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Abstract: This research intends to conduct the assessment of water distributing performance for supporting
the performance index assessment of water allocation modeling. The main aim is intending to solve the conflict of
water interest, so there is necessary to be carried out the water allocation so water user society will get the water
regarding to their right fairly, efficiently, and sustainably. Along with the increasing of population number and the
social and economy conditions of society, there will all be increasing water demand for various uses. However, the
quality tends to decrease because it has potency to increase the local conflict becoming a conflict between the
regency and city that is unwanted. The water preparation and allocation are activities in operating the water resource
infrastructure, whose aim is to optimize the usage of water resource infrastructure. This research was conducted in
the watersheds of Manjuto, Slagan, Dikit, Teraman, Muar, Padang Guci, Bangkenang, Manna, Kelam, Nasal, and
Luas. The methodology consists of collecting data on each watershed that are water availability and water demand;
then, water balance and distribution (allocation) are analyzed. The result of water allocation analysis shows the
water availability due to the dependable discharge as the reference such as Qg or discharge with the probability of
80%; still several watersheds experience the water deficit in fulfilling the irrigation water requirement, household-
city-industry (RKI), plantation, fishery, husbandry, and river flow maintenance needs. A new research is needed for
the index assessment of water allocation in the watersheds that experience the water deficit to obtain the plan value
of water demand fulfilling allocation in the water deficit condition, whether non-critical, lightly critical, moderately
critical, and heavily critical.

Keywords: water availability, water demand, water balance, water allocation.
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1. Introduction

Water resource management is an effort to plan,
conduct, monitor, and evaluate the implementation of
water resource conservation [1, 2] and usage and
control of water damage. It is needed in a watershed for
the continuity of water demand fulfilling. The human
activity in a watershed will be very influenced to the
pattern of water resource management in the watershed
[3, 4].

The pattern of water resource management is as a
basic scheme in the management of water resources. It
will be affected by the condition of water allocation
and water balance in a watershed to determine the
policy of water resource management as a strategic
way in management [5]. The plan of water resource
management is the overall and integrated design result
that is needed for implementing water resource
management [6]. The plan of water resource
management will determine the work program of water
management to obtain an illustration related to the
watershed condition problems, water balance, and
water allocation in the watershed for the usage and
handling in the water resource conservation, usage, and
control of water damage in the watershed.

Water availability and allocation are the indicators
of the operation of water resource infrastructure [7],
which includes the regulation, allocating, and
supplying water and water resources [8, 9] for
optimizing the water resource infrastructure. However,
the water resources balance in the context of water
resource management intends to use the water
resources continuously, mainly for fulfilling the basic
need of human life fairly.

Along with the increasing population number and
the condition of society and economy, there will be
increasing water demand for several uses [10].
However, the quality tends to decrease because it has
potency to increase the local conflict becoming a
conflict between the regency and city that is unwanted.
To handle the conflict of water, it is needed to allocate
the water so that society will obtain the water according
to their right fairly, efficiently, and sustainably [11,
12]. Considering water an economic commodity must

retain the social functions of society and the
environment, such as maintaining the environment
balance [13, 14], life continuity of flora and fauna,
preventing the intrusion of salt water, and functions
that are esthetic and healthy for humans. The water
division between downstream and upstream and
between the sectors of water user is necessary to be
allocated so there is obtained the fair, and the optimal
and continuous benefit [15].

2. Materials and Method

2.1. Research Allocation

The research location is a watershed in the Sumatera
island river area (WS). The river area (WS) selected is
the WS that has had the schematic of water allocation
in the Plan Document of Water Resources Management
that has been remained by the Minister of General
Work and Public Housing (PUPR). Every river area
will be analyzed in terms of conditions of watersheds
due to the condition of deficit and surplus water
allocating. From several WSs, we selected those
distributed on the Sumatera Island. This research is
carried out in the river area (WS) presented in Table 1.

Table 1 Location of the research river area (WS) (Own study)
No. Name of watershed Name of WS Province
DAS Manjuto WS Teramang Bengkulu
DAS Selagan Muar
DAS Air Dikit
DAS Teramang
DAS Muar
DAS Manna WS Nasal Padang
DAS Bengkenang Guci
DAS Padang Guci
DAS Kelam
0  DAS Nasal
1 DAS Luas

PP OOO~NOO~WNERE

2.2. Analysis of Water Availability

The dependable discharge is mentioned as the
available discharge for certain needs (such as irrigation,
hydro-power, drinking water, etc.) along year with the
failure risk calculated. There are some methods for
determining the dependable discharge; each method
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has the specific characteristic itself. The selection of
method that is suitable generally is based on the
consideration of the available data, the type of interest,
and experience. The methods for analyzing the
dependable discharge are [16]: flow characteristic
method, basic year, basic month, and Qminimum mean-
According to Sosrodarsono [16], the terminology of
discharge is expressed as follows: 1) Moderate water
discharge (affluent) is discharge that is exceeded by the
discharge in an amount of 95 days in a year (the
possibility of reliability is 26.02%); 2) Normal water
discharge is discharge that is exceeded by the discharge
in an amount of 185 days in a year (the possibility of
reliability is 50.68%); 3) Low water discharge is
discharge that is exceeded by the discharge in amount
of 275 days in a year (the possibility of reliability is
75.34%); 4) Dry water discharge is discharge that is
exceeded by the discharge in amount of 355 days in a
year (the possibility of reliability is 97.30%).

2.3. Analysis of Water Demand

Water demand in a watershed basically can be
classified as follows: water drinking need and urban
activity (MPI), water demand for industry (IND), water

demand for river maintenance, water demand for
fishery, and water demand for husbandry.

2.4. Research Method

Preparation of research parameter: in this stage is
intended to prepare the parameters that will be used in
the next analysis. The following parameters will be
used: the characteristics of catchment area, to inventory
the water resource infrastructure data, the water usage
data, legal aspect of water allocation, and conduct
spatial analysis of water availability and demand.

3. Results and Discussion

The analysis of water allocation and availability has
been carried out in 11 watersheds that are the
watersheds of Majuanto, Slagan, Dikit, Teramang,
Muar, Padang Guci, Bangkenang, Manna, Kelam,
Nasal, and Luas.

3.1. Water Allocation and Availability in the
Manjuto Watershed

Water allocation and availability in the Manjuto
watershed are presented in Fig. 2.
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Fig. 1 Flowchart of the study
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Majunto Watershed
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Fig. 2 Plan curve of water balance in the Manjuto watershed (Own study)

The information on water availability in the
Manjuto watershed is obtained from the analysis of
dependable discharge at every water intake point using
dependable discharge with a probability of 80%. The
maximum discharge of 21.07 m*/s happens in period-1
December; the minimum discharge of 13.00 m®s
happens in period-1 August; the mean discharge is
17.31 m%s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop  (July-October). Maximum irrigation water
demand in period-1 April is 9.641 m*s. Water demand
in the Manjuto watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and
husbandry. The total of all sectors’ water demand is

3.592 m’/s.

Based on the analysis result and water allocation in
the Manjuto watershed, it can be concluded that the
water availability due to the 80% dependable discharge
is still deficit in fulfilling the irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance needs. In November,
period-2 December, January, March, April, period-1
May, July, September, and October, the water surplus
happens. However, in period-1 December, February,
period-2 May, June, and August, water deficit happens.

3.2. Water Allocation and Availability in the Slagan
Watershed

Water allocation and availability in the Slagan
watershed are presented in Fig. 3.
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Fig. 3 Plan curve of water balance in the Slagan watershed (Own study)

The information on water availability in the Slagan
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 22.01 m%s, in period-1 October; the

minimum discharge is 14.45 m%s, in period-2
September; the mean discharge is 17.82 m%s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
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February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). Maximum irrigation water
demand in period-1 April is 3.73 m*/s. Water demand
in the Slagan watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and
husbandry. The total of all sectors’ water demand is
3.08 m¥s.

Based on the analysis result and water allocation in
the Slagan watershed, it can be concluded that the

water availability due to the 80% dependable discharge
can fulfill the irrigation water demand, household-
industry (RKI), plantation, fishery, husbandry, and
river maintenance needs.

3.3. Water Allocation and Availability in the Dikit
Watershed

Water allocation and availability in the Dikit
watershed are presented in Fig. 4.

Dikit Watershed
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Fig. 4 Plan curve of water balance in the Dikit watershed (Own study)

The information on water availability in the Dikit
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 40.98 m%s, in period-1 November; the
minimum discharge is 18.26 m*/s, in period-1 October;
the mean discharge is 27.08 m*/s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop  (July-October). Maximum irrigation water
demand in period-1 April is 0.245 m®/s. Water demand
in the Dikit watershed is analyzed for household-urban-

industry (RKI), plantation, fishery, and husbandry. The
total of all sectors” water demand is 0.294 m%s.

Based on the analysis result and water allocation in
the Dikit watershed, it can be concluded that the water
availability due to the 80% dependable discharge is
deficit in fulfilling the irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance needs. On January 1
and in February, the water deficit happens.

3.4. Water Allocation and Availability in the
Teramang Watershed

Water allocation and availability in the Teramang
watershed are presented in Fig. 5.
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Fig. 5 Plan curve of water balance in the Teramang watershed (Own study)

The information on water availability in the
Teramang watershed is obtained from the analysis of
dependable discharge at every water in-take point using
dependable discharge with a probability of 80%. The

maximum discharge is 35.29 m%s, in period-2
December; the minimum discharge is 16.53 m®/s, in
period-2 July; the mean discharge is 25.32 m%/s.

We analyzed irrigation water demand due to the
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cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop  (July-October). Maximum irrigation water
demand on period-1 April is 9.641 m*/s. Water demand
in the Teramang watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and
husbandry. The total of all sectors’ water demand is
1.557 m?s.

Based on the analysis result and water allocation in
the Teramang watershed, it can be concluded that the
water availability due to the 80% dependable discharge
is still deficit in fulfilling the irrigation water demand,

household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance needs. In November,
December, period-2 January, February, period-2
March, April, period-1 May, June, July, period-1
August, and period-1 September, the water surplus
happens. However, in period-1 January, February,
period-1 March, June, period-2 August, and period-2
September, water deficit happens.

3.5. Water Allocation and Availability in the Muar
Watershed

Water allocation and availability in the Muar
watershed are presented in Fig. 6.

Muar Watershed
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Fig. 6 Plan curve of water balance in the Muar watershed (Own study)

The information on water availability in the Muar
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 42.80 m®s, in period-1 January; the
minimum discharge is 18.14 m®/s, in period-1 October;
the mean discharge is 26.44 m*/s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop  (July-October). Maximum irrigation water
demand in period-1 April is 0.303 m*%/s. Water demand
in the Muar watershed is analyzed for household-

urban-industry  (RKI), plantation, fishery, and
husbandry. The total of all sectors’ water demand is
0.253 m’/s.

Based on the analysis result and water allocation in
the Muar watershed, it can be concluded that the water
availability due to the 80% dependable discharge can
fulfill the irrigation water demand, household industry
(RKI), plantation, fishery, husbandry, and river
maintenance needs.

3.6. Water Allocation and Availability in the
Padang Suci Watershed

Water allocation and availability in the Padang Suci
watershed are presented in Fig. 7.
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Fig. 7 Plan curve of water balance in the Padang Guci watershed (Own study)
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The information on water availability in the Padang
Guci watershed is obtained from the analysis of
dependable discharge at every water in-take point using
dependable discharge with a probability of 80%. The
maximum discharge is 42.30 m%s, in period-2
February; the minimum discharge is 10.00 m%/s, in
period-1 November; the mean discharge is 28.14 m%s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). The maximum irrigation water
demand in period-2 June is 0.925 m%s. Water demand
in the Padang Guci watershed is analyzed for

household-urban-industry (RKI), plantation, fishery,
and husbandry. The total of all sectors’ water demand
is 0.0973 m*/s.

Based on the analysis result and water allocation in
the Padang Guci watershed, it can be concluded that
the water availability due to the 80% dependable
discharge can fulfill irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance needs.

3.7. Water Allocation and Availability in the
Bengkenang Watershed

Water allocation and availability in the Bengkenang
watershed are presented in Fig. 8.

Bengkenang Watershed
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Fig. 8 Plan curve of water balance in the Bengkenang watershed (Own study)

The information on water availability in the
Bengkenang watershed is obtained from the analysis of
dependable discharge at every water in-take point using
dependable discharge with a probability of 80%. The
maximum discharge is 35.70 m®s, in period-2
February; the minimum discharge is 8.7 m%s, in
period-2 October; the mean discharge is 24.55 m®%s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop  (July-October). Maximum irrigation water
demand in period-1 March is 5.29 m*/s. Water demand
in the Bengkenang watershed is analyzed for
household-urban-industry (RKI), plantation, fishery,
and husbandry. The total of all sectors’ water demand
is 1.329 m%s.

Based on the analysis result and water allocation in

the Bengkenang watershed, it can be concluded that the
water availability due to the 80% dependable discharge
is still deficit in fulfilling the irrigation water demand,

household-industry  (RKI),  plantation,  fishery,
husbandry, and river maintenance. In November,
period-1 December, period-2 January, February,

period-1 March, period-2 April, period-2 May, and
period-2 October, the water surplus happens. However,
in period-1 December, period-1 January, period-2
March, period-1 April, period-1 May, June, July,
August, September, and period-1 October, water deficit
happens.

3.8. Water Allocation and Availability in the Manna
Watershed

Water allocation and availability in the Manna
watershed are presented in Fig. 9.
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Fig. 9 Plan curve of water balance in the Manna watershed (Own study)
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The information on water availability in the Manna
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 55.5 m*/s, in period-2 April; the minimum
discharge is 16.00 m%s, in period-2 September; the
mean discharge is 38.90 m%s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). The maximum irrigation water
demand in period-1 June is 51.45 m%s. Water demand
in the Manna watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and
husbandry. The total of all sectors’ water demand is

2.979 m’fs.

Based on the analysis result and water allocation in
the Manna watershed, it can be concluded that the
water availability due to the 80% dependable discharge
is still deficit in fulfilling the irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance. In November,
December, January, February, March, April, May,
June, July, period-2 August, and October, the water
surplus happens. However, in period-2 August and
September, water deficit happens.

3.9. Water Allocation and Availability in the Kelam
Watershed

Water allocation and availability in the Kelam
watershed are presented in Fig. 10.

Kelam Watershed
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Fig. 10 Plan curve of water balance in the Kelam watershed (Own study)

The information on water availability in the Kelam
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 9.5 m%s, in period-1 February; the
minimum discharge is 2.2 m%s, in period-1 October;
the mean discharge is 6.29 m*/s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). The maximum irrigation water
demand in period-1 June is 0.730 m*/s. Water demand
in the Kelam watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and

husbandry. The total of all sectors’ water demand is
0.400 m*/s.

Based on the analysis result and water allocation in
the Kelam watershed, it can be concluded that the
water availability due to the 80% dependable discharge
is still deficit in fulfilling the irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance. In period-1 May and
February, water deficit happens.

3.10. Water Allocation and Availability in the Nasal
Watershed

Water allocation and availability in the Nasal
watershed are presented in Fig. 11.
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Fig. 11 Plan curve of water balance in the Nasal Watershed (Own study)
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The information on water availability in the Nasal
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 23.9 m*/s, in period-2 April; the minimum
discharge is 5.8 m%s, in period-1 October; the mean
discharge is 14.86 m®/s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). The maximum irrigation water
demand in period-1 June is 1.206 m%s. Water demand
in the Nasal watershed is analyzed for household-
urban-industry  (RKI), plantation, fishery, and

husbandry. The total of all sectors’ water demand is
1.700 m%s.

Based on the analysis result and water allocation in
the Nasal watershed, it can be concluded that the water
availability due to the 80% dependable discharge is still
deficit in fulfilling the irrigation water demand,
household-industry ~ (RKI),  plantation,  fishery,
husbandry, and river maintenance. In period-1 April,
period-2 June, and period-1 July, water deficit happens.

3.11. Water Allocation and Availability in the Luas
Watershed

Water allocation and availability in the Luas
watershed are presented in Fig. 12.

Luas Watershed
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Fig. 12 Plan curve of water balance in the Luas watershed (Own study)

The information on water availability in the Luas
watershed is obtained from the analysis of dependable
discharge at every water in-take point using dependable
discharge with a probability of 80%. The maximum
discharge is 66.4 m%s, in period-2 April; the minimum
discharge is 16.9 m%s, in period-1 October; the mean
discharge is 41.74 m®/s.

We analyzed irrigation water demand due to the
cropping pattern of paddy-paddy-second crop with the
cropping periods as follows: CP-1 paddy (November-
February), CP-2 paddy (March-June), and CP-3 second
crop (July-October). The maximum irrigation water
demand in period-2 June is 1.142 m®/s. Water demand
in the Luas watershed is analyzed for household-urban-
industry (RKI), plantation, fishery, and husbandry. The
total of all sectors” water demand is 1.274 m®/s.

Based on the analysis result and water allocation in
the Luas watershed, it can be concluded that the water
availability due to the 80% dependable discharge can
fulfill irrigation water demand, household-industry
(RKI), plantation, fishery, husbandry, and river
maintenance needs.

4, Conclusion
Water demand in a watershed can be classified as

follows: water drinking need and urban activity (MPI),
water demand for industry (IND), water demand for
river maintenance, water demand for fishery, and water
demand for husbandry. The analysis of water allocation
and availability has been carried out in 11 watersheds
that are the watersheds of Majuanto, Slagan, Dikit,
Teramang, Muar, Padang Guci, Bangkenang, Manna,
Kelam, Nasal, and Luas.

Based on the analysis result of water allocation as
above, water availability by using dependable
discharge with a probability of 80%, still several
watersheds experience water deficit in fulfilling the
irrigation water demand, household-urban-industry
(RKI), plantation, husbandry, and river maintenance
needs, such as Teramang Muar river area (WS) that
consists of Majuanto, Dikit, Teramang, and Nasal
watersheds; Padang Guci river area (WS) that consists
of Manna, Bengkenang, Kelam, and Nasal watersheds.

The analysis result shows that the watersheds have
not been able to fulfill all of the water demand. This is
proved through the ratio of 80%-dependable discharge
and the projection of water demand. The mitigation of
water deficit is a series of efforts to decrease the water
deficit through the structural and non-structural
measures and increasing society awareness about the
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importance of water. The mitigation of water deficit is
very needed to be carried out as the main starting point
of water allocation management. If there is water
deficit, policy for addressing the condition is needed.

Due to the water deficit condition, it is necessary to
conduct an index assessment of water allocation in the
watershed to obtain the plan value of water demand
fulfilling allocation. The water allocation faces water
deficit in different degrees: non-critical, lightly critical,
moderately critical, and heavily critical.
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