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introducﬁion'

This report is concerned with the technical study and
cost estimation of the dredglng work for the removal of four
shoals 1ocated in the SLralt of Slngapore. ' '

Tn order to obtain the basic data for the study the
following field surveys were conductedAat the gite. These
surveys were conducted during the period of October ahd Novern-
ber 1978 by the survey team of the Government of Japan with
cooperatlon of the Government of Singapore.

(1) Sounding survevy.

(2). Geophysiéai expleration
(3) ' pBoring.

{4) Submarine observation.
{5} Test dredging

Cost estimation of the dredging work was made for the
cagse of a-Japanesé agency ordering to a Japanese contractor as
a contract work. Therefore, should there be changes in the
conditions, the contract work cost and work administration
cost would have to be corrected. It is also neCQSSary to add
the price contingency when the time of commencement of the

work is made clear.
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1. . Winds and Waves
1-1. ‘Winds

... . Now looking the winds in the Qicinity'of the Strait of
Slngapore fxrom the recoxrds of observation at the Raffles nght—
house (Apr. 1976 - Mar. 1977), the predominant direction
throughout the year is casterly, north-eastern wind being pre-
dominant during the period of from Decewber to March and south-
eastern wind in April to September, But, in October and Novem-
ber, the wind direction is not constant, and even a westerly

wind is noted;

With respect to the w1nd speed, the characteristic
breeze in the tropical zone is prevailing, with the winds of
5.5 m/s or higher emerging at a rate of about 30 percent and
those of 10,7 m/s only at a rate of 1 percent,

In this water area, however, a squall often accompahies
a gust before and after it takes place with wind waves of about
50 cm generated so that for operation of smaller boats this '

point should be noted.

1~2, Waves

The Strait of Singapore connects, at its east end, to
the South China Sea so that greater swells and wind waves are

apt to emerge towards the east.

Where the four shoals are located is the water area in
the west of the Sakijang Pelepah Island. It is the narrowest
water area in the Strait of Singapore and brovides a great
sheltering effect with a numpber of islands spotted here and
there, and the sea is relatively calm.

_ Obsexrvation of the wave heights in this strait was
conductad by PSA for a period of about one month from Januvary
23 to February 21, 1976, in the vicinity of the Johore Shoal



off in the east of Slngapore in use of buoy type pressure wave
rGCOIdeTS of Holland made.

According to the'result of the 6bservation, wéves of
5 feet of less in ﬁhé'sjgnjficant WAVe héi@ht'accbdnted for

95 percent or those of 7 feel or less in the maximum wave
helght for 91 percent in the winter when the waves were larg-
est throughout the vear. The water area where the shoals are
‘located is ¢onsidered to be nore calm as stated above so that
‘there will be no particular hazards caused to execution of the

dredging work.

However, as stated later, the shoals are located near
the boundary of the traffic zone in the strait and the inshore
traffic zone so ‘that the dredging work will normally subject
to the waves in the wake of large ships navigating nearby.

Such ship waves will be as high as 1.0 - 1.5m so that
¢are should be exercised in the work.



2. Tida] Cuxrentq

The tldal current% in the vicinlty of Slngapore are
subject to the 1nf1uence of the tropic tide and are dlurnal
qenerally In the port area and the strait traffic zone,
the west- bound current is predomlnant,'and its duration is
14016 hours a day. ' R -

_ Now seeing the currents in the Stralt from the current_
tables at two p01nts, or Gusong Toweyr and Batu Berhantl, in.
the Main qtralt which are relatlvelv close to the shoals, a
considerable dlfference is noted between these two p01nts. -

Taking the occurrence of the daily maxirmum current
speed, the days'of a maximom speed less than 3 kn is about
170 days at Batu Berhantl aqalnet 350 days at Puqonq Tower,
and when the annual max1mum current speed is taken, it is
q1ven as 4. 3 kn at Batu Berhantl, whlle it 1s glven as low
a value as 3.4 kn at Gusong Tower.

%uch is, of course, conceivable from the topographic
configuration of the area in the_v1c1n1ty of the strait, the
line connecting the St. John Island and Batu Rerhanti re-
pregenting the narrowest part of the strait and being thus
congidered to be'the place where the current is fastest.

The measurement of the current speed was conducted
in use of an automatic propeller current meter borrowed from
PSA for short hours on the occasion of test dredging at
Shoal A on November 2v4 against the current table of Gusong
Tower. Tt will be noted that the tidal current at Shoal A
has a delay of about 1 hour from that at Gusong Tower and
alsc. a speed about two times or more qreater. Consequently,
the tidal currents at Shoals A and B seem to be close to the
forecasted value at Batu Berhanti rather than that at Gusong
Tower. | ‘

According to the visual observation at the time of
test dredging at Shoal A, the westerly current flowed néarly
parallel to the traffic zone, while the easterly_current
seemed to flow in the direction E rather than NE, and at the
slack water, the sea was not completely stili hut geewed to
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the 5= current remaintnq .

B Thus, in moorlng and fixing the dredqers at the sxte,‘
if 1t is posmtloned parallel to the trafflc ‘zone, it will
recelve a strong current on 1ts srde from the norhth, makinq
lt dlfflcult to f1x the posrtion, 80 that it will be requlred
to prepare for such current Wlth suffrcrently strong anchors
,and anchor chelns.

_ Next,'seelng the annual current dlstrlbutlon by speed'
and by month from the forecasted values at Gusong Tower, the
perlod of December to narch when the northeastern monsoon is
prevarllng seems to correspond to the worst perlod of

tldal condltlon in the strait.

' Accordlng to the current table of Gusonq Tower, the
hours of a current speed less than 1.5 kn constltute about .

75 percent throuqhout the- year. Thus, from the foreg01ng
considerat;on, the hours of a current speed less than 3 kn
Sine the v1c1nlty of Shoals A and B seem to be of the same per~

.centaqe.



3. Tdﬁdqfébhie’ﬁéatdreé“an& Soil conditions of Singapore

L Genera] |

| The Slngapore Island Lakes a rhombic form extendlng
for about 20 km south and north and about 40 km east and west
and presents different topographlc features on the. east and - '
‘west sides about the rallway running eouth and- north slightly
on the ‘wéstern side of the center of the lsland.- :

The west side of the railway comprises a number of
undulatlons w1th small hllls, while the central part consmsts
of a succe551on of dentle hills.

The east side is of a_helght‘of'about 20 m”ébove the
sea and presents a gentler topography than the oehtfal part.

The highest height of the island is the’ Buklt Timah
Hill ‘at 166 m, . _ :

~ Such topoqraphlc features reflect the soil conditions
clearly. ‘That is, the area showing a topography of relatively
laxge undulations on: the west side conslsts of- ancment sedi-
mentary rocks, while the central part conﬁists of qranlte.

The area on the east side: con31sts of dlluv1al de~
posits of a re]atlvely low degree of solidification. Ad-
ditionally, there is a relatively extensive distribution of
alluvial low land zones in the Jurong area and along the
Kallang River. ' o

Shoals A and B are located at the tip end of a suc-
~cession of islands, or Sentosa 1sland, Tekukor Island and
'Sakijang Island, lying in the SE~direction from the north,
and looking south from the shoals, shoals are lying succes-
sively'ih this direction to the Sambo Island of Indonesia.

Obvxously, such topographlc elevatlon may be taken
as to be reflectlng the structure of Jurong Formation of
‘anC1ent sedimentary rocks. .- R -

For éhoals ¢ and D, they may be taken'simiiarly'as
those in 11ne with the 1slands of Jurong~Bukom~Sebarok ex-
tendlng in the SE dlrection.



3 _ Thus, in the area of the Strait of Singapore £xom
Sakijang ISland to Senanq Island, it seems that the bottom
configuratlon is a reflectlon or the soil structure on land
‘As the regult of the aurvey, it was found that the
shoals had all the Paleo701c Juronq Formatlon dlstrlbuted

3-2 Topbgraphmc Conflguratlons of Shoals

_ To qraSp the topographac conflquratlons of the shoals
and ad301n1ng bottoms,_a soundlng survey was conducted w1th
a precmslon -echo- sounder deslgned for shallow water used at
'a measurlng line interval of 25m average. The resultlnq
topographlc conflguration of the respective shoals will be
descrlbed 1n the follow1nq. '

) . Shoal A _ _

. _ This shoal is situateduut“about 2.0km -in the south
off the Sakijang Bendera Island in the west~bound lane of the
traffic zone in the Strait of Singapore close to the boundary
on the inshore traffic zone. '

The shoal shallower than the depth of ~-21.0m lies
SW—NF nearly parallel to the traffic zone in the Strait in
the form of an oval of a length of about 100m, width at the
central part of about 40m and area of 3, OOOmz.

The shallowest place -is located 1n the northern part
of the shoal, and its water depth is -17.0m. With the net:
volume of shoal over the depth -21.0m at 5, 000m3, this shoal
‘is the smallest except Shoal D among the four shoals.

The water depth in the peripheral area of the shoal
is generally greater than -23m. But, there is a shallow
place of =22,0n23,0m present in the southern part of the
shoa] 80 Lhét there'is a possibility of a shallow place less
than ~21.0m being present in the range which was' not covered
by the survey of this time. : - '

(2)  Shoal B

' “This shoal is 51tuated ‘in ‘the 1nshore ‘traffic zone
about 1.5km in the south off the Sakljang Bendera Island and
.lS contlguous upon Shoal A,



This shoal eomprises'éli’latge SHéllows and several
smallex shallows épotted‘erOuhd the large-shallows and, being
constrained by the solil cond:tlon and the directlon of current,
'presents a- complex form. Further, with greater undulations
‘of the bottom than those of Shoal A, there 13 a pOSSiblllty
of a shallow place ‘leds than ~21.6m belng preSent 1n the area
 outside the range of the present survey 80 that care should
be exercised. ' .

' The shallowest place is located at'the west end of
the Qroup'of shallows, and with a depth of ~11.7m, it is the
shallowest place throughout the Shoals AWD.

The net volume of shoal over the depth ~2).0m is

3 with area of 34,300m°.

88, OOOm

{3) Shoal C _
' This shoal is situated in the lnshore traffic zone
about 2.,5km in the south east off the Sebarok Island.

The shoal of a depth shallower than ~21.0m has an
extended oval form with a length of ‘about 750m, width of '
about 250m at the central part and area of 126, 300m2

Lying . in ‘the dlrectlon of NW-SE, it repreeents the
soil structure | '

The shallowest place is located at the central part
of the shoal, and its depth is =-13.3m. '

Thig shoal ig the largest among the four shoals with
a net volume of shoal over the depth ~21.0m at 389,000m3.

(4) ghoal D ' |

This shoal is Sitﬁated in the inshore traffic zone
close to the border line to the traffic zone in the Strait
at about 3.0km in the south off the Sebarok Island. '

The shoal over the. depth -21.0m takes a square form
w1th a length of the side at about 50m. The shallowest place
is located at the center of the shoal With a depth of -18 3m,

it is the deepest place throuqhout these four shoals.
| _ The Shoal has an area of l 700m2 and a net volume of
shoal at 2, 100m and is thus the smallest among the four

ehoals.



3»3___ SoilnConditions-of;Shoalsﬁ

3}341 Qmearine Observatlon
_ o In order to confrrm the tOpographle conf:gurations of
_,the bottOms and the surface deposlts of the Shoals AND, a eub~
marlne observatory 1nvest1gatlon was conducted
The rnvest1gat10n 1ncluded v1sual observatlon and

_'photographlng of the bottom conflguratlons and sampling of
the deposrts.

(1).- Shoal A L ,

As the result of the submarlne obeervat:on, it was
fouud,that-the surfacé was a zone of bare rocks with undula-
ticns of about 0.5m in helqht. ' '
| on the surface of the Shoal, there was noted a level
surface which had a'width of only 10+15m, and this level surﬂ
face also included undulations of about 0. 3m0 Sm, and there
was no completely flat surface present.

The rocks formlng the shoal were of alternate layers
of sandstone, conglomerate and mudstone,tand cracks were
noted at . an ‘interval of 20%500m Large beulder of conglo~ _
merates of 0, lnl,0m diameter were seen here and there on the
surface but in.a very small guantity.

{2} Shoal B , _ . _
' This shoal has a bottom confrquratlon of many undula-~

trons with no flat surface observed as in the case of- Shoal A.

. According to the result of the sounding survey, & flat
surface of a width of about 10m was noted at about ~24m, but
o flat surface having a width of 1pm or more was noted at
a_depth of ~20m ox less | |

- Slopes from one flet eurface to another were generally
of sharp anqle and have e head of 0. 5%1 Om.

|” Con51der1nq from the result of observatlon of the soil
structure on land thrs head seems to reflect the feature of
the soi}) structure in ‘this area. - The Jurong Formatlon con-
stltutlng thls area 1s of a relatlvely sharp angle of dlp,
while it is composed of alternate 1ayers of sandstone, conn
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qlomerate and’ mudstone, 80 that lt is presumed that it under-
_went a: different1a1 ‘erosién. - ' S
" For the deposmt on the bottOm, gravels are dlstributed
in the ‘dents, but the other part has the rocks exposed as in
the- case of Shoal A. : ,
Sampled - rocks from the surface were sandstone and
cong]omerate _ : L
' Judqlnq from the foreran result of . bottom observa-
tion and the soil structure on land, both Shoals A and B--
are con51dered fo have similar soil conditions.

(3 Qhoal c .

Seelnq from the result of the soundlng survey, this
shoal has a bottom configuration unlike to those of Shoals A
~and B, presenting.little‘undulatiOn and a'relatively.smooth.
topography. ' |

From the result of the submarlne observatlon, the un-
dulatlons have a height of. only about 0.3m, formlng a gentle
slope of 245%, and the topography is scarecely changing sharply.

2s - the depOSit‘oo'the'bottom, coarse sandooonsisting
mainly of shells was noted in small dents.

The progected parts have rooks exposed, and the 5011
is composed malnly of sandstone and conglomerate.

{4) shoal D

| The bottom configuration of thlS shoal features in that
a number of round sandstone boulders are deposited on the
surface. . ' : .
- The round poulders had as large a diameter as 1m
maximum, and there was a deposit of sand and silt noted bet-
ween the boulders, whllt no bare rock was observed,

The collected samples were of reddish hraown sandstone.

3-3~2 . Results of Borlnqs , . _

To see the soil composition and the extent of weatherlng
in the dlrectlon of deoth of the shoal, three rotary horings
were carried out in shoal C where 1t was possible to erect a
borina frame.



{1y Borlnq Cml- - :

In this borlnq, a hole was’ drlllcd for akiout 10 i
from the ‘bottom qurface (A C.Dy ~17419 m) to A.C.Dy ~27.54 m.

- The 8§01l was comprlsed of tuffacedus sandstone and
tuff, the former being from A, C.D. ~17. 99 moto =21,69 m and
the latter from ~21.69 m to =25, 79 m.

. The soil was qenexally weathered strongly, and the
value of standard nenetratlon test lnto the tuff was 50 blows/
l6em. _

(2) Boring C~2 _

In this borlnq, a hole was drllled for about 10 m
from the bottom surface (A. C.D. -15 65 m) to A.C.D. - =25,85 w.

From A.C.D. ~16.45 m to -19.45 m was a layer of reddish
brown stiff clay including qravels of a size of 243 mu spotted
here and there. | |

~ From A.C.D. ~19.45 m to -25.85 m was a layer of alter-
nation of tuffaceous sandstone, mudqtone and conglomerate.

Tn this borlnq, it was noted that the 8011 was weathered
strongly throughout the layers to arqllllzatlon except
gravels in conqlomerate '

(3) Borlng C-3 .

In this horing, a hole was drilled for 3 m from the
hottom surface (A.C;D. ~15.60 m) to A.C.D. ~18.60 m.

~ The boring gave conglomerate throughout the layerx,
with the matrix composed of sandstone and mudstone,

| The gravels were smaller than 20 mm diameter and
were scattered in the mudstone.

Judglnq from the foreq01nq result of borlnq, the soil
of Shoal C seems to correspond to Jong Faces in Jurong

Formation.

3-3~3 Geophysical ?xnloratlon :

| For Shoals AvD, geophysical exploration was conducted
at a meaqurlnq line interval of 25m average. ' '

_ * Consequently, it was found that the shoals had invari
: ably-the rock bed present-from the_bottom surface without any

._,,10_



deposit covarjng the rock.

It is reported, as the result of an 1nvestiqatlon “of
}ubmarlne obqervation, that 1n Shoal AmD, the bottom surface
is comprlsed of the rock bed or boulders and that %hoal c hasg
the rock bed exposed with dQPOSlLS noted from place to place
in the dente of the rock bed The requt of geophyelcal
exploratlon is in agreement with the foreq01nq result.

3-3-4 Result of Test Dredging

Test dredging was performed on Shoal A in use of a
grab dredger with a 7m3 grab bucket (60 tons).

The dredging was made by excavating flat the'vicinity
of the peak of the shoal for about 20m by 20m and pit dredging
a point. in such area, .and the total volume of soil of test
- dredging was about 700m3 in a loosened state after ekcavation.

(1} Observation of collected samples :

| The samples:collected from Shoal A by grab dredging
were sedimentary rocks called Jurong. Formation in Singapore
comprising sandstone, mudstone and conglomerate deposited in
the Mesozoic. _

The collected rocks were generally in the form of
lumps of several to several tens centimeters, and those taken
from the bottom surface had sea weeds and coral attached and
the surface oxidized into a brownish color.

The largest block of rock among those collected in
the tegt dredging was a conglomerete of about 150cnuxl50cmx100cm.

Lithologically, the rocks are weathered and soft
generally and,. when hammered, are fractured readily along the
bedding plane, with dull sound. The composition of the '
rocks collected in the test dredging 1s considered generally
to be conglomerate: gandstone: mudstone = 5:3:2, and the
result of observation of the respective typical samples'is

given below.

'nConglomerate .
Presentlng a bluish gray or brownlsh color. The
qravels are, for the greater part, subpebbles or pebbles of
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about 2w3mm diameter, the 1argest size being about 20mm.

" the gravel 1tself is: hard but the rock jtself is of
looge solldification and, when hammered, lS crushed relatlvely
ea311y w1th duLL sound..- ‘

_ Partlally, there were observed relatlvely hard mllky
WhltG to bluish gray conglomerates contalnlng a quartz veln of

about lemm thlck

~Sandstone ‘ .

_ Presentlng a bluish or. greenish gray or brownish colorx,
and 1ncludlng partlally granules of 2m3mm diameter. ‘

The rock is brittle in guallty and  can be crushed

readily by a hammer and partially by hand. In the rock
blocks are developed beddlng planes at an 1nterval of several
to several tens centlmeters.

~Mudstone _ 7 _

Presenting a bluish or:greenish gray or brownish color .

The rock is brittle in quallty and, when hammercd
crushed readily w1th a dull sound, In the rock blocks are
seen bedding planes at an interval of several to several tens
centimeters, ‘and the blocks are parted readily along such
bedding plane.-

_ As ‘described in the foregoan, ‘the pit dredglng at the
gaite poxnt by means of_grab bucket was made to a depth of ~23m
in order to examine. the extent of weathering in the direction
of depth, but little change was rioted in the extent of
weathering of the rock. '

_ The hardness of the respective-roCks'obtained by a
Mohs scale of hardness as a measure of the extent of weathering

is .given below:

Conglomerate 345;
- Sandstone ' - . 3a6; and
Mudstone - 204,

‘The foregomng agrees well with the results of fleld observa-
tions. The sandstone shows a relatlvely high value of
hardness at. 6, but 1t had beddlng planes developed well and
is thus brlttle. ‘
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(2).- . Grab efficiency of grab bugket e .
‘Now calculatlng the mean grab. per operatlon of gtab

 bucket from the -total volume of soil excavated in the test:
dredging and the total number of grab operatlons, there wasg
Obtalned, upon Lhe volume of soll measured 1n the barge at
690m' and the total number of grab operations at 235 (except
void grabbing due to overturn, etc, of the grap),

*Mean grab per operation = 690/235 = 2.94_(m3),.or

Grab efficiency =:2.94/7.0 = 0.42;

=13 -~



4. Survey of Dangerous Objects

The shoals belng exposed in the’ deep waters with fast
currents,'lt wasg prospected ‘that there would beé little pos~-
siblllty of bombs and shells being present. But, in the e
present’ survey at the- site, there were disdovered ten 500 1lbs -
bombs - and’ a: number of’ antl alrcraft shells and machine gun
shells near the peak of the Shoal A

Dlscovcry of the 500 ibs bombs -was immediately
nOLlfled to- the government authorltles concerned, and they
were dlsposed by blasting at- the site by’ the hand of the
Navy. Of these ten bombs, nine exploded completely with con-
SLderable power.,

Fortunately, no mine was discovered in the area of the
present field survey. But, in view of the past dlscovery of
' dangerous objects in the offshore water area of Singapore,
possibility of the presence of mines in the dredging area is
by no meéans negated, while the bombs and shells stated above
involve a great danger to the work. Thus, it is considered
to be indispensable to c¢onduct a complete sweeping survey of
the dredglng area before the work is commenced.

Shoals A, B and C have no deposit at all respectlvely,
while Shoal C has sand dep051ted only in a thin layer so that
burial of dangerous objects is not conceivable. -Thereofore,r
no magnetic survey is required, but the direct observation of
the bottom by divers -will be an effective method.

Where skin diving is employed for submaxine works,
there will be only a work time of 1 hour available at the
tlme of slack water (tide turn) on account of the depth and
_current. In the_stralt area, the diurnal tide is qovernlng,
and one of two slack waters a day often occurs in night so
that the daily working hours will be very short. Thus, it
will be required to use a number of divers simultaneously.

where an exp1031ve object is found, the disposition
team of -the Navy of Singapore will come , upon reqguest, to the
_smte on the same or neéxt day. But, the lelng hours are
limited, while the blasting work may not always be finished
in o6ne day. Thus, it is important to allocate a sufficient
time of work for the sweeping survey prior to the work.
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5. . Transit Ships : - AR
' According- to the result of a 3urvey.condu¢téd'jbiﬁtlf
by PSA and Marine Department of the ships passing thrdugh the
Strait of Singapore, the monthly traffic of ships as of _
October 1976 is about 4,500 ships. By the type of ship, the
cargo boats account for 59.4%, tankers for 27.9%, other bulk
carriers for l 4% and passenger ships for 1.4%, Partlcularly
noteworthy is the number of large tankers passing through the
Strait of Singapore. :
0f these four shoals, the Shodl A is located in the
west-bound traffic zone, while the other Shoals B, C and D
in the inshofe traffic zone. Shoals as they are, there is
a sufficient water depth so that they pose little hazard to
the traffic except the fully loaded large tankers. Thus,
there are many ships passing over the shoals presently.
"Accordingly, when a dredger is fixed on any of the
shaols, it isg 1mportant to take measures for safety with, for
example, lighted buoys properly 1nstalled to prevent ships
from enterlng into the work water area and causing accidents.
What is con31dered to be partlcularly important from
the experlence of the field survey conducted this time, is the
countermeasures to the wast- bound large ships in the case of
dredging of the shoals A ang B. ' _

_ Presently, the west~-bound ships are nav:gatlng with
the lighted buoy on the Hambat Shoal seen on the right side.
Here, in order to clearly indicate the survey area, the Shoals
A and B were surrounded by three lighted buoys, when the
west-bound large ships ran often into the area by mistake,
and it was very dangerous. It will then be reguired to give
consideration to the period of circulation of the work and
for increasing the number of radio warnings by PSA. '

Adéitlonally, it is impoxtant to take care of the ship
waves of large vessels or high speed boats nav1gatlng in the
proximity.

_The Shlp waves are dlStlﬁgUlShed in the wake of a con-
tainer ship or war vessel navigating at a high speed rather
than a large tanker and are sometimes as high as 1.001.5 m.
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Such waves are hazardous ‘hot only. to the work boat
1tself ‘but to. the gafety of the smaller ancillaty boats guch
as anchor boat, passenger boat, etc,, inducing unexpected
‘accidents so. that for such smaller boats,. adequate types and
capacities must be chosen with, of course, due consideration
given to-the fast current. . ' ' _

Presently,:wheré a large grab dredger is opérated, use
of a tug/anchor boat of 1,000~1,500-PS class is noted, and
“such will insure safety. : -
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6. Dredglnq of Shoals
6-1  Examination . of Dredging Method

From the result of.investhation of the rock qdality
stated above, the rocks belong to tﬁé so-called soft to
medium rock so that in dredging, no special method such as
blasting or rock crashing by means of rock breaker will be’
reqﬁired (if used, it may result in hiéher‘cost) but that
‘direct dredglnq by imeans of dredger wlll be practicable.

' when the rock quallty only is taken into considera-
thhS, a grab, dipper or pump dredger is usable. But, when
the field conditions.are taken into account such as that the
drédging is to be made deep at =21m, that the current ls fast
as about 5kn maximum and that the bottom including the shoals
and their vicinities are_of-undhlaﬁinq rocks, the.dipper
dredger is not usable in that the maximum dredging depth of
the dipper dredger available in our country is -16.0m while
‘the tide level at the site is abowt 3m.

 From the depth of dredging, the pump dredger is usable.
But, since the bottom material is the 31oping and undulating
rock, it wili‘be impossible to fix the dreger with spuds.
A Christmas tree method not in use of the spuds may be used.
But, in the fast current up to okn and against the relatively
small areas of dredging of Shoals A, B and D, there will be
great dlfflcultles involved in obtalnlng accuracy in fixing
the stern and for swinging. Thus, in the present case,
the pump dredger is considered to be inadequate.

From the foreéoing examination, the optimum dredger
from the technical as well as economical point of view is the
grab dredger. Thus, from the result of the test dredging at
‘the site, a methbd Of'usin@ a heavy or ulﬁraheavy grab
bucket having a capa01ty of 7m3 (60t) or more was taken as an
ob]ect for estimation of the work cost,

In this case, whether a 7m3 (60t) class grab bucket or
a larger one (13m3(120f))should be used ‘is dependent on the
total volume of soil to be dredged and the specified work
period, Thus, comparative estimations wére made for 'the
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'rpspective:cases of'dredqing.'

In the dase where ‘a 1arge grab

type dredger is used, this ¢lass: dredger is not available “in

- the . vmcxntty of Slngapore presently §0 that it is. contemplated '
to bring the dredger from Japan.

642_ | Work programme
6~-2~1 . Dredglng Quantlty
'_ "_ ) .Table,Dfé&Qing quaﬁtity by.shbal
-\\\\Qgiétity' Predging} .. Net Extra Total ¥
o area dredglng dredglng Quantity
Shoal (r2). {m3}
A 2,972 | 4,938 | 2,378 | 7,320
B 34, 332 '88,038 | 27,466 115,500
C 126 345 389,146 101,076 490,220
D 1,669 | 2,149 1,335 | 3,480
Total 165,318 |484,271 132,255 616,520
K The total quantlty is the sum of net dredging
and extra dredglng and is represented with
the figure in the unit's place rounded.
 Work Hours and Monthly Quantity of Solids Dredged

Work hours a day:

‘Operation hours a day:

Work days a month:
Monthly quantity of solids dredged:

3

7m Grab dredger

13m0

Grab dredger:
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24 hours

18 hours
24 days

Shoals A, B and D :8r035m

Shoal ¢ _
Shoals A B and D 18, 403m
Shoal C

14,430m

34,690m
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6-2~3 Fleet. Composation

The followxng two klnds of fleets Wlll be used in
combinatlon, as requlred o

Heavy type Ultraheavy type
-+ grdb fleet - grab . fleet
Grab dredger DE-1600PS, 7m° DE<3200P$, 13m°
R o : - grab, 1 - grab, 1
Tagboat © p-1100PS  D-2000PS
Anchor boat  D=120PS8 | D-~360PS
Hopper bafqe 2 (500m3;fbottom 2-(800m3, bottom
) ~ door type) _ door type}
Passenger . 'A(Woodeﬁ, D=100PS) éi{Wéoden,'DﬂlOOPS)

boat

The boat 9051t10n is to be secured constantly by .
a radlo range finder.

6~2-4 Dumping Area

The=dumping area will be chosen in the gouth of the
semakau Island as shown in the attached chartlet.

6-3 Cost Estimation
Before looking into the attached table, the fOllOWlng
pomnts should be noted.

(1) This estlmatlon was made in December 1978 thh the
rate of conversion of Singapore dollar to Japanese yen at
1 8% = 90.9 yen.

(2) With respect to the availability of the working craft
at the site, a 7m3 ciass dre@ger is preSently working in

' Singapore water area, and a 13m° class dredger will be brought
from Japan. Therefore, should the time of commencement of the
wbrk be delayed, this must be reexamined. '
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(3)..  The following items are not indluded‘in this estima-
o a. 'Where documentary procedures are requ;red for
| _entry or exit’ of the boatq and personnel- 1nto
or out of the port area for the gake of the work,
'ecost elevation due to degradatlon of the efficiency
o on account of the resultlng etandby, etc.
b, Cuetom dutles for the vessels, equlpment and
_ meter;als brought into Singapore for the sake
.'of the work, -and port dues to the vessels as

forelqn vessels,

¢.  Fees for use of basins and’ publlc Jetty,
d, Expense of demollshlng dangerous objects when
 thosze. are discovered at the site; and
e. Cost for price increase of commodities.
(4) In the miscellaneous work are included the following:
a. Expense of diver survey of dangefoue objects;
‘b; Expenge of installatien, movementuand'maintenance

of marker buoys;
c. Expense of‘warning_system for neVigetih§ vessels:
d..  Survey expense for cémpletion'insﬁeCtion; angd’
e. - Sampling and testing expense of &redged soil.
{5)  Rs superVisianboats, a launch and a speed boat are
to be provided when these are requested '

(6) ' The physxcal contlnqency is applled where an extra
cost is ‘required for removal_of rock which is dlfferent from
that initially foredasted when such is encountered.
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