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PREFA'CE .

In pursuance of the agreement reached belween the Govemment of the Repubhc of
Singapore and the Govemmenl of Japan conceming the conduct of a stady on the esti-
mate of cosls required for the removal of four shoals in the Strait of Smgapore the Japan .
international Cooperation Agency (JICA) camed out the study

JICA organized a steering commlttee headed by Mr. R. Nakamura Director of the
Yokohama Investigation and Design Of fice, the Second sttnct Port Construction Buzeau,
Ministry of Transport and a survey team comiprising engineers of the Overseas Coastal
Area De\elopment Institute of Japan and Kokusai Aerial Survcys and dispatched experts
to Singapore to carry out SUurveys.

~After completion of the fi eld survey, the tcam analyzed and examined in Japan the
informalion and data obtained in Smgapore and has completed the présent report for
submission to the Government of the Repubhc of Smgapore

I would hke to express my hearlfelt appreaahon to the Government and the people
concermed of Singapore for their close cooperation and assistance extended to the survey

feam. .
| . Shinsaku Hogen
President

Japan International Cooperation Agency
Tokyo, Japan

February 1979






LETTER OF TRANSMITTAL

Mr. Shinsaku Hogen
President
Japan lntematlonal Cooperahon Agoncy

Dear 8Sir; :

We have the pIeasure to submlt hen,wlth a reporl on the Technical Study on the
Dredgmg iject of the Strait of Smgapore :

The study team conducted sun'eys on the pro;cct in Smgapore from September to
Novembet in 1978. :

In addition to the summarizing and analysis of the ﬁndmgs of surveys conducted in
 Singapore, examination of dredging method and work cost are studied in this report.

it should be noted that the Port of Smgapore Authonly has expressed its desire that
this project must be executed in the earliest opporlumly on the basis of this study.

We would like to express our deepest appreciation to the Governmént of the Repubhc
of Smgapore and the Port of Smgapore Authority for their unhm:ted cooperahon and
warm hospitality extended to the téam during its stay in Singapore.

Our indebtedness is also great to the Japan International Cﬁoperat:on Agency, the
Ministry of Transport, the Mm:stry of Foreign affairs, the Japanese Embassy in Singa-
" pore and many Japanese companies having their branches in Singapore, that gave us
valuable suggestions and assistance in the ficld study and in preparation of this report.

Although the field surveys at the site were conducted by Kokusai Aerial Surveys Co.,
Ltd., the Overseas Coastal Area Development Institute of Japan has beared the fespon-
s;blhty of compiling the results of field surveys in this report.

February 1979 Sincercly yours,

Yasno OKADA

Deputy Director
The Overseas Coastal Area
Development Institute of Japan

Toru YOKOTA

Civil Engineer
The Overseas Coastal Area
Development Institute of Japan:






lntﬁ)duclion o

This repost is concemed with the techmcal study and cost estimation of the dredgmg
work for the removal of four shoals located in the Strait of Smgapore

In order to obtam the basic data for the study the foltowing field surveys were con-
ducted at the site. These survey were conductcd during the period of O¢tober and No-
vember 1978 by the survey team ol the Government of Japan with cooperatlon of the
Govemment of Smgapore

(1) Sounding survey

(2) Geophysical exploration
(3) Boring

(4) Submarine observation
(5)  Test dredging

Cost estiniation of the dredging work was made of the case of a Japanese agency
'Ordenng 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 necessary to add the price contingesnicy when the time of commence-
ment of the work is made clear.






~ Summary of Sludy' Res_ul_ts e
L Meleor’ologi(‘al ahd Allarili_x_ne ‘Con:djlions'_
: l‘. ' Wind's‘

The prevarlmg wmd drrechfm throu,g,hom the year 1n the vrcrmty of Smgapore is easter—

ly, whrle the norlh eastern winds are predommant dunng the: penod from December to :

March 3nd the South-eastem wmds are predommant durmg the penod from Apnl to.
September '

' With rcspeCt to the wmd speed brceze is prevarhng in tlus water area a]though squa]ls o
very of ten accompany gusts before or af ter their dccurrence. T

2. l\?'aves :

e Accordmg to the observatron of wave herghts in the offshore east of Slngapore con-"
ducied for a perrod of about one month in winter season, wares with maximum wave
helght less tlran or equal to 7 ft over 91 per cent. . The watér area where the shoals are
located is rmote calm on account of. exrslmg of a number of rslands and it 1s consrdered ‘
that there will bé no partrcular hazatds caused to the execution of dredgmg WOIk How-
ever, it should be taken in to notice that there normally exist waves (l Om — 1.5m) in the
wake of large ships navrgatmg nearby

3. Tidal Currents

: ‘l‘rdal currents in the vrcmrty of Smgapore are generally drumal ln the port area and
_m the $trait trafﬁc zong, west-bound current is predomrnant and its duration is about
1416 hours a day. When the values of current speed measured during test dredgmg at
Shoal—A are compared with the currently forecast values near Gusong Tower, it is seen
that current speed at Shoal‘A reaches above twroe the forecast speed

Accordmg to vrsual observat:on, the westerly arrrent ﬁowed almosl parallel to the
traffic zone, while the easterly. current seemed to flow in the drrectron E rather than NE,
and eren at the slack water current m the dlreclron Sis seemed to be remamed

. When the values ol‘ current speed durmg test dredgmg calculated by usmg the trdal:
_current consfants obfained from recent tidal observations at Batu Berhanti were com- -
pared with the actually measured values, the values forecasted at Batu Berhanti are scemed

i to approxrmately llre same as at Shoal A.

Accordmg to the results of these calculatmns the currenl speed of spmg tldes durmg B
- the suinmer and wmter seasons ex(:eeds 4kn : :

N _Tf_rercfore, inj ca'rrying' out d_redging 'worl_;s inllris'w.éter area, precautions shall be taken -






50 as ‘to kcep the dredgerg in posnhon without bemg moved away by strong currents and R

the vanahons in hdal dm:cnon

Topograpllloal Cond:tlons
1. Topography and Geology of Smgapore

Smgaporo Island can be topographlcally classmed snto three areas- startmg ftom the
'westem stde of me 1sland ‘They arfe rospectwely an area cons:stmg of ancwnt sedunentary
rocks thh a topography showmg large undulatlons an area conswlmg of granite with a
'genlly lepmg topography and an area consisting ‘of old alluvmm wn!h a l'urlher gentle
topography :

_ The ancient sedlmentary rock extends in the South East dlrectlon formmg the islands
of Sentosa and Bukom and olso the Shoals A, B, Cand D,

2. Topographic Configurations of the Shoals _
‘The tesults of the suﬁ’e‘y with echo-sounder are as follows;
(1) Shoal-A

Conﬁguraﬁon_i Oval form with a length of app:oxnmately 100m and a width of about
-  40m at the center. Area: 3,000m?.

Water Depth al the Shallowest Area: —l’i.()m

Net Volume of Soil: 5,000m3, -

(2) Shoal B

: (,onfiguratlon The most complxcated conl“ iguration with seweral small shallows
" scattered around six large shallows, Area: 34,300m*.
Water Deplh at the Shallowest Atea: —1F: Tt (T‘he sha!lowest among the four shoals)
Net Volume of Soil: 88,000ni3.

(3) Shoal-C

Configuratlon “Oval form with a lcnglh of approxnmately 750m and a wldth of ahout '
; 250m at the center. ' Area 126,300m?,

Water Dépth at the Shallowest Arca:” —13.3m.

Net Volume of Soil: '389,000m3. .

(@) ShoatD
‘Conf-' gur'aﬁOn Square in shape wnh s:des of about 50m. Area: l_,?OOn_ﬁ".

L Water Deplh at the- Shallm\.esl Area; -—18 3m.
Net Volume of Soil: 2, lOOm’ a






SN CeologlcaI'Cond'iti‘ons :

ln order to investrgate lhe geology of the shoals submanne observatory suney, bormg'_ _
‘ tcsts (in Shoa!{}), geOphyswal exploratron test dredgmg and rock tests wrth samples -
: extracted wére conducted - : .

L 'Subrna\rinc"o'bsersati'on'-- P

N Accordmg to the results of lhe submarme obsenratrons and underwater photography,f'- '
undulatlons are remarkable (about 0. Sm) in Shoals A and B and bare 1ock is exposed -
at the surface ln Shoal-C the arregulantres on surface are l‘ound to be small wrth prOJected
parts of bare rock and small dents ﬁlled wrlh deposrts of ¢oarse sand. . Although rocks
are not eXposed in Shoal-D round boulders (maxrmum drameter about lm) were observed
sened and sand and sr!t are found deposrted betvreen these boulders _ :

Rocks that form the shoals are conglomerate sandstone and mudstone deposrted m_
altematrve layers in both Shoals A and B. : S

The samples extracted were sandstone and mudstone in Shoal B and reddrsh brown
sandstone in the case of Shoal D.

2! 'Bozing"l"_ests-'- .

ln Borehole C—l the sorl was compnsed of qufaceous sandstone and tuff wlnch are o
neathered strongly The N- value in standard penetratlon test was 50 blows pe: I6cm at
a depth of 25 lm :

- ln BOrehole ¢ 2 stiff clay and alternatwe layers of tuffaceous sandstone mudstone ‘
and conglomerate were found whrch are weatlrercd strongly throughout the layers to
arg,rllrzatron exeept for the gravels in conglomerate :

In Borehole C—3 the sorl was conglomerate and ifs matnx is composed of sandsione
and mudstone.:

3. | 'Ceop.hysical'Elrllloration. :
From the results of geophysrcal exploratron conducted at measunng lme mtervals of

- 2Sn1 avcrage 1t was conﬁrmed that in all the shoals bedrock exists d:rectly from the sur-
face of sea bed wrthout any deposrts corermg the fock

4, Tes’t brcdglrrg

5 Test dredgmg was conductcd in ShoalA usmg a grab dredgcr wsth a 7m3 (werght '_ :
60 ton) grab bucket : .






_ The rocks dredged be]ong toa \1esoZoio Formatlon known as Juroug Formation m"-- '
L whloh conglomerate, sandstone and’ mudstone have deposrted in the approxrmate propor- g
_tton of S 3 2 - The hardness of each of these rocks | in the Mohs Soale isas fo!lov.rs o '

Conglomerate o 3=5
Sandstone 3 6
\{ ndstone™ . 24

These results agree'well w;th the results ot‘ ﬁeld observahons ;

Smce the volume of dredged sorl measured m the barge was 69’(}m3 in'a total of 235. e
: grab operatlons the mean grab per operatlon is 2941113 whrch is eqmvalant to 2 grab
g efhctenoy ofO 42 '

. St_ R'oek Tests L

A total of 18 test preees t‘rom Shoa! A and 3 test preces t‘rom ShoalC were prepared'
and tests were conducted to fi nd out therr physrcal propertres and mechamcal propertres '
Although a drfference is seen among the conglomerate sandstone and mudstone in Shoal-A
. when they are clasSrﬁed m deahl by companng wrth ‘those in ShoalC, these may bé

' ctassrﬁed as the same ctass ‘As rock materrals rocks in Shoal -A can be classified as semi-
hard ror:ks and those in ShoalC as soft rocks ' '

Accordmg to the resutts ot‘ the foregomg tests rt may be necessary to consrder that the
rocks in Shoal-A ‘are- different from’ those in Shoal-C when classrfyrng these rocks with
respect to their charaetensh(;s relevant to dredgmg -

'.lV Survey of Dangerous Objects
As a resu!t of the submarme mvestrgatrons a number of dangerous objeots suc‘h as
bombs were discovered in Shoal-A. ‘There are- possrbrhtres that- smular ob_rects exrst in
_other shoals and lherefofe it is neCessary to conduct a comptete sweepmg surve)’ ot‘ the

_ shoqls pnor to the dredgmg works are commenCed

As the method of sweepmg survey, vrsual observatron by drversrs nore ct’feeti\e c0m- _'

' -_pared to the conventlonal magnetrc survey When drvmg is employed in submanne works,

the dariy workmg hours will b lrmlted and therefore a relatrvely long penod IS necessary'

for the su‘omanne observatron alOne m this wide atea of exoloratron M()reover when '
dangenous objecls ate: drseovered since several days ar¢ requrred for their drsposal itis

: necessary to consrder suf ﬁetent length of ume for the sweepmg survey

R V Countermcasures w:th Respect to Transrt Shrps

Out of the four shOals Shoal-A is located m the West bound traft"c zone vs.lnle Shoals '
_ B C-and D ate located in the mshore traffic zone. Except for the t'utty toaded large
R tanke rs, a large number of stups pass over these shoats :






_ Therefore durmg the uilredgmg works, rt 1s necessary take precautlonal measures agamst .
the colhsron of lransrt shrps with work vessels and Waves in the wake ot‘ passmg large slups_
whrch are hazardous to the work ’ e P :

Consrderatu)n of suflrcrent penod for the crrculahon of work and mcreasmg the num -

?_ber of radlo warmings by PSA are consrdered as some of the countermeasures Moreover o

“it'is also neceéssary to select the work vessels used accordmg to the type of boat and xts '
capacrty : B L

Vi, 'lf)rerl.gihg of Shbals'

: l. Exmmnalrou of Dredgmg Method

When the quahty ol‘ rocks m the shoals are taken into’ consrderatron dredgmg by
means of a dredger is cousrdered most sujtable, Wh:le grab type dredgers d;pper fype
dredgers or pump type dredgen. can be consxdered as dredgers suitable. for tlus lype of
rocks, grab type clredgers afe the most appropriate type from both technical and eCo-

nomical points of view. '
2. Work Prograu':mé_ for G‘rab Dredging

(1)  Dredging Capacity

. The total dredgmg area and the net dredgmg volume in the four shoals are respeclwely
16 SOOm and 484 OOOm :

(2) ' Monthly Quanhty of Sohds Dredged o '
“In the ease oi‘ 7m3 grab dredger the monthly quantrty of solids dredged are 8 035m
for Shoals A, B and D'and 14 430m3 for Shoal-C consrdenng 24 workmg hours per day
and 24 days of operatlon per month
I the case. of l3m grab dredger lhe monthly quantrly of solrds dredged are
_13,’403m for Shoals A, B and D and 34 ,690m?* for Shoal C.
3 Cost Estimahon :md Term of Work
As shown in rhe Table below, 1n the case of dredgmg the four shoals (Case IV) a temr

of work of 27 months and a'total st of 54 000 000 Smgapore Dotlars are requrred swhen =
T one eaeh of Tm? grab dredger and lSm grab dredger are used in the dredgmg works.






' _Tal_j!e_';- Work Co#( and Te_i';‘.n' of Wnrks b) Case -

Cbgl i_ﬁ_Sfrjagabp:é Dollass

Case . -

ﬂanles 'O'Ifsl.ma]_

: Quan;ily cf dfédgi_rig‘ @!3)
'l:‘éfml of x_voﬁ%s’ (B{th)

Grab baket (M?)

Work cast

1,255,000 -

10,800

5

1,778,000

T

e

126,300
2

, A",'B and D Z

18,334,000 -

'A,B,Cand D’

616,520
27
Tand 13

5$3,865,000
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L Winds and Waves
1-1, Wi_uds

Now looking the winds in the vicinity of the Strait of Singapore from the records of
observation at thé Raffles Light-house (Apr. 1976 - Mar. 1977), the preédominant direc-
tion throughout the year is easterly, north-eastern wind being predommant during the
penod of from December to March and south-eastern wind in April to September. But,
in Qctober and November, the wind direction is not constant, and even a westerly wiand
is noted,

With respect to the wind speed, the characteristic breeze in the tropical zone is prevait-
ing, with the winds of 5.5 nifs or higher emerging at a rate of about 30 percent and those
of 10.7 mfsonly ata sato of 1 percent.

.In this water area' hcwever a sQuall often accompanies a gust before and after it takes
palce with wind waves of about 50 ¢m generated so that for operation of smaller boats
this point should be noted.

1-2. Waves

The Strait of Singapore conriects, at its east end,_ to the South China Sea so that
greater swells and wind waves are apt to emesge towards the east.

Where the four shoals are located is the water area in the west of the Sakijang Pelepah
Istand. If is the narrowest water area in the Strait of Singapore and provides a great
sheltering effect with a number of islands spotted here and there, and the sea is relatively
calm. (Fig. 1-2-1 Location of ¥Four Shoals)

Qbservation of the :Wavé'heights in this strait was conducted by PSA for a period of
about one month from Janvary 23 to February 21, 1976, in the vicinity of the Johore
Shoat off in the east of Singapore in ‘use of buoy type pressure wave recorders of Holland
made. :

According to the result of the observation, waves of § feet or less in the significant
wave height accounted for 95 percent, or those of 7 feet or less in the maxinum wave
height for 91 percent, in the winter when the waves were largest throughout the year.
The water area where the shoals are located is considered to be more calm as stated above
so that there will be no particutar hazards cansed to execution of the dre'dging work.

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

 Such ship waves will be as, hsgh as 1.0 — 1.5 m so that care should be exercised in the.
work.
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2. Tidal Cutrents
2-1. Cc‘ner_al Cit‘c_‘_um’éta:ices‘

* The tidal ciirrénts in the vicinity of Singapore are subject to the influence of the tropic
tide and are diurnal gencrally. In the port arca and the strait traffic zone, the west- bound
current is predommanl and its duratmn is 14 — I6 hours a day.

Now seeing the curren{s'in the strait from the curreént tables at two points, or Gusong
Tower and Batu Berhanu in the Main Strait which are re!atwely close to the shoals, a
consnderahle dlf ference is noted belwaen these two points.

. Taking the occusrence of the daily maximum current speed, the days of 2 maximum
speed less than 3 kn is about 170 days at Batu Berhanti against 350 days at Gusong Tower,
and whén the annual maximum current speed is taken, it is given as 4.3 kn at Batu Ber-
hanti, while it is given as low a value as 3.4 kn at Gusong Tower.

Such is, of course, conceivable from the topographic configuration of the area in the
vicinity of the strait, the line connecting the St. Johr Istand and Batu Berhanti represent-
ing the narrowest part of the strait and being thus considered to be the place where the
current is fastest.

The measurement of the curreat 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 2 — 4 against the current table of Gusong Tower. It will be noted
that the tidat current at Shoal A has a delay of about | hour from thal at Gusong Tower
and also a speed about two times or more greater. Consequently, the tidal currents at
Shoals A and B seem 10 be close to the forecasted value at Batu Berhanti rather than that
at Gusoug Tower.

According to the visual observation at the time of test dredging at Shoal A, the wester-
ly current flowed necarly parallet to the traffic zone, while the easterly current seemed to
flow in the direction E rather than NL, and at the stack waler, the sea was not completely
still but seemed to the S-current remaining.

" Thus, in mooring and fixing the dredgers at the site, if it is positioned paralle] to the
traffic zone, it will receive a strong current on its side from the north, making it difficult
. to fix the position, so that it will be required to prepare for such current with sufficiently
strong anchors and anchor chains.

cht, seeing the annual curtent distribution by speed and by month {rom the fore-
casted values at Gusong Tower, the period of December to March when the northeastern
monsoon is prevailing seems to correspond to the worst period of tidal condition in the
strait. '

According to the current table of Gusong Tower, the hotuirs of a current speed less than -
1.5 kn constitute about 75 percent thioughout the year. Thus, from the foregoing consid-
eration, the hours of a current speed less than 3 kn in the vicinily of Shoals A and B seem
to be of the same percentage,






2-2.° Results of Calculation of Tidat Cureents

- Qbsesvation of tidal currents was made in the vicinity of the Batu Berhanti Light Buoy

in December 1973 (over 1S days) under the Third Joint Hydrographic Survey of the

Malacca-Singapore Straits. From the results, there were obtained tidal current constanis
_in this water area, : ) : :

Using these constants, calcutation was made of the value of prediction of the tidal
curfent in November 1978 in which test dredging would be conducted, and such value
of prediction was compared with the value of measurement. Then, as stated in the fore-
going, it may be said that the tidal current at the Shoals A and B are approximated by the
prediction of tidal cusfent at Batu Beshanti rather than the tidal current at Gusong Tower.,

Further, in use of these constants, the seasonal lidal currents at Batu Berhanti were
calculated. At the spring tides in spring and autumn, the current speed is 3 — 4 kn, while
at the spring tides in summer and winter, it exceeds 4 kn. The maximum current speed
at the mean springs is 2.9 kn.






3. Topographic' Features and Soil Conditions of Singapore
3-1. General

" The Singapore Island takes a rhombic form extending for about 20 km south and north
and aboul 40 km east and west and presents different topographic features on the east ™
and west sides about the railway running south and north slightly on the western side of
the center of the istand.

The west s:de of the rallway comprises a number of undulations with small h;lls whxle
the ¢entral part consnsls ofa successnon of gentle hllls

) The east snde is of a height of about 20 m above the sea and presents a gentler topo-
graphy than the central part. :

The lijghesl'height of_ the istand is the Bukit Timah *l-lill' at 166 m.

Such topographlc features reﬂect the soil condmons clearly That is, the atea showmg
a topography of relatively large undulations on the west side consnsts of ancient sedi-
mentary rocks, while the central part consists of gramte

The area on the east 31de con51sts of diluvial deposns of a relatwely low degfee of
sotidification. Additionally, thcre is a relatively extensive dlsmbutlon of alluvial tow land
zones in the Jurong area and alon_g the Kallang River. (Fig. 1-3-1 Simplified Geological
Map) '

Shoals A and B are located at the tip end of a succession of islands, or Sentosa Island,
Tekukor Istand and Sakijang Island, lying in the SE-direction from the norlh, and looking
south from the shoals, shoals are lying successwely in this dll’BCtIOII to lhe Sambo Island
of Indonesia. T

‘ Obviousif,__ such topographic elevation may be taken as to be reflecting the structure of
Jurong Formation of ancient sédimentary rocks.

For Shoals C and D, they may be taken similasly as those in line with the islands of
Jurong-Bukom-Sebarok extending in the SE-direction. :

Thus, in the area of the Strait of Singapore from Sakijang Island to Senang Island, it
seems that the botiom configuration is a reftection of the soil structure on fand,

. As the result of the survey, it was found that the shoals had all the Mesozoic Jurong
Formation distributed. :
3-2.  Topographic Configurations of Shoals

To grasp the topographic configurations of the shoats and adjoining bottoms, a sound-
ing survey was conducted wilh a precision echo-sounder designed for shallow water used
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at a measu;mg ling interval of 25 m aserage The resultmg topographlc coni“ iguration of
~the respectwe shoals witl be descnbed in the following. :

(1) ShOal A

This shoal is 51tuated at about 2. 0 km in the south off the Sakuang Bendera ls?and in
the west bound lane of the traffic zone in the Steail of Smgapore close to the boundary
on the inshore {raffic zone. : '

The shoal shallower than the depth of —21 0 m lies SW-NE nearly parallel to the trafﬁc
zone in the steait in the form of an oval of a length of about 100 m, width at the central
part of about 40 m and area of 3,000 m? '

The shallowest place is located in the northem ‘part of the shoal, and its water depth
is —17.0 m. (Fig. 3-2-1a  Typical Cross Section of Shoal—A) With the net volume of
shoal over the depth —21.0 m at $,000 m?®, this shoal is the smallest except Shoat D among
lhe four shoals.

The waler depth' in the peripheral area of the shoal is generally greater than —23 m.
But, there is a shallow place of —22.0 — 23.0 m present in the southern part of the shoal
5o that there is a possibitity of a shallow place less than —21.0 m being present in the range
which was not covered by the survey of this time. (Fig. 3-2-1b Topographical Map of
Shoal-A, B, Fig. 3-2-1¢ Sounding Map of Shoal—A)

(2} ShoalB

This shoal is situated in the inshore iraffic zone about L5 km in the south off the
Sakijang Bendera Island and is ¢ontiguous upon Shoal A,

This shoal comprises six large shallows and several smaller shallows spotted around the
large shallows and, being constrained by the soil condition and the direction of current,
presenis a cbmplex form. Furthes, with greater undulations of the bottom than those of
Shoal A, there is a possnblhty ‘of a shallow place less than —21.0 m being present in the area
outside the range of the present survey so thal care should be exercised.

" The shallowest place is tocated at the west end of the group of shallows, and with a
depth of —1.7 m, it is the shallowest place throughout the Shoals A —- D. (Fig. 3-2-2a
Typical Crc_rss Section of Shoal-B) = -

The net vo!ume of shoal over the depth —21.0mis 88 000 m? with area of 34,300 m?
(Fig. 3-2-1a Topographical Map of Shoat--A, B, Fig. 3-2-2b  Sounding Map of Shoal- B):

(3) Shoal C

This shoal is situated in ﬂle inshore traffic zone about 2.5 km in the south east off the
Sebarok Istand.
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Fig. 3-22a° Typical Cross-Sections of Shoal--B
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The shoal of a depth shallower than ~21.0 m has :_ah extended oval form with alength
of about 750 m, width of about 250 m at the centeal pact and area of 126,300 m?.

Lying in the direction' of NW-SE, it represents the gbil strucfure.

The shallowest place is located at the central part of the shoal, and its debth is—13.3
. (Fig. 3-2-3a Typical Cross Sections of Shoal—C)

This shoal is the l'argest among the four shoals with a net volume of shoal _ovér the
depth —21.0 m at 389,000 m®. ([ig. 3-2-3b- Topographical Map of Shoal-C, Fig. 3-2-3¢
Sounding Map of Shoal - C)

(4) ShoalD

This shoal is situated in the inshore traffic zone close to the border line to the traffic
zone in the Strait at about 2.0 km in the south off the Sebarok Istand.

The shoal over the depth —21.0 m takes a square form with a length of the side at
about 50 m., The shallowest place is located at the cenfer of the shoal. With a depth of
—18.3 m, it is the deepest place throughout these four shoals. (Fig. 3-2-4a Typical Cross
Section of Shoal 13} :

The Shoal has an area of l;?OO m? and a net volume of shoal at 2,100 m? and is thus
the smallest among the four shoals. (Fig. 3-24b Topographical Map of Shoal--D, Fig. 3-
3-2-4c Sounding Map of Shoal--D)

3-3.  Soil Conditions of Shoals

3-3-1  Submarine Qbservation

In order to confirm the topographic configurations of the bottoms and the surface
deposits of the Shoals A — D, a submarine observatory investigation was conducted.

The investigation included visual observation and photographing of the bottom con-
figurations and sampling of the deposits.

(1) Shoal A

As the result of the submarine obsérvation, it was found that the surface was a zone of
bare rocks with undulations of about 0.5 m in height,

On the surface of the Shoal, there \;sraé noted a level surface which had a width of only
0 — 15 m, and this level surface also included undulahons of about 0.3 — 0.5 m, and
there was no completely flat surface present.

The rocks forming the shoal were of allernate layers of sandstone, conglomerate and

mudstone, and cracks were nofed at an interval of 20 = 50 cm. Large boutder of conglo-
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Fig. 3-2-3b ‘Topographical Map of Shoal-C
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merates of 0.1 — 1.0 m diameter were seen here and there on the sutface but in a very
smatl quanhly

(2) = Shoal B

This shozal has a bottom configuration of many undulatlons with no flat surface ob-
sctved as in the case of Shoal A.

According to the result of the sounding survey, a flat surface of a width of ahout 10 m
was noted at about —24 m, but no fiat surface having a \-.ldlh of 1I0m or more was noted
ata depth of —20 m or less.

Slopes from one flat surface to ancother were generally of sharp angle and have a head
of 0.5 - 1.0m.

Considering from the result of observation of the soil structure on land, this head
seems to reflect the feature of the soil structuse in this area. The Jurong Formation con-
stituting this area is of a relatively sharp angle of dip, while it is composed of altemate
fayers of sandslone conglomerate and mudstone, so that it is presumed that it underwent
a differential erosion.

For the deposit on the bottom, gravels are distributed i in the dents, but the oiher part
has the rocks exposed as in the case of Shoal A.

Sampled rocks from the surface were sandstone and conglomerate.

_ Judging from the foregoing result of bottom observation and the soil structure on land,
both Shoals A and B are considered to have similar soil conditions.

{3) ShoalC

Seeing from the result of the sounding 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 submarme observahon the undulatlons have a height of only
about 0.3 m, forming a gentle stope of 2 — 5°, and the topography is scarecely changing
sharply.

-As the deposnt on the bottom, coarse sand consisting mainly of shells was noted in
small dents

The p’rojécted parts have rocks exposed, and the soil is composed mainly of sandstone
and conglomerate.

(4) Shoal D

The bottom configusation of this shoal features in that a number of round sandstone
boulders are deposited on the surface.






The rdun'd boulders had as large a diamefer as lm maximum, and there was a deposit
of sand and silt noted between the boulders, while no bare rock was observed.

The collected samples were of reddish brown sandstone.

3-3-2. Results of Borings

* To see the soil composition and the extent of weathering in the direction of depth of
the shoal, three rotary borings were carried out in Shoal C where it was possible to erect
a boring frame, (Fig. 3-3-2a Location Map of Survey Area)
(1)  Boring C-1

In this boring, a hole was drilted for about 10 m from the bottom surface (A.C.D.
1719 m}to A.C.ID. --27.54 m.

The soll was comprised of tuffaceous sandstone and tuf| i, the former being from A.C.D.
—17.99 m to —21.69 m and latter from —21.69 m to —25.79 m.

The soil was generally weathered strongly, and the value of standard penetration ieét
into the tuff was 50 blows/16 cm. (Fig. 3-3-2b Drilling Log BH-C-1)

{(2) BoringC-2

In this boring, a hole was drilled for about 10 m from the bottom surface (A.C.D.
31565 m)to ACD. -2585m.

From A.C.D. --16.45 m to —19.45 m was a layer of reddish brown stiff clay including
gravels of a size of 2 —~ 3 mm spotted here and there.

From A.C.D. —19.45 m to —25.85 m was a layer of aitemation'of tulfaccous sand-
stone, mudstone and conglomerate.

In this boring, it was nofed that the soil was weathered strongly throughout the layers
to argillization except gravels in conglomerate. (FFig. 3-3-2¢ Drilling Log BH-C-2)

(3) Boring C-3

[n this boring, a hote was drilled fér 3 m from the boltom surface (A.C.D. -15.60 m)
to A.C.D. --18.60 m.

The boring gave conglomerate throughout the layer, with the matrix composed of
sandstone and mudstonc.

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

Judging from the foregoing results of Eoring, the soil of Shoal C seems to correspond
to Jong Faces in Jurong Formation, (Fig. 3-3-2d  Drilling Log BH-C-3)



(54 . . Ve . W
£ ~ ' B
// .

e
v

& BORING
(A OESERVATION
 BY DIVING

S

-

STUDY FOR ORECGING PROJ
OF SINGAPCRE STRAIT

LGCATICN MAP OF
Survey Area
DEPTHS IN METERS

Radoee 10 Chaet Catar
Scats

A






BurpLiiq 40 pu3

- 0 15870Llug g noL3d BR4z"eR . SLTL(SETOLYS L2 —
b WG9 20 S|oARM _CL
. M - 1 [RWS SWOS SuLeuo)
o . —ul'g 3 wgts ‘wig 6
S €6 109°8 lap Ao(5 4o seutweq| AMO|  S4nL P _LEOL'Y | 09°8(6L°62
R 1 Ol - saabuly Aq . uun. 1 T3
R 91 40SEN hiogt ALLsed paysnd 39 -2 —
I _ 7] Ued Cwoets - 08Tyl - | [T
_. | | 4 hm OH. h . T . s N
ol UaIMLAQ | LOS 39 N L <
I . 103 sweas 1R LAdLIRY R
. 0 11 0001099 | -pauLesb wnipau B NN 9
UMOUD (@I, b 001;08°5 | 03 Buif SL pues o
F319 50 3df) R | "pues iy A111S C S
| 1 - - 3
ceo/Baporz Lopo1oy i . sama3a <1 aioul |UMOal BuOlSPURSKAZA 0/7E {057 169712
¢ = 2unssaad m _ ﬁ_ 0oLt sL*y wc_wumwhwmgmwwwwmmu_ usti snosoesniEcid iE
Kisariag 2 o ‘WQ*Z puR WE" [ [MO] (2K kS
_ : b 10 PAALDSQO U [ Ao wwé% : ‘
iy 0z 03 2 | N 001153z 009~ 05 30 UOLIRU g i S €
§L = Jd3eM LN S ‘ - LLOME R m SaRa) K %9,
%Lm\..rwmo I ! 1 ._ N it ny it e : -.WL@mCrL. \ﬂﬂ UUF_WDLU ) . Wﬂ& N
- RN o 1 39 ved "paddyIeIM | - USL oy 4 | 2
wdaog_ | L L bl QoLios Ly - :>mmw_vE.UmcrmL.m IIREIN u%;c. .
e P b - o == . wnip ow QUL K, A
o9 EIA L] - 0 |osro 0 dn BULi35% 080 | 080166 L1
70 UOLIRIOY IR 40y 5E5.88 2465 on 66741
_nm..._.w 05 0¥ 08 02 0L o 0809 0v02 ;1 2% % - Mi - _.m T w;
: _ < o - — - .
Spaeusy |5 | U UL [ _éw>wuww_ il - uo13d Luosag S TS &1 2T PRk
29 auy Butioy | T | ae . . rensuy 2 e @ iP5 | - |22 .
=y 0y QL 02 O - : = = a. D = DR -
D — = 750 U0Ll Rt @ e _
o ® I Leayouad puepueigl 3 = 3 318
Faeoy ¢ SuLl[idq 30 8dAL 3 ._S_h.mmmm- N 677'€Z.01- T SIYBULPUY-O)
Cwgltz1--Q0 ¢ 19A97 PRY IS THIT TT0y BuLyDeR BULIOg UDNOY T 4311LdQ . 1=J H8 I 4BQUINN. 3 |OH
E_.mu [+ l_8 - {9AQT WIOijR(d /61 oL@DE_w_P.OZ LP—.—. 03 P_POH - # R . aJdodefu LS 10 S$3Le431S . NU@.@OL&L-O oWeN

1~0—Hg %07 8unmug  q7-¢-¢ B







CBuipwg 40 puy

N - .y S [SACAD DUNOA | UMOA " R P : >
LN £9 10200 Vi3S og punoy| usj o3 ﬂwg 0v°2 [02°0L| 58 525y
AR (wwg s wewg) ‘wugimoyyay ~OLPHO ﬂw
AR . 03 2 AL le4dusb 03 e
L AR 0 L4 100°6 SL {9AR4B L0 TReLQ| uSLP mi. Im.
P m ;o “pasayieam A|LARRH| -pay 18
! m w ! Avan® cc |09/ WZ 01 9 MOL3G z3denb |umoug| SUOISPNIK 0572 | 08" 4|5t Eo3
AR 40 SULDA [BDL34BA| y5Lp
LA ® SULRRUOY| -paY L
bl ! *pa4dyzIedm A} LARSH P ow
t | 1 ' | . . Add -
2 EEEEANI 001]00°9 o dsiaicl 3
: Lo , -] 001 [0E"¢ WZG 03 £y {UMOAT 3U0Y SPURS Basck 0Y° - Dz L
umoad (M L | ¢ 1 N |1 © S oo e fo |3 cuoI PUES BRI 00 L 0276 (68 02
310 40 3AAY TR A 90°% | sutequo) -saabulj| Aas 23 —
o A R pri=— AQ PoysSnJd 3q uelYSiItup o 7
. | , L & . e
2 s &1 11 9/0g = N| | 00L100"% wyog 03 0°Z uMoaq)  (8AeuS | E=100°C | 087 ¢ |Sv 6L~
1™ on SEE N T uasmlaq syuawbedy | ysipluaim Lery | , _
ANLLAA, B BUOTSPAW SULBIUO) | ~pay fs L €
ULw/7 02 03 Lo y 10v°2 Cugty e sjusu 02 RS §
gL = 423eM D L T T _ -beug auoIspues |umMouq : Z
AdRAL 130 v SULRIUOD TWUE 03 7| YS! I <
bi-d-a geeaia P R . SL |9arab »mcwwwn-zb_~oy 1B 1
. =1 | TRy
LN o 08°0 0 dn BULies | | 0870 | 08°C|sp ol
40 U010y i Lol I\ 0 dn Dusiade ° Ve v
. @ X 0s 108090402 | % 2 S -4
- -~ m -2 - ) m o
S . : : __ P ety =1 212 |71
ST FCl cuw ul © | Adaroday w0y | R uoL3d L4353 2 3 S1. a5 15213
S 2WIY - ) T T - o oo @ S . &
o & auLl Butiod | 7 1 op0g 02 0L = Lensi g Sl 5 |~ (=212
= o » = = X =% 7] ] P =
z % - ~— 133 U013 & a | = S| =
no = F2433Udg parpuelc = ;=3 BT - _.
TRIRIOR ¢ SULLLI4Q 30 30AL  Toicsvec- N €97 eic0i- P $33°ULPAD=0)
wggrgi-gD * LPAST PRI BS  TpaT o sutusen Butdog usyoy ¢ 4PLLNMG 20 H8 © 4IMNN 30K

Wwee g+ Q0 * L9A97 Wios3eld

8L6L ‘49QUIAON U3G| 03 ury| - SR

a10debuts 40 S2iRJ3S

T-0—-H4 3oy Buimg  o7-g-¢ By

1 303f0uyd 20 dwey







N

BRRE q
I TT ol
Lo R —
R ‘
IR T i
S A S
L | | —
AR _ = 7
SR / -
S
R [ - 9
N '€ ~ §°Z
N pue wg*| ~ 0°1 g
b A UBIMIIG PALBAOD —
AR e = e e e i =34 SBM 340D ON S8c11dn 10lou
" “ “ . m * Ul *z MO|9Q pajudwad LILBAQ FO1pud IIM
A S ,ﬁ L3uBLLS  “suabuls L e
woan | O 11 1IN O . 10§ {00°€ AQ ALLS®d  ydiaiml asuoy 0472 007€109°81] £
_..mu.wz su.wﬂ " ! “ H I ,,Ill Umsms(_u WD CMU o.u. IUDE ﬂc
30 ,w&.e. AT A . 1 T WWOZ F XRWE |ymouq| BuoISPUR |2
cwedg ooy | _ ‘uwg ~ Z 40 “eLp m.vmeormco :
u 08 Lol e e ot B CY3Lm [dARUD punou | USt vmummmpmw
= 3119 J0 _ w P 03 Je|nbug~Lwag ~PP3Y ﬁmcgmi L
UQLIRIOY | R " ne N BU LA0GQ- 0402 ON gc* Qe Qt06-91
.ma.w.... 05.0% 0€ 0Z 0L ™ 02090v 02 o o W\,, . _ = .m. n m
- - = =4 —_—d | e
=2 UL UL = Aiana0ay 2403 = uo13d 1253 = 3 Sy a5 13238
SRR (= o sl Bulaoy | & oY 0L 02 01 LBnsLA 2 i S 51 13% -
B = TS woiyl > o N gS (fy & 12 "33
o® 2 bkreaisuag paepueig] 2 = R = s
. AAe304 mE:.Co_mo adAL 3720°SERE- N 0YZ°L9¢(0(~ T S9IRULPAQ-0]
wpg*5(- 10" A1 nmm_.mom P17 0D dutydey Sutdog uadoy * 4RLLHG £-1 Hg 1 49QuNnN 9L0H
| | 9437 UMO4IR g : 19304g 40 awey

woy* 6+ 19y

BL6L 4OGUIAON 35[Z 03 430z o*o0

a0febuts 10 S3teJls

£-0—H4 3o 3wuqg pI-¢-€ B







3-3-3. Geophysical Exploration

For *}hoals A — D geophyszcal exploration was conducted at a meaaurmg lmc interval
of 25 m average. :

Consequently, it was found that the shioals had_ilfwariably the rock bed present from
thie bottom surface without any diposit covering the rock.

It is reported, as the result of an investigation of submarine observation, that in Shoal
A — D, the bottom surface is comprised of the rock bed or boulders and that Shoal C has
the rock bed exposed with deposits noted from place to place in the dents of the rock
bed. The result of geophysical exploration is in agreement with the foregoing result.

3-34. Result of Test Dredging

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

The dredging was made by eica'vating flat the vicinity of the peak of the shoal for
about 20 m by 20 m and pit dred_ging a point in siuich area, and the total volume of soil of
test dredging was about 700 m?® in a loosened state after excavation.

(H Obseﬂation 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 depos-
ited in the Mesozoic.

'The_cbllec_ted rocks _we'ré‘ generally in the form of tumps of several to several tens
centimeters, and those tal;:en from the bottom surface had sea weeds and coral attached
and the surface oxidized into a brownish color.

The lér_gest block of rock among.those collected in the test dredging was a conglo-
merate of about 150 cm x 150 cm x 100 cm,

thhologlcally, the rocks are wcathered and soft generally and, when hammered, are
fractured reacllly along the bedding plane, with dull sound. The composition of the rocks
collected in thc test dredging is considered generally to be conglomerate: sandstone: mud-
stonc = 5:3:2, and the result of observation of the respective typical samples is given
below. .

— Conglomerate

Presenting a bluish gray or brownish color The gravels are, for the greater parl, sub-
pebbles or pebbles of about 2 — 3 mm diameter, the largest size being about 20 mm.

The gravel itself is ljard, but the rock itself is of loose solidification and, when ham-

mered, is csushed relfatively easity with dull sound.






Partially, theie were observed relativély hard milky white to bluish gray conglomerates
containing a quariz vein of about 1 — 2 mm thick.

- - Sandstone : _ _ : _ -
Presenting a bluish or greenish gray or brownish color, and including partially granules
of 2 — 3 mm diameter.

The rock is brittle in qualily and can be crushed readily by a hammer and partially by
hand. In the rock blocks are developed bedding planes at an interval of several to several
tens centimeters.

— Mudstone _

Presenting a bluish or greenish gray or brownish color. The rock is brittle in quality
and, when hammered, crushed readily with 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 foregoing, the pit dredging at the same point by _meahs of grab
bucket was made to a depth of —23 m in order to examine the extent of weathering in
the direction of depth, but little change was noted 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 3 -5
Sandstone 3 —6; and
Mudstone 24

The foregoing agrees well with the results of ficld observations. The sandstone shows a
relatively high value of hardness at 6, but it had bedding planes developed wgll and is thus
brittle.

(2) Grab efficiency of grab bucket

Now calculating the mean grab per operation of grab bucket l‘rom the total volume of
soil excavated in the test dredging and the total number of grab operations, there was
obtained, upon the volume of soil measured in the barge at 690 m? and the total number
of grab operations at 235 (except void grabbing due to overturn, etc. of the grab),

Mean grab per operation = 690/235 = 2.94 (m>), or

Grab efficiency = 2,94/7.0 = 0.42.
3-3-5. Rock Test Results
(1} Physical test

From the samples comprising conglomerate, sandstone and mudstone collected at the

survey of test dredging of Shoal A, 18 test picces were prepared. Fuzther, from the core






obtained at the boring survey cenduéled at Shoal C, 3 lest pieccs'were prepared.

To mvestigate the physrcal propert:cs these 21 test’ piec‘es were subjected to tesls for '
dry density, wet density, mo:sture absorphon and eﬁ‘echve void ratio, The results are
sllown in Table 3-3-Sa, '

In Shoal A, the density is in the order of congk}merate (dry, 2. 37 wet, 2‘48), s‘and-’
stone (dry; 2.42; wet, 2.52) and mudstone (dry, 2 53; wet, 2. 61), and in Shoal C, the
values ol‘ densnty are dry 1.85 and wet 2 I5, thus Shoal C gmng fanly <ma]ler values

T hc molsture absorptlon is not much differing from rock to rock in Shoal A, rangmg
3.44% — 4 63 , but in Shoal C, it is 19.67%, a relatwely greater value than those in Shoal
A.

The values of effective void ratio are 8.67 — 10.95 in Shoal A and 25.78 in Shoal C.
(2)  Mechanical fost

In order to cbtain the mechanical propefties, unconﬁned compress:on strength tests -
were conducted of the same test pxeces with tensite’ strength tests conducled addltlona]ly
for Shoal A The values of compression sirength, Youngs modulus and Poisson's raho
obtained by the unconfinéd compression test and of tensﬂe strength obtained by the ten-
s:le test are shown in Table 3-3-5b. :

Mean values of the compression strength’ of rocks in Shoal A range 201.8 - 264 6
kgfem?, while the largest value is 552.8 kgfem? of conglomerate whlch is then classified,
as stone matenal as semi-hard stone. :

Mean value of the 60111_p:ession strength of Shoat Cis 17, kgfem?, the maximum being
21.8 kefem? and thus showing a decrease by more than one order against Shoa! A.

The tensile tests were conducted in order to examine the teﬁsilc strength in Shoal A,
The values of Young's modulus and Poisson’s ratio wer¢ obtained for the sake of
reference in use of the strain-stress curves in the unconfined compression tests and by

strains at the points corresponding to 1/2 stress of the maximum load.

For reference, lhe fo‘llowmg values of the Young S modulus are reported by type of the
rocks.

Rock - - .Young's modulus (x10* kgfem?)
Conglomerate 3.7-44

Sandstorne 0.5-1.0

,,‘2"7_._
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Thus, ftom the foregomg physical and mechamcal tests, 1t may be assumed that the
Conglomerale sandstone and mudstone forming Shoal A are more or less different i in the
physxcal and niechanieal properties but may be classifi ed as the same rack with respecl to
the charactenshcs for deedging.

The rock (")f ‘Shoal C is far inferior in the strength and consolidation to the rocks of
Shoal A.. While the test pieces of Shoal A were taken from a l_jlock respectively, those of
Shoal C were of boring core so that it may be considered that they are in a considerably
disturbed condition. Thus, direct comparison of the strength may be problematical. But,
considering genierally from various surveys, the rock of Shoal C may be considered to be
the one belonging to an easy class in the characteristics for dredging.






4, Survey of Dangerous Objecls

The shoals bemg exposed in the deep waters wﬂh fast currents, it was prospected !hat
there would be little possibility of bombs and shells being present. But, in the present.
survey at the site, there were discovered ten 500 Ibs bomibs and a number of anti-aircraft
shells and machine gun shells near the peak of the Shoal A. -

Discovéry of the 500 lbs bombs was immediately notified to the government author-
‘ities concemned, and they were disposed by blasting at the site by the hand of the Navy.
Of these ten bombs, nine exploded completely with considerable power.

F-’o’rtuné(ely, no mine was discovered in the aria of the present field survey. But, in
view of the past discovery of dangerous objects in the offshore water area of Singapore,
possxblhty of the presence of mines in the dredging area is by no means negated, while
the bombs and shells stated above involve a great danger to the work Thus, it is con-. -
snde:ed to be mdispensab]e to conduct a complete sweeping survey of the dredging area
before the work is commenced,

Shoals A, B and C have no deposit at all respectively, while Shoal C has sand deposited
“only in a thin layer so that burial of dangerous objects is not conceivable. Therefore,

no magnetic survey is required, but the direct observation of the bottom by divers wnll
be an effective method. :

Where skin diving is eruployed for submariné works, there will be only a work time of
-1 hour ayaii'able at the time of slack water (tide turn) on account of the depth and current.
~ In the strait area, the diurnal tide is governing, and one of two slack waters a day often
occurs in night so that the daily working hours will be very shori. Thus, it will be requited
to use a numbes of divers simultaneously.

Where an explosive object is found, the disposition team of the Navy of Singapore will
come, upon request, to the site on the same or next day. But, the diving hours are limited,
while the blasting work may not always be finished in one day. Thus, it is imporfant fo
allocate a sufficient time of work for the sweeping survey prior to the work.






5. Countenmeasure for Transit Ships

: According to the result of a survey conducted jointly by PSA and Marine Departntent
of the ships passing through the Strait of Singa'por'e., 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%, lankers for 27.9%, other bulk carriers for 1.4% and passenger ships for 1.4%.
Particularly noteworthy is tire number of large tankers passing through the Strait of Singa-
pore. - '

Of these four shoals, the Shoal A is located in the west-bound traffic zone, while the
other Shoals B, C and D in the inshore teaffic zone. Shoals as they are, there is a sufficient
water depth so that théy pose little hazard to the traffic except the fully loaded farge
tankers. Thus, there aré many ships passing over the shoals presently.

Accordingly, when a dredger is fixed on any of {he shoals, it is important to take
measures for safety _wilh, for example, lighted buoys properly installed to prevent ships
from entering into the work water atea and causing accidents.

What is considered to be pa‘r_ticularly important from the eipericnce of the ficld survey
conducted this time, is the countermeasures to the west-bound large ships in the case of
dredging of the Shoals A and B.

Presently, the wesl-bound ships are navigating with the lighted buoy on the Hambat
Shoal seen on the right side. Hete, 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 requited to give
consideration to the period of circulation of the work and for increasing the number of
radio warnings by PSA.

Additionally, it is importanl to take caze of the ship wavé.s of large veése]s or high
speed boats navigating in the proximity,

- The ship waves are distinguished in the wake of a container ship or war vessel navigat-
ing at a high speed rather thao a large tanker and are sometimes as high as 1.0 — 1.5 m.

Such waves are hazardous not only to the work boat itself bul to the safety of the
smaller ancillary boats such 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, where a large grab dredger is operated, use of a fug/anchor boat of 1,000 —
1,500 PS class is noted, and such will insure safety.

a1






6. Dredgmg of Shoais
6-1. Exammation of Dredging Method

l‘rom the result of investigation ot‘ the rock quallly stated above, the rocks belong
to the so-called soft to medium rock so that in dredging, no special method such as blastmg
or rock erashing by means of rock breaker will be required (if used, it may result in higher
cost) but that disect dredging by means ofclredger will be ptactmab!e R

When the IOCk quahty only is taken into coﬂmderahons a grab dnpper or pump
dredger is usable. But, when Ihe field condntu‘)ns are takén into account snch as that the
dredging is to be made deep at —21 m, that the cprrent is fast as about 5 kn maXimum and
that the bottom including the shoals and their vicinities are of undulating rocks, the dipper
dredges is not usable in that the maximum dredgmg depth of the dipper dredger available
in our country is —16.0 m while the tide level at the site is about 3 m.

From the depth of dtedgmg, the pump dredger is usable. ' But, since the bottom
material is the sloping and’ undulatmg rock, it will be impossible to fix the dredger with
spuds. A Chrisimas tree method not in use of the spuds’ may be used But, in the fast
cureent up to 5 kn and against the relatively sinall areas of dredging of Shoals A, B and
D, there will be great difficultics involved in obtaining accufacy in fixing the stem and for
swinging. ’[_‘hus, in the present case, the pump dredger is considered to be inadequate.

From the foregomg exammatmn the optimum drcdger from the fechnical as well as
economical point of view is the grab dredger. Thus, from the result of the test dredging
.at the site, a method of usmg a heavy or ultraheavy grab bucket having a capacity of 7
m? (60t) or mote was taken as an object for estimation of the work cost.

In this case, whether a 7 m? (60t) class grab bucket br a larger one (13 m? (1201) )
should be used is dependent on the total volume of soil to be dredged and ‘the specificd
work period. Thus, comparative estimations were made for the respective cases of dredg-
ing. In the case where a large grab type dredger is used, this class dredger is not available
in the vicinily of Singapore presently so that it is contemplated to bring the dredger from
Japan.






62. Work Progranime
6-2-1. Dredging Quantity

Table 6-2-1 - Dfédgit1g ﬁﬁalitity by sheal

Quantity f)r’édging N A - Exta Total*
' ar¢a dredging - dredgmg Quanhty :
. Shoal - (m?) (m"‘) (m*)
A 2972 4,933 2,378 1320
B 34332 - 83,038 27,466 . 115,500
C 126,345 389,146 101,076 490,220
D 1,669 2,149 1,335 3,480
Totdl - 165318 484271 . 132,235 . 6_16,520

* The total quantity is the sum of siet dredgmg and exlra dredgmg and is reprebented with
the figure in the umt s place munded

. 6-2-2. Work Hours and Monthly Quantity of Sulids Dredged

Work hours a day C _ 24 hours
Operation hours a day: I8 hours
Work days a monih: : 24 days
Monthly quantity of solids dredged: _
7m? Grab dredger Shoals A,Band D 8,035 m?
F _ " Sheal C ’ : 14,430 m?
i3m? Grab dredger " Shoals A,Band D 18,403 m?

Shoal C 34,690 m?

6-2-3. Fleet Composition °

The following two kinds of fleets will be used in combination, as required.






Table 6-2-3 Fleel Composition

Heavy lype o : Ultraheavy type

' - prabflest o S grabfleet
Giab dredger DE-1600PS, 7m L - DE3200PS, 13 m?
- : g;ab i : grab, 1 :
Tughoat O puooes o D-2000PS
Anchor boat " paors. D-360PS
ﬁoppgr'barge ' ' 2 (500 m?, bottom’ - 2{800m?, bottom

‘ door typ2) door type)

Passenger boal ' 4 (Wooden, D-100 PS) _ "4 (Wooden, .D-IOOPS}

The boat i::osilion is 1o bs szcured constantly by 4 vadio range finder.

624, Dﬁi‘nping Area’

. The dumping area will be chosen in the south of the Semakau Island as shown i in the
attached chartlet. (hg 6-2-4 Locahon of Dumping Area)

6-3. Cost Estimation and Term of Works
Befbre 'lcoking into the attached table, the following points should be noted.

(1)' This eshmahon was made in December 1978 with the rate of conversion of Singa-
pore dollar to Japanese yen at 1 $$ = 90.9 yen.

(2)  With respect to the av‘a:lab;hty of the working craft at the site, a 7 m® class dredger
is presently working in Singapore water area, and a 13 m? class dredger will be brought’
from Japan. Therefore, should the time of commencement of the work be delayed, this
must be reexamined. -

(3} The following items are not included in this estinﬁatic‘m:
a. Where documentary ‘procedures are _requiréd for entry or exit of the boats and
personnel into or out of the port area for the sake of the work, cost elevation due

to degradation of the el‘ﬁciency on account of the resul!ing’ siandby, elc.

b. Custom duties for the vessels, eqmpment and materials brought into Smgapore for
the sake of the work, and port dues to the vessels as foreign vessels;

¢. Fees for use (')f basins and public jetty;

d. Expense of demotishing dangerous objects when lht)sc are discovered at the site;
" and






e. | Cost for pricé incréase of CG!illllad;:tiéé.

@ In the:miscelianemns \&’o;k are inc!uflf_:d the fol]divilig:

a. Expense of diver survey of dangerous o'bject.s;.

b. Expense of insiallatk}n, movement and maintenance of marker buoys;
¢c. E .pense.. of Warn.ing system for navigating vessels;

d. Survey expense for completion inspection; and

®

Sampling and testing expense of drédged soil.

(S‘) As supervising boats, a launbh and a speed boat are to be provided when these are
‘requested. ' '

{6) “The physical contingency is applicd where an extra cost is required for removal of
rock which is different from that initially forecasted when such is encountered.

_3'5__
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Table 63-1 Work Cost and Tenn of Works by Case

- Cost in Singapore Do!iars.
~____ Case 1 n R v
Names of shoals demolished A AandD A,BandD | ABCand D
Net volume of shoals m? 4,938 7,087 95,125 | 484271
Quantity of dredging o 7320 10,800 126 300 616,520
Term of works Month 4 s 27 7
Size of grab backet m? 7 7 7 7 and 13
[.  Contractor’ cost ‘
L. Dredgingcost 754,000 1,113,000 13,014,000 37,413,000
2. Mobilization and Demobilization
cost _ — — -- 5,621,000
3. Miscellaneous work 171,000 242,000 1,627,000 | 4,233,000
Total 925,000 1,355,000 14,641,000 | 47,267,000
il. Contingency
Physical 171,000 252,000 2952000 | 5,857,000
Price - — — —
IH. Employers cost 159,000 171,000 741,000 741,000
Grand Total 1,255,000 1,778,000 18,334,000 | $3,865000

'—37“_‘
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