from the reef to the 
coast w i l l break on the beach. 
The breakerdepths and breakerangles can now be be calculated, assuming pa­
r a l l e l depth contours between the reef and the coast. 

17 



A d i f f e r e n t direction of the coastline of beach I and I I i s chosen be­
cause t h i s was "indicated" on some pictures of prof. Bijker. The reason 
for t h i s phenomenon i s probably that the amount of sand transported around 
the corner (at b, see f i g . 10) w i l l l i m i t the transport capacity. When the 
transport capacity i s too large the beach w i l l erode u n t i l an equilibrium 
i s attained. So the direction of the coastline w i l l change. 
Because i t i s not known where the 1.30 depth contour i s situated, the 
breakerangle can be calculated at two ways: 
-assume the 1.30~ depth contour l i e s p a r a l l e l to the 1.70 depth contour, 
d i r e c t l y behind the reef, angle at 1.70": 18°-20°, angle at 1.30~'16°-17.5° 
(with regard to the r e e f l i n e ) . This means that at beach I the angle of 
incidence at 1,30 i s 7°-8.5°, and at beach I I 2°-3.5°. 

_ tr 

-assume the 1.3Ö depth contour l i e s d i r e c t l y i n fr o n t of the beach ( t h i s 
means a depth of 1.70 between the reef and the beach); angle of incidence 
at beach I (at 1.70~): 9° - 11°. The angle at 1.30*" w i l l be 8°-9.5°. 
For beach I I the angle of incidence'at 1.30 in w i l l be 3.5°-5 . 

Both assumptions are extremes. So a mean value w i l l be a good guess: 
beach I • i>^30~ ~ 8 ° 

beach I I ' * 1 3 o " = H ° 
At the west side of the beach the rms wave height i s 0.5 m ( at 1.70 ) and 
at the east side of beach I I the rms wave height i s 0.6 m (at 1.70 ). Between 
the west side of beach I and the east side of beach I I the rms wave height 
w i l l r i s e from 0.5 m u n t i l 0.6 m. 
The breakerheights, -depths and -angles can now be calculated: 
Beach I (west side) h u = 0.80 <L =6° f ~ 0.8 H = 0.64 m 

br br or 
Beach I I ( e a s t side) h = 0.90 <j>_ - 3.5° y = 0.8 PL = 0.72 m 

br br br 
(H^ r i s breakerheight, I x ^ i s breakerdepth) 
By means of the calculation method described i n Annex V I I I of v ol B the long­
shore current v e l o c i t i e s are calculated along beach I and beach I I . The 

3 
amount of sand transported along the western harbour mole i s about 80 000 m /yr. 
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7. D e t e r m i n a t i o n of the armour s t o n e weight 

Only i n the period from October u n t i l March the heights of the waves 
from northern directions can be large near the Bengkulu harbour. In 
the other periods (waves from southern directions) only d i f f r a c t e d 
waves (around the reefs west of Bengkulu) w i l l reach the harbour. The 
wave-height of these waves w i l l be very small. 
For the determination of a s i g n i f i c a n t wave-height, which appears only 
once per x years, the months between October and March are important. 
The r e f r a c t i o n coefficients of these waves (from northern directions) 
are: period T = 7 sec = 1/ / l . 6 - 1/ /2.it-

period T = 10 sec K i s small (lens effect due to Pata Sam-
r 

b i l a n , see vol C) 
The d i s t r i b u t i o n of the s i g n i f i c a n t wave heights during a period of 
months or years i s not known. But i t has to be expected that the wave-
heights w i l l be l i m i t e d by depth. The harbour moles or breakwater 
do not have to extend u n t i l a waterdepth of more than 2 - 2.5 m be­
neath s.w.l.,because of the small draught of the ships that w i l l enter 
Bengkulu harbour. 
A solution with a breakwater on deeper water to f a c i l i t a t e the trans­
shipment of goods on the roadstead i s not choose because of the high 
costs, as already indicated. In such a case the d i s t r i b u t i o n of the 
si g n i f i c a n t wave height should be very important. 
Thé waterdepth at the end of the harbour-mole or breakwater w i l l be 
about 2.5 m below s.w.l. With high t i d e and under storm conditions 
the maximum wave w i l l be about 

Y x (h + amplitude of the tide)= 
Y x (2.5 + 0.50) = Y x 3. 

fo r waves with a period of 7 sec the breaker index Y w i l l vary between 
0.5 and 0.8. So the largest wave-height w i l l be about 0 . 8 x 3 = 2 . 4 m 
at the end of the harbour mole. 
The root-mean-square wave-height which had been used f o r sand transport 
calculations was: H = 1.00 m (deep water). The s i g n i f i c a n t wave 
height (at 3 m) to match w i l l be about 1.20 m 
This l a s t figure shows that storms with wave-heights of 2.4 m w i l l 
appear "several" times per year. 
During the l a s t 2 of 3 years one harbour mole of the Bengkulu harbour 
was extended. This extention i s made by concrete blocks. The precise 
dimensions of these blocks are not known, but i t can be valued at 

3 0.6 x 0.6 x 0.6 (m ). Assuming that the mass density of the concrete 
3 

i s about 2400 kg/m the weight of these blocks i s about 500 kg. Using 
the hudson formula the damage (under storm conditions) of t h i s harbour 
mole can be calculated. 



Pa H 3 

KD = A 3 cote w i n w h i c h 

KD = damage c o e f f i c i e n t ; because the waves are breaking t h i s value i s about 
87 % of the value with non-breaking waves 

Pa = mass density of the armour blocks ( 24-00 .kg/m3) 
H = wave height (m) 

P - - P A = r e l a t i v e density óf the armour u n i t ; A = — = 1 35 P„ 
cot6= slope of the breakwater 
W = weight of the armour un i t (kg) 
In a waterdepth of 3 m H Is about 2.4 m, cote = 1.5 - 2; then K_ i s (with 
a stone weight of 500 kg) 18 - 13.5. 
The KD f o r non-breaking waves w i l l be 20.7 - 15.5. 
This means that the damage i s more than 5 % (Paape 8 Walther 1962). Thus more 
than 5 % of the armour-units are de-placed. This damage i s large, i t i s there­
fore more economical to use larger armour-units at the end of the harbourmole. 
Assuming a damage of about 2 % i s acceptable. The damage-coefficient becomes 
KD = 0.87 x 8 = 7. So, W i s about 1000 - 1300 kg; thus the height of the 
cubes i s 0.75 ~ 0.82 m. So cubes with the dimensions 0.8 x 0.8 x 0.8 are 
s u f f i c i e n t (ca. 1200 kg). 
These blocks have to extend from the depth at which the damage of smaller blocks 
becomes larger than 2 %, u n t i l the end of the harbour mole. Using W = 500 kg 
and KD = 7 the wave height H becomes 1.75 - 1.90 (m). 
So the smaller blocks can be used u n t i l a depth of 1.75/0.8 s 2.2 m. (breaking 
indexy= 0.8) This means 2.2 m at H.W.L., so about 1.5 m below L.L.W. 
In the above calculation wind set-up i s not taken i n t o account. Because of the 
large depths i n f r o n t of the Bengkulu coast the wind set-up w i l l be very small. 
The wind comes from NNW or SSE, i . e . p a r a l l e l to the coast, so i n general 
there w i l l be no wind-set-up. Only near Bengkulu the NNW wind i s perpendicu­
l a r to the coast, but has only a short fetch. 
Assume: wind speed W = 32 mph 

fetch F - = 10 miles 
meand depth D= 33 f t (10 m) 
constant C s 1.2 x 10~ 3 

ws =wind set-up, 6= 0° 
C W2 F 

ws = — cos 9 = 0.37 f t = 0.11 m 
Because of set-up differences between D. and D. „ (set-up i n D. , w i l l be 

i i + l i + l 
smaller) a current w i l l s t a r t perpendicular to the coast. This current w i l l 
decrease the wind set-up up to ws 1, wich i s not known. This ws' depends on 
the r a t i o between the fetch and_the distance perpendicular to the coast. For 
a f l a t (underwater) slope ws' w i l l be almost-the same as ws, f o r a steep slope 
ws w i l l be almost zero. 
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8 . Improvement of the existing harbour 

As indicated i n the former chapters the amount of sand transported along 
the harbour i s not as large as expected from the preliminary calculations. 
So a p o s s i b i l i t y to dredge an entrance-channel and keep t h i s channel open 

by maintenance-dredging 
exists. An advantage of 
t h i s a lternative i s that 
the new extention of the 
harbour mole can be used 
optimal. The best technique 
to keep the channel open 
i s to prevent sand passing 
the channel. This can only 

be achieved by dredging away the same quantity as i s transported by the 
longshore current. In annex V I I I of vol B an amount of 35 000 to 125 000 m3/yr 
was calculated; t h i s i s a large quantity to dredge when no succion dredges 
are available. But when t h i s channel i s not deep (2.5 m below 1.1.wl) and 
the shape of the western breakwater i s correct i t i s not necessary to remove 
a l l the sand. We expect that 10 - 20 % w i l l pass the entrance without se­
dimentation. The lay-out of the new extention i s well f i t t e d f o r t h i s pur­
pose. Note: As already indicated i n chapter 7 we expect large damage at 

the end of the new extention, because the r e l a t i v e small weight 
of the blocks. So i t i s advisable to protect the head of the 
new extention with cubes of 0 . 8 x 0 . 8 x 0 . 8 m 3 . 

In the nowadays situation i t is very important that the new accretion near 
the new harbour-mole i s removed as quick as possible. Removing the accretion 
west of the existing harbour should be advisable too; however a problem i s 
that t h i s area i s already l e t out f o r housing. The sand dredged from the 
harbour, the entrance channel and the accretion area may be dumped east of 
the monument. Sand dumped i n t h i s location w i l l not return to the harbour. 
I t w i l l decrease, or even prevent, the erosion east of the monument. 
As i n i t i a l dredging the harbour basin should be dredged out. We advise 
dredging the harbour basin to a depth of 2.5o m below l . l . w . Dredging should 
be carried out i n the area indicated on the map. This area was the dredged 
area i n the colonial period, an one may expect that here no reefs are present 
up to a depth of 2.5 m. 
A very important^ advantage of t h i s solution i s that the existing port f a c i ­
l i t i e s can be used optimal. Although the space available on the aprons be­
tween the fr o n t of the quay and the sheds i s somewhat small f o r a modern 
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harbour, one should advise to use i t , and not to b u i l d new aprons i n the 
old harbour area. The costs of such aprons are high, and because t h i s 
harbour w i l l only be used intensively u n t i l the Pulau Bay harbour i s put 
int o service, building new aprons i s not j u s t i f i e d from an economical-
point of view. 
In a harbour several areas can be distinguished. I n Bengkulu four areas 
are to distinguish: 1. Roadstead 

2. Boatharbour ( l i g h t e r basin) 
3. Primary port area 
4 . Secondary port area 

X A I 
t • 
1 I I 
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boei-. prmpry 
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The flow of goods Is indicated i n f i g . 16. 
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Incoming goods are brought i n with barges alongside the quay. Therethey 
are unloaded and brought to the t r a n s i t shed. From the t r a n s i t shed they 
can be transported d i r e c t l y t o the consignee or via the warehouses i n 
the secondary port area, i n which the goods are sripped an packed i n 
order to the b i l l of lading. 
On the Bengkulu port area there i s not enough space to develop the secon­
dary port area, with small industries. This i s no problem, because the 
objective i s that such small Industries are settled near the new Pulau 
Bay harbour. In Bengkulu the unpaved storage area east of the sheds can 
be used as such a secondary port area. For the next few years the t o t a l 
area i s large enough when no secondary port a c t i v i t i e s are developed. Only 
the covered area (sheds) i s too small. Because the construction of new 
sheds i s not advisable f o r such a short period a more temporary solution 
has to be found, f o r example an i n s t a l l a t i o n f o r packing p a l l e t i z e d goods 
i n shrinkage p l a s t i c . When the new Pulau Bay harbour i s ready t h i s i n s t a l ­
l a t i o n can be moved to the new- harbour. 
On the quay a mobile crane with a capacity of ca. 10 tons should be availa­
ble f o r loading and unloading of the barges. I t i s advisable to keep a 
second (5 tons) general-purpose-crane i n reserve. ^ 



9. A new j e t t y o a s t of the harbour 
shippring requirements 
At the j e t t y a depth of 2.5 m below l.l. w . i s necessary to allow 
bearthing of coasters and wooden ships, t h i s i s about 3 m below 
the mean water l e v e l . The acces channel requires a minimal depth 
of 2.5 m below mean water l e v e l . In such a situ a t i o n the larger 
ships can enter the harbour only with flood t i d e , which does not 
seems to be a large problem. The height of the platform has to be 
about 1.5 m above m.w.l., the minimum with i s 5 m to allovv acces 
with a crane. The minimum length of the j e t t y i s estimated to be 
100 m. This stage or cofferdam has to be protected by a rubble-
mound, made by concrete cubes or armour stone. 

Morphological requirements „ 
This alternative i s only interesting when nearly a l l the sediment 
i s transported behind the construction. As already indicated i n 
the former chapter, most waves break on the reef (near the 1 m 
l i n e ) . On t h i s reef only a small sand transport i s expected, be­
cause of the absence of sand. The remaining waves break at the 
coast and cause a longshore transport ( t ^ , see f i g . 17). 
This sand i s transported along the harbour moles to the monument-
cape (Note: the new extention i s not considered) Without any 
human construction t h i s sand should s e t t l e east of the monument. 
Because of the a c t i v i t y of small wind waves no spit i s formed, 
but a very shallow'blatform" with a small slope. The new accretion . 
i s spread over the platform and w i l l reach i t s edge ( at the reef, 
near the 1 m l i n e ) . On t h i s reef a large transport capacity exists 
and the sand w i l l be transported to the north. 
To guarantee the s t a b i l i t y of t h i s system, i t should not be dis ­
turbed. 
So from a morphological point of view there are two requirements 

1. The direc t i o n of the construction ($) must have such a direc­
t i o n that a l l the eventual transport along the construction 
i s directed south (to prevent s i l t a t i o n of the acces channel) 

2. The gap between the coast and the construction (d) must have 
such a dimension that a l l the sediment can be transported by 
wave a c t i v i t y through t h i s gap. 

The_ directIon of_th_e_constru£t_ion_ 
In f i g . 17 re f r a c t i o n of 7 second waves from the west i s indicated. 
I t i s clear that near the construction the influence of the 1 m 
shoal becomes important, so nearly no western waves w i l l reach' the 
construction. But waves with a direction a l i t t l e more from the 

23 



I > 
! I 

m 

k+ T 

fig'? 

north w i l l reach the 
construction. They 
arrive at the construcr 
t i o n from 310°. So 
<3> has to be 40° or less, 
the width £f_the gap 
The waves which- do not 
break on the reef have 
a breakerdepth of ca. 
80 cm. 
Expecting a 1:50 beach-

-5m 

slope, the width of the second breakerzone i s 40 m. So the distance from the 
coast has to be at least 40 m. But as can be seen the angle of incidence near 
the monument i s large (80° - 90° )„ Due to t h i s fact sand transport i s small 
(which i s the reason fo r the shallow "platform"). 
So the transport capacity through the gap might be too small to cause enough 
transport. 
Behind the construction a small basin has to be dredged with a depth of about 
2.5 m. Because of the small distance from t h i s basin to the above expected 
settlement area s i f i s t o fear that the settled sediment w i l l flow i n t o the 
dredged basin. Two solutions are possible to prevent t h i s : 
1. The construction of a wall around the basin (which i s very expensive). 
2. To enlarge the distance d to ca 150 rn (and consequently to use of a bridge 

of 150 m). 
But even i f one of these improvements 
i s made, transport capacity under 
the bridge remains small and a shoal 
outside the bridge (near a, f i g . 17) 
might be formed. The consequences of 
such a shoal are that waves w i l l 
break on i t and cause a transport 
This transport w i l l have a northern 
dire c t i o n near a, and a southern d i ­
rection near the construction. So 
the shoal w i l l grow f a s t . After a 
short time ( a few months) the shoal 
w i l l have reached the northern end 
of the construction. Then the sand, 
u n t i l now transported by a': long­
shore current caused by small waves 
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(which did not break on the r e e f ) , w i l l come int o the area of 
large longshore transport capacity. And within a short period the 
acces channel w i l l be s i l t e d up. 
So from these morphological requirements one may conclude that 
t h i s solution might be possible when detailed data of waves and 
sediment transport are available. But they are not. 
constructive requirements 
The requirements to the staging i t s e l f are simple, f o r an example 
see f i g . 18. The protecting breakwater should be constructed as 
a rubble mound. 
The pi l e s of the staging have to be driven i n t o the bottom, which 
probably contains a l o t of coral. So p i l e d r i v i n g w i l l be expen­
sive. 
Instead of a staging a coffer-dam i s also possible, but t h i s so­
l u t i o n i s more expensive. 
For the i n i t i a l dredging one has t o expect that on several sites 
coral reefs are present , which heve to be removed. 



10. C o n c l u s i o n s 
Summarizing on can conclude that the f i r s t alternative (improving 
the existing harbour with maintenance dredging) i s favorable, 
because: 

È. The existing extention of the western mole can be used 
optimal. 

± No d i f f i c u l t i e s w i l l occur with the construction of a 
j e t t y i n coral. 

A The costs of the solution are less. 
& The costs are spread about many years, no large investment 

i s necessary. 
e 
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Investigation of data from the archives of the Dutch colonial gouvern-
ment from the Arsip Nasional at Jacarta (1913-1923) 

This annex i s written i n Dutch because of the numerous quotations from 
the old f i l e s . 
Plans to construct a Pulau Bay harbour are already very old. Private 
investors planned a harbour with regard to the exploitation of coal, 
or to the production of f e r t i l i z e r . 
The gouvernment did not allow such private investment i n harbour con­
struction. 
Three important reports are made about the Pulau Bay, v i z , a note of 
the resident (Westenenk), a report of a gouvernemental c i v i l engineer 
( i r . Van Oppen) and a report of a harbour consultant ( i r . Van Lidth de 
Jeude). 
In these reports many details about development of the area are given. 
Also much information about the f y s i c a l s i t u a t i o n of the Pulau Bay i s 
presented i n these, reports. 
The report of i r . Van Oppen Is reprinted at the end of t h i s annex. 
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Onderzoek naar de a r c h i e f s t u k k e n u i t het A r s i p N a s i o n a l 
t e J a c a r t a b e t r e f f e n d e de haven van Bengkulu over de 
pe r i o d e 1913 - 1923. 

Om dat ook i n het begin van deze eeuw de havenfaciliteiten van Bengkulu 
ni e t zo best waren, z i j n er toen a l plannen geweest voor het aanleggen 
van een haven i n de Pukiu Baai. 
Een en ander i s aan het r o l l e n gebracht door de heer Van der Vossen, con­
cessionaris van de mijn-concessie "Boekit Soer.oer" (een gebied ca 4-0 km 
ten oosten van de Pulau Baai). Om i n d i t gebied steenkool te kunnen exploi­
teren had h i j goede verbindingen nodig, en h i j heeft zich dan ook op 
25 j u n i 1914- met een request t o t de Gouverneur Generaal gewend om hem een 
concessie te verlenen voor de aanleg van een sp o o r l i j n naar de Pulaubaai 
en het bruikbaar maken van de Pulau Baai voor grote zeeschepen. De resident 
van Benkoelen, L. Knappert steunde deze concessie-aanvraag i n z i j n s c h r i j ­
ven aan de Gouverneur Generaal van 11 j u l i 1914. Ook van de kant van de 
Spoor- en Tramwegdiensten» van de Gouvernementsbedrijven en van de dienst 
Burgerlijke en Openbare Werken waren er geen bezwaren, zodat een voorstel 
gemaakt i s om deze concessie te verlenen. 
Echter, na nader beraad, maakte de Commandant van de Zeemacht op 17 okt. 
1914 toch bezwaar. Dit gebeurde omdat geconstateerd was dat de concessio­
narissen het plan hadden hun concessie over te doen aan een amerikaans 
consortium. En omdat de vlootvoogd l i e v e r geen havens i n buitenlands be­
z i t zag, heeft de Gouverneur Generaal op 21 november 1914 besloten om wel 
de concessie voor de s p o o r l i j n , maar ni e t die voor de haven te verlenen. 
Van der Vossen l i e t het daar n i e t b i j z i t t e n en diende op 23 a p r i l 1915 
opnieuw een request i n , waarin h i j stelde dat het winnen van steenkool 
alleen dan zinvol i s , als deze steenkool ook afgevoerd kan worden. 
Om goed op d i t request te kunnen reageren i s toen aan de Algemeen Adviseur 
van het Havenwezen advies gevraagd inzake de mogelijkheden en kosten van een 
haven i n de Pulau Baai. 
Op 26 jan. 1916 heeft de Algemeen Adviseur, Wauter Cool, een voorlopig ver­
slag gedaan van z i j n bevindingen. Z i j n conclusie was dat de enige r e a l i s ­
tische oplossing zou z i j n een doorbaggeren van de zandspit, en dat een u i t ­
diepen van de bestaande toegang onmogelijk zou z i j n . 
Verder moeten "om het zeewaartsche gedeelte van het te graven toegangs­
kanaal tegen verzanding te beschutten alzoo twee dammen aangelegd worden, 

welke tevens als zeebrekers dienst moeten doen teneinde het binnenvaren van 

het kanaal te vergemakkelijken. Verder zal het wenselijk zijn te beletten, 

dat bij vloed zinkstoffen van de Selabar afkomstig in de baai worden gede-



poneerd. Dit kan gebeuren door het leggen van een sfsluitdam in verbinding 

ét het havenemplacement"'. 

Cool heeft i n d i t verslag ook een raming gemaakt van de kosten. Volgens hem 
was het nodig een kanaal te baggeren met een diepte van 12 m beneden L.L.W. 
met een breedte van 50 - 150 m. B i j taluds van 1;2 betekend d i t 650.000 m3 

grondverzet. Verder zou er nog 240.000 m3 i n de voorhaven en 1.100.000 m3 

i n de baai z e l f gebaggerd moeten worden. In t o t a a l dus ca 2 miljoen m3, 
hetgeen h i j begrootte op f . 900.000.=, 
De havendammen, bestaande u i t caissons met een steenbestorting een opgemet­
selde borstwering t o t 250 + boven de middenstand zouden t o t de -9 m l i j n 
moeten lopen. De kosten worden geraamd op f. 1.500.000,=. Het havenempla­
cement zou ca f , 1.900.000,= gaan kosten. De t o t a l e ontwikkelingskosten 
voor een haven i n de Pulau Baai zouden daarmee op f . 4.500.000,= komen. 
Cool voegt hieraan toe: "Dit cijfer is Van zoodanige bescheidenheid voor 
een oceaanhaven aan de open kust dat ik aan flinke tegenvallers niet 

twijfel". 

Enige t i j d l a t e r ( i n januari 1913) brengt Cool een d e f i n i t i e f verslag u i t . 
Hierin worden de c i j f e r s u i t bovengenoemde voorlopige verslag ongewijzigd 
overgenomen. Een tekening met situering van de havendammen, de loswallen 
e.d. i s b i j d i t verslag bijgevoegd, f i g . 1 i s een deel van deze tekening 
Opmerking: het nul-niveau op deze tekening l i g t op ca. 1.10 m boven de 
middenstand, 
In het vervolg van het verslag gaat Cool i n op de r e n t a b i l i t e i t van de ha­
ven, en concludeerd dat een dergelijke grote haven alleen rendabel i s als 
de kosten gedragen worden door de exploitant van de kolenconcessie. Daar 
echter het mijnwezen t.a.v. de e x p l o i t a t i e van deze kolen een v r i j scep­
tische houding aanneemt, adviseerd Cool de haven aan te leggen door het 
gouvernement op kosten van de kolenconcessionaris. 

Na a l l e adviezen ingewonnen te hebben besluit de gouverneur-generaal 
"aan den adressant te kennen te geven dat, wat betreft het verlenen van 

een havenconcessie by het besluit van 21 November 1914, No: 16 wordt volhard 

en dat hem geenerlei uitzicht kan worden geopend op havenaanleg door het 

Gouvernement" besluit nr. 12, dd 5 j u l i 1916 „ 

Intussen heeft men b i j Benkoelen de westelijke havendam van het prauwha­
ventje voltooid. Nu b l i j k t echter dat ten oosten van deze dam de s i t u a t i e 
verslechterd. Besloten wordt daarom (Besluit nr. 28 dd 3 j u l i 1917) om ook 
een oostelijke havendam aan te leggen, en tevens een kleine w i j z i g i n g aan 





te brengen i n de r i c h t i n g van de kademuur. 

De nota Westenenk 

De Resident van Benkoelen i n die t i j d , Westenenk, was een sterke voorstan­
der van een haven i n de Pulau Baai. Om nogmaals de aandachte te vestigen 
op een mogelijke haven i n de baai s c h r i j f t h i j i n 1919 een v r i j uitvoerige 
nota over de mogelijkheden van de Pulau Baai. Eerst geeft h i j een aantal 
historische d e t a i l s , zoals b i j v . de b r i e f die Jan Pietsz.Coen op 10 dec. 1616 
aan de bewindhebbers stuurt: De schip "Enckhuysen" van hier vertreckende, 
op syn eerste gedestineerde plaetse wel (is) aangecomen, namentlyck in 

Celebar3 leggende op 34 graden Zuyder breetes daar een seer goede reede is,.. 

Daar is op dese westcuste omtrent de gemelde quartieren wel goede ancker-

grondt, maar gants geen verschut, soo dat alle den pepper van Indapouva 

mootlyck met prauwen in Ticco, Priaman off Celebar moet worden gebracht, 

ende soude het de lieden, na ons voor desen door Chinesen bericht is, veel 

gelegener wesen haren peper in Celebar, dan in Ticco te brengen". Verder 
schreef Coen dat het schip b i j Celebar bleef liggen, en dat "de oppercoop-
man Everard Deyns met de boot na Lamma Juta voer, waar hy met Radja Itam 

van Indtrapoera een overeenkomst aanging dat deze Coninck aen het schip in 

Celebar leveren soude 2000 bhaeren peper tegen 15 realen de bhaer ende dat 

2 maanden naer den dagh" 

Celebar i s een oude s c h r i j f w i j z e voor Sillebar, een nu verlaten passar 
aan de Pulau Baai. De Pulau Baai wordt i n 1658 nog meer opgehemeld, en wel 
door Wouter Schouten, die haar met moeite binnenzeilde: 
"Vonden in het inseylen van deze bogt van Sillebar, welckers omkreits met 

seer hooge bergen sagen beset soo quaden anckergront, dat peryckel liepen 

met ons schip tegens een klippige droogte, daar op de zee geweldigh sloegh, 

geworpen te worden. Doch onse anckers noch ter rechter tyt en plaetse val­

lende, wierden van sulkcks beschut, Quamen aldus behouden (Gode zy lof 

en danck voor syne genade) tot in deze vermaerde bogt van Sillebar te ar­

riveren, vonden ons niet heel verre van het Vleck der Sumatranen", 

Opgemerkt moet worden dat i n d i t c i t a a t sprake i s van klippen. Momenteel 
z i j n er langs de sp i t geen klippen. In een anderrapport vermoedt Cool dat 
in de kern van de sp i t k o r a a l r i f f e n aanwezig z i j n . Aangehaald verhaal van 
Schouten zou deze gedachte kunnen bevestigen. Anderzijds z i j n b i j de bo­
ringen, die door Dwidelta z i j n v e r r i c h t , geen duidelijke r i f f e n geconsta­
teerd. Hierbij moet wel worden aangetekend dat de gebezigde boringen met 
SPT-waarnemingen dergelijke r i f f e n n i e t a l t i j d aangeven. 
In z i j n nota w i j s t Westenenk er verder op dat de sp i t aan de mond van de 



Air Tanjangaur vroeger n i e t zo lang geweest i s . Aan deze observatie verbindt 
Westenenk geen conclusies, doch men kan h i e r u i t concluderen dat er i n de 
17 e eeuw langs deze monding een noordwaarts transport was en de baai dus 
nog v r i j w e l geheel open geweest moet z i j n . 
Ook u i t de loka t i e van twee geschutsbatterijen i s op te maken dat de i n ­
vaart van de baai ongeveer daar lag waar Cool z i j n doorgraving gepland had. 
In de 18 e eeuw schijnt Sillebar een aanzienlijke inlandse vloot bezeten 
te hebben, die i n de Pulau Baai gestationeerd was. 
Benkulu diende i n die t i j d als tussenstation voor de smokkelhandel tussen 
Brits-Indiëen Java. Het b e d r i j f s k a p i t a a l hiervoor waren Engelse gouverne-
mentsgelden, die door corrupte Britse ambtenaren beschikbaar gesteld worden. 
Een goed idee over de omvang hiervan geeft het bericht dat i n 1804 een Frans 
fregat i n de Pulubaai de inlandse handelsvloot vernietigde, waarbij een 
p a r t i j opium t e r waarde van 24.000 dollar buitgmaakt werd. Deze p a r t i j be­
hoorde aan de commisioner Mr. Ewer te Benkoelen, en was bestemd voor de 
smokkel naar Java. 
Aan de zuidkant, b i j het voormalige Pondok Kapoer bevond zich een soort ka­
de van opgestapelde koraalbanken. Westenenk kon hier nog resten van terug­
vinden. De inlandse bevolking wist ook nog te verte l l e n dat daar Engelse 
gebouwen en huizen gestaan hebben. 
Na de Engelse periode wordt de Pulau-Baai steeds minder gebruikt. Westenenk 
merkte op dat gedurende 250 jaar de Pulau Baai de grootste schepen een v e i ­
l i g v e r b l i j f gewaarborgd had, toen de ingang v r i j p l o t seling zodanig was 
vernauwd en verzand, dat vaartuigen van enige meters diepgang op de drempel 
stootten (1866). "Een Arabisch zoutschip, dat er in zinkende staat aan de 
grond kwam, zou. volgens-de .overlevering de oorzaak geweest zijn dat de ver­

zanding van de baai-ingang een versneld tempo aannam". 

Westenenk vervolgt met een overzicht van de ontwikkelingen i n de periode 
vanaf 1900 zoals het verzoek van Van der Vossen. 
Hij s t e l t vervolgens voor om een k l e i n geultje door de sp i t te graven, en 
dan te hopen dat het g e t i j deze geul verder uitschuurt. 
In het sl o t van z i j n nota betoogt Westenenk dat het verzorgingsgebied van 
Benkoelen n i e t alleen de kuststrook omvat, maar ook een deel ten oosten van 
het Barisan-gebergte, en dat het daarom zeer wenselijk i s de haven i n de 
Pulaubaai verder te ontwikkelen. 

In deze t i j d wordt door Sand en Upton een concessie-aanvraag ingediend om 
kool, kalk en andere stoffen te winnen voor de fabricage van kunstmest. 
Onderdelen van deze aanvraag z i j n tevens de bouw van een waterkrachtcentra­
l e , een sp o o r l i j n en een haven i n de Pulaubaai. Zoals te verwachten steunt 



Westenenk deze aanvraag volledig. 
Door i r . F.J. van Oppen van de alg. dienst der burgerlijke en openbare wer­
ken i n Zuid-Sumatra i s deze concessie-aanvraag van commentaar voorzien. 
Hierin i s ook een passage opgenomen over de Pulaubaai, die zeer lezenswaar­
dig i s , en daarom i n z i j n geheel als b i j l a g e b i j d i t rapport i s gevoegd. 

Op 31 october 1919 wordt wederom door de Algemeen Adviseur van het Haven­
wezen advies uitgebracht inzake de Pulaubaai, welk advies v r i j w e l identiek 
i s aan dat wat i n 1916 i s uitgebracht i.v.m. de aanvraag van Van der Vossen. 
Wel i s nu toegevoegd, dat i n het l i c h t van de nota van Westenenk (1917), 
de slechte toestand van de prauwhaven van Benkoelen en de beide verzoek­
s c h r i f t e n , een diepgaand onderzoek gewenst i s . 
In augustus 1920 wordt besloten de concessie aan Sand en Upton te verlenen, 
m.u.v. de bouw van de haven. Deze zal door het gouvernement op kosten van 
Sand en Upton uitgevoerd worden. Eveneens i n 1920, kort voor het nemen van 
bovengenoemd besluit z i j n i n Benkoelen een aantal belanghebbenden bijeen­
gekomen om zich te beklagen b i j het gouvernement over de verwaarlozing van 
de infrastructuur van de residentie Benkoelen. De resident (Westenenk) s t e l t 
zich v o l l e d i g achter deze klachten, en vindt ook dat het t i j d wordt gelden 
u i t te trekken voor een verbetering van de s i t u a t i e . 

Het gouvernement w i l hier wel enigszins gehoor aan geven en verzoekt 
i r . Van Lidt de Jeude een onderzoek te doen "met betrekking tot het haven-
vraagstuk voor Benkoelen, dus in het byzonder ten aanzien van de vraag of 
aaneene haveninrichting ter plaatse van de tegenwoordige reede Benkoelen, 

dan wel in de Pulaubaai de voorkeur moet worden gegeven". 

In een b r i e f van 19 februari 1921 aanvaardde Van Lidt de Jeude deze op­
dracht, waarbij h i j opmerkt dat het honorarium, afgezien van de r e i s - en 
ve r b l i j f k o s t e n , nog n i e t te bepalen i s maar een bedrag van F 2500.== n i e t 
zal overschrijden. 
Op 31 mei 1921 presenteert Van Lidt de Jeude z i j n rapport (37 bladzijden, 
9 kaarten en 6 f o t o ' s ) , samen met een declaratie van f 6463,=. 
De directeur van de dienst de Burgerlijke en Openbare Werken i s n i e t erg 
onder de indruk van de k w a l i t e i t van het rapport. De Gouvernements-Secre-
t a r i s i s dat wel voor wat de hoogte van de declaratie b e t r e f t , en blokkeert 
de u i t b e t a l i n g . Er ontstaat nu een uitgebreide correspondentie over het a l 
dan n i e t uitbetalen van d i t honorarium, (we t e l l e n 29 stukken betreffende 
deze zaak). U i t e i n d e l i j k wordt op advies van de directeur B.O.W. een bedrag 
van f 44-63,= uitgekeerd. In z i j n argumentatie s t e l t de directeur B.O.W. 
onder meer: "Het is zoals vanzelf spreekt, uiterst moeilijk het aequivalent 



van geestelijken arbeid in klinkenden munt te betalen. Behalve de gewone 

factoren: tijd en mechanische arbeid, schrijf- en teekenloon welke een ho­

norarium zouden moeten bevalen treedt evenals bij de kunst een onmogelijk te 

waarderen genialiteitsfactor op". 

De inhoud van het raggort Van L i t h de Jeude 

Van L i t h de Jeude begint met een onderzoek naar de hoeveelheid goederen die 
j a a r l i j k s ingevoerd en uitgevoerd worden. De invoer ( i n de periode 1911-1920) 
varieert van 14.000 - 20.000 ton/jaar, de uitvoer van 1700 - 8000 ton 
(opmerking: i n 1974 werd via de haven 8000 ton uitgevoerd en 9000 ton i n ­
gevoerd, wat ca 20% van de to t a l e i n - en uitvoer van Bengkulu was). Het ach­
terland van deze haven wordt nadelig beinvloed door het Barisan-gebrgte, en 
transport langs de kust per vrachtwagen i s erg kostbaar. Voor de dagelijkse 
levensbehoeften s t e l t van L i t h de Jeude een hoeveelheid van 50 kg per i n ­
woner per jaar. Al met a l komt h i j t o t de volgende c i j f e r s : 

40,000 ton voor 
5.000 ton voor mijnbouw 
12.000 ton voor de bevolking 
3.000 ton voor diversen 

t o t a a l 60.000 ton i n - en uitvoer 
Dit b i j een normale, koloniale ontwikkeling. In deze c i j f e r s i s een ontwik­
keling van nieuwe kolenvelden n i e t betrokken. Van L i t h de Jeude verwacht wel 
dat deze steenkool-exploitatie, i n belangrijke mate zal groeien. 
In het volgende hoofdstuk wordt de havensituatie i n 1920 beschreven. Ben­
koelen wordt aangedaan door schepen van de K.P.M., de N.I.T. en enkele 
schepen van de S.M.N, en de Rott. Lloyd. De diepgang van deze schepen va­
r i e e r t van 16' - 30'. Deze schepen gaan voor anker b i j Pata, Sambilan en 
worden geladen en gelost met prauwen met een laadvermogen van 7 - 2 7 ton. 
Er z i j n 24 prauwen beschikbaar met een t o t a a l laadvermogen van 315 ton. 
De prauwen worden gelost aan de 70 m lange kade van de prauw-haven. 
"Het bezwaar, dat ondervonden wordt is de als regel zware deining aan de 

westkust van Sumatra, zich voortplantende uit den Indischen Oceaan, welke 

indien gepaard gaande met eenigszins krachtigen zeewind, het liahterbedrijf 

ten zeerste belemmert. Beschadiging van prauwen en lading komt daardoor niet 

zelden voor, evenals de moeilijkheid voor passagiers om te landen of aan boord 

te komen. Niet zelden, eenige malen per maand, zoeken de stoombooten beschut­

ting van het eiland Poeloe Tikoes, waarbij het lossen en laden gestaakt wordt, 

of varen onverrichterzake door. 

Vit een staatje, in 1915 door den agent der K.P.M. verstrekt, blijkt, dat 



gedurende "het tijdvak 1914 t/m 17 Aug, 1915 bij het lossen van niet minder 

dan 25 stoomschepen, meer of minder lading verloren ging; een groote hoe­

veelheid van het SS van Noort op 28/6 '14. Voorts blijkt, dat vanaf 24 Dec 1914 

tot 17 Aug. 1915 niet minder dan 16 stoomschepen -niet begrepen in de 25 

stoomschepen vorenvermeld- lading, voor Benkoelen bestemd, mede doomamen"as) 

"De deining zet zich voort in de prauwenhaven waardoor het oostelijk deel 

daarvan meestentijds onbruikbaar is, terwijl daardoor een hinderlijke ver-

ondieping van de havenkom optreedt" 

In hoofdstuk I I I wordt ingegaan op de Pulaubaai. Van L i t h de Jeude z i e t 
een haven i n de Pulaubaai, gezien de hoge kosten en de slechte bereikbaar­
heid n i e t zo z i t t e n . Hij s t e l t dat een haven i n de Pulaubaai alleen dan 
overwogen kan worden, als een zeehaven b i j Bengkoelen rond 2,5 miljoen g u l -

ii 
den meer zou vergen. Daarom gaat h i j n i e t verder op de Pulaubaai i n . 
In hoofdstuk IV wordt de reede van Benkoelen besproken. 
Van L i t h de Jeude noemt twee voordelen, te weten "de aanwezigheid van ko­
raalriffen, met name Pata Sambilan, nagenoeg ter hoogte van L.L.W., waar­

door de energie der golfbeweging deels wordt uitgeput, onder vorming van 

een zware branding alvorens de eigenlijke kustlijn te bereiken. Bij laag-

water is de golf verheffing, door de branding ontstaan, zichtbaar zich voort­

plantende langs den buitenrand van het rif in noordelijke richting. Bij 

zwaar weer is het duidelijk merkbaar, dat de waterbeweging tusschen de kust 

en genoemd rif minder is dan noord- en westwaarts van deze plaats. 

Ten tweede de aanwezigheid van een vasten fundeeringsbodem, deels gevormd 

door de vorenbedoelde riffen, deels door een vasten napalbodem met redelij­

ke waterdiepte. " 

Vervolgens worden er wat opmerkingen gemaakt over wind, golven en stromingen. 
Er wordt geconstateerd dat er te weinig meetgegevens z i j n . 
In hoofdstuk V wordt een ontwerp besproken voor de bouw van een haven op 
de rede van Benkoelen. Zie hiervoor ook f i g . 2. 
"De uit te voeren werken bestaan uit: 

a. een golfbreker A-B op den oostelijken rand van het koraalrif Petba 

Sambila ter lengte van ongeveer 625 m. 

b. Een afsluitdan B-C aansluitende met het oeverrif nabij Ct ter lengte 

van ongeveer 500 m. 

x) Een ander voorbeeld, aangehaald i n de reeds genoemde "klachten van be­
langhebbenden" (15 j u l i 1920) i s een p a r t i j dakpannen voor een ziekenhuis 
i n .het."Barisan gebergte. Deze p a r t i j kwam met 30% breuk aan. 
Verder moet opgemerkt worden dat t o t op heden (1978) i n het geheel niets 
verbeterd i s . 



e. Een prauwenkanaal met noordwaarts daarvan gelegen beschermingsdam 

C-D, op den noordelijken rand van het oeverrif, ter lengte, van onge­

veer 600 m.y aansluitende met den westelijken dam der prauwenhaven 

gepaard gaande met dichting van de bestaande mond en vorming van een 

nieuwe uitmonding naar genoemd kanaal nabij D. 

d. Een havenhoofd E-G ter lengte van ongeveer 550 m tot vorming van den 

havenmond AE3 tevens dienstdoende als kolenkade voor het gedeelte 

F-G ter lengte van 200 m. met aansluitend gedeelte GH over het oever­

rif 

e. Baggerwerk in de gevormde havenkom A-B-C'D. F-E tot een diepte van 
mindstens 27" - L.L.W." 

Vervolgens wordt een korte beschrijving van de genoemde werken gegeven. 
In hoofdstuk VI worden de kosten van d i t projekt bekenen: 
a) Golfbreker A-B f > 875.000 
b) Afsluitdam B-C f > 550.000 
c) Prauwenkanaal met dam C-D f . 125.000 
d) Kolenkade met kademuur F-G. f . H00.000 

havenhoofd E-F . F < LL 5 0.000 
e) Baggerwerk f j ; 5 0 0.000 

sl u i t p o s t f . 50.000 
Totaal f.3.650.000 



Tot s l o t wordt het rapport samengevat in een t i e n t a l conclusies die h i e r 
integraal worden overgenomen. 

1. De tegenwoordige scheepvaart- en handelsbewegingen van Benkoelen recht­

vaardigen geenszins beteekenende uitgaven voor verbetering der haven. 

2. Meerdere beteekenis als uitvoerhaven ie te verwachten, door den aan­

leg van een spoorwegverbinding met het achterland, waardoor het afzet­

gebied zich aanmerkelijk zal uitbreiden. 

3. De in de naaste toekomst te verwachten toename van uit- en invoert 

door de ontwikkeling van het achterland,wettigt niet de kosten, ver­

bonden aan den aanleg van een zeehaven. 

4. Indien wordt overgegaan tot. de ontginning van de Boekit Soenoer kolen­

velden op behoorlijken schaalt dient: zulke noodwendig gepaard té gaan 

met den aanleg van een zeehaven (met aaneluitenden spoorweg). 

5. Een vergelyking met de haven van Palembang leidt niet tot de gevolg­

trekking, dat een ontwikkeling van Benkoelen en omgeving geen reden 

tot beetaan zou hébben. 

6. De bestaande haveninrichting brengt bezwaren met zich welke by aan­

merkelijke toename van het verkeer overwegend wordt. 

7. Niettegenstaande de Poelau-baai als beschutte ligplaats in het oog 

vallende voordeelen biedt, is het hoofdzakelyk wegens economische 

redenen uitgesloten, dat deze voor inrichting als zeehaven in aanmer­

king komt. 

8. De aanleg van een zeehaven te Benkoelen^ met inetandhouding van de 

prauwenhaven, voldoende aan de in de naaete toekomst te stellen 

eisohen en vatbaar voor latere uitbreiding, is blykene het aangegeven 

echeteontwerp alleezine uitvoerbaar. 

9. Alvorens tot uitvoering over te gaan, ie het noodzakelyk de gebruike-

lyke waarnemingen betreffende de natuurverechynselen en nadere onder­

zoekingen ter plaatee te verrichten. 

10. Volgens een globale raming van kosten worden met de aanlegkoeten van 

een zeehaven redelyke grenzen van rentabiliteit niet overschreden^ waar-

by de verdeeling der daaruit voortvloeiende lasten in nader overleg 

met belanghebbenden, zooveelnoodig tevoren, moeten geregeld worden. 



Bijlage 
Advies van de algemene dienst der burgelijke en openbare werken 
in Zuid-Sumatra 

door i r . F.J. van Oppen. (4 september 1919) 

Pulaubaai 
Evenals b i j de haven van Banjoewangi i s ook hier sprake van een haff­

vorming, zoals men die b i j zovele r i v i e r e n vindt. 
Deze haffvorming ontstaat door de g e l e i d e l i j k e verplaatsing van zand 

langs de kusten i n de r i c h t i n g van de zeestroming en wordt dus veroorzaakt 
door de zee, die dat zand weliswaar weer op de kusten werpt maar toch ge­
l e i d e l i j k i n de r i c h t i n g van de zeestroom verplaatst. 

Zodra met d i t zand een r i v i e r of een inham met stilstaand water ont­
moet wordt, ontstaat er stroomverlamming en dus neerslag van het zand aan 
de monding van de r i v i e r op de bodem en wel zo lang t o t deze mond i s aan­
geslibd. 

De door de werking destijds reeds ondiepe monding geeft aan de g o l f -
werking van de zee a l l e gelegenheid orn die monding dicht te slaan vooral 
i n de droge t i j d , wanneer er weinig binnenwater i s . Slechts de grotere r i ­
vieren houden haar monding ten a l l e t i j d e open, t e r w i j l de zwakkere r i ­
vieren alleen i n de b a n d j i r t i j d daartoe i n staat z i j n . 

Wegens de aldus door de zee belemmerde uitwatering zoekt de r i v i e r 
een zijdelingse uitwatering langs de kust, die haar n i e t door de zee wordt 
belet en dus i n de r i c h t i n g van de zeestroom. 

T e r w i j l de zee zand b l i j f t aanvoeren i n een bepaalde r i c h t i n g en er 
ruggen van maakt, die de r i v i e r met a l haar vermogen zijwaarts naar zee 
tracht terug te dringen, komt er e i n d e l i j k een evenwichtstoestand, waar­
b i j de r i v i e r en het door de zee opgeworpen zand als landtong als het ware 
vreedzaam naast elkaar voortschrijden. 

Op deze wijze moet mijns inziens i n het algemeen de langs de kusten 
voorkomende haffvorming worden verklaard. 

Wel kan zich ook het geval voordoen, dat de oude kust bestaat u i t slap­
pe grond zoals moeras grond en dat dan de opgedrongen r i v i e r deze grond aan­
tast en binnen de oude k u s t l i j n b l i j f t , maar i n de meeste gevallen i s de oude 
kust beter tegen de r i v i e r bestand dan het losse zand van de landtong. 

Bi j een baai als de Poelaubaai slaat vanzelf het zand neer op de 
plaats waar de golven gebroken worden door het s t i l l e water, te eerder waar er 
r i f f e n z i j n , die daartoe meehelpen. 

B i j de Poelaubaai vindt men een dubbele haffvorming. De ene gewone 
haffvorming i s die van de Selebar, t e r w i j l daarnaast met de Poelaubaai als 



begin een tweede monding bestaat, waarnaast de landtong, die b i j het r i f 
van Buffelpunt begint. 

Van de Selebar bevond zich de oude monding vermoedelijk benoorden 
de b a t t e r i j I , die van ongeveer 1756 dateert volgens het merk op de kanonnen 
t e r w i j l het oude Pasar Selebar toen ook nog aan de linkeroever was gelegen 
volgens de tekening, de baai was toen nog v r i j w e l open. 

Daarop volgde de landtong vorming t o t de monding zich verplaatste 
naar Moeara Selebar en verder op t o t waar b a t t e r i j I I de latere monding 
aangeeft.' 

Door doorbraken i n deze zich vormende landtong vindt men i n dat ge­
deelte nog verschillende doorgangen en kreken, welke echter v r i j ondiep z i j n 
Op deze landtong vormden zich de nieuwe Pasar Selebar en Pasar Atjeh. 

T e r w i j l de monding van de Selebar of Tandjongauer zo goed mogelijk 
wordt opengehouden door deze r i v i e r z e l f , w e l l i c h t ook met behulp van' b i j 
eb uitstromend vloedwater, wordt de tweede monding van de Poelaubaai bijna 
u i t s l u i t e n d door het l a a t s t genoemde vloedwater met de baai als reservoir 
open gehouden. 

De buitenste landtong, die de Poelaubaai van de zee a f s l u i t , i s on­
geveer op dezelfde wijze gevormd door de zee en het heeft lange t i j d geduurd 
voor z i j deze vorm had, waarvan de oorspronkelijk grote diepte op die 
plaats ook als hoofdoorzaak moet worden aangenomen. 

Hieromtrent heeft het archief van de Resident van Benkoelen mij enige 
gegevens verstrekt. 

Ik maak h i e r b i j de opmerking, dat het Arabische zoutschip, waarvan 
sprake i s als schuld van de verzanding, j u i s t daar moet gestrand z i j n ten­
gevolge van de nog niet zichtbare verzanding en daarom ni e t als een gewich­
t i g e factor voor de verzanding moet worden beschouwd, die toch wel geregeld 
zou z i j n voortgegaan. 

Het eerste d u i d e l i j k gegeven omtrent het begin van de landtongvorming 
vindt men u i t het jaar 1793, waaruit b l i j k t , dat toen reeds een beduidende 
landtong bestond aan de Noordzijde van Buffelpunt. 

Volgens de oude berichten u i t de t i j d van Coen was aldaar een goede 
lig p l a a t s en een v e i l i g e reda,, t e r w i j l aldaar u i t de Engelse t i j d ook over­
b l i j f s e l e n van steigers (landingsplaatsen voor sloepen) en vestiging worden 
gevonden, die er op wijzen, dat reeds toen een dergelijk begin van zandaan-
was bestond als door de bovenbedoelde tekening wordt aangegeven voor 1793. 

In die t i j d was de baai overigens nog geheel open doch was deze toe­
stand blijkbaar voor de eisen, die men toen stelde voor zeilschepen a l zeer 
gunstig. 

B i j mijn bezoek v i e l het mij op, hoe de golfvorming zich b i j B u ffel-



punt als het ware cirkelvorming omboog en zich niet onmiddelijk daarnaast 
op het strand s t o r t t e . 

Indien zich d i t verschijnsel ook b i j de punt van de oude landtong 
(1793 en te voren) heeft voorgedaan, dan geeft d i t ook enige verklaring voor 
de v e i l i g h e i d van de rede achter de landtong. 

Er i s geen bepaalde reden om aan te nemen, dat i n de t i j d van Coen 
deze landtongvorming nog i n het geheel n i e t bestond. 

Zoals i k boven vermeldde wordt de geul van de monding van de Poelau­
baai opengehouden door aflopend vloedwater. Indien eenmaal een haveningang 
zal z i j n gemaakt, dient de baai aan de Noordzijde te worden afgesloten door 
een dam b i j Pasar Atjeh ten einde zowel b i j bandjir i n de Selebar het band­
ji r w a t e r dat u i t de doorbraken komt tegen te houden als om het vloedwater 
te benutten voor de opdiepte houding van de haveningang. 

De diepte van de Poelaubaai bedraagt op het diepste gedeelte 14 M. 
beneden middelbare eb over 0.37 km w i j l de d i e p t e l i j n van 10 m een oppervlak 
van 3.42 km2 i n s l u i t . 

In een b r i e f aan de Resident van Benkoelen van de heer Upton wordt ge­
sproken over de n a t u u r l i j k e neiging der r i v i e r e n om zuidwaarts te stromen. 

Dit i s blijkbaar een verkeerde mening, daar d i t moet z i j n volgens de 
r i c h t i n g van de t e r r e i n h e l l i n g dus dwars op de kust i n ongeveer zuid weste­
l i j k e r i c h t i n g . Deze nat u u r l i j k e neiging wordt bedwongen door de zee, die 
de r i v i e r i n noordelijke r i c h t i n g opdringt. 

Ook beweert de heer Upton, dat het maken van de brug i n de grote 
Postweg over de Tandjong Auer deze r i v i e r belet heeft om zuidwaarts te gaan 
en aldus bezuiden de Poelaubaai i n zee uitmondde, i n welk geval de Selebar 
haar s l i b n iet i n deze baai had kunnen brengen. 

Ik meen, dat deze r i v i e r reeds lang haar bedding had bepaald voordat 
de brug zal z i j n gebouwd en dus deze brug n i e t zoveel schuld heeft. 

Verder spreekt de heer Upton van een opbouwing van de kust i n N.W.-Z.O. 
ri c h t i n g t e r w i j l de zeestroming i n hoofdzaak noordwaarts i s . 

Dat de r i c h t i n g van de zeestroom noordwaarts i s b l i j k t n i et alleen 
u i t de vorming van de landtong b i j de Poelaubaai en de loop van de Selebar 
monding doch b i j v . ook u i t die van de Benkoelenrivier. 

Echter z i j n er ook enkele r i v i e r e n verder langs de kust, die i n zuid­
oostelijke r i c h t i n g een hals vormen, doch moet d i t vermoedelijk worden ver­
klaard u i t andere p l a a t s e l i j k e omstandigheden of hindernissen. 

Aannemende dat de haven binnen de landtong op diepte wordt gehouden 
door het i n - en uitgaande water of anders op gemakkelijke wijze op diepte 
kan worden gehouden rest thans nog de haveningang z e l f te bespreken. 

Ten einde n i e t a l te veel werk te hebben aan opruiming van koraal zou 



men een plaats moeten uitzoeken met weinig koraal, waardoor w e l l i c h t vroe­
ger de baai werd binnengevaren vooral omdat men dan gemakkelijker kan bag­
geren. Vermoedelijk zal d i t baggerwerk wegens golfslag en deining n i e t zon­
der bezwaar gaan. 

Uit d i t oogpunt zou dus een punt benoorden de k u s t l i j n 1793 i n aan­
merking kunnen komen. 

Deze doorgraving zou echter wel een lengte van 1000 m. (afstand 
tussen de dieptelijnen van 10 m) hebben; b i j een breedte van 50 m en een 
gemiddelde diepte van 10 m geeft d i t reeds een grondverzet van ongeveer 
een half millioen M3. 

De voornaamste bescherming van de haveningang tegen de zee zal wel 
z i j n een havenhoofd aan de zuidzijde, dat zich desnoods verder i n noord­
westelijke r i c h t i n g om buigt. Met het oog op de s o l i d i t e i t van d i t hoofd 
zou het w e l l i c h t de voorkeur kunnen verdienen om d i t hoofd te beginnen op 
het r i f van Buffelpunt en de haveningang even benoorden daarvan te maken, 
doch vermoedelijk z i t i n de landtong aldaar veel koraal hetgeen de kosten 
sterk zou verhogen. 

Op den duur zal het u i t het zuiden aangevoerde zand zich buiten dat 
hoofd neerzetten en dus de diepte van de zee aan de kust doen verminderen 
doch d i t kan geruime t i j d duren. Ook aan de monding kan dan aanzanding 
plaats hebben, welke slechts met moeite en met grote kusten kan worden 
verwijderd. 

Alvorens een beslissing te nemen om de Poelaubaai te maken, dient dus 
een grondig onderzoek te geschieden naar het voorkomen van koraal op enkele 
plaatsen, die voor de haveningang i n aanmerking komen, t e r w i j l ook nadere 
waarnemingen omtrent de zandverplaatsing langs de kust evenals b i j de haven 
van Banjoewangi dienen te geschieden. 

Een opname van dieptelijnen i s vroeger reeds door de ingenieur van 
Haeften v e r r i c h t , een calque van deze opname zal wel b i j afdeling H berusten. 

Met deze gegevens zou dan ten s l o t t e een ontwerp voor de haven kunnen 
worden opgemaakt en een begroting van kosten, doch dan dient nog het maken 
van deze kosten gerechtvaardigd te worden door te verwachten i n een uitvoer 
i n v e r g e l i j k i n g met de bestaande prauwenhaven, die men dan zou w i l l e n verlaten. 

Dit dient met c i j f e r s te worden aangetoond. 
Om als oceaanhaven te dienen zou de Poelaubaai de concurrentie van de 

Emmahaven moeten breken. De toestand moet dus a l zeer gunstig worden en suc­
ces te geven, daar anders de grote vrachtschepen de voorkeur zouden kunnen 
geven aan de Emmahaven als enige aanleghaven. 

Zelfs i s het de vraag of de Paketvaart met het oog op de grote kos­
ten van de haven, waaraan z i j zou moeten medebetalen, er niet de voorkeur aan 
zal geven om buiten te lossen en te laden ook met het oog op t i j d v e r l i e s . 


