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Technical Paper

Urban Water Demand on Interbasin Water Resources Management
System

Kebutuhan Air Perkotaan Berbasis Pengelolaan Air Lintas Sungai

Sutoyo?, M. Yanuar J. Purwanto?, Kato Tasuku®, Goto Akira*

Abstract

Cidanau watershed in West of Java has 22,620 ha; it provides water for other basin in the largest
industrial city of Cilegon. To have future condition of water supply and demand for Cidanau and Cilegon
region model was developed expressing water supply from Cidanau built by tank model with some land
uses related parameters. Water supply from Cidanau watershed depends on land use and water system
in the watershed. The rest of water flow to the downstream and be utilized to the Cilegon city by Cinangka
pump station and calculated based on the water use of industrial and domestic. To maintain and increase
the availability of water, it is necessary to change some land uses into forest and install better water supply
system with higher efficiencies. Water availability of runoff under existing condition as Scenario 1 is only
sufficient until before the year 2018. Scenario 2 with the land use to be change as 50% of the mixed
agricultural dry land system into forest area and 50% garden into rice field, water availability will be sufficient
until more than 2018. If Scenario 2 was used together with Scenario 3 having better efficient technology,

water supply will be sufficient until more than the year 2025.

Keywords : water supply, water demand, urban, interbasin, system dynamics
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Introduction

In water resources management the efficient
utilization of water resources is the important
criteria. Various water demand such as industry,
agriculture, and settlement. Industrial, agricultural
land, residential areas from year to year are
increasing, so the competition water allocation
is the most crucial problem. In interbasin water
management, Cidanau watershed provides raw
water for Cilegon city of other basin area of Cidanau
watershed. PT. KTI processes the raw water before
deliver to the Cilegon city to fulfill the increased
water demand in the Cilegon area. The raw water
is use for resident and industry water demand. The
water availability of from Cidanau watershed is also
limited. The water balance between supply and
demand has to be considering for the sustainable
of water resources management. More over, the
degradation of watershed will affect to the temporal
water distribution in the annual discharge. Adynamic
analysis is required for evaluating any counter
measure needed for fulfills the balance of supply
and demand in the long period.

The objective of this study is to develop water
management model especially water balance model
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based on supply-demand analysis of the interbasin
Cidanau-Cilegon system for industrial urban water
demand.

Water Demand

Domestic water demand is equal with a total
amount of water uses for total population in the city,
and patterns of consumption per capita. Table 1.
Shows the average daily water demand per capita
for cities in developed countries. For the city in
Indonesia, the level of demand for different water
use is not the same and higher percentage of loss.

Winrock (1992), Directorate General of Public
Work Cipta Karya set for domestic water needs of
the rural community is 45 Icd (liter capita / day) and
for the city of 60 Icd. Main factors that determine
the amount of water the city needs is the number
of population and the accuracy of the projected
population will be very important to predict the water
needs in the future (Pawitan et al, 1994).

The amount of water needs for each industry is
not the same to the domestic. It depends on several
factors, among the number of employees, work
units, the length of working hours, and others. To
determine the needs for industrial water supply in
urban areas can be categorized into three types

Department of Civil and Environmental Engineering, Bogor Agricultural University
Faculty staff, Dept of Agricultural Engineering, Bogor Agricultural University. Email: yan_tta@yahoo.com
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based on the number of usage, big industry around
151 - 350 m%hari, medium industry are around 51 -
150 m¥hari, and small industries ranging from 5 to
50 m®/ day (Purwanto, 1995).

Mathematical analogy, the ETc is crop water
requirement that occur on an planted area which
can be defined as the water needs on area with a
population/industry. ETo is evapotranspiration actual
can be defined as the average water population /
industry and Kc is a crop coefficient as the coefficient
of population/ industry, so it can be a model for the
water demand of residential and industrial, such as
the following (Purwanto, 1995):

yp = (Ppx PxKApxCp) (1)
i=1
where :
yp = water demand for resident (I/day)
Pp = percentage social level (%)
P = population resident(capita)
KAp = water use (l/capita/day)
Cp = coefficien water consumption
m = number of equation
i = social level
yi = (pIxIxKal xCI) ©)

j=1

Table 1. Daily water demand per capita

No. Water use Demand (gcd) Percen total (%)

1 Household 60 40
2 Commercial 20 13
3 Industry 45 30
4  Public 15 10
5 Loss 10 7

Jumlah 150 100

Source: Gupta (1989), gcd= galon capita/day

where :

yi = water demand for industry (I/day)

pl = percentage industry type (%)

I = population industry

Kal = water use for industry (I/industry/day)
Cl = coefficien industry water consumption
n = number of equation

j = industry type

Water Resources Management on Watershed
Waterresources managementisthe management

of natural resources that can be restored such

as water, soil and vegetation in a local river with

the goal of improving, maintaining and protecting

BASIN AREA

Gdanan
Watershed

Figure 1. Location of experiment
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Table 2. Scenario of supply model

. o Change of
Scenario Description Minimum discharge Run-off (mm)
1 1020
0
(Existing condition) Runoff 80% (Run off efficiency 0.6)
2 50% mixed agricultural , 1122
(Harmailis, 2001) dry land system into forest 0.4 m’/det (Run off efficiency 0.6)
3 50% garden into rice field 1138
Pipeline canals of existing condition (Run off efficiency 0.9)

the flow of the river in order to produce water for
agricultural interests, the needs of the population,
industry, energy power, and recreation (Manan,
1979). The objective of the management of water
resources in the watershed is the watershed as
a whole that can provide benefits for sustainable
human beings in life and meets the needs of life and
prosperity (Soerianegara, 1978). The action of water
resources management, depend on the problems
faced by the watershed. If the problem is the lack
of water supply - supply is smaller than demand -
then the action must be done is take the additional
water supply. On the other hand, if the problem
is too much water supply - supply is greater than
demand - then the action must be done is to seek
optimum the utilization of excess supply available.
The basis of every action is the management of
water resources to balance the demand and supply
side (water balance) (Dumairy, 1992). Furthermore
it is said by Dumairy (1992), that any principal
problems that must be faced with the detailed, so

s
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Figure 2. Configuration of tank model on watershed

that the form of concrete actions that can be taken
implemented. If the problem is the lack of supply of
water resources, so must be clear of water supply
and demand for what is the gap / imbalance is,
whether for irrigation, for industrial purposes, or for
domestic purposes. Need further detail investigation
on lack of water supply, whether due to natural
supply is not sufficient for quantitative, or because
the quality of water available is not eligible to be
used (Harmailis, 2001).

Methodology

Water Supply Model

Cidanau watershed is divided into four tanks based
on land use. The first tank is the Swamp Lake, the
second tank is a forest area (upstream), the third
tank is a tank area of plantation and the fourth is a
rice field. The division of the tank area by land use,
and rainfall based on the Thiessen polygon.

Tank Model Structure
According to Figure 2, equation from the top of the
tank:
Ox1(1)/0t = a1 {x1()-has} + b {x1(1) — hs}
+ 2x01(1)- CH + ETe(1) 3)

And for the other tanks (i = 2-4, z4 = 0) equation is:

Oxi(1)/0t = ai{xi(t) — hai} + z.xi(1)
—Zi1.X11(1) (4)

River Discharge (Q) was calculated by
0= b{xy(t) — hs} + X ai{ xi(t) — hai} (5)

Water Supply Prediction

Prediction of water availability in the future can
be done by applying a supply model. Discharge of
water can be produced with the input data are daily
rainfall and daily data evapotranspirasi. Predicted
rain for the future is difficult to determined exactly
and precisely. One way that can be done is to use
hydrology analyses of rain events will result in 80%.
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Rainfall data with the chance of rainfall are 80%
calculated from data from the annual rainfall in the
watershed Cidanau for 10 years (1993-2002) with
the help of software Rainbow, and the amount of
annual rainfall. Daily rainfall data with the annual
amount of rainfall that approached the amount
of annual rainfall data from the Rainbow used as
inputs in the model the availability of water. Results
debit model the availability of water and then used
as input in the program Stella to evaluate for water
availability and demand by region.

Prediction of availability of water for the area
used scenario land use changes. Harmailis (2001)
made several scenarios land use change for the
fluctuation discharge Cidanau River outlet. For DAS
Cidanau will be 3 scenarios (Table 2) as a basis to
simulate the availability of water coming from the
watershed Cidanau.

Water Demand Model

Mathematical equation model for water demand
built on the equation (3) the water demand model of
the population and equation (4) the water demand
of industry. Model for the water demand of domestic
population consists of several parameters, the
percentage of social level population, the number
of population, the water needs of the average
population and the constant of the respective
social level. Model of the water demand of industry
consists of several parameters, the percentage of
type of industry, the number of industries, the water
needs of the industry average and the constant of
each type of industry.

Calculation model of water demand can be made
using the Stella. Water is a basic essential need for
the needs of the population and also the needs of
industry. Population growth and a dynamic industry
in line with the fulfilment of basic needs of water
can be calculated using the Stella.

Model built with the framework that are
mathematically related of the needs of water and
then simulated so that the output form of the water
demand for years to come. Framework can be seen
in Figure 3.

0.00

50.00

5 = Rainfall
S s — Model
x | | Actual

100.00

Rainfall

R?=0.6

Y AL /

FARANAES ' A
i i N\ PR A o !
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[
Figure 5. Graph calibration of model supply]

P
\
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Supply-Demand Water in the Future

Development of the community not only related
to population growth but must also be followed by the
adequate of employment. Increasing of employment
is subject to the availability of water storage. Water
is needed to operate the sector of employment
and meet the needs of domestic water in the area.
The success of the development community on
region occurred when the water for domestic and
employment available, so that the predicted water
demand become important in the development of
the regional planning. Prediction of water supply
and demand can be made using the Stella. Model
built with the framework is related mathematically
from model the supply and demand simulated, so
that the output of Supply-Demand water for years.
Framework can be seen in Figure 4.

Results and Discussion

Validity of Model Supply

Using the daily rainfall and evapotranspiration
data of 1996 performed calibration of the model.
After obtaining the result in the form of simulation
debit, trial and error method for the calibration
parameters was carried out. The coefficient values
were changed until the value of the simulation debit
approaching the actual debit. Show in Figure 5 and
6.

Water Supply Prediction for Future

To predict the debit years to come based on
the analysis of annual rainfall for 10 years. Results
predicted rain event with the potential 80% obtained
a number of annual rainfall 2 517 mm/year. Years
with rainfall close to the potential rainfall data are
1998, so that the debit input availability of water
for years to come use the data. Daily data in 1998
in the form of evapotranspitration data and rainfall
data used as input model supply so that the results
obtained debit annual volume of 1 020 mm with a
maximum of debit 22.01 m?%/det, debit a minimum of
3.44 and debit m3/det an average of 6.75 m®/det.

50.00 T| | 0
45.00 T
" l I I W @
40.00
Ll T 1.
35.00
4= 30.00 60 __
<] - =
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2 25 =
— Model 80 &
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Figure 6. Graph validation of model supply
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Table 3. Result of calibration model demand for domestic

Model Demand  Demand Actual
Year Cp high Cp middle Cp low (I/day) (V/day) Efficiency
1998 0.5 0.44 0.07 4170 981 4347 003 0.995
1999 0.5 0.44 0.07 4550 053 5142728
2000 0.5 0.44 0.07 5336 867 5420920
Tabel 4. Result of calibration model demand for industry
Vear CI CI CI Model demand Demand Actual Efficien
¢ big middle small (I/day) (I/day) clency
1998 13.75 15.17 14.05 121 676 940 83 808 080 0.941
1999 13.75 15.17 14.05 100272 018 97 119 850
2000 13.75 15.17 14.05 92 523 985 90 677 180

Validity of Model Demand

Calibration is done with the current data
year 1998-2000 (3 years), to explore the value
of coefficient of water needs of the population
coefficient (Cp) and the water industry needs
coefficients (CI). Three years of data will result in
three of the water needs for the population and also
for three of the water needs of industry. Calibration
is done with the least square method by The Eureka
solver software Ver 1.0. Results of calibration model
demand of the population values for the coefficients
Cp level high social value 0.5, for the coefficients
Cp level middle social 0.44, for the coefficients Cp
level low value of 0.07. Results of calibration model
demand of industrial values for the CI coefficients of
the big industry 13.75, CI coefficients for the middle

1: Population 2. Water Stock
6000004
1e+011.
5e+009.
8e+010.
Se+010.

Gy

450000
7e+010.
3.5e+009+
Ge+010.
B.5e+010

b O =2

300000
4e+010.
2e+009.
4e+010.
4e+010.

DN

3: WaterDomestic

industry were valued coefficients to 15.17 and CI
small industries 14.05.

Validation is done with the data of 2001 data
for the water needs of the population and also the
data needs of the water industry. Validation is done
by using the equations of the results of calibration
coefficient values of the parameters. Results
validate the model needs the amount of water for
the population in 2001 amounted to 11 680 m3,
while for the water needs of the industry amounted
to 95 567 m®.

Supply-Demand Water in Interbasin System
Along with the growing number of people also

increases the fulfillment of life. Fulfillment does not

live apart from the goods and the industry forward

5: Total Water Demand

4: Waterlndustry

2000 2006

2018 2025

YEAR

Figure 7. Result of Scenario 1 STELLA Program
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will support services. Water is a basic essential of
human life; with the increasing number of people it
will also increase the need for water. Specific to the
city is a city of Cilegon industrial growth industry will
make increasing the number of industries so that
the amount of water also needs increased.
Simulation results of scenario 1 water demand
model in the city of Cilegon done until 2025, where
the increase in the number of people also followed
with increasing water needs of the population.
Similarly, increasing the number of industries also

1: Population 2: Water Stock
6000009

1.1e+011
5e+0049,
8e+010.
9e+010.

QW

1 450000
2 7.5e+010
3 3.5e+009
4 be+010.
L 6.5e+010

1 300000
2 4e+010.
3 2e+008.
4 4e+010.
5 4e+010.

3: WaterDomestic

cause an increase in the water industry needs. The
availability of water (water stock) that comes from
the results of the model estimated the availability of
water supplies would decrease by the year 2025, with
a water stock line cross with the TotalWaterDemand
that occurred before 2018 years.

To increase the sustainable availability of water
in various ways should be tried for everything.
According Harmailis (2001), with changes that
make alternative is a combination of changes in
forest plantations to be 25%, a forest garden and

5: Total YWater Demand

4:YWaterindustry

2000 2006

2012 018 2025
YEAR

Figure 8. Result of Scenario 2 STELLA Program
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Figure 9. Result of Scenario 3 STELLA Program
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gardens 50% into 50% of rice fields will produce
the smallest ratio comparison debit Minimun and
maximum of 21.73%. Scenario 2 gives the changes
that debit minimum 4.3 m3/det be 4.7 m3/det which
is equivalent to the addition of the availability of
debit of 1 122 mm.

Figure 8 shows that changes in land use in
accordance with scenario 2 the availability of water
to the water stock is better than the scenario 1 with
cross of water stock line with the TotalWaterDemand
that occurred after 2018 years.

Scenario 3 is the implementation of technology
improvements to the channel with the pipeline
expected to increase the efficiency of water
distribution is indicated by Figure 12, can be
explained that the water stock line crosses
TotalWaterDemand line with the going away after
the year 2018.

Changes in land use into forest or field can
increase the availability of water. Forests have a
high capacity of infiltration so that rainwater does
not directly toward the river but is saved as the first
ground water reserves. Infiltration capacities of the
rice fields have a small but because the management
system can save the terraced water longer. Land
use gardens have a large flow of surface water so
that the rain that falls directly onto the river.

Efforts to maintain the sustainability of water
availability should be consider. Action that can
be done to Cidanau watershed upland area is to
build reservoir and also with terracing. Reservoir
development is meant to keep out the water so
stored and does not flow directly into the surface of
the sea directly to the end. Development terracing
useful as building control erosion in mechanical
created to cut slopes or out so that the slope can
also reduce the flow of the surface directly.

Conclusions

Model supply and model demand have been
developed based on watershed area includes
Cilegon City and Cidanau Watershed, Banten
Province. Model supply is a modified tank model
(model runoff) with input data such as rainfall data
and evapotranspiration data with some parameters
calibrated. Model validation results for the supply
model for the year 2001 values debit m¥s a
maximum of 39.39, a minimum of debit and debit
3:49 m®/s an average of 8:19 m%/s

Model demand modified based on the water use
of the population and water use of industry, model

calibrated to get the value of coefficient of water
demand. Model validation is done with the water
demand model using 2001 data, total water demand
for the population 5911 m®/day and industrial of
95567 m®/day.

Simulation of water demand for the population
and industry in the city of Cilegon, Stella done with
the program will show a tendency of a decrease in
water availability for the year 2025 as a result of
the increased number of residents and industry.
The efforts of the water needs of the decline in the
city of Cilegon be covering 3 scenarios, scenario
1 using the results with the potential availability of
debit 80% of the water demand until the year 2018;
scenario 2 with the changes in land use, 50% of
forest plantations to be and 50% of the garden into
the field of water demand until the year 2018, and
scenario 3 of the water demand up to year 2025
approached. To ensure the availability of sustainable
water management will need to construct reservoir in
upland area and also the development of terracing,
so that water availability will continue to be sufficient
along with the fulfillment of the increase.
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