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ABSTRACT 

 

 

 

 

Planning and designing wastewater treatment plants (WWTPs) require tedious 
procedures involving financial, technical and policy matters.  The present trend shows 
the possibility to expedite the process using decision support systems (DSS), which are 
computer-based tools to solve various engineering and management issues.  Thus, this 
study was conducted to develop a user-friendly DSS, called Wastewater Treatment Plant 
Design Advisor (WASDA) using Visual Basic 6.0 (VB6) programming language that 
can support and aid users in planning, designing and managing WWTP system.  It could 
also assist the authority to assess WWTP designs proposed by design engineers and 
consultants for approval purposes.  In addition, the study also emphasized the 
procedures to apply WASDA in conceptual and process design recommendations for 
preliminary, primary, secondary and advanced wastewater treatments.  WASDA covers 
municipal and industrial treatment systems, which consists of multiple modules such as 
equalization tank, neutralization tank, conventional activated sludge, extended aeration, 
sequencing batch reactor, oxidation ditch, rotating biological contactor, activated carbon 
adsorption, anaerobic digestion, dissolved air flotation, waste stabilization pond, 
membrane bioreactor and constructed wetlands.  Expert knowledge in the information 
base was assembled from design textbooks, best practice manuals and guidelines from 
the Department of Environment (DOE) and Department of Sewerage Services.  
WASDA was continuously verified and validated during its development through 
software testing activities i.e. trial-and-error approach, defect and statistical testing; and 
user acceptance test.  The testing activities showed that WASDA is accurate, fast and 
reliable software, and significant in assisting users to design wastewater treatment plant.  
In conclusion, WASDA that was blended with Graphical User Interfaces (GUIs) can be 
a simple and realistic DSS tool to assist engineers and decision-makers to work 
effectively and efficiently as it will minimize user’s time in making more informed and 
fast decision.  As a knowledge provider, WASDA can assist users to identify problems, 
observe various alternatives and finally make decision from a range of choices and its 
financial implications in the shortest time possible.  
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ABSTRAK 

 

 

 

 

Secara umum, fasa merancang dan merekabentuk loji olahan air sisa memerlukan 
prosidur yang rumit meliputi aspek kewangan, teknikal dan polisi.  Tren sekarang 
menunjukkan peluang untuk mempercepatkan proses tersebut dengan menggunakan 
sistem sokongan keputusan iaitu alat bantuan komputer untuk menyelesaikan isu –isu 
berkaitan kejuruteraan dan pengurusan air sisa.  Oleh itu, kajian ini telah dijalankan 
untuk membangunkan satu sistem sokongan keputusan yang mesra pengguna dinamakan 
Wastewater Treatment Plant Design Advisor atau WASDA menggunakan bahasa 
pengaturcaraan Visual Basic 6.0 (VB6) yang dapat menyokong dan membantu pengguna 
- pengguna dalam perancangan, rekabentuk dan pengurusan sistem loji rawatan air sisa.  
Ia juga dapat membantu pihak berkuasa untuk menilai rekabentuk loji rawatan air sisa 
yang dicadangkan oleh jurutera rekabentuk dan perunding bagi tujuan mendapatkan 
kelulusan.  Tambahan pula, kajian ini juga menumpukan pada prosidur untuk 
mengaplikasikan WASDA bagi menyediakan cadangan rekabentuk konsep dan proses 
untuk sistem rawatan air sisa konvensional, permulaan, primer, sekunder dan lanjutan.  
WASDA meliputi sistem rawatan air sisa industri dan domestik yang terdiri daripada 
pelbagai modul seperti tangki pengimbang, tangki peneutralan, enap cemar teraktif 
konvensional, pengudaraan lanjutan, reaktor jujukan berkelompok, parit pengoksidaan, 
penyentuh biologi berputar, penjerapan karbon teraktif, penghadaman anaerobik, 
pengapung udara terlarut, kolam penstabilan air sisa, bioreaktor membran dan tanah 
bencah terbina.  Pengetahuan pakar dalam pangkalan maklumat telah dikumpulkan 
daripada buku-buku teks rekabentuk, manual penggunaan dan panduan dari Jabatan 
Alam Sekitar (JAS) dan Jabatan Perkhidmatan Pembentungan (JPP). WASDA telah 
terbukti berjaya sepanjang pembangunannya melalui aktiviti ujian perisian iaitu kaedah 
cuba jaya, gagal dan ujian statistik; dan ujian penerimaan pengguna.  Aktiviti ujian 
tersebut menunjukkan WASDA adalah perisian yang tepat, pantas dan konsisten, dan 
signifikan dalam membantu pengguna untuk merekabentuk loji olahan air sisa.  
Kesimpulannya, WASDA yang digabung dengan Antaramuka Pengguna Grafik (GUIs) 
boleh menjadi alat sokongan keputusan yang mudah dan realistik dalam membantu 
jurutera dan pembuat keputusan untuk bekerja lebik efektif dan efisien kerana ia dapat 
mengurangkan masa pengguna dalam membuat keputusan yang cepat dan berinformasi.  
Sebagai penyedia maklumat, WASDA juga dapat membantu pengguna - pengguna 
mengenalpasti masalah, mengkaji pelbagai alternatif dan akhirnya membuat keputusan 
berdasarkan pelbagai pilihan dan kesan kewangannya dalam masa sesingkat yang boleh. 
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CHAPTER I 

 

 

 

 

INTRODUCTION 

 

 

 

 

This chapter presents an overview of the wastewater treatment plant (WWTP) 

design process, previous studies and development of Decision Support System (DSS) 

for wastewater management, treatment plant design and planning.  In addition, the 

statement of the problems and background of the study are presented in this chapter.  

The objectives and the scopes of the study are also described followed by the thesis 

structure. 

 

 

 

 

1.1 Statement of the Problem 

 

 

Design of a WWTP is a complex engineering process, consisting of several 

tasks such as providing options for design to clients; evaluation of existing design 

with clients; process design and costing; getting approval from the authorities, 

particularly National Water Services Commission or Suruhanjaya Perkhidmatan Air 

Negara (SPAN), which formed since April 2, 2007 and Department of Environment 

(DOE) for municipal and industrial WWTP design, respectively; detailed design;
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implementation; problem solving and plant upgrading. 

 

 

These tasks, sequentially, involve decision-making process.  A design 

engineer should select from various processes, which are considered appropriate 

depending on the design objectives.  In addition, instead of having good knowledge 

of wastewater treatment processes, the engineer should also consider the cost 

minimization and environmental conditions.  Some design and construction 

regulations also need to be complied to ensure the effluent discharges from the 

treatment plant to the receiving water body do not exceed the minimum quality 

requirements specified by the authority. 

 

 

Therefore, DSS is very useful during the design and process selection of a 

wastewater treatment plant.  Even though the design and management of WWTPs 

involve complex issues, the plant design phases and process selection to achieve 

standard criteria, the procedures for obtaining the appropriate design are typically 

already well established based on best practices and design manuals.  The objectives 

of treatment are also clearly defined based on regulatory requirements.  This situation 

is called semi-structured problem and DSS can be used since it is a computer 

program that support decision makers in managing semi-structured problems.  DSS 

combines individual intelligence with computer capabilities to improve the quality of 

decision. 

 

 

 

 

1.2 Background of the Study 

 

 

Management Support System (MSS) is a framework system, which created in 

modern research era to provide comprehensive and integrated support for the 

decision making process (Forgionne and Kohli, 2000).  At present, the most 

successful application of MSS so far is the development of Decision Support System 
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(DSS) in various applications and sector (Turban and Aronson, 2001) e.g. hazardous 

waste management (Sen et. al., 2000); forest management (Varma et. al., 2000); 

manufacturing (Buehlmann et. al., 2000); water management (Froukh, 2001); 

agricultural drainage water (Ahmed et. al., 2002); office management (Jen-Her et. 

al., 2002); lake management (Jime´nez, 2002); marketing firm (Alexouda, 2003); 

solid waste management (Chenga et. al., 2003); enterprise resource planning, supply 

chain management and customer relationship management (Vahidov and Kersten, 

2003); wastewater treatment (Roda et. al., 2000a; Comas et. al., 2003; Lafuente, 

2004); environmental management (Poch et. al., 2004); wetland management 

(Janssen et. al., 2005); urban wastewater treatment and reuse (Hidalgo et. al., 2007) 

etc.. Roda et. al. (2000b) also presented an example of DSS for environmental 

management using knowledge-based concept.   

 

 

DSSs are much cheaper and faster compared to manual calculations and 

design process by human experts in the long-term.  Thus, there is a large and 

growing interest in the use of knowledge-based approach for building computer 

systems to aid the process of design, including computer-based design environments 

developed to facilitate WWTP design tasks (Roda et. al., 2000).  Since early 1970s, 

DSSs have been utilized as tools to assist design engineers to identify problems 

faster, consider various alternatives and make informed-decisions.  DSSs have been 

instrumental to support decision makers in extending their capabilities although it is 

not replacing their judgment (Turban and Aronson, 2001).  In Malaysia, the idea of 

having a planning support system to assist decision making process has started to 

overcome and solving complex urban and environmental issues since 1980s when 

conventional decision methodologies are no longer appropriate and efficient 

(Abdullah et al., 2004). 

 

 

 Thus, the development of DSS in this study is significant, particularly for 

developing countries, because it provides conceptual and process design 

recommendations for primary, secondary and advanced wastewater treatments, as 

proposed by best practice manuals, procedures applied by public authorities related 

to sewerage services or environmental control.  The development of DSS, is 
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significant in assisting the regulators, policy makers, process and design engineers, 

university professors and students to capture all aspects of design procedures.  These 

aspects should be considered before and after designing a wastewater treatment 

system, such as process system and facilities selection, monitoring of process 

performance and cost-effectiveness as well as establishment of appropriate rules and 

regulations.  In addition, DSS can assist engineers and decision-makers to identify 

problems faster, observe various alternatives and finally make an informed-decision 

system and its financial implications. 

 

 

 

 

1.3 Objectives of the Study 

 

 

The objectives of this study are as follows: 

 

 

i. To develop a DSS prototype, called Wastewater Treatment Plant 

Design Advisor (WASDA), which can be used in making appropriate 

decisions on wastewater treatment plant design and process selection, 

as well as supporting the conceptual and process design for primary, 

secondary and advanced treatments.  

 

 

ii. To build an information-based system for wastewater treatment 

processes for industrial and municipal wastewater using various 

textual sources and case studies and to identify design calculation 

procedures and cost estimation based on theoretical consideration and 

standard criteria. 
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iii. To verify and validate the application of WASDA using software 

testing activities i.e. trial-and-error approach, defect and statistical 

testing; and through user acceptance test. 

 

 

 

 

1.4 Scope of the Study 

 

 

This study focused on the development of a user-friendly DSS that can be 

used for design and process selection of wastewater treatment plant, in municipal and 

industrial sectors.  In addition, the study emphasized more on the step-by-step 

application of the prototype DSS to design wastewater treatment plant from 

preliminary, primary, secondary and advanced treatments stages.  Three main 

processes were included; consist of biological, chemical and physical treatment 

systems.  

 

 

 The case studies included actual design of membrane bioreactor and 

conventional activated sludge systems for industrial and municipal wastewater 

treatment, respectively.  

 

 

 This study did not cover catchment strategy and sewer network planning, 

which also parts of wastewater treatment plant management. 

 

 

 

1.5 Research Contribution 

 

 

This study is aimed to contribute a lot for the research and development of 

wastewater treatment technologies in terms of process design, performance analysis 
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and decisions on appropriate treatment system in Malaysia.  Even though most of the 

modules were designed by referring to the international standard, the modules were 

ensured to be developed and adopted using local conditions and legal requirements in 

order to be accepted by Malaysian users.  This kind of research can also contributes 

to produce a software that can be used to conduct process design using various types 

of wastewater treatment systems such as biofilm and activated sludge systems, and 

promotes advanced processes and systems to be widely applied in Malaysia.  The 

software is also developed to be a useful tool for the local authorities to check the 

design of wastewater treatment plants submitted by contractors and consultants for 

approval.  Finally, this study is done to enhance the understanding of engineers and 

enforcement officers on the fundamentals of wastewater treatment processes; design 

criteria, formulae and procedures.  

 

 

 

1.6 The Organization of the Thesis 

 

 

The thesis consists of five chapters.  Chapter I gives an overview of the 

wastewater treatment plant design process, previous studies and development of 

Decision Support System (DSS) for wastewater management, the statement of the 

problem and background of the study.  A literature review on previous and present 

studies on DSS and theory of wastewater treatment plant design are described in 

Chapter II.  Chapter III presents the methodology of the study including architecture 

of the WASDA development and also the design procedures.  Chapter IV presents 

the results and outcomes of WASDA including interfaces of cost estimation and 

selection of options based on scoring methods.  Moreover, the procedures of 

applying WASDA for conceptual design of wastewater treatment plant, starting from 

preliminary, primary, secondary, sludge treatment and advanced treatment modules 

are explained in the chapter.  Verification and validation process including What-If 

analysis, which is one of the trial and error approaches, descriptive statistical analysis 

and user acceptance testing, are also described in this chapter. The overall conclusion 

of the study is explained in the Chapter V. 
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