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Abstract 
This research aims to design a backdoor detection technique by using 
machine learning approach. The implication of this research is to 
ensure a more effective backdoor detection in network platforms. 
Security measures against these problems include the use of software 
programs such as backdoor detection programs. One technique is 
machine learning (ML); that is a set of tools by which a machine can 
learn new concepts and new patterns based on a history of learned 
patterns. The work concentrated on application backdoors which are 
embedded within the code of a legitimate application. The proposed 
program in this research is an improvement to backdoor detection 
based on machine learning techniques. It is developed in Java and 
employs both supervised and unsupervised methods in the WEKA 
tool. This helps improving the detection compared to previous 
methods such fuzzy logic. The results of the experiments have proven 
that the proposed program is better at detecting backdoors than fuzzy 
logic when valuated with similar data set. This proves that combining 
K-Nearest Neighbour and Naive Bayes algorithms is better than using 
Fuzzy Logic method. The program encountered less false positives 
and detected all backdoors in the dataset. 
 

Introduction 
Computer security is concerned with four main areas; confidentiality, 
integrity, availability, and authentication (Corona, Giacinto, 
Mazzariello, Roli, & Sansone, 2009; Kraemer, Carayon, & Clem, 
2009).Problems that affect computer security include viruses, worms, 
Trojan horses, and other types of malware (Dube et al., 2012; 
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Mamalakis, Diou, Symeonidis, & Georgiadis, 2014; B. K. Mishra & 
Pandey, 2010). Security measures against these problems can include 
the use of software programs such as anti-virus, anti-malware, 
firewalls, or user dependent measures such as using strong passwords, 
activating or deactivating certain computer features like JavaScript or 
ActiveX (Ahn, Oh, & Park, 2015; Bayoǧlu & Soukpinar, 2012).  
 
One security technique is machine learning (ML); that is a set of tools 
by which a machine can learn new concepts. According to (Simon, 
2013) ML is the subject of continuous research in computer science as 
it extends its application to almost every field of activity, whether 
private, economical or industrial. One aspect that connects all these 
activities is the network technology. Thus, there is a growing need to 
protect valuable information from any cyber-attack. Thus, developing 
new intelligent methods to detect attacks such as backdoors is needed. 
Intrusion detection is the process of dynamically monitoring events 
occurring in a computer system or networks, analyzing them for signs 
of possible incidents and often interdicting the unauthorized access 
(Peter, 2007). The traditional way of protecting computer networks, 
such as firewalls, access control mechanisms, and encryptions are 
insufficient and have several limitations.    
                                                                                                                                 
Novelty  detection  is   the  identification  (and classification)  of  new  
or  unknown data that machine learning system has not been trained 
with and was not previously aware of, (Markou and Singh, 2003) 
using either statistical approaches or machine learning based 
algorithms. A machine  learning  system  can never  be trained with 
all the possible object classes and hence the performance  of  the  
network  will  be poor for those classes that are under-represented in 
the  training  set (Marsland, 2011) .This  research  looks  into different 
techniques designed to detect  backdoor attacks. It will also introduce 
a new method to deal with both seen as well as unseen backdoor 
threats. 
 
Backdoors are often used for securing unauthorized remote access to a 
computer. The threat of backdoors surfaced with the network 
technology being adopted on a universal scale. A backdoor may take 
the form of a hidden part of a program (Wysopal and Eng, 2015) 
(application backdoor), a separate program (system backdoor), or a 
hardware feature. In any case, it remains a real challenge that 
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computer security specialists have to deal with. Novelty detection is 
the identification (and classification) of new or unknown data that a 
machine learning system has not been trained with and was not 
previously aware of, (Markou and Singh, 2003) using either statistical 
approaches or machine learning based algorithms. A machine learning 
system can never be trained with all the possible object classes and 
hence the performance of the network will be poor for those classes 
that are under-represented in the training set (Marsland, 2011). This 
research looks into different techniques designed to detect backdoor 
attacks. It also introduces a new method to deal with both seen as well 
as unseen backdoor threats. 
 

Related Work            
This section presents a review of existing literature concerning on 
machine learning and the existing proposed techniques to tackle 
backdoor attack problems. It identifies some research gaps on 
machine learning research that motivated this research work.  

Types of Machine Learning Techniques 
Machine Learning techniques are categorized into three main types 
namely, single classifiers, hybrid classifiers, and ensemble classifiers. 
In single classifiers, the intrusion detection problem can be 
approached by using one single machine learning algorithm. In the 
literature, machine learning techniques such as k-nearest neighbour, 
support vector machines, artificial neural network, decision trees, self-
organizing maps, etc. have been used to solve these problems.       
                                                                                                                             
In the development of an intrusion detection system, the ultimate goal 
is to achieve the best possible accuracy for the task at hand. This 
objective naturally leads to the design of hybrid approaches for the 
problem to be solved. The idea behind a hybrid classifier is to 
combine several machine learning techniques so that the system 
performance can be significantly improved. More specifically, a 
hybrid approach typically consists of two functional components. The 
first one takes raw data as input and generates intermediate results. 
The second one will then take the intermediate results as the input and 
produce the final results (P. Mishra et al., 2017). 
 
Types of  Machine  Learning  Techniques include  artificial neural 
networks (ANN), decision trees (DT), fuzzy  logic (FL),  genetic  
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algorithm  (GA), K-nearest  neighbour  (k-NN) (Masri, Abou Assi, & 
El-Ghali, 2014), Naïve Bayes Networks, Self-organizing map (SOM) 
(Khorshed, Ali, & Wasimi, 2012), Support vector machines (SVM) 
(Ni, Li, Li, Zhang, & Ye, 2016), Figure shows taxonomy of malware 
detection using machine learning. In the same way also, we can use 
machine learning techniques and algorithms to detect backdoor 
programs with viruses and other malware. 
                                           

                                                                                                  
 

Figure A Taxonomy of Malware Detection Using Machine Learning 
Classifiers adapted from (Shabtai et al., 2009) 

 

Waikato Environment for Knowledge Analysis (Machine 
Learning 
The Waikato Environment for Knowledge Analysis (WEKA) tool was 
first developed at the Waikato University in New Zealand in 
1995(Garner, 1995). The WEKA machine learning workbench is a 
modern platform for applied machine learning. WEKA is an acronym 
which stands for Waikato Environment for Knowledge Analysis. It is 
also the name of a New Zealand bird the WEKA. A machine learning 
workbench is a platform or environment that supports and facilitates a 
range of machine learning activities reducing or removing the need 
for multiple tools. The main reason to use WEKA is because a 
beginner can go through the process of applied machine learning 
using the graphical interface without having to do a lot of 
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programming. This is important because getting a handle on the 
process, handling data and experimenting with algorithms is what a 
beginner should be learning about, not learning yet another scripting 
language.             
                                                                                                                        
Research Methodology 
This section describes in detail the steps involved in the methodology 
of this research in order to solve the problem. An overview of the 
methodology steps is presented first to demonstrate the relation and 
interaction between the different phases of the research as shown in 
Figure 3.1. The next sub sections discuss the different research 
activities carried out in order to complete this research work.                                                                                                                              
                                                                                                                                                     

 
Figure 3.1. Research Methodology 

The system developed during this research work uses a novelty 
detection method to detect if one or a set of examples differ from the 
previously seen examples. An intrusion detection                                                                                                                                                                                                           
system (IDS)   (Seewald  &  Gansterer,  2010;  Yu,  Wang,  
Champion,  Xuan,  &  Lee, 2011)generally has to deal with problems 
such as large network traffic volumes, highly uneven data distribution, 
the difficulty to realize decision boundaries between normal and 
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abnormal behaviour, and a requirement for continuous adaptation to a 
constantly changing environment. Meeting these challenges means 
coming up with a system able to deal with present as well as future 
backdoor threats. Strategies for classification of network behaviours 
are typically divided into two categories: misuse detection and 
anomaly detection (Nissim et al., 2014). 
 

 
Figure 3.2. Backdoor Detection Model using multiclass learning 

algorithm (LA) 

In phase one (Supervised Classification), of the proposed decision 
model, if a match is found the file is a backdoor and will be classified 
as such. In this case existing classes may change in size but not in 
number, which means no new classes are being created, but one of the 
existing classes is extended as the decision model is being updated.  
In phase two (unsupervised Classification), a match was not found, 
the file will enter a process where we check if any open port is being 
used, if yes, the file will be classified as novelty (Backdoor), as such a 
new class will be created and the decision model is updated. 
Otherwise the file will not be classified as backdoor and will be 
discarded by the system. 
Experimental Setup 
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Experiments were conducted to evaluate the effectiveness and 
efficiency of the proposed program. In order to evaluate the 
effectiveness of the proposed program, the results of the experiments 
are compared and analyzed. Based on the experimental design, 
experiments were conducted to get the difference in means between 
the measures of precision ratios of the compared programs. Any 
improvement by the proposed program in terms of effectiveness and 
efficiency is highlighted 
 
Proposed Program Framework 
The flow chart of the program algorithm used is shown in Figure 4.1. 
The algorithm starts by selecting the dataset to be used for the 
experiment. Next, it runs the KNearest Neighbour and Naïve Bayes 
algorithms against the selected dataset and detects any available 
backdoor in the program. For every detected backdoor, the program 
gives an alert and generates report using clustering and classification 
methods. The generated reports are saved in the database and are used 
in the future by the algorithms to detect similar backdoors as it 
continues learning.                                                                             
 

 
 

Figure. 4.1 Algorithm Flow Chart 
Results and Discussion 
The experiment results are described in the following sub sections 
with corresponding graphs. The first section shows the detection 
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result for the program with the K-Nearest algorithm and the second 
section shows the results of the program with the Naive Bayes 
algorithms. A combination of these two algorithms is done and the 
result is shown in the third section by comparing it with Fuzzy Logic 
algorithm. 
 
Results for K-Nearest Program 
Figure 5.1 shows the results for the KNN program algorithm using 
clustering and classification unsupervised learning methods, which 
are clustering and classification are used to improve the methods.  
This is the first step in the backdoor detection process.  Both 
supervised   and effectiveness of the program.  Once the program is 
run, if there is no problem it displays the clustering and classification 
graph to indicate that the program is working well. If the program is 
not working,   then the graph will not be displayed. The program will 
then display an                                                                                                                                                    
information message to indicate it is applying K-Nearest Neighbour 
algorithm. No detection is done yet because the program needs to run 
the second algorithm, which is shown in the next section. 
                                                                                                                                                    

 
Figure 5.1 Graph Results for KNN 

Results for Naive Bayes Program 
Figure 5.2 shows the results for the Naïve Bayes program algorithm 
using clustering and classification methods. This is the second part of 
the detection process after running the K-Nearest Neighbour 
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algorithm. In this part the Naive Bayes algorithm is run next to 
complete the detection process. After the program finishes running it 
shows an information message which indicates the results and the 
detection percentage.    
                                                                                                                                                                       

 
Figure 5.2 Graph Results for Naïve Bayes with Histogram 

 

 
Figure 5.3 Graph Results for Naïve Bayes with Graph 

 
Comparing KNN and Naive Bayes with Fuzzy Logic Clustering 
and Classification Methods 
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This section compares the combination of K-Nearest Neighbour 
algorithm and Naïve Bayes algorithm with Fuzzy Logic and other 
clustering and classification methods. After the comparison is found 
that the combination of K-Nearest Neighbour algorithm and Naïve 
Bayes algorithm works better than the other methods. Figures 5.4 and 
5.5 show the comparison results. 

Figure 5.4 Comparison of Methods with Histogram 
                                                                                                                                                                                                                                                                  

 
Figure 5.5 Comparison of Methods with Graph 
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The results of the experiment showed that the proposed program was 
able to effectively and efficiently detect backdoors in the datasets, 
thereby providing an improvement to backdoor detection techniques. 
 
Conclusion  
This work concentrated on application backdoors which are 
embedded within the code of a legitimate application. The proposed 
program in this research is an improvement to backdoor detection 
based on machine learning techniques. It is developed in Java and 
employs both supervised and unsupervised methods in the WEKA 
tool. This helps improving the detection compared to previous 
methods such fuzzy logic. The results of the experiments have proven 
that the proposed program is better at detecting backdoors than fuzzy 
logic when evaluated with similar data set. This proves that 
combining K-Nearest Neighbour and Naive Bayes algorithms is better 
than using Fuzzy Logic method. The program encountered less false 
positives and detected all backdoors in the dataset. 
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Abstract 
Air pollution can have major impacts on living being and society. 
Different systems has been developed to predict upcoming air 
pollution. These prediction systems use different types of models for 
predicting the air pollution. This paper aims to compare the popular 
models being used to predict air pollution. The significant models are 
Artificial Neural Network (ANN), Fuzzy Logic and Adaptive Neuro-
Fuzzy Inference System (ANFIS). These models are not only being 
applied in air pollution prediction, but they were applied in different 
fields such as fuel consumption and pattern recognition. The structure 
of each model are discussed in terms of their advantages and 
disadvantages. Base on comparison of each model and their 
structures, Adaptive Neuro-Fuzzy Inference System (ANFIS) is 
considered to be the best solution for air pollution prediction systems. 
 
Keywords: Artificial Neural Network (ANN), Fuzzy Logic, Adaptive 
Neuro-Fuzzy Inference System (ANFIS), Comparison. 
 
 
Introduction 
Air pollution has been one of the deliberate problems concerned by 
the society. It refers to the impurity of the air by harmful chemicals or 
materials. Air pollution can have effects on health and environments. 
The short-term effects are throat irritation, headaches and allergic 
reactions while the long-term effects are kidney damage, lung cancer, 
heart disease, respiratory disease and brain damage. Besides, 
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environmental effects of air pollution includes global climate change, 
eutrophication and haze (Sierra-Vargas et al., 2012). 
 
Due to these irreparable effects and damages, the need of an air 
pollution predictive system is crucial. Extensive study and research 
has been conducted pertaining to this issue and wide range of systems 
have been developed to solve the problem. Most of the predictive 
systems that have been developed are using Artificial Neural Network 
(ANN) (Gershenson, C, 2003). Artificial Neural Network (ANN) has 
been used for three decades as one of the predictive models and 
approaches (Baptista, D et al., 2013). Study by Papantoniou and 
Kolokotsa for prediction of outdoor air temperature has applied 
Artificial Neural Network (ANN) in four different European cities to 
collect data from weather stations. Apart from Artificial Neural 
Network (ANN) other predictive models such as Fuzzy Logic has 
been used in the same field. Some of these studies are temperature 
control using Fuzzy Logic (P. Singhala et al., 2014) and application of 
Fuzzy Logic in transport planning (Sarkar, A., 2012).  
 
Artificial Neural Network (ANN)  

Artificial Neural Networks are relatively electronic models based on 
the structure of the brain. The brain mainly learns from experience. 
Artificial Neural Networks modelling also has the potentials of less 
technical way to develop in machine solutions. The first artificial 
neural network was designed in 1958 which was called Perceptron 
(Shanmuganathan, S., & Samarasinghe, S., 2016). Perceptron 
proposed how human brain can process visual data and also learn to 
recognize items. Since then, the number of using neural network was 
increasing and there have been hundreds of different models 
developed using artificial neural network. There are differences in 
these models such as the functions, accepted values, topology, 
learning algorithms and etc. The learning capabilities and pattern 
matching of artificial neural network has allowed them to solve many 
problems that were impossible and difficult to answer by 
computational or statistical methods (Yadav, N., 2015).  

 
The structure of artificial neural network is inspired by natural 
neurons. In Figure 1, these neurons take many possible inputs then 
base on the weight value, it proceeds to the next neuron or produces a 
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single output. The neuron needs to be activated in order to proceed to 
the next neuron or to the output. Activation process of every neuron 
basically consists of inputs which are multiplied by weight value or 
the strength of the signal and then computed by a transfer function. 
These transfer functions must reach a certain threshold. As in Figure 
2, Artificial Neural Network can have multiple neurons. Artificial 
neural network combines the input from every single neuron in each 
intermediate layer to process information and finally reach a single 
output (Yadav, N., 2015). 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

The advantage of artificial neural network is its ability to solve both 
linear and nonlinear problems. Neural programs is able to learn and it 
does not require reprogramming the whole system.  
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Artificial neural network has disadvantages. It required high 
processing time for large neural networks. The operation of artificial 
neural network is highly relying on the training process (Rao, M. A., 
& Srinivas, J.,2003).  
 
Fuzzy Logic  
Fuzzy logic is a computation technique used to describe the 
relationship between the information attributes. Fuzzy logic has a 
structure that allows that human reasoning capacities to be applied to 
artificial knowledge base structures. It also offers a high level of 
computational processing (Wu, Y et al., 2011). As shown in Figure 3, 
Fuzzy logic has four main processing architectures. These 
architectures are fuzzification, defuzzification, knowledge base and 
inference engine. Fuzzification process transforms the crisp set input 
into fuzzy sets. There is a term called membership function that will 
work on variables of fuzzy set. Membership function represents a 
fuzzy sets graphically. Knowledge base is a set of if-then statements 
that will be provided by the researcher or the domain experts. The 
inference engine will simulates the human expectations by making 
fuzzy inference on the input and the if-then rules that previously set in 
knowledge base architecture. The last architecture which is 
defuzzification transforms the fuzzy sets which is done by the 
inference engine into a value.  

 

Figure 1 : Fuzzy logic processing architecture 
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One of the advantages of fuzzy logic is the simplicity of applying 
mathematical concept in its fuzzy logics. Due to the flexibility of 
fuzzy logic modification phase, adding or removing rules are simpler. 
On the other hand, fuzzy logic has number of disadvantages. It still 
requires expertise to understand and develop a fuzzy system and it is 
time consuming to develop fuzzy rules and membership functions 
(Shamim, M et al., 2011).  
 
Adaptive Neuro-Fuzzy Inference System (ANFIS) 
Adaptive Neuro-Fuzzy Inference System is an adaptive network 
which make use of both artificial neural network and fuzzy logic.  By 
combining both of the methods, this network not only will inherit the 
benefits and characteristic of them but also will eliminate their lonely 
usage. The operation of Adaptive Neuro-Fuzzy Inference System is 
feed forward which means that the information starts from the first 
neuron or node and is carried forward to the next node until the output 
result is achieved.  Adaptive Neuro-Fuzzy Inference System consist of 
two learning method: hybrid and back propagation learning methods. 
Below is the typical architecture of Adaptive Neuro-Fuzzy Inference 
System which the circles indicates fixed node and square indicates 
adaptive nodes (Taher, A. 2010).  
 
Base on Figure 4, the first and last layer of the network are considered 
as input and output nodes. The hidden layers consist of membership 
function nodes. This structure assembles the normal feed forward 
network which is crucial for the viewer to modify or realize. The 
function of each layer is described as follows (Taher, A. 2010):  
 
Input layer (Layer 1): In this layer every node consist of membership 
functions. Any parameter that passes to these nodes will be considered 
as premise or foundation parameters.  
 
Rule nodes (Layer 2): As shown in Figure 4, all nodes in this layer are 
represented as circle type of nodes. The outcome of these nodes 
depends on the strength of the rule. Operators such as AND or are 
used to get the output results. 
 
Average nodes (Layer 3): This is a circle type of node with the 
labelled as N (Figure 4). Every node in this layer calculate the weight 
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of each input. Outputs from these nodes are called normalized firing 
strength.  
 
Consequent nodes (Layer 4): This layer consists of transfer functions. 
The rules toward the output or the functions defined is calculated in 
this layer.  
Output node (Layer 5): This layer is the last step of ANFIS and it 
calculates all overall result and output by calculating the incoming 
signals. 
 

 

                             Figure 2 : ANFIS architecture 

The advantages of Adaptive Neuro-Fuzzy Inference System can be 
refer to its fast and accurate learning, easy implementation, easy to 
incorporate in both linguistic and numeric knowledge for problem 
solving (Azar, A. T., 2014). Adaptive Neuro-Fuzzy Inference System 
is capable of solving complex nonlinear problem since it uses both 
artificial neural network and fuzzy logic (José Kleiton Ewerton Da 
Costa Martins, & Araújo, F. M. 2015). The disadvantage of Adaptive 
Neuro-Fuzzy Inference System is its augmented decline in 
performance compared to other methods such as artificial neural 
network when the system has lack of data for its training purpose.  
 
In this study, a case study has been conducted to compare the 
performance of these three methods. A study by Atmaca et al. (2001) 
shows the predictions of fuel consumption of automobiles by applying 
Adaptive Neuro-Fuzzy Inference System, Artificial Neural Network 
and Fuzzy Inference Systems. This study compared the outcomes of 
fuel consumption prediction conducted by each method. The data for 
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the comparison were obtained from University of California at Irvine. 
The data collected have been studied under the same condition to the 
three methods. This comparison shows the performance of each 
method and the data simulations were performed using MATLAB. As 
the comparison of the result, it shows that ANFIS hit its expected 
output target faster than neural network. It means that ANFIS learning 
duration is shorter in comparison to neural networks.  In case of huge 
data or complicated systems the use of ANFIS would be more useful 
compare to the other two methods. In training procedure of ANFIS 
outcomes are with minimum total error. This means that the best 
learning method between the three methods is ANFIS. However total 
error of neural network is smaller than ANFIS when the trained 
variables were tested against checking data but this could happen 
because of less number of data for its training purpose. Between the 
three methods Fuzzy logic method has the least promising outcome. 
The limitations of rule size and membership variable restriction are 
the reasons of getting such result.  
 
Conclusion 
As a conclusion of comparing the three methods, ANFIS is considered 
a suitable method for prediction of air pollution comparing to neural 
network and fuzzy logic methods as lonely usage. Air pollution 
prediction involves high dimensional multivariate data analysis. The 
prediction process is highly nonlinear and dynamic. By combining the 
advantages of both neural network and fuzzy logic methods, ANFIS is 
expected to produce more accurate results in shorter time.  
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Abstract 
The design of reinforced concrete structures requires a few criteria to 
be fulfilled, especially in Limit States Theory adopted by many 
international standards in structural design. Two key criteria are 
ultimate limit state and serviceability limit state. Both of these limit 
states have one common aspect which governs the whole concept of 
design especially in reinforced concrete design, which is the ductility 
requirement.  The purpose of satisfying the ductility requirement is to 
ensure safety of users and occupants of the designed structure.  In this 
paper, the ductility requirement is explained in the adoption of the 
Eurocode EC2 in place of BS8110.  In order to have a smooth 
transition from BS8110 to EC2, the author would also like to 
introduce a unified approach for the analysis and design of concrete 
members in flexure by utilizing a unifying parameter q (combined 
reinforcing index).  This would allow a design engineer to analyze 
and to design for normally reinforced, partially prestressed, and even 
fully prestressed concrete and composite sections.  Through this 
approach, it is hoped that the Malaysian practicing structural 
engineers can make a smooth switchover to the use of Eurocode EC2 
for reinforced concrete design. 
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1. Introduction 
In 2003, The Institution of Engineers Malaysia recommended strongly 
through its Position Paper that, since UK is adopting Eurocode EC2 
[1] in place of BS8110:1997 [2] by 2010, then it is advisable for 
Malaysia to follow suit.  By mid-2009, the Technical Committee has 
completed the draft National Annexes for EC0, EC1 and EC2, and 
upon considering public comments received, they are published as 
Malaysian Standards MS EN Eurocode documents [3, 4, 5].   This is 
on the understanding that these new sets of Malaysian Standards will 
superceed  the existing MS 1195:1991[6], which is essentially a full 
adoption of BS 8110:1985, which will be withdrawn by BSI in 2010. 

2. Issues Faced By Malaysian Engineers In Adopting Eurocodes 
Besides having to grapple with the understanding and use of Eurocode 
EC2, designers will also have to make use or refer to two other suite 
of Eurocodes, viz, Eurocode EC0 (Basis of structural design) [7] and 
Eurocode EC1 (Actions on structures) [8].  Hence, this paper will give 
further insights into the various issues as identified in the three 
Eurocodes documents as mentioned.  The ductility concept will also 
be explained in the use of the ku-factor as adopted by comparison in 
three different international standards. 

2.1 MS EN 1990:2010 National Annex for Eurocode EC0 – Basis of 
Structural Design 
One of the initial issues faced by Malaysian practitioners is the use of 
terminology which are different from the British Standards.  Terms 
like ‘actions’ is used in place of ‘loads’, and ‘permanent and variable 
actions’ replace the usual ‘dead and live loads’ respectively. 

Another major hurdle that need to be tackled by Malaysian engineers 
is the use of cylindrical compressive strength in EC0 as opposed to 
the cube strength compressive strength test which are prescribed in 
BS8110. 

The various load combinations recommended in EC0 is a vast change 
from BS8110 in terms o complexity and coverage.  Nevertheless BSI 
has managed to influence CEN to modify the BS EN1992 version of 
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the Eurocode EC2, by incorporating some of the common features of 
alternate floor load combinations in braced and unbraced frames, as 
found in BS8110.  The equation for loading combination under 
ultimate limit state is quite complicated in EC0.  

In contrast to the complicated  load combination issues faced by 
Malaysian engineers in understanding EC2, the allocation of the 
uniformly distributed loads on braced and unbraced framed structures 
has been simplified by UK, as EC2 provisions have been modified 
somewhat (with UK’s influence) to be in line with that of BS 8110. 

2.2 MS EN 1991:2010 National Annex for Eurocode EC1 – Actions 
on structures: Part 1-1: General actions, densities, self-weight, 
imposed loads for buildings 
For MS EN 1991:2010 National Annex for EC1, a separate Editorial 
Group was formed out of the Technical Committee on EC2, to look 
into the adherence and conformity of EC0 and EC1 to EC2.  There is 
a recommended change in the Malaysian National Annex for the 
imposed load by heavy vehicles (e.g. fire-fighting vehicles) in the 
vicinity of building structures.   
This is found in Table NA.2.6 under Category G loading, where the 
BS National Annex recommended a load range of 30 kN < gross 
weight of heavy vehicle < 160 kN.  And this corresponded with a 
recommended UDL of qk = 5 kPa which is considered low by 
Malaysian practice.  An UDL of not less than 10 kPa would be more 
reasonable as the gross weight of fire and rescue vehicles used in 
Malaysia, and the maximum load can go as high as 180 kN.   
Hence, the Committee has decided to revise Category G loading (for 
fire and rescue vehicles) to a load range 30 kN < gross weight < 200 
kN; using qk = 10 kN/m2, and Qk to be stated as “To be determined for 
specific use (e.g. fire rescue emergency purpose vehicles)”. 

2.3 MS EN 1992:2010 National Annex for Eurocode EC2 – Design 
of concrete structures: Part 1-1: General rules and rules for for 
buildings 
It has to be noted that to date, the Malaysian standards writers have 
only looked into the Eurocode EC2 Part 1-1: General rules and rules 
for buildings.  There are other parts that need to be adopted as well.  
But these will carried out as future works. 
In using newly adopted standards for concrete design, it is envisaged 
that the practitioners will face major issues in understanding the 



26  
 

methodologies in analysis and design of structural elements or 
components, be it beams, slabs or columns in a typical concrete 
structures.  To that end, the authors would like to recommend the use 
of the unified approach for the analysis and design of concrete 
members in flexure by utilizing a unifying parameter q (combined 
reinforcing index).  This was first mooted by a noted researcher, Prof 
Naaman [9, 10, 11 and 12] and it was found to be applicable as well in 
this transitional stage.  This would allow a design engineer to analyze 
and to design for normally reinforced, partially prestressed, and even 
fully prestressed concrete and composite sections. 

This approach was also presented by Chiang & Hee [13] at a Joint 
IABSE-fib Conference, held in Croatia in 2010. 

Appendices A1 and A2 give more details on these aspects. 

3. Misconception Faced By Malaysian Engineers On Ductility 
Issue 
Malaysian structural engineers may be well-trained in structural 
analysis and design, but their concept of design tends to be lacking. 
For example, most engineers tend to think that a reinforced concrete 
structure can be made stronger or robust by adding more steel 
reinforcement particularly in the tension side of the structure.  This is 
termed as over-reinforced, as opposed to over-design. 

During the course of presenting the adoption of Eurocodes in 
roadshows throughout Malaysia, the author has come across a number 
of local engineers who do not grasp the concept of ductility in design 
especially in reinforced concrete design.  They tend to place the 
strength or serviceability criteria as the objective in design, forgetting 
the over-riding requirement of ductility which has to be fulfilled first 
and foremost. 

This was clearly stated in the published paper by Chiang [14] as 
follow: 

“For an adequate seismic-resistant designed structure, the keyword 
that needs to be addressed is – ductility.  The severity of damage and 
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response of structures to earthquake can be clearly shown where 
ductility is a key factor.” 

The objective of design is to ensure that structures can demonstrate 
appreciable ductility in the event of impending disaster especially in 
cases of overloads, or in facing natural phenomenon such as 
earthquakes or severe wind forces.  Reinforced concrete structures can 
be designed to three criteria, ie. 

1. Over-reinforced section 
2. Under-reinforced section 
3. Balanced reinforced section 

This is first year design concept learnt by all serious structural 
engineers at university, in which the above three criteria are governed 
by the ku-factor.   

Should the calculated k-factor is less than the ku-factor, then the 
section is considered as under-reinforced, which is a desirable 
situation, since it means that the steel component in RC structures will 
fail first, and allows the structure to exhibit ductile characteristics, 
hence giving sufficient warning to the occupants of impending 
structure failure, if no corrective actions are taken. 

On the other hand, if the calculated k-factor is more than the ku-factor, 
then the section is considered as over-reinforced, which simply means 
that the steel component in RC structures will not fail first, and it will 
cause the concrete portion to fail explosively in a brittle manner, 
hence not giving sufficient warning to the occupants and may cause 
loss of lives and property damages. 

The balanced reinforced section is a rare occurrence, where the k = ku-
factor, and in this instance both the concrete and the steel components 
theoretically fail simultaneously – which is also not a desirable 
situation. 

As learned by design engineers in university, if the design is 
unavoidably at over-reinforced situation, this can be countered by 
adding compression steel reinforcement – which is supposed to reduce 
the k-value to less than the ku-factor, hence the designed structure is 
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considered as having ductile characteristic under severe loading 
condition. 

4. Approach In Adopting Eurocode Ec2 In Comparison To 
Bs8110 
On the matter of design of beam sections, a comparison is made on 
the value used for ku-factor, i.e. the proportion of concrete beam 
effective depth under compression, which is a measure of the beam 
ductility possessed: 

Standards ku % balanced failure 

BS8110 0.50 79 

AS3600 0.40 67 

MS EN1992 0.60 94 

Table 1 – Comparison of standards on ku-factor 

So, the Eurocode EC 2 requirement for ductility is greater than the 
British Standards and the Australian Standards for concrete structures.  
In the next few sections, some examples will be presented on how the 
unified approach is used to analyse and design beams of different 
types or permutations.  The figure in Appendix A1 illustrates how a 
partially prestressed beam section can be analysed in terms of its q-
combined reinforcing index. 

Appendix A1 also provides a detailed derivation of unified equations 
for analysis and design in flexural in accordance with MS EN 1992.  
In the figure shown in A1, the effective depth of the beam section can 
be calculated based on the various depths of the tension and 
compression steel reinforcement, and the prestressed tendon, 
multiplied with their respective forces exerted.  Noting that J = 0.8 for 
Jkud, then a horizontal force equilibrium is carried out, from which the 
summation of forces can be separated out so that the concrete force 
portion will be equated to the summed of forces exerted by the 
various reinforcement and tendon, giving rise to, 

0.567γku=0.87qp+0.87qs -0.87q’s = q     (1) 
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where the various “q-terms” used refer to the steel area or tendon area 
ratios, and the final q at the end, is referred to as the combined 
reinforcing index.  Other related derivation equations can be found in 
Appendix A1 for reference. 

For MS EN 1992, as in all international codes of practice, beam 
sections must be designed to be ductile.  Therefore the q values must 
be in the range of 0.272  t  q t  0.056. At a glance the comparison in 
design and analytical steps using the q-term, are shown for Eurocode 
EC2 and BS8110, in Tables 2 and 3 below. 

Initial data: 

fck = C30/37 (Note:  fck = 30 MPa, fcu = 37 MPa);   fyl,k = 460 Mpa;   MEd = 
263.7 kNm;    

b = 300 mm;   d = 520 mm;  𝐾𝐸𝐶2 =  𝑀𝐸𝑑
𝑏𝑑2𝑓𝑐𝑘

 = 0.108   :     KBS8110 =

 MEd
bd2fcu

 = 0.087 

Eurocode EC2 Output 

q = 0.567[1 − √1 − 2K
0.567

] = 0.87qs = 0.567Jkud   [J = 

0.8, ku = 0.60] 

The calculated  q = 0.120  <which fits within 
acceptable ductile range between <0.272 and 0.056>.  
Hence,  qs = 𝑞

0.87
 = 0.137 

which gives area of tension steel, Ast = 𝑞𝑠𝑏𝑑𝑓𝑐𝑘
𝑓𝑦𝑙,𝑘

  =  1393 

mm2 

 

 

 

 

 

Ast = 1393 mm2 

BS 8110  

q = 0.450[1 − √1 − 2𝐾
0.45

] = 0.87qs = 0.45Jkud     [J = 

0.9, ku = 0.50] 

The calculated  q = 0.098  <which fits within 
acceptable ductile range between <0.202 and 0.045>.  
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Hence,  qs = 𝑞
0.87

 = 0.113 

which gives area of tension steel, Ast = 𝑞𝑠𝑏𝑑𝑓𝑐𝑢
𝑓𝑦𝑙,𝑘

  =  1417 

mm2 

 

Ast = 1417 mm2 

Table 2 – Design comparison between EC2 and BS8110 

Initial data: 

fck = C30/37 (Note:  fck = 30 MPa, fcu = 37 MPa);    fyl,k = 460 Mpa;     Asl 
= 1393 mm2 

b = 300 mm;   d = 520 mm 

Eurocode EC2 Output 

q = 0.567[1 − √1 − 2𝐾
0.567

] = 0.87qs = 0.567Jkud     [J = 

0.8, ku = 0.60] 

Now,  the steel ratio qs = 𝐴𝑠𝑙𝑓𝑦𝑙,𝑘

𝑏𝑑𝑓𝑐𝑘
 = 0.137; q=0.87; 

qs=0.119 

Hence,  q = 0.87qs =  0.119  which fits within 
acceptable range between <0.272 and 0.056> for 
ductility.  

𝐾 =  𝑀𝐸𝑑
𝑏𝑑2𝑓𝑐𝑘

= 𝑞 [1 − 0.5𝑞
0.567

] = 0.107 which gives 

moment capacity of beam,  MRd =0.107 u 300 u 5202 u 
30 u 10-6 =  260.4 kNm 

 

 

 

 

 

 

 

 

MRd = 260.4 
kNm 

BS 8110  

q = 0.450[1 − √1 − 2𝐾
0.45

] = 0.87qs = 0.45Jkud     [J = 

0.9, ku = 0.50] 

Now,  the steel ratio qs = 𝐴𝑠𝑙𝑓𝑦𝑙,𝑘

𝑏𝑑𝑓𝑐𝑢
 = 0.111 

Hence,  q = 0.87qs =  0.097  <which fits within 
acceptable range between 0.202 and 0.045> for 
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ductility.   

𝐾 =  𝑀𝐸𝑑
𝑏𝑑2𝑓𝑐𝑢

= 𝑞 [1 − 0.5𝑞
0.45

] = 0.087 which gives 

moment capacity of beam,  MRd  =0.087 u 300 u 5202 

u 37 u 10-6=  261.1 kNm 

 

 

 

MRd= 261.1 
kNm 

Table 3 – Analytical approach comparison between EC2 and BS8110 

5. Recommendations To Alleviate Problems And Issues Faced By 
Malaysian Engineers In Adopting Eurocode Ec2 

x Engineers in Malaysia has to accept the inevitable and be 
prepared to learn, understand and use new concepts and 
approach in design and analysis of structures. 

x All private and public stakeholders in the construction 
industry, have to take the initiative to embrace and encourage 
the use of the new standards in practice. 

x Universities may have to revamp their teaching syllabus to 
accommodate the switchover in concrete code. 

x The concept of “Train the trainers” has to be implemented, so 
that lecturers in universities are taught the basic fundamentals 
of new standards to be adopted. 

x The use of the unified approach in design and analysis of 
concrete structures is a innovative way to ensure a smooth 
transition in use of standards 

x It is very important that the concept of ductility has to be 
instilled into all engineering students in university design 
courses, and also to be re-learned by practicing engineers in 
the field, if they had overlooked or underestimated its 
importance. 
 
 

6.   Conclusion 
This paper has presented the problems and issues faced by Malaysian 
engineers in the impending switchover in use of standards for design 
of concrete structures, from the well-established BS8110 to MS EN 
1992 Eurocode EC2 by 2010.  Some background information leading 
up to the decision to adopt EC2 were also highlighted, as well as the 
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process of implementation to be led by The Institution of Engineers, 
Malaysia (IEM).  The use of the unified design and analytical 
approach was presented in both BS8110 and EC2, and it is proven 
that this will help somewhat to smoothen the switchover during the 
expected transitional period, prior to total adoption of EC2 in 
Malaysia.  The importance of ductility in design is especially 
highlighted so that it is not to be misconstrued as not important in the 
design approach.  This together with the various recommendations 
cited would go a long way to educate Malaysian engineers of new and 
advanced knowledge in design of concrete structures. 

References 
[1] BSI. 2004. BS EN 1992:2004. Design of concrete structures: 

London, UK. 
[2] BSI. 1997. BS 8110-1:1997. Structural use of concrete: Code of 

practice for design and construction. London, UK 
[3] DSM. 2010. National Annex to MS EN 1990:2010. Basis of 

structural design: KL, Malaysia. 
[4] DSM. 2010. National Annex to MS EN 1991:2010. Action on 

structures: KL, Malaysia. 
[5] DSM. 2010. National Annex to MS EN 1992:2010. Design of 

concrete structures: KL, Malaysia. 
[6] BSI. 2002. EN 1990:2002. Basis of structural design: London, 

UK. 
[7] SM. 1991. MS 1195:1991. Structural use of concrete: Code of 

practice for design and construction. KL, Malaysia. 
[8] BSI. 2003. BS EN 1991:2003. Action on structures: London, UK. 
[9] Naaman, A.E., Prestressed Concrete Analysis and Design 

Fundamentals, 2nd Ed, Techno Press, 2004 
[10] Naaman, A.E., Unified Design Recommendations for Reinforced, 

Prestressed, and Partially Prestressed Concrete Bending and 
Compression Members, ACI Structural Journal, Vol. 89, No. 2, 
March/April 1992, pp. 200-210.  

[11] Naaman, A.E., Bending Strength Design of Prestressed and 
Partially Prestressed Concrete Members with the New AASHTO 
Code, Journal of Structural Engineering, ASCE, Vol.121, No. 6, 
June 1995, pp. 964-970. 

[12] Naaman, A.E., Limits of Reinforcement in the 2002 ACI 
Code:  Transition, Flaws, Solution, ACI Structural Journal, Vol. 



33  
 

101, No. 2, March-April, 2004, pp. 209-218.  See also discussion 
and closure in ACI Structural Journal, Jan.-Feb. 2005. 

[13] Chiang, C.L. & Hee, M.C. The Issues Faced by Malaysian 
Engineers in Adopting Eurocode EC2 by 2010, Joint IABSE-fib 
Conference on Codes in Structural Engineering: Development and 
Needs for International Practice Proceedings, Dubrovnik, Croatia, 
3-5 May 2010. 

[14] Chiang, C.L. Continuing Development of Seismic Actions 
Design Standard and Implications to Engineering and Architectural 
Practices in Malaysia. Journal of Engineering & Technological 
Advancces, Vol 1 No 1 ISSN 2550-1437, Jan 2016, SEGi 
University, pp. 27-46. 

 

Acknowledgment 
The authors would like to acknowledge the contributions of members 
of the Technical Committee formed by The Institution of Engineers, 
Malaysia to draft the National Annex for the now published 
Malaysian Standards MS EN1992:2010 for design of concrete 
structures.  Their hard work and dedication have been instrumental in 
getting the Standards drafting work completed, and in making 
possible this paper submitted for publication. 

Notation 

Asl   = area of tensile reinforcing 
steel 

γs  = 1.15 partial factor of 
reinforcing or prestressing 
steel 

A’sl = area of compression 
reinforcing steel 

γc  = 1.5 partial factor for 
concrete 

Aps = area of prestressing steel fcu = characteristic compressive 
cube strength of concrete at 
28 days 

b   = width of beam fck = characteristic compressive 
cylinder strength of concrete 
at 28 days 
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d   = hydbrid effective depth 
between reinforcing and 
prestressing steel 

fyl,k 

= 
characteristic yield strength 
of reinforcement 

d’  = compression steel depth Ecm 

= 
secant modulus of elasticity 
of concrete 

dp  = depth of prestressing 
steel 

F’s  

= 
characteristic tensile 
strength of prestressing steel 

ds  = depth of reinforcing steel MEd 

= 
design value of the applied 
internal bending moment 

Ep = design value of modulus 
of elasticity of 
prestressing steel 

MRd 

= 
design moment resistance of 
the section 

Es = design value of modulus 
of elasticity of 
reinforcing steel 

q  = combined reinforcing index 

kud = depth to the neutral axis qp = prestressing index 

αcc  = 0.85 is the coefficient 
taking account of long 
term effects on the 
compressive strength and 
of unfavourable effects 
resulting from the way 
the load is applied 

qs = tension reinforcing index 

 

η   = 1.0 for fck≤50 MPa q’s= compression reinforcing 
index 

γ   = a factor defining the 
effective height of the 
compression zone of the 
equivalent concrete stress 
block 
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Appendix A 
Unified approach to design to MS EN 1992-1-1:2010 refer to as EC2 
Basic parameters to be used for analysis and design: 

x The 0.85 factor allows the difference between the bending strength 
and the cylinder crushing strength of the concrete. 

x The partial safety factor γc for concrete is 1.5 and γs for steel is 1.15. 
x The ultimate strain of concrete is 0.0035 and the yield strain of 

reinforcing steel is 0.0020  for fyl,k = 460 MPa.      
 
A1 Derivation of  unified equations for analysis and design in flexural in 
accordance with MS EN1992  
Considering horizontal equilibrium: 
0.567fckbγkud = 0.87Apsfps + 0.87fyl,k  - 0.87fyl,kA’sl 
Divide both sides by bdfck and note that d is the hybrid centroid not ds or dp 
0.567fckbγkud/ bdfck = 0.87Apsfps/bdfck + 0.87fyl,k/ bdfck - 0.87fyl,kA’sl/ bdfck 

0.567γku = 0.87qp + 0.87qs  - 0.87q’s = q    
 (A1-1)  
 

 
q is the combined reinforcing index. It is a unifying parameter  for 
reinforced, prestressed  and partially prestressed sections. 
qp = Apsfps/bdfck  is the prestressing index qs= fyl,k/ bdfck  is the tensioned 
reinforcing index and q’s= fyl,kA’sl/ bdfck  is the compression reinforcing 
index      
q = (compression force in concrete)/ bdfck = (net force in steel)/ bdfck 

Taking ΣM = 0 with d as lever arm: 
MEd = 0.567fckbγkud(d - γkud/2) + 0.87fyl,kA’sl(d - d’)   
 (A1-2) 
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Substituting equatiton (A3-1) into equation (A3-2) and noting 0.567fckbγkud/ 
bdfck = q 
Gives 0.567γku = q and transforming γku=q/0.567, hence equation (A3-1) 
becomes 
MEd = bdfckqd(1- 0.5γku) + 0.87fyl,k(d - d’)    
  
        = bd2fckq(1 - 0.5q/0.567) + 0.87fyl,k(d - d’)            
dropping the compression reinforcing term and solved for q, hence 
𝐾 =  𝑀𝐸𝑑

𝑏𝑑2𝑓𝑐𝑘
= 𝑞 [1 − 0.5𝑞

0.567
] is a quadratic equation in terms of q,  

  

𝑞 = 0.567 [1 − √1 − 2𝐾
0.567

] = 0.87qp+0.87qs -0.87q’s = 0.567Jku  

For prestressed ultimate limit state 

𝑞 = 0.567 [1 − √1 − 2𝐾
0.567

] = 0.87qp 

𝑓𝑝𝑠 = 𝐹𝑠
′[1−0.5𝐴𝑝𝑠𝐹𝑠

′]
𝑏𝑑𝑝𝑓𝑐𝑘

      (A1-3) 

𝑞𝑝 = 𝐴𝑝𝑠𝑓𝑝𝑠

𝑏𝑑𝑓𝑐𝑘
       (A1-4) 

Substitute fps in equation (A3-3) into qp in equation (A3-4) and let 𝑞𝑝
∗ =

𝐴𝑝𝑠𝐹𝑠
′

𝑏𝑑𝑝𝑓𝑐𝑘
 will results in qp = q*p[1-0.5q*p]   and solve for quadratic equation in 

q*p.  Hence, 

𝑞𝑝
∗ = [1 − √1 − 2𝑞𝑝] = 𝐴𝑝𝑠𝐹𝑠

′

𝑏𝑑𝑝𝑓𝑐𝑘
  

𝐴𝑝𝑠 =  𝑞𝑝
∗ 𝑏𝑑𝑝𝑓𝑐𝑘

𝐹𝑠
′    is computed, and similarly    

𝑓𝑝𝑠 =
𝐹𝑠

′[1 − 0.5𝐴𝑝𝑠𝐹𝑠
′]

𝑏𝑑𝑝𝑓𝑐𝑘
 

 
A2 Ductility flexural failure in accordance to MS EN1992 
EC2 imposed ku=0.60 for a beam section to possess maximum ductility. 

 𝑞 = 0.567 [1 − √1 − 2𝐾
0.567

] = 0.87qp+0.87qs -0.87q’s = 0.567Jku  

As J  = 0.8, hence  qmax = 0.567 u 0.8 u 0.60 = 0.272  
And for qmin condition, it is obtained from  z = d-γku(½d) = d[1-0.8ku(½)] = 
0.95d 
Therefore ku = 0.125 which will give  qmin = 0.567 u 0.8 u 0.125 = 0.056 
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Abstract  

This study investigates the feasibility of converting  four  (4) existing 
single purpose water supply reservoir schemes into conjunctive 
hydropower operation that could supply raw waters to respective 
water treatment plants and at the same time, generate power. These 
dams with proper retrofitting exercises could be a potential 
hydropower cum direct water supply reservoir operation. The change 
in operation does not only berth well with current trend of dual or 
multipurpose functions of the reservoir scheme but also in light of 
emerging role of hydropower as a mature and steady source of 
renewable energy. These dams were assessed for retrofitting with 
turbine to generate hydroelectricity and at the same time, to supply 
raw water to both water supply schemes. Despite the advantages of 
this dual function of the existing reservoirs schemes, this study 
however concludes infeasible tasks as only less than 1 MW of firm 
power can be harnessed. To reconfigure these existing infrastructures 
for purpose other than for the single purpose of water supply requires 
optimum storage capacity and hydraulic head, the two most important 
variables, in essence, especially for viable hydropower generation. In 
addition, the height of the dam dictates critically the magnitude of 
effective head but unfortunately unavailable readily for most of the 
existing dams evaluated in this Study. They are less than 60 m in 
height in general. The design philosophy for the reservoir schemes at 
their preliminary conceptualization also does not support future 
multipurpose components of the reservoir operation. However a 
positive development of these potential schemes could be beneficial to 
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supply power to the local community in the surrounding areas in 
additional to plant consumption 

1.0 Introduction  

Hydropower is generated by converting kinetic energy in flowing 
water into electrical energy. The water flows via a channel or 
penstock and strikes a waterwheel or turbine, causing the shaft of the 
turbine to rotate. To generate electricity, the rotating shaft which is 
connected to an alternator or a generator, converts the mechanical 
energy of the shaft into electrical energy. It is a rather mature and 
time-honored conventional power generation technology accounting 
for a substantial portion of the total energy production worldwide, at 
about 20% of the global energy output (Mays, 2011; Mishra et al., 
2015). 
 
Some 50% of the total renewable sources output are contributed by 
the hydropower scheme worldwide (Carraso, 2011). Hydroelectricity 
is clean, and can be a substitute for non-renewable sources (e.g., oil, 
coal and natural gas) in the production of electricity. Hence, the 
generation of electricity does not result in the emission of greenhouse 
gases (Chen et al., 2016). In terms of geographical distribution, 
Countries such as China, Russia, Brazil, Norway, USA, India, and 
Canada account for major hydropower production percentage with 
their large land coverage and endowed water resources. In Malaysia, 
the total installed capacity in the Peninsula stood at 20,710 MW 
whereby 10.38% (2149 MW) is from hydroelectric (Suruhanjaya 
Tenaga, 2016). 
 
The hydropower schemes installed in stream to the river divert waters 
as in the case of run-of-river operation to the power house which is 
located mostly further downstream.  This is essentially to create 
higher elevation difference.  In another category of hydropower 
scheme with storage facility, the power is generated by the energy 
storage that taps into the effective head or water elevation, the water 
flow rate. In both cases, under suitable condition the water power 
turns the turbine to drive a power generator. A modern turbine system 
could have as higher as 90% of overall efficiency. 
 



39  
 

Nevertheless, as compared to large-dam hydropower projects, small-
scale hydroelectricity is a more sustainable alternative as a clean, 
green, and socially just power generation technology. Especially in 
emerging economies, the environmental, social, economic, and 
technical sustainability of large-scale hydropower has been severely 
criticized (Manders et al.,2016). A small scale hydroelectric facility 
should be designed with a sizable flow of water and a proper water 
elevation, without building elaborate and expensive facilities. 
 
Water is basically conserved in the sense that it is not normally 
consumed by the hydropower installation. It is a non-consumptive 
utilization when water is released downstream via networks of 
pipelines to the intended water treatment plants. Another advantage of 
this direct supply route to the power house and water treatment plant 
is that a much better raw water quality can be obtained from the 
reservoir.  Along the way, there is barely any opportunity for cross 
contamination as in the case of when the reservoir water is released 
via the natural river channel from the dam site to the receptors (water 
intakes) downstream.  Therefore, it can be used for other purposes as 
well. Examples are such as cogenerating hydropower that might be 
suitable for at least satisfaction of the on-site power needs. 
 
1.1 Objectives and Aims  

This study endeavors to investigate the feasibility of converting the 
existing water supply reservoir/dam schemes into dual water supply 
and hydropower operations. Four (4) existing dams were targeted for 
assessment if the conversion from water supply to hydropower 
function can be feasible. The location of these existing reservoir 
schemes are shown in Figure 1. 
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Figure 1:  Dam Locations in the State of Selangor and Kuala Lumpur 

 

For both Langat and Semenyih dam, one of the reasons for this 
potential change of water supply operation mode from the existing 
regulating type of water supply scheme is due to the fact of excess 
waters with the commissioning of an on-going a single large scale 
interbasin raw water transfer.  The newly available raw water sources 
assessed base on a 98% reliability criterion can supply up to 1900 
Mld, which doubles the total capacity of the existing reservoir 
schemes of about 1090 Mld. This might create a situation of 
overcapacity of the current and future water demand supply dynamics. 

This excess of capacity further renders redundancy to the overall 
water supply schemes in the State of Selangor as well as Kuala 
Lumpur.  It is therefore of the interest to investigate viable options in 
utilizing excess waters of the existing Langat and Semenyih reservoir 
schemes for other beneficial uses. 
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On the other hand, both Klang Gates and Batu dams that are located at 
the upper catchment of Klang River basin are of direct supply 
reservoir operation where the waters are directly supplied to the 
respective water treatment plants.  The direct supply operation of the 
reservoir is most conducive to potential hydropower development as 
for the case of Klang Gates reservoir scheme, the water is piped by 
two- 1.2 m diameter penstock to the water treatment facility. 

Amongst several options considered, this study only focuses on 
hydropower generation potentials of these dams after suitable 
retrofitting exercise. It is important to note that the conversion of the 
water supply reservoir into sole hydropower generating or dual 
hydropower and water supply operation seems promising. In addition, 
the hydropower is a renewable energy that generates electricity by the 
running waters and advantages of higher water elevation. 

2.0 Literature Review 

There are not many literature on the conversion and retrofitting of 
dam to other beneficial uses that were not intended or designed for.  
This makes a systematic literature review undertaking difficult to be 
accomplished. Kucukali (2010) carried out a study to locate the most 
convenient location in the water supply systems for power generation. 
The location identified was most conveniently located along the water 
supply penstock lines before entering into the water treatment plant 
and/or distribution network.  Hydropower generation could be 
possible at these two strategic locations.  
 
Mol et al. (2011) presented an inventory of the possibilities to recover 
sustainable energy from the water cycle by taking advantage of 
different water flows in a municipal/domestic water supply sector. It 
also discussed the role that public water utilities should play in the 
market of harnessing energy from water flow. Furthermore, a 
demonstration was accomplished in Waternet, the public water utility 
of Amsterdam, by describing experiences of two practical applications 
for aquifer thermal energy storage and energy recovery from drinking 
water. It was also concluded that public water utilities can 
substantially contribute to the production of sustainable energy, 
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especially by making use of differentials in temperature distribution 
from the water cycle. 
 
One of the bigger challenges of the dual operation of domestic water 
supply ad hydropower generation is the design return period to be 
selected a priori.  For water supply project, the reliable yield, 
continuous supply of raw waters to the water treatment facility for a 
given probability of occurrence is estimated based on a 98% 
reliability criteria.  This is commonly known as a 1:50-year return 
period.  In Malaysia, this definition was chosen as the primary water 
supply reservoir scheme design based on Twort’s definition and 
methodology (Johnson et al., 2009). 
 
With population projections indicating continued growth, improved 
dam design is important in order to meet both future water and energy 
demands. Dams should be designed to be multi-purpose, including the 
generation of hydropower. In fact, The World Bank notes that 
hydropower dams have a role in the management of water resources, 
including water allocation as well as management of floods and 
droughts (Chen et al., 2016) 
 
3.0 Existing Regulating Reservoir Operation   

Both existing Semenyih and Langat schemes supply a total of 1091 
Mld (637 and 454 Mld for Semenyih and Langat schemes 
respectively) of treated waters to various demand centers in Kuala 
Lumpur and its vicinity. Both schemes are being operated originally 
based on the regulating reservoir mode as in the earlier engineering 
design without considering multipurpose components at that time, 
whereby reservoirs are only releasing waters intermittently upon 
shortfall/deficit at the respective intakes. 

During the operation of the reservoir scheme, the amount of water 
deficit was estimated by the operator at the treatment plant a priori 
about one-day ahead of time. The request is then made accordingly to 
the dam operators on the timing and magnitude of releases other than 
the compensation mandatory by law and eco-environmental 
requirement.  The releases of reservoir waters were to be commenced 
earlier (about 14 to 18 hour ahead) depending on the flow rate as it 
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would take time to meander through the mountainous hinterland of 
the river basin to reach the respective intakes on time. On the other 
hand, during such time of higher flow regime at the intakes especially 
during the annual monsoonal seasons, the reservoirs are therefore only 
releasing compensation flows for environmental sweet water 
maintenance. 

During this intermittent period, unless major spills happen, power 
generation capability will be lower only to take into the compensation 
flow rate as its primary variable. This presents a conflict of dual water 
supply and hydropower generation endeavors and utilizations as most 
of the reservoir operation rules are only designed to prioritize water 
supply operation.  For hydropower generation, a larger constant 
release is a prerequisite to enable steady power generation and in 
addition, to maintain higher elevation at the respective reservoirs. 

3.1. Semenyih And Langat Water Supply Schemes   

The Langat reservoir is located at the upper forested catchment on the 
main stem of Langat river basin.  The reservoir drains a smaller 
catchment area of 41 km2 at the western slope of the headwaters of the 
central mountain range. The intake drains a total area of 295 km2.  
The corresponding gross storage is 35.4 MCM with about 1.3 MCM is 
designated as the dead storage.   The existing Langat scheme water 
treatment scheme can produce about 454 Mld of a 1:50-year return 
period reliable net yield with 90 Mld and 9 Mld compensation flows 
at both the intake and dam sites respectively. The FSL is at +221 m 
msl at the rim of a morning glory spillway. The dam height is about 
61 m from its foundation.   

The Semenyih reservoir is located on one of the major tributaries, 
Semenyih river on the northeastern region of the Langat river basin.  
The catchment area at the dam site is 57 km2 where the existing water 
intake is located further downstream near the confluence of Langat 
and Semenyih rivers.  The intake drains a much larger catchment area 
of about 571 km2.  Gross storage of the reservoir is about 62.6 MCM, 
out of this, 2.2 MCM is allocated for dead or sediment storage. The 
water supply scheme can produce 636 Mld in capacity with some 20 
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Mld and 115 Mld compensation releases at the dam and intake sites 
respectively.  The 49 m high earthfill embankment dam is located in a 
lower elevation, with +111 m msl as FSL.  Similar to Langat dam, 
Semenyih dam is also equipped with similar type of spillway 
structure. 

3.1.1 Klang Gates And Batum Dam Scheme 

The Klang Gates reservoir was originally built for flood mitigation 
purpose at the upper catchment of Klang River in the 1950’s.  The 
function was further expanded to water supply scheme in the mid 
1960’s after a major upgrading work.  The reservoir of its capacity of 
about 28 MCM at its nominal pool level of +95.2 m, is considered as 
an “annual” storage reservoir where on average year basis, the dam 
would be full after the monsoonal season. Based on 1000 mm/year of 
annual average flow at the dam site (CA= 77 km2), the equivalent 
runoff is about 77 MCM/year.  The raw water is piped by gravity to 
the 136 Mld capacity water treatment plant about 6 km southward.           

The Batu dam was built in the 1990’s as part of the flood mitigation 
plan for the city of Kuala Lumpur. The water supply component of the 
original design is an add-on to the main objective. The dam of about 
50 km2 in catchment area is located on a major tributary of Klang 
river.  The dam serves both flood mitigation and domestic water 
supply at the western peri urban area of Kuala Lumpur, to only a 
certain limited extent scenic and recreational values and outlets for the 
city dwelling folks.  The dam is about 33 MCM in capacity at nominal 
pool level of +103.0 m.  The raw waters are released via bottom outlet 
and are diverted into the water treatment plant a short distance 
downstream of the dam site.  The design capacity of the treatment is 
115 Mld. This was believed to be the reliable yield assessed earlier. 

3.2 Potential Direct Supply Reservoir Cum Hydropower 

Operation  

The proposed direct water supply mode of operation, as its name 
implied, supplies waters directly to the water treatment plants via 
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pipeline or in a rare occasion by releasing through the river channel, 
which acts as a conveyance to the intake at further downstream.   

This mode of operation by directly piping water to the treatment plant 
normally ensures a better water quality vis-à-vis a regulating reservoir 
mode. But this is at the expense of rather expensive pipeline and other 
accessories such as valves etc. Pumping is also normally not required 
as wasters can gravitate from higher to lower elevation at the 
treatment plant.   

In a way, the waters that are piped directly to the respective water 
treatments could be harnessed for hydropower generation by taking 
advantage of both the flow rate and the elevation head.  In addition, he 
waters released en route to the treatment plants along the way, are 
renewable in the power production.  

3.2.1 Calculation Approach 

The schemes operate on a direct supply mode of operation where the 
waters stored behind the reservoir are released to the penstock through 
the bottom outlet in tandem with the compensation flow.  For the 
normal hydropower operation, the water level is to be kept higher 
almost at the FSL level as much as possible so that to increase their 
hydraulic heads. But this cannot be assured at best if the reservoir 
persists on drawing down to meet the domestic water demand of the 
respective water treatment facilities downstream.  

In such a case, the water storage could therefore be withdrawn down 
to some depths before reaching the minimal operating level (MOL) 
and still be able to produce electricity. Only when the reservoir is 
about to draw to its dead storage level, then the hydropower 
generation operation ceases to operate from this time onward until the 
reservoir begins its refilling phase during high flow hydrological 
regime.   

During a high flow episode, the waters may also overflow the 
morning glory spillways for both Langat and Semenyih dams but for 
Klang Gates and Batu dams, gated spillway and ogee chute channel 
respectively.  These opportune flows are considered in the power 
estimation to produce power duration curve as they are parts of the 
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quantum of flow provision for power generation. In addition, the other 
flows such as for satisfying the domestic water demand, reliable yield 
and environmental requirement are then released constantly from the 
reservoir.   

At the downstream of the dam, the flow will be channelled to the 
proposed hydropower turbine for power generation.  The water 
balance calculation at the reservoir includes the input terms, such as 
inflows and on the other hand, the outflow terms are the lake 
evaporation and the amount of water that has to be channel to the 
intake tunnels, including the compensation flow.     

The power is calculated based on two pertinent independent variables 
(1) flow discharge and (2) elevation head from the full supply level 
(FSL) to the bottom outlet or tailwater race.  It is also assumed that 
the specific weight of water is 9810 kg/m3.   In this Study, the overall 
efficiency of the hydropower scheme is assumed 0.90.  A constant 
head loss, about 5 to 10% of the differential elevation head is also 
assumed to represent  all head losses due to frictions in the penstock, 
valves, and other minor losses in bends, contraction, and expansion 
along the pipeline/penstock system as well. 

The scenario run is based on monthly time step interval gives the 
remaining active or live storage volume at the end of the month.  The 
corresponding elevation and the storage can then be estimated from 
regression equations fitted through the storage-elevation data of the 
respective reservoir. 

4.0 Results And Discussion   

4.1 Semenyih Dam Scheme 

The proposed hydropower scheme was based on long-term 60-year 
monthly hydrological records (1950-2009) at the Semenyih dam site. 
The constant release was made solely for water supply purpose. 
Notwithstanding the ultimate commission of Interstate water supply 
from a neighboring catchment with a bulk capacity of 1900 Mld.  
About 20% of the reliable yield, 128 Mld out of the original Semenyih 
regulating reservoir scheme capacity of 636 Mld could also be 
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harnessed in tandem with the proposed hydropower development. 
This cutback could have been possible once the excess capacity of a 
much larger scheme is to be commissioned.   

Figure 2 shows the drawdown curve of the Semenyih dam based on a 
1:50-year reliable net yield of 128 Mld (1.50 m3/s) constant release 
downstream. On the concurrent hydropower generation, the estimated 
power capacity at 50% exceedance was only about 0.48 MW.  This 
was estimated based on utilization of flow releases, i.e. targeted 
releases to the downstream WTP, compensation releases for 
environmental maintenance of the riparian river, and occasional 
spillages from the reservoir. The annual power generation on average 
was estimated by integrating the area under the power duration curve, 
i.e. about 4.83 GWh.  

The generation of hydropower could be further increased if the 
elevation differential was much greater, i.e. from the full water level 
at the reservoir surface to the center line of turbine machinery in the 
power house.  The most favorable choice to create higher head should 
logically be located further immediately downstream of the dam site 
on a suitable site near or before the water treatment plant. Figure 3 
shows the power or load duration curve of the Semenyih reservoir 
scheme.  The powers in megawatt (MW) for various probabilities of 
occurrence, i.e. from 50 to 98% exceedance and annual power output 
are tabulated in Table 1. 

4.2 Langat Dam Scheme 

The proposed hydropower scheme is based on long-term about 64-
year hydrological records (1950-2013) at Langat dam site.  Similarly 
to Semenyih dam presented in the earlier discussion, this was 
amounting to approximately one-fifth of the regulating reservoir yield 
of the existing operating Langat reservoir scheme.  Figure 4 shows 
the drawdown curve of Langat dam/reservoir based on a 1:50-year 
reliable net yield of 90 Mld (1.04 m3/s) constant release downstream. 
The constant release of water was intended for domestic water supply 
purpose as opposed to intermittent release to augment the flow deficit 
at the downstream intake (CA= 295 km2).  The 50% exceedance 
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capacity is about 0.34 MW. This is comparatively smaller than the 
Semenyih scheme.  The annual power generation is about 4.83 GWh.  

According to the power derivation equation, increase in the magnitude 
of hydraulic head relatively considered achievable as there was 
always a limitation in the water resource.  The logical choice was 
immediately downstream of the dam site and a second location was at 
a further distance downstream location near the existing Langat water 
treatment plant.  Figure 5 shows the power duration curve of Langat 
dam scheme.    

The firm powers in megawatt (MW) for various probabilities of 
occurrence, i.e. from 50 to 95% exceedance are tabulated in Table 1. 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Drawdown Curve for Semenyih Reservoir 
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Figure 3:  Semenyih Dam:  Power Duration Curves 

  
Semenyih 
dam Langat dam 

Klang Gates 
dam 

Batu dam 

Catchment area 
km2 57 41 77 50 

 
+m msl  +m msl  +m msl  +m msl  

NOL +m msl  +111.0 +221.0 +95.2 +103.0 
TWL +m msl +79.0 +183.0 +60.0 +84.0 
% KW KW KW KW 
50 0.48 0.34 0.53 0.22 
80 0.45 0.33 0.41 0.22 
90 0.41 0.24 0.39 0.22 
95 0.19 0.21 0.35 0.22 

 
GWh/year GWh/year GWh/year GWh/year 

Energy output 4.83 3.36 5.69 2.49 

 
Mld Mld Mld Mld 

WTP capacity  
Mld  636 454 

145 114 

Current study 128 90 128 127 
Table 1:   Power Capacity of Various Dams 
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Figure 4:  Drawdown Curve for Langat Reservoir 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:   Langat Dam: Power Duration Curve 
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4.3 Klang Gates Dam Schemes  

The Klang Gates dam is a dual function, i.e. water supply and flood 
mitigation purposes.  To incorporate hydropower component in the 
design only requires the water level to be located at +95.2 m msl, 
nominal pool level or about 28 MCM.   An extra storage of about 3 
MCM above the nominal pool level with the raising of the dam by 1.5 
m.  These storage is considered unavailable for both domestic water 
supply and power generation alike.     

The power that can be generated based on 50% probability of 
exceedance was about 0.53 MW (see Table 1). This was about the 
highest power capacity amongst the four dams undertaken in this 
Study. In terms of energy out, about 5.68 GWh can be generated on 
yearly basis, on average.  Similarly this was the highest output of all 
the other dam schemes.  Figures 6 and 7 shows the reservoir 
drawdown curve and power duration curves of Klang Gates dam 
respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:  Drawdown Curve for Klang Gates Reservoir 
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Figure 7: Klang Gates Dam: Power Duration Curve 

4.4 Batu Dam Scheme 

Sixty six (66) years of monthly inflow records were utilized in the 
direct supply reservoir operation run.  The reliable yield of a 1:50-
year return period was about 127 Mld slightly higher than the nominal 
capacity of the water treatment plant.  The power duration curve 
shows a much uniform power capacity for exceedance of more than 
50% to 95% at about 0.22 MW.  This situation shows that the output 
is at its minimum with only the minimum flow of about 1.5 m3/s to be 
released for power generation.  The energy output is approximately 
2.5 GWh per annum on average.  This was the lowest compared to 
three other dam scheme primary due to its available head. The flow 
rate did not play a major role in hydropower generation because the 
reliable yield that could be harnessed is about the same vis-à-vis other 
dam schemes.    

Figures 8 and 9 shows the reservoir drawdown curve and power 
duration curves of Batu dam respectively. 
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Figure 8:  Drawdown Curve for Batu Reservoir 

 

 

 

 

 

 

 

Figure 9: Batu Dam: Power Duration Curve 

5.0 Conclusion 

A hydropower feasibility study for four (4) existing reservoir schemes 
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and changing the mode of operation.  Overall, the results showed that 
only a meager power of less than 1 MW could be harnessed based on 
50%, 80%, 90% and 95% probability exceedance for both schemes 
(see Table 1).  This was mainly attributed to the fact that the storage 
capacity and the elevation differences, both key variables in 
hydropower generation, were inadequate.  In addition, these variables 
are the most important independent variables in power estimation.  
Both reservoirs are considered as annual storage type where the 
refilling on average, takes only about a year with significant runoff 
generated at the respective dam sites. The average energy output on 
average varies from 2.4 to 5.68 GWh/year.  The Klang Gates dam 
scheme is the highest if compared to the other three schemes. In 
addition, the output strongly correlates to the elevation difference in 
head as the flow rates are about the same order of magnitude. There 
appears to be limitation for potential hydropower development at the 
Klang river basin as both Klang Gates and Batu dams are smaller in 
capacity and lower height.      

The reservoir development where conjunctive power generation and 
raw water supply to the WTPs perhaps were not essential 
considerations during the earlier detailed design stage. This therefore 
makes future retrofitting exercise difficult and inherently cost 
ineffective at the outset. At best, hydropower generated from both 
proposed reservoir schemes could only meet in-house power 
consumption.  Nevertheless, it is possible that the generated power is 
connected to the national grid for claims of clean energy development 
mechanism (CDM) credit as well as Feed-in-Tariff (FiT). One of the 
renewable energy technology which qualifies for FiT in Malaysia is 
small hydro. This mechanism allows electricity produced from small 
hydro facilities to be sold to power utilities at a fixed premium price 
of RM0.26/kWh for twenty-one years to enable financial viability of 
small hydro plants developments for installed capacity of up to 2MW 
(Seda, 2016).   

Compared to large scale hydropower development, both in terms of 
hydrological and hydraulic adequacy, these smaller existing water 
supply reservoir schemes may not be of enormous potential 
commercial value. Nevertheless, it is capable of providing sufficient 
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power for local plant consumption and in the vicinity of water 
treatment premises in the name of energy sustainability, thus paving 
for a sustainable renewable energy growth trajectory for the energy 
industry in Malaysia. 
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Abstract  

This paper presents a review of water yields for six reservoir schemes 
within Selangor and Kuala Lumpur.  The study was carried out using 
up-to-date hydrometric database up to 2009. Three approaches were 
used for yield calculations; namely, (1) Drought Sequence, (2) Long-
term records, and (3) Storage-yield-reliability model 
techniques/methodologies. It was found that the gross yields of 
various reservoir schemes were agreeable with one another, at least 
within the margin of difference which is about 5%. 

1.0 Introduction  

This study presents a reliable yield review of the existing dams for the 
water supply system in the state of Selangor and Kuala Lumpur, 
Malaysia. A well designed reservoir scheme should be able to fulfill 
its intended fucntions, such as to provide raw water augmentation to 
respective water treatment facility and to ensure adequate flow to turn 
the turbine for electricity generation, in the case of hydropower 
scheme.  

The study only limits to the assessment and verification of reliable 
yield estimation using available secondary hydrometric information 
and uniform techniques/methodologies. The need of this assessment is 
considered as an integral part of the regular exercise in ensuring 
continuous operation of the existing water supply reservoir schemes. 

There are six major reservoir schemes in the state of Selangor, 
Malaysia. These dams were significant parts of the domestic water 
supply schemes to the capital city and its fast growing suburban 
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development nearby. The dam schemes in total provide about 4900 
Mld of treated water to various demand areas in Selangor and Kuala 
Lumpur. Total maximum reservoir capacity is about 490 MCM. 
 
1.1 Problem Statement 

The design standard for water supply system in Malaysia was 
generally based on the selection of the most severe low flow 
streamflow records, preferably of more than 30 years of length. 
However, this minimum length of database somehow could not be 
met due to a lack of gauging station network and database especially 
when the dams were designed in the earlier 1960’s. 

To overcome this weakness of short records and data unavailability, a 
drought sequence approach (DSA) was adopted at that time, and in 
essence the low flow series was derived from the limited length of 
database to represent the low flow regime of a given probability of 
occurrence or return period.  

Over the years, with additional flow records made available, it would 
be appropriate to carry out a review on the reservoir yield and perhaps 
timely remediation action could be taken if the schemes are found to 
be deficient. In addition, an extension of the hydrometric records in 
essence includes the most recent El Nino induced low flow events 
(ENSO episode). The extensive drought occurrence from 1997-1998 
was one of the worst in the 20th century, and the information was of 
utmost importance to the water resources planning and development 
endeavors.  A newly derived DSA based on extensive longer records 
would be of help to confirm adequacy and consistency of the yield 
results vis-à-vis the previous undertaking during the design stage of 
the reservoir/dam scheme. 

2.0 Description of the River Basins 
The Selangor river basin is the largest river basin in Selangor where it 
drains some 1800 km2 at the estuary. The river basin is undulating 
landform with mixed land use practices, mainly consisting of forest 
and minor agricultural based plantations.  It remains primarily rural 
with only sporadic townships scattered along the main stem of the 
river. 

Two dams, Tinggi and Selangor dams (40 and 197 km2 in catchment 
areas) are located in the upper basin to provide augmentation flows to 
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the downstream intakes near the estuary. These two dams forms major 
water supply scheme to Selangor and Kuala Lumpur as they 
constitutes some 60% of the total demand. A 150-Mld capacity pump 
refill scheme was also implemented to speed up refilling of Tinggi 
reservoir. 

The Langat river basin forms the southernmost boundary of the State 
of Selangor and a small portion of the drainage area partially intrudes 
into the neighboring State of Negri Sembilan. The upper catchment in 
the vicinity of the dam site comprises generally rugged and undulating 
mountain terrain with multiple rural land use classification. However, 
the vast majority of the land use remains as undisturbed primary forest 
especially in non-accessible and remote regions of the upper river 
basin. 

Two (2) major existing dams, Langat and Semenyih dams (41 and 57 
km2 in dam catchment area) are located in the headwater tributaries of 
Langat river basin. This combined output of about 1000 Mld was the 
largest in the Langat river basin until it was surpassed by the Selangor 
river water supply scheme of ultimate 3000 Mld in the late 1990’s.  

Klang Gates and Batu dams are located in the upper headwater 
catchment of Klang river basin; drain some 77 and 50 km2 of 
catchment areas respectively. The reservoir storage capacities 
(combined live storage of about 47 MCM) and reliable yields are only 
a small fraction of Selangor, Langat, and Semenyih dams. Total plant 
capacity of these dam schemes is about 250 Mld. 

Both dams are also being operated as flood control reservoir where 
substantial reservoir capacities above the full supply level are reserved 
for flood waters in time of monsoonal season. Therefore, their 
potentials for future upgrading and retrofitting are basically limited.  
A 45-Mld Wangsa Maju WTP also taps raw water sources directly 
from Klang Gates reservoir during normal flow regime.  When the 
reservoir water level reaches a pre-designated low level, the diversion 
would therefore stopped, and is augmented by a pumping scheme 
from neighboring Gombak river basin. 

Compared to others, Subang lake reservoir/dam is a much smaller 
water supply scheme commissioned in the earlier 1950’s.  It drains a 
smaller tributary of Buloh River, to the northwestern corner of Klang 
river basin. It is located 30 km west of Kuala Lumpur to supply 
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mostly the western coastal region of Selangor. The dam that drained 
about 10.3 km2 of the catchment area provides a steady raw water 
source to North Hummock WTP of about 23 Mld in capacity. The 
yield was known to be slightly lower and the WTP is almost operated 
under overloading condition. There are also more than 20 smaller 
capacity run-of-river schemes within the state of Selangor and Kuala 
Lumpur. Some of these schemes are located outside of the reservoir 
river basin. Their raw water diversions are therefore not being 
considered in the reservoir yield calculation. Figure 1 shows the 
location of various dam in the state of Selangor, Malaysia 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Dam Location in the State of Selangor and Kuala Lumpur 

 

2.1  Objectives and Purposes   

The objectives of this Study are to: estimate the reliable yields of 
major reservoir schemes in Selangor, i.e. Selangor-Tinggi, Langat, 
Semenyih, Klang Gates, Batu, and Subang Lake schemes using up-to-
date hydrometric information, uniform techniques and methodologies. 
In addition, further work was carried out to compare yield results 
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using global water model Storage-yield-reliability (SYR) by Kuria 
and Vogel (2014). 

3.0 Literature Review   

The design standard of the water supply system in Malaysia is based 
on the selection of the most severe streamflow records, preferably of 
more than 30 years of length.  However, this length of database is not 
available due to a lack of gauging station network not only in  project 
areas but over the entire country.  To overcome this weakness in data 
availability, a stack drought sequence approach is devised to derive 
the lowest flow time series of a given probability of occurrence.  This 
technique is known as the Twort’s Drought Sequence Approach 
(DSA). 

The sequence is derived based on limited length of records, by 
inferring low flow of a specific return period, or probability in the 
occurrence of low flow. A low flow sequence can then be used as 
input to estimate the reliable yield of a reservoir system by a simple 
water balance calculation. The deficit/surplus at the end of the time 
step represents the drawdown or spillover of the dam crest. By 
convention, reliable yield should be reviewed using latest hydrometric 
information.  In the context of this study, the reliable yield shall 
denote as “continuous water supply and availability for a given 
probability of occurrence and/or reliability.” (Johnson et al., 2009). 

The continuity on water supply that could be maintained throughout 
the design drought period i.e. 1:50-year drought or 2% drought is 
normally adopted in Malaysia.  On the other hand, in the case of run-
of-river yield, the reliability of the water resources availability is 
based on 1:50-year return period and for various average–day 
durations, such as 7-, 14-, and 30-day. Extra measure is also 
incorporated in the design criteria for both direct supply and 
regulating reservoir scheme. The primary purpose of this criterion is 
to ensure timely refilling of the reservoir after a continuous period of 
drawdown during a prolonged dry season. Normally for 
meteorological and hydrological characteristics of Malaysia, a 36-
month carryover period is specified in tandem with the 1:50-year 
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return period criteria. However, depending on the prevailing 
circumstances, a slight extension of more than 36 months is 
sometimes permitted.Figure 2 shows the DSA for Langat dam 
scheme. 

The carryover period (also commonly known as critical period) is 
defined in the context of this study as the period, daily or monthly, 
firstly from depleting the reservoir storage from full level to empty at 
the top of the dead storage elevation or level. Starting from this point, 
the reservoir enters the refilling phase up to the full supply level of the 
reservoir.  This unique carryover period of 36 months duration is 
imposed to ensure that the reservoir will be refilled after an earlier 
depletion and continued drawdown period of 1:50-year severity. In 
contrast, if the carryover period is extended beyond 36 months, this 
essentially means a lesser stringent rule on the yield and capacity of 
the reservoir scheme. Correspondingly, a higher yield can be 
harnessed if the rule on carryover period is further relaxed. 

For clarity, gross yield is defined as the total constant reservoir supply 
of water for the design drought periods, whereas, the net yield is a 
continuous supply of water that could be obtained after subtracting 
deductions such as prior compensation releases, irrigation allocations 
and other requirements. Other than the DSA technique, a long-term 
water balance calculation is also carried out in tandem.  This long-
term run takes advantage of long term inflow into the reservoir.  The 
method of water balance calculation is similar to the DSA approach 
but with a much longer inflow records (McMahon and Mein, 1986; 
Nagy et al, 2002, McMahon and Adoyele, 2005). These two (2) 
techniques basically complement each other in terms of reservoir 
yield estimation albeit using different length of records and 
interpretation.  The differences in yield by respective yield estimation 
techniques appear to be marginal and mostly were confined within the 
same order of magnitude. Nowadays with longer length of essential 
hydrometric records, it is the trend that both techniques are being 
commonly adopted in the water resources planning in Malaysia. This 
technique of utilizing long term observed hydrometric records was 
introduced in McMahon and Mein (1986), Nagy et al. (2002), 
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These two different modes of assessment or technique is mainly 
comparable at least on the same order of magnitude in terms of 
reliable yield concerned. Experiences in water supply dams in 
Malaysia occasionally reported slightly higher yield harnessed using 
long term water balance operation technique. One of the primary 
differences between DSA and long term approaches is none other than 
the definition of the yield and their quantitative meaning in 
interoperating the results.  Both techniques however seek to draw the 
reservoir level down to the bottom of the live storage while leaving 
the dead storage capacity untouched (these are normally presented in 
the reservoir drawdown curves for various design and operational 
scenarios). 

 
 

 
 
 
 

 
 

Figure 2:  Drought Sequence Analysis 
Note: 

Square: 1 month, Triangle: 12 month, Cross: 24 month, Star: 36 month,Z =-2.054 
denotes a 1:50-year low flow event 
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In the DSA analysis, synthetic DSA was prepared a prior to the latter 
accounts for the percentage of failure to supply the target yield or 
meeting the demand by drawing down the reservoir active storage. A 
98% reliability criterion is mostly adopted for water supply project 
undertakings. This technique of water balance calculation requires 
fairly long hydrometric records. Shorter records which do not include 
the known low flow episode would skew the results of the yield 
estimation. Experiences in Malaysia showed that a slightly higher 
yield could be harnessed using this long-term flow records vis-à-vis a 
conventional DSA approach.  However, it must be borne in mind that 
these two methodologies in yield estimation essentially differed from 
one another in the context of yield definition. 

For calculation using long-term monthly water balance, the reliable 
yield is likely to be overestimated if the hydrometric database is short. 
This essentially means that the most critical drought is not taken into 
consideration. Other screening techniques which are suitable for 
preliminary assessment of the reservoir yield were presented in 
Gould-Dincer model (McMahon et al, 2007), Kuria and Vogel (2014) 
and others. These techniques provide first hand screening tool in light 
of the data shortage and other pertinent hydrometric information. 
These techniques are suitable and useful for a limited case of single 
reservoir configuration and a firsthand estimation of both storage 
capacity requirement and critical period. Furthermore, the impact of 
climate change could also be included in the SYR model (McMahon 
et al, 2007). 

A global data set of 729 unregulated river flows of at least 25 year of 
records was collated to derive a Storage-Yield-Reliability (SYR) 
water yield climate change assessment model by Kuria and Vogel 
(2014).  This SYR model is basically a statistical linearized multi-
regression model using essential variables, such as inflow statistics, 
storage capacity, and probability of non-occurrence or return period.  
These variables are mostly statistically significant parameters amongst 
other minor variables such as the physical properties of the reservoir 
scheme. The set of database adopted by Kuria and Vogel (2014) was 
similar to the paper by McMahon et al. (2007). Using the same 
technique, the yield or behavior analysis (BA) was then carried out for 
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the purpose to correlate the hydrological and physical variables of the 
dam/reservoir scheme, mainly for water supply purpose. The 
reliability criteria considered were for 90%, 95%, and 98%. As a 
result, a total of 12,413 cases were simulated in the development of an 
empirical multi-regression model.   

The independent variables were the live storage, inflow statistics of 
mean, standard deviation, and skewness coefficient of the unregulated 
flows, the return periods in the forms of normal standard score. 

4.0 Methodology: Reservoir Yield Assessment 

4.1 Mode Of Reservoir Operation  

The definition, “yield” has been defined differently in Malaysia. In 
order to avoid ambiguity and confusion mainly on the interpretation 
of yield results, in the context of this study, “yield” is defined as the 
steady and continuous supply of water that is: 

x withdrawn, or/and diverted, or/and abstracted directly from 
rivers/lakes without the provision of some forms of storage 
facility, this is further known as run-of-river yield,   

x abstracted directly from the reservoir and delivered to the 
water treatment plant by a long-haul pipeline system, in the 
case of a direct supply reservoir system, and  

x Made available by diversion and/or abstraction at the intakes 
downstream and, in case of shortfall, the remaining water 
sources are timely augmented by the reservoir releases, mostly 
in the upper catchment, in the case of a regulating reservoir 
system. 

 
This continuous raw water supply to the WTPs could not be 
maintained indefinitely, as along the ways there might be probable 
causes in terms of meteorological and climatic events (to a certain 
extent, in operation interruption due to pollution issue is ignored) that 
might interrupt the smooth supply of raw water to the treatment 
facilities. Therefore, design period is closely related to probabilistic 
low flow event.  This is normally termed as return period or 
probability of nonoccurrence of low flow equal or less than the design 
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flow. The design of drought period i.e. 1:50-year drought or 2% 
drought is normally adopted in Malaysia.   

Other than the stipulated level of water security and reliability of 
source water supply, extra cautionary measure is also being 
incorporated in the design criteria for both direct supply and 
regulating reservoir schemes as well.  The purpose of this criterion is 
to ensure timely refilling of the reservoir to its brim after a continuous 
period of drawdown during dry season. In the conventional practice 
adopted in Malaysia, normally a 36-month carryover period is 
specified in tandem with the 1:50-year return period criteria.   

An extended carryover or critical period is basically not taken 
primarily due the longer refilling period which will exert unduly 
pressure on both effectiveness and efficiency of the reservoir 
operation while releasing waters during an extended drier period and 
also its ability to be able to refill itself by the natural catchment runoff 
subsequently.  

The carryover period (also known as critical period) is defined in the 
context of this study as the period, either based on a daily or monthly 
time scale, firstly from depleting the reservoir storage from full level 
to empty at the top of the dead storage elevation or level. After that, 
the reservoir is into the refilling phase until reaching the full supply 
level. The carryover period of 36 months is conservatively imposed to 
ensure that the reservoir will be refilled after drastic reservoir 
depletion during an extended period of 1:50-year severity.  In 
contrast, if the carryover period is extended beyond 36 months, it 
essentially means a less stringent rule on the yield and capacity 
exercise of the reservoir scheme. As such, a slightly higher yield 
could be harnessed in this regard at the expense of lax rule on the 
period of refilling. Hence, the reservoir could be refilled in a much 
longer period of time. This rule however can be relaxed based on a 
case-by-case evaluation basis. As a matter-of-fact, this imposition of 
critical period is unique to the Malaysian water industry.    

5.0 Results and Discussions 
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Yield estimations using the DSA and long term approaches were 
carried out based on existing dam schemes in Selangor and Kuala 
Lumpur.  (1) Selangor-Tinggi, (2) Langat, and (3) Semenyih schemes 
are operated under the regulating reservoir scheme mode. On the other 
hand, three other smaller schemes such as, (4) Klang Gates, (5) Batu, 
and (6) Subang Lake are based on direct supply mode where the raw 
water from the reservoir are directly delivered to the respective WTPs 
via pipeline by gravity.  The results were presented based on scheme-
by-scheme basis. 

5.1 Yield Analysis: Drought Sequence Approach 
In the original design of the Selangor-Tinggi dam scheme by 
regulating reservoir mode of operation, both Selangor and Tinggi dam 
releases make up the difference in deficit at the Bestari Jaya intake 
approximately 30 km further downstream of the Selangor dam site. 
On the other hand, Tinggi dam has a smaller catchment reservoir 
which cannot be refilled on time with its natural runoff. Therefore, a 
pumping refill scheme of 150 Mld in capacity located in the middle 
reach of the Selangor river could accelerate the refilling of the 
reservoir during higher flow regime.  On the contrary, due to its larger 
catchment area and storage capacity, Selangor reservoir is 
nevertheless expected to refill at the end of the twice-annually 
monsoon season from April to June and October to December. 

These voluminous waters should be released ahead of time as it takes 
more than 15- 18 hours to reach the intake point. Using the updated 
DSA, the joint operation of Selangor and Tinggi dams could result in 
about 3000 Mld in net reliable yield. This basically confirmed 
independently on the findings of other subsequent studies carried out 
after the completion of the joint reservoir operation schemes. The 
reliable yield of Langat scheme was slightly lower, about 446 Mld 
vis-à-vis the plant capacity of 454 Mld. This however only constitutes 
in a minor difference that could be possibly attributed to different 
assumptions adopted in respective undertaking. With this in mind, a 
perfect match in yield could not be realized in any plausible 
circumstances. Thus, a smaller margin of difference of about 5% is 
perhaps acceptable in the practice and convention. 
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On the other hand, the reliable yield of Semenyih dam scheme was 
higher, at about 764 Mld vis-à-vis the existing treatment plant 
capacity of 636 Mld.  The WTP is known to operate by overloading 
even during normal period. This appears to corroborate well with 
apparent higher yield than the design capacity of the WTP. There is 
perhaps potential for upgrading and retrofitting of the WTP. Klang 
Gates and Batu dams are both representative of the dual-purpose 
reservoir scheme where they are functioning as both flood mitigation 
and domestic water sources for Wangsa Maju, Bukit Nanas and 
Sungai Dua WTPs. This therefore limits further expansion in their 
reservoir capacities. The reliable yield of Klang Gates and Batu dams 
were 131 Mld and 127 Mld respectively, consistently at least on the 
same order of magnitudes as their original design capacities of 145 
Mld and 112 Mld. 

Subang Lake dam is the smallest scheme amongst others. By this 
limitation in physical setting, the reliable yield was estimated at about 
19 Mld vis-à-vis the existing North Hummock WTP capacity of about 
23 Mld. The reservoir however took a slightly longer time, i.e. 
extending into a 48-month period, to recover to its full capacity after 
continuous drawdown during a 1:50-year design drought period.  

In spite of this, operation of the WTP appears to be able to buffer 
these rare shortfalls by curtailing production during period of critical 
droughts. Plans are also in the pipeline to raise the capacity of the 
reservoir either by raising the reservoir capacity or converting the 
existing direct supply mode of operation into a pump storage scheme. 
Excess water can be transferred via pumping from the nearby Buluh 
river during high stage. The storage drawdown curves for all dam 
schemes are presented in Figure 3. 

 



69  
 

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40

MCM

month

Langat Dam 41 km2

 

 

  

  

Figure 3:  Reservoir Drawdown Curve 
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5.2 Long Term Operational Yield Analysis  

The sequential peak analysis (SPA) utilizes long term available 
hydrometric records in the operational study. This long term series 
includes both high and low flow episodic events in measured/gauged 
or inferred by proxy at the streamflow stations.  This is particularly 
important if all the drought flow episodes are included in the flow 
time series.  

In terms of yield criteria, the percentage of failure to supply is 
predetermined at an acceptable level, normally for water supply 
scheme; a 2% failure or alternatively, 98% reliability is acceptable. 
For this study, it is also highlighted that the 1:50-year return period 
and 2% failure rate are similar. The number of months that the 
reservoir fails to provide adequate raw waters sources, other than 
pollutant flushing episode, is counted. This is further expressed in 
terms of percentage of failure. Normally, failure to supply means that 
the reservoir capacity has reached its dead storage.  In terms of critical 
period, the long-term calculation needs not rely on a full-empty-full 
cycle strictly. Some of the critical periods as opposed to DSA runs, 
can last for more than 60 months without refilling up to their 
respective full supply levels. This depends on the low flow episode 
encountered in the time series.    

Selangor-Tinggi dam scheme regulates about 60% of the annual 
average runoff at the existing Bestari Jaya intake.  The estimated yield 
of the twin regulating reservoir scheme was consistent vis-à-vis DSA 
approach, i.e. 3000 Mld with a 300-Mld constant release past the 
intake weir. Drawdown curves of both Selangor and Tinggi dams 
showed several occasions where both reservoirs were empty.  The 
period of severity was by far the worst drought occurrence during 
1991-1992 and 1997-1998 El Nino events.  The most recent severe 
drought event experienced in Selangor was during 2013-2014. 
reservoirs were depleted almost to the bottom but was recovered 
shortly with higher reservoir inflows during the monsoon months of 
November and December. The drawdown curves of both reservoirs 
are presented in Figure 4.  
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Langat dam showed frequent drawdowns had been taken place in the 
simulation results from 1950 to 2008. On the contrary, Semenyih dam 
appeared to be resilient with potentials for future expansion of  
reservoir water supply scheme with its fewer drawdown episode. Both 
hydrological and physical factors are believed to contribute to vast 
difference in reservoir drawdown behavior for these two dams that are 
located within the same Langat river basin. Firstly, a higher 
hydrological regime prevails in the Semenyih river basin especially its 
physical location where the dam catchment could be a receptor for 
both higher precipitation and downpour seasons from Northwestern 
and southwestern monsoons. Secondly, the reservoir size of Semenyih 
dam is almost double the size of Langat dam., This therefore could 
help to increase the yield significantly. For both Klang Gates and Batu 
dams, the reservoir drawdowns showed that the critical drawdown 
periods were from 1976 to 1979 instead of known El Nino event of 
1982-1983 and 1997-1998.  The yield results were generally 
consistent to the DSA approach. Perhaps due to its relative smaller 
capacity, Subang Lake dam scheme yield using long term approach 
did not differ from the results obtained using the DSA approach.  The 
most severe drought event occurred in 1997-1998 and was 
coincidental to the worst El Nino event in the century. Figure 4 shows 
the reservoir drawdown curves for various reservoir schemes  

5.3 Independent Verification By Kuria And Vogel (2014) 

Independent yield verification was also carried out for existing dam 
schemes in Selangor and Kuala Lumpur.  The input variables were 
related to the hydrological and physical inputs such as long term 
sample statistics of inflows, such as, mean, standard deviation, 
skewness coefficient and the storage capacity of the reservoir. It is 
assumed that live storage was implicitly used to represent the 
extensiveness of underground networks. The standard normalized 
score of Z varied with the reliability to be adopted. For a 1:50-year 
return period, the standardized Z score was 2.054. 

The results are consistent with the actual WTP capacities for the 
existing dam schemes. The only exception was a slightly higher gross 
yield by SYR model (Kuria and Vogel, 2014) for Semenyih dam 
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scheme. Table 1 shows a summary of the gross yield results and other 
relevant parameters used in the calculation.  Figure 5 shows excellent 
agreement between the estimated gross yield by SYR and the existing 
gross yields of the reservoir system. Although Kuria and Vogel (2014) 
model did not explicitly deduct the amount of water loss due to 
evaporation from the lake surface area, this might in a way results in 
overestimation of the reliable yield. However, it is also opinioned that 
due to constant drawdown period when the releases were made, only a 
small quantity of water will be lost due to shrinking of lake surface 
area. 

The Kuria and Vogel (2014) model did not explicitly deduct the 
amount of water loss due to evaporation from the lake surface area, 
and this might in a way results in overestimation of reliable yield. 
However it is also opinioned that due to constant drawdown when the 
releases were made, only a small quantity of water will be lost due to 
the shrinking lake surface area. 
Even if the loss due to surface evaporation were taken into the water 
balance equation, the difference is insignificant. In summary, the 
regression model proposed by Kuria and Vogel (2014) can only be 
used at least for the first screening of reliable yield estimation as it 
was originally intended.  

One of the shortcomings of this SRY screening model was on the 
application of yield estimation to the Asia region as only a small 
fraction of database from Asia region (58) was part of the 729 river 
basins. These databases are mostly obtained from Australia, 
Continental Europe, and USA. For tropic Asia region, such as 
Malaysia, there are fewer representative river basins that were 
adopted in the model development.  Nevertheless, comparison of yield 
results using various techniques is the first screening stage before 
embarking to a more elaborated study undertaking at the next stage of 
the yield estimation assignment. 
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Estimated gross yield using Kuria and Vogel (2014) 
50-
year  

50-
year  

Dam  
CA 
km2  

CA 
km2  

WTP 
Gross 
yield   

live 
storage  mean  SD  skew  

Gros
s 
yield  

Gross 
yield  

 

dam intake  Mld  MCM  MCM/yr  
MC
M/yr  nd 

MC
M/yr  Mld  

Selangor 
Tinggi  237 1554 3300 345 2010.9 410.3 0.25 1198 3283 

Langat  41 254 544 34.1 349.6 77.9 0.53 184 504 

Semenyih  57 571 751 60.4 716.0 161.0 0.52 363 995 

Klang Gates  77 n.a. 145 19.3 83.5 22.0 0.86 50 137 

Batu  50 n.a. 115 27.5 61.7 14.6 0.66 44 120 

Subang lake  10.3 n.a. 23 3.5 12.7 3.0 0.14 8 22 

Table 1:  Estimated 1:50-year Gross Yields by Kuria and Vogel 
(2014) 

NOTE: CA = catchment area  

SD = standard deviation 

WTP= water treatment plant 
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Figure 4:  Reservoir Drawdown Curves:  Long Term Run 

 

  

  

0

50

100

150

200

250

Jan-48 Jan-58 Jan-68 Jan-78 Jan-88 Jan-98 Jan-08

MCM

mm/yy

Selangor and Tinggi Dams CA = 1197 km2, CA= 40 km2

0

5

10

15

20

25

30

35

40

1\1950 1\1960 1\1970 1\1980 1\1990 1\2000

MCM

mm/yy

Langat Dam CA= 41 km2  

0

10

20

30

40

50

60

70

1\1950 1\1960 1\1970 1\1980 1\1990 1\2000

MCM

mm/yy

Semenyih Dam CA = 57 km2

0

5

10

15

20

25

1\1948 1\1958 1\1968 1\1978 1\1988 1\1998 1\2008

MCN

mm/yy

Klang Gates Dam CA = 77 km2



75  
 

 
Figure 5:  Comparison of WTP capacity and Estimated Gross Yields 

by Various Methods 

Dam 
Scheme 

WTP 
capacity 

DSA 
approach  

Long 
term 
approach 

Kuria 
and 
Vogel, 
2014  

Mld  Mld 
Mld 

 Mld  
Selangor 
Tinggi  3300 3300 

 
3300 3283 

Langat  544 536 
551 

504 

Semenyih  751 851 
708 

995 
Klang 
Gates  145 131 

128 
137 

Batu  115 127 
127 

120 
Subang 
lake  23 19 

19 
22 

Table 2:  Comparison of Gross Yield by Various Techniques and 
Methods for Dam Schemes in Selangor 
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6.0 Conclusions 

The purposes of this study is to review reliable yield that could be 
harnessed by six reservoir schemes in the state of Selangor in 
Malaysia. This study provides up-to-date hydrometric information up 
to 2008 (2014 for Selangor-Tinggi reservoir scheme). During the 
earlier days of dam design undertaking, hydrological analysis was 
carried out using limited information.  After many years of operation, 
more hydrometric database have been acquired, and it is imperative to 
review and reassess the reliable yields of various reservoir schemes.  

The yield estimations for six reservoir schemes in Selangor were 
calculated based on both drought sequence analysis (DSA) and long 
term sequential peak analysis approaches. By convention, a 1:50-year 
return period or probability of low flow occurrence, and a 36 month 
duration carryover period was adopted. An independent verification 
was carried out using storage-yield-reliability (SYR) model by Kuria 
and Vogel (2014).   

The results from three approaches were basically consistent with one 
another with some minor margin of difference of about 5%.  This is 
mainly contributed from the Semenyih dam scheme where the gross 
yield estimation differed in a larger margin. For a summary of the 
findings, Table 2 shows a comparison of gross yields of various 
reservoir schemes for dam schemes in Selangor. 
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