K. W. Yusof, et al., Int. J. Sus. Dev. Plann. Vol. 14, No. 3 (2019) 237-244

DAM OPERATION UNDER CHANGING CLIMATE:
ANALYSING WATER AVAILABILITY AND HYDROPOWER
PRODUCTION FROM MURUM DAM IN SARAWAK

KHAMARUZAMAN WAN YUSOF!, MUBASHER HUSSAIN? & MUHAMMAD RAZA UL MUSTAFA!
! Department of Civil and Environmental Engineering, Universiti Teknologi PETRONAS, Sri Iskandar, Malaysia.
2 Hydro Department, Sarawak Energy Berhad, Kuching, Malaysia.

ABSTRACT

In this study, we assessed the climate change impact on water resources availability and hydropower
energy yield from the Murum Dam in Sarawak state of Malaysia. Precipitation ensembles of three
general circulation models from Coupled Model Intercomparison Project Phase 5 (CMIP5) were used
to simulate daily inflows at Murum Dam for the historical period of 1976-2015 and for the future
period of 2011-2100 under two future scenarios (RCP4.5 and RCP8.5). A rainfall-runoff model was
developed using Australian Water Balance Model approach to simulate river inflows at Murum Dam.
Reservoir operation model was developed using HEC-ResSim to simulate the operation for Murum
Reservoir under the historical and future projected inflows. It is noted that the mean river inflow at
Murum Dam would increase by 4% and 11% during 2080s under RCP4.5 and RCPS8.5, respectively.
Similar results are noted while simulating the Murum reservoir operation; it is noted that the average
annual energy from Murum Hydroelectric Plant would increase by 5% and 12% during 2080s under
RCP4.5 and RCP8.5, respectively.
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1 INTRODUCTION
Hydropower is the major source of global renewable energy production as it is the most eco-
nomical source of renewable energy. Hydropower integrates very well with the other
intermittent renewable energy sources such as wind and solar power to ensure the grid system
stability. From 1973 to 2011, it is noted that global energy production from the hydropower
plants has increased by 175% [1]; at the moment, hydropower contributed about 16% of the
globally generated power.

Continuous increase in emission of greenhouse gases to the atmosphere, positive radiative
forcing and continuous global surface warming are the indicators of anthropogenic influ-
ence on the earth climate system [2]. From 1951 to 2010, global surface temperature
increased by 0.5°C to 1.3°C and due to emission of greenhouse gases, it will cause further
warming to change the future global climate system [3]. Climate resilience experts noted
that the climate change would also alter the hydrological cycle of river basins as exhibited
in [4-10]. There are very few studies conducted in Malaysia which explored the climate
change impact on water resource systems such as [11-15]; and they presented notable
changes in water resources availability during the 21st century. Inflow to a dam play a vital
role for hydropower production as the water is the fuel to run the hydropower plants. There-
fore, in this study we assessed the climate change impact on Murum Dam operation using
general circulation models (GCMs) from the Coupled Model Intercomparison Project
Phase 5 (CMIPS). The objectives of this paper are: (a) to project the changes in water
resources availability at Murum Dam under CMIP5 precipitation projections; and (b) to
assess the climate change impact on hydropower energy yield from the Murum Hydroelectric
Plant (HEP).
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2 STUDY AREA AND DATA DESCRIPTION
2.1 Study Area

Murum HEDP is the recently commissioned hydro plant in Sarawak state of Malaysia. It is
located on the Murum River in upper Rajang river basin (RRB) and regulates about 20% of
the Bakun HEP catchment. The project location map is as shown in Fig. 1. The Murum HEP
has total installed capacity 944 MW with four Francis turbines (each of 236 MW). The
Murum Dam is 141 m high roller compacted concrete gravity dam as shown in Fig. 2. The
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Figure 1: Location of Murum HEP in Sarawak state of Malaysia.

Figure 2: Murum Dam in Sarawak.
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Table 1: CMIP5 models used in the study.

CMIPS Institute Modelling Group Country
Model

ACCESSI1.0 CSIRO-BOM Commonwealth Scientific and Industrial Australia
Research Organization (CSIRO) and Bureau
of Meteorology (BOM), Australia

ACCESS1.3 CSIRO-BOM Commonwealth Scientific and Industrial Australia
Research Organization (CSIRO) and Bureau
of Meteorology (BOM), Australia

GFDL- NOAAGFDL Geophysical Fluid Dynamics Laboratory, USA
ESM2M USA

Murum dam has the world’s tallest stepped spillway structure (54 m wide) with a total dis-
charge capacity of 2160 m?/s. The Murum HEP has a surface powerhouse connected through
5.5 km long twin tunnels. A catchment of 2750 km? drains into the reservoir to provide water
resources to the Murum HEP.

2.2 Data Description

Daily rainfall record of 11 rainfall stations in the Bakun catchment was acquired from
Department of Irrigation and Drainage, Sarawak, for the period of 1976-2005. Twenty
GCMs from CMIPS5 have been evaluated by Hussain et al. in [16] for their capability to
simulate the historical precipitation over the RRB; they noted that the three GCMS (as listed
in Table 1) are the most suitable models for the future precipitation projection over the RRB.
In this study, we used the precipitation projection of these three models for the river flow
projection at the Murum Dam. The precipitation time series for the controlled run (1976-
2005) and future run (2011-2100) were used to simulate the river inflows at Murum dam.
For hydrological model calibration, there is no measured flow record available at Murum
Dam but recorded inflows are available at the Bakun Dam for the period 2003—2007. The
recorded inflows at Bakun Dam were acquired from Sarawak Energy Berhad to develop a
rainfall-runoff model.

3 METHODOLOGY

3.1 Hydrological modelling using Aquarius Forecast

Murum catchment is a sub-basin in the Bakun catchment and river inflows at Bakun Dam
are available for the period of 2003 to 2007; therefore, a hydrological model was calibrated
at the Bakun Dam and after calibration; the model was run for Murum catchment to simu-
late the daily inflow at Murum Dam. A rainfall-runoff model for the Bakun catchment was
developed using the Australian Water Balance Model approach. Aquarius Forecast tool
developed by Aquarius Informatics was used to develop the hydrological model for the
Bakun catchment. The meteorological model was established using the Thiessen polygon
gauge weight method for precipitation calculation. During the model calibration, the simu-
lated daily inflows were compared (as shown in Fig. 3) with the observed daily inflow using
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Figure 3: Observed and simulated inflows at Bakun Dam during the
Rainfall-Runoff model calibration.

the coefficient of determination (R2), per cent deviation (D), and Nash—Sutcliffe efficiency
(E). The model’s performance parameters—R2, D, and E were calculated using the
following equations:

5((Qons ot )~ Qs =)

K = M)
\/2’ ((Qabs - éobs )2 - (Qsim _Qsim )2 )
_ 2 (Qsim ) - (Qobs )
D =100x% — 5o o 2)
p (Qsim - Qo s )2
E=1-2=sim Zobs) (3)

2 (Qobs - Qobs )2

R2 closer to one, D closer to zero and the value of E closer to one indicate the model is well
calibrated. In this study, we noted that the coefficient of determination (R?) was 0.68, percent
deviation (D) as 0.03 %, and Nash—Sutcliffe efficiency (E) as 0.68 for the calibrated model at
Bakun. The results were satisfactory as couple of recent studies such as [4, 17-20] have
presented similar results while the calibration of hydrological models in various regions. All
these studies simulated stream flows for the climate resilience assessment with R? from 0.63
to 0.84 and E ranging from 0.48 to 0.83. After calibration of the rainfall-runoff model, the
daily inflow were simulated at the Murum Dam for the historical period 1976-2005 and for
the three future period 2011-2040 (2020s), 2041-2070(2050s) and 2071-2100 (2080s).
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3.2 Reservoir operation modelling for the Murum HEP

Murum reservoir operation model was developed using HEC-ResSim model. The project
features such as reservoir surface area, reservoir storage, dam height, full supply level, mini-
mum operating level, spillway discharge rating, station’s installed capacity, turbine rated
discharge, turbine efficiency, daily river inflows, environmental flow requirement and monthly
evaporation were provided in the reservoir operation model. The plant dispatch rules were
defined in the model for the daily power requirement and additional output to avoid spillway
discharge as well as to keep the reservoir water level in the optimum operating range. The
Murum reservoir operation was simulated on daily basis using the historical inflows for the
period of 1976-2005 and for the three future periods under the both RCPs.

4 RESULTS AND DISCUSSION
4.1 River inflows at Murum Dam

The river inflows at Murum Dam were simulated for the historical period and for the three
future periods under the projected precipitation for both climate scenarios i.e. RCP4.5 and
RCP8.5. The future projected inflows at Murum Dam were compared with the historical
inflows as shown in Fig. 4 and Table 2. It is noted that the mean inflow at Murum Dam would
remain same and increase by 4% during 2020s; decrease by 2% and increase by 3% during
2050s; and increase up to 4% and 11% during 2080s under RCP4.5 and RCP8.5, respectively.

The seasonal inflow was also calculated at Murum Dam and seasonal flow variability in
context of future climate changes was assessed under both scenarios. It is noted that under
RCP4.5, there would be a reduction in December to February (DJF) inflow at Murum Dam
during 2050s and 2080s. Under RCP8.5 scenario, considerable increase in March to May
(MAM) inflow is noted at Murum Dam during 2080s. For the June to August (JJA), Murum
Dam would receive increase in inflow during 2080s of RCP4.5 and during all periods under
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Figure 4: Percentage change in average inflows during the three future periods.



242 K. W. Yusof, et al., Int. J. Sus. Dev. Plann. Vol. 14, No. 3 (2019)

Table 2: Changes in seasonal availability of water resources at Murum Dam.

Future

Scenario RCP4.5 RCP8.5

Period 2020s 2050s 2080s 2020s 2050s 2080s
Percentage (%) change in future inflows

Annual 0 -2 4 4 3 11

DJF 3 -9 -9 -1 -3 5

MAM —4 0 4 10 2 12

JJIA 2 4 15 7 15 17

SON 1 —4 6 2 -3 11

RCP8.5. The JJA is the period when the catchment yield lowest inflow in result of lowest
precipitation over the catchment. It is noted that the lowest flow during JJA would improve in
future. September to November (SON) is the inter monsoon period and this season is the
most stable season under future climate scenarios.

MAM is the late North-West monsoon period and receive average rainfall over the Murum
catchment, but it is projected that the inflow during this period would also improve in future.
But reduction in river inflow in noted during the DJF in the RRB, which indicates that there
would be a seasonal shift over the upper RRB in future due to potential climate changes
which would result in decrease in inflow during DJF and increase during MAM.

4.2 Hydropower energy generation from Murum HEP

The daily power generation from Murum HEP was simulated with the reservoir operation
under historical inflows and projected future inflow. The Murum HEP is a base load hydro
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Figure 5: Percentage (%) changes in future hydropower from Murum HEP.
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plant to supply consistent power to industrial customers. The Murum reservoir operation was
simulated with target firm power of 635 MW during the normal operation and full dispatch
while the reservoir is at full supply level to mitigate the spilling.

It is noted that the annual energy from Murum HEP would increase by 1% and 5% during
2020s, decrease by 1% and increase by 4% during 2050s and increase by 5% and 12% during
2080s under RCP4.5 and RCP8.5, respectively. Significant increase in annual energy is noted
during 2080s under RCP8.5 (as shown in Fig. 5) due to projected increase in water resources
availability under RCPS8.5 of 2080s.

5 CONCLUSIONS AND RECOMMENDATIONS

It is concluded that the mean annual inflow at Murum Dam is expected to increase in future.
As the Murum catchment is projected to receive increase in future precipitation especially for
the period of 2080s of RCP4.5 and 2050s and 2080s of RCP8.5, therefore, the water resources
availability is also increasing during these periods. The projected increase in mean flow under
future climate provides water security to the Murum HEP. The plant expect higher increase
in hydropower production under RCP8.5 compared to RCP4.5 due to increase in projected
inflows under the future climate. The Murum HEP is projected to have 12% increases in
future energy production under RCPS.5.

The hydrological model was developed using the current hydrological behaviour and Murum
catchment characteristics. When this model was employed to generate the future inflows under
projected precipitation scenarios, it was assumed that the catchment characteristics and hydro-
logical behaviour of the river will be stationary in future. Even though the Sarawak state is less
populated and anthropogenic impacts are less but the deforestation in this river basin could
affect the hydrological characteristics of the catchment in future. Therefore, there is a need to
explore the future changes in the catchment’s land use area and its impact on river hydrology.
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