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Abstract. A pre-release strategy is developed in this research for Sg. Perak 
hydroelectricity scheme which consists of four cascading dams. To handle the 
extreme inflow, the pre-release methodology helps the dams to provide services 
in safe manners. Probable maximum precipitation (PMP) is applied to revise the 
estimation of reservoir intake of all four dams. Release equation is tailored 
according to the inflow received from upstream dam release, precipitations and 
surface runoff. Both scenarios, with pre-release and without pre-release are 
carefully analyzed to measure the performance. With pre-release strategy, the 
model shows efficient storage management during extreme inflow situation that 
creates a potential flood risk and dam failure. 
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1 Introduction 

Among the predefined jobs for a dam, the primary purpose is to control the surface 
runoff of the surrounding area. The reservoir of these dams is designed by considering 
a maximum flood level, and this flood level is typically estimated with the help of a 
statistical approach. Most of the cases, the estimated reservoir level is supposedly good 
enough to handle the inflow volume. But dam failure also occurred due to the poor 
design of the maximum flood level and not optimized reservoir operation policy. The 
estimated rainfall could be very challenging in a tropical country such as Malaysia.  

In this study, a pre-release approach as a sustainable operation strategy is adopted at 
the Sg. Perak hydroelectricity scheme to benefit both dam owners and the environment 
surrounding the dam especially people who live and carry out activities by the 
downstream of the approach. Sg. Perak hydroelectricity scheme consists of four 
cascading dams, Temengor, Bersia, Kenering and Chenderoh. This study will provide 
these dams a sustainable strategy and solution for dam owners, TNB to protect their 
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dams during extreme rainfall seasons and indirectly protecting the environment 
surrounding the dams. This strategic dam pre-release approach to reduce flood impacts 
supports the Malaysian Dam Safety Management Guidelines (MyDAMS) and provides 
Majlis Keselamatan Negara (MKN) a framework of dam management in minimizing 
flood impact. He detail of the sg. Perak hydropower scheme is shown in figure 1. 

 

 
Fig. 1. Sg. Perak Hydroelectricity Scheme 

1.1 Probable Maximum Precipitation (PMP) 

Probable Maximum Precipitation (PMP) is a term used for the highest amount of 
rainfall that is meteorologically possible for a given time at an area especially at a 
specific time of the year. There are several ways and formulas that can be used to 
identify and estimate the PMP of a location at different durations. It is a theoretical 
concept that is very much used by hydrologists to identify the Probable Maximum Food 
(PMF) which is usually identified for the purposes of planning and designing high-risk 
hydrological structures such as dams (Rohidas and Srinivas, 2015). The PMP 
estimation method that is currently being practised maximise extreme precipitation by 
the ratio W max/W, whereby Wmax is the maximum precipitable water estimated from 
the maximum daily dew points and W being the actual precipitable water in the 
atmosphere (Rakhecha and Singh, 2009). Dai (2006) explains that the atmosphere is 
able to hold more water vapour when the temperature increases suggested by the 
Clausius-Clapeyron relationship. For every 1° of warming, the water-holding capacity 
of air increases by approximately 7% which shows us that precipitation will be higher 
in a warmer climate (Trenberth, 2011). By Common Era (CE) 2100, most global 
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climate models indicate about 25% increase in maximum precipitable water which is 
resulted by greenhouse gas emissions (Kunkel, et al, 2013). A report by Beauchamp et 
al (2013) informs that the PMP values will be increased by 6% by CE 2070 caused by 
the increment of atmosphere’s humidity which was simulated by a global climate model 
for a chosen location in Canada. Therefore, an improved calculation of PMP will lead 
to a more accurate estimation of PMF, which would help us to identify solutions and 
strategies to prevent or mitigate any flood occurrence. 

1.2 Probable Maximum Flood (PMF) 

A flood that is expected from the most severe meteorological and hydrologic 
conditions is defined as Probable Maximum Flood (Robert E. Swain et.al, 1998). Based 
on the study by Ros et al. (2008), PMF has a physical meaning whereby it is the highest 
limit of which an engineer must design within. For safety design of dams, the PMF is 
commonly accepted as the standard criteria of the upper limit. Watershed models, such 
as the HEC software and MIKE are usually used to simulate PMPs which are in unit 
hydrograph or storage routing models in most cases. There are two main methods to 
determine the PMF which is to use the PMP estimation using rainfall-runoff models 
which are termed as a deterministic approach and to use the probabilistic approach. The 
deterministic approach involves many assumptions on the PMP including the 
conditions of the catchment and its physical features whereas the probabilistic approach 
applied on rainfalls or floods have a specified probability or average return periods (Ros 
et al., 2008) 

The estimation of PMF is quite uncertain and sensitive towards the design method, 
estimated PMP and land-use changes if it is not improvised (Kling, 2014). Most dams 
now would actually be overtopped by previous calculations of PMF as most dams were 
designed before the concepts of accurate PMF, certain dams not even designed based 
on PMF and PMF estimations have increased in selected areas (Graham, 2000). Thus, 
new PMFs should be calculated for dams using current hydrological analysis, 
influenced by climate change and a solution to be brought forward like reconstructing 
the structure of the dam or pre-release of water catchment. 

1.3 Dam Pre-Release 

Ishak & Hashim (2017), defined dam pre-release as an action of strategically 
releasing water in the dam to actively manage the water levels using the forecast of 
rainfall. Basically, the main idea of dam pre-release is to flood control dam. Flood 
control dam means the action of flood absorption and pre-releasing (J.Jordaan, 2009). 
In reducing flood impacts by dams, pre-release can be referred to as a significant 
management strategy. The main idea of the strategy is to have a balance between the 
required volume of storage and the risk element that can be afforded. That being a 
crucial factor, impacts of the release of water towards the environment should not be 
forgotten. 

In Malaysia, dam pre-release strategy is possibly being engineered and explored 
whereas it has already been introduced in some developed countries such as Australia 
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and South Africa. These countries even have practiced pre-release and surcharge 
policy. The main concept of dam pre-release is to manage the dam water level between 
the minimum level required for hydropower operation and the maximum water level 
allowed. An increase of extreme flooding over the past ten years in Taiwan has forced 
the demand for an improved dam operation to control flood damage. To control and 
enhance this flood damage protection, pre-releasing water storage can be carried out. 
However, pre-release for a hydroelectric dam is much more difficult to develop, even 
most countries who practice it only apply it on storage dams. 

2 Methodology 

The basic concept of pre-release is to release the water from the reservoir depending on 
the forecast inflow from the upper dam and rainfall while balancing the water level in 
the advisable dam operational level, which is in between the minimum operating level 
(MOL) and full supply level (FSL) of the dam. During heavy rainfalls, the water level 
should be kept close to MOL but if the forecasted rainfall makes the water exceeds the 
FSL, execution of dam pre-release will take place. This means the water level in the 
dam will always be below the Full Supply Level. Figure 1 is showing any serviced dam, 
i (where i = 1 for Temangor dam, 2 for Bersia dam, 3 for Kenering dam and 4 for 
Chenderoh dam) under pre-release conceptual method. Equation 1 and 2 are also 
representing the mathematical formulation of the basic concept.  

Fig. 2. Pre-release concept 
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There will be two parts of analysis, first with dam pre-release, secondly without the 

dam pre-release and then the difference will then be presented. For this research, the 
current water level for all four dams is assumed. The rainfall data chosen is of the 48 
hours rainfall duration are which is 851.7mm for four all dams based on the obtained 
data. The first step is to multiply the PMP value with the normalized temporal pattern. 
Hershfield technique is applied to calculate the PMP. To achieve a higher accuracy of 
a flood hydrograph, temporal patterns are developed by a ranking system using the 
rainfall data obtained but for this research, the temporal pattern used was a normalized 
design rainfall temporal pattern that can be obtained from the Urban Stormwater 
Management Manual for Malaysia (MSMA). 

 
. Table 1 Revised PMP for Sg Perak Hydroelectric Scheme Dams 

Duration 
(hr)  

Temengor 
(mm)  

Bersia 
(mm)  

Kenering 
(mm)  

Chenderoh 
(mm)  

1  202.4  202.4  300.4  300.4  
3  262.0  262.0  354.7  354.7  
6  336.8  336.8  465.9  465.9  
12  477.2  477.2  495.7  495.7  
24  634.6  634.6  634.6  634.6  
48  851.7  851.7  851.7  851.7  
72  891.7  891.7  891.7  891.7  
120  1441.1  1441.1  1441.1  1441.1  

 
The fractional values of the derived temporal pattern are multiplied with the value 

of PMP estimation to obtain the distribution of rainfall. By obtaining the rainfall 
distribution graph, the amount of water inflow into the dam versus time can be 
calculated by multiplying the rainfall distribution with the dam surface area, and with 
these values, the output of the dam pre-release strategy will be computed. For this 
research, the 48-hr rainfall distribution will be chosen for further calculation. 
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Table 2 Multiplication of Temporal Pattern with PMP Value 

48-hr  
Temporal Pattern  

Temporal 
Pattern*PMP (851.7)  

0.021  17.8857  
0.045  38.3265  
0.06  51.102  
0.086  73.2462  
0.039  33.2163  
0.028  23.8476  
0.02  17.034  
0.026  22.1442  
0.015  12.7755  
0.014  11.9238  
0.028  23.8476  
0.017  14.4789  
0.057  48.5469  
0.039  33.2163  
0.044  37.4748  
0.035  29.8095  
0.038  32.3646  
0.052  44.2884  
0.069  58.7673  
0.046  39.1782  
0.056  47.6952  
0.046  39.1782  
0.045  38.3265  
0.073  62.1741  

 
The product of the normalized temporal pattern and the PMP value will then be used 

to obtain the change of storage in each of the dam. This is done by multiplying the 
product by the surface area of each dam.  

The dam pre-release formula is applied to the first dam, Temengor. For the first dam, 
there will be no inflow from the upper dam. 

Temengor Dam: 
The volume at current water level is assumed to be at 6000000000 m3 
[Current water level + Forecast inflow (upper dam + rainfall)] – Full Supply Level 
[6000000000 + (0 + 129000000)] – 6050000000 = 79000000 m3 
Therefore, 79000000 m3 is the volume of water to be pre-released from Temengor 

dam which will be the forecast inflow of the upper dam for Bersia Dam. 
Bersia Dam: 
The volume at current water level is assumed to be at 700000000 m3 
[Current water level + Forecast inflow (upper dam + rainfall)] – Full Supply Level 
[70000000 + (79000000 + 4849835.31)] – 72000000 = 81849835.31 m3 
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Therefore, 81849835.31 m3 is the volume of water to be pre-released from Bersia 
dam which will be the forecast inflow of the upper dam for Kenering Dam. 

Kenering Dam: 
The volume at current water level is assumed to be at 300000000 m3 
[Current water level + Forecast inflow (upper dam + rainfall)] – Full Supply Level 
[300000000 + (81849835.31 + 34204101.66)] – 345000000 = 71053936.97 m3 
Therefore, 71053936.97 m3 is the volume of water to be pre-released from Kenering 

dam which will be the forecast inflow of the upper dam for Chenderoh Dam. 
Chenderoh Dam: 
The volume at current water level is to be assumed at 70000000 m3 
[Current water level + Forecast inflow (upper dam + rainfall)] – Full Supply Level 
[70000000 + (71053936.97 + 17442390.15)] – 95000000 = 63496327.12 m3 
Therefore, 63496327.12 m3 is the volume of water to be pre-released from 

Chenderoh Dam. 

3 Results and Discussion 

For this study, change in time is considered as two hours as per the temporal pattern. 
The outflow of dam varies based on dam discharge capacity and the water level in the 
dam but for this research, the outflow assumed would be the constant discharge of water 
at Full Supply Level (FSL) for the respective dams. Discharge of water at the Sg. Perak 
hydroelectricity dams at FSL are as follows: 

Temengor Dam: 460 m3/s 
Bersia Dam: 312 m3/s 
Kenering Dam: 397 m3/s 
Chenderoh Dam: 303 m3/s 
Using all the data above, table and graphs of Time vs Storage will be tabulated for 

all the dams for both with and without dam pre-release as shown in Figure 2,3,4 and 5. 
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Fig. 2. Temengor Dam with and without Pre-Release. 

In Temengor Dam the Full supply level is 248.4m, Volume is 6.05 x 10^9 m3 and 
the area of Temengor Dam is 153km2 with discharge at FSL of 460 m3/s. Figure 3 
shows the results for Bersia Dam and where the full supply level is 141.4m, The volume 
is 64 x 10^6 m3, the area is  5.7km2 and the discharge at FSL is 312 m3/s. 
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Fig. 3. Bersia Dam with and without Pre-Release. 
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Fig. 4. Kenering Dam with and without Pre-Release. 

In Kenering Dam the Full supply level is 111.3m, Volume is 352 x 10^6 m3 and the 
area of Kenering Dam is 40.5km2 with discharge at FSL of 397 m3/s. Figure 5 shows 
the results for Chenderoh Dam and where the full supply level is 60.4m, The volume is 
95.4 x 10^6 m3, the area is  20.5km2 and the discharge at FSL is 303 m3/s. 
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Fig. 5. Chenderoh Dam with and without Pre-Release. 

The application of the pre-release strategy on the Sg. Perak hydroelectricity scheme 
as displayed in the graphs again shows that the storage in the dams only increases 
minimally when an extreme rainfall occurs which is this case, PMP value was used. 
Thus, this strategy is an optimum solution to dam pre-release due to climate change. 
Finally, the program that was developed to enable users to apply the strategy on dams 
was run successfully. 

4 Conclusion 

The pre-release method ensures there is no significant increase in the storage of the 
dam and maintains the water level below the FSL. It provides the dam safety protections 
ensuring there would be no dam break or overtopping of the dam wall. The revised 
PMP and PMF helped in estimating the total inflow amount and pre-release prepare the 
reservoirs accordingly. This method can be the solution to tackle climate change by 
dam owners. 
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