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PREFACE

In pursuant to the agreement rea_chjéa between the Government of the Républié of
Singapore and the G'c_i\_féfn'inénl of Japan concerning the conduct of a study on filling mate-
rialé r‘équ'ire’d for the reclamation project in Singaporé’s erritorial waters as part of overseas
{echnical cooperation of Japan the hpan Internationat Cooperahon Agency (JICA) camed
out a technical study. ' ‘

JlCA Org'uuretl a sfeermg comlmttce headed by R. \’akamum Dm,clor of the
Yokohama lmesllgatlon and Demgn_()fﬁu,, the Second Constructlon Bureau, Mlmslry of
Transpori and._ survey fteam Colnprisi'ng é.n.gineers of Ocean -Cbnsult'ant, Japan and Kokusai |
Aerial Surveys, and dispatched experts to Singapore to carry out the ficld survey. '

After retilm_ing from the ﬁéld' survey, lile fcam analyzed and examined in Japan the
information aui_d_ data oblafncd in.S'ingapore and lilas complctéd_' the present répért for
subniission to the Govern fnen_lt of the Republic of Siu.gapore. | Ilope the present report will
be found to be useful for the develdpmcnt'of technology in the field of reclamation in
Singapore. _ . '

[ would fike to express my hca_rifélt épprec{ation to the Government a’nd the people
concemed of Singapbre for their close cooperation an.d'assis{ance extended to the survey

fcams.

) L Q!T_(_i
March, 1979 / ' C
March | // /!4/& y S

Shinsaku Hogen
President’
Japan International Cooperation Agency

Tokyo, Japan
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Mr Shmsaku Hogen L 3

. Pres:denl '

Japan Intemahonal (‘ooperatlon Agency' e

' Dea;r Sir, '

_ It is my great p;casute to submnt herew:th a report on lhe S!udy of hll Matenals for_ L
Redamatlon Pro;ects in. Smgapore S Temtoual ‘Waters, wh;ch has béen pfepared by Ocean
- Consullant; Japan Co.; . Ltd in accordance wnh the Scope of Work prowded by the Japan'.‘ -
lntumahona! Cooperﬂtlon Agency : : :

1 would hke to cxpn,s:, my deepesl appreﬂalqon to the Housmg and Development : -
Board, the representahve authority” of the Govemment of Smgapore for this sludy, and
vanous govemment or@i‘nzahons for. their unlmnted cooperahon assrslance and iwarmy
hospntabmty extended tous dunng our stay in Signapore -

\ly mdebtness is also grt at to the iapan Intemahonal Cooperat:on Agen(‘,y, lhe Mun- S
stey of Transport the M:mstry of Forelgn Affairs, the E‘mbassy of Japan 16 the Republ:c of

"Smgapore and the Porl Bureau of Osaka Mummpa! Oﬁlce that IlaVc gwen 'us valuable sug-
géstions and ass:stano., in preparmg thc report :

Sincerely yours,

Mareh 15, 1979 -

Isamu Kawamoto

| Leader'of Cohsﬁl'ting'l“éahl o

. Vice Pn,51dent S
-Ooean Consultant Japan Co Ltd
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SUMMARY

- ',[1:"]' RECLAMATIO‘\! PROJI:(‘TS IN Sll\GAPORE

T he Housmg and D‘,\dapment Board (H D B ), the .lurong Town Corporat;on (l T C } zmd the Port of
' Smgapore Authonty (P S.A) have rectamled lands of mer 3,000 ha to date :

. H. D. B. has comp}eted a senes of reclalmed !ands I’rom Phase l to Phase v along Last Coast and IS. :
carrymg out fu:lhcr Phases VI and Vll at presenl In Phase I to Phase. 1v. reclamahon pro;ects,.
h]ll cut soxl of 44 mllhon cublc meters from S:glap Plam and Bedok Resewou sites has been Lsed as

~the fill ma{enals whn!c in Phase V marme sand from lhc sea boltom has been used,
In Phases VI and Vi[ cut soi ['rom Tampmes h:ll is gomg to be used

LT C hdS been carrymg out reclamallou from landqde by usmg h;ll~cut sozl mamly obtamed at Tuas
area. Recently it carmd out redamatlon pro;ects at Seraya and Ayer Merbau using hydrauhca!ly

dredged sea bottom sand

P.S.A. has been feclaimmg corai geefs mamly at Southem Islands usmg marme sand PSA.is
_executmg a large-scale reclamat;on pro;ect at Changl for the new internation airport, which is now

: a]most com ple ted

As mentioned above nclan‘tahon in Smgapore has been carried out either with lnil-cut so:l or maringe’

sand dredged from the seabed.

(23 SITE 1NVESTIGAT:0N -
The sites of the present snte mveshgatlon havebecn selected at Oute: Shoal and Of l-shore Chang; from
the view pomt that ﬁIJ malena] for reclamat:on is expecied tobe fmmd judging from the boring data
and geographlcal feaiums of the sea bottom, that the areas are cons1dered to have typlcal sea bottom
soils of Smgapore and that the aruas have not been mvestugated in the past

. T‘l‘ie' site ilii;éstigéﬁioxi coﬂéistéd of sohi(_:_pros'pec'ling, magnetic detection, and borings.

Apprbximate :quaﬁiil'ies'o'f the field work and main equipmeéent used in the ﬁérd work are as follows

_ SRR Quantity . _Mai.in Eqilip'mén_l_ '
S_On_icl_’roquéting L 'Ai_?p'rox. ?Okm R 'SonOSIratOr : :
_l\lagnctic Dete'ctioﬁ_ T Appr'ox;"qskm o - Hux Gate Typc Magnetometer E

~ Boring - R il borehotes | ~ Rotary Boring Machine -



(1 skA Blorro.\i‘so'li; N 'sii\"'c‘:}(:PORB's frERm-roR'mL WATERS

' —  “Geo]ogy of the Rupubhc 01' Smg’ipore" pubhsha.d by th«, I‘ublrc Works Dspartmcnt in 19?6 provrdes
' _ compmlh nsive geologrca! mformalmn of the mamlaud of Smgaporu and hu rslands On the olher_
. -hand the g»ology of tho sea bottom in her tumtonal watrrs has not y,t buen pul togc,ther sysiematr- _

_ ;caIIy

, The consultant has classﬂ‘ ed and dtscussed the bort,hole data of the sea bottom both provrded by the

‘Smgapore gonmment authont:es and ob!amed feom the present inv eshgatmn

The locahons of the past bormgs are not muformly drstnbutud over the Mntorral waters and ccnsrd- _

' erable drffemnce m son! cond:tron in vanous arcas is recogmzed
l*‘r_cﬁri lh{a: past boring data the follbwing will be summerized.

e Thc sea boltom in the temtonal waters is generally of soft maring clay The: marme clay is,in some
Wustem parls espeually around rslands covered with coral Tt is in some parts ovcrlam by loose sand

- varymg in thukness

. It the westem part below the marme clay is seen layers of snffclay and hard clay, which are consrd-

en:d weathered shale Hard shale is reachcd gencrally ata depth of A. C D 15 m to-30m.

In the eastern parl the marme clay, _whuh is normally much thlcker than in the westem part is under-
lam by. oid alluvmm Iayers whrch an, usually of medium to dense clayey sand stiff to hard clay or

claycy srit clc

" In Sisters” Shoal and Rafﬂe’s Shoal a mﬁsideréble anioirnt of s‘érid"is‘ scen.  But lhe amount is not
: known because there are no borehole data whrch show the lower lmm of the sand and also a great_~
'amount of sand has becn explorted for varrous pro;ects up {o the present ' '

The rcsult of thc present mvestrgahon shows lhat undcr the sea. bottom at Outer Shoa! is a thlck
: manne clay iayer undertam by ald al!unum the top of whrch is at around A. C D. -30m
It also shows lhat m of f-shore Chaﬂgr lhere isan ofd alluvrum hrll the top level of wluch is A .C. D.6 :
m to -9 . On ﬂus hlli there i is no aring clay buta thm layer ol‘loose sand The outsrde area oflhe'

- _ hril has more or h,ss the sanie sirata as Oufer Shoal.

) The resu!t of the n‘nagnem, detect;on shows that Ihere are a ccmsldcrable number of magnetic anomaly .
pomts bo:h in Outcr Shoal and of - slmre Changr : R



R :sti)'_Y ON ":ssETilOi_)"s & COSTS OF DREDGING & RECLAMATION -

:-There are vanutles of dradgmg methods R AT o T |
Among lhese -:utler sun:llon dudgers are most w:dely used in Japan because Ihcy are capable of'

' dr;dgmg almost any kmd 01' matenal from hard to soﬂ of a largc quantlty, and moremer they ane

: 'capable of mntumous operallon ln reclamanon in Japan, dlrect dischargmg system is l.he most S

connnonly used ‘method. Another melhod wh:ch is atso widely used in Japan is dredger-bargelme, L

syst_e ni.

Now the seabed soﬂ in SIﬂngOIb, as dlscussed in (‘hapler 3 genera!ly consmts of soft marine clay o
undeﬂam by old alluvnal layers such as clayey Rand layets or sufl clay iayers ln some lmnled areas,
1005 sand is seen on top of the marme ciay “Since the quanhty of loose sand is lnmted olher.

materials such as old a_lluv;al clayey sand would have to be ullhz_ed

On 1he olhcr hand from lhe wew pomt of dredgmg capabahly and economy, the N-value (number of
blows in S.P 'I' ) of the matenal to be dredgxd would be ]mnted to 40
Therefore, fill matenal woqu be narrowed down to lhc followmg ‘three kmds

a. Marme clay - _ _ o R
Thls is avallabie in ]arge quantlhes Th;;.usc of this material for reclamation is possible even if its

nature asa ﬁll ma(enai is of low gradu

b. {,layey sand wnh N-va!ue lcss than 4{) .
This matenal contams large perwntage of sand and is mable asa fili matenal of good quality.

c. Suff c!ay wnh N-value less than 40
The charactenstics ‘of this matenal wzll be rather mfenor to the clayey sand Bul this ¢an be used asa
sufficiently good fill material. ' '

-Smce it is not practlcable to use cla)'ey sand and shff clay alone because thcy are nsually covered by a
thick marine clay layer, mecd usage of the thrce wd! have to be c01151dered : In this case the dm.ct
discharging system and the dredger- bargelme sys{em wsll be the most favourablc ores, as is the case m’

Japan. o '

-Therefore a COmpans(m of the iwo syslems has been made by estlmatmg the cost of each systpm and

it has been concluded that the dnrect dlschargmg system is most favorabte for Smgapon, Itis behe\ ed
that ‘the. most recommcndable way of n,clamatlon 15 Ih» d;rect dlschargmg system by selectmg a

' borrow arca where a cutter suchon dredger can dredge and send the seabed matcnal to the reclamation

' szte in such a manner to enable the dredger to make most ccondm-cal producuon _

1 ihe borrow area can be ut:hzed as a tummg basm or a nawgahona! channel in future |t can be

s-8
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* economical even'if it is rather far from the reclantation site.. -

. Among lhe thne kmds of matuna!s, marme clay 15 avmlable in the largnsl quannly aud cosl ol' dredg—
o mnr and tramportmg is the lm\v. st R mntams hm\uer problems oi‘ground \\cakness and sel!lunenl‘
: dm to consol:dahon ' o '

'The -:econd matenal c!ayey mnd mntamsa large per&ntag«, ofsand _ L
A rcclaimed land Flled with th;s matenal will have a good quahly The cost of dredging fa'nd trans-

portmg of Ihls mateml is eshmated about lwu:u that of marine clay

'E'he Ihlrd mateml thc olcl alluvnal stllT clay, wul also be a fatrly good matenal for nclamatlon as
compand to” marme clay bccause itis deposrled inJ ump:., through there are some unknown factors to
be sotved in using this alone or usmg this with inarine clay as fill matenals The cost of this matenal is

: estimated about three tinwes lhat of marme clay

When a mlxtun of d:l‘len,nt kmd of ma!enals ane dredged and dischargad mto reclamatlon site, the
. partlcles conshlutmg the materials tend lo segregate and sett{e sepanately, 1.¢. largtr parhcles near the
outlet of disdlargmg ‘pipetine and smalter particles near the overflow weir. - By makmg use of lhls'
nature a land of good quality is obtamed as well as a swampy land cons;shng of CIayey soil of a lngh

water content.

: When ihe dmcl dlsw.hargmg system is applied to a hugc reclamatlon arca, as large as several hlmdreds
hectans l! is rwommendcd that the whol‘, reclamation area be divided into v:vera! lols by mm:r :
h,mporary cmbankment and completed one by oie. ’1119 size of each lot shonld be dec:dcd coumder—

mg the dmlgura capac;ty in such a manner lhat the tot can be reulanned in one or two years of tinie.

ln ofder to acluevc llus it is necessary to mslall trnstles for lhc plpc-lme in the reclamation area at an

appropnate spacmg (usually IOO mto 200 m), pnor to the drcdgmg operatlon

In planmng a nclamahon pro;cct soxl uweshgatlon m bolh reclamatlon snte and borrow area, magnetic
dctcctmn suney m the borrow area to search dangerous obstacles removal of those, ef!ect of dredging
to lhe coastlme duc to the change ol' llttora! current and the stmly of fill material shouId ‘be carried |
out besndes lhc dLSlgll ol' revetment temporary embankment, etc of siudy of s:.ttlement due to

consolulatlon and smtable soil nnprovement 1:‘ neccssary

g5 STUDY ON THL GROUND cowomow OF_RECLAIMED LAND BY
© - UYDRAULIC MEANS

As dlscussed in lhe prev:ous Chapter, the land leclanmed w;th vanous kinds of matenals by hydrauhc
' dredgers lends to separate into a sound area and a muddy area Asto the lonn_er, there will be n___o

54



' need to comment here smee lt wnll be the same laml as obtamed m (‘hang: ree!amailon : o
“The talter the muddy ground Wl“ be d|scussed here The soﬂ of sueh gmund has usual!y \’cry Iugh
| water umtenl ln Japan lt takes about two ye'trs of more to get dncd enough for 3 man to walk on,'_ .
for drymg proeess 1s emment only m summer Smee sueh grotmd has, evm dned no traf ttealnhty l‘ox" :

\eh:cles surl"acmg sonl 50 cm to l min thtekness should be plaeed

I Japan, there are vanous methods tor thls purpos: such as ropc-net method . P :
I case of Smgapore fortunately, the sunhght lS strong, the temperature hlgh and tho land IS blessed _
thh wind, it ;s consnden-.d lhat the drymg is remarkab!e and any special method to place the surfaemg '

soil will not bc neeessary

A reclatmed Iand usmg c]ayey matenal such as manne clay has a ploblun of seltlement due to consoh—'
dation. 'lhe amount of the settlement is dependent on the subsoxl eondltxon ofthe reclamatnon site,
the eharac{ensllcs of ﬁil matertal method of dredgmg and reclamatton and dramage CO]IdlllOi] in
consoltdatlon process In geneﬁl the . rate of settlement is greal m the first one )ear or two, but

decreases gradual]y untrl 1t approaches a lnmtmg Vaiue

Thc nclanned iand wnth soﬂ soil, when the surfacmg SOll is plaeed can be used asa park or a green
zone w:thout any subsoﬂ lmprovement Por comparatwely ltght struclures to be butlt onsuchland, a

s:mple subsoxl 1mprow.ement work thl bo uecessary.. l<or heav:. stmctures,comrenttonal plle founda-_
tion will have to be used. ln thts case proper measures must bc taken agamst lmeven settlement .

between the piled_ part 'and the part wnthout_plles. Thts can be dealt wnth by partnal subsotl 1mprch- o

ment.

Among many subsonl unprovmg methods preloadmg and dramage by means of verheal drams are most -

widely used and ef fective techmques for snch soft reelamted langd..

(6] - | LXAMPLES OF RLCLAMAT[ON PROJECTS US[NG SOFT SEA BOT”TO\{

MATLRIAL IN JAPAN

In Japan mauy redamatton projects haw been eamed out uSmg sea bottom soils as fill matenal
Such pro;ects have becn eonducted in large waterfront mdustnal l“tglOI]S such as i‘okyo (}saka,
' Nagoya Yokkalchl etc “The. seabed of ihOStv reglons is mostly of soft clayey so:l and many reclaimed

_ iands are made of chycy so:l

Among thesc two projects have been chosen and dlscussed hen, L ‘
The flrSt 1s the rtclannhon pro;ect at Osaka South Port. About 70 perccnt of the whokz reclalmed'
area amonntlng to 930 hectares consists of alluvnal sﬁty clay dredged hydrauhcally from the near-by

sea botlom. -



Thc sucface of it was left for drymgunprov‘d for nearly two }t.‘-ill':s and then surlaung soil was placed,
The subsoil of the reclaimed tand has been improved using sand drains and other :mlhods with the
exception of the area lor p"ks or green zones.  Now 80 perccnt of the whote res.lamatlon is com-

pleted and most of the comph,hd land is being wilized for houqng poit facnhues,elc

The sccond emmph is a rectamation project for a sieel mill at Fukuyama in Hiroshima Prefecture.
The ]and here has been rectaimed from the sea by dredgmg sea botion soft silt, and sand with gravel
or hard- clay under it mamly by cutter suction dredgers.  The area where lmpoﬂant structures were
to be built was reclaimed with sand with g,ravet or hard clay.” The other area was reclaimed usin £ soft
sift.  On this reclaimed land of about 872 hectarcs, an integrated steel mill vas been completed. 1t

has been producing crude stee! and other steel products for more than ten years.

5-6



II .' CONCLUSIONS
"AND
RECOMMENDATIONS






CONCLUS| omsmaaacommsmomons a

Follou ing the s{udy on the ﬁl] matenals f or l‘ulun, reclamahon in Su‘tgapore the below-hsted conclu-': g

swns and recommendahons have been drawn

1. To make usa of Iull-cut SOIl for reclamahon is an ndeal mclhod boih economical]y aud techmca!- o
. ly, beu:ausc lt snnultamous‘y prov:des two areas lt as c01151dered llbwever that Smgapon, wﬂl
o experlcnce a shorlag» of hl“ cut 5011 for rnclamahon m the near future ’

3. J udgmg I‘rom past 3nd prcs:,nt sonl nivemgahon data therc may be. same sea boltom sand of a '
Imuted quamlty m SOme lmuted areas. if 50, hcm.e\rer, itis conszdered lhal m Smgapore s terri-

tonai waters it would not be sufilcn.nt for the n.qumment of the mtended fulme reciamahon

' “'ihe EXlStBnCB of sea, sand at deeper ]e&els can not be deﬁnately co;mnent;d oin at tlns slagu

because oi‘ Iack of iny eshgatmu data

3. Sea botlom sand IS no\v a preuous naluml rpsource [t is fecommended that llu, utnhzahon of -

" tlns matena! shculd be hnntcd for spec:al purpcs:c,s sllch 4s revctment or arhﬁcsal bt.aches

4; Charactenstics of seabed matenals depend !argely o arc as S .
Howe\er, in general the surface’ layer is of manne clay, be!ow wluch old alllmal clayey sand
‘ (mclusne of sandy day, sﬂly sand etc -heremafter called Llaycy sand )and parha!ly stiff clay

or hard’ clay of old altuvinm.

At places the marme clay is over!am by a loose sand layer varymg m thlckness whlch has been
used as ‘the ﬁll matcml in past rec!amatmn pfo;ecis Smce sand is scan.,e the unl:zanon of the

' olher matenals for nclamahon wull have to be comldered

5. \farme day exlsis in large quanhtncs all over lhc temtonal Waters Reala;med !and ﬁllcd wnth' '
' manne clay, howe\'cr has small bearmg capac:ty and has a problcm of setllement “due to {,on-

sohdatlon

‘ Clayey sand comams a large percentag\, of sand and ls consnderui good matenal for reclamallon
- The l|m1t of N-value {Number of blows per foot of penc(ration in the slandard penelrahén test) g
‘for economlcal dredgmg should be forly (40) Reclanmed land consnstmg of tlus mater;al wou!d '

N prove very sahsfactory

Suff c]ay 1s also consxdered as a fanrly good fill matena! Compaxed to marme ciay ’["hé‘ré ’a'n; :

: how ever, sOmc unknown facmrs m usmg silrl‘ clay alone or w:th marme clay as a fill ma(enal
- -sance lhere have been v»ry few such cases arld the nature ef the gmund (e g. parameters of con-?

sohdat;on bearmg capac;ty, ‘etc. ) cons:sung of such a ﬁll 15 ﬁlfﬁt‘:ull to prcdlct The llmit ofN C



 vatie fo{e'conolnlce'l_'{lreifl'_‘g'_i:iéof- ﬂnsmatenal ellotll(l_ alsobefor!y (40)

Smee elayey t:md and stlff elay ate. eoured wrlh marme tlay, rl is not practrcable to ear.ry out

rulamalron only wrth thes» matenals \lanne clay should also bc used wrlh lhem

_.The umt n‘ost of dredgmg and haulmg o!‘ matenals was estrmaled as m zlre casc ol‘hydrauhc-
_dredgmg The unit cost’ of the clayey sand w:lh N \a!ne around 49 is approxrmalely lwrce that'

-~ of lhe marme clay, whrle that of the sml clay wrlh N—value around 40 is about lhree tinies lhal

B '(.‘ompanson has been made of varrous dredgmg methods

"_Qof marme clay

5

B has been conduded that the most recommendablc method of reclamatron for Smgdpore is lhe

- Z'izdrrect drschargrng of the dredged matenal by a cultor sucnon dredger for all of the above -nien-

‘ .lroned tlmc rmtenals

o When (hc !hree krnds ol' matenals are dredged and drseharged through a ptpelme into a reclama-

" tmn area coarser parhcles normally seltle near the oullct of the plpelme and fmer parhcles near’

the m’erﬂow wcrr In thrs srtuatlon strfl‘ clay 1s drsa,harged m lumps into Ihe nclamatlon area

'lherefér‘e ‘we gel two types of ground condmons

Sof ter areas of the land are generally used for such purposes as road parks ancl grecn zones whrch

“do not requrre the ground rr,srslmg strenglh nor caus» any problem of settlcment in comparison

. _lo lhe more sound land used for such facrlrtres as bmldrngs

- - '[hercfore, rt woulc[ be worlh plannmg to employ thc abovc-menimned method of reclamatron in’

drawmg up tho appropnate layont of lleavy stmctoreq on sound parts of the fand, and light-

_werght structures road or parks on softer areas of the Iand

10.

: The surl‘ace }ayer of lhe seabed 1n Smgapore is generally ofmanne clay. lf reelarmed land 15

'_'_(creatcd On snch A Seabed w:lh ﬁll matenal ofgood qualrly, the problem of setllement strll exrsts '

A _if marine clay is used as il matenal the setllemen[ due to the consolrdat:on ofthe ﬁll materral :

wdl bc added to that of the exrshng marme clay. ~The 1mpmvement of the frll material would

be easrly eonducted

ln .lapan mueh reclarmed land has been crealed on seabeds ofsoft marmc clay usmg marine elay

: "of nearby sea bottom as the ﬁll matenah

- Most of these areas have been successfully utrlued for mdus(rres and housmg wrth Ihe help of

o Varrous techmques

:_The impor!ant thmg m the case ol‘ reelamatron only wnh manne clay is to harden lhe surface of

;_the frll materral as qucrkly as pracircable



. ln Smgapol‘e the hardemng of surfacw is. consuiered to be ralher fast because the rate of evapo-

- ratlon is great thanks o slrong sunslune hngh tempemture and wmd

13. .

14.

15,

16,

Smco the ground of maring clay f:ll has, even w:th lhe surfacc harduled no trafﬁcabthty, sug-
facing soil 01‘ good qua}tty should be placed “The thlckness ol‘ thb surfacmg soit depends on the |

__reqmred bcanng capacnly of the grotmd surface Usually SO cm or l m wou!d be sufﬁctent ['or -

ordmany construclnonal eqmpment to iravel upon

In thc case of the surface hardenmg proccss bemg slow, as m Japan spccnal techmques such as

rope- net method are used to help place the surfacmg soﬂ on very soft ground Thcse me!hods _

wou!d not be necessary m Smgaporu

Onoe !he surfacmg 5011 18 placed the ground can be used w;thout any unprovemcnt asa park or

a green zone ‘where seitlcment is ‘not SO unportant

The amount of the seltlcment due to the consohdatlon of the flll matenal of marme ctay,'

' depends on the charactenstm of the ml matenal the method of dn.dgmg and reclamatcon and -

the thlckness of the fill matenal The amount shou!d be estimated in the planmng stage through

thorough mvcshoatlons and studles

. x"-,

: :Gcnera!ly lhe settlement proceeds in a consnderabiy rapld rate in its early stage and decrcases its'

speed with the lapse of tmle ﬁnally becommg minimal.,  Where lhe tluckness of the soft soil is -

great, the proccss of the consohdatlcn fasts for a longtlme Where the surfacmg soil is thm ‘the

-jincrease in the cohcsmn of the soft fill matenal can not be expected

Therefore, an appro:prialte _subsdil improvement would be necessary, ‘depending on the time and

purposes of uii!i,ia_t'i-oﬁ of the land.

thn a rather hg_ht sltucture is bmlt on smh rec!anmed !and snmpTe subsosl 1mprovement may be
cnough. For heavy s.truclurcs plle foundallon would be rcqmred as pCrformed in the past m

. whuh casc negahve f riction must be iaken mto consldefahon in ihe desxgn

_When roads or other structun,s whlch sustam re]atweiy small loadmg are buntl on such reclalmed '

Cland, the problem of the bearmg capacitly of the ground can be dealt wnth only by placmg 5011 of

- good qual:ty w1th an appropnate thlcknm

-In case of roads there may appear a dlfferencc in level be[ween lhe fill parf. and lhe struc{ure'
part hke a cuivert or an abutmcnt T}us can be solvad by parhal subsonl mlprovemen! to acCel- .
‘ lerate oonsolidahon ' : ) '

it



17.

18.

19.
' selected at srich a p!ace that the change in ihc sea bottom proﬁle by dredgmg should not affect

20.,

21.

_When an undergtound famhly hke se\\er, water m1m or g"lS papc-lme is msta!kd m an eariy stage-
. of consul:datmn due constderauon shou[d be taken for a large selllement‘ Ity Japan there are

some’ cases where a tn:mpor.ary facihty was mstalled dunng !In, early slage of consoladalmn and
was l' nally completcd asa permauent one when the Gell!ement has stowed dowh.

One o’l t‘he mlporlani factors to achle\re economncal reclamat:on 13 lhe dlstaﬂ(‘b betwex.n the
bormw area and the reclamatmu sttc ‘ It‘ the borrow acea -:ould be selected in the future nauga-
tional channel or thc iummg basm it would be economical asa wholc even 1{ the borrow area is

rather distant.

When a borrow area is selected near the bbéstéi line, ‘care must be'la'ke'n against the eroston of the
coast by wave achon Tlus cou!d be a.vmdcd by selectmg the borrow area at reasonable distance
from the shore, snm waves are gmerally not h]gh in Stngapore

There are sonle areas w here lldal currult is strong " In such areas, the borrow area should be
the tidai pauem in the aréa’ lmfavoutably

'ﬁwre isa pOSSlblhly of some bxploswes rcmammg in the tercitorial waters since the war.

It is, therefore, necessary o perfori magnetic detection pnor fo dredgmg or borrowmg of the
fill matma! and if am.r exploswes be found they should be of coiifse removed befon, commence-

ment of actual dredgmg work.

In planning the proper reclamation scheéme in the future, detailed ihveét_igation and adequate
survey of the fill matesial will further be required on the reéspective schéine prior to its realiza-

tion.
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INTRODUCTION

The Govermient of the Republic _ol" Singapore has given the high priority to the development of hous-
ing and land as the national projeéts, and has been actively canying out very extensive ¢oastal reclama-

tion.

Today the Republic has a population of about 2.3 million, which is anticipated to reach to 2.7 mitlion
in 1990 even at lower annual rate of increase. In consideration of its tatal area of 588 sq. km, alnost
cquivatent to that of Awajishiima Island of Japan, the annual rate of rapid increase would bring about
keent demand for land. . On - the other hand, Singapore is cager to invite modeinized international
industrics, and in order fo encdur’ége the industrial development the necessity of land will be acceler-

ated.

Therefore, it seems that the demand for fand—first for residential, second for commercial and industri-

al, and third for sociat and recreational purposes—will increase more and more in the future.

For the past ten years, the Government of Singapore has reclaimed its land mainly by earth fill from

the land and sand from the scabed.

The low undulatory hills over the country of 20 - 40 m above the sea level have been cxcavated, Nat-
tended and developed fo be used for residential and industirial area. At the same time the excavated

soil has been utilized for reclamation of scaside swainp or of the seabed. However, most part of these
hills have been already excavated and the earth §ill from the land is substantially exhausted, while
most of the sand deposits on the sea bed also been ulilized for previous reclamation projects and are

now coming to ifs limit.

The possibility of obtaining the fill materials from these sources is not bright, and therefore, it seens
to be critical to study some comprehensive methods to make use of such materials from the scabed as

have never been used, together with effective use of the sand resource of the limited quantity.

In Japan, extremely wide area ofland has been reclaimed from the sea corresponding to the mdusinal
deveropment after the war, and through these achievement various kinds of technicat experience in

reclamation have been accunulated. These technicat experiences could be very useful to Singapore.

On account of this, the Government of Singapore has requésted the Japanese government to provide
technical assistance in studying useful fil} ialatefials from the seabed in the territorial waters of Singa-
pore, and the Govemment of Japan, in sesponse fo the request, has decided to conduct a relevant

study through the Japan Intemational Cooperation Agency (JICA).



In June, 1978, at the start of the study, JICA dispatched to Singapore a l’t_eiimiziary Survey Tean.l '
headed b.y Mr. R. Nakamura, Director of Yokohama Investigation and Design Office of the Ministry of
Transport {MOT}. The Team and the lldusing and Development Board (RIDB) df the Ministey of
National Development representing the Government of Singapore for this study have set up the Scope

of Work for this study.

For the purpose of performing the Scope of Work, JICA has set up a Steesing Commitee and a Con-
sulting Team. The Committee members and the Consulting Team jointly carried out gencral investi-
gélion from Nevember to December, 1978, while soit investigation was also carried oul in accordance
with the Scope of Work.

Under the supervision and advice of the Steering Committee, the Consulting Team has drawn up this

report based on the resulls of this ficld survey.

The Steering Committee and the Consulting Team consist of the betow-listed members respectively :—

1. Steering Comuitlee
Leader
R. Nakamura Director of Yokohama Investigation & Pesign Office, MOT.
~ M. Terashi Chief of Soil Stabilization Lab., Port and Harbour Rescarch Institute, MOT.
M. Maeda Special Assistant, Yokohama Investigation & Design Office, MOT.
- M. Kiyana ~ Planning Div., South Port Development, Port and Harbour Bureau, City of Osaka
1. Nishijima Social Developnient Coopersation Departiment, JICA.

2. Consulting Team

Leader

I. Kawamoto Vice President, Qcean Con'suitant, Japan, Co., Ltd.

Y. Kanesato Chief Civil Engineer, Ocean Consultant, Japan, Co., Lid.
M. Niwa Civil Engineer, Ocean Consultant, Japan, Co., Ltd.

The Singapore Government representatives coordinating this study are as follows:—

Leader .

Chew Seong Yean Chief Civil Engineer, Housing and Development Board
John Wei Principal Civil Engineer, Housing and Development Board
Ho Wah Hin Civil Engineer, Housing and Development Board
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RECLAMATION PROJECTS IN S_INGAPOR'E'

Rectamation project is one of the national projects of the high priority and imporiance

‘in the Republic of Singapore.

It would be worth admiring when we have a look at such harmonious scenery as towering
buildings for housing, green parks, well-planned net-work of roads, and colourful
recreational facilities at the sea;:.hores completed on the reclaimed land around the
country. The ground for further development of the Republic will be more strengthened
by the subsequent reclamation plans and schemes now being undertaken, in addition

to the réclaimed ateas which have been completed under the present scheme.

Some explanation is made hereunder on the reclamation projects in Singapore carried

out in the past and to be done in the near future as well:—

I-1 Reclamation Pro]ects Completed or Being under Construction

Almost all of the reclamation schemes have been undertaken by the three governmental
organizations, the Housing and Development Board (H.D.B.), the Jurong Town Corpo-
ration {J.T.C.}, and the Port of Singapore Authority (P.S.A.). The total reclaimed arca
alrcady completed by these three organizations comes to over 3,000 ha. Table -1-1 is a

list of whole these reclaimed areas, the locations of which are indicated in Fig. 1-1-1:—

H.D.B. has so far completed Phase I to V of its scheme mainly on the Fast Coast and is

carrying out Phases VI and VII at present.

As (0 Phasc I to IV among this scheme, hill-cut soil was excavated from Siglap Plain
and Bedok Reservoir sites by way of bucket wheel excavators, transported from landside
by conveyors and barges, and was used for the reclamation work, the total quantity of

which amounted to 44 miliion cubic meters.
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Undcer Phase V of the s~.heme, marine sand was obtamed from several wmmng arcas by :
low pnssun hydrauhc dredgers, loaded onto barges and transportcd to the reclamation
“site. A half of total 20 mllhon cu. m of lhe hll material was dm,clly dumpcd by barges
into the reclamation snte whllc the remaining half was deposﬂcd in thc interim dumping
area near the fill area until substantial completion of the surtounding permanent revet-

ment, and then pumped into the fill area by pipe-line ofthc dredgers.

Under Phases VI and VII 6f the prosent scheme, hill-cut soil excavated from Tampines
hill is to be conveyed by conveyors to off Bedok, loaded onto and tramported by barges

and filled m{o the nclamat;on area.

J.T.C. has been carrying out reclamation from landside by using hill-cut soil obtained
at Tuas area, bul recently perl‘ormmg the rec!amatmn at Seraya and Ayer Merbau wiith

sandy soil from the sea bottom by meaus of hydraulic dredgers.

P.S.A. has been reclaiming coral recfs mainly at Southern Islands in use of marine
sand, and has exccuted reclamation of 650 ha. at Changi for a new international

airport,

As nientioned above, reclamation works have beén carried out either with hillcut soil
excavated from landside or \'#ilh sandy soil dredged ffom he sea bottom, where hill-cut
soil has been the most common fill material for reclamation in Singapore. This is really
a helpfut way lo simultancously achicve the dual aims of utilizing the excavated soil for
reclamation and the land itseif for housing and industrial arcas, which has pléyed a gieat

role in developing the housing new towns and the estates for factories in .Singapore'.

At the same time, hlany reclamation projecfs_ have been achieved by J.T.C. and PS.A.
in use of marine sand a§ welt which has been obtained at Sisters® Shoal, 16hore Shoal
and ofher sources in between the islands. Major projects among them are Redamat:on-
. at Seraya (175 ha)) and Ayer Merbau (120 ha.) executed by JTC and Reclamation
at Betmg Sudong (243 ha.) and Changi (653 ha.) by PS.A.

In .all the cases, lhe Sandy soif exis'iing around the n;clama.iion area was directly punipéd
up into the fill aiea, or the one borrowed from too distant sources for p_umping up was
loaded onto barges by a low pressure hydraulic dredgér deposited in the interim dumging
area near the reclamation area, and finally pumped up into the fill area through the pipe- -

line ofanolher hydraulic dredgu
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Future Plans

The future projects are listed below in Table 1-2-1, based on the informations available

at present:--

Table 1-2-1 Pending Reclamation Scheme and Future Plan

g(l“lc [;::::;ﬂ 400 ha 60 monthis Undecided Pending
‘}1{‘0;1!::1';(':2:: 144 ha 40 months Undecided Pending
ie'f‘?lig?lg)gbiu Unspecified Undecided Undecided Future Pian
;‘?%?;lsla(ion 613 ha Undccided Undecided Future Plan










(2) SITE fNVESTlG_ATION
H gocs \\filh_oul'sa_ying that in order to study the (il materials in the territorial waters
the best practice is to carry out borings and other essential investigations in her overall

territorial waters, however, it is not practicable due to luge expenscs and time incurred

in such investigations,

This time the investigations are reduced to two locations based on the following points of

vicw in order to assist in having a notion of the fill matertals existing in Singapore.
2.1 Selection of Investigation Areas

Two areas, Outer Shoal and OfF Changi, have been selected as the investigation sites from

the following points of view:—

@ The areas arc considered {o be of high potentiality of existence of the fill materials,

reading the boring data in hand and geographic feature of the sea bottom.

@ These arcas are considered to tepresent the standard conditions and characteristics

of the sca-bottom soil in Singapore.

e The investigation has never been carried out so much in thesc areas.

Fig. 2-1-1 indicates the Yocations of the sites investigated.

— 10—
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2-2 Particulars of Investigation

The following three items of the site im’csligatic’in. have been performed in the under-

mentioned ways:—

® Sonic Prospecting
- ®Magnetic Detection

© Boring

First, stratom condition of the sea bottom soil was estimated by means of the Sanic Pro-
specting. Approximate locations of borings were thei decided based on the :jssumed
stratum condition. The locations were Ninally decided at such posititms where magnetic
anomalous points did not appear baséd on the results of the magnetic detection carried oilt

priof o the borings.
2-3 Scope of Investigation
2-3-1 Sonic prospecting

The sonic prospecting has been performed along the survey lines as shown in Fig. 2-1-1.

Length ovesall of the tines counted as follows: —

Outer Shoal area 262 km
Off Changi area 43.6 km
Length averall 69.8 km

The under-listed equipments were used for the praspeciing:—

— Sub-bottom profiler {sonostorator, model SP-3)

Maker : Kaijo Electric co., 1td.
Sonic Pulse Frequency : 1 kHz ~ 10kllz
Recording Range : shallow .. ... 0~25m
deep ....... 0~ 50m
Recording Method : linear line recording by time belt
Recording paper : ) dry type
Oscillation : electro pulse oscillation with transistor
Recording Speed : 80 mun/min. . ..., shallow
40 mm/min. ..... deep
Power Source : 100 V AC, 50/60 §iz, 2 kVA

—17 -



— Bistance Measuring Instrument
(Automatic distance meter: Audister)

Maker :
Type :

Max. Measurable Distance :

Max. Indication Distance :
Measurciment Distribution Esvor :
Measurciment Tolerance :

Carrier Frequency

Antenna Output Power :

Antenna Directivity :

— Tug Boat :

Magnetic detection

Shimada Pliysical & Chemical
industrial co., 1td.

9010, Master station
Slave station

20 km

39999.9 (6 digits) m

il m

0.lm

8.5 GHz

0.3 W (approx.)

Master station

I wnit

2 units

horizontal 360°

(

vertical 15°

Slave station |, horizontal 30°
(vertical 15°

225GT., 238 HP I No.

The magnetic detection has been also performed prior to the soil investigation in order to

cxamine the possible existence of any explosives such as bombs and mines, for which the

undertisted equipment was used:--
— Flux Gate Type Magnelometer

Maker :

Detecting Probe :

6 Channel Controller :

Sensitive Range :

Accuracy :

Quitput :

--Pontoon :
{Non-ferrous structure)

—Tug Boat :

—~ 13 -

1 set
Shimazn Seisakusho, itd.
Type MBIGO 5 probes
Type MB100C006 1 No

(.5, 2,10, 50 mG

Indicator, £ 10% of each lull scale value
Recorder, 2% of cach full scale value
i Y

4235GT., 134mx7m 1 No

22.5GT., 238 HP i No
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