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Abstract this article distinguishes and measures connections between 

compliance with usability guidelines and the popularity of a Web Site. A few 

samples of E-Learning Web Sites was studied and its usability score was 

recorded using an evaluation system which was developed during the study. 

This score was then tried against five diverse positioning frameworks utilizing 

Spearman’s Rank connection. The consequences of these tests demonstrate a 

solid relationship between consistence with ease of use rules and Web 

webpage ubiquity. The five positioning frameworks too indicated positive 

relationships to each-other and to the ease of use of the locales. As conclusion, 

consistence with ease of guidelines could be an approach to accomplish higher 

Web website prevalence and guest numbers. 

Keywords: e-learning webpage, websites etc. 

1. Introduction 

They have regularly recommended to customers and scholars that 

convenience is fundamental to any site advancement and that consistence to 

ease of use rules could be a pathway towards a more well-known site. However, 

these recommendations have been disregarded, or in the slightest respondents 

have not considered ease of use concentrates to be critical to their task (Scowen, 

Greg; Regenbrecht, 2009) [8]. Due to an absence of past research which 

analyses the connection amongst ease of use and prominence, persuading 
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designers to put assets into ease of use considers has been troublesome. This 

exploration means to answer the inquiry: is there a positive connection between 

consistence with convenience rules and Web website fame, and assuming so 

how solid and significant is this relationship. Different inquiries tended to 

consider what ease of use rules ought to be embraced and how notoriety can 

best be measured (Suarez-Torrente, Conde-Clemente, Martínez, & Juan, 

2016)[10]. The discoveries of this investigation are proposed to make an 

establishment for promote examination concerning the impact of usability 

guidelines on web site’s popularity. 

Research Objective 

The scope and objectives of this research are to find usability guidelines in 

E-Learning Web sites. This will determine on how many Web sites has 

usability guidelines which is related to this research. Besides that, we are 

determined to measure the correlation between popularity of a web site with a 

usability guideline. Do popular web sites need guidelines for the visitors? Other 

objective of this research is to find the effectiveness of a usability guidelines of 

an E-Learning Web site. Lastly, our aim is to recognize and measure 

connections between consistence with guidelines and five website grading 

system. However, it is crucial to clarify the difference between usability and 

accessibilities as these two are different. Accessibility could be considered a 

subset of usability, since usability implies accessibility (Brajnik, 2000)[2]. 

With all these objectives, we believe our research will not go out of track and 

produce the expected outcomes. 

2. Literature Review 

Looking into writing identified with this examination has addressed many 

inquiries, yet in addition made new inquiries that need replying. A hole in 

information has been recognized. Does consistence with ease of use rules 

associate to expanded Web website prominence? Clearly a few specialists are 

implying at this yet there does not have all the earmarks of being any past 

investigation that endeavor to answer that inquiry. The survey has additionally 

recognized fitting devices and strategies for directing such an examination, 
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while distinguishing others that are not all that appropriate. Through reading 

the examination of others an unmistakable meaning of convenience has been 

built up and the meaning of notoriety has been refined and expressed, at all 

for how it is to be utilized with the end goal of this investigation. Key 

supporters of the field have been recognized and their discoveries mulled over. 

This study is conducted based on these findings and establishments. 

3. Methodology 

 Selection Criteria for Sites 

In endeavour to limit whatever number outside impacts as could be 

expected under the circumstances, official Web destinations of colleges, 

government associations, and schools were excluded in the investigation. Since 

college Web locales are much of the time went by most understudies of that 

college, a bigger foundation would have an essentially higher guest tally. 

Government supported Web locales are regularly upheld by huge broadcast 

promoting efforts, and moreover a few destinations are an endorsed some 

portion of an educational modules, implying that they are utilized paying little 

respect to their prevalence or advance (Garavaglia & Gaiotto, 2010)[5]. 

 Measuring Usability and Popularity 

Five estimations of Web webpage ubiquity will be acquired amid the 

information gathering process. These will be accounted for in the outcomes. 

However, the most significance will be put on the quantity of connections 

indicating the site as found on the Google web index. Additionally, interface 

tally measures included are sourced from Yahoo and Del.icio.us. Both of these 

are incorporated to additionally bolster the Google connect tally and to 

distinguish if there are similitudes between these three sources. Also, the 

Google Page Rank and Alexa rating will be accounted for to distinguish if these 

have a connection with ease of use, albeit neither can be depended upon as a 

marker of prevalence (Kiget, Wanyembi, & Peters, 2014)[6]. 

 Conducting the reviews 

Ahead of schedule in the investigation it was resolved that exclusively 

checking on each Web website and entering reactions into an archive would be 
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extremely tedious. Conceivably, this would likewise bring about errors because 

of the distinction in dates when the locales are checked on and the state of mind 

of the analyst. Computerized choices were considered; however, these were 

observed to need in either their capacities for testing the rules or their 

dependability. 

 Creating the Review Software (WES) 

Web site Evaluation System (WES) was made utilizing straightforward 

HTML encircling strategies. A Frameset was made with a tight band over the 

highest point of the page where every rule could be exhibited as an inquiry, and 

the rest of the program window demonstrated the site being inspected. 

Adjoining the inquiry were four reaction alternatives as a radio-catch gathering, 

and a catch utilized for presenting the reaction and moving to the following 

inquiry. All inquiries were composed in a way that a "Yes" reaction paralleled 

to consistence with the rules. A "No" reaction implied no consistence was 

obvious. Moreover, choices were given to specify "incomplete consistence" 

with a rule, or to "avoid" the rule on the off chance that it wasn't pertinent. Both 

of these alternatives dispensed a score of a large portion of the relative 

significance of the rule considered. A rule that may be skipped, for instance, is 

"Mark information section fields reliably." If no structures. 

 Gathering data 

Each of the 38 sites were checked on finished a two-day time span in 

August 2007. The primary creator was the main analyst engaged with the 

investigation and treated all sites with similar criteria for evaluating the 

consistence to rules. The audit was directed utilizing Internet Explorer form 7 

on a Windows Vista working system. The screen determination was 1280 x 

800 in wide-screen organize on a portable workstation PC. Level looking over 

estimations depended on a 1024px wide determination. Download times were 

computed by a computerized outsider system and were measured against a 

benchmark of downloading the landing page on 56k modem in 10 seconds or 

less. 

 Data analysis 
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Measuring the Correlation. To quantify the quality of a connection 

between consistence with ease of use rules and Web site ubiquity, all 

information got through the review of sites was transported in into SPSS for 

investigation. The picked strategy for estimation connected to this information 

was Spearman's Rank Correlation (Spearman, 1904)[9]. This strategy was 

picked over the generally known Pearson Product Moment technique because 

of its reasonableness to non-straight, non-ordinary, ordinal information and 

furthermore to position factors. The quantity of connections in Google, Yahoo, 

and Del. icio.us are non-typical in their appropriation, and both Alexa and 

Google PageRank are positions. The Alexa positioning system is a turnaround 

arrange rank, so a connection between the Alexa Rating and convenience 

would be spoken to by a negative relationship coefficient. 

4. Discussion 

This investigation demonstrates that specific convenience rules are 

consented to oftentimes, while others are totally overlooked. What does this 

mean for convenience specialists? Is it conceivable that a portion of the rules 

distributed are too difficult to execute, or that engineers feel excessively 

restricted by them? Should rules that have turned out to be presence of mind 

be distributed by any means? Absolutely the proposal that expanded 

consistence with convenience rules has a solid association with expanded Web 

website fame is of significance to the Internet business (Ferriman, 2014)[4]. 

Will advance discoveries of this sort result in a higher take-up of ease of use 

thinks about amid Web webpage improvement? The ramifications of this 

finding for associations creating Web locales is whether they need to draw in 

more guests, at that point some exertion could be all around connected to ease 

of use mindfulness. For ease of use counselling organizations, this exploration 

calls for more investigations of a comparable sort to assist fortify the business 

and to manufacture more noteworthy attention to the significance of 

convenience and conceivable advantages. 

5. Results 
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Compliance to Usability Guidelines. A goal of this investigation was to 

gauge the consistence with convenience rules inside a gathering of e-learning 

Web destinations. The consequences of the audit of 28 chose rules more than 

38 Web destinations is exhibited in Appendix Table1. Two of the tried ease of 

use rules were incorporated to generally regularly. "Dispense with even 

looking over" and "utilize blended case for exposition content." Both of these 

rules were conformed to in 36 of the 38 destinations explored (Allen & 

Seaman, 2007)[1]. Even looking over was thought to be disposed of if no flat 

scrollbar was shown when seeing the site at a determination 1024 pixels wide. 

None of the audited Web destinations totally neglected to conform to the 

writing content suggestions. The two destinations that did not completely go 

along had a few fragments of writing content that were promoted, with the 

lion's share being accurately designed. The minimum much of the time agreed 

rule was "Limit page download times," which required that the landing page 

of the Web website being looked into download in 10 seconds or less on a 56k 

modem. This was tried with the help of an outer source; Only 5 of the 38 Web 

destinations tried agreed to the 10 second necessity. Since this rule must be 

agreed to totally or not under any condition it was additionally the rule most 

every now and again not conformed to, with 86.8% of destinations neglecting 

to download in 10 seconds or less. The Correlation between Usability and Web 

Site Popularity. The primary goal of this examination was to gauge the quality 

and centrality of the connection between consistence with ease of use rules 

and Web webpage prevalence. Utilizing Spearman's Rank technique, the 

relationships between the Usability Score of each assessed Web webpage and 

each of the five positions that were incorporated into the information gathering 

process were measured. As beforehand settled, the most critical measure of 

notoriety with the end goal of this examination is the quantity of inbound 

connects to the Web webpage in Google (Docebo, 2014)[3]. The other 

prevalence estimations have been incorporated to additionally bolster the 

discoveries. The main investigation measured the connections over each of the 

38 locales incorporated into the examination. When measuring the 
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relationship between consistent to convenient rules with the five positioning 

frameworks over every one of the 48 Web locales a huge connection is 

obvious in all cases aside from that of Del.icio.us web-based bookmarking. 

The relationship between Usability Score and connections in Google is of 

medium quality and is noteworthy at the 0.01 level. This is the most grounded 

relationship between Usability Score and the positioning frameworks (Mcgee, 

2017)[7]. The majority of the relationships noticeable in these three tests offer 

help for the speculation of this examination, that consistence with ease of use 

rules positively affects Web website ubiquity. 

Table 1. Compliance to Usability Guidelines in 38 Websites 

# Guidelines Complied Partially 
Complied 

Not Complied 

  # % # % # % 

1 Do not display 
unsolicited 

windows or 

graphics 

33 86.8 4 10.5 1 2.6 

2 Show all major 

options on the 

homepage 

34 89.5 2 5.3 2 5.3 

3 Avoid cluttered 

displays 

16 42.1 8 21.1 14 36.8 

4 Place important 

item consistently 

21 55.3 8 21.1 9 23.7 

5 Elimate horizontal 

scrolling 

36 94.7 1 2.6 1 2.3 

6 Use meaningful 

link labels 

22 57.9 14 36.8 2 5.3 

7 Distinguish 

required and 
optional data entry 

fields 

10 26.3 16 42.1 12 31.6 

8 Label pushbuttons 

clearly 

18 47.4 17 44.7 3 7.9 

9 Organise 

information clearly 

26 68.4 9 23.7 3 7.9 

10 Facilitate scanning 19 50.0 7 18.4 12 31.6 

11 Ensure that images 
do not slow 

downloads 

25 65.8 3 7.9 10 26.3 

12 Include logos 31 81.6 4 10.5 3 7.9 
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13 Minimize page 
download times 

5 13.2 0 0.0 33 86.8 

14 Provide text 

quivalents for non-

text elements 

14 36.8 5 13.2 19 50.0 

15 Provide a search 

option on every 

page 

17 44.7 1 2.6 20 52.6 

16 Communicate the 

websites value and 
purpose 

20 52.6 12 31.6 6 15.8 

17 Limit homepage 
length 

19 50.0 2 5.3 17 44.7 

18 Use bold text 
sparingly 

27 71.1 3 7.9 8 21.1 

19 Provide feedback 
on user’s location 

14 36.8 4 10.5 20 52.6 

20 Provide descriptive 
page titles 

16 42.1 9 23.7 13 34.2 

21 Use descriptive 
headings liberally 

19 50.0 13 34.2 6 15.8 

22 Link to related 
content 

32 84.2 3 7.9 3 7.9 

23 Use text for links 26 68.4 11 28.9 1 2.6 

24 Use black text on 

plain, high-contrast 
backgrounds 

23 60.5 8 21.1 7 18.4 

25 Use mixed-case for 
prose text 

36 94.7 2 5.3 0 0.0 

26 Ensure visual 
consistency 

27 71.1 6 15.8 5 13.2 

27 Format lists to ease 
scanning 

26 68.4 4 10.5 8 21.1 

28 Label data entry 
fields consistently 

24 63.2 13 34.2 1 2.6 

 Mean 23 59.8 7 17.8 9 22.5 

 Median 23 59.8 6 15.8 7 18.4 

 Maximum 36 94.7 17 44.7 33 86.8 

 Minimum 5 13.2 0 0.0 0 0.0 

 

6. Conclusion 

This study represents the method in understanding about the usability 

guidelines increased popularity in e-learning websites. In addition, this kind 

of the research is essentially having to carry on to examines the correlation 

between the popularity and usability towards be a popular website. However, 
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there has the limitation among the quality and the quantity of the sample. It 

need have more sample with the trusted source to ensure the method can be 

use in. This method of the guidelines e-learning can be help among student 

and client appropriate for all them to adopt. E-learning website need to be 

developed through the method with guidelines which can be increase the 

popularity. 
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Abstract. Sentiment Analysis (SA) examines the hassle of studying texts, like 

posts and reviews, uploaded by way of customers on microblogging 

platforms, forums, and electronic agencies, concerning the evaluations they 

have got about a product, service, event, man or woman or idea. The common 

used of SA is classifying text to a several class such as positive, neutral and 

negative term classification. This paper aims to compare the techniques being 

used to examine SA especially for reviewing product or services. These 

techniques are not only being applied in review product prediction, but they 

were applied in different filed such as production, sales and marketing. Based 

on the comparison of each model and their uses, lexicon-based approach is 

the best solution for classifying SA.  

Keywords: Sentiment Analysis, E-Services, Opinion Mining, Machine 

Learning 

1. Introduction 

Sentiment is a term for sensitivity to feelings of emotions, thoughts, ways 

of thinking about something or idea based on feelings about a situation ( 

Rezaei & Jalali, 2017; Park & Seo, 2018; Rizwana, Phil, Scholar, & Kalpana, 

2018; Zvarevashe & Olugbara, 2018). Sentiment analysis (SA) or called 

opinion mining (OM) is a sub-field of machine learning that has become an 
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important area of today's research to understand people's opinions about 

something by analysing a large amount of information available in the web 

nowadays. There are millions of people express their thoughts on various 

services or products (Priya & Sathiaseelan, 2017). 

In addition, SA are the language processing tasks that use computational 

approaches and stratification of a person's views provided in quantitative 

methods such as text or video and audio primarily pertaining to one's thinking 

about a situation or idea of a particular topic. These thoughts and ideas are 

measured using a "polarity" scale of texts that are called positive, neutral and 

negative (Salinca, 2016; Zhang & Zheng, 2016; Akter & Aziz, 2017; Pradesh 

& Pradesh, 2017).  

Traditionally, if someone wants to buy a product or use a service, they 

will ask the friends or relatives opinion first. Now users only review from the 

internet and then choose the highest ranked products and services (Gupta, 

Tiwari, & Robert, 2016; Rana & Singh, 2016). SA can provide an overview 

of an individual's experience or thinking about a product or service. Active 

feedback from a user not only for certain parties to analyse consumer 

satisfaction about the product, quality, cost and competitor monitoring but also 

very useful for users who want to research products or services before making 

any purchase (Ghorbel & Jacot, 2011; Jain & Katkar, 2015; Madhoushi, 

Hamdan, & Zainudin, 2015; Pasarate & Shedge, 2016). 

SA is widely used primarily on social or online based sites to get 

comments on customer opinions or customer notice of the product, especially 

in terms of cost and quality of the product. (Anshuman, Rao, & Kakkar, 2017). 

There are many challenges in the analysis of sentiment. The first is that the 

word of opinion which is considered positive in a situation can be considered 

negative also in other situations. The second challenge is that people do not 

express their opinions in the same way. Most reviews will have positive and 

negative comments, which are fairly easy to handle by analysing the verses 

one at a time. However, in more informal media such as twitter or blogs, 

people who are more likely to combine different opinions in the same sentence 
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to make it easier for others to understand, but it is more difficult for the 

computer to decipher it (Routray, Kumar Swain, & Prava Mishra, 2013; 

Ankitkumar, R. R. Badre, & Mayura Kinikar, 2014; Pasarate & Shedge, 

2016). Figure 1 shows the basic responsibility of SA or OM for analyse and 

classify documents or statements with appropriate text polarity categories. 

 

Figure 1. Sentiment Analysis Process on Product Review 

Sentiment analysis is not solely applied to product reviews but can be 

applied to stock related news articles, political debates, individual work 

achievements, E-Commerce websites and also detection of spam (Gaur & 

Pruthi, 2017). Data set at stage sentiment identification will be processed and 

categorized whether the data is a category of thought and user opinion or 

phrase data set. Meanwhile for the classification stage of sentiment as shown 

in Figure 1, there are three main classifications in Sentiment analysis namely 

document-level, sentence-level, and aspect-level (Schouten & Frasincar, 

2016; Gaur & Pruthi, 2017; Sarawgi, 2017) . 

Document – Level  

In this method the entire document is considered a single entity and the 

entire document is analysed at one time only. Sometimes the results provided 

by this approach are not appropriate. Documents that give a positive opinion 

of an entity do not imply that the author only has a positive comment on all 
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the features of that particular entity, as well as documents that give negative 

opinions about an entity do not indicate that the author is totally negative for 

all features of the entity. In conventional text, the author expresses positive 

and negative opinions about the entity and its nature. 

Sentence – Level  

In this method the document is broke down into sentences and then each 

verse is considered as a single entity and one sentence is analysed at one time. 

The results generated by this approach are better than document level and 

more subtle. The majority of today's techniques, try to establish polarity text 

for the entire document, paragraph, sentence or text regardless of the specified 

entity. 

Aspect – Level  

The fine-grained analysis is done in this method. The main focus is the 

aspects and features of the product. The result of this approach is to know the 

sentiments about the features of items. Most approaches when trying to 

determine the overall sentiment of the punishment regardless of the nature and 

characteristics of the target entity (For example, Mobile phones, Laptops) and 

their properties (size, memory, screen, and camera). In the aspect based on an 

analysis of text polarity sentiments for each given aspect. Aspect-Based 

Sentiment Analysis has a wide range of applications in different fields such as 

services, movie surveys, restaurants, movies and computers. It uses texts 

expressed in various ways such as comments, feedback, forum comments, 

messages and discussions. 

The following section will explore the most frequently used SA 

techniques from past research and appropriate tools used for analysing 

sentiment approach. 

2. Sentiment Classification Techniques 

Sentiment classification techniques can be roughly divided into machine 

learning approach, lexicon based approach and hybrid approach (Kinge, 

Nandedkar, & Narkhede, 2015; Sengottuvelan & Karthik, 2017). Machine 

Learning Approach (ML) uses the famous ML algorithm and uses linguistic 
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features. The lexicon-based approach depends on sentiments, a collection of 

known and precompiled sentiment terms. It is divided into dictionary-based 

approaches and corpus-based approaches that use statistical or semantic 

methods to find polarity of sentiment. The Hybrid approach combines both 

approaches and it’s very familiar with sentiment lexicon who plays an 

important role in most methods. 

The classification text method using ML technique can be divided into 

two methods ie supervised and unsupervised learning methods. The 

Supervised Learning method uses a large number of labelled training 

documents. The supervised machine learning algorithms which deals more 

with classification includes Linear Classifiers, Logistic Regression, Naïve 

Bayes Classifier, Perceptron, Support Vector Machine; Quadratic Classifiers, 

K-Means Clustering, Decision Tree and others ( Kotsiantis, 2007; F.Y et al., 

2017; Bzdok, Krzywinski, & Altman, 2018). Meanwhile the unsupervised 

learning method is to identify hidden patterns in non-label input data. Data is 

grouped into classes and algorithms are made to differentiate. This 

Unsupervised Learning method also refers to the ability to learn and organize 

information without providing an error signal to assess potential solutions. In 

addition it is used when it is difficult to find documents that are in the form of 

raw data ( Sathya & Abraham, 2013; F.Y et al., 2017;).  

The lexicon-based approach depends on finding the opinion or lexicon 

idea used to analyse the text. A dictionary-based approach that relies on 

finding basic words, and then searching for their synonyms and antonyms. The 

corpus-based approach begins with a basic list of words and then searches for 

words that have the same meaning or less in the big corpus to help find a more 

specific meaning for the base word (Augustyniak, Szymánski, Kajdanowicz, 

& Tuliglowicz, 2016; Al-Hussaini & Al-Dossari, 2017). This can be done 

using statistical or semantic methods. 

In Hybrid Techniques, both machine learning combinations and basic 

lexicon approaches are used. Researchers have proven that this combination 

provides improved performance classification. The main advantage of hybrid 
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approaches is that it uses the best lexicon / learning symbolic of the 

combination of both methods i.e. ML and Lexicon techniques. This makes the 

readability of the data set tested high in accuracy results from the applied 

algorithm ( P & Patel, 2015; Aggarwal & Gupta, 2017) .  

3. Tool Used in Sentiment Analysis 

There are a variety of sentiment analysis tools available now. Some are 

stand-alone; some are attached to specific social media applications. The tools 

used in the process of tracking the opinion or polarity from the user’s 

generated contents are: 

Table 1. Tools for Analysis Sentiment 

No. Tool Name Description  

1 Apache 

Hadoop 

Is an open source framework enables quickly gain insight 

from massive amounts of structured and unstructured data. 
Also supports powerful and scalable directed graphs of data 

routing and transformation. 

2 BrandWatch Get deep insights into consumer opinion on any topic from 

across the social web. Also can deliver a huge amount of 

data for analysis. Its extensive filters and customizable 

reports make that data easy to analyse.  

3 Cision Manage and track your brand’s reputation by exploring 

what people are saying about your business across a variety 
of social platforms 

4 People 
Browse  

Find all the mentions of your brand, industry and 
competitors and analyse sentiment. This tool allows you to 

compare the volume of mentions before, during and after 

your marketing campaigns 

5 Tweetstat This is a fun, free tool that allows you to graph your Twitter 

stats. Simply enter your Twitter handle and “let the magic 

happen.” 

6 Steamcrab Web application for sentiment analytics on Twitter data. It 

focuses on keyword searches and analyses tweets according 
to a two-pole scale (positive and negative). Visualization 

options are limited to scatter plots and pie charts. 

 

 

4. Conclusion 

The main goal of this paper is to evaluate the ensemble method for 

sentiment classification. This survey paper delivered an overview of recent 

updates in sentiment analysis and classification methods. Many of the articles 

cited in this paper give their contribution to the real-world application. Much 
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research has been carried on to mine the opinions in the contour of a document, 

sentence and feature level sentiment analysis. It has been examined that now 

the opinion mining trend is proceeding to the sentimental reviews of twitter 

data, comments used in Facebook on pictures, videos or Facebook status. 

Therefore, this paper discusses about an overview of the sentimental analysis 

approach of SA and OM in detail with the techniques and tools. 
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Abstract Universities in Malaysia are facing challenges producing 

engineering graduates with the right skills to enter the demanding job market. 

Most employers have high expectations and emphasis on employability skills 

among engineering graduates. Limited evidence is available to help 

understand level and effect of leadership competencies among engineering 

students. In contrast, the Western and European countries had long measured 

leadership competencies in the context of engineering students. Quantitative 

data was collected from 346 engineering students using structured survey. 

This paper discussed the demographic and data analysis for leadership 

competencies construct. The results could be helpful in guiding institutions 

and educators for further researches to extend the instrument presented. 

 

Keywords: engineering student, engineering education, leadership 

competencies. 

1.   Introduction 

Currently Malaysia has 20 public universities, 47 private universities, 34 

private university colleges, 11 foreign university branch campuses, 30 

polytechnics and 73 public community colleges. The total number of students 

were more than a million of which approximately 95,000 were international 

students from more than 100 countries (StudyMalaysia.com, 2015). 

Numerous initiatives had been implemented to upgrade education systems in 

the country where the Ministry of Higher Education had launched four phases 

mailto:norbayadaud@segi.edu.my
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of National Higher Education Plans in the effort of education transformation. 

The plans include Phase 1: Laying the Foundation (2007-2010), Phase 2: 

Strengthening and Enhancement (2011-2015), Phase 3: Excellence (2016-

2020) and finally Phase 4: Glory and Sustainability (beyond 2020) (KPT, 

2007b, 2012). Realizing education is a major contributor to the development 

of social and economic capital, under the New Economic Model and 

Economic Transformation Plan, the government must ensure education 

system continuously progressing. The Education Ministry had launched 

Malaysian Education Blueprint 2013-2025 for Pre-School to Post-Secondary 

Education (KPT, 2013) and Malaysia Education Blueprint 2015-2025 (KPT, 

2015) for and Higher Education (KPT, 2007a). The effort continues with the 

Higher Education Institution Entrepreneurship Action Plan 2016-2020 being 

launched with the hope to shift graduates’ mindsets from seeking work to 

creating jobs (KPT, 2016). 

On employability among graduates, it has always be a major concern 

worldwide (Badariah, Abdul, & Mariana, 2016; Bennett, 2006; Heitmann, 

2002). For many decades, researchers, employers and educators expressed 

concern about how engineering graduates from the tertiary institutions are 

being prepared for the workforce  (Hanapi & Nordin, 2013; Mohamad, Talib, 

Ambotang, Zain, & Abdullah, 2013; Nasharudin & Harun, 2010; Othman, 

Hashim, & Wahid, 2012).  (Kazilan, Hamzah, & Bakar, 2009) investigated the 

level of employability skills among the students of technical and vocational in 

Malaysia. The study discovered that the curriculum lacking employment 

element skills which are much needed by the employers. In another study, 

Normala, Abdul Rahman, and Yahya (2016) discovered the communication 

skills, personalities, teamwork skills, critical thinking and problem solving 

skills and continuously learning skills were among the identified as job 

performance predictors.  

About 70% of Malaysian employer disappointed with the quality of fresh 

graduates. In a JobStreet.com website survey of 472 managers in Malaysia, 

about 24% said the standards of graduates were “bad”, while just 6% said they 
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were “good”. Many employers attributed the poor ratings not to academic 

qualifications, but rather attitudes and communication skills shown during 

interviews or at work. The next major feedback from employers is the level of 

English proficiency, 64% of the employers agreed that fresh graduates have 

poor command of (Kaira, 2015). A mismatch on student’s expected salary and 

employer’s expectations where most employers offer a salary range lower than 

the fresh graduates’ expectations.   Another factor contributing to the 

unemployment issues are graduates being too choosy about the job or 

company, as pointed out by 60% of employers (Grapragasem, Anbalagan 

Krishnan, & Mansor, 2014; Kaira, 2015). 

Leadership competencies among students has been a research area among 

researchers but under the pretext of soft skills (Hanapi & Nordin, 2013; Maya 

Khemlani & Neda, 2018; Sanjeev Kumar & Hsiao, 2007; Shakir, 2009). 

However, there is a limited number of researchers specifically on leadership 

competencies especially among engineering students in Malaysia. In an article 

written by (Farr & Brazil, 2009; Rahmah, Ishak, & Lai, 2011) explored the 

changing nature of engineering in a globally competitive environment and 

addresses why leadership has become a key issue in the career progression of 

engineers. 

Apart from engineering theory and practical skills, engineering education 

should develop the skills, competencies and ethics of an engineer. These are 

to equip the students for the future employment. Reviews and studies on 

employability skills done by other researchers (Coakes, 2010; Kaira, 2015) 

surveyed on engineering employable personal qualities indicate that it is 

important to enhance employability skills by emphasizing the non-technical 

skills aspects among graduates. Leadership competencies instruments was 

designed to help the respondents to identify their current areas of competency 

and to propose what to focus on the development effort. The purpose of this 

paper presents the analysis of the data collected. 

2.  Methodology 

2.1 Research Design  
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The study employed two survey methods: on-line and paper questionnaire 

distributed among engineering students at public and private universities. The 

research was explored through quantitative methods. Data analysis was 

conducted using SPSS 23.0. Descriptive Statistics was used to show the 

summary of the descriptive measures to compare constructs numerically. 

2.2 Instrument  

The questionnaire used in this study consists of two sections: Section A 

and B. Table 1 shows the structure of the questionnaire prepared for the study. 

Section A consists of 12 items on demographic profiles including respondent’s 

age, gender, ethnic, place of birth, nationality, university name, level of 

education, program of study, year of study, education funding, father’s 

working status and mother’s working status. Section B comprise of 75 items 

where 34 items are questions on Leadership Competencies, 19 items on 

Learning and Innovation Skills, 11 items on Entrepreneurship Traits and 11 

items on Entrepreneurial Minded questions. The questionnaire rated on a five-

point Likert scale with a score of 5 indicates “Strongly agree” and 1 as 

“Strongly disagree”. Items were adopted from reliable sources and other 

related instruments. The instrument was refined after tested with a small 

sample.                                        

Table 1. Structure of Questionnaire 

Section Content of Questionnaire 

 

A 
 

B 

 

 

      Total 

12 questions on demographic profile 
34 questions on leadership competencies 

19 questions on learning and innovation skills 

11 questions on entrepreneurship traits 

11 questions on entrepreneurial mindset 

87 questions 

 

2.3 Sample of the Study  

The questionnaire was distributed both using paper and online. The paper-

based questionnaire was distributed to 250 students and online questionnaire 

was randomly distributed to 1,250 students. A total of 346 responses were 

collected from both public and private. 
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3.  Data Analysis  

The items in the questionnaire were coded and entered accordingly using 

SPSS 23.0 software.  There were 87 items which include 12 items on 

demographic and 75 items for independent variables and dependent variables. 

Of the 75 items, 34 were designed to measure leadership competencies, 19 

items to measure leadership and innovation skills, 11 items to measure 

entrepreneurship traits and 11 items to measure entrepreneurial mindset. For 

the variables to be reliable, the Cronbach’s Alpha must be >.50 (Kazilan et al., 

2009). Coakes (2010) explained that the value for the Cronbach’s alpha had to 

be closer to 1.0, which means higher reliability measures. In this study, 

Cronbach’s Alpha values for all variables are more than 0.8 of which meet the 

reliability needed as shown in Table 2. The highest Cronbach’s Alpha value 

was for leadership competencies (.954) while the lowest was for characters 

variable (.881). From the table, all the Cronbach’s alpha values for all variables 

were defined as reliable and adequate by the EFA and the overall total for 75 

items was .912.  

Table 2. Reliability Coefficients of the Variables 

Variables No of items 

Cronbach’s 

Alpha 

Leadership competencies 34 .954 

The descriptive statistics were used to analyse the data collected from the 

respondents. Table 3 shows the programs of study for student population. The 

programs are Chemical Engineering, Civil Engineering, Electrical and 

Electronic Engineering, Mechanical Engineering, Software Engineering and 

Others. The most respondents were from Electrical and Electronic Engineering 

(34%). 
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Table 3. Program of Study and Education Levels 

           Program Education Level % Total 

Respondents Degree Diploma 

         Chemical Engineering 9 0 9 

         Civil Engineering 1 0 1 

         Electrical and Electronic        

Engineering 29 5 34 

         Mechanical Engineering 18 5 23 

         Software Engineering 14 0 14 

         Others 11 8 19 

          Total Respondents 82 18 100 

 

Table 4 summarizes the demographic of the respondents. The 

respondent’s gender, nationality, ethnic group, year of study and university 

types were collected for this study. Based on the data collected, the analysis 

was further looked at the education levels. From the data collected, 71% are 

male students and 29% are female students, 19% are 1st year students, 32% are 

2nd year students, 44% are 3rd year students and 5% are 4th year students. 

Finally, the students comprise of 81% and 19% are from public and private 

universities respectively.   
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Table 4. Demographic of Respondents 

 

Items 

Education Level % 

Demographic Degree Diploma Total 

Gender 
Male 57 14 71 

Female 25 4 29 

Nationality 
Malaysian 79 18 97 

Non-Malaysian 3 0 3 

Ethnic Group 

Malay 53 17 70 

Chinese 19 1 20 

Indian 5 0 5 

Others 5 0 5 

Year Study 

1st Year 14 5 19 

2nd Year 25 7 32 

3rd Year 38 6 44 

4th Year 4 1 5 

University Public 64 17 81 

 Private 18 1 19 

 

The study also needs to know the distribution of the student’s education 

level. Figure 1 shows 82% are degree students and 18% are diploma students. 

 

Figure 1. Education Level 

Malaysia has population that comprise of many races. The samples 

collected at random and the distribution is shown in Figure 2. Malay has the 

highest percentage, followed by Chinese and Indian. This is the same trend as 

the population distribution. 

Degree
82%

Diploma
18%

Education Level
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Figure 2. Nationality of Respondents 

4.  Descriptive Analysis 

The questionnaires were distributed both online and paper based. Likert 

scale of 1 to 5 were used to measure the student’s leadership competencies, 

learning and innovation skills, entrepreneurship traits and entrepreneurial 

mindset where 1 indicates “Strongly disagree” and 5 indicates “Strongly 

agree”. This is to determine the current state of students’ perceptions on 

leadership competencies. Table 5 shows the descriptive values for leadership 

construct. 

Table 5. Mean and Standard Deviation for Leadership Competencies 

Variables Mean Std. Dev. 

  Managing Change 3.70 .773 

Planning and Organizing 3.74 .833 
Interpersonal Skills 3.75 .837 

Results Oriented 3.66 .888 

Average (Leadership competencies) 3.71  

 

The results indicated the leadership competencies has an average mean 

score (3.71). This shows that students under study are still lacking leadership 

competencies. The results of the study confirmed results of past studies that 

students lack soft skills namely leadership competencies (Bennett, 2006). The 

constructs are below 4.00 which means these constructs will be analysed 
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further to enhance student’s skill. The curriculum should be closely look into 

in order to improve and energize student’s leadership competencies. 

5.  Conclusion 

This paper presents the demographic data and descriptive analysis derived 

from engineering student’s responses to the questionnaires distributed with 

regards to the study. The analysis is only partially reported. From the analysis, 

it has been proven that engineering students still lacking leadership 

competencies. This serves as a basis for a serious evaluation and assessment 

of engineering curriculum to groom leadership competency centric engineers. 

One of the areas that need to be investigated or evaluated is the sufficiency 

and availability of opportunity for engineering students to assume the role of 

leaders whether in group projects, community projects or in class 

requirements. It is suggested that a platform such as ‘Small Business Institute’ 

of which students are exposed to render services to the local community. 
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Abstract This paper presents the study of water supply dams in Malaysia 

using the Storage Yield Reliability (SYR) model. The model is a linearized 

regressed equation with five independent variables comprising of hydrological 

and physical properties of the reservoir system, namely dam inflows and its 

statistical moment properties, reservoir storage capacity, and designated return 

periods or probability of non-exceedance of low flow. A total of twenty eight 

water supply reservoir schemes were selected for comparison in this study. 

Seventeen and eleven reservoirs respectively operated under direct supply 

(DS) and regulating reservoir (RR) modes. The estimated SYR yields were 

compared to the known water treatment plant (WTP) capacities of these 

reservoir schemes.  Out of five variables, catchment area (indirectly 

proportionate to dam inflows) and storage capacity are positively correlated to 

the estimated SYR yields. The SYR model adopted in this study could provide 

quick yield assessment for all the twenty eight DS and RR reservoir schemes 

in Malaysia. In summary, the multivariate regression model SYR approach 

can be used as the first screening process of DS and RR operation mode 

reservoir yield estimation in Malaysia. 

 

Keywords:   reservoir, yield, water supply, storage facility, hydropower  
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A Catchment area ORS Off river storage 

AAF Annual average flow PMP/PMF Probable maximum 

precipitation/flood 

BA Behavior analysis PR percentage of regulation 

DS Direct supply PS Pump storage 

DSA Drought sequence 

analysis 

PUB Public Utility Board 

ECL Embankment crest 

level 

RCC Roll compacted concrete 

FELDA Federal Land 

Development                                    

Authority 

ROF Run of river 

FSL Full supply level ROR Run of river 

Ha Hectre RR Regulating reservoir 

JPS Jabatan Pengairan dan 
Saliran 

SAJ Syarikat Air Johor 

JRWW Johor River Water 
Works 

SPA Sequential peak analysis 

LSD Land survey datum SYR Storage yield reliability 

MADA Muda Agricultural 

Development 

Authority 

TIDEDA Time dependent database 

system 

MCM Million cubic meter V Dam storage capacity 

MGD Million gallon per day WTP Water treatment plant 

Mld Million liter per day YKV Estimated yield by SYR 

NPL Nominal pool level YWTP Water treatment plant 

capacity 

 

List of Symbols and Abbreviations 

1.  Introduction 

Provision of storage facility (in the form of reservoir and storage 

embankment) is a vital option and a necessity in water resource management 

to buffer the spatiality and temporality of hydrological distribution. In the 

event of prevailing low flow regime, the water stored in the reservoir could be 

used to augment supply when raw water deficit occurs at the water intakes. It 

is an effective and efficient solution when potable water demand is outpacing 

raw water supply by direct abstraction from natural flows in rivers or lakes.  

There are 65 existing water supply dams serving primarily as raw water 

sources to the respective water treatment plants (WTPs).  Out of these, 29 

schemes operate under pump storage (PS) mode, where the reservoir storages 
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are augmented by either inter basin or downstream raw water catchment. The 

remaining 36 schemes are operated based on direct supply (DS) or regulating 

reservoir (RR) mode. The storage capacity of these water supply schemes 

range from less than 1 MCM to approximately 370 MCM.  

The drawback of DS scheme is its limitation in harnessing high reliable 

yield. This is primarily due to catchment areas that are physically smaller in 

dimension. The operation of DS reservoirs is constrained by the amount of 

water that the reservoir storage can capture by its natural catchment area. Most 

of these DS reservoirs are located near the river basin. Raw water is directly 

piped to the respective WTPs. The water quality appears to be clean and 

mostly satisfying the raw water quality standard and criteria.  On the other 

hand, reservoirs that operate under RR mode could increase the relative yield 

significantly by taking advantage of bigger catchment area that draw raw 

waters at a downstream intake. The dam only plays its role in occasional 

augmentation by releasing flow on demand, in the case of deficit forecast at 

the downstream intake.  

In Malaysia, these existing reservoir schemes for the purpose of providing 

domestic water supply are mainly run on these two DS and RR operational 

modes. However, over the years due to increasing demand and disparity in 

spatial and temporal distribution of rainfall and flow regime, option is limited 

to provision of increasing the storage capacity by either commissioning a new 

dam or retrofitting the existing scheme by dam raising and concurrently 

switching the mode of operation, i.e. from DS or RR mode to PS scheme. The 

PS mode of operation offers various advantages such as by deferring the 

commissioning of a new dam scheme and the process of retrofitting only 

involves the existing structure of the dam and its associated appurtenances.  

The momentum and zeal of new dam building endeavor for the benefit of 

economic development is now being slowed down mainly due to a host of 

challenging adverse environmental as well as social issues. These associated 

issues concerning dam building are to be first tackled before any instream river 

obstructing structure can be built. The consultative efforts involving various 
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stakeholders are always effectively inclusive, and this makes the decision-

making process rather tedious and difficult. Moreover, the current legislation 

and rising environmental awareness have effectively impeded the water 

resources planning and design processes with dam/reservoir storage options.   

In addition to this, selection of suitable dam sites even mostly in the headwater 

region of a remote river basin are challenging due to human settlement and 

encroachment into the once sparsely populated mountainous and hilly upland. 

Therefore prior to the decision on switching the crucial role of the dam 

operation by a retrofitting exercise, it is important to be able to estimate the 

existing reliable yield that can be harnessed for cost benefit comparison 

purpose.       

1.1 Problem Statement 

The estimation of reliable yield which is defined as a constant supply of 

raw water under a specific probability of nonoccurrence of flow or commonly 

known as return period. Conventional behavioral analysis (BA) is routinely 

carried out to estimate the magnitude of reliable sources of raw water that 

could be harnessed by the reservoir schemes. This is essentially a water 

balance and conservation approach by taking into account the interplay 

amongst the inflow (by river inflow and rainfall over the reservoir surface) 

and outflow (draft rate or yield, prior releases, and evaporation over the 

surface of reservoir water body). The deficit or surplus is then related to both 

the inflow and outflow pattern and are taken into account in the rise and fall 

of the reservoir storage.  

The conventional approach of yield estimation is technically tedious, data 

intensive, and time consuming. An alternative broad and macroscopic way of 

providing a firsthand approach of reservoir yield estimation is by means of 

global screening techniques. These techniques are simple and straightforward 

and most of them require relatively fewer parameters for computation. They 

are therefore considered as a convenient approach to provide a first time 

approach in yield estimation vis-à-vis a detailed and time consuming 

undertaking.   
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1.2 Objectives 

The primary objective of this study is to investigate a new reliable yield 

technique for the existing reservoir schemes.  The storage-yield-reliability 

(SYR) model (Kuria and Vogel 2014) was applied to some selected 28 

existing reservoir schemes of either DS or RR operating mode. The results of 

this undertaking were subsequently compared either with the known yield 

(inclusive of compensation flow past the dam or intake structure, if any) or 

intake capacity of the water supply scheme. This exercise excludes mostly the 

water supply PS scheme as the SYR model (Kuria and Vogel, 2014) appears 

to be more unsuitable with additional variables such as transfer rate of 

additional waters to the reservoir. In addition, smaller scale water supply dam 

scheme where pertinent model input information are difficult to obtain is also 

excluded from this Study. Majority of the 28 existing water supply reservoir 

schemes are located in Peninsular Malaysia. Out of these, only 4 schemes are 

located in Sarawak. 

 2.  Materials and Methods 

The hydrological design standard for water supply system in Malaysia is 

based on the selection of the most severe observed streamflow records, 

preferably of more than 30 years of length by rule of thumb.  However even 

this minimum length of database could not be possible due to a lack of gauging 

station network not only in the project area but over the entire country.  To 

overcome this weakness in data availability as well as the length of records in 

the earlier years of hydrological design, a stack drought sequence time series 

is devised with the purpose to derive the representative low flow series of a 

given probability of occurrence or commonly known as return period.  This 

technique is popularly known as Twort drought sequence approach (DSA) in 

Malaysia (Brandt et al, 2016).   

2.1 Drought Sequence Analysis 

The core principle of the low flow sequence is based on the unavailability 

of long-term observed hydrometric records in Malaysia. Due to limited length 

of records, this study infers a low flow scenario of a specific return period or 
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probability of low flow occurrence. This leads to a representative drought flow 

series that could be adopted for water resource analysis for reservoir design 

and planning. By doing so, it is also implicitly assumed that this low flow 

series, commonly known as drought sequence approach (DSA) is 

representative of a design drought for reservoir yield estimation. In essence, it 

is an input to estimate the reliable yield of a reservoir system by using a simple 

and straightforward water balance calculation and/or sequential peak analysis 

(SPA). The deficit or surplus at the end of the time step can then be readily 

translated into either the reservoir drawdown or spillover at the dam crest.  

By convention, the reliable yield should be reviewed using the latest 

hydrometric information. In the context of this study, the reliable yield shall 

be denoted as “continuous water supply and availability for a given probability 

of occurrence and/or reliability.” (Brandt et al, 2016; Johnson et al., 2009). 

This continuity on raw water supply availability throughout the design 

specified drought period (normally 1:50-year drought or 2% drought) is 

normally adopted in Malaysia. On the other hand, in the case of run-of-river 

yield without any significant or zero storage capacity, the design reliability of 

the water resources availability is also based on a 1:50-year return period but 

for various average–day durations, such as 7-, 14-, and 30-day.   

For clarification, gross yield is defined as the total constant reservoir 

supply of water for the design specified drought periods, whereas, net yield is 

a continuous supply of raw water that could be obtained after subtracting prior 

compensation releases at the intakes or dams, irrigation allocations and 

environmental flow requirements.   

2.2 Long-Term Time Series 

The next stage of complementary assignment is to compare the results 

using a long-term water balance calculation approach. This long-term time 

series exercise has the advantage of relatively long term inflow, where longer 

period of observed records are most likely to include the worst low flow 

periods in the river basin.  As a rule of thumb, a time series of more than 30 

year or so observed records of streamflow stations is required in order to 
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extrapolate a 1:50-year event.  The method of water balance calculation is 

similar to the DSA approach but with a much longer inflow records compared 

to a shorter 36-month duration for DSA synthetic series (McMahon and Mein, 

1986; Nagy et al, 2002).      

In short, these two yield estimation techniques basically complement each 

other albeit using different length of records and interpretation.  The 

differences in estimate yield using the two respective yield estimation 

techniques appear to be small and were mostly confined within the same order 

of magnitude. Nowadays although with a much longer length of essential 

hydrometric records of more than 50 years or so, it is nevertheless 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 which was introduced in McMahon and Mein (1986), 

Nagy et al. (2002), McMahon and Adeloye (2005), WMO (2008a, 2008b) is 

mostly practiced in the USA and Australia. These two different modes of 

assessment or technique is 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 could be harnessed using 

long-term water balance technique.    

One of the primary differences between DSA and long-term approaches 

is their respective definition and underlying quantitative meaning in 

interoperating the yield results.  Both techniques however undoubtedly seek 

to draw the reservoir level down to its 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). In 

the DSA analysis, synthetic low flow series that represents a specific return 

period is prepared a priori. A 98% reliability criterion is mostly adopted for 

water supply project undertakings.  In this technique, water balance 

calculation requires fairly long hydrometric records. Shorter records which do 

not include the known low flow episode nevertheless would skew the results 

of the yield estimation.    
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Experiences in Malaysia showed that a slightly higher yield could be 

harnessed using this long-term time series flow records vis-à-vis a 

conventional DSA approach.  However, it must be also be borne in mind that 

these two methodologies in yield estimation are essentially different in the 

context of yield definition. For yield calculation using long-term time series 

water balance basis, the reliable yield is likely to be overestimated if the 

hydrometric database is short. This essentially means that the most known 

critical drought as a result of low flow regime in the river basin is not been 

fully taken into consideration.   

2.3 Screening Techniques 

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 fairly suitable and deemed 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 consisting 729 unregulated river flows of at least 25-

year of records was collated to derive a SYR water yield climate change 

assessment model. This SYR model is basically a statistical linearized multi-

regression model using essential variables, such as inflow statistics, storage 

capacity, and probability of nonoccurrence or return period (Kuria and Vogel, 

2014). The set of database adopted by Kuria and Vogel (2014) was similar to 

McMahon et al. (2007). Using the same technique, the yield pattern or BA 

was then carried out for 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 for the development of an empirical multi-

regression SYR model. The independent variables were the live storage, 



   
 

43 
 

inflow statistics of mean, standard deviation, and skewness coefficient of the 

unregulated flows, and the return periods in the forms of normal standard score.   

3.  Past Studies 

A recent study on six reservoir systems in Selangor using SYR model by 

Kuria and Vogel (2014) was undertaken by Heng et al (2017b). The paper 

presented a review of water supply yields for six reservoir schemes in both 

Selangor and Kuala Lumpur. The study was carried out using hydrometric 

database updated in 2009. Three approaches were used for yield calculations, 

namely Drought Sequence approach, Long-term time series, and SYR model 

Kuria and Vogel (2014) techniques/methodologies. The estimated gross yields 

of various reservoir schemes using the three techniques were consistent with 

only a variation of less than 5% (with the exception of Semenyih reservoir 

scheme).                           

3.1 Yield Definition 

To avoid ambiguity on the interpretation of yield results, “yield” is 

defined as the steady supply of raw water that is: withdrawn, or/and diverted, 

or/and abstracted directly from rivers/lakes without the provision of some 

forms of storage facility, or commonly known as run-of-river yield. Raw water 

supply is extracted directly from the reservoir and in turn delivered to the 

targeted destination by a long-haul pipeline system in the case of a direct 

supply reservoir system, and/or diverted by pumping at the intakes further 

downstream. In case of shortfall, the remaining raw water sources are timely 

augmented by the reservoir releases, mostly in the upper catchment of the 

intake location. In this case, it is known as a regulating reservoir system.   

A special case of PS reservoir, also known as off-river storage (ORS) 

scheme can be modified as a conventional reservoir system primarily for yield 

enhancement and flexibility in operation. Theoretically with dam raising, by 

increasing its storage capacity and at the same time, taking into advantages of 

spatiality and temporality of high flow regime in a river basin especially 

during prevailing monsoon months, these excess runoffs can be transferred via 

pump to refill the reservoir storage prior to the next drawdown/releasing 
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phase. This essentially utilizes and captures the excess runoff that will 

otherwise go to waste. This option appears to be socially acceptable in lieu of 

planning of a new dam/reservoir scheme that has been difficult in the midst of 

active environmental advocacy. New dam/reservoir constructions have 

attracted mostly adverse responses and negative publicity in recent decades. 

This continuous supply of raw water to the WTPs for the duration of the 

design specified drought period is commonly set at 1:50-year drought or 2% 

drought in Malaysia.  In the case of run-of-river yield without much significant 

in-bank storage behind an intake structure, the reliability of the water 

resources is mostly based on 1:50-year return period and concurrently for 

various average–day durations, such as 1-, 7-, 14-, and 30-day.  

In the lexicon of water supply industry convention of Malaysia, a “7Q50” 

criteria for run-of-river water supply abstraction is normally imposed. This 

denotes as a seven- (7-) day duration average low flow of a 1:50-year return 

period or probability of occurrence of low flow of equal or less than this 

magnitude. This uninterrupted raw water supply that could be maintained 

throughout the design drought period i.e. 1:50-year drought or 2% drought that 

is normally adopted in Malaysia.   

Extra cautionary measure is also incorporated in the design criteria for 

both DS and RR 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 period. Normally for the tropical climatic and hydrological 

characteristics of Malaysia, a 36-month carryover period is specified in 

tandem with the 1:50-year return period criteria. However, depending on the 

prevailing circumstances a slight extension of more than 36 month is possible.    

The carryover period (also commonly known as critical period) is defined 

in the context of this study as the period, either daily or monthly, firstly by 

depleting the reservoir storage from its full level to empty (to the top of the 

dead storage level). Starting from this point, the reservoir enters into the 

refilling phase, and this phase ends when the full supply level of the reservoir 

is achieved.  This unique “full-empty-full” carryover period of 36-month 
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duration is imposed arbitrarily by management decision so that to ensure the 

reservoir storage will be refilled after an earlier depletion and continued 

drawdown period of 1:50-year severity.  This assuages most of the negative 

perspectives and opinions of the public interest groups that typically oppose 

any form of dam and reservoir schemes in Malaysia. A longer period of 

refilling is therefore undesirable as this signifies over optimism on the reliable 

yield that could be harnessed during a drought period of certain significant 

severity without considering other social impacts. In Malaysia, an arbitrary of 

36 months is imposed as an unwritten rule of standard reservoir design 

procedure. However, depending on the location of the reservoir scheme, some 

tolerance and relaxation by extending the carryover period could be made as 

per discretion of the designers.   If the carryover period is extended beyond 36 

months, this essentially means a less stringent rule and relaxation on the 

criteria of the yield and storage capacity of the reservoir scheme. 

Correspondingly by doing so, a higher yield can be harnessed if the rule on 

carryover period is further relaxed.    

4.  Methodology of Assessment 

Kuria and Vogel (2014) require both physical dam/reservoir and 

hydrologic inflow parameters in the regression equation. The statistical 

parameters of inflow required are the mean, standard deviation, and skewness. 

These inflows parameters are mostly based on the long-term streamflow 

station records in Drainage and Irrigation Department (JPS) TIDEDA and 

HYDRA database system. Oftentimes, as there is no convenient hydrometric 

station located nearby the existing dam/reservoir site, hydrometric 

information is obtained from the nearest neighbouring streamflow stations in 

the vicinity (preferably within the same river basin and hydrological similar 

zone).  This appears to be reasonable as the geographic regions more-or-less 

map well with the homogeneous hydrological zone. The prevailing weather 

pattern of Peninsular is influenced predominantly by two prevailing monsoon 

system that bring significant rainfalls to both Peninsular Malaysia, southwest 
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monsoon from April to June and Northeast November to January of the 

following year.    

Another significant physical variable that influences the magnitude of 

yield is the size of reservoir storage capacity. This is assumed to be the 

available live storage volume after appropriating a small adjustment or 

deduction for dead storage volume, which could range from as low as 5% to 

as high as 20% of the total storage volume.  These hydrological inflow 

information and their physical dam parameters are tabulated in Table 1.   

Table 1. Reservoir and Dam Information 

 Dam Mod

e 

Catchme

nt 

AA

F 

SS SKE

W 

Storag

e 

WT

P 

   km2 mm/ 

year 

mm

/ 

yea

r 

nd MCM Mld 

 PERAK        

1 Kinta DS 146 836 175 0.2 30.0 363 

2 Air Kuning DS 16 145

8 

437 0.1 1.8 25 

 SELANGO

R 

       

3 Selangor/ 

Tinggi 

RR 1554 129

4 

264 0.3 230.0 3000 

4 Langat RR 254 137

6 

307 0.5 34.1 544 

5 Semenyih RR 571 125

3 

282 0.5 60.4 751 

6 Klang Gates DS 77 108

4 

285 0.9 19.3 145 

7 Batu DS 50 123

0 

292 0.2 27.5 115 

8 Subang 

Lake Meru 

DS 10.3 123

3 

290 0.1 3.5 23 

 NEGERI 

SEMBILA

N 

       

9 Teriang RR 796 650 143 0.0 50.0 500 

1

0 

Batu 

Hampar 

RR 222 979 283 0.0 3.0 222 

1

1 

Talang RR 1114 576 276 1.6 37.0 500 

1

2 

Gemencheh DS 35 388 284 1.5 30.0 45 

 JOHOR        
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1
3 

Bekok DS 350 789 378 1.2 24.0 210 

1

4 

Semberong DS 130 789 378 1.2 23.5 84 

1

5 

Gunung 

Ledang 

DS 2 450 150 0.0 0.3 1 

1

6 

Lingiu RR 1561 100

6 

306 0.7 370.0 1902 

1

7 

Lebam DS 20 100

6 

306 0.7 3.3 44 

1

8 

Congok DS 16 132

3 

424 0.8 1.0 25 

1

9 

Labong DS 16 132

3 

424 0.8 13.0 45 

 PAHANG        

2
0 

Chereh RR 1240 113
9 

310 0.9 250 1934 

2
1 

Kelau/ 
Langat 

RR 1950 997 200 0.0 137.0 2420 

 SARAWA
K 

       

2

2 

Sika DS 30 238

4 

44

2 

0.3 3.2 na 

2

3 

Assyakirin 

(Kelalong) 

DS 28 238

4 

442 0.3 33.7 na 

2

4 

Gerugu RR 77 178

5 

299 0.4 7.8 140 

2

5 

Bengoh RR 633 239

5 

403 0.5 137.0 2094 

 LABUAN        

2

6 

Bukit Kuda DS 2 175

9 

553 0.2 4.7 8.5 

2

7 

Kerupang DS 0.5 175

9 

553 0.2 0.2 1.0 

2

8 

Sg Pagar DS 0.75 175

9 

553 0.2 0.4 1.5 

 

4.1.  Selection of Dam/Reservoir and Assumptions 

Selection of existing reservoir schemes for evaluation in this Study is 

based on the following conditions: (1) Operation mode of DS and/or RR 

reservoir. It appears that PS scheme is not compatible with the modus operandi 

of SYR model due to the underlying assumptions made during the derivation 

of SYR (Kuria and Vogel, 2014) model. Therefore, existing PS reservoir 

schemes were excluded from this exercise. (2) Reservoir scheme for water 

supply, with exception of a dual function for flood mitigation, where the 
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nominal water level is adopted for estimating the corresponding storage 

volume, (3) Compensation flow at the dam site is not considered in the yield 

calculation. (4) Assuming the estimated yield by Kuria and Vogel (2014) is 

deemed as a gross yield, (5) Assumed that the SYR model does not implicitly 

take into consideration of evaporation losses from the surface of the reservoir. 

(6) SYR model does not take into consideration of the unique limitation of 

carryover period as commonly practiced in Malaysia, where the reservoir 

design criteria and standard is mostly confined to less than 36 months. In 

theory, the estimated yield by SYR model is limitless with respect to the input 

variables, such as reservoir storage capacities and inflows. (7) The WTP 

capacity adopted for comparison is assumed to be the WTP capacity and with 

due diligence by adding the compensation flow that might have known a 

priori. In this regard, it is assumed that the sizing of the WTP capacity and 

dimension is based on the reservoir yield unless expressed otherwise. 

Therefore, cautions should be exercised while interpreting the results of SYR 

model vis-à-vis established and prevailing design criteria of Malaysia.  

With due consideration of the criteria for the data availability and 

suitability of the SYR model, 28 dams are selected in this Study. Table 1 

shows the input variables and WTP capacity of the selected 28 dams (also see 

Figure 1).   

 

Figure 1.  Location Map of 28 Dams in Malaysia 
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4.2.  Reservoir Schemes  

There are more than 70 reservoirs/dams spread across various draining 

catchment areas, and of different sizes in terms of storage capacities and 

physical sizes. The dams serve multifaceted functions such as providing raw 

water augmentation to WTPs, generating hydropower, mitigating flood (by 

holding the torrential flows in the reservoir water body), proving raw waters 

through various drainage network mainly for paddy irrigation, and others 

(Shahabudin, 2015).   

For convenience of discussion, the reservoir schemes are classified into 

geographic regions: Northern Peninsular, Central Peninsular, Southern 

Peninsular, Eastern Peninsular regions, and Sarawak regions.  This delineation 

is also more or less consistent vis-à-vis the climatic as well as hydrological 

region of Malaysia.  

Northern Peninsular Region  

Timah Tasoh (191 km2) is the only dam for dual irrigation and domestic 

water supply for the northeastern and central region of Perlis. Therefore, it is 

not considered in this Study.  

In Kedah, Ahning dam (122 km2) was originally built with the objective 

of domestic water supply to both Kedah and northern Perlis. However due to 

the presence of two additional irrigation dams in the river basin, the day-to-

day operation was managed by the regional irrigation authority, Muda 

Agricultural Development Authority (MADA), in conjunction with other 

reservoirs and infrastructure under its mandate mainly for irrigation water 

supply to downstream irrigation zone. The two irrigation dams are Pedu (171 

km2) and Muda dams (984 km2). Major water supply intakes are located at the 

lower river catchment at Pelubang intake (1076 km2). Essentially raw water 

sources for domestic water supply is significant considering plentiful of 

natural residual catchment flows during both average flow regime and 

regulating releases by both Pedu and Ahning dams to satisfy the seasonal 

irrigation demand in MADA, which is the largest major granary irrigation 

region in Malaysia. In 2012, both Pedu and Ahning dams released a total 774 
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MCM/year (2121 Mld) for both irrigation and domestic water demand 

(Baharudin and Arshad, 2015).  Only small percentages of these releases of 

about 200 to 300 Mld were allocated for domestic water supply.  

The only water supply dam in Kedah is in the island of Langkawi, where 

bulks of domestic water supply is mainly supplied by Malut dam (3.5 km2) 

and two smaller ORS bunded storage located off the bank of Melaka river at 

Padang Matsirat and Padang Gaong respectively. With its relatively bigger 

ratio of storage capacity of about 6.9 MCM over the annual inflow, the dam is 

currently operated under a PS scheme by diverting excess flows during 

monsoon months at a pumping station downstream of Melaka river basin.  

 The main raw water sources for both Penang Island and Mainland are 

currently lagging behind the increasing demand due to industrial and housing 

development. On the mainland, raw waters are primarily drawn from PS 

Mengkuang dam scheme, where the augmentation to the dam by a larger 

inflow of Muda river of more than 4000 km2 at the existing Muda barrage.   

Mengkuang dam (4 km2) was operated under a PS mode from its inception 

due to obvious reason of its smaller dam catchment area and availability of 

relatively voluminous raw waters that can be conveniently transferred via 

pipeline from Muda river basin. The reservoir capacity was therefore 

oversized up to 23 MCM.  Expansion of this PS scheme is currently underway 

to raise the storage capacity to about 74 MCM and thus the reliable yield of 

the entire source work system.   

On the Pinang Island, both Air Itam (6 km2) and Telok Bahang (10 km2) 

dams are fed by small rivers.  With their relatively smaller scale operation in 

terms of both catchment area and storage, they only manage to harness 

relatively smaller yields mainly for domestic water supply within the island. 

Telok Bahang dam was however, originally designed as a PS scheme but for 

some unforeseeable reason, it is currently being operated under a DS mode.  

There are also 3 smaller size dams in Pulau Pinang, i.e. Cherok Tokun, 

Berapit, and Bukit Panchor. All of them are located on the mainland. Their 

sizes in terms of both catchment area and storage volume are smaller, the 
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catchment areas are 2 km2, 1 km2, and 6 6 km2, for Cherok Tokun, Berapit, 

and Bukit Panchor dams respectively.  The storage volumes are equally 

smaller of less than 0.3 MCM. They appear to be operated under DS mode and 

only serve the local smaller capacity demand zone in the vicinity.     

Upper Central Peninsular Region 

Two reservoir systems are dedicated for water supply purpose in the 

upper central peninsular region, namely Kinta (148 km2) and Air Kuning (14 

km2) dams. Both are operated based on DS mode. Other dam schemes in Perak 

are Jor (275 km2), Mahang (359 km2), Sultan Abu Bakar (159 km2), are mainly 

used for hydropower generation in Cameron Highlands.  Other large-scale 

hydropower development is a cascading four reservoirs in series along Perak 

river, i.e. Temenggor (3506 km2), Bersia (3560 km2), Kenering (5713 km2), 

and Chederiang (6688 km2).  In addition, Bukit Merah dam (480 km2) is a dual 

function for both irrigation and water supply dam that was built in the earlier 

1900’s. It is one of the few older dams built during the colonial era.    

  Kinta dam (renamed as Sultan Azlan Shah Dam; 148 km2) was 

commissioned in 2006 to provide raw augmentation of water deficit during 

dry seasons to both Ulu Kinta (136 Mld capacity) and newly constructed 

Sungai Kinta (227 Mld capacity) WTPs.  This is the largest water supply dam 

scheme in Perak, other than four major cascade hydropower dams in Perak 

river basin. The total nominal design capacity of the WTPs was designated as 

363 Mld which was higher than the estimated yield. By doing so, the reliability 

criteria reduced from normal 98% to about 92.5%.  Kinta dam was also the 

first Rolled Compacted Concrete (RCC) dam in Malaysia. The dam was 90 m 

high measured from the river bed elevation and with a 670 m long dam crest. 

The reservoir that impounds some 40 MCM of river flow was not far from the 

town of Tanjung Rambutan in the northern region of Perak. Out of this, 10 

MCM was designated as dead storage where the invert level of the outlet 

structure was set. The full supply level (FSL) and embankment crest level 

(ECL) of Kinta dam are 245 m and 250 m LSD respectively. The lake area at 

FSL is about 1.4 km2, considering a narrowing gorge topography at the dam 
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site as it accounted for only a small fraction of the dam catchment area.  As a 

standard practice for RCC dam, the Ogee type stepped spillway was readily 

incorporated in the main dam structure as part of the cost saving and efficient 

design and optimization.  The spillway length is 100 m wide for obvious cost 

minimization reason.   

Air Kuning dam was built in the late 1990’s for domestic water supply 

purpose. It is a small earth fill zoning dam built across river.  The catchment 

area draining at the dam site is about 14 km2.  The active storage is relatively 

small, of about 1.1 MCM which could harness about a gross yield of 24 Mld 

in direct supply reservoir mode.  

Middle Central Peninsular Region 

This region encompasses the entire administrative boundary of Selangor 

and Kuala Lumpur. In addition, the region is also known as high demand zone 

with a population of about 6 million and higher demand is forecasted in both 

long and medium terms. There are six (6) major reservoir systems, an 

interstate water transfer system from neighbouring state of Pahang, and a 

pump storage scheme in the southern boundary serving as raw water sources 

to respectively 29 WTPs. The total output of the reservoir system is about 

4500 Mld.   

The Selangor river basin is the largest river basin in the state Selangor and 

drains some 1800 km2 at the estuary. The river basin is undulating landform 

with mix land use practices, mainly forested and minor agricultural 

plantations.  It remains primarily rural with only sporadic townships scattering 

along the main stem of the river.  

Two dams in parallel operating mode, Tinggi and Selangor dams (40 km2 

and 197 km2) are located at the upper headwater basin to provide augmentation 

of flows to a downstream intake near the estuary. These two dams form major 

water supply scheme to Selangor and Kuala Lumpur as they are accounted for 

some 60% of the total domestic water demand in Selangor and Kuala Lumpur. 

In addition, a 150 Mld capacity pump refilling scheme was also implemented 
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in tandem to speed up refilling of Tinggi reservoir during higher flow regime 

in Selangor river to within a reasonable time frame of 24 to 36 months.    

The Langat river basin forms the southern boundary of Selangor and a 

small portion of the drainage area partially encroaches into the neighbouring 

Negri Sembilan administrative boundary. The upper catchment near the dam 

site comprises generally rugged and undulating mountain terrain with multiple 

rural land use classification. However, the vast majority of land use remains 

undisturbed primary forest especially in non-accessible and remote regions of 

the upper river basin.    

Two major existing dams, Langat and Semenyih dams (41 km2 and 57 

km2) are located at 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 overtaken by the joint Selangor dam and Tinggi dam on Selangor 

river scheme of ultimate 3000 Mld in the late 1990’s.  

In the central region, two dams, Klang Gates and Batu are both located in 

the upper headwater catchment of Klang river basin; drain some 77 and 50 

km2 of the 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 combined plant 

capacity of these two 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 unless forgoing the flood mitigation function of the reservoir 

by raising the nominal reservoir level.  The schemes are also being over their 

useful capacity.  A 45-Mld capacity 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 stop, and the remaining raw water is augmented by 

a defunct pumping scheme from neighbouring Gombak river basin. At present 

clean water distribution operation, the deficit in potable water supply is 
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essentially augmented by treated water transfer from northern Selangor water 

supply scheme.    

Compared to other reservoir schemes in Selangor, 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 mostly the western coastal region of Selangor. The dam that drains 

about 10.3 km2 of the pristine forest covered Buloh river catchment area 

provides a steady raw water source to North Hummock WTP of about 23 Mld 

in capacity.  The yield under DS was known to be slightly lower and thus the 

WTP is almost operated under overloading albeit manageable condition. The 

reservoir scheme serves its intended purpose well but due to urbanization in 

the surroundings that demand higher potable water supply, the scheme is 

currently undergoing a rigorous appraisal to increase its output by switching 

into PS mode of operation. This is accomplished by capturing excess runoff 

during storm events to refill its future bigger storage capacity by dam raising 

proposal.       

This PS scheme in Labu river was initiated as dedicated raw water sources 

for expanded KLIA water supply scheme and townships in its immediate 

vicinity.  A low bunded storage of about 4 MCM was built by the right bank 

of Labu river. During higher flow regime of monsoon months, excess runoff 

is pumped into the bunded storage for latter utilization.  At the meantime, due 

to its relatively longer hydraulic detention time, it can also provide some water 

quality polishing capacity by converting (via oxidation) dissolved ammonia 

(NH3) to nitrate (NO3) by natural aeration process within the bunded storage 

water body.  

Lower Central Peninsular Region 

There are seven water supply reservoir schemes in Negeri Sembilan. Out 

of these, Terip (26 km2), Kelinchi (37 km2), and Talang (148 km2) are 

configured as a PS mode of raw water interbasin transfer ultimately 

transferring to Terip dam via Kelinchi dam from Talang dam.  Both recent 
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Teriang (60 km2) and Batu Hampar (15 km2) dams are operated under RR 

mode, whereas both Gemencheh (35 km2) and Beringin/Pedas (5.5 km2) are 

operated based on DS mode.    

Due to recent commission of Teriang reservoir scheme, a slight change 

of operation in Talang-Kelinchi-Terip system by relieving Talang dam from 

transferring bulk of reservoir storage to Terip dam.  With this in mind, Talang 

dam can now switch its operational mode from PS to RR at Kuala Jelai intake 

(1151 km2) in Muar river basin.  The reservoir operates on a RR mode in such 

a way by timely releases to augment low flows, in other words, by releasing 

waters from the reservoir at the existing water supply intakes at downstream 

Kuala Jelai WTP.    

Teriang river originates from the hilly area of the main range in Jelebu 

district and flows northeast direction to join greater Pahang river. The 

catchment area of Teriang river basin within administrative boundary of 

Negeri Sembilan is about 1200 km2.  The headwater region is in the hilly 

terrain, which forms part of the Titiwangsa mountain range that runs along the 

middle of the Peninsular Malaysia. The basin is bounded in the west by Sg. 

Semenyih (part of Sg. Langat basin), in the north and east by Pertang river and 

upper Sg. Muar basins and in the south by Linggi river basin respectively. The 

catchment is located at one of the driest regions in Malaysia.  

Teriang scheme is a RR mode of operation with an intake located at the 

downstream of Teriang river before joining the Pahang river. The intake 

catchment at Petasih drains some 796 km2 with Teriang dam (60 km2) located 

in the headwater region of Teriang river. The scheme could supply up to 500 

Mld of reliable yield in additional of about 100 Mld compensation past the 

Petasih intake. This adds to 600 Mld of gross yield harnessed for the ultimate 

phase of RR mode of reservoir operation.   

 Gememcheh dam (35 km2) is located at the upper Sg. Gemencheh 

catchment, one of the major tributaries of Sg. Muar in Negeri Sembilan. The 

reservoir was commissioned in 1999 to regulate flows at the downstream 

Gemencheh WTP intake (60 km2) near the town of Gemencheh.  The reservoir 
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was originally designed as a RR mode to release waters during prevailing low 

flow downstream at the Gemencheh WTP intake.  Due to persistently low 

rainfall in the river basin, the operation was inadvertently switched to DS 

mode. As a result, the reservoir was considered overcapacity. A recent PS 

scheme of 50 Mld capacity interbasin transfer from Jelai river, another 

tributary of Muar river was commissioned. The 45-Mld design capacity WTP 

supplies treated waters to both districts of Rembau before en route to Tampin. 

It appears that that the reservoir scheme was oversized with unexpected 

shortfall in the natural dam inflows. In addition, the reservoir is located at the 

lowest rainfall region of Peninsular Malaysia.  

Batu Hampar dam (renamed as Ulu Sepri, 15 km2) is located at the 

headwater region of Batu Hampar river, one of the tributaries of Rembau river.  

An intake is located at further downstream of Rembau river (222 km2) for 

diverting high flow to the 100 Mld capacity WTP nearby. The purpose of the 

intake with its gated barrier is to divert waters by raising its hydraulic head for 

gravity flow. In case of shortage of unregulated streamflow at the intake, 

releases from the dam is only required at a head of time based on the 

streamflow forecast.  

Beringin dam (5.5 km2) is a small and low 14-m high concrete dam across 

Pedas river in the central region of Negeri Sembilan. The storage capacity of 

the reservoir is only 0.525 MCM. It serves to supply raw water directly to 

Pedas WTP of 13.5 Mld design capacity. Considering the catchment area and 

its location in the driest part of Peninsular Malaysia, it appears that the WTP 

capacity is not designed based on the results of the DS reservoir yield exercise.   

Southern Peninsular Region 

Melaka is a “rain shadow” and water deficit state with only two major 

dams to serve its entire population in one of the driest regions of Peninsular 

Malaysia. Existing Durian Tunggal dam (43 km2) and Bund Storage 

(approximately 1 MCM capacity near PAM intake) regulates the PAM intake 

(504 km2) by securing raw waters to WTPs in the vicinity.  In addition, there 

is also an existing inter basin river transfer scheme form Sg. Muar of about 



   
 

57 
 

220 Mld to Bertam and Sebukor WTPs in Melaka river basin. In this way, the 

Bertam (both Lama and DAF) and Sebukor WTPs of total 372 Mld (JPS, 

NWRS Review, 2011) at PAM intake tap their raw water resource by reservoir 

regulation from Durian Tunggal dam and interstate river basin transfer. Some 

of the excess in Durian Tunggal dam can be transferred Jus dam (22 km2) by 

pumping facility, i.e. about 35 Mld (slightly more than 1 MCM/month).  Other 

than this connection to Jus dam, this system is however considered as an 

entirely separate and independent water supply scheme in Sg. Melaka basin.  

  The inception of Jus dam (22 km2) was the solution to the increasing 

demand in Melaka and the aftermath of Durian Tunggal dam’s nearly dry up 

episode during the middle of 1990’s.  The mismanagement and slag in 

operation and maintenance of the dam structure led to almost complete drying 

up of its entire storage capacity. As a result, water rationing lasting for several 

months was imposed for the first time in the history of water supply sector in 

Melaka.  The intent of the existing Jus dam was to regulate both Batang 

Melaka at Gadek intake (230 km2; WTP capacity is 55 Mld) and Chin Chin 

(394 km2; 20 Mld), Merimau (formerly known as Lanchang) intake (550 km2; 

110 Mld) in neighboring Kesang river basin. On both Melaka river and its 

tributary, Batang Melaka river basins, a small run-of-river scheme (4.5 Mld) 

near Jus dam/reservoir. This is considerably smaller scheme and it is not 

considered in the subsequent yield estimation exercise. On the other hand, 

another small-scale reservoir scheme, Asahan dam (2 km2, 0.3 MCM) is 

located at the upper Chohong river basin near the border of Melaka and Johor. 

This is a small localized direct supply scheme and would not be taken into 

consideration in the yield calculation and comparison in this Study.    

The existing dual purpose Bekok dam (350 km2) for flood control and 

domestic water supply was constructed in the earlier 1990’s.   The nominal 

pool level (NPL) is set at 13.3 m.  The corresponding gross storage is 32 MCM 

out of which, 8 MCM is dedicated for dead storage mainly for 100-year 

sediment storage.  The embankment level of the dam is 23.0 m.   The most 

recent review recommended raising the dam height to 16.0 m so that the 
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conservative storage can be increased. The reliable yield of 1:50 year return 

period of the original design was reconfirmed at 170 Mld with a 40 Mld as 

compensation flow.  A raw water intake at the dam site or draw-off tower was 

constructed in 2009 to facilitate gravity transfer to Sri Gading and Yong Peng 

WTPs, of a total capacity of about 157 Mld. Raising of dam height was also 

currently been considered in a new investigation. By raising the conservative 

storage to about 78 MCM, an incremental yield of about 70 Mld can be 

harnessed by this dam raising exercise. The compensation flow was remained 

at 40 Mld. This would provide a gross yield of 280 Mld post retrofitting 

exercise. This would need to raise the dam embankment by 1.0 m in the form 

of parapet wall along the 700 m long dam crest. This is essential for safe 

passage of floods of PMP/PMF magnitude by not overtopping the dam crest.  

Semberong dam (130 km2) is another existing irrigation dam scheme 

constructed in tandem in Batu Pahat river basin. The dam was originally 

designed for irrigation water supply for southwest Johor regional irrigation 

scheme, but it is currently being opted to provide a DS mode of raw water 

supply to a 76 Mld capacity Parit Raja WTPs. The gross storage capacity of 

the reservoir is 26.5 MCM, out of this, 3.0 MCM is considered as dead storage 

slightly above the MOL level.  

Gunung ledang (2 km2) is a smaller dam on Tengkak river with a 0.3 

MCM storage capacity. The DS scheme supplies raw water to Tangkat WTP. 

The reliable yield is small, i.e. less than 1.0 Mld could be harnessed due to 

both smaller catchment area and storage capacity.  

The existing Linggiu dam (208 km2) was built in the middle of 1990’s to 

augment raw water deficit during low flow river regimes at the downstream 

Johor River Water Works (JRWW: 1137 Mld capacity) by a joint Public 

Utility Board (PUB) Singapore and Malaysia Water Department in an 

international water transfer compact (Ewing and Domondon, 2016).  The 

upstream of the reservoir catchment has a rugged terrain and topography with 

sharp crest and steeper slopes. The area is above 100 m LSD with the higher 

mountain ranges reach about 440 m LSD next to bigger Endau river basin in 
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the north.  The low main dam with an FSL of 51 m LSD was constructed 

across a wider river valley on the main stem of Linggiu river.   Four saddle 

dams were also constructed concurrently on the left abutments of the main 

dam. Johor river basin is currently the one of the largest southern region raw 

water sources to various demand zones in highly urbanized Johor Bahru and 

its vicinity other than transfer via pipeline to Singapore.   It also contributes to 

some 40% of Singapore water supply until 2061 (1157 Mld or 250 MGD is 

delivered via pipeline across the Malaysia-Singapore causeway).  In the upper 

remote Johor river headwater region, Linggiu dam is currently in operation to 

regulate low flow regime at the downstream Johor River Water Works 

(JRWW, nominal capacity of 1157 Mld) intake and various WTP schemes at 

the upper reach, such as Semangar 1&2, Sungai Johor phase 1, 2, & 3, and 

other minor run-of-river (ROR) abstraction along the upstream tributaries of 

Johor river, such as Sayong, Bandar Tenggara, and FELDA schemes.   

The construction of JRWW barrage was recently completed. The primary 

purpose of the barrage is to prevent saline intrusion during diurnal high tides 

and low flow regime. This however brought a positive consequence to the 

existing water supply scheme as the compensation flow of about 500 Mld 

could be reduced drastically to about 100 Mld with the barrage operation. 

Thus, this resulted in an additional 400 Mld of reliable yield could be readily 

harnessed. The existing yield available under present hydrological regime 

with barrage configuration was currently assessed at about 1902 Mld (Heng et 

al. 2017).  However, the existing capacity with the construction of a 

barrage/barrier and abstraction is about 2028 Mld. Thus, a deficit of 126 Mld 

must be augmented by exploring new sources. The Linggiu RR water supply 

would be eventually phased out and switched to a PS mode by refilling the 

reservoir storage with transfer of raw waters from neighbouring Johor 

catchment or raw water transfer from the much bigger northern river basins 

such as Endau river by taking into advantage of higher flow generated during 

monsoon season.  
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Labong dam (16 km2) was originally built for irrigation water supply 

scheme in the northeastern corner of the state of Johor in the late 1940’s.  

However, in the latter years it also provides raw water sources for water 

treatment plants in the vicinity.  Labong dam is a small earthfill embankment 

located at the north-eastern corner of Johore. It is located across the narrow 

river valley, about 5.5 km upstream of the confluence of Labong and Endau 

Rivers. The dam was constructed in 1949 to supply water to for the Endau 

Plain Irrigation Scheme, Stage 1. This scheme covers an area of about 1184 

Ha.  Presently, due to reduction in irrigation activity in the valley (only about 

754 Ha is cultivated) the impounded water is also utilized by Syarikat Air 

Johor (SAJ) for domestic water supply to localized Endau town and vicinity. 

The present water supply capacity is about 2.2 Mld and can be increased for 

future demand with retrofitting to pump storage scheme.   

Lebam (20 km2) is a DS type of water supply dam that drains some 20 

km2 of upper Lebam river, a southern most tributary of greater Johor river 

basin.  The storage is relatively smaller, i.e. 3.0 MCM if compared to the 

annual inflows that could reach 20 MCM/year if assuming a conservative 

annual average flow (AAF) of 1000 mm/year. There is planned to upgrade the 

reservoir scheme to PS mode by increase the capacity and dam height and with 

supplement inter basin transfer from neighbouring Chemanger river 

catchment. The WTP capacity is 44 Mld.     

Congok dam (15 km2) supplies raw water to 14 Mld capacity Tenglu WTP 

downstream via penstock. The storage is about 1.0 MCM and there is potential 

for PS scheme retrofitting exercise by dam raising due to its higher annual 

runoff in the eastern coastal region of Peninsular Malaysia.  

Other reservoir schemes, Seluyut dam-Sedili river, series reservoir of 

Upper and Lower Layang dam, and Pulai dam system (inter basin transfer and 

connection amongst 4 dams, Pulai 1, 2, and 3, and Pontian Kecil) are 

essentially PS scheme. Therefore, they are not considered in the yield 

comparison exercise in this Study. Kenyir dam (2600 km2) is one of the largest 

hydropower dams in Peninsular Malaysia. With its sizable storage of 13600 
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MCM, it can provide constant firm power to grid network for the entire 

Peninsular. On the other hand, Pergau dam (164 km2) and relatively smaller 

impoundment of about 62.5 MCM, is operated as a peaking power plant by 

generating power during peak hour demand.  

East Coast Region 

With relatively sparse population and low and passive in demand of both 

industrial and domestic sector, this region does not require a storage provision 

in order to secure reliable raw water yield to the respective WTPs. Only 

exceptions are two significant reservoir schemes in Pahang, i.e. Kuantan river 

of Kuantan river basin and Semantan-Kelau river of Pahang river basin.  The 

latter scheme is nevertheless for westward interbasin transfer to high demand 

area in neighboring Selangor and Kuala Lumpur.  Keryih  

Chereh RR system is located on Chereh river, one of the major tributaries 

of Kuantan river. This RR operating system could harness about 1934 Mld. 

The catchment areas for Chereh reservoir and Kobat intake 152 and 1240 km2 

respectively. Kuantan Barrage was constructed in 1985 for primary purpose 

to exclude saline intrusion during periods of low flow and high tide, such that 

extraction of raw water at the existing intake at Kobat to be made possible.  

The physical dimension of the barrage structure is about 300 m in width with 

7 vertical lift gates.  The barrage site is located a short distance downstream 

of the Kobat intake at the outer bank of the river bend to facilitate ease of water 

diversion. The diverted is piped to the Kobat intake to replace the previous 

direct run-of-river intake configuration.   

Chereh dam is located about 44 km northwest of Kuantan and some 11 

km northward of a major township, Lembing river at the upper Kuantan river 

catchment. The catchment is a fan-shaped type basin and consists mainly of 

hilly and steep slope in the upper reaches with mountain peak up to 625 m.  

The land use is predominantly virgin and logged-over secondary forest.  

Currently the catchment areas, at the future lake water body are undergoing 

logging activities in anticipation of the current dam construction in progress.    
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Kelau dam (331 km2) RR scheme is a newly commissioned large-scale 

inter-river basin raw water transfer from a water rich basin in Pahang to water 

deficit Selangor and Kuala Lumpur. The complete scheme delivers raw waters 

from an intake downstream of Kelau/Semantan river by pipeline to 

neighbouring Langat river basin in Selangor via a 45-km long tunnel bored 

through the central range of Titiwangsa mountain. The ultimate scheme can 

sustain a 1:50-year net yield of about 1890 Mld at the most downstream 

Semantan intake (1950 km2). Due to its larger draining catchment at the intake, 

the RR scheme can comfortably deliver the design yield for raw water supply 

while at the mean times, maintaining a healthy compensation flow past the 

intake to satisfy the various lower Semantan intakes and/or stack holders 

before joining the main stem of Pahang river near Temerloh. The 

environmental release is about 10% of AAF (530 Mld) based on 991 mm/year 

runoff depth and catchment area at intake (1950 km2).     

Sarawak Region 

The existing Bengoh dam commands a catchment of 127 km2 in the 

headwater region of Sarawak river basin. The dam was constructed in the late 

2000’s with the primary purpose of securing raw water sources for Batu 

Kitang intake WTPs at downstream.  The storage volume of Bengoh dam is 

144 MCM.  With its sizable storage and abundance inflows in the upper Sg 

Sarawak Kiri basin, the reliable yield could be substantial about 1960 Mld to 

fulfil both the current and future water demand at least up to 2050 and beyond 

for Kuching and its vicinities. Within the river basin, two existing Matang and 

Sebutan dam, are of smaller storage capacity, i.e. 0.5 and 0.1 MCM on Matang 

river and China River respectively, both are minor tributaries of Sarawak river. 

With the commission of Bengoh dam, their roles to provide secure water yield 

seem limited to satisfy small scale local demand in the northern region of 

Sarawak river basin.     

  Gerugu dam (14 km2) is a zoned earthfill dam located in the headwater 

region of Sarikei river.  The scheme is operated in a RR mode. The existing 

Bayong intake encompassing a catchment area of about 91 km2 diverts river 
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flow into the Sarikei WTP during normal or average flow regime.  In 

anticipation of water deficit during prevailing drought season from May to 

August, reservoir releases are then made from the dam to compensate the 

difference in raw water quantity.   

Assyakirin dam (28 km2) is located about 20 km northeast of Bintulu on 

one of the major tributaries of Sibiu river.  The dam operates on DS mode and 

was commissioned for Bintulu water supply stage 3 project. The 30-m high 

zoned earthfill dam is located across the narrow Kelalong river valley.  The 

dam crest is about 460 m long. The gross reservoir storage is 33.7 MCM, out 

of this, about 1.0 MCM is dedicated to dead storage for 100-year sediment 

accumulation.    

Labuan Island Region 

There are three existing dams/reservoirs in Labuan Island.  These are 

smaller dams in terms of their sizes and storage capacities.  The catchment 

areas and storage capacities at Bukit Kuda, Kerupang, and Sg. Pagar dams are 

2, 0.5, and 0.75 km2 and 4.7, 0.2 and 0.4 MCM respectively.  Both Bukit Kuda 

and Kerupang dams are serving the Jalan Kolam WTP (14 Mld in capacity). 

On the side of the Island, the Sg. Pagar dam supplies a small WTP of the same 

name on the eastern region of the island.  Bukit Kuda dam is the largest dam 

in terms of both catchment area of 2.0 km2 and storage capacity of about 4.74 

MCM was originally designed as a PS scheme with over size capacity since 

its own natural catchment runoff could not refill timely. An augmentation 

pump refill scheme from a bigger catchment downstream was added to the 

scheme by conveyance via pipeline to the dam site. However, the pump 

refilling operation was halted due to a host of technical problems in pump 

stations and other associated facilities. The water supply for the island is now 

obtained exclusively from the mainland via submarine pipeline system.    

5.  Results and Discussion 

A 1:50-year reservoir yield calculation for 28 systems (17 DS and 11 RR) 

was carried out using the SYR model (Kuria and Vogel, 2014). Criteria for 

evaluation and comparison in tandem was primarily based on goodness of fit 
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of respective estimated SYR yield is-à-vis established or known yield (derived 

from WTP capacity and yield review studies). By compared to the WTP 

capacity, the difference in general, less than a factor of two, i.e. 50% lower 

and 100% higher margin. A log-log graphical plot of the estimated SYR yields 

vis-a-vis WTP capacity shows some degrees of agreement that the calculation 

falls within a band of upper and lower bounds in a logarithmic graphical plot.   

The difference in SYR yield (214 Mld) and WTP capacity (363 Mld) for 

Kinta DS dam scheme was about 41% however this disparity cannot be 

compared directly in a conventional way, as the total WTP design capacity in 

its original intents and inception was not designed based on a 1:50-year return 

period. Therefore, it should be taking into cognizance that the comparison of 

such could not be possible under different criteria. On the other hand, NWRS 

Review (JPS, 2011) reported a gross yield of about 269 Mld for existing Kinta 

dam DS operation. Nevertheless, this was also higher than the SYR yield but 

the gap in difference was much narrower vis-à-vis design WTP capacity of 

363 Mld.        

In the central Peninsular region of Selangor and Kuala Lumpur, the SYR 

yield results is consistent with the actual WTP capacities for the existing 6 

dam DS and RR schemes. The percentages of difference range from -32% to 

7%, well within the factor of 2 envelope of goodness-of-fit line.  The only 

exception was higher gross yield by SYR model (Kuria and Vogel, 2014) for 

Semenyih dam scheme where the difference in overestimation by SYR model 

was more than 32% than the WTP capacity.   

Teriang dam scheme in its ultimate design was a RR scheme. The SYR 

yield of 697 Mld was comparable to the gross yield of about 600 Mld.  Both 

the SYR yield and WTP capacity of Batu Hampar and Talang RR schemes 

were comparable within an acceptable limit, i.e. lower than 20% in 

differences. On the other hand, Gemencheh dam DS scheme was higher at 

about 44% due to the bigger storage facility that was originally intended for a 

RR operation system. SYR yield is sensitive to the storage capacity input. If 
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the storage were to be smaller, then the difference between the SYR yield and 

WTP capacity would be logically lower to an acceptable margin of error.  

Six out of seven southern Peninsular dams assessed in this study are of 

DS operation mode type. Only Linggiu dam is currently operating under a RR 

mode with joint dam regulation at JRWW intake, further downstream near the 

Johor river estuary. Bekok dam is a DS scheme with a relatively larger 

catchment area compared to its nominal conservative storage. It is a dual-

purpose dam for both water supply and flood mitigation purpose upstream of 

Batu Pahat. At the meantime, water contained in the conservative storage of 

about 30 MCM can be utilized for domestic water supply to both Parit Raja 

and Sri Gading WTPs. In contrast, the flood storage is about 170 MCM above 

the NPL. The SYR yield (304 Mld) was 45% more than the WTP capacity 

(210 Mld), which is construed as a gross storage inclusive of compensation 

release downstream of the dam.  

The SYR of Semberong DS system (138 Mld) was overestimated by 

about 64% over the WTP capacity of 84 Mld.  Considering the former role of 

this dam mainly for paddy irrigation in its original design which tends to be 

larger in storage capacity, it was a high possibility of the dam was designed to 

base on the seasonal irrigation water demand vis-à-vis a constant draft for 

domestic water supply. Besides the design criteria of the irrigation dam is also 

based on a lesser stringer return period, i.e. 1:5-year or 80% reliability, 

compared to strict 1:50-year return period.  

Lebam, Congok, and Labong dams of both smaller catchment areas and 

storage capacities, are located at the eastern coastal region of Peninsular 

Malaysia where the prevailing monsoonal storm could refill the reservoir 

storage to its brim within a shorter period of one to three months. In essence, 

SYR yields of these dams are generally underestimated and there is 

opportunity for additional yield by either expanding their storage capacities or 

switching to a PS mode of reservoir operation. By checking on the ratios of 

inflow to the storage capacity, they were ranged from as low as 1.63 to as high 

as 21.2.  This was basically indicative of the possibility of expansion where 
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the existing storage capacity could be increased to cater for excess inflow 

which will otherwise be frequently spill over to waste.      

Linggiu dam RR scheme with its downstream intake at JRWW was 

originally designed as a PS scheme with pump refilling from Sayong river 

subbasin within the Johor river basin. The reservoir capacity of 760 MCM was 

designed to the hydrological limit by catering for ultimate PS scheme. During 

the interim period, Linggiu dam and JRWW intake (with the recent 

construction of the barrage that has essentially provided an additional 400 Mld 

yield) were operated under RR mode with a gross yield of about 1902 Mld. 

Heng et al (2017a) indicated that the drawdown of the most critical event was 

only depleting the reservoir storage up to about 370 MCM, essentially with a 

remaining half of the existing storage capacity of about 390 MCM unutilized.  

However the maximum carryover period (a full-empty-full cycle) would take 

about 5 to 6 years.  The gross yield of 1902 Mld was assumed to be the WTP 

capacity for comparison vis-à-vis the SYR yield of about 2415 Mld, about 

28% higher than the former.    

The SYR yield of Chereh and Kelau/Langat schemes were comparable to 

the WTP capacity albeit slightly both were been slightly overestimated, with 

marginal percentages of difference of about -7 and -11%. It was opined that 

the margin of error was reasonably consistent and generally acceptable for the 

macroscopic undertaking in yield estimation.  

 Four dam schemes in Sarawak were adopted in this Study. Unfortunately, 

due to uncertainty in the WTP capacity that obtained their entire raw water 

sources from Sibiu river basin, comparison vis-à-vis SYR yield, for both 

Asyyakirin and Sika dam schemes was therefore not made in this Study.    

The SYR yield for Gerugu dam and Bayong intake RR scheme was 195 

Mld vis-à-vis 140 Mld WTP capacity. If taking into consideration of 

compensation flow, the difference between SYR yield and WTP capacity 

would be much narrower.  Bengoh dam and Batu Kitang intake RR system 

could harness a reliable yield of 1984 Mld with a 110 Mld compensation flow 

at Batu Kitang intake. In theory, the ultimate yield of the various phases of 
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treatment plant planning could reach up to this maximum threshold level. 

However, the present various package of WTP in the Batu Kitang WTP 

complex only reached up to 500 to 550 Mld.  SYR yield was estimated at 

about 2351 Mld about 12% more than the WTP capacity of about 2094 Mld.  

Three domestic water supply schemes (Bukit Kuda, Kerupang, and Sg. 

Pagar) on the Labuan Island are relatively small DS schemes compared to 

other water supply dam schemes in Malaysia.  The SYR yields for three 

schemes were consistent with the WTP capacity, although the percentages of 

difference ranged from as low as 10 to as high as -44%.  Their physical roles 

in securing raw water sources within the island of Labuan are fairly limited to 

emergency and risk management due to the main bulk of treated waters are 

currently obtained from the mainland via undersea pipeline. However, in case 

of submarine pipeline failure and/or ancillary work malfunction, although 

smaller in storage volume, they could at least provide some relieves as 

alternative raw water sources to the respective WTPs at least for a few days 

prior to full restoration of across the sea water transfer.   

For brevity, comparison of the estimated SYR yields and WTP capacity 

is plotted on a log-log graph with a goodness-of-fit line and its associated 

factor of two curves. Majority of the SYR yields and WTP capacity lied within 

the range of factor of two. The slope of regression and coefficient of 

determination (R2) were 0.89 and 0.98 respectively, indicative of a reasonable 

fit of the regression curve between SYR yield and WTP capacity. Another 

empirical parameter, percentage of regulation (PR) which is defined as the 

percentage of the reservoir yield that could be harnessed with respect to the 

average annual dam inflow or AAF.  It could be interpreted as the yield 

efficacy of the reservoir system vis-à-vis the baseline run-of-river (ROR) 

yield.  By provision of a storage facility, the reliable yield can be increased by 

several folds if compared to the base scenario without storage (as represented 

by the ROR yield such as 7Q50).  The average PR for 28 dams in this Study 

was reasonable at about 55% with both minimum and maximum PR of 31% 
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and 80% respectively.  Table 2 and Figure 2 show the results of yield 

estimation by SYR and WTP capacity as plotted on a log-log plot.  
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Table 2. Comparison of Estimated Yield by Kuria and Vogel (2014) and 

WTP Yield 

 

The SYR model has included essentially five independent variables in the 

SYR regression equation.  Out of five, standard deviation, skewness, and Z 

score appear to vary insignificantly as far as the data is concerned. To illustrate 

the significance of these independent variables, the other two variables, 

catchment area (which indirectly proportionate to reservoir inflows) and 

storage capacity were selected for comparison. Both catchment area and 

storage capacity are indeed positively correlated to the SYR yields with 

Dam TYPE Catchment AAF SD AAF SD SKEW Z Storage Yield Yield Yield to AAF WTP Difference

km2 mm/year mm/year MCM/year MCM/year nd nd MCM MCM/year Mld % Mld % 

PERAK 

1 Kinta DS 146 836 175 122.1 25.6 0.2 2.054 30.0 78.1 214 64 363 41

2 Air Kuning DS 16 1458 437 23.3 7.0 0.1 2.054 1.8 10.4 28 45 25 -14

SELANGOR 

3 Selangor/Tinggi RR 1554 1294 264 2010.9 410.3 0.3 2.054 230.0 1103.6 3023 55 3000 -1

4 Langat RR 254 1376 307 349.5 78.0 0.5 2.054 34.1 183.7 503 53 544 7

5 Semenyih RR 571 1253 282 715.5 161.0 0.5 2.054 60.4 363.0 994 51 751 -32

6 Klang Gates DS 77 1084 285 83.5 21.9 0.9 2.054 19.3 50.1 137 60 145 5

7 Batu DS 50 1230 292 61.5 14.6 0.2 2.054 27.5 42.5 117 69 115 -1

8 Subang Lake Meru DS 10.3 1233 290 12.7 3.0 0.1 2.054 3.5 8.0 22 63 23 4

NEGERI SEMBILAN 

9 Teriang RR 796 650 143 517.4 113.8 0.0 2.054 50.0 254.5 697 49 600 -16

10 Batu Hampar RR 222 979 283 217.3 62.8 0.0 2.054 3.0 67.1 184 31 222 17

11 Talang RR 1114 576 276 641.7 307.5 1.6 2.054 37.0 237.2 650 37 500 -30

12 Gemencheh DS 35 388 284 13.6 9.9 1.5 2.054 30.0 9.2 25 68 45 44

JOHOR  

13 Bekok DS 350 789 378 276.2 132.3 1.2 2.054 24.0 110.8 304 40 210 -45

14 Semberong DS 130 789 378 103 49.1 1.2 2.054 23.5 50.3 138 49 84 -64

15 Gunung Ledang DS 2 450 150 0.9 0.3 0.0 2.054 0.3 0.5 1 58 1 -42

16 Linggiu RR 1561 1006 306 1570.4 477.7 0.7 2.054 370.0 886.4 2428 56 1902 -28

17 Lebam DS 20 1006 306 20.1 6.1 0.7 2.054 3.3 10.7 29 53 44 33

18 Congok DS 16 1323 424 21.2 6.8 0.8 2.054 1.0 8.6 24 41 25 5

19 Labong DS 16 1323 424 21.2 6.8 0.8 2.054 13.0 14.5 40 69 45 12

PAHANG 

20 Chereh RR 1240 1139 310 1412.4 384.4 0.9 2.054 250.0 785.6 2152 56 1934 -11

21 Kelau /Langat RR 1950 997 200 1944.2 390.0 0.0 2.054 137.0 942.9 2583 49 2420 -7

SARAWAK 

22 Sika DS 30 2384 442 71.5 13.3 0.3 2.054 3.2 34.1 93 48 na na

23 Assyakirin DS 28 2384 442 66.8 12.4 0.3 2.054 33.7 52.0 142 78 na na

24 Gerugu RR 77 1785 299 137.4 23.0 0.4 2.054 7.8 71.2 195 52 140 -39

25 Bengoh RR 633 2395 403 1516.0 255.1 0.5 2.054 137.0 858.2 2351 57 2094 -12

LABUAN 

26 Bukit Kuda DS 2 1759 553 3.5 1.1 0.2 2.054 4.7 2.8 8 80 8.5 10

27 Kerupang DS 0.5 1759 553 0.9 0.3 0.2 2.054 0.2 0.5 1 53 1.0 -27

28 Sg Pagar DS 0.75 1759 553 1.3 0.4 0.2 2.054 0.4 0.8 2 60 1.5 -44

Dam TYPE Catchment AAF SD AAF SD SKEW Z Storage Yield Yield Yield to AAF WTP Difference

km2 mm/year mm/year MCM/year MCM/year nd nd MCM MCM/year Mld % Mld % 

MEAN 1264 337 106 0.51 55 610 55

DS  Direct Supply SD 548 113 150 0.45 90 941 11

RR regulating reservoir SKEW 0.63 0.36 1.41 0.99 2.36 1.62 0.20

Z 2.054 50-year return period MIN 388 143 0.28 0.01 0 1 31

MAX 2395 553 478 1.58 370 3023 80

MEDIAN 1232 306 22 0.33 24 140 54
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reasonable correlation coefficients. Both Figure 3 and 4 show significant 

positive correlations of SYR yields amongst their respective catchment areas 

(or inflow) and storage capacities.   

 

Figure 2. Comparison of SYR Yield by Kuria and Vogel (2014) and WTP 

Yield 

YKV= SYR yield of Kuria and Vogel (2014) Mld 

YWTP= Water treatment plant (WTP) capacity, inclusive of known 

compensation flow Mld 
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Figure 3. Comparison of SYR Yield by Kuria and Vogel (2014) and 

Catchment Area 

YKV= SYR yield of Kuria and Vogel (2014) Mld 

A= reservoir catchment area km2 

 

Figure 4. Comparison of SYR Yield by Kuria and Vogel (2014) and Storage 

Capacity 

YKV= SYR yield of Kuria and Vogel (2014) Mld 

V= reservoir storage capacity MCM 

5.  Conclusion 

This study undertakes an investigation on the applicability of SYR model 

(Kuria and Vogel, 2014) in Malaysia. The SYR model was originally 

developed on worldwide hydrometric database mainly from the United 

Kingdom, Australia, South Africa and the Europe continent. The model is a 

linearized regressed equation with five independent variables which represent 

the inflow statistical properties, reservoir capacity, and designated return 

period or probability of non-exceedance of low flow (as represented by the 

standard Z score of Normal distribution).   
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Twenty-eight water supply reservoir schemes was selected for comparison in 

this study. From the water supply reservoir schemes, 17 and 11 reservoirs are 

operated under DS and RR mode respectively. The results of the SYR model 

by comparing the estimated yield to the known WTP capacity of these 

reservoir schemes were promisingly consistent and agreeable within a factor 

of two lines. Out of five variables, catchment area (indirectly proportionate to 

dam inflows) and storage capacity are positively correlated to the SYR yields.       

Kuria and Vogel (2014) model did not explicitly take into account the 

amount of water loss due to evaporation from the lake surface area; as such 

this might in a way resulted in overestimation of the reliable yield by SYR 

model. However, it is possible that the losses due to evaporation might be 

insignificant especially during a spate of constant drawdown period when 

significant amount of releases were made. This begs for the alternative view 

that only a small quantity of waters will be lost by evaporation process due to 

the fast-shrinking lake surface area with respects to rapid reservoir water level 

drawdown.  As such this only shows that the loss due to surface evaporation 

was negligible during this intervening period.  

Another concern of the SRY screening model is the fact that the SYR 

yield estimation might not be applicable to the tropical Asia Pacific region as 

only a small fraction of database was originated from this region (i.e. only 58 

out of the total 729 river basins adopted for calibration or in the process of 

derivation of the multiple nonlinear regression equation were from this 

region). Most of these databases were obtained from Australia, Continental 

Europe, and USA as reported by Kuria and Vogel (2014).  For a country in the 

tropical climate region, such as Malaysia, there would be even fewer 

representative river basins adopted in the development and calibration of the 

SYR.  Therefore, it would perhaps be shrouded with uncertainty if the SYR 

model utility can be extended with confidence to other region outside of the 

calibration domains.  Nevertheless, comparison of the yield results of 28 

reservoir schemes of DS and RR operational mode by SYR and WTP capacity 

showed promising outcome that the SYR model can be effectively applicable 
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to Malaysia. Prior embarking into a more elaborated and detailed undertaking, 

it would be useful if SYR can be considered as a preliminary tool for yield 

estimation and/or comparison to existing water balance models as well. 

The SYR model of Kuria and Vogel (2014) could provide a quick yield 

assessment for both DS and RR reservoir scheme. However, it appears that 

the methodology and underlying assumption of the model development are 

not suitable for PS mode of reservoir operation. In summary, the multivariate 

regression model SYR approach of Kuria and Vogel (2014) can be used as the 

first screening process of DS and RR operation mode reservoir yield 

estimation in Malaysia. 
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Abstract: This project focused on the extraction of peanut oil by using 

Soxhlet extraction. The main objective of this research is to determine the 

optimum condition for the Soxhlet extraction process in order to produce the 

highest extraction yields. Apart from that, this research is also to study about 

the mass transfer rate and kinetic to obtain the suitable diffusion coefficient 

and rate constant based on Fick’s law and kinetic studies. The experiments 

were conducted with few manipulated variables which are particle sizes, 

solvent to solid ratio and extraction contact time. The optimum condition for 

the peanut oil extraction was found at 0.6 mm of particle size, 15:1 solid to 

solvent ratio with an extraction time of 8 hours. Besides, the calculated 

effective diffusivity is 4.3258 x 10-14 m2/s. The extraction rate constant, k was 

found increase when the ratio of solvent to solid ratio increase due to higher 

amount of solvent facilitates the extraction process. 
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1.  Introduction 

Extraction is a technique of separating one or more desired substances 

from a liquid or solid mixture depending on their solubility and other physical 

properties. It usually occurs between two phases. Extraction is often used to 

extract natural product. Oil can be extracted either from a fleshy fruit such as 

palm and olives or from the plant seeds such as almond, sunflower, soybean, 

kenaf and peanut. In 2010 - 2013 an estimated 42 MMT (million metric tons) 

of peanuts were utilized annually in the world which was an increase of 

approximately 134 % from 18 MMT in the 1970s (Varshney, 2017). In 

Malaysia, peanut plantation only available in few states such as Perak, 

Kelantan, Johor, Terengganu, Sabah and Sarawak (Varshney, 2017).  For a 

whole peanut, the shell accounts for approximately 28 - 32% and the kernel 

accounts for approximately 68 - 72% of the peanut (Wang et al., 2016). The 

peanut kernel is very nutritious, containing 38 - 60% fat, 24 - 36% protein, 10 

- 23% carbohydrate, about 3% minerals, as well as bioactive components, such 

as vitamins, polyphenols, phytosterols, active polycarbohydrates, 

phospholipids and dietary fiber (Wang et al., 2016).  

There are few techniques for the extraction process such as supercritical 

carbon dioxide extraction, heat reflux extraction, ultrasonic extraction, 

microwave-assisted extraction and few other techniques (Hung et al., 2014). 

The efficiency of the solvent extraction can be enhanced by employing 

microwaves, ultrasound and electrical field and charges into the extraction 

system (Hung et al., 2014). By using microwave, it is proven to shorten the 

extraction time due to the improvement of heating efficiency in the system. 

Ultrasound creates a bubble effects in the liquid which leads to cavitation 

hence it can provide better penetration of solvent and increase the mass 

transfer area within the system. Electrical field work with the same concept as 

ultrasound where the electrical breaks the cell structure and form cavitation 

which results in particle fragmentation. This also will lead to the increase in 

the mass transfer area. 



 

 

77 
 

Soxhlet extraction is one of the well-established and widely used 

extraction methods (Chen et al., 2015). The Soxhlet extractor was invented by 

Franz Ritter von Soxhlet in 1879 (Chen et al., 2015). One of the advantages 

of Soxhlet extraction is that the system is operating at high temperature by the 

heat applied to the distillation flask, this will increase the efficiency of the 

extraction. Furthermore, it also uses a simple methodology where only 

minimum training is required to perform the process. The main objective of 

this research is to determine the optimum condition for the Soxhlet extraction 

process in order to produce the highest extraction yields. Apart from that, this 

research objective is also to study about the mass transfer rate and kinetic to 

obtain the suitable diffusion coefficient and rate constant based on Fick’s law 

and kinetic studies. 

2.  Materials and Methods 

2.1 Peanut Seeds and General Chemical 

For this research purpose, around 10 kg whole dehulled peanut was 

purchased from local supermarket. The peanut was placed in an oven at 

constant temperature of 100oC for few hours to remove extra moisture. Further 

grinding and sieving process was done to get few different sizes of peanut 

sample. The ground peanut was sieved to the size of 0.6mm, 2.0mm and 2.4 

mm. Around 10 liters of n-hexane (Pharmo-Aaper, 95 wt%) was used to be 

the extraction solvent for this research. 

2.2 Peanut Oil Extraction 

For this research project, there were three manipulated variable that need 

to be taken into consideration. First was the size of particle which is 0.6 mm, 

2.0 mm and 2.4 mm. Solvent to solid ratio (8:1; 12: 1 and 15:1) and the 

duration for the extraction process ( 2-8 hours) were also considered in this 

experiment. The experiment started with the use of the tiniest particle size 

which is 0.6 mm with the smallest solvent to solid ratio which is 8 to 1 and the 

extraction time was set to be at 2 hours. The amount of solid which is the 

peanut use in this experiment was set constant at 30 g. For the 8 to 1 solvent 

to solid ratio, the amount of solvent used is around 250 ml. The 250 ml of n-
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hexane was poured into the receiving flask and 30 g of 0.6 mm size grounded 

peanut was filled into the cellulose thimble. The cellulose thimble was placed 

into the extraction chamber. The extraction chamber was assembled on top of 

the receiving flask and the tube for water flow was connected to the condenser. 

The temperature of the Soxhlet extractor was set at 70 oC. The experiment was 

started and the volume of the n-hexane in the receiving flask was checked 

from time to time to prevent it from drying. Once the time reached 2 hours, 

the Soxhlet extractor switch was turned off and it was allowed to cooled down 

for few minutes.  

The product collected in the receiving flask was a mixture of peanut oil 

and the n-hexane. This liquid mixture was placed in the evaporator flask to be 

equipped in the rotary evaporator. The evaporator flask was rotated in a water 

bath which was set at a temperature of 100 oC. At this temperature, n-hexane 

exceeded its boiling point and vaporized. The vaporized n-hexane was 

condensed and collected through a pipe connecting the evaporator flask to the 

other flask. The evaporating process was set about half an hour or until the n-

hexane was fully vaporized and condensed. The liquid which left in the 

evaporator flask was the pure peanut oil. The peanut oil was then transferred 

to a beaker and the mass was measured by the weighing scale. The mass of oil 

collected was recorded and the percentage of oil extracted was calculated by 

using equation in 1.1. 

The experiment was repeated by using other particle sizes, solvent to solid 

ratios and different range of extraction period. All the result was recorded and 

tabulated in Table B.1.  

2.3 Percentage of Oil Extracted 

The oil yield extracted was calculated by using the equation below 

(Sulaiman ,2013): 

Percentage oil extracted (%) = 
𝑜𝑖𝑙 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 (𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑒𝑎𝑛𝑢𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 𝑥 100    

(1.1) 
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2.4 Kinetic Study 

The mechanism and kinetics of extraction process have been reported in 

various studies. The equation for the oil dissolution rate which described by 

second order of kinetic is given by (Saxena et al.,2011): 

𝑑𝐶𝑡

𝑑𝑡
= 𝑘(𝐶𝑒 − 𝐶𝑡)2    (1.2) 

Where: 

K = The second order extraction rate constant (L/g.min) 

Ce = The oil concentration at equilibrium (g/L) 

Ct = The oil concentration at time t (g/L) 

After integrating and rearranging equation 3.2, the equation for the oil 

dissolution rate written as 

𝐶𝑡

𝑡
=  

𝑘𝐶𝑒
2

1+𝐶𝑒𝑘𝑡
      (1.3) 

At t = 0, the LHS of equation 2.3 will be the initial extraction rate, Ei. Hence 

the equation can be further reduced to 

Ei = kce
2     (1.4) 

Combining equation 3.3 and 3.4, the linear form of equation can be form in 

equation 3.5 

𝑡

𝐶𝑡
=  

1

𝐸𝑖
+ 

𝑡

𝐶𝑒
     (1.5) 

By plotting a graph of t/Ct vs time, the initial extraction rate, Ei, the oil 

concentration at equilibrium, Ce and the second order extraction constant was 

recorded and tabulated. 

2.5 Mass Transfer Rate 

The effective diffusivity, Deff can be calculated by using Fick’s second 

law by assuming the effective diffusivity is constant with ratio of 

concentration of oil at time t and the initial oil concentration,Y by the 

following equation (Sulaiman, 2013). 

ln Y = ln(
6

𝜋2) −
𝜋𝐷𝑒𝑓𝑓

𝑟2  T   (1.6) 

Where 
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 R = Particle radius in mm 

Y = ratio of concentration of oil at time t and the initial oil concentration 

Graph of ln Y versus time was plotted and the slope was used to determine the 

effective diffusivity. 

3.  Results and Discussion 

The peanut oil extraction was done for the range of 2 hours to 8 hours 

period for each solvent to solid ratio and particle sizes. The amount of peanut 

sample was kept constant at 30 g for each experiment, which means for the 8 

to 1 solid to solvent ratio, the solvent which is the n-hexane used for the 

extraction process is roughly about 250 ml and it follows similarly for the 

other two ratios. 

3.1 Effects of Particle Sizes 

The peanut oil extraction was conducted with 3 different particle sizes 

which is 0.6 mm, 2.0 mm and 2.4 mm using the same maximum amount of 

solvent to solid ratio which is 15 to 1 and constant extraction time which is for 

8 hours. Figure 1 below shows the trend for the graph of percentage of oil 

yield against particle sizes. 

 

Figure 1. Graph of Percentage of Oil Yield vs Particle Size. 

As shown by graph in Figure 1, the peanut sample of size 0.6 mm, 2.0 

mm and 2.4 mm have an oil yield percentage of 47.43 %, 46.60 % and 44.43 
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% respectively. The result shown follows as expected whereby peanut with 

smaller particle size was expected to produce higher percentage of oil 

extraction as the surface area per unit weight of these particle will be higher. 

Also, bigger size particle will have a higher extraction resistance as the solvent 

require to travel through longer path to leach out the oil compared to the 

smaller size particle (Saxena et al., 2011).  

3.2 Effect of Solvent to Solid ratio 

To determine the effect of solvent-solid ratio, 8:1, 12:1 and 15:1 of the 

solvent-solid ratio were prepared and extraction process was conducted at a 

constant time which is 8 hours by using the smallest particle size which is 0.6 

mm for the whole experiments. This particle size was chosen as it gave the 

maximum yield in the previous experiment in determining the best particle 

size for an optimum extraction rate. Figure 2 below shows the trend for the 

graph of solvent to solid ratio vs % oil extracted. 

 

Figure 2. Graph of Percentage of Oil Yield vs Solvent to Solid 

Ratio. 

As shown in graph in Figure 2, the percentage of oil yield increase as the 

amount of solvent used in the extraction increase and this proves that the 

expected result was highly acceptable. At solvent to solid ratio of 8 to 1, the 

percentage of oil yield is at 45.00%. This considered the lowest among all 3 

yield for the solvent to solid ratio. This amount of oil yield was affected by 
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the solubility of oil in the solvent which is n-hexane. Hence, it will prevent 

further extraction process occurring as it reaches near the saturation point of 

oil in n-hexane (Saxena et al., 2011). While for the solvent to solid ratio of 15 

to 1, it yields around 47.43% of oil where at this point, the amount of solvent 

acting for the extraction mechanism was enough or in excess for the cycle of 

extraction to occur repeatedly. Hence yielding high amount of peanut oil 

3.3 Effect of Extraction Time 

This study was carried out for a period range of 2 to 8 hours maximum. 

For the effect of percentage of oil yield with extraction period, the size of 

particle and amount of solvent to solid ratio was set at constant value which is 

at size of 0.6 mm and 15 to 1 ratio. This particle size and solvent to solid ratio 

was chosen as it gave the maximum yield in the previous experiment in 

determining the best particle size and solvent to solid ratio for an optimum 

extraction rate. Figure 3 below shows the trend for the graph of extraction 

time vs % oil extracted. 

 

Figure 3. Graph of Extraction Time vs % Oil Extracted 

As referred to Figure 3, the percentage of oil yield at an extraction time 

of 2 hours, 4 hours, 6 hours and 8 hours is 42.52 %, 44.53 %, 46.90 % and 

47.43 % respectively. At the extraction time of 2 hours and 4 hours, there are 

an increment of 2.01 % of oil yield percentage. While 2.37 % increment from 

extraction time of 4 hours to 6 hours. At the extraction time of 6 hours and 8 
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hours, the increment in the percentage of oil yield was at 0.53 % where it is 

clearly the smallest increment among the other extraction time range. The 

result produced by this experiment match accordingly with the expected result 

where the extraction rate is expected to be high in the first hour and tapers off 

near the end. The rate of extraction is initially high during the first few hours 

because of the scrubbing of oil which presence on the peanut surface and the 

reduction of extraction rate in the end cause by the diffusion of the remaining 

oil into the solution (Rakotondramasy et al., 2007). This diffusion of the oil 

into the solution hence reduce the effectiveness of the extraction process. 

When the extractable oil reaches its maximum amount, the yield of oil will 

remain unchanged even after exceeding the time of extraction (Sulaiman et 

al., 2013). 

3.4 Kinetic Study 

There are few different studies which have been reported describing the 

kinetic and mechanism of this extraction process. Most of the researchers 

proposed a second order reaction kinetic for the solid-liquid extraction 

(Saxena et al, 2011). Typically, second order process takes place in two stages. 

First is the most important part which giving high impact on the extraction 

yield which is the scrubbing of oil surface influenced by the driving force of 

the solvent. While for the next stage, the diffusion of oil is lowered or slowed 

down hence reducing the extraction rate of the remaining peanut oil. The 

diffusion rate of the oil can be described by Equation 1.2. 

𝑑𝐶𝑡

𝑑𝑡
= 𝑘(𝐶𝑒 − 𝐶𝑡)2    (1.2) 

Where: 

K = The second order extraction rate constant (L/g.min) 

Ce = The oil concentration at equilibrium (g/L) 

Ct = The oil concentration at time t (g/L) 

The equation was reduced and rearranged to the final equation which is 

Equation 1.5 as follow: 

𝑡

𝐶𝑡
=  

1

𝐸𝑖
+ 

𝑡

𝐶𝑒
     (1.5) 
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Graph of t/Ct against t was plotted. The gradient and intercept of the graph was 

obtained. Hence, the second order extraction constant, k, the concentration of 

solution at equilibrium, Ce, and the initial extraction rate, Ei can be calculated 

and tabulated in Table 1. 

Table 1. Tabulated Result for Kinetic of Peanut Oil 

Extraction. 

Solvent to solid ratio/ 

Size / Parameter 
8:1 12:1 15:1 

0.6 

mm 

Ce 

 (g/L) 
54.9451 40.3226 31.8471 

K (L/g.min) 
1.6237 x 

10-3 

1.9341 x 10-

3 
3.5723 x 10-3 

Ei (g/L.min) 4.9020 3.6232 3.1447 

R2 0.98 0.99 0.99 

2.0 

mm 

Ce  

(g/L) 
54.3478 40.0000 31.5457 

K (L/g.min) 
1.6122 x 

10-3 

1.7960 x 10-

3 
2.4273 x 10-3 

Ei (g/L.min) 4.7619 2.8736 2.4155 

R2 0.99 0.99 0.99 

2.4 
mm 

Ce  

(g/L) 
53.7634 38.7597 30.0300 

K (L/g.min) 
1.6959 x 

10-3 

2.0171 x 10-

3 
4.2003 x 10-3 

Ei (g/L.min) 4.9020 3.7879 3.0303 

R2 0.99 0.99 0.99 

 

Based on results above, for all 9 cases the regression coefficient, R2 lies 

in range of 0.98 to 0.99. This proves that all the results are successfully 

described as the second order kinetic as suggested in Equation 1.2. 

The concentration of oil at equilibrium, Ce, for particle size 0.6 mm 

calculated is 54.9451 g/L, 40.3226 g/L and 31.8471 g/L for the solvent to solid 

ratio of 8:1, 12:1 and 15:1 respectively.  This concentration of oil at 

equilibrium decreases with the increase of solvent to solid ratio. As shown in 

Figure 4, the result for the effect of solvent to solid ratio with extraction time, 

the oil yield percentage increases as the solvent to solid ratio increases. 

Theoretically, the concentration should follow the same trend as the oil yield 
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percentage. But the result produced was the other way around. This is 

influence by the amount of solvent used for each experiment. The amount of 

solvent used was increase about 100 ml for each experiment. Since the 

increment in solvent amount was high compared to the increment in the mass 

of oil produced for each experiment, the concentration of oil at equilibrium 

decrease linearly with the increase of solvent to solid ratio. This theory was 

proven by the results of the other two particle sizes used in the experiment. 

For a particle size of 2.0 mm, the concentration of oil at equilibrium, Ce, is 

54.3478 g/L, 40.00 g/L and 31.5457 g/L for the solvent to solid ratio of 8:1, 

12:1 and 15:1 respectively. For the last particle size which is 2.4 mm, the 

concentration of oil at equilibrium, Ce, is 53.7634 g/L, 38.7597 g/L and 30.03 

g/L for the solvent to solid ratio of 8:1, 12:1 and 15:1 respectively. For all 3 

particle sizes used, the concentration of oil at equilibrium, Ce decreases when 

bigger volume of solvent is used. This result was strongly supported by a study 

conducted by Saxena et al. (2011) which also shows a decrease in the 

concentration of oil result as the solvent amount was increased.  

3.5 Mass Transfer Rate 

For the determination of mass transfer rate, the effective diffusion coefficient 

needs to be obtained. The following equation was used to determine the 

effective diffusivity, Deff: 

ln Y = ln(
6

𝜋2) −
𝜋𝐷𝑒𝑓𝑓

𝑟2  𝑡   (1.6) 

Where: 

 R = Particle radius in mm 

Y = Ratio of concentration of solvent at time, t and the initial solvent 

concentration 

Based on this equation, the graph of ln Y against time was plotted and the 

slope obtained was used to determine the effective diffusivity, Deff. Figure 4 

shows the graph of ln Y against time plotted. Referring to graph, the gradient 

obtained is -0.5436 h-1 and the effective diffusivity calculated is 4.3258 x 10-

14 m2/s. 
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Figure 4. Graph of ln Y Against Time 

Literature study conducted in by Mosca et al. (2018) stated a range of 

value for the effective diffusivity in between 1.15 x 10-11 m2/s to 2.10 x 10-11 

m2/s for the extraction of antioxidant compound from seeds of Sterculia 

apetala plant. While the other literature study gave a range between 13.26 x 

10-14 m2/s to 105.49 x 10-14 m2/s for the extraction of antioxidant from grape 

byproducts (Pinelo, 2006). The value of effective diffusivity is influenced by 

different raw material used, the surrounding condition for the extraction 

process to take place, size of particle used and also the extraction time (Mosca 

et al., 2018). The effective diffusivity shows how fast the extraction process 

occurs. The higher the effective diffusivity results in higher extraction rate 

(Petrovick et al., 2011). Determining the extraction rate is important as it is 

the major influential factor in designing a solvent extractor with a large-scale 

system. Literature study done by Seth et al. (2007) stated that a solid particle 

such as flaxseed, cottonseed and peanut which were cracked could be 

extracted more efficiently than flakes of equivalent thickness. 

Initial concentration rate, Ei shows the instantaneous rate at the beginning 

of the experiment. For a result of the initial concentration rate, Ei shown in the 

research done by Saxena et al. (2011), the initial concentration rate, E i 

increases as the solvent to solid ratio increases. The results trend produced and 

tabulated by this extraction of peanut oil experiment follows similarly as the 
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research done by Saxena et al. (2011). In this case, for a particle size of 0.6 

mm, the initial concentration rate, Ei is 4.9020 g/L.min, 3.6232 g/L.min and 

3.1447 g/L.min for the solvent to solid ratio of 8:1, 12:1 and 15:1 respectively. 

The justification for the decrease in the initial concentration rate can be related 

to the ratio of the amount of oil produced to the solvent amount used in each 

experiment. The amount of solvent for each experiment is set constant where 

the mass of oil produced increase but with just a small increment. Therefore, 

the initial concentration rate decreases linearly with the increase of solvent to 

solid ratio. For the other two particle sizes, the same results were obtained. 

The initial concentration rate, Ei for the particle size of 2.0 mm is 4.7619 

g/L.min for a solid to solvent ration of 8:1, 2.8736 g/L.min for the solid to 

solvent ratio of 12:1 and 2.4155 g/L.min for the solid to solvent ratio of 15:1. 

While for the last particle size which is 2.4 mm, the initial concentration rate 

is 4.9020 g/L.min, 3.7839 g/L.min and 3.0303 g/L.min for the solvent to solid 

ratio of 8:1, 12:1 and 15:1 respectively. 

The second order extraction rate constant, k, was calculated and tabulated 

in table for each experiment. For the particle size of 0.6 mm, the second order 

extraction rate constant, k is 1.6237 x 10-3, 1.9341 x 10-3 and 3.5723 x 10-3 for 

the solvent to solid ratio of 8:1, 12:1 and 15:1 respectively. While for particle 

size of 2.0 mm, the second order extraction rate constant, k is 1.6122 x 10-3, 

1.7960 x 10-3 and 2.4273 x 10-3 for the solvent to solid ratio of 8:1, 12:1 and 

15:1 respectively. For the last particle size which is 2.4 mm, the second order 

extraction rate constant, k, is 1.6959 x 10-3, 2.0171 x 10-3 and 4.2003 x 10-3 3 

for the solvent to solid ratio of 8:1, 12:1 and 15:1 respectively. For all 3 

particle sizes used, the second order extraction rate constant, k, shows an 

increase when bigger volume of solvent is used. This shows that the extraction 

rate is faster at a high solvent to solid ratio. Solubility of oil plays a great 

impact on the value of second order extraction rate constant for each of the 

solvent ratios. Saturation of oil and n-hexane occurs with the solvent to solid 

ratio of 8:1 hence reducing the rate of extraction. This result was strongly 

supported by previous literature study by Saxena et al. (2011) which also 
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shows an increment in the second order extraction rate constant result as the 

solvent amount was increased.  

5.  Conclusion 

The first objective of this research project is to determine the optimum 

condition for the extraction of peanut oil by using Soxhlet extractor. Based on 

the results, the optimum condition for the peanut oil extraction is at 0.6 mm of 

particle size, 15:1 solid to solvent ratio with an extraction time of 8 hours. The 

second objective of this research project is to study the kinetic and mass 

transfer of peanut oil produce by the extraction process. The effective 

diffusivity was determined from value of gradient obtained from the plotted 

graph which wass 4.3258 x 10-14 m2/s. Hence, the second objective in studying 

mass transfer and kinetic of peanut oil is successfully done. In conclusion, 

both research project objective was achieved. 
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