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Abstract

Modellilg of the heatcd rvateti sprcading in .lakarta l3ay hud trccn perlbnucd as a part of'the study ou coolirg watcr circulatiou ol'
Muara Karang l)orver Plartt ,  North. laklrta. 

' l 'hc 
results ol ' thc sirnulat iou descrrbed in this papcr i l lust latcd lbr cast season (August

1994), tr iursit ional scason (November 1995), and wcst seasou (Januarl '  1996). ' l 'hc spreading of thcmral water in Muara Karang
coastal watcrs ncar the outlet canal ol thc powcr plant tbr each season and all tidal and wind conditions is dominantly inllLrcnsed
byd ischargcofcoo l ingrva ter tha t l tas tuax iu rurnva lueof15 . lu r r /scc  Iu thc la r t - rc ldarea thesprea<- t i lg rsd i rec tedb l , l x r l soor r
(*rrtd-induced) curreltts and slightly inlluenccd by tidal currents. I'hennal watcr u,hich sprcads out lionr the outlet caual into
coastal rvatcrs has a tnittitnutn area ofabout 58.60 hcctares in transitional season at hrghcst water level, and a nraxirnuui area of'
about 156 hectares in transitional scasou u'lren water levcl gocs to cbb. hr gcncral, the sinrulation rcsults in thc cast scason are
comparable to the obscrved data, rvhilc in the transitional season ofcast-wcst season iurd in tle west seasou thc urodel rs still beins
veritred.

1Q'yv'ords: coastal re<:lantaliott; coolingv'alcr circulalion; llrcmtol sprcading.

Sari

Pemodelan penycbaran air hrngat dari  pcmbangkit l istr ik tcnaga uap di perairan Muara Karang,
Tcluk Jakart ^

Pcrnodelatt sebaran panas di 
'Icluk 

Jakarta utenrpakau salah satu bagian dari studi rcsirkulasi air pendingiu l'L'l'tJ lduara Kararrg,
Jakarta Lltara. Hasil sirnulasi pada rnakalah ini menggambarkan kondisi pada musirn tinrur (Agustus 1994), rnusirn pcralihau
(November 1995), dan rnusitn barat (Januari 1996). Scbaran tennal di perairan Muara Karang dckat saluran outlet PLTII untuk
rnasing-masing tnusim dan sernua kondisi pasang surut dan aurgin sangat dominan dilrcngaruhi olch dcbit I,LTI.J yang nraksirnunr
l5,l rllr/dctik. Di daerahjauh, arah scbaran tcnnal bergantung pacla arus urusinr (pengaruh angin) dan scbagian dipcnganrhi oleh
pasallS surut. Tcrnpcratur air pauas yang keluar dari saluran orrlicl rncnycbar kc pcrairan dcngan luas ntiniurrun 58,(r0 hektar pada
rnusim pcralihart pada saat air pasang rnaksimuur, dan luas rnaksirnun sckitar 156 hektar pada nrusinr peralihan saat air menuju
surut. Secara utnuut hasil sirnulasi pada musirn tiurur yang dibandingkan dcngan data lapangan harnpir sesuai, scdangkan pada
ntusim peralihan dari ntusiui tirnur kc ntusinr barat dan pada nrusiru barat rnasih akan divcrillkasi lcbilt lanjut

Kalo kntci: rekkrnosi pantai; sirkulosi air petnlingitt; sebarorr tcmnl.

I Introduction

In the frarnc work of study on cooling rvater circulation
of Muara Karang (North Jakarta) Pou,er Plant rvhich
airns to evaluate the impact of coas(al rcclamatiou near
the plant, a sinrulation of heated wa(er sprcading havc
been perfonned in the Muara Karang coastal waters tllat
is a part of Jakarta Bay (see Figure 2). Thc final goal of
lhe study is to try to find out the solution of a conflict of
iutcrest between the owner of lhe potvcr plant and the
developer who lms reclaunted lhc coastal area near the
plant. Horvever this paper is rvritten bascd on the
progress rcsults. So, the above rnentioned solution is not
yet described in the paper and rvill be implicd in the

final result t lnt is being finalised. The authors havc
analyzcd simulation resuhs in the east. west. and
transitional seasons, and have conrp:lred nrodel
sinrulation in the east season with obscrved data

Frour the cuvironmentgl point of vierr,, Burharruddin
(1989) Itad studied an inrpact of thcrnral pollutant frour
lhis power plant on marine biota in this coastal \vaters
area (see also Mahlan, 1984 aud Martouo, 1984).
Burlmrtuddin had concluded that only fishcs,
crustaceans. aud rnollusca are tolerallt lo high
temperature and can live in the hot cuvironrncnt. The
highcst telnpcrature tolerated by fishes is 38.1"C, by
crustaceans is 37.9'C and by rnollusca is 36.7"C.
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Results of the modelling of the heated water spreading
described in this paper can be used for an environmental
investigation as mentioned in the above study.

The modcl is based on a far field rnodel that includes
different florv rates and increasing of temperature of
discharge canal of the power plant. Governing equation
of the model is bascd on basically advection-diffusion
equation with the adding of source term and a term that
reprcsent an interaction proccss of thennal excltange
betrveen the sca and the air. The velocity field of coastal
waters had been derived from a horizontal 2-D
hydrodynamics model (Mihardja, et al, 1996).

This papcr dcscribes the siurulation rcsults of thennal
pollutant transport in the cast, transitional, and *'est
scasons rcpresented in August 1994, Novenrbcr 1995,
and January 1996 respcctively, in which the obscrved
data arc available to verify the model. Thc sirnulation
was carricd out for various tidal and rvind conditions,
and as wcll as various coastal morphology alteratious
due to reclamation.

N{ethods

Dcpth avcragcd transpofi cquation

Thc 3-D modcl of transport equation @HL and MlT,
1975; and Fisher, 1979) is applicd for a simulation of
heatcd/cooling water transport, in an assumed
homogenous coastal waters near Muara Karang porver
plant. For this application, the cquation is integratcd in
a vcflical direction using Leibniz's rule. The intcgration
is done from bottom (z=-h) to surface water (z=q) to
obtain a depth averagcd or 2-dirncnsion horizontally
modcl transport equation as shown in equation (2.1)
(Cah1'ono, 1994; DHL and MIT, 1975; Fisher, 1919;
and Leonard. 1979):
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2,2 Numerical solution

The heat transport modcl equations have been solved by
UPSTREAM (Noye, 1987) and/or QUICKEST methods
(Leonard,l979). The numerical discretization of the
modcl in equation (2.1) is done as follows: the tirne
derivative term is discrctized in forward differencc,
rvhile advection and diffirsion tenns are discretizcd as a
diffcrence between thcir fluxes that arc occurred among
the boundaries of a grid cell. This discretization is
performed in term of a staggered grid, where variables
of velocity, dcpth and temperaturc are located at
separate points in a grid cell as shown in figure I bclow:

Figure 1 Numerical schematization of a grid

The numcrical solution of cquation (2.1) is u'rilten
follorvs .
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whcre h is thc depth of the water (m); ( is the sea
surface elevation (m); A is the sea-air heat exchanged
coeflicient; Ao is a cross section area (m2;; dimension of
Co is the specific heat at constant pressure; H (= h+O is
the actual depth (m); p is the sea water density (kglnr3);
T, T" and Tou, are actual, ambient, and outlct
temperature CC) respectively; u,v and Kx,Ky are
veltrcity components (m/sec) and turbulence coeflicients
(rn2lsec) in x and y axis direction respectively; and Qoul
is tlrc outlet discharge (m'/scc).
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where:

ij : the number of grid space iteration in x and y
directions

n : thc number of time iteration

Ax, Ay: the grid size in x and y directions (m)

At : tlre time step (scc)

3 Results and discussions

The heat transpo( model'equation (2.2) was used to
simulate thcrmal dispersion due to the hcated circulation
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water of Muara Karang Porver Plant in North Jakarta.
The water is used in a cooling slstetn for generating 700
MW of elcctricity. This location is surrounded by
Karang and Angke Rivers (at western side) and Pantai
Mutiara Rcsort and Sunda Kclapa Flarbour (at easterrt
side)(see Figue 2). Discharged walers frorn the outlet is
steered through an opened canal via Pantai Mutiara
Resort. Natural sea water is purnped through an open
concrete-wall intake canal.

The model was lead by the hydrodynamics model to
obtarn current field. Tltc currcnt is induccd by
a combination of natural and artificial processes, i.e.
tide, ocean turbulence, wind surface, Angke and Karang
rivers, and disclnrge of cooling water of the porvcr
plant. The hydrodynamics model was irnplernentcd by
Nested Model Technitlue to obtain dctailed current field
of Muara Karang coastal waters frorn the largc rnodcl of
Jakarta Bay (N{ihardja, et a/., 1996). The obtaincd
cunent field is used as an iuDut data for thermal rvaler
spreading modcl.

3.1 Sirnulation dcsign

From our obscrvation in August 199:t until January
1996, (Mihardja, et al., 1996), the hcatcd $'atcrs $'as
dorninantly dispcrscd in the "outlct pond", i.e. the arca
between the rvest coastlinc of Pantai Mutiara and the
eastcrn side of intake canal wall. In thc far field. the
thermal plt*r, therl dispcrsed out to the cnvironurcnt
and followed the current pattern tlrat is induccd by u'ind,
tide, and rivcr disclnrgc.

PSS: Spring Ebb Condition
SSS: Spring Lowst Water
SPS: Spring Flood Condition
PPS: Spring Highest Water
Dislance is measured from the mouth of outlet channel at Pantai Mutiara

The model is uscd to describe the thcnnal dispcrsron iu
more details and colrrpreheusive. To do tlnt ttre ntodel
was ran for each season, tidal condition, and coastal
morphology clunges due to reclamation. The seasons
that were sirnulated were the east season. the
transitiornl season, and the west season as an annnl
variation due to tnonsoon. The maximurr intake-outlet
discharges wcrc set constant at 35.1 mt/scc each, while
thc discharge and temperature increasing, actually,
follorvcd the electricity generation at lhe time.

Note thal the hcat or thcrnlal rnay bc repre.scnted as
actual sea *'ater tenrperature and/or incrcasing
tcrnpcraturc from its natural tempcmture tlut varies for
cach season. Thc conrplctc simulation results are
surnnrarized in Table I and the description of each
ilnportant condition for lhc cnvirorrrnsnt will be
described as follorvs.

3.2.  Simulat ion rcsul ts

3.2.1 Simulalion in the east selson

The therrnal plurne dispersion of the east scasou is
reprcsentcd by a sinrulation in August 1994 lscc Figurc
3.1.1 and FigLrrc 3.1.2) .  T l rc  natura l  teruperaturc is
2'1 .6"C that is takcn fronr our obscnation on 4-12
August 1991 (Mihardja, et o1.,1996). In all of the tidal
conditions, tlre dorninant dispersion is in west direction
througlr Angke breakwatcr (i.e. morc than 1450 mcters
distance).

Table I  Resume of  s imulat ions of  thermal  d ispers ion of  Muara Karang Power p lant

Simulations Coastal Morphology
condition

Tidal
Condition

Plume spearing description Plumo spraading area (hectaro)

Oominant
direction

Distance") nr 'o ,scc 
I  

ar ; teb lar  'ao 'c

Easl soason
(August 1994)

Tho Inlake Channel
and Pantai Muliara
are still in original

(Figure 2)

PSS

sPs

Wsst

West

Unlrl breakwater Angko,
aboul 1 450m

Until brsakwater Angke
about 1450m

290,64

201 ,68

42,88

50,2{

Transition season
(November 1995)

Tho lntake Channel
is longlhened about

600 m; Panlai
Mutiara starts to be

reclamated

PSS

sss
SPS
PPS

Norlh

North
Norlh
Nodh

Conlined in outlel pond:
about 100m

About 1300m
About l300m

Confined in outlot por:d:
/UUM

91 ,04

144,44
146,68
58,60

't 35,60

139,64

121,20

93 ,12

55 ,16

59,64
60,76
29,00

75,12

68,96

56,32

62,76

West season
(Januari 1996)

The lnlake Channel
is lhe sams as

abovs:
Reclamation of

Panlai Mutiara had
rsachod about 500m

SSS

sPs

PPS

PSSS

Norlh

Norlh and
East
East

North

Up lo norl model
boundary: > 1450 m

Aboul 1450 m

Until Sunda Kelapa
Harbour: aboul 100 m

Confined about 1300 ni

Notes:
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F igu re  3 .1 .1  The rma l  D i spe rs ion  s i rnu la t i on  when  wa te r  l eve l  goes  to  f l ood  sp r i ng ,  i n  Augus t  ' l  g94  (Eas t  w ind  season )
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'i 
lrr: ihermal plume disperscs in thc "maxtnunr

disp*rsion area" (i.e. the area througlr which thcrc is an
incrcasing (empera(ure. AT, rnore than 0.5"C) of 290.64
and 201.68 hectares when rvater level goes 10 ebb and to
flood, rcspectively. When water level gocs to flood until
tlte highest rvater tirne. the plunre weakly disperses due
to lhe tidal rvaves influence on currents.

Iu our suggestion, there are trvo categories for the
thermal dispersion area that siguificantly influencc tlre
environrnent, i.e. t lre area through which tlrcre is arr
increasing ternperaturc (AT) of:

L rnorc than 3"C, that is classified as "urost
significant", and

2. rnore than 2'C, that is classified as "significant".

The nra.rimtun "significant" and "most significaut"
dispcrsion arcas are 71.72 atd 50.24 hectares that occur
al lorvest water t irne, respectively. At the other tidal
conditious (rvhcn water levcl goes to flood and ebb, as
rvell as at the lilghest water) the two areas are
38.56--59.64 hectares aud I 1.80-.12.88 lrectares.
respcctively.

ln general the isothcrnr pattcm of thc sirnulation rcsults
(sec Figure 3.1.1 and Figure 3.1.2) is quite conrparable
to thc observed data (see Figure 3.1.3 and Figure 3.1.4).
The sinrulated tenrperature in thc outlet canal is rather
constanl over the tinre, i.e. about 36"C, rvlrereas in the
contrary, the observed ones varied at 32.5"C*38"C but
have an average of 34.3"C (see Figure 3. 1.5 and Figure
3.1.(r). ,,vhils the rnodel sintulatiort in the iulet canal
slroucd alnrost the sarne order rvith observation.

3.2.2 Sintulatictn in thc transitional ,\cason of East-lltest
Seoson

'Ihe 
tirernral plunre dispersion of tlle transitioual seasou

is represcntcd by the sinrulation at Novenrber 1995 (sce
Figure 3.2.1 unti l Figure 3.2.4). Frorn our obscrvatiorr
on 8-10 Novernber 1995, the uatural tenlperatrrre lvas
30.2"C (Milrardja, et al., 199(t). Thc coastal nrorphology
in the nrodel had been changed due to the exlension of
the intake canal as far as (r00 ur and the reclanratiou of
Pautai Mrrtiara Resort to tlre north direction. ln all of the
tidal conditions, the dominant dispersion is iu the uortlr
direction as is confined by the trvo extensions as far as
about  70[ ] -1300 Ineters

PROC. ITB ,  ' 'OL .31 ,  N  J .  t ,  1999 PROC, r.

Irr the sinrulations of maximum (worst) conditions,
although it is ntore confined, the "rnaxintunl thenlial
dispersion areas" rernain relatively large, i.c. 144.44 and
146.68 hectares at lowcst \vater l ime and wltcn the rvater
level goes to flood, respectively. Iu other conditions. i.e.
when rvater lcvcl goes to ebb and at the higltest water
tirne, the plunre less disperses, i.e. 91.04 and 58 60
hectares, due to the influence ofthe tide on currents.
'I 'hc "significant" aud "rnost significant" dispcrsioll
areas do not var)' substantially in all of the tidal

couditions, i.e. 43.60-64.56 hectares and 29.00-60.76
hectares, respectively. These dispersion area are
generally locatcd in thc "outlct pond" that is urorc
conhned by thc cxteusion of intake canal and Pautai
Mutiara Rcsort.

3.2.3 Sirnulation in Wesl Scar^otl

Thenrnl plurue dispersiou of the rvest scasor) is
representcd by the siurulation of Janrrary 1996 (see

Figure 3.3.I uuti l Figure 3.3.4). 
' Ihe 

uatural tenlperaturc
in this seasol) is about 28''C tiut is showu al our
obscrvation orl t8*19 Jauuary 1996 (Milnrdja, et ol..
1996). The coaslal morphology in the rnodel had beerr
citangcd duc to thc continuing rcclarnation of Pantai
Muliara Rcsort in thc norlhern side.

In all of the tidal conditions, thc dorninant dispersiou is
also in north dircction as far as about 1000 - 1450
lneters siuce it is confincd by the two extensions.
Furthemrorc, the plunre dispcrsion is dircctcd to the east
when the walcr goes to flood and al lhe highest walcr
level.

Although it is rnore confined, the "rnaxinrunr therrnal
dispersion arcas" rernains rclativcly large. i.c.
12L20-139.64 hectares al the lowest water tirne, \vhen
the water level goes to flood, and at the highcst rvater
time. When the water level goes to cbb the pluure
disperses as large as 93. l2 hectares.

The "significant" and "most siguificant" dispersion
arcas also do not vary substantially in all of the tidal
conditions. but relatively larger tlun the previous
sinrula(iorrs. i.e. 57.92-96.36 hectares ard 56.32-75.12
hectares, respectively. Thcse dispersion areas are
generally located in the "outlet pond".

F ig
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Figure 3.1.3 lsotherm pattern (deg-C) of observed data when water goes to flood spring in August 1994
(East  wind season)
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F igure 3.1.5 Cornpar ison of  s imulat ion resul t  and observed data temperature in  in let  canal  ( ln  eastwind season)
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3.3 Discussions

The outlet tenlperal,urc of thc sirnulations mentioned
above actually lvcrc uot constant due to the variation of
natural teulperalure and corrdit ion of clcctricit l
generation. I 'he diurnal variation is shorvu on lhe
obsen'ation of l8-19 Jauuary 1996 that is in a range of
3-5 0-42.2"C (rvith the average oI 38.6"C). In otherr
words, the average vahre lue:lns lrr increasing outlct
lenlperaturc of 10.-5"C frour its natrrral tenlperaturc.

Tlte simulatcd tcrirpcraturc oI Jurruary |99o (Wcst

Season) at a picr of outlcl canal varies frc-ni -l-5.1J' 'C tcr
10.3"C rvith the average of 38.5"C. whilc in thc nriddlc
of the intake canal thc sinrr-rlated telnperaturc is in a
range of 29 5-15.5'C' u'ith an i lverage o1' l I .5"C l 'hese
average results are about 2' 'L' highcr lhau tlrc obscn,cd
oncs.Tltc two previous siuruli.r l ious (i.e. August 199.1
and Noveutber 1995) uscd tlrc prcdictcd i 'nl11c fcr l l11-
outlet tcrupcraturc bccausc there n'ere no data available.
The value was a rnaxinrunr irrcrc:tsing, tcluperature (i.e.
l2"C) that was pe rfonned corrstautly along the
siutulation tiurc. If thc valuc is applicd as is used irr the
siurulation of Januarl 1996 (i.e. 10.-5"11.i, the
ternpcralurc at the outlet canal rvould bc 311.0"[] on
August 1994 and 40.5"C on Novcnrbcr 1995. 81'
cotnpariug to thc observed data (i e tlre uveragc oi
34.5"C in August 199"1 and of lt l .9' 'C in Novcnrbcr
1995), it is shown that thc sirnulation rcsults arc
1,6-3.5"C higher than tlte obsen,ed oncs. Rcccrrtly, this
rnodel is sti l l  being calibrated by putting tlre actual irrput
data and adjustiug sorne ur<ldsl paranlelers

4 Conclusions

l. Tlre tralrsporl of the hcatcd \! 'rtel 's duc tn lhe
0peratiou of Muara Karang P0rvcr Plarrt ts l[orc
induced by seasonal rvind-generated currcut pattcrrr
rather thall by the tidal currcnt. This phenorncnl is
shown by the heated l\'alcr spreading that is
dorninantly in one direcl.ion frlr cach scason in all of
the tidal conditions (i c. to (he west in rhe east
seasou, to the north in the transitioual scason. and
t0 the uorth-cast in lhe rvcst rvilrd season).

2. Thc plume dispcrsiorr is also iullucnccd by coastal
morphology that has bccn changcd duc to the
extension of the power plaut intake caual autl the
reclarnation of Pantai N,lutiara Rcsort. Frrrtl icrrnore.
the trvo exlension corrfines the plurne dispersrou irr
the eastern and rvestern side. But in rnan1, cases, the
plurne disperses in far ficld more cxlcnsir,cly.
especially in the west season (i.e. to the north-easr
as far as 1300-1450 nletcrs from thc lnouth of the
outlet canal).

3. The rnaximurn pluure dispersion varies in the range
of 58 60 hcctarcs (at the highcst w';rtsr lcvel in
transitional scason) rruii l  t, l i i  68 lrecrarcs (lrhen the
u'ater lcvel goes to flood in thc trausititlrral seasorr)
fcrr the case after the intilke and Pantai Mutiara
extensions, or rrnti l 156.24 hectares (rvlren tlre rvater
ler,el gocs to ebb irr the east n,ind seiisrirl) foi ' lhe
casc belbrc tlrc c\tcnsions

4. 
' l 'he plumc dispersion that sigit i l icantly irrf lucrices
tlte environtuent is gerrer"all l , 1,rrn,.O in the "outlet
pond"', r.c. thc arca betweerr Pantai lvltrl i i tra lnd the
intakc canal u'all (see f\gure 21. The area corrcrcd b),
lhc incrcasing tenlperaturc of more than 2"C varics
fronr 18.-s6 hcctarcs (at thc highcsl tvatcr lcvcl in
thc c:ist scasoll) to 96.36 hcctarcs (al t lrc lorvcst
rrater lcrel i l  the rvest season). *'hilc t lrc arca
covcrccl by thc ittcrrrltsittg lcnlpcr?rturc rrorc tlurrr
3"C varics l ionr 29.00 hcctarcs (at thc highcst ri,atcr
level irr the traDsitioual season) Io 75 12 hcctales (i l t
the lou'est rvater level in the west scason).

-5. The sirnulation result in the east seasou is quitc
cnurparablc to tl ic obscrvcd data, u,hilc in thc l 'est
and thc l ransi t ional  scason thc rnodcl  is  s t i l l  t re ing
veril lcd. Thc verif ication is done by' putl iug sonrc
itctlr ir l input data arrd adjrrstirrg solne rrrc-rrlcl
paritrr re ters.
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