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Abstract
We have stgdied about a stracture of pollutaRt load and a mechanism ofwater pollutioR iR

SaguliRg Reservoir and its catchment area which is located in the westere part ofJava island,

Indonesia. Moreover, a numerical simulation model was constructed in erder to suggest some

improvement measures fbr water bodies based oR the research. We have obtained the
followiRg results:

l) The inflow load was estimated by using a ratio method, and it became clear that the main

inflow load was occupied by the industrial !oad. The estimation indicated it was from 66% to

819!6 of all inflow loads.

2) We obtain aRngal water quality data and certaiR parameters needed fbr the construction of

modeling.

3) The pollution mechanism and estimated the inflow Ioad in SaguliRg Reservoir become

evident according to the result ofthe field survey.

4) A two-dimeRsioRal multi-layer model was constracted. Then, the vertical distribution of

DO concentration was calculated. Moreover, the amounts of pollutant load that should be

decreased fbr the improvement ofwater body was examined by the simulatien raodel.

Keywerds: water pollution mechanism, inflow load, numerical simulation model,
improvement ofwater quality

1. ffntroduction

Saguling ]R.eservoir is located in the westerR part of Java IslaRd (Fig.I). The reservoir is used

for the generation of electricity and fbr agriculture water resources. In recent years, water

pollution has caused serious eRviroRmeRtal problems in this water bodies such as corrosion of

tgrbiRe at power plants and fishery damage')'2). IR the basin ofthis reservoir, several textile

factories have been operating near the suburbs ofBandung City. The discharged wastewater

flows into the Citarum Riveg therefore, tke water quality of the river is always under an

aRaerobic condition and the color is black. The river has already been devastated. This

situation is not only aR eftviroRmental problem but also there is a concern about damage to the

health of humans. The water is still used for agricultgral irrlgatioR3), aRd maRy people

continue to use it for various purposes. This enviroRmental disruption must be improved

without delay.

    Concerning this, it is regretful that, IR spite ofa large number of studles related to the

investigation ofthe Saguling Reservoir, so far only a few studies have argued fbr a numerical

simulation model for improvement of this water body. In addition to this, the analysis ef

the pollutant load is iRsuencient, as well. Accordingly, we have examined the structure of the

pollutaRt load and constructed a numerical simulatlon model. Therefore, we have suggested

various improvement measures for the Saguling catchment area.
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Fig.1 LocatioltoftheSagi}lingReservoir

2. 0ug}#me of the Sagufting CatchKnent Area

l) Precipitation

The climate of the Saguling catchment area consists of a typical tropical type that is divided

into two seasoRs, rainy and dry. Annual mean precipitation shows a range from l,800 mm to

2,800 mm. The rainy season from November to Apri1 shows 70% annual precipitation. OR the

contrary, precipitation is less than 100 mm in the dry season. The seasonal chaRge of infiow

rate ofCitarum [River is shown in Fig. 2.
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Fig.2 SeasoRal chaRge ofinflow rate ofthe Citarum River

2) Population

The catchment area has been divided into elght sub-catchment areas in order to analyze the

pollutaRt load, as shown iR Fig. 5. The popglatioft of this catchment area was approximately

4.7 million in 1995 (Table l). As fbr the population density, the sub-catchment area of R4

where Bandung City is located is the highest in this catchment area. The upper stream of

BanduRg City also shows a high density ofpopulation because there are many factories in the

R2 sub--catchment area.
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Table 1 PopulatioR and land use iR the Saguling Catchment hrea
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3) Land Use
In this research, land use is classified into five categories, water, paddies and dry fields, forest

and developed area. This catchment area mainly consists of forest area ([Iable 1), especially

t}goughout the SGL sgb-catchment. The center of Saguling catchment area is occupied by

paddy fields and dry fields. Also, an urban area is located here.

4) Industry

The factories wkich operate ift the SaguliRg catchnent area is shown in Fig. 3. This Figure

indicates that most industries here are textile factories, which consist of more than 90% of all

the factortes. Other iRdustries are few compared to the textile iRdgstry, af}d their infiueRce can

be neglected. These textile industries are located in sub-catchment area R2, R3 and R4.

Factories are especially iRtensively located iR the sub-catchment area R4.
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Fig. 3 Comparison offactory iR sub-catchmeRt area

5) Water Supply

In this area, most of the water supply is obtained from personal wells. A drinking water

company, PDAM, only distributes water around the capital of sub-district of the Bandung

regency. According to a field sgrvey, the water supply fbr the people in the border villages of

Citarum River is obtained from personal wells.

6) Present situation ofpollution

The main pollutant source is derived from iRdgstrial wastewater according to the estimation
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ofthe infiow load as showR iR the fbllowing chapter. Moreover, most of all the factories have

not treated the wastewater. Therefbre, Citarum River aRd Saguling Reservoir have already

become devastated. These days, the water quality in Citart};n River and Saguling Reservoir is

gRder an aerobic coRdition. Moreover, a substantial amount ofgarbage has accumulated along

the river and the iRlet area. In the dry season especially, water quality is remarkably

deteriorated, and therefore, methane fermentation occ"rs. Because of this, the amenity

conditioR is inferior; and there is considerable worfy about health damage because of this

disruptioR ofthe eRvironmeRt.

7) Fish culture

The Sagt}ling Reservoir coRsists ofa vast developmeRt offioating net fish culture. There were

4,425 uRlts of floatiRg nets owned by l,236 fishery households, and these produced 454,OOO
kg of fish`). However, recently, toRs of fish have died every year during rainy season. The

latest report describes that llO toR of fish died on October 19945). This economic loss has

become eRormous.

3. ?olRutknt Infiow Lead

1) Outline ofEstimation

It is very important to grasp the infiow load that is based on an analysis of pollutaRt

mechanism and construction of a numerical simulation model. Then, iR order to make a
strategy fbr improvement ofthis water body,' to estimate the carryiRg capacity is indispensable,

as well.

     Generally, industrial wastewater and miscellaneous water have not been treated entirely

in the SaguliRg catchment area. Therefbre, attenuation ofthis iRfiow load was not calculated

because purification in the process ofthe reduction was not expected. Moreover, the load

from the night soil was fiot estimated because it usually has been used for a septic taRk in this

distrjct. AccordjnglM we have estimated the infiow load of COD, total nitrogen aBd total

phosphorus from industrial wastewateg miscellaneous water, fbrested area, paddy fields, dry

fields and a city area by using a ratio method.

2) Results

The total amount ofinfiow load ofCOD, TN and TP is estimated to be 240.7 tldaM 58.0 tlday,

11.8 tlday, respectively. IR this case, the pollutant ratie ofCOD, TN, TP is shown below.

COD: TNI TP = 20: 5: 1
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Fig.4 Inflow load ofCOD in the Saguling catckment area
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The details of the COD inflow load are shown in Fig. 4. They skows that the inflow load is

occupied by the industrial Ioad which indicates that it is from 66% to 81 % ofall iRfiow loads.

TheR, there are few eRviroRmemal efiiects related to the rate of domestic wastewater that is

from 11% to 16 % of the total inflow load. Moreover, our results show that most of all the

inflow loads are derived from R3 and R4 sub-catchment areas where maRy factories exist in

Bandung city. The total amount of the inflow lead from R3 and R4 reaches 83% of the

Saguling catchmeRt area.

4. Present Situatien ef Water Qzzality

l) Methods of field survey

The field survey tkat is related to the water quality and the parameters fbr numerical

simulation model was carried out fbur times at Saguling Reservoir and Ckarum River during

fiscal l996, iR July, Septerr}beg November aRd JaRuary. In this surveM ORR pH, DO,
conductivity and turbidity were observed at the site by using a water quality checker. The

sampliRg of river water was frora the sgrface and, iR Sagi.}ling Reservoir, the water sample

was taken from O, 20%, 40%, 60% and 80% ofthe water layers, respectivelM at each station

(Fig. 5).
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Fig.5 Sampling $tation ofthe field survey

2) Characteristics ofCitarum River

Characteristics ofwater quality in the Citarum River are described as follows (Fig. 6):

- The water color was black in the dry season. OR the coRtraryl it became dark browR in the

rainy seasoR becautse of aR iRcreased flow rate.

- It is clear that water temperature increases from upstream to down stream throughout the

year. Therefore, the temperature showed that the water temperature in the dry season (23.10C

- 18.30C) was higher by 3 degrees than in the rainy season (22.40C ･- 25.70C).

- ORe ofthe characteristics ofCitarum River is that it has very low level coRcentration ofDO.

It declined more rapidly down stream from station R2. According to the observatioA, DO

shows O mgll in £he dry season and O -･ 2 mgll in the rainy seasoA.

-COD showed equal to or more than 10 mgt1 in the dry season and less than 10 mgll IR the

ralRy season, moreoveg it increases from upstream to the down stream.

- As for the concentratioR of TN aRd Tg it is shown that the dry season was higher than the

rai#y season. NH4 showed a very high concentration level especially in the dry season.
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         Fig. 6 The resglt ofwater quality in the Citarum River

3) Characteristies of Saguling Reservoir

The characteristics ef the water quality in tke Sag}.}liRg Reservoir are described as fbllews

(Table 2)i

- Oxygen exists with photosynthesis as the euphotic zone, however, the aphotic zoRe is always

in the oxygeR less condition (Fig. 7,8).

- IR the dry season in particular a very serious situation occurred because the methane

fermentatioR occurred in the bottom at the inlet area and the surface ofthe water was covered
                                          ,
with methaRe gas bubbles.

--
 In the rainy seasoR, the DO concentration rises with the increase of tke lnfiow rate in the

inlet area because agitation occurred.

- In the dry season, the photosynthesis in the surface becomes active and De becomes super

saturated. At this tlme, water-blooming was observed.

- The water temperature chaRges because of meteorological conditions in the range of 20 -

30℃, however, the substratum shows a constaRt value through the year at 25 ℃.

- pH is also shown at a high valge iR the surface, pH 8 - 9, compared with the lower the layer,

pH less thalt 7. This is due to lively photosynthesis. This tendency is almost the sarae as

chlorophyll--a.

--
 COD shows approximately 10 mg/I aRd there is no significaRt ckaRge in the vertical
distribution.

- TN aRd TP have chaRged iR the range of approximately 3 - 8 mgll, O.2 - O.7 mgll,
respectively, and no sigRificant chaRge is recognized iR the venical distribution.

- As for the ratio of TP per TN that shows more than IO, the limiting factor seems to be

nitrogen according to the Redfield fbrmula.

- The concentration of SS is more than 20 mg!1 at the inlet area, however, it shows a value that

is less than 10 mgll iR the lewer layer. The reasoR fbr this phenomenon is that phytoplankton

iRcreases in the surface layer, aRd a great deal ofearth aR{3 saRd flow into the iitlet area.
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Table 2 The resglt oftke analyzed water quality in the Saguling Reservoir

No.fi

st. Tran$parency(ra) Tefnp.(ec) ORP(mV) Cond(pS/cm)

f996k997 19961997 t9961997 19961997
Ll 4-"19 O.5IO.2O.5O.6 26.4 27.625,4 25.3 145I8i 351I - 4281560236223
L2 36-･30 O.6 O.3C.7C.8{ 26.C 27.325.3 25,1 203I158 i64 - 388459 216I2e3
L3 32'v47 3.2 g.so.7io.s 25.326.3125.6 24.3 282Il97I364 - 296I427 229I201
L3-a 22-37 !.o O.5 O.8i O.9 25.726.225.824.8 273l55i!62 rm 323394 E311[273

L4 32-51 1.tl O.7 O.6 G.4 25.326.4125.524.6 273i3561G67
-
'

31ol321[ 246I18oI

L5 16-zut f.3j.DiO.S j.2 26.226.1 25a6 24.5
338[f6234X-I 272I280 262181

L5-a 28-41 -O.6O.6 t.3 -26.6 25.8 24.4 -f74ii54- -220 227l70
L6 31--63 1.1O.6O.61.4 2S,O25.825.324.0 331358G50,- 261I266I243Il90

No.2

st. PE Turbidit SSmA DOm11)Depth
(m) 19961997 1996t997 G9961997 1996l997

Ll 4'v19 7.68 7.346.95 7.68 12544827 6It82110 3,51,26.0I6.2
L2 16･-30 7.52 7a66 7.27 7.48 72728G3I 5I7i2317 2.54.16.45.fi
L3 32N47 7.3fi 7.52 7.27 7.25 3l2XI8E 3i4416 2.2i3,2[4.93.0
L3-a 22'v37 7,55 7.72 7,65 7,56 46i0712 5i12112 3.13.032I2.5
L`; 32'v51 7.27 Z457,32 7.00 3 tOIl56 5I9 4i6 2.0 2J43p42.7
L5 16-44 Z50 7.367.63 7,22 4 233517 2I3 ti6 4.4 2.6i3.913.6
L5-a 28-41 rm

7.31 7.266.92 - 37i22 5 -I3 36 -2,4I3.31.2.0L6 3tN63 7.12 5.72 8.45[ 7.IO 3 32i165 6 3i11 66 t.7IO.9i2.9i2.0
No.3

st. CNorophy#<#glrn3) COD(mgA) TN(mg/l) NX4(mg/l)Depth

m i9961997 19961997 19961997 19961997
y 4N39 15.212SG2.1 14.2 12.7 14,4 3.4 7,3 3.405,60 3213.94 O.8016.76O.89O.5e
L2 16-30 10.1".6i11.6 25.2 14.0 11.9 Z6 7,9 5,384,43 2.253.34I 4.283.83O.64O.25
L3 32-47 4.7 9.8 9.8 14.7 t3,8ll.1 6.85.6 8.l33.83 2.963.88 6.9811.77 1,02O.33
L3-a 22'v37 2.4 9.5 9.5 t8.2 M.49.6 &97.6 6.04I2.25 2.433.72 6.943.62 O.79O.47
L4 32N5t 3.7 4.4 4.4f3.6 30.38.87.6 6.4 7.59I2.74 2.76 3.27 5.78I2.41iO.88,O.38
L5 f6-zM 2.4 3.9 3.9i23.6 f2.8i7,9i9.0 5.4 5.98j2.76 2.90 3.14 4.78iii.79j3.l2jO.58

L5-a 28N4t - 3.7 3.7X.4 -6,7 9.55.5 -2.33 2.673.71 -i2,t2G.221O.23
L6 31-63

]5.07.57.515.9 10.99.2 11.65.3 5.822.372,473.85 4.711.2.412.30O.29

No.4

st. Nitratemll Nitrkef"/l TPmA PO,(mllDepth

m 19963997 'G996i997 39961997 t996i1997
M 4･vt9 O.t3O.26l.g7G3G O.G54O.031iO.024 O.07C O.214e293 O,145O.t30 O.198iO.167O.044O.062
L2 36N30 O.10 O.M1.03 G.e9 O.092O.124 O.048 O.074 O.2G5 O.187 O.1451.479 O,t49IO.139iO.029O.02t'

L3 32-t47 O.09 O.26- O.87 1.18 O.O06O,118 O.148 O.027 O.45B O.162 O.123O.079 O.346ie.1841O.034O.022

L3-a 22'v37 O.07O.77 1.29 IA4 O.O17O.074O.024O.057 O.486O.089O.t36O.l43 e.065O.0791O.041O.042

L4 32'v51 O.07O.231.10 2.63 O.O17O.I50IO.357O.027 O.2331O.129O.f76IO.870 'o.l331o.3coo.e4go.ots

L5 16N44 O.13 O.23i1.492.60 O.045O.153O.373O.035 O.196O.I2t O.212IO.075 O.l18 O.468O.102O.OtO
L5-a 28-41 - O.07a.442.65 -o.ooso.3s3Ie.oos -OM3 O.i63IO.081 - O.575IO.041O.024
L6 3t-63 O.08O.11O.562.60 o.f37e.o3oc.2z;sio.t2s O.050IO.206 O.G78O.704 O.035O.480O.021O.O16
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Fig.7 Vl)nicaldistributionofDOconceRtration

          {Dry-season]

Fig.8 Vertical distribution ofDO conceRtration

               [Rainy-season]

5. Sirrtraee}kSgon Mede]

1) CalculatioR Model

We constructed a simulatiex model of Saguling Reservoir and examined some measures for

improvement of water quality. Saguling Reservoir was divided iRto the 50em meshes as
shown in Fig. 9. Then, the model was coRstructed into a 2-dimention mglti-layer model6). The

equation of material balaRce of DO is shown as below. In this paper, the calculated results

related to DO simulationin the rainy season are indicated.

muthZ
7/im-(tix flit}!2+th SIItl}2)+ 1;l=(K)t flitl l])+ 1;tlr(k Eli/}1i)
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a : Primarily production rate of a phytoplankton

a:
p : Density ofphytoplankton

,(9; Respitzition r:ate efa zoop/ankton

z : Density of zoopiankton

Respiration rate consumption velocity of a phytoplankton

Fig.9 Area ofcalculation in the Saguling Reservoir

    7: Oxygen consumption yelocity oforganic detrr'tus

    D : Concentration oforganic detn'tus

   DOS : Saturated concentration of Oxygen

    k ; Reaeration coefiZcient

   Sc: Consumption velocity ofOxygen on sediment

2) Results

The results of our numerical simulation such as cuf'reRt velocity and concentration of

dissolved oxygen are shown in Fig. 10 and ll. The calculated horizoRtal curreRt velocity

indicates approximately O.1-3.0 crnlsec iR the center of SaguliRg Reservoir. The vertical

distribution of DO concentration that is described by the result of the calculation represents

the present situation well.

     Moreover, the measure fbr improvemeRt of water quality was examined by using the
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simulatioR medel Three sceRarios were calculated as shown in the fbllowing cases.

-25% decrease ofpollution load

-50% decrease ofpollution load

-75% decrease ofpollution load

     The result ofthe calculated DO is showR in Fig. I2 This case study demonstrates, to

say the least, that the pollutant load must be reduced by more thaR 25% from the present state
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Fig. 10 The result of the calculated current velocity (Honzontal current)
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6. geiscgssion

The research demonstrates the present skuation in the Saguling catchment area such as social

conditions, pollgtant inflow load and mechanisms ofwater pollution. As we have mentioned

about the characteristic ofwater quality, a lack ofdissolved oxygen is a very serious problem

in this water body. Under such an anaerobic conditioR, when it rains, a high density of surface

water flows dowR to the lower layer, and thus, upwelling occurs. At the same time, there

appears a milky turbidity on the surface water cased by hydrogen sulfide, and tons of fish die

due to lack of oxygen every year. Thls situation must be settled immediately. Then, we

constructed a 2-dimensioftal multi--layer model fbr improvement ofwater quality based on the

results of the research. Moreover, a case study was examined fbr improvement of
eRvironmental disruption by a numerical model ofDO. Additionally, we pointed out that the

pollutaRt load must be reduced more thaR 25% from the present state in order to improve the

water body. However, it will be not easy to carry out effective measures. It seems to be an

administration and social system problem instead of a sciefitific one. This research has just

beeR started. We hope that a realistic way for £ke improvement of environmeRtal disruption
will be dyRamically discussed in the future.
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