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FOREWORD 

These Uniform Technical Guidelines for The Design of Water Treatment Plants and Related Water Supply 
System Components (hereinafter referred as “the Guidelines” or “these Guidelines”) as commissioned by the 
Suruhanjaya Perkhidmatan Air Negara (“the Commission”), have been provided for planners, developers, 
consultants, competent persons, qualified persons, contractors and water facilities licensees (“water industry 
practitioners”) to facilitate in the planning and design of intakes and water treatment plants (“water supply 
systems").    

These Guidelines shall be applicable to all water industry practitioners in the design and planning of water supply 
systems to be operated by either an Individual or Class Licensee under the Water Services Industry Act 2006 (Act 
655) of Malaysia.  

In forming this document, the Commission have set forth the philosophical basis of the Guidelines in the Preamble 
in section A.1 herein.  Accordingly, these Guidelines describes the Commission’s set of technical aspects on the 
planning and designs of those water supply systems that will be accepted as “good practice,” where the term “good 
practice” shall mean the combination of best knowledge, norms, tools and techniques (“methods”) that will be 
generally acceptable to the Commission.  The term does not mean that such methods should be applied equally to 
all planning and designs; it is ultimately the responsibility of the relevant competent persons acting for the water 
industry practitioners to determine what is necessary for any project. 

In using these Guidelines, the reader shall be aware that these Guidelines are not meant to supplant existing design 
standards, such as British (B.S.) or European (EN) standards, or applicable Malaysian authority legislation, rules 
and regulations.   

The Commission have arranged the contents of the document into practical approaches for the development of 
water supply systems in a constructive sequence that water industry practitioners may find pragmatic and useful; 
efforts have been made to avoid the document becoming a rudimentary textbook.  Nevertheless, some academic 
approach is necessary in parts of the document in order to introduce necessary terminologies and theoretical 
concepts prior to the practical aspects. 

In line with the practical approach envisaged above, the Guidelines commences with water supply development 
“from scratch,” which is, from the identification of a water supply project for a water resources study to the 
completion and commissioning of the project.  Hence these Guidelines are ordered into the following parts: 

Part A : Preface to the Guidelines 
Part B : Preliminary Studies 
Part C : Raw Water Sources 
Part D : Treatment Process 
Part E : Design and Operation Philosophy 
Part F : Headworks 
Part G : Water Treatment Plant and Transmission Facilities 
Part H : Design Aspects of Water Treatment Systems 
Part I : Design Aspects of Residuals Treatment and Disposal 
Part J : Mechanical Plant 
Part K : Standby Generators 
Part L : Electrical Plant 
Part M : Instrumentation 
Part N : Supervisory Control and Data Systems 
Part O : Building and External Services 
Part P : Approvals 
Part Q : Testing and Commissioning 
Part R : Operation & Maintenance, Training and Handing Over 

Parts A to E may be construed as the theoretical parts, Part F to Part I is the overall planning and design, and Part J 
to Part R is related to plant and equipment.  The Parts, and their component sections, are divided according to the 
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discipline of engineering, so that the reader may delve into the Part or section of interest without necessarily 
referring to the preceding sections. 

The Commission have attempted to make the Guidelines as concise and as compact as possible.  In the document, 
headings and sub-headings have been incorporated for ease of reference to the reader.  Additionally, paragraph 
headings have been added and keywords provided in bold text to facilitate reading.  A primer on the use of the 
document is provided in Part A of the Guidelines. 

Any person who is not clear on the general intent and specifications of these Guidelines may contact the Commission 
for clarification.  

Upon completion of the draft of the Guidelines in early 2021, a series of online webinars (“Workshops”) on the draft 
Guidelines have been carried out by the Commission on 9-10 March 2021 and again on 20-21 April 2021.  For the 
Workshops, selected establishments representing key authorities and water supply practitioners were invited to 
attend; the organizations which attended were no less than 10 government ministries/departments or 
governmental bodies (including federal as well as Sabah and Sarawak entities), 15 water supply operators from the 
Peninsular as well as Sabah and Sarawak, 10 consultants (including from Sabah and Sarawak), 10 private water 
industry players and one non-governmental body.  About one month before the first Workshop in March, the draft 
Guidelines were distributed with a detailed questionnaire to each invited establishment.  The feedback received 
were well above the affirmative:  97% of respondents consider the Guidelines handy/useful/well written as a 
reference manual and 85% consider the standard of the Guidelines as fair or high (with 9% as “too high”).  This 
more than meets the target of the Commission. 

During the Workshop and in particular the feedback, a few concerns have been raised and taken into account insofar 
as much as possible.  One of those concerns is that these Guidelines will displace pre-existing guidelines, or 
undermine efforts by others to establish standard references.  The Commission do not think so: we feel that while 
minimum standards are necessary, the Guidelines cannot over-specify many aspects of design and actually have to 
be self-limiting in order not to stifle creativity; other local organizations should take advantage of this to produce 
complementary information that should go well above and well beyond what is covered under the Guidelines.  
Another concern raised is on jurisdiction: these Guidelines, as with the Uniform Technical Guidelines – Water 
Reticulation and Plumbing, are required reference for any approval from SPAN.   Whilst they may not apply in East 
Malaysia, the Commission hope that Sabah and Sarawak will at least find the Guidelines useful as reference or even 
to be adopted as the authoritative guide. 

In response to some interest raised in the Workshops and feedback from the questionnaires, some sections have 
since been added into the draft, most notably on aspects of off-river storage reservoirs (section F.4) and an 
expanded treatise on membrane filtration (section H.6). 

Here the Commission wish to express our appreciation for all Workshop participants, whom may be considered as 
taking part in and contributing to the Guidelines.  The Guidelines are dedicated to all water supply practitioners, 
past and present, who have contributed much to the development of the country. 

The Commission 
May 2021 
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PREFACE TO THE GUIDELINES 

A.1 PREAMBLE 

The National Water Services Commission (Suruhanjaya Perkhidmatan Air Negara or “the Commission”), 
in their stated mission to regulate the water services industry through fair, effective and transparent 
implementation of Water Services Industry Act 2006, are desirous to implement a Way Forward for the 
water supply industry in Malaysia; Whereas the Way Forward as aspired by the Commission shall be to 
uplift the standards of the water services industry in this country to that of developed countries, 
where the water supply system shall consist of modern and state-of-the art infrastructure.  In order 
to achieve these objectives, the Commission have undertaken the development of these Uniform 
Technical Guidelines for the Design of Water Treatment Plants and Related Water Supply System 
Components (“these Guidelines”) as an authoritative reference on “good practices” in the planning and 
design of water supply systems in Malaysia, where such practices are aimed to provide for a conducive 
environment for applying such technologies, and in so doing uplift the standards of water industry 
practitioners to higher levels.   

Hence, with this in mind, the Commission do herewith adopt the following principles for the planning 
and design of water treatment systems. 

A.2 DEFINITIONS 

A.2.1 Nomenclature 

In these Guidelines, unless the context otherwise requires, the following definitions shall apply: 

“bulk distribution works” mean the portion of the water supply system from the treated water 
pumping station to the balancing reservoir, including mainly the treated water transmission main. 

“Certifying Agency” means any party registered by the Commission under Section 174 of the Water 
Services Industry Act 2006 (Act 655) to give approvals and to certify on behalf of the Commission or to 
carry out any other functions or duties in respect of a water supply system, as stipulated in writing by 
the Commission. 

“the Commission” means Suruhanjaya Perkhidmatan Air Negara (SPAN). 

“competent person” means the person who is qualified to submit plans and issue certificate of 
compliance and completion with respect to the design, installation, construction or alteration of the 
water supply system with the relevant professional or authoritative body. 

“the Consultant” means the entity (i.e., the company or firm) of the competent person designing 
any component of the water supply system. 

“the Designer” means the competent person(s) designing, or involved in the design of, any 
component of the water supply system, which may include, but not necessarily limited to, the consultant, 
the architect, the town planner, the contractor, the manufacturer of the Plant, etc.  Within these 
Guidelines, the term may apply to different competent persons involved in various sections of the 
preliminary study, preliminary design and detailed design; the term is may also be used to refer 
collectively to all competent persons involved in the study and design stages. 

“developer” means any person or government agency involved in or implementing or conducting 
or providing monies for the development of works related to water supply systems. 

“development contract” means any contract between the developer and Licensee for development 
of a water supply system undertaken by the latter. 
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“Government” mean the federal government of Malaysia. 

“government” mean any state government of Malaysia or the local government as the context may 
apply. 

“Licensee” means an individual or class licensee as defined under WSIA 2006. 

“local authority” means the local council or local municipal authority or local government entity 
that is officially authorised for local planning and development approvals. 

“major WTP” shall usually mean any WTP of any capacity that may be deemed strategic or 
important or any WTP serving urban or sub-urban communities or any areas of significance. 

“operator” shall mean, in general, the operator of the intake and/or WTP and/or the relevant 
headworks or associated works as the context may apply. 

“package plant” mean any pre-fabricated water treatment facilities, usually of proprietary type, 
forming a very small to small WTP serving small communities or private commercial use. 

“Permit Holder” means a developer who holds an IPA type permit from the Commission. 

“Plant” means any plant or equipment, or any of its components thereof, or collective section of 
plant and equipment, that comprises any part of a water supply system. 

“provision” means, for the purposes of Parts C to R of the Guidelines, any arrangement or 
preparation beforehand, in terms of space, extension of any facility provided, to allow any particular 
Plant, facility or works item to be installed in the future. 

“rural” means any area or district not located within urban and sub-urban areas. 

“rural WTP” means any very small WTP that is located in rural areas and serving local communities 
well outside the defined boundaries of any municipality. 

“urban” means, for the purpose of domestic water demand in these Guidelines, any areas so 
gazetted by the Government and as defined in section B.2.7.2.  For other sections of the Guidelines, it 
generally means population centres or development areas which are normally under the jurisdiction of 
a municipality (for towns) or a city council (for cities).   

“sub-urban” means any residential community that is a either a sub-component of an urban area 
or that which is located within its conurbation. 

“water supply system” means the whole of a system incorporating public mains, pipes, chambers, 
treatment plant, pumping stations, service or balancing reservoirs or any combination thereof and all 
other structures, installations, buildings, equipment and appurtenances used and the lands where the 
same are located for the storage, abstraction, collection, conveyance, treatment, distribution and supply 
of water. 

A.2.2 Disambiguation on “Water Residue” and “Residuals” 

The term water residue (sisa air) where applied in Malaysian legislation shall be synonymous with the 
term residuals which is used in these Guidelines as the internationally recognised terminology used in 
water resources and water supply. 
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A.2.3 Abbreviations Used 

AAF Average annual flow  
AAGR Average annual growth rate 
AC Alternating current 
ACB Air circuit breaker 
ADCP Acoustic Doppler current profiler 
AEM Airborne electromagnetic (survey) 
AGR Annual growth rate (population) 
AMST Association of Membrane Separation Technology (Japan) 
ANN Artificial neural network  
ANSI American National Standards Institute (U.S.) 
AORP Advanced oxidation reduction process 
APHA American Public Health Association (U.S.) 
ARF Areal reduction factor 
ARI Average recurrence interval (hydrology) 
ASTA Association of Short-Circuit Authorities (U.S.) 
AWG Atmospheric water generator 
AWWA American Water Works Association (U.S. based) 
BCD Binary-coded decimal 
BS British Standards 
BOD Biochemical oxygen demand 
BWL Bottom water level 
CA Certifying Agency 
Csea Seawater conductivity 
CIDB Construction Industry Development Board 
CCC Certificate of Completion and Compliance 
CCTV Closed-circuit television 
CE Conformitè Europëenne (French; European Conformity) 
CFD Computational fluid dynamics 
Cl Chloride 
CIMAH Control of Industrial Major Accident Hazards 
CKBF Time constant for routing base flow 
COD Chemical oxygen demand 
CT Current transformer 
CPC Certificate of Practical Completion 
CPU Central processing unit 
SCS Soil Conservation Service (U.S.) 
dB Decibel 
DAF Dissolved air flotation 
DB Distribution board 
DBP Disinfection by-products 
DC Direct current 
DCS Distributed control system 
DDE Dynamic Data Exchange 
DN Diamètre nominal/nominal diameter (EU) 
DOE Department of Environment 
dia Diameter 
DID Department of Irrigation and Drainage  
DOA Department of Agriculture 
DOE Department of Environment 
DOSH Department of Safety and Health 
DOSM Department of Statistics Malaysia 
DPD N,N-diethyl-p-phenylenediamine 
DVGW Deutscher Verein des Gas- und Wasserfaches (German Technical and Scientific Association for 

Gas and Water), Germany 
DWI Drinking Water Inspectorate (UK) 
EC Electrical conductivity (material property) 
EC European Commission (executive branch of EU) 
ELCB Earth leakage circuit breakers  
ELR Earth leakage relay 
EN European Standards 
EPCC Engineering, procurement, construction and commissioning 
EPDM Ethylene propylene diene monomer  
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ERT Electrical resistivity tomography 
EU European Union 
FAP Fire alarm panel 
FAT Factory acceptance tests 
FBIC Flexible intermediate bulk containers (for chemicals) 
FCC Federal Communications Commission (U.S.) 
FDC Flow duration curve  
FDM Finite-difference method  
FEM Finite element method 
FEM Fédération Européenne de la Manutention (European Materials Handling Federation), EU 
FSL Full supply level 
FVM Finite volume method  
FDC Flow duration curve  
FDM Finite-difference method  
FEM Finite element method 
FSL Full supply level 
FVM Finite volume method  
g gram 
GAC Granular activated carbon 
GBI Green Building Index 
GIS Geographic information system 
GOX Gaseous oxygen 
GPR Ground penetrating radar 
GPRS General Packet Radio Service 
GVW Gross vehicle weight (truck) 
GCW Gross combined weight (truck) 
GSM Global System for Mobile 
H Hardness of pencil mark 
HART Highway Addressable Remote Transducer 
HAT Highest astronomical tide 
HDPE High density polyethylene 
HMI Human-machine interface 
HP Hydrological Procedure (DID) 
HV High voltage 
Hz Hertz 
I/O Input/output 
IADA Integrated Agricultural Development Area 
ICA Instrumentation, control and automation 
ICOLD International Commission on Large Dams (EU based) 
IDMT Inverse definite minimum time 
IE International efficiency 
IEE Institution of Electrical Engineers (U.K.) 
IEEE Institute of Electrical and Electronics Engineers (U.S.) 
IEC International Electrotechnical Commission 
IES Illuminating Engineering Society 
IFSAR Interferometric synthetic aperture radar 
IDSW Inverse distance squared weighting 
IoT Internet of Things 
IP Internet protocol 
IP Ingress protection (see section K.3.7) 
IPA Industri Perkhidmatan Air (Water Services Industry) 
IPCC Intergovernmental Panel on Climate Change  
IWA International Water Association 
JKR Jabatan Kerja Raya (Public Works Department, Malaysia) 
JPBM Jabatan Bomba dan Penyelamat Malaysia (Fire and Rescue Department of Malaysia) 
JUPEM Department of Survey and Mapping Malaysia  
KEMA Keuring Van Electrotechnische Materialen (Dutch; Verification of Electrical Engineering 

Materials), Netherlands 
kg kilogram 
KML Keyhole markup language 
KTW Kunststoff-Trinkwasser (Germany; plastics in drinking water) 
kV kilovolt 
kVA kilovolt ampere 
L litre 
LAN Local area network 
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LED Light emitting diode 
LiDAR Light detection and ranging  
LOX Liquid oxygen 
LV Low voltage 
LWL Low water level 
lx lux 
m meter 
M & E Mechanical and electrical 
Mbps Megabits per second 
MCB Miniature circuit breaker 
MCC Motor control centre  
MCCB Molded case circuit breaker 
MCL Maximum contaminant level 
MCMC Malaysian Communications and Multimedia Commission 
MD Maximum demand (electrical) 
MF Microfiltration 
MFAP Main fire control panel 
mg milligram 
mg/l milligram per litre 
MHHW Mean higher high water 
MIMO Multiple input multiple output 
Mld megalitres (million litres) per day 
MMD Malaysian Meteorological Department  
MOH Ministry of Health of Malaysia 
MOL Minimum operating level 
MS Malaysian Standard 
MSB Main switchboard 
MWA Malaysian Water Association 
MWIG Malaysian Water Industry Guide (MWA publication) 
MV Medium voltage 
N3M Nearest three mean (hydrology) 
NAHRIM National Hydraulic Research Institute of Malaysia  
NAM NedborAfstromings odel 
NAPIC National Property Information Centre 
NATM New Austrian tunnelling method 
NEMA National Electrical Manufacturers Association (U.S.) 
NF Nanofiltration 
NFPA National Fire Protection Association (U.S. based) 
NPSH Net positive suction head 
NPSHA Net positive suction head available 
NPSHR Net positive suction head required 
NWRS National Water Resources Study  
NRW Non-revenue water 
NTU Nephelometric turbidity unit 
OBDC Open database connectivity 
OLE Object linking and embedding 
ORS Off-river storage 
PA Public address (system) 
PAC Powdered activated carbon 
PCC Per capita consumption  
PFCC Power factor correction capacitor 
PLANMalaysia Jabatan Perancangan Bandar dan Desa (Department of Town and Country Planning) 
PLC Programmable logic controller 
PMF Probable Maximum Flood 
PMP Probable Maximum Precipitation 
PVC Polyvinyl chloride 
ppm Parts per million 
ppt Parts per thousand 
PS Pumping scheme 
PSA Pressure swing adsorption 
PSS-78 Practical Salinity Scale 1978  
psu Practical salinity unit 
PLC Programmable logic controller 
PTC Positive temperature coefficient (electrical) 
PTMP Point to multipoint 
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PTP Point to point 
PVDF Polyvinylidene difluoride  
RegHCM-PM Regional Hydroclimate Model for Peninsular Malaysia (NAHRIM) 
RMS Root mean square 
RO Reverse osmosis 
RoHS Restriction of Hazardous Substances Directive (EC) 
RORO Roll on roll off 
rpm Rotation per minute 
RSN Rancangan Struktur Negeri (State Structure Plan) 
RT Rancangan Tempatan (Local Plans) 
RTD Resistance temperature detector 
SA Absolute salinity 
SCADA Supervisory Control and Data Acquisition 
SCD Streaming current detector 
SCS Soil Conservation Service (U.S.) 
SEB Sarawak Energy Berhad 
SESB Sabah Electricity Sdn Bhd 
SIV System input volume (water demand) 
SLR Sea level rise 
SMA Soil moisture accounting 
SMS Short message service  
SPAN Suruhanjaya Perkhidmatan Air Malaysia (“the Commission”) 
SPAN UTG-WRP SPAN Uniform Technical Guidelines – Water Reticulation and Plumbing  
SPD Surge protection device (electrical) 
SQL Structured Query Language 
SRES Special Report on Emissions Scenarios (IPCC) 
SRTM Shuttle Radar Topography Mission 
SSO Switch socket outlet 
ST Suruhanjaya Tenaga (Energy Commission) 
STP Sewage treatment plant 
SWL Safe working load (crane) 
SWI2 Seawater Intrusion Package (USGS) 
TBM Tunnel boring machine 
TCP/IP Transmission Control Protocol/Internet Protocol 
TDS Total dissolved solids 
TELCO Telecommunications company 
THM Trihalomethane 
TM-WBM Thornthwaite and Mather water balance model 
TNB Tenaga Nasional Berhad 
TOC Total organic carbon 
trans. translation 
U.K. United Kingdom 
UL Underwriters Laboratory (Standards) 
U.S. United States 
UF Ultrafiltration 
UHF Ultra-high frequency 
UPS Uninterruptible power supply (electrical) 
USEPA United States Environmental Protection Agency (U.S.) 
USGS United States Geological Survey (U.S.) 
UTG-WRP Uniform Technical Guidelines – Water Reticulation and Plumbing 
UV Ultraviolet 
VCB Vacuum circuit breaker 
VFB Variable frequency drive 
VHF Very high frequency 
VSA Vacuum swing adsorption 
WAN Wide area network 
WDL Water distribution licensee 
WEF Water Environment Federation (U.S. based) 
WEPLS Water Efficient Product Labelling Scheme (SPAN) 
WHO World Health Organization 
WMO World Meteorological Organization  
WRP Water Resources Publication (DID) 
WSIA Water Services Industry Act 2006 (Malaysia) 
WTP Water treatment plant 
WWRT Wash water recovery tank 
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A.2.4 Defined Abbreviations 

Some abbreviations used in this document may be defined as follows: 

CT Current transformer: 
  Class 5P10 Protection CT – P, indicates protection; 5, indicates accuracy class; 10, 

indicates accuracy limit factor (10 times the primary current) 
 Class X – Very accurate type of CT mainly used balanced protection systems 

including restricted earth fault 
 Class 0.2 Metering CT – 0.2 indicates the accuracy class 

Lux (symbol: lx) Unit of Illumination. 1 lux is equivalent to 1 lumen per square meter. 
m/hr meter per hour (rise rate) 
IP Ingress protection rating, as defined in international standard EN 60529 (British BS EN 

60529:1992, European IEC 60509:1989) – refer section K.3.7. 
v/v Volume (of solute) per volume (of solvent) 
w/v Weight (of solute) per volume (of solvent) 
w/w Weight (of solute) per weight (of solvent) 

A.2.5 Auxiliary Verbs 

In these Guidelines, the following definitions of auxiliary verbs shall apply in the interpretation of 
context: 

Table A.1: Auxiliary Verbs 

Auxiliary verb: Indicates: 

shall Mandatory; equal to “is required to” 

should Recommended, or  
Preferred, but not necessarily required 

could 
Possibility, or  
Suggestion 

can Equal to “is able to” 

will Statement of fact or 
Used to describe or explain a concept or condition 

would Used to describe or explain a pre-existing concept 

may Optional, or “is permitted to” 
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A.3 SCOPE OF THESE GUIDELINES 

A.3.1 General Scope of the Guidelines 

(1) Physical Scope 

The physical scope of these Guidelines shall be from the raw water source up to the treated water trunk 
mains.  This shall include: 

 Preliminary studies; 
 Headworks: 
 Water treatment plant (WTP), and  
 Balancing reservoir. 

The physical scope of the Guidelines is illustrated in Figure A.1 (as follows). 

 
Figure A.1: Scope of Guidelines 

(2) Digital Scope 

The Commission envisages that the concept of Internet of Things (IoT) will be adopted in the 
development of water supply systems.  The IoT concept for water supply will be briefly described 
hereunder. 

The IoT concept envisages that the Internet connectivity will be enabled to all types of devices other than 
computer and mobile platforms, and that all those devices can interact with each other through a cloud-
based computerised system.  The concept is being developed in electrical power transmission and 
distribution in the developed countries, such as the Smart Grid European Technology Platform initiative 
and the Energy Independence and Security Act 2007 initiative in the United States.   

For water supply systems, it is envisaged that eventually all components of the system will be monitored 
and controlled by IoT based systems.  The basic IoT system architecture for water supply systems is 
envisaged to be as shown in Figure A.2. 
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Figure A.2:  Conceptual architecture of Internet of Things for water supply systems 

As shown in Figure A.2, the IoT system architecture is envisaged to consist of the following levels: 

Tier 0:  Local instrumentation tier – This level consists of the local SCADA outstations and instruments 
at the intake, WTP and balancing reservoir; instruments include flowmeters, water level sensors, water 
quality sensors, etc. 

Tier 1: SCADA systems tier – The level consists of the local area network (LAN) of the WTP with master 
station, which collects data from the Tier 0 outstations and instruments through the SCADA 
communications system.  The WTP master station will connect to the next tier, the fog tier. 

Tier 2: The fog tier – Contains edge analytics to process the data locally and data aggregation systems 
for connectivity to the next tier, which is the Cloud.  The data received will be from Tier 1 systems as well 
as “smart” water supply system remote terminal units, flowmeters, domestic smart meters, etc.  The edge 
analytics in the fog will allow the data to be processed and automated controls to be performed locally 
(i.e., at the “edge”) at multiple decision points in order to reduce network traffic; these are in fact multiple 
distributed control systems that are able to work independently of each other.  

Tier 3: The Cloud tier – The information relayed from the fog may be further processed through cloud 
computing.  The primary purpose of the Cloud will be the processing of data to allow information to be 
visualized on personal computers and mobile devices by system managers. 

The Commission expects that the development of IoT will be continued throughout the future; rather 
than be restricted to the urban domain it will be the pivot for uplifting the rural zones.  The Commission 
also recognises that the IoT concept is highly dynamic and that even the above envisaged architecture 
may evolve rapidly.  Development of the upper tiers and their communications systems thus will be left 
for the future to come.    As such, the scope of the Guidelines will be limited up to Tier 1 – SCADA systems; 
the upper systems will have to be addressed in separate forum in future when IoT technology protocols 
have been standardised.   
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A.4 GENERAL CLASSIFICATION OF WATER TREATMENT PLANTS 

In these Guidelines, the descriptions and criteria shall apply to the design of small to large WTPs as part 
of the public water supply systems. 

These Guidelines are meant to be all-inclusive for up to large WTPs and may be too wide-ranging for 
much smaller plants; consequently, much of the sections may not be applicable for WTPs of very small 
sizes, such as package or proprietary plant types serving commercial or industrial facilities.  As such, 
some of the criteria specified shall be applied for such WTPs insofar as practically possible, but may be 
deviated PROVIDED THAT, in the judgement of the Designer, such deviations are justifiable in 
professional engineering practice.   

For the purpose of these Guidelines, WTPs are broadly referred to as “very small” to “very large.”  For 
disambiguation, the following general classification should apply: 

Very small : ≤ 5.0 Mld 
Small : 6.0-50.0 Mld 
Medium : 51.0-100.0 Mld 
Large : 100.0 Mld-500.0 Mld 
Very large : > 500.0 Mld 

A.5 GENERAL REGULATIONS 

A.5.1 Legislation 

Legislation that applies as applicable within the context shall be as follows: 

 Water Services Industry Act 2006 (Act 655); 
 Water Services Industry (Permit) Rules 2007; 
 Water Services Industry (Water Reticulation and Plumbing) Rules 2014; 
 Water Services Industry (Licensing) Regulations 2007. 

In the design of a water supply system, the Designer and Licensee shall always comply with the above 
and all applicable Laws including new and amended legislations.  Compliance with these Guidelines and 
any approval for any water supply system granted by the Commission shall not in any way relieve any 
party from compliance with the Law or any rules and regulations that may apply. 

A.5.2 List of Suppliers 

All plant and equipment to be used in the water supply systems shall be from SPAN list of approved 
suppliers. 

A.5.3 Use of Standards and Codes in the Guidelines 

In addition to the requirement of the preceding section A.5.1, Malaysian Codes of Practices and 
Standards shall be used where applicable to all items of the water supply system.  Where relevant 
Malaysian standards or codes are absent or where a higher standard is desirable for particular items of 
plant or equipment, international standards and codes may be used, provided that such standards or 
codes are acceptable to the Commission.   International standards and codes where quoted in these 
Guidelines may be interpreted as such alternative standards or codes to be used. 
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A.6 PROJECT DEVELOPMENT 

A.6.1 Stages of Development of Water Supply Works 

For the purpose of these Guidelines, the development of water supply works will be chiefly divided 
into the following broad categories: 

 Preliminary studies phase; 
 Preliminary engineering design; 
 Detailed design; and 
 Implementation. 

A.6.2 Preliminary Studies Phase 

The development of water supply works usually commences with a problem definition, typically 
identified initially in a water resources study, in which the problem is defined by forecasting water 
demand and identifying solutions in the form of water supply development works to meet the demands. 
The solutions will be presented in the water resources study as conceptual ideas which will be 
developed in subsequent preliminary studies.  The guidelines for producing the main parts of the 
preliminary studies are provided in PART B  :  Preliminary Studies and other pertinent sections of this 
document.  In this stage, the conceptual idea as presented in the water resources study will be developed 
into various stages of conceptual designs as presented in the preliminary studies; this is further 
addressed in section B.1. 

A.6.3 Preliminary Engineering Design 

In this stage, the conceptual designs as presented in the preliminary studies are further developed as 
preliminary engineering designs (or alternatively referred to as basic design), which inter alia should 
contain the water treatment process design, preliminary designs of plant and equipment, the overall 
layout of the works and civil outlines of the main components.  Pertinent parts of already covered in Part 
B, while most are covered under Parts C to G. 

A.6.4 Detailed Engineering Design 

From preliminary engineering design covered under Parts C to G, detailed engineering design 
continues from Part H to Part O.  Part G and Part I covers the water and residuals treatment facilities 
respectively.  Part H covers the design of main process units and chemical plant, while Parts J to N 
involves detailed mechanical & electrical design.  

A.6.5 Implementation 

Whereas these Guidelines do not cover the scope of facilities construction, they cover the pre-
commissioning and post-commissioning activities under PART Q  :  Testing and Commissioning and 
PART R  :  Operation & Maintenance, Training and Handing Over. 

 

  



 

 



 

 

PART B  :   

Preliminary Studies 
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PRELIMINARY STUDIES 

B.1 SCOPE AND STAGES OF PRELIMINARY STUDIES 

B.1.1 Scope 

Preliminary studies shall mean the engineering studies preceding the development of a water supply 
system.  The preliminary studies are typically developed in stages, which may follow the following 
sequence: 

(i) Water resources study stage (section B.1.2); 
(ii) Prefeasibility study stage (section B.1.3); 
(iii) Feasibility study stage (section B.1.4). 

In the water resources studies, the main components of study will be the water demand study and water 
resource study to meet the projected water demands.  Once a potential water supply concept identified 
in the water resources study is deemed suitable for further investigation, that particular scheme may be 
carried to pre-feasibility or feasibility stage. 

The pre-feasibility and feasibility studies will typically consist two areas of interest: the water resources 
studies and water supply and distribution studies.  The pertinent topics in water resources studies 
covered under this Part are as follows: 

(a) Water demand forecasting in section B.2; 
(b) Hydrology in section B.3; 
(c) River hydraulics in sectionB.4; 
(d) Salinity studies in section B.4.1; 
(e) Sediment study in section B.6; 
(f) Hydrogeology in section B.7. 

Meanwhile, the water supply and distribution studies will be covered under Part B of the Uniform 
Technical Guidelines – Water Reticulation and Plumbing (UTG-WRP). 

B.1.2 Water Resources Study Stage 

The water resources study is implemented to analyse the available water resources to meet the 
objectives of the project within the project area of interest.  The water resources study will usually cover 
a much broader study area, which may comprise particular hydrological basins, regions, states or 
countries.   

The topics covered by water resources studies should inter alia include the following main topics: 

(i) Water demand forecasting; 
(ii) Hydrological studies; 
(iii) Salinity studies; 
(iv) Environmental aspects; 
(v) Hydrogeology (groundwater); 
(vi) Development of headworks from assessment of items (i) to (v). 

The water resources study should start with a demand study, which will be used to forecast the planning 
demand within the study period, which is the problem definition stage which will be the subject of 
inquiry for the study.  The water demand forecasting will usually be classed into potable, non-potable 
(i.e., industrial water) and irrigation water demands.  The potable water demand will indicate the quanta 
required for public water supplies and hence the capacity of water supply works required.   
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The hydrological study of a river basin or hydrogeological study of groundwater conditions will then 
indicate the quanta of water supplies available to meet the water demands.  The hydrological studies of 
the river basin will usually be supported by preliminary salinity and environmental studies. 

Thereon the study proceeds to identify the development of water supply headworks (i.e., dams, barrages, 
intakes, etc.) that will be required within the time horizon of the study.  The study also normally will 
include “order-of-magnitude” cost estimates for the headworks required. 

The water resources study will also usually provide an order of priority in the development of water 
supply works to meet the expected water demand. 

Conversely, for a very broad water resources study (such as a state-wide study) the hydrological studies 
may be done before the problem definition stage (i.e., the water demand forecast) as all possible water 
resources options for a wide study area must be investigated, in particular the development of major 
headworks.  However, the caveat in adopting this approach (i.e., identifying the water resources before 
defining the problem) is that it tends to prescribe exaggerated solutions where major headworks with 
high development costs are proposed for minor water demands, which will practically ensure that the 
proposals will not be implemented.  The recommended approach will be to provide for most practical 
and economically viable development at a local level to precisely satisfy the local water demands. 

The scope of the water resources study is normally up to the development of headworks at particular 
points of water abstraction.  The water resources study usually will not identify the water treatment 
plant (WTP) and distribution requirements for the study area.  The scope of required supply works will 
be the domain of the more detailed water supply and distribution studies (see further in section B.8).   

Such further studies may be developed as prefeasibility or feasibility studies.   

B.1.3 Prefeasibility Stage 

Prefeasibility studies are conceptual engineering studies of one or more potential water supply sources 
that have been identified in the water resources studies.  Prefeasibility studies typically cover the 
required headworks, WTP and distribution works to meet the projected water demands.  Usually these 
are conducted as desk studies, which would include a review of the earlier water resource studies (items 
(i) to (v) in section B.1.2) and could possibly explore other water resource options not considered earlier.  
Conceptual designs of feasible options are developed, with estimated costs of such options.  The objective 
of the studies will then be to determine the technical feasibility and economic viability of each option 
and thence to proceed with a recommended option.   

The prefeasibility study may be performed at an early stage where the developer may not have the 
financial resources ready to implement the project; however, the accuracy of information produced in 
the prefeasibility study should be such that the potential developer may be able to commit funds to 
proceed further.  

Cost estimates for prefeasibility studies should be “order-of-magnitude” estimates, typically with a low 
accuracy of -10% and a high accuracy of +20%, with contingency sums for unknowns added in.  The 
purpose of the cost estimates will be to provide basic financial analyses of capital expenditure (“capex”) 
costs and operating expenditure (“opex”) in order to determine least-cost options.  

A state-wide water supply and distribution study (for example) performed by a state government at 
prefeasibility stage would include various options for development of available water resources within 
the state and recommend the best option for meeting the demands of the various regions within the state.  
The scope of the study should include all necessary headworks and may be extended to include WTPs, 
the transmission mains and trunk mains up to the interfacing point with existing water supply facilities.  
The conclusions of the study will then enable the state government to decide on the development of 
current and future water supply works. 
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For technically complex (engineering wise) development, the targeted project should proceed to 
feasibility study stage.  Feasibility studies should also be made if there are evident socio-economic or 
environmental concerns for a recommended project. 

B.1.4 Feasibility Stage 

Feasibility studies are engineering studies which should provide sufficiently accurate and detailed 
information to determine whether or not the targeted project should be advanced to preliminary or 
detailed engineering design stage. The feasibility study should be primarily focussed on a particular 
project, and unlike the prefeasibility study should not be contemplating various development options.  
The feasibility study, however, should investigate viable options within the project, such as alternative 
sites or alternative processes. 

The feasibility study shall include a review of the earlier water resource studies (as in preceding items 
(i) to (v) in section B.1.2) and may even depart from the conclusions albeit with the agreement of the 
stakeholders.   

The feasibility study shall be able to confirm, in particular, the water demand projections and 
hydrological analysis and thereon an exact scope of the works.  In addition, and where relevant, the 
salinity analyses performed for the study should be carried to a stage to conclusively (i.e., non-
theoretically) confirm the limits of salinity intrusion and tidal ranges, even if this exercise may take a 
long monitoring period.   

Where relevant, the study should include preliminary topographical surveys, usually using IFSAR or 
LiDAR methods, and basic subsurface geotechnical investigations sufficient for the investigating engineer 
to provide pre-confirmation on the technical viability of the project.  This is particularly so for sensitive 
headworks such as barrages and dams.  The study should be able to identify any potential areas of 
concern, such as in acquisition of lands, that may have not been able to be identified in the earlier studies. 

In addition to all engineering, technical and environmental aspects of the project, the feasibility study 
should cover the financial, legal and scheduling aspects of the project as relevant and applicable. 

Cost estimates for the feasibility studies should be “definitive” estimates to an accuracy of ±10%, with 
contingencies added in for particular unknowns.  In any case, the cost estimates should be sufficiently 
detailed to provide a private developer to assess the financial viability of the project.  Upon conclusion 
of the feasibility study, the developer should be prepared for his financial resources. 
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B.2 WATER DEMAND FORECASTS 

B.2.1 Introduction 

This section outlines the suggested procedure for preparation of potable water demand forecasts and 
the estimation of required supply by ensuring adequate reserve margins. 

The scope covers demand forecasts for States, Districts and Mukims.  Demand forecasts for developments 
will be based on average daily water demand as per listed in the SPAN Uniform Technical Guidelines - 
Water Reticulation and Plumbing (SPAN UTG-WRP). 

The potable water supply requirement is broadly made up of domestic and non-domestic water 
demands. The non-domestic water component is made up commercial demand, industrial demand and 
institutional demand. In addition to these components, the total average demand is the sum of these 
components and a provision for real and apparent losses in the water supply system. The physical or real 
losses is a component of Non-Revenue Water (NRW).   NRW is the difference between System Input 
Volume (SIV) and billed consumption.  

Essentially, this means that the water demands are derived from a bottoms up approach by adding these 
components to arrive at the expected total average daily demand at any point in time. However planning 
based on this demand is risky as it does not allow for fluctuations in actual demands. Hence a peaking 
factor or buffer is applied to the total average daily demand to arrive at the total planning demand. This 
peak factor, as the term suggests, caters for peaks in demand during specific periods. 

For planning of supply, an additional factor called the reserve margin is applied to the planning demand. 
This reserve margin is to ensure that there is adequate spare capacity at all times to provide some 
measure of robustness in supply. Drops in capacity due to plant disruption or bursts in large mains will 
result in reduced capacity. The impact of these disruptions can be mitigated to some extent by plants 
which have spare capacity and have distributions systems that are interconnected. The reserve margin 
is also an indicator to trigger planning and implementation of new works. When the reserve margin levels 
approach minimum levels, new works need to be introduced into the system on a timely basis. 

Water demand forecasts needs to be reviewed at suitable interval or as and when determined 
appropriate by the Licensee or other stakeholder. 

B.2.2 Objectives 

The primary objective of water demand projections is to facilitate the planning of water resource and 
water supply works (WTPs and associated distribution systems).  This will enable the water operator to 
estimate the capital expenditure requirements and also the related operation and maintenance costs to 
arrive at a suitable business plan. 

In some cases, water demand forecasts are carried out to assess the viability of a particular scheme. 

B.2.3 Water Demand Categories 

The demand categories of water demand include demand by the domestic, industrial, commercial and 
institutional sectors. In addition to this, the total amount of water that needs to be produced, and hence 
the total water demand includes provisions for NRW (refer section B.2.4.1) and real losses (refer 
section B.2.4.2).   

Figure B.1 shows a flowchart for the demand forecasting process. 
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 Water Demand Component Scope 

Domestic demand comprises the following: 

 In-house uses for drinking, cooking, personal washing, sanitation, house cleaning, laundry, etc.; 
and  

 Out-of-house uses for garden, watering, lawn sprinkling and car washing.  

Commercial demand comprises the following: 

 Shops, offices, restaurants, shopping complexes etc. 

Institutional demand comprises the following: 

 Hospitals, schools, universities, Government offices, religious or worship places and institutions, 
military establishments, etc. 

Industrial demand comprises the following: 

 Process plants, manufacturing industries, power stations, docks, etc. 

Non-revenue water (NRW) is defined as the difference between the measured production or System 
Input Volume (SIV) and billed consumption, expressed by the equation: 

 

 

Part of NRW includes leakage from the supply system. 

 
Figure B.1: Process flowchart for water demand computation 

NRW = 
Production 

(measured)    or 
SIV 

- 
Consumption 

(metered) 
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B.2.4 Component Analysis and Bottom Up 

There are many methods for water demand forecasting but for the purpose of this guideline, the method 
that will be detailed is the method widely used in Malaysia. 

This method is based on determining the demands for the major categories of water demand before 
adding them up to arrive at the total average daily water demand for any particular year. 

The major categories of water demand are domestic, commercial, industrial, institutional and Non-
Revenue Water (Apparent and Real Losses). 

The average daily water demand is then escalated by a factor to cater for peak or planning demands.  This 
factor should not be confused with the reserve margin which is a buffer applied to available supply to 
maintain adequate reserve within the water supply system. 

The water demand forecasts using this approach has two variations which are forecasting based on NRW 
(Approach 1) and based on Real Losses (Approach 2). 

 Approach 1 – Demand Forecasting Based on NRW 

Prior to the period when Non-Revenue Water was not studied or assessed in any great detail, the water 
demand for the baseline was determined purely by referring to the respective total metered consumption 
under each category and then adding the Non-Revenue Water component. Future forecasts are based on 
expected changes in each component. 

Figure B.2 shows a flow chart of this process. 

 
Figure B.2: Flowchart for demand forecasting based on NRW (Approach 1) 

Non-Revenue Water was expected to reduce to target levels and maintained thereafter. 

This approach is no longer tenable for the following reasons: 

(i) Underestimation of actual demand for domestic, commercial, industrial and institutional 
component at baseline; 

(ii) Reductions in Non-Revenue water do not lead to corresponding reductions in demand; 
(iii) Lower per capita consumptions for domestic demand at baseline. 
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The actual water demand for any one category such as domestic demand is in reality the sum of metered 
consumption and apparent losses due to meter under registration or theft/pilferage. 

If apparent losses can be estimated, then this portion needs to be added back to the respective categories. 

For instance in a district where the NRW is for example 50%, the apparent losses may be of the order of 
about 20% of total water demand or 30% of NRW. This represents a sizeable quantum, which if omitted 
in the baseline results in overall underestimation of water demand of the relevant categories. 

Secondly, if future water demands are assumed to reduce due to drastic reductions in NRW, the overall 
resulting water demands are also much lower and can be under estimated. 

This is because in areas with high NRW, apparent losses are a significant component and hence efforts 
are usually made by the relevant authorities to reduce this component by replacement of meters on an 
aggressive basis. This results in a drop in NRW but the demand does not drop significantly as the portion 
that was not captured by the meters is still consumed and reflected in increases in metered 
consumptions. 

Hence this approach to water demand forecasting should be avoided as far as possible. This can only be 
facilitated by sufficient efforts by the authorities to enable a reasonable breakdown of the NRW. 

Table B.1 below shows the NRW water balance which has been adopted by SPAN in Malaysia. 

Table B.1: Standard International Water Association (IWA) water balance 

System 
Input 

Volume 
(SIV) 

Authorised 
Consumption 

Billed Authorised 
Consumption 

Billed Metered Consumption  Revenue 
Water Billed Unmetered Consumption 

Unbilled Authorised 
Consumption 

Unbilled Metered Consumption 

Non-Revenue 
Water 

Unbilled Unmetered 
Consumption 

Water 

Losses 

Commercial Losses 
Unauthorized Consumption 

Customer Metering Inaccuracies 

Physical Losses 

Leakage on Main Pipe, 
Distribution Pipe and Reticulation 

Leakage and Overflows at Utility’s 
Storage Tanks 

Leakage on Service Connections 
up to point of Customer Metering 

If such a detailed mapping of the NRW is not available, at the very least an estimate of the proportion of 
apparent losses and real losses should be attempted. 
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 Approach 2 – Forecasting Based on Real Losses 

Figure B.3 shows the recommended flow chart for water demand forecasts using this approach. 

 
Figure B.3: Flowchart for demand forecasting based on real losses (Approach 2) 

In this approach, the categories of water demand are studied and assessed separately and then added 
together to derive the total demands (making adjustments for apparent losses). 

B.2.5 Policies Related to Potable Water Management 

It is important to emphasise that the National Water Resources Policy and the National Policy address 
the overall management of water resources and the institutional arrangements to facilitate the 
management of water. These policies DO NOT have bearing on potable water demand and hence need 
not be referred to for the process of carrying out potable water demand assessments. 

In the case of the National Green Technology Policy, the initiative was setup in 2012 with the MyHijau 
programme. 

One of the key outcomes of the programme was the assignment of the responsibility for classification 
and promotion of water efficient fittings by SPAN. 

WEPLS is a Water Efficient Product Labelling Scheme initiated by SPAN to register and label water 
efficient products according to the guidelines set by SPAN. 

WEPLS label serves to inform consumers of the product’s water efficiency rating and the consumers will 
be able to take these factors into accounts when making their purchasing decision. 

WEPLS is introduced for the following purposes:  

 to raise awareness of the public on the availability of water efficient products; 
 to encourage a healthy water consuming habit among consumers; 
 to promote a green life style by using water efficient products; 
 to encourage the suppliers in the development and marketing of water efficient products in 

Malaysia, and 
 to motivate the introduction of cost-effective and water efficient technologies in Malaysia. 

In line with this, water efficient fittings have been made mandatory commencing with the Water Services 
Industry (Water Reticulation and Plumbing) Rules 2014 and subsequent legislation.  However, it is 
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important to emphasise that the use of these fittings prior to this is not mandatory or required by law 
and hence the potential savings in water usage or demand can only be realized in cases or developments 
where such fittings are used. 

The Green Building Index (GBI) in Malaysia (see also section G.8) is a recognised green rating tool for 
buildings to promote sustainability in the built environment and raise awareness among developers, 
architects, engineers, planners, designers, contractors and the public about environmental issues and our 
responsibility to the future generations. 

The GBI rating tool provides an opportunity for developers and building owners to design and construct 
green, sustainable buildings that can provide energy savings, water savings, a healthier indoor 
environment, better connectivity to public transport and the adoption of recycling and greenery for their 
projects and reduce our impact on the environment. 

The GBI promotes the use of rainwater harvesting and water efficient fittings as green measures. These 
measures score lower than others as they are generally not favourable in terms of cost recovery. With 
low water tariffs, the costs incurred in deploying rain water harvesting system, which are only functional 
during wet spells, have long recovery periods despite some reduction in water consumption. 

The key impact of this initiative is the reduction in requirement of potable water supply for non-
consumptive water uses such as flushing of toilets, cleaning of cars etc. This will reduce the domestic per 
capita consumption significantly, when adopted. 

In conclusion, potential reductions in demand resulting from green measures should be incorporated in 
water demand assessments on a case by case basis, where there is a clear policy on the matter or initiative 
to incorporate green measures for water conservation. 

 Recycling 

Large industrial and commercial potable water users can be encouraged to adopt recycling facilities to 
reduce the actual water requirement. 

 Non-Structural Measures 

In some cases, the tariff has been structured to discourage waste with higher tariffs imposed for water 
use in excess of an acceptable minimum.  The impact of tariff increase on water consumption rates needs 
to be studied separately. 

It is generally difficult to implement increases in water tariffs and equal increments in increase in tariff 
may not result in the same proportion of reduction. Reference will need to be made to other developed 
countries to gauge potential reduction, remembering that there are other factors which influence such 
assessments (per capita income of the related country, relative cost of water etc.) 

Detailed studies will be required to assess the targets for consumption rates before a meaningful demand 
assessment can be prepared. Going forward, SPAN is targeting a per capita domestic consumption of 160 
lcd by 2030.  

Non-structural measures may also include conducting awareness campaign to conserve water. 

B.2.6 Water Demand Forecasting - General Considerations  

The first step in planning future water resource or supply requirements is to prepare water demand 
forecasts for the relevant planning horizon. 

Some water demand studies are for medium term (about 20 to 30 years) while others are for longer term 
(50 years).   
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In the case of water resource studies, it is considered generally prudent to allow for higher growth rates 
in water demand in order to identify and secure sites for water resource development as early as 
possible. In such studies, the spatial distribution of water demand need only be considered at district 
levels for planning purposes. 

In the case of planning of water supply systems, the spatial distribution of water demand has to be carried 
out for smaller blocks, where feasible, to define appropriate distribution strategies and requirements 

Long term forecasts need to be revisited in due course and planned provisions revised accordingly. 

B.2.7 Water Demand 

 Categories of water demand 

The key categories of water demand are: 

(i) Domestic water demand; 
(ii) Industrial water demand; 
(iii) Institutional demand; 
(iv) Commercial demand, and 
(v) Non-revenue water (Approach 1)/real losses (Approach 2) 

 Domestic Demand 

The domestic demand is dependent on base population, population growth, per capita consumption and 
trends in per capita consumption.  

The domestic consumption for a particular planning zone at any point in time can be expressed as a 
product of the population and the per capita demand. In some cases, the calculations are carried out for 
the anticipated population served, which is the population that has access to potable water supply. In 
these cases, a portion of the population does not have access to public potable water supply.  

The issue of domestic per capita consumption is relatively difficult to assess. The simplified analysis is 
based on dividing the total domestic metered demand with the estimated population. If adequate NRW 
data is available to assess the apparent losses, the domestic metered demand has to be adjusted for 
apparent losses due to theft and meter under registration to arrive at a more accurate assessment.  

The future population is assumed to grow exponentially. 

Future per capita rate will need to take into account current government policies and consultants 
designing water supply systems will need to study the suitability of using a set target to ensure the 
systems can meet water supply demand by consumers. 

It is a known fact that population forecasts based on Structure and Local Plans are overly optimistic. This 
is because in each plan, efforts are made to paint a picture of potential development, which in many cases, 
for rural areas, is associated with anticipated population growth rates well in excess of historical 
numbers. 

If the population anticipated from all the plans were added up, the net growth in population for Malaysia 
will be well in excess of any realistic estimate. 

At the same time, water supply planners are unable to suggest rates different from the approved and 
gazetted plans as these documents are official documents to be used for planning purposes. In the event 
that the population data from the Department of Statistics is considered low, an adjustment factor can be 
applied, as deemed appropriate and with consensus from all relevant stakeholders. 

The reality is that the population growth in rural areas will be very low, if not negative, due to migration 
to other areas in search of employment. 
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Water supply planners need to also take into account that in general the population growth rates are on 
a declining trend in developing countries such as Malaysia. In some developed countries the actual 
population growth rate is shrinking resulting in drop of population. Hence for long term forecasts of 
water demand in Malaysia it is unreasonable to assume aggressive growth rates indefinitely into the 
future. 

The trend in the long term is for population growth rates to decline to possibly negative levels. 

The flowchart for calculating domestic demand is shown in Figure B.4. 

 

Figure B.4: Flowchart for calculating domestic demand 

(1) Identify Study Area 

The first step in the assessment is to define the study area in terms of the State(s), District(s) and 
Mukim(s) and if the area is urban or rural.   

The administrative Districts and Mukims of each State are clearly defined and hence this is a straight 
forward task. 

For studies involving demand at State level, the sub study areas will be the relevant Districts. In the case 
of studies for Districts, the sub study areas will be the relevant Mukims. In some cases, the demand 
assessment may be for a Mukim.  

The definition of urban by the Statistics Department is shown below: 

"Gazetted areas with their adjoining built-up areas, which had a combined population of 10,000 or more at 
the time of the Census 2010 or the special development area that can be identified, which at least had a 
population of 10,000 with at least 60% of population (aged 15 years and above) were involved in non-
agricultural activities." 

Built-up areas were contiguous to a gazetted area and had at least 60% of their population (aged 15 years 
and above) engaged in non-agricultural activities. 
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Special development areas are areas of development that can be identified and separated from any gazetted 
area or built- up area more than 5 km and the area had a population of at least 10,000 with 60% of the 
population (aged 15 years and above) were involved in non-agricultural. 

The classification of an area as urban or rural is in accordance with that adopted by the Statistics 
Department. 

(2) Determine Baseline Year for Projection 

The next step in the demand assessment will be to define the baseline year, from which demand will be 
projected forwards. 

Ideally data for a complete twelve-month period within the most recent calendar year that has passed is 
adopted as the baseline year. As demands are typically indicated for calendar years, the data for the full 
year must be available. 

(3) Compile Data for Baseline 

Having established the baseline year, the next task is to collect the following baseline data: 

(i) Metered consumption data for domestic demand. 
(ii) Apparent losses in percentage (%) from NRW water balance.  
(iii) Estimated population at baseline. 

(4) Calculate Baseline Data 

The baseline data is calculated as follows. 

Table B.2: Data requirement to establish baseline per capita consumption for domestic demand 

Data Source Remarks 

Metered consumption Operator  

Apparent losses Operator 

If Approach 2 selected, based on data from NRW 
water balance.  If water balance not available, 
suggest assume apparent losses = 25% of total 
NRW 

Population at baseline year 
Department of 

Statistics (DOS), 
Malaysia 

Data from DOS usually available with State 
Planning Department. 

Percentage of population 
served 

Operator/SPAN  

The preceding Table B.2 is used to calculate the baseline per capita consumption for domestic demand 
using the following formula: 

Domestic per capita 
consumption at 
baseline (lcd) 

= 
Metered consumption (adjusted for apparent losses) 

( % Population served at 
baseline year 

x Population at baseline 
year )
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Table B.3 below show the sample calculation of baseline domestic per capita consumption (The study 
area comprises of 4 sub areas). 

Table B.3: Sample calculation of baseline domestic per capita consumption 

Computation of domestic per capita consumption Sub area 
1 

Sub area 
2 

Sub area 
3 

Sub area 
4 

Study 
area 

Units 

1 Total No of Domestic Accounts - base year 3,256 11500 3151 4200 22,107  

2 Total Domestic Metered Consumption  3.3 7.9 2.7 1.7 15.5 Mld 

3 Total population for area  14,821 36,901 12,358 8,599 72,679  

4 Average domestic per capita (unadjusted)  
APPROACH 1 223 214 219 198 213 lcd 

5 NRW %  40 50 36 42 42 % 

6 Assumed/ Computed apparent losses (25% 
of NRW)  10 12.5 9 10.5 10.5 % 

7 Adjusted Domestic Metered Consumption  3.6 8.9 2.9 1.9 17.1 Mld 

8 Adjusted average domestic per capita  
APPROACH 2 243 241 235 221 235 lcd 

The average domestic per capita consumption for Approach 1 in Row 4 is obtained by dividing the 
consumption in Row 2 with the population in Row 3. 

For sub area 1, the NRW is estimated to be 40%.  Assuming the apparent losses to be 25% of NRW (10%) 
the adjusted consumption is a shown in Row 7. 

The adjusted average domestic per capita is the value derived in Row 7 divided by the population in Row 
3.  This figure is the per capita using Approach 2.  

(5) Determine Service Levels for Future 

In order to facilitate the process of forecasting, it is then necessary to determine the service levels for 
following parameters 

 Future domestic per capita consumption; 
 Future population served, if currently not 100%; 
 Future population growth rate. 

(6) Compute Future Population 

The population in the future, P1, is expected to grow at an exponential rate according to the following 
formula: 

P1 = Po ert 

Where  
Po = baseline population 
e = exponential factor  
r = expected growth rate for the period under consideration 
t = number of years  

The estimation of the factor r will need to take into account data from the following sources, if a 
demographer is not appointed for the demand assessment: 

(i) Historical population growth rate; 
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(ii) Forecasts of short-term population by the Statistics Department; 
(iii) Forecasts of population from structure and/or local plans; 
(iv) Data on development of residential units from National Property Information Centre (NAPIC), if 

relevant; 
(v) Specific large-scale development plans such as Greater KL, Iskandar, etc. 

Where gazetted structure plans or local plans are available, the population forecasts in these plans need 
to be adopted for the expected planning horizon of the plan. 

For time periods beyond the span of the Structure Plan or Local Plan or any other relevant plan, the water 
demand assessor will need to incorporate reducing rates of growth. This is primarily because the trend 
in population growth in Malaysia is a declining trend and hence population growth rates are expected to 
decline going forward. 

The pace of reduction beyond the period defined in the Structure or Local Plan, cannot be easily assessed 
without the advice of a demographer.  In general it is recommended that growth rates be reduced at 
modest rates. It is recommended that the growth rate for future periods be between 80 to 90% of the 
previous rate, subject to agreement of all relevant stakeholders. 

(7) Compute Domestic Demand for Each Target Year 

Having established the future populations, the next step will be to determine the appropriate policy on 
per capita for domestic use. 

In water stressed areas, the baseline per capita may be significantly lower than that recommended or 
suggested as a suitable level of service. In such cases, it will be necessary to discuss the time frame to be 
given to achieve the desired level of service. 

For example if the calibrated rural domestic per capita consumption is 120 lcd (litres per capita per day) 
at baseline while the preferred or recommended level is 180 lcd, then it will be necessary to determine 
with the Water Operator or State Government or any other relevant stakeholder, the time by which 
supply will be enhanced to achieve the desired per capita of 180 lcd. 

There are differing opinions on the policy to be adopted in relation to future domestic per capita 
consumption rates. This is purely a matter of policy and not a technical matter. 

In most studies in the past, the assumption was made that due to rising affluence and historical trends, it 
is necessary to allow for progressively increasing per capita rates. 

Subsequently, there were changes in thinking that suggested that it was not prudent to plan on the basis 
of increasing per capita domestic consumptions especially when current usage rates suggested excessive 
wastage. This line of thinking was consistent with current practices in other countries which aim to 
conserve water by incorporating suitable measures such as more efficient water fittings and higher 
tariffs. 

In cases where existing per capita is in excess of the guidelines, a decision needs to be made with the 
relevant stakeholders if there are policies and plans to encourage water conservation or a decision is 
made to maintain status quo. 

A middle path would be to assume that per capita consumptions remain at current levels indefinitely. 

It is clear that this matter needs to be addressed at the onset to facilitate the water demand estimation 
process.  

The per capita for the various States in Malaysia based on the data on the Malaysian Water Industry Guide 
2017 is shown in Table B.4. 
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Table B.4: Domestic consumption per capita per day 2016-2017 

State 

Consumption per capita day 

l/cap/d 

2016 2017 
Johor 201 200 
Kedah 223 217 
Kelantan 144 141 
F.T. Labuan 165 161 
Melaka 234 228 
N.Sembilan 229 222 
Pulau Pinang 290 277 
Pahang 202 190 
Perak 235 227 
Perlis 259 245 
Sabah 115 108 
Sarawak 168 165 
Selangor 234 222 
Terengganu 215 204 
Malaysia 209 201 

(Source: MWIG 2017) 

The suggested per capita to be adopted depends on the scenario to be considered. 

If a rising per capita scenario is being considered, the suggested per capita is as follows: 

 Urban 230 to 320 lcd 
 Rural 135 to 230 lcd 

The areas are classified as rural or urban based on the Statistics department definition of urban areas. 

If a constant per capita scenario is being considered, then future per capita will be the same as baseline 
per capita. 

If a reducing per capita scenario is adopted in favour of water conservation, then the target future per 
capita (e.g., 160 lcd) and the year by which it is to be achieved (e.g., 2030) must be decided and the 
baseline per capita reduced accordingly. 

Having established the relevant parameters for the future, the process of forecasting is made easy by 
estimating future domestic demands using the following formula: 

Domestic 
demand at Year 

N 
= 

Population 
at Year N 

X 
% of population 

served 
X 

Domestic per capita 
at year N 

Table B.5: Percentage of population served (MWIG 2018) 

State 
2017 

Urban (%) Rural (%) State (%) 
Johor 100 99.5 99.8 
Kedah 100 96.5 98.3 
Kelantan 61.5 74.4 68.0 
F.T. Labuan 100 100 100 
Melaka 100 100 100 
N.Sembilan 100 99.8 99.9 
Pulau Pinang 100 99.8 99.9 
Pahang 100 96.0 98.0 
Perak 100 99.2 99.6 
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State 
2017 

Urban (%) Rural (%) State (%) 
Perlis 100 99.0 99.5 
Sabah 100 78.0 89.0 
Sarawak 99.0 61.1 80.7 
Selangor 100 99.5 99.8 
Terengganu 99.1 92.9 96.0 
Malaysia 97.2 93.9 95.5 
Source : MWIG 2018 

On completion of this exercise, the envisaged future domestic water demands are established. 

(8) Scenario Analysis 

However, for sensitivity analysis purposes, it is recommended that demand forecasts be prepared for all 
three per capita scenarios. This will help the planners to assess the impact of the various assumptions. 

Table B.6 to Table B.8 shows the typical calculation for forecasting domestic demand for the three 
scenarios. 

Table B.6: Rising per capita consumption (example) 

Year 2018 2020 2025 2030 2035 2040 2045 2050 

AGR (%)  0.73 0.58 0.66 0.90 0.89 0.80 0.65 

Total population 14821 15039 15484 16003 16743 17505 18219 18821 

PCC (lcd) 220 220 225.5 231 234.5 238 241.5 245 

Domestic Water 
Demand (Mld) 

3.26 3.31 3.49 3.70 3.93 4.17 4.40 4.61 

Table B.7: Reducing per capita consumption (example) 

Year 2018 2020 2025 2030 2035 2040 2045 2050 

AGR (%)  0.73 0.58 0.66 0.90 0.89 0.80 0.65 

Total population 14821 15039 15484 16003 16743 17505 18219 18821 

PCC (lcd) 220 200 190 180 180 180 180 180 

Domestic Water 
Demand (Mld) 

3.26 3.01 2.94 2.88 3.01 3.15 3.28 3.39 

Table B.8: Constant per capita consumption (example) 

Year 2018 2020 2025 2030 2035 2040 2045 2050 

AGR (%)  0.73 0.58 0.66 0.90 0.89 0.80 0.65 

Total population 14,821 15,039 15,484 16,003 16,743 17,505 18,219 18,821 

PCC (lcd) 220 220 220 220 220 220 220 220 

Domestic Water 
Demand (Mld) 

3.26 3.31 3.41 3.52 3.68 3.85 4.01 4.14 

Notes on calculations: 

1. AGR : Annual growth rate % 

2. Population forecast based on formula 
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P1 = Po ert 

3. Domestic per capita consumption (Baseline + Future) 

Domestic per capita 
consumption at 
baseline (lcd) 

= 
Metered consumption (adjusted for apparent losses) 

( 
% Population served at 

baseline year 
x Population at 

baseline year )
 

4. Domestic Water demand calculated based on formula 

Domestic Water 
Demand (Mld) 

= 
Total population x PCC 

 1000000    
 

 
PCC : Per capita consumption 

 Commercial 

Commercial water demand generally refers to consumption by shop houses, shopping complexes, 
office buildings and hotels. 

The approach to forecasting commercial water demands depends on the type of information available 
from Local or Structure Plans. In some cases a land use specialist is engaged in the assessment exercise 
to specifically forecast the expected future shop lots, commercial and office areas.  

In cases where there is adequate data on the relevant commercial facilities, the process is relatively 
straightforward. The demand for each type of commercial demand (shophouse, office building, shopping 
complex or hotel) is assessed by applying the rates recommended by SPAN in the SPAN UTG-WRP. 

Hence the total commercial demand is the sum total of the estimated demand for each commercial 
facility. 

In forecasting commercial demands for an area such as a District or State where such detailed data is not 
available, the procedure is different. 

In such cases, it is assumed that information on the metered consumption for the area for commercial 
facilities is available. 

Care needs to be taken to separate out consumption for industrial facilities which may be parked under 
the total commercial metered consumption. 
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Figure B.5 below provides a flowchart for this approach. 

 
1. Compile baseline year data: 

 Metered commercial consumption 
 Estimate apparent losses 
 Estimate current commercial floor space (office and shopping 

complexes)/shophouses 
 Estimate current usage rate 

 

2. Determine future floor space/shop houses  
Forecast and determine future usage rate 

3. Compute future commercial demand 
 

Figure B.5: Alternative flowchart for forecasting commercial water demand 

Data for forecasting future commercial consumptions usually is based on projections for commercial 
floor space as a whole.   

Table B.9 below provides sample data for a typical study area. 

Table B.9: Forecasted commercial floor space (example) 
District X 2015 2020 2025 2030 

Commercial floor space in sq m 300,700 443,617 517,217 637,217 

The metered consumptions for 2019 (adjusted for industrial consumption, if possible) are then divided 
by the estimated commercial floor space at 2019 to assess the usage rate to be adopted for each district. 

The commercial consumption for the future until 2030 can then be forecasted by multiplying the rate 
derived for 2019 with the expected floor space. 

Assuming the forecast will need to be made in 2020, then the floor space for 2019 can be interpolated 
from the table. 

The linearly interpolated from the table for 2019 works out to be 415,034 sq m 

Assuming that the metered consumption for commercial facilities for 2019 (baseline year) is 36.7 Mld, 
the actual rate is estimated to be about 88.2 litres per sq m. 

Table B.10: Sample calculation for forecasting commercial demand 
Estimated Commercial Floor Space At Baseline Year 415034 sq m 
Total Metered (Adjusted) Consumption For Commercial Floor 
Space 3.67 Mld 

Actual Usage Rate 8.82 litres/ sq m 
Usage Rate Based On SPAN Uniform Technical Guidelines 10 litres/ sq m 

In this case the actual usage rate is less than the 10 litres per sq m adopted for new commercial facilities 
in the SPAN UTG-WRP. 
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Since the gap is relatively small, a figure of 10 litres per sq m can be adopted for the years 2020 to 2030 
as summarised below. 

Table B.11: Sample calculation for forecasting commercial demand based on 10 litres per sq m 
Daerah/District X 2019 2020 2025 2030 
Commercial floor space in sq m 415,034 443,617 517,217 637,217 
Usage rate : litres per sq m 8.82 10.0 10.0 10.0 
Commercial demand ( Mld) 3.67 4.44 5.17 6.37 

Alternatively the usage factor can be slowly increased to 10 l/sqm to avoid unusual jumps in commercial 
demand. Sudden increases in commercial demand may paint a more viable outlook in the scheme 
proposed for the study area and are unrealistic.  

If projections beyond 2030 are required, it is suggested that the commercial consumptions for 
subsequent years (such as 2040, 2045 and 2050) be assumed to grow at a slower rate. 

This future rate can then be used to determine commercial consumption at 2040 and so on. 

Trend Analysis 

An alternative approach which may be adopted under certain circumstances will be the use of trend 
analysis. 

 

Figure B.6: Alternative approach for forecasting commercial demand – trend analysis 

The data below shows the percentage growth per annum for commercial consumption for a typical study 
area between 2011 and 2016. 

Table B.12: Percentage growth per annum for commercial consumption (example) 

Year 2011 2012 2013 2014 2015 2016 

Growth in commercial metered 
consumption in % per annum 8.0 7.6 7.7 8.3 8.5 9.1 

The data shows that there is a rising trend in the commercial consumption. In the absence of any other 
data, the water supply planner may allow for nominal increases in commercial consumption for a certain 
period where growth may be expected to continue and then allow for progressively declining rates 
thereafter. For instance, the planner may think it appropriate to allow for growth for the next five years 
at say 9% per annum and about 7% for the next five years and so on. This is purely subjective but 
provides for a quick assessment of potential assessment. Growth in any component of consumption or 
demand cannot be assumed to increase at the same rate indefinitely into the future. 

1. Determine Historical Trend

2. Determine suitable growth rate for future (e.g. rising in short term and then declining

3. Compute demand for each year based on assumed growth rates
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 Industrial Demand/Consumption 

The procedure for estimating industrial demand is similar to that for commercial demand. 

If data on the type of industry (light, medium, heavy etc.) are available, the usage rates in the SPAN UTG-
WRP may be adopted. 

In cases where adequate data on these types of facilities are available, the estimation of demand is made 
simple by applying the relevant rates to the expected facilities to be developed 

In case such detailed breakdown of data is not available, then the approach suggested is similar to that 
used for commercial demand. 

The data below shows a typical projection for industrial land area that can be obtained from a Structure 
Plan, Local Plan or Landuse Specialist. 

Table B.13: Baseline calibration (example) 

Type of industry Year 2012 land use 
(ha) 

Consumption rate 
(litres/hectare/day) 

Consumption 
(Mld) 

Light  213   33,000  7.03 
Medium  181   50,000  9.05  
Heavy  1,110   65,000  72.15 

Total : 88.23   
*Source: SPAN Uniform Technical Guidelines-Water Reticulation and Plumbing 

The actual metered consumption was only 42.52 Mld suggesting an average of 28,271 litres per hectare. 
The quantum calculated based on SPAN UTG-WRP translates to an average usage rate of 58,664 litres 
per hectare.  

Since the gap is relatively big, a decision needs to be made whether to adopt the historical usage rate 
calculated at baseline or the figure in the SPAN UTG-WRP on a slowly increasing basis. 

The tables as follows shows the impact of retaining the baseline calibrated figure versus providing for 
forecasts based on the SPAN guidelines. 

Table B.14: Total industrial consumption projected based on SPAN UTG-WRP (example) 

Year 

Projected Land Area (ha) Increase from preceding study year 
Cumulative 

(Mld) Light Medium Heavy Light Medium Heavy 
Demand 

(Mld) 

2012 213 181 1,110     88.23 

2015 264 249 1,130 51 68 20 6.38 94.61 

2020 269 288 1,160 5 39 30 4.07 98.68 

2025 436 455 1,370 167 167 210 27.51 126.19 

2030 635 615 1,583 199 160 213 28.41 154.60 
 Baseline data 

Sample calculation for example year 2015 in Table B.14 is shown as follows. 

Demand (Mld) = 
((51 ha x 33,000 l/ha/day)+(68 ha x 50,000 l/ha/day)  
+(20 ha x 65,000l/ha/day))/1,000,000 

 = 6.38 Mld 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    37 

Table B.15: Total industrial consumption with future usage rate same as baseline rate (example) 

Year 
Projected Land Area (ha) 

Total 
Usage rate 
(litres per 
hectare) 

Estimated 
Industrial demand 

(Mld) Light Medium Heavy 

2012 213 181 1,110 1504 28,271 42.52 

2015 264 249 1,130 1643 29,000 47.65 

2020 269 288 1,160 1717 29,000 49.79 

2025 436 455 1,370 2261 29,000 65.56 

2030 635 615 1,583 2833 29,000 82.15 

Since the actual usage rate is below the provision, the planner can opt to use the “calibrated” rate for 
future projections with slight increases as in the table above  

In general, planners will opt to calculate industrial demands based on Table B.15 to be conservative. 
However, table provides an alternative scenario for consideration especially for financial modelling. 

Sudden increases in industrial demand may paint a more viable outlook in the scheme proposed for the 
study area and are unrealistic.  

If projections beyond 2030 are required, it is suggested that the industrial demand for subsequent years 
(such as 2040, 2045 and 2050) be assumed to grow at a slower rate. 

In the absence of detailed information on the type of industries, it is recommended that the rates for light 
industry be adopted. 

The classification of industries into light, medium and heavy are based on their water usage. Some 
industries such as steel mills, semiconductor plants and paper pulp factories are heavy users of water. 

Structure plans and local plans do not indicate the phasing and the planner has to assume the phasing. 

As with other categories of water demand, trend analysis of metered consumptions can be used as an 
alternative approach. 

The estimate of demands for special industrial developments such as Pengerang PIPC, Airports and Ports 
should be undertaken as a special case and investigated separately. 

 Institutional Water Demand 

This component is in many cases the smallest component of water demand with the exception of areas 
which have large educational institutions or hospitals. 

Method 1 

One of the common methods for estimating institutional water demand is to assume that future 
institutional water demand are within a range of about 5 to 15% of the domestic demand. In such cases, 
the actual proportion of the institutional demand is established at the baseline year and future rates are 
ascertained accordingly. For example if the metered consumption analysis shows that the institutional 
consumption is 3.7% of domestic water demand at the baseline, then future consumptions can be 
assumed to range between 5% to as high as 10% of domestic demand. 

This method is illustrated in Figure B.7. 
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Figure B.7: Flowchart for forecasting institutional water demand (Method 1) 

Method 2 – Component Estimate 

In some cases data on the type and numbers and other relevant details of institutional facilities are 
available. 

 
Figure B.8: Flowchart for forecasting institutional water demand (Method 2) 

In such instances the rates in the SPAN Uniform Technical Guidelines – Water Reticulation and Plumbing 
guideline can be applied to ascertain the water demand. 

As with other categories it is also possible to use trend analysis if sufficient historical data is available. 

 Non-Revenue Water 

Depending on the approach adopted, the planner has to estimate the NRW or the real and apparent losses 
at baseline as well as certain targets for the future. 

In the event that such detailed water balance is not available, it is suggested that the planner assumes 
that the apparent losses is approximately 25% of total NRW. 

Almost all studies in the past have generally erred on the NRW estimates as the actual trend in NRW has 
been substantially different from that envisaged in these studies. 

Hence the planner should be cautious in adopting overly aggressive reduction rates but the final decision 
lies with the respective State and relevant authority on the NRW or losses and the proposed pace of 
reduction. 

1. Determine current/baseline consumption/apparent losses

2. Compare institutional demand to domestic demand

3. Assume future demand ratio to be similar order e.g. 5-6%

1. Determine current/baseline consumption/apparent losses

2. Determine future developments for each institutional facilities as per structure or local 
plan

3. Compute demand for each year based on SPAN Uniform Technical Guidelines - Water 
Reticulation and Plumbing
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 Buffer or Peak Factor 

One of the newer developments in the process of water demand forecasting has been the introduction of 
the concept of provision of a buffer or a peak factor to escalate average daily water demand projections. 

The need for this arises as a result of fluctuations in total water produced in a particular year on a month 
to month basis. The fluctuations may be attributed due to outward migration during the long holidays 
resulting in lower demand as well as other factors such as weather. 

In the normal process of planning, the demand for a particular year is derived by summing the total daily 
or monthly production and dividing it by the total number of days or months in a year. This figure is then 
adopted and utilised for projections of water demands. However, this figure repents an average figure 
and often is lower than the highest recorded production in a year (daily or monthly). Hence if planning 
is based on these average demands, there is a distinct risk of not meeting actual demands during specific 
periods in a year. 

The peak factor which is derived by dividing the maximum production in any one month of each year by 
the average production for the year. A typical data set is shown in Table B.16. 

Table B.16: Example – summary of actual peak factors in demand/production (2006-2014) 

Year Peak Factor % 

2006 7.7 

2007 9.7 

2008 9.6 

2009 5.4 

2010 2.6 

2011 11.8 

2012 15.9 

2013 6.4 

2014 5.9 

The data shows that for the period between 2006 and 2013, the peak factor or the percentage by which 
the maximum monthly demand exceeds the average monthly demand for the year ranges between 2.6% 
to as high as 15.9% showing the wide variability in peak demands. 

A peak factor of 10% is adequate although there have been 2 instances of this being exceeded for this 
dataset. 

The planning demand is therefore the total average daily demand escalated by 10%.  

Table B.17 and Table B.18 shows the procedure for calculating the peak factors. 

Typical data and sample calculations are shown in section B.2.8 (page 42). 
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Table B.17: Schematic representation for assessing peak factor 

 

Table B.18: Typical data and sample calculation for assessing peak factor 
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

(MLD) 

Yearly  
Average 
(MLD) 

Peak 
factor Year Actual Demand (MLD) 

2013 14,999 13,029 14,976 14,002 14,987 15,009 13,985 14,986 12,590 13,586 14,589 14,924 171,662 14,305 1.05 

2014 15,001 13,159 15,000 14,353 14,896 14,589 14,588 15,896 13,588 14,896 13,593 15,084 174,643 14,554 1.09 

2015 15,035 13,633 15,034 14,408 15,152 14,528 15,311 15,581 14,850 15,464 15,274 15,631 179,901 14,992 1.04 

2016 15,268 13,600 15,756 14,599 15,222 14,626 15,858 16,579 16,590 16,895 15,987 15,857 186,837 15,570 1.09 

2017 15,299 12,999 16,879 15,090 18,258 14,953 16,985 17,895 17,058 17,583 16,328 16,089 195,418 16,285 1.12 

Average Peak factor 1.08 
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Notes to Table B.17 and Table B.18: 

 Column 1 represents the years for which data has been gathered. 
 Columns 2 to 13 indicate the actual total demand for the area for the particular month. 
 Column 14 represents the totals of quantum’s in Columns 2 to 13. 
 The yearly average demand in Column 15 is simply the total (in column 14) divided by 12. 
 The peak factor in column 16  is derived by dividing the maximum recorded value for the year with 

the average in Column 15. 
 The average peak factor to be adopted is the average of the values in Column 15. 

 Demand Scenarios 

As part of a sensitivity analysis exercise, it is recommended that the process of estimating demand is 
repeated with changes to assumptions to ascertain the possible variations in demand and the sensitivity 
of overall demands to changes in assumptions. 

With the base case already established, the options for future demand scenarios could be as follows: 

(i) Variations in the trend in domestic metered consumptions. e.g. What if domestic per capita 
consumption in urban areas actually rise at nominal rates; 

(ii) Variations in the growth rates for commercial and/or industrial demand; 
(iii) Variations in the time allowed to reach target levels for NRW and different targets for NRW ( eg 

what if NRW was reduced to 15% , what if NRW was not reduced for the next five years; 
(iv) Combinations of factors listed in (i), (ii) and (iii). 

As can be seen from the above, there is a wide variety of possible outlooks for water demand in the short 
and long term. The objective of carrying out the what if or sensitivity analysis is to provide the 
stakeholders with the option to decide on the scenario to be adopted. The water supply planner will 
recommend a probable scenario and this can be reviewed and changed as deemed fit by the stakeholders.  
This allows for a consensus based approach rather than relying on the judgement of any one party. 

Stakeholders need to be cognizant of the implications of the adopted scenario and take the appropriate 
action. In many cases, the reduction of NRW often proves to be the most critical component that requires 
action for demand to be managed at reasonable levels. A newer challenge is the need to allow for 
reductions in per capita demand for domestic water demand as part of water conservation measures. It 
is relatively easy to set aggressive targets for reduction but the implications in such cases is often risky 
as theoretical lower demands in the short term that may be exceeded. 

In many studies, water demand estimates are required for relatively long periods and while water 
demands estimates prepared in such studies are prepared with the best practice and caution, the water 
demands need to be reviewed at suitable periodic intervals for better planning of supply and resources. 

 Reserve Margin 

The reserve margin for any one State is simply the ratio between the current productions of all plants 
within the State to the total design capacity of these plants, expressed as a percentage. 

The minimum reserve margin to be maintained at all time shall be 15% for all service or supply areas. 
Higher reserve margins can be targeted subject to economic appraisal and feasibility with the progress 
of time. This is consistent with the Government’s aim to ensure a more secure and robust supply system 
going forward. 
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B.2.8 Appendix: Sample Calculations 

Sample Calculations: Demand Forecasting Worked Example Based on Three Projection Scenarios - 
Approach 1 

 

Water Demand Projection Scenarios 

 

 

 

Variation in time taken 
to achieve 25% NRW-    

2 Scenarios 

Variation in trend of 
Domestic Per Capita –  

3 Scenarios 
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Step 1: Sample Baseline Data 

DOMESTIC 

1.1(a) - Base and projected population obtained from Department of Statistics (DOS): 

District 
Projected Population by DOS For 2017-2020 

2017 2018 2019 2020 
DOS Projection 

AAGR(%) 2010-2020 
Sub Area 1 685 694 703 712 1.42 
Sub Area 2 38 38 39 39 1.74 
Sub Area 3 60 61 62 62 1.42 
Sub-Total 783 793 803 813 1.43 

 
1.1(b)- Base and projected population by the study 

District 

Projected Population by the Study For 2025-2070 
AAGR(%) of 2021-

2030=1.3% 
AAGR(%) of 2030-

2040=1.2% 
AAGR(%) of 2040-

2060=1.1% 
AAGR(%) of 2060-

2070=1.0% 
2025 2030 2035 2040 2050 2060 2070 

Sub Area 1 759 810 859 912 1018 1135 1254 
Sub Area 2 42 45 47 50 56 63 69 
Sub Area 3 66 71 75 80 89 99 110 
Sub-Total 867 925 982 1042 1163 1297 1433 

AAGR = Average annual growth rate 

COMMERCIAL 

1.2 - Commercial land area projections: 

District 
2015 2020 2025 2030 2035 2040 2050 2060 2070 

Land Area (ha) 
Sub Area 1 457 480 546 621 688 762 919 1109 1261 
Sub Area 2 12 13 14 16 18 19 23 27 32 
Sub Area 3 7 9 15 16 18 20 24 28 33 
Sub-Total 476 501 569 653 723 801 965 1164 1327 

INDUSTRIAL 

1.3 - Industrial land area projections: 

District 
2015 2020 2025 2030 2035 2040 2050 2060 2070 

Land Area (ha) 
Sub-Area 1 1670 1980 2301 2801 3064 3404 4075 4931 5861 
Sub-Area 2 5 15 20 35 60 80 100 130 160 
Sub-Area 3 5 15 20 35 60 80 100 130 160 
Sub-Total 1680 2010 2341 2871 3184 3564 4275 5191 6181 

INSTITUTIONAL 

1.4 - Institutional Baseline Demand Consumption for 2017: 

 

  

District 
2017 2020 2025 2030 2035 2040 2050 2060 2070 

% of Domestic Demand 
Sub-Area 1 5 10 10 10 10 10 10 10 10 
Sub-Area 2 5 10 10 10 10 10 10 10 10 
Sub-Area 3 5 10 10 10 10 10 10 10 10 
Sub-Total 15 30 30 30 30 30 30 30 30 
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Summary: 

5.1 - Summary 
District Total Domestic Demand for 2017 (Mld) Institutional Demand Consumption for 2017 (Mld) 

Sub-Area 1 184.9 9.2 
Sub-Area 2 12 0.6 
Sub-Area 3 7.9 0.4 

Total 204.8 10.2 

NRW 

6.1 - NRW Baseline Data for 2017: 
District Population  NRW (%) 

Sub-Area 1 685 43.5 
Sub-Area 2 38 63.0 
Sub-Area 3 60 63.1 

Total 783 169.6 

Step 2 : Sample Calibrated Baseline Data At 2017 

COMMERCIAL 
2.1 - Calibrated Commercial Consumption Rates  

District 
Estimated Commercial 
Land Area for 2017** 

Metered 
Commercial 

Demand 

Calibrated 
Commercial 

Consumption Rate 

Usage Rate Based on 
SPAN Uniform 

Technical Guideline 

(ha) sqm (Mld) l/sqm/day 
Sub-Area 1 466.2 4,662,483 35 7.5 10 
Sub-Area 2 7.3 73,482 0.4 5.0 10 
Sub-Area 3 12.1 120,810 0.5 4.0 10 

 

**Interpolated from table based line date of commercial land area projection  
 

Calibrated Commercial 
Consumption Rate 

(l/sqm/day)  

= 
Metered Commercial Demand (Mld) 

x 1,000,000 Estimated Commercial Land Area for Year N (sqm) 

INDUSTRIAL 
2.2 - Calibrated Industrial Consumption Rates  

District 
Estimated Industrial 

Land Area for 2017**  Metered Industrial Demand Calibrated Industrial 
Consumption Rate 

(ha) (Mld)  (l/ha/d) 

Sub-Area 1 1,794.0 69.57 38,779 

Sub-Area 2 9.0 0.16 17,778 

Sub-Area 3 9.0 0.19 21,111 
 

**Interpolated from table based line date of industrial land area projection 
 

Calibrated Industrial 
Consumption Rate 

(l/ha/day)  
= 

Metered Industrial Demand (Mld) 
x 1,000,000 Estimated Industrial Land Area for Year N (ha) 
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Step 3 : Water Demand Data 

DOMESTIC 

Projection for Domestic Per Capita Consumption (pcc) for 3 Scenarios: 

3.1(a) - Scenario 1: Continued Increase in Domestic Per Capita Consumption Over the Planning Period 

           

District 

District Land 
Area 2017 2020 2025 2030 2035 2040 2050 2060 2070 

sq km lcd 

Sub-Area 1 1,863 270 270 275 280 285 290 300 310 320 

Sub-Area 2 884 200 200 205 210 215 220 230 240 250 

Sub-Area 3 1,812 210 200 205 210 215 220 230 240 250 
           

3.1(b) - Scenario 2: Constant Domestic Per Capita Consumption in Urban Area and Continued Increase in Domestic Per 
Capita Consumption in Rural Area Over the Planning Period 

           

District 

District Land 
Area 

2017 2020 2025 2030 2035 2040 2050 2060 2070 

sq km lcd 

Sub-Area 1 1,863 270 270 270 270 270 270 270 270 270 

Sub-Area 2 884 200 200 200 200 200 200 200 200 200 

Sub-Area 3 1,812 210 200 200 200 200 200 200 200 200 

            

3.1(c) - Scenario 3: Domestic Per Capita Consumption in Urban Area to Reduce to 180 l/c/d by 2025 and Constant 
Domestic Per Capital Consumption of 160 l/c/d in Rural Areas with Water Demand Management Initiatives 

           

District 

District Land 
Area 2017 2020 2025 2030 2035 2040 2050 2060 2070 

sq km lcd 

Sub-Area 1 1,863 270 270 180 180 180 180 180 180 180 

Sub-Area 2 884 200 200 180 180 180 180 180 180 180 

Sub-Area 3 1,812 210 200 180 180 180 180 180 180 180 

COMMERCIAL 

3.2 - Sample Projection of Commercial Demand at 2040 and 2070: 

Year 2017 2040 2070 

District 

Calibrated 
Commercial 

Consumption 
Rate 

Estimated 
Commercial Land 

Area* 

Estimated 
Commercial 

Demand 

Commercial 
Consumption 

Rate 

Estimated 
Commercial Land 

Area* 

Estimated 
Commercial 

Demand 

Commercial 
Consumption 

Rate 

l/m2/day (ha) m2 Mld l/m2/day ha m2 Mld l/m2/day 
Sub-Area 1 7.5 762 7,621,414 71.6 9.4 1261 12,614,632 126.1 10.0 
Sub-Area 2 5 19 190,692 1.2 6.3 32 318,031 3.18 10.0 
Sub-Area 3 4 20 199,448 1.4 7.0 33 332,636 3.33 10.0 

**The projections are based on calibrated figure 
**Consumption rate in 2040and 2070 increased progressively from calibrated rate to 10 l/m2/day 
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INDUSTRIAL 

3.3 - Sample Projection of Industrial Demand at 2040 and 2070: 

Year 2017 2040 2070 

District 

Calibrated 
Industrial 

Consumption Rate 

Estimated 
Industrial 

Land Area* 

Estimated 
Industrial 
Demand 

Industrial 
Consumption 

Rate 

Estimated 
Industrial 

Land Area* 

Estimated 
Industrial 
Demand 

Industrial 
Consumption 

Rate 
(l/ha/d) (ha) (Mld) (l/ha/d) (ha) (Mld) (l/ha/d) 

Sub-Area 1 38,779 3,404.00 142 41,708 5,861.00 262.64 44,811 
Sub-Area 2 17,235 80 1.5 19,148 160 3.52 22,018 
Sub-Area 3 21,544 80 2.2 26,938 160 5.6 35,030 

**The projections are based on calibrated figure 

INSTITUTIONAL 

3.4 - Institutional Demand Projection: 

District Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 

Sub-Area 
1 

Total Domestic 
Demand (Mld) 

184.9 192.1 208.7 226.7 244.9 264.5 305.3 351.9 401.3 

% of Domestic 
Demand 

5 10 10 10 10 10 10 10 10 

Institutional Demand 
(Mld) 

9 18.7 20.5 22.3 24 25.9 29.9 34.5 40.1 

Sub-Area 
2 

Total Domestic 
Demand (Mld) 

12.0 12.4 13.6 14.9 16.2 17.5 20.5 23.8 27.4 

% of Domestic 
Demand 

5 10 10 10 10 10 10 10 10 

Institutional Demand 
(Mld) 

0.5 1.2 1.3 1.5 1.6 1.7 2 2.3 2.7 

Sub-Area 
3 

Total Domestic 
Demand (Mld) 

7.9 7.8 8.6 9.4 10.2 11.1 12.9 15.0 17.3 

% of Domestic 
Demand 

5 10 10 10 10 10 10 10 10 

Institutional Demand 
(Mld) 

0.3 0.8 0.8 0.9 1 1.1 1.3 1.5 1.7 

Total Institutional Demand (Mld) 69.9 79.1 93.2 115.4 128.9 145.7 179.1 222.8 271.8 
**The projections are based on calibrated figure 

NRW 

NRW Projection Scenarios: 

3.5(a) - Circumstances 1: NRW target 25% at 2035 

District 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Sub-Area 1 43.5 39.2 32.1 25.0 25.0 25.0 25.0 25.0 25.0 
Sub-Area 2 63.0 59.2 47.8 36.4 25.0 25.0 25.0 25.0 25.0 
Sub-Area 3 63.1 59.3 47.9 36.5 25.0 25.0 25.0 25.0 25.0 

3.5(b) - Circumstances 2: NRW target 25% at 2040 

District 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Sub-Area 1 43.5 41.7 37.5 33.3 29.2 25.0 25.0 25.0 25.0 
Sub-Area 2 63.0 59.2 50.7 42.1 33.6 25.0 25.0 25.0 25.0 
Sub-Area 3 63.1 59.3 50.7 42.1 33.6 25.0 25.0 25.0 25.0 
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STEP 4 : SAMPLE CALCULATION OF PLANNING WATER DEMAND 

A1-Scenario 1: 
 Water Demand Projections with NRW target of 25% starting from 2035 for Sub-Areas 1-3 
 Urban Areas Assumed to Continue to Rise Progressively Until 2070 

A1(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 275 280 285 290 300 310 320 

           

Total Domestic Demand (Mld) 184.9 192.1 208.7 226.7 244.9 264.5 305.3 351.9 401.3 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption Rates 
(l/ha/d) 

38778.47 39,640 42,176 44,712 47,248 49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 
Commercial Demand          

Estimated commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 93,000 94,000 96,000 98,000 100,000 

Total Commercial Water Demand (Mld) 
35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 

Institutional Demand          

% of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 20.9 22.7 24.5 26.5 30.5 35.2 40.1 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 376.3 431.7 478.1 532.1 647.5 791.3 948.5 

Non Revenue Water  (NRW) (%) 43.5 39.2 32.1 25 25 25 25 25 25 
Amount (Mld) 229.98 214.98 178.02 143.91 159.38 177.36 215.84 263.76 316.18 

AVERAGE TOTAL DEMAND (Mld) 528.7 548.0 554.3 575.6 637.5 709.5 863.4 1,055.0 1,264.7 
**The projections are based on calibrated figure 

A1(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Rural           

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 205 210 215 220 230 240 250 

              

Total Domestic Demand (Mld) 12.00 12.4 13.6 14.9 16.2 17.5 20.5 23.8 27.4 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand          

Estimated commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand          

% of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.4 1.5 1.6 1.8 2.0 2.4 2.7 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 16.0 17.9 20.1 22.4 26.9 32.5 38.6 
Non Revenue Water  (NRW)          

 (%) 63.0 59.2 47.8 36.4 25.0 25.0 25.0 25.0 25.0 
Amount (Mld) 22.54 20.96 14.65 10.25 6.70 7.47 8.97 10.82 12.87 

AVERAGE TOTAL DEMAND (Mld) 35.8 35.4 30.6 28.1 26.8 29.9 35.9 43.3 51.5 
**The projections are based on calibrated figure         

A1(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Rural          

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 205 210 215 220 230 240 250          

Total Domestic Demand (Mld) 7.9 7.8 8.6 9.4 10.2 11.1 12.9 15.0 17.3 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand          

Estimated commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand          

% of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.9 0.9 1.0 1.1 1.3 1.5 1.7 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 10.8 12.2 14.2 16.2 19.9 24.8 30.3 
Non Revenue Water  (NRW)          

 (%) 63.1 59.3 47.9 36.5 25.0 25.0 25.0 25.0 25 
Amount (Mld) 15.14 13.65 9.87 7.02 4.73 5.40 6.65 8.28 10.11 

AVERAGE TOTAL DEMAND (Mld) 24.0 23.0 20.6 19.3 18.9 21.6 26.6 33.1 40.4 
**The projections are based on calibrated figure         
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B1-Scenario 2: 
 Water Demand Projections with NRW target of 25% starting from 2035 for Sub-Areas 1-3 
 Urban Areas Assumed to Constant Per Capita Until 2070 

B1(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 270 270 270 270 270 270 270 

           

Total Domestic Demand (Mld) 184.9 192.1 204.9 218.6 232.0 246.3 274.8 306.5 338.6 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption Rates 
(l/ha/d) 

38778.47 39,640 42,176 44,712 47,248 49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 
Commercial Demand          

Estimated commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 93,000 94,000 96,000 98,000 100,000 

Total Commercial Water Demand (Mld) 35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 20.5 21.9 23.2 24.6 27.5 30.7 33.9 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 372.1 422.8 464.0 512.0 613.9 741.3 879.6 

Non Revenue Water  (NRW) .         

 (%) 43.5 39.2 32.1 25 25 25 25 25 25 
Amount (Mld) 229.98 214.98 176.04 140.94 154.65 170.67 204.65 247.11 293.19 

AVERAGE TOTAL DEMAND (Mld) 528.7 548.0 548.2 563.8 618.6 682.7 818.6 988.4 1,172.7 
**The projections are based on calibrated figure 

B1(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Rural          

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 200 200 200 200 200 200 200 

              

Total Domestic Demand (Mld) 12.0 12.4 13.3 14.2 15.0 15.9 17.8 19.8 21.9 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand          

Estimated commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.3 1.4 1.5 1.6 1.8 2.0 2.2 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 15.6 17.1 18.9 20.6 24.0 28.1 32.6 
Non Revenue Water  (NRW)          

 (%) 63.0 59.2 47.8 36.4 25.0 25.0 25.0 25.0 25 
Amount (Mld) 22.54 20.96 14.32 9.80 6.29 6.88 7.99 9.37 10.86 

AVERAGE TOTAL DEMAND (Mld) 35.8 35.4 29.9 26.9 25.1 27.5 32.0 37.5 43.4 
**The projections are based on calibrated figure         

B1(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 200 200 200 200 200 200 200 

              

Total Domestic Demand (Mld) 7.9 7.8 8.4 8.9 9.5 10.1 11.2 12.5 13.8 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand          

Estimated commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand          

% of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.8 0.9 0.9 1.0 1.1 1.3 1.4 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 10.5 11.8 13.4 15.1 18.1 22.1 26.5 
Non Revenue Water  (NRW)          

 (%) 63.1 59.3 47.9 36.5 25.0 25.0 25.0 25.0 25 
Amount (Mld) 15.14 13.65 9.66 6.74 4.47 5.03 6.03 7.36 8.84 

AVERAGE TOTAL DEMAND (Mld) 24.0 23.0 20.2 18.5 17.9 20.1 24.1 29.4 35.4 
**The projections are based on calibrated figure         
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C1-Scenario 3: 
 Water Demand Projections with NRW target of 25% starting from 2035 for Sub-Areas 1-3 
 Urban Areas Reduce per Capita to 180 lcd at 2025 

C1(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 180 180 180 180 180 180 180 

           

Total Domestic Demand (Mld) 184.9 192.1 136.6 145.7 154.7 164.2 183.2 204.3 225.7 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption Rates 
(l/ha/d) 

38778 39,640 42,176 44,712 47,248 49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 
Commercial Demand          

Estimated Commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 93,000 94,000 96,000 98,000 100,000 

Total Commercial Water Demand (Mld) 35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 13.7 14.6 15.5 16.4 18.3 20.4 22.6 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 297.0 342.7 378.9 421.7 513.2 628.9 755.4 

Non Revenue Water  (NRW) .         

 (%) 43.5 39.2 32.1 25 25 25 25 25 25 
Amount (Mld) 229.98 214.98 140.50 114.22 126.30 140.57 171.07 209.64 251.80 

AVERAGE TOTAL DEMAND (Mld) 528.7 548.0 437.5 456.9 505.2 562.3 684.3 838.6 1,007.2 
**The projections are based on calibrated figure 

C1(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 180 180 180 180 180 180 180 

     
 

        

Total Domestic Demand (Mld) 12.0 12.4 11.9 12.7 13.5 14.4 16.0 17.9 19.7 
Industrial Demand (Mld)   

   
    

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand   

   
    

Estimated Commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand   

   
    

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.2 1.3 1.4 1.4 1.6 1.8 2.0 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 14.2 15.6 17.2 18.9 22.0 25.9 30.2 
Non Revenue Water  (NRW)   

   
    

 (%) 63.1 59.3 47.9 36.5 25.0 25.0 25.0 25.0 25 
Amount (Mld) 22.64 21.04 13.01 8.92 5.74 6.30 7.34 8.64 10.06 

AVERAGE TOTAL DEMAND (Mld) 35.9 35.5 27.2 24.5 22.9 25.2 29.3 34.6 40.2 
**The projections are based on calibrated figure         

C1(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 180 180 180 180 180 180 180 

     
 

        

Total Domestic Demand (Mld) 7.9 7.8 7.5 8.0 8.5 9.0 10.1 11.3 12.4 
Industrial Demand (Mld)   

   
    

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand   

   
    

Estimated commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand   

   
    

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.8 0.8 0.9 0.9 1.0 1.1 1.2 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 9.6 10.8 12.4 14.0 16.9 20.7 25.0 
Non Revenue Water  (NRW)   

   
    

 (%) 63.0 59.2 47.8 36.4 25.0 25.0 25.0 25.0 25 
Amount (Mld) 15.07 13.60 8.80 6.17 4.12 4.66 5.62 6.90 8.34 

AVERAGE TOTAL DEMAND (Mld) 23.9 23.0 18.4 16.9 16.5 18.6 22.5 27.6 33.3 
**The projections are based on calibrated figure         
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A2-Scenario 1: 
 Water Demand Projections with NRW target of 25% starting from 2040 for Sub-Areas 1-3 
 Urban Areas Assumed to Continue to Rise Progressively Until 2070 

A2(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 275 280 285 290 300 310 320 

           

Total Domestic Demand (Mld) 184.9 192.1 208.7 226.7 244.9 264.5 305.3 351.9 401.3 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption 
Rates (l/ha/d) 

38778.47 39,640 42,176 44,712 47,248 49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 
Commercial Demand          

Estimated Commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 93,000 94,000 96,000 98,000 100,000 

Total Commercial Water Demand 
(Mld) 

35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 

Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 20.9 22.7 24.5 26.5 30.5 35.2 40.1 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 376.3 431.7 478.1 532.1 647.5 791.3 948.5 

Non Revenue Water  (NRW) .         

 (%) 43.5 41.7 37.5 33 29 25 25 25 25 
Amount (Mld) 229.98 237.70 225.65 215.78 196.84 177.36 215.84 263.76 316.18 

TOTAL AVERAGE DEMAND (Mld) 528.7 570.7 601.9 647.5 675.0 709.5 863.4 1,055.0 1,264.7 
**The projections are based on calibrated figure 

A2(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 205 210 215 220 230 240 250 

              

Total Domestic Demand (Mld) 12.0 12.4 13.6 14.9 16.2 17.5 20.5 23.8 27.4 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand          

Estimated Commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.4 1.5 1.6 1.8 2.0 2.4 2.7 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 16.0 17.9 20.1 22.4 26.9 32.5 38.6 
Non Revenue Water  (NRW)          

 (%) 63.0 59.2 50.7 42.1 33.6 25.0 25.0 25.0 25 
Amount (Mld) 22.54 20.96 16.41 13.01 10.15 7.47 8.97 10.82 12.87 

TOTAL AVERAGE DEMAND (Mld) 35.8 35.4 32.4 30.9 30.2 29.9 35.9 43.3 51.5 
**The projections are based on calibrated figure         

A2(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 205 210 215 220 230 240 250 

             

Total Domestic Demand (Mld) 7.9 7.8 8.6 9.4 10.2 11.1 12.9 15.0 17.3 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand          

Estimated Commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.9 0.9 1.0 1.1 1.3 1.5 1.7 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 10.8 12.2 14.2 16.2 19.9 24.8 30.3 
Non Revenue Water  (NRW)          

 (%) 63.1 59.3 50.7 42.1 33.6 25.0 25.0 25.0 25 
Amount (Mld) 15.14 13.65 11.06 8.92 7.17 5.40 6.65 8.28 10.11 

TOTAL AVERAGE DEMAND (Mld) 24.0 23.0 21.8 21.2 21.3 21.6 26.6 33.1 40.4 
**The projections are based on calibrated figure         

 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    51 

B2-Scenario 2: 
 Water Demand Projections with NRW target of 25% starting from 2040 for Sub-Areas 1-3 
 Urban Areas Assumed to Constant Per Capita Until 2070 

B2(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 270 270 270 270 270 270 270 

           

Total Domestic Demand (Mld) 184.9 192.1 204.9 218.6 232.0 246.3 274.8 306.5 338.6 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption 
Rates (l/ha/d) 

38778.47 39,640 42,176 44,712 47,248 49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 

Commercial Demand          

Estimated Commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 93,000 94,000 96,000 98,000 100,000 

Total Commercial Water Demand 
(Mld) 

35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 

Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 20.5 21.9 23.2 24.6 27.5 30.7 33.9 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 372.1 422.8 464.0 512.0 613.9 741.3 879.6 

Non Revenue Water  (NRW) .         

 (%) 43.5 41.65 37.49 33.33 29.16 25 25 25 25 
Amount (Mld) 229.98 237.70 223.15 211.33 191.00 170.67 204.65 247.11 293.19 

AVERAGE TOTAL DEMAND (Mld) 528.7 570.7 595.3 634.1 655.0 682.7 818.6 988.4 1,172.7 
**The projections are based on calibrated figure 

B2(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 200 200 200 200 200 200 200 

              

Total Domestic Demand (Mld) 12.0 12.4 13.3 14.2 15.0 15.9 17.8 19.8 21.9 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand          

Estimated Commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.3 1.4 1.5 1.6 1.8 2.0 2.2 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 15.6 17.1 18.9 20.6 24.0 28.1 32.6 
Non Revenue Water  (NRW)          

 (%) 63.0 59.2 50.7 42.1 33.6 25.0 25.0 25.0 25 
Amount (Mld) 22.54 20.96 16.04 12.44 9.52 6.88 7.99 9.37 10.86 

AVERAGE TOTAL DEMAND (Mld) 35.8 35.4 31.7 29.5 28.4 27.5 32.0 37.5 43.4 
**The projections are based on calibrated figure         

B2(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Rural             

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 200 200 200 200 200 200 200 

              

Total Domestic Demand (Mld) 7.9 7.8 8.4 8.9 9.5 10.1 11.2 12.5 13.8 
Industrial Demand (Mld)          

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand          

Estimated Commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand          

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.8 0.9 0.9 1.0 1.1 1.3 1.4 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 10.5 11.8 13.4 15.1 18.1 22.1 26.5 
Non Revenue Water  (NRW)          

 (%) 63.1 59.3 50.7 42.1 33.6 25.0 25.0 25.0 25 
Amount (Mld) 15.14 13.65 10.83 8.56 6.77 5.03 6.03 7.36 8.84 

AVERAGE TOTAL DEMAND (Mld) 24.0 23.0 21.3 20.3 20.2 20.1 24.1 29.4 35.4 
**The projections are based on calibrated figure         
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C2-Scenario 3: 
 Water Demand Projections with NRW target of 25% starting from 2040 for Sub-Areas 1-3 
 Urban Areas Reduce per Capita to 180 lcd at 2025 

C2(1) - Sub-Area 1: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand          

Urban          

Population 684,900 711,500 758,966 809,598 859,354 912,167 1,017,621 1,135,266 1,254,040 
pcc (lcd) 270 270 180 180 180 180 180 180 180 

      
 

    

Total Domestic Demand (Mld) 184.9 192.1 136.6 145.7 154.7 164.2 183.2 204.3 225.7 
Industrial Demand (Mld)     

 
    

Estimated Industrial area (hectares) 1,794 1,980 2,301 2,801 3,064 3,404 4,075 4,931 5,861 
Calibrated Industrial Consumption 
Rates (l/ha/d) 

38778.47 39,640 42,176 44,712 
47,248 

49,784 54,856 59,928 65,000 

Total Industrial Water Demand (Mld) 69.6 78.5 97.0 125.2 144.8 169.5 223.5 295.5 381.0 
Commercial Demand     

 
    

Estimated Commercial area (hectares) 466.2 480.1 545.7 620.9 687.8 762.1 918.5 1108.6 1261.5 
Calibrated Commercial Consumption 
Rates (l/ha/d) 

75,000 90,000 91,000 92,000 
93,000 

94,000 96,000 98,000 100,000 

Total Commercial Water Demand 
(Mld) 

35.0 43.2 49.7 57.1 64.0 71.6 88.2 108.6 126.1 

Institutional Demand     
 

    

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 9.2 19.2 13.7 14.6 15.5 16.4 18.3 20.4 22.6 

Sub-total A (dom + indus + comm + 
inst) 

298.7 333.0 297.0 342.7 378.9 421.7 513.2 628.9 755.4 

Non Revenue Water  (NRW) .    
 

    

 (%) 43.5 41.7 37.5 33 29 25 25 25 25 
Amount (Mld) 229.98 237.70 178.09 171.27 155.98 140.57 171.07 209.64 251.80 

AVERAGE TOTAL DEMAND (Mld) 528.7 570.7 475.1 513.9 534.9 562.3 684.3 838.6 1,007.2 
**The projections are based on calibrated figure 

C2(2) - Sub-Area 2: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Urban             

Population 60,000 62,200 66,349 70,776 75,126 79,743 88,961 99,246 109,629 
pcc (lcd) 200 200 180 180 180 180 180 180 180 

     
 

        

Total Domestic Demand (Mld) 12.0 12.4 11.9 12.7 13.5 14.4 16.0 17.9 19.7 
Industrial Demand (Mld)   

   
    

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 17,235 17,235 18,811 20,388 21,964 23,541 26,694 29,847 33,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.4 0.7 1.3 1.9 2.7 3.9 5.3 
Commercial Demand   

   
    

Estimated Commercial area (hectares) 12.1 12.6 14.2 15.8 17.5 19.1 22.7 27.2 31.8 
Calibrated Commercial Consumption Rates (l/ha/d) 40,000 40,000 46,000 52,000 58,000 64,000 76,000 88,000 100,000 

Total Commercial Water Demand (Mld) 0.5 0.5 0.7 0.8 1.0 1.2 1.7 2.4 3.2 
Institutional Demand   

   
    

 % of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.6 1.2 1.2 1.3 1.4 1.4 1.6 1.8 2.0 

Sub-total A (dom + indus + comm + inst) 13.2 14.4 14.2 15.6 17.2 18.9 22.0 25.9 30.2 
Non Revenue Water  (NRW)   

   
    

 (%) 63.0 59.2 50.7 42.1 33.6 25.0 25.0 25.0 25.0 
Amount (Mld) 22.54 20.96 14.54 11.31 8.69 6.30 7.34 8.64 10.06 

AVERAGE TOTAL DEMAND (Mld) 35.8 35.4 28.7 26.9 25.9 25.2 29.3 34.6 40.2 
**The projections are based on calibrated figure         

C2(3) - Sub-Area 3: 

Year 2017 2020 2025 2030 2035 2040 2050 2060 2070 
Domestic Demand            

Urban             

Population 37,600 39,200 41,815 44,605 47,346 50,256 56,066 62,547 69,091 
pcc (lcd) 210 200 180 180 180 180 180 180 180 

     
        

Total Domestic Demand (Mld) 7.9 7.8 7.5 8.0 8.5 9.0 10.1 11.3 12.4 
Industrial Demand (Mld)   

   
    

Estimated Industrial area (hectares) 9 15 20 35 60 80 100 130 160 
Calibrated Industrial Consumption Rates (l/ha/d) 21,544 21,544 24,389 27,235 30,081 32,926 38,617 44,309 50,000 

Total Industrial Water Demand (Mld) 0.2 0.3 0.5 1.0 1.8 2.6 3.9 5.8 8.0 
Commercial Demand   

   
    

Estimated Commercial area (hectares) 7.3 8.5 15.2 16.4 18.1 19.9 23.8 28.4 33.3 
Calibrated Commercial Consumption Rates (l/ha/d) 50,000 50,000 55,000 60,000 65,000 70,000 80,000 90,000 100,000 

Total Commercial Water Demand (Mld) 0.4 0.4 0.8 1.0 1.2 1.4 1.9 2.6 3.3 
Institutional Demand   

   
    

% of domestic demand 5 10 10 10 10 10 10 10 10 
Total Institutional Demand (Mld) 0.4 0.8 0.8 0.8 0.9 0.9 1.0 1.1 1.2 

Sub-total A (dom + indus + comm + inst) 8.9 9.4 9.6 10.8 12.4 14.0 16.9 20.7 25.0 
Non Revenue Water  (NRW)   

   
    

 (%) 63.1 59.3 50.7 42.1 33.6 25.0 25.0 25.0 25 
Amount (Mld) 15.14 13.65 9.88 7.85 6.25 4.66 5.62 6.90 8.34 

AVERAGE TOTAL DEMAND (Mld) 24.0 23.0 19.5 18.6 18.6 18.6 22.5 27.6 33.3 
**The projections are based on calibrated figure 
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5.1 - Summary of Total Average Demand For 3 Scenarios With 2 NRW Circumstances: 

 2017 2020 2025 2030 2035 2040 2050 2060 2070 

A1-Scenario 1 (NRW 25% @ 2035) 588.453 606.4 605.6 623.0 683.2 760.9 925.8 1,131.4 1,356.6 

A2-Scenario 1 (NRW 25% @ 2040) 588.453 629.1 656.2 699.5 726.6 760.9 925.8 1,131.4 1,356.6 

B1-Scenario 2 (NRW 25% @ 2035) 588.453 606.4 598.3 609.2 661.6 730.3 874.7 1,055.3 1,251.6 

B2-Scenario 2 (NRW 25% @2040) 588.453 629.1 648.3 684.0 703.5 730.3 874.7 1,055.3 1,251.6 

C1-Scenario 3 (NRW 25% @ 2035) 588.485 606.5 483.0 498.3 544.6 606.1 736.1 900.7 1,080.8 

C2-Scenario 3 (NRW 25% @ 2040) 588.453 629.1 523.3 559.4 579.4 606.1 736.1 900.7 1,080.8 

6.1 - Summary of Total Planning Demand For 3 Scenarios With 2 NRW Circumstances 

By considering 15% of buffer/peak factor : 

Planning Water Demand (Mld) = Total Average Water Demand (Mld) x 15% 
 

 2017 2020 2025 2030 2035 2040 2050 2060 2070 

A1-Scenario 1 (NRW 25% @ 2035) 676.7 697.4 696.4 716.5 785.7 875.0 1,064.7 1,301.1 1,560.1 

A2-Scenario 1 (NRW 25% @ 2040) 676.7 723.5 754.6 804.5 835.6 875.0 1,064.7 1,301.1 1,560.1 

B1-Scenario 2 (NRW 25% @ 2035) 676.7 697.4 688.0 700.5 760.9 839.9 1,005.9 1,213.6 1,439.3 

B2-Scenario 2 (NRW 25% @2040) 676.7 723.5 745.5 786.6 809.1 839.9 1,005.9 1,213.6 1,439.3 

C1-Scenario 3 (NRW 25% @ 2035) 676.8 697.4 555.5 573.0 626.3 697.0 846.5 1,035.8 1,242.9 

C2-Scenario 3 (NRW 25% @ 2040) 676.7 723.5 601.7 643.3 666.3 697.0 846.5 1,035.8 1,242.9 

 

 

Figure B.9: Comparison Demand Graph (Sample) 
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B.3 HYDROLOGY 

B.3.1 Introduction 

Hydrology encompasses the occurrence, distribution, movement and properties of water as well as their 
relationship with the environment at each phase of the water cycle. With understanding on the 
fundamental transport processes of the water, hydrology is able to describe the quantity of water as it 
moves through the cycle. Hence, it is an important component in the planning and management of water 
resources and water supply. 

In water supply, raw water sources could either be from storage scheme or direct run-of-river 
scheme. For a storage scheme, typically a dam is built to create the reservoir as storage for the water. 
Another type of storage scheme is the off-river-storage (ORS) which consists of excavated pond or 
bunded storage with water abstracted from river intake. The water stored in the reservoir or ORS could 
be used directly or used to regulate the flow at the downstream to enable water abstraction at the 
downstream intake. Under the run-of-river scheme, water is abstracted directly from an intake point 
along the river.  

For both schemes, the flow is contributed by the catchment area upstream of the dam or the river intake 
point. The estimation of flow availability from the reservoir or intake catchment is essential in 
ensuring that the water source is sufficient to meet the water demand.  

Generally, hydrology involves the analysis of historical hydrological data such as rainfall and streamflow, 
and statistical analysis on the rainfall and streamflow trends to provide reliable estimates of the flow 
quantities which form the basis for the water availability assessment of a potential water source.  

Hydrological analysis usually required in the water supply planning and design may include the 
following: 

 Hydrological data quality checking and screening for erroneous data or outliers; 
 Statistical analysis to derive statistical parameters for hydrological data such as derivation of long-

term mean, standard deviation, or coefficient of variation (Cv) for checking of the data consistency, 
and 

 Flow estimation for a catchment for subsequent low flow analysis, flood flow analysis, Probable 
Maximum Precipitation (PMP) analysis, Probable Maximum Flood (PMF) analysis, and derivation 
of flow duration curve (FDC). 

Figure B.10 shows an overview of the work processes for hydrological analysis involving in water supply 
planning and design. The guidelines to carry out these hydrological analyses are presented in the 
subsequent sub-sections. 

B.3.2 Data Requirement for Hydrological Analysis  

For the purposes of hydrological analysis in water supply planning and design, all data relevant to the 
study area, including the reservoir or intake catchment, shall be collected and compiled.  

The type of data includes the following: 

(i) Catchment information such as topographical data, river system and land use; 
(ii) Hydro-meteorological data comprising of rainfall, streamflow, water level and evaporation data; 
(iii) Water abstraction data within the project catchment; and 
(iv) Future planned source work in the project catchment. 
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Figure B.10: Work processes of hydrological analysis for water supply planning and design 

 Catchment Data 

Topographical and river system data are used for catchment demarcation. They could be obtained 
from the following sources: 

 Topographical map published by Department of Survey and Mapping Malaysia (JUPEM), and  
 Digital terrain data using Shuttle Radar Topography Mission (SRTM), interferometric synthetic 

aperture radar (IfSAR) or light detection and ranging (LiDAR). 

For government-initiated studies, information on the river network could be obtained from the 
Department of Irrigation and Drainage (DID).  

Land use data could be obtained from the following sources: 

 Land use map published by PLAN Malaysia. 
 Agricultural land use map published by the Department of Agriculture (DOA). 
 State structure plan or Rancangan Struktur Negeri (RSN).  
 Local plan or Rancangan Tempatan (RT). 
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 Hydro-Meteorological Data  

Hydro-meteorological data is of primary importance for the water availability assessment as their 
availability often dictates the methodology to be adopted for the flow estimation.  

Hydro-meteorological records which include rainfall, evaporation, water level and streamflow data 
could be collected from relevant agencies such as: 

 Department of Irrigation and Drainage (DID); 
 Malaysian Meteorological Department (MMD), or 
 Agricultural agencies and plantation estate if relevant to the project catchment. 

The examples of hydro-meteorological instrumentation as well as the samples of hydro-meteorological 
data are included in sections B3.10 and B.3.11 of these Guidelines respectively.  

Historical daily rainfall, evaporation and streamflow data are required for the flow estimation of the 
reservoir or intake catchment. Before requesting these hydro-meteorological data from the relevant 
agencies, the hydrologist shall identify and select the stations to be used in the hydrological 
analyses. The selection of stations varies according to the data type due to the different characteristics 
of rainfall, evaporation, and streamflow data.  

Streamflow Data 

Among the three types of hydro-meteorological data, streamflow data is the most relevant data for the 
water resources assessment. The hydrologist shall identify and select the streamflow station(s) located 
within the study catchment for flow analysis. If there is no streamflow station located within the 
catchment, streamflow data of adjacent catchment(s) with similar catchment characteristics (i.e., 
catchment size, catchment rainfall and landuse, etc.) may be considered for flow estimation using the 
flow transposition method.  

The selection of the streamflow station to be used in the flow estimation must be able to represent 
the flow characteristics of the study catchment area. For example, a streamflow station located at a 
catchment significantly regulated by a dam upstream should not be used for flow estimation of a natural 
catchment. 

Rainfall and Evaporation Data 

In the case where no historical streamflow data are available for flow estimation,  rainfall-runoff analysis 
or modelling could be deployed where daily rainfall and evaporation data are available.  

Rainfall data are subjected to high spatial variability where the rainfall at one place could vary 
significantly with another place. By considering the high spatial variability of rainfall, all stations that are 
located in and around the dam or intake catchment may be selected for catchment rainfall analysis.  

Evaporation is usually more uniform and does not show high spatial variability as compared to rainfall, 
and hence, the nearest evaporation to the catchment could be utilised. It is not necessary for the selected 
evaporation station to be located within the dam or intake catchment.  

Figure B.11 shows a recommended procedure in selecting hydro-meteorological stations for flow 
estimation. 
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Figure B.11: Recommended procedure in selecting hydro-meteorological stations for flow 

estimation 

 Water Abstraction Data within the Study Catchment 

In water availability assessment, all existing and committed water abstraction activities within the 
study catchment shall be taken into account as that will affect the flow availability at the proposed intake 
point. These include intakes for the purposes of potable water supply, industrial, irrigation, aquaculture, 
livestock farming and others.   

The data related to water abstraction activities could be requested from water operators that operate 
the potable water supply intakes, or state water regulatory body especially for the industrial water 
abstractions, DID and Integrated Agricultural Development Area (IADA) agencies for the irrigation 
intakes, and other public or private entities for miscellaneous water abstraction data.  
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For any existing and committed water abstractions located upstream of the proposed intake point, it 
shall be subtracted from the flow estimated at the proposed intake, unless the water abstractions were 
already reflected in the flow measured or estimated.  

Conversely, for water abstraction activities located downstream of the intake catchment, it is necessary 
for the water availability to include the water requirements of downstream users as residual flow in 
addition to the water required at the proposed intake.  

 Future Committed Source Work in the Project Catchment 

Any committed source work that will be implemented in the near future and will affect the flow 
availability of the study catchment needs to be considered in the water availability assessment.  
Information on the future committed source work could be obtained from water operators, state 
governments and water regulatory bodies.  

B.3.3 Hydrological Data Quality Checking, Screening and Gap-Filling 

Once the hydro-meteorological data is collected, data checking, screening, gap-filling and correction 
shall be carried out to improve the data reliability and completeness. Similar to the selection of station 
for analysis, data quality checking, screening and gap-filling also varies according to the data type due to 
the different characteristics of rainfall, evaporation and streamflow data. 

 Rainfall Data Quality Checking and Screening Criteria 

Quality of daily rainfall data should be evaluated using the criteria listed below: 

(i) Detection of missing data – Rainfall data that is not recorded as a numerical value is regarded as 
missing data instead of zero rainfall (refer B.3.11 for a sample of missing data). 

(ii) Detection of repetitive readings – Identical daily rainfall value (other than zero value) is unlikely 
to occur over two or more consecutive days and shall be tagged for further checking. 

(iii) Comparison with historical valid range – It is considered unusual for rainfall values to exceed 
estimated PMP values. The PMP values obtained from the National Hydraulic Research Institute of 
Malaysia (NAHRIM) Technical Research Publication No. 1 – Derivation of Probable Maximum 
Precipitation for Design Floods in Malaysia (2008), could be used as a reference for the threshold 
values to identify potential errors and outliers. 

(iv) Statistical outlier test – The statistical outlier test can be carried out using the commonly use 
method as stipulated in the Guidelines for Determining Flood Flow Frequency (USGS, 1982). The 
following outlier test equation can be used to identify high outliers for a rainfall dataset. 

This outlier test is applicable regardless of rainfall region as: 

𝑋 =  𝑀𝑒𝑎𝑛 + 𝐾 𝑆 

Where: 

𝑋  = high outlier threshold in log units 
Mean = mean of logarithm of systematic peaks 
S = standard deviation of logarithm of systematic peaks 
𝐾  = K value for sample size N (refer Section B.3.12)  

 
(v) Detection of anomalies in monthly rainfall totals – To detect anomalies in monthly rainfall 

totals, there is no fix percentage on the deviation of the monthly total rainfall from its long-term 
mean as this could vary according to different rainfall region.  
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It is recommended that monthly rainfall total in any year that is less than 50% of its long-term 
mean to be tagged for further checking for any anomalies in the rainfall data. An example of an 
anomaly may be long consecutive zero rain day records.  

Long-term mean monthly rainfall data should be computed and compared with monthly rainfall 
total of each year for the same month; i.e., long-term mean monthly rainfall of January compared 
with the monthly total of January for a particular year.  

 Gap-Filling of Rainfall Data 

If the rainfall-runoff analysis or modelling is used for flow estimation, a complete and continuous 
dataset of long-term historical daily rainfall is preferable. Thus, after the data quality checking and 
screening has been made, gap-filling of the missing data and correction of the erroneous data shall be 
carried out.  

The most common and simplest method of rainfall gap-filling and correction is using the data of the 
nearest rainfall station. Due to the high spatial variability of rainfall, the data of the nearest station is 
assumed to have least variation with the targeted station, and thus used for gap-filling and data 
correction.  

Other gap-filling methods like nearest three mean (N3M), inverse distance squared weighting (IDSW) 
and artificial neural network (ANN) may also be applied.  

It is preferable that rainfall stations with long records of reliable data (20 years and above) is selected 
in the rainfall-runoff analysis to derive the long-term flow series. Reliable data with sufficiently long 
periods will be more representative of the long-term climate trends and will cover both historical dry 
and wet cycles, which will subsequently increase the reliability of the water resources assessment. 

 Evaporation Data Quality Checking, Screening and Gap-Filling 

It is highly unlikely that daily evaporation rate will be zero. Evaporation data that has been recorded 
as zero shall be treated as missing data.  

As in the requirement for rainfall data, complete and continuous datasets of long-term historical daily 
evaporation is required as input in rainfall-runoff analysis or modelling for flow estimation.  
Similarly, gap-filling of the missing data and correction of the erroneous data shall also be carried out 
after the data quality checking and screening processes.  

The methods to be adopted for evaporation data gap-filling and correction are generally based on the 
length of the missing data (refer B.3.11 for the sample of missing data): 

(i) Short missing data length – In this case, the missing data only happen for short period of time or 
intermittently throughout the year; the missing data of this case could be gap-filled using 75% of 
the long-term average value, following the method in the Review of The National Water Resources 
Study (2000 – 2050) and Formulation of National Water Resources Policy in 2011 (NWRS 2011), as 
most of the missing evaporation data occurred for rainy days where the evaporation rate is lower.  

(ii) Long missing data length – In this case, the missing data happen in a prolonged period of several 
months or up to one year; the missing data of this case could be gap-filled using neighbouring 
evaporation station data or the long-term mean value of respective month of the station itself. 
For example, the long-term mean monthly evaporation of January shall be used to gap-fill the 
missing data of January for a particular year. 

 Streamflow Data Quality Checking and Screening 

Streamflow data are typically obtained from DID which operates most of the streamflow stations in 
Malaysia. However, the streamflow data is not a primary data directly measured at the station but is a 
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secondary data derived from the recorded water levels at the station and the stage-discharge rating 
curve developed for the station. The stage-discharge rating curve is developed for each station by 
means of at-site flow gauging conducted by DID.  

The quality of daily streamflow data may be evaluated using the criteria listed below: 

(i) Long-term series plotting – Long-term series of mean daily flow data and river level data could 
be plotted to assess the data homogeneity. From the plotting, the hydrologist could detect if there 
are any changes in the data trends. The trend changes could occur due to datum shift in water 
levels, natural factors or anthropogenic activities such as dam operation and major water 
abstractions. 

(ii) Cumulative curve – Another method to assess the data homogeneity is by plotting the cumulative 
daily runoff curve. From the plotting, the hydrologist could detect if there is any change in the data 
homogeneity (see example in Figure B.12). The change in the gradient of the curve is indicative of 
changes in data homogeneity and should be tagged for further data quality assessment.  

 
Figure B.12: Example of cumulative daily runoff curve 

(iii) Comparison with historical valid range – The streamflow data should be checked against high 
and low threshold values based on the historical valid range. The highest threshold is determined 
from the highest historical recorded flow while the lowest threshold is the lowest recorded flow.  

(iv) Examination of rating curve – As a derivative value using the stage-discharge rating curve, the 
integrity of the streamflow data is dependent on proper rating curve development procedure.  

The rating curve should be current and up-to-date, gauging should be carried out regularly 
according to DID Hydrological Procedure No. 15: River Discharge Measurement by Current Meter 
(HP 15, 1995), and deviations in rating curve should be checked according to DID Hydrological 
Procedure No. 10: Stage-Discharge Curves (HP 10, 2019) (see section B.3.13 for the list of DID 
hydrological procedures (HP) published by DID).  

If there is any major river improvement work that can lead to changes in the river hydraulic 
section, the stage-discharge rating curve should be derived for the improved river section, and the 
conversion of flow from recorded water level should be based on the new rating curve.  
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The missing, erroneous, doubtful data or outliers may be excluded from analysis if there are sufficiently 
long records of streamflow data that could be utilized for further analysis involving low flow frequency 
analysis, FDC analysis and flood frequency analysis.  

Gap-filling of streamflow data may be carried out using the correlation analysis between the upstream 
and downstream stations if it is applicable. Rainfall-runoff modelling and ANN method could also be 
deployed for streamflow data gap-filling. 

B.3.4 Estimation of Streamflow for Water Resources Assessment 

Estimation of flow availability for a reservoir or intake catchment is essential to ensure that the water 
source will be sufficient to meet the water demand. To estimate the flow availability for the reservoir or 
intake catchment, long-term daily streamflow data is preferred to be used.  

For a study catchment which is gauged and streamflow records are available, flow estimation can be 
directly based on the recorded streamflow data. However, it is more often that the proposed intake point 
is ungauged with no streamflow data available within the  catchment itself.  The flow estimation may 
be carried out using other methods as listed below: 

(i) Use of historical reservoir operation records; 
(ii) Flow transposition method, and 
(iii) Rainfall-runoff model.  

 Use of Historical Reservoir Operation Records 

For a catchment where a dam has been constructed and is in operation, historical reservoir operation 
records may be available from the dam operator. In most cases, direct measurement of the inflow to the 
reservoir (runoff from the dam catchment) is not available. The historical reservoir operation records 
would be the most reliable data to estimate the inflow to the reservoir using a water balance equation.  

The estimation of the reservoir inflow is usually required when there is a need to review the dam 
catchment yield for potential upgrading of the storage scheme.  

The reservoir operation records required to perform the review are: 

(i) Daily water level in reservoirs; 
(ii) Daily releases from the dams via outlets and spillways; and 
(iii) Daily evaporation from reservoir water surface. 
(iv) Daily reservoir storage (derived from elevation-storage curve)  

Daily inflow to the reservoir is computed using the water balance equation below: 

𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝐼𝑛𝑓𝑙𝑜𝑤 = 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 r𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 s𝑡𝑜𝑟𝑎𝑔𝑒 + 𝐷𝑎𝑚 r𝑒𝑙𝑒𝑎𝑠𝑒 + 𝐷𝑎𝑚 s𝑝𝑖𝑙𝑙𝑎𝑔𝑒 
+ 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 e𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 + 𝐷𝑎𝑚 s𝑐𝑜𝑢𝑟𝑖𝑛𝑔 d𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 (𝑖𝑓 𝑎𝑛𝑦) 

The components in the computation of the reservoir inflows are as illustrated in Figure B.13. 

A worked example of computing reservoir inflow using historical reservoir operation records is 
presented in section B.3.14.  
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Figure B.13: Components in the computation of the reservoir inflow 

 Flow Transposition Method 

For ungauged catchments where the recorded flow data is available from nearby streamflow station, 
flow transposition using the recorded flow data could be used. The flow is transposed using the 
streamflow data from the selected key streamflow station by area proportion method as follows: 

𝑄  =  𝐾 × 𝑄   

Where: 

𝐾 = catchment area for the ungauged site / catchment area at key station 
𝑛 = Area ratio exponent, typically in the range of 0.75 to 1.0. 

This area proportional method is only applicable when there are no significant differences in the rainfall 
between the ungauged catchment and the key streamflow stations’ catchment. 

If there are differences in the rainfall between the ungauged catchment and the key streamflow stations, 
the flow transposition should consider the catchment area and rainfall proportion method as follow: 

𝑄  =  𝐶𝑄   

𝐶 = 𝐴 ×
(𝑅 − 𝐿𝜊)

𝐴𝜊(𝑅𝜊 − 𝐿𝜊)
 

Where: 

A   = catchment area at the ungauged site (km2) 
Ao  = catchment area at the key station (km2) 
R   = mean annual rainfall in the ungauged site catchment (mm) 
Ro  = mean annual rainfall in the key station catchment (mm) 
Lo  = mean annual losses in the key station catchment (mm) 

A worked example of flow estimation using flow transposition method is shown in section B.3.14.  
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 Rainfall-runoff Model 

Streamflow data can be simulated with a rainfall-runoff model using rainfall and evaporation data as 
the main input.  

The rainfall-runoff modelling requires the estimation of the model parameters that represent the 
catchment characteristics. Some of the model parameters are related to the catchment characteristics 
and can be estimated based on equation that relate the catchment parameters to the catchment physical 
characteristics such as catchment steepness, river length, soil type and land cover type.  

For model parameters that cannot be related to the catchment physical characteristics, model 
calibration is required to derive the model parameters using historical or estimated flow data.  As DID’s 
telemetry flood monitoring network have increased drastically over time, model calibration can be 
carried out using recorded water level data by coupling the rainfall-runoff model and the hydro-dynamic 
model.  

The detailed guideline to carry out the rainfall-runoff modelling is described in section B.3.7. 

B.3.5 Streamflow Analyses for Water Resources Assessment 

Generally, there are three types of streamflow analyses commonly used in water supply systems 
planning and design, which are: 

(i) Derivation of the daily flow-duration curve (FDC); 
(ii) Low flow analysis; and 
(iii) Flood flow analysis (including PMP and PMF). 

Analyses (i) and (ii) are more relevant for the water availability assessment to determine the yield for 
the proposed source work. Analysis (iii) is for the design of the intake structure and the platform level.   

 Derivation of Daily Flow Duration Curve (FDC) 

The flow duration curve (FDC) is a plot that shows the percentage of time that flow in a stream is likely 
to equal or exceed some specified value of interest. For example, the flow at the proposed intake exceeds 
10 m³/s at 90% of the time.  

In the water availability assessment, it is preferable to develop the FDC using daily flow series. Figure 
B.14 shows an example of a daily FDC.  

An FDC characterizes the ability of the catchment to provide flows of various magnitudes. Information 
concerning the relative amount of time that flows past an intake point are likely to equal or exceed a 
specified value of interest is extremely useful for the design of the water supply system. Flow in the range 
of 40% to 60% indicates the average flow that occurs at the intake catchment.  

The shape of an FDC in its upper and lower regions is particularly significant in evaluating the catchment 
high flow and low flow characteristics. Flows in the range of 5% to 10% indicate high flows which will 
be equalled or exceeded 5% to 10% of the time in a year. The 90% to 95% are regarded as low flows 
which will be equalled or exceeded most of the time in a year.  The 100-percentile flow indicates the 
lowest flow value at that particular intake point.  

In the development of a water supply system, in addition to the compliance to the low flow under specific 
drought recurrence interval of 1 in 50-year ARI, the FDC will depict the reliability of the water supply 
system under particular range of flows. For instance, as shown in Figure B.14, the 95-percentile flow of 
9 m3/s indicates that at about 5% of the time in a year or on average of 18 days in a year, the flow at this 
particular intake point will be less than 9 m3/s. This could be used as a guide to provide storage for water 
supply system during periods of low flows.  
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Figure B.14: Example of a daily flow duration curve 

The steps in the derivation of the daily FDC is as follows: 

(i) Sort the long-term daily flow series from highest to lowest; 
(ii) Rank all the daily flow values where the rank no. 1 is assigned to the highest value, rank no. 2 is 

assigned to the second highest value and so on; 
(iii) Compute the percentage of time a specific flow in a stream being equalled or exceeded by using 

the formula below: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑓𝑙𝑜𝑤 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙𝑒𝑑 𝑜𝑟 𝑒𝑥𝑐𝑒𝑒𝑑𝑒𝑑 =
𝑀

𝑛 + 1
× 100 

Where: 

𝑀= rank of daily flow value 
𝑛 = total number of daily flow data 

 
(iv) Plot flow versus percentage of time a specific flow is equalled or exceeded. 

A worked example of daily FDC derivation is shown in section B.3.14. 

 Low Flow Analysis 

The three main characteristics of low flow which will be of interest to the Designer are: 

(i) duration; 
(ii) magnitude; and 
(iii) frequency of occurrence. 

The low flow duration adopted for analysis has considered the acceptable tolerance to the potential 
water stress period and reducing data uncertainty. For a run-of-river scheme, the selected low flow 
duration for analysis will directly affect the design yield of the proposed intake. For a storage scheme, 
the low flow duration is also an important factor for sizing the storage and determining the design yield. 

The magnitude of low flow is the amount of water that will be available for the water supply system for 
the specified duration. 
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The specified frequency of occurrence of low flow represents the risk related to the failure of the water 
supply scheme and the social-economic importance of the system. The 50-year average recurrence 
interval (ARI)) drought shall be adopted as the design criteria for potable water supply systems in 
Malaysia. This is equivalent to a 2% chance in any one year, or once in 50 years generally, the occurrence 
of failure of the water supply system. 

To determine the design yield for a run-of-river scheme, analysis shall be based on 7-day low flow 
while for a large storage scheme, the 36-month drought sequence is normally adopted to derive the 
design yield. 

Low Flow Frequency Analysis 

In low flow frequency analysis, the objective is to derive a low flow frequency curve for low flows of a 
specific duration (say D days). The frequency curve is derived by fitting a theoretical frequency 
distribution to the sample of recorded D-day low flows using either analytical or graphical means.  

The commonly used theoretical frequency distributions include Weibull, Gumbel, log-normal, gamma, 
Pearson Type III, and log-Pearson Type III distributions.  

For determining the design yield for a run-of-river scheme, the analysis is usually based on 7-day low 
flow. To carry out low flow frequency analysis for the 7-day low flow, the following steps are required: 

(i) Compute the average 7-day flows from the long-term flow series; and 
(ii) Determine the annual minimum 7-day low flow for each year; 
(iii) Conduct frequency analysis on the annual minimum 7-day low flow series to derive the 7Q50.  

Besides the low flow frequency analysis, the D-day low flow of specified frequency of occurrence may 
also be determined using Hydrological Procedure No. 12: Magnitude and Frequency of Low Flows in 
Peninsular Malaysia (HP 12, 2015). The information required for the use of the HP 12 are catchment area 
and mean annual catchment rainfall of the intake catchment.  

36-months Drought Sequence Analysis 

The rationale to adopt a 36-month duration drought sequence is based on the critical period of 
reservoir gradual depletion from full supply level (FSL) to minimum operating level (MOL) and 
recharge back to FSL; It is a common practice to design a reservoir scheme based on the full-empty-full 
cycle of 36 months. Any longer carryover periods will impart undue stress onto the water resources 
system due to the risk of the reservoir not being fully refilled within the stipulated period. 

Dam catchment inflow series in monthly interval shall be used as input in the drought sequence 
analysis. The dam catchment inflow refers to the inflow contributed by the dam catchment into the 
reservoir. Two methods may be used for the derivation of dam catchment inflow:  

(i) Using dam operational records as described in Section B.3.4.1; or 
(ii) Using rainfall-runoff model. 

The derived inflow series shall be used to establish the summary of monthly inflows. The steps in 
conducting drought sequence analysis are shown in Figure B.15 below. 
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Figure B.15: Steps in conducting drought sequence analysis 

 Flood Flow Analysis 

In the design of water supply systems, the design flood flow is required to determine flood levels at the 
headworks or intake works, for which temporary and permanent works are designed to withstand.      

The 1% (once-in-100-years or 100-year ARI) flood shall be used for the flood protection of the major 
water supply system infrastructure.  

To derive the design flood of specific ARI, several methods or procedures may be used: 

(i) Flood frequency analysis; 
(ii) Flood modelling using rainfall-runoff model with design rainfall of specific ARI as input;  
(iii) Urban Stormwater Management Manual for Malaysia (MSMA 2nd Edition, 2012); 
(iv) Hydrological Procedure No. 4: Magnitude and Frequency of Floods in Malaysia (HP 4, 2018);  
(v) Hydrological Procedure No. 5: Rational Method of Flood Estimation for Rural Catchments in 

Peninsular Malaysia (HP 5, 2010); 
(vi) Hydrological Procedure No. 11: Design Flood Hydrograph Estimation for Rural Catchments in 

Malaysia (HP 11, 2018); 
(vii) Hydrological Procedure No. 16: Flood Estimation for Urban Areas in Peninsular Malaysia (HP 16, 

1976); and  
(viii) Hydrological Procedure No. 27: Design Flood Hydrographs using Clark Method for Rural Catchments 

in Peninsular Malaysia (2010). 

In the cases where long records of reliable streamflow series are available, flood frequency analysis may 
be carried out using these data. Some of the commonly used frequency distributions are the Gumbel, log-
normal, log-Pearson Type III, and exponential distributions.  

To carry out flood frequency analysis, the following steps are required: 

(a) Collect and process the long-term streamflow data; 
(b) Determine the annual instantaneous flood peak for each hydrological year (example: from July of 

a year to June of next year); and 
(c) Run frequency analysis using the annual instantaneous flood peak series to derive the design flood 

peak of corresponding ARI.  
In cases where long records of reliable streamflow series are not available, the HP recommended in the 
above list may be used to derive the design flood using the design rainfall of corresponding ARI. The 
design rainfall may be derived using Hydrological Procedure No. 1: Estimation of Design Rainstorm in 
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Peninsular Malaysia (HP 1, 2015) and Hydrological Procedure No. 26: Estimation of Design Rainstorm in 
Sabah and Sarawak (HP 26, 2018).  

PMP and PMF Analysis 

In the design of a dam, it is necessary to carry out the PMP and PMF analysis for the design of the dam 
spillway. PMP is the Probable Maximum Precipitation and defined by the World Meteorological 
Organization (WMO) as “the greatest depth of precipitation for a given duration meteorologically 
possible for a given size storm area at a particular location at a particular time of a year.” The flood flow 
resulting from the PMP is referred to as the Probable Maximum Flood (PMF).  

The PMF shall be used for the dam spillway design where the spillway shall safely pass the PMF without 
the risk of the reservoir overtopping the dam crest. 

To derive the PMP, references may be made to the following guidelines: 

(i) World Meteorological Organization (WMO) Procedure No. 1045 – Manual on Estimation of 
Probable Maximum Precipitation (WMO, 2009);  

(ii) National Hydraulic Research Institute of Malaysia (NAHRIM) Technical Research Publication No. 1 
– Derivation of Probable Maximum Precipitation for Design Floods in Malaysia (NAHRIM, 2009) 

A rainfall-runoff model should be used to transform the reservoir catchment PMP into PMF inflow 
hydrograph. The inflow hydrograph shall be routed through the spillway to obtain the maximum 
reservoir level. 

B.3.6 Yield Estimation 

In water supply, the yield is defined as the steady supply of water that could be maintained through a 
drought of specific severity without interruption. Different yield estimation methods are used for run-of-
river schemes and storage schemes. The details on criteria to select the type of scheme, methodology and 
data requirement for yield estimation are described in the subsequent sub-sections.  

 Criteria to Select the Scheme 

(1) Run-of-river Scheme 

In designing a water supply system with surface water as the source, the hydrologist should always 
explore the possibility of a run-of-river scheme which abstract water directly from the natural river.  

A run-of-river scheme is typically the least-cost solution since it does not involve development of a dam 
or a pond storage. In addition, a run-of-river scheme typically has minimal social and environmental 
impacts.  

Generally, there are two types of run-of-river scheme: 

 Basic intake structure, and 
 Intake with control structure (weir or barrage). 

(i) Basic Intake Structure 

A basic intake structure generally consists of a river side intake without any structure built across the 
river. The yield of the run-of-river scheme depends mainly on the intake catchment area and rainfall 
pattern.  Other factors that will affect the design yield include catchment slope and land cover, soil type 
and geology, human activities such as water abstraction and flow retaining. The river intake capacity is 
normally limited by the design yield of the run-of-river scheme. The run-of-river scheme with a simple 
intake structure is susceptible to occurrence of river pollution and river bed degradation.  
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(ii) Intake with Control Structure (Weir or Barrage) 

The run-of-river scheme shall require a control structure to be built across the river for the following 
circumstances: 

(a) Insufficient command level – control structure such as weir could be constructed to raise the 
water level upstream and provide temporary storage to increase the yield near the intake point; 
and 

(b) Saline intrusion – a barrage is usually constructed at the run-of-river intake subjected to the 
saline intrusion.  

For an intake with control structure built across the river, upstream flood impact and sedimentation 
issues due to the obstruction will need to be assessed and mitigation measures provided when necessary. 

(2) Storage Scheme 

A storage scheme is considered when the run-of-river scheme is unable to provide the required yield. 
The common types of storage scheme are: 

 Dam with reservoir impounded by the dam embankment – direct supply dam or regulating dam, 
and 

 Off-river-storage – man-made lake or ex-mining pond 

A dam is a hydraulic structure built across a river to create a reservoir on its upstream to impound water 
for various purposes. These purposes may be flood control, water supply, hydropower, irrigation and 
recreation. Dams may be built for single purpose or for multi-purpose. This guideline will be primarily 
concerned with direct supply reservoirs and regulating reservoirs for water supply purpose.      

(i) Direct Supply Reservoir 

A direct supply reservoir supplies the water directly to a WTP without the flow being released and 
conveyed through the river. The risk of river pollution is avoided in this case.   

The yield of a direct supply reservoir is mainly governed by the dam catchment area, rainfall pattern in 
dam catchment, reservoir storage capacity and reservoir evaporation.  The reservoir storage capacity is 
designed to provide a reliable yield for the proposed WTP. 

Very often, the direct supply reservoir is located at the upper part of river catchment, and thus, 
commands a smaller catchment compared when located downstream. Reservoir refilling time is a critical 
design criterion for the direct supply reservoir.  

(ii) Regulating Reservoir 

A regulating reservoir is capable of regulating the flow to the downstream WTP intake during periods 
of low flow at the intake. The yield of a regulating scheme is considerably higher than a direct supply 
scheme as the former can harvest the river flow from the downstream incremental catchment (from dam 
to WTP intake).  The yield of a regulating scheme is governed mainly by the dam storage, downstream 
intake catchment area and rainfall pattern, and the water demand. There are several pertinent issues 
relating to this type of scheme: 

(a) Risk of river pollution and water losses from dam releases to the downstream intake; 
(b) Shut down of downstream intake if there is river pollution; 
(c) Lag time for dam release to arrive at the intake; and 
(d) Require proper dam operating procedure to avoid wastage of dam release. 
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(iii) Off-river Storage (ORS) 

An off-river storage (ORS) is usually achieved by placing a river intake at the downstream of river 
catchment with provision of a downstream storage off the main course of the river, which will usually be 
relatively close to it. They may be operated singly or in series.  

The yield of ORS depends on the intake catchment area, rainfall pattern the storage size and evaporation.  

The benefits of the ORS include:  

(a) The intake is usually placed at the middle or downstream of the river catchment which captures 
larger catchment area, and thus higher yield;  

(b) The intake at the downstream may be located nearer to the water demand centre; 
(c) Conversion of ex-mining ponds are possible which could reduce the excavation volume and cost, 

and minimize its social and environmental impacts; and 
(d) The retention time and dilution provided by the ORS water storage is able to improve the raw 

water quality.  

The issue relating to ORS scheme is the difficulty to find undeveloped land with suitable topography 
downstream of river catchment for conversion into ORS. 

 Yield Estimation Methodology  

As addressed in the previous section, the yield estimation method varies according to the type of water 
supply scheme. Similar to the yield estimation method, the data requirement also depends on the type of 
water supply scheme and the corresponding methodology for the determination of yield. 

The following Table B.19 summarises the methodology and data requirement for different types of 
schemes, while the general steps involved in yield estimation are shown in Figure B.16. 

Table B.19: Summary of yield estimation methods for different storage schemes 

Type of Scheme Methodology for Yield Estimation 

Run-of-river with basic 
intake structure 

Low flow frequency analysis on long-term annual minimum 7-day low 
flow to derive the 7-day 50-year ARI low flow (7Q50).  

Run-of-river with control 
structure (weir or 
barrage) 

Low flow frequency analysis on long-term annual minimum 7-day low 
flow to derive the 7Q50; Consideration of the temporary storage back 
up by the control structure. 

Direct Supply Dam Water balance simulation using 36-month drought sequence and long-
term historical daily series. 

Regulating Dam Water balance simulation using 36-month drought sequence and long-
term historical daily series, with consideration of the downstream 
incremental flow. 

Off-river-storage (ORS) Flow duration curve and water balance simulation using long-term 
historical daily series. 
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Figure B.16: General steps involved in yield estimation 

Generally, the yield estimation for a run-of-river scheme is simple in the way that only the 7-day low 
flow frequency analysis and the required water abstraction rate at the intake will need to be considered.  

For a storage scheme, a water balance simulation should be carried out to determine the optimum 
storage required for the reservoir or ORS in fulfilling the required water abstraction and to ensure 
reservoir is able to be fully refilled within the stipulated period. 

For a regulating reservoir, the water balance simulation shall take into account if the water is required 
to be released to the downstream intake for optimum storage determination. In order to carry out the 
water balance simulation, the required inputs are daily or monthly catchment inflow series, 36-month 
drought sequence series, water abstraction rate, reservoir elevation-storage curve and reservoir water 
surface evaporation.  

In the yield estimation for an ORS, the 98- or 95-percentile reliability of FDC is commonly used to assess 
the average percentage of water shortage period at the potential source work intake. Then, the longest 
and average drought period from the historical records should be identified and analysed to determine 
the optimum size of the required ORS.  

As addressed in section B.3.2.3, the water abstraction activities upstream and downstream of the intake 
point need to be taken into account in the yield estimation.  
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B.3.7 Computerized Hydrological Modelling 

 
Figure B.17: General steps adopted in the hydrological modelling 

Hydrological modelling usually refers to rainfall-runoff modelling to transform rainfall into runoff. 
Generally, there are two types of rainfall-runoff modelling, namely, continuous modelling and event 
modelling, with either type used, depending on the modelling purpose. The general steps and input data 
adopted in hydrological modelling are shown in Figure B.17. 

 Catchment Delineation 

Catchment and sub-catchment boundaries could be defined based on the following criteria: 

 Topography; 
 River network or drainage configuration; 
 Points where the runoff or flood hydrographs are required; 
 Location of streamflow gauging station (for model calibration); 
 Extent of river survey data, and 
 Landuse uniformity and categorization. 

 Selection of Simulation Type 

(i) Continuous modelling – used to derive the long-term flow series at the proposed source work 
intake for water availability assessment.  

(ii) Event modelling – used to derive the design flood flows for the design of headworks, intake 
structure, pumping station and water supply system.  

 Model Set-up and Parameterization 

In continuous modelling where the flow simulation covers both wet and dry seasons, groundwater 
(GW) contribution together with evaporation and evapotranspiration becomes significant and would 
have to be factored in the rainfall-runoff simulation process. In this case, soil moisture content and 
storage should be considered to keep track of GW storage whereby infiltration from surface storage 
recharges GW and GW storage is depleted via both GW outflow and evapotranspiration.  
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Some commonly used models in Malaysia for continuous modelling are the NedborAfstromings Model 
(NAM), Tank model, HEC-HMS model with the soil moisture accounting (SMA) module, and the 
Thornthwaite and Mather Water Balance Model (TM-WBM) described in Water Resources Publication No. 
12, ‘Average Annual and Monthly Surface Water Resources of Peninsular Malaysia’ published by DID in 
1982.  

In the event modelling of flood flow, the GW contribution and evaporation loss are not significant during 
a storm event. Therefore, simple rainfall loss models representing the land cover surface losses and 
surface depression losses are often adopted to simulate the rainfall excess of a storm event. Unit 
hydrograph (UH) methods such as the Clark, Snyder and Soil Conservation Service (SCS) techniques are 
commonly used to transform the excess rainfall into flood hydrographs.   

The estimation of catchment parameters depends on the simulation method chosen. A measured-
parameter model  uses measured model parameters that could be determined from system properties 
through either direct measurement or indirect methods. A fitted-parameter model includes 
parameters that cannot be measured and the parameters shall be obtained by fitting the model with 
observed values of the input and the output via model calibration. 

An example of the measured-parameter model is the SCS unit hydrograph method. The model 
parameters such as SCS curve number (CN) and lag time could be reasonably estimated from the 
measurable catchment characteristics such as landuse and time of concentration (Tc).  Examples of 
fitted-parameter model are time constants for routing interflow and overland flow (CK 1,2) and time 
constant for routing baseflow (CKBF) in NAM modelling. These model parameters are found via model 
calibration.  

 Model Calibration and Verification 

Once the model has been set up, model calibration and verification should be carried out to derive the 
model parameters by minimizing the deviations of simulated hydrographs from the observed 
hydrographs.  

The model calibration for event modelling is primarily focused on simulation of the flood peak segment 
and lower priority for lower recession limb of the hydrograph. The following are the steps involved for 
event model calibration and verification: 

(i) Selection of flood events for calibration and verification; 
(ii) Derivation of catchment rainfall for the flood events; 
(iii) Simulation of the flood hydrographs for the selected storm events; 
(iv) Adjustment of the model parameters to get good fit between simulated and observed hydrographs; 
(v) Verification of model parameters with other flood hydrographs, and 
(vi) Simulation of the design hydrographs with the verified model. 

In view that continuous modelling is used to model the catchment response for the wet and dry seasons, 
the calibration should focus on the simulation of both low flows and high flows as well as the recession 
characteristics of low flow with respect to the observed data. It is recommended to use at least 5 years of 
data for continuous modelling. The first-year data will be used to condition the catchment antecedent 
condition. 

 Simulation of Runoff or Design Flood Hydrograph 

In addition to the calibrated and verified model parameters, meteorological input as listed below shall 
be required as input to the rainfall-runoff model for the simulation of runoff or flood hydrograph: 

(i) Continuous modelling – long-term historical rainfall and evaporation series; and 
(ii) Event modelling – design rainfall of specified ARI for various durations.  
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For the continuous modelling, the long-term historical rainfall and evaporation series shall undergo data 
quality checking, screening and gap-filling processes as described in section B.3.3 before being used as 
input to generate the streamflow hydrograph.  

For the event modelling, design rainfall of specified ARI derived from HP 1 (DID, 2015) for catchments 
in Peninsular Malaysia or HP 26 (DID, 2018) for those in Sabah and Sarawak shall be used as the 
meteorological input.  

The design rainfall derived from HP 1 (DID, 2015) and HP 26 (DID, 2018) is point rainfall. The storm 
spatial and temporal distribution are important factors that affect the magnitude and timing of the peak 
discharge. An areal reduction factor (ARF) may be used to account for the spatial distribution of the 
point design rainfall. The design rainfall temporal pattern is used to represent the variation of rainfall 
intensities during a storm event. Both the ARF and rainfall temporal pattern could be obtained from HP 
1 (DID, 2015) or HP 26 (DID, 2018).  

The design rainfalls of various storm durations shall be input to the verified hydrological model to 
generate the design hydrographs. The simulated hydrograph that has the highest peak discharge shall be 
adopted as the design hydrograph.   

B.3.8 Environmental Flow Considerations  

 General  

Aside from water demand, as detailed in section B.2, environmental flows should also be considered in 
the planning and management of water resources and water supply systems. In general, environmental 
flows may be defined as the quantity, quality and timing of river flows required in a river system to 
sustain the river ecology, aquatic ecosystems, human livelihoods and well-being that depend on the 
ecosystems. Failure to maintain such flows will lead to a decline in the health of the water dependent 
ecosystem. 

Under the circumstances where there are water abstraction or water control activities taking place in a 
river system, release of environmental flow is required to maintain the sustainability of certain features 
in the river according to their functions, values and local implementation policy at a particular location 
in the river system. 

The following are the recommended guidelines on environmental flow release: 

(1) Environmental flow releases are generally required under the two following catchment 
conditions, i.e., regulated and unregulated catchment, as follows: 
 
(i) Regulated catchment – Where there is a water control structure constructed in a river 

system, such as dam, the controlled releases from the dam which are usually at a constant 
rate (either for water supply or for hydropower purposes) will significantly alter the flow 
seasonal variation of a river system.  

The constant flow pattern in a river system will cause changes to the hydrology, the 
hydraulic regime and the ecosystem of the river in the long term. As the flows are being 
released at a constant rate during both dry and wet seasons, the required environmental 
flows need to be derived to maintain the seasonal patterns of the natural river flows before 
the development of the dam. It is recommended to derive the monthly environmental flows 
for a 12-month period as a guide for the dam environmental flow releases to maintain the 
flow seasonal variability downstream.   

(ii) Unregulated catchment – When there are run-of-river water abstraction activities in a 
river system for a catchment that is not controlled by any water control structure, the flow 
seasonal variation is generally maintained.  The critical period for the consideration of the 
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environmental flow releases is during the low flow periods where continuous river water 
abstraction causes substantial drops in flows and water levels downstream.  

Thus, a constant value for environmental flow is required to be released downstream of the 
run-of-river water abstraction intake to sustain the downstream ecological system. During 
wet months, the flow in the river will increase and reflect its seasonal variability. 

(2) The derivation of environmental flow is generally to satisfy the following two categories of 
downstream functions: 

(i) Known downstream users with specific functions: At the point where the environmental 
flow is required to be released by the upstream water users to satisfy the downstream users 
with specific functions, the environmental flow shall be derived based on the specific 
requirement of the downstream users. As an example, the construction of a dam with 
controlled releases downstream will significantly reduce the downstream water depth and 
cause impact to specific aquatic species that require minimum water depths for survival. 
Under this condition, the derivation of environmental flows shall involve the derivation of 
the flow quantity and conversion of the flow into the required minimum water depth for the 
sustainability of that specific aquatic life.  

(ii) For general maintenance of downstream hydrology, hydraulic and ecology regime: At 
a point where no specific downstream function is known, the environmental flow should be 
derived based on general rule to maintain the downstream hydrology and hydraulic regime 
as well as the ecological function. This could be done using one of the four methods listed in 
section B.3.8.2 below. 

 Environmental Flow Computation Method 

Four methods for the computation of environmental flow as recommended in NWRS 2011 are 
summarised in Table B.20 below. 

Table B.20: Summary of environmental flow computation method 

No Method Approach Description 

1 
10% of average 
annual flow 
(AAF) 

Hydrological 
index method 

Simple and widely used rule of thumb method with 
assumption that the 10% AAF is sufficient to sustain 
the ecosystem. 

2 
Low flow of 7Q5, 
7Q10, 7Q20, 
7Q50 

Hydrological 
index method 

This is the computation of 7-day consecutive low flow 
of certain return period to maintain the downstream 
specific function of the followings: 

7Q5: for paddy irrigation  
7Q10: for water quality maintenance 
7Q50: for potable water supply requirement 

3 
Tennant 
(Montana) 

Hydrological 
index + Holistic 
method 

Flow variation in the range of 10% to 200% of AAF 
according to wet and dry seasons. The 10% AAF is 
assumed to be the environmental flow for low flow 
season. This method is not recommended for seasonal 
river with high temporal fluctuations. 

4 
Smakhtin and 
Eriyagama 

Hydrological 
index + Holistic 
method 

Flow duration curve is constructed and modified 
based on the desired environmental management 
class of the river by shifting the flow duration curve to 
the left along the X-axis. AAF of certain environmental 
management classes are computed based on the flow 
regime derived from Tennant (Montana) method. 
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B.3.9 Climate Change Considerations  

The impacts of global warming suggest extremities in both climatologic and hydrologic events. The 
potential impacts of global warming to water resources are summarized as follows: 

(i) Changes in weather pattern from the past; 
(ii) Increase or decrease in inflows to natural and artificial water/hydrologic storages; 
(iii) Increase in severity and frequency of both droughts and floods; and 
(iv) Increase pressure on water related storages and infrastructures. 

Thus, it is important to take into consideration of climate change in the planning and management of 
water resources and water supply systems. Section B.3.9.1 and section B.3.9.2 below provide the 
guidelines for climate change considerations in both the assessments of yields and flood flows. 

 Climate Change Considerations for Yield Assessment 

For yield assessment where low flows are playing the important role, it is recommended that the low 
flow analysis and relevant yield assessment are conducted utilizing the projected climate change data in 
daily interval.   

Projected future climate data could be obtained from NAHRIM future hydroclimate database as described 
in the report Extension Study of the Impacts of Climate Change on the Hydrologic Regime and Water 
Resources of Peninsular Malaysia 2014 published by NAHRIM. As NAHRIM regularly updates the climate 
change study based on the study outcomes of the Intergovernmental Panel on Climate Change (IPCC), the 
most recent report published by NAHRIM should always be used. 

 Climate Change Considerations for Flood Assessment 

Apart from conditions defined by historical climate data, it is important for the design of engineering 
structures to consider climate change factors into any flood protection design. Mounting evidence 
suggests that rainfall intensity and the frequency of extreme weather events have increased, creating 
situations where conventional design parameters could be no longer representative, with the impact 
exceeding the design capacity of the engineered systems. This necessitates a change in the approach used 
in the planning and design for flood protection structures. 

To include the climate change impact on the design for flood protection structures, the climate change 
factors (CCFs) recommended in HP 1 (DID, 2015) could be used.  

In HP 1 (DID, 2015), the application of CCFs is based on the equation below: 

𝐼 = 𝐼 × 𝐶𝐶𝐹 

Where: 

 𝐼  = future design rainfall intensity (mm/hr) 
𝐼 = historical design rainfall intensity (mm/hr) 
𝐶𝐶𝐹 = median value of CCF recommended in HP 1 (DID, 2015) 

B.3.10 Hydro-Meteorological Instruments  

Hydro-met data are collected by a number of agencies and private entities in Malaysia. DID is the national 
agency who operates the largest number of hydro-met stations which include rainfall, evaporation, river 
level and streamflow. The hydro-met equipment used by DID generally follows the standards established 
by the WMO.    
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 Rainfall Gauge  

According to DID Hydrological Procedure No. 32: Hydrological Standard for Rainfall Station 
Instrumentation (HP 32, 2018), there are two types of rainfall gauges: 

(i) Non-recording rain gauge, and 
(ii) Recording rain gauge. 

Initially, rainfall data were manually collected or recorded by personnel who visit the rain gauge stations 
regularly, to measure the rainfall accumulated since the previous visit. The rainfall that is manually read 
is referred as the non-recording rain gauges. Over time, the rain gauges are replaced or supplemented 
with automatic rain gauges, and since then, variation in rainfall intensity could also be recorded. In an 
automatic rain gauge, there are recording devices or loggers attached to register rainfall and its time of 
occurrence. The 0.5 mm tipping bucket is predominantly used by DID as the main rainfall instrument for 
almost all hydrological rainfall stations nationwide. Figure B.18 and Photo B.1 show an example of 
typical tipping bucket that is commercially available.  

 
Figure B.18: Typical tipping bucket  

(Source: HP 32 (DID, 2018)) 
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Photo B.1: Tipping bucket installed at the top of station housing  

(Source: HP 32 (DID, 2018)) 

 Evaporation Pan 

Evaporation pans are used to measure evaporation. A typical evaporation pan is shown in Photo B.2. 

 
 Photo B.2: Evaporation pan – Class A aluminium pan  

(Source: Pierce College Weather Station (2015)) 
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The rate of evaporation from a pan is dependent on its exposure conditions, material of construction and 
colour. There are different pan coefficients for different types of pans. The coefficient relates the rate of 
evaporation from the pan to that from a large open water surface. The pan coefficients for various types 
of Class A pans are reported in DID Water Resources Publication No. 11: Comparison of Performance of 
U.S. Class “A” Evaporation Galvanised Iron Pan and Aluminium Pan (WRP 11, 1982). 

 River Discharge 

Streamflow or river discharge is secondary data derived from the recorded water level using stage-
discharge rating curve developed for the station. According to DID Manual Volume 4 – Hydrology and 
Water Resources (2009); there are four main types of river observation stations operated by DID: 

(i) Water level stations (only water levels are recorded); 
(ii) Discharge stations (velocity measurements and water level readings); 
(iii) High stage discharge stations (for flood protection purposes); and 
(iv) Low stage discharge stations (for water supply purposes). 

In the past, non-recording water level stations consist of stick gauges that must be read and recorded 
manually on a daily basis. An automatic water level instrument mainly consists of a recorder and a sensor. 
A water level sensor is connected to a data logger to make a complete water level recording instrument. 

 
Photo B.3: Multiple stick gauge installation  

(Source: DID Manual Volume 4 (DID, 2009)) 

Current meters are instruments to measure velocity of water flow in the water column. Several types of 
current meters are used in measuring current velocities in stream and rivers with the majority falling 
into either two categories:   

(i) Propeller and cup type velocity meters (see Figure B.19), or 
(ii) Doppler velocity meters and Doppler current profilers (see Figure B.20).  
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Figure B.19: Propeller type universal current velocity meter 

(Source: DID Manual Volume 4 (DID, 2009)) 

 
Figure B.20: Moving boat method using acoustic doppler current profiler (ADCP)  

(Source: MathWorks (2014)) 
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B.3.11 Sample of Hydro-meteorological Data 

 Rainfall Data 

 
Figure B.21: Sample of daily rainfall data 

 

 
Figure B.22: Sample of missing rainfall data 
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 Evaporation Data 

 
Figure B.23: Sample of daily evaporation data 

 

 
Figure B.24: Sample of missing evaporation data 
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 Streamflow Data 

 
Figure B.25: Sample of daily streamflow data 

 

 

Figure B.26: Sample of missing streamflow data 
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B.3.12 Outlier Test K Values  

10 Percent Significance Level K Values  

The table below contains one sided 10 percent significance level 𝐾  values for a normal distribution. 
Tests conducted to select the outlier detection procedures used in these Guidelines indicate these 𝐾  
values are applicable to log-Pearson Type III distributions over the tested range of skew values.  

Table B.21: 10 percent significance level K values 
Sample 

size 
𝑲𝑵 value 

Sample 
size 

𝑲𝑵 value 
Sample 

size 
𝑲𝑵 value 

Sample 
size 

𝑲𝑵 value 

10 2.036 45 2.727 80 2.940 115 3.064 
11 2.088 46 2.736 81 2.945 116 3.067 
12 2.134 47 2.744 82 2.949 117 3.070 
13 2.175 48 2.753 83 2.953 118 3.073 
14 2.213 49 2.760 84 2.957 119 3.075 
15 2.247 50 2.768 85 2.961 120 3.078 
16 2.279 51 2.775 86 2.966 121 3.081 
17 2.309 52 2.783 87 2.970 122 3.083 
18 2.335 53 2.790 88 2.973 123 3.086 
19 2.361 54 2.798 89 2.977 124 3.089 
20 2.385 55 2.804 90 2.981 125 3.092 
21 2.408 56 2.811 91 2.984 126 3.095 
22 2.429 57 2.818 92 2.989 127 3.097 
23 2.448 58 2.824 93 2.993 128 3.100 
24 2.467 59 2.831 94 2.996 129 3.102 
25 2.486 60 2.837 95 3.000 130 3.104 
26 2.502 61 2.842 96 3.003 131 3.107 
27 2.519 62 2.849 97 3.006 132 3.109 
28 2.534 63 2.854 98 3.011 133 3.112 
29 2.549 64 2.860 99 3.014 134 3.114 
30 2.563 65 2.866 100 3.017 135 3.116 
31 2.577 66 2.871 101 3.021 136 3.119 
32 2.591 67 2.877 102 3.024 137 3.122 
33 2.604 68 2.883 103 3.027 138 3.124 
34 2.616 69 2.888 104 3.030 139 3.126 
35 2.628 70 2.893 105 3.033 140 3.129 
36 2.639 71 2.897 106 3.037 141 3.131 
37 2.650 72 2.903 107 3.040 142 3.133 
38 2.661 73 2.908 108 3.043 143 3.135 
39 2.671 74 2.912 109 3.046 144 3.138 
40 2.682 75 2.917 110 3.049 145 3.140 
41 2.692 76 2.922 111 3.052 146 3.142 
42 2.700 77 2.927 112 3.055 147 3.144 
43 2.710 78 2.931 113 3.058 148 3.146 
44 2.719 79 2.935 114 3.061 149 3.148 

Source: USGS (1982) 

B.3.13 Published DID Hydrological Procedures 

Number Title 

No. 1 - Estimation of the Design Rainstorm in Peninsular Malaysia (Revised and  
 Updated, 2015) 

No. 2 - Water Quality Sampling for Surfaces Water (1973) 
No. 3 - A General Purpose Event Water Level Recorder (1973) 
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No. 4 - Magnitude and Frequency of Floods in Malaysia (Revised and Updated,  
 2018) 

No. 5 - Rational Method of Flood Estimation for Rural Catchments in Peninsular  
  Malaysia (Revised and Updated, 2010) 
No. 6 - Hydrological Station Identifier System (Revised and Updated, 2017) 
No. 7 - Hydrological Station Registers (Revised and Updated, 2017) 
No. 8 - Field Installation and Maintenance of Capricorder 1599 (1974)  
No. 9 - Field Installation and Maintenance of Capricorder 1598 Digital Event  

 Water Level Recorder (1974) 
No. 10- Stage-Discharge Curves (1977) 
No. 11- Design Flood Hydrograph Estimation for Rural Catchments in Malaysia  

 (Revised and Updated, 2018) 
No. 12- Magnitude and Frequency of Low Flows in Peninsular Malaysia (Revised and Updated,  

2015) 
No. 13- The Estimation of Storage – Draft Rate Characteristics for Rivers in   

 Peninsular Malaysia (1976) 
No. 14- Graphical Recorders Instruction for Chart Changing and Annotation  

 (1976) 
No. 15- River Discharges Measurement by Current Meter (1995) 
No. 16- Flood Estimation for Urban Areas in Peninsular Malaysia (1976) 
No. 17- Estimation of Potential Evapotranspiration Using the Penman Procedure  

 (Revised and Updated, 1991) 
No. 18- Hydrological Design of Agriculture Drainage Systems (1977) 
No. 19- The Determination of Suspended Sediment Discharge (1977) 
No. 20- Hydrological Aspects of Agricultural Planning and Irrigation Design  

 (1978)  
No. 21- Evaporation Data Collection Using U.S. Class ‘A’ Aluminium Pan (1981) 
No. 22- River Water Quality Sampling (1981) 
No. 23- Operation and Maintenance of Cableway Installations (1982)  
No. 24- Establishment of Agro-hydrological Stations (1982) 
No. 25- Standard Stick Gauge of River Station (1982) 
No. 26- Estimation of Design Rainstorm in Sabah and Sarawak (Revised and  

 Updated, 2018) 
No. 27- Estimation of Design Flood Hydrograph Using Clark Method for Rural  

 Catchments in Peninsular Malaysia (2010) 
No. 32- Hydrological Standard for Rainfall Station Instrument (2018) 
No. 33- Hydrological Standard for Water Level Station Instrument (2018) 
No. 35- Hydrological Standard for Water Quality Station Instrument (2018) 

B.3.14 Worked Examples 

(1) Example 1: Reservoir inflow computation using historical reservoir operation records 

Derive the dam inflow with data given below: 
 
Initial dam storage  = 13.29 MCM 
End-of-day dam storage = 13.25 MCM 
Dam release   = 0.05 MCM 
Reservoir surface area   = 2.5 km² 
Daily evaporation losses  = 4 mm/day 
Assume no dam spillage or dam scouring discharge. 

Solution: 

Step 1: Compute the change in reservoir storage, ∆Storage 

∆𝑆𝑡𝑜𝑟𝑎𝑔𝑒 = 𝐸𝑛𝑑 − 𝑜𝑓 − 𝑑𝑎𝑦 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑆𝑡𝑜𝑟𝑎𝑔𝑒  
                    = 13.25 𝑀𝐶𝑀 − 13.29 𝑀𝐶𝑀 
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                    = ‒ 0.04 𝑀𝐶𝑀 
 
Step 2: Compute the evaporation losses from the reservoir surface 
𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 =  2,500,000 𝑚² 𝑥 0.004 𝑚/𝑑𝑎𝑦  
                                                 =  0.01 𝑀𝐶𝑀 
 
Step 3: Compute the dam inflow 
𝐷𝑎𝑚 𝐼𝑛𝑓𝑙𝑜𝑤 = 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 + 𝐷𝑎𝑚 𝑅𝑒𝑙𝑒𝑎𝑠𝑒 + 𝐷𝑎𝑚 𝑆𝑝𝑖𝑙𝑙𝑎𝑔𝑒

+ 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 + 𝐷𝑎𝑚 𝑆𝑐𝑜𝑢𝑟𝑖𝑛𝑔 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 (𝑖𝑓 𝑎𝑛𝑦) 
                          = ‒ 0.04 𝑀𝐶𝑀 + 0.05 𝑀𝐶𝑀 + 0.01 𝑀𝐶𝑀 
                          = 0.02 MCM 

(2) Example 2: Flow Estimation using Area Proportion Flow Transposition Method 

Derive the mean annual flow rate for an ungauged catchment (1,900 km²) by using area proportion flow 
transposition method as there is no significant difference in the rainfall between the ungauged catchment 
(2,450 mm) and the key streamflow station (2,500 mm). The relevant data are given as below: 

Catchment area at ungauged site      = 1,900 km² 
Catchment area at key streamflow station     = 1,600 km² 
Mean annual flow rate at the key streamflow station catchment (QKey Station)  = 63.4 m³/s 

Solution: 

Step 1: Compute the catchment ratio, K 

𝐾 =
𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 𝑎𝑟𝑒𝑎 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑢𝑛𝑔𝑎𝑢𝑔𝑒𝑑 𝑠𝑖𝑡𝑒

catchment area at key streamflow station
 

     =
1,900 𝑘𝑚²

1,600 𝑘𝑚²
 

     = 1.19 
 
Step 2: Compute the mean annual flow rate at ungauged site, QIntake Point 
𝑄   =  𝐾 × 𝑄   
                         =  1.19 . × 63.4 m /s 
                         =  75.4 m /s 

(3) Example 3: Flow Estimation using Area and Rainfall Proportion Flow Transposition 
Method 

Derive the mean annual flow rate for an ungauged catchment of area 1,100 km² by using flow 
transposition method. The relevant data are given as below: 
 
Catchment area at ungauged site (A)      = 1,100 km² 
Catchment area at key streamflow station (Ao)     = 1,550 km² 
Mean annual rainfall in the ungauged site catchment (R)     = 3,250 mm 
Mean annual rainfall in the key streamflow station catchment (Ro)  = 3,400 mm 
Mean annual flow rate at the key streamflow station catchment (𝑄  )  = 93.4 m³/s 
 
Solution: 

Step 1: Compute the mean annual losses at key streamflow station, Lo 
𝐿 =  𝑅 −  𝑄   

      = 3,400 𝑚𝑚 − (93.4 𝑚 /𝑠 ×
24 × 60 × 60 × 365

1,550 𝑘𝑚² × 1000
) 

      =  3,400 𝑚𝑚 − 1,900 𝑚𝑚 
      = 1,500 𝑚𝑚   
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Step 1: Compute the transposition factor, C 

𝐶 = 1,100 𝑘𝑚² ×
(3,250 𝑚𝑚 − 1,500 mm)

1,550 𝑘𝑚²(3,400𝑚𝑚 − 1,500 mm)
 

    = 0.65 
 
Step 2: Compute the mean annual flow rate at ungauged site, 𝑸𝑰𝒏𝒕𝒂𝒌𝒆 𝑷𝒐𝒊𝒏𝒕 

𝑄  =  𝐶𝑄   
= 0.65 x 93.4 m³/s 
= 60.7 m³/s 

(4) Example 4: Derivation of daily FDC  

Derive the daily FDC with the daily flow data given below: 

Table B.22: Example daily flow data 
Date Flow (m³/s) Date Flow (m³/s) 

1/1/2020 7.83 16/1/2020 8.43 
2/1/2020 8.92 17/1/2020 6.21 
3/1/2020 10.12 18/1/2020 9.78 
4/1/2020 10.34 19/1/2020 7.36 
5/1/2020 11.16 20/1/2020 6.48 
6/1/2020 13.61 21/1/2020 8.24 
7/1/2020 9.78 22/1/2020 7.23 
8/1/2020 6.33 23/1/2020 7.39 
9/1/2020 7.47 24/1/2020 6.13 

10/1/2020 8.69 25/1/2020 5.69 
11/1/2020 12.71 26/1/2020 4.68 
12/1/2020 14.65 27/1/2020 5.44 
13/1/2020 18.34 28/1/2020 4.34 
14/1/2020 16.57 29/1/2020 3.28 
15/1/2020 9.21 30/1/2020 3.15 

 
Note: this example only uses 30 days of daily data to demonstrate the computation steps. Longer data of 
10 years and above is preferable for development of the daily FDC. The FDC plotted using long period of 
data will appear much smoother than the example shown below.  

Solution: 

Step 1: Sort the daily flow series from highest to lowest; 
Step 2: Rank all the daily flow values; 
Step 3: Compute the percentage of time a specific flow in a stream being equalled or exceeded. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑇𝑖𝑚𝑒 𝑎 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐹𝑙𝑜𝑤 𝑖𝑠 𝐸𝑞𝑢𝑎𝑙𝑒𝑑 𝑜𝑟 𝐸𝑥𝑐𝑒𝑒𝑑𝑒𝑑 =
𝑀

𝑛 + 1
× 100 

                                                                                                                           =
1

30 + 1
 𝑥 100 

                                                                                                                           = 3.23 

Table B.23: Example daily flow data 

Date Flow (m³/s) Sort Rank (M) 
Percent 

Exceeded 
1/1/2020 7.83 18.34 1 3.23 
2/1/2020 8.92 16.57 2 6.45 
3/1/2020 10.12 14.65 3 9.68 
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Date Flow (m³/s) Sort Rank (M) 
Percent 

Exceeded 
4/1/2020 10.34 13.61 4 12.90 
5/1/2020 11.16 12.71 5 16.13 
6/1/2020 13.61 11.16 6 19.35 
7/1/2020 9.78 10.34 7 22.58 
8/1/2020 6.33 10.12 8 25.81 
9/1/2020 7.47 9.78 9 29.03 

10/1/2020 8.69 9.78 10 32.26 
11/1/2020 12.71 9.21 11 35.48 
12/1/2020 14.65 8.92 12 38.71 
13/1/2020 18.34 8.69 13 41.94 
14/1/2020 16.57 8.43 14 45.16 
15/1/2020 9.21 8.24 15 48.39 
16/1/2020 8.43 7.83 16 51.61 
17/1/2020 6.21 7.47 17 54.84 
18/1/2020 9.78 7.39 18 58.06 
19/1/2020 7.36 7.36 19 61.29 
20/1/2020 6.48 7.23 20 64.52 
21/1/2020 8.24 6.48 21 67.74 
22/1/2020 7.23 6.33 22 70.97 
23/1/2020 7.39 6.21 23 74.19 
24/1/2020 6.13 6.13 24 77.42 
25/1/2020 5.69 5.69 25 80.65 
26/1/2020 4.68 5.44 26 83.87 
27/1/2020 5.44 4.68 27 87.10 
28/1/2020 4.34 4.34 28 90.32 
29/1/2020 3.28 3.28 29 93.55 
30/1/2020 3.15 3.15 30 96.77 

 
Step 4: Plot flow versus percentage of time a specific flow is equalled or exceeded: 

 
Figure B.27: Example flow duration curve 
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B.4 RIVER HYDRAULICS  

B.4.1 Introduction 

A comprehensive river hydraulic analysis should be included as part of the preliminary study for the 
design of WTPs and related components of the water supply system such as intake structures, weirs, 
barrages, etc. River hydraulic analyses involves the forecasting of one or more parameters: stage, 
velocity, discharge, erosion, sedimentation, scouring, etc. The hydraulic analysis results are often critical 
to the planning, design, construction and operation of the water supply system so that these components 
could function throughout the system lifespan. Besides, water quality modelling requires the output from 
hydraulic modelling as its input. This section provides relevant guidance for the selection and application 
of hydraulic analysis for the planning and design of WTPs and related components. 

B.4.2 River Hydraulic Analysis and Modelling in Water Supply Planning 

River hydraulic analysis and modelling includes the evaluation of flow characteristics and geomorphic 
behaviour of rivers and changes in these affecting the water supply development.  

The importance of river hydraulic analysis and modelling works in a water supply development includes: 

 The determination of elevation for the intake structure so that water could be abstracted at all 
times even during extremely low water level period; 

 Determination of the design platform level above flood level to avoid the structure being 
inundated; and 

 Computation of the flow velocity surrounding the intake structure so that the structure will be 
designed accordingly to avoid erosion failure and failure of water entering the intake structure 
due to sedimentation.  

River hydraulic analysis should also evaluate the possible impacts arising from the project, such as 
causing backwater or flooding to the upstream due to the placement of structure across the river; 
reduction of flow and sediment to the downstream due to the water abstraction, etc.  When the river is 
modified at localised area to give way for the construction of water supply components, this modification 
may also initiate changes in the river and flow characteristics. Depending on the river and extent of 
modification, these changes may occur over longer distance to the upstream and downstream and persist 
for a certain period of time.  

When undertaking hydraulic analysis and design, it is important to have a good understanding of the 
hydraulic processes that could occur under a range of flow condition. Knowing this will determine the 
types of analysis that are appropriate for the study and helps to identify the data input requirements 

While acknowledging the increasingly importance of hydraulic analysis in water supply project, one 
should also acknowledge the inherent limitation of the models as a representation of any real river 
system. Hydraulic analysis has certain level of uncertainty as a result of the assumptions adopted. For 
this reason, it is also important that an understanding of the uncertainty in the analyses as it may alter 
the design decisions during the detailed design phase and perhaps construction phase as well. 

B.4.3 Fundamentals of Hydraulic Analysis and Modelling 

 Types of Hydraulic Analysis 

Hydraulic analysis is a pre-requisite for any project involving the implementation of works involving 
water bodies. With the increasing level of uncertainty, such as unsteady flow, variation of tide, operation 
mode of control structure, hydraulic analysis provides the designer an evaluation of the potential 
hydraulic related issues and what to be expected before physically constructed. 
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A hydraulic model is a digital representation of a river or other waterway that is used to analyze how the 
system behaves hydraulically. A hydraulic model can be used as a tool to study the flow characteristic, 
develop design strategies to ensure the system’s functionality. It could also serve as a pro-active measure 
in anticipating the potential problems with the system before implementation so that preventive 
measures could be taken to avoid the potential problems during actual operation. 

There are two distinct categories of hydraulic model namely physical model and numerical model. A 
hybrid model is the combination of two or more methods, such as combining the physical model with 
numerical model.  

(i) Physical model – Physical analysis or laboratory model refers to the construction of a prototype 
to represent the real system. It has an important role to assist non-engineering people during the 
decision-making process. The flow pattern of the system is similar if the prototype model displays 
geometric and kinematics similarity. More often, reduced scale prototype is preferred over full-
scale prototype due to limitation in space and cost-effectiveness. Full scale prototypes are used in 
a very rare situation.  
 
The physical analysis shall be used where:  

(a) The complexity of the hydraulics is beyond the practical practices of numerical analysis; and 
(b) The assumption adopted in the numerical model may not be totally valid and uncertainty in 

the results of the numerical model. 

Physical model usually is more time, cost and space consuming compared to numerical model. As 
the computer capability and application advances, numerical modelling has been gaining 
popularity. 

(ii) Numerical model – Numerical analysis or modelling is built upon the fundamental of hydraulic 
principles. In hydraulic modelling, mathematical iterations and approximation are deployed to 
solve the conservation of continuity and momentum via the application of St. Venant equations 
that provide the flow rate, water level and flow depth under steady or unsteady flow condition. 
Continuity equation and conservation of momentum are as follows: 
 
Continuity equation:  

𝜕𝑄

𝜕𝑥
+

𝜕𝐴

𝜕𝑡
= 𝑞 

Momentum equation: 

𝜕𝑄

𝜕𝑡
+

𝜕(𝛼
𝑄
𝐴

)

𝜕𝑥
+ 𝑔𝐴

𝜕ℎ

𝜕𝑥
+

𝑔𝑄|𝑄|

𝐶 𝐴𝑅
= 0 

Where 

Q = discharge in m3/s 
A = cross-sectional area in m2 
x = distance in m 
t = simulation time in s 
q = lateral inflow in m2/s 
g = acceleration due to gravity in m/s2 
h = stage above datum in m  
C = Chezy resistance in m1/2/s  
R = Hydraulic radius in m  
α = momentum distribution coefficient  

 
With the advancement of technology, numerical analysis can provide informative results faster 
than the laboratory works, which will make it a more popular choice for hydraulic analysis. 
However, the user should have basic knowledge of the hydraulic principle to adopt the 
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simplification and justifiable assumption to accommodate with the limitation and uncertainty in a 
model. 

 
(iii) Hybrid model – Depending on the complexity of the system in the water supply project, hybrid 

modelling may be adopted. Hybrid modelling is a combination of two or more methods, with each 
method being applied to specific scope for which it is best suited. Combining physical modelling 
with numerical modelling is referred to as hybrid modelling. 

 Types of Flow 

It is necessary to determine the flow of water in the hydraulic analysis. The flow can be classified as one 
of the two time-related types, which is steady or unsteady. For steady flow condition, the flow at a given 
section remains constant with time, whereas for unsteady flow condition, the flow changes over time. 
Steady flow is suitable to be adopted when none of the variables describing the flow such as the depth, 
velocity and flow rate changes with time. 

Flow can also be classified as uniform and non-uniform. For uniform flow, the velocity at a given instant 
of time is same in both magnitude and direction at all points in the flow. When the velocity changes from 
point to point in a flow at any given instant of time, the flow is described as non-uniform flow.   

B.4.4 Type of Model and Model Selection 

Models are digital representations of real systems. Before beginning with any modelling works, it is 
crucial to determine the expected outputs from the model so that suitable model could be adopted for 
modelling. There are a few factors to be considered in the choice of model such as: 

(i) The overall project objective; 
(ii) The study objective for the project (e.g. level of detail required); 
(iii) Availability of data as input for model; 
(iv) Specific elements of the hydraulic analysis to be studied - There is a need to concentrate on 

elements that are important to the study;  
(v) Availability of time and resources - In general, the more sophisticated the model, the more time 

and cost involved.  

When flow is assumed to be steady and uniform, simple application of Manning’s equation would suffice 
and the computation can be carried out manually. For non-uniform and unsteady flow, the use of 
numerical models may be required. The computation is more complicated since it involves iteration 
and approximation to solve mathematical expressions using a digital computer. There are many software 
applications available for this purpose, provided either by the public domain software or the commercial 
software.  

The analysis could be carried out either in one-dimensional or multi-dimensional. Multi-dimensional is 
the prediction of the hydraulic characteristics (e.g., flow, velocity, water surface elevation, etc) of a 
particular flow situation in more than one dimension or direction.  

One-dimensional (1-D) model 

1-D model is the simplest representation of flow in a channel. 1-D model is best suited for in-channel 
flows, or where assumptions made for overbank flow are appropriate and the uncertainty is not critical 
to the design. 1-D model assumes that the flow variables (e.g., velocity) could vary along the flow 
direction (X-axis) but will have the same value in the horizontal (Y-axis) and vertical direction (Z-axis). 

Two-dimensional (2-D) model 

2-D models should be used when flow patterns are complex and 1-D model assumptions are significantly 
violated. Examples are river reaches with possibility of bank overflow or river with sharp meanders. In 
this case, 2-D models should be employed to provide more accurate representations of flow distribution, 
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velocity distribution, water surface elevation, backwater, velocity magnitude & direction, flow depth, 
shear stress, etc. A 2-D model assumes that the flow variables could change in the X and Y axes, but will 
have same value along the vertical. 

A dynamically linked 1-D – 2-D model allows the transfer of flow between the channel and overbank 
flows.   

Three-dimensional (3-D) model 

In most design situations, 1-D or 2-D or combination of both will be sufficient. Nevertheless, 3-D 
modelling will be more appropriate for the case of a deep channel or a sharp meandering reach. In this 
case, the 3-D model will be able to model the flow variables in X, Y and Z axes. For example, it could model 
the flow velocity at various flow depths and also the secondary currents in the meanders. 

Usually the 3-D model is set up over a short length of open channel or small areas where a greater 
understanding of the flow phenomena is required. 

  Modelling Processes 

If the hydraulic analysis involves numerical modelling, the following processes will be required: 

 Setting up of model; 
 Model calibration and verification; and  
 Model simulation.   

Data need to be acquired prior to setting up the model.  Among the basic data necessary to conduct 
hydraulic modelling includes: 

(i) Channel geometry data - Channel geometry is required for any hydraulic study. Geometric data 
includes channel and overbank topography, stream alignment, structures across the river and 
roughness information.  

These data are to be obtained through primary or secondary data collection. Primary data 
collection will require field work to be carried out and it may take a longer time.  

The amount of survey required to obtain the channel geometry depends on the study objective and 
type. For instance, a more detailed river cross section survey should be obtained in the detailed 
design phase as compared to during the feasibility phase.  

(ii) Structure geometry data – Structures such as weir, culvert, bridge, etc may exist in the river. 
Their impact on the flow can range from being significant to minimal. Structure geometry (length 
and width of structure, invert level, soffit level, pier dimension, etc) shall be obtained and included 
in the analysis. These data can be obtained together with channel geometry via primary or 
secondary data collection. 

(iii) Terrain data - Terrain data will be required if analysis is carried out in 2-D and 3-D.  

Setting Up of Hydraulic Model 

There are a few components to be considered in the setting of model as listed: 

(i) Model schematisation - Model schematisation is the representation of the river system in the 
hydraulic model. Depending on the choice of model and accuracy required, there will be 
different requirements for the model schematisation. 

In particular, the geometry of the river and its roughness must be known, as well as the hydraulic 
conditions at the upstream and downstream ends of the modelled reach. Besides, all lateral inflows 
and outflows (tributaries, diversions) along the modelled reach has to be defined as well.    
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(ii) Modelling extent - The model must be sufficiently extended to upstream and downstream 
from the project limits to completely encompass the full effects from the project. 

(iii) Boundary conditions – Boundary condition is the physical state variables at model boundary. 
Values for boundary conditions could be constant values or time series. 

(a) Upstream boundary condition defines an input to be routed through the system. In 
most cases, this may be the flow hydrograph.  

(b) For downstream boundary condition, the inputs can be stage hydrograph, flow 
hydrograph, rating curve or Manning’s equation.    

(c) Lateral inflow can be located at a point and/or uniformly distributed along the 
identified length. 

Model Calibration and Verification 

Before a hydraulic model could be adopted for design runs, it is crucial to carry out model calibration 
and verification. Generally, model calibration and verification process incorporate three distinct steps: 

(i) Obtaining the necessary data and translating it into model input; 
(ii) Calibrating the model; and  
(iii) Verifying the model.  

Data for model calibration and verification typically includes recorded stage and/or streamflow data at 
a river station relevant to the hydraulic modelling. The data should cover flow regime such as high flow 
and low flow events. It is important to check the reliability of the data to be used. 

The purpose of the model calibration is to match the output of the model with observed data and this 
is performed by adjusting one or more of model parameters, such as Manning’s n value until a 
satisfactory match of model results with known results are achieved. The suitable Manning’s n coefficient 
value adoption could be referred in the book published by V. T. Chow in Open Channel Hydraulics (1959) 
or MSMA 2nd Edition, Table 16.4.   

The next step in the calibration process is verification of the model. The model will simulate the 
hydrographs and compare with recorded hydrographs of selected events. Once the simulated 
hydrographs match well with the recorded hydrographs, the model can be adopted for design runs.  

In the absence of data for calibration and verification, additional sensitivity analyses should be 
performed to evaluate the potential range of results due to uncertainty in input data.   

If steady-state flow is chosen as the simulation scenario, the focus will be on matching the water 
elevations. Within the modelling stretch, long-term water level or streamflow records available from the 
established station by agencies should be obtained for analysis. In the event such records are unavailable, 
the measured water level during primary data collection shall be used for calibration purpose. For 
steady-state flow calibration, adjustments are mostly on Manning’s n roughness coefficient.  

If unsteady-state flow is chosen, focus will be on matching the water elevation, the timing, and the 
hydrograph shape. For unsteady-state flow model calibration, parameters adjustment will include 
Manning’s n roughness coefficient and total flow volume. 

Modelling Scenario 

Using the calibrated model, the model shall be used to simulate the design scenario to obtain the required 
outputs. If the objective of modelling is to obtain the low flow level for the purpose of designing the intake, 
low flow simulation shall be conducted. For low flow simulation, the input shall be the results computed 
as per section B.3.5.2. On the other hand, if the objective of modelling is to determine the flood 
protection for the components of the water supply scheme, flood flow simulation shall be conducted. For 
flood flow simulation, the input shall be the results computed as per section B.3.5.3. Usually the 1% 
flood (1 in 100-year ARI) is adopted for flood protection of any major infrastructure. 
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When conducting design simulation, special attention should be paid on the following: 

(i) Critical storm duration. 

Various design rainstorm durations should be tested to determine the critical storm duration which 
produces the highest design flood level at the water intake point.  

(ii) Joint probability.  

Joint probability refers to the chance of two or more conditions occurring at the same time to produce 
a high water level (for example, a large river flow and high tidal level). Failure to consider joint 
probability in the modelling can lead to under- or over- design.  

Another scenario is when the simulation involving main river and tributary, the checking of joint 
probability is evaluated by comparing the catchment area of the main river and the catchment area of 
the tributary. The recommended joint probability values are as stated in Table 46.3, MSMA 1st edition 
(DID, 2000). 

(iii) Low flow simulation. 

Low flow simulation is required to determine the design low flow level for the design of the intake level. 
For a non-tidal reach, the upstream boundary condition is normally the steady-state 7Q50 flow 
hydrograph while the downstream boundary condition is typically the low flow normal depth or a stage-
discharge rating curve. 

For a tidal reach, while 7Q50 hydrograph remains as the upstream boundary input, the downstream 
boundary condition will be a tide series covering a period of 15 days, encompassing the spring tide cycle 
and neap tide cycle. The tide series could be generated using harmonic analysis or extracted from the 
annual tide table produced by Royal Malaysia Navy. The simulated stage hydrograph could be used for 
the design of intake structure and pumping station. Figure B.28 shows an example of the simulated 
design low flow stage hydrograph at the proposed intake from hydraulic modelling. 

(iv) Flood flow simulation. 

Flood flow simulation is required to determine the design platform level and other flood protection 
measures. The upstream boundary condition is the design flood hydrograph of required ARI, typically 
the Q-100. The downstream boundary condition for non-tidal reach is the normal depth or a stage-
discharge rating curve. For tidal reach, the tide series covering the spring tide cycle shall be adopted as 
the downstream boundary condition. The upstream inflow hydrograph may be time adjusted so that the 
peak coincides with the highest spring tide level to yield a more conservative design flood level. Figure 
B.29 shows the example of the simulated maximum water level profile for a particular river. 

Results Interpretation 

Mass balance checks shall be undertaken to ensure the model is not gaining or losing inappropriate 
amounts of flow volume due to numerical rounding errors, model instability and model convergence. As 
a rule of thumb, mass errors should be less than 2%. 
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Figure B.28: Example of a simulated stage hydrograph at the proposed intake 

 
Figure B.29: Example of a simulated maximum 100-year ARI flood level profile 
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B.5 SALINITY MODELLING AND ASSESSMENT 

B.5.1 Introduction 

Saline intrusion is a natural phenomenon when the upstream movement of seawater into the 
freshwater bodies, causing saltwater concentration or salinity surge above average background levels 
(Herbert et al., 2015). Saline intrusion will be a concern for water supply if the freshwater is contaminated 
with salt-water from sea, making the water supply no longer consumable. Frequent occurrences of saline 
intrusion could interrupt the function of a WTP.  

There are various factors contributing saline intrusion in a river. The natural phenomena that affect 
the extent of saline intrusion are the amounts of freshwater discharge, the catchment area, tidal 
amplitudes, sea level rise, wind effects, the weather, rainfall and geomorphological factors (topography, 
estuary shape, bathymetry).  

Human activities could also alter the natural phenomena, leading to salinity changes in the river. The 
notable human activities are water use abstraction, effluent discharges, construction of weirs and 
barrages, aquaculture, agriculture, water releases from dams and river dredging for navigation purposes.  

For a river reach that is subject to tidal influence, salinity modelling shall be conducted. Based on the 
results of the salinity modelling, the Designer should position the water intake at a suitable location away 
from the negative impacts of saline intrusion. The salinity modelling can also be used as a predictive 
tool to study the potential impact due to changes in land use or sea level rise in the future. The most 
critical scenario of saline intrusion is when extreme high tides coincide with low river flow during the 
drought period. 

B.5.2 Fundamental of Salinity Modelling 

 Salinity 

Salinity is defined as the total concentration of all dissolved salts in the water.   Typical seawater has 
an average concentration of 35 parts per thousand (ppt) and an average density of 1.025 g/ml.     

All salt contents are ionic and will form positive and negative charged ions when they are dissolved in 
water.  As a result, the ionic properties of salt contribute as strong salinity indicators, such as chlorinity 
(concentration of chloride), electric conductivity (EC) and total dissolved solids (TDS).  Thus, these 
parameters are typically used as indicators of salinity in raw water.  

The salt content in seawater comprises primarily sodium (Na+) and chloride (Cl−) ions, with chloride 
having the highest percentage compared to other ions that is present.  Since chloride (Cl−) ions have the 
highest percentage in seawater content, Wooster, Lee and Dietrich (1969) derived an empirical formula 
revised from Knudsen (1901) for determining salinity from chlorinity (Cl-), which is as shown below: 

𝑆 (‰) =  0.00180655 𝐶𝑙  (𝑚𝑔/𝐿) 

Where: 

S  = Salinity 
Cl  = Chloride 

Practical Salinity Scale 1978 (PSS-78) states that while absolute salinity (SA) may be determined by 
using a complete chemical analysis using thermodynamic equation of seawater 2010 (TEOS-10), this 
method consumes a long period of time and is unable to yield accurate results.  As alternative, electric 
conductivity (EC) can be used as a measurement of salinity. Electric conductivity has high sensitivity 
towards ionic solutes and can be measured easily.  Hence, one of the common methods is to use a 
conductivity meter to directly convert EC into salinity by applying PSS-78 or APHA 2520B as shown in 
the equation below. This scale was graded relative to the conductivity of potassium chloride (KCl) 
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solution. A seawater with a conductivity of Csea, at 15°C which is equal to that of a KCl solution containing 
a mass of 32.4356 g in a mass of 1 kg of solution is defined as having a practical salinity of 35 psu. The 
solution is also known as Copenhagen water, with conductivity of 42.914 mS/cm under this defined 
condition. The validity of the equation below is from 2 to 42 psu on the salinity scale.  

𝑆 = 𝑎 + 𝑎 𝑅
/

+ 𝑎 𝑅 + 𝑎 𝑅
/

+ 𝑎 𝑅 + 𝑎 𝑅
/

+ ∆𝑆 

Where: 

Rt  = Conductivity ratio of sample salinity with 32.4356 g/kg KCl solution and is given by: 
 

𝑅 =
𝐶 (𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑡 𝑡)

𝐶 (𝐾𝐶𝑙 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑎𝑡 𝑡)
 

 
∆𝑆 = Salinity in psu and is given by: 
 

∆𝑆 =
𝑡 − 15

1 + 0.0162 (𝑡 − 15)
𝑏 + 𝑏 𝑅

/
+ 𝑏 𝑅 + 𝑏 𝑅

/
+ 𝑏 𝑅 + 𝑏 𝑅

/  

a & b  = Constants with values: 

𝑎 = 0.0080 
𝑎 = −0.1692 
𝑎 = 25.3851 
𝑎 = 14.0941 
𝑎 = −7.0261 
𝑎 = 2.7081 

𝑏 = 0.0005 
𝑏 = −0.0056 
𝑏 = −0.0066 
𝑏 = −0.0375 
𝑏 = 0.0636 
𝑏 = −0.0144 

Further improving the equation, Hill, Dauphinee and Woods (1986) lowered the salinity scale from 0 to 
40 psu, thereby deriving the equation below: 

𝑆 = 𝑆 −
𝑎

1 + 1.5𝑋 + 𝑋
−

𝑏 𝑓(𝑡)

1 + 𝑌 / + 𝑌 /
 

Where: 

𝑆   = Value determined from PSS-78 
𝑎  = 0.008 
𝑏  =0.0005 
𝑋 = 400𝑅  
𝑌 =100𝑅  
𝑓(𝑡) = (𝑡 − 15)/[1 + 0.0162(𝑡 − 15)] 

Determination of total dissolved solids (TDS) in an evaporating dish usually consumes a long period of 
time.  As an alternative, TDS could be computed by multiplying an empirical conversion factor to the EC. 
For seawater, a conversion factor of 0.65 may be applied. If the raw water source is known  to have high 
sulphate or calcium ions, a factor of 0.8 is used. For freshwater or brackish water, a factor of 0.5 should 
be used. 

𝑇𝐷𝑆  =  𝑘 × 𝐸𝐶 

Where: 

TDS  = Total Dissolved Solid in mg/L 
k  = Constant from 0.45-0.80 
EC  = Electroconductivity in µS/cm measured in 25°C temperature 
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As a summary for the above conversion and relationship, Figure B.30 is provided to allow readers to 
conduct approximate conversion across any studies. The equations for conversion are based on 
Dauphinee (1980), Lewis (1980) and Close (1990). Common terms used in limnology and marine are 
included for the classification of the saline ecosystem. These relationships are only valid for aquatic 
media with ionic compositions similar to diluted seawater, with different ionic composition, temperature 
and ionic strength.  Figure B.30 is presented as measures of electric conductivity (µ𝑆/𝑐𝑚 or mho), 
salinity (unitless, psu, ppt, g/kg), chlorinity (g Cl-/L), total dissolved solid (g/L) and their relative scales 
at 25°C. 

 
Figure B.30: Common term used for limnology and marine field for classification of saline 

ecosystem and the various conversion & relationship of salinity at 25°C 
(Source: Herbert et al., 2015) 

 Advection-Dispersion 

The transport of any contaminant or more specifically the solute in a river could be determined by means 
of solving an advection-dispersion equation. Such equation considers two transport mechanisms: 

 Advective (or convective) transport with the mean flow, and  
 Dispersive transport due to concentration gradients.  

Any contaminant or solute transported in a river via advective transport, could be simulated by 
constructing a flow regime similar to real-life conditions through hydraulic modelling. Hansen and 
Rattray (1965) state that in most situations, dispersive transport plays a more important role by 
combining the effects of turbulent mixing, molecular diffusion and gravitational circulation due to 
vertical and transverse shear. Van der Burgh (1972) states that the dispersion value decrease in upstream 
direction. 

For most of the advection-dispersion incorporated software that is commercially available, Fischer’s 
dispersion model (1976) is being encoded into the software. The empirical formula of Fischer’s 
dispersion model is stated as:  

𝐷

𝐻𝑈∗

= 0.011
𝑊

𝐻

𝑈

𝑈∗
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Where: 

𝐷   = longitudinal dispersion in m2/s  
𝑈 = velocity in m/s  
𝑈∗  = shear velocity in m/s  
𝑊 = flow width in m 
𝐻 = the water depth in m 

Advanced versions of the advection and dispersion model allow for the most suitable equation to be used 
for the river to be modelled. For example, an improvised version of the dispersion equation was derived 
by Li, Liu and Yin (2013) for natural streams and rivers. The empirical formula of Li, Liu and Yin (2013) is 
stated as:  

𝐷

𝐻𝑈∗

= 2.2820 ×
𝑊

𝐻

. 𝑈

𝑈∗

.

 

Salinity is a conservative pollutant which is inert and does not decay into the environment.  While 
temperature is an important factor in determining chemical reaction rates in water quality studies, 
salinity is an important parameter to define the mixing and transport dynamics of the river. 

 Tide and Sea Level Rise 

Saline intrusion occurs when extreme high tides coincide with low flow. This implies that most of the 
saline intrusion occurs during spring tides, where the tidal amplitudes are the highest.  By assessing the 
mean higher high water (MHHW) or mean high water spring (MHWS) coinciding with low flow, the 
specific condition of salinity intrusion could be derived. The tide level can be taken from the nearest 
standard port to the site location.  The required tide level could be referred in annual Tide Tables 
published by National Hydrographic Centre Malaysia. Apart from the annual tide tables, the tide levels of 
any given year may also be computed if the harmonic constants and phase correctors are available for 
the relevant location. 

Sea level rise (SLR) due to global warming and climate change is widely recognized and it may have 
impact as saline intrusion may intrude further upstream. Thus, the SLR factor should be taken into 
account in salinity modelling. 

“The Study of the Impact of Climate Change on Sea Level Rise in Malaysia” was carried out by National 
Hydraulic Research Institute of Malaysia (NAHRIM) in 2010 to project SLR along the Malaysian coast for 
the year 2100. From the study, sea levels along the coastlines of west coast Peninsular Malaysia are 
projected to rise with a mean in the range of 0.066 m to 0.141 m in 2040 and 0.253 m to 0.517 m in 2100 
(refer Figure B.31). There are regions in the west coast of Peninsular Malaysia that do not have projected 
readings since satellite altimeter coverage is not available along the whole west coast. The study also 
states that the determination of the sea level rise value for these areas shall be calculated by Shepard’s 
inverse distance weighing (IDW) interpolation between the values of 0.499 and 0.253.  

The SLR of any location at west coast is interpolated by using the following IDW equation: 

𝐻(𝑥) =
𝐷 × 𝐻 + 𝐷 × 𝐻

𝐷  + 𝐷
 

Where: 

H(x) = SLR of interpolated (arbitrary) point x along the west coast of Peninsular 
D1 = Distance between known point 1 and the point x 
D2 = Distance between known point 2 and the point x 
H1 = SLR of known point 1 (H1 = 0.499) 
H2  = SLR of known point 2 (H2 = 0.253) 
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Figure B.31: Projected sea level rise in the Malaysian coast for the year 2100 (NAHRIM 2010) 

B.5.3 Salinity Sampling and Measurement 

Collection of salinity data for use in salinity modelling may either be obtained via primary and 
secondary sources. The preferred method should be by primary data acquisition, which is performed at 
the specific site location. Secondary data acquisition should only be used if such data is obtained close to 
the point of interest and if the data is reliable or sufficient.   

Primary data collection is conducted by either continuous measurement for a specified period or by 
grab sampling or both.  Continuous measurement should be conducted by installing a probe at the 
designated location for at least 14 days to measure the salinity level at a fix interval, say at every 30 
minutes.   Grab sampling may be conducted by collecting water and testing the sample by either physical 
or chemical methods. The physical method measures conductivity, density or refractivity; this approach 
is quicker and more convenient than the chemical method. The chemical method measures chlorinity 
(the chloride concentration – refer section B.5.2.1). Continuous measurement is preferable than grab 
sampling to obtain the required data for analysis.   

Primary salinity sampling shall take into account that salinity will fluctuate with river flowrate, 
movement of the tides, dilution due to rainfall, etc. As salinity intrusion occurs when extreme high tides 
coincide with low flow, salinity sampling is recommended to be carried out when both conditions are 
met; during dry weather periods when salinity will intrude further upstream due to lesser freshwater 
and during high spring tide when the difference between high and low water (tidal amplitude) is the 
greatest. 

For secondary data collection, relevant data may be obtained from agencies like DOE, MOH, WTP 
operators, etc. 

B.5.4 Modelling Processes 

Salinity modelling involves the following processes: 

 Setting up of model; 
 Model calibration and verification; and  
 Model simulation.   
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 Setting up of Model 

Salinity modelling uses the base model from other sectoral studies such as hydrodynamic modelling by 
including additional inputs such as discharges, water levels, cross-sectional areas and hydraulic radii.  

For salinity modelling purposes, the modelling extent shall be from the non-tidal influenced river reach 
as the upstream boundary and extend until the river mouth as the downstream boundary. Suitable 
locations as upstream modelling boundaries are sites with long-term streamflow records without tidal 
influence. 

For the upstream boundary condition of the salinity modelling, freshwater concentration shall be used 
unless a secondary source from any literature or other data source suggests adopting the average salinity 
value instead. Freshwater of zero salinity is not possible in reality, as the riverbed sediments will usually 
contain some salt content. Forest areas typically may have 0.01-0.1 ppt under normal conditions, while 
urbanized areas typically have higher base salinity of 0.2 ppt. Depending on the land use of the river at 
the upstream boundary, adjustments shall only be made with conclusive supporting documents and 
sound engineering judgement. 

For the downstream boundary condition of the salinity modelling, measured data is best to be referred. 
Secondary data sources from literature or data from other data sources shall also be referred.  Lower 
salinity values at downstream boundary implies a huge freshwater flushing into the estuary. It is 
acceptable to adopt salinities of around 30 ppt for a funnel-shaped estuary mouth due to expected 
influences of high tides.  

 Model Calibration and Verification 

 
Figure B.32: Example of salinity model calibration 

The purpose of model calibration is to match the output of the model with observed data. The collected 
salinity data, be it from field sampling or acquisition from other sources shall be used for calibration and 
verification purposes. A more complete and long duration of data shall be used for calibration while short 
and instant sampling data will be more appropriate for model verification.  
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For salinity modelling, the main model parameter of calibration is the advection-dispersion value. 
Dispersion shall be computed along the river based on section B.5.2.2. The computed dispersion shall 
be adjusted accordingly to further calibrate or validate the salinity model.  

Increasing amount of calibrating stations or extending of the calibration time can lead into more realistic, 
accurate and reliable predictions which in turn require an overall complex modelling process which 
involves more modelling assumptions and considerations.  

Figure B.32 shows an example of salinity calibration at a typical station within tidal reach. 

 Model Simulation 

The calibrated model (section B.5.4.2) shall be used to simulate the changes in salinity along the river 
reach for design purposes.  

Ecological flow of 7-day low flow of 2-, 5- and 10-years (7Q2, 7Q5 and 7Q10) and 90th or 95th percentile 
low flow is recommended by United States Environmental Protection Agency (US EPA, 2018) and World 
Meteorological Organisation (WMO, 2008) for any water quality assessment including salinity. 
Nevertheless, for water supply purposes, 7Q50 shall be used. To derive the saline intrusion 
corresponding to the 50-year drought period, it is recommended that simulation over the drought period 
be conducted.  

Additional modelling or sensitivity analysis may be performed to evaluate the potential range of results 
if required.  

Among the additional modelling scenarios to be considered for salinity modelling are: 

(i) Sea level rise (SLR) condition. 

(a) Climate change induced SLR shall be included in assessment.  
(b) SLR will result in an increase of water levels.  This will cause salt water to further intrude 

upstream of the river. 

(ii) Future river morphological changes.  

Additional modelling shall be considered if there are changes of river due to diversion, 
navigation or expected construction of dams, barrages or weirs in the future. 

B.5.5 Result Interpretation 

Longitudinal profile showing salinity concentration simulated by salinity modelling shall be produced 
to illustrate the maximum saline intrusion extent for a particular river.  Figure B.33 shows an example 
of a typical longitudinal profile produced from salinity modelling. In this example, the saline intrusion 
during normal flow and low flow conditions are about 30 km and 50 km respectively. Projected SLR in 
the future is forecast to cause a marginal increase on the saline intrusion extent. 
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Figure B.33: Example of maximum salinity – concentration profile 
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B.6 SEDIMENT STUDY 

B.6.1 Introduction 

The sediment load of a river can be classified into bed load, suspended load and wash load.  

(i) Bed load – particles which move by sliding, rolling and saltation.  Due to the bed load mass and 
the density, the particles cannot stay long in suspension. 

(ii) Suspended load – travels predominantly in suspension due to its mass and density and the 
turbulence in the flow does not allow them to settle. 

(iii) Wash load – very fine particles which are forever suspended at the upper layer in the river and 
only settle out in completely still water. 

The nature of the transported sediment in river depends largely on the source, either from catchment 
erosion, or the erosion of the bed sediment from the upstream of the river. The bends in the river are 
areas of concern as these areas are dynamic zones in terms of morphological changes in the river. This is 
due to the helicoidal pattern set up in the flow cross section causing the bed load to be carried away from 
the outer bank and swept towards the inner bank. When a typical river carries sediment with flow, it is 
almost impossible to abstract clean water without sediment at the intake as unavoidably the hydraulics 
of the flow diversion at the intake cause the sediment to be drawn towards the intake structure due to 
the localized flow turbulence at the diversion or flow separation point. 

Since then, problems that arise due to sediment have become more prominent at water intakes and might 
result in high expenditure on remedial works, such as maintenance dredging at the intake channel and 
increasing the treatment costs. Thus, it is important to consider sediment assessment and the control 
measures in the planning stage (preliminary study) on siting the intake structures so that sufficient 
consideration may be made to mitigate the sediment problems. 

Typical sediment impacts at the intake structure are: 

 Deposition of the sediment at the intake channel reduce the conveyance capacity and affect the 
final abstraction rate;   

 Suspended load in the intake channel may cause damages to the mechanical pump and increase 
cost of wear and tear due to the frequently wearing-off of the seals and bearings; and  

 More frequent maintenance dredging required to remove the sediment in the structure. 

B.6.2 Sediment Loading Estimation 

Sediment loading in the river is often calculated in unit of kg/s and later converted to a suitable unit of 
ton/year or m3/year. In the computation of the sediment load in kg/s, two parameters are required which 
is the river flow and the sediment concentration in the river.  The relationship is as follows: 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑙𝑜𝑎𝑑 
𝑔

𝑠
=  𝐹𝑙𝑜𝑤 

𝑚

𝑠
×  𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

𝑚𝑔

𝑙
  

As such, in the planning or site selection of the intake, measurement of flow velocity and river cross 
section survey and the water sampling needs to be conducted.  

In computing the sediment load in the river, the following are required: 

(i) River cross section survey – This is required in measuring flowrate. The cross section must cover 
bankfull level.  

Based on river width and depth of water, river cross-section survey may be carried out by: 

 Wading method using survey equipment, i.e., total station or dumpy level for shallow rivers; 
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 Echosounder device for deep rivers; or 
 Combination of the above two measuring methods.  

The optical measuring method using total station and dumpy level is more accurate than 
echosounder, but for deep rivers echosounders are more suitable. Single beam echosounder, 
known as depth sounder, release a single sound pulse and calculate the distance from a return 
echo, this method is used to measure the water depth at one point. As the river section is irregular, 
it is recommended to measure the depth of water along the river width.  Multibeam echosounder 
emit sound pulses in multiple directions to obtain the depth and shape of river channel, which 
could be obtained within a shorter time and in finer resolution. 

In hydraulic and sediment modelling, river cross-sections are the key inputs to provide an accurate 
result. Therefore, it is important to choose a proper location for river geometry measurement. If a 
reach of a river is included in the sediment study, the cross-section taken should represent the 
typical shape of the reach. A hydraulic engineer should accompany the surveyor to select the 
proper location of channel cross section measurement and identify some points of interest.  

Cross sections shall be taken perpendicular to the direction of the estimated center of flood flow. 
The direction of the measurement shall from left bank to right bank, looking downstream.  

The survey reports shall include following information: 

 The accepted river name and coordinate of cross-section location;  
 Date and time of measurement; 
 The cross-section plots that show the distance of each measured point from starting point 

as well as the ground level of the point;  
 Current water level, during the survey, and 
 Stream width measured at the water level at the time of survey. 

It will be helpful if the base flow water mark level is presented in the cross-section report. 

(ii) Type of flow measurement – Several methods are used to measure river flowrate.  Among them, 
velocity-area methods are very common for instantaneous measurement of streamflow.  In this 
method, the river discharge (m3/s) is measured by product of the cross-section area and stream 
velocity. Current meter (see Figure B.19) as an accurate device should be used to measure a point 
of flow velocity accurately.  Using current meter, the average velocity of a vertical line of river can 
be calculated by obtaining the velocity of few selected points of the river as follows: 

 One-point method, point located at 0.6 depth below the surface (0.6d) 
 Two-point method, points located at 0.2 and 0.8 of depth below the surface (0.2d, 0.8d), 
 Three-point method, points located at 0.2, 0.6, and 0.8 of depth below the surface (0.2d, 0.6d, 

0.8d), 
 Multiple point method, points located at 0.1, 0.2, 0.4, 0.6, 0.8, 0.9 of the depth below the 

surface. 

Based on the HP 15 recommendation, two-point method is considered the optimal method that 
has accurate results with acceptable measuring time and effort. However, for depths below 50 cm, 
the one-point method is sufficiently accurate.   

The measurement reports shall include the following information: 

 The accepted river name and coordinate of sampling location;  
 Date and time of measurement; 
 Distance of measured points from the river bank at current water level point;  
 Depth of the water at each sub-divided cross-section;  
 Velocity at each depth point, i.e., velocity at 0.2d, 0.8d, etc., and   
 Current water level.  
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It shall be considered that in wadable streams, the velocity at the measuring point should not be 
affected by any temporary objects including equipment and human obstruction. As such, the field 
technician shall stand away from any point that could affect the flownet and the flow measurement.  

Any change in the water level affects the discharge in two ways:  

 Changes to the cross-sectional area, and 
 Changes to the velocity.  

Therefore, this method needs sufficient number of flowrates and stages to draw the curve with 
regular calibration using current meter. The measured value of the discharges when plotted 
against the corresponding stages will provide an estimation of the discharges with respect to the 
water depth. With sufficient stage and flow measurement points, stage-discharge curve can be 
derived. Due to the dynamic behavior of river section and bed level, the accuracy of achieved stage-
discharge curve should be evaluated at least once per year. An example of stage-discharge curve is 
shown in Figure B.34.  

 

 
Figure B.34: Example of stage-discharge curve 

(iii) Type of sediment sampling – In sampling the sediment load, wash and suspended loads are 
measured together as suspended load, and bed load measured separately. Each category uses 
different methods to trap the sediment load.  

Bed load is sediment that move near the riverbed. The equipment to measure the bed load is called 
Helley-Smith sampler.  Two types of Helley-Smith bed load samplers, are available to collect bed 
load sediments, as shown in Figure B.35. They are: 

(a) Helley Smith sampler – for deep rivers, and 
(b) Helley Smith sampler with wading pole – for shallow rivers  
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(a)  (b) 

Figure B.35: Helley-Smith bed load samplers  
(Source: Technical Report on Estimation of Sediment Load, n.d.) 

To collect suspended load, two types of suspended loads samplers are recommended based on the 
flow depth, see Figure B.36. The DH-48 suspended load sampler is a light-weight sampler and 
suitable for depths of less than one metre and the DH-59 sampler is recommended for flows more 
than one metre depth. Similar to bedload sampling and flow measurement, the suspended load 
samples shall be collected from different sections of the river. The depth-integration method is 
highly recommended in sampling suspended loads. In this method, it is important to collect the 
suspended load from all depths of the river evenly.  

During the sampling of sediment load, the sampling points shall not be affected by any temporary 
objects, and the sampling container shall not become completely filled, as the sample will then not 
become representative. In general, a minimum of three samples/measurements shall be taken at 
a single section and an average value shall be used.  

 
(a) DH-48 (b) DH-59 

Figure B.36: DH-48 and DH-59 suspended load sampler  
(Source: Technical Report on Estimation of Sediment Yield, n.d.) 

B.6.3 Catchment and Site Assessment 

In the assessment of intake sites, among the factors that shall be considered are: 

(i) Hydrological yield - the site selection shall be as downstream as possible to include larger 
catchment area so that a higher yield can be obtained. 

(ii) Sediment aspect – the sediment impact is always the threat as human activities such as opening 
land for agriculture and development (erosion and sediment) are always located at the 
downstream reach of the catchment area. 

(iii) Landuse aspect – in the planning and design stage, it is recommended to site the intake with 
catchment area with the least land development activity. 
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(iv) Salinity aspect – in the planning and design stage, it is recommended to select the intake site 
that has the least affected by sea water. 

The ideal condition is locating the water intake site that has the highest hydrological yield and the quality 
of water is not affected by any human activities such as agricultural or mining activities, etc. In practical, 
to locate an intake within a pristine catchment (ideal condition) is almost not possible. However, the 
impact due to human activities can still be mitigated by recommending best management practices to 
maintain the river water quality.  The Designer shall try to strike a balance in between the hydrological 
yield advantage and at the same time consider the threat of sediment impact due to the land development 
activities in the catchment area. 

B.6.4 Sediment Modelling 

In the detailed design stage, if the threat of sedimentation at the intake structure is prominent, the 
Designer may opt to carry out either: 

 Sedimentation assessment by comparing different series of the historical field survey at the intake;  
 Physical modelling of the intake by considering the sediment input, or 
 Numerical modelling of the intake. 

Numerical modelling in the detailed design stage if to replace the needs of physical modelling shall be of 
2-dimensional sediment modelling which requires the following data: 

 Detailed bathymetry survey at the river intake including the upstream and downstream reach. 
 Sediment sampling of the suspended load carried in the river and the bed material at the intake 

The numerical modelling shall cover the model of flow separation point of the river and the intake 
structure so that the model output would provide the portion of sediment potentially being diverted into 
the intake channel. 

Most of the sediment transport models require the d50 particle diameter that represents the portion of 
particles with diameters smaller than 50% of particle size. The d50 value may be obtained from particle 
size distribution graphs which is typically available from the sediment sampling report. Flow rate and 
other related inputs may be obtained from site measurement or hydrological modelling.   

B.6.5 Reservoir Sedimentation 

Reservoir sedimentation is the main threat to a reservoir as the sediment takes up the storage area and 
reduces the total storage capacity of the reservoir. In a long-term period, the accumulated sediment that 
has been trapped in the reservoir, could turn into significant high volumes that may cause high reduction 
in the storage capacity. The source of sediments could be from either catchment erosion or shoreline 
erosion that is caused by the fluctuation of water levels in the reservoir. In order to mitigate this 
condition, reservoir sediment studies should be carried out to find out the impact of sediment on the 
reservoir storage and water quality. 

Reservoir sedimentation can be estimated by the following three methods: 

(i) Reservoir bathymetry survey; 
(ii) Trap efficiency methods, or 
(iii) Numerical models. 

 Reservoir Bathymetry Survey 

The reservoir bathymetry survey is a more deterministic method as it is a direct measurement of 
reservoir bed. With (at least) two sets of bathymetry survey conducted at different periods of time, the 
amount of sedimentation at different levels (live and dead storage) could be accurately determined.   
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 Trap Efficiency Methods 

The ability of a reservoir to retain and trap sediment is called trap efficiency (TE); this refers to the ratio 
of deposited sediment in the reservoir to total incoming sediment in the same period. The trap efficiency 
may be calculated using the mass balance of sediment. In this method, the outflow sediment load of 
reservoir is deducted from the inflow load to estimate the amount of sediment that remained in the 
reservoir. 

𝑇𝐸(%) =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑖𝑛 𝐼𝑛𝑓𝑙𝑜𝑤
× 100 

Trap efficiency depends on several parameter such as sediment characteristics, detention-storage time, 
nature of outlet, and reservoir operation. The most commonly used empirical method to estimate the 
portion of sediments that has been developed by Brune (1953). The developed trap efficiency curve by 
Brune is dependent on the ratio of reservoir capacity (C) to annual inflow (I) to reservoir.  Figure B.37 
shows the trap efficiency curves by Brune. 

 
Figure B.37:  Trap efficiency of a reservoir (adapted from Brune. 1953) 

Based on the median curve, the trap efficiency for capacity-inflow ratio > 0.70 is about 100%. Therefore, 
for the C/I range below 0.70, it may be calculated by:  

𝑇𝐸(%) = 𝐾 ln 𝐶
𝐼 + 𝑀 

Where C is Capacity of reservoir (Mm3), I is annual inflow to reservoir (Mm3), K and M are coefficient 
based on C/I that are presented in Table B.24.  

Table B.24: K and M coefficients 

C/I K M 

0.002 - 0.03 25.025 158.61 
0.03 – 0.010 14.193 119.30 
0.10 – 0.70 6.064 101.48 
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By calculating the trap efficiency of a reservoir, the amount of catchment sediments that will be trapped 
as well as released sediments may be estimated from the incoming sediment concentration to the 
reservoir.  

 Numerical Modelling 

Multi-dimensional, 2-D or 3-D numerical hydrodynamic and sediment transport models, such as DHI 
MIKE 21, MIKE 3, Delft3D, etc., could be considered to simulate the sediment transport in the reservoir. 
Selecting the proper model for a specific problem depends on different criteria such as the problem and 
its complexity, data availability for calibration and verification of the model, budget and overall time for 
solving the problem (Papanicolaou et al., 2008). The advantages, as the main difference, of 3-D model to 
2-D is having the ability to predict both flow and sediment concentration at different depth of water while 
the 2-D models only simulate depth-average flow and sediment concentration fields.  

When water has been taken from a reservoir, sedimentation study shall be performed to provide 
reservoir sediment management strategies. Several data are required in modelling the reservoir 
sediment study; among them, the incoming flow rate and sediment load to the reservoir shall be 
measured at appropriate gauging station. Also, the reservoir bathymetry survey is required to model the 
sediment. A typical sample of the geometry set up in 2D sediment modelling using computer model is 
illustrated in Figure B.38. 

 
Figure B.38: Reservoir bathymetry map for a dam in Malaysia 

B.6.6 Worked Example 

Example: River discharge and sediment load measurement 

Compute the average suspended solid load of a river in month X of year Y.  Two sets of field data were 
collected from a site on the 10th of month X and 20th of month X.  The river data and analysis for 10th of 
month X, is shown in Table B.25 (example 1) and the sampling data on 20th of month X, is shown in Table 
B.29 (example 2). 
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Table B.25: Field measurement data on 10th of month X (example 1) 

Measurement 
number (i) 

Distance 
from bank 

(m) 

Depth 
(m) 

Velocity (m/s) Suspended 
sediment 

concentration 
(mg/l) 

Remarks 
0.6d 0.2d 0.8d 

1 0 0 - - - - Edge of river 
2 0.5 1.1 - 0.64 0.2 15 Left bank 
3 1.4 1.35 - 0.62 0.21 12 Centre 
4 2.3 1.1 - 0.61 0.18 16 Right bank 
5 2.8 0 - 0 0 - Edge of river 

Table B.26: Field measurement data on 20th of month X (example 2) 

Measurement 
number (i) 

Distance 
from 

bank (m) 

Depth 
(m) 

Velocity (m/s) Suspended 
sediment 

concentration 
(mg/l) 

Remarks 
0.6d 0.2d 0.8d 

1 0 0 - - - - Edge of river 
2 0.7 1.08 - 0.61 0.21 16 Left bank  
3 1.4 1.4 - 0.71 0.22 14 Centre 
4 2.1 1.44 - 0. 64 0.17 17 Centre 
5 2.8 0.43 0.4 - - - Right bank  
6 3 0 - - - - Edge of river 

Step 1: Calculate the average velocity and discharge of each river section for sampling on 10th of month 
X using mean section method.  A schematic diagram for the sampling is shown below: 

 

Figure B.39: River cross-section (example 1) 

Table B.27: Sample results (example1) 
Distance 

from 
bank (m) 

Depth 
(m) 

Mean 
velocity 

(m/s) 

(vi+vi+1)/2 
(m/s) 

(di+di+1)/
2 (m) 

bi-bi-1 (m) Area 
(m2) 

qi (m3/s) 

0 0 0      
   0.21 0.55 0.5 0.28 0.06 

0.5 1.1 0.42      
   0.42 1.23 0.9 1.10 0.46 

1.4 1.35 0.415      
   0.41 1.23 0.9 1.10 0.45 

2.3 1.1 0.40      
   0.20 0.55 0.5 0.28 0.05 

2.8 0 0      

Total A: 2.76 Q: 1.02 
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Step 2: Calculate the total suspended solid loads on 10th of month X:  

Average of the suspended solid concentration (mg/l) = = 14;  

Suspended sediment load (g/s) = 1.02 × 14 = 14 (g/s) = 1,210 kg/day 

Step 3: Calculate the average velocity and discharge of each river section for sampling on 20th of month 
X using mean section method.  A schematic diagram for the sampling is shown below: 

 
Figure B.40: River cross-section (example 2) 

Table B.28: Sample results (example 2) 
Distance 

from 
bank (m) 

Depth 
(m) 

Mean 
Velocity 

(m/s) 

(vi+vi+1)/
2 (m/s) 

(di+di+1)/
2 (m) 

bi-bi-1 (m) 
Area 
(m2) 

qi (m3/s) 

0 0 0      
   0.21 0.54 0.7 0.38 0.08 

0.7 1.08 0.41      
   0.44 1.24 0.7 0.87 0.38 

1.4 1.40 0.47      
   0.44 1.42 0.7 1.00 0.43 

2.1 1.44 0.41      
   0.40 0.94 0.7 0.66 0.26 

2.8 0.43 0.40      
   0.20 0.22 0.2 0.04 0.01 

3 0 0      
Total A: 2.95  Q: 1.16  

Step 4: Calculate the total suspended solid loads on 20th of month X: 

Average of the suspended solid concentration (mg/l) = = 16;  

Suspended sediment load (g/s) = 1.16 × 16 = 19 (g/s) = 1,600 kg/day 
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B.7 HYDROGEOLOGY 

B.7.1 Investigation of Groundwater Resources 

 General 

The overall process pertaining to investigation of groundwater resources may be divided into the 
following levels: desktop study, surface-level study and subsurface-level study.  Figure B.41 shows a 
general overview of the process involved in investigation of groundwater resources under each level of 
study. 

 
Figure B.41: Components of a groundwater investigation study 

The desktop study is carried out to acquire a general understanding of the area of interest based on 
available published and unpublished materials which shall include information on the topography, 
geological formations, groundwater flow regime, water quality, hydroclimate data, land use, landcover 
and soil types.    

The surface study shall consist of field investigations and geophysical explorations. The surface study 
can be used to further verify the information gathered during the desktop study. Field investigations shall 
be comprised of activities such as measuring groundwater table, obtaining groundwater samples from 
existing wells (if any) to carry out groundwater quality analyses, identification of potential recharge and 
discharge areas and also demarcating the areas to carry out geophysical surveys. Geophysical exploration 
techniques which are carried out at a surface level are mainly comprised of seismic and resistivity 
methods, and are discussed further in detail under section B.7.1.2.  

The sub-surface study shall involve the processes such as exploratory borehole drilling, geological 
logging, geophysical logging and carrying out aquifer pumping tests.  Logging of the geological materials 
is done as the drilling hole is advanced into the ground. Generally, the records of the formation shall be 
noted at every one meter of the advancement of the well, or at occurrences of major changes of the 
geological formation. During this process, information pertaining to the geological formations, thickness 
of the stratigraphic layers, as well as the location of the water table shall be recorded. This information 
shall be utilized during the designing process of the groundwater production wells. Following the 
geological and geophysical logging, a test well is constructed. The main objective of installing a test well 
is to determine the aquifer hydraulic properties such as the bulk transmissivity and storage coefficient. 
Water samples from the aquifers shall also be acquired to test the existing quality of groundwater.  
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 Geophysical Exploration Methods   

Geophysical methods are often used for exploring the characteristics of the sub-surface as well as the 
potential availability of groundwater, which are also non-invasive in terms of its process and 
applications.  

The following four methods are used often in the field: 

 Electromagnetic resistivity surveys; 
 Electromagnetic conductivity surveys; 
 Ground penetrating radar (GPR); and 
 Airborne electromagnetic (AEM) methods. 

(1) Electromagnetic Resistivity Surveys  

Electromagnetic resistivity surveys are considered as non-invasive and an efficient way of exploring 
the sub-surface properties. When employing this method, an electrical field is created using two current 
electrodes as shown in the Figure B.42.  

The differences of the voltage, which is known as the ‘potential’, is estimated between a second pair of 
electrodes. Based on the observed drop in the voltage, the spatial resistance of a specified section in the 
sub-surface is projected into an image, which can later be interpreted based on the distribution of the 
resistivity values.  

Components of the sub-surface such as brackish groundwater, clay and soils with high ionic components 
and geologic materials which consists of high amount of pore water with high ionic compositions are 
reflected in the projected image as low resistivity zones. Geological components such as rocks, which has 
higher obstruction to the movement of electrical current is projected as high resistivity zones. The high-
groundwater potential areas can be interpreted based on the resistivity imaging profile, with 
supplementary information such as available borehole logs. 

 
Figure B.42: Principles of resistivity methods 

Figure B.43 shows a typical resistivity imaging profile obtained from an electrical resistivity tomography 
(ERT) survey, in which the distribution of resistivity is represented spatially across the section in Ωm. 
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Figure B.43: Sample vertical cross section generated from an ERT survey  

(2) Electromagnetic Conductivity Surveys  

An electromagnetic conductivity survey is one of the approaches employed for determining the 
conductivity of the sub-surface. The results would provide an assessment of the spatial variation of the 
conductivity through different geological materials, through which the different geological components 
could be interpreted. Since there is an inverse relationship between the conductivity and resistivity, 
areas which show higher conductivity could be related to geological materials such as clay with high ionic 
compositions as well as brackish groundwater. Furthermore, low conductivity materials could be 
associated with geological components which have a higher resistance (igneous rocks such as granite).  

(3) Ground Penetrating Radar (GPR) 

Ground penetrating radar (GPR) method makes use of radar pulses in order to develop an image of 
the sub-surface. This method is used to derive cross sections of the sub-surface, with the aid of an 
instrument which emits electromagnetic waves within a range of 10-1000 MHz. The instrument is 
generally dragged on the ground surface, allowing it to emit the radar pulses and capture the returning 
wave signals. Taking into account the velocities and the time it requires for the wave to return to the 
wave emitting source, the traces of the components of the sub-surface are graphically projected into an 
image, which provides an understanding of the different geological features that exist in the sub-surface.   

(4) Airborne Electromagnetic (AEM) Methods  

Airborne electromagnetic (AEM) survey method is a non-intrusive way of mapping the sub-surface 
characteristics of a large-scale area extending from shallow depths to even larger depths. The AEM 
method is capable of deriving spatially continuous datasets. The obtained AEM data can be calibrated by 
using the existing borehole logs of the area in order to increase the accuracy of the overall dataset. The 
calibrated results of AEM method can be used to identify zones with high potential for groundwater due 
to its ability to accurately map the aquifer systems. SkyTEM is one such advanced helicopter-borne 
geophysical technology which is currently in application at a global scale for groundwater resource 
exploration.     

 Design and Construction of Groundwater Wells  

Mainly there are two types of groundwater wells, which are exploratory wells and groundwater 
production wells. Typically, an exploratory well is constructed first before converting the well into a 
production well. Installing a groundwater production well encompasses the major steps as shown in 
Figure B.44. 
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Figure B.44: Major steps in installing a well for groundwater abstraction purposes 

 Well Drilling Methods 

The type of drilling method should be selected for each case considering important factors such as the 
underlying geologic formations. Table B.29 below lists the details of some of the most commonly used 
well drilling methods. 

Table B.29: Well drilling methods and details 

Drilling 
Method  Description  

Power 
auger  

 Best suited for materials such as clay, silt, sand, gravel  
 Suitable for a maximum well depth of 25 m  
 Typical diameter varies from 15 cm – 90 cm 
 Concrete, steel or wrought-iron pipes are used as casing materials  
 Most suitable for domestic and irrigation purposes  
 Suitable for aquifers with yields ranging from 15 m3/day - 500 m3/day  

Rotary 

 Best suited for materials such as silt, sand, gravel, soft to hard consolidated rocks  
 Suitable for wells up to a maximum depth of 450 m  
 Typical diameter varies from 8 cm – 45 cm 
 Steel or wrought-iron pipes are used as casing materials  
 Suitable for all purposes in terms of intended usage  
 Suitable for aquifers with yields ranging from 15 m3/day – 15,000 m3/day 
 Rotary drilling is a fast method of drilling, which is quite suited for gravel 

enveloped wells. During the process of drilling, installation of casing is not 
required 

Reverse-
circulation 
rotary  

 Best suited for materials such as silt, sand, gravel, cobble  
 Suitable for wells up to a maximum depth of 60 m  
 Typical diameter varies from 40 cm – 120 cm 
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Drilling 
Method  

Description  

 Steel or wrought-iron pipes are used as casing materials  
 Most suitable for wells which are intended to be used for irrigation, industrial and 

municipal purposes  
 Suitable for aquifers with yields ranging from 2500 m3/day – 20,000 m3/day 
 This drilling method is suitable for wells with relatively large diameters. Large 

volume of water is required during the process of drilling 

Rotary-
percussion  

 Best suited for materials such as silt, sand, gravel, soft to hard consolidated rocks  
 Suitable for wells up to a maximum depth of 600 m 
 Typical diameter varies from 20 cm – 50 cm 
 Steel or wrought-iron pipes are used as casing materials  
 Most suitable for wells which are intended to be used for irrigation, industrial and 

municipal purposes  
 Suitable for aquifers with yields ranging from 2500 m3/day – 15,000 m3/day 
 This method combines rotary and percussion (air drilling) methods to carry out 

the drilling, which makes the overall process significantly fast. This method is well 
suited for deep groundwater well drilling 

 Major Components of Groundwater Wells  

Major components of a groundwater well typically include the following: well casing, well screen, 
formation stabilizers, gravel pack and well head. One of the most important parts of a water well is the 
well screen, which is typically a section which shall be constructed with a certain permeability created 
through carved sieves to allow the water to flow through.  The well screen shall be in contact with the 
aquifer to allow the water from the aquifer to seep through into the groundwater well. The material of 
the well screen is largely determined based on the intended usage of the well. If the well is intended to 
be used as a groundwater abstraction well, the wells screens made of stainless steel are usually selected. 
Well screens made out of plastic are deemed suitable for wells which are constructed for the purposes of 
conducting monitoring of groundwater (monitoring of groundwater table and groundwater quality).    

A filter pack (typically consisting of sand/gravel) is used to cover the spacing (annulus) between the 
well screen and the wall of the borehole. Usually, 
the chosen material for constructing the filter 
pack around the well screen is expected to have 
good groundwater conductance properties, with 
larger grain sizes than the sieve opening so that 
there shall not be any obstructions of the well 
screen openings due to the movement of the 
filter pack materials into the well screen. At the 
same time, the filter pack is expected to be 
sufficiently small enough to block the fine 
particles from reaching the well screen from the 
surrounding areas of the aquifer as well (Fitts, 
2002). 

Table B.30 provides further information 
pertaining to the aforementioned components of 
a groundwater production well, while Figure 
B.45 shows a schematic diagram illustrating the 
typical components of a groundwater well.  

Figure B.45: Schematic of a typical groundwater well 
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Table B.30: Components of a groundwater production well  

Component Description  

Well casing 

 There are two types of well casing; surface casing and pump chamber casing  
 Surface casing is installed temporarily during the process of the well drilling, 

and is primarily used as a support for material which are unstable. 
Furthermore, it allows the insertion or removal of the other casings 

 Generally, the surface casing is larger in terms of its diameter than the pump 
chamber casing; about 10cm more for naturally developed wells and 20cm 
more for gravel pack wells 

 In contrast, the pump chamber casing is a permanent casing which is intended 
to be used as a support against the aquifer material which could potentially 
collapse into the well 

 The recommended minimum pump chamber casing diameters depends on the 
variation of the intended rate of groundwater abstraction, and is listed as 
follows (USDI, 1977) 

Well Yield 
(gal/min) 

Pump Chamber Casing 
Diameter (mm) 

Up to 90 150 
50 – 150 200 

100 – 500 250 
300 – 1,500 
500 – 2,000 

1,500 – 3,000 
2,000 – 5,000 
3,000 – 5,000 
4,000 – 8,000 

300 
400 
400 
500 
600 
700 

 

Well screens 

 Well screens are commonly made of two types of material, which are 
unplasticized polyvinyl chloride (uPVC) and stainless steel 

 Well screens enable the flow of groundwater from the aquifer into the well, 
while acting as a filter to prevent the sand and fine particles from entering the 
well 

 The recommended minimum screen diameter depends on the variation of the 
intended rate of groundwater abstraction, and is listed as follows (USDI, 
1977): 

Discharge 
(gal/min) 

Minimum nominal diameter  
(mm) 

Up to 50 50 
50 – 125 100 

125 – 350 150 
350 – 800  

800 – 1,400  
1,400 – 2,500  
2,500 – 3,500 
3,500 – 5,000  
5,000 – 7,000 
7,000 – 9,000 

200 
250 
300 
350 
400 
450 
500 

 

Formation 
stabilizers 

The material which is used to fill the circular space around the well screen is known 
as the formation stabilizer. Formation stabilizers are different from the materials 
used in the artificial gravel packs around the well screen, and is commonly 
comprised of a sand-gravel mixture. It is essential that the formation stabilizer is 
installed before carrying out process of “well development.” 
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Component Description  

Gravel packs 
Gravel packs should be selected primarily depending on the uniformity coefficient 
(Cu) of the groundwater aquifer, consisting of grains with a maximum size of 1 cm.  
The thickness of the gravel pack is expected to range between 8 cm to 15 cm.  

There are four common types of groundwater production wells as follows (MWA, 1994):   

(i) Screened wells; 
(ii) Gravel packed wells; 
(iii) Open wells; and 
(iv) Horizontal collector wells. 

The four types are described in Figure B.46 below: 

 

Screened wells are most suitable for aquifers which 
largely consist of coarse grain materials such as sand 
and/or gravel. In terms of the suitable effective particle 
sizes, it is expected that the coarse-grained materials 
suffice the following requirements; d10 > 0.25mm or 
d60 > 0.5mm in order to be suitable for the installation 
of a screened well.  
 

 

In a gravel packed well, the well screen is sheltered 
with a thick pack of gravel. This type of production well 
is the most suitable for aquifers consisting of fine and 
uniform sand, along with the presence of alternating 
sand and clay layers. Major advantages of the 
surrounding gravel pack include the minimization of 
pumping out of sand from the aquifer, providing a high-
permeability zone around the well screen which 
increases the well yield as well as restricting the 
turbulent type of flows around the well screen which 
works in aid of improving the well efficiency by 
reducing the head losses. 

Figure B.46: Types of commonly used wells for groundwater production 
Figure continued to next page 
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The open well type production wells are suitable for 
aquifers which are of hard-rock type and typically does 
not consist of a well screen. The aquifer formations for 
which this type of wells considered most suitable are 
limestone, shale and sandstone. 

 

 

Figure B.46: Types of commonly used wells for groundwater production 
(Figure continued from previous page) 

 Aquifer Pumping Tests  

An aquifer pumping test is a field investigation test method in which groundwater is removed from an 
aquifer by means of pumping at a certain rate, while observing the response of water levels at one or 
more observation wells. The primary objectives of conducting a pumping test are to identify the 
hydraulic properties of a specific aquifer, such as transmissivity, hydraulic conductivity and storativity, 
as well as to evaluate the performance of the well. Aquifer tests can aid in identifying the yield of an 
aquifer which is essential when determining whether the available groundwater for a proposed use will 
be sufficient or otherwise (Fetter, Applied Hydrogeology, 2001).    

Three common types of pumping tests which are widely used in practice are:   

(i) Constant-rate pumping tests; 
(ii) Step-drawdown pumping tests, and 
(iii) Recovery tests. 

Table B.31 below shows some of the commonly used pumping test solution methods, which are applied 
depending on the type of aquifer. 

Table B.31: Commonly used methods for analysing aquifer pumping test results 

Aquifer Type Solution Method 

Confined aquifers 
 Theis (1935)    
 Cooper-Jacob method (1946) 

Horizontal collector wells typically consist of a 
vertically constructed concrete caisson, from which 
one or more screened laterals extend outwards 
horizontally into the aquifer. Laterals can be 
installed in multiple aquifers at different elevations 
as well. Horizontal collector wells deliver higher 
production capacities compared to the typical 
vertical wells, however at the expense of high 
construction times and associated costs.  
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Aquifer Type Solution Method 

Leaky-confined aquifers 
 Hantush-Jacob (1955)  
 Hantush (1960) 

Unconfined aquifers 
 Boulton method (1963) 
 Neuman (1974)  
 Tartakovsky-Neuman (2007) 

Constant Rate Pumping Tests 

The main objective of the constant rate pumping test is to estimate the hydraulic properties of the 
aquifer, such as hydraulic conductivity, transmissivity and storativity. When carrying out a constant rate 
pumping test, the discharge is fixed at a constant value while obtaining the drawdown details at different 
time intervals from both the pumping well and the surrounding monitoring wells. The required number 
of monitoring (observation) wells can vary depending on the specific conditions of the site. However, it 
is recommended that at least one observation well is used to monitor the water levels during the 
pumping test at a distance of 1.8m to 20m (6 ft to 65 ft) from the pumping well (Moore, 2002).  It is 
customary to carry out the constant rate pumping test for a time period which is not less than 72 hours.  

Figure B.47 shows the typical curve expected during a continuous constant rate pumping test. The 
method of analysis to derive the transmissivity and the storativity can vary depending on the type of the 
aquifer (confined, leaky confined, unconfined) as well as the flow conditions. 

 
Figure B.47: A typical curve expected during a continuous constant-rate pumping test 

Step-Drawdown Pumping Tests 

Step-drawdown pumping tests are used to evaluate both the hydraulic properties as well as the 
performance of the well. Similar to constant rate pumping tests, the main hydraulic properties of an 
aquifer assessed through a step-drawdown test are hydraulic conductivity, transmissivity and 
storativity. Additionally, well loss, well efficiency, wellbore skin factor and effective well radius are the 
key parameters pertaining to the well efficiency assessed through a step-drawdown pumping test.   

Step-drawdown tests typically consist of five steps or more, in which, the rate of pumping for each 
successive pumping step depends on the expected yield from the well as well as the maximum capacity 
of the pump. During each step, pumping is carried out until the drawdown is stabilized, or for a minimum 
time period of 90 minutes. The time period of each successive step is maintained to be equal to the first 
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step throughout the entire test.  Figure B.48 shows a typical curve expected during a step-drawdown 
pumping test. 

Recovery Tests 

Recovery tests are started at the end of the pumping tests such as constant-rate tests or step-drawdown 
tests, when the water levels in the well and the piezometers starts to rise. During the recovery tests, 
measurements pertaining to the rising water level is acquired, which is known as “residual drawdown”. 
Recovery tests are also carried out for the purpose of estimating the hydraulic properties of an aquifer 
such as transmissivity, hydraulic conductivity and storativity. 

 
Figure B.48: Typical plot expected during a step-drawdown test 

B.7.2 Groundwater Contamination and Remediation 

Groundwater is regarded as a relatively clean source of water. However, groundwater contamination 
due to human activities is a prevailing issue. Even though a majority of serious contamination of 
groundwater occurs due to anthropogenic reasons, certain types of groundwater contamination could 
occur naturally as well. For example, substances such as iron, manganese, arsenic, chlorides, sulphates 
and/or radionuclides which naturally occur in rocks and soils could dissolve in groundwater and get 
transported within the aquifer systems. In addition to these, the natural decay of certain organic matter 
in the aquifers systems could get added into the groundwater systems, allowing them to move with the 
groundwater as particles.  

However, most impactful contaminations occur due to human involvement through means such as 
mining activities, improperly constructed irrigation wells and drainage wells, usage of fertilizers and 
pesticides in agricultural activities, sewer and pipe leakages, accidental spills of chemicals and petroleum 
products, unregulated landfills and soil waste disposal pits and septic systems. There are a number of 
groundwater remediation measures in order to minimize the impact from potential groundwater 
contamination. These measures require specialized expertise and are often regarded as complex and 
expensive.  

When data are sufficiently available, numerical modelling approaches can be used to simulate the 
propagation of the contaminant plume through groundwater, taking into account the advection, 
dispersion and chemical reaction processes in groundwater systems. A numerical modelling simulation 
could provide helpful information about the spatial and temporal variation of the contaminant. This 
information can be used to make decisions about the required plan of actions in order to initiate the 
remediation measures.   
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B.7.3 Groundwater Modelling 

A model is generally defined as a simplified representation of the real world. A physical groundwater 
model is a simplified scaled-down representation of the geological and hydrogeological features of an 
area of interest, which can be used to study various behaviours and dynamics of groundwater in the sub-
surface under the experimental conditions.  

Numerical models are a way of representing the real system based on mathematical relationships. 
Numerical groundwater models are predominantly twofold; the black-box models, also known as data-
driven models make use of empirical/statistical relationships between the variables in order to compute 
the desired variable. Process-based models are further divided into probabilistic or deterministic 
models. Process based deterministic groundwater models are widely used and operate based on a series 
of governing equations which describe the natural processes related groundwater.  These models are 
able to simulate the processes which involve steady-state and/ or transient conditions, consisting of a 
number of boundary conditions (such as specified head, specified flux and head-dependent flux) while 
taking into account different hydrogeological properties and complex geological formations.  

Groundwater models are often developed to carry out forecast scenarios, where the model is used to 
simulate future conditions of the groundwater system under specified scenarios, or hindcast scenarios 
where the groundwater processes of a certain time period from the past is recreated through the model 
simulations. Before the model is applied for any sort of a simulation, it is essential that the model is put 
through sufficient testing in order to make sure that the model is capable enough to produce outputs to 
a reasonable degree of accuracy. Furthermore, it is essential to have a clear understanding of the 
limitations of the model as well (Hunt, Anderson, & Woessner, 2015).  Modular Three-Dimensional 
Finite-Difference Groundwater Flow Model (MODFLOW) developed by United States Geological Survey 
(USGS) is one such model which is widely being used for numerical modelling of groundwater systems 
worldwide.  

Figure B.49 below shows the generally followed procedures when carrying out numerical groundwater 
modelling (process based deterministic models). The procedure may be altered depending on the specific 
requirements associated with the objectives of carrying out the modelling tasks. However, the process 
described below in Figure B.49 serves as a general guideline for carrying out groundwater modelling 
using a process based, deterministic model.   

 
Figure B.49: Standard procedure to be followed when carrying out groundwater modelling 
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 Modelling of Saline Intrusion into Coastal Groundwater Aquifers 

 
Figure B.50: Schematic diagram of saltwater intruding a coastal aquifer 

A: cross section through a coastal aquifer with freshwater flowing from right to left and discharging seaward 
of the coastline; B: cross section through a coastal aquifer discretised using a single model layer (Source: 

USGS) 

Intrusion of seawater into coastal freshwater aquifers could occur as a result of excessive long-term 
withdrawal of groundwater.  A number of physical and hydraulic measures can be  used to manage and 
control the intrusion of saline water to coastal aquifers. Reduction of the pumping rates as well as 
relocating the abstraction wells further towards inland are some of the direct measures which are 
practiced conventionally. However, other complex approaches may also be used, such as construction of 
physical sub-surface barriers to control the movement of freshwater-seawater interface further towards 
inland as a result of long-term pumping. Materials such as concrete, bentonite and sheet piles may be 
used for the construction of the barrier. Artificial recharging of groundwater aquifers via injection wells 
is one of the hydraulic measures that may be used for controlling the saline water intrusion into the 
freshwater aquifer. The major objective of this method is to create high piezometric heads at inland 
regions of the freshwater aquifer, creating a pressure gradient towards to coast.  This is expected to 
control the shifting of the seawater-freshwater interface further inland.   

Various numerical modelling codes have been developed over the years to be used in conjunction with 
groundwater models to simulate the saline intrusion into the coastal groundwater aquifer systems. The 
Seawater Intrusion (SWI2) Package is one such module developed by USGS, which is designed to simulate 
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regional sea-water intrusion in coastal aquifer systems by representing variable-density flow with 
discrete zones of uniform or linearly varying densities. SWI2 package are used in conjunction with 
MODFLOW groundwater model. When employing the SWI2 package, two or more zones of different 
density will be simulated within each model cell. The zones will be allowed to have uniform densities or 
densities that vary linearly between their upper and lower surfaces. For each time step of the model, the 
SWI2 package will numerically compute the updated position of the saltwater-freshwater interface 
between the different zones. Figure B.50 shows the schematic diagram of a vertical cross section of 
saltwater intruding a coastal aquifer, along with its discretization as a model layer (Bakker, Schaars, D., 
Langevin, & Dausman, 2013). 
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B.8 WATER SUPPLY AND DISTRIBUTION DEVELOPMENT PLANNING 

B.8.1 General Procedures 

A water supply and distribution study usually follows up on a water resources study and is necessary 
for proper planning of water supply system and its distribution works.  The analysis provided by the 
former study is to provide the Designer of the water supply system for designing the transmission and 
distribution works for the system. 

Planning is typically done in immediate-, short-, medium- or long-term durations.  In a water supply 
and distribution study, long-term planning is typically up to 50 years while medium term planning in this 
instance is taken as half of the long-term planning period (i.e., 25 years).  For distribution works of limited 
capacity, medium-term planning (up to 20 years) may be adopted.  Short-term duration is atypical of 
such studies, while immediate-term is usually necessary for emergency supply purposes. 

In a water supply and distribution study, the following procedures should generally be performed: 

(i) The water demands carried out in the water resources study are reviewed and revised for the 
study area of interest. 

(ii) The hydrology of the water supply system and the sufficiency of yield for the system should be 
addressed in separate water resource development studies and development of the water 
resources are sufficient before the water supply system is subsequently developed.   

(iii) The required capacities of new WTPs (or extensions of existing WTPs) will need to be derived 
from the water demand figures.  The capacity of new WTP shall be within the hydrology of the 
system. 

(iv) Consideration will need to be given to existing WTPs as to whether they will be expanded to a 
larger capacity or retained at present capacity or withdrawn from service for short, medium and 
long terms. 

(v) A mass balance exercise is carried out to balance the WTP output with the demand 
requirements.  The resulting mass balance table and diagram indicates the extent of 
requirements for distribution works. 

(vi) Planning of distribution works, initially by means of a simple schematic diagram showing the 
required transmission mains from the WTP to the balancing reservoirs and, if possible, up to 
new or existing service reservoirs.  The schematic diagram should be produced for each planning 
horizon. 

An example of items (i) to (vi) is provided in section B.8.2. 

Once the schematic diagram of the distribution works is prepared, the Designer shall plan a general 
layout of the transmission and distribution system by selecting a location for the balancing reservoir 
(see section G.11.2) and service reservoirs (if necessary) on a map.  The transmission main pipeline 
routes shall be selected off a map accordingly (see section G.10.1).  

B.8.2 Example of Water Supply and Distribution Planning in a Study 

A simplified example in the planning of a bulk distribution system for a water supply and 
distribution study for a hypothetical study area will be as follows. 

A hypothetical layout of a water supply and bulk distribution system for the study area is as shown in 
Figure B.51.  The study area consists of sub areas 1, 2 and 3, as shown in the figure.  Sub area 1 is served 
by WTP A of capacity 500 Mld, with a balancing reservoir (balancing reservoir A) supplying into service 
reservoirs serving sub area 1, while sub areas 2 and 3 are served by WTP B of capacity 70 Mld, with a 
balancing reservoir (balancing reservoir B) supplying into separate service reservoirs serving sub area 
2 and 3.   
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WTP A and WTP B have separate raw water sources (rivers A and B) as illustrated in the figure. 

 
Figure B.51: Example of an existing water distribution system (schematic) 

The flowrates in Mld indicated in the above figure depict the design flowrates for the pipeline systems. 

The water supply and distribution proceeds as follows. 

Water demand studies.  Water demand forecasts are reviewed and, where necessary, revised.  For the 
purpose of this example, the demand forecasts as performed (say, carried out in 2020), the planning 
demands for the study area have been determined as follows: 

Table B.32: Example water distribution study 
(a) Water demand forecast for study sub areas (2025-2070), Mld 

Sub area 
Year 

2025 2030 2035 2040 2050 2060 2070 
1 503.1 525.4 581.0 646.6 786.9 964.4 1158.3 
2 31.3 56.3 52.8 57.9 67.5 79.5 80.9 
3 21.2 39.0 37.9 42.9 51.7 63.5 67.1 

Total 555.5 620.7 671.6 747.4 906.1 1107.3 1306.3 

The water supply deficit may then be tabulated as follows: 

Table B.30: Example water distribution study  
(b) Forecast water supply deficit for study sub areas (2025-2070), Mld 

Sub area 
Distribution 

capacity 
(Mld) 

Year 

2025 2030 2035 2040 2050 2060 2070 

1 500 -3.1 -25.4 -81.0 -146.6 -286.9 -464.4 -658.3 
2 35 3.7 -21.3 -17.8 -22.9 -32.5 -44.5 -45.9 
3 35 13.8 -4.0 -2.9 -7.9 -16.7 -28.5 -32.1 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    129 

Hydrological studies.  For the purposes of this example, the following is assumed to be concluded from 
an earlier water resources study. 

From the hydrological assessment performed in the study, the raw water sources for WTP A and WTP B 
have reached their yields at their respective intake points.  It is determined that it is possible to increase 
the yield for river A at the intake point while it is not feasible (or alternatively, say, not economically 
viable for small schemes) to increase the yield for river B at the intake point.  Therefore (say) it is decided 
to increase the yield at river A and allow for WTP A to provide for future supplies to sub areas 2 and 3. 

For the water supply system to be implemented, it shall be necessary for the augmentation of yield to be 
implemented before development of the system can proceed. 

WTP planning.  For this example, (say) it is also decided that water supply and distribution planning be 
developed in two stages for 2030-2050 (medium term) and 2050-2070 (long term) planning horizons. 

In WTP planning, several possible scenarios need to be considered and presented.  For simplicity of this 
example, from the earlier hydrological availability it is presupposed that WTP A will supply both Area 1 
and 2 in the future.  Thus, the water supply deficit may be re-tabulated as follows: 

Table B.30: Example water distribution study –  
(c) Water supply deficit for planning horizons 

 
Sub area 

Year  
 2030 2050 2070  
 1&2 -46.7 -319.4 -704.2  
 3 -21.3 -32.5 -45.9  
 Total -68.0 -351.9 -750.2  

From the above, it is proposed that the WTP A is extended in two equal stages of 400 Mld (stage 1) and a 
further 400 Mld (stage 2), which should be sufficient to meet the forecast water demands of the planning 
area up to the year 2070 and beyond. 

Mass balancing.   A mass balance table is set up to match the forecast demands with the WTP and 
distribution capacities, which for the example above will be as follows: 

Table B.33: Example water distribution study – Mass balance table 

Year 2025 2030 2035 2040 2050 2060 2070 
Forecast demand 555.5 620.7 671.6 747.4 906.1 1107.3 1306.3 

WTP A 
Existing 503.1 500 500 500 500 500 500 
Stage 1 - 50.7 101.6 177.4 336.1 400 400 
Stage 2 - - - - 0 137.3 336.3 

WTP B 52.4 70 70 70 70 70 70 
Total production 555.5 620.7 671.6 747.4 906.1 1107.3 1306.3 

In the above example, the following may be seen: 

 Assuming the study is completed by 2020 but initial development could only be completed by 2025 
(earliest), a medium-term planning horizon of 20 years (2030-2050) and a long-term horizon of up 
to 2070 is adopted. 

 By 2025, WTP A will reach its existing design capacity (with a slight overproduction); the new stage 
1 will need to be ready by that year. 

 By 2030, WTP B will reach its design capacity.  Supplies from WTP B to sub area 2 are supplemented 
by additional supplies from the extended WTP A. 

 By 2050, stage 2 of WTP A will need to be ready. 
 By the above scenario, the expanded WTP and WTP B should be sufficient up to 2070. 
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In actual practice, mass balance tables have to be produced for each scenario of different assumptions. 
The mass balance table shown in Table B.33is actually simplified; tables may be more complicated with 
sub areas indicated on the columns and one table is provided for each year for each scenario.     

A mass balance diagram, which indicates the required supply to meet the demand, may then be 
produced for each horizon year (or each stage of development) as follows: 

 
Figure B.52: Example of mass balance diagram for distribution system (2030-2070) 

The mass balance diagram may manifest certain conditions which may not be so obvious from the mass 
balance tables.  For example, from the above diagram (c), it may be seen that WTP B is approaching its 
capacity for supplying to sub area 3, indicating that future sources need to be developed for sub area 3 
beyond 2070. 

In producing a mass balance diagram, it is often necessary to make a few assumptions or derive a few 
presumptions (collectively called “assumptions”).  The assumptions made shall be checked for accuracy 
and must invariably be tenable and acceptable to stakeholders.  For example, an assumption to 
decommission a particular WTP will need feedback from field operators. 

In the above example, the following basic assumptions are made: 

 The hydrological yield at WTP A is able to be expanded while it is decided not to expand the yield 
for WTP B.  Thus, WTP A will be developed upwards to 900 Mld while WTP B is capped at its 
present capacity of 70 Mld. 

 In view that demands in sub area 3 will increase to about the capacity of WTP B (70 Mld) beyond 
the long-term horizon, WTP B is to be reconfigured to serve sub area 3 only in the long term.   

 Despite that WTP B is configured to Supplies to sub area 2 from WTP B will be reduced and taken 
over by supplies from the expanded WTP A. 

 WTP B will be at full capacity from 2030 to 2070 with supplies from WTP B is maintained to sub 
area 2. 

Distribution planning.  Based on the mass balance diagram, the proposed distribution system is 
presented for stage 1 works (to be completed by 2030, sufficient up to 2050) as shown on Figure B.53(a) 
while stage 2 works (to be completed by 2030, sufficient up to 2050) is shown in Figure B.53(b).  

In the planning of the distribution works, the following need to be noted: 

 Supply from new sources augmenting existing supplies to existing reservoirs should be designed 
for the nominal capacity of the distribution works.  For example, in Figure B.53(a), supply from 
WTP B to balancing reservoir B is capped to its existing distribution capacity.   

 To provide for demands in excess of the existing distribution capacity, a new service reservoir and 
distribution system need to be considered.  It is recommended that such a new reservoir be 
provided to feed existing reticulation mains of sub area 3 preferably on the fringes of the sub area 
away from the main feed of the existing system. 
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(a) Distribution system – Stage 1 (2030) 

 
(b) Distribution system – Stage 2 (2050) 

Figure B.53: Example of water distribution system development 
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RAW WATER SOURCES 

C.1 TYPES OF RAW WATER SOURCES 

C.1.1 Introduction 

The purpose of this Part is to introduce the main types of raw water sources (this section herein) and 
thereon the criteria for assessment of the raw water quality (section C.2.4).  The raw water sources 
may be classed as follows. 

(1) Conventional Sources 

The natural sources of raw water are derived from the hydrological cycle (section C.1.2).  The main 
types of raw water supply sources, which are the conventional types. are as follows: 

(i) Surface water, which comprises of the following: 

(a) River water; 
(b) Lakes and ponds; 
(c) Reservoirs; 

(ii) Groundwater; 
(iii) Seawater; 
(iv) Rainwater. 

(2) Non-conventional Sources 

The non-conventional sources of water supply are mainly recycled water, comprising of as follows: 

(i) Recycled water from WTPs; 
(ii) Recycled water from sewage treatment plants (STP), and 
(iii) Recycled water from industrial effluents. 

C.1.2 The Hydrological Cycle 

The hydrological cycle describes the continuous movement of water on the Earth, and involves the 
following four basic processes: 

(i) Evaporation and transpiration 

Evaporation is the process where water from water bodies, mainly the seas, oceans, rivers and lakes, 
evaporates as water vapour into the atmosphere. 

Transpiration or evapotranspiration is the process where water from plants and vegetation 
transpires into the air and from the soil evaporates into the atmosphere. 

(ii) Condensation 

Condensation of water occurs when the water vapour evaporated into the cooler upper atmosphere 
transforms the water vapour to liquid water droplets suspended in the air to form clouds. 

(iii) Precipitation 

Precipitation is the process where the condensed water vapor that falls to the ground as rain. 
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(iv) Infiltration, percolation and surface runoff 

Infiltration is the process where the water flows down from the ground surface into the ground as soil 
moisture. 

Percolation is the process where the water flows down from the ground surface into the ground and 
becomes groundwater (section C.1.4). 

Part of the water not infiltrated or percolated into the ground becomes surface runoff forming rivers 
(section C.1.3.1), lakes (section C.1.3.2) and reservoirs (section C.1.3.3).  Part of the surface runoff also 
may infiltrate or percolate the ground. 

The hydrological cycle is illustrated in Figure C.1 below. 

 
Figure C.1: The hydrological cycle 

C.1.3 Surface Water 

Surface waters are abundant in Malaysia and thus form the major raw water resources in this country.  
This source may be divided into the following: 

(i) Rivers; 
(ii) Lakes, and 
(iii) Reservoirs. 
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Figure C.2: Typical developments along river 
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 River Water 

River water is the major source for WTPs in Malaysia.  River water comes mostly from:  

 Surface runoff resulting from precipitation (rainfall), and  
 Groundwater.   

During periods of no rain, the water in streams and rivers are kept running by exfiltration from 
groundwater, from the headwaters in higher terrain to the lower plains up to the estuary.  The waters 
slowly seep into natural watercourses in springs and streams.  During periods of rain, the river flow 
increases due to surface runoff resulting from the rainfall.  

The main factors affecting surface runoff from rainfall are as follows: 

 Rainfall intensity; 
 Rainfall duration; 
 Nature of soil; 
 Terrain; 
 Surface vegetation; 
 Land use, and 
 Man-made installations. 

During rainfall, part of the rain water infiltrates the soil and part of it becomes surface runoff.  As the 
ground surface becomes saturated, the surface runoff increases, and creates surface water flows. 

In a rainfall of low intensity and short duration, the rain may just saturate the soil and the water will 
overtime become surface runoff.  In higher intensity rainfalls, there will be immediate runoffs with higher 
flows. In a rainfall of high intensity and duration, floods may occur as the surface water flows overtops 
the natural water courses or man-made drains. 

The terrain affects the runoff flows, as flatter grounds will have lesser immediate runoff than steep 
sloping grounds. 

The nature of the soil affects the saturation of the soil and hence the runoff produced.  Porous soils, 
mainly of sandy and silty soils, will retain more water while clayey soils have poorer retention.  The 
existing soil saturation also affects the runoff produced. 

A significant portion of rainfall in forested catchment areas are retained in the soils.  Surface vegetation 
and plants may act to promote soil porosity, and hence good infiltration and water retention 
characteristics of the soil, through roots and decaying organic matter.  Dense foliage also tends to protect 
soils from natural compaction due to rainfall, and tend to promote porous soils. 

Land uses that impact water resources include inter alia, agriculture, urbanization and industrialization. 
Agriculture and the clearing of forests affects the nature of soils and hence their infiltration and water 
retention characteristics. 

In agricultural lands, irrigation alters the use and distribution of ground and surface water. The diversion 
of surface water and groundwater for irrigation changes the water’s natural distribution and impacts the 
ecosystems that depend upon it. Demand for water to irrigate crops usually occurs when there is 
insufficient rainfall, which may cause groundwater levels and surface water flows to be reduced.  

As water catchments become urbanised and industrialised, much of the vegetation is replaced by 
impervious surfaces, thus reducing the areas where rainfall may infiltrate into the ground.  Consequently, 
surface runoff increases over that expected in natural environments; such runoff must be collected by 
extensive drainage systems, which may include flood detention ponds, before direct discharge into 
streams and rivers. To wit, in a developed catchment zone, more excess water will discharge into the 
stream much more rapidly, resulting in an increased likelihood of more frequent and more severe 
flooding. 
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Finally, man-made installations such as channels, canals and waterways to some extent have influenced 
groundwater zones while man-made reservoirs have been able to regulate river flows. 

River water in the upper reaches of the water catchment may be clear to mildly turbid but during high 
flows after storms may carry a lot of suspended solids.  As the waters traverse the catchment, they are 
exposed to human activities that contribute pollutants such as human or animal wastes, discharges from 
industries, surface run-off from urban or agricultural areas, etc. that invariably contaminates the water.  

Some rivers travel through peat swamps which have characteristics of low acidity and high true colour. 

Raw water storage reservoirs in the upper reaches may receive runoff of good quality, but storage 
reservoirs in the lower reaches will be exposed to natural and anthropogenic contamination. 

Assessment of the raw water quality of river waters will be as addressed in section C.2.3 and section 
C.2.4. 

 Lakes and Ex-Tin Mining Ponds  

Lakes and ex-tin mining ponds are increasingly being considered for use as a water supply source. 
Issues with such sources include catchment size and water quality. Lake catchments are usually limited 
in size and therefore the amount of recharge may be of concern. Water quality issues include parameters 
such as heavy metals for ex-tin mining ponds and high nutrients such as nitrates and phosphates leading 
to eutrophication. These types of water source can be considered in combination with river sources to 
increase the reliability of yield. Lakes can also be used to buffer the quality of river waters. 

 Off-River Storage Reservoirs 

Off-river storage reservoirs are formed mostly on the lower reaches of the river by the construction of 
embankments off the main course of the river.  These reservoirs serve to store and provide a more 
reliable supply of water. The reservoir is typically filled and emptied by pumping (pumped storage 
reservoir), although some are designed to capture flood flows which enter the reservoir by gravity via a 
diversion channel or similar mechanism. 

Because such reservoirs are usually constructed near intake locations at downstream areas, the depths 
of these reservoirs are shallow and hence the surface area required for the storage can be large.  

The water quality in off-river storage will be similar to the characteristics of its river source although 
some improvement in quality may be achieved arising from the retention period provided by the storage. 

C.1.4 Groundwater 

Groundwater is the water that exists beneath the ground surface within the porous geological media 
such as sands, soils, gravels and fractured rocks. In Malaysia, groundwater is considered as the most 
prominent supplementary source of water to surface water resources.   In states such as Kelantan, 
groundwater from aquifers is one of the substantial sources of freshwater, and is typically abstracted 
using shallow and deep groundwater tube wells as well as using horizontal collector wells (HCW).  
Groundwater is stored in the sub-surface aquifer systems, which are large-scale freshwater storages. 
The major formations of groundwater aquifers are alluvium and hardrock. Alluvium is formed 
predominantly with unconsolidated layers of sand and gravel, wherein the groundwater is stored within 
the pore spaces of the materials. In hardrock aquifers, the groundwater is stored in the rock fractures 
and voids.  If not contaminated by external pollution sources, groundwater can be considered as a 
relatively clean source of water. Typically, groundwater can contain high levels of iron and manganese. 

 Types of Groundwater Aquifers 

Groundwater aquifers are classified into three categories: unconfined, confined and perched, as 
illustrated in Figure C.3.  
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Figure C.3: Confined, unconfined and perched aquifer systems 

The upper boundary of the unconfined aquifer, which is commonly known as the water table, forms the 
boundary between the saturated and the unsaturated zones. Since the water table is in contact with the 
atmosphere, the water table is equal to the phreatic head within the unconfined aquifer. Confined 
aquifers are bounded by a confining layer of extremely low permeability which largely restricts the 
vertical movement of the groundwater from the aquifer layers above. The pressure of a confined aquifer 
can force the water level of a piezometer drilled into a confined aquifer to rise above the upper boundary 
of the aquifer layer. The hypothetical surface to which the water level of piezometers would rise if the 
aquifer was fully pierced is known as the potentiometric surface. In certain cases, due to strong hydraulic 
gradients in a confined aquifer, the water level can rise above the ground level without any induced 
pumping. These wells are known as artesian wells.  

Perched aquifers are formed as a result of the existence of a lens of low conductivity material within the 
unsaturated zone to which the infiltrated water can accumulate. The extents of perched aquifers are 
relatively smaller and the amount of water contained in perched aquifers are comparatively less. 

 Groundwater Abstraction 

Groundwater wells are a necessary component for groundwater abstraction. Shallow groundwater 
wells, deep groundwater wells and horizontal collector wells (HCW) are commonly used for abstracting 
groundwater from the aquifer systems. Shallow groundwater wells are drilled into the unconfined 
aquifers and the abstraction is done by pumping the groundwater out from the aquifer. When water is 
pumped from a confined aquifer, the pressure head in the aquifer will reduce, allowing the water which 
is under pressure to expand. This expanded water will replace the volume of water which is pumped out. 
In certain cases when the hydraulic gradient is sufficiently high enough, flowing artesian wells could be 
formed. In flowing artesian wells, the water from the confined aquifer will rise above the ground level 
due to the pressure caused by high hydraulic gradients, and a pump is not required to bring groundwater 
to the surface.  

To estimate the hydraulic properties of an aquifer system, pumping tests such as constant-rate tests, 
step-drawdown tests and recovery tests are carried out. The obtained hydraulic properties of the aquifer 
such as the transmissivity, hydraulic conductivity and storativity are used in groundwater modelling to 
carry out impact assessments due to abstraction of groundwater. A safe groundwater abstraction rate 
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can be determined based on the findings from the aquifer test. Further information on the groundwater 
aquifer pumping tests is discussed under section B.7.1.6. 

 Subsurface Reservoirs 

In areas where shallow groundwater is present with a base layer having low permeability, sub-surface 
reservoirs could be a viable option to store groundwater within the sub-surface. In this method, a dam 
is constructed in the sub-surface in order to store the groundwater within the porous geological medium. 
The abstraction of water could be done by pumping out the water directly from the sub-surface storage. 
Generally, the quality of groundwater is regarded to be high and the water stored in the sub-surface 
reservoirs are less subjected to losses due to evaporation when compared to surface water storage 
facilities. Recharging of storage would occur through infiltration of water from rainfall. However, due to 
the alteration of the natural flow of groundwater, construction of sub-surface reservoirs could lead to a 
number of environmental consequences. 

 Riverbank Filtration  

Riverbank filtration is the process of pumping out water from an abstraction well installed sufficiently 
close enough to a river such that when the pumping takes place, part of the river water is forced towards 
the abstraction well through the riverbed sediments as well as the porous sub-surface materials, while 
being subjected to a natural filtering process. The first major cleaning process takes place while the water 
passes through the layer of riverbed sediments where processes such as biodegradation and sorption 
occur, as shown in Figure C.4 below. Permeability of the sedimented zone can decrease over time, 
however being subjected to the natural cleaning process by the river itself based on the river streamflow 
regimes. Once the water passes through the sedimented zone, the water mixes with the existing 
groundwater in the saturated zone. Since groundwater is naturally of high quality (unless subjected to 
specific contaminant plumes), the mixing process further improves the quality of the water which is 
directed towards the abstraction well.  

  
Figure C.4: Processes of riverbank filtration 

If the water in the river is rich in oxygen, the infiltrated water into the sub-surface will carry high levels 
of dissolved oxygen. However, if aerobic microorganisms are present in the sub-surface, the dissolved 
oxygen levels could allow iron and manganese to undergo chemical reduction processes which will 
require the reduced iron and manganese to be removed for later treatment for potable use. During the 
transport process of water through the sub-surface medium towards the abstraction well, further 
removal of particles, bacteria, viruses, parasites, micro-pollutants and other organic and inorganic 
compounds from the water takes place.  

Once the bank filtrate is collected via the abstraction wells, it is necessary to carry out additional tests to 
assess the quality of bank filtrate. The existing quality of the bank filtrate determines the extent of 
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additional treatment which shall be required during the treatment process. Particularly, if the river is 
located at an area which is subjected to anthropogenic pollution, the natural filtration process may not 
be sufficient enough and shall require additional treatment in order for the water to be used for purposes 
such as drinking (Abogabal, et al., 2018) (Kuehn & Muller, 2000) (Shamrukh, 2006).  

Table C.1 below lists out some of the main advantages and disadvantages of riverbank filtration. 

Table C.1: Major advantages and disadvantages of riverbank filtration method 

Advantages Disadvantages 

Reduced supplementary treatment costs due to 
the bank filtrate being already subjected to a 
natural cleaning process. 

Requirement of a detailed feasibility study on the 
specific hydrological, hydrogeological and 
geochemical conditions prior to implementation.  

Availability of high quantities of freshwater from 
both the river as well as from groundwater 
storages. 

Can be prone to clogging of the river bed and river 
banks, if the natural scouring processes of the 
river is not sufficient enough to remove the 
sedimented particles. 

Relatively lower implementation costs in terms of 
labour requirements.   

Can be effectively adopted in many parts of the 
world.  

References  

(1) Abogabal, A. et al., 2018. Riverbank filtration in Cairo, Egypt—part I: installation of a new riverbank 
filtration site and first monitoring results. Environmental Earth Sciences. 

(2) Kuehn, W. & Muller, U., 2000. Riverbank filtration: an overview. Journal American Water Works 
Association. 

(3) Shamrukh, M., 2006. Feasibility Of Riverbank Filtration for Water Supply in Nile Valley, Egypt. 
Cairo, s.n. 

C.1.5 Seawater 

Seawater is water from a sea or an ocean, and salinity levels varies at different locations across the 
world. Seawater has a global average salt content or salinity mass concentration of about 35 g/kg or 35 
parts per thousand (ppt) with a typical range of 30-37 ppt. The average density of seawater at the surface 
is 1.025 kg/L. Seawater pH is typically limited to a range between 7.5 and 8.4.   

The salt content is primarily sodium (Na+) and chloride (Cl−) ions.  The main contents of seawater are as 
follows: 

Table C.2: Dissolved salts in sea water 

Component Mass (g) 

Pure Water 965.31 

Chloride 19.1 

Sodium 10.62 

Magnesium 1.28 

Sulphate 2.66 

Calcium 0.40 

Potassium 0.38 
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Component Mass (g) 

Minor Constituents 0.24 

Trace Constituents 0.01 

Total  1000 
*  Remarks: The salinity in sea water is 35 ppt which means 35 g of dissolved salt/kg sea water = 35 ppt (35,000 ppm) 

Anions: Primarily chloride Cl ,̄ with lesser content of sulphate SO42 ,̄ bicarbonate HCO3 ,̄ bromide Br  ̄and 
nitrate NO 3 ;̄ 

Cations: Primarily sodium Na+, with lesser content of magnesium Mg2+, calcium Ca2+ and potassium K+; 

Suspended solids:  Mainly zooplankton and phytoplankton; with increased content of sand, silt and other 
soil materials in estuaries and close to land, and 

Dissolved organic matter:  Total organic carbon (TOC) may be indicated in tests, but tests are 
complicated by the presence of chlorides in the seawater. 

C.1.6 Rainwater 

Rainwater is freshwater as it is sourced from precipitation deriving from condensate that had formed 
in the air.  However, rain performs its natural function of removing pollutants of gas and particulate forms 
from the atmosphere, resulting in some chemical and particulate contamination of the fallen rainwater.  
The contamination will be further exacerbated when stored for use, as collection and storage points are 
exposed to further pollution between periods of rainfall.   

Collected rainwater may be contaminated by wind-carried dusts and particulates, leaves, faecal 
droppings from birds and animals, insects and other pollutants.  As a result, microbial contamination of 
rainwater may be similar to that of fresh surface waters, albeit to a much lesser extent. The risk of 
contamination will be high after a prolonged period of no rain; usually, the initial flows of collected 
rainwater is normally very high in contaminants, but gradually reduces with continued rainfall. In any 
case, the use of untreated rainwater as potable water carries a health risk. 

Rainwater is naturally slightly acidic and very low in dissolved minerals; as such, it is relatively 
aggressive.  The absence of minerals in rainwaters is a major difference between it and surface waters. 

Rainwater harvesting systems are used for the collection and storage of rainwater.  These systems may 
be installed in residential houses, commercial centres and public facilities. The rainwaters from these 
systems are normally at best only filtered and usually not chemically disinfected. 

The use of rainwater harvesting is not normally considered for municipal or community water supplies 
as they pose a health risk; the harvested rainwater need to be constantly monitored for bacterial 
contamination and possible contamination by heavy metals from roofing decks.  In addition, the 
plumbing system of rainwater harvesting systems shall never be cross-connected with normal potable 
water supplies to avoid the risk of cross-contamination into public water supply system. 

Due to the abundance of surface waters in Malaysia and the complications of the rainwater harvesting 
system, rainwater will never be considered as a useful source for municipal water supplies or even 
community use. The use of rainwater harvesting systems may be considered more for environmental-
conscious (“green”) purposes.  Although rainwater harvesting may not be cost effective, it is increasingly 
being considered for residential type properties and mostly for use as non-potable water such as in toilet 
flushing systems, watering of plants, etc. In such cases, there needs to be a separate plumbing system in 
order to prevent any potential contamination of the potable water line.  
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C.1.7 Atmospheric Water 

Most water harvesting methods have been used to harvest liquid water such as ground water harvesting, 
rain water collection and water desalination. However, not all communities have access to liquid water 
sources. It is estimated that there are 12,800 trillion liters of renewable water in the atmosphere. Hence, 
atmospheric water harvesting becomes a viable solution for communities in areas where any liquid 
water is unavailable.  The main type of atmospheric water harvesting is dew water harvesting. 

Dew water harvesting is generally preferred as it is not constrained by climatic and geographical factors. 
Dew water harvesting is typically performed by an atmospheric water generator (AWG). 

The AWG is usually an electrically-powered equipment of proprietary design that produces drinking 
water out of the moisture of the air using the dehumidification principle. Essentially, the AWG consists 
of a coolant system which condenses the incoming humid air by dropping the temperature of the air to 
below its dew point, using desiccants, or pressurizing the air. In certain AWGs, the harvested water is 
sanitized further through a purification process using an anti-bacteria air filter which removes chemicals, 
bacteria and pollutants. 

Non-commercial (i.e., domestic type) AWG units are reported to have capacities of 20 to 40 litres per day 
while commercial AWG units are reported to have capacities from 800 to 6,000 litres per day. 

Potential commercial users should be aware that typical AWG units may require significant power 
sources; Designers and Licensees should always check on the unit power consumption of the units. 
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C.2 ASSESSMENT OF RAW WATER QUALITY 

C.2.1 General 

An important aspect in the sourcing of water for WTPs is to determine the characteristics of the raw 
water quality that has been identified as a potential source. The quality of raw water is a major factor in 
the selection of a suitable treatment process to be provided at the WTP.  

To establish the level of treatment required for a particular raw water source, water quality data must 
be obtained for assessment.  Preferably, the data shall extend over a historical period of say five years in 
order to have a better understanding of the trend in the quality that would also cover the seasonal 
variation. For river water sources, data could be obtained from the records of the Department of 
Environment (DOE) if there is a DOE monitoring station adequately near enough to the proposed 
abstraction point. Another potential source of water quality records, is from WTPs in the vicinity that 
abstract water from the same river source.  

Often long-term trends in water quality are not available for assessment. If there is no water quality data 
available, grab samples would need to be collected. The locations of grab sampling points must be 
representative of the water source from which water will be abstracted for subsequent treatment. 
Preferably, more than one grab sample is collected to capture seasonal variations in the source water. 

C.2.2 General Criteria for Raw Water Sampling and Laboratory Analyses 

The sample collection and laboratory analysis of raw water is preferably undertaken by an accredited 
laboratory for better assurance of the results.  Accredited laboratories have standard procedures, proper 
quality assurance and quality control measures to ensure the following: 

(i) Avoid possible contamination of samples, including storage methods that preclude conditions that 
can alter the properties of the sample. 

(ii) Proper storage, preservation and handling techniques to ensure integrity of the samples. 
(iii) Samples are collected correctly and consistently. 
(iv) Equipment are properly calibrated. 
(v) Analytical methods are in accordance with international standards. 

The samples shall be tested for a full range of parameters such as that listed in the Ministry of Health 
(MOH) Raw Water Quality Guidelines. 

C.2.3 Water Quality Assessment Criteria 

The raw water quality data obtained for the source water shall be assessed to determine the suitability 
for use as a potable water source. The assessment shall, at a minimum, be made against the MOH water 
quality criteria and standards.  

The MOH has two sets of water quality criteria, one that covers the raw water quality and another for the 
treated water.  

(1) MOH Raw Water Quality Criteria 

This first set of criteria provides the maximum acceptance levels of characteristics and constituents in 
raw water for conventional water treatment. If exceeded, special treatment may be required. This is a 
recommended set of guideline values for microbiological, physical, chemical and radioactive constituents 
of raw water. These guideline values reflect the general limits that are acceptable in the raw water in 
view that they can be readily treated to safe levels.  
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(2) MOH Drinking Water Quality Standards 

The MOH drinking water quality standards are essentially the basic set of standards for the maximum 
acceptance levels of characteristics and constituents in drinking water necessary to ensure protection of 
the health and wellbeing of the consumer. Most of the stipulated concentration levels in the MOH 
standards are based on the World Health Organisation (WHO) Guidelines for Drinking Water, 1996.  

The MOH drinking water standards are applicable to all water intended for human consumption. This 
includes drinking water from all public water supply systems, tank supplies and water used for bottled 
drinks and ice manufacturing.  

The standard stipulates that the drinking water must be clear, and does not have objectionable taste, 
colour and odour. It must be pleasant to drink and free from all harmful organisms, chemical substances 
and radionuclides in amounts which would constitute a hazard to the health of the consumer.  

The standards list the major characteristics and constituents measured in terms of microbiological, 
physical, chemical and radioactivity parameters with their recommended maximum limits that shall not 
be exceeded for protection of the consumer.  

If the characteristics or constituents in water after repeated sampling exceed the recommended 
standards then it shall be investigated by personnel from the Department of Health and the water 
purveyor immediately to ascertain the cause and to remove the source of contamination. If the measures 
fail repeatedly, the public shall be notified and possibly an alternative source of supply should be sought.  

The parameters listed do not carry equal significance. In the current standards, more emphasis is given 
to parameters relating to the bacteriological quality, disinfection and chemical toxicity of the water and 
this is reflected by the higher recommended frequency of monitoring for these parameters as set forth 
by MOH in their standards. 

C.2.4 Identification of Critical Raw Water Quality Parameters  

A key objective in the raw water quality assessment is to identify those water quality parameters 
that exceed the raw water quality guideline limits significantly and consistently. Detailed water 
quality investigations shall be carried out to establish if the raw water is suitable for use as a potable 
source. This will involve laboratory analysis to determine the concentrations of the parameters found in 
the source water, followed by laboratory scale tests and possibly even pilot testing to determine if the 
water is amenable to treatment.  The first choice for treatment should always be to use conventional 
processes since these are usually tried and proven, generally more cost effective and operators are more 
familiar with the system. Hence, the tests that are carried out will be to firstly determine if the water can 
be treated using such processes. Only where conventional steps are not able to treat the water to the 
desired standards would special or advanced treatment be considered. 

Some of the key parameters of health concern and those which determine the type of treatment required 
in a WTP, are described here. 

 Microbiological Parameters 

In the past, the main focus in the control of pathogenic microorganisms in water, were related to bacteria, 
viruses, protozoa and algae. In the more recent years, additional disease agents such as Cryptosporidium 
and Giardia have been discovered due to improved sampling and analytical techniques; further concerns 
have also emerged over new strains of viruses and their possible presence in water. All these have 
spurred the need to further enhance water treatment possibly with the addition of specialised processes.  

There are a wide range of known pathogens that have the potential to cause waterborne diseases and 
monitoring of these pathogens on a routine basis is difficult to achieve since isolating and identifying 
each pathogen is usually beyond the capability of most water utility laboratories. Instead, some 
organisms are selected as indicators of the level of microbial contamination in the water. Total coliform, 
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faecal coliform and Escherichia coli (or commonly referred as E. coli) are the organisms that are typically 
used as indicators. Total coliforms are a group of bacteria that is widely found in the environment and 
treatment of water that provides coliform-free water should also remove other pathogens. Faecal 
coliforms are a sub-set of the total coliform group and E. coli is the major sub-set of the faecal coliform 
group. These are better indicators of contamination from human and animal waste and are typically 
found in lower densities than total coliforms. MOH currently does not have a guideline limit for E. coli.  

With the discovery of disease agents such as Cryptosporidium and Giardia, there is growing concern that 
the usual method of disinfection using chlorine may not be adequate. Tests should be carried out to 
determine if these organisms are found in the raw water source particularly if there is potential for 
contamination from animal wastes. 

 Physical Parameters 

The physical characteristics of water in water supply often translate to consumer confidence and 
satisfaction in the water received. Parameters that are included in this grouping are pH, turbidity, solids 
content, colour, hardness, taste and odour. These are also the key parameters that help determine the 
main type of treatment process steps that are needed at a water treatment facility. 

(1) Inorganics - Ammoniacal Nitrogen, Total Nitrogen, Nitrate and Phosphate 

This grouping of inorganic constituents provides an indication of the level of contamination received by 
the river from sewage or industrial effluent discharges and from the use of fertilisers in agricultural 
activities within the river basin.  

Ammoniacal compounds are found in most natural waters but high levels may be an indicator of recent 
pollution by either sewage (especially if associated with excessive bacterial pollution) or industrial 
effluent. The level of free ammonia in water is also of importance as they determine the amount of 
chlorine dose required for disinfection in the WTPs. The WHO considers that there is no health risk 
associated with levels of ammonia in drinking water but a maximum limit of 1.5 mg/l has been set to 
avoid taste and odour problems. This is also the standard adopted by the MOH.  

Nitrate is the final stage of oxidation of ammonia and is also the product of the mineralisation of nitrogen 
from organic matter. The oxidation process in soil and water is mainly achieved by nitrifying bacteria. 
Large amounts of nitrates can be found in sewage effluents and the use of nitrogenous fertilisers on land 
can also contribute to increased nitrates in surface waters. Waters containing high nitrates can be 
harmful to infants potentially causing methaemoglobinaemia (“blue” baby). The MOH guideline for 
nitrate is 10 mg/l.  

Phosphates in surface waters may originate from runoff over land where inorganic fertilisers have been 
used. Phosphates may also originate from sewage effluents that contain phosphate-based synthetic 
detergents. Phosphorus is often the limiting factor that contributes to the water having the potential for 
eutrophication where enhanced algal or plant growth creates problems particularly in lakes and 
reservoirs and certain specific algae produces toxins that may be harmful to humans. There are no limits 
for phosphorus in the MOH drinking water standards (nor under the USEPA and WHO standards); the 
UK standard is set at 2.2 mg/l. 

Chlorophyll a is a parameter that is not commonly measured but can be a useful indicator for 
eutrophication in the water body. 

(2) Inorganics – Metals 

Iron. Generally, the concentration of iron in most of the Malaysian rivers is found to be within the range 
of 1.0 mg/l and 5.0 mg/l. Iron is an essential element in the human diet and most people ingest about 7 
to 35 mg/day. As such, the concentrations found in drinking water are not harmful, however, levels of 
iron above 1 mg/l can have a bitter taste and may cause staining on laundry and plumbing fixtures.  
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The iron found in Malaysian waters are mainly in particulate form and these can be readily removed 
through pre-chlorination, oxidation and/or aeration followed by adequate coagulation, flocculation and 
filtration.  

Manganese. Manganese is an essential element that is required for the proper functioning of both 
humans and animals in many cellular enzymes. Manganese is used principally in the manufacture of steel 
and iron alloys and various products such as batteries and fireworks. Other manganese compounds are 
used in fertilizers and fungicides.  

Similar to iron, excessive levels of manganese in water may cause undesirable taste in drinking water, 
scaling in plumbing fixtures and staining of laundry. The MOH guideline for manganese is 0.1 mg/l. 

Heavy metals – arsenic, cadmium, chromium, lead, mercury. Heavy metals are parameters of 
concern because they may be toxic at low concentrations. Because of their high degree of toxicity, these 
five elements rank among the priority metals that are of great public health significance. Testing of these 
heavy metals should be carried out for raw water sources particularly from ex-tin mining ponds.  

(3) Organics - BOD, COD, TOC  

Organic compounds in water are mainly derived from either the breakdown of naturally occurring 
organic materials or from domestic and commercial activities within the river basin. The predominant 
amounts of organics are from fulvic or humic materials from the decomposition of plants and animals. 
The organic content in a raw water source is an important consideration in the treatment of drinking 
water because of the potential for the organics to serve as precursors in the formation of tri-
halomethanes or THMs (e.g. chloroform) which can be carcinogenic, during the disinfection process. 

There are three (3) parameters that are usually tested as indicators of the overall organic content in 
water, and these are biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total 
organic carbon (TOC).  

BOD. This parameter measures the oxygen required to biochemically degrade organic matter in water 
and also measures the oxygen needed to oxidise inorganic materials. BOD is therefore an indicator of the 
overall amounts of organics that can be found in the tested water source. In uncontaminated waters, BOD 
levels are typically in the order of 2 to 4 mg/l. The MOH acceptable limit for BOD in raw water is 6 mg/l. 

COD. COD is another method of estimating the gross concentrations of organics in water. The MOH 
recommended raw water guideline limit for COD is 10 mg/l. 

TOC. TOC is a composite measure of the overall content of organics in water. The measurement of TOC 
is useful in helping determine whether treatment of organics is necessary at a treatment plant. There are 
no guideline limits in drinking water for TOC, whether in Malaysia or internationally. Typically, for 
surface waters, TOC concentrations range between about 1 to 5 mg/l. Whilst in the U.S. and other 
developed countries, TOC has become a common parameter to be monitored; in Malaysia, this is still 
relatively new 

(4) Organic Contaminants - Hydrocarbon, Pesticides, Herbicides 

Organic contaminants that sometimes finds its way into a water source due to surface runoff, accidental 
spills, or discharge from industries, can be in the form of: hydrocarbons which are mainly derived from 
petroleum, mineral oils, coal tar products and other derivatives produced by petrochemical processes; 
pesticides and herbicides which are principally chemicals that are used in the application on 
agricultural land for control of plant growth or insects and other pests. These contaminants can have 
varying health effects depending on the types of chemicals that are found in the compound.  

The MOH sets guidelines on phenols and oil & grease, as well as a list of ten organochlorine pesticides 
as a measure of control on these contaminants in drinking water. UK has a standard for dissolved and 
emulsified hydrocarbons whereas the WHO and United States Environmental Protection Agency 
(USEPA) has standards on benzene and other specific hydrocarbons. In terms of pesticides, the UK 
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regulations stipulate a limit of 0.5 µg/l for total pesticides as well as guidelines for a list of 39 pesticides, 
whereas the USEPA has set the Maximum Contaminant Levels (MCLs) for 29 pesticides and their 
derivatives. 

(5) Radioactivity 

Radioactivity in water can be naturally occurring or derived from human activities such as nuclear fuel 
and power industry or medical uses. Radioactivity in water is important from the standpoint of the 
potential health effects. However, humans receive radiation from all sources and the dose of radioactivity 
accrued from drinking water is quite small compared to natural background radiation.  

The measurement of radioactivity in water is primarily in the form of gross-α and gross-β although some 
international standards include limits on specific elements such as uranium, tritium and thallium. The 
MOH limits for gross-α is 0.1 Bq/l and for gross-β is 1.0 Bq/l. In comparison, the WHO drinking water 
quality guidelines has raised the guideline value of gross- from 0.1 to 0.5 Bq/l. 

C.2.5 Emerging Pollutants 

The critical parameters described in the preceding section C.2.4 are contaminants that have already 
entered the water sources arising from development and the human activities within the water 
catchment. Also, with the continuing increase in development, larger percentages of the water sources 
are derived from return flows. This brings higher risk of new and emerging pollutants entering the water 
bodies, such as pharmaceuticals, cosmetic products, industrial and household products, industrial 
additives, microplastics, etc. 

Emerging pollutants are any synthetic or naturally-occurring chemical or any microorganism that is 
not yet widely monitored or regulated in the environment by the national or international laws. These 
pollutants are classified as “emerging” due to the rising concern as they have potentially known or 
suspected adverse ecological and human health effects. Typically, most of these pollutants are used and 
released continuously into the environment and may cause disruption to the endocrine systems of 
humans and aquatic wildlife, development of bacterial pathogen resistance and chronic toxicity. 

C.2.6 Trends in Raw Water Quality due to Existing and Future Land Use 

In addition to identifying critical water quality parameters, the water quality assessment shall also look 
into the changing trends in the water quality. This arises from land use activities within the catchment 
area above the intake point. Understanding the existing and future land use will help in determining the 
expected changes to the river water quality, the long-term suitability of the source water and the level of 
treatment required. 

C.2.7 Tests to Establish Water Treatment Processes 

To establish the suitability and level of treatment required for a particular source water, tests to be 
carried out on the raw water source can include laboratory scale tests (widely referred to as jar tests) or 
pilot scale tests.  

Laboratory scale tests can be carried out by accredited laboratories based on a series of tests to be 
determined from the assessment of the raw water quality. These tests are carried out with the objective 
to gauge the treatability of the raw water using conventional treatment processes, determine the type 
and dosage requirements of chemicals (such as coagulants and polyelectrolytes, pH correction and 
disinfection chemicals) suited to the raw water. 

Pilot scale tests are typically carried out only when special or advanced process systems are deemed 
necessary for the treatment of a source water. Pilot tests involve design of a scaled-down system of the 
recommended process system, purpose-built and installed such that actual treatment can be carried out 
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to check whether the raw water can be treated to achieve the desired safe standards, thereby confirming 
the adequacy of the process system in treating the water before the actual plant is constructed. 

C.2.8 Compliance of Drinking Water Standards 

Currently all WTPs operating in Malaysia are required to treat raw water to be in compliance with the 
latest Ministry of Health (MOH) National Standard for Drinking Water Quality. The standards provide a 
basis for determining the quality of water to be supplied to consumers in Malaysia. The standards have 
been developed with the main emphasis on public health safety and aesthetics in the quality of drinking 
water supplied to the consumers. Most of the stipulated concentration levels in the MOH standards are 
based on the WHO Guidelines for Drinking Water. 

The safety of water in public health terms is determined by its microbial, physical, chemical and 
radiological quality. Microbial quality has been considered the most important aspect of water quality in 
view of the significant number of water related health problems which are linked to microbial 
contamination in drinking water. In recent years, health concerns are now also being linked to chemical 
contamination in drinking water which can cause toxic, carcinogenic or even genetic adverse health 
impacts if found in high levels. This has led to the introduction of more stringent limits in international 
drinking water standards such as the USEPA and European Commission standards..  

In comparison with other international standards from developed countries such as the UK Water Supply 
Regulation and the USEPA Regulations for Safe Drinking Water, certain parameters in the MOH standards 
are less stringent. The drinking water standards of countries such as the US, Canada, Australia, etc are 
set at various levels that allow some consideration of the ability of existing plants to meet the standards. 
This is in view that the more conventional process systems used in older plants may find difficulty in 
meeting the increasingly stringent drinking water standards and major investments would be required 
if such stringent standards are strictly imposed on all WTPs. For instance, the USEPA has a set of 
standards under the Primary Drinking Water Regulations that are mandatory standards and they also 
have Secondary Drinking Water Standards that are essentially guideline values and are not enforceable. 
In addition, variances are allowed if a water treatment facility cannot comply with the Primary 
Regulations; this in essence is an extension of time for a facility to install other systems that will make 
compliance possible. 
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C.3 INDUSTRIAL WATER 

C.3.1 General 

Industrial water is treated water used by industries mainly for manufacturing purposes. The water 
quality standards required for industrial water varies according to the type of industrial processes 
involved, so no single standard will be necessary.   

Industrial water may not need the standards required for potable water, and indeed may be averse to 
added chemicals like fluoride and chlorine as found in drinking water.  As industrial water does not 
necessarily follow drinking water standards, it is classed as non-potable water. 

Sources.  Industrial water may be taken from raw water sources and treated accordingly to meet the 
standard required for the industrial process involved.  Water may be taken from the drinking water 
supply and may be processed to de-chlorinate or de-fluoridate the water as may be necessary. 

Reuse and recycling.  Industrial water is not consumed and may either be reused or recycled.  In 
industrial water reuse, the water may be reused several times within the industrial processes and 
eventually discharged.  However, the water may have been degraded to some extent by the processes 
with which it has been used.  Where the water quality may have degraded after first or subsequent use, 
some intermediate treatment may be necessary before the next use.  The water may need to be treated 
before being discharged into the natural environment.  Industrial water reuse is illustrated in Figure C.5 
below. 

 
Figure C.5: Types of industrial water reuse 

In water recycling, the water used after undergoing the industrial process will be recycled as illustrated 
in Figure C.6.  Make-up water (top up water) is introduced to compensate for any losses in the system.   

 
Figure C.6: Industrial water recycling 

Some industrial wastewater may have been degraded by substances such as heavy metals or acids that 
have introduced into the water by the industrial processes. This needs treatment before discharge into 
the environment. This should be done on site and may involve particular wastewater treatment 
processes such as grit removal, oil & grease removal, filtration and neutralisation.  
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C.4 RECYCLED WATER 

C.4.1 Source of Recycled Water 

Recycling of wastewater will not be in the scope of these Guidelines, but intended to be covered under 
other SPAN guidelines. 

Recycled water is water resulting from the treatment of wastewater that is suitable for a direct or 
indirect beneficial use.  

Wastewater consists of two general types: 

(i) Domestic (municipal) wastewater 
(ii) Industrial wastewater. 

(1) Domestic wastewater 

Domestic wastewater consists of: 

(i) Sewage – which is all the wastewater from sewerage systems. 
(ii) Grey water – which is all the wastewater generated from domestic and commercial sources that 

are non-sewage in origin, consisting mainly of the effluent discharges from wash basins, showers 
and baths; it also includes the wastewater from laundry and dishwashing activities. Grey water 
is considered as a separate category from sewage as it may be generally safer to handle and 
easier to treat for recycling for non-potable use. 

(2) Industrial wastewater 

Industrial wastewater is waste water that is produced from the manufacturing or chemical processes 
in industries. Industrial wastewater typically contains organic and inorganic matter in varying levels of 
concentration.  

C.4.2 Recycling of Wastewater 

Recycled water is water resulting from the treatment of wastewater that is suitable for a direct or indirect 
beneficial use. Water reuse from recycled water is a form of alternative water supply which should be 
given due consideration particularly in areas where available traditional forms of fresh water supply are 
overcommitted and there are difficulties in meeting increasing water demands. Treated municipal 
wastewater represents a reliable and significant source for recycled water.  

The successful implementation of recycled water is influenced by factors such as the availability of fresh 
water sources, the perception of safety in the use of recycled water, political will and policies governing 
water resources management. The use of water recycled from municipal wastewaters are mainly for non-
potable applications, such as in the following areas: - 

(i) Agricultural irrigation – on certain crops and commercial nurseries;  
(ii) Landscape irrigation – of parks, playground, school fields, golf courses, green belts, residential 

landscapes, etc; 
(iii) Industrial – as cooling water. boiler feed, process water; 
(iv) Groundwater recharge – for replenishment or against salt-water intrusion; 
(v) Recreational / environmental – manmade lakes, stream flow augmentation, and 
(vi) Non-potable urban use – fire protection, toilet flushing, air conditioning, construction, etc. 

There are various factors that need to be considered in examining the potential for water recycling 
applications. One of the key motivating factors is the increasing scarcity of fresh water sources. This is 
the driving force for water recycling to become an essential component of an integrated and sustainable 
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overall water resources management practice. Other factors that challenge the successful 
implementation of water recycling are the availability of treatment technologies that are cost effective 
and reliable; planning, design and installation of dual plumbing recycled water distribution network; and 
perhaps the most challenging being the public acceptance of recycled water. With the advancements in 
treatment technology, water recycling and reuse are now safer and more reliable, although the treatment 
methods would usually require higher levels of operation and maintenance, as well as higher production 
cost.  

C.5 WATER SAFETY PLAN 

Water safety plan (WSP) is defined by the WHO as “a comprehensive risk assessment and risk 
management approach that encompasses all steps in water supply from catchment to consumer”. This is 
an important management system that should be established and implemented by water supply 
stakeholders to ensure the water supply remains at the desired quality and thereby minimize the risks 
in the safety of drinking water. 

C.5.1 Objectives of a Water Safety Plan 

The main purpose of developing a WSP is to enhance the management and operations of a water supply 
system, ultimately ensuring safe drinking water to the consumer. The main objectives of a WSP are:  

 To minimise contamination of the source waters; 
 To ensure adequate removal of contaminants through the treatment process, and 
 Prevention of re-contamination during storage and distribution of the treated water. 

C.5.2 Principles of a Water Safety Plan 

The principles of a WSP are based on a risk management strategy using a systematic approach towards 
ensuring the safety of a drinking water supply. Successful implementation and effectiveness of the WSP 
will depend on all stakeholders including the water utility operators (for both treatment and 
distribution), state and federal government authorities involved with land, water and public health and 
also the general public and consumers of the water.  

The development and successful implementation of a WSP requires commitment at all levels and also 
demands the support in terms of management and financial aspects as the WSP may translate to 
requirements for detailed assessment of the supply system, updating or revising operational procedures, 
implementing mitigating measures and controls where risks have been identified, undertaking 
compliance monitoring, etc.  

The WSP is a dynamic and practical process which will need to be re-visited and updated from time to 
time to take into account of any changes to the overall water supply system from source to the end 
consumer. The WSP will comprise three key elements: 

 A system assessment; 
 Effective operational monitoring, and 
 Proper management plan; 

The development and implementation of the WSP will be based on the above three key components 
and will involve the following activities:  

(i) Assessment of the overall water supply system to determine whether it will be able to deliver 
water of a quality that meets the health-based targets; 

(ii) Identification of potential sources of contamination; 
(iii) Identification of the control measures to mitigate identified risks to the water supply; 
(iv) Validation of the control measures employed; 
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(v) Implementation of an operational monitoring system that will be able to detect in a timely 
manner any deviation of the water supply from the required performance; 

(vi) Corrective actions to ensure supply of safe drinking water, and 
(vii) Verification of the effectiveness of the WSP. 

An overview of the key steps in the development and implementation of a WSP is summarised in the 
flowchart shown in Figure C.7.  

 

Figure C.7: Key steps of a water safety plan  
(Source: Water Safety Plan Manual, WHO, IWA) 
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TREATMENT PROCESS 

D.1 WATER TREATMENT PROCESSES 

D.1.1 Introduction 

Most sources of raw water in Malaysia intended for public water supply will need treatment before the 
water can be safe for human consumption. Among the key objectives in the development of a WTP is to 
determine the type of treatment processes and level of treatment needed for a particular source of raw 
water. The aim of this section of the Guidelines is to describe the various processes commonly used for 
water treatment and its suitability for treating the substances typically found in the raw waters in this 
country. 

The treatment processes to produce safe drinking water generally involves chemical treatment and 
physical treatment. Under certain circumstances, biological treatment may also be included as an 
additional step to the chemical/physical processes particularly for removal of organics. The selection of 
the processes needed at a specific water treatment facility will depend on the source water quality. When 
the selected processes are combined effectively, the water treatment facility must produce treated water 
that consistently meets the desired standards with optimum efficiency in terms of operations as well as 
cost.   

The main types of treatment processes used in water treatment are summarised in Figure D.1, with brief 
descriptions of these processes provided in the following sections. The processes are described following 
the typical sequence required at the WTP. 

D.1.2 Pre-Treatment 

Pre-treatment of raw water may involve pre-sedimentation and chemical pre-treatment such as 
oxidation and pH adjustment of the source water before it enters the main physical and chemical 
treatment processes. 

 Pre-Sedimentation 

The objective of pre-sedimentation is to allow for some of the suspended and colloidal materials in the 
raw water to settle out before the main treatment.  This is usually achieved in a bunded storage reservoir 
or purpose-built tank.  The amount of pre-sedimentation that can be achieved depends on the retention 
time available in the storage reservoir/tank. Longer retention times allows for higher amounts of solids 
to be settled out. With the settling of solids, some of the key contaminants that can be reduced include 
total suspended solids, turbidity, ammonia and possibly even some organics.  

 pH Adjustment 

pH adjustment is important at various points along the treatment process train for full optimisation of 
the treatment processes, such as in the preparation for the coagulation and flocculation steps and after 
disinfection. The necessary adjustment of pH for optimisation of treatment usually requires the 
understanding of the chemistry and the reactions that take place in the water.  

pH adjustment as a pre-treatment step is essential if the raw water source has the properties of either 
high pH or low pH. High pH waters is not common, however, low pH waters may be present in rivers that 
traverse through peaty areas. Lime or soda ash is usually added to raise the pH of raw waters to the 
optimum required for the subsequent coagulation process to be most effective. 
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Figure D.1: Summary of typical chemical and physical treatment processes 
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 Oxidation  

Oxidation of inorganic constituents such as iron and manganese (chemical oxidation using strong 
oxidants are usually more effective than aeration in oxidising iron and manganese that are complexed 
with organics), as well as certain synthetic organic compounds such as pesticides, etc. may be introduced 
at the start of the treatment. These oxidised compounds are then removed later during the subsequent 
physical treatment process such as coagulation, flocculation, sedimentation and filtration processes. 

Oxidation is also applied in the pre-treatment of raw water for the following purposes: 

 To reduce taste and odour-causing compounds, and 
 To control algae growth in treatment plant structures (many chemical oxidants have disinfecting 

properties). 

The various forms of oxidation processes are described here. 

(1) Aeration 

Aeration is commonly applied in WTPs in Malaysia. Aeration involves bringing air or other gases in 
contact with water to transfer volatile substances from the liquid to the gaseous phase and to dissolve 
beneficial gases into the water. In this way, volatile organic compounds and various aromatic compounds 
responsible for taste and odours are removed from the water.  Gases that may be dissolved into water 
include oxygen and carbon dioxide. Aeration is used in water treatment to achieve the following 
objectives:  

 Reduce the concentration of taste and odour causing substances, such as hydrogen sulphide;  
 Remove various organic compounds by volatilization or oxidation; 
 Oxidise iron and manganese rendering them insoluble;  
 Increase the dissolved oxygen content of the water, and  
 Decrease the carbon dioxide content of the water thereby reducing its corrosiveness and raise its 

pH value. 

Aeration Methods 

There are generally two main aeration methods which are: 

(i) Water into air aeration – produce small drops of water that fall through air, and 
(ii) Air into water aeration – create small bubbles of air that rise through the water being aerated.   

There is a wide variety of equipment that can be used to achieve the two methods of aeration. The more 
common types of aerators are discussed and characterized in Table D.1 (page 166). 

(i) Water into air aerators. 

(a) Cascade aerator: 

A cascade aerator is a series of steps that may be designed like a stairway or stacked metal rings. 
With cascade aerators, increase in exposure time and area to volume ratio are obtained by allowing 
water to flow downward over a series of steps or baffles. The simplest cascade aerator is a concrete 
step structure that allows water to fall in thin layers from one level to another. The exposure time 
can be increased by increasing the number of steps, and the area to volume ratio can be improved 
by adding baffles to produce turbulence. This type of aerator can be used to oxidize iron and to 
partially reduce dissolved gases. Operating problems encountered include slime and algae build 
up within the structure. Cascade aerators are widely used in Malaysian WTPs since the iron content 
in the Malaysian surface waters are fairly high in most cases. A carbon dioxide stripper may be 
used in lieu of an aerator for groundwater sources if free carbon dioxide is in excess of 40 mg/l.   A 
typical circular cascade aerator is shown in Photo D.1. 
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Photo D.1: Typical circular cascade aerator 

(b) Draft aerators: 

There are two types of draft aerators, the positive draft tube and the induced draft tube.  Positive 
draft aerator consists of a tower of tiered slats and an external blower that provides a continuous 
flow of air. The water is introduced at the top of the tower and as it flows and splashes down 
through the slats, it is subjected to a high velocity air stream from the blower. The impact caused 
by the free-falling droplets of water hitting the slats aids in releasing dissolved gases. The high 
velocity airflow rushes past the water droplets, carrying away CO2, methane or hydrogen sulphide 
and constantly renewing the supply of dissolved oxygen needed to oxidize iron and manganese. 
The induced draft aerators differ in that it has a top mounted blower which pulls an upward flow 
of air from vents located near the bottom of the tower.  Figure D.2 shows an example of a 
forced/induced draft aerator. 

 
Figure D.2: Forced/Induced Draft Aerator  

(WesTech Engineering Inc., 2020) 
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(c) Spray aerators: 

Spray aerators direct water upwards, vertically or at an inclined angle in a manner that causes 
water to break into small drops. Installations commonly consist of fixed nozzles or a pipe grid 
located over an open top tank. Spray aerators are efficient systems with respect to gas transfer 
such as carbon dioxide removal or oxygen addition. However, there is a tendency for clogging to 
occur and they require a large collecting area. This type of aerator is normally used on ground 
waters.  An example of a spray aerator is shown in Photo D.2. 

 
Photo D.2: Spray aerator  

(EnviroTek Industries Pty Ltd, 2017) 

(d) Packed towers: 

Packed towers or air strippers consist principally 
of a cylindrical tower with packing material 
contained in the tower and a centrifugal blower. 
They are very efficient aeration systems developed 
primarily for removal of volatile compounds from 
contaminated waters. The extremely large surface 
area provided by the use of packing material in a 
column, combined with forced air flowing counter 
to the flow of water, provides considerably more 
liquid to gas transfer compared with other aeration 
methods. The application of packed towers in 
drinking water treatment is usually for ground 
waters that have low suspended solids, since these 
can clog the packing very rapidly.  Figure D.3 shows 
a schematic of a packed tower. 

Figure D.3: Schematic of a packed tower 
(Crittenden, Trussell, Hand, Howe, & 

Tchobanoglous, 2012) 
 



 
 

PART D  :  Treatment Process 

    162 

(ii) Air into water aerators. 

(a) Diffusers: 

Diffuser aeration systems typically consist of compressed air piping, manifolds and diffusers 
placed within an aeration basin or tank. The piping is usually made of steel or plastic and the 
individual diffusers may be plastic or metallic devices, porous ceramic plates, or simply holes 
drilled into manifold pipes. The air diffusers release tiny bubbles of compressed air into the water, 
usually near the bottom of the aeration basin. The bubbles rise slowly but turbulently through the 
water creating surfaces for the transfer of gases. This form of aeration is used primarily to increase 
the dissolved oxygen content in order to prevent tastes and odours. The essential piece of 
equipment in every diffused air system is the air compressor or blower.  An example of diffused 
aerators is shown in Photo D.3. 

 
Photo D.3: Diffused aerators 

(Aquarius Technologies LLC, 2017) 

(b) Draft tube aerators: 

A draft tube aerator consists of a submersible pump that rests on the bottom of a basin and is 
equipped with an air intake pipe extending to above the water surface. The partial vacuum created 
by the pump pulls air through the tube and mixes it with water at the pump intake. Aerated water 
is then directed outward along the floor of the basin. The method is a convenient, low cost method 
for adding aeration to an existing basin or tank.  A schematic of a draft tube aerator is shown in 
Figure D.4. 

(c) Mechanical aerators: 

Mechanical aerators consist of a mixing blade mounted on the end of a vertical shaft driven by a 
motor; air is entrained in the water by the violent agitation caused by the rotation of the mixing 
blades in the water. There are varying types of mechanical aerators: 

Surface aerators draw water into the blade of the aerator and throw the water into the air in tiny 
droplets and in this way the water picks up oxygen. Violent mixing is necessary for efficient oxygen 
transfer and release of unwanted gases, tastes and odours.  An example of a surface mechanical 
aerator is shown in Photo D.4. 
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Submerged aerators usually consist of two components: a submerged air diffuser and a 
submerged blade that mixes the air into the water.  

 
Figure D.4: Schematic of a draft tube aerator  

(Tsurumi Manufacturing Co., Ltd., 2019) 

 
Photo D.4: Surface mechanical aerator 

(WesTech Engineering Inc., 2007) 
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(d) Venturi aerators: 

Venturi aerators utilize Bernoulli’s Principle by creating a low pressure with an accelerated fluid 
which pulls in air through a suction zone that mixes and aerates the water. In conjunction with a 
self-priming pump, water is pumped from the source and enters the venturi aerator. As the water 
flows through the narrow section of the aerator, it accelerates hence creating a low pressure zone 
that draws atmospheric air in through the suction opening at a rate of up to 2.2 times the rate of 
the pumped water (Hydro Innovations, 2020). Unlike other aerators that are typically located in 
or on the water source, a venturi aerator is situated on the banks of the water source. This reduces 
any risk during installation and lowers installation costs from the omission of floating walkways, 
overhead cranes or tethering systems. Regular maintenance and monitoring are also made simpler 
and safer.  

An example of a typical bank-mounted venturi aerator is shown in Photo D.5, whilst a typical 
cross-section is provided in Figure D.5. 

 
Photo D.5: Typical bank-mounted venturi aerator 

(Venturi Aeration, Inc. venturi aerator) 
 

 
Figure D.5: Cross Section of a typical venturi aerator 

(Mazzei. venturi injector) 
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(e) Pressure aerators: 

There are two basic types of pressure aerators; the objectives of both is to aerate water under 
pressure. In the first type, water is sprayed into the top of a closed tank while the tank is 
continuously supplied with compressed air. Aerated water leaves the bottom of the tank. In the 
second type, compressed air is injected directly into a pressurized pipeline and adds fine air 
bubbles to the flowing water. With both systems, the higher the pressure used, the more oxygen 
dissolves into the water. Pressure aerators are primarily used for oxidizing iron and manganese 
for subsequent removal by settling, filtration or both.  

Operating Problems Related to Aeration  

Operating issues in relation to aeration are as follows: 

(i) Floating floc in clarifiers – Too much aeration may cause sedimentation problems in the 
subsequent clarification process. If small bubbles of excess air come out of solution and attach 
to the particles of floc in the clarifier, this causes the particles to float rather than settle, affecting 
the efficiency of the sedimentation process.  

(ii) Algae – in warm climates such as in Malaysia, cascading aerators are often located in the open 
and are exposed to direct sunlight. The wetted surface areas create excellent environment for 
growth of algae and slime.  

(iii) Clogged Diffusers – Air diffusers can be partly clogged either from dust in the air or from oil, 
debris or chemical deposits in the water that can collect around the diffuser opening.  

(iv) Energy consumption – regardless of the method used, aeration processes will normally require 
some form of energy supply. For instance, raw water usually needs to be pumped up to a cascade 
aerator; diffused aeration requires power to drive blowers; and mechanical aeration requires 
power to drive the aerator and the blowers. 
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Table D.1: Characteristics of typical aerator systems  

(Crittenden, Trussell, Hand, Howe, & Tchobanoglous, 2012) 

 Water into air aerators Air into water aerators 

Cascade 
aerator 

Draft aerators Spray aerators Packed towers Diffusers 
Draft tube 
aerators 

Mechanical 
aerators 

Venturi 
aerator 

Pressure 
aerators 

Description 

A series of steps 
that increases 
exposure time 

and area to 
volume ratio 

through 
downward flow 

of water over 
series of steps 

or baffles 

Water is 
introduced at 

the top of a 
tower and 

cascades down 
through a series 

of slats while 
subjected to a 
high velocity 
up-flow air 

stream 

Water is 
sprayed 

through a 
nozzle upwards, 
vertically or at 

an angle to form 
disperse 
droplets 

A cylindrical 
tower with 

packing 
materials that 

increases 
contact surface 
area between 

the water 
droplets and the 
counter-current 

air flow 

Manifold pipes 
with holes or 

diffusers 
submerged in 

aeration basins 
release slow 

rising but 
turbulent 

compressed air 
bubbles 

A submersible 
pump mixes air 
with water by 

creating a 
vacuum and 
pulling in air 
through an 
intake pipe 

extending to the 
water surface 

Mixing blades 
entrains air into 

the water 
through violent 
agitation on the 
surface through 
surface aerators 

or submerged 
with 

underwater air 
diffusers 
through 

submerged 
aerators 

High pressure 
water is passed 

through a 
venturi device 

and creates 
suction that 
mixes in air 
from a side 
suction port 

Aerates water 
under pressure 

by spraying 
water into a 

closed tank with 
continuous 
supply of 

compressed air 
or injecting 

compressed air 
directly into 
pressurized 
pipelines of 

flowing water 

Oxygen 
transfer rate 

(kg 
O2/kWh) 

- - - - 0.5 N/A 
1.5–4.5 

(turbine) 

2.5 (brush) 
1.5–3.5 N/A 

Number of 
Transfer 

Units 

(NTU) 

0.5–0.7 1.0–1.5 0.5–0.7 1.0–4.0 0.5–1.5 N/A N/A - N/A 

Hydraulic 
head 

required 

(m) 

0.9–3.0 1.5–7.6 1.5–7.6 3.0–12.0 - N/A N/A 3–6 N/A 

Loading 
factor 

N/A 
Surface area of 
0.1–0.3 m2.s/L 

Surface area of 
0.1–0.3 m2.s/L 

N/A 
0.1–1 L air/ L 

water 
N/A N/A N/A N/A 
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(2) Chemical Oxidation 

Chemical oxidants typically used are potassium permanganate, chlorine, chlorine dioxide and ozone. 
The following section describes the characteristics, advantages and disadvantages of the typical chemical 
oxidants listed above. 

(i) Potassium permanganate 

Potassium permanganate (KMnO4) is a strong oxidant that could be used as a disinfectant for removal 
of taste and odour caused by decaying vegetation or by the halogen group of chemicals (chlorine, bromine 
and iodine), and also to oxidise iron and manganese into more insoluble forms that can be precipitated 
out. KMnO4 is also a preferred oxidant over chlorine since it does not form trihalomethanes (THMs) with 
organic substances and is an easier chemical to handle and prepare compared with chlorine dioxide or 
ozone. 

The time required for the oxidation of iron and manganese with KMnO4 is dependent on the pH and 
temperature of the water; the kinetics of oxidation is slower at lower pH and temperature. KMnO4 can 
easily oxidize soluble Fe2+ and Mn2+ over a wide range of pH above pH 5.5. Oxidation times for soluble 
and particulate Mn2+ in the presence of natural organic matter is very fast requiring only about 20 
seconds at pH 5.5 and the rate increases as the pH increases. Soluble Fe2+ can be oxidized using KMnO4 
at a similar rate but when Fe2+ is complexed with natural organic matter, a longer contact time and higher 
KMnO4 dosages may be required. 

It is generally recommended to dose KMnO4 ahead of chlorine as this can help in reducing the chlorine 
demand and lower the production of halogenated organics such as THMs. Dosing permanganate at the 
intake or at the head of the treatment plant also allows the chemical sufficient time to perform its 
oxidative function and to reduce the contaminants to their insoluble forms prior to settling and filtration. 

Other benefits of the use of KMnO4 include improving the flocculation and sedimentation processes due 
to the seeding effect of the oxidised iron and manganese particles. Manganese dioxide formed from the 
reduction of KMnO4 is an effective adsorbent and hence some additional removal may be achieved 
through the adsorption of iron and manganese, as well as other inorganic and natural organic materials. 

The dosage of KMnO4 should be adjusted so that the purple or pink colour that results from unreacted 
permanganate is minimised. Based on chemical stoichiometry, 1 mg/l of KMnO4 oxidizes 1.06 mg/l of 
iron and 0.52 mg/l of manganese. 

(ii) Chlorine  

Chlorine (Cl2) is another strong oxidant that is used for the oxidation of iron and manganese and also to 
control taste and odour problems. The rate for chlorine oxidation is pH dependent; at normal pH, chlorine 
is more effective for removal of iron than for manganese. From chemical stoichiometry, typically 1 mg/l 
of chlorine oxidises 1.58 mg/l of iron and 0.78 mg/l of manganese. Typically, when chlorine is dosed at 
the head of the plant (commonly termed as pre-chlorination), followed by coagulation, flocculation and 
clarification, some free chlorine will be available to oxidise the remaining iron and manganese as the 
dosed water passes through the filters. Under these conditions, like potassium permanganate, chlorine 
allows the filter media to be maintained with a layer of manganese oxide that is capable of further 
removing manganese and iron through the filter bed. 

The use of chlorine as an oxidant is not recommended for waters that contain organic substances due to 
the potential for formation of THMs. Chlorine is mainly used as a primary disinfectant and its properties 
for this purpose will be described in section D.1.8. 

(iii) Chlorine Dioxide 

Chlorine dioxide (ClO2) at atmospheric conditions is an unstable gas with a yellow to reddish colour, 
has an unpleasant smell, can cause irritations and has a high specific gravity. It is an unstable gas and 
decomposes rapidly, therefore it is usually generated onsite before its application. 
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Chlorine dioxide is produced by reacting the aqueous solution of sodium chlorite (NaClO2) with chlorine 
gas or hypochlorous acid as expressed in the following equations: 

2NaClO2 + Cl2 (gas)  2ClO2 (gas) + 2Na 
2NaClO2 + HOCl  NaCl + NaOH + 2ClO2 (gas) 

The reaction is carried out in a chlorine dioxide reactor by metering appropriate strengths of reactant 
solution. The resulting yellow solution is pumped out for use. There are many types of chlorine dioxide 
generation equipment commercially available. The system available typically consists of a chlorine 
dioxide generator, a means to transport metered chlorine dioxide feed solution to the application point 
and dispersion of the solution into the water.  

Chlorine dioxide has advantages as an oxidant over chlorine as it does not produce THMs, nor react with 
ammonia or phenols in water. Lower doses of chlorine dioxide are therefore required when compared 
with chlorine. The main disadvantage of using chlorine dioxide is the formation of the by-products 
chlorate and chlorite, which are linked to adverse health effects. Like chlorine, chlorine dioxide is also 
used as a primary disinfectant. 

(iv) Ozone 

Ozone (O3) is a strong oxidizing agent, which is effective in killing viruses, cysts and oocysts. The 
disinfection effect of ozone is more rapid (4 to 10 minutes) than chlorine, which makes it useful as an 
oxidant as well as a primary disinfectant. Ozone is typically used for the following:  

 Oxidation and volatilization of organics; 
 Control of algae and its associated taste and odour compounds; 
 Removal of colour causing compounds; 
 Oxidation of iron and manganese, and 
 Partial oxidation of organics for subsequent removal by micro-organisms, eg. in a granular 

activated carbon biological filter.  

Like chlorine dioxide, ozone is an unstable gas that must be generated on-site by passing air or oxygen 
through an electrical discharge. Ozone itself is a toxic and dangerous gas to handle. An ozone destructor 
is required at the ozone plant to convert unused ozone back into oxygen before it can be safely 
discharged.  

Ozonation is a more costly treatment process and requires skilled operators to ensure safe handling and 
to minimise hazards related to health during operations.  

Table D.2: Characteristics, advantages and disadvantages of typical chemical oxidants 

Chemical Characteristics Advantages Disadvantages 

Potassium 
permanganate  

(KMnO4) 

 Strong oxidant 
 Oxidation time for 

iron/manganese is pH 
and temperature 
dependent; slower 
kinetics at low pH and 
temperature 

 Easily detectable pink 
colour 

 Does not form THMs 
with organic 
substances 

 Excellent for sulphide 
oxidation and 
fishy/grassy odour 
removal 

 Improved flocculation 
and sedimentation 
processes 

 Excellent for 
iron/manganese 
removal 

 Poor removal of 2-
Methylisoborneol 
(MIB) and geosmin 

 Hygroscopic and 
requires special 
handling 
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Chemical Characteristics Advantages Disadvantages 

Chlorine  
(Cl2) 

 Strong oxidant 
 Oxidation rate is faster 

at normal pH 
 Mainly for primary 

disinfection 

 Effective for Mn2+, Fe2+ 
and sulphide removal 

 High potential for 
formation of THMs in 
waters with high 
organic substances 

Chlorine 
dioxide  
(ClO2) 

 Requires on-site 
production 

 Typically used for 
removal of Mn2+ and 
Fe2+ 

 No production of THMs 
 Does not react with 

ammonia or phenols in 
water 

 Production of by-
products with adverse 
health effects i.e. 
chlorate and chlorite at 
high pH 

 Complex handling 
requirements 

 Unstable and volatile at 
high concentrations 

Ozone  
(O3) 

 Strong oxidant 
 Requires on-site 

production 

 Disinfects cysts, oocysts 
and viruses 

 Unstable, toxic and 
dangerous to handle 

 Requires an ozone 
destructor on-site 

 Expensive 
 Requires skilled 

operators 

(v) Electron Beam 

Electron-beam irradiation is an advance oxidation 
reduction process (AORP) that involves the use of ionizing 
radiation of high energy to induce the decomposition of 
organic compounds in water. Ionizing radiation is defined 
as any electromagnetic wave (at frequency higher than 
1017 Hz) carrying sufficient energy to ionize or remove 
electrons from an atom. 

The electron beams emit electromagnetic waves of similar 
range to X-rays and -rays but without making target atoms 
radioactive. The electron beams accelerate the electron by 
particulate radiation carrying energy in kinetic form. A 
schematic of an electron beam apparatus is provided in 
Figure D.6. 

Figure D.6: Schematic of electron beam accelerator 
(Andrea G. Capodaglio, 2020) 

D.1.3 Chemical Mixing 

A major form of treatment of raw water is from the use of chemicals. In order for the chemical processes 
to work effectively and efficiently, it is necessary to ensure that the chemicals are properly introduced 
and well mixed into the water. The physical process of rapid agitation is therefore needed at the points 
of chemical dosing to distribute the chemicals evenly throughout the water. Effective chemical mixing is 
particularly critical in the coagulation process where the water needs to be briefly and violently agitated 
to encourage a greater number of collisions between the suspended particles for better coagulation. 
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 Mechanical Mixing  

Mechanical mixing is the most commonly used method where mixers of propeller or paddle type are 
placed in a chamber where rapid mixing takes place. Often two or more rapid mix chambers are provided 
in series which provide the needed reaction time for each chemical, typically 30 to 60 seconds. 

Typical configurations of mechanical mixers are shown in Figure D.7. 

 
Figure D.7: Diagram of a typical mechanical mixer  

 Hydraulic Mixing  

Hydraulic mixing can be achieved by using weirs, flumes, orifices, baffled chambers, throttled valves or 
even simple turbulence caused by the velocity in a pipe or conduit. Hydraulic mixing is a simple form of 
mixing that can be highly efficient. However, the energy input varies with the flow of water and cannot 
be directly controlled. If a plant has relatively constant flows, energy variations may not be of concern 
and hydraulic mixing systems can be appropriately designed to achieve the required mixing energy.  
Typical configurations of hydraulic mixers are shown in Figure D.8. 

 
Figure D.8: Hydraulic mixing from baffles, weir and flume 

Figure continued to next page 
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Figure D.8: Hydraulic mixing from baffles, weir and flume  

(Figure continued from previous page) 

 Static Mixers 

Static mixers are motionless mixers that produce turbulence and mixing through the use of fixed sloping 
vanes within the mixer. Such mixers are normally of proprietary design. Static mixers are effective and 
economical to install and operate; however, the head loss through the static mixers can be high. Like 
hydraulic mixing, the mixing efficiency is directly related to flowrate and it is not possible to adjust the 
mixing energy. Moreover, with high suspended solids in the raw water especially when the flow is low, 
there could be a possibility of settling of solids at the mixer inlet. 

(1) Static In-line Mixing   

Static in-line mixers (Figure D.9) are incorporated into the pipework.  This type of mixer is useful for 
mixing in clear (i.e., post-filtered) water.  The use of this type of mixer for raw water mixing shall be 
avoided unless the water is debris-free and relatively clear. 

 

Figure D.9: Static in-line mixer 
(Shown: Koflo™ in-line static mixer) 

(c) Flume 
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(2) Static Channel Mixing 

Static channel mixers are incorporated into the chemical mixing chamber. The coagulant will be dosed 
ahead of the channel static mixer. Complete and efficient mixing in the channel is achievable with a low 
coefficient of variation, CoV over a wide range of flowrate. 

An example of a static channel mixer is shown in Photo D.6. 

 
Photo D.6: Static channel mixer 

 Air mixing 

Air mixing is the injection of compressed air bubbles to promote the mixing of contents of an entire tank. 
Compressed air is released from the bottom of a tank in a pulsating pattern. As the bubbles rise up, they 
expand and push the bottom contents upwards. The result is a displacement effect that creates a vertical 
mixing action and causes the contents from the sides to rush in. As the bubbles pop at the top, the contents 
are pushed sideways and downwards, forming a circular mixing action. 

Air mixing is typically applied in cases where installing a new mechanical system into an existing 
structure is inconvenient.  Air mixers are also used for vertical sections of pipes or deep conduits. They 
are simple and reliable; however, it is important to determine any possibilities for formation of foam, 
scum or floatable materials. Filters can accept a limited amount of floating scum but certain coagulants 
and the presence of algae may promote excessive scum or foam formation. 

 Induction mixing 

Induction mixers introduce chemicals into the mixing system through a vacuum produced by a 
propeller system which pulls and injects the chemicals into the body of water. The required chemical 
reactions occur within seconds as the chemicals are dispersed rapidly. 
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Induction mixers are usually proprietary systems, mainly used to introduce gaseous disinfectants in 
waste water treatments. However, induction mixers are also suitable for introducing metal based 
coagulants. 

The induction mixing system can be introduced through an in-line system or submerged in a channel. 
Some saving in power costs can be achieved by integrating the feed, mixing and control system into a 
single unit. 

D.1.4 Coagulation 

Source waters in Malaysia particularly from rivers, usually contain substantial amounts of dissolved and 
suspended solids. Some of these large suspended particles such as sand can easily be removed by 
sedimentation and filtration processes. Smaller particles that may be in colloidal form and soluble 
materials are not as easily removed and will require some chemical and physical conditioning in order 
to enhance their removal. 

Chemical conditioning involves the addition of chemicals to modify the chemical and/or physical 
properties of constituents in the source water. The main form of chemical conditioning used in water 
treatment is the addition of coagulants that hydrolyse into positively charged complexes when mixed in 
the raw water. These positively charged particles adsorb onto negatively charged colloids in the water 
such as from clay, turbidity and colour causing compounds. To enhance the coagulation process, 
additional chemicals (polyelectrolyte) commonly termed as coagulant aid, are often added. 

Physical conditioning is then initiated through a flocculation process which involves gently mixing the 
chemically dosed water to accelerate interparticle contact thus promoting the agglomeration of colloidal 
particles into larger flocs to enhance settling. 

Through chemical and physical conditioning, most of the dissolved minerals or colloids found in the 
water can be precipitated out, and the resulting precipitate can then be removed by conventional 
sedimentation and filtration processes. 

To determine the most suitable coagulants and coagulant aids to be used in the treatment process for a 
specific raw water source, laboratory scale tests or commonly called jar tests, are usually carried out 
(refer to section C.2.7).  

 Coagulants 

The particles in the raw water are usually negatively charged whereas coagulants used in water 
treatment dissociates into positively charged ions when mixed in the water. Coagulation is therefore the 
process of destabilisation of particles through the reaction of the coagulant chemical with the water, 
combined with physical mechanisms that result in particle aggregation. Some of the typical coagulants 
used in WTPs are:  

 Aluminium sulphate; 
 Polyaluminium chloride; 
 Ferric chloride; 
 Ferric sulphate, and 
 Aluminium chlorohydrate. 

(1) Aluminium Sulphate 

Aluminium sulphate (commonly called “alum”) is the most common coagulant used for water 
treatment. It is a general purpose coagulant that is used to remove turbidity, natural organic matter 
(including colour), micro-organisms and many inorganic chemicals from the raw water.  
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Aluminium sulphate is generally supplied as bulk liquid but it can also be supplied in granular form. The 
concentration of the locally supplied alum contains 8% Al2O3 w/w, i.e., approximately 45% w/w 
Al2(SO4)3.14H2O; the chemical has a specific gravity of 1.3 at 20°C. 

In water, aluminium ions react with natural alkalinity (usually as calcium carbonate) to form aluminium 
hydroxide, appearing as jellylike floc particles. For the reaction to take place, a certain level of natural 
alkalinity or “buffering” capacity must be present in the water; if natural alkalinity is insufficient, this 
must be increased through the addition of lime, soda ash or caustic soda. The positively charged 
aluminium ion neutralizes the negatively charged particles in the water (such as those derived from 
colour and turbidity causing materials). This reaction occurs within 1 to 2 seconds after the chemical is 
added to the water. The particles that are first formed are made up of microflocs that still have positive 
charges from the coagulant; the floc particles continue to neutralize negatively charged particles until 
they become neutral particles. Finally, the microfloc particles begin to attach to each other and form 
larger settleable floc particles. 

Many physical and chemical factors can affect the success of a coagulant including mixing conditions, pH, 
alkalinity, turbidity levels and water temperature. Alum has an optimum coagulant pH between 5.5 and 
7.5; the pH should be kept within the lower end of the range (i.e. pH between 5.5 to 6.2) for more effective 
organics removal. Generally, if the pH of the raw water is outside the optimum range, the flocs may not 
form completely or it may form and then dissolve back in the water. 

(2) Polyaluminium Chloride  

Polyaluminium chloride, Al2(OH)3Cl3 or aluminium hydroxyl chloride, is a colourless to pale yellow, 
clear to slightly cloudy liquid. It is usually supplied with a minimum of 10% Al2O3 content, at a pH ranging 
from 2.2 to 2.8 and a basicity of about 50% w/w. Polyaluminium chloride (PACl) solution has a specific 
gravity of 1.18 to 1.22 at 20°C and is completely soluble in water. 

PACl is supplied in bulk liquid and can only be stored in fibreglass or plastic (polyethylene, polypropylene 
or polyfluorene) containers or storage tanks as it is corrosive to most metals and materials including 
stainless steel. 

PACl is used as a primary coagulant to reduce turbidity, metals, colour and natural organic matter. PACl 
is the next most commonly used aluminium-based coagulant after alum. Comparing to alum, PACl 
produces a relatively more robust floc, generally requires lower dosages and is effective over a wider 
range of pH 5.5 to 8.0.  

PACl solution is a complex mixture of positively charged aluminium species. When applied to water, these 
species interact with and destabilise negatively charged colloidal matter such as inorganic particles and 
high molecular weight organic compounds that largely constitute natural organic matter. The species 
also hydrolyse to form dense flocs of aluminium hydroxide that further act to entrap particles and remove 
some organics.  

The hydrolysis of PACl produces less acid than the hydrolysis of aluminium sulphate owing to the high 
degree of hydroxylation of the aluminium. As a result, PACl generally requires less pH correction with 
alkali than compared with alum coagulant.  

(3) Ferric Chloride  

Iron based coagulants are also widely used in water treatment particularly when a broad coagulation pH 
is required, although for Malaysian surface waters, aluminium coagulants are generally more effective 
than iron based coagulants. 

There are two common types of iron salts used as coagulants: ferric chloride and ferric sulphate.  

Ferric chloride, FeCl3 (anhydrous) or FeCl3.6H2O (crystalline), has a brownish yellow or orange 
colouration when in crystalline form and is very hygroscopic. In solution, it has the appearance of dark 
brown syrup. Solutions of ferric chloride are acidic and corrosive to most metals including stainless steel; 
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however it can be stored or transported in fibreglass, rubber lined carbon steel, polyvinyl chloride, 
polyethylene or polypropylene.  

Ferric chloride is available as a powder and in solution of 30 to 42% concentration. A 42% solution of 
ferric chloride has a specific gravity of 1.45 at 20°C, contains 14.5% iron and has a pH of 1 to 2. 

The pH range in which ferric chloride can be an effective coagulant is between pH 4 and 11; this is a wider 
pH range in comparison with alum that has an optimum pH of between 5.5 and 7.5. When added to water, 
ferric chloride consumes more alkalinity than alum.  

The main disadvantage of using ferric chloride is that dosing of the coagulant requires closer control as 
excessive iron sludge in the treated water can cause post precipitation of ferric hydroxide (red water) in 
the distribution system which may then give rise to consumer complaints.  

(4) Ferric sulphate 

Ferric sulphate, Fe2(SO4)3, is a yellow crystal or greyish white powder that is soluble in water. In water 
treatment it is usually supplied as an aqueous solution of 39 to 45% w/w ferric sulphate (11 to 12.5% 
Fe). The liquid solution has a specific gravity of 1.5 to 1.6 and is red brown in colour. A 1% solution of 
ferric sulphate is acidic with pH ranging from pH 3 to 4. 

Generally, ferric sulphate is not as corrosive as ferric chloride. Ferric sulphate can be stored or 
transported in stainless steel, lead, fibreglass, rubber lined carbon steel, polyvinyl chloride, polyethylene 
or polypropylene.  

The disadvantages of ferric sulphate are similar to ferric chloride; they are less effective for treatment of 
Malaysian waters and their use may potentially lead to elevated iron residuals in the treated water.   

(5) Aluminium chlorohydrate (ACH) 

Aluminium chlorohydrate is not commonly used in Malaysia but is used overseas as a primary 
coagulant in the treatment of drinking water. This coagulant chemical is effective over a pH range of 
between 6 and 9, and is particularly effective in some low alkalinity waters.  

Aluminium chlorohydrate Al2(OH)5Cl (also known as ACH, polyaluminium chlorohydrate or aluminium 
chlorohydroxide), solution is a clear, colourless, odourless liquid. It has a specific gravity of between 1.32 
to 1.35 at 25°C, with pH ranging from 3.5 to 4.5, and is completely soluble in water.  

ACH is part of the polyaluminium chloride family. The chemical has a high aluminium content of 12.2 to 
12.7% (23 to 24% as equivalent alumina Al2O3) and a high basicity of between 83 to 84%; alkalinity 
adjustment is therefore not usually required.  

ACH can be stored in fibreglass reinforced plastic (FRP), polyethylene, polypropylene or phenol 
formaldehyde and it can be corrosive to metals.  

Compared to alum most of the residual ions resulting from the use of ACH as a coagulant can be effectively 
removed by conventional treatment processes. Residual chloride which is another by-product of using 
ACH, is usually found at low levels that do not adversely affect drinking water quality. 

In Malaysia, the supply of this chemical is limited; alternatively, the chemical could be imported from 
overseas. As such, this chemical is quite costly at present and only small WTPs have resorted to the use 
of ACH mainly because the raw water cannot be satisfactorily treated using conventional alum or PACl. 
ACH is also commonly used to treat wastewater from industrial applications.   
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 Coagulant Aids 

Coagulant aid is introduced during the coagulation process to achieve one or more of the following 
results:  

 Improved coagulation; 
 Stronger and more settleable flocs; 
 Reduction in the amount of coagulant needed, and 
 Reduction in the amount of residuals produced. 

There are three main types of coagulant aids: 

 Polyelectrolyte; 
 Activated silica, and 
 Weighing agents. 

(1) Polyelectrolytes 

Polyelectrolytes are the most commonly applied coagulant aids in water treatment. Polyelectrolytes 
have large molecules that when dissolved in water have a strong tendency to adsorb on the surfaces of 
most particles in suspension.  

The main advantages with the use of polyelectrolyte as coagulant aid is that the resulting flocs produced 
generally tends to settle at a faster rate and the flocs are stronger such that they do not break up as easily, 
therefore reducing their sensitivity to pH and also on the overall produces a better water quality.  

There are three basic polyelectrolyte classifications that may be either from natural or synthetic 
materials: 

(i) Cationic polyelectrolytes; 
(ii) Anionic polyelectrolytes, and 
(iii) Non-ionic polyelectrolytes. 

Cationic polyelectrolytes are polymers that produce positively charged ions when dissolved in water. 
They are widely used as a water treatment chemical because suspended and colloidal solids typically 
found in water generally have negative charges. Although these polyelectrolytes could be used as the 
primary coagulant, for more effective removal they are used in combination with a coagulant, i.e. as a 
coagulant aid.  

Anionic polyelectrolytes are polymers that dissolve to form negatively charged ions. These polymers are 
also widely used to aid coagulation and flocculation together with aluminium and iron coagulants. They 
are generally not affected by pH, alkalinity, hardness and turbidity. 

Non-ionic polyelectrolytes are polymers having a balanced or neutral charge which when dosed in water 
they release positively and negatively charged ions. Although the polymer generally have to be added in 
larger doses than the other types, they are generally less expensive.  

(2) Activated Silica  

Activated silica is among the earliest type of coagulant aid used for water treatment although its use 
today is much less than polyelectrolytes. Dosages required are typically in the range of 7 to 11% of the 
coagulant dosage.  

Activated silica is prepared from sodium silicate and plant operators have to “activate” the sodium 
silicate by adding an acid, typically hypochlorous acid, to reduce alkalinity.  

Activated silica requires careful control during the activation step to produce a solution that will not gel 
too quickly, thus slowing the formation of floc and potentially causing filter clogging. 
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(3) Weighing Agents 

Weighing agents consist of natural materials that are added to water to form additional particles that 
enhance floc formation. These are typically added to treat water that is high in colour, low in turbidity 
and low in mineral content because this type of water tends to produce extremely small flocs that are 
difficult and slow to settle. Some of the typical weighing agents used in water treatment are bentonite 
clay, powdered limestone and powdered silica.  

D.1.5 Flocculation 

Flocculation is the physical process that typically follows coagulation. This is designed to take place in a 
basin that provides a slow, gentle agitation of the water. In this stage, the physical process transforms 
the smaller particles of floc formed during the rapid mixing and coagulation process, into larger flocs.  

However, as the flocs grow in size it becomes more fragile and mixing force applied must not be too great 
to cause the floc particles to break or shear. In the older plants, flocculation is achieved by hydraulic 
methods where baffles are used to create the mixing energy. Such methods are simple and effective 
provided the flows are relatively constant. The disadvantage is that the energy cannot be easily adjusted. 
Mechanical flocculators which could be paddle or vertical types are the preferred type of flocculation 
systems since they have greater flexibility in controlling the mixing energy and generally have low head 
loss.  

The openings in the flocculation tank for movement of water from the flocculation tank to the clarifier 
shall be carefully designed to ensure the velocity is not high, causing flocs to break.  Openings shall be 
provided in the flocculation tank to remove flocs that may have settled here before moving to the clarifier. 

There are various proprietary designs of flocculation/clarification systems; some consisting of separate 
flocculation and clarification processes and others that combine the two processes in the same tank 
thereby reducing the requirements of a separate structure for flocculation. 

 Baffled Tank Flocculators 

Baffled tank flocculator is a form of hydraulic flocculator that is simple and effective at constant flows. 
Energy is imparted to the water as it forcibly flows around the baffles. As the flow increases, the mixing 
intensity increases.  Figure D.10 shows a sectional and plan view of a typical baffled flocculator. 

 Mechanical Flocculators 

Mechanical flocculators are widely preferred due to their adjustable mean velocity gradients or G 
values and low head loss.  

Vertical flocculators have all of their moving parts above the water surface hence having more 
operational and maintenance advantages. Generally, vertical flocculators are placed in square 
compartments. 

A typical vertical paddle wheel flocculator is shown in Photo D.7. 

Horizontal flocculators are typically placed in long rectangular compartments. These flocculators are 
efficient and advantageous when used in conjunction with a serpentine baffling approach and a high rate 
settling process. However, this system may require more coagulant aid compared to a vertical flocculator. 

To prevent short-circuiting, baffles should be provided between each flocculation stage. The baffles 
should have orifices with areas that provide velocities of 0.3 to 0.46 m/s. As a general approximation, 
high-energy flocculators with G values of 50-75 s-1 should have a maximum tip speed of 30 m/s. Low-
energy of paddle flocculators with G values of 20-40 s-1 should have a tip speed of 0.3-0.76 m/s.   

A typical horizontal paddle wheel flocculator is shown in Photo D.8. 
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Figure D.10: Schematic sectional and plan view of a typical baffled flocculator 

 
Photo D.7: Vertical paddle wheel flocculator 

(Shown: Mega-FLOC ™ Jim Myers & Sons, Inc. vertical paddle wheel flocculator) 
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Photo D.8: Horizontal paddle wheel flocculator 
(Shown: Mega-FLOC ™ Jim Myers & Sons, Inc. horizontal paddle wheel flocculator) 

 Plug Flow Reactor 

A plug-flow reactor (PFR) flocculator or also known as a pipe flocculator consists of a long serpentine-
like piping system that allows for constant mixing energy and retention time at any point of the pipe. This 
ensures all particles are mixed evenly to produce highly uniform flocs with exceptional separation 

characteristics. 

Photo D.9 shows an example of a 
PFR flocculator. 

Pipe flocculators require 
significantly less space than 
conventional flocculators. This is 
further supported by the fact that 
coagulation, pH adjustment and 
flocculation can be done in one 
single unit. They are also energy 
efficient and require little to no 
maintenance. 

Photo D.9: PFR flocculator  
(Shown: Ecologix FlocXpress™ pipe 
flocculator) 
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D.1.6 Clarification 

 General 

The purpose of the clarification process is to reduce the solids content in the water after coagulation 
and flocculation. Floc and chemical precipitates that are formed during the coagulation process will be 
removed in the clarification step. The process can take place in a rectangular, square or round tank. The 
tanks need to be designed for an efficient clarification process that allows the water to flow slowly, with 
minimum turbulence at the entry and exit points and with as little short circuiting as possible. The 
residual solids that accumulate at the bottom of the basin, must be periodically removed, as once the 
solids accumulate for too long it may interfere with the quality of the clarified water produced.  Table 
D.3 provides a general comparison of various clarifier systems.  

 Conventional Clarifiers 

Conventional clarifiers used in water treatment are typically sedimentation basins that are of 
horizontal flow type in rectangular, square or circular basins.  

(1) Rectangular basins 

Rectangular basins are the most common configuration for sedimentation basins; they are generally 
constructed in concrete and designed such that the flow is in parallel with the basin’s length. The basin 
must be designed to keep the flow distributed evenly across the width of the basin to minimise the 
formation of currents and eddies that would prevent suspended matter from settling. The basins are 
typically constructed with the tank bottom sloping slightly downward at the inlet end to make solids 
removal easier. Newer basin designs include mechanical plant residuals removal systems, of which there 
are various proprietary designs. 

The basin is designed to be long and narrow with width to length ratios in the range of 3:1 to 5:1. This 
shape is least susceptible to short circuiting caused by uneven flow distribution and density or wind 
currents that create zones of near stagnant water in corners. The width of the basins is often selected to 
match the requirements of the mechanical plant residuals removal systems. Basin depths are typically 
between 3 to 4.5 m. 

A minimum of two basins will be required so that one may be taken out for inspection, repair and periodic 
cleaning while the other basin continues to be in operation. The basins are typically arranged side by side 
sharing a common wall, making it more cost effective especially when multiple units are required. With 
rectangular sedimentation tanks, the flocculation process is usually incorporated into the front portion 
of the sedimentation tank.  

 Figure D.11 shows a cross section of a typical rectangular sedimentation basin. 

 
Figure D.11: Cross section of a rectangular sedimentation basin 

(2) Multilevel rectangular basins 

In order to minimise the tank size especially for rectangular tanks, sedimentation basins may be designed 
to have shorter detention times required for settling. This can be made possible by designing the tanks 
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with two or three levels such that the flocs will have shallower depths and therefore shorter time 
necessary to settle to the bottom. Such tanks are commonly called “Lovo” type sedimentation tanks. The 
principle to this design is that surface area is more important than depth. For these shallow basins to 
work properly, it is important that the coagulant doses and flash mixing are carefully controlled.   

Figure D.12 shows an example of a two-level sedimentation tank with residuals collection system.     

 
Figure D.12: Two-level (‘Lovo’) type sedimentation basin 

(3) Circular basins 

Sedimentation tanks can also be constructed in circular configurations. In some designs, the water flows 
radially from the centre to the outside; there are also peripheral feed basins designed to feed water from 
around the outer edge and collected at the centre. These are called radial flow types. Spiral flow basins 
have one or more points around the outer edge where water is admitted at an angle. The flow will circle 
around the basin and ultimately leave the basin at a centre collector.  

Figure D.13 shows a typical cross section of a circular type clarification basin. 

 

Figure D.13: Cross section of a circular type clarification basin   

Regardless of the flow type, it is important that the basin is designed to keep the velocity and flow 
distribution as uniform as possible. The bottom of the circular basin is generally designed in a conical 
shape or with a slope toward the centre of the basin to facilitate solids removal. The circular tank has the 
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advantage of being able to incorporate top drive circular mechanisms for the plant residuals removal that 
have no bearings under water therefore providing relatively trouble free and more long lasting 
mechanisms.  

In reasonably sized clarifiers, the circular centre feed clarifiers can perform as well as long rectangular 
basins provided there is a reasonably well-balanced radial flow from the centre well with substantial 
water depth maintained at the centre. However, the construction of circular tanks tend to be more 
complicated because more piping is required for the conveyance of water and plant residuals into and 
out of the tanks compared with rectangular tanks.  

(4) Square tanks 

Square tanks were developed in an effort to combine the advantages of the common wall construction of 
a rectangular basin with the simplicity of the circular plant residuals collectors. However, this design is 
not popular due to problems of uneven flow distribution and solids accumulation in the corners of the 
basin. Plant residuals removal at the corners of the tanks was also found to be a problem. 

 High Rate Clarifiers 

High rate clarifiers refer to clarification units that are able to have higher loading rates than typically 
used in the design of conventional clarifiers. The clarifiers that are classified as high rate types include: 

(i) Inclined (plate or tube) settlers; 
(ii) Solids recirculation/contact clarifiers; 
(iii) Sludge blanket clarifiers; 
(iv) Ballasted clarifiers, and 
(v) Dissolved air flotation. 

(1) Inclined (Plate or Tube) Settlers 

Inclined plate or tube settlers make use of the principle of increasing the surface area available for 
settling of solids through the use of the plates or tubes, thereby reducing the overall tank size required. 
The large effective settling surface provided by the plates/tubes results in low overflow rate compared 
with the area of the plates/tubes, which allows for a smaller basin, shorter detention time and increased 
flow rates. The plates/tubes also help to dampen the effect caused by thermal or surface wind currents 
that sometimes affect the clarification process in a tank. The overall surface loading rates for clarifiers 
with inclined settlers may range from about 5 to 15 m/hr, which is several times higher than conventional 
sedimentation tanks. Whilst proprietary system suppliers may claim their systems to be able to provide 
high surface loading rates which translates to reduced tank sizes and more cost effectiveness, the surface 
loading rates should be determined based on the quality of the raw water. With raw waters that are more 
difficult to treat, it would be prudent to use a lower surface loading rates which allows for longer reaction 
time within the clarifiers for the solids to be adequately removed. 

The flow of water through the clarifier and settlers is usually in an upward direction, although other flow 
configurations are also available depending on the proprietary design of the clarifiers. As the flocculated 
water passes through the settlers, the solids settle onto the inclined surfaces. Low velocities are 
maintained in each plate/tube to reduce scouring. The plates/tubes are typically placed at an angle 
greater than 50 to 60° which keeps the plates/tubes self-cleaning; the particles that settle on the 
plates/tubes gets heavy and slide to the end and later drop to the bottom of the tank. At the bottom of 
the tank, residuals collection equipment is usually provided to remove the accumulated solids from the 
clarifier tanks.  

Plate and tube settlers are prefabricated in modules that can either be incorporated in a new construction 
or easily retrofitted into older designs to increase the settling efficiency. The depth of the tanks provided 
with the inclined plate/tube settlers, are usually the same or may be slightly deeper than conventional 
clarifiers. This is necessary firstly to provide sufficient space for the settlers and for the residuals 
collection equipment below the settlers. Sufficient space is also required at the inlet to the settlers to 
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minimise velocities and to allow for uniform distribution into the plates/tubes. The inlet flow 
distribution, hydraulics of the influent and effluent, as well as velocities within the settlers, are very 
important design considerations to ensure efficient performance in these clarifier types.  

Figure D.14 shows an illustration of a typical lamella plate clarifier.  

 
Figure D.14: Lamella Plate Clarifier   

(2) Solids Recirculation/Contact Clarifiers 

Solids recirculation clarifiers or solids contact clarifiers are designed based on the principle of 
allowing contact of particles newly formed by coagulation, with previously formed flocs which further 
enhances floc formation and allows higher loading rates. The surface loading rates may range from about 
20 to 25 m/hr. These clarifiers combine flocculation and sedimentation in a single basin. The clarifier is 
typically circular in shape and designed with a centre feedwell and flocculation zone using mechanical 
mixing within a central compartment. A large volume of previously formed flocs is recirculated to the 
mixing zone where they are mixed with the influent and where the flocs act as nuclei to form more and 
larger flocs. Clarified water is collected in launders that must be properly designed to maintain a uniform 
upflow velocity without causing short-circuiting. Solids recirculation clarifiers typically use a rake 
rotating around the central compartment to move the settled solids into an annular hopper from which 
they are discharged.   

An example of a typical solids recirculation type clarifier is illustrated in Figure D.15.   

 

Figure D.15: Solids recirculation type clarifiers  
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(3) Sludge Blanket Clarifiers 

Sludge blanket clarifiers are essentially a variation of the solids contact clarification system where 
coagulated water flows up through a blanket of previously formed solids and as the small coagulated 
particles enters the blanket, the particles come into contact with other larger particles within the blanket 
and hence enhanced flocculation occurs. The sludge blanket grows in size and is suspended by the flow 
velocity passing upward through the blanket. The sludge blanket also serves as a form of filter for the 
clarified water. Maintaining a certain blanket depth is required for an efficient clarification. Other 
important design considerations include providing a uniform flow across the entire tank cross section. 
Clarified water is collected in launders which may be of the overflow weir type or submerged orifices. 
Hoppers are provided to allow periodic solids removal from the blanket.  

There are several design modifications of the sludge blanket clarifiers; these include the pulsed blanket 
system and sludge blankets with inclined plates/tubes settlers. 

(i) Pulsed Sludge Blanket Clarifier 

This modified version of the sludge blanket clarifiers, introduces a unique pulsating hydraulic system to 
maintain a homogeneous sludge layer. The pulsation of the sludge blanket every 40 to 50 seconds acts to 
prevent the solids from settling, maintains a uniform layer of residuals and reduces the potential for short 
circuiting of the flow through the sludge blanket. The pulsator is often used to treat highly coloured, low 
turbidity water in which the formation of settleable flocs is difficult.  

(ii) Sludge Blanket Clarifiers with Inclined Plate/Tube Settlers 

The Superpulsator is a proprietary design sludge blanket clarifier that combines the pulsation system 
with a series of inclined settlers to help maintain the solids concentration at increased upflow rates. The 
units can be operated at rates two or three times higher than the normal pulsed blanket; surface loading 
rates is typically in the range of 6 to 10 m/hr. 

Figure D.16 below illustrates a pulsed sludge blanket clarifier.  

 
Figure D.16: Sludge blanket clarifier with lamella plates (Pulsator, Degremont)     
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(4) Ballasted Clarification  

Ballasted clarification involves the addition of ballast such as microsand that acts as a nucleus for floc 
formation and also increases the settling velocity of the floc particles by increasing their density.  

There are a number of proprietary systems that employs this design such as the Actiflo system, which 
have been used both in potable water and waste water applications. The Actiflo process has separate 
mixing, coagulation and sedimentation compartments. Microsand is added after chemical coagulation, 
before flocculation and this enhances the flocculation and settling steps. The floc particles adhere to the 
microsand and are removed from the centre hopper in the sedimentation compartment. The solids are 
pumped to a hydrocyclone compartment where the solids are separated from the microsand and carried 
to residuals. The microsand sinks to the bottom and is reused. When operated properly by means of 
sediments in the hopper is in homogeneous slurry condition with low suspended solid, Actiflo systems 
can produce low turbidity clarified water at very high surface loading rates of typically 35-40 m/hr.  

Figure D.17 shows a typical arrangement of a ballasted clarification system.  

 
Figure D.17: Ballasted clarification – Actiflo by Veolia Water Systems 

(5) Dissolved Air Flotation  

Dissolved air flotation (DAF) process is based on creating a large number of small flocs that can be 
floated to the surface of the clarification tank.  

The process involves the introduction of air bubbles to the flocculated water where the flocs attach itself 
to the bubbles causing them to rise to the surface rather than settle to the bottom. DAF units consist of a 
flotation basin, saturation unit, air compressor and recycle pump. The DAF tanks are typically sized for 
surface loading rates in the range of 8 to 12 m/hr. About 5 to 10% of the clarified water is recycled by 
the pump to the saturator, where high pressure air is brought in contact with the water. When the water 
is reintroduced to the influent of the flotation basin, the gases in the water which is supersaturated gently 
comes out of solution. The solids accumulate at the surface of the flotation tank and can be removed 
continuously or intermittently either by hydraulic flooding or mechanical scraping. DAF systems are 
effective in treating water that contains high algae, coloured and have low turbidity. 

A typical schematic of the dissolved air flotation system is shown in Figure D.18. 
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Figure D.18: Dissolved air flotation systems 

High rate settling processes such as those described in the preceding sub-sections, apart from allowing 
higher flow ratings have new and improved technologies for improving clarification performance. Some 
of the major advantages of these high rate clarifiers are as follows: 

 Smaller footprint in comparison with conventional sedimentation basins - this is advantageous 
especially for WTPs with site constraints; 

 Good and consistent turbidity removal;  
 Start-up time is short, and 
 Robust and not easily upset by changes in raw water quality.  

Major disadvantages include: 

 Heavy dependence on mechanical equipment and shorter processing time. Plant will have to be 
shut down when there is a power outage; 

 Usually requires higher coagulant dosage with higher proportion of polymers which may cause 
filter blinding and reduce filter run time, and 

 Potential of sand carry over (especially in ballasted clarifier systems) 

 Removal of Residuals from Clarifiers 

The solids that settle to the bottom or float to the surface of clarification tanks referred to as plant 
residuals, need to be removed periodically from the tanks. If the solids layer gets too thick and the solids 
are not removed, they can get re-suspended and compromise the quality of the effluent water, or they 
accumulate and possibly decompose, resulting in odour problems. As such, plant residuals removal is a 
key component of any clarification system that must be given due consideration in the selection and 
design of the system.   

(1) Manual Removal 

In older plants, the residuals removal system was mostly by manual methods. This typically requires 
the clarification tank to be entirely drained and subsequently the cleaning out of the residuals 
accumulated at the bottom of the tanks are done manually. Basin floors are usually sloped toward the 
inlet end because most of the solids generally settle closer to the inlet. Long fire hoses are used to wash 
the solids towards this end where the residuals are drained out.  

Rectangular basins are typically designed with hoppers in the first half of the tank, where most of the 
solids will settle; the hoppers may be equipped with valves that can be frequently opened to remove the 
bulk of the solids. This design reduces the frequency of removing the basin from service for complete 
cleaning, but the removal of plant residuals from the hoppers should be frequent and controlled, 
otherwise the solids may become too thick and flow may run through to the drain leaving the bulk of the 
solids on the sides of the hopper.  
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(2) Mechanical Removal 

In newer plants, the clarification tanks are installed with mechanical residuals removal systems such 
as mechanical scrapers that sweep the solids accumulated to collecting hoppers and from the hoppers, 
the residuals are removed by the intermittent opening of valves located at the bottom of the tanks. With 
the use of mechanical equipment, it will not be necessary to interrupt plant operations to take basins out 
of service for manual cleaning. Occasionally, the tanks will still need to be taken out for a thorough 
cleaning, however, the frequency will be much less, e.g. once in six months or yearly depending on the 
solids loadings. With the use of mechanical removal systems, less manpower is required for cleaning, 
problems of decomposing solids is reduced and most importantly, the clarified water quality tends to be 
more consistent. 

For horizontal type basins, the solids removal equipment typically used are: 

(i) Chain and flight collectors which consist of a steel or plastic chain and fibreglass reinforced 
plastic or stainless steel flights (scrapers). A motor drives the chain which pulls the flights along 
the basin bottom.  

(ii) Travelling bridge collectors which consist of a moving bridge that spans over one or more 
basins. The mechanism has wheels that travel along rails mounted on the basin’s edge. In one 
direction, the scraper moves the solids to the hopper and in the other direction, the scraper 
retracts and skims any scum on the water surface.  

(iii) Floating bridge siphon collectors use suction pipes or a submersible pump to withdraw the 
solids from the basin. The pipes are supported by foam plastic floats, and the entire unit is drawn 
along the length of the basin by motor driven cable systems. 

(iv) Track–mounted hydraulic system is a proprietary system that consists of a stainless steel 
header pipe with orifices that are sized and spaced for residuals removal. A collector pipe is 
attached to a pneumatically controlled drive assembly that travels on a stainless steel guide rail 
running the length of the tank. The collector pipe is attached to a residuals discharge pipe in the 
tank wall where a pneumatically actuated de-sludge valve is located below the water level. When 
the valve is open, the water level in the basin creates a driving force to start flow through the 
collector system. The drive assembly is pneumatically powered to travel the length of the tank 
and the speed can be adjusted to suit the volume of the residuals accumulated in the tank bottom. 
In large tanks, multiple units can be installed. 

(v) Hydraulic scraper system is a proprietary system that consists of a stainless steel at the bottom 
of the sedimentation tank consist of a number of wedge-shaped sections welded together to form 
integral frame that can act as a moving floor scraper to remove the residual to the residual pit. 
The scraper can be powered either by hydraulic or electric drive.  

Circular and square basins are usually equipped with scrapers that slant downward toward the centre of 
the basin and sweep solids to hoppers or collection pipes. Continuous mechanical solids collection 
systems are particularly desirable when tube or plate settlers are used because solids get accumulated 
in a smaller basin much faster compared to a larger basin. If manual cleaning is used with tube or plate 
settlers, the frequency of cleaning must be increased. A comparison of the various types of plant residuals 
collector systems is given in Table D.4. 

 

 

. 
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Table D.3: Comparison of clarifier systems 
Property Horizontal flow 

(rectangular) 
Tube settler/lamella 

sedimentation Sludge blanket Sludge blanket with 
inclined plates Solids recirculation Ballasted floc Dissolved air flotation 

1.  Treatable raw water 
 
 
2.  Typical surface 

loading rate 
 
3.  Retention time 
 
4.  Ease of stop/start 
 
 
 
 
 
 
5.  Skill level of 
     operation 
 
6.  Flexibility to cope 

with changes in raw 
water quality 

 
 
 
7.  Ease of automation 
 
8. Power demand 
 
9. Maintenance level 
 
10. Size of foot print 
 
11. Comparative costs 
 
      (a)  Capital  
 
 
      (b) Operating 

Low to high turbidity 
 
 
1 - 3 m/hr 
 
 
2 to 3 hours 
 
Easy 
 
 
 
 
 
 
Low 
 
 
Can cope with > 1000 
NTU 
Tanks can be modified 
to meet changing raw 
water conditions 
 
Difficult 
 
Low  
 
Low 
 
Large 
 
 
 
Low  to Medium (taking 
into account land cost) 
 
Low  

High colour, low to high 
turbidity, low algae 
 
5 - 15 m/hr 
 
 
30 to 40 mins 
 
Easy - about 20 minutes 
for flocculation 
 
 
 
 
 
Semi-skilled operators 
 
 
Can cope typically up to 
1000 NTU. Scrapers to 
be designed for higher 
values 
 
 
Easy 
 
Low  to medium 
 
Low  to medium 
 
Medium 
 
 
 
Medium 
 
 
Low 

High colour, 
moderately high 
turbidity 
4 - 6 m/hr  
 
 
40 to 60 mins 
 
Not easy - may take 
about 6 to 24 hours 
after long shutdown 
to form new blanket 
 
 
 
Semi-skilled operators 
 
 
Can cope typically up 
to 500 NTU with 
peaks of higher values. 
 
 
 
Easy 
 
Low to medium 
 
Low  to medium 
 
Medium 
 
 
 
Medium 
 
 
Low 

High colour, low to high 
turbidity, low algae 
 
6 - 10 m/hr  
 
 
30 to 50 mins 
 
Not easy - may take about 
6 to 24 hours after long 
shutdown to form new 
blanket but inclined 
plates can trap flocs until 
blanket is formed 
 
Semi-skilled operators 
 
 
Can cope typically up to 
1000 NTU 
 
 
 
 
Easy 
 
Low to medium 
 
Low to medium 
 
Medium 
 
 
 
Medium 
 
 
Low 

High colour, low to high 
turbidity 
 
20 - 25 m/hr 
 
 
10 to 20 mins 
 
Easy, but start-ups are 
all automated and is 
difficult to carry out 
manually 
 
 
 
Skilled operators 
 
 
Can cope typically up to 
1000 NTU 
 
 
 
 
Easy 
 
High 
 
High 
 
Small 
 
 
 
High 
 
 
High 

High colour, low to high 
turbidity 
 
35 - 40 m/hr 
 
 
5 to 10 mins 
 
Easy, but start-ups are 
all automated and is 
difficult to carry out 
manually 
 
 
 
Skilled operators 
 
 
Can cope up typically to 
1000 NTU 
 
 
 
 
Easy 
 
High 
 
High 
 
Small 
 
 
 
High 
 
 
High 

High colour, low 
turbidity, high algae 
 
8 - 12 m/hr 
 
 
20 to 30 mins 
 
Easy, but start-ups are 
all automated and is 
difficult to carry out 
manually 
 
 
 
Skilled operators 
 
 
Not suitable for  
moderate to high 
turbidity water 
 
 
 
Easy 
 
High 
 
High 
 
Small 
 
 
 
Medium to high 
 
 
High 
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Table D.4:  Comparison of various plant residuals collector mechanisms 

Type of Mechanical Residuals System Design Criteria Advantages Disadvantages 

Chain and flight  
 
 

 Endless chain is connected to a shaft and drive 
unit.   

 Flights are attached to chain. These flights 
scrape the residuals to a hopper at the end of 
the basin. 

 Simple to install. 
 Low power consumption. 
 Suitable for heavy lime residuals   
 

 Chain and flights require intensive 
maintenance. 

 Tank must be dewatered to repair 
mechanism. 

 Light solids may be resuspended.  

Travelling bridge  
 Small to midsize municipal and 

industrial WTPs 
 Best suited where rate of flow and 

raw water quality are constant 

 Bridge spans across the width of the basin. 
 Scraper mechanism is suspended from the 

bridge 
 As the bridge travels towards the hopper, the 

scrapers are lowered and sweep the residuals 
to the hopper located at one end of the basin. 

 After the bridge reaches the residuals hopper, 
the scrapers are raised and the bridge returns 
to the other end of the basin. Cycle is repeated.  

 Most moving parts are above water. 
 Most maintenance can be achieved 

without dewatering the tank. 
 Low maintenance cost for short span 

bridges. 
 Longer operating life. 
 

 High power requirements to move 
the bridge. 

 Wheels may derail frequently, 
particularly on longer span bridges. 

 Scraper may “ride up” on heavy solids 
and cause accumulation of solids.  

 
 

Floating bridge siphon collectors  Uses stainless steel siphon pipes that are 
corrosion resistant.   

 Floating bridge permits the collection headers 
to float. Eliminates friction to motion. 

 No moving parts under water. 
 Low power consumption. 
 Energy efficient 

 

 Dense residuals accumulate in the 
tank if underflow draw off is not 
properly controlled. 

Track-mounted hydraulic system  Uses a stainless steel header pipe with orifices 
spaced and sized for efficient residuals 
removal 

 The collector pipe is attached to a drive 
assembly and travels along the length of the 
tank on stainless steel guide rails 

 Water level in the basin provides the driving 
force to push the residuals through the 
collection system 

 Prevents collecting large volume of 
low-solids residuals 

 Low cost 
 Can operate effectively beneath 

lamella tube or plate settlers 

 For large tank multiple unit need to 
be installed to cover the whole tank. 

Circular clarifiers, with or without 
corner sweep.  
 
 

 

 Scrapers are attached to a truss, which rotates 
around the basin. Scrapers sweep residuals to 
center of the basin. 

 Truss arm is attached to a center cage.  
 The center cage is attached to a turntable and 

gear mechanism, which rotates the residuals 
collector. 

 Corner sweep are used to collect residuals 
from corners of square and rectangular basins. 

 No submerged moving parts in 
circular basins.  

 Most maintenance can be achieved 
without dewatering tank. 

 Low maintenance cost  
 Low operating cost. 

 

 Corner sweep mechanisms are often 
a maintenance problem.  
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D.1.7 Filtration 

 General 

The water that has undergone treatment consisting of aeration, coagulation, flocculation and clarification 
processes will still have some fine suspended matter which cannot be removed during the clarification 
process. 

Filtration is therefore usually necessary for the removal of residual suspended matter that may interfere 
with disinfection, and also to meet the final treated water quality standards. 

The media commonly used in filtration are sand, anthracite coal, granular activated carbon, or some 
combination of these materials. The mechanism of the filtration process involves straining where the 
suspended matter is trapped between the grains of filter media and also adsorption where the suspended 
materials stick to the surface of the individual media grains or on previously deposited material.  

Filters can be classified either as gravity or pressure filters. Gravity filters use gravitational forces to 
move the water through the filter whereas for pressure filters, applied pressure forces the water through 
the filter. Typically, gravity filters are more commonly used in water treatment. 

Gravity filters can be classified into a few main types: 

(i) Slow sand filters; 
(ii) Rapid gravity sand filters; 
(iii) Rapid pressure sand filters; 
(iv) High rate filters; 
(v) Diatomaceous earth filters or precoat filters; 
(vi) Membrane filters; 
(vii) Valveless filters; 
(viii) Cyclone separator filters, and 
(ix) Compact plant filters. 

Table D.5 provides a summary of comparisons between the various types of filtration systems available 
for water treatment. 

 Slow Sand Filters 

Slow sand filters are not common in Malaysia. These filters typically consist of about 0.9 to 1.5 m depth 
of fine sand supported on approximately 0.3 m of graded gravel. The low filtration rate 0.05 to 0.2 m/hr 
coupled with the use of smaller sand size (usually 0.30-0.45 mm in diameter) results in most of the 
particles in the water being removed at the top few centimetres of the bed. The surface of the bed forms 
a layer called the schmutzdecke which provides an additional filtration layer that physically strains 
smaller particles from the influent water. The schmutzdecke also forms a complex biological system that 
degrades some organic matter. 

The filtering action is dependent on the fine sand and also the sticky mat of suspended solids that forms 
on the filter surface. The fine sand has small voids that tend to clog easily and therefore is not 
recommended to be used with influent water having high turbidity above 10 NTU. Water that has been 
treated with high dosages of chemicals for coagulation will also hasten the clogging of the filters. The 
slow sand filters have no backwashing system and they are cleaned by scraping off the top few 
centimetres layer of sand and discarded. After a few times of scraping, the sand level would need to be 
replenished. The advantages with this type of filters are the low construction cost, as well as low 
maintenance and operating cost. The main disadvantage is the large land area requirements. With large 
capacity treatment plants, the low filtration rates make such slow sand filter systems uneconomical.  
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 Rapid Gravity Sand Filters 

Rapid gravity sand filters are the most commonly used filtration systems in Malaysia. These systems 
can accommodate much higher filtration rates than slow sand filters due to the coarse sand being used. 
The sand filters are designed with a backwashing system so that the filters can be periodically cleaned 
and restored for use.  

The filter material in rapid filters is fairly uniform in size and the media uniformity allows the filters to 
operate at higher hydraulic loading rates with lower headloss. However, the filter media have void spaces 
significantly larger than the particles being filtered. Therefore, straining is not the dominant removal 
mechanism. The particles are removed when they adhere to the filter grains or previously deposited 
particles. The filter bed is constructed in a deep structure that is typically constructed of reinforced 
concrete and open to atmosphere. The filtration process operates in two cycles, which is the filtration 
stage and the backwash stage. During filtration stage, water flows downward through the filter bed and 
the particles are collected within the bed. The filtration portion of the filter cycle typically lasts from 1 to 
4 days. During the backwash stage, water flows in the opposite direction to the filtration stage. In this 
way, the particles that have collected in the filter bed are removed and the filter beds are cleaned and 
returned to service. Efficient removal of the collected solids is important in the design of the filters. 

Rapid filters can be classified by the number of layers and types of filter material used. The common filter 
materials are sand, anthracite, granular activated carbon (GAC), garnet and ilmenite. Some of these media 
are used alone or in combination with other media.  

The design of filters is generally defined by the filtration rates and for rapid gravity filters, this can 
typically range from 5 to 15 m/hr.  

 Rapid Pressure Sand Filters 

Rapid pressure sand filters are similar to the rapid gravity sand filters 
except that they are enclosed in a pressurized vessel. Due to the 
pressurized water, air binding will not occur.  

A major disadvantage of a rapid pressure sand filter is the possibility of the 
filter bed to crack easily. This is made worse due to the inability to observe 
the backwash. For iron and manganese removal, these cracks will allow 
iron and manganese to seep through the filter bed hence requiring regular 
iron and manganese measurements for the filter effluent.  

Due to these restrictions, rapid pressure sand filters should not be used for 
surface water treatment. 

Figure D.19: FiRapid pressure sand filter 
(Shubham Inc, 2014) 

 High Rate Filters 

High rate filters are similar to rapid sand filters except that they can operate at rates much higher of up 
to four times. The filters are typically dual media and multimedia filters. Dual media filters usually have 
a bed of sand covered by a layer of granulated anthracite coal or granular activated carbon. Multimedia 
filters have three or more media types of varying coarseness and specific gravity. The most common 
combination is garnet sand on the bottom layer, followed by silica sand and topped with coarse 
anthracite. In dual or multimedia filters, the coarsest material which also has the lowest specific gravity, 
tends to be placed at the top layer with the heaviest medium at the bottom.  

The coarser layer of sand on top removes most of the suspended particles and particles that pass through 
the upper layer are removed by the finer media below. This allows for longer filter runs and higher 
filtration rates than for conventional sand filters which traps most of the suspended matter near the sand 
surface. Dual or multimedia filters can increase the treatment plant capacity while maintaining excellent 
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water quality. The filter media to be selected depends on many factors including the raw water quality 
and the anticipated variations in water quality. 

 Diatomaceous Earth Filter or Precoat Filter 

The diatomaceous earth filters or precoat filters are significantly different from the rapid and slow 
sand filters as the filtration takes place across a thin cake (2 to 5 mm) of fine granular material with 
diameters of between 4 to 30 µm. Particle removal occurs primarily at the surface of the cake and the 
filtration media have to be replaced after every filter run. The filtration run varies from 6 hours to 30 
days. The most common filter media is diatomaceous earth that is mined from the fossilized remains of 
microscopic plants called diatoms. A powdered medium is manufactured from diatomite deposits that 
are almost pure silica. The media is available in several grades or sizes which determines the quality of 
the effluent from the filter. Fine grades are able to produce better quality but at the expense of rapid head 
loss development.  

The precoat filtration cycle is made up of three stages: precoating of media, filtration and backwash. In 
the first stage, a precoat filter media is applied to a septum, which is a porous plate or screen designed to 
support the pre-coat material. The precoat layer is the initial layer of the filter media which must be 
applied evenly to the surface of the septum to achieve effective filtration. The precoat material is applied 
as slurry at a surface loading rate of 0.5 to 1 kg/m2. The filtration process begins after the application of 
the precoat is complete.  

During filtration, additional material called the body feed is added to the influent water. The body feed is 
typically made of the same material as the precoat layer and without it the filter clogs up rapidly and 
headloss increases exponentially. The body feed and the raw water particles deposit at the media surface, 
forming a new filtering surface. The final backwash stage is initiated when the pressure drop reaches the 
maximum headloss. The backwashing is achieved by passing water through the septum in the reverse 
direction after the filter inlet line is closed and the backwash line is open. The filter cake comes off in the 
waste washwater and into the residual stream.  

The filters can be designed in a pressure vessel with a pumped inlet line or as an open filter bed operated 
through the application of a vacuum to the effluent side of the septum. The pressurised filters typically 
operates with a maximum available pressure drop of about 2 to 3 bar while vacuum installations have a 
maximum available pressure drop of about 0.6 bar.  

The diatomaceous earth filters have been in existence for a long time and recently there is a renewed 
interest because the filters can strain particles down to 1 µm which means micro-organisms such as 
Giardia and Cryptosporidium can be removed to a large extent. Because straining is the primary removal 
mechanism, there is lower possibility of breakthrough during the filter run. The main disadvantage of 
diatomaceous earth filters is the need to dispose of the filter medium after each cycle. These filtration 
systems also need to be properly operated and is most appropriate for high quality source waters with 
turbidity of 10 NTU or less. Due to the lack of availability of the media in this country, this type of filter is 
not used here.  
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Table D.5: Comparisons between granular media filtration technologies  

Process characteristic Slow sand filtration Rapid filtration High rate filtration 
Diatomaceous earth or 

precoat filtration 

Filtration rate  0.05–0.2 m/hr 5–15 m/hr 10–30 m/hr 1.3–5 m/hr 

Filter medium Fine sand Medium sand Coarse sand 
Multimedia 

Dual media: coal-sand  
Trimedia: coal-sand-garnet 

Diatomaceous earth 

Media characteristics  
 Effective Size, ES 
 Uniformity Coefficient, UC 
 Bed Depth, D 
 Specific Gravity 

ES: 0.30–0.45 mm 
UC: 2–3 

D: 0.9–1.2 m 
SG  2.63 

E.S: 0.45–0.65 mm 
UC:1.4–1.7 

D:0.6–1.5 m 
SG  2.63 

Coarse Sand: 
E.S:0.8–2.0 mm 

UC:1.4–1.7 
D: 0.8–2.0 m 

SG  2.63 
 

Multimedia Filter Sand: 
E.S:0.45–0.65 mm 

UC:1.4–1.5 
D: 0.3 m 
SG  2.63 

Anthracite Coal 
E.S:0.9–1.4 mm 

UC:1.4–1.5 
D: 0.45 m 

SG   1.5–1.6 
Garnet  

E.S:0.25–0.3 mm 
UC:1.2–1.5 

D: 0.0075 m (0.25ft) 
SG : 4.0–4.1 

 

ES: 22–30 m 
D: 2–5 mm 
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Table D.5: Comparisons between granular media filtration technologies (continued) 

Process Characteristic Slow Sand Filtration Rapid Filtration High rate filtration Diatomaceous earth or  
Precoat Filtration 

Advantages  Simple design and 
construction 

 Good effluent quality 
without pre-treatment 

 A proven and widely used  
process 

 Wide application with pre-
treatment  

 

 An effective high rate 
filtration process with 
very long filter runs 

 A wide application range 
with polymer pre-
treatment  

 Good effluent quality 
without pre-treatment 

 Limited application 
 Residual solids produced 

are easily dewatered. 

Disadvantages  Requires a large filter bed 
area 

 Applicable only for good 
quality raw water 

 Requires frequent 
scraping off surface layer 
(every 20-30 days) 

 Relatively short filter runs  
 Requires a coagulation 

pre-treatment and 
auxiliary backwashing 
system  

 

 Auxiliary washing system 
limited to air scour type.  

 Requires deep filter cells 
and a special underdrain. 

 Proper selection of each 
filter media is important  

 Require a high backwash 
rate for multimedia filters 
for restratification. 

 Storage and handling of 
the fine powder, dust 
control equipment.  

 Extensive auxiliary 
backwashing system is 
required.  

 
 

Required head 0.9–1.5 m 1.8–3.0 m NA 6–30m 

Run Length 1–6 months 1–4 days 1–4 days 6 hours–30 days 

Ripening period 
(breakthrough) Several days 15 min–2 hr NA None 

Pretreatment None required Coagulation Coagulation and clarification None required 

Dominant filtration 
mechanism 

Straining and biological 
activity Depth filtration Depth filtration Straining 

Regeneration method Scraping Backwashing Backwashing Bed replacement 

Maximum Raw Water 
Turbidity  

10 to 50 NTU Unlimited with proper 
pretreatment 

Unlimited with proper 
pretreatment 

10 NTU 
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 Membrane Filters 

The emerging filtration technique for potable water treatment is membrane filtration. The membrane 
process is a physico-chemical separation technique that uses differences in permeability of water 
constituents as a separation method. During the membrane treatment, water is pumped against the 
surface of a membrane resulting in the production of product and waste streams. The membrane is 
typically made from a synthetic material less than 1 mm thick; it is semi-permeable, meaning it is highly 
permeable to some components in the feed stream and less permeable to others. The permeable 
components pass through the membrane and impermeable components are retained on the feed side, 
resulting in a product stream and waste stream. The degree of purification and its effectiveness is 
determined by the type of membrane, the type and level of the driving force, and the characteristics of 
the raw water.  

The four major classifications of membranes are: 

(i) Microfiltration; 
(ii) Ultrafiltration; 
(iii) Nanofiltration, and 
(iv) Reverse osmosis.  

These classifications are broadly based on the pore size of the membranes and the size of particles that 
can be removed. Figure D.22 shows the typical size ranges of membranes in comparison with the typical 
size of contaminants in water. The main characteristics of the various membrane systems are 
summarised in Table D.6, whilst Table D.7 provides the indicative energy requirements and feed water 
recovery of the different membrane types.  

Membrane filters used in water treatment are commonly available as hollow fine fibres. The material 
used for making the membranes must have good tolerance to pH and oxidising agents. The common 
materials used include polysulfone, polyethersulfone, cellulose acetate, polypropylene and 
polyvinylidene difluoride (PVDF). The general characteristics of these materials are given in Table D.8. 

Membrane filtration has distinct advantages over conventional filtration systems, including: 

 Reliable production of good filtered water as the filtered water turbidity from the membrane is 
independent of the concentration of particulate matter in the feed;  

 Very high “log removal” of Giardia and Cryptosporidium; 
 Much less space (footprint) requirements; 
 Easily integrated into an existing plant, and 
 Minimum labour requirements. 

Membrane filtration also has several associated problems, including: 

 Membrane fouling (caused by bacteria, chlorine residuals and cationic polymers for certain types 
of membranes); 

 Requires treatment of chemically washed waste before disposal; 
 Need for pre-treatment of raw water, and 
 High maintenance cost. 

(1) Microfiltration 

Microfiltration (MF) removes larger particles, approximately 0.5 µm in diameter. The pore size of the 
membrane is generally larger than 0.1 µm. Therefore, colloidal matter generally around 0.01 to 1 µm in 
size and dissolved materials are not likely to be removed with the use of MF units. The membrane is 
capable of swelling and changing its characteristics thereby allowing it to retain certain types of colloidal 
and soluble substances. Whenever the MF membranes become clogged, the filtration rate drops below a 
practical level, thereby necessitating backwashing and chemical cleaning of the membrane. A self-
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cleaning cartridge prefilter with openings of 500 µm is generally required upstream of the membrane 
filters especially if the raw water has no pretreatment. 

Backwashing of the membranes is normally carried out by air scouring every 20 minutes, for about a 
minute or more. A chemical cleaning of the membrane is required every 2 to 3 months depending on the 
raw water quality or when the pressure exceeds 15 psi. Typically, caustic soda or an acidic detergent is 
required. 

(2) Ultrafiltration 

Ultrafiltration (UF) membranes have pore size that are significantly smaller than 0.1 µm and generally 
requires a driving pressure ranging from 10 to 90 psi. Because of the smaller pore size, UF membranes 
are able to remove colloids, bacteria and viruses, and high molecular weight organic compounds. 

UF membranes are usually composed of two layers, an extremely thin 1 to 5 µm and fine porous skin 
over a thicker 25 to 50 µm porous substrate. UF membranes may be constructed flat with a supporting 
frame, flat and spirally wound, tubular with a supporting cylinder (inside) or a tubular hollow fibre with 
an external diameter of 0.5 to 1.5 mm that does not have a supporting frame. The UF configuration with 
hollow fibres requires prefiltering through a larger pore size of 10 to 20 µm to prevent the membranes 
from becoming clogged too quickly.  

(3) Nanofiltration 

Nanofiltration (NF) membranes used in potable water applications have pore sizes of 0.001 to 0.002 
µm. NF filters are capable of removing disinfection by-product precursors as well as calcium, formed 
during lime and soda ash softening processes. Approximately 50 to 70% removal of total dissolved solids 
can be achieved. Total organic carbon removal can be effectively achieved by the NF process and a very 
high percentage of microbial removal is achievable. In some cases, NF is capable of replacing ozonation, 
granular activated carbon (GAC) adsorption and enhanced coagulation.  

NF membranes are prone to biofouling problems, therefore effective pre-treatment such as conventional 
treatment processes, micron cartridge filters or MF filtration can be useful in reducing the frequency of 
membrane fouling. 

(4) Reverse Osmosis 

The process of osmosis occurs when a salt solution is separated from pure water by a semi-permeable 
membrane. The pure water flows across the membrane until the pressure on the pure water side is equal 
to the osmotic pressure of the salt solution. In reverse osmosis (RO), an osmotic pressure greater than 
that of the salt solution is applied to the compartment containing the salt water. This force pushes the 
pure water to flow back across the membrane. The pressure required depends on the differences in salt 
concentration but is often greater than 300 psig.  

The RO process may be used in cases where the water has a salinity of less than 500 mg/l to produce a 
25 mg/l TDS product water using a relatively small amount of energy. For example, the RO filter is 
capable of demineralising sea water to water containing approximately 300 mg/l TDS.  

The major difference between nanofiltration and reverse osmosis is the magnitude of the applied 
pressure and the size of the substances that can be removed. Nanofiltration and ultrafiltration is not 
capable of removing solutes of low to intermediate molecular weight, colloids, bacteria and viruses.  

There are currently two main types of RO membranes; membranes made from cellulose acetate and 
aromatic polyamide. Membranes made from cellulose acetate yield a high flow rate per unit surface area. 
The membranes are available in tube shape, spirally wound flat sheets and as hollow fibres. Aromatic 
polyamide membranes have a low rate of flow and are available as a hollow tube fibre to provide 
maximum surface area per unit volume. The advantages of aromatic polyamide membranes are its 
excellent resistance to chemical degradation and biological attacks, providing longer service life of 3 to 5 
years compared to cellulose acetate membranes that typically lasts for 2 to 3 years. However, the RO 
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membrane made from aromatic polyamide can become irreversibly damaged when exposed to oxidising 
biocides. 

The cost and operational complexities of RO systems are the main factors that prohibit the use of RO in 
WTPs that treat raw water derived from normal sources. They are, however, used in the treatment of 
seawater and brackish water. 

 Valveless Filters 

A valveless filter utilises the siphon principle to perform regular filter backwashing. The filter operate 
without butterfly valves, pilot mechanisms, rate controllers, gages, graphic panels, or air compressors.  

The valveless filter have to sections including filtering cell and the wash water storage compartment.  

 

Figure D.20: Schematic of a valveless filter 
(Donald M. McKee, 1961) 

 Cyclone Separator Filters 

A cyclone separator filter removes particles from 
liquids by the use of centrifugal forces and gravity 
to separate the particles suspended in the liquid.   

As seen in Figure D.21, liquid enters the cyclone 
tangentially and increases in speed through an 
internal acceleration ring. The centrifugal force 
from the acceleration together with gravity 
promotes separation of the particles into a 
separation chamber while the filtered water flows 
up and out through the outlet.  

The lower part of the cyclone is usually installed 
with a cone to assist in the removal of the particles 
and to prevent their reintroduction into the filtered 
fluid. The separated particles will then be moved 
into a collection chamber. 

Figure D.21: Schematic of a cyclone separator filter  
(Brightwater Environmental, 2020) 
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For an effective separation, the following factors must be considered during the selection of cyclone 
separator filters: 

 Viscosity and density of liquid; 
 Density and size distribution of particles; 
 Nominal flowrate, and 
 Operational pressure. 

Generally, cyclone separators are used for water sources with contaminants having specific gravity of 
equal to or more than 2.6. Cyclone separators are also suitable as a pre-removal system for river or ditch 
water with high levels of sand and large organic particles. Cyclone separator filters have several 
advantages such as: 

 Low pipeline energy consumption from low perssure drop and stable flow rate; 
 High reliability and low maintenance cost due to no moving parts, 
 Little space requiremtents; 
 Excellent at removing high density particles from low viscosity liquids, and 
 Zero filter media consumption. 

However, limitations with the usage of cyclone separators are that they are unable to collect particles 
smaller than 10 µm and are ineffective against sticky or viscous liquids. 

 Compact Plant Filters 

Compact plant filters are an alternative package technology for conventional treatment system. 
Basically the compact plant filters is designed and assembled in a factory, skid mounted and transported 
to the site.  

These units are most widely used to treat surface water supplies for removal of turbidity, color and 
coliform organism with filtration processes. The compact plant can be integrated with other treatment 
technologies to provide comprehensive water treatment to suit the specific requirements of the raw 
water, such as: 

 Disinfection (chlorination, ozonation, ultra-violet radiation) 
 Filtration (membrane system) 
 Adsorption (using powdered activated carbon or granular activated carbon) 

The compact plant filters are more suitable for use in small WTPs. The compact plant can also be easily 
incorporated into an existing plant for upgrading because of its small footprint.  Their advantages include 
their compact size, easy installation and ease of operation.. 
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Figure D.22: Size ranges of membrane processes and contaminants 
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Table D.6:  Characteristics of membrane technologies used in water treatment application  

Membrane technology 
Typical 

operating range, 
µm 

Operating 
pressure 

(kPa) 

Rate of flux 
(L/m2d) 

Material typical made 
from 

Configuration 

 Microfiltration 0.08–2.0 7–100 405–1600 
Polypropylene, 

acrylonitrile, nylon, and 
polytetrafluoroethylene 

Spiral wound, hollow 
fiber, plate and frame. 

 Ultrafiltration 0.005–0.2 70–700 405–815 
Cellulose acetate, 

aromatic polyamides 
Spiral wound, hollow 
fiber, plate and frame. 

 Nanofiltration 0.001–0.01 500–1000 200–815 
Cellulose acetate, 

aromatic polyamides 
Spiral wound, hollow 

fiber. 

 Reverse Osmosis 0.0001–0.001 850–7000 320–490 
Cellulose acetate, 

aromatic polyamides 

Spiral wound, hollow 
fiber, thin-film 

composite 

(Metcalf & Eddy, Wastewater Engineering Treatment and Reuse, 4th edition, 2004) 

Table D.7: Typical energy consumption and product recovery values for various membrane systems 

Membrane technology Operating pressure (kPa) 
Energy consumption,  kWh 

per m3 Product recovery 

 Microfiltration 100 0.4 94–98% 

 Ultrafiltration 525 3.0 70–80% 

 Nanofiltration 875 5.3 80–85% 

 Reverse Osmosis 1575 10.2 70–85% 

 Reverse Osmosis 2800 18.2 70–85% 

(Metcalf & Eddy,  Wastewater Engineering Treatment and Reuse, 4th edition, 2004) 
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Table D.8: Characteristics of common membrane materials 

Membrane Material Characteristics 

 Cellulose acetate (CA)  CA is the most hydrophilic of all membrane materials which helps minimise fouling and maintain high flux values.  
 The material is easy to manufacture, inexpensive and available in a wide range of pore sizes.  
 However, as a cellulosic derivative, it is more susceptible to biological degradation than most other common 

materials. 
 CA membranes is tolerant to continuous exposure to free chlorine doses of 1 mg/l or lower which may be required 

to prevent biological degradation. However, CA membranes is not tolerant of continuous exposure to higher 
chlorine doses, but intermittent doses as high as 50 mg/l are acceptable.  

 CA membranes are not tolerant of pH conditions below 4 or above 8.5, temperatures above 30°C or aggressive 
chemicals. Hence, CA membranes cannot be cleaned as aggressively with chemicals as other membrane materials. 

 Polysulfone (PS)/ 
polyethersulfone (PES) 

 PA and PES are moderately hydrophobic but can be susceptible to a high degree of fouling.  
 It is a durable material and has an excellent chemical and biological resistance.  
 It can withstand free chlorine contact to 200 mg/l for short periods of time for cleaning, pH values between 1 and 

13 and temperatures to 75°C. Therefore, cleaning and disinfecting with aggressive chemicals without degrading 
the membrane material is possible.   

 Polyvinylidene fluoride 
(PVDF) 

 PVDF is moderately hydrophobic and has excellent durability, chemical tolerance and biological resistance.  
 It can withstand continuous free chlorine contact to any concentration, pH values between 2 and 10 and 

temperatures 75°C.  Therefore, cleaning and disinfecting with aggressive chemicals without degrading the 
membrane material is possible.   

 Polypropylene (PP)  PP is the most hydrophobic membrane materials however it is only available for microfiltration applications since 
the material is too hydrophobic to allow water to pass through the small pore spaces in ultrafiltration membranes.  

 It is durable, chemically and biologically resistant and tolerant to moderately high temperatures and pH values 
between 1 and 13 which allows aggressive chemical cleaning regimes. However, PP is not tolerant to chlorine 
which hinders the ability to control biological growth in the membranes.      

( John C. Crittenden,  Water Treatment Principles and Design, 2nd Edition, MWH , 2005)
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D.1.8 Disinfection 

Disinfection is an essential step in water treatment as it removes or inactivates bacteria, viruses, 
protozoa and other forms of pathogenic micro-organisms in the water, rendering it safe for consumption. 
Disinfection is generally used either as a stand alone if the water being treated is from a very good source 
without requiring much contamination removal, or as a final step in water treatment after clarification 
and filtration. Chemicals typically used for disinfection are strong oxidants such as chlorine and chlorine 
compounds, ozone, or it may involve other processes such as UV radiation. 

The effectiveness and efficiency of disinfection greatly depends on factors such as: type of disinfectant 
used, dose quantities, stage at which the disinfectant is applied, and the amount of time applied. The 
physical and chemical characteristics of the water that is being treated are also critical factors that 
determine the efficacy of disinfection. For instance, increased particulate matter in the water can shield 
micro-organisms from the chemicals, whereas high organic content in the water could react with the 
chemicals and form disinfection by-products (DBPs). When naturally occurring organic precursors such 
as humic substances are present in the water during chlorination, the formation of DBPs such as 
trihalomethanes (THMs), chlorinated acetic acids, chlorinated ketones and haloacetonitriles, may occur. 
There is much concern over excessive levels of THMs and also the formation of other DBPs in drinking 
water because many DBPs are considered harmful to human health. As such, the disinfection system must 
be properly designed and the dosing must be well controlled in order to achieve a balance in controlling 
DBPs formation without compromising the effectiveness of disinfection in the treated water and 
throughout the distribution system.  

The strategies typically used to control DBPs formation include: 

(i) Making changes to process conditions (such as ensuring better removal of precursor compounds) 
– this can be achieved by improving the coagulation and flocculation processes to remove as much 
as possible the precursors prior to disinfection; another option is to lower the applied dosages of 
chlorine although this may lead to inadequate disinfection.  

(ii) Changing to a different chemical disinfectant which has a lower propensity to produce by-products 
with the source water constituents – monochloramines are sometimes used instead of chlorine as 
they produce less THMs, however, they may still form other types of DBPs, and also it is a less 
powerful disinfectant.  

(iii) Using a non-chemical type disinfectant – for example, UV disinfection or membrane processes can 
be considered as possible alternatives to chemical disinfection. However, neither of these provides 
any residual disinfectant to act as a preservative in the distribution system. 

 Chlorination 

The most common form of disinfection practised is chlorination. Chlorine dissociates in water to form 
hypochlorous acid and hypochlorite ions. Chlorine and hypochlorites are toxic to micro-organisms and 
are used extensively as disinfectants for drinking water supplies. When operated correctly the 
chlorination process is a safe, practical and effective way to destroy disease-causing organisms. Besides 
disinfection, chlorine is also useful for disinfecting storage tanks, pipelines, oxidizing iron, manganese 
and hydrogen sulphide and for controlling taste and odour, algae and slime. Chlorine is available in 
gaseous, liquid and solid forms. The most common forms of chlorine compound used for chlorination are 
as follows: 

(i) Chlorine as Cl2; 
(ii) Sodium hypochlorite, NaOCl, and 
(iii) Calcium hypochlorite Ca(OCl)2. 
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(i) Chlorine as Cl2 : 

Chlorine can be present as a gas or liquid. Chlorine gas is greenish yellow in colour and it is 2.48 times 
heavier than air. Liquid chlorine is amber coloured and about 1.44 times heavier than water. Unconfined 
liquid chlorine vaporizes rapidly as gas at standard temperature and pressure with l litre of liquid 
yielding about 450 litres of gas. Chlorine is typically supplied as liquefied gas under high pressure in 
containers varying in size from 68 kg cylinders or 930 kg containers.  

Chlorine is a highly toxic substance that potentially poses health risks to treatment plant operators and 
general public if released by accident. Therefore, the plant should be designed with adequate safety 
precautions. 

(ii) Sodium hypochlorite: 

Many of the safety concerns related to transport, storage and feeding of liquid gaseous chlorine are 
eliminated by the use of either sodium or calcium hypochlorite. Sodium hypochlorite (NaOCl) (i.e., 
liquid bleach) is only available as liquid and usually contains 12.5 to 17% available chlorine at the time 
of manufacture. The solution decomposes more readily at high concentrations and it is affected by 
exposure to light and heat. A 16.7% solution stored at 26.7°C will lose 10% of its strength in 10 days, 
20% in 25 days and 30% in 43 days. Sodium hypochlorite must be stored in a cool location in corrosion 
resistant tanks. Special design considerations are needed because of its corrosiveness and the likely 
discharge of chlorine fumes. Another major disadvantage of sodium hypochlorite is the chemical cost. 
The purchase price may range from 150 to 200% of the cost of liquid chlorine. 

Several proprietary systems are available for the on-site generation of sodium hypochlorite from salt 
(sodium chloride or NaCl). These systems are power intensive and produce a very dilute solution with a 
maximum concentration of 0.8% hypochlorite.  

The onsite generation systems have been used only on a limited basis due to their complexity and high 
power cost. It is used in countries where transportation of large amounts of chlorine on the roads is 
prohibited. In Malaysia, sodium hypochlorite has been used in small and remote plants.  

(iii) Calcium hypochlorite:  

Calcium hypochlorite (Ca(OCl)2) contains at least 70% available chlorine. This is available 
commercially in either dry or wet form. In dry form, it is available as an off-white powder or as granules, 
compressed tablets or pellets. A wide variety of container sizes are available depending on the source. 
Calcium hypochlorite granules or pellets are readily soluble in water varying from 21.5 g/100ml at 25°C 
or 23.4 g/100 ml at 40oC. Calcium hypochlorite should be stored in a cool, dry location, in corrosion 
resistant containers, away from other chemicals. Calcium hypochlorite is more expensive than liquid 
chlorine, furthermore it can lose its available strength on storage and may be difficult to handle because 
it tends to crystallize. Calcium hypochlorite tends to clog metering pumps, piping and valves. If used they 
are typically at small installations. In Malaysia, calcium hypochlorite is used more often to disinfect tanks 
and pipelines prior to plant operation or during cleaning. 

 Chlorine Dioxide 

Chlorine dioxide (ClO2) is another type of disinfectant that has equal or even greater disinfecting 
strength than chlorine. Chlorine dioxide has proved to be more effective in achieving inactivation of 
viruses than chlorine.  

Chlorine dioxide is unstable and therefore needs to be generated onsite from a mixture of chlorine 
solution and sodium chlorite. The major disadvantage of using chlorine dioxide as a disinfectant is the 
cost of sodium chlorite, which is about ten times more expensive than chlorine on a weight basis. Another 
concern is the formation of the by-products chlorite and chlorate, associated with the use of chlorine 
dioxide, which are potentially toxic.  
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The main advantage of chlorine dioxide is that is does not react with ammonia to form potentially harmful 
chlorinated disinfection by-products or THMs.  

Chlorine dioxide is not commonly used in Malaysia, although in overseas countries such as China and the 
U.S., they are used in areas where the water being treated has high organic content. 

 Electrochlorination 

Electrochlorination is the on-site production of sodium hypochlorite solution through the electrolysis 
of brine. A simple production process includes the generation of chlorine and hydrogen through 
electrolysis from a salt solution. The chlorine produced will immediately be in the form of 0.8% sodium 
hypochlorite solution. 

Generally, the electrochlorination involves the following: 

Salt + water + electricity → Sodium hypochlorite (NaOCl) + hydrogen 

This method of chlorination is much safer as the disinfectant solution is prepared as required and not 
stored for an excess period of time. The 0.8% sodium hypochlorite solution is also less hazardous 
compared to gaseous chlorine and commercial sodium hypochlorite solutions with 15% concentration.  

The benefits of using an electrochlorination system for disinfecting are: 

 Reliable and safe on-site chlorine production; 
 Constant availability of fresh sodium hypochlorite; 
 Less stringent safety requirements compared to gas-based chlorine systems, and 
 Reduces scaling at injection points from lower pH value in areas of hard water. 

Electrochlorination has several disadvantages such as: 

 Affects the smell and taste of the water; 
 Limited long term effect on bacteria; 
 Sensitive to water pH levels, disinfection is less effective at pH levels above 7.5, and 
 Slight effect on bio films in hot water tanks and pipes. 

 Ozonation 

Ozone is a powerful oxidising agent used for primary disinfection and oxidation. Due to the increasing 
concerns of THM formation with the use of chlorine and chlorine compounds in drinking water, ozone is 
becoming more important as an option for disinfection. Recent technology changes have made ozonation 
a more competitive and economical treatment option than has been in the past.  

Ozone is an unstable gas produced when oxygen molecules dissociate into atomic oxygen. Ozone can be 
produced by electrolysis, photochemical reaction or radiochemical reaction by electrical discharge. 
Ozone is a blue gas at normal room temperature and has a distinct odour. Ozone can be detected at 
concentrations of 0.01 to 0.05 ppm. Due to its odour, ozone can usually be detected before health 
concerns develop. Gaseous ozone is explosive when the concentration reaches about 240 g/m3 (20% 
weight in air). 

Since ozone is unstable and decomposes to oxygen rapidly after generation, therefore it must be 
generated on site. Ozone is usually generated by passing air, oxygen enriched air or high purity oxygen 
through a gap of narrowly spaced electrodes with a high voltage applied across the electrodes. The high 
energy created disassociates every one oxygen molecule into two ozone molecules. If air is used, there 
needs to be a conditioning step to remove the moisture and particulate matter before the air is introduced 
into the ozone generators.  

When exposed to a neutral or alkaline environment (pH above 6), UV light, or hydrogen peroxide, ozone 
in water decomposes to produce more active hydroxyl free radicals. The hydroxyl free radicals or a 
mixture of ozone and hydroxyl radicals can be a powerful oxidizing agent, capable of effectively 
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inactivating micro-organisms, such as viruses and protozoa and cysts (e.g. Cryptosporidium and Giardia) 
by destroying its cell wall structures.  

Ozone as an oxidant is used in the treatment of water for the following: 

 Removal of taste and odour; 
 Removal of colour; 
 Removal of iron and manganese; 
 Enhances removal of natural organic matter by breaking down organic compounds; 
 Oxidation and volatization of certain organics, and 
 Cryptosporidium, giardia and virus inactivation. 

Ozone reacts with inorganic compounds like nitrites, ferrous, manganous, sulfides and ammonium ions. 
The oxidation of these inorganic compounds occurs very rapidly and to completion thereby destroying 
many constituents that produce colour, taste and odour in potable water. Ozone also contributes to the 
breaking down of organic compounds such as aliphatic and aromatic compounds, humic acids and 
pesticides. Ozone segments these organic species to lower molecular species such as aldehydes and 
ketones, which can be subsequently removed in a granular activated carbon filters. 

Unlike the use of chlorine, ozone does not result in THM formation, however, ozone does form other types 
of disinfection by-products such as aldehydes, various acids, aldo- and ketoacids when significant 
amounts of bromides are present. The non-brominated compounds are usually biodegradable and can 
be removed using biologically active filter; whereas the removal of brominated compounds are more 
complex.  

Advantages of the use of ozone include the short contact period required for disinfection (between 4 and 
10 minutes with dosages of about 2-3 mg/l) and its effectiveness over a wide temperature and pH range. 
A major disadvantage of ozone is that its half-life in water is short and hence it is not effective as a residual 
disinfectant in the distribution system. As a result, to provide the residual, chlorination is often needed 
as a final stage of disinfection in addition to ozonation. 

Ozonation systems require high capital cost; their operating cost is also high due to the energy input 
requirements for the ozone generation (operating costs can be about 10 to 15 times higher than the cost 
for use of chlorine). Other issues related with ozonation include:  

 High temperature and high humidity atmosphere can complicate the ozone generation process; 
 The ozonation process is less flexible than chlorination in relation to variations in flow and water 

quality;  
 Requires specific analytical techniques sensitive enough for efficient process control, and 
 Ozone in water is highly corrosive, therefore it can only be used with certain materials such as 

grade 316 stainless steel, glass and Teflon.  

 Ultraviolet (UV) Irradiation 

Ultraviolet (UV) irradiation inactivates micro-organisms such as bacteria by directly damaging its 
cellular nucleic acids. When UV energy is applied, it is absorbed by the genetic material (DNA) of micro-
organisms where structural changes are induced thereby preventing further propagation of the 
organism. The peak absorption is between 250 to 265 nm, which is the optimum wavelength range for 
germicidal effectiveness.  

The advantages of UV irradiation is that no chemical is introduced into the water therefore no 
disinfection by-products are formed; there is no fear of overdosing and contact time required is short.  

The main disadvantage of UV irradiation is that it is not effective in the inactivation of spores, cysts and 
viruses. With the use of the UV irradiation method, the water needs to be well treated prior to UV 
application otherwise the radiation may be absorbed by many other constituents that are found in the 
water, or if the water is high in suspended solids, the micro-organisms may be shielded from the UV 
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irradiation. There is no residual disinfection in UV irradiation, therefore to ensure a safe water supply 
through the distribution system, a secondary disinfectant is required. 

The equipment required for UV irradiation is still relatively expensive; power requirement is high and 
maintenance is also likely to be expensive when replacements of the UV lamps are necessary. As a result, 
the application of UV for disinfection is still limited in the treatment of drinking water.  

D.1.9 Contact and Clear Water Tank 

The main purpose of the contact tank is to provide the necessary contact time for the disinfecting agent 
to achieve the degree of inactivation desired before the water is considered safe to supply to the 
consumers. Typically, if chlorine is used for disinfection, the contact tank will be designed for about 30 
minutes of contact time. 

Often, the final pH correction is also carried out in the contact tank and therefore there must be adequate 
facilities to allow for the dosing and mixing of the lime or soda ash within the tank. 

The clear water tank is required to provide the storage buffer against variations in water demands, as 
well as to be able to have sufficient water for all the plant services such as filter backwashing, firefighting 
and general service water for the plant usage for cleaning and chemical preparation. 

D.1.10 pH Correction for Protection of Distribution System 

After full treatment and prior to the water being sent out to the distribution system, final pH correction 
is required to stabilise the treated water. This is necessary because water can exhibit the tendency to 
either dissolve or deposit certain minerals in pipes, plumbing and fittings. Water that tends to dissolve 
minerals is considered corrosive whereas water that tends to deposit minerals is sometimes termed as 
scaling water.  

Corrosive waters can affect water quality and is detrimental to the distribution system; in addition to 
dissolving calcium and magnesium, corrosive water can also dissolve harmful metals such as lead and 
copper from plumbing. To stabilise corrosive water, the pH of the water must be adjusted to achieve its 
saturation index. This can be done through the addition of hydrated lime (Ca(OH)2) which increases the 
pH and neutralises free carbon dioxide, and if the water is soft, it will add calcium ions to the water. 
Hydrated lime is the most commonly used chemical for this purpose because it is less expensive than 
other chemicals having the same effect. Soda ash (or sodium carbonate, Na2CO3) can also be added along 
with the lime to further increase the alkalinity. Sodium bicarbonate, NaHCO3 is sometimes used instead 
of sodium carbonate because it will increase alkalinity without much increase in pH. The increase in 
alkalinity buffers the water against pH changes in the distribution system. This has proven particularly 
effective in controlling corrosion of lead and copper service pipes. Another chemical combination for pH 
adjustment is to use caustic soda (NaOH) instead of lime, with soda ash or sodium bicarbonate. 

Scaling water is water that deposits a film of minerals on the pipe wall which reduces, and in some cases, 
prevents corrosion of metallic surfaces. If the scale deposit is too rapid, it can cause excessive build-up of 
scale resulting in damage to appliances such as water heaters and clogging of pipes. A desirable water 
should be just slightly scaling. A typical strategy used to prevent excessive scaling is the addition of acid 
or by re-carbonation. In re-carbonation, carbon dioxide (CO2) is added to the water to shift the pH 
downward. Another strategy to treat scaling water is to add sequestering chemicals to prevent 
precipitation of calcium carbonate. This is typically done through the addition of metaphosphates or 
orthophosphates. 

In Malaysia, the waters are typically soft, corrosive water which has pH <7, low hardness and alkalinity. 
As such, pH adjustment is necessary more for prevention of corrosion than for control of scaling.  

The chemicals commonly used for stabilisation of water are listed in Table D.9. 
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Table D.9: Chemicals commonly used for stabilisation of potable water  

Treatment method Chemical name Chemical formula 

Increase pH and alkalinity  Unslaked lime (quicklime) 
 Slaked lime (hydrated lime) 
 Sodium bicarbonate 
 Sodium carbonate (soda ash) 
 Sodium hydroxide (caustic soda) 

 CaO 
 Ca(OH)2 
 NaHCO3 
 Na2CO3 
 NaOH 

Decrease pH and alkalinity  Carbon dioxide 
 Sulphuric acid 

 CO2 
 H2SO4 

Formation of protective 
coatings 

 Sodium silicate  
 Sodium hexametaphosphate  

(sodium polyphosphate) 
 Sodium Zinc Phosphate 
 Zinc Orthophosphate 

 Na2O(SiO2)n 
 (Na2PO3)n.Na2O+ 
 
 (MPO3)n.M2O 
 Zn3(PO4)2 

Sequestering Agents  Sodium hexametaphosphate   
(sodium polyphosphate) 

 Tetrasodium pyrophosphate 

 (NaPO3)n.Na2O+ 
 

 Na4P2O7.10H2O 

 Hydrated Lime 

Hydrated lime is the most commonly used chemical in Malaysia for pH adjustment. It is available either 
as unslaked or slaked form. Unslaked lime, also called quicklime or calcium oxide (CaO) is available in a 
variety of sizes from a powder to pebble form. Although available in bags, it is considerably more 
economical and easier to handle in bulk. As a result, quicklime is generally used by WTPs requiring large 
quantities. It should not be stored for more than three months because it can deteriorate. Quicklime is 
non corrosive in the dry form and can be stored in steel or concrete bins. 

For WTPs that do not use large quantities, hydrated or slaked lime, i.e. calcium hydroxide, Ca(OH)2 is 
more cost effective. Hydrated lime is a finely divided powder available in 25 kg bags and also in bulk 
shipments. The bulk form is unloaded and stored like quicklime and should be used within three months. 
The bagged hydrated lime can be stored for up to one year. Lime should be stored in a dry, well ventilated 
area.  

 Soda Ash 

Soda ash (or sodium carbonate, Na2CO3) is a white, alkaline chemical. It is available as granules and 
powder in bulk or in 50 kg bags. Because soda ash absorbs moisture and will readily cake, it should be 
stored in a dry well-ventilated area. Dry soda ash is not corrosive, so it can be stored in steel or concrete 
bins. Sodium carbonate should not be stored near products containing acid. If acid gets in contact with 
the chemical, large quantities of carbon dioxide will be released creating a safety problem. 

 Sodium Bicarbonate 

Sodium bicarbonate (NaHCO3) is also commonly known as baking powder. It is a white, alkaline 
chemical that is available in either powdered or granular form. It can be purchased in 50 kg bags. It must 
be stored in a cool, dry, well ventilated area because it decomposes rapidly as the temperature nears 
(38oC). As with sodium carbonate, sodium bicarbonate should not be stored near products containing 
acid. Corrosion-resistant materials must be used for storing and transporting sodium bicarbonate 
solution.  

 Sodium Hydroxide 

Sodium hydroxide (NaOH) is commonly called caustic soda. It is available as a liquid or in dry form 
(flakes or lumps). Regardless of the form, it requires careful handling because of the many hazards 
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involved. Liquid caustic soda is available in solution concentrations of 50% or 73% NaOH. The 50% 
solution will begin to crystallize if its temperature drops below 12°C and the 73% solution will crystallize 
if its temperature drops below 63°C. Therefore, it is recommended that NaOH should be purchased or 
prepared at lower concentrations. Alternatively, special storage facilities are required to maintain the 
temperature of the solution high enough to prevent crystallization. This can be established by installing 
heaters in the storage tanks. Storage tanks should be constructed of nickel cadmium or nickel alloy steel, 
lined with caustic resistant material such as rubber or polyvinyl chloride (PVC) or alternatively, tanks 
can be made from PVC or fibreglass.  

If dry form of caustic soda is used, it is usually dissolved immediately upon delivery in a storage tank. 
The dilution concentration is at a point where crystallization will not be a problem at local temperatures. 
With either dry or the liquid form, the addition of water for dilution generates a considerable amount of 
heat. Therefore, the rate of dilution must be carefully controlled so that boiling or splattering of the 
solution does not occur. A source of flushing water should be readily available in case of spills  

 Sulphuric Acid 

Sulphuric acid (H2SO4) is a corrosive, dense, oily liquid available in strengths containing 62%, or 93% 
H2SO4. It can be purchased in barrels or in bulk. The acid must be stored in corrosion resistant tanks. If 
diluted, the acid must always be added to the water (and not water to acid which will cause splattering 
and rapid generation of heat).  

 Sodium silicate 

Sodium silicate is also frequently called water glass. It is an opaque, syrupy, alkaline liquid, available in 
barrels and in bulk. The barrels can be stored or the liquid can be added immediately to storage tanks. 
Bulk deliveries are unloaded directly into storage tanks. The tanks can be constructed of steel or plastic 
because sodium silicate is not corrosive. 

 Carbon Dioxide 

Carbon dioxide (CO2) is a colourless, odourless gas that can be generated on-site or purchased in bulk 
in a liquefied form. On site generation involves producing the CO2 in a furnace or in an underwater 
burner. 

 Phosphate Compounds 

A number of phosphate compounds can be utilized for stabilization. Three of the most common are 
sodium hexametaphosphate (sodium polyphosphate), sodium zinc phosphate and zinc orthophosphate. 
Sodium hexametaphosphate is available in bags or drums in a form that looks like broken glass. The other 
two compounds are generally available in dry form in 25 kg bags or in liquid form in drums. The 
concentrated liquid solutions are slightly acidic so they should be stored in corrosion resistant tanks 
constructed of fibreglass, PVC or stainless steel.     

D.1.11 Fluoridation 

Fluoridation of drinking water is not a treatment process as such, but is included in the treatment train 
because of the Ministry of Health (MOH) Malaysia standard that requires fluoride to be dosed to maintain 
0.4 to 0.6 mg/l in treated water. Fluoride provides protection against dental cavities especially in 
children. Concentrations of 1 mg/l in drinking water provides sufficient protection, whereas higher 
concentrations exceeding 2 mg/l may cause discolouration of teeth and concentrations exceeding 5 mg/l 
may cause brittle teeth, fluorosis or skeletal abnormality. Therefore, the optimum fluoride levels have to 
be carefully controlled. 

Three types of chemicals are typically used for fluoridation and they are as follows: 

(i) Sodium silicofluoride/sodium fluorosilicate 
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(ii) Sodium fluoride  
(iii) Fluorosilicic acid 

 Sodium Silicofluoride (sodium fluorosilicate) 

Sodium silicofluoride or sodium fluorosilicate (Na2SiF6) is the most popular type of fluoride chemical 
used in Malaysia. Sodium silicofluoride is a white or yellowish white, slightly hygroscopic, odourless, 
crystalline powder with limited solubility in water.  The pH of the saturated solution is quite low between 
pH 3 and 4 but this is not a problem because the solution is diluted once it enters the drinking water. It 
is typically available in 25 kg bags.  

All dry forms of fluoride chemicals are fairly corrosive, therefore proper dust collection equipment 
should be provided to protect the workers; direct exposure to the chemicals should be minimised as best 
as possible.  

 Sodium Fluoride  

Sodium fluoride (NaF) is among the first forms of fluoride chemicals used for fluoridation of drinking 
water and is still widely used. The chemical is white in colour, odourless, and is usually supplied in coarse 
crystalline form in 25 kg bags.  

The solubility of sodium fluoride is fairly constant at 4 g NaF/100 ml water within the range of water 
temperature of 0 to 25°C. In Malaysia the use of sodium fluoride by water utilities is small, usually by 
smaller plants where saturation systems are used to feed fluoride into the water.   

 Fluorosilicic Acid 

Fluorosilicic acid (H2SiF6) is a clear, colourless to straw yellow colour, fuming and very corrosive liquid. 
It has pungent odour and can cause skin irritation and will etch glass. It has a low pH ranging from pH 
1.0 to 1.5. Fluorosilicic acid is supplied in drums and because it contains 70% water it is more costly to 
transport compared to the dry chemical. In Malaysia, fluorosilicic acid is not commonly used.  

D.1.12 Other Post-Treatment Chemicals 

 Sulphur Dioxide 

Sulphur dioxide is used primarily for dechlorination usually following superchlorination.  The 
superchlorination and dechlorination processes may be retrofitted to older WTPs or applied to new 
WTPs. 

In such WTPs, superchlorination is the practice of applying a high dose of chlorine, often much higher 
than necessary for breakpoint chlorination for the removal of ammonia.  The superchlorinated water, 
which contains a high amount of free residual chlorine, is then dechlorinated by application of sulphur 
dioxide.    

The sulphur dioxide should be added at the end the contact tank so as to ensure complete mixture and 
dechlorination to leave the desired chlorine residual.  

 Ammonia 

Ammonia is applied after chlorination in the contact tank for chloramination.  The chloramines is to 
provide a more stable disinfectant residual than normal free chlorine.  The process is usually applied 
where very long transmission mains are used. 
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D.1.13 Specialised Treatment Processes 

For raw waters having specific water quality contaminants that cannot be treated using conventional 
treatment methods, specialized treatment processes may need to be included into the treatment system. 
Some of the water quality contaminants and the specialized treatment processes that can help remove 
these contaminants are described here.  

 Adsorption 

Adsorption is a widely used water treatment process where thin layers of molecules or ions are removed 
as they come into contact and bind to a solid substance. It is especially used for treatment and removal 
of organic contaminants in water treatment. 

In general, adsorption occurs when solutes in a solution comes into contact with a porous structure 
resulting in a strong liquid-solid intermolecular force which pulls and attaches the solute to the surface 
of the porous structure. The high porosity of the structure allows for a high internal surface area which 
promotes better adsorption. 

The types of adsorbents can be classified into two categories: natural and synthetic. Natural adsorbents 
include clays, zeolites, charcoal, clay minerals and ores. These natural options are relatively cheap, easily 
obtainable and easily enhanced to increase their adsorption capabilities.  

Synthetic adsorbents are made from agricultural produce and waste, sewage, industrial wastes, 
residential wastes and polymeric adsorbents. Each adsorbent has its own unique characteristics such as 
porosity, specific surface and grain size. 

Activated Carbon  

Activated carbon is the most widely used adsorption material. This is due to its highly random and 
porous structure which allows for strong intermolecular attractions in and around the smallest pores. 
Activated carbon is highly effective as it provides a large surface area for the chemical contaminants to 
adhere to. 

There are two forms of activated carbon available: powdered activated carbon and granular activated 
carbon.  

Powdered activated carbon (PAC) is usually mixed into contaminated water and removed after a 
specific duration. Adsorption occurs throughout the time the powdered activated carbon is in the 
contaminated water. Powdered activated carbon is usually added around the front of the treatment 
process sequence and settled out together with the floc or backwashed out of the filter beds. 

Granular activated carbon (GAC) is typically used in adsorption columns or beds where contaminated 
water is flowed through. Contaminants will be adsorbed into the surfaces of the pores and continue to do 
so until the carbon can no longer adsorb more contaminants. The used carbon will then be replaced with 
new or reactivated carbon. The adsorptive capacity of used carbon can be restored through thermal 
reactivation on-site or off-site. However, it is normal practice to only use reactivated carbon sourced from 
the plant itself, limiting contamination from other activated carbons from different industries. 

The differences between the characteristics of powdered and granular activated carbon allows for 
different advantages and applications. Hence, a comparison between powdered and granular activated 
carbon is shown in Table D.10 below. 

Table D.10: Comparison between powdered and granular activated carbon 

Parameter Powdered activated carbon Granular activated carbon 

Main objectives  Remove colour, natural 
organic matter, odour- and 
taste-causing contaminants 

 Remove suspended solids, residual 
disinfectants, assimilable organic 
carbon (AOC), disinfection by-
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Parameter Powdered activated carbon Granular activated carbon 

 Treat incidental and known 
organic contaminants 

products (DBPs) and DBP precursors, 
and odour- and taste-causing 
contaminants 

 Provide further barrier for organic 
contaminants 

General usage  Occasional use to remove 
odour- and taste-causing 
contaminants 

 Continuous use 
 Occasional, stand-alone adsorbers to 

remove odour- and taste-causing 
contaminants 

Application point  Raw water intake 
 Specified slurry contactor 
 Rapid mixer 
 Inlet of filter 

 Pre-filtration adsorber 
 Combined filter-adsorber 
 Post-filtration adsorber 

Required 
facilities 

 Carbon storage tank 
 Slurry tank (for slurry feed 

systems) 
 Feeder equipment 

 Filter-adsorber or stand-alone 
adsorber 

 Carbon transport/handling 
equipment 
 

If reactivating, 
 Reactivating equipment 
 Air emission controls 
 Carbon storage tank 

Advantages  Low capital costs 
 Easily integrated into existing 

systems 

 Continuously adsorb various organics 
 Carbon can be reactivated 

Disadvantages  One–time use only 
 Higher carbon usage rate due 

to less favourable equilibrium 
conditions  

 Dust issues from improper 
handling 

 Additional sludge handling 
 Activated carbon interacts 

with disinfectants 

 High capital cost 
 Risk of re-releasing adsorbed 

contaminants 
 Activated carbon interacts with 

disinfectants 

(Brady & Moran, 2012) 

 Conditioning (Softening) 

Precipitative conditioning or softening is a method of reducing the hardness of water by converting 
soluble divalent cations such as magnesium and calcium into insoluble precipitates to be removed 
through sedimentation and filtration. 

Water hardness is defined through the total concentration of multivalent ions, mainly calcium and 
magnesium; it is expressed in mg/l as Ca or Mg ion. Other hardness inducing ions include manganese, 
iron, strontium, zinc, barium, and aluminium. However, their concentrations are usually deemed 
negligible for hardness measurement.  

Total hardness is defined as the total hardness of calcium and magnesium and can be differentiated as 
carbonate and non-carbonate hardness. 

Malaysian waters are generally “soft” or low in hardness and hence softening processes are not usually 
required. 

The advantages of water softening include the following: 

 Reduce soluble mineral concentrations and tendencies of scale-forming; 
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 Reduce dependency and consumption of household cleaning agents; 
 Removes radium-226 and -228 separately; 
 Removes fluoride and silica; 
 Removes iron and manganese, and 
 Reduce turbidity of surface water. 

Typical processes of precipitative softening are: 

 Straight lime or lime-soda ash; 
 Excess lime or excess lime-soda ash, and 
 Split-treatment excess lime or split-treatment excess lime soda-ash. 

(1) Straight Lime or Lime-Soda Ash 

Straight lime or lime-soda ash only involves the removal of calcium carbonate hardness (CCH) through 
the addition of lime at the softening stage.  

The required lime dosage for CO2 and CCH removal can be estimated using the equation below: 

𝐶𝑎𝑂 → 10.6 [𝐶𝑂 ] + 4.7 [𝐶𝐶𝐻] 

Where: 

CO2 = mg/l of carbon dioxide (CO2) 
CCH = mg/l of calcium carbonate (CaCO3) 

Carbonate and non-carbonate hardness are removed where the latter is achieved with the addition of 
soda ash at the softening stage. Lime and soda ash will raise the pH levels to approximately 10.3 to 10.6. 
A limitation of this process is that the removal of calcium hardness only goes down to a minimum of 35 
mg/l of CaCO3. Higher calcium residuals are easily obtained through reduced lime and soda ash dosage. 
If TOC removal is required, straight lime or lime-soda ash is not as effective as excess lime softening. 
Straight lime softening forms calcium carbonate precipitates which are often difficult to settle without 
additional coagulants. 

Recarbonation 

Recarbonation converts carbonate alkalinity into bicarbonate alkalinity and stabilizes treated water 
prior to the filter by the addition of carbon dioxide or mineral acids such as sulfuric acid. Typically, 
straight lime or lime-soda ash is a single-stage softening process followed by  recarbonation prior to 
filtration. 

(2) Excess Lime or Excess Lime-Soda Ash 

Excess lime softening typically involves the removal of calcium and magnesium hardness by using 
excess dosage of lime in the main softening process. Generally, the excess lime removes calcium and 
magnesium hardness to around 35 mg/l and 10 mg/l, respectively. The implementation of excess lime 
or lime-soda ash softening can be done using a single-stage or two-stage process. 

(i) Single-stage. 

Excess lime from the softening basin will react with carbon dioxide in the recarbonation basin to lower 
water pH levels and stabilize the water prior to filtration. A typical single-stage excess lime or excess 
lime-soda ash process can be seen in Figure D.23. 
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Figure D.23: Schematic of a single stage lime-soda ash softening process  

(Berrigan, 2016) 

(ii) Two-stage. 

Several advantages come with using a two-stage process (Figure D.24) instead of a single-stage. The 
limitation of recarbonation to just the required amount of carbon dioxide to react with the excess lime 
provides additional softening by the removal of calcium carbonate in the second stage. In many cases, 
the reduced calcium hardness from excess lime precipitation in the second stage may reduce or eliminate 
the requirements for soda ash for the removal of non-carbonate hardness. Two-stage processes require 
less total CO2 dosage for pH adjustment compared to a single-stage. 

The second stage adds process stability prior to filtration and prevents any buildup of settled solids with 
a residual collection system. Further treatment such as adsorption or oxidation, can be included in the 
second stage. In addition, carbon dioxide can be added at the discharge of the second-stage to transform 
carbonate alkalinity into bi-carbonate alkalinity to improve the stability of the treated water. 

 
Figure D.24: Schematic of a two-stage lime-soda ash softening process  

(Berrigan, 2016) 

(3) Split Treatment Excess Lime or Split Treatment Excess Lime-Soda Ash 

The split-treatment softening is a variation of the two-stage excess lime or lime-soda ash process where 
the raw water is split into two streams, one into the inlet of the first stage and the other is bypassed into 
the inlet of second stage.  
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A schematic of the split-treatment softening is shown in Figure D.25 below. 

 
Figure D.25: Schematic of a typical split-treatment process  

(Berrigan, 2016) 

Excess lime is added in the first stage to reduce magnesium hardness to around 10 to 15 mg/l as CaCO3. 
Sludge will sediment and the clarifier water will exit and mix with the bypassed raw water. Generally, 
the bypassed flow is 10 to 30% of total plant flow. Carbon dioxide and the bicarbonate alkalinity in the 
bypassed stream neutralize the excess lime added. The resulting insoluble CaCO3 will precipitate and 
settle out of the second stage. 

Advantages of the split-treatment softening include reduced usage of lime and carbon dioxide and 
residual production. In addition, the first stage can be smaller as it receives less flow. Split-treatment 
softening is usually used for groundwater with consistent water quality and no taste- and odor-causing 
compounds, color and high levels of turbidity. This is due to the portion of raw water being bypassed and 
skipped the first stage. 

 Organics 

Natural water contains varying amounts of carbon containing substances that are dissolved from soils 
and vegetation, and many more synthetic organic substances such as pesticides, industrial chemicals, oil 
and other manufactured chemicals. If not removed from the source water, these organic chemicals can 
be present at objectionable levels in the final treated water. The organics that are of concern in water 
treatment can be classified into the following categories: 

Class I: organic compounds that cause taste, odour and colour problems. 

Class II: synthetic organic chemicals that must be limited in drinking water because of concern over 
adverse health effects. Some are regulated by established maximum contaminant levels (MCLs) and many 
are limited by health advisories. 

Class III: precursors, principally humic and fulvic acids that react with disinfectants to produce 
disinfection by-products (DBPs). 

Class IV: DBPs that are formed in the treatment process, such as trihalomethanes (THM) 

Organic substances in low levels may be sufficiently oxidized by prechlorination, potassium 
permanganate or ozonation, and removed or reduced to acceptable levels through the conventional 
treatment process steps such as aeration, coagulation, sedimentation and filtration.  
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When the organics content in the raw water is high, the conventional treatment processes may not be 
sufficiently effective in removing the organics. In such cases, additional specialised treatment processes 
will need to be introduced, such as:  

 Removal by adsorption, using adsorbents such as activated carbon, powdered activated carbon 
(PAC), granular activated carbon (GAC). 

 GAC as a biological filter for removal of specific biodegradable micro-pollutants such as phenol, 
trichlorobenzene, bromate, ammonia and odour causing compounds.  

 Iron and Manganese 

Many different treatment methods have been used to remove iron and manganese from drinking water 
supplies including:  

 Aeration; 
 Oxidation with chlorine;  
 Oxidation with potassium permanganate;  
 Oxidation with ozone, and 
 Membrane process. 

These processes have been described in the earlier sections.  Another option is by manganese 
greensand which is typically used in adsorption columns or beds where contaminated water is flowed 
through. Manganese greensand is produced from glauconite, coated with manganese oxide perfect for 
media to oxidised iron and manganese. The greensand process is usually accomplished by continuous 
regeneration, intermittence regeneration or by combination of both. Once the greensand media has 
reached capacity it will have to be regenerated. The generation process is similar to the water softener, 
the biggest different is the chemical used for the process. The most common chemical used is potassium 
permanganate.  

 Desalination Process 

Water desalination is the process of separating dissolved salts and other minerals from brackish water 
or seawater. 

Desalination process can be categorized into two main methods: membrane processes and thermal 
processes. 

(1) Membrane Desalination 

Membrane desalination is typically used to treat water with low dissolved salt contents as they are more 
energy efficient compared to thermal processes. The membrane desalination methods are as follows, 
using the process principles as described in section D.1.7.7: 

 Reverse osmosis; 
 Nanofiltration, and 
 Forward osmosis. 

(2) Thermal Desalination 

Thermal desalination is best used for water with high dissolved salt content as pressure requirements 
when using a membrane system would be very high. The different types of thermal desalination are as 
follows: 

 Multi-stage flash distillation; 
 Multi-effect distillation; 
 Vapour compression; 
 Evaporation, and 
 Crystallisation. 
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 Chemiles System 

The Chemiles system is a biological treatment for groundwater. It is able to remove iron, manganese, 
ammonium nitrogen and arsenic without the use of any coagulants or chemical oxidants. 

Special oxidation nozzles are used to increase the dissolved oxygen levels of the water to a saturated 
level. This promotes metal oxidation and nitrification reactions. The nozzles are more economical and 
have less environmental impacts compared to conventional aerators. 

The oxidised water will then pass through the filter media to undergo contact oxidation and biological 
treatment. The sand filter will remove iron from the water. This is followed by a biological treatment 
layer that uses bacteria to remove manganese and ammonia. Eventually, a natural coat will form that 
increases the effectiveness of the treatment. The treated water will be collected in a distribution pipe 
below the filter media. 

Due to the nature of the high velocity filtration, the Chemiles system requires regular and frequent 
backwashing to prevent filter bed clogging. To avoid damaging the filter bed, the “WP” backwash system 
is used. The “P” or portion backwashing cleans the iron removal layer, which is the upper part of the filter 
media at 100-400 mm from the surface. The “W” or whole backwashing intensively cleans the entire filter 
media. An optimum frequency is managed to avoid damaging the catalytic manganese dioxide and 
biological films formed on the filter sands. 

The advantages of using the Chemiles system are as follows: 

 Reduced footprint; 
 No chemical usage, and 
 Simple to operate. 

A schematic of a Chemiles System is shown in Figure D.26. 

 

Figure D.26: Schematic of a Chemiles system 
(From largus.com.my) 
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 Emerging Pollutants 

The removal techniques for emerging pollutants (cf. section C.2.5) in the international scene have been 
mainly focussed in wastewater treatment plants rather than in drinking WTPs. The treatment level in the 
wastewater treatment plants is still inefficient when it comes to removal of these emerging pollutants 
although they do act as primary barriers. Tertiary wastewater treatment technologies are said to provide 
better removal efficiency but complete removal is yet to be achieved. 

For drinking water treatment, the following are some treatment methods to be considered if emerging 
pollutants are of concern. The emerging pollutants are described under two main categories namely, 
endocrine disrupting chemicals (EDC) and antimicrobial resistance (AMR). 

Endocrine Disrupting Chemicals (EDC) 

EDCs are substances in the environment (water supply), food sources, personal care products and 
manufactured products that interfere with the normal function of the body’s endocrine system. Common 
forms of EDCs include: 

 DDT; 
 Lead, phthalates, cadmium; 
 Polychlorinated biphenyls (PCBs) and dioxins; 
 Bisphenol A (BPA), phthalates, phenols; 
 Brominated flame retardants; 
 Parabens; 
 Triclosan, and 
 Perfluorochemicals. 

Treatment methods for EDCs may include the following: 

 Ultraviolet (UV); 
 UV combined with oxidizing radicals (UV AOP); 
 Ozone; 
 Activated carbon, and 
 Photocatalytic degradation. 

Antimicrobial Resistance (AMR) 

Antimicrobial resistance emerges in the environment because of the overuse or misuse of antibiotics 
resulting in the development of drug-resistant pathogens. Sources of AMRs include:  

 Antibiotics; 
 Antivirals; 
 Antifungals; 
 Antiparasitics, and 
 Antimicrobial agents use in aquaculture.  

Common forms of AMRs include pathogens such as Campylobacter spp., Shigella spp., Salmonella typhi. 
The treatment methods for removal of AMRs may include the following: 

 Activated carbon; 
 Chlorine; 
 Ozone; 
 UV combined with oxidizing radicals (UV AOP); 
 Reverse osmosis, and 
 Arvia’s Nyex™ (combination of adsorption with electrochemical oxidation). 
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D.1.14 Selection of Treatment Process Systems 

Water treatment process selection is a fairly complex task involving the consideration of many factors. 
First and foremost, the process selection is dictated by the need to produce acceptable treated water 
quality at the most economical cost. The main factors to be considered in the selection of the most 
appropriate water treatment process for a particular facility include: 

(i) Source water quality; 
(ii) Treated water quality standard; 
(iii) Reliability of process systems and equipment; 
(iv) Operational requirements and personnel capabilities;  
(v) Flexibility in dealing with changing water quality and equipment malfunctions; 
(vi) Available space for construction;  
(vii) Plant residuals disposal constraints, and  
(viii) Capital and operating cost. 

There are various treatment processes that can be used to treat the water to a desirable quality. As such, 
it will also be necessary to establish which among the options available should be selected for a particular 
water treatment facility.  

In view of the complexities in process selection, a systematic approach is needed which firstly involves 
establishing the process sequence that is necessary to treat the source water. This is followed by 
eliminating processes within each sequence of treatment that are not appropriate for the given situation 
and then slowly narrowing down to those processes that are among the best choices and finally 
identifying the most suitable overall system that will meet all requirements of the specific water 
treatment facility taking into consideration of the factors listed above. 
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D.2 RESIDUALS TREATMENT PROCESSES 

D.2.1 General 

During the treatment of the raw water at a WTP, waste streams will be generated that will need to be 
removed and properly disposed. The waste stream traditionally called “sludge” is now referred to as 
process “residuals”. The early practice in WTPs to dispose these plant residuals directly back to the 
watercourse with little or no processing at all, is now considered unacceptable as it has contributed to 
the deterioration of river water quality where these residuals were discharged. Regulations on effluent 
discharge under the Environmental Quality (Industrial Effluents) Regulations 2009 also prohibit the 
direct discharge of the residuals stream into the environment since the residuals quality would not meet 
the discharge standards.  

The residuals generally contain large amounts of organic and inorganic compounds that would cause a 
reduction in the dissolved oxygen levels in the river posing a threat to fish and other forms of aquatic life 
that need oxygen to survive. The high suspended solids content in the residuals increases the turbidity 
of the river causing significant reduction in light transmission in the water, consequently affecting the 
process of photosynthesis by aquatic plants and algae to generate oxygen. Impacts on the biota especially 
on fish from increase in pH, hardness and re-dissolved iron and aluminium may also pose a problem. On 
the overall, the ecosystem in the rivers would be affected. 

These water treatment process residuals are also a concern from the public health aspect if the rivers 
where they are discharged are used for domestic purposes or recreational activities such as bathing, etc., 
because the constituents in the residuals may contain the following at higher concentrations than in the 
original raw water: 

 Pathogenic micro-organisms, possibly including Giardia cysts, Cryptosporidium oocysts and other 
lesser-known bacteria and viruses; 

 Disinfection by-products (DBPs); 
 Organic and inorganic compounds; 
 Heavy metals such as arsenic or other toxic compounds, and 
 Radioactive materials.  

The plant residuals may also contain traces of chemicals that are added during the treatment process.  

Therefore, it is essential that proper process residuals facilities are included as part of the WTP and the 
ultimate disposal of the solid residuals are considered responsibly without affecting the public and the 
environment. Plant residuals management should also look into the beneficial re-use of the residuals. 

In considering the residuals treatment and disposal methods appropriate for a WTP, the main factors to 
be determined are the characteristics and the quantity of residuals produced. For conventional WTPs 
where the residuals characteristics are fairly consistent and stable, the components of the residuals 
treatment facilities are aimed primarily at volume reduction and increasing the solids content of the 
residuals for ease of handling and transportation for reuse or ultimate disposal. 

D.2.2 Sources of Water Treatment Plant Residuals 

Water treatment plant residuals are derived from the suspended solids, colloidal material, micro-
organisms, etc. that are removed from the raw water during the treatment processes. In addition, metal 
salts from the dosing of coagulant chemicals such as aluminium sulphate or polyaluminium chloride and 
other chemicals such as polyelectrolyte and lime, are also removed along with the materials in the raw 
water.  

The main sources from which residuals are generated along a conventional water treatment process train 
are: 
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 From the clarifiers during routine removal of residuals, as well as during washing of the clarifiers; 
 Spent filter backwash water derived from backwashing of the filters, and 
 To a much lesser extent, residuals are also generated during routine chemical preparations, cleaning 

and maintenance operations that are carried out regularly at the treatment works, treatment plant 
laboratory waste and also from the residuals treatment and handling itself. 

WTPs that utilise specialised treatment process steps would generate the additional categories of 
residuals that may include: 

(i) Membrane filtration residuals; 
(ii) Desalting membrane concentrate residuals (for reverse osmosis and desalination systems); 
(iii) Spent chemicals used for cleaning membrane processes, and 
(iv) Ion exchange and adsorption process residuals (including spent adsorbents and regenerating 

solutions). 

D.2.3 Characteristics of Plant Residuals  

 Chemical and Physical Characteristics of Residuals 

The chemical characteristics of WTP residuals are very much dependent on the raw water quality, the 
types and dosages of chemicals added during the treatment process, and the types of chemicals used for 
cleaning of the process systems, including any impurities contained in these chemicals. These plant 
residual characteristics are important factors that help determine which among the available methods 
for treatment of the residuals will be suitable for a specific treatment plant and what final disposal 
method will be acceptable as dictated by the current regulatory requirements.  

Physical characterisation of plant residuals in terms of the solids concentration is the key factor in the 
selection and design of the residuals treatment process. The settleability and dewaterability of the 
clarifier residuals and spent filter backwash water are other physical characteristics of the residuals that 
are useful to assist in determining the appropriate methods for treatment and disposal of the residuals.  

The consistency of the dewatered or dried residuals may differ from one plant to another due to the 
amount and type of coagulants and polymer applied.  

As mentioned in the earlier sections, there are two main sources of residuals from a conventional WTP, 
which are residuals collected from the clarifiers and residuals from the spent filter backwash water. The 
characteristics of these residuals are described below. 

(1) Clarifier Residuals 

Clarifier residuals are typically from the coagulation and settling or flotation of particulate materials in 
the raw water by the addition of coagulant chemicals. The amount and properties of the residuals from 
coagulation collected in the clarifier basins depend upon various factors including: raw water quality; 
type and dose of coagulant used; type of clarifier and its residuals removal system; and mode of 
operation, e.g. frequency of residuals withdrawal from the clarifier tanks, frequency of cleaning, etc.  

For a typical plant using aluminium based coagulant, 60 to 90% of the total residuals will be collected in 
the clarification basins with the remainder in the filters downstream. Solids accumulated in the clarifiers 
may be removed on a continuous or intermittent basis using various mechanical devices or by draining 
and manually washing down the basins. The clarifier residuals will contain silt, clay and inorganic 
compounds such as aluminium hydroxide along with other organic and inorganic matters precipitated 
by the coagulant.   

The typical characteristics of residuals from aluminium based coagulants collected from clarifier basins 
are presented in Table D.11.  
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Table D.11: Typical physical and chemical characteristics of clarifier residuals from aluminium 
based chemical coagulation 

Parameters Unit Typical range 

Physical Properties   
Volume % water treated 1 to 3 
Total Solids % 0.1 to 4 
Dry Density kg/m3 1200–1500 
Wet Density kg/m3 1025–1100 
Specific resistance m/kg 10-50 X 10 11 
Viscosity at 20oC N.s/m2 2-4 x 10-3 
Initial Settling Velocity m/hr 2.2–5.5 
Chemical Constituents   
BOD mg/l 30–300 
COD mg/l 30–5,000 
pH - 6–8 
Solids   
Al2O3 5· 5H2O % 15–40 
Silicates or Inert materials % 35–70 
Organics % 15–22 

(Syed R.Qasim. Water Works Engineering – Planning, Design & Operation, Prentice Hall 2006) 

(2) Residuals from Lime Precipitation 

Lime residuals typically originate from calcium carbonate and magnesium hydroxide precipitations in 
the lime-soda ash softening process. Lime residuals can be pure chemical sludges or may include 
suspended materials if water softening is combined with turbidity treatment. The production of lime 
residuals from water softening are generally within 0.3-6% of plant flow. 

The typical physical properties and chemical characteristics of lime softening residuals are provided in 
Table D.12. 

Table D.12: Typical physical properties and chemical characteristics of lime softening residuals 

Parameters Unit Typical range 

Physical properties   
Volume % water treated 0.3–6 
Total Solids % 2–15 
Dry Density kg/m3 1100 
Wet Density kg/m3 1920 
Specific resistance m/kg 12 x 10 10 
Viscosity at 20°C N.s/m2 5-7 x 10-3 
Initial Settling Velocity m/hr 0.4–3.6 
Chemical constituents   
BOD mg/l 0 – low 
COD mg/l 0 – low 
pH - 10.5–11.5 
Total dissolved solids % 2–15 
Solids   
CaO3 % 40–80 
Silicates or Inert materials % 8–12 
Organics % 5–8 
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(3) Residuals from Iron and Manganese Precipitation 

Residuals generated from iron and manganese precipitation typically originate from potassium 
permanganate dosing in the oxidation process.  

The typical physical properties and chemical characteristics of iron precipitation is shown in Table D.13. 

Table D.13: Typical physical properties and chemical characteristics of iron precipitation 

Parameters Unit Typical range 

Physical Properties   
Volume % water treated 0.06–0.15 
Total Solids % 0.25–3.5 
Dry Density kg/m3 1200–1800 
Wet Density kg/m3 1050–1200 
Specific resistance m/kg 40-150 x 1011 
Viscosity at 20oC N.s/m2 2-4 x 103 
Initial Settling Velocity m/hr 1–5 
Chemical Constituents   
BOD mg/l 30–300 
COD mg/l 30–5000 
pH - 6–8 
Solids   
Fe % 4–21 
Silicates or Inert materials % 35–70 
Organics % 5–15 

(4) Residuals from Spent Filter Backwash Water 

The particulate materials that remain in the water after clarification are removed in filters. The filters 
are backwashed every 24 to 72 hours resulting in relatively large volumes of residual streams produced 
in a short time.  

The backwash residuals typically contain hydrous oxides of aluminium, iron, manganese, magnesium, 
carbonates of calcium and iron, spent activated carbon (if used in the treatment process) and silicate 
materials. It may also contain algae and micro-organisms including detached slime bacteria that are often 
supported on the filter media. The BOD, COD and micro-organisms in the spent filter backwash water can 
be a concern if recycling of the spent water is considered. A filter backwash water recovery system is 
usually incorporated to facilitate the recovery of the water by concentrating the solids and returning the 
supernatant to the main water stream. 

Typical characteristics of residuals from spent filter backwash water is presented in Table D.14. 

Table D.14: Typical physical and chemical quality of residuals from spent filter backwash water 

Parameter Units Typical range 

Physical Properties   
Volume % water treated 1 to 3 
Total Solids % 0.01 to 0.1 
Colour - Varies widely: grey-brown-black 
Odour - None 
Specific gravity sg 1.00–1.025 
Specific resistance m/kg 11-120 X 10 10 
Viscosity at 20°C N.s/m2 1-1.2 x 10-3 
Initial Settling Velocity m/hr 0.06–0.15 
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Parameter Units Typical range 

Chemical Constituents   
BOD mg/l 2–10 
COD mg/l 20–200 
pH - 7–8 
Solids   
Al2O3  % 20–50 
Silicates or Inert materials % 30–40 
Organics % 15–22 

(Syed R. Qasim, Water Works Engineering – Planning, Design & Operation, Prentice Hall 2006) 

(5) Residuals from Specialised Treatment Processes 

For WTPs that incorporate specialised treatment processes such as ion exchange, adsorption, 
nanofiltration or reverse osmosis, etc. there will be additional residuals that need to be considered. The 
residuals quantities and characteristics can be much different from that of residuals produced from the 
conventional treatment processes, and may require separate handling and treatment steps. The residuals 
may contain high concentrations of salts and dissolved solids that may not meet the discharge standards 
and hence disposal methods need to be planned carefully in accordance with discharge regulations and 
to avoid impacts to the environment.  

Granular activated carbon waste.  Granular activated carbon (GAC) loses their adsorptive capacity 
over time. Eventually, the GAC will no longer be able to meet the water quality objectives of the treatment 
plant. Hence, the GAC will need to be replaced. Due to the high cost of GAC replacement, regeneration and 
reuse of the GAC may be a more cost effective option. The spent GAC will need to be disposed off-site. 

 Residuals Volume 

The process residuals generated at the WTP are dilute with low solids content of typically less than 0.5% 
to about 5% w/w and with a total daily flow rate of about 1 to 5% v/v of the plant throughput. The bulk 
of this volume will be from the spent filter backwash water which is usually high in volume with very low 
solids content; whereas the residuals from the clarifiers have lower volume but higher solids 
concentration (see Table D.11 and Table D.14).    

The quantity of plant residuals produced depends on the characteristics of the raw water, dosage of 
chemicals used, performance of the treatment process, and the mechanisms by which these residuals are 
removed from the clarifiers and filters. For instance, some clarifiers utilize mechanical scrapers for 
removing the residuals, whilst others may use hoppers with actuated valves that open at regular intervals 
to remove the solids. There are also clarifiers that are manually cleaned every fortnightly or once a month 
(e.g. horizontal sedimentation tanks or lovo tanks). The volume of the residuals removed from the 
clarifiers will differ with each form of removal system, but typically the volume will be in the range of 
about 0.5 to 3% of the clarifier flow. It is recommended that during cleaning of the clarifiers, the clear 
water from the upper level of the tanks be drained and channelled separately to the adjacent clarifier 
tank or for reuse. This will reduce the volume of residuals generated during cleaning. On the other hand, 
the volume of the residuals generated from the filters will be a function of the amount of water used for 
backwashing. Hence, the volume generated will depend on the backwashing methods applied which may 
be different for each filter type or filter design and may also depend on the efficiency of the treatment 
processes upstream of the filters. Typically, spent filter backwash water volume makes up about 1 to 3% 
of the total plant flow. 

There may also be other sources of waste produced from the treatment plants such as from the cleaning 
of chemical tanks when a new batch of chemicals is being prepared. Such waste streams may contain 
chemicals such as aluminium sulphate or polyaluminium chloride, polyelectrolyte solutions, lime and 
fluoride. However, these chemical wastes contribute very minimal amounts compared to the overall 
plant waste volume. 
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 Residual Solids Load 

The quantity of residual solids generated from a WTP is an important factor in determining the most 
appropriate methods for treatment and final disposal of the residuals. The main contribution to the 
quantity of solids produced is from the removal of suspended solids (or turbidity), colour and dissolved 
metals from the raw water. Hydrolyzing metal salts, synthetic organic polymers or lime that are added 
in the water treatment process to coagulate suspended contaminants, also contribute to the amount of 
residual solids produced.  

The total residual solids produced at a WTP can be broadly calculated as follows:  

Total residuals = residuals from TSS + residuals from coagulation chemicals + residuals from other 
chemicals, e.g. hardness, dissolved solids, powder activated carbon 

A few variations of empirical formulae are available in literature for estimation of total residuals. These 
empirical formulae provide a useful guide in determining the solids loading that is used for the sizing and 
design of the residuals treatment system. A more representative estimation of the solids loading would 
be from collecting actual data on the quantity of residuals generated at treatment plants. 

One such empirical formulae (from “Sludge Treatment Plant for Water Works” by J.H. Warden published 
by WRC) used to estimate the total sludge is as follows: 

Solid load = TSS + 0.2 x Colour (Hazen) + 1.53 x Al2O3 + (lime -0.74 increase in hardness) 

Where           

TSS = Total Suspended Solids (mg/l) 
Al2O3 = Coagulant dosage as Alum or PAC (mg/l) 

D.2.4 Residuals Treatment Process Options 

As described in the previous sections, residuals produced in potable WTPs are generally high in water 
content of about 97 to 99%. Therefore, the treatment of residuals produced from the water treatment 
process would mainly involve the reduction in residuals volume by the separation of a large proportion 
of the water from the solid constituents. The residuals treatment also reduces the water content so that 
the residuals cake can be easily transported and disposed. This also results in a significant reduction in 
transportation cost to send the residuals for ultimate disposal or reuse. 

 
Figure D.27: Options for managing WTP residuals  
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There are several residuals treatment methods commonly practised in the water industry. Figure D.27 
shows the most common residuals treatment options. The general residuals treatment process would 
involve pre-treatment, thickening, dewatering and final disposal or reuse.  

 Pre-treatment Options  

At the WTP, the waste stream is often not generated at a constant flow; for instance, some treatment 
works may carry out intermittent removal of residuals from the clarifiers whilst others may have 
continuous removal. In addition, spent filter backwash water from the backwashing of filters are 
produced in large volumes for a short duration. For the purposes of achieving more effective residuals 
treatment in the downstream process units such as thickening and dewatering, it will be necessary to 
smooth out the fluctuations in the residual flows. This is done by providing an equalization step to ensure 
a uniform residuals feed rate to the residuals treatment units. Furthermore, the spent filter backwash 
water would have very low solids content compared to the clarifier residuals. It is preferable that the 
spent filter backwash water concentration be increased by some form of settlement in order to provide 
a more consistent feed concentration when the backwash water is combined with the clarifier residuals 
prior to further residuals treatment. 

The residuals pre-treatment steps also determine the capacity of the residuals treatment facilities to be 
provided downstream; the size of the process units would depend on how much reduction in volumetric 
flow and increase in residuals concentration can be achieved during pre-treatment.  

(1) Washwater Recovery Tanks 

Washwater recovery tanks (WWRT) are used to collect the wastewater generated from the 
backwashing of the filters. The tanks are designed to allow suspended solids to settle and collect in the 
tank hoppers located at one end of the tank; clear supernatant will be collected above the tank. 

The WWRT allows solids to settle by gravity with or without the aid of polyelectrolyte. After settlement 
of the solids, the supernatant is usually suitable for discharge into the environment or for recycle back to 
the head of the treatment plant. The settled solids in the tank are pumped into a residuals holding tank 
where it will be mixed with the clarifier residuals prior to residuals thickening. Typically, this step allows 
for a reduction in the volume of the wastewater by about 50 to 80% by volume. 

(2) Residuals Holding Tanks 

Residuals holding tanks are designed to collect and hold the residuals from the clarifiers and also the 
settled residuals from the WWRT. The holding tank would typically be equipped with a submersible 
mixer that will ensure the solids do not settle and also to provide a homogeneous feed into the next 
residuals treatment process unit, i.e. the residuals thickener.  

Residuals holding tanks are sized to be able to provide consistent and uniform residuals feed 
concentration from the clarifier and the WWRT before entering the thickening and dewatering processes.  

 Residuals Thickening 

Residuals thickening is an effective method of reducing the quantity of residuals. Thickening reduces 
the residuals volume and results in more concentrated residuals for further treatment in the dewatering 
process. The function of thickening is to increase the solids content of the residuals by removing a portion 
of the liquid. The significant volume reduction achieved by residuals concentration via thickening would 
be beneficial to subsequent treatment processes, whether by reducing the land area requirements if the 
residuals are sent to lagoons, or reducing the size of mechanical dewatering units if these are used. 

Residuals thickening may be facilitated by the addition of chemical conditioning agents such as 
polyelectrolyte to increase the solids concentration in the residuals and also to ensure that sufficiently 
clear supernatant is produced. The polyelectrolyte is typically dosed at the inlet to the thickeners. The 
supernatant from the thickeners may be recovered by recycling to the head of the treatment plant, 
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although due consideration must be given to the concerns highlighted in section D.2.4.3. If the quality 
meets the regulated discharge standards, the supernatant may be discharged to the environment, whilst 
the thickened residuals are pumped into a dewatering unit.  

There are typically two types of thickening processes: 

(i) Gravity thickening, and 
(ii) Flotation thickening. 

(1) Gravity Thickening 

Gravity thickeners are used almost exclusively in WTPs. Thickening is accomplished in a tank similar 
in design to a conventional circular clarifier tank where the dilute residuals is fed to the centre feed well. 
Gentle agitation of the residuals prior to settling creates channels in the residuals matrix for water to 
escape and promote densification of the solids. Conventional residuals collecting mechanisms with deep 
trusses or vertical pickets are used to stir the residuals gently. The thickened residuals are collected and 
withdrawn from the bottom of the tank with the aid of the scraping mechanism that moves and slowly 
pushes the settled solids into a hopper for removal. The basin floor is sloped to the central hopper. The 
thickeners can be operated on a batch fill-and-draw basis where the solids are allowed to settle until a 
desired thickening is achieved.  

The supernatant flow may be discharged to the environment or recycled back to the head of the water 
treatment process depending on the quality of the water. Typically, residuals can be thickened from 0.2 
to 1% solids concentration entering the tank to about 4 to 6% solids concentration.    

Figure D.28 shows a typical schematic of a gravity thickener and Table D.15 gives the typical 
performance. 

 
Figure D.28: Typical gravity thickener plan and sectional view 

Figure continued to next page 
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Figure D.28: Typical gravity thickener plan and sectional view 

(Figure continued from previous page) 

(2) Flotation Thickening  

Flotation thickening is more commonly used for the wastewater industry with some water treatment 
applications in other countries. It is essentially a dissolved air flotation system which involves the use of 
air added at high pressure either to the incoming residuals feed or the separated liquid. The air provided 
in excess creates very small bubbles and these bubbles tend to adhere to the suspended particles. As the 
average density of the solids-air aggregate is less than water, the agglomerate would float to the top of 
the surface. The floated agglomerate is then removed by surface skimmers.  

Coagulant residuals can be thickened in flotation thickening systems to a concentration of about 2,000 to 
3,000 mg/l using a solids flux rate of 50 to 150 kg/day/m2. This is higher than what can be achieved by 
simply settling flocculated surface water in clarifiers but is less than what can typically be achieved by 
gravity thickening. Flotation units are normally only considered when the characteristics of the residuals 
produced are light and difficult to be settled by gravity, thereby preventing the use of conventional 
gravity thickeners.  

Figure D.29 shows the schematic of a typical dissolved air flotation unit and Table D.15 indicates the 
typical performance. 

 
Figure D.29: Schematic diagram of a typical flotation thickener 
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Table D.15:  Typical performance for gravity thickening and flotation thickening of coagulant 
residuals 

Parameter Unit Gravity thickening Flotation thickening 

Feed Solids % 0.2–1 0.2–1 
Thickened Solids % 4–6 3–5 
Solids Recovery % 80–90 80–90 
Solids Loading kg/m2.d 20–80 48–120 

(Adapted from MWH Water Treatment Principles and Design, 2nd Edition (2005), John Wiley & Sons Inc.) 

 Residuals Dewatering 

The process of dewatering can be defined as the separation of liquids from solids. Dewatering of 
residuals is necessary to remove moisture so that the dewatered residuals can be reused or transported 
easily to the final disposal site. There are a few methods for dewatering and basically these can be sub-
divided into two major categories: i.e. natural dewatering and mechanical dewatering. Another less 
popular method of dewatering is thermal drying. The selection of a suitable dewatering system depends 
on the quantity and nature of the residuals and on the recycling or disposal methods.   

(1) Natural Dewatering  

This method refers to residuals dewatering in open basins where moisture is removed either by natural 
evaporation, gravity or induced drainage, or a combination of these. Typically, natural dewatering 
processes are less complex, easier to operate and require less energy than mechanical systems. However, 
they are often not preferred because they require large land areas. The success of the dewatering 
operation depends very much on the local climatic conditions. This method of dewatering is also fairly 
labour intensive if solids removal is necessary.  

Natural dewatering can be applicable to dewatering of residuals discharged directly from clarifiers and 
spent filter backwash water without prior residuals thickening. However, the beds will have to be 
designed larger to cater for more dilute residuals.  

The design of natural dewatering methods will need to take into consideration the local groundwater 
protection regulations which may require lining of a dewatering basin to protect underlying aquifer. 
Lining would further add to the cost of such dewatering systems. 

There are a few types of natural dewatering systems available, the most commonly used are described 
below. 

(i) Sand Drying Beds 

The sand drying bed method is based on the simple principle of spreading the residuals out and letting 
it dry. These systems usually consist of sand beds with a gravel layer and underdrain perforated pipes 
where as much of the water as possible is removed by drainage or decanted; the remaining water may 
be allowed to evaporate until the desired solids content is achieved. Residuals storage facilities need to 
be provided for periods when climatic conditions prevent effective dewatering. The number of times that 
the beds may be used depends on the drying time, the time required to remove the solids and to prepare 
the bed for the next application. The residuals can then be removed by mechanical equipment or earth 
transporting equipment to a nearby landfill area. The solids concentration generally attainable is 
between 15% to 25% for WTP residuals depending on the climatic conditions and time allowed for 
drying. Multiple beds must be provided to allow filling, drainage, drying and residuals removal cycles.   

There are two basic categories of drying beds: 

(a) Conventional rectangular beds with side walls, a layer of sand on gravel, with underdrain piping 
to carry away the liquid. They are typically built with or without facilities for mechanical removal 
of dried residuals, and with or without a roof or greenhouse type covering. 
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(b) Paved rectangular drying beds are typically constructed on an asphalt or concrete pavement on 
top of a porous gravel sub-base. The main advantage of this method is the ability to use relatively 
heavy equipment for solids removal however, pavements will inhibit drainage, so total bed area 
must be greater than the conventional sand beds to achieve the same results in the same period.   

(ii) Lagoons 

In the past, lagoons are the most common methods used to handle water treatment residuals, however, 
regulatory requirements and land cost have driven water treatment practitioners to seek alternative 
methods. Lagoons can be used as storage lagoons or dewatering lagoons. In many instances, lagoons are 
used for final disposal of residuals. 

(a) Storage lagoons are designed to store and collect the solids for some predetermined period of time. 
They will generally have decanting capabilities but no underdrain system. Storage lagoons may be 
equipped with sealed bottoms to protect the groundwater. When the storage lagoon is full or 
decanting can no longer meet the discharge limits, it must be abandoned or de-silted. To facilitate 
the drying of the residuals, the standing water may be removed by pumping, leaving behind the wet 
residuals. Typically, lagoons can only be expected to achieve 7 to 10% solids concentration without 
pre-treatment. The residuals can then either be removed wet or allowed to evaporate. Wet residuals 
are difficult to handle, whereas evaporation process may take years, depending on the depth of the 
solids. The top layers of the residuals often form a crust preventing evaporation of the bottom layers 
of residuals.  

(b) Dewatering lagoons differ from storage lagoons in that the lagoon bed layer consists of sand with 
underdrains similar to drying beds. The dewatering lagoons can be designed to achieve a dewatered 
residuals cake of about 10 to 15% solids concentration. The advantage of dewatering lagoons over 
drying beds is that storage is built into the system to assist in meeting peak solids production or to 
assist in handling residuals during wet weather. The major drawback is that the bottom sand layer 
and the underdrain system may choke thereby reducing the capability of draining the liquids. 

(iii) Chemical Conditioning of Residuals 

The objectives of residual conditioning are to improve physical properties of residuals for easy water 
removal, improve structural characteristics of residuals to allow the removed water to drain freely, 
improve recovery of solids in the process and reducing dewatering cycle times. 

Polymers are the most common chemical used for residuals conditioning. From numerous full-scale 
experiences, most polymers can enhance the dewatering characteristics of residuals. The selection of 
polymer should be done through a series of bench tests or full-scale tests. Generally, higher molecular 
weight polymers are more effective but may result in handling issues due to their high viscosity. 

An integral part to an effective polymer system is the mixing system. It is essential that the mixing system 
provides good dispersion throughout the residuals. Sizing for polymer dosing systems should also be 
determined through bench tests. Another method is to size the polymer dosing system based on the 
estimated residuals quantity and solids concentration. A typical range of 10×10-4 to 100×10-4 kg 
polymer/kg residual solids of polymer dosage is required for metal hydroxide residuals. 

(iv) Other non-mechanical dewatering processes 

Some non-mechanical dewatering processes are available that can be considered particularly for smaller 
plants or for temporary use. These include: 

(a) Geotextile dewatering tubes, and 
(b) Mobile containers equipped with filter cloth. 

Both processes utilise filtering media to screen liquid stream from the solid residuals. The filtrate or 
water passing through the filtering material is collected and discharged off-site, whilst the solids and 
filter media are disposed after use. 
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Geotextile dewatering tubes or commonly referred as “geotubes” – the process involves residuals being 
pumped into the tube and the filtrate is squeezed out of the tubes under the pressure of the solids. A 
suitable polymer is usually applied to the residuals to improve the solids concentration achieved. The 
entire tube can be left on-site and stacked to reduce usage of land, or they can be easily transported off-
site for ultimate disposal. The advantage of the geotube is the ease of solids handling, whereas the 
disadvantages include: high cost of the tubes, the filtrate that squeezes out of the tubes can be messy and 
a proper collection basin would be required. If the filled tubes are to be transported off-site, the weight 
of the tube must be considered for ease of handling.  A geotube is pictured in Photo D.10. 

 
Photo D.10: Geotube during filling 

Mobile containers with filtering cloth – this system utilises a container lined with filter cloth to 
separate the liquid stream from the solids. The container can be put into service at the WTP and the entire 
truck can be taken to a landfill, emptied, replaced with a new filter cloth and put back into service. The 
filtrate channelled out of the tank will need to be collected and discharged appropriately.   

A typical mobile dewatering container system is pictured in Figure D.30. 

 

Figure D.30: Typical mobile dewatering container system 

(2) Mechanical Dewatering 

Residuals dewatering can be achieved with the use of mechanical equipment. The main types of 
mechanical dewatering systems used in water treatment include filter press, centrifuge and belt press. 
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Other mechanical dewatering systems are available but they are more commonly applied for municipal 
wastewater facilities. 

(i) Filter Presses 

Filter presses use positive pressure differential as the driving force to separate water from the solid 
residuals. Pressure filters are usually of two types: plate and frame press and diaphragm press.  

(a) Plate and frame press, also called fixed volume press, consist of plates designed such that there 
are two adjacent plates with a compartment/chamber between the plates to hold residuals. The 
plates are held tightly by hydraulic or electromechanical means to make the compartment leak 
proof.  

The compartments are lined with a porous cloth media that will retain the residual solids while 
allowing water in the residuals to pass through. Residuals will be pumped into the compartments 
where the solids are retained whilst the water is released from the press. The residual pumping 
continues until the compartment is full and the solids concentration of the cake is at the optimum. 
The pumping is then stopped and the plates are separated; the retained residuals cake drops to a 
collection bin or tray located at the bottom of the press and is removed for ultimate disposal or 
reuse. The plates are then rinsed with high-pressure water or acid to unclog the solids trapped in 
the filter media before the next batch is charged in. This describes a typical cycle on a filter press.  

Figure D.31 shows a schematic view of a plate and frame filter press. 

(b) Diaphragm or membrane filter press is an enhanced version of the plate and frame type of filter 
press. The press utilizes a flexible membrane or diaphragm across the face of each recess plate to 
squeeze the forming cake. After the filling of the solids into the compartment is complete, the 
flexible diaphragm plates are expanded with compressed air or water to further compress the 
solids in each chamber. This type of filter press typically provides higher filter cake solids and 
decreased cycle times compared to the plate and frame press.   

The cycle time required for each cycle can range from 2 to 12 hours depending on the 
concentration of the feed and the efficiency of the machine. Conditioning of the residuals with 
polymer can assist in achieving higher yields and cake dryness.  

A typical diaphragm filter press is pictured in Photo D.11. 

Advantages. The main advantages of pressure filter dewatering systems are as follows: 

 Generally achieves the highest cake solids concentration compared with other forms of 
dewatering; a minimum of 30% w/w to as high as 50% w/w has been reported to be possible 
depending on the pre-treatment applied and the feed solids content of the residuals. 

 Gives high quality filtrate which may be suitable for discharge directly to the environment. 
 Good mechanical reliability as there are not many moving parts. 
 Adaptable to varying solids concentration.  
 Minimal operator attendance once the cycle is initiated in automatic mode; however, operator 

attendance is required at the end of the cycle to assist in removal of the solids from the filter cloth. 
Some systems incorporate automated cloth washing.  

 No complicated maintenance required except for the feed pumps and air compressors.  

Disadvantages. The major disadvantages of pressure filter dewatering are as follows: 

 Equipment cost is high and the building required to house the equipment must have good 
foundation reinforcement to cater for the weight of the filter press and its associated equipment. 

 Relatively high operating cost; maintenance of pumps and changing of filter cloth media is required 
every 1 to 2 years. 



 
 

PART D  :  Treatment Process 

    232 

 Although newer designs have incorporated automatic cake release mechanism, operator 
assistance may still be required as there are occasions when the residuals may stick to the filter 
cloth. 

 Problem of residuals blinding the filter media; the cloth will require occasional washing with acid. 
 This is a batch system therefore holding tanks are required for storage of thickened residuals 

before feeding into the filter press.  

 
Figure D.31: Schematic view of plate and frame filter press 

 
Photo D.11: Diaphragm filter press 
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(ii) Centrifuges 

The centrifuge performs solids separation based on the principle of centrifugal force applied to the 
contents in a spinning bowl. There are several types of centrifuges available; the solid bowl decanter type 
also known as scroll centrifuge is most widely used for dewatering of water and sewage treatment plant 
residuals. 

The solid bowl centrifuge is a horizontal unit that utilizes a scroll conveyor inside the centrifuge bowl. 
The residuals feed is introduced into the unit through a feed tube where it is fed continuously with the 
solids settling against the bowl wall. The scroll rotates at a slightly different speed from the bowl and 
conveys the dewatered residuals to the small end of the centrifuge where it is discharged. The water is 
directed from the central axis of the centrifuge toward the large end of the centrifuge where it is 
discharged. The liquid separated from the solids is called the centrate. 

Table D.16 shows the typical performance of dewatering using centrifuges. The performance of 
centrifuges to a significant degree relies on polyelectrolyte conditioning of the residuals. The 
polyelectrolyte usage in the Malaysian context is usually in the range of 2 to 6 kg per tonne of solids 
depending on the nature of the residuals. Insufficient dosing may affect the performance of the 
centrifuge; this can usually be seen from the poor quality of the centrate.   

Table D.16: Typical performance for centrifuge dewatering of coagulant based residuals from 
water treatment plant  

Parameter Unit Typical Range 

Feed Solids % 1–6 
Thickened Solids % 12–15a 
Solids Recovery  % 90–96 
Polymer Dosage g/kg dry solids 1–2 

(Crittenden, Trussell, Hand, Howe, & Tchobanoglous, 2012) 
a Conditioning chemicals can increase this up to 25% solids 

Coagulant residuals may be difficult to dewater using centrifuges unless there is a high proportion of silty 
material available. The dry solids content of dewatered cake achievable is typically about 20 to 35% w/w. 
The centrate quality may still contain relatively high suspended solids content that may require the 
centrate to be recycled back to the thickener inlet or combined with other waste streams, as it may not 
be possible to discharge directly to the environment.  

Figure D.32 shows the schematic of a typical centrifuge.  

 
Figure D.32:  Schematic of a typical centrifuge used for residuals dewatering 
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Advantages. The main advantages of centrifuges for dewatering are as follows: 

 Lower capital cost compared to filter press in terms of the equipment cost and also the civil works 
requirement.  

 Continuous feed operation with automatic control that can adjust the rotating speed in relation to 
the feed solids content to achieve the cake dryness required. 

 Minimal operator attention as the cake is discharged continuously without any handling required. 
 Not subject to blinding or clogging and do not normally require cleaning unless the unit needs to 

be shut down.  
 Compact, modular and closed system design therefore no messy spillage or splashing of residuals 

or water to the floors. 
 Residuals can be directly conveyed to a storage bin or storage area.  
 Good safety record as the entire moving parts are all enclosed. 

Disadvantages. The major disadvantages of centrifuges for dewatering are as follows: 

 Lower cake solids concentration as compared with filter press; typically 20 to 35% w/w can be 
achieved, although some equipment suppliers claim that the system can achieve as high as 35 to 
45% w/w. 

 Poorer waste water quality (centrate) that may require further treatment before it can be 
discharged to the environment. Typically, the suspended solids in the centrate can be as low as 30 
mg/l to as high as 300 to 500 mg/l, since the system is sensitive to polymer dosage and feed 
variations. 

 High operating costs: 

(a) energy consumption is high to reach a rotating speed of 1800 to 3000 rpm; 
(b) maintenance cost is high as the scroll requires annual maintenance due to the abrasive 

nature of the residuals;  
(c) maintenance of motor bearings and other moving parts on a yearly basis is necessary; 
(d) relatively high polyelectrolyte usage to achieve the required cake dryness; typically, about 

3.5 kg of polymer/tonne of dry solids is required although this depends on the type of 
polymer used. 

 High noise levels due to the high rotating speed; the noise levels produced are about 85 to 90 dBA. 
The dewatering plant should be located away from the administration building, staff quarters or 
local residences.  

(iii) Belt Press 

A belt press consists of two endless cloths mounted face to face and running continuously between a 
series of pressure rollers. A typical belt press consists of three stages, which is the chemical conditioning 
stage, a gravity drainage stage and a compression dewatering stage. 

The dewatering process begins after the residuals feed has been properly conditioned with polymer. The 
slurry is spread across the gravity drainage stage by a distribution ramp and a levelling board. In this 
drainage stage, a picket fence device furrows and rolls the residuals to assist draining by gravity. The 
residuals then enter the wedge zone, which consists of two belts converging to apply a gradual increase 
in pressure to the residuals. This is followed by a pressure zone where the two belts carry the residuals 
in a zigzag path around pressure rollers and the cake is sheared to achieve dewatering. The belts part at 
the end of the machine to release the cake. After the residuals cake is discharged, the belts are washed 
by high-pressure showers.  

Belt press used to dewater coagulant residuals produce cake solids with typical solids concentrations of 
about 15 to 20% w/w with the aid of polymer dosing. Similar to that of centrifuges, the filtrate or waste 
water may contain high solids content and may therefore require further treatment or they are recycled 
back to the thickener. Figure D.33 shows the schematic of a typical belt press.  
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Figure D.33: Schematic of a typical belt press used for residuals dewatering 

The performance of the belt press is dependent on many factors such as the residuals feed rate and 
concentration, polyelectrolyte feed and dosing point, the belt speed and tension and most of all operator 
skill. The typical performance for belt press dewatering of WTP residuals is presented in Table D.17 
below:   

Table D.17: Typical performance for belt filter press dewatering of water treatment plant alum 
residuals 

Parameter Unit Typical Range 

Feed Solids % 2–5% 
Thickened residuals % 15–20 
Solids recovery % 95–99 
Cake yield kg/m2.h 0.8–4.0 
Filtrate solids mg/l 950–1500 
Filter Speed rev./min 0.2–0.5 
Operation kPa 550–830 

(Adapted from MWH Water Treatment Principles and Design 2nd Edition (2005), John Wiley & Sons Inc.) 

Advantages.  The main advantages of the belt press for dewatering are as follows: 

 Significantly lower capital costs compared to filter press and centrifuge systems. 
 Low energy consumption compared to other mechanical dewatering options. 
 Continuous feed operation. 
 Less noise compared to centrifuges. 

Disadvantages.  The major disadvantages of the belt press for dewatering are as follows: 

 Lower cake solids content. 
 Poor wastewater quality that may require further treatment before it can be discharged or 

alternatively the wastewater may be recycled back to the thickener. 
 Requires full time attention of a skilled operator to monitor the press performance and handle the 

residuals cake. 
 High maintenance cost especially to replace the belts which are prone to tearing by abrasives in 

the incoming solids; roller failure is also common. 
 The unit is usually open and hence spillage and splashing are typical occurrences for such presses. 
 Relatively high polyelectrolyte dosage is required of about 3 to 6 kg/tonne of dry solids depending 

on the type of polymer used. 
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(iv) Vacuum Filtration 

For vacuum filtration, the rotary drum vacuum filter is exclusively used. The two basic types of rotary 
drum vacuum filters are: travelling media and precoat media filters.  

Precoat media filters are typically used for dewatering coagulated residuals such as alum residuals. The 
use of polymers as residual conditioning is required for alum and ferrous hydroxide residuals to achieve 
successful dewatering. However, this does not include lime residuals. 

To design an efficient vacuum filter system, the following characteristics must be considered: 

 Type and size of filter; 
 Cake discharge mechanism; 
 Type of filter media; 
 Level of vacuum; 
 Cycle time, and 
 Residuals conditioning. 

(v) Pellet Flocculation 

Pellet flocculation or lime residual palletisation is basically a conical vessel charged with silica 
catalysts. Lime residuals are injected into the reactor filled with a carrier water where the lime residuals 
react with calcium bicarbonate to form calcium carbonate precipitates on the silica catalysts. The 
softened water will then be removed from the top and the calcium pellets will be discharged into a 
storage or drainage facility. A typical solids content of 60% is achieved for the calcium carbonate pellets. 

(vi) Incinerator 

Incinerator involves drying residuals cake to evaporate the water, followed by burning for complete 
oxidation of the volatile matter. The operation temperature for drying approximately 350°C and burning 
is sustained at 700°C to 800°C. 

(vii) Other Mechanical Dewatering Technologies 

There are other mechanical dewatering systems that can be considered for water treatment residuals. 
These include: 

 Rotary press; 
 Screw press, and 
 Rotary drum screen. 

These systems supposedly use less energy for dewatering compared to filter press or centrifuge. 
However, since these are not widely used, there is little data to confirm the advantages of such systems 
over the more commonly used methods. 

(3) Thermal Drying 

Thermal drying is another form of dewatering involving the application of direct heat to evaporate 
water and to reduce the moisture content of residuals. The methods are based on the transfer of heat to 
the wet solids and they include convection, conduction, radiation or a combination of methods. The types 
of dryers include flash dryer, rotary dryer, fluidized bed dryer, indirect horizontal and vertical dryers. 
Thermal drying is seldom utilised for water treatment residuals and their applications are more 
commonly found in wastewater treatment facilities. Thermal drying of municipal wastewater biosolids 
has been known to reduce the volume of residuals by as much as 50% and in terms of weight up to 80% 
reduction is achievable.  

The advantages of thermal drying are clear as it can significantly reduce the land area requirements for 
final residuals disposal, as well as reduce transportation requirements by half or more. The main 
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disadvantage of thermal drying is the cost involved. The capital cost for a complete system would include: 
the dryer itself; a large building infrastructure to house the plant and auxiliary equipment; air pollution 
control equipment to ensure the air released from the dryers is clean and for control of dust from the 
dried solids; storage and conveying equipment to handle the final dry solids. The operating cost will also 
be high due to the energy requirements to dry the residuals.  

D.2.5 Reduction of Residual Production 

Due to the significant cost related to handling and disposal of residuals from WTPs, the reduction in the 
production of residuals is an important aspect to be considered. Minimising the generation of residuals 
will proportionally reduce the overall plant operations cost. 

Reduction in the volume of residuals generated in the WTP can be minimised by: 

 Adopting water treatment processes that reduce the generation of residuals, and 
 Reducing the water content in the residuals (dewatering processes). 

In the water treatment coagulation process, there are two types of chemical coagulants that are normally 
used, i.e. aluminium or iron based coagulants. These coagulants whilst effective in removing the solids 
from the raw water source, also directly contribute to the residuals production due to the hydroxides 
formed. Alternatively, synthetic organic coagulants can be used that can significantly reduce the residuals 
generated (no hydroxide). The residuals extracted will be denser and also stickier. 

Synthetic organic coagulants can be divided into three main groups: 

 Melamineformaldehyde (or melamineformol); 
 Epichlorhydrine dimethylamine (or epi.DMA), and 
 Poly(chloride diallyldimethyl-ammonium)(or polyDADMAC) 

Another option to reduce residuals is by recovery processes including alum recovery and lime calcining.  

Aluminium and iron recovery could be accomplished by adding acid (normally sulfuric acid) to solubilise 
the metal ion salts in the residuals. However, the presence of potential contaminants, as well as high costs 
has limited this process. 

Lime recovery by recalcination is to recover quicklime (CaO) from softening residuals after purification 
and dewatering. The process involves burning of the residuals at a temperature of 1,010°C. Again, high 
costs for the recovery process because of intensive energy usage required, has limited this process. 

D.2.6 Ultimate Disposal or Reuse of Residuals 

 General 

The ultimate disposal or reuse of WTP residuals must be considered as an integral part of the 
development and operation of a treatment plant, especially since this requires compliance to regulatory 
standards and high cost is involved. 

Options for disposal or reuse of water treatment residuals include: 

 Disposal at a dedicated landfill; 
 Co-disposal of dewatered residuals with municipal refuse in landfill sites; 
 Discharge to wastewater collection system; 
 Land application as a beneficial use; 
 Co-use with biosolids; 
 Reuse in construction materials, and 
 Recovery of coagulant. 
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The first three options are for the ultimate disposal of the residuals, whereas the other options involve 
beneficial reuse of the residuals. The most common approach adopted in recent times in Malaysia is the 
ultimate disposal at a dedicated landfill.  

Beneficial reuse is presently not practised in Malaysia, however, it is important for continued efforts to 
be made in order to drive the beneficial reuse of residuals from WTPs, not only as a cost-effective 
alternative, but also as a more environmentally sustainable and publicly acceptable management 
practice. 

The options for disposal and reuse of WTP residuals are described as follows: 

(i) Disposal at a dedicated landfill  

Dedicated landfill sites are specifically constructed to receive WTP residuals. Finding a suitable landfill 
within close proximity to a WTP is often a challenge especially in urban areas where land is scarce or 
land cost is high. Site suitability assessment will need to be conducted which includes factors such as: 

 Distance of the site from the WTP – this will impact on the method and cost of residuals transfer 
from the plant to the landfill; 

 Suitability of the site in terms of its geological and topographical condition; 
 Environmental consideration – environmentally sensitive areas such as forests of high 

biodiversity, areas immediately adjacent to residences, etc. should be avoided or adequate buffer 
strips provided to minimise objectionable issues such as noise and dust, and 

 Land cost as well as operational costs for transport and landfilling of residuals. 

 There are typically two major types of landfilling techniques, namely trench filling and area filling. 

In trench landfills, residuals are placed below the original ground surface. The trench depth is dependent 
on the depth of groundwater and bedrock in order to maintain sufficient soil buffer between the residuals 
and substrata. The depth of trenching is also limited to sidewall stability and equipment limitations.  

Area landfilling may be accomplished in one of three ways: 

 Area mound, where residuals are mixed with soil such that they become stable enough to be 
stacked in mounds; 

 Area layer, in which residuals are spread evenly in layers over a large tract of land, and 
 Diked containment, where earthen dikes are constructed above ground to form a containment 

structure into which the residuals can be disposed. 

(ii) Co-disposal in municipal landfills  

The volume of dewatered residuals generated from a water treatment works can be quite substantial and 
this may take up a large proportion of the municipal landfill area. As such, the local authorities or landfill 
operators may not be agreeable to such co-disposal methods, especially since the quantities of municipal 
waste generated is already a cause for concern.  

(iii) Discharge to wastewater collection system  

The option of disposing treatment plant residuals into sewers was common in overseas countries but is 
becoming more restrictive in recent times due to pre-treatment standards, impact on wastewater 
treatment plant capacity and the possibility of upsetting the wastewater treatment processes due to the 
large quantity of relatively inert waste entering the process units. 
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(iv) Beneficial Reuse 

The beneficial use of water treatment residuals has received much interest worldwide, particularly with 
mounting environmental and economic pressures from regulatory bodies and the public on the need for 
sustainable management. However, there are a number of issues and limiting factors that are not fully 
explored or understood on the characteristics and properties of the residuals and therefore the extent of 
reuse is still relatively low. Nevertheless, some of the main reuse options are described below. 

(a) Land application 

The beneficial reuse of residuals through land application is practised in overseas countries albeit 
more successfully for sewage treatment residuals than for water treatment residuals. The 
application of coagulant residuals to agricultural land is claimed to be a commercially viable option 
that can be enhanced with the co-application of a phosphorus source. Studies have also shown that 
application of alum residuals can be used for soil remediation to protect surface water quality by 
acting as a binding agent that reduces the amount of dissolved phosphorus from agricultural 
runoff. 

(b) Co-use with biosolids 

Dewatered water treatment residuals could be combined with biosolids to produce products with 
potential agricultural benefits. Some success has been reported in studies in the US on the potential 
of using residuals blended with biosolids for turf farming and producing topsoil. 

(c) Reuse in construction materials 

The potential for reuse of residuals by incorporation into construction materials appears to be 
feasible although variations in the physical properties of the residuals can create challenges. Some 
of the applications of water treatment residuals into construction materials that have been 
investigated include the making of bricks, concrete, cement and ceramics. 

(v) Recovery of coagulant 

The recovery of chemicals from water treatment residuals has been investigated for many years and has 
seen some success, but generally is still not economically viable. It has been reported that more than 70% 
of coagulants could be recovered, however, the recovered coagulants are not as efficient as fresh 
coagulants. 

 Residual Solids Handling Systems 

The management of residuals will need consideration of ancillary components mainly relating to the 
method for transporting the dewatered residuals for ultimate disposal or reuse.  These include: 

 Conveyor systems; 
 Hydraulic systems (pumps and piping), and 
 Trucking. 

The above are described as follows: 

(i) Conveyor systems 

Screw conveyors/conveyor belts are commonly used to transfer solids from the dewatering equipment 
to the residuals collection skip or storage yard. Conveyors can also be used to transport the dewatered 
residuals directly to the disposal landfill. 
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(ii) Hydraulic systems 

Residuals that are in liquid form may be pumped through pipelines to the disposal site. Equipment 
selection and design must be based on appropriate hydraulics calculations, taking into consideration that 
flow streams with solids concentrations above 2-3% will have head losses that are different from that of 
normal fluids. If pumping for long distance is required, pilot testing should be carried out to ensure 
pumps and piping system are properly sized. Selection of pumps and piping material will need to take 
into account of the grit in the residuals flow stream; flushing systems will need to be included to remove 
settled solids. 

(iii) Trucking 

Trucking is typically the method most commonly used for transporting dewatered residuals to the 
disposal site. If the quantity of residuals is large, there may be a need for several trips to be made. Truck 
loading of residuals could be achieved directly under the dewatering/conveying equipment, or by front-
end loaders from the residuals storage yard. The design of the residuals storage area will need to take 
into consideration the need for a truck driveway and an area for loading.  

 Recycle or Discharge of Liquid Effluent  

Liquid effluent streams will be generated from the treatment of residuals. The sources of effluent will 
depend on the processes selected for residuals treatment and may comprise: 

 Supernatant from the spent filter washwater recovery; 
 Supernatant from thickening, and 
 Effluent from dewatering. 

For large WTPs, the quantities of effluent generated can be substantial and warrants consideration of 
water recovery. Furthermore, zero discharge or water conservation strategies promoting water recovery 
should form part and parcel of water management policies. However, there are potential risks in 
continuous recycling particularly with respect to pathogens and possibly harmful organics and 
inorganics, and disinfection by-products. Recycling streams also have the potential to upset the 
hydraulics of the treatment process or affect the quality of the finished water. 

The potential for recovery of effluent streams from a WTP should be evaluated based on the following 
criteria: 

(i) Assess the value of water recovery to determine if recovery is justified – this depends on the cost 
of the source water, abundance of supply and sustainability of the source. 

(ii) Identify the sources of effluent from which water is easily recovered – spent filter backwash 
water streams constitute large volumes of effluent with relatively low solids concentrations. 
These effluent streams are usually justified for consideration of recovery after treatment.  

(iii) Identify the sources of effluent which are unsuitable for water recovery – the effluent from 
dewatering processes usually contains undesirable components which can cause issues if returned 
to the WTP. The volumes generated are usually small in relation to the overall plant throughput. 
For these reasons, it would be difficult to justify the recycling of effluent from the dewatering 
process. 

The effluent streams from a typical residuals treatment process sequence and the options for recycle or 
discharge, are as indicated in the flow diagram in Figure D.34. 
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Figure D.34: Flow diagram showing options for liquid effluent disposal 

The options for dealing with the liquid waste streams are discussed below: 

(a) Recycling of water 

Liquid effluent from a WTP can be recycled to the source reservoir or to the head of the treatment train, 
or in some cases to an intermediate point in the treatment process. Water that is to be recycled from the 
effluent sources to the head of the WTP should undergo some form of treatment prior to recycle. The 
level of treatment required will depend on the effluent source quality. The water from spent filter 
backwash water is generally suitable for recycle after sedimentation of the solids, with the supernatant 
being recycled. Polymer or coagulant can be dosed to assist in the removal efficiency of the solids; 
however, there may be concerns on the effect of the additional chemical added to the water. 

The concerns of re-introducing contaminants and chemicals into the main water stream can be reduced 
by controlling the amount of recycle water being sent back to the main stream. Filters or membrane 
systems could be employed to improve particulate removal; the recycle stream could also be disinfected 
prior to recycle. Site specific investigations involving testing the quality of the effluent streams, are 
needed to determine the suitability of the water for recycling and the appropriate treatment of the 
recycle stream for each plant. 

(b) Discharge of effluent to the environment 

The liquid waste streams that are not recovered will ultimately need to be discharged, either to 
wastewater collection systems or to the environment.  

The discharge of effluent into wastewater collection systems is practised in some overseas countries but 
not in Malaysia. This option will require collaboration among the water and wastewater authorities and 
operators. Issues associated with this option include the requirements for much larger wastewater 
reticulation network, especially if the full effluent stream is discharged into the system. There may also 
be issues associated with the wastewater treatment processes due to the large quantity of primarily 
inorganic stream.  

Effluent that is intended for direct discharge to the environment will need to comply with regulatory 
discharge standards. The liquid effluent streams such as from dewatering units, may not consistently 
meet the discharge standards and therefore cannot be directly discharged to the environment. These 
streams are usually channelled to an emergency lagoon or flood retention pond which allows 
sedimentation of the particulates prior to discharge. 
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DESIGN AND OPERATION PHILOSOPHY 

E.1 GENERAL 

E.1.1 Nominal Capacities of Intake and WTP 

The nominal capacity of the WTP shall be the nominal treated water output of the WTP.  The 
nominal treated water output of the WTP is normally defined by the potable water demand of the service 
area of the WTP within the planning horizon as determined by water demand studies in the preliminary 
study (section B.1).  The nominal WTP capacity shall be subject to the nominal capacity of the intake 
which in turn shall be subject to the calculated reliable yield of the river at the intake (section B.2) or 
the borehole wells for groundwater (section B.3). 

The nominal capacity of the intake (the nominal raw water output capacity) shall be the nominal 
capacity of the WTP plus the following: 

(i) Raw water required for intake and raw water pumping station in-plant use (sand ejectors, 
bandscreens, hydrocyclones, etc.); 

(ii) Raw water pumping main losses (scouring, etc.); 
(iii) Raw water losses in the WTP due to desludging, washwater, evacuation of clarifier tanks; 
(iv) In-plant treated water use in the WTP (high pressure water, service water for chemicals, domestic 

water use, etc.), and 
(v) Staff quarters and their amenities (where provided as direct supply). 

The water losses for items (i) to (v) may be nominally be taken as up to 4% of the nominal WTP capacity 
for WTPs with recycling facilities and up to 8% for WTPs without recycling.  The water losses shall be 
confirmed during final detailed design. 

The nominal capacity of the intake should not exceed the reliable yield of the raw water source. 

E.1.2 Design capacities  

The design capacities of the WTP shall consist of the following: 

 The nominal design capacity, and 
 The peak design capacity. 

The WTP shall be designed such that: 

(i) The WTP shall be able to provide the nominal treated water output when at least one clarifier tank 
is offline (i.e., taken out for servicing).  For medium to large WTPs, this shall translate to 20-25% 
of the nominal raw water capacity. 

(ii) The WTP shall be able to provide the nominal treated water output when at least two filter tanks 
are offline (assumed one to be drawn down or washing, one out of service; or alternatively one 
drawn down, one washing and one out of service).  The WTP should be configured to provide for 
the peak flow with one filter tank offline.  For medium to large WTPs, this spare capacity shall not 
be below 20%. 

The peak design capacity shall then be the capacity of the WTP when all clarifier tanks and all filter tanks 
are in service (with at least one filter tank offline for washing).  

Example. An illustration of the above will be as follows: 

 For a WTP of nominal capacity of 150 Mld (see hypothetical schematic layout in Figure E.1 below), 
four clarifier tanks may be provided.  For this case, each of the tank shall then be designed for a 



 
 

PART E  :  Design and Operation Philosophy 

    248 

corresponding nominal treated water output of 50 Mld, for an overall nominal output of 150 Mld 
and a peak output of 200 Mld. 

 For the above example, nine filter tanks may be provided, with each filter tank shall be rated for a 
nominal output of 25 Mld, so that six tanks may deliver the nominal output. The capacity of eight 
filter tanks will be 200 Mld, with the ninth tank allowed to be offline) , corresponding to the peak 
output of the clarifiers.  

 The raw water pumps should be configured to deliver the nominal flow with the number of duty 
pumps and the peak flow with additional standby pump(s).  For the example above, four raw water 
pumps may be provided, with two pumps for the nominal flow and three pumps for the peak flow.  
In this example, 100% standby is provided. 

 
Figure E.1: Standby process units 

The above need not apply for small WTPs in rural areas of package plant type. 

For small WTPs in rural areas of generally below 10 Mld where two settling tanks are provided, the above 
requirements need not apply but each settling tank shall be designed for at least 20% overload and the 
filters provided accordingly.   

For the hydraulic profile of the works, the design through-flow through the process units shall be to peak 
capacity.  In the case where raw water is pumped, this shall be to the maximum design capacity of the 
raw water pumps. 

The process plant shall be designed as follows: 

 For all pre-clarification and clarification units: the nominal raw water inlet capacity, and 
 For post-clarification process units: the nominal outlet capacity. 

E.1.3 Automation and Design Hours  

Large to very large WTPs shall be designed for fully automatic operation.  Fully automatic operation 
shall mean minimum human intervention during routine operation of the WTP.   

Small to medium sized WTPs should preferably be designed for fully automatic operation but shall be 
at least capable of automatic operation of the filters and chemical preparation and dosing plant.   
Where WTPs are not designed for fully automatic operation, at a minimum provision (refer section 
A.2.1 for definition of “provision”) shall be made for the plant to be fully automated in the future; it is 
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mandatory for the plant for control and monitoring as specified in section E.5.3 be provided or 
allowed at least as provision. 

Notwithstanding the above, all major valves for all small WTPs and above, consisting of mains flow 
valves, Plant valves, valves of pumping systems and major valves of process units including desludging 
valves shall all be actuated or motorised. 

Fully automated WTPs shall be designed for the following: 

 The WTP shall be designed for 24-hour automatic operation.  For the chemical plant, manual work 
for charging of chemicals will be carried out during the day shift. 

 Residuals treatment plant shall be designed for 16-hour (2 shift) operation for normal flow 
conditions and 24-hour (3 shift) operation for peak conditions. 

Automated WTPs shall be designed such that main routine tasks normally requiring manual (manpower) 
labour, besides starting/stopping of plant and regular inspection/maintenance work, will be limited to 
the following: 

(i) Charging of chemicals from bags into day hoppers/storage bins on daily basis. 
(ii) Taking delivery of bulk chemicals and charging of coagulant bulk storage tanks and lime silos on 

scheduled basis. 
(iii) Taking delivery and handling of full and empty chlorine drums. 
(iv) Removal of empty chlorine drums and placing full drums into on-line position. 
(v) Manual cleaning of the residual dewatering plant area. 
(vi) Handling and disposal of dewatered residuals. 

E.2 ORGANISATION CHART 

A high level of competency will be required for the maintenance of a semi- or fully-automated plant, in 
particular the instrumentation.  The level of competence of the operating staff will also be higher than 
that required from a manually operated plant. 

In order to competently manage the intake and WTP for an automated plant, the Licensee should provide 
for the positions as listed in Table E.1 and shown in Figure E.2.  The WTP shall thereon be designed to 
accommodate the staff as listed. 

Table E.1: Staffing requirements for new WTPs 

No. Position Number Qualification Workplace 

1. Works manager 1 Degree Administrative offices 

2. Production engineer 1 Degree Administrative offices 

3. Mechanical engineer 1 Degree Administrative offices 

4. Electrical engineer 1 Degree Administrative offices 

5. IT engineer 1 Degree Administrative offices 

6. 
General maintenance 
engineer 

1 Degree Administrative offices 

7. Asset manager 1 Degree Administrative offices 

8. Chemist 1 Degree Administrative offices 

9. Health & safety officer 1 Diploma Administrative offices 

10. Environmental officer 1 Diploma Administrative offices 

11. Security officer 1 Diploma Administrative offices 

12. QA officer 1 Diploma Administrative offices 
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No. Position Number Qualification Workplace 

13. QA assistant 1 Diploma Administrative offices 

14. 
Administrative 
assistant 

1 Diploma Administrative offices 

15. 
WTP production shift 
leaders 

4 Diploma Main control room 

16. 
Mechanical technical 
assistant  

1 Diploma Technical offices 

17. 
Electrical technical 
assistant 

1 Diploma Technical offices 

18. IT technical assistant 1 Diploma Electronic workshop 

19. 
General maintenance 
technical assistant 

1 Diploma Technical offices 

20. Laboratory assistant 1 Diploma Laboratory 

21. Supervisor of bag filter 1 Diploma Technical offices 

22. Storekeeper 1 Diploma Store 

23. WTP shift operators 4 Certificate Technical offices 

24. 
Residuals treatment 
plant shift operators 

3 Certificate Technical offices 

25. Mechanical technicians 2 Certificate Technical offices 

26. Scrubber operator 1 Certificate Technical offices 

27. Bag filter operator 1 Certificate Technical offices 

28. Engine driver 1 Certificate Technical offices 

29. Electrical chargemen 2 Certificate Technical offices 

30. Electrical technicians 2 Certificate Technical offices 

31. IT technicians 2 Certificate Electronic workshop 

32. 
Shift laboratory 
technicians 

4 Certificate Laboratory 

33. Store assistant 1 Certificate Store 

34. Landfill site supervisors 2 Certificate Operation room, landfill 

Notes: 

 For administrative offices refer section G.4.2.2, and 
 For technical offices refer section G.4.5. 

The above may be subject to the following exceptions: 

(i) Except for large WTPs, positions 2-7 may be based at the Licensee’s headquarters. 
(ii) The number of personnel in positions 8-34 may be scaled down accordingly for small WTPs to suit 

design operating hours of the WTP. 
(iii) Position nos. 26, 27 and 28 are specialised certified operators who shall be provided where 

scrubber plant, dust collectors and standby generat are provided respectively. 

The organisation chart (Figure E.2) and list shown (Table E.1) is meant to be indicative of upper to middle 
management requiring staff quarters and workplaces for the design of the WTP buildings.  The list is not 
exhaustive and may not reflect complete staffing requirements; other non-professional or non-technical 
positions, e.g., heavy machine operators, lorry drivers, etc. are not shown but will also be necessary.  
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Figure E.2: Standard organisation chart of main WTP personnel 
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E.3 WTP RELIABILITY 

E.3.1 General 

The Commission regards the reliability of a WTP system to provide an uninterrupted supply of 
treated water as a primary objective for Designers and Licensees.  

All WTPs shall be designed for operational reliability to a high standard insofar as practically possible to 
ensure uninterrupted water supply from the WTP.  In order to provide such standards, redundancies 
particularly relating to Plant shall be provided in two general aspects: 

(1) Standard requirements for reliability incorporating standard degrees of redundancy that 
should be incorporated into the design to avoid or control any risk of any water supply 
interruption.  The standard requirements for reliability of Plant shall be as follows: 

 Yield of the system (section E.3.3); 
 Process units (section E.3.4); 
 Mechanical plant (section E.3.6); 
 Electrical plant (section E.3.7); 
 Instrumentation (section E.3.8), and 
 SCADA (section E.3.10). 

Particular requirements of the above sections may be waived in the case of very small to small 
WTPs and package plants serving rural areas where such requirements may not be practical or 
possible. 

(2) Installation of redundancies into the WTP design based on risk assessment to avoid or control 
any risk of any water supply interruption due to risk factors that are beyond control of the 
Designer.  Risk assessment shall be as addressed in section E.3.2. 

However, 100% reliability will require practically a duplicate plant, and is thus untenable.  Redundancy 
incurs financial costs, but a minimum standard of reliability should be provided.   

E.3.2 Risk Assessment 

Risk assessment shall comprise of a risk matrix as follows: 

 

Severity 

Catastrophic Critical Moderate Marginal 

4 3 2 1 

P
ro

b
ab

il
it

y 

Frequent 5 20 15 10 5 

Probable 4 16 12 8 4 

Occasional 3 12 9 6 3 

Remote 2 8 6 4 2 

Improbable 1 4 3 2 1 

The degree of risk shall be categorized as follows: 

  High risk 

  Serious risk 

  Medium risk 

  Low risk 
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The degree of risk will be related to the severity of WTP failure, which shall be ranked according to the 
following conditions: 

 Catastrophic (4): Unscheduled shutdown or plant failure of WTP exceeding six hours OR 
shutdown or failure of WTP for any period that in turn may cause an extended water supply 
interruption exceeding 24 hours, which will affect major urban centres or major industrial areas; 

 Critical (3): Any unscheduled shutdown or plant failure of WTP exceeding six hours affecting 
residential, commercial and industrial consumers; 

 Moderate (2): Any unscheduled shutdown or plant failure of WTP exceeding 12 hours affecting 
non-urban areas; and 

 Marginal (1): Any unscheduled shutdown or plant failure of WTP exceeding 6 hours affecting non-
urban areas. 

The Designer should perform a risk assessment on at least two particular causes of unscheduled plant 
shutdown: 

(i) Pollution spike in the raw water source, and  
(ii) Interruption of power supply from the power supply provider. 

The probability of WTP failure for the above conditions shall be investigated and should be mitigated 
according to criteria set forth in section E.3.5 for item (i) and section E.3.8 for item (ii) above. 

E.3.3 Yield of the System 

The nominal raw water output capacity (refer section E.1.1) shall not be less than the yield of the 
water supply system (refer section B.3.6), which should be the 7-day low flow of 50-year ARI (7Q50). 

E.3.4 Process Units 

(i) Process units shall be arranged with standby or spare capacity as addressed in section E.1.2. 
(ii) The contact tanks and clear water tanks shall have two compartments so that one 

compartment may be taken out for maintenance without causing any disruption to the water 
supply. 

E.3.5 Particular Risks of Pollution in Raw Water 

The risk of pollution spikes in the raw water source will necessitate consideration for providing 
particular solutions to handle the pollution; such solutions may be to provide particular treatment 
processes to treat the raw water for the particular pollutant, or to provide raw water storages in times 
of pollution spikes. 

The probability of plant shutdown due to pollution spikes should be assessed as follows: 

 Frequent (5) : Likely to occur monthly or more frequently; 
 Probable (4) : Will occur several times within a year; 
 Occasional (3) : Likely to occur at least once within a year; 
 Remote (2) : Did not happen in recent years past but still possible; 
 Improbable (1) : Occurrence assumed not to be experienced. 

In assessing the probability, the Designer shall investigate the frequency of pollution spikes where 
relevant data are available.  The degree of risk shall be assessed as follows: 

 High risk : Preventive measures shall be necessary to avoid total WTP shutdown at 
all times; 

 Serious : Preventive or mitigative measures should be incorporated; 
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 Medium : Mitigation measures should be considered; 
 Low : Mitigation measures may be deemed not necessary. 

Mitigation measures may include a river monitoring system (see section M.4.10).  A possible 
preventive measure using an off-river storage as an emergency storage is discussed in section F.4.2.   

E.3.6 Mechanical Plant 

(i) Major pumping equipment, i.e., the raw water and treated water pumps, shall be provided with 
at least 50% standby capacity.   

The standby capacity pumps may provide for peak capacity output, with spare capacity 
recommended.  In a 100 Mld WTP for example, four 25 Mld treated water pumps (the duty pumps) 
may provide for the nominal water output, six pumps (the four duty pumps + two standby pumps) 
may provide for the peak flow with at least one additional spare pump.  Then the total number of 
pumps will be seven pumps representing 75% standby. 

(ii) Minor pumping equipment shall have a minimum 50% standby pump capacity.  These include 
the washwater pumps, washwater recovery pumps, all residuals pumps, dewatering plant feed 
pumps, chemical dosing pumps and high-pressure water supply pumps. 

(iii) Chemical preparation plant shall be provided with a 100% standby unit for essential chemicals, 
while plant for non-essential chemicals 100% standby capacity is preferred but 50% may be used 
for non-major WTPs (cf. section H.7.6(3)); the lime slurry preparation system (except for the lime 
slurry service tanks) should have a 100% rotating standby.  Chemical dosing pumps should be 
provided with a 100% standby capacity for essential chemicals at all WTPs; for dosing pumps for 
non-essential chemicals 100% standby capacity will be preferred, but a minimum 50% may be 
used for non-major WTPs (cf. section H.7.7(4)).  Chlorine evaporators and chlorinators shall be 
provided with a 100% standby (cf. section H.7.8(5)). 

(iv) The high-pressure water supply system shall consist of a duplicate system so configured such that 
any burst on the main line may be isolated and will not disrupt the chemical plant. 

E.3.7 Electrical Plant 

(i) WTPs shall have two incoming feeder supply from the power supply provider (TNB/SESB/SEB), 
with the supply from substation that has backup power supply from another source (the Designer 
shall confirm this with the relevant power supply provider).  Where this cannot be provided, 
backup power generation conforming to sub-section E.3.2 shall be provided in lieu.    

(ii) The electrical distribution system shall be provided with 100% redundancy up to the 415 V 
main switchboard. 

(iii) Uninterruptible power supplies (UPS) facilities shall be provided to maintain power supplies for 
main computers, instrumentation, local control panels, PLC-based control functions and the 
SCADA system in the event of mains power failure. 

(iv) Switchboards with bus coupling system which could couple “left and right side system,” such that 
failure on the left feeder can be backed up by the right feeder when closing the bus coupler. 

(v) Where possible, feeder cables to the redundant system shall be laid through two different 
routes. This is to avoid failure in a route (due to mechanical damage or cable failure or fire) which 
could affect the other feeder cable. 

(vi) Switchboards with sufficient form of construction shall be specified, which provide maximum 
segregation of busbars, functional units and also terminals. 

(vii) Physical barriers between transformers shall be provided. 
(viii) Electrical equipment location shall be free from possible flood or accumulation of water. 
(ix) Lightning and surge protection systems shall be provided. 
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E.3.8 Standby Power Generation 

Standby power supply using diesel generator(s) shall be provided for WTP where there is only a single 
electricity feeder from the utility provider. For WTPs where dual feeders have been provided, the 
necessity for standby power supply shall be evaluated using risk assessment as addressed in section 
E.3.2.   

The probability of power supply interruption to the WTP from the utility provider should be assessed 
as follows: 

 Frequent (5) :  Likely to occur monthly or more frequently (see note (a)), or 
 Power supply is not derived from the main national or state grid 

(see note (b)); 
 Probable (4) :  Will occur several times within a year, or 

 Power supply is derived from a single incomer; 
 Occasional (3) : Likely to occur at least once within a year; 
 Remote (2) : Did not happen in recent years past but still possible; 
 Improbable (1) : Occurrence assumed not to be experienced (see note (c)). 

Notes: 

(a) The probability of power supply interruption should be considered improbable or remote at a WTP 
where the power supply is sourced from the national grid in Peninsular Malaysia or from the state 
grids for the case of Sabah and Sarawak. 

(b) Prolonged power shutdown to WTPs located within major urban centres may be deemed to be 
occasional or remote. 

(c) The frequency of power supply interruptions shall be confirmed with the relevant power supply 
provider. 

The Designer shall determine the risk level based on the probability of power supply interruptions 
within the area of the WTP and the severity at the WTP due to the power supply failure.   The standby 
power generation shall then be provided for the WTP based on the following risk level: 

 High risk : 100% standby power generation; 
 Serious risk : 50% standby power generation; 
 Medium risk : Standby power generation may be desirable but not compulsory; 
 Low risk : Standby power generation deemed not necessary. 

E.3.9 Instrumentation 

Redundant instruments should be provided where automated dosing of pre-filtration dosed water is 
required for optimum precise dosing control such as stream current detector and dosed water pH meter. 

E.3.10 Supervisory Control and Data Acquisition 

The supervisory control and data acquisition (SCADA) system shall be of a distributed control system 
(DCS) type that will enable automatic control of the various plant to be maintained even in the event of 
network failure.  The PLC-based outstations at the various plant shall be of the stand-alone type, failure 
of which will not affect the operation of the other outstations connected to the network. 

For major and large WTPs, the reliability to be provided for the SCADA system shall be, as a minimum, as 
outlined in section E.5.4. 
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E.3.11 Transmission Pipelines 

(i) Wherever practically possible for medium to large WTPs serving major urban centres, the raw 
and treated water transmission mains shall be of a twin pipeline system.  Facilities shall be 
provided for either of the twin transmission mains to be isolated for maintenance purposes; where 
one main is isolated, the duty main shall be capable of delivering at least 50% of the nominal 
treated water output.  

(ii) For twin transmission mains, the raw and treated water suction and delivery manifolds shall be 
arranged in a ring main to enable isolation of a portion of the raw and treated water pumps and 
pipe manifolds, insofar as practically possible. The ring main arrangement may be as illustrated in 
Figure E.3. 

 
Figure E.3: Ring main arrangement at treated water pumping station 

(iii) A washout shall be provided at the pump suction and outlet manifolds (see Figure E.3). 
(iv) For raw and treated water transmission pipelines for medium to large WTPs serving major urban 

centres, the transmission mains (either single or twin) shall incorporate a double valve washout 
comprising a guard valve and a washout valve.  The double valve arrangement will facilitate 
removal of the washout valve for maintenance or replacement without interrupting flow.  The 
double valved arrangement shall be as indicated in Figure E.4. 

(v) Chambers, in particular washout and flowmeter chambers, shall be constructed on firm 
foundation suitable for the chamber.  The Designer shall investigate the foundation conditions of 
the site of each major chamber structure during the design stage and again during the construction 
stage; in particular all chambers shall be designed against any excessive settlement that may cause 
breakage of the pipe.  The Designer shall assess if heavy chambers is to be on piled foundations.   

(vi) Chambers shall be designed to evacuate any ponding water.  Installations with major equipment 
shall be designed with dewatering facilities to avoid damage to the equipment. 

(vii) In selecting the alignment of pipeline for overcrossing a river or watercourse, the Designer should 
assess that the overcrossing will not be located in a meander that may change over time; the 
Designer shall ensure that the banks where the pipe over crosses the river or watercourse will not 
be susceptible to erosion. 
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Figure E.4: Double valve washout arrangement 

E.4 GENERAL REQUIREMENTS FOR PLANT 

(1) Handling of Plant 

The Designer shall provide for the following: 

(i) All heavy equipment, including pipework, shall be provided with means for installation and 
removal of the equipment by appropriate lifting devices.  For equipment located inside 
buildings or on top of process structures, in-situ lifting devices, i.e., cranes, shall be provided.  
For external equipment, lifting devices shall be provided as necessary; where such devices are 
not practical to be provided, such as for valve or flowmeter chambers, access for mobile cranes 
or other mechanised lifting devices shall be provided. 

(ii) Gantry cranes of girder type with electrically operated hoisting equipment shall be provided 
for lifting loads equal or exceeding 1,000 kg. 

(iii) Gantry cranes of general types with electrically operated hoisting equipment shall be provided 
for lifting loads of 50 kg up to 1,000 kg.  Cranes shall be of type to suit the application and shall 
be at least of the monorail or slewing jib type.  Manual hoists may only be allowed for very small 
WTPs only. 

(iv) Cranes and hoists shall be provided for installation of all plant and equipment from the point of 
unloading from the transport at the unloading area to the intended position of the equipment or 
to the adjacent working space.  Where the equipment is located in a basement or gallery, a 
primary crane, usually a girder crane, shall be provided to lift the equipment to an intermediate 
platform before it is lifted by a secondary crane or hoist to its final location.  In all cases, the 
Designer shall ensure that the cranes or hoists will be able to lower the equipment unobstructed 
to the desired intermediate and/or final location. 

(v) All cranes and hoists shall be suitably sized to lift at least 1.25 times the heaviest piece of 
equipment (or where practical, at least the heaviest part of the relevant Plant) to be lifted. 

(vi) The height of a plant area or the building shall be sufficient such that the largest piece of 
equipment may be lifted over (or around) other equipment (i.e., without having to remove any 
piece of equipment) with sufficient clearance over (or around) the equipment and sufficient 
headroom (or sufficient lateral space). 

(2) Working Spaces 

The Designer shall provide for the following: 

(i) All valves and equipment shall be provided with sufficient working area for repair and 
maintenance. 
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(ii) Spacings between major pumpsets:  Where there are more than two pumps, the spacings 
between the pumpsets should be that the largest component may be laid in between the 
equipment plus an additional space of at least 1.5 m.  In any case, the clear spaces between two 
sets of pump equipment shall not be less than 1.2 m. 

(iii) Where the spaces between major pumpsets are separated by the pump manifold pipework, an 
access platform with fixed ladder stairs (not vertical step ladders) between each pump 
pipework shall be provided. 

(iv) For pumping stations of large WTPs and any major pumping installations where there are more 
than six large pumpsets, sufficient spaces at loading and unloading platforms should be 
provided so that at least two of the biggest pumps or two of the biggest valves may be loaded or 
unloaded simultaneously for maintenance purposes.  For any large pumping installations, the 
Designer should consider the use of dual gantry cranes so that two pumps and two valves may 
be installed or removed at the same time. 

(v) For multiple chemical transfer pumps, dosing pumps or residuals transfer pumps of the positive 
displacement pump type, the space in between the pumps should at a minimum not be less 
than 1.5 times the width of the pump. 

(vi) Pipework for chemical transfer pumps, dosing pumps or residuals transfer pumps shall be laid 
in pipe trenches or overhead but not be laid over floors as to obstruct access.   

(vii) Spacings between electrical panels:  Working spaces between electrical panels shall conform 
to the minimum distances stated in section G.4.14.4. 

(viii) Grated access platforms of removable type over pipework or equipment should be avoided 
where necessary. 

E.5 CONTROL AND MONITORING 

E.5.1 Management of the Works 

The management, control and operation of the WTPs shall be facilitated by a supervisory control and 
data acquisition (SCADA) system.   

The basic components of the SCADA system shall be as follows: 

(i) PLC-based intelligent outstations strategically located at various plants;  
(ii) Human-machine interfaces (HMIs);  
(iii) Two central computers operating as duty and hot standby located at the administration 

building for processing of data from the outstations and HMIs, and 
(iv) Data communications network for interconnection of the above components. 

Facilities for centralised supervisory control and monitoring of the WTP shall be provided at the 
Main Control Room (alternatively called the command centre) of the administration building (section 
G.4.2), from where normal supervisory monitoring of all main functions of the WTP will be carried out.   

The Main Control Room (section N.5) shall basically contain the operator workstations with a large 
screen display.  Real-time information regarding the status of the WTP shall be available by dynamic 
visualisation tools so that it is possible to get an insight into the operations of all components of the WTP 
at any time. 

Workstations connected to the SCADA system should also be provided at the laboratory, engineer’s 
offices in the administration building, and in the workshop offices and store.   

Facilities should also be provided to allow monitoring of the WTP through wireless broadband 
connections. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    259 

Automatic control and monitoring functions of particular process or chemical plant shall be via 
programmable logic controllers (PLC) controlled outstations resident in control panels, which will be 
connected to the data communications network.   

The outstations shall be capable of “stand-alone” operation that will continue to operate in the event of 
a central computer or network breakdown, under which control and monitoring will be maintained at 
the control panels.  Facilities should be provided to enable portable PCs to access the SCADA system at 
the control panels. 

Generally, the Main Control Room functions should be mainly for supervisory monitoring purposes, and 
control capability will be primarily for set-point adjustments.  Main control of plant should be mainly at 
the local control panels (LCPs), to ensure that essential functions including plant start-up/shut down 
and semi-automatic functions are carried out only within the plant area itself.  Appropriate alarms should 
be provided at the Main Control Room to ensure locally controlled operations are performing correctly. 

Generally, Plant shall also be provided with motor control centres (MCCs), which should contain control 
and indications for full manual control of equipment, and these facilities should be used primarily during 
testing and commissioning of plant, and when the automatic plant is not functional. 

E.5.2 Control Systems and Automation 

Control systems are used in WTPs to ensure consistently good water quality, guarantee high reliability 
and maintainability of supply and to minimize cost. 

Totally centralised control where all control logic is held in a central controller or computer will not 
provide the degree of reliability that is necessary to maintain the WTP. Therefore, centralised control 
systems for WTPs are not recommended. The primary reason is because the WTP will need to shut down 
in the event of failure of the central system or the communications network.   

Thus, the control and monitoring system should be structured in a distributed control system (DCS) 
configuration where control is provided by localised control systems while still providing the facilities 
for supervisory control from a central location.   

The types of DCS systems can be generally described as follows: 

(a) Proprietary distributed control systems 

Proprietary distributed control systems are provided as off-the-shelf packages including both 
hardware and software uniquely designed to function together. The hardware forming the control 
logic unit generally takes the form of outstations but often a range of sizes allows selection 
according to input and output requirements. The software generally provides a wide range of 
configurable facilities for control and monitoring.  

These package systems are fully functional systems containing proven data communication 
methods and software for each aspect of the system. These systems are also fully documented by 
the package supplier. 

(b) Custom-designed programmable logic controller (PLC) based systems 

Custom systems designed for the particular application utilise components, often from various 
manufacturers, to combine as a purpose built distributed control system. The outstations are 
generally PLCs with specific data communication modules added to suit the design. The central 
computers are PC based. The software for these systems are generally a product of a third party 
software manufacturer. Due to the custom design of these systems, the associated documentation 
tends to define the components rather than the system as a whole. 
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E.5.3 Mandatory Plant for Control and Monitoring 

The purpose for making certain items of plant and equipment for monitoring and control to be 
mandatory is to ensure that small to medium WTPs, where not fully automated, may be easily 
modernised and automated in the future.   

The Commission have found that it is often difficult to automate existing WTPs, either old ones or even 
relatively new ones, as there are no considerations or provisions to mechanise certain crucial plant or to 
include certain equipment.  For example, filtered water flowmeter could not be introduced into the plant 
as the filtered water outlet is made integral with the clear water tank. 

To this end, all WTPs shall be equipped (or with provision for equipment to be installed in the future) as 
follows: 

(1) The following principal measuring devices shall be provided (or with provision to be installed 
in the future) for all WTPs (as applicable for the treatment process): 

(i) Intake and raw water pumping station: 

(a) River water level: 
(b) Bandscreen differential levels; 
(c) Pump sump water levels; 
(d) Raw water inlet flow; 
(e) Raw water turbidity; 
(f) Raw water pH; 
(g) Raw water dissolved oxygen; 

(ii) WTP: 

(a) Dosed water pH; 
(b) Dosed water streaming current; 
(c) Clarified water turbidity; 
(d) Filter water level high;  
(e) Filtered water flow;  
(f) Filter loss of head; 
(g) Filtered water turbidity;  
(h) Air (blower) flow;  
(i) Washwater holding tank level; 
(j) Washwater holding tank low level; 
(k) Washwater flow; 

(iii) Clear water tanks and treated water pumping station: 

(a) Treated water pH;  
(b) Treated water turbidity;  
(c) Treated water residual chlorine;  
(d) Treated water residual fluoride;  
(e) Clear water tank overflow and level high; 
(f) Clear water tank water level low; 
(g) Clear water tank level; 
(h) Treated water delivery flow; 
(i) Treated water delivery pressure; 

(iv) Balancing reservoir: 

(a) Reservoir level; 
(b) Reservoir outlet turbidity; 
(c) Reservoir outlet pH; 
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(d) Reservoir outlet residual chlorine. 

(v) Residuals plant: 

(a) Effluent discharge flow; 
(b) Sludge blanket level; 
(c) Sludge density level. 

(2) All major valves at least equal to or greater than 600 mm diameter, including all desludging and 
residuals valves (all sizes), shall be actuated (or provision shall be made to be actuated in the 
future). 

E.5.4 SCADA System Reliability 

For major and large WTPs, SCADA system design shall include, but not be limited to, the following 
features: 

(i) System failover hardware and software shall be provided to maintain automatically the on-line 
functions following any single failure; 

(ii) Detailed test and diagnostic programs and detailed malfunction alarms for use by the maintenance 
staff; 

(iii) The system shall be designed to recover fully from hardware, software and power supply failures 
in a bumpless manner; 

(iv) The system shall be protected against cascading component failures; 

(v) The system shall reject illegal instructions, inconsistent data, inadvertent actions and 
unauthorised controls; 

(vi) No inadvertent indication or incorrect control shall occur under any or all of the following 
conditions: 

(a) Single component failures; 
(b) Failure or replacement of any fuse; 
(c) Removal or replacement of a plug-in processor, power supply or communications module; 
(d) Power supply switching surges and repeated on/off switching of power supplies; 
(e) Transient signal noise on signal and data circuits; 
(f) Operation during extreme service conditions and over noisy communications lines; 
(g) Initial switch-on or restoration after component failure, power supply failure, testing or 

maintenance; 
(h) Software development and debugging, and 
(i) Modification and expansion of facilities. 
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HEADWORKS 

F.1 GENERAL 

F.1.1 Development of Headworks 

Definition.  In general civil engineering works, the headworks refers to any structure at the head or 
diversion point of a river, channel or waterway. In the context of water supply, it refers to all components 
of water supply works including the reservoir, barrage, intake and their appurtenance structures before 
the WTP. 

Types of headworks.  Development of rivers for water supply headworks consists of two types: 

(i) Run-of-river sources, and 
(ii) Supply from rivers with development of headworks. 

Run-of-river sources:  Also termed as run-of-river supply, this relates to supply from rivers without any 
man-made structures to increase the reliability of the source. This mode of supply depends on the yield 
of the river and the water quality. Abstraction points located further downstream along a river will have 
higher yields but typically rivers receive more pollution loads as it traverses towards the sea and water 
quality can become an issue of concern. Direct supply from rivers run the risk of reliability of supply 
during dry seasons. 

Supply from rivers with development of headworks (such as impounding reservoirs, tidal or 
diversion barrages, bunded storage reservoirs and off-river storages):  This mode of supply is the most 
common in Malaysia. Whilst still sourced from rivers, there is increased reliability of the source due to 
the availability of some form of storage. The river waters during the wet season are stored within the 
reservoirs created by the construction of a dam, barrage or bunded off-river reservoir, that can be used 
during the dry seasons.  

Types of development.  The simplest development of the headworks will be the run-of-river intake, 
where the intake is developed along the river without an upstream or downstream regulation structure. 

The second type of development will be the intake with either a direct supply reservoir or regulating 
reservoir (addressed in section F.1.2).  The reservoir is formed by a dam as addressed in section F.2) 

Another type of development will be an intake with a barrage or weir (addressed in section F.4). 

Further development of the headworks involves inter-basin transfer (section F.1.3.1) and inter-state 
transfer (section F.1.3.3). 

F.1.2 Water Supply Reservoirs 

Water supply reservoirs mainly consist of the following types: 

 Dammed or bunded river reservoirs (section F.1.2.1); 
 Coastal reservoirs (section F.1.2.2), and 
 Off-river storage reservoirs (section F.1.2.3). 

The above are used to provide the raw water supplying to the WTP. 
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 Dammed or Bunded Reservoirs 

 A reservoir is an impounded pond or lake formed by a dam, bund or barrage for storage of water. For 
the purposes of this Part of the Guidelines, the reservoir referred herewith is the dammed or bunded 
reservoir type.  

For an inland dammed reservoir (see Figure C.2), the reservoir is impounded by forming the dam across 
the river and the impoundment is contained by the natural topography of the valley upstream of the dam.  
The dam is normally located at the narrowest part of the river valley, to provide for the shortest width of 
the dam. 

Function.  For water supply reservoirs, the reservoir is intended to impound water during periods of 
high flows of the river for storage to compensate for low flows during drought.  In addition to water 
supply purposes, reservoirs are also built to perform the following functions: 

 Hydroelectric power reservoirs; 
 Irrigation, and 
 Flood control. 

In water supply, regulating reservoirs releases water downstream to provide for sufficient flows at the 
WTP intake while direct supply reservoirs releases water, usually by pipeline, directly to the WTP.  For 
either type of reservoir, the water level in the reservoir is kept to as high level as possible, usually within 
the reservoir operating curve. 

Hydroelectric power (HEP) reservoirs have potential to serve a secondary function for water supply.  
Releases from HEP reservoirs, in particular major ones, are normally used to run the power generating 
turbines and will provide sufficient flows for any water supply schemes downstream.  An example is the 
Batang Ai HEP reservoir (Lubok Antu, Sarawak) which provides a discharge of 3460 Mld when one 
turbine is operating.  However, water supply schemes are mostly unable to take advantage of the large 
releases from the HEP reservoirs as they are mainly located in the upper headwaters of major river 
basins and are far from major water demand centres. 

Irrigation reservoirs are operated in similar way to water supply reservoirs and may provide sufficient 
flows for water supply purposes. However, in such a case, the yield for the WTP may not be entirely 
dependable as the irrigation needs upstream will have to be met.  Examples of irrigation reservoirs are 
the Pedu, Muda and Ahning reservoirs, which provides for irrigation needs within the Sungai Muda basin.   

Flood control reservoirs are developed to contain flood waters and the impounded water is released 
during normal (i.e. non-flood) periods.   In contrast to water supply reservoirs, these types of reservoirs 
are normally operated to maintain low water levels.  Thus, these reservoirs are poorly suited to act as a 
dual purpose reservoir for water supply needs. 

 Coastal Reservoirs 

Definition.  The coastal reservoir (CR) is a reservoir constructed at the downstream areas near the 
river mouth, along shoreline or coastal region. Traditionally, reservoirs are situated at the upstream of 
the catchment, instead of downstream.  

In many countries, coastal cities are more developed and have higher population. This also means higher 
water demand at the coastal region.  

CR can be designed to provide water for different purposes such as irrigation, industrial or portable 
water depending on the water quality and its geographical location. CR that stores freshwater with 
moderate quality can be used for irrigation or industrial purposes. 

Advantages.  CR located near to the demand points have a lot of advantages. By locating the reservoir 
close to the demand center at downstream, runoff is harvested from a bigger catchment area and a 
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shorter water distribution pipeline to the end-users. Statistically, the usage of river runoff and dam only 
utilizes less than 5% of the available water, with most of the water being discharge into the sea.  

Besides that, CR can provide extensive water storage capacity as it is not limited by land area. The 
reservoir can be filled by:  

 Passing freshwater through a gate system during river flow; 
 Harvesting flood water, turning risk to financial returns, and/or 
 Fed directly by catchment runoff. 

In contrast to conventional river intakes, CR can be designed to prevent salinity intrusion. It is 
important to separate the polluted and sea water with the fresh water. This can be done using a few 
methods: 

 Impermeable barriers constructed of concrete, earth or other materials, and 
 Inlet gates with real time water quality monitoring stations, where the system is designed to only 

allow acceptable water quality to enter the reservoir. 

As CRs are not located on land and the water collected in the coastal region, there is no risk of flood 
hazard due to dam break like the traditional dam storage located at upstream. Excess water will be 
drained into the sea if there are periods of heavy rainfall, such as the during Monsoon season in Malaysia.   

Another benefit of using CR is the minimal impacts to the environment.  Environmentally, CRs do not 
require land for building and the impacts to the local ecosystems and marine wildlife are minimal. CR can 
be designed to follow the existing river alignment and geographical condition, such as at the river mouth, 
nearshore or alongshore. The downstream CR can also be designed to adapt to different locations without 
blocking off entire waterways and thus require less environmental flow or rerouting of channels.  

Technical consideration in developing CR.  Coastal reservoirs are site specific and required careful 
planning and detailed study before implementation. The studies involved site suitability, hydrodynamic 
processes, sedimentation, morphology, water quality, saline intrusion, foundation etc. 

 Off-River Storages 

The off-river storage (ORS) is developed by constructing a reservoir or a series of reservoirs off the 
main course of the river, although usually relatively close to it. The reservoir may be formed by a bund 
or dam-type embankment (usually earthfill type) or by development of a pre-existing lake or mining 
pond.  The ORS storage will be of the gravity fill type or active pumped refill type. 

For an ORS formed of the dam embankment type, the reservoir will be usually filled/refilled by pumping 
and conveyed to the WTP as a direct supply source.  The pond-type ORS is designed to capture flood flows 
which enter the storage by gravity via a diversion channel or similar mechanism. 

These types of ORSes typically have small capacities (less than 10 Mm3) relative to conventional upriver 
dammed reservoirs.  

The ORS will normally be located near to the WTP to facilitate conveyance of the raw water by gravity or 
pumping system to the WTP.  Typically, such ORS will be located in the lower reaches of the river.  For a 
bund embankment type ORS, the embankment for ORS is normally low in height but widespread in area 
over the flatter plains.  Evaporation losses may be significant but could be mitigated by additional storage 
to make up the deficit.   

The main difference between a conventional dammed reservoir scheme and a dam embankment type 
ORS scheme is the requirement for pumping of raw water into the ORS during high river flows.   

A variant of the ORS system is the pumped refill scheme, or simply pumping schemes (PS), which is 
achieved by increasing the storage capacity of an existing dam by raising the dam crest and increasing 
its full supply level; the pump-refill operation is then incorporated into the enlarged reservoir.  
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The terms ORS and PS are both frequently synonymous. ORS however denotes a smaller storage capacity 
facility relative to dammed reservoir schemes that are located mostly in the headwater regions of the 
upper river basin.  PS or pumped ORS systems requires energy input by pumping excess runoff to the 
storage facility most often located off river.  

PS takes advantage of spatiality and temporality of flow regime in a river basin by appropriate transfer 
by pump operation to the existing dammed reservoir in time of the next reservoir drawdown phase. This 
modification exercise is not only be able to enhance the reliability and yield of the reservoir scheme but 
also at the time, beneficially to accelerate the refilling process of the reservoir with excess freshwater 
flow that otherwise considered flow-to-waste by discharging directly to the seas.   

PS or ORS schemes should be considered for development where conventional dammed reservoirs in the 
upper river basin is found to be unfeasible.  

The ORS system is a low land alternative where it is located mostly downstream of the river basin, i.e., in 
the flat flood plain with low bunded embankment. The water impounded in the ORS system is generally 
small and mostly about less than 10 Mm3 depending on the site specific topographic constraint and 
feature.  As opposed to the conventional dam/reservoir scheme that impound waters by gravity flow 
from draining catchment upstream, excess runoffs are pumped into the ORS from nearby intake.  
Sometimes the pipeline deliverance system could serve dual purpose by delivering raw river waters to 
ORS and releasing flows via gravity to the downstream WTPs.  

ORS offers apparent distinctive advantages by deferring construction of large scale impoundment in the 
upper river basin where the social and environmental acceptances might not be conducive to this type 
of conventional dam/reservoir development. Besides it is suitable for small scale water supply scheme 
e.g. less than 100 Mld, that is developed from local sources especially near the coastal plain. During 
diurnal period of tidal intrusion the entire supply of raw waters would be strictly sourced from the ORS 
storage facility.  Refilling of the storage would be carried out actively during receding tide and during 
prevailing high flow regime.  Another advantage of ORS is only a small plot of land for impoundment and 
low elevation embankment for minimizing the impacts and risks of failure and high embankment 
breaching due to its inherent small scale in terms of storage capacity.   

 In terms of potential environmental impact such as on the raw water quality aspect for water treatment 
process, ORS can provide some forms of lotic water polishing capability when the sediments and solid 
particles would be settled out due to longer hydraulic detention time.  In addition, in terms of biochemical 
nutrient removal, natural oxidation process by surface aeration (due to shallow water depth) and other 
instream internal biochemical cycle could in some ways aiding and accelerating the oxidation process of 
organic nitrogen (N) species into harmless nitrate (NO3).   

The operation of an ORS scheme is based on transferring water by engaging in active pumping activity 
during high flow period at the river intake.  This essentially ensures timely refilling of the ORS storage in 
time of need for the next drawdown cycle. For the intake that experiencing tidal intrusion, only feasible 
pumping period is during the receding tide and during higher hydrological regime, such as sweeping and 
swift discharges from the upstream catchment after a significant torrential outpour. In this regard the 
pumping capacity would be bigger than most of the ORS/PS conventional schemes that are located 
outside the tidal zone. In the coastal region, the pumping operation could only commence for less than 8- 
to 12-hour cycle.   

Further discussion on the design aspects of ORS system is given in section F.4 – Bunded and Off-River 
Storage Reservoirs.    
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Photo F.1: Bunded storage reservoir at Labu WTP, Sepang, Selangor 

In the foreground is the Labu river, weir, intake and WTP. 
(Photo archive: SMHB Sdn Bhd) 

F.1.3 Transfer Schemes 

 Considerations 

In the planning of raw water source works, the fundamental approach will be to develop the most 
economically viable scheme, i.e., the least-cost development.  Consequently, the first consideration will 
be to develop local water supply sources native to the demand area, i.e., as close to the demand area as 
possible.  The raw water source works will typically be developed to its fullest potential or limit, i.e., to 
the highest possible yield, after development of reservoirs or off-river storages as addressed in section 
F.1.2 previously. 

The second consideration will be for extending the limit of the local water resource by augmentation of 
flows from another basin, typically an adjacent one, in an inter-basin water transfer (sub-section 
F.1.3.2).  In this type of transfer, the source basin typically will possess high water resource potential but 
with lesser human development which would otherwise require the basin to be developed for its own 
localised use.  Inter-basin transfer may be between sub-basins of the main river body that may be 
separated by the natural high terrain between the two sub-basins, or between separate river basins. 

An inter-basin transfer which crosses state boundary or boundaries will usually be referred to as an 
inter-state water transfer (section F.1.3.3). 

 Inter-Basin Transfer 

Inter-basin transfer, or alternatively referred to as trans-basin transfer or trans-basin diversion, are 
used to describe raw water transfer schemes where raw water from one river basin is transferred or 
diverted to another basin, where the former basin will be of higher yield than the latter.  

The main component of an inter-basin transfer scheme will be the diversion works, typically a tunnel, 
that connects the two basins which are separated by the natural high terrain between the two basins; the 
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diversion works will convey the raw water from the source basin to the recipient side.  Relevant aspects 
of tunnel works for the water resources planner is addressed in section F.3. 

An example of a fairly complex inter-basin transfer is the direct supply raw water transfer from Sg 
Teriang, flowing on the east side of the Titiwangsa mountain range towards Pahang, to the Ngoi Ngoi 
WTP in Figure F.1.  The scheme involves the following: 

 An intake, pumping station and raw water pipelines; 
 An impounding (direct supply) reservoir at Sg Teriang, and 
 A 6 km long transfer tunnel. 

 
Figure F.1: Inter-basin transfer: Teriang Raw Water Transfer 

In an inter-basin or inter-state transfer (section F.1.3.3) where an extended tunnel (or gravity 
pipeline) is proposed, it is highly recommended that pre-treatment of the raw water in the form of pre-
sedimentation (section D.1.2.1) be included at the intake point; this is to reduce the solids load along 
the conveyance system and the entering into the WTP and hence reduce the requirement of residuals 
treatment at the WTP.  The added advantage is that solids load will be removed back into the river of 
origin. 
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 Inter-State Transfer 

Inter-state transfers are physically inter-basin transfers; the difference is mainly inter-state 
governmental, political and legal issues that are involved.    

An example of a fairly complex inter-state transfer is the Pahang-Selangor raw water transfer scheme, 
which involves raw water transfer from Sg Semantan in west Pahang to the Langat 2 WTP in Selangor, 
which involves the following: 

 An impounding (regulating) reservoir at Sg Kelau, a tributary of Sg Semantan, which is itself a 
tributary of Sg Pahang; 

 An intake and pumping station at Sg Semantan; 
 Raw water pipelines from the pumping station to the inlet portal of the transfer tunnel at Karak, 

Pahang, and 
 A 44 km long transfer tunnel from Karak, Pahang to Hulu Langat town, Selangor. 

 

Figure F.2: Inter-state transfer: Pahang-Selangor Raw Water Transfer 

For inter-state transfer systems with transfer tunnels, a pre-sedimentation basin is highly recommended 
to reduce the sediment and solids load that would otherwise be taken up at the WTP. 
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F.2 DAMS 

F.2.1 General 

Scope  

The scope of dam design, even for conceptual stage, is very wide and will not be in the scope of these 
Guidelines.  Nevertheless, it will be necessary to approach the subject as water resources studies will 
typically cover development of dams, particularly where water resource options have to be investigated 
and preliminary cost estimates will be required.  Hence a basic outline on the discipline is included for 
completeness.  The scope covered in these Guidelines will only be sufficient to complement any 
discussion of dam types covered in water resources studies, but not intended as a design guide. 

General classification 

The International Commission on Large Dams (ICOLD) currently define large dams as that above 15 m 
high, as measured from the lowest foundation to the dam crest level. 

Selection of Dam Site 

Preliminary selection of dam site.  Identification of potential reservoir sites will be normally 
performed during the water resources study stage by a hydrologist and the hydrological potential 
ascertained.  First, the reservoir is identified along the river where there is a suitable valley to impound 
the required reservoir volume to achieve the required yield.  For a bunded storage scheme, the reservoir 
may actually be off-river at a suitable sub-catchment valley.  Identification of the reservoir perimeter and 
the selection of the dam site, as first approximation, may be performed on 1/50000 topographical maps. 

The dam site will then be selected, which is normally at the narrowest portion of the valley just before 
the valley considerably widens, which would preclude any possible dam site due to the much larger width 
of the valley. 

At this stage, the water resources engineer will provide an outline of the dam, spillway and outlet works; 
the possible site shall be checked by a geologist using available geological maps to rule out any adverse 
geological conditions. 

From there, a feasibility study should be carried out to determine the suitability of the overall scheme, 
including the potential dam site.  The suitability of the site shall then be investigated by more detailed 
topographical surveys and geotechnical site investigations. 

Selection of dam site during preliminary and detailed design.  The final selection of dam site during 
preliminary engineering design and detailed design should be carried out by a detailed design team (refer 
below) and will not be in the scope of these Guidelines. 

Design Development 

Design team.  For detail design of dams and related structures, design rely greatly on knowledge of past 
histories of dams and experience in the related fields, which is different to design of water supply systems 
which requirements depend largely on the client’s and operator’s requirements. 

For the detailed design stage of dams, it is essential that the design team consists of suitably qualified 
and experienced competent persons in the required field of design.   

The design team for a dam shall, at a minimum, comprise of the following:  

(i) The team leader who is a competent person in the field, i.e. with appropriate qualifications and 
sufficient experience in the particular design of the type of dam.  The team leader is usually an 
project manager who is competent in the fields of geology, geotechnical engineering, hydrology 
and hydraulics with experience in the field. 
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(ii) An expert geologist and expert geotechnical engineer with sufficient experience in the particular 
design of the type of dam, and 

(iii) An expert hydrologist and expert hydraulic engineer and modeller. 

The design team shall be complemented inter alia by competent persons in pipeline, structural, 
mechanical, electrical and instrumentation engineering.   

For a water resources study, the input from the above personnel should be sufficient. 

The design team should include an internal reviewer who is also a competent person with sufficient 
relevant experience in the type of dam to be developed. 

In any case, an external reviewer shall be employed to provide an independent review of the design 
where: 

 The design involves a large dam (as defined above), or 
 the dam involves any uncommon design, or 
 there are distinct complications in the design.   

The external reviewer shall be a person preferably internationally recognised in the field of dam design, 
such as a member of the United Kingdom All Reservoirs panel engineer. 

Types of Dams   

Main types. The main types of dams are: 

(i) Embankment dams, which consist of two main sub-types: 

 Earthfill embankment dams, and 
 Rockfill embankment dams. 

(ii) Concrete dams. 

Selection of Dam Type 

In Malaysia, water supply dams tend to be of earthfill type (section F.2.2.1) as that type always comes 
out as the most economical and most suitable.  In most cases, the choice of the type of dam will depend 
on the natural conditions of the dam site and may not need very detailed investigations in this aspect.   

Notwithstanding the above, the primary considerations for selection of the type of dam are as follows: 

 Morphology of the dam site: Generally, a wide valley is more suitable for an embankment type 
dam while very narrow valleys are suitable for concrete dams, always provided the geological 
conditions of the foundation and abutments are favourable for the latter case. 

 Geological conditions: The sandy-silt foundations and fractured rock foundations and abutments 
of river valleys normally found in Malaysia almost always favour an embankment type dam; the 
dam height is the factor usually deciding the selection between an earthfill dam and a rockfill dam.  
Rock foundations and abutments favour the concrete faced rockfill dam or concrete dam. 

 Available materials:  The significant availability of earth or rock fill materials, particularly clayey 
residual soils for the central core, always favour an embankment dam.   

 Dam height: When a high dam is required, the slopes required for an earthfill dam will require a 
large footprint and may not fit within the terrain, with the embankment over spilling out of the 
valley.  In such case, a rockfill dam with steeper slopes and a smaller footprint may be preferable. 

 Spillway design:  Where large spillways are required at dam sites with narrow valleys, a concrete 
dam will be necessary, provided the geological conditions are favourable. 
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F.2.2 Embankment Dams 

 Earthfill Embankment Dams 

Types. Earthfill embankment dams consist of a roller-compacted bund embankment, usually of the 
following general types: 

 Homogeneous fill:  Low dams may be a bund of homogeneous earthfill with a vertical sand drain 
to intercept seepage through the embankment. 

 Zoned earthfill: Higher dams will be of a zoned earthfill type with a roller-compacted central 
clayey core.  These dams also includes filter and drains to collect and remove seepage water. 

The types of earthfill dams above are shown in Figure F.3. 

Embankment.  The earth fill used for the embankment will be residuals soils from borrow areas and 
compacted in layers by mechanized rollers.   

Figure F.3 (a) shows a homogeneous rolled earthfill dam used for very low dams or bunded storages.  
The homogeneous embankment will be normally of roller compacted residuals soils.  An internal 
chimney drain leading to a horizontal filter blanket may be provided.  Consideration may also be given 
for a slurry trench to provide seepage cut-off where the dam is founded on relatively pervious soil.  For 
upstream slope protection, a gravelly filter layer on top of geotextile membrane or lower sand blanket is 
provided.  Downstream slope protection will be usually turfed. 

Figure F.3 (b) shows typical zoned earthfill dam with a roller compacted central clayey core and 
supporting shoulders of roller compacted residuals soils.  Depending on the underlying stratum, this type 
of dam may be of a high dam type.  In a zoned earthfill type dam, the central clayey core will usually be 
compacted by pneumatic tire rollers or sheepsfoot type rollers, while the surrounding shoulder 
embankment is compacted by vibratory rollers.  The internal chimney drain will always be provided 
downstream of the central core leading to a horizontal filter blanket may be provided.  For upstream 
slope protection, one or several rip-rap layers on top of a transition filter layer will be usually provided. 
Examples of major zone earthfill dams for water supply purposes is the Teriang dam (completed 2010, 
Figure F.6, Figure F.7) and the Semenyih dam (completed 1985, Figure F.8). 

Figure F.3 (c) shows typical zoned earthfill dam similar to Figure F.3 (b) on top of an impervious layer 
(i.e. rock).   

For types (b) and (c), a grout curtain will be normally introduced below the central core trench. A grout 
curtain is a row of vertically drilled holes filled with (usually) cement-bentonite grout mix, performed by 
a process called pressure grouting.  The holes are drilled in rows across the central core trench to create 
the grout curtain underneath the central core.  

Figure F.3 (d) is a variation of the zoned earthfill dam similar to Figure F.3 (b) and (c) but with an 
inclined core.  The principal advantage of the core inclining downstream is that the embankment 
shoulder can be constructed first and the core raised later.   Example of an earthfill dam with an inclined 
core is the Terip dam, Negeri Sembilan. 

The upstream and downstream slopes will be determined by slope stability analyses.  For medium to 
high dam embankments, the slope stability analyses will involve the following conditions: 

 End of construction condition; 
 Steady-state condition, and 
 Rapid drawdown condition. 

The preceding conditions will usually include seismic conditions at lower acceptable factors of safety. 
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Figure F.3: General types of earthfill embankment dams - typical sections 

(Adapted from US Army Corps of Engineers,  
General Design And Construction Considerations for Earth and Rock-Fill Dams (2004),  

EM 1110-2-2300, p. 2-5) 
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Typical high earthfill dams (as in the Semenyih dam shown in Figure F.8) have an upstream slope of 
1:3.5 (vertical:horizontal) up to 1:3.75.  The downstream slope is typically in the range of 1:2.5 to 1:2.75 
with intermediate berms. 

Where the required height of the dam is in excess of 70-100 m, the embankment of the earthfill type will 
require gentler slopes and consequently an increasingly larger footprint which may become impractical 
at some point to suit the dam site, at which a rockfill type dam will need to be considered. 

Internal drainage.  In the earthfill dam embankment, the following types of drains will be normally used 
in the design: 

 Vertical chimney drain, located just adjacent downstream of the central core; 

 Foundation drain mattress leading from the chimney drain to seepage measurement 
chambers, and 

 Upstream and downstream drainage sand blankets. 

Slope protection.  For high dams, upstream (water facing) slope protection will be by suitably sized rip 
rap, possibly in layers, on top of graded filter material and sand blanket.  The downstream slope will be 
normally turfed. 

  Rockfill Embankment Dams - General 

Types.  Rockfill embankment dams typically consist of two main types: 

 Earth core rockfill dam (ECRD), and 
 Concrete face rockfill dam (CFRD). 

A typical cross-section of earth core rockfill dam is shown in Figure F.4 and a typical cross-section of a 
concrete face rockfill dam is shown in Figure F.5. 

For rockfill dams, the excavated rock fill is dumped by trucks and the rocks are pushed over the 
advancing face, creating significant segregation, with larger rocks in the bottom layer and most of the 
fines in the upper layers.  By this method, over time the voids between the larger rocks will be filled with 
smaller rocks and quarry fines. 

Rockfill dams are embankments of compacted free-draining granular earth with an impervious zone. The 
earth utilized often contains a high percentage of large particles, hence the term "rock-fill".  

Rockfill dams should be considered when any of the following conditions occurs: 

 An earthfill dam would be too high, requiring gentler upstream and downstream slopes that will 
not match into the general topography of the site; this is generally the case for high hydroelectric 
dams and also the case for the Selangor dam (shown in Figure F.9). 

 The earthfill volume may be too large and becomes impractical compared to a rockfill dam. 
 Earthfill materials are not suitable for use; for large dams, this should be uncommon in Malaysia. 

(1) Earth Core Rockfill Dam  

Earth core rockfill dams (ECRD) consist of a central clayey earthfill core supported by upstream and 
downstream compacted rockfill shoulders.  The central earthfill core provides for the impervious layer 
of the dam.  The upstream and downstream slopes are steeper than earthfill types and will provide a 
smaller embankment volume. The gradient of upstream and downstream slopes will depend largely on 
the size of the earth core and the surrounding filter zones, the foundation and stability analyses of the 
earth core and rockfill; as in the Selangor dam, the upstream slope is 2:1 and the downstream slope is 
1.5:1.  The grout curtain is provided under the central core similar to the earthfill dam. 
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Figure F.4: Earth core rockfill embankment dam - typical section 

(2) Concrete face rockfill dam 

The concrete face rockfill dam (CFRD) is generally chosen where clayey core material may not be 
available.  This type of dam consists of a rockfill embankment with an impervious upstream concrete face 
as in Figure F.5.  As it does not have a central earthfill core to support, the upstream and downstream 
slopes are based on the angle of repose of the dumped rock, which is always steeper than that in the earth 
core rockfill embankment. 

The upstream and downstream slopes may actually be designed without the use of stability analyses 
(Cooke, B., Sherard, J., 1987).  Upstream slopes may be of 1.3-1.4:1 and downstream slopes 1.1-1.2:1. 

Concrete face rockfill dams are considered advantageous over the earth core rockfill dam due to the 
typically much steeper upstream and downstream slopes and therefore lesser embankment volume than 
the earth core rockfill dam.   

However, construction of the dam will require an upstream rock foundation for supporting the 
foundation plinth of the concrete face. 

 
Figure F.5: Concrete face rockfill embankment dam - typical section 

An example of modern concrete face rockfill dams in Malaysia is the Ahning dam (completed 1989) and 
the Beris dam (completed 2004), Kedah, as part of the Sungai Muda irrigation system. 
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Figure F.6: Earthfill embankment dam (Teriang dam, Negeri Sembilan)  

(Engineers: SMHB Sdn Bhd) 
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Figure F.7: Typical section of earthfill embankment dam (Teriang dam, Negeri Sembilan) 

 
Figure F.8: Typical section of earthfill embankment dam (Semenyih Dam, Selangor) 
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Figure F.9:  Typical section of earth core rockfill dam (Selangor dam) 

  Photo F.2: Selangor dam and reservoir, Kuala Kubu Baru, Selangor 
 

Photo F.3: Pedas dam, Negeri Sembilan 

 
(Photo archives: SMHB Sdn Bhd) 
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F.2.3 Concrete Dams 

General 

Concrete dams, which may either be of the gravity dam type or the arch dam type are among the 
highest dams in the world, but they are uncommon in Malaysia.   

Gravity Dam 

In a concrete gravity dam (Figure F.10), 
the stability of the dam is maintained from 
its mass and strength of concrete.  The 
forces acting on the dam are water 
pressure, uplift forces and lateral pressures 
from winds, waves and siltation.  The dam 
has to be designed against the overturning 
forces, sliding force, compression and 
tension on the dam created mainly by the 
impounding water pressure. The 
impounding water creates sliding forces 
which presses laterally (downstream) on 
the dam and overturning forces which tend 
to overturn the dam by rotating about its 
toe (a point at the bottom downstream side 
of the dam); the sliding and overturning are 
counteracted by the self-weight of the dam.  
The uplift pressure on the dam is also 
checked in full reservoir condition with no 
tailwater. 

Figure F.10: Typical cross-section of concrete dam  

Figure F.10 shows a typical cross-section of the concrete gravity dam along its cascading spillway 
(provided for low flows) with a flip bucket basin at the bottom (for high flows).   

A photograph of a reinforced concrete gravity dam with central ogee spillway (Pedas dam, Negeri 
Sembilan) is shown in Photo F.3.   

Arch Dam 

In the arch dam, stability is obtained by a combination of arch and gravity action. If the upstream face is 
vertical the entire weight of the dam will be carried to the foundation by gravity, while the distribution 
of the normal hydrostatic pressure between vertical cantilever and arch action will depend upon the 
stiffness of the dam in a vertical and horizontal direction. When the upstream face is sloped the 
distribution is more complicated and normally modelled. The normal component of the weight of the 
arch ring may be taken by the arch action, while the normal hydrostatic pressure will be distributed by 
gravity as above.  

For this type of dam, firm reliable supports at the abutments (either buttress or valley side wall) are more 
important. The most desirable place for an arch dam is a narrow valley with steep side walls composed 
of sound rock. The safety of an arch dam is dependent on the strength of the side wall abutments, hence 
not only should the arch be well seated on the side walls but also the character of the rock should be 
carefully inspected.  Geological mapping of the abutments is normally carried out and modelled to ensure 
that the rock formation of the abutments are able to take the associated loads. 

An example of an arch dam is the Klang Gates dam, located in the outskirts of Kuala Lumpur, which is 
used for direct supply of raw water to the Bukit Nanas WTP (145 Mld), located in the city centre. 
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F.2.4 Appurtenance Works 

The main appurtenance works of a water supply dam are the following: 

(i) The outlet works is the section of water supply dam which releases water downstream (in the 
case of a regulating reservoir) or to the WTP (direct supply reservoir).  The outlet works always 
include facilities for emergency releases to draw down the reservoir.  

The outlet works for an earthfill or rockfill dam is usually in the form of a drawoff tower leading 
to an an outlet culvert (cf. Figure F.6) with a stilling basin at the outlet end. 

(ii) The spillway is the section of the dam which passes flood water from the reservoir to the 
downstream side.  In many dams, in particular flood prevention dams, the primary spillway will 
act as the outlet works which passes normal controlled flow downstream, while the auxiliary 
spillway passes excess flood waters.    

The typical types of main spillways used in Malaysian water supply dams are the shaft spillways 
of the morning glory type (e.g., Semenyih dam) which releases into the outlet culvert, chute 
spillways (e.g., Teriang dam in Figure F.6; Selangor dam as may be seen in Photo F.2) and side 
channel spillways. 

An emergency spillway is usually designed for extreme flood conditions to prevent overtopping of 
the dam.  The spillway typically has a stilling basin at its end. 

(iii) Seepage cutoff works to reduce seepage of water mainly under and to a lesser extent around the 
dam, and 

(iv) Geotechnical instrumentation, normally used in embankment dams.  All instrumentation 
readings of embankment piezometers are typically centred at the gauge house normally located 
at the downstream toe of the embankment dam (cf. Figure F.6). 

F.2.5 Ancillary Works 

Saddle dam 

A saddle dam is an auxiliary dam constructed to confine the reservoir created by a primary dam either 
to permit a higher water elevation and storage or to limit the extent of a reservoir for increased efficiency. 
An auxiliary dam is constructed in a low spot or "saddle" through which the reservoir would otherwise 
escape. On occasion, a reservoir is contained by a similar structure called a dike to prevent inundation of 
nearby land. Dikes are commonly used for reclamation of arable land from a shallow lake. This is similar 
to a levee, which is a wall or embankment built along a river or stream to protect adjacent land from 
flooding.  

F.2.6 References 

(1) Brandt, M., Johnson, K., Elphinston, A., Ratnayaka, D. (2017).  Twort’s Water Supply. 7th ed. Oxford: 
Elsevier Ltd. 

(2) US Army Corps of Engineers (2004), General Design and Construction Considerations for Earth and 
Rock-Fill Dams (EM 1110-2-2300). Washington, DC: Dept. of the Army.  

(3) Sherard, J., Cooke, B. (1987).  Concrete-Face Rockfill Dam: 1. Assessment. Journal of Geotechnical 
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F.3 TUNNELS 

Tunnels are used in water supply planning to transfer raw (or treated) water, across high terrain to the 
WTP (or in the latter, the demand centres).  The tunnel is used where it will not be feasible for a pipeline 
to circumvent the high terrain or where the pumping head over the terrain will be too high. 

For water resources planning, the use of the tunnel should be considered in the preliminary study stage 
where very high elevations are encountered.  Construction of a tunnel will be expensive and should be 
analysed by comparing capital costs of the tunnel against the capital costs plus the net present value 
(NPV) of operating costs of pumping over or around the high terrain over a number of years.   

For water transfer tunnels traversing high grounds, the tunnelling will be mostly in good soil, fractured 
rock and solid rock.  For relatively short distances, microtunnelling by using microtunnel boring 
machines (MTBM) may be considered. In most raw water transfer cases, the tunnelling will need to cover 
larger distances of a few kilometres; in such cases, the methodology of tunnel construction will be 
conventional tunnelling; this typically uses the new Austrian tunnelling method (NATM), where the 
excavated soil or rock is reinforced and induced to self-support.  The need for alternative methods, such 
as cut-and-cover (for use mostly in relatively very short and shallow lengths), shield excavation (in 
extended soft soils) and caisson (for very deep microtunneling) are not normally encountered.  During 
the feasibility study stage, the planner may need to assess the method to be used in order to derive 
reasonably precise costs. Preliminary and detailed design of tunnels shall involve at least an experienced 
geologist and tunnel engineer. 

In conventional tunnelling for water transfer tunnels in Malaysia, the initial tunnel section starting from 
one end of the tunnel (the tunnel portal) will usually be in soft to hard soils, followed by varyingly very 
fractured to solid rock through the main tunnel body, and hard to soft soils at the other tunnel portal.  
The initial section in soil to hard decomposed rock will be excavated by means of a forepole umbrella 
system in a horseshoe tunnel cross-section, usually referred among tunnelling practitioners as the 
“NATM section” (as in Figure F.11(a)).  For tunnels of relatively short to medium distances, tunnelling 
in the rock section will be performed by drill-and-blast, still in the typical NATM horseshoe cross-
section (Figure F.11(a)).  The drill-and-blast method will not be suitable for long distances, for which the 
tunnel boring machine (TBM) will be required.  For very long tunnels, rock tunnelling will typically be 
initially done by drill-and-blast until the TBM has been manufactured and ready to proceed.  The tunnel 
cross section by TBM will be circular (Figure F.11(b)). 

 
Figure F.11: Typical tunnel cross-sections 
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The Designer should assess whether a TBM will be necessary, taking into consideration the time that a TBM 
will need to be manufactured and the time that will be taken by conventional drill-and-blast methods and 
comparing it to the acceptable period of completion for the tunnel.   

The dimensions or diameter of the tunnel will depend not on the hydraulic capacity of the tunnel but on 
the size of the working space required for the tunnelling equipment required plus ventilation equipment, 
the need of which may be increased in accordance to the length of tunnel.  As such, the typical nominal 
widths and heights for tunnels will be in the range of 3-6 m.  For the NATM section, the size of the section 
will usually be dictated by the size (and possibly number) of the drilling jumbo to be employed.  The tunnel 
will usually need to be over excavated at portions of the tunnel so that the jumbos, rippers, crushers, 
loaders, trucks and spray concrete (shotcrete) equipment may have suitable working space to safely 
operate and manoeuvre.  The Designer should specify in the contract document a nominal line for 
excavation payment in order to limit potential escalated claims by the tunnelling contractor. 

A particular concern in the construction of tunnels, as in most underground excavation work, is dewatering 
of the tunnel which is caused by water ingress that may be of high short-term water ingress and normal 
water ingress; the latter is the natural constant water inflow seeping into the tunnel after tunnel 
excavation including stabilized water inflow after high short-term ingress.  The expected amounts of water 
ingress should be assessed by an experienced geologist and tunnel engineer during design. 

Photographs of the interior of a water transfer tunnel is shown in Photo F.4 and Photo F.5.  The NATM 
horseshoe has been enlarged from the nominal width; the nominal (excavated) diameter of the TBM section 
seen in the background is 5.20 m.    

  
Photo F.4: Pahang-Selangor Raw Water Transfer Tunnel – 

NATM to TBM transition section 
Note the TBM circular section of 5.2 m diameter in the 

background. 

Photo F.5: : Completed NATM 
horseshoe 

(Photo archives: SMHB Sdn Bhd) 

Tunnels may be used for transmission of treated water, but should be by means of treated water 
pipelines laid inside the tunnel shaft itself.  A lined tunnel may be used for transmission of treated water, 
with the tunnel itself by its own volume performing a secondary role as a balancing reservoir.  Where 
a lined tunnel is used, the tunnel should be provided with an external as well as an internal waterproof 
lining:  The external lining shall be against infiltration; any ingress water shall be considered as 
contamination into the treated water conveyance system.  Alternatively, a large diameter pipe (of say 3.0 
metre diameter) may be provided to form the water conduit.  In either case, a drainage system should be 
designed to convey normal water ingress as well as the short-term high discharges.  
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F.4 BUNDED AND OFF-RIVER STORAGE RESERVOIRS AND PONDS 

F.4.1 General Arrangement of Off-River Storages 

The configuration of three types of off-river storages (ORS), previously addressed in section F.1.2.3, is 
shown in shown in Figure F.12.  

The first type as shown schematically in Figure F.12(a) is the storage reservoir type, formed by an 
earthfill dam embankment.  This type is required where hydrological analyses indicate a significant 
storage volume would be required, generally above 5.0 Mm3.  Rivers suitable for such ORS may have low 
average daily flows but have relatively large catchment areas providing high flood flows which may be 
captured for filling the reservoir.  For this type of arrangement, the Designer should inspect 
topographical maps for low, rolling topography with a broad low valley nearby the lower reaches of the 
river where a low dam may provide the necessary water storage.  The dam should be designed as a small 
embankment dam (see section F.2.2.1) complete with overflow, drawoff facilities and outlet structure 
and constructed as an embankment dam would be (i.e., complete with grout curtain, for example). 

In Figure F.12(a), water is pumped from the river into the reservoir as shown via a high outfall during 
periods of high flows; water from the reservoir is gravitated from the reservoir via a two- or three- stage 
drawoff tower (see Figure F.26 for a typical arrangement).  Alternatively, the pumping configuration may 
be arranged such that water may be pumped directly from the river to the intake or excess water may be 
regulated into the WTP during pumping.  

An example of this arrangement may be seen for the Labu WTP and bunded reservoir (Sepang, Selangor) 
shown in Photo F.1. 

 
Figure F.12: Various arrangements for off-river storage reservoirs 
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For the dam embankment type of storage reservoir, it is advisable for the Designer to investigate and 
develop the system to the maximum yield that may be produced by the arrangement. 

For this arrangement, the outlet pipeline from the reservoir shall be led through an outlet culvert type 
structure and shall not under any circumstances be embedded into the embankment.  The Designer is 
advised that the outlet culvert will be subject to considerable settlements; the Designer shall ensure that 
the outlet culvert itself is founded on original firm ground (not fill), usually well into the hillside 
abutments, and the culvert designed accordingly.   In any case, the design of the dam embankment shall 
always be carried out by a competent person in the design and construction of dams. 

The bunded storage type is shown in Figure F.12(b) may be developed where high grounds to form a 
sizable reservoir may not be available.  In this arrangement, an earthfill embankment bund is developed 
to form a storage lagoon.  As the bund will not be normally high, typical storage volumes are typically up 
to about 1.0 Mm3. 

For this bunded storage arrangement, water is pumped from the river to the bunded storage, and thereon 
gravitated with regulating device to the WTP located at lower platform (but above flood levels – refer 
section G.1.1).  In any case, a bypass pipe from the intake direct to the WTP shall be provided in case of 
failure or major repair works to the bunded storage. 

An example of this arrangement may be seen for the Bukit Sah WTP (Kemaman, Terengganu) and bunded 
storage shown in Photo F.6.  In this case, the off-river storage is provided to cater for periods of salinity 
intrusion in the Kemaman River. 

 
Photo F.6: Bunded storage at Bukit Sah WTP, Kemaman, Terengganu  

Note: Sungai Kemaman in the upper part of the photograph. 
(Photo archive: SMHB Sdn Bhd) 

In this arrangement, a proper outlet chamber or wingwall should be provided; the outlet pipe may be 
embedded in the low bund embankment.  However, the Designer shall be cautioned to take precautions 
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against piping failure of the embankment which may occur to the earth fill along the outside shell of the 
embedded pipe.  In any case, the design of the bund embankment shall always be carried out by a 
competent person in geotechnical works. 

The storage pond type is shown in Figure F.12(c) may be developed at existing lakes or ponds (section 
C.1.3.2), in particular former tin mining ponds, where such ponds may provide a sizable reservoir.  The 
pond may be a single pond or a series of ponds, which should be developed to perform its role as a storage 
reservoir. 

For a storage pond arrangement, water may be diverted from the river by means of a controlled side 
intake weir structure to fill the storage pond during periods of high river regime.  During periods of low 
flows in the river, pumping facilities such as the Archimedes screw type pump intake (section F.6.1.7) 
may be used to transfer raw water from the river to the ponds or from pond-to-pond where the ponds 
are built in series.  The raw water is then pumped from the pond to the WTP located at a higher platform. 

F.4.2 Emergency Storage 

The ORS may be used as an emergency storage to be provided as a mitigation measure where there is a 
serious to high risk of pollution in the raw water (see section E.3.5).  The capacity of the ORS for this 
purpose (i.e., other than hydrological requirements) should be, as a minimum, for the historical duration 
of a major pollution event of the river or at least a few days’ storage.   

A possible arrangement for the ORS is indicated in Figure F.13.  A usual intake and pumping station PS1 
is provided for supplying raw water to the WTP.  An ORS of storage pond type is provided near the river.  
Two parallel channels are constructed: The main channel with upstream control weir W1 (normally 
open) and downstream control weir W3 (normally open), with a side channel C1 feeding the ORS; and 
the diversion channel with upstream control weir W2 (normally closed). 

When a pollution spike is detected upstream of the intake by the river monitoring system (see section 
M.4.10), the control gates W1 and W3 will be closed and W2 will be opened, thus isolating the main 
channel and diverting river flow through the diversion channel until the pollution passes.  Meanwhile, 
water is fed to the main channel via discharge channel C2.  For very deep ORSes, a pumping station PS2 
of the submersible high-volume pumps (preferred) or Archimedes screw type pump intake (section 
F.6.1.7) may be used to feed the main channel when the ORS water level is below gravity feed level. 

 
Figure F.13: Possible arrangement for off-river storage as emergency storage 
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F.5 BARRAGES AND WEIRS 

F.5.1 Definitions 

A barrage is a dam-type structure with a series of large gates between reinforced concrete piers 
constructed across a river to regulate the river flow or control the river elevation upstream.  The barrage 
is usually not meant for large impoundment and the differential head between the upstream and 
downstream sections of the river is low.  In the Malaysian context, the barrage refers to any wide span 
gated structure built in the lower plains of the river and mainly associated as a salinity barrier. 

In the Malaysian context, a weir may be similar to the barrage but of a lesser span built in the upper 
reaches of the river and normally associated as a water diversion or regulating structure for irrigation or 
water supply. 

F.5.2 Gated Barrage 

 Design Considerations 

Conceptual design considerations.  The main parameters and requirement that will need to be 
considered and established during the conceptual design of barrage should include, but not be limited to, 
the following: 

 Flood levels.  The design flood and maximum flood levels shall be determined by the 
hydrological studies; 

 Tide levels; 
 Subsurface seepage under the structure and resultant uplift pressure on the structure; 
 Size of river diversion channel, normally should not be smaller than the existing size of river; 

 Protection works for the diversion channel; 
 Possibility of using the original river channel as a flood bypass in the event of extreme floods 

beyond the 1:100 year returns period or if the barrage gates malfunction; 
 Requirement of navigation lock or passageway to allow the passage of small fishing boats 

through the barrage structure; 
 Type and configuration of the gates; 

 Requirement of standby power in case of power failure; 
 Operation rules to determine the operation of the gates, and 
 Operation requirement from the operator (such as staff quarters). 

Detailed design considerations.  In the detailed design, the barrage should be designed to the 
following general requirements: 

 Lateral sliding and overturning forces on the structure as well as uplift pressure (normally 
during full impounding with no tailwater and maximum flood flows with tailwater); 

 Combination of the gated weir and fixed overflow channel from the economical and safety point 
of view; 

 To release flood flow smoothly without significant water level rise in the upstream area; 
 The upstream water level rise due to the river diversion and construction of barrage should be 

minimized and not to affect the surrounding environments; and 
 The effect of barrage to the tide should not cause any increase in water level downstream of the 

barrage during the period when the gate is in closed position.  
 The barrage will be in closed position when the salinity exceeded the pre-set limit and in open 

position when the salinity level is low at the proposed site; 
 The barrage may also be used to regulate the flow during low flow condition to increase the 

water level at the intake; 
 The minimum compensation flow will need to be maintained at all time, and 

 To have functions to secure the additional required yield at all time and release the flood flow 
smoothly and safely to maintain the current river functions after construction, and 

 The location of the barrage structure is preferably to be located on good ground foundation. 
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 Hydrological Modelling 

The objective of hydrological modelling (refer section B.3.7) will be to simulate the design flood 
hydrograph. The model is then used to determine the discharge for various ARI (2, 5, 10, 25, 50 and 100 
years).  

Modelling is then performed for various ARI to determine the corresponding flood level at the proposed 
barrage location. 

The main purpose of salinity study is to evaluate the extent of the salinity intrusion of seawater into the 
river system during extreme low-flow conditions. In the design of a barrage, the salinity studies will be 
used to model the operation of the barrage during periods of high to low tides. 

 Barrage Layout 

An example layout of a river barrage is shown for the Johor barrage, constructed across the Sungai 
Johor, which is used mainly as a salinity barrier for upstream WTPs along the river. 

Typical layouts are as shown in Figure F.14, Figure F.15 and Figure F.16.   

Cross-sections are shown in Figure F.17 and Figure F.18. 

 
Figure F.14: Example – overall layout plan of Johor barrage 
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Figure F.15: Layout plan of Johor barrage (1) 

(Engineer: SMHB Sdn Bhd) 
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Figure F.16: Layout plan of Johor barrage (2) 
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Photo F.7: Johor barrage: gates closed and opened 
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Figure F.17: Typical cross-section of Johor barrage 

 
Figure F.18: Typical cross-section of navigation lock, Johor barrage 

Stability of the structure against sliding and overturning forces as well as uplift pressures shall always 
be counteracted by the self-weight of the structure or partially by anchor pile foundations as applied in 
typical marine structures.  For a major structure such as a barrage, anti-flotation slots or weepholes 
should always be avoided. 

 River Diversion 

The river diversion is to facilitate construction of the barrage or weir structure in the dry without 
obstructing the existing river flow during the construction stage.  Unless a river intake site has been pre-
selected, the selection of a suitable site for a barrage or weir will largely depend on a suitable location to 
construct the river diversion.  

River diversions for the construction of river barrages or weirs are of two basic types as illustrated in 
Figure F.19 : (a) a long diversion channel and (b) a side diversion channel. 
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Figure F.19: River diversion for river barrage or weir 

(i) As in as in Figure F.19(a), the barrage or weir is constructed in the dry along a river meander as 
shown.  In this way, construction of the structure may be carried out in relatively better soils; daily 
dewatering for construction work is much reduced, enabling more efficient work.   

A permanent channel is then constructed to divert the river from the existing river alignment to 
the barrage and the river downstream of the meander.  The channel should be proportioned for 
the design flood flow and should not be less than the width of the existing water course.  

All riverbank protection is constructed before the river alignment is diverted.  The existing river 
alignment will be filled up and transformed as be an emergency overflow channel. 

(ii) In a side diversion channel as in Figure F.19 (b), the channel will be constructed alongside the 
barrage or weir structure in a sheetpiled cofferdam.  Typically, the emergency overflow channel 
will temporarily act as the diversion channel until construction is completed.   

In the above cases, the cofferdam for the construction of the barrage structure shall be construed as 
temporary works under the responsibility of the developer (i.e., contractor), who should assess the risk 
of flood overtopping or toppling the cofferdam.  In all forms of contract, the hydrological risk should be 
specified as the developer’s (i.e., contractor’s) risk in the construction contract accordingly.  Assessment 
of the flood risk should take into account the period of construction, the probability of occurrence during 
that period and insurance limitations.  The developer shall then assess the specified flood risk and design 
the cofferdam and his other temporary works accordingly. 

Where an overflow channel is not required as the permanent works, such as in small weir structures, the 
developer will still need to construct a side channel as the river diversion.   In this case, the river diversion 
shall be construed as temporary works and shall be designed, constructed and made good by the 
developer accordingly.   

An example of possible river diversion options for the Johor barrage is shown in Figure F.19. 
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Figure F.20: Possible options for river diversion for barrage (example) 

 Type of Gates 

For a reinforced concrete barrage or weir, two types of gates may be considered: 

 Radial gates, and 
 Vertical lift gates. 

(i) Radial gates 

The gates are hinged with the leaf in the form of circular arc and the centre of curvature at the hinge or 
trunnion. The hoisting mechanism may either using cable that is winched up by a motor placed on a 
bridge situated above the piers or, alternatively, a hydraulic hoisting mechanism can be used.  

A typical radial gate with hydraulic hoisting is shown in Figure F.21. 

(ii) Roller gates 

Vertical lift gates are gates that moves within a vertical groove incised between two piers. The vertical 
lift gates is the most commonly used type of gate in Malaysia.  

A typical vertical lift roller gate with rope drum hoist is shown in Figure F.22. 
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Figure F.21: Radial gate 

 
Figure F.22: Roller gate 

 Flood Overflow Channel 

In a major barrage or weir, a flood overflow channel should be provided for flood flows higher than the 
design flood flow to bypass the barrage.  The flood overflow channel will also act as an emergency bypass 
in the case where the barrage gates fail to operate. 

The sizing of the flood overflow channel should take into account the scenarios for floods greater than 
the design flood flows and the situation where barrage gates fail to operate. 
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Usually, the diversion channel or pre-existing river alignment will be converted to a flood overflow 
channel. 

In the previous example as shown in Figure F.19(a), after river diversion the pre-existing river alignment 
will be filled up to design flood level; in the case of a tidal barrage, it will be filled up to maximum tidal 
level.  This is shown in Figure F.23. 

 
Figure F.23: Flood overflow channel 

As example, the flood overflow channel at the Johor barrage is shown in Figure F.24. 

 
Figure F.24: Flood overflow channel (example) 
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 Navigation Locks 

A navigation lock should be provided to enable passage of boats through the barrage when the gates 
are in closed position.  The lock may also serve as an additional barrage gate in the event of gate failure 
and extreme flood, if required. 

 
Photo F.8: Navigation lock 
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 Fish ladder 

A fish ladder or a fishway may be constructed around the barrage to facilitate movement or migration 
of aquatic life along the river that otherwise would be obstructed by the barrage.  Fish ladders shall be 
provided where identified as necessary in the EIA report for the barrage.   

The fish ladder consists of a series of relatively low steps usually from the higher upstream side to the 
downstream side. The fish ladder is normally designed so that the velocity of water falling over the steps 
attracts the fish to the ladder; however, for upstream migrating aquatic organisms (e.g. prawns) the 
velocity cannot be excessive such that the prawns will be washed back downstream or the prawns will 
be unable to counter the water flow.  

 Stoplogs 

Stoplogs of stainless steel construction should be provided upstream and downstream of each barrage 
gate bay to enable isolation of the barrage gates for maintenance purposes.  The stoplogs are inserted or 
lifted by hoists along groove slots built into the barrage piers.  

A typical stoplog arrangement is shown in Figure F.25. 

 
Figure F.25: Barrage stoplogs 

 Ancillary Structures 

Ancillary structures at the barrage should be: 

(i) Operations or control room; 
(ii) TNB sub-station; 
(iii) Standby generator facilities; 
(iv) Electrical switch room, and 
(v) Guard house. 
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 Riverbank Protection 

Riverbank slope protection shall be provided by means of sheetpile walls and rip-raps (on riverbeds) to 
avoid erosion particularly immediately upstream and downstream of the barrage.  Additional protection 
in terms of gabion walls, Reno mattresses or the like shall be provided at nearby river bends. 

 
Photo F.9: Gated river weir with flood overflow channel and intake 

Sungai Segaliud weir and intake, Segaliud WTP, Sandakan, Sabah 
(Photo archive: SMHB Sdn Bhd) 

F.5.3 Gated Weirs 

In water supply schemes, gated weirs are used at intake locations to impound the river water during 
periods of low flow.   

The design of the gated weir is typically similar to that of the gated barrage, but without the hydrological 
modelling to evaluate salinity intrusion.  The following topics will be relevant: 

 River diversion (section F.5.2.4); 
 Flood overflow channel (section F.5.2.6); 
 Stoplogs (section F.5.2.9); 
 Ancillary structures (section F.5.2.10), and 
 Riverbank protection (section F.5.2.11). 

F.5.4 Inflatable Rubber Weirs 

Inflatable rubber weirs are flexible rubber bladder placed across rivers, channels and streams to raise 
the upstream water level when inflated.  The rubber weir is typically anchored to a permanently 
submerged reinforced concrete plinth.  The rubber weirs may be inflated by air or water or both, typically 
at low pressures of 30-70 kPa. Water is impounded by inflating the bladder and released when the  the 
bladder is deflated. It is common to allow small overflows over the inflated weir.  

Typical dimensions may be of up to 100 m in length with specially-made membranes up to 200-m wide, 
dam heights usually less than 5m but some special designs might be up to 10m high.  

Inflatable rubber weirs may be considered for use in water supply as a lesser cost alternative for low 
head weirs.  
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F.6 RIVER INTAKES AND RAW WATER PUMPING STATIONS 

F.6.1 River Intakes 

 Types of River Intake Systems 

Selection of types of intakes depends on the nature of the water source and the quantity and quality of 
the water being drawn. Depending upon the source, the intakes may be of the following types: 

(1) Side Intake 

A protected side intake provides a stable place in the bank of a river or lake, from where water can flow 
into a channel or enter the suction pipe of a pump. It is built to withstand damage by floods and to 
minimize problems caused by sediment. Side intakes are usually made of reinforced concrete.  Often, a 
protected side intake is combined with a weir in the river (cf. section F.5.3) to keep the water at the 
required minimum level during draught period and a spillway to release excess water during flooding 
period.  The river water may enter the side intake through the intake sill at the front of the intake.  

The side intake generally consist of intake sill, floating booms, coarse and fine screens to block floating 
debris, stop logs and penstocks for isolation of compartments, sand ejector system for removal of 
sand/grit and pump sumps. 

(2) Direct Dam Abstraction 

The direct dam abstraction intake is generally located near the upstream face of the dam where 
maximum depth of water is available; the design depends on the type of dam. The intake is typically 
constructed at the toe of the dam.  

The water of reservoir is likely to vary in quality at different levels; it is desirable for the reservoir water 
to be drawn as close to the surface of the water as possible. Due to fluctuations in water levels, intake 
ports are usually provided at various heights with isolating roller gates or gate valves.  Control valves are 
used to regulate water supply. When water level goes down, the valves at lower level is opened.  

Figure F.26 shows a direct dam abstraction intake which is used to draw the water from a reservoir of 
an earthfill dam.  The intake works is situated in a drawoff tower (or intake tower; cf. section F.2.4(i)) 
constructed at the toe of the upstream slope of the dam embankment where the intake could draw down 
to the low water level, which is usually the reservoir dead storage level. Intake pipes are positioned at 
different levels, so as to draw water near the water surface in all variations of reservoir water levels.  A 
control room is usually provided at the top of the drawoff tower, accessible by an access bridge. 

All inlet pipes are connected in a manifold to one main vertical pipe inside the intake well. Screens are 
provided at the mouth of all intake pipes to prevent the entrance of floating and suspended matter.  The 
following arrangements are usually provided: 

 Roller gates for isolation of the intake pipe; 
 Control valve, and 
 Isolation valve for isolating the manifold from the main vertical pipe. 

The water which enters the vertical pipe is taken to the other side of the dam by means of an outlet pipe 
through the outlet culvert (cf. section F.2.4(i)) of the dam. At the top of the intake tower sluice valves 
are provided for isolation of inlet pipes. The drawoff tower is connected to the top of the dam by means 
of a maintenance bridge. 

Alternatively, the drawoff tower may be designed as a combination wet well and dry well.  In such a case, 
the roller gates (at various levels) control entry of water into the wet well while a single control valve 
and isolating valve is provided at the outlet culvert. 



 
 

PART F  :  Headworks 

    302 

 
Figure F.26: Reservoir Intake 

 Considerations for Selection of Site 

The following considerations, approximately in order of priority, shall be taken into account in selection 
of the site for the intake: 

(1) Hydrology 

(i) The location of the intake shall provide for the required yield of the water supply system 
(refer section B.3.6), which shall not be less than 7-day low flow of 50-year ARI (7Q50).  

(ii) The location of the intake providing for the required yield should be identified in the 
preliminary studies. 

(iii) Where the river is wide, it may be necessary to provide an impounding weir to provide 
sufficient head for pumping at the intake. 

(2) Salinity: 

(i) Saline intrusion will be a major concern when the freshwater extraction station is located in 
river tidal reach.  

(ii) These usually occur when extreme high tides coincide with low river flow during drought 
period, allowing more saline water to intrude further upstream of the estuary than normal, 
perhaps reaching the intake. 

(iii) Where salinity may be of concern, salinity studies (section B.4.1) shall be performed before 
selection of site.  

(iv) The limit for saline intrusion shall be as follows:  
(a) Salinity   :  less than 0.5 ppt / psu 
(b) Chloride   :  250 (MOH) mg/l 
(c) Electric Conductivity  :  1000 µS/cm 
(d) TDS    :  1500 (MOH) mg/l 
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(3) Location in relation to developed areas: 

(i) The intake should be sited upstream of major riverine settlements to avoid potential issues 
of sewage pollution. 

(ii) The intake should not be sited immediately downstream of major palm oil plantation 
landuse and industrial areas. 

(iii) Intake shall be located at upstream of the point of disposal of wastewater and potential 
sources of microbiological and chemical pollution such as poultry or animal farms, 
cemeteries, etc. 

(4) Location along river: 

(i) Conventionally, a river intake will generally be located along the outside of the bend of a 
river meander to avoid siltation problems. The secondary currents generated by the bend 
are characterized by the faster moving surface water plunging to the bottom on the outside 
of the bend and the slower moving bottom water rising to the surface on the inside of the 
bend. Fine material is usually deposited on the inside of the bend, leaving clearer water on 
the outside. 

(ii) However, river intakes constructed along the outside of a river bend, in particular those 
facing the river flows, tend to accumulate river debris; so, intakes located and configured as 
such require debris deflectors or booms.  The debris will have to be manually cleared from 
the deflectors or booms, and this is usually disliked by site operators. 

(iii) The recommendation in these Guidelines is that the intake should be sited on the outside 
river bank on the straight part of the river just after the bend or on a straight and 
narrow stretch of the river.  In such locations, in particular in latter, it is possible to arrange 
the floating debris booms at the intake to be self-clearing (see section F.6.1.6, item (i)).  
Provided geological conditions are favourable, a generally steep river bank may be 
favourable as it indicates that sedimentation does not occur on that side of the river. 

(iv) The intake should not be sited at a wide and/or shallow part of the river.  Surveys and site 
investigations should be carried out to ascertain that the intake is not located at a sand bank 
or where river deposition has occurred. 

(v) Where the intake has to be provided on a river meander, the Designer has to ascertain that 
the river course will not change over time by providing adequate river bank stabilisation 
and protection measures in the form of bore pile or sheet pile walls (for major intake works) 
or at least revetment mattresses or gabions (for minor intake works).  Such stabilisation 
measures may need to be extensive as necessary. 

(5) Topographical and flood conditions: 

(i) The intake site should be selected such that the raw water pumping station and the electrical 
switchyards/substations shall be able to be located on high ground above the maximum 
flood level (refer section F.6.1.3(1)) and the site not get flooded.  The flood level will need 
to be determined during the site selection process.  

(ii) The intake site shall remain easily accessible during floods. 

(6) Raw water quality: 

(i) The raw water quality at the exact location of the intake shall always be checked for any 
unusual parameters inherent to the particular location which may be significantly different 
from collected raw water quality data, i.e., high pollution or turbidities contributed by side 
streams, high acidities from peat soils surrounding the site, etc.  Where there are such 
deviations, other locations may need to be considered. 

(ii) The quality of water at the site shall be suitable for the production of potable water, shall be 
safe from pollution and shall meet raw water quality requirements (see section C.2.3).  
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(7) Geological conditions: 

(i) The intake where possible shall be sited on good geological formation with stable 
riverbanks. However, if no better locations can be found, sites of lesser geological conditions 
may be used but foundation treatment such as piling and riverbank stabilisation shall be 
included. 

(8) Proximity to the WTP: 

(i) The site should be near the WTP to reduce conveyance costs.  
(ii) The site should be as near as possible to power supply source, preferably from the WTP 

source, to minimize capital contribution to the power supply provider (TNB/SESB/SESCO) 
for cable laying. 

(9) Buffer requirements: 

(i) The site should be spacious so that future extensions can be accommodated.  
(ii) A site which requires less riparian habitat to be disturbed shall be preferable because of 

lower costs of compensation and potentially less onerous permitting requirements. 

 Design Criteria for an Intake 

In the design of an intake, the following considerations should be taken:  

(1) Determination of flood and low flow levels: 

(i) The maximum water level, corresponding to the design flood level, shall be used for the 
design of the intake structure and platform level for the pumping station. 

(ii) The recommended design flood level is 1 in 100-year ARI, as stipulated in DID design 
manuals (Urban Drainage Manual, 2012 and Guidelines for River Development, 1973). 

(iii) The flood level can be derived using various methods, including numerical modelling.  
(iv) Freeboard shall be provided against uncertainty in the design parameters or modelling.  A 

minimum freeboard of 2.0 m above maximum water level is recommended. 

(2) Determination of low flow levels: 

(i) Lowest water levels shall be used for the design of intake structure.  
(ii) The reliability of the water supply in Malaysia is assessed based on the 7-day low flow of 50-

year ARI (7Q50). Thus, the intake shall be located at a place where it can draw water even 
under the 7Q50 low flow condition.  

(iii) The lowest water level can be derived using various methods, including numerical 
modelling. 

(iv) Freeboard such as 0.5 m lower than the derived lowest water level shall be provided as a 
factor of safety or functionality of the structure against uncertainty in the design parameters. 

(3) Design flows: 

(i) Design flow: the intake shall be designed to the peak pumped flow or nominal pumped 
flow when one intake bay is taken out of service for maintenance; all horizontal velocities 
shall be calculated to this design flow. 

(ii) The minimum depth of water in the intake shall be taken as the 7Q50 low flow condition. 

 Intake Component Design 

The intake works on a river generally consist of the following components: 

(i) River bank and intake structure protective structures; 
(ii) Level control structures across the river to raise the water level; 
(iii) Intake structure including the screening and sand ejector facilities; 
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(iv) Aqueducts or suction mains connecting the intake structure to the pump station structure or 
sump, and 

(v) Pumping station. 

(1) Protective Structures 

Protective structures shall be constructed in order to protect the riverbed surrounding the entrance 
canal from scouring by the river flow. 

If the river at the intake site is subjected to changes in channel course or scouring, river training and 
protection works upstream and downstream of the intake structure shall be provided to protect the 
intake structure and river bank.  For major intake works and/or at locations with steep river banks, bored 
pile walls or sheetpiles shall be used; for minor intake works and/or locations with gently sloping banks 
may be protected against scour by river bank revetment, gabions, reno mattresses filled and rip rap.   

In addition, the toe of the intake structure shall be protected from scouring by steel sheetpile cutoff wall 
and by placing gabion or reno mattress filled with stone blocks in front of it. 

(2) Level Control Structures 

Some rivers have too much variation in their discharge of monsoon and dry season. If in dry weather the 
water level falls below the minimum water level above intake sill, a weir (section F.5.3) shall be 
constructed across the width of the river to raise the water level and maintaining some storage of water 
for dry period. 

In the case of shallow and broad rivers an approach channel shall be constructed, so that sufficient 
quantity of water may reach the intake even in dry period. 

In small rivers, the fixed weir shall generally be provided. The fixed weir shall be incorporated with 
desilting gated in the form of stop logs or penstocks.  

In large rivers, river gate and barrage shall be provided to effectively maintain minimum water level 
during drought period and to effectively discharge flow during flooding period. 

(3) Screening 

The intake should consist of a concrete structure with screens. The structure will be divided into 
minimum two bays so at least one can be taken out of service for maintenance. The intake screens shall 
be designed to protect fish and other aquatic life at the intake, and to keep debris from entering the raw 
water supply. In general, the intake will be provided with floating booms, coarse screens and fine screens. 

Floating booms shall be provided on top of intake sill to block floating debris from entering the intake. 

Coarse screens shall be provided after the floating booms. The coarse screen is to remove large matter, 
like a floating wood or debris from raw water. Coarse bar screens usually consist of steel strips or bars 
spaced at 0.5-5 cm. If the amount of material expected to be screened out is small, the bars are set quite 
steeply, generally at an angle of 60-75° to the horizontal, and cleaning is generally done manually using 
rakes. For large intakes with space constraints, vertical bar screens are also provided.   

For major intakes, automated self-cleaning mechanical screens should be used.  For minor intakes, 
the use of automated mechanical screens should be used where manual cleaning operations are expected 
to be frequent. 

Where manual cleaning of the coarse screens is to be performed, maintenance platforms shall be 
provided.  To facilitate the cleaning work, the bars should be placed at an angle of 30-45° to the 
horizontal. The water should flow towards the bar screen at a quite low velocity of about 0.1-0.2 m/s. 
Once the water has passed the screen, the flow velocity should be at least 0.3-0.5 m/s in order to prevent 
the settling out of suspended matter. 
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For small or minor intakes, manually cleaned fine screens are typically provided after coarse screens to 
remove smaller particles.    

 
Figure F.27: Intake Screens 

For major intakes, automated travelling band screens are typically installed downstream of the coarse 
screens. 

(4) Sand Ejector Systems 

Sand ejector systems comprising grit extraction chamber with hoppers shall be provided to protect the 
raw water pumps by removing solids greater than 0.2 mm in size and with specific gravity of 2.65. 

The trapped grid/sand shall be removed by sand removal system and discharged back to the sand 
retention pond downstream of the intake. 

The sand retention pond will be provided to retain the sand discharge from the sand ejector hoppers. 
The sand retention pond is designed for the storage of the sand of about 150 days with the assumption 
that suspended solid of 200 mg/l of total raw water will be abstracted by the raw water pumps.  

(5) Aqueduct 

An aqueduct shall be defined as the artificial channel or pipework that conveys water by gravity from 
the inlet structure to the pump sump.  Aqueducts are usually of two types, namely open channels and 
conduit. 

Conduits adequately designed hydraulically are the preferred type to use where: 

 The aqueducts are sited in a flood or high fluctuating flood level locality as silting of an open 
channel would cause problems. 

 The geological formation may not be suitable for the deep open cuts or the open cuts required may 
be too wide due to the gentle slopes required. 

The open channels are commonly constructed of concrete of the section. The conduits are normally of 
precast reinforced concrete pipes. If the conduits are not designed for self-cleansing velocity then twin 
conduits are usually provided to allow shut down of one for cleaning and maintenance purposes. 

The average velocity will be in the range between 1.0 to 1.5 m/sec. 
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 Pump Sump Design 

(1) General 

The design of sump intakes shall take into consideration the following: 

(i) The sump has sufficient self-weight so that it does not float by up thrust of water. 
(ii) Pump sumps are sized and arranged to allow each pump sump to be isolated for cleaning and 

maintenance. A minimum of two sumps shall be provided. 
(iii) The pump sump should be designed to allow the pumps to achieve optimum hydraulic 

performance for all operating conditions. 

(2) Sump arrangement for wet well 

Following Prosser (1971), a single wet well sump shall generally be arranged as shown in Figure F.28, 
where D is the diameter of the suction bellmouth, d is the nominal suction pipe diameter and S is the 
submergence.   

The bellmouth diameter D may be approximated as D = (760 x Q)0.5 in mm, where Q = pumping rate in 
litres/second. 

The general arrangement for the suction bellmouth with diameter D and submergence S for vertical 
turbine or axial pumps (top) and wet/dry well arrangements (middle and bottom) are shown in Figure 
F.29. 

 
Figure F.28: Basic wet well sump design with vertical suction intake 

(Adapted from M.J. Prosser, 1977) 

The Designer may propose other sump arrangements to suit the project or site conditions but such 
arrangements may be subject to model testing (section F.6.1.8). 
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Figure F.29: Various wet well sump arrangements 

(Adapted from M.J. Prosser, 1977) 

(3) Minimum sump length 

In the usual unitary pump sump arrangement for multiple pump sumps (see item (5)), each pump sump 
has an isolating penstock or stoplog upstream at the inlet. The length of the approach to the suction 
bellmouth should be of sufficient length to provide a uniform smooth flow.  Prosser (1971) recommends 
a sump length as in Table F.1 with reference to Figure F.30 with a band screen at the inlet instead of a 
penstock; these Guidelines conservatively adopt the Prosser criteria for a penstock inlet.  Hence the 
minimum sump length L shall be to the following criteria: 

(i) Proportionate to a/A (Figure F.30) as follows: 

Table F.1: Minimum pump sump length for wet wells 

a/A L/D Remarks 

1 4 Full width 
0.8 6 Some obstruction 
0.5 10 Usually with bandscreen at entrance 

Less than 0.5  Should avoid 
(adapted from Prosser, 1971, Table 4) 

(ii) In addition to the above, the velocity of water through the penstock opening shall be checked to 
avoid a jet effect at the penstock outlet.  The jet effect, if unchecked, will lead to fast and turbulent 
flow approaching the bellmouth even if criterion (i) above is satisfied.  Hence the water velocity 
through the penstock entrance va should limited to a range of 0.5-0.75 m/s, with the lower value 
of 0.5 m/s recommended. 

(iii) The width and water depth of the pump sump shall be designed such that the approach velocity 
towards the suction bellmouth will not be greater than 0.3 m/s at peak flow.  
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Figure F.30: Minimum pump sump length for wet wells 

(adapted from Prosser, 1971, Figure 22(a)) 

(4) Minimum Submergence 

The minimum submergence, denoted by S, is the minimum height of water required above the suction 
bellmouth where surface air-entraining vortices will not appear; such vortices will endanger the pump. 

The water level in the sump is determined by the minimum water level which will be required to 
provide the minimum net positive suction head required (NPSHR).  The NPSHR is normally provided by 
a NPSH curve provided by the pump manufacturer.  The available suction head at the pump may be 
calculated by calculating the head loss from the water level in the sump through the suction pipework to 
the pump; the head available shall be above the NPSHR. 

The minimum submergence will usually be determined by the pump manufacturer using a general 
empirical formula that is based upon the geometry and flow characteristics of the pump.  In Prosser 
(1971), the submergence may be conservatively applied as S minimum = 1.5D. 

(5) Multiple Pump Sumps 

The raw water intake for pumping installations for all WTPs shall require multiple pump arrangements 
due to the requirement for duty and standby pumps.  For very small to small WTPs, the intake 
installations may employ a simple wet well configuration in the form of an open sump arrangement, such 
as shown in Figure F.31(a). 

For larger WTPs, the intake arrangement should employ a unitised or closed pump sump arrangement 
such as shown in Figure F.31(b).  This configuration is to ensure a steady and uniform flow towards the 
pump inlet.  A sectional elevation of the sump is shown in Figure F.31(c). 

(i) The pump sump will be designed such that the approach velocity to individual pumps will not be 
greater than 0.3 m/s at peak flow.  

(ii) The width of an individual pump sump or the centre-to-centre distance of two pumps if no dividing 
wall is used should be twice the suction bellmouth diameter (i.e., 2D).   

(iii) The length of an individual pump sump shall be according to item (3). 

The sump floor should slope gently towards a pit to facilitate periodical removal of accumulated silt. 
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Figure F.31: Basic sump design for multiple pumps in wet well arrangement 

(Adapted from M.J. Prosser, 1977) 

(6) Sample Sump Design 

An example of a wet well sump design with an open sump arrangement is shown in Figure F.32 while 
a conventional design of a unitised or closed sump design is shown in Figure F.33.   

For major intake installations supplying raw water to large and very large WTPs employing specialised 
designs for the intake, it may be necessary to perform computational fluid dynamic analysis to ascertain 
the behaviour of the fluid flow through the intake sump. 
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Figure F.32: Open sump design (example) 

(Adapted from M.J. Prosser, 1977) 

 
Figure F.33: Unitised sump design (example) 

(Adapted from M.J. Prosser, 1977) 
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 Intake Arrangement 

The following design aspects shall at a minimum be provided or taken into consideration for intake 
design: 

(i) All river intakes shall be of reinforced concrete construction.  The intake should be designed 
with sufficient self-weight against floatation, without the use of anti-flotation slots up to high 
water level. 

(ii) All electrical equipment, such as electrical actuators for penstocks and valves, shall be elevated 
to a minimum platform level of at least 1.5 m (or 2.0 m for ground platforms) above the 100-
year return frequency flood elevation or above the highest historical flood elevation, 
whichever is higher.   

(iii) Ground platforms for the intakes should likewise be provided to the above elevations to facilitate 
access and maintenance. 

(iv) The river flow should be arranged to be parallel with the front face of the intake upstream 
and downstream of the intake to provide a self-cleaning scouring action at the intake face and 
floating boom.  The front face of the intake and the river bank sheet pile/bore pile walls should 
form a straight line as shown in Figure F.34 and Figure F.36, up to at least the mean water level.  
For best effect, the upstream (front) face of the intake structure should not be protruding out 
into the watercourse or set back into the river bank; the latter condition in particular causes 
some undesirable deposition of sediment at the intake mouth. 

(v) The intake structure shall be divided into at least two intake bays; each bay shall be able to be 
isolated for maintenance purposes.  For major intakes, there should be at least four bays, of 
which the nominal raw water pumped flows shall be able to be maintained with one bay 
out of service for maintenance. 

(vi) The intake cill shall be above the general river bed level.  If the invert is set below the natural 
level of the river bed, natural deposition will occur, i.e., sediments will tend to form at the inlet. 

(vii) If the invert level of the intake becomes too low to achieve the required low flow, a weir may be 
necessary. 

(viii) The inlet channel arrangement should be configured to the Licensee’s preferences; generally, the 
arrangement may be as follows: 

(a) The floating boom should be provided at the front of the intake parallel with the river 
flow. 

(b) Stoplogs shall be provided to isolate each intake bay. 
(c) The coarse screen may be provided upstream immediately after the floating boom to 

facilitate manual cleaning. 
(d) Automatic coarse screens at the upstream intake channel should be able to be isolated 

for maintenance.  Automatic travelling bandscreens should be provided in 
compartments which may be isolated as well. 

(ix) General access:   

(a) All sections of equipment at the intake shall be easily accessed for maintenance. 
Components that shall need access include, but not limited to, trash racks (screens) and 
stop logs (if included). 

(b) Ladders of more than 3.0 m height shall generally be provided with safety cages; an 
intermediate landing shall be provided at least for every 4.0 m height intervals. 

(c) A maintenance platform of reinforced concrete for maintenance and cleaning of the 
coarse screens shall be provided. 

(x) The pump sumps shall be provided with an isolating penstock.  Penstocks shall be of sufficient 
size and the pump sumps of sufficient length as addressed in sub-section F.6.1.5(3). 
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A typical intake arrangement for small WTPs is shown in Figure F.34 (plan) and Figure F.35 (section). 

 
Figure F.34: Small intake – typical plan 

 
Figure F.35: Small intake – typical section 
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A typical arrangement of a raw water intake and pumping station for large WTPs is shown in Figure F.36 
(plan) and Figure F.37 (section). 

 
Figure F.36: Intake and pumping station (200 Mld) – typical mid-section plan 

 
Figure F.37: Intake and pumping station (200 Mld) – typical section 
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 Archimedes Screw Pump Intake 

A typical arrangement of a raw water intake and pumping station using Archimedes type screw pumps 
is shown in Figure F.38 (plan) and Figure F.39 (section).    

These types of pumps, which are of high-flow, low-head type, usually discharges into open channels or 
closed conduits under gravity flow and are suitable for use in raw water transfer to off-river storage 
ponds (refer section F.4.1).   Transfer to off-river storage ponds by these pumps are usually during 
periods of low flows in the source river. 

Except for very small WTPs or off-river storages, they may not be suitable for raw water supply to WTPs 
as the plants should be located on higher grounds.  The Designer should investigate other options such 
as immersible pumps and submersible pumps for better efficiencies. 

 
Figure F.38: Archimedes screw pump intake (500 Mld) – typical plan 

 
Figure F.39: Archimedes screw pump intake (500 Mld) – typical section 
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 Model Tests for Intake 

Model tests for an intake consists of either simulating flow conditions on an actual scale model of the 
intake or performing a digital simulation through a computational fluid dynamics model. 

Model tests for the intake shall be required when: 

(i) The intake will be of a non-conventional design.  Designs of intakes and pump sumps are 
commonly based on conventional or traditional arrangements based on previous experience or 
guidelines; these should be generally acceptable for very small to medium capacity installations 
and model tests should not be necessary.  Non-conventional designs may need to be adopted 
where particular physical or spatial constraints are encountered; these designs shall require model 
tests.  Non-conventional designs are where: 

(a) The design radically departs from conventional or traditional intake general layout and 
arrangements as outlined in section F.6.1.4, or  

(b) The design cannot conform with main criteria as outlined in section F.6.1.4, in particular 
approach velocities exceeding the stipulated limit, or 

(c) Where the design is evidently non-conservative or uncertain. 

The design shall not be construed as non-conventional if it is uncommon in the country but may 
be common or conventional elsewhere and where acceptable design guidelines or standards are 
available as design references for the Designer.  Designs of uncommon arrangements may be 
accepted without model tests provided that acceptable references are conservatively followed 
with no design uncertainties. 

Non-conventional designs should be avoided as much as possible and should only be implemented 
where conventional or traditional arrangements could not be practically adopted due to some 
unavoidable physical or site constraint.   

For such non-conventional cases, the Designer shall carry out a model test for the intake.  
Depending on the size of the installation, the model test may be a scale model test or a 
computational fluid dynamic (CFD) model (see section F.6.1.9).  The CFD model may be carried 
out for small to large installations; for very large installations physical modelling shall be 
performed. 

For very minor installations, the cost of carrying out a model test may be out of proportion to the 
cost of the intake itself; in such cases a model test may be excepted.  The actual installation may be 
the model itself; any improvement or remedies should be carried out post-construction. 

or 

(ii) Similar design arrangements elsewhere have provided an unsatisfactory hydraulic 
performance.  The new design shall remedy or improve on the previous arrangement, but the new 
design shall be verified by a scale model test. 

or 

(iii) The intake is for a large to very large WTP.  Intake installations of large capacity shall require 
at least a CFD model test and very large intake installations shall require a physical hydraulic scale 
model. 

Model tests may be carried out during the pre-construction stage; any design enhancements, 
improvements or remedies shall be identified and incorporated before construction commences. 

The model results shall report on surface and subsurface vortices, separation of flow, dead zones, swirls 
and other hydraulic conditions which may impair the pumps. 
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 Computational Fluid Dynamics for Intakes 

(1) Concepts of Computational Fluid Dynamics 

Computational Fluid Dynamics (CFD) is a branch of fluid mechanics that rely on mathematical models 
to predict the 3-dimensional (3D) fluid flow of a system in a controlled virtual environment. As oppose 
to real flow problems which are commonly assessed through physical modelling approach, CFD analyzes 
the fluid flow in discretized elements/cells/grid established through a process known as meshing. In 
each computational cell, known physics equations are applied to drive the fluid motion. 

The motion of a fluid can be fully described by Navier-Stokes equation. The Navier-Stokes momentum 
and continuity equations for an incompressible fluid are described below. As the Navier-Stokes equations 
is of a continuous partial differential equation form, numerical techniques such as Finite Element Method 
(FEM), Finite Difference Method (FDM) and Finite Volume Method (FVM) is required to approximate the 
equivalent discrete simultaneous algebraic equations. Nevertheless, regardless of the conventional 
numerical technique used, the discretized Navier-Stokes equation is most often solved iteratively to a 
converged solution that satisfy the continuity and momentum equations. There are several available CFD 
modelling platforms available in the market both commercial and open source. Depending on the CFD 
modelling platform, the numerical technique used may differ from one software to another. 

3-Dimensional Navier-Stokes Momentum Equations: 

X-momentum: −
𝜕𝑝

𝜕𝑥
+

𝜕𝜎
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Y-momentum: −
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Z-momentum: −
𝜕𝑝

𝜕𝑧
+

𝜕𝜎

𝜕𝑥
+

𝜕𝜎

𝜕𝑦
+

𝜕𝜎

𝜕𝑧
+ 𝜌𝑓 = 𝜌

𝐷𝜔

𝐷𝑡
 

3-Dimensional Continuity Equations: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝜔

𝜕𝑧
= 0 

Where: 

𝑝 =Pressure 
𝑡 =Time 
𝜌 = Fluid density 
(𝑧, 𝑦, 𝑧) =Direction in Cartesian 
coordinates 

(𝑢, 𝑣, 𝜔)= Velocity in x, y and z 
directions 

𝜎 , 𝜎 , 𝜎 =Principal tensor 
(𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 , 𝜎 )= Tensor in x-y, x-z, and y-
z planes 

(2) The Need of CFD Analysis  

The choice of numerical model dimensions (i.e. 1D, 2D and 3D) largely depends on the problem of 
interest. It is to the best of the engineer’s knowledge to identify the basic modelling requirements and 
understand the limitations of each numerical model type for these may indirectly affect the modelling 
goal, prediction accuracy, time consumed and cost incurred. Most 1D and 2D hydraulic numerical models 
are sufficiently good for investigation of large scale hydrodynamic and morphodynamic processes. 
Nevertheless, for complex and detailed flow assessment that requires full 3D modelling environment (e.g. 
multiphase flow interaction between air, water, and solid which may influence the performance of a 
designed system), the use of 3D CFD became an option to ensure optimum functionality of the system 
prior to implementation. 
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In designing the intake structure, the reliance towards CFD analysis is no exception for reasons identified 
(but not limited to) as follow: 

Intake structure design optimization:  Optimization of the intake head may be required to improve 
the water abstraction process while limiting the generation of complex eddy currents at the intake 
structure location. The presence of eddy current may damage the structure, aggravate riverbed scouring 
and bank erosion. 

Water abstraction assessment: Feasibility study of the intake operational performance to abstract raw 
water at various flow conditions particularly during extreme hydrological events (i.e., drought and flood). 

Sedimentation and siltation assessment: Assessment of the possible risk of sediment build-up within 
the WTP intake head which may compromise the efficiency of the pump system which subsequently 
reduces the total volume of abstracted water. 

Riverbank and scour protection design optimization:  CFD modelling of the river hydrodynamic 
during the abstraction process provide insights to engineers the critical stretch of the riverbank that may 
require protection against bank erosion and scour issues. Through CFD analysis, optimization of these 
river protection structures can be done in flexible manner which could tremendously save the 
construction cost. 

Figure F.40 shows an example of the results for the design optimization of water intake structure 
performed via CFD analysis. The information generated from the CFD modelling exercise provides insight 
to engineer on the flow behaviour and capability of the water intake structure to function during 
hydrological extremes. 

 
Figure F.40: Example of flow field generated using FLOW3D for intake structure 

Figure continued to next page 
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Figure F.40: Example of flow field generated using FLOW3D for intake structure 

(Figure continued from previous page) 

(3) Data Requirement for CFD Analysis 

Relevant data must be collected prior to any CFD modelling work. In general, there are two types of data 
namely primary and secondary data described as follow: 

(i) Primary data: A term used to indicate a first-hand data collected during site survey or laboratory 
experiments that is specifically conducted for the project. 

(ii) Secondary data: A term used to indicate used data mainly from another project or past studies 
which has relevance for the project in mind. 

Both of these data shall be used to create a controlled representative virtual setting of the real 
environment by manipulating the model geometries and boundaries suited to project specifics. 

Table F.2 summarized several basic data required for CFD modelling. The list given only serves as an 
elementary guide or checklist which may differ based on project needs, site conditions and availability of 
secondary data at the project area. Additionally, supplementary data may need to be gathered depending 
on the scope of works of the project and the complexity of the system to be simulated. It is to the best of 
the engineer’s knowledge and experience to determine the required data for the CFD model and ensure 
the quality of the data collected is suitable for modelling usage, in pursuit of a sound numerical model 
setup. 
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Table F.2: List of primary and secondary data required for CFD model setup 

No. Data Purpose 

Primary Data 

1 River cross-section To develop the river bed contour at the surrounding of the water 
intake structure. 

2 Land topography To develop the elevation profile above the river water level at the 
surrounding of the water intake structure. 

3 Water level measurement To calibrate the water level of the river within the model domain. 

4 Current flow measurement To calibrate the river flow condition within the model domain. 

5 Grab sampling To specify the sediment properties of the river bed within the 
model domain. 

6 Water intake structure 
design 

To develop the geometry of the water intake structure. 

7 Water intake structure 
operational specifications 

To impose the mass output boundaries at the water intake 
structures based on the specified design operations. 

Secondary Data 

1 Long-term water level data To established the flood level of various hydrological conditions 
of the river in which the water intake structure shall be 
constructed. 

2 Long-term river discharge 
data 

To established the hydrological extremes of flow discharge of the 
river in which the water intake structure shall be constructed. 

3 Long-term sediment 
loading data 

To established the sediment loading during hydrological 
extremes of the river in which the water intake structure shall be 
constructed. 

4 Tide levels To impose the tidal boundary at the downstream section of the 
model domain for tidally influenced river. 

(4) CFD Modelling Approach 

A comprehensive CFD model provides engineer a good projection of the flow performance of a design 
system. Most often, the development of a comprehensive CFD model is constraint by the computer 
performance partly credited to the large number of computational cells required to solve the non-linear 
equations in each grid units. The effects of computational costs and time consumption become more 
prominent the higher the complexity of the flow problem, indicating the need for detailed spatial 
dimensionality, temporal size, geometry and multiple governing physics. One may, to certain degree, 
overcome these issues by purchasing a High-Performance Computer (HPC) or supercomputer which 
nowadays has become more affordable. Nevertheless, development of an optimized CFD model should 
be the main priority which oftentimes can make vast impacts in reducing the incurred computational 
cost and time. 

The basic flow procedure for CFD modelling may be adapted based on (Slater, 2008) which outlines a 
simple guide for those interested to know the overview structure for CFD modelling procedure. It is 
worth noting that the technical method to CFD model setup (e.g. geometry preparation, grid generation 
and boundary assignment) may varies depending on the software platform and as such will not be 
covered in this document. The engineer or modeller is advised to refer to the technical manual or tutorial 
materials of the CFD software for such exposure. 
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(5) Further Reading 

Slater, J., 2008. Overview of CFD Verification & Validation. [online] Grc.nasa.gov. Available at: 
<https://www.grc.nasa.gov/www/wind/valid/tutorial/overview.html> 

F.6.2 Pumping Station 

(1) General Arrangement for Civil Works 

The raw water pumping station shall be so located that the proposed site will meet the requirements 
for sanitary protection of water quality, hydraulics of the system, and protection against fire, flood, 
vandalism, or other hazards. 

The following design aspects shall at a minimum be provided or taken into consideration for design of 
the pumping station: 

(i) The raw water pumping station shall be a reinforced concrete and brickwall structure, with 
a reinforced concrete roof (refer sub-section G.4.1(vi)-(x)) or metal decked roof. 

(i) For off-river raw water pumping stations, the ground platform level shall be elevated to a 
minimum of at least 2.0 m above the 100-year return frequency flood elevation or 2.0 m 
above the highest historical flood elevation, whichever is higher, or protected to such 
elevations. 

(ii) The operating floor of the pumping station (i.e., the motor hall, control rooms, etc.) and all 
electrical equipment shall in turn be 0.15-0.20 m above the ground platform level of the 
pumping station. 

(iii) Raw water pumping facilities that must be located in areas that may be subject to floods shall 
have necessary motor and electrical controls and non-submersible pumps and motors located a 
minimum 2.0 m above the 100-year return frequency flood elevation or 2.0 m above the highest 
historical flood elevation, whichever is higher. 

(iv) Raw water pumping facilities that must be located in areas that may be subject to floods shall 
have electric service designed to provide continued operation of the pumping facilities during 
flooding. 

(v) The pumping station shall be readily accessible to operating and maintenance personnel at all 
times unless the overall system design allows the station to be out of service for the period of 
inaccessibility. 

(vi) The area around the pumping station shall be graded to route surface water drainage away from 
the station. 

(vii) Pumping stations shall be designed to prevent vandalism, and entrance by unauthorized 
personnel or animals.  

(viii) The size of the selected site, the location of the pump building, and the electrical service and 
panels shall be designed to accommodate the use of portable or permanent power generators 
and their accessories.  

(ix) Pumping stations shall be provided with all-weather driveways and parking areas to allow off-
road parking and access for equipment during maintenance. 

(x) The pumping station structure should be designed to accommodate the addition of future 
equipment and piping.  

(xi) Twin raw water pumping mains shall be provided as may be required (refer section E.3.11). 
(xii) The pumping station should house equipment which could potentially be damaged in a flood, 

including:  
(a) Electrical, instrumentation and control equipment, and 
(b) Air compressor for backwashing the intake screens. 

(xiii) The pumping station shall be provided with vehicle access to allow for operation and 
maintenance and is accessible at all times. 

(xiv) The pumping station site shall be protected from vandalism, animals or unauthorized person 
using anti-climb or chain link fencing. 
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(xv) Guard house at the main entrance to the intake facilities shall also be provided. 

(2) General Arrangement for Plant 

In arranging the configuration of the pumping station for plant and equipment, the following criteria shall 
be addressed: 

(a) Operator access, equipment maintenance, and safety for periodic maintenance of plant and 
equipment. As such, the pump station design should make it easy to inspect, operate, and 
maintain the equipment. 

(b) Pumping stations shall comply to confined space requirements by the Authorities where 
applicable. 

(c) The locations and levels of pumps should provide for positive suction under all operating 
conditions as practicable.  The basement shall be provided with drains and dewatering pumps. 

(d) General working space around mechanical equipment and electrical equipment:  
Minimum 1.0 m clear distances shall be provided between piping, pumps, and other 
mechanical equipment.  Clear vertical distances shall be provided for lifting any equipment over 
other equipment with a clearance of at least 1.5 m.  For electrical equipment, spacings shall be 
provided at least according to section G.4.14.4. 

(e) Spacings between large pumpsets:  Where there are more than two large pumps in parallel, 
the spacings between the pumpsets should be that the largest piece of equipment may be laid in 
between the equipment plus an additional space of at least 1.5 m. 

(f) Installation and removal of heavy valves and equipment: Any piece of equipment that 
weighs more than 50 kg should be accessible by crane or other lifting facilities to lifted directly  
to/from a truck.  

(g) All plant and equipment on floors, including electrical panels, shall generally be positioned on 
reinforced concrete plinths or raised platforms, except where such equipment are typically 
not normally mounted as such.  Such plinths shall be designed to resist overturning of the plant 
and equipment. 
 

 
Photo F.10: Gated weir, river intake and pumping station (Sg Segaliud, Sandakan, Sabah) 

(Photo archive: SMHB Sdn Bhd) 
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WATER TREATMENT PLANT AND TRANSMISSION FACILITIES 

G.1 PRELIMINARY DESIGN 

G.1.1 Selection of WTP Site 

The Designer, before proceeding with selection of the WTP site, shall have determined the required 
capacity of the WTP; this figure should be based on preliminary studies as addressed in Part B of these 
Guidelines.  The preliminary studies may also have identified a site for the WTP, usually in the vicinity of 
the intake, but the Designer shall be aware that the site indicated are usually only indicative and need to 
be investigated in further detail. 

Based on the capacity of the WTP, the best approach for the Designer from there would be to develop a 
preliminary layout of the WTP and thereon have an estimate of the required area for the WTP. 

Potential areas for the WTP are best investigated in the preliminary stages using publicly available online 
maps, in particular satellite orthophotographs.  These online solutions normally have geolocation 
facilities and some topographical data.  The topographical data should only be used as a guide and should 
be counter-checked with topographical maps from the Survey Department.  

Main considerations in selecting a WTP site. 

In selecting potential sites of a WTP, the general factors when considering the WTP site will be as follows: 

(1) Relation to intake site and demand areas. 

For most raw water sources, the WTP should best be located near the intake site.  This is principally 
to minimise the length of the raw water pipelines, which in turn minimizes the head loss through 
the pipelines, which in turn may enable smaller raw water pumps and enables low voltage motors 
to be used. 

This arrangement allows for the treated water to be conveyed to different balancing reservoirs at 
different locations serving different demand areas.  The reservoirs may be set to different 
elevations to suit their demand areas accordingly. 

Alternatively, the Designer may allow for the raw water to be pumped from the intake to the WTP 
sited on high ground for treatment, with the idea that the clear water tank acts as the balancing 
reservoir to gravitate the treated water to demand areas without pumping.  For this, there may not 
be any particular advantage of this arrangement over the former case in terms of pumping costs 
as the total pumping head in the former case will be similar.   

(2) Flood levels. 

The WTP shall always be sited above the 1 in 100-year flood level.  The Designer should check this 
especially when locating the WTP near the intake and the water source as recommended in item 
(1) above, but also when siting the WTP in the lower plains where there may be risk of flooding. 

In a WTP, the lowest level is usually perceived as the pump floor of the treated water pumping 
station; however, the lowest levels are normally the discharge from underdrains from the clear 
water tank or could be the discharge from the residuals lagoons.  If the underdrains or critical 
discharge points are located below flood levels, water during high floods may cause backflow into 
the system. 

Where reduction in construction costs is preferred, the discharge points for non-critical discharge 
points may be located above the lower level of the 1 in 50-year flood. In any case, prevention of 
flood floods flowing into the system by means of flap valves shall be prohibited.   
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A freeboard of at least 2.0 m shall be provided above the maximum flood level to the lowest 
discharge level.  In any case, the Designer shall ensure all treated water pump floor basements are 
above the 1 in 100-year flood level (cf. sub-section F.6.1.3(1)(ii)). 

(3) Single site. 

The intake and WTP, including all WTP ancillary facilities and landfill, insofar as practically 
possible, should be located on one site.  However, as WTP size increases, it will likely be necessary 
to locate the intake and the WTP at separate locations.  This is particularly so after taking into 
consideration the preceding item (2). 

It may be possible to separate the main WTP process section from the residuals treatment section 
to two separate locations, but this shall always be avoided.  Pumping untreated residuals over 
distances is not recommended.   

(4) Provision for future expansion. 

The size of land to be provided for the WTP site should be adequate for future expansion i.e., future 
stages of development of the WTP as anticipated by preliminary studies. 

(5) Availability of land. 

The Designer shall check that the land is sufficient large to locate the WTP arrangement. 

The Designer shall then check the status of the land, whether it is agricultural, residential, 
commercial, industrial, government reserve or other.  Such information may be checked for 
preliminary purposes, if available, from the local authority website.  Websites of certain local 
authorities even have downloadable cadastral data.  However, the land use and cadastral data are 
usually not up to date.  Before detail design commences, the status of the land should be checked 
with the relevant local authority. 

Before proceeding with detailed surveys, the Designer should inspect the site, particularly to 
investigate any details of the ground that may show up in the satellite photographs. 

When the Designer has satisfied himself with the availability of land, then detailed topographical 
surveys by the land surveyor may proceed.   

(6) Cost of land. 

Once the land is found to be available, the cost of land is usually of the most overriding concern.  
For most WTPs in urban and sub-urban areas, the cost of land acquisition usually will be the 
deciding factor.  

For public WTPs where lands are acquired by the government, reserve lands will be usually 
preferred. A particular exception should be for forest reserves in developed states, which are 
practically not possible to acquire and which should be avoided. 

For public WTPs, where government reserves are unavailable, unused agricultural lands should be 
preferred. 

(7) Geotechnical conditions. 

The site should be of good ground, preferably of residual soils, which should be suitable for the raft 
foundations of ground-level tanks.  Poor soil conditions requiring piling should always be avoided; 
such poor ground conditions should be identified in the preliminary stage by site inspection. 

Bedrock forms good foundations for process tanks.  However, shallow bedrocks will result in large 
rock excavations, particularly for the deepest part of the WTP i.e. the clear water tank and the 
treated water pumping station. 
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(8) Topography. 

WTPs normally require a flat platform for the main process section. For medium to large WTPs, 
the site selected should be such that lower grounds are available to locate the clear water tank, the 
residuals process units, the residuals lagoons and flood detention pond on lower formation 
platforms.  For small WTPs, a single platform should be normally sufficient. 

It is preferred, if practically possible, to site the raft foundations of ground tanks of the process 
units on cut ground.  Siting the tanks on fill ground is perfectly acceptable provided the fill 
embankment is itself founded on good soil and that geotechnical design considerations will be 
provided for differential settlements of the platform. 

For WTPs with raw water pumping systems, the height of the WTP platform may not be of 
particular concern as total pumping head, and hence pumping costs, from the intake to WTP to the 
balancing reservoir may be considered to be the same.  However, the pumping head should be kept 
to within the range available for the particular type of raw water pumps to be employed. 

Where the WTP have to be located on undulating terrain, the Designer may balance the cut and fill, 
but the overriding concern of the design should be that slope cutting be kept to a minimum.  

Slopes shall be cut in relatively stable residual soils not requiring any reinforcement or 
stabilisation of the slope.  Slopes, wherever practically possible, should be kept to a minimum of 
three berms.  Excavation of steep slopes in rock should be avoided. 

(9) Drainage. 

The drainage of the WTP site is a crucial consideration in selection of a WTP site.  Where the WTP 
site is located on higher lands somewhere near the river source as may be recommended in the 
preceding item (1), this may not be of particular concern.  However, for inland sites, this is a 
particular concern that is easily overlooked. 

The WTP site shall incorporate space for a flood detention pond (where necessary) and an 
overflow channel leading to the nearest natural stream or river.  Where the WTP site is near the 
river, this poses no particular difficulties as the flood detention pond may be located near or next 
to the river. 

In the case where the WTP is located inland, the nearby JPS waterway shall be identified; the 
waterway shall be of sufficient size for overflows from the WTP (present and future stages).  The 
Designer shall ensure that the waterway shall be of sufficient size, and where it is not, the 
waterway shall be upgraded as part of the WTP works. 

Where the existing waterway goes through an existing populated area, however minor, any 
overflows from a sufficiently large WTP will pose a flood risk.  The Designer may assess and 
mitigate the risk, but in this situation the Licensee may be inculpated in the future by any floods 
that may not be related to overflows, and this situation is unacceptable. It is highly recommended 
that a sufficiently large WTP should have its own overflow discharge channel. 

In the case where there are no waterways, a corridor for waterway shall be identified and the 
waterway included part of the WTP works. 

(10) Proximity to sensitive receptors. 

Proximity to sensitive receptors and residential areas should be considered, particularly for the 
following concerns: 

 Residuals disposal route; 
 Noise during pump operations, and 
 Chlorine leakages. 
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(11) Buffer requirements. 

Pursuant to the preceding item (10), it may be necessary to provide a buffer zone between the 
WTP and existing residential zones, schools, recreational areas and other sensitive receptors. 

(12) Residuals disposal. 

For medium to large WTPs requiring frequent disposal of large volumes of dewatered residuals, a 
residuals disposal landfill shall be identified adjacent or near the vicinity of the WTP; the landfill 
shall be connected to the WTP site by a dedicated track or road.  Connection using public roads 
shall be avoided. 

Where the residuals disposal landfill has to be located away from the WTP site, a dedicated road 
shall be provided to link the residuals dewatering facilities to the landfill.  The road should not be 
on an ascending incline to the landfill and a steep incline shall be avoided. 

For small WTPs where there will be infrequent trips by residuals disposal trucks, it is 
recommended that a residuals disposal route not going through populated areas should be 
considered. 

(13) Access. 

The WTP site shall preferably be located near main roads and near existing communities to provide 
for the social needs of the operating staff. 

Access road to the site shall be directly from the main road or at least a minor public road.  Access 
shall never be made from an existing residential or community area to avoid social issues; where 
it cannot be avoided a separate bypass shall be provided. 

The above requirements may be neglected for small rural WTPs, particularly in the interiors of 
Sabah and Sarawak.  

Other considerations. 

Other considerations shall be as follows: 

(i) Telecommunications 

Telecommunications facilities, especially broadband, should be made available to the WTP.  This 
is to allow linking of the WTP SCADA facilities to a centralised command centre.  This should not 
be an issue except for the interiors of the country, particularly in east Malaysia. 

(ii) Power 

Where power supplies require a nearby 33 kV substation, a lead time of at least one year should 
be allowed.  In the case of a 132 kV/33 kV main intake, a lead time of at least five years should be 
allowed. 

G.1.2 General Arrangement of Bulk Distribution Systems 

The typical configuration for a water supply system is shown in Figure G.1(a), where raw water is 
pumped from the raw water source (usually a river) to the WTP.  From the clear water tanks, treated 
water will be pumped through the bulk distribution system (or bulk distribution works), which 
comprises the treated water pipelines up to and including the balancing reservoir.  From the 
balancing reservoir, the treated water is gravitated to service reservoirs, which may consist of new 
reservoirs constructed as part of the new water supply system, or existing reservoirs.  The function of 
the balancing reservoir will be for balancing of flows to the service reservoirs. 
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Figure G.1: Types configuration of water supply systems 

A possible configuration is a direct pumping system as shown in Figure G.1(b), where water from the 
WTP is pumped directly into the reticulation system; this configuration is uncommonly applied in 
Malaysia.  

Another type of configuration is a gravity system as illustrated in Figure G.1(c), where water from a 
raw water supply source at sufficient elevation is conveyed and treated at the WTP at lower elevation 
and further conveyed to a balancing reservoir at a still lower elevation.  The circumstances where this 
condition may be applied may be commonly found in earlier or smaller water supply systems, but is 
uncommon for current medium and large WTPs. 

A type of configuration that may be found in earlier water supply systems is for the WTP to be located 
centrally at an elevated location in the demand area from where the treated water is distributed to 
satellite service reservoirs, as illustrated in Figure G.1(d).  This configuration requires a long raw water 
main (usually a pumping main) and the WTP replaces the function of the balancing reservoir.  This 
configuration is considered outdated and preferably avoided. 
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G.2 WTP GENERAL ARRANGEMENT 

G.2.1 Overall Layout 

Main considerations. In the design of a WTP, the Designer will normally need to provide a preliminary 
layout of the WTP during the preliminary design phase, usually to facilitate land acquisition in the early 
stages.   

Before developing a detailed layout, some basic considerations need to be made, which are as follows: 

(i) General arrangement of WTP facilities. 

Small to large WTPs of the non-package types are normally custom designed to suit the capacity, 
treatment process and site.  In a WTP, the components may be arranged according to the following 
WTP layout concepts: 

 Centralised cluster layout, or 
 Decentralised or distributed plant layout. 

Where future expansion of the WTP is expected, provision of land should be made for the future 
phase(s), which will usually be identified in the preliminary studies. 

The above WTP layout concepts are addressed in section G.2.2.   

(ii) Internal roads. 

Careful attention should be made to provide a well-defined access and departure route for 
chemical trucks; this is further addressed in section G.4.8.2(1).   

Where the WTP are to provide for visitor facilities, the layout of the WTP has to be arranged to 
provide suitable access for the visitors to visit the administration building and the water treatment 
process units.  

G.2.2 WTP Layout Concepts 

 Centralised cluster layout 

In a centralised cluster arrangement, particular sections of related plant and equipment are 
centralised into centres or clusters, and in doing so, resources and operational control are localised 
within the relevant cluster.  In addition, the overlap (and clash) of various service lines will be much 
minimised.  

The particular clusters are as follows: 

 The administrative cluster; 
 Water treatment process unit cluster; 
 Residuals treatment process unit cluster; 
 Chemical plant cluster; 
 Power cluster consisting of the generator building, TNB substation, consumer substation and the 

treated water pumping station (being the main power demand centre), and 
 The staff quarters (where provided). 

In a cluster arrangement, the WTP is arranged in a campus-type layout, as shown in Figure G.2 (next 
page), which is a hypothetical layout for a 200 Mld WTP.  The cluster sections are shown on Figure G.3 
(following page). 
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Figure G.2: Hypothetical layout of a 200 Mld WTP 
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Figure G.3: Hypothetical centralised clusters on the layout of a 200 Mld WTP 
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Figure G.4: Hypothetical layout of a 200 Mld WTP with distributed cluster 
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The WTP clusters under the centralised cluster layout concept are addressed as follows. 

(i) The administrative cluster. 

The buildings in the administrative cluster should be grouped together as they form the nucleus of 
the WTP where the main work force is concentrated.  In a very large WTP should generally consist 
of the following: 

(a) The administration building; 
(b) The weighbridge station; 
(c) The store; 
(d) The workshop, and 
(e) The guardhouse. 

For small to medium WTPs, the building requirements shall be scaled down or obviated as 
necessary. 

In medium to large “visitor showcase” WTPs, the administration building is the “feature” building 
of the WTP and thus should be featured prominently and not partially or totally hidden away from 
sight.  The layout of the WTP should be such that the front of the building be visible upon 
approaching the WTP.  If possible, it is suggested that the building be situated at the highest point 
of the WTP so that it is visible even at a distance.  The building should be the first building a visitor 
goes through after the guardhouse.  

The weighbridge station should then be located right after the guardhouse and administration 
building, on the road towards the chemical plant cluster.  Since the personnel manning the 
weighbridge will most likely be in charge of the main store (i.e. the storekeeper), it is suggested 
that the weighbridge be next to the store, or be combined into a single unit. 

(ii) The water treatment process unit cluster. 

For conventional WTP arrangements, the process unit cluster consists of the main water treatment 
units i.e. the inlet works, the pre-oxidation works, mixing plant, clarifier plant, filtration plant, 
contact tanks and clear water tanks. 

The water treatment process unit cluster should be set on the main platform of the WTP.  At the 
main platform, the main treatment units from the inlet works to the clarifier tanks are normally 
designed as ground tanks.  The filtration units will then normally be partially below ground. 

In small WTPs, the process unit structures may be set at the same platform level.  The combined 
contact/clear water tanks are then set with the top of the tank slightly proud above the ground. 

In medium to large WTPs, the contact and clear water tanks should be set to a lower platform level 
than the main platform level.  The tanks may then be set as ground tanks or below-ground tanks. 

To avoid a clash of utilities, it is recommended that the chemical cluster, and the chemical trenches 
and dosing lines, is located on the far side of the process unit cluster and the residuals and overflow 
lines located on the other (near) side. 

(iii) Residuals treatment process unit cluster. 

The orientation of the WTP should be such that the centrate ponds and/or the residuals lagoons 
are situated in the lower grounds of the WTP site, wherever possible near the flood detention 
ponds.  The centrate ponds or residuals lagoons and detention ponds shall be positioned towards 
a natural or artificial waterway for discharge of overflows. 

The residuals treatment process unit cluster should naturally then be located next to the centrate 
ponds and/or the residuals lagoons. 
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In small WTPs, the residuals process unit cluster may normally be set at the same platform level 
as the main water treatment process unit platform.   

In medium to large WTPs, the residuals process unit cluster should be set to a lower platform level 
than the main platform level.  This is to allow for gravity flows of residuals from the process units 
to the residuals process units without having very deep residuals tanks. 

(iv) Chemical plant cluster. 

The chemical plant cluster should consist of the following: 

(a) Chemical building, and 
(b) Chlorine building. 

The chemical plant cluster shall be located away from the administrative cluster for health and 
safety reasons.  It is recommended that the chemical plant cluster be located at the opposite end 
of the WTP site. 

(v) Power plant cluster. 

The power plant cluster should consist of the following: 

(a) Generator building (where provided);  
(b) TNB substation; 
(c) Consumer substation, and  
(d) The treated water pumping station (being the main power demand centre). 

The power cluster will be located downstream of the clear water tank. 

(vi) Staff quarters compound. 

The staff quarters compound should preferably be located next to the WTP compound, in order for 
staff to quickly access the WTP.  The compound shall be completely separated from the WTP 
compound so that access by staff will still be through the WTP main entrance and guardhouse. 

 Decentralised or distributed cluster layout 

An alternative arrangement will be a decentralised or distributed cluster layout, which is to 
decentralise or distribute the chemical plant cluster, and thereby the administrative cluster as well. 

For example, in a sufficiently large WTP, the pre-filtration chemical plant facilities, e.g. pre-chlorine store, 
pre-oxidation plant, pre-lime plant, coagulant plant, coagulation aid plant may be sited at about the point 
of dosing.  The post-filtration and residuals conditioning chemicals will then be located accordingly. 

An illustration of a decentralised cluster system is shown on Figure G.4.  This figure shows how the 
preceding example of a 200 Mld WTP is reconfigured into decentralised or distributed clusters. 

In this arrangement, the chemical plant is decentralised and distributed to localised points so that 
chemical dosing plant will be able to respond immediately to sudden or fluctuating changes in water 
quality. 

The pre- and post- chemical plant and storage areas will be located at different locations.  As shown on 
Figure G.4, separate buildings for pre-chlorine, pre-chemical, post-chlorine and post-chemical facilities 
are provided.  The advantage in this arrangement is that long chemical lines in long chemical trenches 
are avoided. 

The waste washwater recovery tanks and residuals holding tanks may be located nearer the filters and 
clarifiers respectively. 

In doing so, the administrative cluster will also need to be decentralised so that plant personnel will be 
based near the distributed plant locations. 
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 Future extension of WTP 

For WTPs where future extensions (stages or modules) are to planned, the following conditions shall 
apply: 

(i) For medium to large WTPs where development of the future extension is not within an 
established or known time frame in the future or where the future extension is anticipated to be 
built in the longer term at an indefinite time, the building facilities for process units, chemical 
plant and pumping plant designed during the present stage or module should not be included or 
extended for the future stage.  

It has often been found in older WTPs that storage spaces, tanks, etc. built during an early stage 
of the WTP ostensibly meant for a future stage have not been particularly useful and may even 
be wasteful.  Usually, the facilities provided are in mirror image of the first stage facilities, but 
the plant layouts of the previous time have become outdated; the plant arrangements cannot be 
fully utilised for more modern equipment, which usually cannot effectively be retrofitted into 
old spaces or tanks.  This is more so if the future stage will be of much larger capacity than 
anticipated.    As such, the first stage construction should not include the perceived requirements 
for the second stage; however, possible exceptions may be at the administration building (in 
particular the Main Control Room, server room, laboratory, etc.) and personnel spaces within 
buildings.   

Only provision of space for new facilities or buildings shall be provided (for example, see Figure 
G.1). 

(ii) Facilities for the future may be shared provided the capacity of the future stage or module is 
known or fixed and the time for construction of the second stage from the first stage is within 
five years. 

 
Photo G.1: Layout of Petronas WTP (230 Mld) in Dungun, Terengganu 

WTP arranged in campus-style arrangement in centralised cluster layout concept. 
(Photo archive: SMHB Sdn Bhd) 
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G.3 LAYOUT OF PROCESS UNITS 

(1) General considerations 

In the laying out of process units, the following considerations should be taken into account: 

(i) The upstream process units, i.e. the inlet works (aerator or peroxidation tanks) and clarifier 
tanks should be laid as ground tanks, so that the desludging valves of the clarifiers are easily 
accessible from the ground.  The drain valves of all the tanks will also be as shallow as possible. 

(ii) The process units should be arranged in a symmetrical arrangement so that flow may be 
evenly distributed throughout all the process tanks. 

(iii) Examples of a symmetrical arrangement is shown in Figure G.5 below and Figure G.6 as follows.  
In this arrangement, flow through all the tanks could be distributed roughly equally. 

(iv) A dissymmetrical arrangement shall be avoided as far as practically possible.   

An example of a dissymmetrical arrangement is shown in Figure G.7 (next page) and Figure 
G.8.  In such an arrangement, flow will short-circuit through the tanks as the path of least 
resistance while the water in the further tanks will be relatively still. 

In Figure G.7, flow of water through the path a-b-c will be higher than flow of water through path 
a-d-e-f, as the former path is of least resistance than the latter path.  Clarifier tanks 1 and 2 will 
be overloaded relative to tanks 3 and 4, while the filter tanks nearest to tanks 1 and 2 will be 
similarly overloaded. 

In Figure G.8, where the inlet channel is directed squarely towards the entrances of tanks (1) 
and (3), clarifier tank (1) and (3) will receive a disproportionate amount of flow (path a-b-c and 
d-e-f) while tanks (2) and (4) will receive much less flow.   

(v) The clarifier and filter tanks should be located with open spacings between the two types of 
tanks to facilitate inspection of residuals and washwater channels and lines.  For this, the 
compact arrangement (item(2)(b) as follows) may not be favoured. 

(vi) To provide for economy of space in the WTP site, the clarifier block, filter tank block and clear 
water tanks should be arranged to take about the same width.  Some space should be provided 
for overflow and residuals/waste washwater pipes. 

 
Figure G.5: Symmetrical arrangement of process units (example 1) 
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Figure G.6: Symmetrical arrangement of process units (example 2) 

 
Figure G.7: Unsymmetrical arrangement of process units (example 1) 
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Figure G.8: Unsymmetrical arrangement of process units (example 2) 

(2) Basic types of layout 

Process units are normally arranged in a linear layout where the process units are arranged in a 
generally linear, or in a compact layout where the process units are arranged in a non-linear 
configuration to save space. 

(a) The linear layout 

In a linear process unit layout, the process units are arranged from the upstream units to the downstream 
units in a linear configuration.  This arrangement is the simplest and quite common in small to large 
WTPs. 

The major advantage of a linear process layout, besides its understood simplicity, is that the process units 
may be arranged in a symmetrical arrangement.   

The disadvantage of the linear layout is that the pre-clarification and post-filtration chemical dosing 
points are separated, which results in chemical storage and preparation facilities being at a distance from 
their dosing points.  This may be fixed by having a decentralised chemical cluster (cf. section G.2.2.2); 
however this option may be considered less favourable than the centralised cluster layout. 

(b) The compact layout 

In the compact layout, the process units are arranged so that the process equipment and all pre- and 
post- chemical dosing points are as close together as possible while maintaining the centralised clusters. 

An example of the compact layout for a hypothetical 50 Mld WTP is shown in Figure G.10. 

The compact layout is used in small WTPs, but will be difficult to configure in medium to large WTPs.   
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Figure G.9: Linear layout for process units 

 
Figure G.10: Compact layout (hypothetical 50 Mld WTP) 
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G.4 LAYOUT OF WTP BUILDINGS 

G.4.1 General 

General considerations.  In designing the WTP buildings, the following shall be taken into account: 

(ii) The design of WTP buildings shall give particular attention for the comfortable working 
environment for the WTP personnel.   

(iii) All technical, operational, maintenance and administrative staff shall be provided with a 
workplace, either an office room or a cubicle workstation.  Staffing shall be to organisation 
chart to requirements as specified in section E.2 – Organisation Chart and agreed with the 
Licensee.  For medium to large WTPs, the workplaces should be as identified in Table E.1: 
Staffing requirements for new WTPs, and upscaled or scaled down as deemed appropriate. 

(iv) All non-technical staff and labourers shall be provided with a mess room.  

(v) Ease of access shall be provided to all main plant and equipment, with adequate working space 
to allow for installation, maintenance, removal and re-installation of the plant and equipment. 

(vi) All WTP buildings shall be designed for low maintenance as far as practically possible.  All 
engineering buildings, i.e., all buildings housing plant and equipment, the workshop, store, 
chemical buildings, etc., should preferably be of reinforced concrete and brickwall structure. 

(vii) The ground floor of the building shall be 0.15-0.20 m above the ground platform level. 

(viii) Roofs of all engineering buildings should be of reinforced concrete slab, preferably with a slight 
pitch, overlain with suitable specialised roof waterproofing (to be specified by the Designer).   

(ix) The reinforced concrete roof slab shall be cast as a single panel with no joints even if 
waterproofing is applied.  Where roof joints are necessary, the joints shall be carefully designed, 
such as with double beams and columns, to prevent leakage over time.  Cold-type construction 
joints shall not be allowed to be introduced during construction; the Designer should specify this 
in his drawings. 

(x) Roofs shall be provided with overhanging eaves with fascia to significantly reduce dribbling 
and infiltration of precipitation through windows.  Windows shall be provided with hoods for 
the same reason.  Any rain penetration will, over time, effect electrical equipment, particularly 
switchboards. 

Buildings shall generally conform, wherever applicable, to the general requirements as contained in 
latest edition of the Garis Panduan dan Peraturan bagi Perancangan Bangunan by the Economic Planning 
Unit of the Government of Malaysia (herein referred to as the EPU building guidelines) or its succeeding 
specifications.  However, due to the specialised nature of WTPs, particular requirements of WTP 
buildings are specified hereunder that may differ from that specified in the EPU building guidelines. 

Disambiguation.  In the naming of WTP buildings, the following should be noted: 

 The word “room” is normally used, always in combination, to refer to a small building with a single 
chamber or compartment, e.g., switch room, injector room. 

 “House” is normally used to refer to a larger building, usually with multiple rooms, e.g., switch 
house, chemical house. 

 “Building” is normally used to refer to any large building with multiple sections with multiple 
access points, e.g., administration building, chemical building. 

 “Yard” is normally used to refer to a large area adjoining a building, which is roofed and usually 
unenclosed, e.g., residuals storage yard, welding yard, switchyard. 

 “Shelter” is similar to a yard but usually mostly or totally enclosed, e.g., DAF plant shelter, pressure 
filters shelter, residuals storage shelter. 
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G.4.2 Administration Building 

 General 

Purpose. The administration building, or alternatively referred to as the operations building, 
generally serves as the central building for the following functions: 

(i) The centralised monitoring and control centre for the operation of the WTP, and 
(ii) The administration of the WTP. 

Prerequisite.  Before proceeding with the layout design of the administration building, the Designer 
shall have established the following: 

(i) The staff organisation chart as addressed in section E.2 of these Guidelines.  The chart should 
have identified the staff to be placed in the administration building.  For medium to large WTPs, 
the workplaces should be as shown in Table E.1, with most of the administrative staff and some 
of the technical staff located at the building.  For smaller WTPs with much lower staffing 
requirements, the administrative and technical personnel may be located within the same 
building. 

(ii) Facilities for tourist or visitors where deemed needed.  It has been noted that some WTPs 
receives requests for visits from the general public, in particular school students, and in most 
cases the Licensees have to accommodate such requests.  

In medium to large WTPs, public visits to the WTP should be expected; such visits may be 
moderately to very frequent. In all cases, the administration building will be the point of arrival 
for the visitors and will be the main focus such visits.  For the purpose of this section of the 
Guidelines, the following definitions shall apply: 

(a) Type A: For very large WTPs and in particular for WTPs which may be identified as 
“showcase WTP” for the state or Licensee concerned, or WTPs in urban settings where a 
large number of visitors may be expected.  In this case, the building may be considered to 
be equivalent to a category II building under the EPU building guidelines. 

(b) Type B: For other WTPs where some volume of visitors will be expected, the building shall 
be provided with basic visitor facilities.  The building may be considered as an equivalent 
category III building under the EPU building guidelines. 

(iii) Personnel training requirements: The requirements for training room(s) shall be agreed with 
the Licensee.  In any case, training facilities shall be mandatory for medium to large WTPs.  The 
training room shall either be provided at the administration building (section G.4.2.2(3)) or the 
technical offices (section G.4.4). 

(iv) Laboratory testing requirements:  The laboratory testing requirements shall be agreed with 
the relevant Licensee but shall not be less than the minimum requirements of section G.4.3. 

General arrangement. The administration building should be divided into an operations section and 
an administrative section, where the operations section is for continuous 24-hour operation (three 
shifts) and the administrative section is for an 8-hour shift. 

For very small WTPs not requiring the full requirements herein, the operations section and an 
administrative section may be placed on a single ground floor. 

For a small WTP, the operations section may be located on the lower floor while the administrative 
section may be located on the upper floor of the administration building.  This is to allow the upper 
administrative floor to be secured and powered down for the night shift while the lower floor is 
accessible for continued operations. 
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Conversely, for medium to large WTPs, the operations floor should be located on the upper floor while 
the administrative floor should be located on the upper floor.  This is to facilitate ease of access on the 
lower ground floor for visitors or the public while access to the upper operational floor may be kept 
restricted. 

Where the operations floor and laboratory are located on the upper floor, a direct elevated access from 
the floor to the treatment process units should be provided.  

Other considerations.  In small WTPs, the administration building may be combined with the filter 
control section.  In medium sized WTPs, the filter control section should be made adjacent to the 
administration building.  In large WTPs, the filter control section shall be separated. 

In older WTPs, the administration building is usually combined with the chemical store and chemical 
equipment building.  For health and safety reasons, this shall now be avoided; the chemical storage and 
preparation facilities shall always be separated from manned offices. 

 Administrative Section 

General layout.  The administrative section shall have the following: 

 Administrative offices; 
 Daily briefing room; 
 Training room and/or conference room; 
 Pantry, and 
 Washroom and toilet facilities. 

For a Type A building, the following visitor facilities should be provided: 

 Lobby and reception area; 
 Mini theatre;  
 VIP lounge; 
 Visitor’s briefing room; 
 Public toilet facilities, and 
 Public surau facilities. 

As a guide, the following may be generally assumed for the expected number of public visitors: 

 For a medium WTP, at least up to one express busload (30 persons) or one school bus load (40 
children); 

 For a large WTP, at least up to two express busloads (60 persons) or two school bus loads (80 
children). 

(1) Administrative Offices 

The offices shall consist of: 

 The works manager’s and assistant managers’/engineers’ offices: The administration 
building shall have offices for the plant manager and all managers and engineers. 

 The general administrative office:  The administration building shall have a general 
administrative office, which should contain working spaces for general administrative and clerical 
staff.  The office should contain sufficient spaces for filing cabinets, photocopier and fax machines. 

For very small and small WTPs, a single general administrative and technical office may be sufficient.  For 
small WTPs, the technical and administrative offices amy be separated accordingly. 
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For larger WTPs where there are a much larger number of administrative and technical personnel, 
individual office rooms may be provided for main personnel in addition to the general administrative 
office. 

The Designer shall determine the necessary space requirements for all rooms.  Where individual office 
rooms are provided, the rooms should not exceed the maximum spaces below: 

Table G.1: Manager office space areas 

Ref. Office Maximum area (m2) 

1 Works manager 30.0 
2 Assistant manager/engineer 16.0 
3 Others 12.0 

The following minimum spaces shall be provided: 

Table G.2: Minimum work spaces  

Ref. Office 
Minimum area (m2) 

Small WTP Medium to large WTPs 
1 Individual work space 9.0/person 
2 General office area (total but 

excluding individual office rooms) 20.0 20.0 
3 Fax/copier space/room - 10.0 
4 Filing/records area 20.0 30.0 

(2) Daily briefing room 

The daily briefing room should have sufficient number of seating for all technical staff in the operational 
section of the administration building. 

(3) Training room 

The training room shall be configured in a classroom arrangement; the room should have sufficient 
number of seating for at least half of all technical staff of the WTP.  Alternatively, the training room may 
be located at the technical office area. 

(4) Conference room 

Separate from the briefing room, the conference room should be provided for public, visitor or 
corporate use for medium to large WTPs.  For small WTPs, the training room and conference room should 
be combined.  It is highly recommended that the conference room be adjacent to the pantry.  As a guide, 
the size of the conference room should be 1.6-1.9 m2/person. 

(5) Pantry 

The purpose of the pantry will be to provide for hygienic conditions for the main WTP personnel in the 
administration building for meals.  This is particularly so for more remote WTPs.  The pantry shall 
provide for sufficient number of tables, double wash sink, cabinets with storage spaces for utensils and 
fridge.  As a guide, the size of the pantry should be about 15 m2, with additional space for tables where 
necessary. 

(6) Washroom and toilet facilities 

The washroom shall include shower and mess or dressing room facilities; separate facilities shall be 
provided for both male and female.  



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    345 

(7) Lobby and reception area 

Arrangement. For type A buildings where tourist facilities are to be provided, the lobby and reception 
area of the administration building shall have sufficient standing-room space to comfortably 
accommodate the expected number of public visitors.  The reception area required before entry to the 
administrative area shall not be less than 20 m2; as a guide, the general waiting area in the lobby should 
be in the range of 0.85 to 1.2 m2/person, excluding buffer spaces. 

Exhibition area: As a minimum for a small WTP, the lobby should have an exhibition area and a visitor 
waiting area.  The exhibition area should have a scale model of the WTP. 

Porte cochère: For Type A buildings, it is highly recommended that a suitably designed porte cochère 
be provided before entrance to the lobby, sufficiently large to park two express buses and of sufficient 
height (at least 3.5 m clear height).  From the porte cochère to the lobby, a wheelchair ramp shall be 
provided. 

(8) Mini theatre 

Purpose.  The mini theatre is provided to as a central venue for briefing public visitors on the general 
functions of the WTP.  Public visitors and tourists, in particular school students, have become common 
to WTPs, so it is necessary to provide specifically-designed visitor facilities.  For state operators and 
Licensees, it is necessary to have a “showcase” WTP. The mini theatre has become a feature of number of 
specialised engineering developments in this country, and facilities in some older large WTPs have to be 
modified into a mini theatre. 

Arrangement.  For Type B buildings at medium sized WTPs where a low number of visitors may be 
expected, the mini theatre may be a lecture room setting for the required number of viewers. Video 
display should be made by a large screen display. 

For Type A building, the design of the mini theatre should require experienced or specialised 
architectural input.  The mini theatre shall be of movie auditorium type with raked (sloped) floor, 
complete with audio/video control room (preferably at the rear of the room/hall).  Video display shall 
be by a high-definition video projector backed up by at least a 5.1 sound system.  The room/hall shall be 
sound insulated with wall and ceiling sound insulation and acoustic doors. 

A mini stage and podium, with public speaking facilities, should be provided.  Space for at least one 
wheelchair shall be provided on the upper aisle. 

As a guide, the following minimum spacing requirements may be used: 

Table G.3: Recommended minimum space requirements for mini theatre  

Ref. Location Area (m2) 

1 Seating area 1.0/seat 
2 Reception area 0.85-1.2/seat 
3 Auxiliary rooms (total) 0.4/seat 
4 Public toilets and washrooms 0.1-0.15/seat 

(9) VIP lounge 

For the Type A building, a VIP lounge with dining facilities to accommodate up to ten visitors is suggested.  
It is highly recommended that the lounge be adjacent to the pantry. 

(10) Public toilet and public surau facilities 

Public toilet and public surau facilities shall be provided suitable for the number of visitors expected; 
separate facilities shall be provided for both male and female.  Handicap toilet facilities shall be included. 
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An example layout of a Type A administration building is shown in Figure G.11 (ground floor plan) and 
Figure G.12 (upper floor plan).  The layouts are indicative only. 

 
Figure G.11: Administration building for large WTP - lower floor 
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Figure G.12: Administration building for large WTP - upper floor 

 Operational Section 

The operational floor shall have the following: 

 The WTP Main Control Room and server room (sub-section G.4.2.4); 
 Electronic store and service room (sub-section G.4.2.5); 
 The laboratory (section G.4.2.6); 
 Technical library and records room; 
 Pantry; 
 Surau, and 
 Toilet facilities. 

It is recommended that the Main Control Room and the laboratory be provided next to each other so that 
night shift operators can group together. 

All laboratory rooms including the chemist’s room shall have separate air-conditioning from the other 
rooms.   

The server room, electronic store and electronic service room should be located together so they may 
share a centralised 24-hour air conditioning. 

In addition to the above, it is recommended that a pantry be provided for convenience of the night shift 
operators.   

The layout plan of the administration building as shown in Figure G.11 and Figure G.12 is indicative only; 
the Designer should use his imagination and judgement to design a more creative layout. 

The surau should be provided on this floor so that operators do not have to leave the operational floor 
for any extended period. 
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 Main Control Room  

Purpose.  The Main Control Room (alternatively referred to as operations room) is the central 
location for the central monitoring and control of the distributed control systems of the WTP.  The room 
may also be referred to as a Command Centre but this should preferably be avoided as this term is 
normally used for the central operations room for a water distribution operator. 

Layout.  The Main Control Room, comprising the control room and server room, is addressed in section 
N.5 - Main Control Room (page 715).  A typical layout will be as illustrated in Figure N.4.   The layout of 
the room should generally comply with ISO 11064-3: Ergonomic design of control centres — Part 3: 
Control room layout. 

The Main Control Room shall be of sufficient size to accommodate the engineering workstations, SCADA 
human-machine interface (HMI) workstations and cabinets with adequate working and walking spaces, 
whilst providing sufficient viewing distances from the operator’s sitting position at his workstation to 
the large display.  Meanwhile, the server room shall be of sufficient size to accommodate the SCADA 
equipment as shown in in Figure N.4.   

In the arrangement of the room, the large display screens should be visible from all locations within the 
room; for the operator at his workstation, the main screen should be visible from a recommended 
viewing angle of between 30° to 36°, but with an angle of no lower than 26°. 

The recommended viewing distances (i.e. the general distance 
from the large display to the operator position) should be as 
follows: 

Table G.4: Recommended viewing distances to large display in 
Main Control Room  

Diagonal display 
size, widescreen 

(inches) 

Recommended 
viewing distance 

(m) 

Maximum 
viewing 

distance (m) 
55 1.8 2.6 
70 2.4 3.3 
84 2.9 4.0 

For quad-screen (or multi-screen) displays or multiple monitor 
displays, the recommended viewing distance should be taken as the 
distance from a single panel (i.e. not the overall panel) to the 

operator’s sitting position. 

A typical WTP Main Control Room is shown in Photo G.2. 

For typical arrangements of the Main Control Room such as that shown on Figure N.4, the maximum 
practical sizes of a single panel should be up to 90 inches (229 cm). 

For large to very large WTPs where the Main Control Room is situated in a Type A building, the control 
room may be a centre for visitor attraction, so a much larger “mission control” type Main Control Room 
as a showcase room may be desired by the Licensee.  In such a case, large projection screens may be used.  
For projected screens and panels wider than the above, the following distances may be applied: 

Table G.5: Recommended viewing distances to very large displays  
Diagonal display size, 
widescreen (inches) 

Recommended viewing 
distance (m) 

Maximum viewing distance 
(m) 

120 4.0 5.7 
150 5.1 7.2 
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Photo G.2: Main Control Room at Semenyih WTP (600 Mld), Selangor 

(Owner: Pengurusan Air Selangor) 

 Electronic Service Room and Store 

Purpose.  The electronic service room with an electronic store should be provided where small-scale 
repairs of small electric or electronic equipment are expected to be carried out.  This is optional but highly 
recommended so that the Licensee may develop their own maintenance and servicing capabilities. 

Prerequisite. It shall be the duty of Licensees to develop and provide for partial or full facilities for repair 
of electronic equipment, either on-site at the WTP or off-site.  Where the Licensee has a central 
maintenance complex off-site or equivalent facility at a separate WTP, the electronic service room at the 
WTP may not be necessary. In medium to large WTPs, at least some basic maintenance facilities should 
be provided.  The requirements of a electronic service room should be established with the Licensee in 
the preliminary design stage. 

Equipment.  The following equipment should be provided:

 Electronic repair tool kit: both 
standard and high performance; 

 Multimeter; 
 Soldering station, complete with all 

equipment and accessories; 
 Bench power supply unit; 
 Bench oscilloscope; 
 Rotary tools; 
 PC workstation; 

 3D printer; 
 Hot glue gun; 
 Jumper wires, wire kits, etc.; 
 Electrician’s and electronic tools i.e. wire 

cutters, wire strippers, pliers, screwdrivers, 
precision screwdrivers, stubby screwdrivers, 
tweezers, etc.; 

 Materials i.e., resistors, potentiometers, 
capacitors, transistors, diodes, etc. 
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 Laboratory 

(1) General 

Purpose.  The purpose of the laboratory shall be to provide a water testing facility at the WTP site to 
undertake physical tests and chemical analyses of raw and treated water. 

Scope. The laboratory should be fully equipped to undertake chemical analysis of water with particular 
reference to tests for raw and drinking water quality as outlined by the Ministry of Health, Malaysia. 

Prerequisite. All WTP laboratories shall be accredited by the Department of Standards Malaysia, 
Ministry of International Trade and Industry, under the Skim Akreditasi Makmal Malaysia (Laboratory 
Accreditation Scheme, SAMM), which will be to comply with the requirements of ISO/IEC 17025: 
Testing and calibration laboratories. 

The Licensee shall be responsible to obtain the necessary accreditation and to provide the personnel 
necessary for such accreditation.  The duty of the Designer shall be to ensure that the laboratory will be 
ready for the required accreditation. 

As the objectives are the same for all laboratories at WTPs supplying potable water to the public, the 
requirements for a laboratory should not vary from small to very large WTPs.  Hence, the stipulations 
herein shall apply for all public WTPs of all capacities.  However, for very small WTPs, a test room may 
be sufficient where particular routine tests shall be carried out on site while tests requiring specialised 
equipment may be carried out off-site at accredited laboratories. 

(2) Layout  

The laboratory shall be located in the administration building.  It is highly recommended that the 
laboratory be located opposite the Main Control Room, as both are operating for 24 hours. 

The laboratory shall be provided with all the necessary benchwork and bench tops, sinks, cupboards, 
shelving, racks, small power systems and fittings, lighting systems and fittings, wiring and accessories, 
gas fittings, plumbing, and all other necessary equipment, chemicals and reagents.  

The layout of the laboratory shall be designed based on the general criteria in the following sub-sections. 

General 

 The laboratory shall be to industry standards with proper accommodation i.e. working spaces and 
environment i.e. well ventilated, controlled temperature and humidity, lighting; 

 Safe and proper conditions for personnel and equipment; 
 Proper storage of chemicals and reagents; 
 Adequate space for installation of the test equipment and apparatus; 
 Facilities for carrying out tests and analyses during normal plant operation; 
 Ease of storage and handling of chemicals, reagents, samples and material; 
 Care should be taken to avoid slipping and tripping hazards within the laboratory; 
 Secure access for all sections of the laboratory through smartcard access system; 
 All other requirements to comply with requirements of ISO/IEC 17025. 

Arrangement 

 The chemist’s room shall be provided segregated from the main laboratory area with separate air 
conditioning and ventilation; 

 Separate rooms shall be provided for a microbiological test room, fume cupboard room, sensitive 
equipment room and store room (for reagents and particular items); 

 The main laboratory area shall be separated according to a wet section, an electrical equipment 
section and gas equipment section; 
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 The wet section of the laboratory, containing the analysers, sampling taps, etc. shall be separated 
from other sections of the laboratory, in particular the electrical equipment as far as practically 
possible; 

 The wet section shall be able to drain any spillages, particularly with a scupper drain around the 
analysers; such drains should be kept away from walking areas to avoid tripping hazards; sunken 
floors shall be avoided; 

 The electrical equipment area shall be kept separate from the wet section and the gas equipment 
section as far as practically possible;   

 A separate bench for equipment requiring power outlets shall be provided; 
 Benches shall be located so that at any point in the laboratory the emergency exit can be reached 

in two different directions;  
 Minimum free space between bench-to-bench shall be at least 1500 mm;  
 Minimum free space between bench-to-wall shall be at least 800 mm;  
 In all cases, the layout of the laboratory shall be agreed with the Licensee. 

Doors 

 Double access doors to admit entrance of large equipment or material during erection and 
maintenance operations;  

 The laboratory room doors shall have at least a doorway of 900mm. The access door to the 
laboratory shall be self-closing. The doors shall have a fire resistance of at least one hour; 

 Equipped with windows to admit natural daylight. 

General safety 

 The floor of the laboratory will be covered with anti-slip material and shall be chemical resistant; 
 Safety cabinet with first aid kit will be provided; 
 Facilities for storage of spent or excess chemicals prior to collection for recycling or destruction 

externally. 

(3) Laboratory facilities 

Laboratory Sinks  

A washing up sink with single drainer unit shall be incorporated in the laboratory bench. There shall also 
be working sinks incorporated in the laboratory island and side benches, supplied complete with cold 
water taps with off take and service pipework, as well as drainage and overflow pipework connections. 

Sinks shall be made of:  

 Stainless steel, for general purpose and non-acid wet chemistry; 
 Polypropylene, for wet chemistry; 
 Epoxy resin, for general purpose and wet chemistry; 
 Ceramic, for general purpose and wet chemistry.  

Furniture 

General.  The laboratory shall be furnished with modular benches and cabinets to permit an ergonomic 
and flexible installation within the working space.   The standard module sizes should be:  

 For benches: 600, 900 and 1200 mm; 
 For fume cupboard: 1200 mm;  
 For under bench cabinet: 450, 600, 900 and 1200 mm; 
 For tall cabinet: 600 mm. 

Benches shall be designed with:  

 Pedestal cabinet with plinth; 
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 Leg cabinet with/without plinth;  
 C-frame with suspended or mobile cabinet;  
 A-Frame with suspended or mobile cabinet;  
 Mechanism to correct the floor slope;  
 Shelved and suspended cabinets;  
 Worktop height of 900-mm for general purpose;  
 Worktop height of 750-mm where a sitting height is necessary, e.g. for analyzers and similar 

applications; 
 750-900 mm worktop depth to permit a proper installation of laboratory testing apparatus;  
 Anti-splash panel chemically resistant, fitted above the worktop to protect the building wall; 
 Workload of at least 200-kg/m2.  

Worktops shall be made of:  

 Ceramic slab with raised edge for wet chemistry.  
 Epoxy resin slab with raised edge for wet chemistry.  
 Performance panel slabs for laboratories (the Designer shall specify) or similar material without 

raised edge, for dry chemistry and analyzer benches.  
 Stainless steel, with/without raised edge, for non-acid wet chemistry  
 Wood slab, oiled, without raised edge, for maintenance workbench.  

Cabinets shall have the following criteria: 

 Hinged doors shall have at least 180° angle opening.  
 Tall cabinets shall be equipped with 3-shelves.  
 Tall cabinets for glassware storage shall be equipped with transparent doors.  
 Underbench cabinets shall be equipped with 1-shelf.  
 Drawers shall be equipped with ball or roll bearing and stopper.  
 Shelves and drawers shall have a workload of 25 kg.  
 For underbench cabinet selection, use of 2:1 ratio for hinged door against drawers.  

Stools shall be laboratory type with single stem and rollers. 

(4) Utilities 

Water services 

Service water and potable water shall be supplied to the laboratory. Service water is used for washing of 
laboratory equipment and potable water is used for domestic purposes. 

Normal and overflow outlets of all sinks shall be connected by pipework in high density polythene, to 
discharge into the residuals treatment system. 

Power supply 

3-pin pedestal type double sockets shall be suitably fitted on side benches, island benches and also 
around the laboratory to suit the location of the proposed equipment such as the location of refrigerator 
and other laboratory equipment requiring power supply. 

Socket outlets shall be placed on benches in such a position that a spill of liquid will not constitute a 
hazard.   

The following power networks shall be installed:  

 230VAC-50Hz 1P for laboratory testing equipment/power sockets.  
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Lighting 

Luminance within the laboratory testing area shall be at least 500 lx. In case of power failure, part of the 
lighting shall be supplied automatically from an Emergency Lighting System. Signs giving direction for 
escape shall be visible at all times.  

(5) Laboratory personnel 

The Licensee shall be responsible to provide for all competent personnel as required to comply with 
accreditation requirements as well as to carry out all tests as required.  The personnel shall be familiar 
with the requirements of ISO/IEC 17025.  The Designer shall be responsible to ensure the laboratory will 
be conducive for the personnel provided, as well as compliance-ready for the required accreditation. 

(6) Laboratory equipment 

In medium to large WTPs, the laboratory shall have the following apparatus, as relevant: 

 Spectrophotometer, with both ultraviolet and visible spectrum analysis. 
 Top-loading balance for laboratory, precision and readability of ±0.1 g. 
 Analytical balance for laboratory, precision and readability of ±0.1 mg. 
 Circulating water bath. 
 Colorimetric comparator for water analysis. 
 Low powered binocular microscope (x100).  
 Nephelometric turbidity meter, with recommended general range of 0-10,000 NTU. 
 Coulter particle counter. 
 pH meter. 
 Specific ion meter, complete with ammonia probe, combination chloride electrode, combination 

fluoride electrode, double junction reference electrode. 
 Conductivity meter. 
 Laboratory oven. 
 Laboratory refrigerator(s) for sample and reagent storage. 
 Heavy duty magnetic stirrer. 
 Hot plate with temperature regulator. 
 Distilled water system and reservoir tank with compatible deioniser unit for polishing the distilled 

water. 
 Laboratory analytical filtration unit for vacuum filtration. 
 Jar test equipment with 6-paddle gang stirrer. 
 Fish tanks. 
 Portable pH/mV meters. 
 Autoclave. 
 Fume hood. 
 BOD apparatus, normally microprocessor based. 
 BOD incubator. 
 COD reactor. 
 Dissolved oxygen meter. 
 Free and total chlorine meter. 
 Fluoride analyser. 
 Vacuum pump with storage vessel of at least 25 litres, automatic type.  
 Dual channel incubator. 
 Three-position filter holder manifold. 
 Single position filter holder. 
 Ultraviolet steriliser. 
 Benchtop steriliser. 
 Shaker. 
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 Laboratory thermometers. 
 Bacterial test kits. 
 Chemical storage cabinet. 
 Poison cabinet. 
 Emergency shower and eyewash. 
 Titration equipment. 
 Arsenic distillation apparatus. 
 Portable streaming current detectors. 
 Electric water heater. 

The last three items may be optional.  The Licensee should provide any other equipment that he deems 
required but is additional to the above.   

In all cases, the Licensee shall advise the Designer on any particular space or storage requirements that 
the former may require for any piece of equipment that he wishes to install at the laboratory. 

Glassware and other items.  The Designer shall specify the capacities, numbers and general 
requirements for glassware and other items to be provided for the laboratory.  This should be carried 
out in agreement with the Licensee. 

Chemical reagents. The Designer shall specify the quantities, numbers and general requirements for 
chemical reagents to be provided for the laboratory. This should be carried out in agreement with the 
Licensee. 

Personal protective equipment (PPE).  All PPEs shall be provided by the Licensee operating the WTP. 

(7) Tests and analyses 

General.  In all WTPs, the laboratory shall be equipped for carrying out the following tests and analyses:  

Table G.6: Laboratory tests and analyses 

Parameter 
Detection 

limit/ 
sensitivity 

Units 

Temperature  °C 
pH value 0.01 pH unit 
Equilibrium pH value 0.01 pH unit 
Colour 1 hazen unit 
Turbidity 0.1 NTU 
Conductivity  µs/cm 
Dissolved solids  mg/l 
Suspended solids 0.1 mg/l 
Alkalinity - total 0.1 mg/l as CaCo3 
Total hardness 0.1 mg/l as CaCo3 
Calcium hardness 0.1 mg/l as CaCo3 
Magnesium hardness 0.1 mg/l as Mg2+ 
Chlorine residual 0.1 mg/l as Cl2 
Residual chlorine 0.1 mg/l as Cl2 
Chlorine demand 0.1 mg/l as Cl2 
Chloride 0.1 mg/l as Cl 
Sulphur - sulphate 0.1 mg/l as S 
Nitrogen - ammoniacal nitrogen, nitrite, nitrate 0.1 mg/l as N 
Dissolved oxygen 0.1 mg/l 
Silica 0.1 mg/l as Si 
Biochemical oxygen demand 0.1 mg/l 
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Parameter 
Detection 

limit/ 
sensitivity 

Units 

Chemical oxygen demand 0.1 mg/l 
Aluminium 0.1 mg/l as A1 
Iron 0.1 mg/l as Fe 
Manganese 0.1 mg/l as Mn 

The equipment required for the above tests and analyses to be carried out shall be compatible with the 
methods of analyses set out in the latest edition of “Standard Methods for the Examination of Water and 
Wastewater”, published jointly by APHA, AWWA and the WEF.  

The above descriptions are not exhaustive; the Designer shall specify the capacities, numbers and general 
requirements for each of the above equipment. 

Testing of residuals.  Testing of residuals is preferably carried out in a separate residuals test room 
(refer section G.4.3) at the residuals treatment facilities, but where the laboratory needs to carry out 
residuals tests as well, the equipment and tests as required for the residuals test room (sectionG.4.3(5)) 
should be provided.  

(8) Fume cupboard room 

The fume cupboard room shall be totally enclosed and bench-mounted. 

The extraction system shall be designed to draw air through the cupboard at such a rate that the air 
entering the cupboard shall not be less than 0.5 m/s. 

(9) Microbiology room 

The laboratory should be provided with a dedicated microbiology room to house the 
microbiological/BOD incubator.  The room should be environmentally controlled with dust, temperature 
and humidity monitoring and control system. 

A clean room should preferably be provided before entry into the main area.  The clean room serves as 
receiving and processing area for the main microbiology laboratory area. 

(10) Sensitive equipment room 

The sensitive equipment room or precision analytical balance room should be located away from 
any mechanical plant room.   

The sensitive equipment room shall be provided with vibration free workstations for each of the 
precision analytical balances provided.  The vibration free tables preferably should be compatible with 
the balance provided. 

(11) Water supply 

Water supply shall be provided for the following: 

 Cold water taps at sinks; 
 Cold water taps at the fume cupboard; 
 Water distillation unit, and 
 Electric water heater. 

Drainage pipework shall discharge into the chemical waste system. 
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(12) Laboratory waste 

Used chemicals and reagents shall be disposed in dedicated containers in the laboratory prior to 
permanent disposal. The temporary waste storage shall be provided with proper containment from 
spillage.  

Wastes typically should be segregated as follows:  

 Heavy metal contained waste – collected in dedicated containers. 
 Acidic or alkaline waste solution – to be neutralized and discarded into the sink with flowing water. 

(13) Laboratory management system 

The laboratory should have a laboratory management system, which should provide for a complete 
laboratory database management, including managing laboratory information from sample logging, 
sample analysis and reporting. The system should be interfaced with the on-line quality measurement 
instrumentation (i.e. water quality analysers), laboratory instruments and main information 
management system.  

In addition, it is highly recommended that the system should also monitor, control and record the 
environmental conditions of the laboratory from the HVAC system. 

(11) HVAC  

The HVAC system provided for the laboratory shall be automatically controlled for the following:  

 To maintain a dry bulb temperature, 20 to 26°C; 
 To maintain a relative humidity, 30% to 70% under normal conditions; 
 To maintain the room in over-pressure; 
 With at least ten-air change per hour; 
 To be interlocked with firefighting system for an automatic shutdown in case of fire.  

(12) Fire and gas detection system 

The laboratory shall be provided with a fire detection and gas leak detection system which shall be to the 
approval of Bomba. 
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Figure G.13: Laboratory (typical) 
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G.4.3 Test Rooms 

(1) General 

In most WTPs, most water testing may be done at the WTP laboratory.  However, in medium to large 
WTPs, localised testing facilities of water at the raw water intake and at the residuals facilities will be 
necessary. In large enough WTPs, sampling locations may be too far from the laboratory for water 
samples to be continuously pumped to the laboratory at the administration building.  In this case, a 
localised mini laboratory or test room should be provided around the sampling location. 

Test rooms may be required at the following locations: 

 Raw water intake; 
 Filter outlet; 
 Clear water tank, and 
 Residuals dewatering section. 

Each test room should have the following: 

 Water analysers; 
 Single bench unit; 
 Large sink with sampling taps; 
 Wash basin; 
 Service water, and 
 Drainage into chemical waste system. 

(2) Raw water intake 

The tests to be performed on the raw water should include the following: 

 pH value; 
 turbidity; 

 colour; 
 total suspended solids; 

 iron; 
 manganese. 

The following tests should be provided where applicable: 

 chloride; 
 ammoniacal nitrogen; 

 other pertinent parameters particular for the 
raw water.

(3) Filter outlet 

The tests to be carried out should include the following: 

 pH value; 
 turbidity; 

 colour; 
 iron; 

 aluminium; 
 manganese. 

(4) Clear water tank 

The tests to be carried out should include the following: 

 pH value; 
 turbidity; 
 colour; 

 residual chlorine; 
 iron; 
 aluminium; 

 manganese; 
 fluoride. 

(5) Residuals dewatering section 

Instrumentation.  The following equipment shall be provided: 

 Capillary suction time (CST) apparatus for measuring residuals characteristics, and 
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 All apparatus for determining residuals moisture content; should be with integral drying and 
weighing capabilities. 

Tests.  The tests to be performed on the thickened residuals should include the following: 

 pH value; 
 turbidity; 
 colour; 
 total suspended solids; 
 aluminium; 

 iron; 
 manganese; 
 ammoniacal nitrogen; 
 other pertinent parameters particular to 

residuals. 

G.4.4 Technical Office 

The technical office shall be included to provide workspaces for the WTP technical staff, i.e. technical 
assistants and technicians.  The technical office should include a SCADA HMI room, pantry and toilet 
facilities. 

For a small WTP, the technical office may be located at the administration building.  For medium to large 
WTPs, where a larger number of technical staff is necessary, a separate technical office may be necessary. 

Where a workshop (section) is provided for the WTP, the technical offices may be located within the 
building on the upper floor of the workshop annex as shown in Figure G.14. 

G.4.5 Store 

Purpose. The function of the store is to provide for long-term storage space for spare parts of plant and 
equipment at the WTP.  The store will provide a secure purpose-built containment which will facilitate 
control of long-term inventory. 

Prerequisite. Where the Licensee has a central store complex elsewhere, such a storage facility at the 
WTP may not be necessary.  In medium to large WTPs, at least some basic storage facilities should be 
provided to store spare parts provided by the contractor under the construction contract.  The 
requirements of the store should be established with the Licensee in the preliminary design stage. 

General considerations.  Where the store is to be provided, the following should be taken into 
consideration: 

 The store may be combined with the workshop to centralise the facilities.  For a large WTP, this 
will lead to a rather large store-workshop complex. In this case, the store may be located at the 
treated water pumping station and generator building block, where most of workshop facilities 
will be needed.   

 Additionally or alternatively, the store may be combined with the weighbridge station (section 
G.4.6) so that the store manager and assistant may keep track of deliveries as well as inventories; 
this arrangement is highly recommended.  In this case, the store should be located after entrance 
into the WTP. 

Arrangement. The store should at least be divided into two sections: (a) storage of heavy equipment 
and (b) shelve storage spaces.  The two sections should be separated by the drive-in or drive-through 
area for loading and unloading of items. 

A third section for storing sand bags as filter media should be provided, in particular if specialised media 
for dual media filters are used. 

For the storage space for heavy items, an overhead gantry crane shall be provided to facilitate in lifting 
heavy items to the location of storage. 
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The shelve storage spaces should be divided into two areas: shelves for light items that may be handled 
by hand or pallet trucks and shelves for heavy items requiring forklifts and reach trucks. Heavy duty 
shelves for heavy items shall be provided with suitable pallets.  The Designer shall take due care to specify 
the type of racks to be provided. 

The widths of the aisles between the rows of racks should accommodate the turning radii of standard 
reach trucks or forklifts.   

A typical store arrangement is as shown on Figure G.13. 

G.4.6 Weighbridge and Weighbridge Station 

Purpose.  The function of the weighbridge will be to weigh the trucks mainly for bulk chemical 
deliveries or for transportation of residuals.  The weighbridge station will contain the facilities for 
monitoring the chemical deliveries. 

The weighbridge is used in particular for bulk deliveries of chemicals where direct measurement of 
chemicals is not feasible, such as for coagulant solution or soda ash solution delivered in bulk storage 
tanks.  The weighbridge will also be useful if the chemical consignment is delivered in unpackaged form 
to be unloaded into bulk saturation tanks. 

Arrangement.  It is noted that the trucks used for chemical deliveries by suppliers tend to be the same 
for any size of WTP, and truck sizes will increase over time.  Hence, the weighbridge should be able to 
accommodate a semi-trailer of up to 16.0 m length, up to a capacity of 60 tons. The accuracy of the weight 
measurement shall be within ±0.025%. 

The weighbridge should be of the electronic load cell type suitable for outdoor installation and all parts 
shall be protected against corrosion.  The load cell unit should be of mounted in a pit and the weighing 
platform shall be made flush with the road surface.  The non-pit type with ramp should be avoided. 

The weighbridge shall be provided with a disk tab digital indicator and ticket printer, installed in the 
weighbridge station, typically located next to the weighbridge.   

For WTPs with a store, the weighbridge station may be installed at the store; this is a recommended 
arrangement as addressed in section G.4.5.  For smaller WTPs, the weighbridge station may be 
incorporated into the guard house as an extension or an annex; for this arrangement, the position of the 
weighbridge shall be such that it may be viewed from the guard house.  Alternatively, the weighbridge 
may be sited separately from the weighbridge station, but facilities shall be provided so that the 
weighbridge may be viewed by closed circuit television (CCTV). 

Facilities should be made for the operation of the weighbridge during the period of a mains power failure. 
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Figure G.14: Typical layout of a store 
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G.4.7 Workshop 

Purpose. The function of the workshop will be to house the facilities for maintenance and repair of 
plant and equipment used at the WTP and storage room for tools and some spare parts.  The workshop 
should be provided in medium to large WTPs to provide the Licensee with on-site maintenance and 
repair facilities and to facilitate maintenance work in a specialised and secure environment. 

Prerequisite. It shall be the duty of Licensees to develop and provide for full facilities for repair of WTP 
plant and equipment, either on-site at the WTP or off-site.  Where the Licensee has a central maintenance 
complex off-site or equivalent facility at a separate WTP, a workshop at the WTP may not be necessary. 
In medium to large WTPs, at least some basic maintenance facilities should be provided.  The 
requirements of a workshop should be established with the Licensee in the preliminary design stage. 

Arrangement. The design of the workshop shall take into account the following: 

(i) Workshop spacing should be provided for healthy and safe working environment for personnel. 
(ii) First aid station or first aid room with emergency oxygen and emergency burn station should be 

provided. 
(iii) Drive-in and drive-through areas for unloading/loading of equipment. 
(iv) Lifting equipment should be provided for the drive-in and drive-through areas and the mechanical 

working areas. 
(v) Separate spacing should be provided for mechanical and electrical repair works. 
(vi) For mechanical repair works, separate spaces should be provided for wet areas, areas with oil 

spillage, dry areas and welding areas.  
(vii) Separate spaces should be provided for storage and working area.  Tools and spare parts should 

be kept separately for control of inventory. 
(viii) Facilities shall be provided for proper disposal of wastewater from cleaning of equipment. 
(ix) Storage space shall be provided for general maintenance tools, i.e. grass cutters, mowers, 

wheelbarrows, etc. with a separate store for housekeeping tools, i.e. vacuum cleaners, mops, etc.;   
(x) Special storage areas shall be provided for flammable materials. 
(xi) Temporary waste storage areas for scheduled and unscheduled wastes generated from work done 

in the workshop.  Due to the proximity of personnel working areas, these shall not in any way 
replace the waste disposal facilities (section G.6). 

An indicative workshop arrangement is as shown on Figure G.14.  The size of the workshop should be 
scaled up or down according to the needs of the Operator or Licensee. 

Equipment.  The mechanical workshop should have the following equipment, as appropriate: 

 Combined oxy-acetylene welding and cutting equipment (complete); 
 Portable 250A AC/DC electric welding set (complete); 
 2.5 tonnes hydraulic jack; 
 Electric motor driven hacksaw; 
 Wooden stands and cradles, as needed for supporting components under repair; 
 Mechanics' toolboxes in standard and high-performance tool kits; 
 One-tonne differential chain hoist with tripod; 
 Heavy duty hand drills; 
 Cordless hand drills; 
 Bench-mounted drill stand; 
 Hand grinder complete with one set of grinding discs; 
 Bench-mounted grinding machine; 
 Spanners i.e. torque spanners, combined ring/open ended spanners, etc.; 
 Torque controlled impact wrench; 
 Spirit levels; 
 Universal bearing extractors; 
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 Portable tool trolley/cabinets with drawers; 
 Portable industrial vacuum cleaner; 
 Portable utility pump; 
 Grease guns; 
 Pipe wrenches; 
 “C” clamps; 
 Dial gauges complete with magnetic boxes; 
 Set of compressed air tools, complete with motor driven air compressor and air receiver tank; 
 Steam cleaning equipment; 
 Pressure pipe and drain cleaning kits; 
 Portable pressure washer; 
 Portable ladders of double sided “A” type in varied heights; 
 Portable ladders of heavy-duty double extension type, in varied heights. 

The electrical workshop should have the following equipment: 

 Electricians' toolboxes in standard and high-performance tool kits; 
 Multimeters; 
 HV and LV insulation testers, as appropriate; 
 HV phasing sticks, HV discharge rods and rubber insulating gloves (for WTP with HV supplies). 

The electrical workshop may be optional. 

Technical office.  The technical office (refer section G.4.5) is recommended to be located at the 
workshop, if the latter is provided.  An indicative arrangement for the technical office is as shown on 
Figure G.14 (b).  The Designer shall design the internal layout of the general office area is sufficient at a 
minimum to accommodate relevant staff as addressed in section E.2 - Organisation Chart. 
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Figure G.15: Workshop

(a) Ground floor (above) 
 

(b) Upper floor (below) 
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G.4.8 Chemical Building 

 General 

Purpose.  The chemical building shall be provided for the storage of chemicals and housing the 
chemical plant to be used in the water treatment process.  In small WTPs, the chemical building may be 
referred to as the chemical house. 

All chemicals supplied to the WTP are usually supplied in concentrated form which ranges from mild 
irritants to highly toxic substances, so the chemical building shall serve as a purpose-built building with 
incorporated safety features. 

Preliminaries. The design of the chemical facilities, in addition to the process design units, requires 
considerable attention and specialised knowledge, usually from an experienced process engineer.   The 
necessary chemicals will be known from the process design itself and this has been addressed in PART 
D  :  Treatment Process.  Before proceeding with the layout design of the chemical building, the Designer 
shall have generally established the following: 

(i) Chemical properties  

The chemical properties required for the design of chemical plant, particularly the following: 

(a) Bulk delivery form: liquid, solid, powder or liquefied gas; 
(b) Concentration or content by weight; 
(c) Density; 
(d) Required chemical dosages (as per process design); 
(e) Hazards associated with the particular chemicals. 

(ii) Chemical deliveries 

(a) Type of deliveries (to be proposed by the Designer and agreed with the Licensee): 
 Packaging; Bags or intermediate bulk containers (IBCs) or flexible IBCs (bulk bags) or 

cylinders/drums; 
 Size of deliveries. 

(b) Type of delivery vehicles:  
 Rigid or articulated trucks; 
 Open deck/enclosed/tipper/side tipper; 
 Bulk tankers. 

(c) Vehicle characteristics: 
 Dimensions; 
 Maximum height; 
 Turning radius/circle. 

(iii) Bulk tanker deliveries to WTP: 

(a) Method of transfer (pumped discharge, etc.); 
(b) Facilities available by the supplier for transfer e.g. on-board compressors, rate of transfer 

and limitations on distances and heights; 
(c) Facilities to be provided for transfer e.g. pumps; 
(d) Connection fittings to supplier’s bulk tanker. 

(iv) Small consignment deliveries to smaller WTPs 

(a) Dimensions and weights of containers, palletised crates or cylinders; 
(b) Facilities to be provided for unloading the containers, palletised crates or cylinders. 
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 General Layout and Arrangement 

(1) Access 

The access to the chemical building shall take into account the following:  

(i) A well-defined access and departure route within the WTP compound shall be designed for the 
delivery vehicles from the point of entry to the point of delivery and to the exit point. 

(ii) The route shall be, insofar as practically possible, be on a drive-through basis, except possibly at 
the point of delivery; this condition should be a must for medium to very large WTPs.  Where a 
through access will not be possible, more than sufficient spaces shall be provided for the delivery 
vehicles to reverse or U-turn. 

(iii) The route shall have clear through clearances for the design delivery vehicles (refer section 
G.5.2(1)). 

(iv) The access roads should be designed to allow the design vehicles to safely manoeuvre within the 
WTP. 

(v) The route shall include a stop at the weighbridge on the way in and way out, preferably without 
having to divert away from the main access. 

(vi) Suitable lay-bys should be provided for the vehicles at the entrance/exit before/after the guard 
house and the store for parking the vehicle so as not to partially block the access road.  

(2) General Building Layout 

Disambiguation.  In this section, the word “separation” shall mean the establishment of separate areas 
within the same section of a building. The word “segregation” shall mean the physical separation of 
different chemical classes in different sections or by an enclosed separation wall within a single building.  
The word “isolation” shall mean the physical separation of a different chemical class to a different 
building. 

General considerations.  The basic design of the chemical building shall take into account the 
following:   

(i) Structure.  The chemical buildings, which includes the chlorine buildings and ammonia house, 
shall be of reinforced concrete and brickwall structure.  In view that most of the chemicals are 
corrosive in dust and vapour/gas forms, metal structural members, including metal roof trusses 
and roof decks, shall be avoided. 

(ii) Roof.  The roof of chemical buildings, which includes the chlorine buildings and ammonia house, 
shall be of reinforced concrete slab, preferably with a slight pitch, overlain with suitable specialised 
roof waterproofing (to be specified by the Designer).   

(iii) Segregation of chemical storage.  Due to the general chemical properties used at the WTP of 
being either dusty, corrosive, hazardous (from irritable to toxic) or potentially combustible (such 
as sodium chlorite), chemicals should be separated, segregated or isolated from each other into 
separate chemical sections. 

(iv) Each chemical section shall generally be separated into three distinct areas of operation, for which 
the Designer shall provide consideration in design: 

(a) The chemical delivery area (or reception area), 
(b) The chemical storage area, and 
(c) The chemical solution/slurry preparation area; 

Each area shall be laid out to facilitate transfer of chemicals from (a) to (b) to (c). 

Before even proceeding with the layout design of each chemical delivery/storage/preparation 
area, the Designer should have ascertained the requirements of chemical plant that has to be 
provided; the general guidelines for chemical plant are broadly addressed in section H.7. 
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(v) Safety and security.  The chemical facilities shall be designed for the safety of operating personnel 
and security of the facilities against intrusion, sabotage, arson or even criminal acts resulting in 
leakages of toxic chemicals. 

(vi) Plant requirements.  The essential feature of a good design layout of the chemical building 
shall be that the design takes into account the optimum arrangements of Plant; all rooms and 
spaces, insofar as practically possible, shall be based on providing proper personnel access and 
working space around equipment, pipework, standing panels and service/electrical trenches.  Civil 
works shall be designed around Plant and not contrariwise. 

(vii) Type of chemical plant required.  Before designing the layout of each chemical section, the 
Designer should be familiar with the following: 

(a) Properties of the chemical and the type of delivery of the chemical: this is generally 
addressed in section H.7.1; 

(b) The safety aspects of storing, handling and preparing the chemical in sections H.7.2 and 
H.7.3, and 

(c) The sequence of chemical preparation plant generally addressed in section H.7.4 
onwards.  The civil works of the chemical storage and preparation areas shall be designed 
to suit the chemical plant. 

(viii) General arrangement of chemical sections and delivery access.  Separate accesses for the 
different chemicals may be desirable but may not be entirely practical, particularly for very small 
to medium WTPs. Access for chemical deliveries shall be considered on the basis of the properties 
of the particular chemical in storage; the following guidelines for the separation, segregation or 
isolation of chemicals shall apply: 

(a) Dusty powders, such as hydrated lime and powdered activated carbon, should be provided 
with separate areas in one segregated enclosed area, but may have a common entrance/exit 
(schematically represented on Figure G.16(a), page 368); 

(b) Corrosive powders, such as polyelectrolytes and fluoride, should have segregated enclosed 
areas with segregated accesses, but may have common entrance/exit (Figure G.16(b)); 

(c) Corrosive liquids, such as coagulants, acids and sodium hydroxide (caustic soda), should 
be separated in one segregated area, or in segregated areas.  The common area may have a 
common entrance/exit (Figure G.16(c)); 

(d) Hygroscopic chemicals, like potassium permanganate, or other chemicals with particular 
handling properties, should have its own segregated storage area;  

(e) Hazardous or toxic chemicals e.g., chlorine, sulphur dioxide and ammonia, shall be 
isolated and shall have dedicated but separate entrances (Figure G.16(d)).   

For multiple separated chemical sections with common access, a separate entrance and separate 
exit for chemical deliveries is prudent and should be provided. 

(ix) Dust control.  Powdered chemicals shall generally be segregated and shall be provided with dust 
control equipment.  Electrical panels and associated equipment, including local control panels and 
motor control centres but not necessarily including auxiliary control panels or remote pushbutton 
stations, shall be located in areas or control rooms from which dust is excluded. 

(x) Plant rooms shall generally conform to section G.4.14 as applicable.  Control rooms shall 
conform to section G.4.14.2 and switchrooms to section G.4.14.3.  Clearances for electrical 
panels shall conform to section G.4.14.4. 

(xi) Facilities shall be provided in the chemical building for a storeroom, toilets, showers, changing 
room and locker room for non-technical and general personnel operating at the chemical 
building. 
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Figure G.16: General arrangement of chemical sections (schematic) 

(3) Chemical Delivery Area 

The basic design of the chemical delivery areas shall take into account the following:  

(i) Three main types of vehicles for chemical deliveries will usually be used: 

(a) The open deck type truck, from which the chemicals may be unloaded from the top by 
overhead hoists, or from the sides or tail end for unloading by fork lift trucks;   

(b) The enclosed type truck, which may only be unloaded from the tail end by fork lift trucks, 
and 

(c) Bulk storage tankers, normally used for bulk liquids or powders. 

(ii) Consideration shall be made for unloading access as addressed in sub-section G.4.8.4 taking into 
account the type of truck to be used. 

(iii) The entrances/exits of all chemical building shall have sufficient clear through clearances for the 
design delivery trucks (refer section G.5.2(1)). 

(iv) Chemical transfer facilities.  The Licensee shall generally be responsible for and to operate all 
facilities for the transfer of all bulk supplies to storage, in which case the Designer shall design the 
facilities to incorporate all chemical transfer equipment.   

All off-loading equipment shall be the responsibility of the Licensee.  Selection of the type of 
unloading vehicle may be proposed by the Designer but shall be agreed to by the Licensee. 

Where the vehicles for bulk delivery of the supplier may already have on-board transfer equipment 
(usually bulk solutions) within range and height of to the storage facilities, the Licensee should 
include his own facilities as back-up. 

(v) Overhead hoists:  Overhead monorail or gantry-type crane shall be used for unloading dry or 
powdered chemicals delivered in bags or big bags, or any consignment in palletised crates from 
open-decked vehicles.  All hoists should be electrically operated for ease of use. 
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(vi) Overhead hoists shall also be used for unloading drums (such as chlorine drums) from open-
decked vehicles.  In this case, sufficient headroom or vertical space shall be provided to allow a 
drum to be lifted over another drum on the open deck of the vehicle. 

(vii) Forklifts, where used for chemical unloading within enclosed chemical reception areas, shall be of 
electric-powered type.  A forklift bay with charging facilities should be provided within the 
chemical delivery area.  The storage space shall be designed with sufficient space for the forklift to 
manoeuvre into position for unloading work. 

(viii) The following should also be provided as appropriate to suit the storage facilities to be designed: 

(a) Cylinder trolleys: for moving cylinders; 
(b) Pallet trucks/trolleys/jacks: motorised or hand powered as appropriate, and 
(c) Crane forks, used for lifting palletised loads. 

(4) Storage 

Types. Chemical storage facilities shall be arranged for receiving bulk deliveries, which are normally 
implemented by one of the following: 

(i) Chemical stores for stacking of chemicals in bags, IBCs (intermediate bulk containers), FIBCs 
(flexible IBCs which are sometimes referred to as bulk bags, big bags or jumbo bags) or palletised 
crates; 

(ii) Bulk storage tanks for storing of bulk liquid chemicals; 
(iii) Silos for storing of bulk chemical powder; 
(iv) Bulk storage shelter with saturator tanks; 
(v) Cylinder or drum stores for chemicals received in cylinders or drums. 

Safety margin.  In the sizing of storage spaces, silos and tanks, a safety margin of 10% should be 
included. 

Criteria.  Particular requirements of specific common chemicals in WTPs in Malaysia are addressed in 
sub-sections G.4.8.7 to G.4.8.13.  The general requirements for the above are addressed as follows.   

(i) Chemical stores 

(a) Storage space shall be as specified in sub-section G.4.8.3. 
(b) Chemical stores shall have sufficient spaces for storage of the packaged chemicals, 

access/working spaces for personnel and all Plant. 
(c) Adequate working corridors shall be provided for forklifts and pallet trucks, with considerations 

for the turning radius of the forklifts. 
(d) Access to the chemical stockpile shall be possible from at least two sides to enable proper stock 

rotation. 
(e) The environment of the storage areas should be cool, dust-free and dry as possible. 
(f) In chemical store spaces of this type, open windows of casement or hung type shall be avoided; 

forced ventilation and dust control equipment shall be provided as necessary. 
(g) Adequate lighting shall be provided; lighting may be provided by high level clerestory type 

glass panel windows.   
(h) For design, storage space for dry or powdered chemicals delivered in bags shall be determined 

on the basis that bags are stacked on pallets to a maximum height of two metres. All bags shall 
be stacked on suitable pellets. 

(i) For design, palletised crates and IBCs/FIBCs should also be stacked to a maximum height of 
two metres. 

(j) For FIBCs, one of the walls may be used to support the stack. 
(k) Floors and walls (up to a height of one metre) where corrosive materials are stored should be 

covered by chemical resistant lining. 
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The layout of the store shall be arranged such that there is a continuous course from the chemical delivery 
area to the storage area to the chemical preparation area.  For storage of bags, a possible arrangement is 
shown in Figure G.17 (below).  In this arrangement, chemical bags are unloaded from the side of delivery 
truck by means of overhead hoists onto the storage area an elevated platform at truck deck level.  This 
provides a suitable arrangement for the chemical preparation area to be collocated at ground floor level. 

 
Figure G.17: Chemical building – possible configuration of chemical store 

(ii) Bulk storage tanks 

(a) Bulk storage tanks for liquids may either be of horizontal or vertical cylindrical tanks with semi-
spherical ends.  Horizontal tanks are mounted on saddle supports and vertical tanks on plinths. 

(b) The size of the bulk storage/dissolving tanks should be in multiples of the expected quantity of 
delivery plus the 10% safety margin.  

(c) A minimum number of two tanks shall be provided.  For larger WTPs, the number of tanks should 
be increased for a manageable size of tank. 

(d) Bulk storage tanks for liquid coagulants may be located in sheltered open areas; However, weather 
protection shall be provided for all equipment.  Where the bund is open, separate facilities shall be 
provided for draining of rainwater and for removal of chemical waste into the chemical waste 
system. 

(e) Bunds or pits shall be provided to contain the contents of a liquid storage tank in case of a leak.  
The bund shall be sized to hold 110% of the capacity of one tank (i.e. the largest tank).  The surfaces 
of the floor and walls of the bund shall be suitably protected. 

(f) Bulk storage tanks shall be provided with all access facilities for operation and maintenance, 
including ladders, stairs and platforms. 

(iii) Silos 

(a) Silos are usually provided to store the following materials: 

 Hydrated lime; 
 Powdered activated carbon; 
 Sodium carbonate (soda ash); 
 Calcium oxide (quick lime). 
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(b) Silos are typically of vertical cylindrical steel construction, which forms the storage volume, and a 
conical hopper bottom for discharge. 

(c) A minimum number of two silos shall be provided.   
(d) Silos should be located indoors.  Silos should not be located outdoors as plant and equipment to 

facilitate maintenance and to prevent equipment to exposure.  The indoor location will require a 
portion of the chemical building to be elevated as a half-tower. 

(g) Silos shall be provided with all access facilities for operation and maintenance, including  stairs 
and platforms; ladders should be excluded.  Where silos generally exceed 10m in height, a suitable 
access lift should be provided. 

(iv) Bulk storage/dissolving tanks or saturator tanks 

(a) Bulk storage/dissolving tanks or saturator tanks are used for storage of bulk chemicals that 
are delivered in forms unsuitable for storage in silos, such as aluminium sulphate in block or 
kibbled form.  In this case, the chemicals may be delivered in loose unpackaged form in tipper 
trucks (see sub-section H.7.14.1(4)). 

(b) The bulk chemicals are transferred directly by tipper trucks into the bulk solution or slurry 
preparation tanks or saturator tanks.  This is the usual case for brine preparation for an 
electrochlorination plant and, in some cases, the preferred method for preparation of powdered 
activated carbon slurry and soda ash solution. 

(c) In this case, chemicals will be delivered into saturators or saturation tanks built below the ground.  
The saturators are tanks which the solution remain in equilibrium with excess dissolved solids.   

(d) The bulk storage/dissolving tanks shall be sized according to the expected quantity of delivery and 
the dilution required. 

(e) A minimum number of two tanks shall be provided.  For larger WTPs, the number of tanks should 
be increased for a manageable size of tank. 

(f) The advantages of this arrangement is that it eliminates dust issues, reduces equipment and 
suitable for remote WTPs.  It is particularly useful if the chemical, such as powdered activated 
carbon or block lime, is to be applied at the raw water intake point. 

(v) Cylinder and drum stores  

Storage space of toxic chemicals such as chlorine, sulphur dioxide and ammonia shall be fully enclosed.  
The requirements for cylinder and drum stores are addressed further in section G.4.8.5. 

(5) Chemical Preparation Areas 

The basic design of the chemical preparation areas shall take into account the following:  

(i) Control rooms housing the motor control centres and local control panels shall be isolated from 
the chemical preparation area (see section G.4.14.2). 

(ii) The chemical preparation areas shall be provided with suitably laid scupper drains for 
conveyance and removal of chemical overflows and waste. 

(iii) Separate waste systems shall be provided for lime waste and other chemical waste. 
(iv) Service ducts shall be provided for chemical dosing pipes, power cables, control cables, 

instrumentation cables, sample pipes and service water pipes.  Pipes and cables should not be 
laid on the floors. 

(v) For large WTPs, a walk-through duct or service tunnel should be used for ease of inspection 
and maintenance. 

(vi) Generally, electrical services shall be run at a higher level than chemical dosing pipes. 
(vii) All ducts shall be laid to falls, with cross falls and drains provided at the lowest points, with 

discharge to the chemical drainage system. 
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 Design Storage Periods 

Criterion 1.  Design storage periods for general non-remote WTPs shall be to the following criteria: 

(i) For locally produced chemicals: Minimum 30 days storage at peak design output x maximum 
dose for essential chemicals, and 30 days storage at nominal output x average dose for other 
chemicals. 

(ii) For imported chemicals: Minimum 60 days storage at nominal design output x average dose for 
chemicals deemed non-essential, and 90 days storage at normal output x average dose for 
chemicals deemed essential. 

Criterion 2.  Design storage periods for non-remote WTPs where supply of chemicals are deemed 
reliable may be to the following criteria: 

(iii) For locally produced chemicals: Minimum 30 days storage at nominal output x average dose. 
(iv) For imported chemicals: Minimum 60 days storage at nominal design output x average dose for 

chemicals deemed non-essential, and 90 days storage at normal output x average dose for 
chemicals deemed essential. 

Criterion 3.  For remote WTP locations in Peninsular Malaysia or WTPs in Sabah and Sarawak, the 
following minimum in lieu may be applied: 

Design storage period = Storage period as in criterion 1 + Period for one scheduled delivery 

Other criteria.  The following considerations shall also apply in addition to the above: 

(a) Storage periods above constitute minima and may be increased if the Licensee so needs or 
requires. 

(b) One scheduled delivery may be taken as the estimated chemicals consumed within the period of 
delivery. 

(c) For criterion 2, the storage should be checked that chemical storage capacity shall be such that the 
minimum inventory at the time of scheduled deliveries shall not be less than 30 days for essential 
chemicals at peak design output x maximum dose and 15 days at nominal output x average dose 
for other chemicals. 

(d) For remote WTPs that could get cut off due to flooding, the minimum inventory as above may be 
increased by at least a further 30 days. 

(e) The design storage period criteria shall be used to determine whether deliveries are in small 
packages or bulk supplies. 

(f) “Imported chemicals” should also apply to chemicals exclusively requiring transport from 
Peninsular Malaysia to Sabah and Sarawak, or vice versa. 

(g) “Essential chemicals” shall be deemed to be the coagulant, the disinfectant chemicals and those 
that are if not available would, in the opinion of the Designer or the Licensee, significantly impede 
the operation of the water or residuals treatment process. 

(h) Exception to the above criteria may be made for liquid oxygen, which may be to the discretion of 
the Licensee. 

 Types of Unloading Access 

The types of unloading access are as follows: 

(i) Drive-through unloading (Figure G.18): this is the preferred arrangement for large WTPs as it 
facilitates a continuous drive through route for the delivery vehicle; however, it requires large 
spaces for vehicle approach and turning.  In this arrangement, the vehicle is unloaded, usually 
from the side, by overhead cranes or forklifts. 

(ii) In most WTPs, the typical configuration will be drive-in unloading arrangement similar to 
Figure G.18 but without an exit door and ramp.  The delivery vehicle typically reverses through 
the entrance to the unloading area. 
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(iii) Drive-in unloading or internal end unloading (Figure G.19): In this arrangement, the vehicle 
is unloaded from the tail.  The loading platform may be elevated to tail board level; a link 
between the vehicle tail and the loading platform in the form of a dock leveller shall be 
provided.  The dock leveller will then be used for pallet trucks or fork lift trucks to be driven on 
board the delivery truck for off-loading.  This arrangement may be suited for small to medium 
WTPs as deliveries may be limited. 

(iv) Drive-by unloading or external end unloading (Figure G.20): In this arrangement, the hoist 
will have to be extended outside of the building; this is not recommended but may be used if 
there is unavoidable space constraint.  Where this is provided, a layby for vehicle parking shall 
be provided. 

 
Figure G.18: Chemical building – drive-through unloading 

 
Figure G.19: Chemical building – drive-in unloading (internal end unloading) 
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Figure G.20: Chemical building – drive-by unloading (external end unloading) 

 
Figure G.21: Chemical building – end unloading with elevated platform 

 Cylinder and Drum Stores 

Purpose.  Chlorine, ammonia and sulphur dioxide are provided in cylinders and drums; chlorine is 
toxic while ammonia and sulphur dioxide are considered hazardous chemicals; hence the Designer shall 
design the storage and handling facilities with considerable diligent care.   

Applicable legislation.  The facilities for the above chemicals are subject under the requirements of 
the following regulations, or their succeeding legislation: 

(i) Occupational Safety and Health (Control of Industrial Major Accident Hazards) Regulations 
1996 (the CIMAH Regulations).  The scope of the CIMAH Regulations will be mostly pertinent to 
design and is addressed in brief in section H.7.2.2 of these Guidelines; 

(ii) Occupational Safety and Health (Use and Standard of Exposure Chemical Hazardous to 
Health) Regulations 2000 (the USECCH Regulations); 

(iii) Occupational Safety and Health (Classification, Labelling and Safety Data Sheet of 
Hazardous Chemicals) Regulations 2013 (the CLASS Regulations). 

The above are under the jurisdiction of the Department of Occupational Safety and Health, Ministry of 
Human Resources, Malaysia.  The scope of (ii) and (iii) will be mostly pertinent to the WTP operator and 
Licensee. 
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General requirements.  In addition to the above, the design and layout of the facilities shall take into 
account the following: 

(i) For small to very large WTPs, the chlorine storage facilities shall be isolated to a separate self-
contained building.  For very small WTPs, the chlorine store may be incorporated into a common 
chemical building, provided that the chemical building is isolated from the other buildings and that 
there are no direct interconnections to the other chemical sections.  In any case, the chlorine 
storage facilities shall be well isolated from any offices or manned stations. 

(ii) As chlorine and ammonia will form an explosive mixture, the chlorine store and ammonia store 
shall be kept isolated from each other, although it should be noted that chlorine and ammonia 
are dosed post-filtration and thus the facilities will be usually clustered in the same vicinity.  In any 
case, where isolated, the ventilators shall be kept away from each other. However, the ammonia 
store may be part of the chemical building but shall be well segregated from the other chemical 
sections. 

(iii) Access to the cylinder and drum stores shall be from the outside; all doors shall open outwards 
with panic pushbars.  No interconnecting doors shall be provided to other rooms or sections of 
plant. 

(iv) The cylinder or drum store and associated equipment rooms shall be substantially gas tight. 

(v) Windows shall be high clerestory-type double-glazed panels of gas tight construction.  No side 
windows shall be provided. 

(vi) The walls of the cylinder or drum store and rooms shall be provided with double glazed glass 
panels of gas tight construction so that the store and rooms may be viewed from the adjacent 
rooms. 

(vii) The stores and rooms shall not be interconnected by ducts or trenches.  All chemical pipework and 
all instrumentation/electrical cables shall be taken through the wall. 

(viii) Drums in the drum store shall be placed on suitable reinforced concrete cradles.   

(ix) Duty and standby chlorine drums should be placed on two sets of draw-off systems near the 
scrubbing plant located externally. 

(x) On-line and stored cylinders shall be held upright securely by suitable methods, usually by clamps 
or chains. 

(xi) Sufficient spaces shall be allowed all round for access.  The following minimum clearances shall 
be designed for: 

 Drums and side/end walls: 1.2 m (the Designer shall note the additional clearance required 
for ventilators); 

 Clear distance between rows of drums: 1.0 m; 
 Stored drums and on-line drums: 1.5 m; 
 Access and working space in cylinder store: 1.5 m. 

(xii) Space in the store should preferably be provided for empty drums and cylinders. 

(xiii) The following shall be provided: 

 Independent ventilation systems; 
 Leak detectors with backup uninterruptible power supply (UPS) with alarms and signals; 
 Safety showers and eye baths; 
 Hazard and operability (HAZOP) studies and other submissions as and where required 

by Department of Safety and Health as mandated by the CIMAH regulations; 
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 Scrubbing plant as and where required; 
 Breathing apparatus and PPEs (to be provided by the Licensee). 

(xiv) Ventilation systems for the chlorine and sulphur dioxide stores shall provide for low level 
extraction and high level discharge to outside, with the fresh air inlets located remotely away from 
the discharge outlets. 

(xv) For the ammonia store, extraction fans should be provided at high level with low level fresh air 
inlets. 

(xvi) All construction materials shall be particularly fire resistant. 

 Potassium Permanganate Store and Plant Area 

A typical arrangement for potassium permanganate store and plant area is as shown in Figure G.22.  

The potassium permanganate store and plant area shall always be segregated from other chemical 
sections; humidity control should be provided for the store and plant area as the chemical is hygroscopic.  

 
Figure G.22: Chemical building – potassium permanganate storage and plant area (200 Mld WTP) 

 Coagulant Store and Plant Area 

Coagulants, including aluminium sulphate (in bulk powder or solution form), ferric chloride, ferric 
sulphate, polyaluminium chloride are mostly corrosive.  Handling of the chemicals require personal 
protective equipment (PPE); as such, the storage and plant area of the coagulant shall be isolated and 
segregated from other areas of the chemical building. 
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In small WTPs, aluminium sulphate is normally delivered in powdered form in bags or FBICs and 
prepared in solution form before dosing.   

For medium to large WTPs, coagulants such as aluminium sulphate solution or polyaluminium chloride 
solution should be delivered in solution form by bulk supply tankers and stored in bulk storage tanks. 

For the bulk storage tank area, the following shall be provided: 

 The bulk storage tank area shall have a containment bund of approximately 1.1 times the volume 
of a single bulk storage tank. 

 The floor finish of the shall be floor hardener with epoxy coating. 
 The containment area shall have a drainage sump that shall be able to discharge waste solution to 

the chemical waste system. 
 The bulk tank filling area shall also have a drainage sump for containing minor spills during filling 

from the bulk tankers. 
 At least one safety shower and eye bath facility. 

The arrangement for a typical the bulk storage tank area shall be as shown in Figure G.23.  The dosing 
pump room and plant control room shall be provided in a separate adjacent area. 

 Sulphuric Acid Storage and Plant Area 

Sulphuric acid (or any strong acids) should be delivered in concentrated form by bulk supply tankers and 
stored in bulk storage tanks.  In the arrangement of the bulk storage plant for concentrated sulphuric 
acid (or any strong acids), the plant arrangement described in section H.7.15 should be taken into 
account. 

The arrangement for the sulphuric acid bulk storage tank area should be similar to that for coagulant 
bulk storage area, but the following additional considerations shall be taken into account: 

 The tanks more likely are to be vertical cylindrical tanks to accommodate FRP or plastic type tanks. 
 Filling areas should have drive-through filling points with open roller shutter doors on either ends 

with good ventilation or drive-in/drive-through covered open-air areas. 
 Each tank shall have its own filling point or kiosk. 
 At least two safety shower and eye bath facilities shall be provided. 
 A dedicated chemical waste system shall be provided. 

 Caustic Soda Storage and Plant Area 

Similar to strong acids, caustic soda or other strong alkalis should be delivered in concentrated form by 
bulk supply tankers and stored in bulk storage tanks. The arrangement for bulk liquid strong alkalis 
should be similar to that for sulphuric acid as in section G.4.8.8. 
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Figure G.23: Chemical building – coagulant bulk storage tank area (100 Mld WTP) 
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 Lime Store and Plant Area 

In small WTPs, lime is normally delivered in bulk as powder in bags.  Preparation of the lime slurry will 
normally be by batching in tanks, which will be carried out within the lime store.  The lime store will 
house the slurry mixing tanks and dosing pumps.  

In medium to large WTPs, lime powder may be delivered in IBCs or FIBCs, a typical arrangement for a 
lime store and preparation areas should be as shown in Figure G.24. 

In medium to large WTPs, lime may also be stored in silos delivered by tankers; preparation of lime 
slurries shall be by single- or two-stage dilution.  In this case, the lime store will house the lime slurry 
mixing tanks and a separate preparation room shall be provided for the second stage preparation. This 
arrangement is as shown in Figure G.25. 

The lime slurry preparation systems are normally common for both pre- and post-lime dosing and 
normally provided in the chemical building in a cluster arrangement (refer section G.2.1(a)).   

However, for sufficiently large WTPs, the Designer may consider two separate lime preparation facilities 
for pre- and post-treatment in a non-cluster arrangement (section G.2.1(b)).  The two separate facilities 
will provide for much shorter distances for the lime dosing lines.  In such arrangement, the two facilities 
should be located at either ends of the chemical building.  This arrangement shall only be made with 
consultation and agreement with the Licensee. 

For the lime store and lime slurry preparation area, the following shall be provided: 

 Scupper drains for the collection of waste or overflow lime slurries, and 
 Waste lime hopper, with agitator and submersible pump to transfer the waste lime to lime waste 

disposal system. 

 
Figure G.24: Chemical building – lime storage and plant area, FIBC system (100 Mld WTP) 
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..,.

 
Figure G.25: Chemical building - lime storage silo and lime slurry preparation area (200 Mld WTP)
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 Polyelectrolyte Store and Plant Area 

A typical arrangement for polyelectrolyte store and plant area is as shown in Figure G.26.   

The control room may be located elsewhere with the control panels of other plant. 

 
Figure G.26: Chemical building – polyelectrolyte storage and plant area (50 Mld WTP) 

For a much larger WTP utilising FIBCs, a possible arrangement may be as shown in Figure G.27. 

 
Figure G.27: Chemical building – polyelectrolyte storage and plant area, FIBC system (500 Mld 

WTP) 
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 Fluoride Store and Plant Area 

A typical arrangement for fluoride store and plant area is as shown in Figure G.28.   

In all cases, the fluoride store and plant area shall always be segregated from the other chemical areas.  
The control room shall always be separated from the fluoride storage and preparation area. 

 
Figure G.28: Chemical building – fluoride storage and plant area (100 Mld WTP) 

Facilities shall be provided for disposal of empty fluoride bags to the waste disposal area (section G.6 
– Waste Treatment Facilities) 

 Ammonia Store and Plant Area 

Ammonia storage and dosing facilities will be approximately identical to that of chlorine, and the 
same facility arrangements need to be provided for both facilities.  The dosing points of chlorine and 
ammonia in the post-treatment stage are close to each other, so the chlorine and ammonia facilities 
should be located in the post-treatment area. However, ammonia will form an explosive mixture with 
chlorine, so the chlorine and ammonia facilities shall be kept separate from the chlorine building with 
ventilation systems kept completely separated. 

The arrangement of the ammonia store and plant area shall take into account the criteria addressed 
in section G.4.8.5. 

A typical arrangement for ammonia store and plant area is as shown in Figure G.29.   

 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    383 

 
Figure G.29: Ammonia store and plant area (200 Mld WTP) 

G.4.9 Chlorine Store/Building 

The arrangement of the chlorine store/building shall take into account the criteria addressed in 
section G.4.8.5. 

A typical arrangement for chlorine store room for storing chlorine cylinders in a very small WTP is 
as shown in Figure G.30.  For small WTPs, an arrangement similar to that in Figure G.29 may be used 
(the evaporator room may not be necessary). 

For the design of the chlorine store/building similar to that shown in Figure G.29 and Figure G.30, the 
considerations shall be taken into account: 

(i) At least two safety showers complete with eye baths shall be provided, each located at the 
external entrances/exits to the evaporator rooms and the drum store.  One additional safety 
shower with eye bath should also be provided at the chlorine scrubbing plant. 

(ii) A store room shall be provided to locate all protective clothing and air breathing equipment. 
(iii) The chlorine scrubbing chemical tanks and equipment shall be located within reinforced 

concrete bunds with at least a capacity of 110% of the absorbent tank storage volume. 

An arrangement for chlorine and sulphur dioxide cylinder or drum stores in a possible combination 
is shown in Figure G.31.  The chlorinator and sulphonator rooms may be combined as shown in the 
figure.  

A typical arrangement for chlorine building for a large WTP is as shown in Figure G.32.   
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Figure G.30: Chlorine cylinder store room (small WTP) 

 
Figure G.31: Possible arrangement of chlorine and sulphur dioxide stores 
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Figure G.32: Chlorine building (200 Mld WTP) 
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G.4.10 Electrochlorination Building 

A typical arrangement for electrochlorination building for a large WTP is as shown in Figure G.33.  
For a smaller WTP, the arrangement may be scaled down accordingly but the segregated areas should 
remain similar. 

The electrochlorination building should be designed with the following considerations: 

(i) Civil works shall take into account plant requirements as described in section H.7.21 and other 
requirements as may be required for the actual plant provided. 

(ii) The safety aspects addressed in section H.7.21 shall always be taken into account. 
(iii) The salt storage area shall be provided with vehicle access through at least two drive-in areas, 

with sufficient space in each drive-in area for delivery trucks to manoeuvre.  
(iv) The sodium hypochlorite storage tanks, the brine tanks and the brine transfer pumps, the 

sodium hypochlorite dosing pumps, the softening plant (with chiller if required), shall be 
contained within separate bunded areas with a minimum capacity of 110% of the volume of 
one of the tanks. The tanks and pumps shall be located on reinforced concrete plinths above 
the spill level in the bund. 

(v) The reinforced concrete structural members in the section of building where sodium 
hypochlorite is formed and stored should have a minimum concrete cover to reinforcement of 
75 mm.  

(vi) All handrailings, chequer plate covers, gratings and pipe supports within the building shall be 
stainless steel grade 316, FRP or similar plastic materials. 
 

 
Figure G.33: Electrochlorination building (200 Mld WTP) 
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G.4.11 Ozone Plant Building 

A hypothetical layout of a WTP with pre-clarification ozone (pre-ozone) treatment and 
intermediate ozone (sometimes referred to as post-ozone instead) is shown in Figure G.34.  In this 
particular arrangement, the pre-ozone is used mainly used for pre-oxidation purposes (refer section 
D.1.2.3(2)(ii)) while the intermediate ozone is used, besides disinfection, in conjunction with the 
BAC (biologically active carbon) or GAC (granular activated carbon) filters for removal of trace 
contaminants, odor and colour.  In this particular layout, the intermediate ozonation process will be 
after the primary filters (the rapid filtration process) and before the secondary (BAC or GAC) filters. 

In the layout on Figure G.34 shown, the ozone plant building, which contains the ozone plant and 
associated equipment which supplies ozone to the pre-ozone contactors and the intermediate 
ozone contactors, will be located nearest the intermediate contactors.   

In the example shown, the ozone plant building may house the intermediate pumping station, 
which may be required to house intermediate lift pumps due to the significant head loss through 
the WTP as a consequence of the multiple process units involved. 

 
Figure G.34: Hypothetical WTP layout with pre- and intermediate ozone (200 Mld WTP) 

In providing a compact layout for the ozone plant building, the building should provide for a 
basement, a lower (ground floor), and an upper floor.  As the ozone plant building will provide a 
balancing well for the intermediate lift pumps, the well should also be partitioned for the washwater 
holding tanks for the primary filters and the secondary filters and the cooling water tank for the 
oxygen production plant.     

The floors of the building should be arranged thus: 

(i) Basement:  For centrifugal pumps, the basement shall be suitably arranged with a dry pump 
well, with motors mounted on the first floor in the pump hall containing the motors for the 
cooling water supply pumps for the oxygen production plant, the washwater pumps for the 
primary and secondary filters and the intermediate lift pumps (also referred to as 
intermediate transfer pumps). In this case, the pumps shall be located below minimum water 
level in order to be fully primed and operating under positive suction head. The dry basement 
may be obviated if axial-flow type pumps are used.  

(ii) Lower ground floor (schematically represented in Figure G.35), should basically house the 
following: 

(a) The pump hall; 
(b) The 6.6 kV and 415 V switchrooms;    
(c) The loading bay, and 
(d) Ground floor lobby. 
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Figure G.35: Ozone plant building, lower floor plan (200 Mld WTP) 

 
Figure G.36: Ozone plant building, upper floor plan (200 Mld WTP) 

(iii) Upper floor (Figure G.36), which should basically house the following: 

(a) The oxygen plant hall containing the oxygen production plant and oxygen buffer tanks; 
(b) The ozone generator hall; 
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(c) The ozone generator transformer bays, and 
(d) Supervisory room with a viewing area. 

The above areas of plant and rooms shall be necessarily segregated, as indicatively shown. 

G.4.12 Membrane Plant Building 

Purpose.  The membrane plant building houses the membrane filtration plant and their 
supporting chemical plant. 

Prerequisite.  The following information shall be established before laying out the membrane plant 
building: 

 The type of membrane filters (e.g., pressure or vacuum type). 
 The requirements of membrane plant selected (section H.6.1). 
 The size and number of membrane filters and the resulting configuration and arrangement 

of the membrane filters. 
 The hydraulic profile: the profile should be arranged so that the membrane trains can be located 

on the ground floor (i.e., accessible from main WTP platform ground level). 

General arrangement.  A typical arrangement for membrane filtration plant building 
(alternatively shortened to membrane plant building or membrane building) of the pressure type for 
a large WTP is as shown in Figure G.37.  For a smaller WTP, the arrangement may be scaled down 
accordingly. 

The membrane plant building for a medium to large WTP may have two floors: a lower (ground floor) 
containing the membrane plant hall, and an upper floor containing the operator offices, panel rooms, 
control rooms and a water quality test room.  The upper floor so provided should be configured to 
overlook the membrane plant hall on the lower floor. 

The lower floor of the membrane plant building should have the following: 

(i) The clarified water holding tanks (external of the building), if immediately downstream of 
the clarified water channel, should be above ground or partially inground. 

(ii) The membrane feed pump area. 
(iii) The pre-filtration plant area. 
(iv) Membrane plant hall, where the membrane trains are located. 
(v) The filtrate pump or vacuum pump area (where vacuum system is used).  On Figure G.37, 

this will be an extension on the right side of the building.   

The membrane plant building shall have multiple roller shutter doors for facilitating the installation 
and removal of the membrane plant. 

All switchrooms shall be segregated away or separated away from the main filtration plant area, i.e., 
the pump area up to the membrane plant hall.  Any flooding of the main filtration plant area shall not 
infiltrate the switchroom. 

Similarly, the control rooms and panel rooms may be located on the ground floor provided that they 
are segregated and isolated from the main filtration plant area. 

In addition, the membrane plant building should have a segregated annex or building extension 
for chemical storage and plant area for the chemicals for clean-in-place, backwash and neutralisation 
systems.  The arrangement of the chemical storage and plant area should be similar to that for strong 
acids and alkalis; the Designer shall pay particular attention to the location of chemical waste disposal 
tanks. 
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Figure G.37: Membrane plant building for pressure membrane type plant (200 Mld WTP) 
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G.4.13 Treated Water Pumping Station 

(1) General 

Purpose.  The treated water pumping station houses the treated water pumping plant. 

Prerequisite.  The following information shall be established before laying out the treated water 
pumping station: 

 The size and number of pumps, for which the rated capacity and number of duty pumps shall 
correspond to the nominal design capacity of the WTP (refer section E.1.2). 

 The type of pumps (e.g., horizontal or vertical split casing centrifugal pumps) and accordingly the 
configuration and arrangement of the pumps. 

 The number and size of all electrical panels and accordingly the size of the control room, 
switchroom, etc. 

(2) Design Criteria 

The treated water pumping station shall be designed to the following criteria: 

(i) The treated water pumping station shall be a reinforced concrete and brickwall structure, 
with a reinforced concrete roof or metal decked roof. 

(ii) Ease of access shall be provided to all main plant and equipment, with adequate working space 
to allow for installation, maintenance, removal and re-installation of the plant and equipment. 

(iii) A drive-in or drive-through access with unloading area shall be provided.  The unloading area 
shall be of sufficient size for parking of a truck plus additional working space on the side to locate 
one pump and motor. 

(iv) For major installations, the treated water pumping station shall be provided with a supervisory 
room, store room and toilets. 

(3) General Arrangement   

In arranging the configuration of the pumping station for plant and equipment, the following criteria shall 
be addressed: 

(i) Operator access, equipment maintenance, and safety for periodic maintenance of plant and 
equipment. As such, the pumping station design should make it easy to inspect, operate, and 
maintain the equipment. 

(ii) Pumping stations shall comply to confined space requirements by the Authorities where 
applicable. 

(iii) The locations and levels of pumps should provide for positive suction under all operating 
conditions as practicable.  The basement shall be provided with drains and dewatering pumps. 

(iv) General working space around mechanical equipment and electrical equipment:  
Minimum 1.0 m clear distances shall be provided between piping, pumps, and other 
mechanical equipment.  Clear vertical distances shall be provided for lifting any equipment over 
other equipment with a clearance of at least 1.5 m.  For electrical equipment, spacings shall be 
provided at least according to section G.4.14.4. 

(v) Spacings between large pumpsets:  Where there are more than two large pumps in parallel, 
the spacings between the pumpsets should be that the largest piece of equipment may be laid in 
between the equipment plus an additional space of at least 1.0 m. 

(vi) Installation and removal of heavy valves and equipment: Any piece of equipment that 
weighs more than 50 kg should be accessible by crane or other lifting facilities to lifted directly 
to/from a truck.  

(vii) All plant and equipment on floors, including electrical panels, shall generally be positioned on 
reinforced concrete plinths or raised platforms, except where such equipment are typically 
not normally mounted as such.  Such plinths shall be designed to resist overturning of the plant 
and equipment. 
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(4) Arrangements of Pumps and Pipework 

In treated water pumping stations with treated water pumps generally of the split casing double volute 
centrifugal pumps operating in parallel, the suction and discharge headers are typically manifolded as 
shown in Figure G.38.  In Figure G.38(a), the perpendicular arrangement of the parallel pipework allows 
for a more compact longitudinal section of the pumping station but a broader cross-section.  In Figure 
G.38(b), which is usually the preferred arrangement, the pipes are arranged at an angle not exceeding 
60° as shown; this allows for longer lengths of manifold pipework but will require a longer longitudinal 
section of the pumping station. 

 
Figure G.38: Typical pump arrangement 

The arrangement of the pump hall or basement depends on the arrangement of pipework.  In arranging 
the pipework, the following considerations should be taken into account: 

(i) A straightforward arrangement as shown in Figure G.38(a) or (b) should always be preferred.  
(ii) For the suction piping immediately after the isolation valve, a straight length of pipe of five to 

ten times the diameter of the suction manifold pipe up to the reducing taper is conventionally 
provided. 

(iii) Vertical bends and possible air entrapment areas should be avoided on the suction (in 
particular) and delivery manifold pipes, unless this is an acceptable feature for the pumps to be 
used which should be confirmed by the pump manufacturer. 

(iv) For a suction pipe generally below the level of the pump, a flat top reducing taper should be used. 
(v) In the perpendicular arrangement as shown in Figure G.38(a), long radius bends should be 

provided for the manifold pipes joining the main delivery header. 
(vi) Pipework shall be adequately supported; the pump flanges should not be supporting the 

pipework and valves. 

(5) Arrangements for Horizontal and Vertical Split Casing Centrifugal Pumps  

In almost all WTPs, the clear water tanks will be below ground in order that the upstream process units 
will be accessible at or above ground level.   Consequently, the low water levels of the clear water tanks 
and the resultant suction levels will be considerably deep below ground, requiring the treated water 
pumps to be located in a pump basement, such as shown in Figure G.40. 

Horizontal split casing pumps are usually preferred by pump operators because the pump elements 
may be removed without much interference on the pipework and motors.    However, these pumps will 
require the motors to be located in the pump basement which will be at risk of flooding if a major pipe 
leak occurs that may overwhelm the basement dewatering pumps.   This difficulty may be circumvented 
by locating the pumpsets higher and, in doing so, introduce vertical bends into the suction and delivery 
system which is not recommended (see item (4)(i)-(iii) above).  As the risk of rapid flooding of the 
basement may be low but the resulting failure of the treated water pumping plant will be potentially 
catastrophic, the Licensee should adequately assess if the convenience of maintenance and ease of the 
pump operators outweigh the risks involved.   

For major WTPs, the use of vertical split casing pumps as treated water pumping plant with the motors 
located at or slightly above ground level is much recommended. 
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Figure G.39: Treated water pumping station, motor floor plan (500 Mld WTP) 
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Figure G.40: Treated water pumping station, section (500 Mld WTP) 

G.4.14 Ancillary Areas 

 General 

Ancillary areas of a building are areas that supports the function(s) of the primary areas, that is required 
in order that the primary purpose can function.  In a WTP, these are typically plant rooms, control 
rooms and switchrooms. 

Plant rooms are dedicated rooms which should be provided to house dedicated equipment such as, but 
not limited to, the following: 

 Dry type cast resin transformers;  
 Switchgears; 
 Electrical equipment and control 

panels; 
 UPS and batteries; 
 Pumps and pumping equipment; 
 Chemical dosing equipment; 
 Compressors; 

 Cooling and chiller systems; 
 Fire hose reel systems; 
 Gas cylinders; 
 Water quality analysers; 
 Evaporators and chlorinators; 
 Specialist equipment, and 
 Other Plant or equipment that may be 

required. 

Plant rooms shall always be provided for all floor standing electrical panels, including all supervisory 
panels, local control panels, motor control centre panels, UPS panels and outstation panels. 

All medium voltage (MV) and high voltage (HV) equipment including motor starter panels shall 
be provided with separate and dedicated plant rooms. 

Plant rooms containing electrical and/or control panels shall be of reinforced concrete construction with 
230 mm thick plastered brick walls.  Floors should be of epoxy coated floor hardener finish on top of 
reinforced concrete floor slab. 
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 Control Rooms 

Control rooms shall be provided for housing supervisory panels or local control panels and/or MCC 
panels or HMI workstations.   

The control rooms should be arranged as follows: 

(i) Where supervisory panels are to be provided, a separate but adjoining office is recommended to 
be included.  The office shall be provided with access door (external or internal), half glass panels 
on interior wall and casement windows on external walls. 

(ii) Half glass panel of at least 1.3 m height of about 1.2 m height from finished floor level along the 
whole length of wall, with view towards the plant or equipment area. 

(iii) Reinforced concrete floors and cable trenches, complete with approved mild steel chequer plate 
covers. 

(iv) Clear access route from the access doors to the furthest panels for installation and removal of 
the panels. 

(v) Panels of the same type shall generally be lined in a single row.  Small panels may be arranged 
in perpendicular arrangement provided the panels are not in the way of a clear access.  For major 
control rooms where the length of room is too lengthy for practical purposes, the rooms may 
have a maximum of two rows of panels facing each other. 

(vi) Panel clear distances shall conform to section G.4.14.4. 
(vii) Aluminium double leaf doors of minimum height 2.5 m, or higher to suit the height of panels plus 

mobile jack for installation and removal of the panels.  The doors shall be accessible from outside, 
or alternatively from the main plant area provided that the plant area also have such doors 
accessible from the outside.  For air-conditioned areas, aluminium swing flush doors shall be 
provided.  

(viii) A separate single leaf door where supervisory panels or local control panels are located. 
(ix) The room containing the panels shall have clerestory type aluminium framed fixed glass louvre 

windows, or fixed glass panels for air-conditioned rooms, along the whole length of walls. 

 Switchrooms 

Switchrooms shall be provided for housing switchgear and related equipment.   

The switchrooms should be arranged as follows: 

(i) Reinforced concrete floors and cable trenches, complete with approved mild steel chequer plate 
covers. 

(ii) Clear access route from the access doors to the furthest panels for installation and removal of 
the panels. 

(iii) Panels of the same type shall generally be lined in a single row.  Small panels may be arranged 
in perpendicular arrangement provided the panels are not in the way of a clear access.  For major 
control rooms where the length of room is too lengthy for practical purposes, the rooms may 
have a maximum of two rows of panels facing each other. 

(iv) Panel clear distances shall conform to section G.4.14.4. 
(v) Aluminium double leaf doors of minimum height 2.5 m, or higher to suit the height of panels plus 

mobile jack for installation and removal of the panels.  The doors shall be accessible from outside, 
or alternatively from the main plant area provided that the plant area also have such doors 
accessible from the outside.  For air-conditioned areas, aluminium swing flush doors shall be 
provided.  

(vi) The room containing the panels shall have clerestory type aluminium framed fixed glass louvre 
windows, or fixed glass panels for air-conditioned rooms, along the whole length of walls. 
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 Clearances for Electrical Panels 

Transformer rooms.  Clear horizontal distance of minimum 1.0 m shall be provided around distribution 
transformer enclosures. 

Switchrooms. Electrical panels shall be arranged to provide the following clearances: 

(i) Clear vertical distance of minimum 4.0 m from finished floor level, or minimum 1.5 m from top 
of panel, to bottom of ceiling or soffit of roof beam or lifting hoist hook as applicable (whichever 
is higher). 

(ii) Clear horizontal distance of 1.0 m between the rear of the switchgear panel and other equipment 
requiring rear access. 

(iii) Clear horizontal distance of 1.0 m between panels/equipment and other panels/equipment and 
walls. 

(iv) Clear horizontal distance of 2.0 m in front of LV switchboards and LV motor control centres. 
(v) Clear horizontal distance of 2.5 m in front of MV switchgears and MV motor control centres. 
(vi) Clear horizontal distance of 2.5 m in front of HV switchgears. 
(vii) Clear horizontal distance of 2.0 m in front of LV switchboards facing each other. 
(viii) Clear horizontal distance of 2.5 m in front of MV switchgears and MV motor control centres 

facing each other. 
(ix) Clear horizontal distance of 2.5 m in front of HV switchgears facing each other. 

 Analyser rooms 

Analyser rooms are remotely located rooms housing water quality analysers.  They are normally 
provided in intermediate locations in large WTPs due to the large distances between the point of water 
quality sampling and the main laboratory. 

Analyser rooms shall be of reinforced concrete construction with 230 mm thick plastered brick .  Floors 
shall be of selected heavy duty homogeneous tile finish. 

Analyser rooms shall always be separated from other sections of the building.   

Analyser rooms shall be arranged generally with the analyser racks arranged in a single row along one 
side of a wall or in a central island configuration.  The analysers shall be provided with a sunken water 
catch pit, with suitably size drainage pipe leading to the exterior of the building and to suitable discharge.   

G.4.15 Building Finishes 

Building finishes may be proposed by the architect, but buildings in WTPs are mostly for engineering 
purposes (including storage areas, working areas and rooms with plant and equipment) which shall be 
purposely selected by the Designer. 

(1) Floor Finishes 

Stone floors 

Stone floors for Type A buildings (refer section G.4.2) should be of marble or granite.  Laying of stone 
floors should be carried out by specialists or experienced skilled craftsmen; the slabs should be laid to 
pattern drawings by architect or interior designer.  The stone slabs should be laid 72 hours after curing 
of the base concrete screed.  For best appearance, the slabs should be butted with no grout filled joints; 
the slab edges shall be precisely matched before setting the slabs into the thinset.  The thinset mortar 
shall be of type and material recommended by the stone supplier, and shall be applied according to 
manufacturer’s instructions. The area of the laid stone floor shall be cordoned off to all personnel for 
curing of the thinset mortar for at least 24 hours. The joints shall then be cleaned and sealed and left 
again for 24 hours for proper curing of the sealant. 
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The stone floor may be left for some time for work to continue at the building and it is acceptable for 
heavy equipment to be transported across the floors.  Upon completion of all work within the building, 
the floor shall be cleaned and polished to initial glaze and surface sealed.   

Before handing over of the building, the stone floors shall be polished to final finish of high gloss or honed 
(matte) or flamed finish as may be specified by the architect.  The stone floor shall be honed and polished 
accordingly and re-sealed. The area shall be cordoned off and foot traffic shall not be allowed across the 
floor for a minimum of 48 hours. 

Floor hardener 

Floor hardeners should be used for storage buildings, workshops, chemical stores and rooms, pump 
floor areas, switchrooms, electrical and mechanical plant areas and other engineering areas requiring 
seamless, long-lasting, heavy duty floor finish. 

Floor hardeners types and thicknesses shall be selected by the Designer and the required properties 
specified (abrasive resistance, etc.).  The Designer shall also specify the application requirements (i.e., 
requirements for concrete base e.g. concrete slump, surface preparation, etc.); the developer shall 
provide a method statement for application of the hardener.   The developer shall also be aware of any 
precautions to be taken for the particular floor hardener used. 

Laying of floor hardeners should be carried out by specialists, using float and power trowels, and 
machined trowelled to a blemish free final flat or superflat finish.  Curing of the finished surface should 
be carried out at least after 24 hours or as the manufacturer may recommend. 

Epoxy coating 

Epoxy or polyurethane floor coatings: epoxy or polyurethane resin shall be applied with floor 
hardeners particularly to chemical stores and chemical preparation areas and their drive-in or drive-
through areas.  The developer shall provide a method statement for application complying with the 
manufacturer’s recommendations.  Laying of epoxy coatings should be carried out by specialists.   

Epoxy coated hardener floors may also be used to provide an aesthetic floor finish. 

Polished concrete 

Polished concrete finish may be used for aesthetic hard-wearing floor finish but for light to medium 
duty floor use.  The finish should be applied after applying hardening admixtures to the base concrete. 

Homogenous tiles 

Homogeneous floor tiles should be used for general areas, office areas, stores, etc.; these shall generally 
of 300 mm x 300 mm (or 600 mm or 600 mm) x minimum 8 mm thick heavy-duty vitrified porcelain tiles.  
Homogeneous tiles shall be heavy duty, low porosity, non-slip and low maintenance type. 

The area where the flooring is to be laid shall be properly cordoned off and no access shall be allowed to 
workers not involved in the flooring installation.  The flooring should be laid only after curing of the 
mortar screed for 72 hours.  The mortar screed surface shall then be prepared accordingly. 

Homogeneous tiles where specified at the mess room, washrooms, wash areas and toilets at the chemical 
building may be of the non-porcelain or ceramic type. 

Ceramic tiles 

Ceramic floor tiles should be 300 mm x 300 mm or 200 mm x 200 mm x 8 mm thick glazed non-porcelain 
tiles.   

Mosaic tiles 

Mosaic tiles may be used for light duty areas as aesthetic alternative to ceramic tiles. 
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Carpet tiles 

Carpet tiles may be used at clerical office areas, but should not be used for operation and maintenance 
personnel offices. 

Timber flooring 

Timber strip floor finish is usually installed at mini theatre and may be at other locations of the 
administration building.   

Timber strip flooring should be of teak or other approved hardwood such as kempas or merbau. Timber 
flooring should be of straight-line strip pattern.  The timber flooring shall be supplied and installed by an 
approved specialist.   

Wall skirtings 

All tiled floor finishes shall have 100 mm skirtings of the same material on walls vertical to the floor 
concerned. 

(2) Wall Finishes 

External Wall Finishes 

External wall finishes may be specified by the architect, but should always be of the low maintenance 
type.   

Common wall finishes.  The most common type of wall for WTP buildings is the brickwall; these are 
generally finished with weatherproof acrylic-based paint (external faces) and emulsion paint (internal 
faces).   

Aesthetic wall finishes.  Types of aesthetic finishes that may be applied are as follows: 

 Brick cladding; 
 Exterior tiles; 
 Metal cladding; 
 Stone cladding; 

 Pebble finish; 
 Spray tiles; 
 Other low-maintenance finishes as the 

architect may propose.

Exterior glass curtain walls may be used at the administration building or upper filter gallery.   

Colour.  It is highly recommended that selection of external colour of buildings should be advised by the 
architect and not recommended to be left solely to the engineer. 

Internal Wall Finishes 

For major WTPs, internal colour schemes of buildings shall be advised by the architect, or better, an 
interior designer and not recommended to be left solely to the engineer. 

Internal walls are generally finished with emulsion paint, with some exceptions as follows: 

(i) Wall tiles 

The walls of showers, toilets, ablution area and pantries should be of approved homogeneous tiles, 
preferably of type used for the floor finish.  Tiling shall be full height from the floor to the ceiling for ease 
of maintenance. 

The colour of the wall tiles for men’s showers and toilets should be blue while the women’s showers and 
toilets should be pink. 
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(ii) Acoustic wall lining 

The acoustic wall linings are normally used at the mini theatre and standby generator building 
supervisory room.  They may also be provided at offices, conference rooms and lounges at the 
administration building as the Licensee may require.  The wall lining shall be sound absorbent wall 
panels and shall be of fire-resistant type.   

Acoustic wall materials are available in many types for various applications and should be researched 
and selected by the Designer. 

For the mini theatre, the wall lining should include decorative coverings and shall be suitable for mini-
theatre or auditorium purposes. 

(3) Ceiling Finishes 

Ceiling finishes are conventional ceilings used at the administration building, office areas, control rooms 
and possibly some plant rooms.  They may be used to conceal mechanical, electrical, ventilation, 
plumbing or other building services particularly at the administration building.  In WTPs, ceilings will 
commonly be of plasterboard (or gypsum board) type. 

Plasterboards should generally comply with BS EN 520 and BS 1230: Part 1, types 1 to 5 or equivalent 
standards as applicable.  Plasterboards shall be of high quality, flame resistant or non-combustible in 
nature. All plasterboard materials shall be asbestos-free. Where plasterboards are to be installed in 
washrooms, toilets or other areas susceptible to moist, they shall be of the moisture and fungus resistant 
type. 

Installing a ceiling with mechanical, electrical, ventilation, plumbing or other building services with 
lighting fixtures requires a high degree of expertise and should be done by specialists and skilled 
workers. 

Plasterboard ceilings 

Seamless plasterboard ceilings are normally installed for aesthetic purposes at the administration 
building and technical offices; they are normally installed with decorative corniches and lights. 

The plasterboard finish should preferably be to Level 5 as specified in Document GA-214-96 
“Recommended Levels of Gypsum Board Finish” by the U.S. Association of Wall and Ceiling Industries 
International (AWCI), et al. The plasterboard ceiling shall be seamless with no visible sudden 
irregularities, and shall be finished with 3 mm thick skim coat plaster, primed and painted. 

Acoustic plasterboard ceilings 

Sound absorbent ceilings shall be provided with acoustic walls; they should be from the same 
manufacturer to the same acoustic standards.    Normally the acoustic ceiling is in the form of a suspended 
ceiling to conceal the mechanical, electrical and plumbing services.  Acoustic ceiling materials are 
available in many types and should be researched and selected by the Designer.   

Suspended ceilings 

Suspended ceilings (also referred to as dropped ceilings) hang from a metal grid below the structural 
soffit. Suspended ceiling panels shall be installed in offices; they are also installed in control rooms or 
elsewhere as may be required. 

The ceiling panels shall be gypsum plasterboard in 1200 mm x 600 mm x 9.5 mm thick panels set in 
specified metal-framed suspension system.  Gypsum plasterboards should be from reputable suppliers.  
The ceiling shall have a 600 mm wide and 9.5 mm thick seamless and flush finish with the adjacent 
surface preferably to Level 5 finish. 
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G.4.16 Building Accessories 

 Doors 

General Requirements 

Doors for buildings for aesthetic treatment may be proposed by the architect, but buildings in WTPs are 
mostly for engineering purposes (including storage areas, working areas and rooms with plant and 
equipment) which shall be purposely selected by the Designer. 

Single leaf doors are generally required for personnel access; these doors are normally timber doors.  
Double leaf doors shall be provided for access into plant area for manual transportation of equipment. 
These doors are normally of aluminium or plastic (FRP or PVC) construction; large timber doors should 
be avoided as they will be too heavy and would sag to the floor.  

For the engineering buildings, the heights of doors shall be purposefully and carefully selected and 
checked by the Designer and should not be left to the architect.  Where double leaf doors are provided as 
access for free standing switchboards or control panels, the height of the doors shall be a minimum of 
2500 mm or the minimum clearance of the panel on roller platform or pallet truck that will be used 
during installation.  For clearances generally exceeding 3000 mm, a roller shutter door should be 
preferred.   

Particular requirements shall be necessary for chemical and chlorine buildings as detailed under this 
sub-section. 

(i) External doors 

Roller shutter doors.  Roller shutter doors shall be provided for lorry or truck access either in a drive-
through, drive-in or drive-by arrangement.  Roller shutter doors shall have a minimum clear width of 4.0 
m and minimum clear height of 4.0 m; where entry requires a 90° turn of the vehicle, the clear width 
should be a minimum of 5.0 m. 

Roller shutter doors shall be electrically operated with the pushbutton station located inside the building; 
for access to the pushbutton, a side door next to the roller shutter door shall be provided, with the 
pushbutton located next to the access door. 

Aluminium doors.  Aluminium louvre doors are normally provided for double leaf doors for rooms 
or areas with natural ventilation and aluminium flush doors for rooms or areas with air-conditioning.  
These doors are normally lightweight so the Designer should specify the requirements to ensure 
robustness; the doors shall be of heavy-duty construction and, for louvre doors, shall be provided with 
stiffeners and insect screens.  Flush doors shall be from reputable manufacturers.  These doors may be 
used within WTP areas but should not be installed in non-secured areas due to risk of theft. 

For chemical storage and chemical plant areas, aluminium doors should generally be of anodised or 
polyester powder coated aluminium.   

For plant area or rooms, “natural” aluminium louvres may be used. 

Plastic (FRP or PVC) doors.  Plastic doors are normally provided as alternate to aluminium or steel 
doors.  These doors should be provided for gas tight rooms or areas with forced ventilation.  The doors 
shall be industrial grade or should be at least about 44 mm thick of 3 mm thick plates with expanded 
polyurethane core or similar. 

Timber doors. Timber doors shall be generally provided for external doors, particularly single leaf 
access doors.  External doors shall be 38 mm thick solid primary hardwood of decorative or flush type as 
indicated.  Hardwood shall be of chengal or similar; plywood shall not be accepted.  The doors shall be 
finished with weatherproof type paint or other finishes which shall also be heat and ultraviolet resistant. 
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Glass doors. Glass doors should be provided for:  

 Upper filter gallery, for access to filter walkways; 
 Administration building Main Control Room, laboratory and offices (latter optional). 

(ii) Internal doors 

Internal partition doors shall be fire-rated for two hours, or as according to Bomba requirements.  
Internal glass doors shall also be fire-rated. 

(iii) Door hardware 

The stipulations hereunder shall be applicable for all WTPs, except for very small WTPs or rural WTPs, 
for which the requirements should be optional. 

Door hardware.  All external doors should be provided with the following as appropriate: 

 Door locks, either electronic or manual type; 
 Level or pull handle, integral with door lock (above); 
 Hinges; 
 Door closers; 
 Door stoppers. 

Door locks.  Door locks shall be as follows: 

 Heavy duty door lock with mortise type latch bolt; 
 Door locks shall be of electronic type with smart card access (optional); 
 Motorised dead bolt set to timer (optional). 

Particular doors shall have manual locks as follows: 

 Utility and riser doors; 
 Tubular locks for shower, pantry, janitor room and toilet doors; 
 Internal latches for shower or toilet cubicles. 

(iv) Security features 

The stipulations hereunder shall be applicable for all WTPs exceeding capacity of 20 Mld, except rural 
WTPs for which the requirements should be optional. 

Doors with smartcard access and smart locking mechanisms shall be considered for access to main parts 
of WTP buildings as security features.  This shall be required for security areas such as the administration 
building, technical offices, store and guard house; hazard areas such as chemical buildings, chlorine 
buildings, generator building, pumping stations and residuals facilities. 

When providing such features, the locking mechanisms shall not be retrofitted unto doors but the doors 
should be customised to accommodate the locking mechanisms; unless retrofit equipment is to be fitted 
upon existing doors of pre-existing WTPs.  The Designer should note that where ordinary doors are 
modified, the fire ratings and warranties of such doors are nullified; as such, the doors should be custom-
made and supplied by the security system provider, i.e. it should not be under the civil works scope. 

(v) Particular requirements for buildings 

(a) Chemical building 

For external doors of the chemical building, the doors shall be outward opening and exit side fitted with 
panic pushbars, which when activated shall allow locked doors to open and optionally activate an alarm 
to the security system at the Main Control Room.  All connecting internal doors shall be fire-rated to 
Bomba requirements. 
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(b) Chlorine building 

For the chlorine building, all internal and external doors shall be substantially gas tight.  As required 
for the chemical building, the external doors of the chlorine building shall be outward opening and exit 
side fitted with panic pushbars, which when activated shall allow locked doors to open and activate an 
alarm to the security system at the Main Control Room. 

Doors for evaporator and chlorinator rooms shall be heavy duty weatherproof gas-tight plastic 
(FRP or PVC) type with panic pushbars.  All door hardware, including the door closers and in particular 
the hinge screws, shall be of non-metal material. The doors required may not be readily available “off-
the-shelf” and as such shall be custom made accordingly.   

 Windows, Glass Panels and Screens 

(i) General requirements 

Windows, glass panels and screens for buildings for aesthetic treatment may be proposed by the 
architect, but buildings in WTPs are mostly for engineering purposes (including storage areas, working 
areas and rooms with plant and equipment) which shall be purposely selected by the Designer. 

For engineering buildings, casement and louvred windows shall be provided with hoods or canopies to 
prevent the ingress of precipitation into the interior of rooms or buildings.   

(ii) Particular requirements for buildings 

(a) Chemical building 

For chemical storage and chemical plant areas, window frames should generally be of anodised or 
polyester powder coated aluminium.  For other buildings, types of windows may be specified by the 
architect.  Fixed glass window panes shall be provided for storage and preparation areas of chemicals 
that are provided in powdered form. 

(b) Chlorine building 

Windows for the chlorine building shall be of the clerestory type of gas tight double-glazed glass screen 
panels. 

Double glazed glass screen panels shall be provided for viewing from the control room into the chlorine 
drum store, evaporator room and chlorinator room.     

(c) Ammonia store and plant area 

The requirements for the ammonia store and plant area shall be similar to that of the chlorine room. 

 Skylights 

Skylights, particularly of the pyramidal type, provide very good lighting conditions during daytime in 
Malaysia, but they are known to leak; consequently, their use should be highly discretionary and shall 
only be used if very specialised suppliers and installers are employed. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    403 

G.5 ACCESS ROADS 

G.5.1 External Access Roads 

Applicable standards.  All access roads to the headworks, WTP and reservoirs shall be in accordance 
with the following documents: 

Document reference Description 

JKR/SPJ/2013-S3 Standard Specification for Road Works Section 3: Drainage Works 
JKR/SPJ/2008-S4 Standard Specification for Road Works Section 4: Flexible Pavement 
JKR/SPJ/2017-S6 Standard Specification for Road Works Section 6: Road Furniture 

Applicable Jabatan Kerja Raya (JKR) design standards shall be as follows: 

 Arahan Teknik (Jalan) 2A/85: Manual on Traffic Control Devices: Standard Traffic Signs. 
 Arahan Teknik (Jalan) 2B/85: Manual on Traffic Control Devices: Standard Sign Applications. 
 Arahan Teknik (Jalan) 2D/85: Manual on Traffic Control Devices: Road Marking and Delineation. 
 Arahan Teknik (Jalan) 2E/87: Manual on Traffic Control Devices:  Guide Sign and Control Devices. 
 Arahan Teknik (Jalan) 5/85: Manual for the Structural Design of Flexible Pavement. 
 Arahan Teknik (Jalan) 8/86:  A Guide on Geometric Design of Roads. 
 Arahan Teknik (Jalan) 11/87:  A Guide to the Design of At-Grade Intersection. 
 Arahan Teknik (Jalan) 13/87:  A Guide to the Design of Traffic Signals. 

The current revisions of the above documents shall apply. 

Road standards.  The access road to the headworks, WTP and reservoirs shall be in accordance to the 
current revision of JKR Arahan Teknik (Jalan) 8/86 or its succeeding document; the standard of road 
shall not be less than the following: 

Very small WTPs : R2/U2 
Small WTPs : R2/U2, but with a lane width of not less than 6.1 m 
Medium WTPs : R3/U3 
Large WTPs : R3/U3 

For small intakes and WTPs in isolated rural areas, the road standard may be set to at least R2, but with 
surfaced pavement.  

G.5.2 Internal Service Roads 

(1) General 

Design vehicles. Material deliveries from chemical suppliers are usually made by the same type of 
trucks regardless of the size of WTP.  Thus, for medium or large WTPs, the road should be designed to 
accommodate the following: 

 Rigid three-axle truck of up to a 2.6 m wide x 12.2 m overall length, GVW of 27 tonnes, and 
 Articulated truck with a 6x2 tractor and up to a 2.6 m wide x 12.5 m long semi-trailer, GCW of 44 

tonnes. 

Road widths. The minimum widths of internal roads of WTPs shall be as follows: 

WTP size Pavement width (m) Shoulder width (m) 

Very small WTPs 6.1 m 1.5 m 
Small WTPs 6.1 m 2.0 m 
Medium WTPs 6.5 m 2.5 m 
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WTP size Pavement width (m) Shoulder width (m) 

Large WTPs 7.0 m 2.5 m 
 
Where there are parallel or perpendicular parking bays along the road, the clear distance of the road 
shall be the pavement widths stipulated above. 

For very small and small WTPs, road pavement widths may be reduced subject to Bomba and local 
authority approval. 

For small WTPs in isolated rural areas which are only accessible by small trucks, the pavement widths 
may be set to a minimum of 4.5 m. 

Reserve widths for approach section.  In medium to large WTPs, the shoulder widths of the approach 
section to the WTP shall include for utility reserve and landscaping reserve, in addition to the shoulder 
widths as indicated above. 

Pavement surface type. The pavement for WTPs shall be of durable surface to provide for a long, 
relatively maintenance-free lifetime.  For medium to large WTPs, the pavement surface shall not be less 
than dense bituminous macadam or asphaltic concrete. 

Kerbs. Kerbs in interior service roads shall generally be of the mountable type, except where barrier 
kerbs may be used to prevent vehicle traffic on chambers and service trenches. 

(2) Turning radii 

Inside the WTP campus but outside of the main WTP building cluster, the turning radius for internal 
roads shall be designed for vehicle speeds of up to 30 km/h or a turning radius of up to 35 m.  Sharp turns 
and tight curves on routes within the WTP pose overbalance hazards for heavy equipment mounted on 
vehicles. The use of sharp and tight road geometries should be avoided as much as practically possible.   

Within the main WTP complex where the structures and buildings are normally arranged in rectangular 
block pattern, the internal service roads are in turn arranged mostly in rectangular grid pattern, with T-
junctions and 90° turns. 

The T-junctions and 90° turns should be designed to accommodate the design vehicles but should not be 
of a lower standard than that indicated on Figure G.21 and Figure G.22.    

  

Figure G.41: Recommended road enlargements for 90° turn 
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Figure G.42: Recommended arrangements for T-junction 

 

(3) Clearance from buildings 

 
Figure G.43: Recommended arrangement for building entrances 
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G.5.3 Carpark 

Carpark shall be provided for each personnel at the administration building, with spare parking bays for 
visitors and at least one tourist bus.  A number of motorcycle spaces in addition shall be provided.   

For the technical office, the ratio for cars to motorcycle parking may be provided at 50:50.   

The general dimensions of the bay sizes for the carpark shall be as follows: 

(i) Parallel parking: the minimum bay sizes for cars should be 2.4m wide by 4.8m (5.5m 
recommended) long.   

(ii) Angled and perpendicular parking:  the minimum bay sizes for cars should be 3.00 m wide by 
4.8m (5.5m recommended) long. The clear distance between two opposite rows of 
perpendicular parking should be at least 7.0 m. 

(iii) Parking spaces for the disabled should be wider than the above by an additional 1.2m to 1.5 
m with 1.2m wide dropped kerb towards the entrance. 

G.6 WASTE TREATMENT FACILITIES 

A separate building for waste storage shall be provided, typically near to the residual treatment facilities. 

Ref. 
Waste category 

code 
Description 

1 SW102 Discarded batteries 

2 SW109 Discarded mercury 

3 SW110 Electric/Electronic wastes 

4 SW305 Spent lubricant 

5 SW409 Discarded cartridges 

6 SW410 
Used rags, plastics, boxes, drums contaminated with 
schedule wastes 

7 SW421 Discarded fluoride bags 

8 SW429 Discarded chemicals 

A storage facility/waste store (generally of about 20m by 10m) for temporary storage of scheduled 
wastes (i.e: used chemical containers, bags, electronic wastes, spent chemicals, etc) should be provided 
for wastes waiting for disposal. A gated and covered building with good ventilation is appropriate for 
storing scheduled waste. 

An oil storage system should be provided, typically next to the store or workshop, for storing spent 
lubricant oils (SW 305, SW 306, etc) with storage as may be required by the Authorities. 
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G.7 STAFF QUARTERS 

Purpose.  The main purpose of providing staff quarters will be to provide accommodation for shift 
workers of the WTP and for critical operation and maintenance personnel who will need to be on 
standby.   

Prerequisite.  Before proceeding with the necessity of the staff quarters, the Designer, in agreement 
with the Licensee, shall establish the staff organisation chart as addressed in section E.2 of these 
Guidelines.  The Designer and Licensee shall thereon identify the staff to be provided with quarters.   

Consideration should be given to provide accommodation for all technical staff.  For a modern WTP with 
high-technology facilities, providing staff accommodation will be necessary mainly to attract the best 
talent or best qualified persons for operating and maintaining the WTP.   

Staff quarters are highly recommended for rural WTPs for ease of the operating personnel and WTPs in 
urban and semi-urban settings near major population centres where cost of living may be high. 

It is highly recommended that the staff quarters be completed within a period of three to six months 
before the commencement of testing and commissioning of the WTP; this is to enable the Licensee to 
have WTP staff available on the premises during the testing and commissioning period for training 
purposes (see section R.3.2). 

Requirements.  For government-operated municipal WTPs, staff quarters shall follow the requirements 
of the latest edition of the Garis Panduan dan Peraturan bagi Perancangan Bangunan by the Economic 
Planning Unit of the Government of Malaysia, or its succeeding specifications.   

For privately operated WTPs, the staff quarters requirements shall be approximately based on the 
governmental requirements, which may be adapted as follows: 

Table G.7: Staff quarters types and specifications (recommended) 

Ref. 
Quarters 

type (1) 
Qualification/ 

designation 

Area (m2) 
Detached/semi-detached/terraced 

Flats/ 
apartment Floor 

Carpark/ 
patio 

Total 

1 B Works manager (2) 345.0 345.0 - 
2 C Manager (3) 265.0 25.0 290.0 265.0 
3 D Executive (4) 200.0 20.0 220.0 200.0 
4 E Technical assistant (5) 140.0 20.0 160.0 140.0 
5 F Technician (6) 120.0 - 120.0 120.0 
6 G Skilled workers (7) 110.0 - - 110.0 

Notes: 

(1) Equivalent government classification of quarters. 
(2) Taken as equivalent to public sector pay scale 53-54. 
(3) Taken as equivalent to public sector pay scale 41-48.  This should apply for the production 

engineer, mechanical engineer, electrical engineer, ICA engineer, asset manager, chemist and 
equivalent qualified professionals. 

(4) This should apply for diploma holders with special qualifications, i.e. HSS officer, environmental 
officer, administrative officers, engine drivers, etc.  High voltage system chargemen, where 
required, is recommended to be included in this category. 

(5) This should apply for diploma holders, i.e. technical assistants, and technicians with specialist 
qualifications, e.g. low voltage chargemen. 

(6) This should apply for certificate holders, i.e. technicians. 
(7) This should apply for skilled or semi-skilled site supervisors, but should also include the WTP 

groundskeeper and clerks. 
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G.8 GREEN FACILITIES 

G.8.1 Minimum Facilities 

Energy efficient plant and equipment should be provided for the following: 

 Pumps and motors; 
 Lighting; 
 Air-conditioning. 

The Commission encourages the use of environmentally friendly (“green”) facilities at the WTP, provided 
such facilities are practicable, such as: 

 Solar power (section O.5); 
 Rainwater harvesting facilities for non-potable use in large WTPs.  

G.8.2 Green Rating 

The Commission recommends, but does not obligate, that the WTP be designed and constructed to a 
Green Rating system in accordance to criteria as contained in JKR/SIRIM 2:2020 assessment tool, to 
rating system as described in the JKR/SIRIM 2:2020 (Penarafan Hijau bagi Fasiliti Bangunan Kediaman 
dan Bukan Kediaman) or its succeeding document published by SIRIM. 

The recommended target rating from as per JKR/SIRIM 2:2020 Appendix III or its succeeding document 
should be a minimum score of at least 2 stars (or 30%-44%). 

An alternative would be to provide for Sustainable Infrastar Rating, or any succeeding rating system 
by the Construction Industry Development Board (CIDB) Malaysia. 
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G.9 CONTACT AND CLEAR WATER TANKS 

 General 

Contact tanks are to provide for sufficient retention time for chlorine contact; the clear water tanks 
are to balance the incoming treated water flows from the WTP and the pumped outflows to the balancing 
reservoirs, to provide as a suction tank for the treated water pumps as well as to contribute to the overall 
treated water storage capacity of the water supply system. 

Contact and clear water tanks shall be configured as follows: 

(i) Contact tanks shall be purpose built for their function.  For the avoidance of doubt, a single tank 
providing for both contact and as clear water well should not be accepted. 

(ii) Contact and clear water tanks shall be rectangular reinforced concrete tanks with flat roof. 
(iii) A minimum structural fall of 1 in 200 for the rectangular roof slab shall be provided. 
(iv) The application of the disinfectant i.e., chlorine, shall be provided to the filtered water in closed 

conduit conditions (see sub-section H.7.9(i)) i.e., the filtered water pipe, before entry into the 
contact tank; this is to provide for proper reaction of the chlorine with the water.  The distance 
of the closed conduit should be up to 50 times the diameter of the pipe.  Where distances are 
substantially less, e.g., at ten times the diameter, an in-line static mixer (see sub-section 
D.1.3.3(1)) of appropriate materials should be provided to expedite the mixing. 

(v) Contact and clear water tanks may adjoin each other (typical) or may be separate; the latter case 
may be to provide for an interconnecting conduit where an in-line static mixer is to be 
introduced for better mixing of lime or other post-treatment chemicals. 

 Contact Tanks 

Contact tanks shall be designed as follows: 

(i) Contact tanks shall be divided into two compartments with central division wall so that either 
compartment may be drained down for maintenance while the other compartment remains 
operational. 

(ii) Contact tanks provided for chlorination shall have a mean retention time (tank volume divided 
by flow) of at least 30 minutes at nominal flow and at least 20 minutes for peak flow with all 
contact tanks in service.  The retention time is required to ensure that complete disinfection 
process to be achieved before the water flows into the distribution system.  

(iii) For large WTPs, a mean retention time of 40 minutes is recommended so that retention time 
may be at 20 minutes when one tank is taken out of service. 

(iv) Contact tanks shall have “around-the-end” baffle walls and should be designed so that the 
chlorinated water is distributed uniformly across the tank. 

(v) Where the contact tank is to be provided for break point chlorination of ammonia in the 
filtered water, the tanks shall have a mean retention time of at least 60 minutes; the dosing 
regimen shall be configured such that breakpoint is achieved within the initial 20 minutes, 
disinfection within 30 minutes with a ten-minute buffer.  The additional buffer may be used for 
dosing of sulphur dioxide for dechlorination. 

(vi) Inlet and outlet weirs shall be provided at the contact tank to provide for a fixed retention time.  
The chlorinated water shall leave the contact tank over an outlet weir, which typically also 
function as lime mixing weirs.   

(vii) Alternatively, a static channel mixer (see sub-section D.1.3.3(2)) should be provided in outlet 
channels before the weir for better mixing; this is especially recommended in medium to large 
WTPs.  In-line static mixers or channel mixers are preferred for post-lime mixing as the less 
efficient conventional hydraulic mixing typically requires high lime dosing which increases the 
turbidity of the treated water.  Static mixers, where used, should be of PTFE, uPVC or FRP type 
materials.   
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(viii) Where chlorinated water is preferred for filter wash, a set of weirs should be provided 
downstream of the contact tank outlet weir upstream of the post-lime or any post-treatment 
chemicals to divert the chlorinated water into chlorinated filter washwater holding tanks.  

(ix) The contact tanks shall be provided with drain/scour facilities to facilitate cleaning of the tanks. 

 Clear Water Tanks 

Clear water tanks shall be designed as follows: 

(i) Clear water tanks shall be divided into two compartments with central division wall so that 
either compartment may be drained down for maintenance while the other compartment 
remains operational.  An interconnecting penstock may be provided. 

(ii) Each clear water tank is typically provided downstream of each contact tank. 
(iii) Clear water tanks should have a retention time of three hours, with two hours being the 

minimum. 
(iv) The tanks shall have an overflow system; typically, two compartments will have a common 

overflow. Overflows from tanks should be made to discharge over an overflow weir into a central 
channel incorporated in the division wall and discharging into the reservoir overflow system, 
which shall eventually discharge to daylight. 

(v) The reservoir overflow system shall be designed to be properly screened and secure from 
entry of vermin into the reservoir. 

(vi) One (minimum) external reinforced concrete straight staircase should be provided to go up 
the reservoir roof and one internal reinforced concrete straight staircase to go down the 
reservoir for each compartment.  The external staircase shall be close to the internal staircase.   

(vii) The reservoir floor slab will be provided with drainage channels laid to fall to sumps with 
suitable washout valves to facilitate emptying and cleaning. The drainage system shall be 
designed for maximum flow equivalent to opening the valve when the reservoir is full.  The 
system should discharge into the reservoir overflow system, or otherwise discharge to daylight. 

(viii) The overflow system shall be sized for the discharge from the maximum static head of the clear 
water tank or to the peak output capacity of the WTP (whichever is higher).  

(ix) The drains and overflow system discharge points shall be designed to avoid backflow into the 
clear water tank; the discharge should be at least 2.0 m above maximum flood level. 

(x) Suitable openings shall be provided at the roof for access into the reservoir.   
(xi) Ventilation openings shall be provided.  Ventilation for the tanks shall have the following 

features: 

(a) Properly screened openings to prevent entry of vermin, and properly secured and sealed to 
the structure. 

(b) Properly hooded to prevent entry of contaminants. 
(c) Easy to observe, access to and maintain. 

(xii) A sub-soil drainage system under the floor slab shall be designed to provide uniformity of base 
to avoid differential settlement of the floor slab.  The system may also help to detect and monitor 
any leakage that may develop through the base.  The discharge end of the sub-soil drainage 
system shall not be susceptible to backflows from its drainage system and shall always be above 
flood level (see item (ix) above). 

(xiii) The outlet pipes from each clear water tank should be at low level from sumps in the reservoir 
floor. Inverted bellmouths should be used for outlet pipework.  

(xiv) Outlet pipework shall be fitted with electrically operated isolating valves. 
(xv) Water sampling stations shall be provided on the outlet mains or the suction mains or 

alternatively the delivery mains from the treated water pumping station; the location shall be 
advised by the Licensee.  The water sampling stations shall be to design as stipulated in the UTG-
WRP.  
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G.10 MAIN PIPELINES 

G.10.1 General  

(1) Types 

Main pipelines for the purpose of these Guidelines consist of the following: 

 The raw water pipelines (alternatively referred as raw water transfer mains), which are typically 
raw water pumping mains conveying the raw water from the intake and raw water pumping 
station at lower level to the WTP located on higher ground above flood level; 

 The treated water transmission mains (alternatively referred as bulk distribution mains), which 
are typically treated water pumping mains conveying the treated water from the WTP to a 
balancing reservoir located on higher elevations, and 

 The treated water supply mains or trunk mains, which are typically treated water gravity mains 
conveying water from the balancing reservoir to the lower service reservoirs.   

(2) Design Criteria  

The design of the main pipelines shall follow, where applicable, section B.4 – Design Criteria of SPAN 
UTG-WRP, External Reticulation Networks and Supply Mains, General Requirements for Pipeline Routing; 
other pertinent particular requirements may be as stipulated hereunder and herein. 

(i) Selection of pipeline route:  

(a) The routes of the main pipelines are mainly dictated by the selection of the intake, WTP 
and balancing reservoir sites, which is always selected much earlier.  The pipeline alignment 
are thus normally taken as the shortest distance along the most possible route from the 
intake to the WTP (for raw water pipelines) and from the WTP to the balancing reservoir 
(for treated water pipelines).   

(b) As stipulated under the SPAN UTG-WRP, all pipelines greater than 900 mm nominal 
diameter shall be provided with a permanent pipeline reserve or within a utility reserve, 
unless the Commission is informed well in advance and expressed permission is granted 
otherwise.  

(c) Pipeline reserves shall be to minimum widths as stipulated in the relevant provisions of 
the SPAN UTG-WRP.  Additional width should be provided as maintenance access. 

(d) For the acquisition of land for the pipeline reserve, the reserve shall be carefully and 
purposefully selected such as to avoid injurious affection or severance of the land.  
Usually, the pipeline route is selected such that it skirts along the cadastral boundaries. 

(e) Preliminary selection of pipeline route alignments is typically done by desk studies from 
online maps or web-based GIS.  It is useful to obtain landuse information from the local 
authorities as a check on the availability of land for the pipeline route.  Cadastral data in 
keyhole markup language (KML) may actually be available for download from the websites 
of particular local authorities and superimposed on GIS or online maps (albeit some data 
may be outdated, but may be useful for preliminary use); however, most Designers usually 
leave obtaining detailed cadastral data for the detailed survey stage.  The selection process 
is usually followed by inspection of the pipeline route on-site. 

(f) Main pipeline routes are usually selected in close proximity or in parallel to existing road 
reserves for ease of access by the water supply system operator; pipelines shall be at 
locations readily accessible for carrying out maintenance works.   Pipelines should not be 
laid beneath road pavements unless permitted by the relevant local authority or the road 
authority. 
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(g) For detailed design of the pipeline plan and profile, topographical (strip) surveys, 
geotechnical site investigations and utilities mapping (the latter where necessary) shall be 
carried out.  The pipeline route shall be diligently checked by the Designer and the land 
surveyor for any cases of injurious affection or severance of land. 

(h) Other requirements shall generally be as stipulated in the SPAN UTG-WRP. 

(ii) For main pipelines, design shall include the following criteria: 

(a) All main pipelines shall be designed for long term use.  Pipes shall be of mild steel 
(internally lined with cement mortar/concrete and externally coated with bitumen) or of 
ductile iron as specified for pumping mains and supply mains in the SPAN UTG-WRP.  
However, the Commission may consider the use of other materials for special uses or 
conditions. 

(b) The raw water pipeline and treated water transmission mains wherever practically possible 
should be of twin pipeline system (see section E.3.11(iii)). 

(c) Surge protection systems with adequate air valves and vacuum relief valves along the 
pipeline to protect against surge conditions which may damage the pumps and pipework. 

(d) Air valves and washout facilities at appropriate locations. 
(e) Cathodic protection systems shall be provided where there may be risk of corrosion of the 

pipes. 
(f) Isolation valves, of either sluice valve or butterfly valves, should be provided at appropriate 

intervals along the pipelines, primarily to enable sections of the pipelines to be emptied in 
the shortest possible time for maintenance purposes.  In any case, the isolation valves shall 
be provided at intervals not exceeding 5 km apart.  For dual pipelines, the pipelines should 
be interconnected at intervals not exceeding 5 km. 

(g) An isolation valve (sluice valve) shall be provided on the main delivery pipework at the 
pumping station, immediately downstream of the surge vessels, to enable maintenance 
work on the pumping plant and pipework (Note: The surge vessels shall always be primed 
during any maintenance work). 

(h) Water sampling stations shall be provided at outlets from the clear water tank or treated 
water pumping station and the balancing reservoir. 

G.10.2 Sizing of Pipe  

Design Flow 

The design flows shall be as follows: 

(i) For the raw water pipelines: the nominal raw water output capacity (see section E.1.1) from 
the low water level of the raw water source to the top water level of the inlet of the WTP; 

(ii) For the treated water transmission pipelines:  the nominal treated water output capacity 
(see section E.1.2) from the low water level at the clear water tank to the top water level of the 
balancing reservoir; 

(iii) For the treated water supply or trunk mains: as per SPAN UTG-WRP, the design flow may be 
taken as 1.2 times the average demand flow , without incurring head losses greater than 2 
m/1000 m for gravity flow.   

Pumped Transmission Pipelines 

For pumped transmission pipelines, the optimum diameter of the pipe shall be based on the least 
capital expenditure cost plus the NPV operating costs for a period of 30 years. 

Gravity Flow Transmission Pipelines 

For gravity flow transmission pipelines, the size of the pipe will typically depend on the head available, 
measured from the low water level of the upper reservoir to the high water level of the lower reservoir. 
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G.10.3 Design Flow Velocities 

Design flow velocities under nominal design flow conditions should be limited to the following:  

 Minimum velocity:   0.3 m/s 
 Maximum velocity:  2.0 m/s (except for pump headers) 

The above velocities are for maintaining self-cleansing conditions for the pipelines and avoiding abrasive 
erosion of internally lined concrete surfaces. 

Justification for lower or higher flow velocities may be submitted to the Commission for consideration. 

G.10.4 Air valves 

(1) Types 

The two types of air valves are mainly used in pipelines: 

(i) Single orifice air valves (also called air release valves (U.S.)):  The purpose of this valve is to 
release air from small pockets that may accumulate while the pipeline is operating under 
pressure.   

(ii) Double orifice air valve (also called combination air/vacuum valve (U.S.)):  The purpose of 
this valve is to release air from the pipeline when the pipeline is filled with water and to admit 
air when the pipeline is emptied, i.e., pressure drops in the pipeline below atmospheric pressure.  
The drop in pressure may result from water column separation, draining water, pump stop or 
failure in the pipeline. 

All air valves shall be of flanged type with isolating sluice valves to allow for removal of the valves for 
maintenance.  For small air valve sizes of less than 50 mm dia, isolating stop valves may be used. 

(2) Locations of Air Valves along Pipelines 

Air valves shall be installed in the following positions in the pipeline: 

(i) Single large orifice air valve should be installed downstream of pump delivery pipework, in 
the highest point of the pump delivery manifold. 

(ii) Vacuum valves or double orifice air valves at falling gravity mains from reservoir outlet 
pipework. 

(iii) Double orifice air valves at high points along the pipeline. 
(iv) Double orifice air valves at at high points in major overcrossings, or single orifice air valve for 

minor pipelines generally up to and including 400 mm dia. 
(v) Double orifice air valves at points of sudden declination in pipeline profile (i.e., abrupt 

descent), or sudden decreases in the slope or flattening of upward inclining pipelines. 
(vi) Double orifice air valves should be considered along long ascending pipelines at intervals of 

400m to 800m along the sections of the pipelines. 
(vii) Double orifice air valves should be considered along long descending pipelines at intervals of 

400m to 800m along the sections of the pipelines. 
(viii) Double orifice air valves should be considered along long horizontal pipelines at intervals of 

400m to 800m along the sections of the pipelines. 
(ix) Double orifice air valves on the high side of isolation valves which may be subject to vacuum 

conditions. 

The Designer shall make an assessment of the above conditions and all other conditions which may arise 
in his design of pipelines. 
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(3) Sizing of Air Valves 

(i) Once air valves are located by the Designer along the pipeline according to the requirements of 
sub-section (2) above, the air valves are recommended to be sized according to the sizing criteria 
in AWWA Manual M51, Chapter 4 – Design of Valve Orifice Size (or chapter in current version 
of document). 

(ii) In the use of method (i) above, the size of air valves should be standardised to the largest size to 
avoid any installation errors. 

(iii) In lieu of the above, air valve sizes as stipulated in SPAN UTG-WRP may be applied for pipe sizes 
up to 1500 mm dia, as follows: 

Table G.8: General air valve sizes 

Pipe size dia, (mm) Air valve size, dia. (mm) 

150-300 50 

350-550 80 

600-800 100 

850-1200 150 

1300-1500 200 

For major pipelines and for large diameter pipelines exceeding 1500 mm dia, method (i) should 
be applied, but should not be less than the above. 

(i) The air valve size selection shall be checked for surge conditions. 

(4) Air Valve Chembers 

Underground air valve chambers shall be provided as follows: 

(i) Material: Air valve chambers may be of brickwall (for shallow chambers only not subject to 
vertical loads), precast concrete or reinforced concrete. 

(ii) Chambers shall be designed for vertical loads or traffic loads where required. 
(iii) Covered access opening for access to the air valve and isolating valve. 
(iv) Suitable vents with screens shall be provided to prevent entry of vermin and insects. 
(v) Chambers should be provided with drainage facilities to prevent flooding of the chamber. 
(vi) The chamber shall be designed such that there is no risk of cross-contamination into the main 

pipeline. 

(5) Installation 

All air valves and all bolting materials shall be suitable coated to protect from corrosion. 

G.10.5 Washout Valves 

Purpose.  Washout valves (also called scour valves or blow-off valves (U.S.)) at washout or flushing 
stations shall be provided for flushing of the pipelines. 

Criteria.  Washout stations shall be designed as follows: 

(i) Washout valves shall be full bore flanged sluice valves. 
(ii) Washout stations shall be installed at low points along the pipelines or at points where flushing 

of the pipeline may be required. 
(iii) Washout stations shall be installed as a double valved washout where necessary (refer sub-

section E.3.11(iii)). 
(iv) Washout stations shall not be more than 5 km apart. 
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(v) Washout discharge shall be discharged to daylight where the discharge watercourse shall be 
of adequate capacity.   

(vi) The washout discharge pipe should be as short as possible but where a long pipe is necessary 
for suitable discharge, the pipe shall be a downward sloping pipe until the discharge point.  Plan 
and profile of a long discharge pipe shall be provided. 

Sizing of washout valves.  The size of washout valves and number of washout stations shall be: 

 To obtain a minimum flushing velocity of 0.6 m/s through the washout pipework for flushing 
purposes. 

 To drain the pipelines within three hours. 
 In lieu of the above, air valve sizes as stipulated in SPAN UTG-WRP may be applied for pipe sizes up 

to 1500 mm dia, as follows: 

Table G.9: General washout valve sizes 

Pipe size dia, (mm) Washout size, dia. (mm) 

150-400 100 

450-550 150 

600-750 200 

800-1000 250 

1050-1200 300 

1300-1500 450 

G.10.6 Valve chambers 

For medium to large diameter distribution pipelines of generally 600 mm dia and above, valve chambers 
for sluice valves, gate valves, butterfly valves, and washout out valves shall be constructed of reinforced 
concrete with pre-cast reinforced concrete slab covers. The reinforced concrete valve chambers shall be 
substantially watertight structures.  Chamber covers should be made of hinged waterproof galvanised 
mild steel chequer plate with lock.   

The minimum clearance between the valve chamber wall and the edge of pipe or valve shall be more than 
300 mm. 

Wrought iron steps spaced at 300 mm intervals will be provided for easy access into the valve chamber. 

Large and deep reinforced concrete chambers may be in danger of flotation problem during construction 
stage where ground water table is high. The factor of safety for counter buoyancy will not be less than 
1.1. 

G.10.7 Overcrossings 

 River Overcrossings 

For river overcrossings, three types of overcrossing support should be considered: 

 Reinforced concrete saddle supports; 
 Steel ring girder supports; and  
 Steel truss support on reinforced concrete piers. 

The type of support to be considered depends on the overcrossing span of the pipeline.  Saddle support 
with thickened pipe at the saddle location should be adopted for shorter overcrossing pipe span if the 
total stress of pipe at the support is not more than the allowable stress. Where such stresses are 
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exceeded, ring girder support should be used.  Steel truss support will be used when the stress at ring 
girder is more than the allowable stress. 

For river overcrossings, the bottom pipe levels shall be above a flood level of a 1 in 100 year frequency.  
Spike guards shall be provide to prevent unauthorised usage of the pipe on both ends of the crossing.  

 Road and Railway Crossings 

Pipe jacking is the process of installing pipes below a surface obstruction by driving them successively 
through the in-situ soil from one pit (the driving pit or thrust pit) to another (the receiving pit or 
reception pit) such that the finished pipe forms a watertight continuous conduit between the pits on the 
desired alignment.   

Pipe jacking work shall be carried out by a specialist contractor. 

Stable soil conditions shall be maintained at the jacking face to prevent loss of ground above the jacking 
operation and movement of the surrounding earth.  The methods of maintaining face stability and 
preventing ground movement and subsidence will be by means of compressed air or other plenum 
methods where fluid slurry or earth pressure is applied to the tunnel face.  Alternatively, unstable ground 
ahead of the jacking face may be stabilised by the injection of suitable chemicals.   

Movement or settlement of structures, utilities and pavement shall be monitored during the jacking 
operation. 

 Culvert Crossings 

For pipeline crossing culvert, depending on site conditions three types of crossings should be considered: 

(i) Straight pipes laid in the ground, but above the culvert, provided that the minimum cover 
requirement for pipes can be met and that the pipe is also at least 300mm above the culvert. 

(ii) The pipes can also be laid over the culvert, with a portion of it protruding above the culvert. 
(iii) Straight pipes may also be laid below the culvert, with a minimum distance of 300mm between 

the pipe crown and the culvert bed.  This type of crossing should be usually the least preferred 
due to the difficulty in laying the pipe below the culvert. 

G.10.8 Corrosion Control 

The design of all main pipelines shall take into consideration whether corrosion control from the 
surrounding soils will be necessary.  Testing for soil corrosivity should be required when observations 
and inspections of site conditions indicate that corrosion control will be required for the pipeline.  
Observations include evidence of corrosion in existing pipelines, in particular in exposed pipes.  Leakage 
and breakage rates in existing pipelines should also be checked for corrosive soil conditions. 

Evaluation of the need for the risk of corrosion should be based on accepted methods such as AWWA 
Manual M27, Chapter 3 – Evaluating the Potential for Corrosion. 

Corrosion control for pipelines shall be mainly by cathodic protection, which shall be carried out by 
specialist systems provider.  Cathodic protection should only be carried out on a pipeline provided other 
pipelines in proximity have been similarly protected. 
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Photo G.3: Pipelaying of main pipelines 

Note proper backfilling of trench with proper filling materials and compaction of backfill in side of 
trench (bottom photograph) and over pipe (top photograph) 
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G.11 BALANCING RESERVOIRS 

G.11.1 General 

Definition.  Balancing reservoirs may be defined as the major reservoirs which receive treated water 
flows from WTPs and from where these flows are distributed to the service reservoirs; whereas service 
reservoirs are those which supply into the reticulation mains.  Flows from the WTPs are typically pumped 
to the balancing reservoirs located at high elevations, from which the flows may be further gravitated or 
boosted to the service reservoirs.  The function of the balancing reservoir shall then be to maintain supply 
flows into the service reservoirs. 

Number.  Typically, one balancing reservoir is provided for a WTP.  However, it may be that the demand 
areas are in different or opposite directions, for which it may be more feasible, in particular for larger 
WTPs, to provide for two reservoirs, each serving the two service areas. 

Capacity.  The minimum combined capacity of the WTP clear water tanks, balancing reservoirs and 
service reservoirs should be for 24 hours’ equivalent storage.    

However, this criterion may not be practical in particular for large WTPs where the size of the balancing 
reservoir will become too great to be feasibly sited on an elevated ground, i.e., a hill; so the capacity of 
the balancing reservoir should at least be based on balancing of the pumped inflows and the expected 
outflows.  In this case, a mass balance analysis, performed by either graphical or tabular methods or by 
computer modelling, should be performed to ensure that the reservoir storage will be able to meet the 
expected peak water demands.  

In all cases, the balancing reservoir should be sized to include an equalising storage to provide for the 
expected periodic peak daily water demand, where the equalising storage may be taken as the volume of 
expected daily (or longer) peak demand above the volume (per day) of pumped flows at nominal 
capacity.   

Where a significant size of the balancing reservoir is found to be required, the reservoir may be 
constructed in two (or more) future stages.   

Types.  Balancing reservoirs for medium to large WTPs shall be of reinforced concrete construction.  
For other types of materials, the reservoir should have a design life of 50 years. Balancing reservoirs are 
typically ground-based tanks. 

The reservoir may be of circular type (see Figure G.44 and Figure G.45), which is typically up to 9 Ml 
capacity, or a rectangular type (see Figure G.46 and Figure G.47) where larger capacities are required. 

G.11.2 Selection of Balancing Reservoir Site 

In selecting the site for the balancing reservoir, the general factors when considering the site should be 
as follows: 

(i) The site should be at sufficient elevation to provide for gravity flow from the balancing 
reservoir through the supply main to the service reservoirs, from the low water level (LWL) of 
the balancing reservoir to the top water level (TWL) of the service reservoirs.  Where necessary, 
pumped booster systems need to be provided but this should preferably be avoided (see item 
(ii) below). 

(ii) The site should, but not necessarily, be close to the WTP to provide for shortest possible 
pumping main.  However, it may be much more preferable to locate the balancing reservoir on 
sufficiently higher grounds much further away to avoid booster systems on the supply mains; 
the Designer should investigate the options thoroughly. 

(iii) Distance to planned service reservoirs and existing distribution systems. 
(iv) Elevated grounds with suitable plateau of sufficient size to site the balancing reservoir.   
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(v) Suitable topography with sufficient area to construct and maintain the facilities, in 
addition to additional space for future expansion. 

(vi) Availability of discharge point of suitable size for the reservoir overflow. 
(vii) The reservoir should best be sited on excavated ground, but excessive excavation in rock should 

always be avoided. 
(viii) Site access. 
(ix) Site drainage. 

G.11.3 Design Considerations 

The balancing reservoir should have the following features: 

(i) Rectangular type reservoirs shall be of reinforced concrete cantilever walls and flat slab roof 
supported on columns. 

(ii) For a rectangular reservoir, a minimum of two compartments should be provided, with a 
maximum water height of 7.0 m.   A common overflow arrangement shall be provided for the 
two compartments.   

(iii) The overflow system shall be designed for the maximum possible pumped flow. 
(iv) The reservoir, in particular the overflow system, shall be designed to be properly screened and 

secure from entry of vermin into the reservoir. 
(v) Overflows from the reservoir compartments should be made to discharge over an overflow weir 

into a central channel incorporated in the division wall and discharging into the reservoir 
overflow system, which shall discharge to daylight. 

(vi) The inlet pipework for bottom entry arrangement into the reservoir should consist of a guard 
valve and an automated isolating valve. 

(vii) Spare inlet.  Experiences appear to indicate that supply to balancing reservoirs serving major 
demand areas, after many years, will need to be augmented by future stages of the WTP or even 
secondary sources.  It will be difficult to install or retrofit a new inlet while maintaining the 
existing inlet.  In order to prepare for such eventual scenario, it is highly recommended for 
balancing reservoirs of key WTPs of medium to large capacities serving strategic areas to have 
a spare inlet.  As a guide, the spare inlet where provided should be of the same size as the main 
inlet. 

(viii) Spare outlet.  In addition to the main outlet, at least one spare outlet shall be provided per 
compartment.  Outlet pipework should preferably be placed opposite the inlet.  Round-the-end 
baffle walls should be included to minimise stagnant areas, particularly where the inlet and 
outlet pipework have to be on the same side. 

(ix) A bypass pipe from the incoming mains to the outlet mains may be provided. 
(x) An air-release/vacuum-relief valve i.e., double orifice air valve shall be provided immediately 

downstream of the outlet isolation valve, or any high point in before the treated water gravity 
falling main. 

(xi) For a rectangular reservoir, the reinforced concrete roof shall be well drained. A minimum 
structural fall of 2% is preferred, with a minimum of 1 in 200 slope for large spans. 

(xii) For a rectangular reservoir, the reservoir floor slab will be provided with drainage channels 
laid to fall to sumps with suitable washout valves to facilitate emptying and cleaning. 

(xiii) Ventilation openings (refer sub-section G.9.1.3(xi)) on the roofs shall be provided. 
(xiv) Expansion and construction joints shall be provided at appropriate intervals. All joints will 

have suitable sealing materials and waterstops to ensure watertightness against external water 
ingress and contamination. 

(xv) Thermoformed polycarbonate skylights on top of reservoir roof may be provided to allow 
some natural light in the reservoir. 

(xvi) A sub-soil drainage system under the floor slab shall be designed to provide uniformity of base 
to avoid differential settlement of the floor slab.  The system may also help to detect and monitor 
any leakage that may develop through the base. 
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(xvii) All reservoirs shall be provided with a roof hatch or an upright roof portal sized for human 
entry.  All access hatches shall be substantially weather proof and water tight.  The access hatch 
should not consist of a gutter style frame with external outlet drain. 

(xviii) For a circular reservoir, an external galvanised mild steel ladder shall be provided to go up the 
reservoir dome and one internal FRP ladder to go down the reservoir shall be provided.   

(xix) For a rectangular reservoir, one (minimum) external reinforced concrete straight staircase 
should be provided to go up the reservoir roof and one internal reinforced concrete straight 
staircase to go down the reservoir for each compartment.  The external staircase shall be close 
to the internal staircase.   

(xx) A water sampling station (refer section G.11.5) shall be provided at least on the outlet mains. 
(xxi) Paved access road shall be provided around the reservoir and grass turfing at space between 

reservoir and access road.  The requirements for the external access roads shall be similar to 
that required for the WTP. 

(xxii) A switch room will be necessary for power supply. 
(xxiii) The reservoir compound should be provided with anti-climb perimeter fence with external 

lighting.  Demarcation of reservoir land reserve may be by low chain link fence or barbed wire. 
(xxiv) Conventional dial water level indicator on the roof, preferably visible from the compound 

entrance, shall be provided. 
(xxv) Lightning protection with concealed conductor (to avoid vandalism) shall be provided. 
(xxvi) Drainage facilities for surface runoff. 
(xxvii) Guard house may be provided where required by the Licensee. 

G.11.4 Reservoir Level Control 

All balancing reservoirs should be provided with a control system to automatically maintain reservoir 
water levels within a pre-determined operating range, which will normally be defined as high- and low-
water levels of the reservoir.  Indications and alarms for reservoir water levels and overflows shall be 
provided to the Main Control Room of the WTP. 

G.11.5 Safety 

All reservoir designs shall meet all applicable Occupational Safety and Health requirements, especially to 
incorporate fall protection such as providing safety cages for ladders, handrails and other safety facilities. 

G.11.6 Water Quality Monitoring 

Reservoirs shall include facilities for water quality monitoring at the reservoir outlet; the typical design 
shall be as stipulated in the UTG-WRP.   

In addition, the Designer should provide additional facilities to conduct water quality monitoring at the 
inlet and within the reservoir, including on-line measurement of chlorine residual and pH where feasible.  

G.11.7 Issues during Construction 

The Designer should be aware of the following issues during commissioning of the reservoir: 

(i) Discharge of full works output flow during testing and commissioning of treated water pumps of 
the WTP.  The capacity of existing drains or watercourses where the overflow works discharge 
shall be always be checked; such existing drains or watercourses may need to be upgraded where 
necessary. 

(ii) Disposal of chlorinated water after initial disinfection and commissioning. 
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Figure G.44: Circular balancing reservoir (typical) – plan 

 
Figure G.45: Circular balancing reservoir – partial section  
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Figure G.46: Rectangular balancing reservoir (typical) – partial plan 

 
Figure G.47: Rectangular balancing reservoir – partial section 
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Photo G.4: Balancing reservoir, medium sized WTP 

Note the external staircase and roof portal for internal staircase. 

 
Photo G.5: Large balancing reservoir at Bukit Enggang, Hulu Langat, Selangor (210 Ml) 

Note the flood retention pond for surface drainage and larger flood retention pond (partly hidden at top of 
photograph, above left side of reservoir) for reservoir overflows.  Space for Phase 2 extension is on the left. 

(Photo archive: SMHB Sdn Bhd) 
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DESIGN ASPECTS OF WATER TREATMENT SYSTEMS 

H.1 PROCESS UNITS DESIGN ASPECTS 

H.1.1 Oxidation 

The purpose of oxidation will be to oxidize certain inorganic constituents and organic compounds for 
subsequent removal by downstream treatment processes; reduce taste and odour-causing compounds; 
and control algae growth within WTP process structures. 

The main oxidation processes used for water treatment in Malaysia involves one or a combination of the 
following: cascade aerator; chemical oxidation using potassium permanganate or chlorine. Ozonation is 
a relatively new but effective form of oxidation that is being considered in newer plants. The design 
aspects and criteria for these processes are provided below.  

 Cascade Aerator 

The cascade aerator is the most common type of aeration system used in WTPs in the country due to its 
simplicity in construction and operations.   

A conventional rectangular cascade aerator is illustrated schematically in Figure H.1 and a photograph 
is shown in Photo H.1. 

 
Figure H.1: Schematic of cascade aerator (200 Mld) 
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Photo H.1: Cascade aerator 

Design Criteria.  The aerator is typically designed to create turbulence and provide maximum contact 
between water and air, and to achieve 80% dissolved oxygen saturation at ambient temperature. 

The total height of fall is estimated using the following Gameson’s equation: 

r = 1 + 0.5 (a x b x h) 

Where: 

r = the ratio of the oxygen deficit just before the aerator to that just after the aerator. 
The “oxygen deficit” is the difference between the actual oxygen content and the 
equilibrium oxygen content for the water at the temperature and pressure. 

a = 1.25 for slightly polluted water 
 = 1.00 for moderately polluted water 
 = 0.85 for sewage effluents 
b = 1.0 for a free fall weir 
 = 1.3 for a stepped weir 
h = the total height of the fall in meters 

Generally, the head required at a cascade aerator ranges from 1 m to 3 m and the surface loading rate is 
typically set below 49 m/hr.  

The tank containing the aerator shall be of sufficient size to collect all the water without spillage. A side 
wall is provided around the collecting basin; the height of the wall being just high enough to prevent 
water from splashing out of the lowest tray. A scour is also provided at the lowest point of the basin for 
cleaning and draining purposes. 

A dissolved oxygen meter shall be provided at the aerator outlet to measure the oxygen transfer achieved. 
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 Potassium Permanganate  

Potassium permanganate may be used in cases where common aeration methods are insufficient for 
the removal of iron and manganese.  

A contact tank shall be provided for the dosing and mixing of potassium permanganate into the raw 
water and to provide contact time for the chemical oxidation of iron and manganese.   

Design Criteria.  The potassium permanganate contact tank shall be designed for 10 minutes retention 
time. The tank shall be designed to avoid short-circuiting within the tank and with facilities provided for 
the complete draining of all water and solids that may settle to the bottom of the tank.  

Potassium permanganate shall be dosed at the inlet to the tank. The dosing system shall be able to 
distribute the chemical evenly into the water. The chemical oxidant shall then be mixed into the raw 
water, with mixing achieved by hydraulic or mechanical means. 

Water sampling points or analysers shall be installed at the outlet of the tank to measure the 
concentrations of manganese and iron at the outlet. 

A typical arrangement for a potassium permanganate contact tank with hydraulic mixing is shown  in 
Figure H.2. 

 
Figure H.2: Potassium permanganate contact tank 
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 Chlorine 

Chlorination systems are installed in WTPs with the main purpose being for disinfection at the end of the 
treatment process train. Chlorine dosing is also applied at the start of the process train for the purposes 
of oxidation and control of biological growth.  Chlorine applied at the start of the treatment process is 
often referred as pre-chlorine whilst chlorine for disinfection is referred as post-chlorine.  

Pre-chlorine is usually dosed in small quantities and on an intermittent basis i.e., a few hours a day to 
minimise algae growth in the treatment plant structures such as the clarification and filter tanks.  

A chlorine injector room shall be provided for all chlorine injection points to contain all injector 
equipment.   

The injector room may also house the motive water pumps for the chlorine injectors (refer sub-section 
H.9.1(5)), 

A typical arrangement for a chlorine injector room will be as shown in Figure H.3.  An example of a 
chlorine injector room is shown in Photo H.2. 

 

 
Figure H.3: Typical arrangement of chlorine injector room 
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(a) (b) 

Photo H.2: Chlorine injector room, Langat 2 Phase 1 WTP (1130 Mld), Selangor 
Pictured: (a) Interior of chlorine injector room with chlorine gas lines (left), ejectors, and high pressure 

water pipes (middle) and dosing lines (right);  
(b) Post-chlorine injector room (foreground is the filter building, near the filtered water outlet pipes to 

the chlorine contact tanks) 

Design criteria for chlorination systems are provided in further detail in section H.7.19. 

 Ozone 

Ozonation may be used in cases where chemical oxidation methods are insufficient to achieve the level 
of oxidation required. 

An enclosed reaction tank of reinforced concrete construction shall be provided for the ozone reaction 
and contact.  

A typical arrangement for a pre-ozone reaction tank is shown in Figure H.4, (section), Figure H.5 
(transverse section) and Figure H.6 (plan).  In the figures as shown, the ozone reaction tanks are divided 
into three compartments to allow one compartment to be taken out of service. 

Design Criteria.  For the pre-ozone reaction tanks, the ozone gas dispersion system should be of a 
proven system of either aspirating submerged turbine or static radial turbines or in-line static mixers. 
Each compartment shall be designed for discharge of any settled solids. 

For intermediate or post-ozone reaction tanks, the gas dispersion system should comprise ceramic 
porous diffusers.   

Ozone reaction tanks should be designed to the following criteria: 

(i) Pre-ozone tanks: Mean retention time (i.e., water volume/flow) of 7.5-10 minutes at the 
nominal raw water inflow. 

(ii) Intermediate ozone tanks:  Mean retention time (i.e., water volume/flow) of 15 minutes at the 
nominal works flow. 

All reaction tanks shall be designed for possible over-pressurisation or vacuum conditions. 
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Figure H.4: Schematic longitudinal section of pre-ozone reactor tanks (200 Mld) 

 
Figure H.5: Schematic transverse section of pre-ozone reactor tanks (200 Mld) 
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Figure H.6: Schematic plan of pre-ozone reactor tanks (200 Mld) 
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H.2 MIXING AND COAGULATION 

H.2.1 General 

Application. The function of chemical mixing in WTPs is to achieve effective and efficient chemical 
processes by ensuring the chemicals are properly introduced and well mixed into the water as well as to 
allow for effective coagulation. Unlike larger particles that can be easily removed physically downstream, 
removal of smaller particles requires coagulation where chemical conditioning enhances their removal 
in subsequent sedimentation and filtration processes. 

Design Criteria. The mixing system shall be designed to achieve effective dispersion of the chemicals 
into the water. This also includes the design for the mixing chambers which has to provide sufficiently 
long mixing retention time. The design of the chemical mixing system is influenced by the capacity of the 
treatment plant and the raw water quality of the water source. The selection of a mixing device also 
depends on the application of the chemical and the time scale required for mixing.  

The typical mixing times for the various types of mixing devices are shown in Table H.1 below. 

Table H.1: Typical mixing times for different mixers 

Mixing Device Typical Mixing Time (s) 

Static in-line mixers < 1 

Pressurized water jets < 1 

Turbine and propeller mixers 2–20 
Hydraulic mixers 
i.e. hydraulic jumps, weirs, Parshall flumes 

1–10 

(Tchobanoglous, Burton, & Stensel, 2004) 

Typical chemical mixing devices can be split into two categories: hydraulic and mechanical.  

Hydraulic mixing utilizes turbulence created from head loss during obstruction of flows such as Parshall 
flume, weir and hydraulic jumps. Advantages for hydraulic mixing are their simplicity, reliability and 
their suitability where head is available. A typical head loss of 0.25-0.40m is to be expected. However, the 
mixing efficiency drops significantly without constant throughput). 

A typical form of hydraulic mixing over a weir is shown in Photo H.3. 

Mechanical mixing uses mechanical equipment to provide agitation so as to promote a more 
homogeneous mixing. This includes devices like a static in-line or channel mixers, turbine and propeller 
mixers and pressurized water jets. 

For mechanical mixing with impellers, the power input can be derived to measure the mixing 
effectiveness. Using the following equation from Camp and Stein (1943): 

𝐺 =
𝑃

𝑉𝑢
 

Where: 

G = Mean Velocity Gradient (s-1) 
P = Power Input (Nm/s) 
V = Mixing Chamber Volume (m3) 
µ = Absolute Viscosity (Ns/m2) 
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Photo H.3: Weir mixer 

Table H.2 below shows the typical velocity gradient, or G values for chemical mixing operations. 

Table H.2: Typical “G” values for chemical mixing operations 

Process 
Range 

Detention time (s) G value (s-1) 

Typical rapid mixing 5–30 500–1500 

Rapid mixing for chemical dispersion < 1 1500–6000 

(Tchobanoglous, Burton, & Stensel, 2004) 

A typical arrangement for a mixing chamber with mechanical mixer is shown in Figure H.7 below. 

 
Figure H.7: Typical mechanical mixer 
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Static mixers shall be designed to efficiently mix the chemical into the water to achieve a minimum of 
95% degree of mixing with a coefficient of variation, CoV not greater than 0.05 over the range of water 
flows and at the head loss incurred at the plant. The material of construction of the static mixer shall be 
compatible with the chemicals to be dosed at the maximum concentration likely to be in contact with the 
mixers.   

Chemical injection shall be within one hydraulic diameter upstream of the mixer inlet. The complete 
mixing at CoV of 0.05 or lower shall be achieved within about 10 seconds of chemical dosing. The static 
mixers shall be supplied with sparger systems or similar for injection of the chemical as an integral 
component of the mixer to ensure maximum dosing and mixing efficiency.  

A typical arrangement for a mixing chamber with static mixer is shown Figure H.8 below. 

 

 
Figure H.8: Static mixer 
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H.3 FLOCCULATION 

H.3.1 Flocculation Tanks 

 General 

Application. A flocculation system typically follows after coagulation to provide an environment where 
small particles of flocs are formed into larger flocs by introducing slow and gentle agitation to the water. 
Flocculation can be achieved using hydraulic or mechanical methods. Hydraulic flocculators involve 
baffles to create the required mixing energy, whereas mechanical flocculators uses mechanical means. 
Mechanical flocculators provide greater flexibility in controlling the mixing energy and also results in 
lower head loss as compared to hydraulic systems. 

Design Criteria. The flocculation system shall be designed to operate at a slow enough velocity to avoid 
breaking up the flocs and promote optimum flocculation. The flocculation system shall also provide the 
appropriate detention time to increase the overall efficiency of the flocculation system. 

Flocculation tanks are designed based on several factors including: 

 Flexibility to include alternative flocculant aid application and the capability for variable velocity 
gradient; 

 Minimizing short circuiting by providing a minimum of 3 compartments in series; 
 Type of coagulant(s) used; 
 Space provisions for future upgrade, and 
 A minimum of two tanks built in any treatment plant. 

In all flowing bodies of liquid, velocity gradients occur from point to point thus resulting in suspended 
particles being in contact with each other which would in effect increase the rate of floc formation. Hence, 
the velocity gradient is essential to provide effective flocculation. 

A basis in designing flocculation tanks (published by Camp) is derived from the principle that: 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐶𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛𝑠 ∝ 𝐺𝑇 

Where: 

G = Mean Velocity Gradient (s-1) 
T = Hydraulic Detention Time (s) 

 

In addition, 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝐹𝑙𝑜𝑐 𝐹𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 ∝ 𝐺 

These indicate that the higher the velocity gradient, the shorter the detention time required. However, 
large values of “G” may cause excessive shear forces and break up the floc particles as larger floc particles 
tend to be weaker. Hence, it is preferable to design a flocculation system to be in stages with “G” values 
lowered at every subsequent stage. 

For common coagulants of aluminium and iron salts, 

𝐺 = 12.5 –  30 𝑠  
𝑇 = 15 –  40 𝑚𝑖𝑛 

Hence, 

𝐺𝑇 = 11,250 –  72,000 
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 Baffled Flocculation Tanks 

In Malaysia, baffled flocculation tanks, especially the round-the-end type, were a popular type of 
flocculation system. A usual detention time of 20-30 minutes is used depending on the raw water quality. 
At constant flow, this is an effective flocculation system. However, baffled flocculators produce a higher 
head loss and provides less flexibility for control. 

The design for the inlet of the flocculation tank must allow for even distribution of flow into each tank. 
The inlet velocity is typically in the range of 0.24-0.30 m/s.  The outlet velocity is also an important factor 
and should not exceed 0.1 m/s to provide uniform distribution of flow into the clarifiers and prevent the 
flocs from breaking up. 

The retention time for flocculation is typically 20 minutes . For plants that adopt three staged flow 
velocities, the following “G” values may be used for each stage: 

Stage 1=25 s-1 

Stage 2=17.5 s-1 

Stage 3=12.5 s-1 

To avoid large variations in flow velocity from slight changes in depth, the depth of water must be at a 
minimum of 1 metre. 

Typical plan and section of baffle flocculators is shown in Figure H.9 below. 

 
Figure H.9: Plan and section of a baffled flocculator 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    439 

A typical baffled wall flocculator tank is shown in Photo H.4 below. 

 
Photo H.4: Baffled wall flocculator tanks 

 Mechanical Flocculators 

For a more flexible and lower head loss option, mechanical flocculators are typically more desirable. 
Using the design parameters of velocity gradient G and hydraulic detention time T, it is recommended in 
practice that the G value for horizontal shaft paddle flocculators and vertical shaft energy flocculators are 
in the range of 30-80 s-1. In addition, G values can be derived from the following equation: 

𝐺 = (
𝑃

𝑉𝑢
) .  

Where: 

G = Mean velocity gradient (s-1) 
P = Power input (Nm/s) 
V = Tank volume (m3) 
µ = Absolute viscosity (Ns/m2) 

It is typical to provide a diffuser wall in flocculation tanks with mechanical flocculators to prevent short 
circuiting of flow. The flow velocity through the wall’s openings should not exceed 0.1 m/s with head loss 
at about 8 mm to prevent breaking up the flocs. It is important for the top of the wall to remain submerged 
to prevent scum accumulation behind the wall. To facilitate residuals removal during tank dewatering, 
an opening below the wall should be allowed. If the flocculation tank is to be an integral part of the 
clarification tank, uniform flow distribution can be achieved through diffuser openings at the common 
wall between the flocculation and clarification tank. 

Mechanical flocculators are differentiated by the impellers used. Common types used in Malaysia are:- 

(i) Paddles, 
(ii) Turbines, and 
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(iii) Propellers. 

Paddles are rotated vertically or horizontally at low speeds of 2-15 rpm while the tip speed is limited at 
0.3-0.7 m/s. 

Turbine plates operate at 10-15 rpm with maximum peripheral velocities of 0.61 m/s and 1.2 m/s for 
weak flocs and strong flocs respectively. Plate turbines are effective up to G value of 40s-1 but produces 
high velocity currents at G value greater than 45 s-1. Hence, this type of mechanical flocculator is deemed 
the least effective. 

Axial flow propellers have pitched blades inclined at 35 degrees to the plane perpendicular to the axis 
of rotation with a large hub area and may be installed vertically. Propellers have operation speeds of 150 
– 1500 rpm with G values of up to 80 s-1 and have no limits on tip speed. Propellers are easy to install and 
maintain, and produces uniform turbulence in the flocculator. 

Mechanical flocculator tanks are typically sized for detention periods of 20-30 minutes depending on 
the raw water quality. For rectangular horizontal-flow clarification tanks, it is preferable that the width 
of the flocculation and clarification tanks be the same. The tanks should have a maximum depth of 5 
metres as deeper tanks often display unstable flow patterns and poor flocculation. 

As stated above, the advantages of mechanical flocculators include flexibility of control, reduced amount 
of chemicals required, better floc formation and lesser filter wash requirements. However, mechanical 
flocculators require higher skilled operation and maintenance; dead spaces may occur in the corners of 
the flocculation tanks with risks of short circuiting; hence the design of the tank will need to take this into 
consideration. 

Figure H.10 shows a schematic diagram of a typical mechanical flocculator. 

 
Figure H.10: Schematic diagram of a typical mechanical flocculator 
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H.4 CLARIFICATION 

H.4.1 General 

This section covers the design aspects of the following main types of clarification processes used in 
Malaysia: 

(i) Horizontal flow clarifiers. 
(ii) Inclined (plate or tube) settlers. 
(iii) Sludge blanket clarifiers. 

Application. The function of a clarification system in WTPs is to reduce the solids content in the water 
by removing the flocs and chemical precipitates formed during the previous coagulation and flocculation 
process. 

H.4.2 General Design Parameters 

The clarification system shall be designed for efficient clarification process through slow flowing water 
with minimum turbulence at the entry and exit points and minimum short circuiting. Any accumulated 
residual solids at the bottom of the basin is to be removed periodically as to not interfere with the quality 
of clarified water. 

(i) Vertical rising velocity 

Vertical rising velocity or surface loading rates are used to size surface area requirements for 
clarification tanks. The surface area determines the size to the tank and the available settling area. 

The vertical rising velocity is calculated as follows: 

𝑣 =
𝑄

𝐴
 

Where: 

v = Vertical rising velocity (m/hr) 
Q = Plant flow rate (m3/hr) 
A = Total surface area of basin (m2) 

For clarifiers with sludge concentrator and lamella (plate or tube) settling, the area calculated 
above does not include the additional surface area made available 

(ii) Detention time 

Detention time is used in conjunction with vertical rising rates to calculate the volume and side 
water depth of the clarification tank as follows: 

𝑡 = 24
𝑉

𝑄
 

Where: 

t = Detention time (hr) 
24 = 24 hours per day 
V = Volume of tank (m3 @ Mld) 
Q = Plant flow rate (m3 @ Mld) 
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(iii) Weir Loading Rates 

Overflow weirs or launder troughs are used to control the outlet flow from the clarifiers. V-notch 
and submerged weir plates are commonly used. The required length of weir is decided by the weir 
overflow rates calculated as follows: 

𝑤 =
𝑄

𝐿
 

Where: 

w = Weir loading rate (m2/hr) 
Q = Plant inflow (m3/hr) 
L = Length of weir plates (m) 
 

(iv) Inclined settlers 

Plate and tube settlers are used to increase the settling area through introducing plates and tubes 
to increase surface loading rates. The solids or flocs will settle through gravitational forces. Hence, 
the flow velocity through the settlers and the surface loading rate are calculated as follows: 

𝑣 =
𝑄

𝐴 sin 𝜃
 

𝑢 =
𝑄𝑤

𝐴(𝐻 cos 𝜃 + 𝑤 cos 𝜃)
 

Where: 

v = Velocity of water in settlers (m/s) 
u = Settling velocity (m/s) 
Q = Flow rate (m3/s) 
A = Surface area of basin (m2) 
  Inclined angle of settlers 
w = Width of settler (m) 
H = Vertical height (m) 

 

  

H 

v 

u 

w 
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H.4.3 Horizontal Flow Clarifiers 

 General 

Horizontal flow clarifiers are the most common type of clarifiers used, especially in rural and remote 
areas due to its simplistic operation and cost effectiveness. Some conventional types are the rectangular, 
square and circular basins. Another type of horizontal flow clarifier is the multi-layered “Lovo” tank. 

 Rectangular Horizontal Flow Clarifiers 

The design criteria for a typical rectangular horizontal flow clarifier are: 

(i) The vertical rising velocity or surface loading rate is between 0.85-1.5 m/hr. A typical value of 1.5 
m/hr is used; 

(ii) Detention time is usually 4 hours; 
(iii) Length to width ratio is between 3:1 and 5:1. A preferred ratio is 4:1; 
(iv) Depth is between 3-5 metres; 
(v) A diffuser wall is required at the inlet to ensure velocity of flow is kept under 0.1 m/s; 
(vi) Loading of outlet launders must not exceed 8 m2/hr; 
(vii) Space for residuals accumulation at 10-15% of tank volume, and 
(viii) The recommended floor slope of 1:50. 

A typical rectangular horizontal flow clarifier can be seen in Photo H.5 below. 

 
Photo H.5: Horizontal Flow Clarifier 

 “Lovo” Tanks 

A “Lovo” tank is a modified form of a regular rectangular horizontal flow sedimentation tank with a top 
and bottom compartment from an intermediate slanting slab spanning the whole width of the tank. 

The design criteria for a “Lovo” tank clarifier are: 

(i) The vertical rising velocity or surface loading rate must not exceed 1.5 m/hr; 
(ii) A minimum detention time of 2 hours; 
(iii) Length to width ratio between 2:1 and 4:1; 
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(iv) A recommended depth between 3-5 metres; 
(v) Additional space for residuals accumulation at 10-15% of tank capacity; 
(vi) Inlet velocity around 0.1 m/s with an outlet weir rate of about 8 m2/hr; 
(vii) Velocity of flow at mid-channel in the bottom half (i.e., the quantity of flow divided by the vertical 

cross-sectional area of the tank) should not exceed 0.05 m/s. However, 0.03 m/s is usually used 
in practice. For the top half, the design velocity is at 0.04 m/s; 

(viii) The overflow size should be sufficient to handle the vertical rising velocity. The scour pipe should 
be at the lowest point of the tank, located 1/4 to 1/3 of the length of the tank from the inlet point 
and with a diameter that can scour the tank in 1 hour, and 

(ix) The floor slopes towards the inlet end at a gradient of 1:18 to 1:24. The intermediate slab rises 
towards the collecting channel at the same range of gradients. 

Figure H.11 and Table H.3 below shows the design criteria and dimensions of “Lovo” tanks typically 
used in Malaysia. 

 
Figure H.11: Schematic diagram of a "Lovo" tank 

Table H.3: Typical dimensions and design criteria of “Lovo” tanks in Malaysia (MWA Guidelines) 

Type Flow 
(m3/hr) 

A 
(mm) 

B 
(mm) 

C 
(mm) 

D 
(mm) 

E 
(mm) 

F 
(mm) 

Gross 
Volume 

(m3) 

Net 
Volume 

(m3) 

Retent-
ion 
(hr) 

Gross 
Area 
(m2) 

Rising 
Rate 

(m/hr) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0 – 50 
51 – 70 
71 – 90 

91 – 110 
111 – 130 
131 – 150 
151 – 200 
201 – 250 
251 – 300 
301 – 350 
351 – 400 
401 – 450 
451 – 500 
501 – 550 
551 – 600 

3200 
3900 
4500 
5000 
5300 
5500 
6000 
6500 
7100 
7700 
8200 
8800 
9100 
9600 

10,000 

12,800 
45,600 
18,000 
20,000 
21,200 
22,000 
24,000 
26,000 
28,400 
31,000 
32,800 
35,200 
36,400 
38,400 
40,000 

3700 
3580 
3610 
3650 
3800 
4020 
4380 
4640 
4710 
4850 
5020 
5250 
5400 
5600 
5770 

3060 
2800 
2710 
2650 
2740 
2920 
3180 
3340 
3290 
3300 
3380 
3490 
3580 
3600 
3770 

450 
450 
450 
800 
800 
800 
800 
800 
800 
800 

1250 
1250 
1250 
1250 
1250 

500 
600 
600 
700 
700 
800 
900 

1000 
1100 
1200 
1200 
1300 
1400 
1500 
1500 

112 
156 
202 
249 
293 
340 
449 
562 
672 
814 
952 

1149 
1266 
1464 
1642 

102 
142 
184 
227 
267 
310 
409 
512 
612 
744 
872 

1059 
1166 
1354 
1522 

2.04 
2.03 
2.04 
2.06 
2.05 
2.07 
2.05 
2.05 
2.04 
2.13 
2.18 
2.35 
2.33 
2.46 
2.54 

41 
61 
81 

100 
112 
121 
144 
169 
202 
239 
269 
310 
331 
369 
400 

1.22 
1.15 
1.11 
1.10 
1.16 
1.24 
1.39 
1.48 
1.49 
1.47 
1.49 
1.45 
1.51 
1.49 
1.50 

Design Criteria 

B : A 
Net volume 
Retention 
Rise rate 
Water velocity in tank 
Tank drain down time 
Residuals allowance 

= 
= 
= 
= 
= 
= 
= 

4.1 nominal 
Gross Volume – 10% residuals allowance 
Net volume/Flow = Minimum 2 hours 
Maximum 1.5 m/h 
Maximum. 0.02 m/s 
Maximum 1 hour 
12 minutes (Retention at max. flow) 
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H.4.4 Inclined (Plate or Tube) Settlers 

 General 

Clarifiers with inclined flat plane surfaces or inclined tubes are called plate settlers or tube settlers, 
respectively. Plate or tube settlers can be used to upgrade existing clarifiers by increasing available 
surface settling area. To ease maintenance, they must be of movable type. 

Compared to horizontal flow tanks, inclined plate or tube settler clarifiers are more efficient, smaller, 
capable of producing better effluent and can be operated fully automatic. However, it is important that 
their residuals removal systems be designed appropriately to meet the expected quantities of residuals. 

The two types of inclined plate or tube settler clarifiers are: 

 Horizontal flow type, and 
 Up-flow type. 

Generally, the vertical up-flow inclined (plate or tube) settler is more effective than a horizontal flow 
inclined (plate or tube) settler especially at high raw water turbidity occasions. 

(1) Horizontal Flow Type 

The general design aspects of a horizontal flow type plate or tube settler clarifier include:  

 The settlers are made from stainless steel or uPVC sheets and are set approximately 100 mm 
intervals at an angle of 60 degrees, covering the full width of the clarifier. Laminar flow is 
enhanced through dividing the sectional water area flowing downstream into many narrow 
paths between sloping plates; 

 Settling process within the parallel sloping plates shorten and regulate the settling distances 
between plates; 

 Slits are located between the upper and lower plates to separate the clean water creeping up 
along the bottom face of the sloping plates from the residuals sliding down the upper face, and 

 Baffled walls are installed between plate settlers and the side walls and bottom to prevent 
bypassing of flocculated water through the sloping plates. 

(2) Up-flow Type 

The general design aspects of an up-flow sloping plate settler clarifier include: 

 Laminar flow effect is increased through narrow flow paths made from the sloping plates set at 
intervals of about 100 mm at an angle of 60 degrees, and 

 Increased removal of suspended particles from very short settling distances due to parallel sloping 
plants being stacked upon each other. 

 Design Criteria 

To produce an effective inclined plate or tube clarification system, several design criteria needs to be 
met. This includes: 

The design criteria for inclined plate or tube clarification system is as follows: 

(i) Spacing between collecting troughs or pipes should not exceed 1.5 metres and the head above 
the weirs or orifice should be at a minimum of 50 mm for good performance in uniform 
abstraction of clarified water; 

(ii) The size of clarifiers should allow for 1 hour of detention time with length-to-width ratio as 
stated in section H.5.2 (iii) for rectangular horizontal flow clarifiers; 
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(iii) The front third of the clarifier tank is a stilling area that allows coarser particles to settle which 
ensure uniform flow reaches the plates or tubes. The average velocity in the tank should not 
exceed 0.6 m/min; 

(iv) Plates with intervals of 100 mm should have a time of passage through the inclined plates of 20-
40 minutes; 

(v) Inclined plates are typically made from stainless steel whereas tubes are made from uPVC or 
some similar material; 

(vi) Plates are supported and set over the surface of the clarifiers at intervals of 100 mm at a 60 
degree angle. This forms a narrow flow path and enhances laminar flow; 

(vii) Plates should be placed to allow 1.5 metres of spacing between its lower end and the floor. A low 
cross wall on the tank floor should be provided to deflect all flow through the plated section, and 

(viii) The loading on the outlet launders must not exceed 8 m2/hr. 

 
Figure H.12: Schematic diagram for a typical vertical lamella (plate or tube) clarifier 

 
 Photo H.6: Vertical flow lamella tube clarifier 
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H.4.5 Sludge Blanket Clarifiers 

 General 

Sludge blanket clarifiers utilize the formation of sludge blankets as means to separate the flocs and the 
clean water. Water coming into the clarifier from the bottom rises and passes through the sludge blanket. 
Clean water passes through and leaves the accompanying flocs within the sludge blanket. The 
accumulated sludge will bleed out to maintain the mass balance of floc inside the clarifier. 

Sludge blanket clarifier are typically designed for surface loading rates of 4-6 m/h.  

Sludge blanket clarifiers require raw water with constant quality and a continuous operation.  Downtime 
or intermittent operations affect the sludge blanket and disrupts the downstream processes. 

 Pulsed Blanket Clarifier  

Design Criteria.  Pulsed blanket clarifiers are sized based on surface loading rate in the clarification 
zone. Typical design loading rates are provided in Table H.4 below,  

Table H.4: Typical design loading rates for pulsed blanket clarifiers  

Type of Unit Loading rate 

Pulsed blanket 2.4 to 3.1 m/hr 
Pulsed blanket with plate settlers  4.9 to 9.8 m/hr 

Pulsed blanket with plate and tube settlers  7.3 to 12.2 m/hr 
(Tchobanoglous, Burton, & Stensel, 2004) 

(i) The basin dimension consists of a blanket section with a central source water influent chamber, 
residual concentrator, and effluent section.  

(ii) Flow from the vacuum chamber typically enters a conduit serving two halves of the basin. From 
this conduit, laterals extend to either side to provide uniform flow across the bottom of the basin. 
Laterals are spaced at about 1.1 m centre.  

(iii) Clarified water is collected at the clarifier surface by uniformly spaced laterals.  
(iv) As the residual blanket builds in volume, it rises above the level of an overflow weir to residual 

concentrators, where it is allowed to partially thicken and periodically drawn off through timer 
control valves.  

H.4.6 Dissolved Air Flotation (DAF) 

 General 

Dissolved air flotation (DAF) is a conventional treatment alternative to sedimentation as a clarification 
process for waters that contain light particles. The process utilises micro air bubbles to attach and float 
flocculated particles to the water surface. Smaller floc sizes are required for DAF systems to be effective.  

The DAF tank can be divided into two sections. The front section is called the Contact Zone where floc 
particles come into contact with the air bubbles. The air bubbles are generated in a pumped recycle 
stream by an air compressor and are dissolved in water through a saturator. 

The water carrying the suspension of bubbles, floc-bubble aggregates and unattached floc particles flow 
to the second section of the tank, called the Separation Zone. The clarified water flows to the bottom of 
the clarifying chamber and then to an effluent control weir for collection.  Figure H.13 shows a typical 
schematic of a DAF system. 
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Figure H.13: Dissolved air flotation process schematic 

 Design Criteria 

The general design criteria for a DAF system to be effective as a clarification process include the 
following: 

(i) The turbidity of the raw water is lower than 100 NTU. 
(ii) The bubble sizes are between 10 to 100 µm with most bubbles of about 40 to 80 µm, to produce 

reasonable flotation rate. 
(iii) Conventional DAF systems design hydraulic loadings are 5 to 15 m/h, whereas for high rate DAF 

systems the loading rate may be of 15 to 30 m/h. Conventional DAF and high rate DAF systems are 
generally similar in process, the main difference is in the loading rates in the contact zone and 
separation zone. Other differences include the basin length/width ratio with some systems having 
a ratio of 1 or less; some systems use a deeper tank. Examples of high rate DAF systems include the 
Clari-DAF by Leopold, AquaDAF by Degremont and Enflo-vite by Enpure. 

(iv) Recycle rates in the range of 6-12%. The recycle stream is the effluent from the DAF which is air 
injected and recycled back to the front of the DAF tank (contact zone). 

- Recycle rate, R =  

Qr = recycle flow 
Q = plant throughput flow 
 

- Typical design value for R = 10% or a little higher. 

(v) Operating pressure of the saturator is between about 60 to 85 psig. 
(vi) Microbubbles are produced with sizes between 10 and 100 µm. 
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H.5 FILTRATION 

H.5.1 General 

The following section covers the design aspects of the following main types of filtration systems: 

 Gravity filtration through granular filter media (sections H.5.2-H.5.9), and 
 Membrane filtration (section H.6). 

Application. The function of primary filters in WTPs is for the final removal of particulates normally 
after the clarification process. Secondary filters may be introduced as a polishing filter to remove 
smaller micro particulates or low concentrations of dissolved materials from the primary filtered water. 

Design targets.  The filtration system, in conjunction with the upstream process units, shall be designed 
to produce filtered water with the filtered water quality (with the exception of microbiological 
parameters) not exceeding the Acceptable Values of the current Drinking Water Quality Standard of the 
Ministry of Health Malaysia, for 100% of operating time. 

In addition to the above, the filtration system may be designed to produce the following target values at 
least up to 95% of operating time: 

(i) For medium to large WTPs, turbidity shall not exceed 0.5 NTU before pH correction for a clean 
filter. For other WTPs, turbidity should not exceed 1.0 NTU after pH correction.  

(ii) Colour not exceeding 5 Hazen units. 

H.5.2 Granular Media Filtration 

 Design Considerations 

(1) General 

Generally, the design of the filtration plant will rely mostly on previous experience, standard design or 
duplication of that used in similar WTPs. This is an acceptable approach, considering that new designs 
would require pilot plant studies, or at least bench-scale studies. Nevertheless, the Designer should be 
aware of the fundamentals in the design of filtration plant. 

The most common type of filtration system in WTPs is the rapid gravity granular media type (section 
D.1.7.3) with purpose-built tanks of reinforced concrete construction.  Particular among this type, which 
is recommended in the Guidelines, is the high rate granular media type (section H.5.2). 

In the design of the above filtration systems, the Designer shall consider and take into account the 
following aspects: 

 Layout of the filters; 
 Configuration of the filter tanks; 
 Number of filter tanks; 
 Filter media; 
 Filtration rates; 
 Operational control; 
 Method of washing; 
 Underdrain system; 
 Instrumentation for monitoring and control, and 
 Automation. 
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(2) Layout of the Filters 

To provide for economy of space for the WTP site, the filter block should be of approximately the same 
width as the clarifier block (see sub-section G.3 (1)(vi)). 

The filter block should consist of the filter tanks, the gallery and the local control annex. The gallery would 
consist of a pipe gallery and filtered water channel on its lower level and a filter observation gallery on 
its upper level. 

 
Figure H.14: Single side filter configuration (single bed) 

 

 
Figure H.15: Single side filter configuration (twin bed) 

 
Figure H.16: Double side filter configuration (twin bed) 

Filter tanks would normally be placed along one side of the gallery. For a small WTP, the filters are 
normally of a single bed in a single row configuration (Figure H.14) or double bed in a single row (Figure 
H.15). For a larger WTP, the filter tanks may be arranged in a double row configuration (Figure H.16).  
The layout of the gallery is further addressed in section H.5.2.2. 
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Filter tanks should be of reinforced concrete design, although construction in mild steel in small package 
plants may be acceptable. 

(3) Number of Filter Tanks 

In considering the number of filter units to be used, the nominal output flow during the normal 
operation of the filters when one or more filters may be taken off line for washing or out of service for 
maintenance, shall be maintained.  When one filter is taken off line, the filtration rate (section H.5.4) 
of the remaining filters increases accordingly, and this filtration rate shall not exceed the design filtration 
rate. For this, the filters shall include for “standby” capacity to account for the off-line filters.  

It is recommended that the number of filter units be equal to or be a multiple of the number of clarifier 
tanks plus the number of standby filter tanks; For n number of clarifier tanks, the number of filter tanks 
should preferably be n, 2n or 3n plus the number of standby filter units. 

The number of filter tanks shall be proportioned such that: 

Total number of filters = Number of filters to maintain the nominal design output flow + Number of standby 
filters. 

For small and medium WTPs serving the public, it shall be considered that maintaining the nominal 
output flow is of utmost importance.  For medium sized WTPs, the number of standby filters should be 
at least two units (i.e., one drawing down/washing/restarting, one out of service).   

The Designer should note that the number of standby filters assumed to be in the washwater cycle 
influences the assumed waste washwater settling period and hence the washwater recovery cycle. 

For very small WTPs, the minimum number of filters shall be two units; in such a case, one filter shall be 
able to maintain at least 75% of the nominal treated water output.  Wherever possible, two out of three 
units should maintain the nominal output flow. 

For a large WTPs, the minimum number of standby filters should be three units, with one unit being 
drawn down, one unit washed/restarted and one unit out of service.  For a very large WTPs, the number 
of standby filters should be 3-4 units. 

(4) Configuration of Filter Tanks 

The filter tanks should be rectangular in shape with a length/breadth ratio of 10:9 to 10:6. For ease of 
construction, particularly for the underdrains, the dimensions of the individual filters shall be equal to 
each other and uniform in shape. 

The size of each filter tank depends on the filter tank configuration selected.  Small filter tanks in small 
WTPs normally have one filter bed with a common side gullet for water inlet and waste washwater 
discharge as shown in Figure H.14.  Larger units for medium to large WTPs normally have dual beds with 
a common inlet and washout gullet between the beds as shown in Figure H.15 and Figure H.16. 

The width of the filter bed, and hence the width of the filter, depends on the type of washing method 
adopted; this is addressed in section H.5.6 (page 462).  Meanwhile, the height of the filter walls depends 
particularly the type of media used; this is addressed in the next sub-section. 

 Filter Arrangement 

(1) Clarified Water Channel 

Clarified water is conveyed from the upstream process units via the following: 

 Open channel (usually referred to as the clarified water channel).  This is preferred as head loss 
is minimised.   
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 Closed conduit or pipe (clarified water conduit or pipe).  This is normally used where 
intermediate dosing of chemicals such as chlorine (as intermediate chlorination) or polyelectrolyte 
(as filter aid) is applied. 

The channel or pipe joins the filters usually at a common inlet channel for the filters. Where a channel is 
used as a clarified water conduit, the incoming clarified water pipe will terminate at a chamber before 
entering the common filter inlet channel.   

Particular care shall be given to the design of the clarified water channel or pipe and filter inlet channel. 
Where twin channels or pipes are provided, the channels should be of equal lengths and symmetrical 
with each other. An unsymmetrical configuration (for example, one short and one long channel) 
inevitably results in unsatisfactory flow distribution at the filter inlet channel due to differing hydraulic 
gradients of the channels, usually resulting in the shorter channel having higher and faster flows.  For 
filters without inlet weirs, the clarified water channel shall not lead directly to a particular filter inlet, 
otherwise flow will short circuit mostly through that filter only. 

The clarified water channel or pipe shall be designed for low velocities not exceeding 0.5 m/s with low 
turbulence to avoid breakage of particulates carried over from the clarifiers; this is done by avoiding or 
minimising drops, bends and long conduits. 

(2) Filter inlet channel 

The clarified water is then normally distributed among the filters by the common filter inlet channel.  The 
filters are normally isolated from the filter inlet channel by penstocks. The width of the channel and 
hydraulic depth through the channel should be such that the velocity of water does not exceed 0.5 m/s. 

The filter inlet configuration may or may not include an individual inlet weir.  The use of an inlet weir for 
the filters dependent on the operational control adopted for the design of the filter. 

In the design of some modern filters, two inlet filters are provided: one small and one larger one; the 
smaller one is to provide for surface sweep during filter washing (sub-section H.5.6(1)(ii)) and slow 
start up (sub-section H.5.6(2)) of the filters. 

(3) Filter inlet gullet and filter tank depth 

General.  The filter inlet gullet configuration and the depth of the filters are interrelated and mainly 
depend on the type of media and washing system employed. 

Single filter media.  The water depth in constant head, constant level single media filters are normally 
designed in the range of 1 m to a maximum of 3 m, while constant head, rising level single media filters 
are designed based on the calculated head loss at maximum clogging of filters anticipated after a certain 
filter run time. In modern WTPs with efficient upstream clarifiers, the head loss hardly ever exceeds 2 m, 
and relatively low walls are acceptable.   

In certain cases, such as in a constant-head constant water level filter, the height of filter walls as well as 
the inlet and filtered water channel walls, should be checked against water height during overflow 
conditions. A freeboard of 300 mm should be allowed. 

Dual/multi media filter.  Dual media filters should be designed with inlet troughs atop a high gullet wall; 
the high walls will be necessary to contain the fluidised bed during filter washing in order to avoid loss 
of media.  As a result, the gullet walls may be up to 2.5-3.5 m high depending on the size of the filter bed.  
The washwater will be collected from the top troughs and conveyed to the waste washwater channel 
through the inlet gullet. 

(4) Filter Bed 

It is recommended that the size of the filter bed should not be more than 3 m wide (for filters washing 
without surface sweep) or 4 m wide (with surface sweep) as measured transversely from wall to washout 
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channel.  For filter beds greater than the above width, washwater collection troughs should be 
introduced. 

For practical purposes, filter tanks should not exceed 20 m in length or a filter bed area much above 180 
m2. 

(5) The Central Gallery 

The pipework gallery should consist of a basement, where the filter outlet pipework, air scour and 
washwater pipework are located, and an upper viewing floor where filter control consoles are located. 

(6) Air Scour Inlet 

In filters with false bottom underdrains, air is usually introduced by an air distributor pipe through the 
filter wall or by a concrete air duct (with perforations just below the slab or plate) located just above the 
filtered water channel/washwater water duct (in the case of dual bed filter). 

In filters where the underdrain system used is lateral pipe, air entry to the underdrain system is gained 
through an air header pipe, located above the filter bed connected to the lateral tees.  However, 
sometimes, air is introduced via another branch at the common pipe of the filter outlet/wash inlet to the 
underdrain system. 

The air header pipe shall at some point before entering the first filter has a vertical inverted U-bend at 
least 0.5 m above the top of the filter tank to prevent water from flowing to the air blower equipment. 

Air scour inlet velocity should not exceed 25 m/s. 

(7) Filter Outlet 

Filtered water is usually conveyed from the false floor or the lateral pipe main manifold into an outlet 
pipework.  The outlet pipework is usually connected, with isolating valves, to the washwater pipework. 

The configuration of the filtered water outlet pipework is dependent on the operational control used for 
the filter. 

(8) Waste Washwater Inlet 

The washwater inlet pipe is usually joined with the filter outlet pipe or a common outlet chamber, with 
an isolating valve.  In manual plants, the washwater isolating valve is normally used to control the 
washing.  In automated plants, the isolating valves automatically opens and the filtered water outlet valve 
closes when washing is initiated. 

(9) Waste Washwater Outlet 

(i) Single media filters 

The waste washwater outlet is normally a channel is located on one side of the filter or centrally above 
the filter outlet channel in the case of dual bed filter.  The channel is designed to discharge the maximum 
wash rate without submergence of the channel. 

The channel cill shall have adequate height above the sand media, to prevent loss of sand during washing.  
This height may be taken to be equal to about the rise per minute of the washwater rate.  However, when 
air is used to aid the scouring process, this height is made somewhat greater.  Typically, the height will 
be about 350-500 mm above the filter bed.  It is important that the height of the shall be even throughout 
the filter to ensure the uniform discharge of washwater and filter washing. 
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(ii) Dual and multi media filters 

In very large filter beds, where the travel of the overflowing water to the washwater outlet channel is 
excessive, it is recommended that washwater troughs be designed to ensure uniform washing.  This will 
also help to reduce the time of washing and thus the amount of washwater used. 

The distance between the troughs shall not exceed 1.5 m.  The upper end of the trough must be of the 
same level to ensure uniform washing.  The bottom of the trough, however, must have a slope sufficient 
to carry away the washwater.  A slope of 1 in 35 is usually used. 

The trough shall be constructed in non-corrodible and durable material such as concrete or synthetic 
resins.  Semicircular shape is the best as it interferes least with the upward streaming of washwater and 
possesses the best hydraulic properties for discharge. 

 
Figure H.17: Typical arrangement, dual bed filter (plan) 

 
Figure H.18: Typical arrangement, dual bed filter (transverse section) 
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Figure H.19: Dual bed filter with side inlet 

 
Figure H.20: Dual bed filter with side inlet (transverse section) 

 
Figure H.21: Constant head filter with elevated inlet troughs 
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Figure H.22: Constant head filter with elevated inlet troughs (transverse section) 

H.5.3 Filter Media 

Selection of the filter media type generally depends on the incoming clarified water quality and the 
expected filtrate quality. Generally, coarse grain sizes are used for lower incoming clarified water quality 
and finer grain sizes are used for higher filtered water quality. Floc particles that may be carried over 
from the clarifiers are in the range of 0.1 to 2.0 mm, so sand filters (normally with effective grain sizes 
filter of 0.4 to 1.0 mm) may be able to retain most of the suspended particulates. 

However, where finer grains are used, filtration rates and filter runs tend to be reduced as the top of the 
filters will be clogged at a faster rate. Hence finer filter media will require better quality incoming 
clarified water. In addition, finer media are not practical to be used with deep beds, as effective depth is 
less, and available head loss (and hence filter wall depth) will increase. 

Relatively coarse grain sizes allow the use of deeper media beds with longer run times. These require 
sufficiently deep tanks with higher available heads, and so is normally used for large to medium sized 
filter tanks. 

The type and depth of media selected determines the type of washing system to be used and the 
underdrain system. 

Filter beds consist of generally two types: 

 Single sand media filters. 
 Dual or multi media filters. 

The above types of filter beds are addressed as follows.  

(1) Single media filters 

In Malaysia, silica or quartz sand is used almost exclusively for single media filters due to its abundance 
of supply.  Alternative types of media are much more expensive and are not normally used. 

Generally, the use of coarse grain deep bed sand media is acceptable for waterworks purposes in 
Malaysia.  The use of sand with effective size 0.8-0.9 mm and uniform coefficient of less than 1.6 would 
be suitable for achieving acceptable loading rates and filter runs.   

The above should be used with relatively deep filter beds of 900-1200 mm depth in medium to large filter 
tanks (> 50 m2) generally with an available head loss of 1.0 m to 2.5 m. For small tanks (< 20 m2) with 
shallower wall depths, shallower media depths of 500-600 mm should be used. 
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Fine grain sizes of 0.55-0.65 mm may be used for higher filtrate quality where necessary.  This should be 
used in conjunction with shallow beds not exceeding 600 mm depth.  For use with these beds, an 
incoming clarified water turbidity of well below 0.5 NTU is recommended, otherwise filter runs will be 
short. 

The sand should have a specific gravity of 2.55-2.65 and an acid solubility of 5%. Friability tests on the 
media should indicate that loss should not exceed 1% by weight. 

The sand layer is supported by one of the following: 

 A false floor underdrain fitted with nozzles perforated with slots much smaller than the size of the 
media, or 

 A gravel support layer of depth 50-400 mm deep, depending on the type of nozzles or underdrain 
used. 

For this type of filter media, combined air scour and water wash is normally used and recommended. 

(2) Dual and multi media filters 

The purpose of the dual and multi media filter is basically to have a more effective coarse-to-fine grain 
filtration by having a relatively coarse media layer on top of two or three layers of finer media material. 
Multiple media filters are dual- or triple-media filters, with dual media filters being the most commonly 
applied.  

Dual media beds normally consist of crushed anthracite coal and sand.  The upper layer of anthracite is 
normally 500-800 mm in depth, with an effective grain size of 0.8-1.1 mm and specific gravity of 1.4-1.5. 

The lower layer of fine sand is normally 150-400 mm in depth, but as a guideline it may be taken as half 
that of the anthracite layer.  The effective grain size of the sand layer is usually specified down to about 
half that of the upper anthracite layer, say 0.4-0.55 mm, to obtain high filtered water quality.  However, 
such high filtered water quality is not usually expected in Malaysian waterworks, and the use of higher 
effective grain sizes is acceptable. 

Triple media filters may include an underlying layer of garnet (s.g. of 4.0-4.3) or ilmenite (s.g. 4.5) but 
these are uncommon in this country. It is not envisaged that such triple media filters are required for use 
for treating Malaysian waters, and will not be discussed further here. 

As may be observed, the specific gravities of the media are selected so as to maintain the distinct media 
layers after washing of the filters.  However, after washing, the media do intermix and no distinct 
interface is always maintained, but this is not considered to be detrimental to the performance of the 
filter. 

Past applications of dual media filters have used separate air and water wash, with combined air-water 
wash increasingly used.  Combined air and water scour followed by high rate washing (i.e. expansion of 
10% or more of the bed) is recommended. 

Dual media filters are normally used in Malaysia for upgrading works to achieve an increased filtration 
rate using the same filter bed.  Otherwise, the use of deep bed, coarse grain single media filter is normally 
sufficient. 

(3) Media support 

The sand layer is supported by one of the following: 

 A false floor underdrain fitted with nozzles perforated with slots much smaller than the size of the 
media, or 

 A gravel support layer of depth 50-400 mm deep, depending on the type of nozzles or underdrain 
used. 
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The sand layer of the single media or the dual media filter is supported by one of the following: 

(i) A gravel support layer of at least 50 mm above the top of nozzle for false floor underdrains or up 
to 400 mm for lateral pipe underdrains, or 

(ii) A false floor underdrain fitted with nozzles perforated with slots much smaller than the size of the 
media. 

H.5.4 Filtration Rates 

Provided the pretreatment is effective and achieve the pretreatment targets (section H.5.1), the 
filtration rates of rapid gravity filters will not significantly affect the filtered water quality for rates 
generally below 25 m3/m2/hr; however, the filtration rates above that value are impractical even for dual 
media filters due to high head losses developed (S. Kawamura, 2000). 

For existing older WTPs, filtration rates of up to 5 m3/m2/hr have been used. 

For deep bed single media rapid gravity filters, filtration rates of 7-10 m3/m2/hr should be used, 
operating in conjunction with the upstream clarification stage being treated by coagulants in 
combination with polymer coagulant aids.   

For dual media rapid gravity filters, filtration rates of up to 15 m3/m2/hr may be used.  For dual media 
filters utilising granular activated carbon, a lower filtration rate of up to 10 m3/m2/hr is recommended. 

Lower filtration rates of about 6-7 m3/m2/hr maybe opted to minimise the risk of particulate 
breakthrough of harmful substances including microbiological contaminants.   

H.5.5 Operational Control of Filters 

 General 

Filters are primarily categorised by their method of operational control, which consist of either one of 
the following: 

(i) Constant rate filters, and 
(ii) Declining rate filters. 

The above are addressed as follows. 

(1) Constant rate filters 

There are three methods in operating the constant rate mode of filter control: 

(i) Outlet flow control with constant water level over the filters;  
(ii) Inlet flow control with water level over the filters maintained at a constant head, and 
(iii) Inlet flow control with varying water levels over the filters. 

(i) Outlet Flow Control with Constant Level 

This type of constant rate filter is designed to discharge a constant and equal flow from all the filters.  
This system requires a flow control system and each filter outlet has a flowmeter and outlet control valve. 
The filter control system receives signals from flowmeters, and regulates the outlet control valve of each 
filter to maintain constant and equal flow from all the filters.   

In this type of filter, water is conveyed from the upstream clarifiers in a channel with no abrupt head 
losses (i.e. weir drops), and the filter inlet is always submerged. A level transmitter is also provided in 
the influent channel to ensure the stability of the upstream water level for varying flows.  This 
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arrangement is to minimise breakage of floc that may be carried over from the clarifiers in order to obtain 
a higher water quality. 

Operation of these filters requires full automation, and a high level of mechanical and electrical 
equipment and instrumentation. Washing of the filters is triggered by elapsed filter run time or by a 
predetermined maximum loss of head across the filter bed.  As excessive head loss through the filter 
cannot be seen or detected other than through the loss of head instrument, a turbidity meter at the outlet 
is also necessary as a backup to monitor for any sudden particulate breakthrough. 

A typical arrangement of the constant rate filter with outlet flow, constant level control is illustrated in 
Figure H.23 (below). 

For this type of filter, the Designer shall ensure that the normal operating water level in the filtered water 
channel will result in the sand media being submerged at all times. 

 
Figure H.23: Constant rate filter with outlet flow, constant level control 

(ii) Inlet flow control with constant level  

In this type of system, the flow is divided equally among all the filters and a constant output flow is 
maintained by maintaining a constant water level in the filter.  The equal inlet flow is achieved by means 
of an inlet weir above the maximum operating water level of the filter, while the constant water level is 
maintained by modulating the effluent outlet valve.  The outlet valve is controlled by signals from a loss 
of head indicator, which opens further to compensate for increased filter loss of head.  As flow to each 
filter is equal, no outlet flowmeter is necessary. 

Filter washing is normally automated. Washing of the filters is triggered by elapsed filter run time or by 
a predetermined maximum loss of head.  A level instrument in the filter tank is also necessary as backup 
to indicate excessive loss of head. 

A typical arrangement of the constant rate filter with inlet flow, constant level control is illustrated in 
Figure H.24. 
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Figure H.24: Constant rate filter with inlet flow control with constant level 

For this type of filter, the crest level of the outlet weir should always be above the sand media to maintain 
submergence. 

(iii) Inlet Flow Control with Rising Level  

This system is similar to the inlet flow, constant level filter except that an outlet weir is placed in lieu of 
the regulating outlet valve.  As each filter is clogged, the water level rises in the filter to provide the head 
required to drive the flow through the filter media.  The water level in each filter is different and depends 
on the extent to which the filter media is clogged.   

This type of filters does not require automation for operation.  Washing may be initiated manually by 
visual inspection of the water level in the filters. Filter washing may be automated based on elapsed filter 
run time or by a predetermined maximum loss of head.   

A typical arrangement of the constant rate filter with inlet flow control with rising water level is 
illustrated in Figure H.25. 

 

 Figure H.25: Constant rate filter with inlet flow control with rising level 

For this type of filter, the crest level of the outlet weir should always be above the sand media to maintain 
submergence. 
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(2) Declining rate filters 

In this system, flow enters the filter below the normal water level in each filter and discharges into the 
filter outlet channel via a weir above the level of the filter media.  Because the inlet to the filters is below 
the normal water level in each filter and connected by a common inlet channel or pipe, all filters operate 
at approximately the same water level and thus have the same available head.  Therefore the cleanest 
filter operates at the highest filtration rate and the dirtiest filter operates at the lowest filtration rate. 

As solids accumulate in the filter media, the water level rises in all the connected filters to provide the 
head required to drive the flow through the filter media.  When the water level reaches some upper 
desired limit, the dirtiest filter is washed.  The filtration rate declines in a stepwise fashion.  As each clean 
(washed) filter is returned to service, it assumes the highest rate of flow and all other filter step down to 
lower rates of filtration.  The dirtiest filter assumes the lowest rate of flow until it is washed. 

The system requires no instrumentation for flow rate or head loss measurement on individual filter.  The 
water level in each filter guides the plant operator when to wash each filter.  However, some means of 
effluent rate indication needs to be provided to determine which bed is in greatest need of washing. 

There is a need to install an orifice plate or some simple flow-limiting device on the filter effluent line to 
limit the maximum flow rate. 

The drawback of declining rate system is that, after a filter has been washed, it is operating at a maximum 
rate, which may cause turbidity to break through the media for a period of time. 

A typical arrangement of the declining rate filter system is shown in Figure H.26. 

 
Figure H.26: Declining rate filters 

 Washwater 

(1) Washwater source 

The main concern with filter washing, besides cleaning the filter itself, is the prevention of algal growth 
within the filters.  Where filtered water is used as washwater, pre-chlorination has to be included in the 
pre-treatment to provide for chlorine residual through the process units all the way to the filters. 

Where pre-chlorination is not used (or where alternatives such as pre-ozonation is used), chlorinated 
water is to be used for washing the filters.  The chlorinated water may be obtained by piping or sump 
immediately after the chlorine contact tank, or by dedicated pumps at the treated water pumping station. 

Where nitrifying or similar biologically active filters are used, chlorinated water should not be used. 
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(2) Washwater tank 

Washwater source to the filters may be by the following: 

(i) Pumped flow from ground washwater retention tank.   

Filtered water is retained in a deep tank normally located downstream of the filtered water 
channel, or alternatively chlorinated water is piped from just downstream of the contact tank.   

This arrangement is preferred as it provides for controlled washwater flow.   

The volume of the washwater tank must be sufficient for two washes at the maximum wash rate 
at the minimum run time. 

(ii) Gravity flow from elevated washwater tank. 

The tank should be of sufficient height to provide for washing at the necessary rate.  This 
arrangement is normally provided for smaller scale plants with a low level of automation.   

Dedicated pumps should be provided to pump the water to the elevated tank.  Direct tapping off 
from the treated water pumping mains is not encouraged. 

The elevated tank is also normally also used to provide service water (chlorinated) for treatment 
plant usage. 

The volume of the washwater tank must be sufficient for two washes and for the other in-plant usages. 

H.5.6 Filter Washing 

(1) Filter Washing Methods 

Modern rapid gravity filters use air scour either alone or in combination with a low rate water wash 
preceding a low or high rate water wash.  Air scour in conjunction with low or moderate water wash is 
preferred as it is more effective than air scour alone. 

The methods of filter washing recommended for consideration include the following: 

 Combined air scour and water wash; 
 Combined air scour and water wash with surface sweep, or 
 Separate air and water scour. 

Older designs of filters have used water-only wash, but this method will not be recommended here. 

(i) Combined air scour and water wash 

In combined air scour and water wash (Figure H.27) for generally coarse grain deep bed sand media 
(section H.5.3(1)), air scour is applied at a high rate of about 50-55 m3/m2/hr for about 45-60 seconds 
to form an air blanket, then the air scour is continued in combination with a low rate wash of about 5-8 
m3/m2/hr; this usually will be followed by a moderate-rate water-only wash of up to 15-20 m3/m2/hr.  
The combined air and water wash and the following water-only wash must be done successively with no 
perceptible lag in between to avoid the scoured solids from being re-embedded.  High rate water wash 
will not be necessary as there is no need for stratification of the media. 

The duration of combined air scour may be taken as 6-8 minutes while the duration of water-only wash 
is 8-10 minutes. 

A flow control valve will normally be provided to modulate the low-rate wash and the higher rate water-
only wash.  The better alternative, which is recommended here, should be to provide for the low-rate 
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wash by using one washwater pump, usually at about 7.5 m3/m2/hr, and the water-only wash by starting 
an additional washwater pump to produce 15 m3/m2/hr. 

The combined air scour and water wash method is not applied to dual or multi media filters of 
conventional design, as the wash tends to carry away the lighter filter media into the low waste 
washwater channels.   

However, where this type of wash is provided for dual or multi-media filters, the filter are designed with 
high-level waste washwater collection channels elevated above the filter beds in lieu of the lower side 
waste washwater channels.  In this case, the air scour is applied at a high rate along with a very low rate 
water wash (7-8 m3/m2/hr), followed by a high rate water-only wash at about 55 m3/m2/hr. 

(ii) Combined air scour and water wash with surface sweep 

This is the recommended method for washing of deep bed single media sand filters (Figure H.28).  This 
method of washing is similar to the combined air scour and water wash in (i), but with additional surface 
sweep (or cross wash) during the water-only wash stage.  This is done by means of the side inlet gullets 
conveying clarified water for the surface sweep into the central waste washwater outlet gullet.  For this 
method of washing, the water-only wash is usually reduced to 15 m3/m2/hr.  Proprietary designs such 
as the Degrémont Aquazur filters employ this method of washing. 

The duration of combined air scour may be taken as 8 minutes while the duration of water-only wash is 
12 minutes. 

(iii) Separate air scour and water wash 

This is the usual method for washing of dual and multi media filters, with air scour and water wash 
applied in succession (Figure H.29). The air scour is used to detach the filtered solids from the filter 
media at a rate of up to 30 m3/m2/hr, and the water is applied at a high rate of up to 36 m3/m2/hr to 
expand the media and remove the solids. Occasionally, the filters may have to be washed at a higher rate 
of up to 44 m3/m2/hr for re-grading the media. 

The duration of air scour should be taken as 3-4 minutes while the duration of water wash is 4-6 minutes. 

 
Figure H.27: Typical filter air scour upwash 
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Figure H.28: Filter washing with surface sweep 

 
Figure H.29: Filter washing with bed fluidization 

(2) Slow start up 

Slow start-up, which is typical in modern filters, is provided for filters to be re-started at reduced flow.  
For this, the filters are provided with two inlet penstocks; the smaller penstock will open first, together 
with the filtered water outlet valve, to allow for limited flow through the filter bed.  The second larger 
penstock will open typically after five minutes to allow for full filter flow. 

H.5.7 Underdrain System 

The underdrain system serves two basic functions:   

 Uniform collection of filtrate during filtration, and 
 Uniform distribution of air and water scour during washing. 

The hydraulic condition at the time of washing is used for design as it is more critical than during 
filtration.  The flow is several times higher during washing than during filtration. 

There are two types of underdrains predominantly used for rapid gravity filters in Malaysia: 

(i) Nozzles set in reinforced concrete false floor, and 
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(ii) Nozzles set in lateral pipes. 

The two types are discussed as follows. 

(1) Nozzles set in reinforced concrete false floor 

This arrangement consists of a series of nozzles set in reinforced concrete false floor underlying the filter 
media.  The arrangement is shown in lateral cross-section in Figure H.30. 

It is currently a well-accepted and well-proven design. This underdrain supports the use of combined air-
water washing of filters, which is currently favoured by designers due to its efficiency.   

During combined air-water washing for this type of underdrain, a pressurised air cushion may be formed 
under the false floor, which mixes with the pressurised water going out through the nozzles, and this 
process provides the necessary combined air-water wash. 

The design can also be used to apply separate air scour and water wash. 

The nozzles incorporated into this design are the long-stem type, with an upper orifice for air entry and 
lower orifice for water entry. The nozzles normally selected have slots much smaller than the size of the 
media so that the gravel support layer may be obviated. 

The nozzles are normally made of ultraviolet-resistant polypropylene.  The designer should check that 
the nozzle materials are physiologically unobjectionable for use in waterworks structures. 

The reinforced concrete false floor may either comprise of a monolithic slab or precast slabs, with the 
latter more normally used.  The false concrete floor normally is about 100 mm thick, and must be 
designed to resist the air and water pressures related to the periodic filter scouring and washing. 

The precast slabs are set on dwarf supporting walls constructed transversely across under the filter bed.  
The spacing of the dwarf walls are proportioned to suit the dimensions of the filter underdrain, but are 
are normally not more than 1200 mm apart centre-to-centre, with a height of 600 mm to 900 mm.  The 
dimensions of the precast slabs are in turn proportioned to suit the spacing of the dwarf walls.  

J-shaped holding down bolts set into the dwarf walls holds down the precast slabs.  There have been 
reported cases of failure of the “J” bolts after many years of service due to corrosion, so the use of stainless 
steel grade 316 or higher is recommended where precast slabs are used.  The use of galvanised or 
sherardised metals should be avoided; where such have been used, an inspection and replacement 
programme should be allowed after about 10 years or less. 

Spacings of about 20 mm are allowed between the precast slabs, with foam or equivalent expansion joint 
filler topped by sealing compound and mortar filling.  The designer should check that the jointing and 
sealing materials are physiologically unobjectionable for use in waterworks structures. 

Where precast slabs are used, it is important for the filter underdrain to be uniformly square or 
rectangular in plan shape with no kinks.  This is so that no special casting moulds would be necessary for 
irregular shaped precast pieces. 

Optionally, the designer may use an in situ cast monolithic slab.  The advantage is that it avoids the 
possible corrosion of the holding down bolts that are inherent for the precast slab arrangement.  The 
disadvantage is that any future rehabilitation of the filters, including replacement of cast-in nozzles, may 
require extensive breaking of the concrete. The use of the monolithic slab is avoided in most cases. 

 



 
 

PART H  :  Design Aspects of Water Treatment Systems 

    466 

 
Figure H.30: False Floor Type Underdrain 

(2) Nozzles set in lateral pipes 

This arrangement consists of a series of nozzles set in lateral pipes attached to a centrally located 
manifold pipe.  The laterals and manifold are cast in reinforced concrete floor underlying the filter media.  
The arrangement is shown in lateral cross-section in Figure H.31. 

This design has been used in older treatment works in Malaysia, but is not favoured for new treatment 
works because it cannot be adapted for combined air-and-water wash currently favoured by designers.  
These types of underdrains have relatively high head loss and relatively non-uniform distribution of 
washwater. 

Care should also be taken during casting of the concrete floor to avoid damage to the nozzles and lateral 
pipes. 

(3) Alternative arrangements 

The Designer may also consider the use of polyethylene underdrain blocks, which is of proprietary 
design.  This system consists of a series of heavy-duty polyethylene ducts laid side by side.  The ducts 
consist of three triangular longitudinal channels with top orifices of 6 mm opening at 25 mm spacings, 
used to convey filtrate as well as washwater.  This design can be used for separate or combined air and 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    467 

water wash. This is still used in some modern filters but due to its proprietary design, designers do not 
usually use this arrangement in Malaysia. 

Older underdrain systems include the following: 

 Strainer nozzle type; 
 Perforated pipe; 
 Perforated block; 
 Porous plate, and 
 Wheeler type. 

However, the above types are of much older design and are generally not recommended for use in 
modern underdrain designs. 

 

Figure H.31: Lateral Pipe Underdrains 
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H.5.8 Filter Instrumentation 

(1) Monitoring of Filter Performance 

Instruments are required to monitor filter performance and are also used in conjunction with a PLC to 
automatically time washing of the filters. The main monitoring instruments are as follows: 

(i) Filter head loss. 

The measurement of the head loss in a filter bed is an indicator of the filter bed condition, which is 
normally measured by differential pressure cell devices that measure the water pressure above and 
below the filter media.   

The head loss parameter is mostly used as the primary criterion to activate the washing sequence.  The 
head loss of a clean filter bed ranges from 300 mm to 600 mm depending on the media specifications and 
filtration rate. 

(ii) Turbidity of filtered water. 

The performance of the filters is measured by the turbidity of the filtered water, which provides an 
indication of the amount of suspended material in a water sample, and this is reported in nephelometric 
turbidity units (NTUs).  It is recommended to monitor filtered water turbidity in total, and recorded 
continuously using an on-line turbidimeter, which will detect variances immediately.   

For constant-head, constant level filters with outlet flow control, it is necessary for turbidity to be 
measured at each filter outlet, which will help to identify filter breakthrough.  For this type of filter, the 
turbidity measurement is used as a secondary criterion (after filter head loss) to terminate a filter run 
and initiate washing of the particular filter.  For other types of filters, this is optional but considered 
useful as an alarm indication. 

(iii) Filter run time. 

A pre-set filter run time is normally used as the secondary parameter for automatic washing of the filters. 

Rapid gravity filters generally operate with filter runs varying from 24 hrs to 72 hrs, depending 
particularly on the efficiency of the upstream process units.  Filters with long runs tend to be more 
difficult in washing because of the compaction of the particular matter on the filter media and also 
encourage bacteria growth in the filter bed particularly if there are organic matter in the raw water and 
there is no disinfectant treatment upstream. 

(iv) Rate of filtration. 

For the outlet control constant rate filters, flow-measuring devices are installed for each filter which work 
together with modulating valves to automatically control filtration rates.   

(v) Level indicator. 

Level measuring instruments are required at the filter inlet channel to initiate alarm in the case of 
overflow occurring at the channel. 

For constant head filters with inlet flow control and rising water level, measuring instruments are also 
required in the individual filters to indicate high loss of head through excessive depth of water. 

(2) Other Necessary Monitoring Instruments 

(i) Valve and penstock status indication. 

The status (open or close) status of valves and penstocks should be indicated on the main control panel 
and/or auxiliary control panel.  The valves involved are for the filtered water outlet, washwater inlet and 
air scour inlet, while the penstocks are for filter inlet and waste washwater outlet. 
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(ii) Washing rate. 

A measuring flow meter is used together with a flow control device to regulate the desired flow rate. The 
measurement of the rate of filter washing is important to ensure that the maximum wash rates are not 
exceeded, which will otherwise cause damage to the filter underdrain system.  Recording of the 
washwater flow is not normally required but a totalising device is required to record the total volume of 
water used in the washing. 

H.5.9 Filter Operation and Control 

Modern treatment works have an automated control system for the operation of the filters, particularly 
for the management of the washing cycle. The control system consists of a programmable logic controller 
(PLC) installed in a main control panel where control signals are transmitted and received, and where 
alarms and indications are displayed.  

The main control panel is located at the end of the filter gallery, usually in a dedicated control room.  In 
addition, each filter has an auxiliary console-type control panel for manual control of each filter located 
in the filter gallery overlooking the filters. 

The filter control system can be capable of three operating modes as follows: 

 Automatic mode; 
 Semi-automatic mode, and 
 Manual mode. 

In the fully automatic mode, the filters are washed systematically in accordance with a queuing system, 
usually based on the following order of priority: 

 Manual selection by plant operator. 
 Head loss through the filter media. 
 High turbidity at filter outlet (normally only for constant-head, constant level filters with outlet 

flow control). 
 Filter run time. 

The sequence of automatic washing operation with PLC control of each step is as follows: 

 Filter tank drain down; 
 Washing sequence, and 
 Slow start-up back to normal water level.  

In the semi-automatic mode, initiation of the filter washing is made manually from the main control panel 
with no further operator intervention. 

In the manual mode, all operation of plant and equipment are by manual initiation at the respective 
auxiliary control panel.  This is the minimum automation expected for a small to medium sized treatment 
works. 
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H.5.10 Common Filter Problems 

(1) Short filter run times 

Short filter run times may be caused by the following: 

(i) Inefficient pre-filtration treatment process (dosing, mixing and clarification) where there is 
significant carry over of floc from the upstream process units or the turbidity of clarified water 
mostly exceeds 5 NTUs. 

(ii) Carry-over of polyelectrolyte from the clarifiers to the filters is known to significantly reduce filter 
run time.  The carry-over is mostly due to overdosing of polyelectrolyte as coagulant aid, or 
insufficient retention time in the flocculators and clarifiers for the polyelectrolyte to be fully 
effective. 

The operator may carry out jar tests to optimise the coagulation process and taking steps to ensure 
adequate pre-treatment.  However, care must be taken by the designer to ensure that there will be no 
problems inherent in the upstream process units due to insufficient mixing or retention times. 

(2) Inadequate filter washing 

In addition to causing high turbidities in filtered water mostly after washing, inadequate filter washing 
can result in formation of mudballs and gullies or cracks in the filter bed. 

Mudballs form in the filter media when filtered matter is not adequately removed and agglomerate over 
time to form clumps that are subsequently too large and heavy to be removed by the normal washing 
procedure.  The mudballs eventually sink down the media and results in lower filtered water quality. 

Gullies or cracks in the filter media may be caused by loss of media by filter washing and by 
agglomerations of filter media around filtered solids.  These gullies or cracks allow unfiltered water to 
bypass the filter media. 

However, problems associated with mudball and gully formation have diminished with the use of 
separate or combined air scour and water wash.  Still, care must be taken by the designer to ensure that 
washwater tanks are adequately sized for the washing intensity and duration expected, and the plant 
operator to ensure that filter washes that he carries out are adequate. 
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H.6 MEMBRANE FILTRATION 

H.6.1 Design Aspects 

(1) General 

Membrane filtration process systems have been described in section D.1.7.7.  This section will describe 
pertinent design aspects pertaining to the most commonly used membrane systems for potable water. 

The use of membrane filtration is typically used in two situations: 

 The process may be used as a direct filtration process where the source water is constantly and 
relatively clear, and/or 

 The process is used primarily as a polishing stage to achieve high water purity after clarification 
and, in some cases, primary (conventional) filtration.  Membrane filters are used to remove Giardia 
cysts, Cryptosporidium oocysts, particular organic and non-organic substances and log removal of 
viruses. 

Membrane filtration systems for very small WTPs are package plants for which operation and 
maintenance may be sub-contracted, while for medium to large WTPs the system will have to be 
customised.  The larger membrane plants will require automation, and consequently a lot of 
instrumentation to operate; the plant requires automated cleaning procedures, along chemical recycling 
systems, in order to maintain long filter life.  For customised plants, the Licensee must have competent 
technical and ICA staff on-site to support and maintain the plant. 

The common types of membrane filtration process systems described in section D.1.7.7 for potable water 
supply are microfiltration (typical operating range: 0.08-2.0 µm), ultrafiltration (0.005-0.2 µm) and 
nanofiltration (0.001-0.1 µm); capital and operating costs increase in that order.  Selection of the type of 
membrane to be used shall depend on the required water quality level of filtered water to be achieved 
taking into account the costs involved. 

Two primary types of membrane systems are available: pressure and submerged. In a submerged 
system (or vacuum system), the membranes are placed in a basin or tank that is open to the 
atmosphere. Feedwater is introduced into the tank or basin and the filtrate is drawn through the 
membranes via a vacuum pump.  In a pressure system, membranes are mounted in a housing vessel and 
feedwater is forced through the filter pores by means of pumps applying pressure. In both cases, 
microfiltration or ultrafiltration membranes are used, mainly with hollow fibre type membranes.  For 
nanofiltration, only the pressure system is used. 

The submerged system is schematically illustrated in Figure H.32(a) and the pressure system is shown 
in Figure H.32(b).  The Designer shall investigate the type of membrane filtration system that will suit 
his particular application. 

(2) Definitions 

Some particular definitions usually used in the field of membrane filtration, and thus used this section, 
will be as follows: 

Feed water : The influent water for the membrane system. 
Flux : Rate of filtrate flow through an individual membrane filter module taken as 

volume or mass of filtrate produced per unit of active membrane area and unit 
time, usually expressed as liters/square metre/hour (l/m2/h). 

Filtrate : The filtered water that has passed through the membrane due to the applied 
hydraulic pressure; alternatively referred to as the permeate. 

Specific flux : Measure of ability of flow to pass through the membrane, taken as flux divided 
by TMP. 

Transmembrane 
pressure (TMP) 

 
: 

 
The change in pressure of the water as it passes through the membrane. 
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(3) Quality Assurance 

All elements used in the membrane systems in contact with water shall have recognised certifications, 
such as from the Drinking Water Inspectorate (UK) or KTW and/or DVGW (Germany), NSF/ANSI 61 (the 
U.S.) or AMST (Japan) or other equivalent accredited bodies. 

For customised (non-package) plants for small to large WTPs, the membrane filtration plant will 
normally be designed and custom-built by a systems supplier; such a system supplier shall be a 
specialist in the field and shall have sufficient track record in the design, erection, testing and 
commissioning of equivalent plant. 

(4) Types of Membranes 

The types of membranes are commonly as follows: 

 Continuous flow hollow fibre type, which are commonly used for microfiltration and ultrafiltration 
systems.  For a vacuum driven system, the hollow fibre membrane should be used. 

 Spiral wound type is mainly used for reverse osmosis systems, but may be used for pressure 
systems. 

The type of membrane to be used, including the nominal membrane pore size, shall be specified for the 
system supplier to provide. 

(5) Pretreatment 

Except for conditions where the the source water is already of high quality, pretreatment of the source 
water by at least clarification before membrane pre-filtration (item (10) below) shall be necessary.  For 
ultrafiltration and especially nanofiltration, it is recommended that rapid sand filtration precede the 
membrane pre-filtration stage as primary filtration stage (i.e., the membrane filtration is the secondary 
or polishing filtration stage). 

(6) Design Considerations - General 

Membrane filtration systems shall be designed for the following capacities: 

 The membrane filtration system shall produce the nominal filtered water output when at least 
one of the duty trains are taken out of service for normal backwashing or CIP procedure or 
integrity testing and shall not exceed the maximum instantaneous flux for the membrane system.   

 Design feed flow should be rated higher than the expected peak flow from the clarifiers (7-10% 
recommended).   

 Instantaneous and nominal membrane flux values used for design are typically based on 
previous experience in similar clarified water conditions. 

The membrane filters shall be designed for the following general criteria: 

(i) The membrane filters shall be compatible with: 
(a) Chemical characteristics of the raw water; 
(b) Feed water quality; 
(c) Carry over remnant chemicals from before filtration; 
(d) Chemically enhanced backwash and clean-in-place (CIP) chemicals. 

(ii) The prior clarification process must be able to provide a consistent clarified water quality as 
required for the membrane system. 

(iii) The limitations of the membrane system with regard to any deterioration of water quality. 
(iv) Losses generally should not exceed 4% of the feed flow when all duty trains are operating at 

design flux to produce the nominal filtered water flow.  Higher losses if accepted shall be 
compensated by higher inlet capacities to maintain the nominal output flow. 

(v) The membrane filters shall be capable of automatic operation.  Semi-automatic operation (i.e., 
operator intervention before reaching automatic pre-set point) or manual operation (i.e., 
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initiation at local panel) should also be provided; where semi-automatic operation or manual 
operation is used, the system shall re-start in automatic mode. 

(7) Chemical Characteristics of Feed Water 

The Designer shall select the membranes according to their compatibility with the feed water.  
Membranes may not be chemically resistant to properties that may be present in the water, for example: 

 Chlorine residual from pre-chlorination; 
 Organic chemicals such as solvents; 
 Acidic or basic pH. 

(8) Clarified Water Holding Tanks 

The clarified water holding tanks shall be provided to balance the feed flow from the clarifiers and 
filtrate.  The tanks shall comprise a minimum of two equal compartments and arranged such that one 
compartment may be taken out of service for maintenance without interrupting any of the trains or any 
reduction in output. 

(9) Membrane Feed Water Pumping Plant 

(i) The membrane feed water pumping plant shall consist of pumps with minimum 50% standby 
capacity. 

(ii) Pumps may be provided with small capacity pumps combined with large capacity pumps, where 
the small pumps may be used to provide for minimum flow. 

(iii) The pumps are typically double suction split casing type with variable frequency drive motors. 
(iv) The pump delivery pipework shall be connected to the pre-filtration system. 

(10) Pre-filtration 

(i) Pre-filtration is normally used in membrane filtration systems.  Pre-filtration may be 
accomplished by bag or cartridge filters or strainers.  For medium to large systems, where too 
many pre-filters would be expensive to replace regularly, strainers are typically used. 

(ii) The membrane feed pump delivery pipework shall be connected to a pipework manifold feeding 
a set of strainers. 

(iii) Pre-filters or strainers shall be provided with the following: 
(a) Motorised inlet and outlet isolating valves; 
(b) Automatic washing or backwashing systems; 
(c) Head loss measuring instruments; 
(d) Bypass pipework and valves. 

(iv) The pre-filters or strainers shall be of the micro-straining type appropriate for the particular 
membrane system.  The pre-filters should be of type recommended or at least approved by the 
membrane system supplier. 

(v) Flowmeters downstream of the pre-filters should be provided. 
(vi) Pump sump model studies should be performed of the clarified water holding tank. 

(11) Membrane Trains 

The membrane system shall be designed as follows: 

(i) Facilities shall be provided to monitor the trans-membrane pressure (TMP) for each membrane 
filter train. 

(ii) All backwashing and cleaning shall be in place, without having to physically handle the 
equipment. 

(iii) The backwashing duration will be dependent on type of membrane, feed water quality and 
usually set by operation tests.  Typical backwashing frequencies may be 20-30 minutes, which 
may be supplemented by the chemically enhanced backwashing. 
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(iv) Chemically enhanced backwashing should not exceed one backwash every 24 hours for a 
duration not exceeding 60 minutes.  During the backwash, the number of trains shall still 
maintain the nominal outflow at maximum design flux during nominal feed flow.   

(v) CIP events should not exceed one CIP event per train every 30 days.  Each CIP procedure should 
not exceed 14 hours per event. 

(vi) Filtrate outlets should discharge to the chlorine contact tanks and the membrane system 
backwash tank. 

(vii) Membrane filter valves are typically flanged butterfly valves with pneumatic actuators. 
(viii) Isolating guard valves for the filter pipework should be power actuated for ease of operation. 
(ix) An automatic flushing system shall be provided to ensure that the feed water and filtrate is 

flushed from the membranes during extended maintenance downtime.  

(12) Particular Design Considerations for Membrane Systems 

(i) General 

(a) The membrane plant may either consist of an immersed membrane plant (sub-section 
(12)(ii)) or pressure membrane plant (sub-section (12)(iii)). 

(b) All membrane filter equipment, including filter tanks, pumping plant, backwash tanks 
and neutralisation tanks shall be provided in a fully enclosed building, with separate 
areas for control room, switch room, mechanical plant room, CIP plant area and toilets. 

(c) The membrane filters consist of modules (alternatively referred to as membrane 
cartridges or elements in some systems or references) which is typically a modular 
membrane unit 1-3 metres long.  Each module is a pressure vessel usually of PVC 
containing hundreds or thousands of membranes.  The module is usually the smallest 
component of membrane unit that is handled under routine maintenance. 

(d) The modules are usually arranged as a series manifolded into a single removable unit 
called a cassette (alternatively referred to as a rack). 

(e) In some systems or references, the cassette may be referred to as the module in which 
case the cartridge is referred to as the sub-module. 

(f) The cassettes are arranged and manifolded into a membrane train (alternatively 
referred to as a skid or unit) which has an individual feed and discharge. 

(ii) Immersed membrane plant 

(a) Each of the membrane filter trains shall be installed in a dedicated membrane filter tank 
(also referred to as membrane filter cells), which will also be used for backwashing and 
CIP operations.  Each filter tank inlet and outlet shall have facilities to isolate the tanks. 

(b) All tanks shall be fully covered to exclude direct sunlight and debris infiltration; the 
covers should be of removable type to facilitate inspection. 

(c) The tanks will be fed through individual inlets of the delivery manifold from the 
membrane feed water pumps. 

(d) The system shall have a vacuum priming system for priming and removing air from the 
filtered outlet pipes. 

(e) The filtrate will be drawn from the membrane outlet pipework by filtrate pumps. 
(f) Each membrane filter train shall have a dedicated filtrate pump, which is of the 

centrifugal type; the pumps motors should have variable frequency drives.  The pumps 
should be self-priming (or automatically primed) when the membrane train is initiated 
for service.  The filtrate pumps will discharge into the filtered water pipe.   

(g) The membrane plant shall be provided with a flow control system to provide equal flow 
between all membrane trains, a controlled level in the filter tanks and a constant rate of 
filtrate (outlet) flow; this may be done by modulation of the outlet valves and filtrate 
pumps regardless of the TMPs.   

(h) Each membrane filter tank should be provided with level control system to prevent 
overflow during backwashing, integrity testing or CIP events. 
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(i) Pumped recirculation system may be used for enhancing CIP.  Where such recirculation 
system is provided, duty and standby pumps shall be provided. 

(j) Overhead travelling cranes shall be provided for installation/removal of all equipment 
including membrane cassettes and all pumps. 

(k) Materials should be as follows: 
 Filter system materials shall be suitable for CIP and backwash chemicals. 
 Filter system pipework inside filter tanks shall be of high impact uPVC 

generally with solvent welded joints. 
 All process tanks shall be welded stainless steel grade 316. 
 Vacuum tanks shall be of welded stainless steel with dish ends. 
 Vacuum pipework shall be of seamless stainless steel. 
 Other materials may be as recommended by the manufacturer or the system 

supplier. 

(iii) Pressure membrane plant 

(a) In a pressure system, the membrane must be of capacity to withstand the required 
pressure. 

(b) Each of the membrane filter trains should be manifolded at the inlet and outlets, with 
isolation facilities for backwashing and CIP operations for individual trains. 

(c) The tanks will be fed through individual inlets of the delivery manifold from the 
membrane feed water pumps.   

(d) The outlet of each individual filter trains shall be discharged to a membrane backwash 
tank and filtered water outlet pipe. 

(e) Overhead travelling cranes shall be provided for installation/removal of all equipment 
including all pumps. 

(l) Materials should be as follows: 
 Filter system materials shall be suitable for CIP and backwash chemicals. 
 Filter system pipework inside filter tanks shall be of high impact uPVC 

generally with solvent welded joints. 
 Pressure vessels shall be welded stainless steel grade 316, ABS or fiberglass; 

the latter two types shall be by established manufacturer. 
 Other materials may be as recommended by the manufacturer or the system 

supplier. 

(iv) Common systems 

(a) Membrane filtrate pumps and membrane feed pumps shall be of stainless steel 
construction. 

(b) Pipework materials: 
 Membrane filtered water outlet pipework shall be stainless steel grade 316S18. 
 Pipework for air blowers, air distribution, pneumatic system and compressed 

air shall be to stainless steel grade 316S18. 
 Wash water supply pipework shall be to stainless steel grade 316S18. 

(c) All valves and penstocks used shall be tolerant to intermittent exposure to the CIP and 
backwash chemicals used. 

(13) Backwashing 

(i) Backwashing (alternatively referred to as reverse flow) of a membrane filter involves 
reversing the direction of flow through the membrane by applying pressure in the opposite 
direction so that filtrate passes the membrane element through the filtrate outlet.  The filtrate 
removes accumulated material on the membrane surface; the waste water is collected and 
removed. 
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(ii) Chemically enhanced backwashing is backwashing with added chemicals such as sodium 
hypochlorite, caustic soda or acids. 

(iii) Backwashing of either immersed membrane plant or pressure membrane plant should be by 
application of air and/or water as the system supplier or manufacturer may require. 

(iv) The filter system should be designed so that one filter train may be backwashed while one is 
subjected to CIP event while maintaining the nominal output flow without exceeding the 
maximum instantaneous design flux. 

(v) Membrane filters shall be designed to backwash automatically, normally for a pre-set time 
between backwashes or a pre-set volume of water is produced (whichever is first).  Semi-
automatic operation or manual operation should also be provided. 

(vi) Washwater shall be provided from a covered washwater tanks.  For major WTPs, two 
interconnected but isolatable compartments shall be required to enable one compartment to be 
taken out of service for maintenance without interruption of nominal flow. 

(vii) To ensure reliability of the plant, the capacity of the washwater tanks shall be of adequate 
capacity to provide for at least six consecutive backwashes of at least 30 seconds each and at 
least one CIP event. 

(viii) Membrane filter washing equipment shall consist of at least two washwater pumps (one duty, 
one standby) and at least two air blowers (one duty, one standby) common to all membrane 
trains. 

(ix) The washwater pumps are typically of centrifugal type, with flow modulation normally by 
motors fitted with variable frequency drives. 

(x) Waste washwater should be discharged to washwater recovery tanks or residuals holding tanks. 

(14) Air scour 

(i) Air scour is used in some membrane systems in conjunction with the backwashing process.    
(ii) The air blowers shall be of type proposed by the system supplier or manufacturer, which 

typically is of the centrifugal or positive displacement type, which shall be of type that provides 
oil-free air supply. 

(iii) Air blowers shall be Roots type positive displacement pump. 

(15) Filter Integrity Testing System 

(i) The membrane filter system, of either immersed membrane plant or pressure membrane plant, 
shall have a permanent and automatic on-line membrane filter integrity testing system for 
testing of membrane filter integrity with respect to fibre defects such as fibre damage, fibre 
breakage or fibre separation, to be carried out at automatic pre-set intervals. 

(ii) The filter integrity testing system may be provided as designed by the membrane filter system 
supplier or manufacturer, but shall always consist of a duty and standby system.  The system 
normally consists of a high pressure air supply equipment (duty and standby shall be provided), 
pressure decay monitoring system and pipework.  The compressed air system shall be a 
dedicated system. 

(iii) Design of the membrane system shall assume a test frequency of once every 24 hours for each 
membrane filter train.  During each test, the nominal flow shall not be interrupted. 

(iv) The integrity testing system shall be designed to make it easy for the operator to locate 
individual modules with a defective fibre, and for the particular module to be isolated without 
flow interruption.  The trace method shall be simple and not labour-intensive. 

(16) CIP systems 

(i) The chemical clean-in-place (CIP) system is an automated system used to clean the interior of 
the mrmbrane filters without disassembling the equipment.  The CIP system shall be provided 
by the manufacturer of the membrane filters. 

(ii) The CIP procedure is used to restore the capacity of the membrane filter back to operating 
capacity and will vary according to the manufacturer.  The procedure typically consists of 
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soaking the membranes in chemical solutions to remove materials at the membrane surfaces 
that may not be removed by the normal backwashing process.  After the initial soak, the 
procedure may involve rinsing and soaking again with a secondary chemical (usually caustic) 
solution. 

(iii) Where the CIP system has heating facilities for the chemicals, this shall be an added feature only 
and the performance of the CIP plant should not depend on heating the chemicals. 

(iv) The CIP plant shall be provided separate from the backwash and air scour plant so that any CIP 
event shall not affect the backwashing or air scouring of filter trains not receiving any CIP. 

(v) CIP should be carried out on one filter train at any one time.  For large WTPs where more than 
one train may be subjected to CIP at any one time, the nominal filtered flow shall be able to be 
maintained. 

(vi) The CIP system may be designed to recirculate the chemicals used for a CIP event. 
(vii) The CIP plant shall be designed so that incompatible chemicals (e.g., acids and alkalis) will not 

come into contact with each other. 
(viii) A CIP shall be followed by an automatic water flush and rinse cycle. 
(ix) Instrumentation shall be provided downstream of the filtrate outlet to ensure that the filtered 

water quality is restored.  The water flush and rinse after CIP shall be repeated if the 
instrumentation detects that water quality parameters are not met. 

(x) All CIP waste washwater, including flushing and rinsing waste wash water, shall be discharged 
to waste neutralisation (see item (20)) or recycled (item (21)). 

(xi) All CIP pipework shall be uPVC Class E with solvent welded joints; these shall not be exposed to 
sunlight. 

(17) CIP Chemical Plant 

(i) Preferred CIP chemicals are usually sulphuric acid, citric acid, phosphoric acid, caustic soda, 
sodium hypochlorite and sodium bisulphite.  Other chemicals may be proposed by the system 
supplier or recommended by the manufacturer but the chemicals shall be certified for use in 
water supply systems. 

(ii) The CIP plant shall have its own chemical preparation system. 
(iii) Operation of the CIP plant shall be automatic and should be set to a threshold TMP, low specific 

flux, increasing number of backwashing and time period (whichever is first).  The plant should 
also be capable of semi-automatic or manual operation. 

(iv) Dilution chemicals for the CIP chemical plant may be drawn from the membrane filter 
washwater tank. 

Further descriptions of the chemical plant are provided in section H.7.22. 

(18) Chemically Enhanced Backwash Chemical Plant 

Chemical plant for chemically enhanced backwash shall be separate from the CIP chemical plant.  All 
chemically enhanced backwash waste washwater, including flushing and rinsing waste wash water, shall 
be discharged to waste neutralisation. Further descriptions of the chemical plant are provided in section 
H.7.22. 

(19) Softening Plant 

A softening plant should be necessary for CIP chemical dilution water where it is determined that the 
filtered water to be used for dilution is moderately hard or hard water. 

(20) Waste Neutralisation 

(i) Although the waste washwater may not be entirely hazardous, they may be very low or very 
high pH or could contain high levels of chlorine.  The waste washwater shall be neutralised 
before disposal or recycling. 
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(ii) Waste neutralisation tanks shall be provided for neutralising all CIP and chemically enhanced 
waste washwater; inline neutralisation is not acceptable except for small systems.  At least two 
tanks shall be provided; the tanks should be of rubber lined steel or fibre reinforced plastic 
construction.  The tanks should have a mechanical mixer or recirculation pumps.  The tanks shall 
be covered and provided with overflow, drain and level indicators.  A bund of 110% capacity 
should be provided around the tanks; the bund shall be lined with chemical resistant lining or 
coating.  

(iii) The neutralisation system shall be designed such that incompatible chemicals and wastes do not 
come into contact with each other in the plant or pipework system. 

(iv) Instrumentation to be provided for the tanks shall include pH, chlorine and dissolved oxygen 
monitors as well as level instruments and low/high level electrodes. 

(v) The neutralisation tank shall be accordingly sized to neutralise the waste generated from the CIP 
operation and the chemical enhanced backwash, including all flushing and rinsing water from 
both operations. 

(vi) Neutralisation chemicals should typically be caustic soda for acids, sulphuric acid for caustic 
soda and sodium bisulphite for chlorine or sodium hypochlorite wastes. 

(vii) Neutralisation chemical plant shall be provided as necessary. 
(viii) Neutralised wastes shall be conveyed to the residuals holding tanks via transfer pumps. 

Further descriptions of the chemical plant are provided in section H.7.22. 

(21) Chemical Recycling 

(i) Chemical recycling may be provided as alternative to waste neutralisation.  Where this is 
provided, the used chemicals need to be filtered to remove all materials from the washing. 

(ii) Facilities should be provided to fortify (i.e., enhance the concentration of) the cleaning chemicals 
(that may have been diluted) as necessary. 

(22) Waste Disposal 

(i) All waste washwater shall be conveyed to the washwater recovery tanks. 
(ii) All chemical wastes shall be directed to the residuals treatment system. 

(23) Performance Guarantees 

(i) As the membrane filtration system is designed and supplied by a specialist systems supplier, the 
Designer should set performance guarantees for the system, which should include at least the 
following: 

(a) Filtered water quality, typically for the removal of micro-animals, algae, Giardia, 
Cryptosporidium oocysts particles, micro-particles and total coliforms.  The parameter 
should include a minimum 95-percentile 4-log removal for Giardia and Cryptosporidium 
oocysts. 

(b) The number of broken fibres that can be tolerated by the system while maintaining 
the filtered water quality. 

(c) Percent recovery, where recovery is defined as the ratio of feed water to filtrate that 
is not used for backwashing, CIP or other cleaning operations.  For micro-and 
ultrafiltration plant with effective clarification and pre-filtration, recoveries should be 
targeted in the range of 95-99% (a single number should be specified within this range); 
for nanofiltration the targeted range should be 60-75%. 

(d) Frequency and duration of backwash and chemically enhanced backwash. 
(e) Volume of feed water or filtrate for backwash and chemically enhanced backwash. 
(f) Maximum design flux. 
(g) Loss of specific flux due to ageing. 

(ii) The above performance guarantees shall be tested during performance tests of the testing and 
commissioning period. 
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Figure H.32: Schematic diagram of membrane filtration plant 

Figure continued to next page 
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Figure H.32: Schematic diagram of membrane filtration plant 

(Figure continued from previous page) 
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H.6.2 Common Filter Problems 

(1) Membrane fouling 

Membrane fouling occurs when deposited materials collect along the membrane surface. The build-up 
will cause reduced efficiency, a pressure drop and increased energy consumption. There are a few 
different types of fouling: 

(i) Solids – suspended solids and colloidal particles collect on the membrane surface as well as 
within the pores. It prevents the flow of water through the membrane. The fouling commonly 
happens in applications with high turbidity source water along with improper pre-treatment. 

(ii) Scaling – calcium and magnesium are two minerals that can cause scaling to occur on the 
membrane. It can crystallise which makes them nearly impossible to remove without chemical 
cleaning or antiscalant pre-treatment. 

(iii) Microbiological – Algae and microorganism are two primary biological contaminants often found 
in raw water sources. The growth of the contaminants will increase with the help of warm 
environment and low flow rate. Over certain periods, the layer of film will form on the membrane 
surface. The film will block the water from passing through the membrane and cause increase in 
the pressure differential. As a result, the pumps need to work more and increased the amount of 
energy required. 
 

(2) Waste stream disposal 

The membrane filters generate high waste stream disposal. The waste stream contains reject wastewater 
concentrated with whatever was in the feedwater including chemicals used for cleaning.  In some cases, 
the waste streams are safe for discharge into the environment, however in other cases the waste stream 
needs to be treated first before disposal.  

(3) Permeate contamination 

Permeate refers to the water that has been separated from the contaminating solids. It can be 
contaminated by either large solids or bacteria in the membrane filter. Permeate contamination can 
occur if the membrane system is not well maintained and monitored. The decrease in removal efficiency 
is usually indicative of compromised membrane. Over time, membranes can get worn and without proper 
pre-treatment, rough particles can damage the inner pores.  
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H.7 CHEMICAL PLANT 

H.7.1 General Types 

The general or common types of chemicals used for water supply in Malaysia and elsewhere is listed in 
Table H.5. 

Table H.5: General types of WTP chemicals 

Chemical Synonym 
Typical bulk 
forms 

Typical bulk 
packaging 

Used for 

Activated carbon PAC Powder 50 kg bags/IBC Adsorption  
GAC Granular 50 kg bags/IBC 

Aluminium 
chlorohydrate 

ACH Liquid IBC Coagulation 
Powder 

Aluminium 
sulphate 

Alum Slabs Loose in bulk Coagulation 
Kibbled/ground 50 kg bags, IBC 
Liquid Bulk tanker 

Ammonia  Liquid (under 
pressure) 

Cylinders/ 
Drums/ 
Bulk tanker 

Chloroamination 

Calcium 
hydroxide 

Hydrated 
lime 

Powder 25 kg bags/IBC/ 
Bulk tanker 

pH correction/ 
softening 

Slurry Bulk tanker 
Calcium 
hypochlorite 

Chloride of 
lime 

Powder Drums Disinfection 

Chlorine  Liquid (under 
pressure) 

68 kg cylinders/ 
930 kg drums 

Pre-oxidation/ 
disinfection 

Ferric chloride  Solid  100 kg drums Coagulation 
Liquid Bulk tanker 

Ferric sulphate  Liquid Bulk tanker Coagulation 
Hydrofluorosilic 
acid 

 Liquid Bulk tanker Fluoridation 

Polyelectrolyte  Powder 25-50 kg bags Coagulation 
Liquid 50-200 kg drums Coagulation aid 

Potassium 
permanganate 

KMnO4 Crystalline powder 50kg bags Iron and 
manganese 
removal 
Taste and odour 
removal 

Polyaluminium 
chloride 

PACl Liquid Bulk tanker Coagulation 

Sodium 
aluminate 

 Granules 25-50 kg bags Coagulation 

Sodium 
carbonate 

Soda ash Powder IBC/ 
25-50 kg bags 

pH correction 

Sodium 
hexafluorosilicate 

 Crystalline powder 50 kg bags Fluoridation 

Sodium 
hydroxide 

Caustic soda Flake Drums pH correction/ 
softening Liquid Bulk tanker 

Sodium 
hypochlorite 

 Liquid Bulk tanker Disinfection 

Sodium 
silicofluoride 

Fluoride Crystalline powder 50 kg bags Fluoridation 

Sulphur dioxide  Liquid (under 
pressure) 

68 kg cylinders/ 1 t 
drums 

Dechlorination 
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H.7.2 Safety 

 Precautions in Handling of Chemicals 

All chemicals used for the WTPs are generally associated with health hazards, which may vary from 
mildly irritative to highly toxic.  These chemicals are usually supplied to the WTP in bulk and in 
concentrated forms, so due care shall be taken in designing all chemical handling facilities.   The Designer 
shall familiarise himself with the chemical properties for the chemical plant that he needs to install.  The 
relevant properties of some common WTP chemicals are listed below. 

Table H.6: Hazard properties of WTP chemicals 

Chemical Synonym Remarks 

Activated carbon PAC/GAC Generally safe unless ingested. 
Aluminium sulphate Alum Corrosive as liquid.  See sub-section H.7.2.2(3). 
Ammonia  Caustic and hazardous (see sub-section H.7.2.2(2)) 

Toxic under CIMAH Regulations (see section H.7.3) 
Explosive with chlorine. 

Calcium carbonate  Mild irritant; 
Low ingestion or inhalation hazard. 

Calcium hydroxide Lime Lime in slurry form is a caustic alkali and may cause 
chemical burns; 
Inhalation of dust may cause some discomfort to mild 
irritation. 

Calcium hypochlorite Chloride 
of lime 

Severe irritation to eyes and skin if contact; 
Severe irritation if inhaled. 

Chlorine  Very hazardous (see sub-section H.7.2.2(1)) 
Toxic under CIMAH Regulations (see section H.7.3) 
Explosive with ammonia and many organic compounds. 

Ferric chloride  Very corrosive as liquid; 
Hygroscopic as solids. 

Ferric sulphate  Low toxicity but prolonged contact will cause mild 
irritation. 

Hydrofluorosilic acid  Highly toxic and corrosive liquid; 
Vapour is highly irritable; 
Contact causes burns to eyes and skin.  

Polyelectrolyte  Hazard from inhalation of powder and spillages; 
Long term corrosion. 

Potassium permanganate KMnO4 Hygroscopic; 
Toxic if ingested;  
Attacks ferrous metals.  

Polyaluminium chloride PACl In solution form may be irritable; 
Corrosive as liquid. 

Sodium aluminate  Severe irritation and eye damage; 
Corrosive. 

Sodium carbonate Soda ash Not corrosive; 
Reacts with acid. 

Sodium hexafluorosilicate  Irritant; 
Toxic by ingestion, inhalation and skin absorption. 

Sodium hydroxide Caustic 
soda 

Dry NaOH is hygroscopic;  
Dangerous to handle - severely injurious especially to 
eyes; 
Reacts vigorously with acid; 
Shall not be allowed to come in contact with zinc, 
aluminium or magnesium as these react with sodium 
hydroxide to produce hydrogen which may cause 
explosion and fire. 
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Chemical Synonym Remarks 

Sodium hypochlorite  Corrosive, will attack metals. 
Sodium silicofluoride Fluoride Very corrosive as liquid 
Sulphur dioxide  Hazardous with general exposure limit of 5 ml/m; 

Gas is corrosive to eyes and skin especially when moist 

 Particular Precautions 

In addition to that addressed in the preceding section, some chemicals require special mention due to 
their common use and/or its risks as follows. 

(1) Chlorine 

At room temperature, chlorine is a yellow-green gas about 2.5 times heavier than air; it has a 
characteristic pungent smell at very low concentrations, with a odour threshold of 1 ml/m3, which 
helpfully serves as safety warning.  When diluted, it is a strong oxidising agent and extremely corrosive. 

Chlorine is very toxic (see section H.7.3); the main hazard from chlorine gas is primarily inhalation.  
Unless provided for under governmental regulations, for the purpose of these Guidelines the 
occupational exposure limit value shall be taken as 1 ml/m3 for duration not exceeding 8 hours and 3 
ml/m3 for duration not exceeding 10 minutes. 

Liquid chlorine leaks from chlorine drums are far more dangerous than chlorine gas leaks since, when 
evaporated, one tonne of liquid chlorine yields approximately 350 m3 of chlorine gas.  

As the gas is heavier than air, ventilators in chlorine plant areas shall be placed with air extraction at low 
level and exhausted at high level (roof level).  

Chlorine solution leaks from chlorine lines emit moist chlorine fumes; inhalation of such fumes is 
severely cautioned as moist chlorine on initial exposure appears to be more tolerable than free chlorine 
gas. 

Due to its high corrosiveness, chlorine gas will over time cause extreme corrosion to any exposed metals 
particularly in the evaporator rooms and chlorinator rooms.  The use of metals in doors and windows in 
those rooms shall be particularly avoided. 

(2) Ammonia 

Ammonia is a colourless gas with a characteristic pungent smell; the gas is lighter than air (with a density 
of 0.59 times that of air) and highly soluble in water.  The aqueous solution of ammonia is basic.  Ammonia 
has a boiling point of −33.3 °C and will be supplied to WTP in drums as liquid. 

Ammonia is toxic (see section H.7.3) and caustic; in both gas and liquid forms it will be corrosive to 
eyes and skin.  The odour threshold where the characteristic smell may be recognized is 2-20 ml/m3; 
unless provided for under governmental regulations, for the purpose of these Guidelines the 
occupational exposure limit of the gas shall be taken as 25 ml/m3.  

Ammonia can form unstable or explosive compounds with chlorine, hypochlorites and certain organic 
compounds; it can have violent reactions with strong acids.  Ammonia storage and plant areas should be 
kept away from these chemicals. 

As the gas is lighter than air, ventilators in ammonia plant areas shall be placed at high levels. With high 
storage volumes, a scrubbing plant may be required under the CIMAH Regulations; the neutralizing agent 
for an ammonia scrubbing plant is typically 93% sulphuric acid (H2SO4). 
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(3) Aluminium sulphate 

Aluminium sulphate is not particularly hazardous in solid form, but inhalation of may cause irritation 
and dust may be irritable to eyes.  In liquid form, aluminium sulphate solution, as well as aluminium 
coagulants, are acidic and will cause irritation; the liquid is corrosive. 

(4) Ferric salts 

Ferric salts (ferric chloride, etc.) have varying concentrations of acid and are corrosive; will cause 
irritation to eyes.   

(5) Ozone 

Ozone is produced in the WTP as a gas; the gas is colourless with a distinctive odour.  The ozone plant 
facilities should be segregated or, in a medium to large WTP should be produced in an isolated facility.  
Ozone is a powerful oxidant and can react explosively with ammonia, oils and greases, so the ozone plant 
should be from other facilities utilising these substances. 

Ozone is an unstable substance and will decompose at widely varying rates according to climatic 
conditions.  It is 1.6 times heavier than air with a density of 2.14 g/l and thus tend to accumulate on the 
ground.  The workplace around the ozone plant, particularly the supervisory room, should have humidity 
control and an ozone concentration detector. 

Low concentrations of the gas are known to affect fabrics, metals, rubbers, plastics and paints.  Some 
grades of stainless steel and glass may be ozone resistant. 

(6) Sulphuric acid 

Sulphuric acid is highly corrosive; causes severe burns and severe eye injuries if comes into contact with 
eyes.  Sulphuric acid reacts violently with alkalis and should be appropriately segregated. 

(7) Fluoride 

Sodium silicofluoride is hazardous in case of skin contact and eye contact (severe irritant), of eye 
contact (irritant); may cause damage to mucous membranes; poisonous in case of ingestion and of 
inhalation.  Fluoride solution is very corrosive.  Fluorosilicic acid is highly toxic and corrosive liquid.  
The chemical can cause burns to eyes and skin.  Some vapour may evolve from the liquid acid, which may 
be hazardous for sustained exposure exceeding 2.5 mg/m3 of air. 

 Facilities for Health and Safety 

The facilities which shall be provided at the chemical storage and preparation areas are: 

(i) Proper storage areas for personal protective equipment (PPE), with lockers for specific 
personnel.  PPEs shall include, but not limited to, eye protection, dust masks, gas masks, protective 
clothing (hoods, overalls, gloves, boots) and breathing apparatus. PPEs shall be provided by the 
Licensee. 

(ii) Particular precautions shall be taken in the filling arrangements of bulk storage tanks for 
strong acids and alkalis, and this is covered in section H.7.15(3) for sulphuric acid but which shall 
be applicable for all concentrated acids and alkalis. 

(iii) Adequate flushing points and sumps to remove liquid spillages; storage spaces for industrial 
vacuums and industrial sweepers for spilled powders.  The vacuums and sweepers shall be 
provided by the Licensee. 

(iv) Safety showers and eye wash facilities shall be provided in proximity to working areas for acids, 
alkalis and gases. 

(v) Safety information for the particular chemical shall be prominently displayed at the storage 
and preparation areas. 

(vi) Warning signs prominently displayed at the appropriate locations shall be provided. 
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H.7.3 Control of Industrial Major Accident Hazards (CIMAH) Regulations 

The descriptions provided in this section is only to familiarize the Designer with the basic requirements 
of the regulations and shall not be construed as exhaustive; other preconditions may be required by the 
authorities. 

Purpose.  The Occupational Safety and Health (Control of Industrial Major Accident Hazards) 
Regulations 1996 (the CIMAH Regulations) have been enacted as a prevention of major industrial 
accidents impacting humans and the environment.  The CIMAH Regulations are enforced under the 
Director General, Department of Occupational Safety and Health (DOSH), Ministry of Human Resources, 
Malaysia.  These regulations have been effective from 1st February 1996 and shall apply to all 
completed and future WTPs. 

Whilst most plant and equipment installed at the WTP are under regulations by DOSH, the CIMAH 
Regulations shall be especially pertinent to the Designer and Licensee.  The CIMAH requirements of 
relevance to the design of the WTP are addressed in brief below. 

Arrangement.  The arrangement of the regulations are as follows: 

 Part I – Preliminary 
 Part II – Identification and Notification of an Industrial Activity 
 Part III – Demonstration of Safe Operation for Non-Major Hazard Installation 
 Part IV – Report on Industrial Activity and Preparation of emergency Plan for Major Hazard 

Installation 
 Part V – Notification of Major Accident 
 Part VI – Penalty 
 Schedules (1-6) 

Exceptions.  Under Part I of the regulations, any installation where the quantities of chemicals are equal 
or less than 10% of the threshold quantity of the hazardous substance(s) may not apply.  Nevertheless, 
the Commission requires that DOSH shall be notified of any installation beforehand regardless of any 
quantities stored. 

Threshold Quantities.  Under Schedule 2 of the regulations, the relevant chemicals that are used in 
WTPs that are classed as substances under the CIMAH Regulations and their respective threshold 
quantities are as follows: 

Chemical 
Classification under CIMAH Regulations 
Group  Threshold quantity 

Ammonia 2 – toxic substances 100 tonnes 
Chlorine 2 – toxic substances 10 tonnes 
Sulphur dioxide 2 – toxic substances 20 tonnes 
Oxygen 3 – highly reactive 500 tonnes 

The above threshold quantities may be subject to change and deemed indicative only; the Designer shall 
check on the latest requirements and any further indicative criteria by the DOSH. 

Requirement.  Under Part II of the CIMAH Regulations, a WTP may be classed as: 

(i) Major hazard installation, where the storage chemicals equal to or exceed the threshold quantity, 
or 

(ii) Non-major hazard installation, where the storage chemicals equal to or exceed the threshold 
quantity but exceeding 10% of the threshold quantity. 

The Designer shall provide for a design that will comply with DOSH requirements; the developer who 
provides the plant shall provide all required submissions to DOSH and shall delegate the responsibilities 
to a “competent person” as defined under the regulations for installation of the plant. 
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For the purpose of these Guidelines, the term “manufacturer” under the CIMAH regulations shall mean 
the developer of the WTP up to handing over of the plant, and the Licensee thereafter.   

H.7.4 Chemical Storage 

General 

Chemical storage facilities have been addressed in sub-section G.4.8.2(4) – Storage.   

The type of chemicals and their storage types will be as follows: 

(i) Chemicals in bags, IBCs (intermediate bulk containers), FIBCs (flexible IBCs which are 
sometimes referred to as bulk bags, big bags or jumbo bags) or palletised crates are kept in 
chemical stores: Typical chemicals include kibbled or ground aluminium sulphate, 
polyelectrolytes (powdered), etc. 

(ii) Bulk liquid storage tanks for storage of bulk liquid chemicals.  Typical chemicals include bulk 
coagulants e.g., aluminium sulphate solution, polyaluminium chloride solution, sulphuric acid, 
liquid oxygen, etc. 

(iii) Silos for storage of bulk chemical powder.  Typical chemicals include hydrated lime, powdered 
activated carbon (PAC) and sodium carbonate (soda ash). 

(iv) Bulk storage shelter for chemicals that may be delivered in loose solid bulk form in tipper trucks 
e.g., granular activated carbon, ferrous sulphate. 

(v) Bulk underground saturator tanks may be used for certain chemicals not suitable for silos, e.g., 
block aluminium sulphate (see sub-section H.7.14.1(4)). 

(vi) Chemicals received in cylinders or drums are stored in cylinder or drum stores.  This is typically 
used for chlorine, ammonia, sulphur dioxide and chlorine dioxide. 

Storage Volumes 

Chemical storage volumes have been addressed in sub-section G.4.8.3 – Design Storage Periods. 

Materials 

Materials used in the storage and preparation vessels of some chemicals shall generally be based as 
follows: 

Table H.7: Materials for chemical storage and preparation 

Chemical 

Material and coating 

Concrete 
tank, 

unlined 

Steel tank Plastic 

Un-
lined 

Stainless 
steel 316 

Poly-
ethylene 

lined 

Ebonite 
lined 

GRP/PVC/ 
HDPE 

Polyester/ 
vinylester 

Aluminium 
sulphate 
solution 

  
 

x x x x 

Ferric chloride 
solution 

  
 

x x x x 

Fluoride      x x 
Potassium 
permanganate 

 x x x x x x 

Polyelectrolytes x  x   x x 
Adapted from Water Treatment Handbook, Degremont Suez, 2007 

Other materials may be adopted based on the experience of the Licensee. 
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Bulk Liquid Storage Tanks 

The following equipment should at a minimum be provided for bulk liquid storage tanks: 

 Filling pipes with separate pipes for each tank; 
 Outlet pipe with valve; 
 Overflow; 
 Drain with valve; 
 At least two access manholes; 
 Access ladders and platforms. 

The following indications and alarms should at a minimum be provided for bulk liquid storage tanks: 

 High level indication in the control room; 
 High high level alarm for overfilling; 
 Indication of volume or level at the filling point; 
 Low level alarm in the control room; 
 Low low level alarm to stop transfer or dosing pumps. 

Bulk Storage Silos 

The following equipment should at a minimum be provided for bulk storage silos (for powdered 
chemicals): 

 Filling pipes (pressure or vacuum type) with separate pipes for each silo; 
 Outlet knife gate or isolating device; 
 Dehumidifier; 
 Dust collector with filter and vent; 
 Pressure relief valve; 
 Archbreaker or fluidiser; 
 At least two access manholes, at the top and the hopper section; 
 Access ladders and platforms. 

The following indications and alarms should at a minimum be provided for storage silos: 

 High level indication in the control room; 
 High high level alarm for overfilling; 
 Indication of weight, volume or level at the filling point; 
 Low level alarm in the control room; 
 Low low level alarm to stop screw conveyor or transfer mechanism. 

Sample Calculation 

Sample calculation for storage capacity in accordance with section G.4.8.3 shall be as follows: 

Data:   
WTP capacity : Maximum: 20 Mld 
   Average: 15 Mld 
Chemical : Chlorine 
For :  Disinfection 
Dose   
Prechlorination  : Maximum 2.0 mg/l 
  Average 1.0 mg/l 
Post-chlorination : Maximum 1.5 mg/l 
  Average 1.0 mg/l 
Operation : One 8-hour shift, WTP operates for 24 hours 
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To find : Determine the number of cylinder or drums to be provided in the 
drum store. 

   
Calculation:   
Demand:   

Maximum : 3.5 mg/l x 20 Mld x 106 mg/kg x 10-6 Ml/l = 70 kg/day 
Average : 2.0 mg/l x 15 Mld x 106 mg/kg x 10-6 Ml/l = 30 kg/day 

   
Required storage : 70 kg/day x 30 days = 2100 kg 

  If use cylinders, then number of cylinders should be  
2100 kg/70 kg per cylinder = 30 nos. cylinders 
This is too many, so use drums 
Number of drums should be 2100/900 kg = 2.3 drums (say 3 
drums). 

  Therefore, provide space for 3 drums (including on-line drums), 
plus space for 2 empty drums. 

Note: for a remote WTP, the preceding should be increased by the number of drums in one delivery (say 
3 drums per delivery in one month) so the number of drums in storage should be 3 +3 = 6 drums, plus 
space for 3 empty drums for next delivery. 

H.7.5 Transfer of Chemicals from Storage to Preparation Plant 

General 

Chemicals will be required to be transferred from the storage facilities to intermediate storage or 
chemical preparation plant.  The following methods are commonly applied: 

(i) Chemicals stored in bulk storages: 

(a) Liquids from bulk storage tanks: pumped or by gravity, or 
(b) Powders from silos or bins: mechanical conveying (screw feeder) or pneumatic conveyor; 

(ii) Chemicals stored in packages: 

(a) Manual charging of chemicals into the intermediate storage tanks or preparation tanks.  
Suitable lifting devices or forklifts shall be provided to transfer the packages to the 
preparation area. For this, the platform for charging of the tanks should be easily accessible; 

(b) Portable or fixed pumps specially designed for drawing from containers or drums; these 
shall be used for highly acidic or hazardous liquids; 

(c) Vacuum conveyor for powders. 

Intermediate storage 

Most chemicals do not need intermediate storage, which is mostly for intermediate preparation, but for 
some chemicals an intermediate storage may be preferable, such as: 

(i) Some liquids received in drums e.g., caustic soda or ferric salts.  The intermediate storage will 
normally be in closed tanks or in open tanks for non-hazardous substances. 

(ii) Intermediate day tanks for liquid acids such as hydrofluorosilicic acid.  Transfer of such acids shall 
be by pumps and not by gravity. 

(iii) Chemicals where saturated solutions are prepared in primary saturator tanks, e.g. block 
aluminium sulphate. 
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H.7.6 Chemical Preparation Plant 

(1) General 

Purpose.  From the storage or intermediate storage, the chemicals will then be prepared into forms 
suitable for dosing.  The general purpose for the preparation stage shall be as follows: 

(i) Preparation of solids or powders to more suitable forms for dosing; 
(ii) Ease of metering of the chemical;   
(iii) Dilution of chemical: for suitability of dosing, e.g., diluted lime; 
(iv) Liquid chemicals generally should not be diluted before metering: dilution is normally applied 

after metering by high pressure service water; 
(v) Ease of conveying: powders should not be applied directly but as prepared for dosing as slurry or 

solution; 
(vi) Safety: Acids should be diluted after metering; 
(vii) The diluted chemical, e.g., polyelectrolyte solution is diluted to improve dispersion. 

General criteria for plant.  Preparation plant should be of adequate capacity for daytime preparation 
and should consist of the following as appropriate: 

(a) Chemical charging chutes for powders; 
(b) Feeder pipes (pumped or gravity) for liquids; 
(c) Dust filters for powders; 
(d) Vents for liquids with hazardous fumes; 
(e) Service water supply for dilution; 
(f) Overflow to chemical drains; 
(g) Tank drain with valves; 
(h) Mechanical mixer where applicable; 
(i) Level indicator, at least of the sight glass type; 
(j) Outlet with valve; 
(k) Strainer for chemicals with impurities or undiluted materials; 
(l) Chemical waste or overflow scupper drains to chemical waste sump; 
(m) For automatic operation or remote activation, valves shall be motorised; solenoid valves should 

generally be avoided. 

Preparation plant may be designed on a batch or continuous basis as follows. 

Batch preparation plant 

Preparation plant where operated on a batch basis shall have at least three tanks: one in service, one for 
batching and one on standby. 

Sizing of preparation tanks.  The preparation tanks should be of sufficient capacity with the following 
time periods taken into account: 

(a) Time for transfer of chemical from storage or intermediate storage to preparation tank (t1); 
(b) Time for filling the tank with water (t2); 
(c) Time for mixing (t3); 
(d) Ageing time (t4); 
(e) Standing time (t5); 
(f) Downtime for cleaning and preparing for next batch (t6). 

Continuous preparation plant 

Preparation plant operating on a continuous basis should have three tanks for mixing, maturing and 
storage (buffer.  It is most frequently used for polyelectrolyte solution preparation (refer Figure H.49).  
All equipment, e.g. powder screw feeders, etc., shall be automated. 
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Package preparation plants of proprietary manufacture are mostly of a compact continuous preparation 
plant and may be acceptable subject to the discretion of the Designer. 

(2) Volumetric and gravimetric feeder 

Chemical powders may be metered in their dry state by using a volumetric feeder or gravimetric feeder 
into a wetting device, in which a flow of high-pressure water is mixed into a solution or slurry at a certain 
working concentration.   

Volumetric feeders may be of the rotary vane feeder type or revolving disk feeder type, usually 
controlled by an electronic timer; these types are not normally employed as they do not provide useful 
precision.   

Gravimetric feeders, usually a screw conveyor (alternatively called screw feeder) feeding into a storage 
bin with a load cell or a suspended weighing hopper, is usually used for precise metering of the chemical. 

A variation on the above is to meter the dry powder into a constant head tank and from thereon transfer 
the solution or slurry, typically at about 1% w/v, to the point of application using centrifugal pumps 
(usually for solutions) or progressive cavity pumps or even high-pressure motive water.  This is 
sometimes used for fluoride dosing; a sample system is shown in Figure H.51. 

(3) Duty and Standby Units for Preparation Plant 

Chemical preparation plant shall be provided with a 100% standby unit for essential chemicals, while 
plant for non-essential chemicals 100% standby capacity is preferred but 50% may be used for non-
major WTPs.  Interconnections, particularly complicated ones, between duty and standby units should 
preferably be avoided. 

Sample Calculation 

Data:   
WTP capacity : Maximum: 10 Mld 
   Average: 8 Mld 
Chemical : Lime, as 100% CaOH 
For :  pH correction 
Bulk form : Powder (98% w/w) 
Slurry form : 5% w/v 
Dose (as 100% w/w) : Maximum 20 mg/l 
  Average 15 mg/l 
Operation : One 8-hour shift, WTP operates for 24 hours 
   
To calculate  : Tank size for batch preparation tank. 
   
Calculation:   
Demand:   

Maximum : 20 mg/l x 10 Mld x 106 mg/kg x 10-6 Ml/l = 200 kg/day 
Minimum : 15 mg/l x 8 Mld x 106 mg/kg x 10-6 Ml/l = 120 kg/day 

   
Corrected to 98% w/w:   

Maximum : 204 kg/day 
Minimum : 122 kg/day 

   
For 5% w/v, i.e., 50 kg/m3    

Maximum : 204/50 = 4.08 m3/day 
Minimum : 122/50 = 2.44 kg/day 

   
Provide for t1 to t6 : 4 hours (the Designer to confirm) 
∴ storage in service tank : 4 hours (minimum) 
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Volume of lime required : 4.08 m3/day x 24 hr operation/24 hr day = 4.08 m3  
Weight of lime required  : 50 kg/m3 x 4.08 m3 = 204 kg (i.e. ≈4 x 50 kg bags) per day  
Volume of tank : Try 2 bags per tank or (2x50 kg)/50 kg/m3 = 2.0 m3 
  Therefore have 2 duty tanks, plus 2 tanks for standby. 

H.7.7 Chemical Metering 

(1) Metering pumps 

Metering pumps as dosing pumps are mostly used for controlling volume of chemical for dilution in 
tanks and for dosing.  Pumps for metering should be of the positive displacement type which is accurate 
for metering purposes; the most commonly used of this type is the reciprocating type where the speed 
may be adjusted automatically according to the flow of water to be treated while the stroke length may 
be adjusted automatically or manually in response to particular parameters of the dosed water (such as 
pH or chemical residual). 

For the reciprocating type of pumps, either three main types of pump heads may be used: 

(i) Plunger heads. 
(ii) Mechanical diaphragm heads. 
(iii) Hydraulic diaphragm heads.  This is generally the preferred type for major WTPs. 

Some variation of the above may be available and may be evaluated for use by the Designer. 

Peristaltic pumps are sometimes used for some form of chemical dosing, especially in slurry dosing. 

(2) Pump suction 

The following considerations should be taken into account for the pump suction pipes and manifolds: 

(i) The pump should have a flooded suction so that the liquid chemical can flow by gravity into the 
pump head. 

(ii) If the suction lift is too high, liquids with high vapour pressure (i.e., volatile liquids) may require 
some form of priming. 

(iii) Suction lines should have minimum of fittings. 
(iv) Flexible plastic hoses and diaphragm valves should be generally be avoided for high suction duties. 
(v) Suction lines should be of liberally sized diameter, except for handling slurries of lime or the like 

where higher velocities are needed to minimise clogging up of the pipe. 
(vi) For liquids with possible detritus, clumps, foreign matter or the like, a strainer should be provided 

at the pump suction; a Y-type strainer or basket strainer may be preferable for ease of cleaning.  If 
the liquid is drawn from the top half of the tank, and not at the bottom where extraneous materials 
may settle, a strainer may generally not be necessary. 

(vii) A permanently connected high pressure service water supply shall be provided on the pump 
suction for flushing of the lines. 

(viii) A calibration vessel shall be provided for routine checking of pump output. 
(ix) A suitable full-bore valve shall be provided for isolating the pump head for servicing and 

maintenance. 

(3) Pump delivery 

The following considerations shall be taken into account for the pump delivery pipes and manifolds: 

(i) The rated pump head should be greater than the total delivery head. 
(ii) Liquids should not be allowed to free flow under gravity whilst under pumping head; particularly 

for dosing lines, this may be corrected by introducing a high point with air valve before the dosing 
point or by the use of loading valve. 

(iii) Loading valves are used for providing an artificial back pressure to the pumps when required; the 
valves should be provided when lines, particularly dosing lines, are long. 
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(iv) Pressure relief valves are provided in the pump delivery if a shut-off valve-valve is also provided.  
The relief valve should be the first valve on the delivery and shall be upstream of the loading valve.  
Relief valves shall be sized to cope with the system pressure and to discharge the maximum output 
freely to chemical waste system. 

(v) Where reciprocating pumps are used, a pulsation dampener should be provided upstream of the 
loading valve to ensure a more uniform pumped flow. 

(vi) In the general case where two or more duty pumps are to be connected to the same manifold, a 
non-return valve shall be provided for each delivery line. 

(vii) Isolating valves shall be provided for servicing and maintenance. 

(4) Duty and Standby Units for Dosing Pumps 

Chemical dosing pumps should be provided with a 100% standby capacity for essential chemicals at all 
WTPs; for dosing pumps for non-essential chemicals 100% standby capacity will be preferred, but a 
minimum 50% may be used for non-major WTPs.  Where the dosing pumps form part of the chemical 
preparation section for which a 100% standby capacity is already provided, standby pumps must still be 
provided, but 50% standby capacity is allowed.  Complicated interconnections between manifolds or 
header pipes should be avoided. 

(5) Transfer to Point of Application 

The following considerations shall be taken into account for the dosing lines: 

(i) All dosing lines shall always be located in service trenches with removable covers, except for small 
or package plants; in all cases, the dosing lines shall be arranged to be easily accessible for repair 
and maintenance. 

(ii) Dosing lines shall be rigid pipes or flexible hoses.  Pipes should preferably have colour coding or 
the like for easy identification.  

(iii) Generally, types of pipes used for chemical solutions are of the following: 

(a) Thermoplastics, in particular rigid uPVC (not to be installed where may be exposed to direct 
sunlight); 

(b) Reinforced plastic, e.g., FRP or GRP, with suitable lining such as uPVC or rubber, etc.; 
(c) Carbon steel with uPVC or rubber lining; 
(d) Stainless steel (not to be used with chlorides). 

(iv) Flexible hoses shall be provided transfer of slurries (e.g., lime slurry); the hoses shall be laid flat 
on the floor of the chemical trench or supported on trays throughout its entire length.  

(v) For medium to large WTPs, the dosing lines shall be provided in duplicate, with one duty and one 
standby. 

(vi) For small WTPs, dosing lines for at least for essential chemicals shall be provided in duplicate.  For 
very small WTPs, single lines may be provided. 

(vii) Small power cables and instrumentation cables may be laid inside the service trench, provided that 
the service trench is large enough and will not become congested; the cables shall be laid on upper 
trays suitably distanced from the chemical ducts. 

(6) Control System 

Control systems consist of two types:  

(i) Open-loop control system 

In an open-loop control system, also referred to as an open feedback or non-feedback system, 
there is no feedback for any corrective action based on the output data and the control is mostly 
pre-programmed on proportionality.   

The open loop system for a chemical dosing system is illustrated in Figure H.33(a). 



 
 

PART H  :  Design Aspects of Water Treatment Systems 

    494 

For chemical dosing pump systems in open-loop, the dosing is controlled by varying the pump 
output according to the flowrate of water being dosed; the pump output is controlled by the pump 
speed is in turn is controlled by the electronic signal from an upstream flowmeter. 

(ii) Closed-loop system 

In an closed-loop control system, feedback is obtained from output data to a process controller 
which will adjust input accordingly.  

The closed loop system for a chemical dosing system is illustrated in Figure H.33(b). 

For chemical dosing pump systems, it will be more practical to have proportionality at low outputs by 
stroke control rather than speed control.  In chemical dosing pump systems in closed-loop, a combination 
of speed control according to flowrate and stroke control according to process controller based on 
feedback from water quality measurement is normally used.  Water quality measurement typically used 
for control is usually for pH (for lime, caustic soda, etc., dosing), streaming current (for coagulant or 
coagulant aid dosing) and fluoride residual for (fluoride dosing). This is shown in Figure H.33(c). 

The combination speed and stroke control system is illustrated in Figure H.33(c). 

 
Figure H.33: Types of control system 
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H.7.8 Gas Dosing Systems 

(1) Cylinders and Drums  

Chlorine, as well as ammonia and sulphur dioxide, are contained as liquids under pressure in drums and 
cylinders.  For cylinders, the chemical may be drawn either as gas or as liquid depending on the type or 
design of the cylinders; while for drums, the chemical may be drawn either as gas or liquid.  Where the 
chemical is to be drawn as liquid, it will need to be converted to gas by evaporators; when it is drawn as 
a gas it could be applied directly to the metering units i.e., chlorinators (or ammoniators or sulphonators 
as the case may be).  In small to medium WTPs, gas withdrawal (i.e., without evaporators) may be 
possible but may not be practical for larger plants as there are upper limits on continuous withdrawal 
rates from the cylinders or drums.  

For gas withdrawal, the Designer should check the upper limits for continuous withdrawal rate with the 
chemical supplier.  Indicatively, for chlorine in cylinders, the upper limit will be approximately 1.4 kg/hr 
and for drums typically 4.5-9.0 kg/hr (per container), albeit this should always be confirmed with the 
chemical supplier.  Thereon, the Designer should check the number of on-line drums required; the 
number of cylinders or drums that are on-line should practically be kept down to a maximum of four. 

For higher withdrawal rates in larger WTPs, the chemical should be drawn as a liquid, i.e., evaporators 
shall be used.   

(2) Changeover 

The cylinders or drums in service which is connected to the header shall always be provided with a 
similar number of standby cylinders or drums also connected to the header.  The changeover from duty 
to standby shall be made automatically for continuous supply.  Changeover is normally initiated by 
pressure (usually preferred), vacuum or weight. 

Load cells should be provided at the on-line drum platform so that the status of the drums with respect 
to the weight may be monitored. 

(3) Type of Evaporators 

Evaporators should be of self-regulating type with an electrically heated water bath; the liquid chlorine 
is drawn into a container where it will be caused to evaporate by controlled application of heat. The two 
basic types of evaporators are: 

(i) Coil type:  the liquid chlorine is evaporated in a coil of steel tubing, running inside a water bath 
heated by electricity. 

(ii) Cylinder type: the heat exchange surface is a cylinder surrounded by a heated water bath with 
a dip pipe liquid chlorine inlet immersed in the heated chlorine cylinder. 

The above will be normally be of proprietary design; other proprietary designs may be available. 

(4) General Considerations 

Evaporators.  The evaporators should include the following features: 

(i) Control valve in the chlorine gas line to limit chlorine gas flow to the evaporator capacity.  This 
valve should be automatic, especially for major WTPs or alternatively manual for very minor 
plants; 

(ii) Automatic water temperature control; 
(iii) Automatic water level control; 
(iv) Chlorine pressure indicator/gauge; 
(v) Chlorine gas low pressure control valve; 
(vi) Chlorine gas pressure indicator; 
(vii) Temperature indicator or high alarm to indicate super-heating. 
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Chemical Transfer.  For transfer from drums to the metering units (i.e., chlorinators or alternatively 
called chlorometers), the arrangement as shown in Figure H.52 is generally used.  The following features 
shall be noted: 

(i) Flexible pipe to connect the drum to the header terminating in motorised valve for automatic 
switchover, complete with isolating valves; 

(ii) Bursting disc and pressure relief vessels for liquid withdrawal systems; 
(iii) Pressure relief valve before the evaporators; 
(iv) Pressure gauges; 
(v) Catchpot for removing chlorine droplets and impurities; 
(vi) Vacuum regulator and pressure relief valve, which shall have a vent to scrubbing plant. 

Pressurised pipework should be confined to very short lengths.  For safety, the chlorine dosing lines 
should be in vacuum state.   

(5) Duty and Standby Units for Evaporators and Metering Equipment 

Evaporators shall be provided with minimum 100% standby.  For large WTPs, two duty evaporators 
should be provided, with another two standby units.  The evaporators shall be connected with dedicated 
metering units; i.e., the metering units are thus provided at 100% standby.  Interconnections between 
the duty and standby units should be avoided. 

(6) Metering and Dosing  

In a vacuum delivery system (such as shown in Figure H.52), chlorine (as well as ammonia and sulphur 
dioxide) will be metered as gas and delivered in a vacuum line.  At the outlet to the evaporator, an 
automatic vacuum regulator with shut-off valve and integral pressure relief valve will be located.  The 
vacuum regulator and relief valve will regulate the gas to a fixed reference vacuum and will only open 
under normal operating vacuum.   

Vacuum for the system will be derived from the remotely located ejectors; water under pressure will be 
applied to the inlet of the ejector which due to its venturi shape creates the operating vacuum in the 
system. 

At the ejectors, the gas is dissolved in water and discharged at the point of application by chemical 
injectors, which shall be within an enclosed pipe. 

The ejectors may be located at the metering units and transferred to the point of application, as may be 
frequent in older WTPs, but this method should be avoided as there will be a hazard risk if the lines leak 
or break. 

The preferred method will be to locate the ejectors at the point of application and transfer the gas under 
vacuum to the application point.  Any rupture in the line will collapse the vacuum and the system will not 
operate. 

Control System 

Under automatic control, the dose of the chemical is made at the metering unit proportional to the flow 
and/or residual dose parameters (i.e., chlorine residual). 

H.7.9 Chemical Dosing 

Chemical dosing into the main body of water should generally be carried out by the following methods: 

(i) Chemicals dosed into pipelines shall be injected using diffusers or injection lances; the type may 
be varied according to size as follows: 

(a) Small size pipes (below 600 mm): Single injection tube extending 1/3 of the pipe diameter; 
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(b) Medium sized pipes (600 mm to 1200 mm): Two injection tubes perpendicular to each 
other, or single perforated tube across the full diameter of pipe; 

(c) Large size pipe (above 1200 mm):  Four injection tubes perpendicular to each other, or two 
perforated tubes across the full diameter of pipe. 

The injectors shall be installed at an angle of 45° to the horizontal, normal to the direction of flow.  
The injectors should be of durable construction to withstand  the velocity of the water flow against 
it. 

(ii) The above also applies to gases dosed as solutions (e.g. chlorine). 

(iii) Slurries (like lime slurry) shall be distributed via distributors onto the surface of the water.  
Distributors should be provided with rodding and flushing points. 

(iv) For chlorine dosing, it is highly recommended that the pipework at the dosing point (with the 
injectors) consist of a removable flanged piece to facilitate removal and reinstallation.  The piece 
of pipework should be internally lined with epoxy resin. 

H.7.10 Chemical Waste Systems 

Chemical waste systems should consist of up to three types, as relevant: 

(i) Chemical waste system for non-hazardous chemical waste; 
(ii) Chemical waste system for hazardous waste; 
(iii) Chemical waste system for lime. 

In most cases, chemical waste from diluted chemicals may be regarded as non-hazardous, but should be 
contained within a dedicated waste system for eventual disposal into the residuals treatment system. 

Chemical waste from undiluted strong acids or strong alkalis (non-scheduled) should be treated as 
hazardous and should have a separate containment system.  The waste should be conveyed separately 
into the residuals treatment system. 

Chemical waste system for lime should be separated as there will be a tendency for the lime to choke the 
drains and sumps. 

H.7.11 Potassium Permanganate Plant 

Potassium permanganate is typically delivered as crystallised powder in 50 kg steel or plastic drums.  
Potassium permanganate plant should consist of at least two units (one duty, one standby) of potassium 
permanganate preparation systems with a normal operating solution strength of 2% w/v to 3% w/v.  
The potassium permanganate may be prepared on a batch basis.   

A typical flow diagram for potassium permanganate plant using a bag loader and mixing tank with 
impurity settling zone (recommended) is as shown in Figure H.34.   As potassium permanganate in 
powder form is hygroscopic and tend to solidify, the batching system should be kept simple. 

A flow diagram for potassium permanganate plant using a screw conveyor (alternatively called screw 
feeder) is as shown on Figure H.35. 

Storage hoppers, mixing tanks and service tanks should generally be of stainless steel.  For the storage 
hopper, a chiller system should be provided to prevent caking of the potassium permanganate powder 
crystals. 
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Figure H.34: Schematic flow diagram for potassium permanganate plant using bag loader 

 
Figure H.35: Schematic flow diagram for potassium permanganate plant, screw conveyor system 
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H.7.12 Ozone Plant 

 Oxygen Production and Ozone Generators 

Ozone is a highly reactive and unstable gas which has to be prepared on-site at the WTP.  Ozone 
preparation systems in WTPs consist of two components: the feed gas (oxygen) preparation system and 
the ozone generators. 

(1) Feed Gas Preparation System 

The feed gas for the ozone plant will be oxygen.  Ozone may be generated at on-site at the WTP from high 
purity oxygen, which may be procured by the following methods: 

 Gas pipeline from supplier (uncommon); 
 Liquid oxygen (LOX) from supplier delivered to the site; 
 On-site generation. 

LOX systems.  For LOX, the feed gas system mainly consists of a LOX storage tank and vaporiser; 
operators may prefer this method due to its relative simplicity.  This system may be common in package 
ozone plants; for larger WTPs, the LOX systems will have to be custom-built.   

The use of LOX may increase operating costs due to the requirements, in addition to the costs of 
purchasing the bulk LOX, for transporting, handling and storing of the chemical.  However, the LOX of 
nearly 100% purity improves the efficiency of the ozone generation, although modern systems require 
lower oxygen concentrations. 

On site generation systems.  On-site generation will be required where reliability of supply is 
required and where LOX deliveries are not fully viable.  The on-site generation systems will typically be 
custom-built.  

On-site generation of gaseous oxygen (GOX) will be primarily through adsorption technologies such as 
pressure swing adsorption (PSA) or its variation vacuum swing adsorption (VSA).  The similarities of 
both systems are generally as follows: 

 Both are proven and reliable processes; 
 Both produces only GOX; 
 May achieve 90-95% oxygen purity;  
 Capable of efficient turndown to 30% of capacity; 
 Quick responses to operational changes; 
 Relatively low maintenance requirements; 
 Relatively simple to operate. 

The difference between the PSA and VSA systems are generally as follows:   

Table H.8: On-site oxygen plant – general differences between PSA and VSA systems 

Particular PSA VSA 

General production capacity 
Typically for lower capacities of 
up to 12-17 tonnes per day per 

train 

Typically for large capacities of 
up to 340 tonnes per day per 

train 
Capital costs Lower capital costs Higher capital costs 
Power consumption Higher consumption Lower consumption 

Area requirement 
Lower area requirement than 

the VSA system 
High area requirement than the 

PSA system 
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PSA systems typically have power consumption of 400-450 kWh/tonne of high purity gas while VSA 
systems achieves 290-370 kWh/tonne; selection between the two systems need to be made by taking 
into account capital costs and NPV operational costs over a period of time. 

(2) Ozone Generation  

Ozone is produced by passing the dry high purity oxygen gas, obtained from the feed gas preparation 
system, through a corona electrical discharge or cold plasma discharge.  The process usually takes 
place between two electrodes, which are separated by the gas flow space and a dielectric.  One electrode 
is an earth electrode and the other is connected to a high voltage source of alternating current, typically 
of 3 to 20 kV potential.  In this process, oxygen radicals are formed in the feed gas which recombine with 
oxygen molecules to form ozone.   

The energy necessary to overcome the dielectric used to create the corona discharge is significant and 
90-95% of the energy supplied is released as sensible heat of surplus energy which must be removed by 
a cooling water system. 

In WTPs, the productivity of the ozone generator is usually controlled by applied voltage. 

Industrial ozonisers have improved over the years and are able to produce higher concentrations of 
ozone (currently 16-20% w/w) using increasingly lower concentrations of oxygen in the feed gas; thus 
the use of pure oxygen are becoming to have no distinct advantages. 

 Ozone Reactor Systems 

(1) Turbine or axial diffusers 

The turbine or axial diffuser type reactors are preferred for pre-ozonation as they provide for high 
transfer of ozone, rapid mixing and, unlike bubble diffusers, may be unaffected by clogging of the ozone 
contactors. 

In this type of reactor, ozone gas dispersion will be produced by either a radial propellor turbine mixer 
or a radial diffuser in a contact column.   

(2) Fine bubble diffusers 

Fine bubble diffuser reactors are for relatively low doses of ozone and for slow contact reactions; these 
types should typically be used for intermediate and post-ozonation purposes, mainly for 
intermediate/post-oxidation or for sterilization of relatively clear groundwater or filtered water. 

In fine bubble diffuser reactors, fine gas bubbles will be produced by porous diffusers located along the 
base of the reactor.  The reactor may be of the bubble column reactor type or in a contact tank 
arrangement with multiple compartments, with the latter usually used for medium to large WTPs.  The 
two types of reactors are shown in Figure H.36. 

The contact tank arrangement will usually comprise two or three oxidation stages:  Fast reactions, such 
as for oxidation of iron and manganese, requires two compartments, while slow reactions, such as for 
disinfection, require three or more compartments.  When the number of compartments increase, the 
effective detention time increases, water flow becomes more uniform and more closely approaches plug 
flow conditions.  

For these types of reactors, the depth of water should be 5.5 to 7.5 m above the diffusers.  Diffuser pores 
may become clogged or fouled, so this arrangement may be more suitable for relatively clear 
groundwater or filtered water.  Otherwise, the operation and maintenance requirements for the reactors 
are fairly minimal. 
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Figure H.36: Types of fine bubble diffuser reactors 

A typical flow diagram for ozone plant is as shown on Figure H.37 below. 

 
Figure H.37: Schematic flow diagram for ozone plant (200 Mld WTP) 

Figure continued to next page 
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Figure H.37: Schematic flow diagram for ozone plant (200 Mld WTP) 

(Figure continued from previous page) 

H.7.13 Lime Plant 

(1) Types of Lime Preparation 

The Designer should distinguish between lime slurry (lime in aqueous suspension) and lime solution 
(nearly or completely dissolved lime). 

Lime may be dosed either as lime slurry (the common method) or as a saturated solution.  Lime slurries 
(or “milk of lime” (UK, anachronistic)) are usually prepared from powdered hydrated lime (Ca(OH)2) 
using lime slurry preparation systems while saturated lime solutions are prepared using lime 
saturators. 

(2) Lime Slurry Preparation Systems 

For lime slurry preparation systems, powdered lime may be supplied and stored in bags or FBICs, or 
supplied by bulk containers and stored in silos.   

For powdered lime in bags or FBICs, lime will be loaded into intermediate daily storage bins/hoppers 
and metered to the lime slurry mixing tanks via volumetric feeders (screw conveyors or feeders).  A 
typical flow diagram for lime plant with such system is as shown on Figure H.38 (bag system for small 
WTPs) and on Figure H.39 (FBIC for larger WTPs). 

For silos, the capacity of a silo should preferably be in multiples of a bulk tanker payload.  From the silo, 
the powdered lime is metered to the slurry mixing tanks by volumetric or gravimetric feeders (sub-
section H.7.6(2)). 

The arrangement of the silo and slurry preparation tanks may be either of the following methods: 

(i) Single or two-stage silo system:   

The silo may be either a single stage or two-stage.  A two-stage silo system, as illustrated in Figure 
H.40, consists of a primary storage silo and a secondary day hopper with a weight cell.  In Figure 
H.40, the quantity of lime is measured by gravimetric feeder, which in this case will be by loss of 
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weight in the secondary hopper.  This configuration should be suitable for medium to very large 
WTPs.   

For smaller WTPs, a single silo with weight cell may be sufficient.  In this case, the lime may be 
metered by gravimetric or volumetric feeder. 

For this system, the lime slurry will not be sufficiently stabilised (i.e., all softening reactions will 
not be completed), so a high quantity of precipitates will be conveyed through the dosing system. 

(ii) Two-staged lime slurry preparation system:   

Figure H.41 illustrates a two-stage slurry preparation system.  The lime is metered into the first 
stage mixing tank by a volumetric screw feeder, which is typically timer controlled, or a 
gravimetric screw feeder. It is actually preferable to have load cells on the silo to meter the quantity 
of lime transferred to the mixing tank.   

In the first stage mixing tank, a slurry of 20% w/v is typically prepared.  The tank should be 
designed for a stabilisation or ageing time of 15-20 minutes; the tank shall be designed to remove 
a high amount of precipitate as dross into a dedicated lime chemical waste system. 

The stabilised or aged slurry shall then be transferred to the secondary service tanks by transfer 
pumps, which may be of open impeller centrifugal pump or positive displacement pump type. The 
aged slurry shall then be further diluted to a design concentration of 2.5-5% w/v in the secondary 
service tanks. 

The following considerations shall be applied in the design of lime slurry preparation systems: 

(i) Lime slurry preparation systems require that the lime slurry be kept in suspension at all times, 
otherwise the slurry will settle, solidify and jam mechanical equipment, such as mixers, valves, 
pumps, pressure relief valves, etc. 

(ii) The dosing pump system should be configured with a suction header of a recirculation type which 
will provide pumped flow of slurry to the dosing pumps.  This will be to ensure that all dosing 
pumps receive equal flow and to minimise settlement of solids in the suction header when the flow 
and resultant velocity in the pipe is reduced by the withdrawal of slurry at each preceding pump.  
The recirculation pumps shall be of open impeller centrifugal pump or positive displacement pump 
type (or similar to that used for interstage transfer pumps where two-staged slurry tanks are 
used). 

(iii) A typical configuration of a recirculation pump system is shown on Figure H.42. 

The use of lime slurry ejector systems or direct dosing systems are popular with water operators in 
Malaysia and may be acceptable for use, but for the purposes of these Guidelines they will not be 
considered the best practice for major WTPs. 
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Figure H.38: Schematic flow diagram of lime plant (small WTP) 

 
Figure H.39: Schematic flow diagram of lime plant (FIBC) 
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Figure H.40: Schematic flow diagram of lime plant (with two-stage silos) 

 
Figure H.41: Schematic flow diagram of lime plant (with two-stage mixing tanks) 
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Figure H.42: Schematic flow diagram for lime slurry recirculation system 

(3) Lime Saturators 

Lime saturators are used to produce saturated lime solution, or limewater, for lime dosing.  Lime 
saturators are not typically found in Malaysia but are often used elsewhere; hence a description is 
provided for consideration here.   

The advantage of this system is that limewater is relatively easier to convey over long distances; the risk 
of scale formation in dosing pipes (which is a common problem in slurry dosing lines) is much lowered 
as the softening reactions of lime with water will be completed inside the saturator tanks and, provided 
there is no further dilution, scale will not form in the dosing lines.  In addition, the accumulation of lime 
particulates and insoluble carbonates in the clear water tank after final pH correction will be significantly 
reduced.     

A lime saturator system of the turbine type is shown in schematic form in Figure H.43 (based on an 
actual lime saturator in an existing 180 Mld WTP).  In the lime saturator system, lime slurry is initially 
prepared (continuous or batched) and then conveyed (always continuously) into the centre of the 
saturator tank from an inlet pipe along with pressurised treated feed water. The lime-dosed feed water 
mixes with recirculated flow from the saturator inside the baffle, flowing down through diffuser plates 
and underneath the baffle to circulate flow in the tank as illustrated.  Limewater then slowly rises to the 
top of the tank and flows over V-notch weirs into a collection trough, typically into storage in a limewater 
storage tank for onward dosing.  Excess lime will settle to the bottom of the tank where it will be drained 
through a drain line at the bottom of the hopper.   

The tank structure is typically elevated above ground and constructed of reinforced concrete. 

Design of a lime saturator tank is typical of a circular upflow tank and is normally provided by specialist 
system supplier. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    507 

The disadvantage of the system is that a lot of lime waste results from the process, which could be in the 
range of 10-20% of the lime used, albeit this will include the impurities inside the lime that will not be 
deposited in the treated water system. 

 
Figure H.43: Schematic representation of a lime saturator system (180 Mld WTP) 

H.7.14 Coagulant Plant 

 Aluminium sulphate solution 

(1) General 

Aluminium sulphate solution preparation and dosing systems may be one of the following: 

(i) Batch preparation in batch mixing tanks; 
(ii) Continuous preparation in continuous mixing tanks; 
(iii) Bulk liquid storage tanks, or 
(iv) Saturator tank system. 

The above systems are addressed as below. 

(2) Batch and Continuous Mixing Tanks 

Batch preparation system.  In a batch preparation system (as in Figure H.44(a)), the aluminium 
sulphate solution is prepared by dissolving kibbled or ground aluminium sulphate supplied in bags 
directly into a mixing tank.  In this approach, the tank shall be sized precisely so that the volume of tank 
will dissolve an X number of, say, 50 kg bags (the Designer shall confirm this) to produce a certain 
concentration of solution, typically 10-20% w/v.  This method is commonly used for very small to small 
WTPs, where the solution tank may be made to a practical size; but will not be suitable for larger WTPs. 

Continuous preparation system.  In a continuous preparation system (as in Figure H.44(b)), the 
aluminium sulphate solution is prepared in a continuous mixing tank, usually of constant level.  In this 
system, powdered aluminium sulphate is metered into the solution by volumetric or gravimetric feeder 
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(section H.7.6(2)).  The system may be used in small to medium WTPs where batch preparation system 
tanks may become impractically large. 

 
Figure H.44: Batch and continuous preparation systems 

(3) Bulk Liquid Storage Tanks 

Bulk liquid storage tanks are typically used for medium to large WTPs.  A typical arrangement is as 
shown in Figure H.45. 

 
Figure H.45: Schematic flow diagram for aluminium sulphate bulk storage tank system 
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Bulk liquid storage tanks mainly for horizontal tanks should be of steel with rubber lining; where such 
tanks are used, the integrity of the lining shall be checked at least by on-site spark testing.  Other 
materials for vertical tanks may be GRP or FRP tanks with uPVC or polypropylene lining, or thermoplastic 
of high density polyethylene or polypropylene. 

Materials for dosing pipework may be of high impact uPVC or carbon steel with rubber lining (of at least 
3 mm) or thermoplastics such as PVDF, polypropylene or uPVC lined GRP. 

(4) Saturator tank systems 

In a saturator tank system, the aluminium sulphate will usually be delivered in block form, or in loose 
kibbled form, unloaded by tipper type truck directly into the saturation tank (Figure H.46).   

 
Figure H.46: Aluminium sulphate bulk saturator tank 

The aluminium sulphate blocks will be diluted in the saturator tanks, drawn by transfer pumps as a 
saturated solution, which will then be diluted automatically to solution of typically 10% w/v 
concentration, stored in service tanks and metered to the point of application by dosing pumps. 

The saturator tank system as shown in schematic form on Figure H.47 shall consist of the following main 
items: 

(i) Saturator tanks, constructed as ground reinforced concrete tanks (Figure H.46), suitably lined 
with acid resistant bricks and lining.  The saturator tanks shall have a service water system, 
which shall be able to fill the tanks within a practical period of time, which should not be more 
than 3 to 4 hours. 
The saturator tanks shall be provided with level probes and ultrasonic level sensors for 
monitoring the fluid levels. 

(ii) Recirculation pumps of positive displacement cavity type for recirculation of the saturated 
solution within a saturator tank; the system shall be such that each tank shall be typically turned 
over within 3 to 4 hours.   

(iii) Transfer pumps to transfer the saturated solution from the saturator tanks to the service tanks.  
Each transfer pump should be arranged with flexible interconnections such that it may be 
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possible to connect each pump with each tank; alternatively, each tank may have a dedicated 
pump but the pump may be suitably manifolded to provide interconnection between tanks. 

(iv) Density controllers which shall automatically dilute the saturated solution to the required 
design concentration, i.e. typically to 10% w/v concentration; the saturated solution is mixed 
with service water through a mixer with the water flow controlled automatically to maintain a 
pre-determined value for the diluted solution. 

(v) Service tanks of rubber lined steel construction, operating on a rotational batch basis.  The 
tanks should be sized for average and maximum dosing of 6 to 12 hours. 

(vi) Dosing pumps of positive displacement reciprocating type provided with hydraulically 
actuated diaphragm heads, which shall draw the aluminium sulphate solution from any one of 
the service tanks and metered to the point of application. 

 
Figure H.47: Schematic flow diagram for aluminium sulphate saturator system 

 Ferric chloride 

Ferric chloride solution is commonly delivered and dosed as liquid; the recommended method here will 
be in bulk storage tanks, similar to that as in sub-section H.7.14.1(3) for aluminium sulphate solution. 

In solid form, ferric chloride may also be delivered as crystalline granules or powder.  In this case, the 
preparation system should be similar to that shown in Figure H.34.  Since ferric chloride is hygroscopic, 
the preparation area should have humidity control. 

H.7.15 Sulphuric Acid Plant 

(1) General 

Sulphuric acid (normally delivered in concentrations of 50% to 98% w/w, transferred for dosing as 
liquid and diluted prior to mixing; the recommended method here will be in bulk storage tanks, similar 
to that as in sub-section H.7.14.1(3) for aluminium sulphate solution. 

The arrangement of plant shall generally be similar to that shown in Figure H.45, with additional 
requirements below. 

(2) Storage tanks 

Storage tanks of horizontal type should be of steel with FRP or rubber lining, or vertical types may be of 
GRP tanks with uPVC or polypropylene lining, or thermoplastics of high density polyethylene or 
polypropylene.  
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The tanks shall be installed in bunded areas, each area with a capacity of 1.1 times the capacity of one 
tank; the surfaces of the bunded areas and filling points which may be in contact with sulphuric solution 
shall be protected with asphalt or solvent-free epoxy resin. 

(3) Filling arrangements 

Particular precautions must be applied during filling of the tanks from the bulk delivery tankers.  The 
arrangement for filling of the storage tanks shall strictly follow the following criteria: 

(i) Each storage tank shall have a dedicated filling point or kiosk; the filling pipe shall not be 
manifolded among the tanks. 

(ii) Each filling point shall be provided with a tank contents indicator for each tank served, a service 
water supply for flushing and a drain to the chemical waste system. Audible and visual alarms 
shall be initiated at the auxiliary control panel when the contents of a tank reach a high level. 

(iii) Filling pipes should be of carbon steel with 3 mm thick natural rubber or polypropylene lining.  
Filling pipe should commence with a suitable flange connection (75 mm dia) positioned in a 
vertical plane facing the driveway and 750mm above the ground level, or otherwise to suit the bulk 
tanker of the supplier. 

(iv) The filling line shall rise vertically at the inlet point immediately behind an isolating valve to a 
height slightly above the inlet to the tank, then the line shall slope downwards towards the 
storage tank to ensure that the chemical drains towards the tank.  The line shall be securely 
supported to withstand shake and vibration.  The vertical section of the filling line shall have a 25 
mm dia drain pipe with flexible drain tube; the drain pipe shall be able to drain to a plastic 
carboy of adequate capacity (approximately 25 litres) after filling is complete.  The carboys shall 
always be stored at the filling point. 

(v) A non-return valve shall be provided on the filling line at the tanker connection to prevent spillage 
resulting from backflow when the filling is complete and the line is disconnected from the bulk 
tanker. 

(vi) An interlocking system should be provided to ensure all isolating and drain valves are interlocked 
for a safe filling sequence. 

(vii) All metal components of the filling system should be equipotentially bonded to the plant main 
earth terminal. 

(4) Dosing pumps and pipework 

Dosing pumps shall be metering pumps specific for dosing sulphuric acid.  Reciprocating diaphragm 
type pumps with one liquid end may be used; pump heads and diaphragms should be of thermoplastic 
materials. 

Dosing pipework of carbon steel shall be of rubber lining with flanges (weld neck type) instead of 
welded type; pipe specials may be of lined stainless steel.  Thermoplastic pipework of PVDF, 
polypropylene or uPVC lined GRP may be used. 

H.7.16 Caustic Soda Plant 

Caustic soda (solution is commonly delivered and dosed as liquid; the recommended method here will 
be in bulk storage tanks, similar to that as in sub-section H.7.14.1(3).  The caustic soda plant 
arrangement shall generally be similar to that as in section H.7.15, with filling arrangements also 
applicable.  

Materials used for caustic soda plant should be selected with caution.  Materials used may include steel, 
iron, natural rubber and thermoplastics.  Metals such as galvanised metals (i.e., using zinc), anodised 
metals, aluminium, aluminium alloys, tin, bronze and brass shall not be used.  PVDF and nylon shall not 
be used.  Storage tanks should be of steel with natural rubber or high density polyethylene lining or 
uPVC lining or GRP tanks with such linings.  Pipework should be of carbon steel with 3 mm thick natural 
rubber lining; plastic pipework may only be used for diluted solutions. 
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H.7.17 Polyelectrolyte Plant 

Polyelectrolyte preparation plant may be based on a batch preparation system or a continuous 
preparation system (similar to sub-section H.7.14.1(2)). 

A typical flow diagram for a polyelectrolyte batch preparation system is as shown on Figure H.48 below. 

 
Figure H.48: Schematic flow diagram for polyelectrolyte batching preparation system 

A typical flow diagram for a polyelectrolyte continuous preparation system is as shown on Figure H.48 
below. 

 
Figure H.49: Schematic flow diagram for polyelectrolyte continuous preparation system 
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H.7.18 Fluoride Plant 

A typical flow diagram for fluoride plant with bag loader is as shown on  Figure H.50 and with screw 
conveyor (screw feeder) on Figure H.51 below. 

 
Figure H.50: Schematic flow diagram for fluoride plant (bag loader system) 

 
Figure H.51: Schematic flow diagram for fluoride plant (screw conveyor system) 
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H.7.19 Chlorine Plant 

A typical flow diagram for chlorine plant is as shown on Figure H.52 below. 

 
Figure H.52: Schematic flow diagram for chlorine plant 

In any case, the chlorine plant shall comply with requirements stipulated by the Authorities under CIMAH 
(section H.7.3). 

(1) Plant and equipment 

In addition to the equipment shown in Figure H.52, the chlorine plant should incorporate /include the 
following: 

(i) Automatic drum valve shutoff system:  The system shall be designed for the shutdown of the 
chlorine withdrawal from the cylinder or drums under conditions of gas leak, with facilities for 
remote shutdown of valves. 

(ii) Automatic drum changeover systems. 
(iii) Ventilation systems (described in item (2)). 
(iv) Chlorine gas scrubbing plant (described below). 
(v) A chlorine leak detection system shall be provided for the drum store, evaporator room and 

chlorinator room.  A low level alarm (typically for chlorine gas concentration of 2 ml/m3) shall 
initiate the ventilation system and a high level alarm (5 ml/m3) initiates the chlorine gas scrubbing 
plant (described below).  The ventilation system should automatically switch to the gas scrubbing 
system if the low level becomes sustained over a pre-set period of time. 

(vi) Water supply for the chlorine injector system shall be provided to suit the maximum rated output 
of the chlorinators.  The water supply may be tapped off from the high pressure water supply 
system; where necessary motive water pump systems may be necessary.  

(vii) Safety showers and eyebaths. 
(viii) Safety equipment: Self-contained breathing apparatus. 
(ix) Safety clothing: Overalls, gloves, goggles and rubber boots. 

(2) Ventilation systems   

Ventilation systems shall be fully segregated fresh air ventilation systems, which shall be provided at 
the chlorine cylinder or drum store, evaporator rooms and chlorinator rooms.  For safety, all ventilation 
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systems shall be automatic.  The air ventilation system shall comprise dampers, main air filters, fans 
(either centrifugal or axial flow) with distribution by PVC or similar ducting.   

Air extraction should be by low level extract grilles, conveyed through the ducts to the fans and exhausted 
to high level grilles. 

All components shall be designed for continuous operation with materials resistant to chlorine gas. 

(3) Chlorine gas scrubbing plant   

The chlorine gas scrubbing plant shall consist of the following: 

(i) Air/gas extraction system, with fans, valves, dampers and ductwork on floor level; 
(ii) Absorbent tower; 
(iii) Absorbent collection tank (typically integral with the tower); 
(iv) Absorbent solution preparation and transfer system; 
(v) Absorbent recycling system; 
(vi) All instrumentation and control panels; 
(vii) Access ladders and platforms; 
(viii) Sample points, and 
(ix) Bunded area with waste sump. 

The chlorine gas scrubbing plant shall have sufficient capacity to neutralise leakage from one full chlorine 
cylinder or drum as the case may be.  The absorbent used should be caustic soda, typically delivered as 
47% w/w NaOH bulk solution.  

For safety, all chlorine gas scrubbing plant shall be able to operate automatically. 

H.7.20 Ammonia Plant 

A typical flow diagram for ammonia plant is as shown on Figure H.53 below. 

 
Figure H.53: Schematic flow diagram for ammonia plant 
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The setup is similar to that of chlorine plant (section H.7.19) except for the following particular 
differences: 

 Ventilators should be placed at high levels. 
 Gas scrubbing plants may not be necessary under CIMAH due to high threshold values, but major 

WTPs should include scrubbing plants for assurance of safety. 
 Absorbent for scrubbing plant should be sulphuric acid, typically delivered as concentration not 

exceeding 50% w/w H2SO4. 

H.7.21 Electrochlorination Plant 

(1) General 

Electrochlorination, previously addressed in section D.1.8.3, is used to produce sodium hypochlorite 
solution for disinfection usually in lieu of chlorine.  

Sodium hypochlorite is generated on-site by electrolysis of sodium chloride solution (referred to as 
brine). 

The complete electrochlorination plant, comprising brine preparation and brine feed systems, 
electrolysers, hydrogen removel system, storage and safety systems should be designed and provided by 
an experienced systems supplier.  

A typical flow diagram for electrolytic hypochlorination plant is as shown on Figure H.53. 

 
Figure H.54: Electrochlorination plant 

(2) Hazardous area classification 

(i) Unless otherwise provided for by other regulatory procedures, the electrochlorination plant area 
shall be installed to comply as necessary with BS EN 60079-10 – Explosive atmospheres - 
Classification of areas - Explosive gas atmospheres. 

(ii) In particular, all electrical works for installation shall be installed and maintained in accordance 
with the relevant requirements of BS EN 60079 – Explosive atmospheres. 

(iii) All electrical, process and safety interlocks and safety shut-downs shall be considered and included 
as necessary. 
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(3) Hydrogen by-product 

(i) Hydrogen gas is produced as a main by-product of the electrolysis; the hydrogen is conveyed with 
the hypochlorite solution to the sodium hypochlorite tanks.  The tanks shall thus be force 
ventilated with air. 

(ii) Unless specified by regulations, the lower explosive limit of hydrogen gas in air may be taken as 
4% by volume.  The hydrogen gas formed shall be diluted to less than ¼ of the lower explosive 
limit before venting to atmosphere. 

(iii) A dedicated air supply and vent system shall be provided for each tank. 
(iv) Each vent line shall incorporate an air flow detector; loss of air flow shall cause all electrolysers 

feeding the relevant storage tank to shut down.  This is a particularly important safety feature for 
the electrochlorination plant and shall not be omitted. 

(4) Feedstock 

Sodium chloride (common salt) is typically delivered to the WTP either in loose bulk form, 25 kg or 50 
kg bags or 1000 kg IBCs. 

(5) Brine preparation 

The preparation of brine shall be as follows: 

(i) Brine is prepared and stored in salt saturator tanks and diluted to the required concentration for 
electrolysis. 

(ii) The water used for brine preparation and dilution usually have to be softened, typically to 
hardness not exceeding 15-25 g/m3 as CaCO3.  In all cases, the water quality shall meet the 
requirements of the system supplier. 

(6) Salt saturators 

(i) Salt saturator tanks shall be provided in a segregated and covered part of the chemical building 
or its own separate building; the tanks are of rectangular shape and normally of reinforced 
concrete sunk below the floor.  The size of one tank should be sized for one bulk delivery (in tipper 
truck) or one IBC.  The tanks shall have sliding or hinged covers, with the covers and fittings of 
corrosion resistant material. 

(ii) Charging chutes shall be provided as necessary. 
(iii) The salt saturator tanks shall produce a continuous constant supply of clear fully saturated brine 

(well over 300 kg/m3). 
(iv) The water level in the saturator tank shall be automatically made up as brine is drawn off. 
(v) Salt saturator tanks shall be equipped with float operated level indicator or ultrasonic type level 

transmitter to detect to detect the level of the brine/salt interface. 
(vi) Level switches shall be provided to indicate low and high brine levels.  
(vii) Access walkways, stairs and platforms shall be provided as necessary. 

(7) Saturated brine day tanks 

(i) For medium to large WTP installations, saturated brine day tanks in addition to the bulk tanks 
may be required.  Day tanks shall be provided with high level inlets, outlets, overflows and drains. 

(ii) Day tanks where provided shall be of glass reinforced plastic (GRP) construction, which shall be 
provided only by experienced suppliers. 

(iii) Tanks should have top and side bolted access hatches. 
(iv) Access walkways, stairs and platforms shall be provided. 
(v) Day tanks shall be mounted on concrete plinths within a dedicated bund with volume of 110% of 

the tank capacity. 
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(8) Brine feed system 

(i) The brine feed system shall consist of brine transfer pumps of the progressive cavity type for 
transfer of the brine to the day tanks or metered to the electrolysers directly.  Brine drawn from 
the day tanks shall be metered to the electrolysers. 

(ii) The brine feed system shall be configured to supply brine at the required concentration (typically 
24 kg/m3 w/v) to the electrolysers.  Flow rates of the saturated brine and dilution water shall be 
measured and controlled to provide the required concentration. 

(iii) The diluted brine feed lines shall be provided with sampling points preferably with on-line 
analysers. 

(9) Electrolysers 

(i) Electrolysers shall be provided by experienced and reputable manufacturers and shall be suitable 
for indoor installation. 

(ii) Electrolysers shall comprise of electrolyser cells with electrode stacks; the electrode stacks shall 
be readily accessed and withdrawn for maintenance or replacement.  The electrode stack shall 
comprise an anode and a cathode or bipolar electrodes. 

(iii) The anodic surfaces of bipolar electrodes are normally coated with precious metal or metal oxides 
to afford low over-voltage characteristics for the generation of sodium hypochlorite.  The coatings 
will be progressively lost over time during operation; typical life spans may be around five years.  
The Licensee should decide if the anodes are to be recycled (re-coated) or replaced and the design 
specified accordingly. 

(10) Sodium hypochlorite tanks 

(i) Sodium hypochlorite tanks shall be of enclosed vertical cylindrical construction, fabricated from 
uPVC lined glass reinforced plastic or alternatively high-density polyethylene or other industrially 
accepted materials.  The tanks should be capable of storing solution concentrations of up to 15% 
w/w NaOCl. 

(ii) The tanks shall be mounted on concrete plinths within a dedicated bund with volume of 110% of 
the tank capacity. 

(iii) The tanks shall have the following: 
 Inlets; 
 Outlets; 
 Drains; 
 Overflows; 
 Dilution air inlet; 
 Vent outlet; 
 Content level indicator. 

(iv) All connections shall be flanged. 
(v) Vents shall discharge at a height of at least 3 m above the tank roof and at least 5 m away from 

other buildings, ventilation inlet or outlets, passageways or potential hazards. 
(vi) Tanks should have top and side bolted access hatches. 
(vii) Access walkways, stairs and platforms shall be provided. 

(11) Access steelwork 

(i) All access steelwork shall be blast cleaned and coated with suitable protective coating against 
corrosion. 

(12) Miscellaneous equipment 

(i) The Designer shall provide for specifying the requirements for heat exchangers and chillers where 
required for operation of the electrolysers as necessary. 
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H.7.22 Clean-in-Place and Neutralisation 

(1) General 

Clean-in-place (CIP), including for chemically enhanced backwash, and neutralisation chemical 
plant shall be as recommended by the membrane filtration plant manufacturer or system supplier; each 
filtration plant requires a unique chemical plant.  CIP chemical plant may/will be different from 
chemically enhanced backwash chemical plant and shall be separated accordingly.   

The facilities described herein this section is for a customised (non-package) filtration plant for a medium 
to large WTP and should be taken as an indicative guide only; actual plant requirements shall be 
compatible with the filtration system used and thus will differ for various filtration systems.  In all cases, 
the Designer shall do a thorough investigation for the type and arrangement of plant that is required and 
specify the equipment and materials required in the development contract accordingly.  

Storage.  Storage of CIP, chemically enhanced backwash and neutralisation chemicals are usually acids 
and alkalis supplied by bulk tankers into bulk storage tanks.  The storage required may be less than that 
used for water treatment chemicals, hence bulk storage tanks may be of the vertical cylindrical type. 

As CIP, chemically enhanced backwash and neutralisation chemicals are usually strong acids or alkalis, 
safety precautions and measures (as in section H.7.15(3)) usually taken for such chemicals shall be 
provided.   

Pipework.  Pipework shall be selected to suit the type of chemical. 

Chemical dosing pumps.  Pumps required are normally of the positive displacement type.  Pipework 
should generally be similar to that as provided for chemical plant; types of equipment, valves and 
equipment used should be as recommended by the system supplier. 

(2) Sodium Bisulphite Plant 

A flow diagram for sodium bisulphite plant for neutralisation is as shown on Figure H.55. 

Storage tanks.  Sodium bisulphite will normally be supplied in concentrations of 20-35% w/w (the 
Designer shall confirm with the supplier).  The storage tanks should be of stainless steel tanks (type 
304S14) or of GRP tank with uPVC lining. 

Filling arrangements shall generally be similar to that as described in section H.7.15(3).   

Pipework.  Pipework may be of stainless steel grade 316S11, or thermoplastic of uPVC, PVDF, 
polypropylene or uPVC lined GRP or fibre reinforced polyester. 

 
Figure H.55: Schematic flow diagram for sodium bisulphite plant 
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(3) Sulphuric Acid Plant 

A flow diagram for sulphuric acid plant for CIP and neutralisation is as shown on Figure H.56.  The 
basic requirements of the plant will be similar to that as described in section H.7.15(2). 

 
Figure H.56: Sulphuric acid plant (for CIP and neutralisation) 

(4) Citric Acid Plant 

Citric acid is normally used for CIP and chemically enhanced backwash.   

The arrangement for citric acid plant shall be generally similar to that shown on Figure H.56 with dosing 
lines for CIP and backwash.   

The basic requirements of the plant will be similar to that as described for sulphuric acid plant. 

(5) Phosphoric Acid Plant 

Phosphoric acid is normally used for CIP.   

The arrangement for phosphoric acid plant shall be generally similar to that shown on Figure H.55 with 
dosing lines for CIP only.   

The basic requirements of the plant will be similar to that as described for sulphuric acid plant. 

(6) Caustic Soda Plant 

Caustic soda is normally used for CIP, chemically enhanced backwash and neutralisation.   

The arrangement for caustic soda plant shall be generally similar to that shown on Figure H.56, except 
that the chemical may additionally be used for backwashing.   

The basic requirements of the plant will be similar to that as described in section H.7.16. 
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H.8 HYDRAULIC DESIGN 

H.8.1 General 

The purpose of the hydraulic design is to produce a set of hydraulic calculations chiefly showing the 
water levels that will be in the WTP process units during normal and overflow conditions. 

The hydraulic design of the process units should be performed as a stand-alone calculation, separate 
from the process calculations.  Design practitioners may treat the water levels as calculated in the process 
calculations to be the hydraulic gradient, but this does not meet the purpose.   

The top water level (TWL) at the clear water tank should established as the control level for the hydraulic 
calculations; the calculations then proceed upstream towards the inlet of the WTP.  Setting the TWL of 
the clear water tank will also facilitate the hydraulic calculations of the treated water pumping mains. 

The hydraulic calculations shall be to the following criteria and conditions: 

(i) The flow (usually referred as the through-flow) shall be for maximum raw water inflow; a parallel 
calculation may be carried out for the nominal flow, more for information. 

(ii) The design through-flow should be maintained from the inlet to the clear water tanks for 
consistency. 

(iii) The calculations shall be made for all overflow conditions when isolating valves or penstocks are 
closed, for example when one or all contact or clear water tank inlets are closed. 

(iv) The calculations shall include for one (or more) clarifier or filter out-of-service and when one filter 
is washed. 

(v) The calculations should be checked for excessive flow velocities indicating that the channels or 
pipes have been undersized. 

A partial hydraulic diagram (sample) for an actual existing 230 Mld WTP is shown in Figure H.57. 

 
Figure H.57: Typical WTP hydraulic diagram (partial) 
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The following shall be taken into consideration: 

(i) If the raw water is gravitated to the intake, the head at the inlet of the works shall not exceed the 
available head by gravity flow to provide the nominal or peak design flows. 

(ii) The top and bottom water levels of the clear water tank shall be such that the lowest point for the 
drainage of the tanks shall be above the maximum flood level plus a minimum 2.0 m freeboard (cf. 
sub-section F.6.1.3(1)(ii)). 

Intermediate pumping may be considered for WTPs with multiple process units for which there will be 
significant head loss through the works, usually involving secondary filters of the membrane or GAC 
types; the intermediate pumps are typically introduced post-clarification or after primary filtration.  It 
may also be considered to enable the clear water tank to be sited above ground so that the clear water 
tank may, for example, avoid the maximum flood level or perhaps to avoid costly rock excavation.   
Although the intermediate pumping plant may incur higher capital costs and additional maintenance 
costs, the operating costs will be the same as the overall lift from the raw water intake to the balancing 
reservoir will be the same with or without the intermediate pumps.  The calculated operating costs may 
be slightly lower if the intermediate pumps reduce the required pumping head for the raw water pumps 
(of slightly higher capacity than the intermediate pumps). 

H.8.2 Pipeline Head Losses 

Head losses through pipelines shall be the total of major (friction) loss and minor losses, expressed as 
follows: 

Total head loss, ℎ =  major (friction) head losses, ℎ +  minor head losses, ℎ  

(i) Major (friction) losses 

Pipeline major (friction) losses may be calculated by the either one of the following formulae: 

(a) Hazen-Williams formula: 

ℎ = 6.815 
𝑣

C

. 1

𝑑 .
L 

Where: 
ℎ = friction head loss, in metres of head 
𝑣= velocity of water in pipe, in m/s 
C = Hazen-Williams head loss coefficient (dimensionless) 
d = internal diameter of pipeline, in metres 
L = length of pipe. 

The Hazen-Williams formula is generally preferred for WTP hydraulic calculations in pipes due to 
its simplicity for short pipe lengths as found in WTP where major losses are caused by pipe fittings 
and the like. 

The Hazen-Williams coefficient C. The C value may be taken as: 

 C = 90 or less for raw water; 
 C = 100 for clarified water; 
 C = 120 for clear filtered water; 
 C = 120 for treated water. 

(b) Colebrook formula 

h =  
λ

d

v

2g
L 
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Where: 

√
  =2𝑙𝑜𝑔 

.
+

.

√
 

ℎ = friction head loss, in metres of head 
𝑣= velocity of water in pipe, in m/s 
𝜆= head loss coefficient (dimensionless) 
d = internal diameter of pipeline, in metres 
g = gravitational acceleration, usually taken as 9.81 m/s. 
k = equivalent pipe wall roughness, in metres 
𝑅  = Reynolds number = 𝑣𝑑/𝑉, where 

𝑉 = kinematic viscosity, in m2/s 
L = length of pipe 

Equivalent pipe roughness.  Cement lined pipes may be taken in the range of 0.03 mm (filtered 
water) to 0.1 mm (raw water). 

Kinematic viscosity. Kinematic viscosity V may be taken as 1.00 m2/s (in 20°C water) to 0.80 
m2/s (in 30°C water) interpolated accordingly. 

(ii) Minor losses 

Minor losses shall be computed by the formula: 

ℎ = K
𝑣

2𝑔
 

Where: 
ℎ = minor head loss, in metres of head 
𝑣= velocity of water in pipe, in m/s 
K = K constant value as provided for in Table H.9. 
g = gravitational acceleration, usually taken as 9.81 m/s. 

Table H.9: Minor pipeline losses (K constant values) 

Types of Fittings & Valves K Types of Fittings & Valves K 

Entry Losses  Intermediate Losses  
Sharp-edged entrance 0.50 Angle Branches   
Re-entrant entrance 0.80 Flow in line  0.35 
Slightly rounded entrance 0.25 Line to branch or branch to line:  
Bell-mounthed entrance 0.05 30 degrees angle  0.40 
Foot valve & strainer 2.50 45 degrees angle  0.60 
   90 degrees angle  0.80 
    
Intermediate Losses     
Elbows  Sudden Enlargement*    
(R/D  =  0.5 approx. )  Inlet dia  Outlet dia    
22.5 degrees  0.20 4 : 5   0.15 
45 degrees  0.40 3 : 4   0.20 
90 degrees  1.00 2 : 3   0.35 
     1 : 2   0.60 
Close Radius Bends  1 : 3   0.80 
( R/D  =  1 approx. )  1 : 5 & over   1.00 
22.5 degrees  0.15        
45 degrees  0.30 Sudden Contractions*    
90 degrees  0.75 Inlet dia  Outlet dia    
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Types of Fittings & Valves K Types of Fittings & Valves K 

     5 : 4   0.15 
Long Radius Bends  4 : 3   0.20 
( R/D  =  2  to  7 )   3 : 2   0.30 
22.5 degrees  0.10 2 : 1   0.35 
45 degrees  0.20 3 : 1   0.45 
90 degrees  0.40 5 : 1 & over   0.50 
            
Sweeps    Tapers*      
( R/D  =  8  to  50 )  Flow to small ends   negligible 
22.5 degrees  0.05 Flow to large end    
45 degrees  0.10 ( Inlet  to  Outlet    )    
90 degrees  0.20 4 : 5   0.03 
     3 : 4   0.04 
   1 : 2   0.12 
Mitre Elbows        
(R/D = 8 to 50)    Valves      
22.5 degrees - 2 pcs. 0.15 Gate -   fully open   0.12 
30 degrees - 2 pcs. 0.20  -  1/4  closed   1.00 
45 degrees - 2 pcs. or 3 pcs. 0.30   -  1/2  closed  6.00 
60 degrees - 2 pcs. 0.65   - 3/4  closed  24.00 
   - 3 pcs. 0.25       
90 degrees - 2 pcs. 1.25 Globe    10.00 
   - 3 pcs. 0.50 Butterfly - fully open  0.30 
   - 4 pcs. 0.30 Reflux    1.00 
        
Tees    Exit Losses    
Flow in line  0.35 Sudden enlargement  1.00 
Line to branch or branch to line:  Bell-mouthed outlet  0.20 
Sharp-edged  1.20       
Radiused  0.80 

     

* figures for enlargement, contraction and tapers apply to smaller diameter. 
Source: MWA - Design Guidelines for Water Supply Systems (1994). 

The above Table H.9 should not be entirely exhaustive; Designer shall be at liberty to use K constant 
values from other reliable reference sources. 

H.8.3 Flow through Channels 

Normal head loss through a channel 

Head loss through a channel may be derived by solving the Manning-Strickler formula: 

𝑣 =  𝐾  𝑅
/ 𝑆 

Where:  

𝑣= velocity of water in channel, in m/s 
𝐾 = roughness coefficient of the channel walls 
R = hydraulic radius, in metres 
S = hydraulic gradient (metre/metre) 
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The head loss through the channel may be inferred from the slope of the hydraulic gradient and the length 
of channel. 

Roughness coefficient.  The coefficient 𝐾  should be taken in the range of 70-80 (for rough concrete 
surfaces) to 90-100 (for smooth cement render to smooth formworked concrete). 

Hydraulic radius.  R =  

Where:  

R = hydraulic radius, in metres 
𝑆 = area of water section, in m2 

𝑃 = wetted perimeter, in metre 

Head loss.  The head loss would be calculated by taking S = (head loss in channel/length of channel). 

Head loss through baffled channel 

For a channel with baffles (round-the-end or over-and-under), the additional head loss in the channel in 
addition to the normal head loss in the channel may be calculated as: 

ℎ =
𝑛𝑣 + (𝑛 − 1)𝑣

2𝑔
 

Where: 

ℎ = additional head loss in channel, in metres of head 
𝑣 = velocity of water between baffles, in m/s 
𝑣 = velocity of water at the baffle slot, in m/s 
g = gravitational acceleration, usually taken as 9.81 m/s. 

  



 
 

PART H  :  Design Aspects of Water Treatment Systems 

    526 

H.9 UTILITIES 

H.9.1 Service Water Supply 

(1) General 

The Designer shall design the layout of a complete service water supply system to provide for the 
localised water demands at the WTP.  The Designer shall note that failure of one part of the water supply 
system may result in the failure of the whole WTP; hence for medium to large WTPs, particular attention 
shall be made to the service water supply system to ensure that any repair or maintenance to any part of 
the system or pipework will not result in shutdown of the WTP. For very small to small WTPs, the 
requirements herein should be mostly optional. 

The service water supply system shall consist of high pressure water supply and a low pressure 
water supply.  The service water supply system shall provide for the following: 

(i) Low pressure supply water for the chemical preparation plant; 
(ii) High pressure water (motive water) for chlorinators, ammoniators and sulphonators; 
(iii) Carrier and/or dilution water for application of chemicals; 
(iv) Water for fire extinguishing services and hose reel systems; 
(v) Safety showers; 
(vi) Water for flushing chemical and residuals pipelines; 
(vii) Water for hosing down of all process tanks and residuals tanks; 
(viii) Water for cleaning of residuals storage areas; 
(ix) Water for general use, and 
(x) Domestic potable water for all buildings and the laboratory. 

In the design of the WTP, the Designer would need to specify the capacity (or at least the minimum 
capacity) of the service water supply system.   

(2) Source of Service Water 

The source of service water supply may be derived from the following: 

(i) Tap-off from the treated water pumping main; 
(ii) Tap-off from the clear water tank, or 
(iii) Water supply boosting system. 

For medium to large WTPs, the source of water shall be of multiple sources, such that when one source 
is out of service, the service water supply system will still be maintained continuously without any 
interruption. 

For the chemical plant of medium to large WTPs, water supply shall be provided via a service water 
storage tank, with a separate high pressure water supply system for chemical motive water. 

Supply to the service water storage tank (see below) and low pressure water supply system may be 
tapped off from the high pressure water supply system.  For increased reliability of supply, the sources 
of the low and high pressure water systems may be tapped off from separate tapping points. 

Tapping off points should be provided with non-return valves, isolating valves and pressure gauges.   

(3) Service Water Storage Tank and Low Pressure Service Water System 

The service water storage tank should be provided at the chemical store or building for the low 
pressure water supply system to the chemical preparation plant and general use at the chemical building.    

The tank is usually located on the roof of the building and should be made easily accessible for inspection 
and servicing.  Where located on the roof, a staircase or at least a ladder should be provided. 
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For medium to large WTPs, the tank should have two interconnected compartments with isolating 
facilities to enable one compartment to be taken out of service.   

All low pressure water supplies should be drawn from the service water storage tank.  The service water 
tank shall be of sufficient capacity for the following: 

(i) Chemical preparation systems with the exception of motive water, and 
(ii) Domestic water and water for general use.  

The inlet to the tank shall be of greater capacity than the total simultaneous demand for all chemical 
preparation and low pressure water supply systems.   

(4) Service Water Supply Boosting System and High Pressure Service Water System 

For medium to large WTPs, the high pressure water system should be of sufficient capacity for at least 
the simultaneous highest demand of the following: 

(i) The use of at least five high pressure chemical flushing points; 
(ii) The use of at least five hosing down points or fire extinguishing points, and 
(iii) All low pressure water supply demand if connected for supply to the service water storage tank. 

Where water tapped off from the source of water will not have the necessary pressure for the high 
pressure water supply at required points of application, particularly for fire fighting purposes, a water 
supply boosting system shall be provided.  The water supply boosting system may consist of booster 
pumps or a hydro-pneumatic booster system to be specified by the Designer. 

(5) Motive Water Systems 

Alternatively, motive water pumps may be provided to boost low pressure water supply (or even or 
high pressure water supply) to an even higher required pressure, e.g., such as for chlorine ejectors.  In 
such cases, the motive water pumps should be located near the point of application, e.g., such as at the 
chlorine injector house (see section H.1.1.3). 

(6) Loop System 

For medium to large WTPs, the Designer shall design the service water supply system to the main low 
pressure system in a loop system, with suitable isolation points such that a break or interruption (due 
to repair or maintenance) will not result in a complete interruption of supply to most or all demand 
points. 

(7) Service Water Pipework 

For medium to large WTPs, all service water pipework should largely be located in service trenches, 
galleries and buildings for easy access.   

Valves and air valves shall be provided where required.  Individual supply points in the low pressure and 
high pressure systems should be provided with isolating valves, pressure reducing valves (where 
required), magnetic flowmeters, pressure switches and pressure gauges.  Flowmeters and pressure 
reducing valves shall be provided with a bypass fitted with an isolating valve. 

(8) Hosing Down Points 

Hosing down points should be provided complete with hose reels, connectors and nozzles; the points 
should normally be designed on the basis of a maximum hose length of 15 to 20 metres.  

(9) Outdoor Equipment 

All outdoor equipment shall be housed in suitably mounted weather proof enclosures or cabinets. 
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H.10 RECOMMENDED COLOUR CODES OF PLANT AND PIPEWORK 

Recommended colour codes for Plant and pipework are as follows: 

Table H.10: Colour codes for Plant and pipework 

Equipment Colour finish 
BS 4800 shade no./ 

Munsell colour ref. no. 

 (1)  Intake plant     
  (i) All equipment above water level Jungle green 12 D 45 
 (ii) Equipment below water level   
 - All equipment, steelwork, pumps, penstocks, 

pipework Black 00 E 53 
 (2)  Pumping plant     
  (i) Raw water     
 - Pumps and motors Jungle green 12 D 45 
 - Pipework, valves and actuators Jungle green 12 D 45 
 (ii) Treated water   
  - pump and motor Dark blue 18 E 53 
  - pipework, valve and actuator Dark blue 18 E 53 
  (iii) Motor ventilation ducts Grey 00 A 05 
  (iv) Surge suppression equipment     
  - Surge vessels Silver (close to 00 A 07) 
  - Air compressors, motors, pipework Light blue 20 E 51 
 (3) Treatment plant     
  (i) Pipework     
  - Raw or partially processed water Jungle green 12 D 45 
  - Fully treated water Dark blue 18 E 53 
  - Filtered water Navy blue 20 D 45 
  - Filter wash water Jungle green 12 D 45 
  - Filter air scour White 00 E 55 
  - Residuals Brown black 08 B 29 
 - Equipment drain and waste Dark green 14 E 53 
 - Sample White 00 E 55 
  - Compressed air Light blue 20 E 51 
  - Vacuum Light blue 20 C 33 
  - Chlorine Yellow 10 E 53 
 - Acids Orange 06 E 55 
  - Alkalis Violet 22 C 37 
 - Oxygen/ozone Silver grey 10 A 03 
 - Gases in gaseous or liquid forms (except air, 

oxygen or ozone) Yellow ochre 08 C 35 
 - Other liquids Black 00 E 53 
 (ii) Particular chemical dosing pipe identification   
  - Coagulant solutions Crimson 04 D 45 
  - Lime slurries Magnolia 08 B 15 
  - Polyelectrolyte solutions Beige 08 B 21 
  - Fluoride solution Light green 12 E 53 
  (iii) Flash mixers     
  - Stirrer motor Grey green 14 C 35 
  (iv) Clarifiers     
  - Flocculator motor Grey green 14 C 35 
  (v) Filters     
  - Air blower and motor Grey green 14 C 35 
  - Washwater pump and motor Jungle green 12 D 45 
  (vi) Residual treatment plant     
  - Residual pumps and motors Grey green 14 C 35 
  - Supernatant pumps, motors Jungle green 12 D 45 
 - Conveyors Brown black 08 B 29 
  (vii) Tanks     
  - Acids Orange 06 E 55 
  - Alkalis Violet 22 C 37 
  (viii) Lime plant     
  - Silos, screw feeders, tanks Magnolia 08 B 15 
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Equipment Colour finish 
BS 4800 shade no./ 

Munsell colour ref. no. 
  (ix) Polyelectrolyte plant     
  - Tanks Beige 08 B 21 
  (x) Chlorine plant     
  - Scrubber pumps and motors Grey green 14 C 35 
  - exhaust fan duct Grey 00 A 05 
  (xi) Fluoride plant     
  - fluoride crusher, dry feeders, hoppers, 

dissolving tanks Grey green 14 C 35 
  (xii) Chemical transfer and dosing pumps   
  - Strong acids Orange 06 E 55 
  - Strong alkalis Violet 22 C 37 
 - Other liquids Grey green 14 C 35 
 (xiii) Chemical pipe trays Magnolia 08 B 15 
(4)  Mechanical plant     

  (i) Electrically operated overhead crane     
  - Stationary parts Orange 08 E 51 
  - Moving parts Yellow 10 E 53 
 (ii) Penstocks   
  - Penstocks (below floors) Black 00 E 53 
  - Penstock headstocks and actuators Grey green 14 C 35 
  (iii) Air compressors, receivers and pipework Light blue 20 E 51 
(5) Standby generators     

  (i) Main engines, alternators, house alternator sets Grey green 14 C 35 
  (ii) Diesel fuel tanks Grey 18-B-19 
  (iii) Jacket water expansion tank Navy blue 20 D 45 
  (iv) Secondary cooling water pumps and motors Jungle green 12 D 45 
  (v) Oil drain tanks Brown 06 C 39 
  (vi) Cooling water heat exchangers Jungle green 12 D 45 
  (vii) Fuel transfer pumps and motors Brown 08 C 37 
  (viii) Lube oil priming pumps and motors Brown 06 C 39 
  (ix) Pipework     
  - Raw water Jungle green 12 D 45 
  - Makeup water Navy blue 20 D 45 
  - Diesel Dark purple 04 C 37 
  - Lube oil Brown 06 C 39 
  (x) Exhaust gas silencers and pipe Silver (close to 00 A 07) 
  (xi) Air silencers and filters Blue 18 E 51 
  (xii) Ventilation fan ducts Grey 00 A 05 
(6) Electrical plant     

  (i) Transformers Silver (close to 00 A 07) 
  (ii) Electrical panels     
  - All panel shells Sand beige 5 Y 7/1 
 (iii) Distribution boards Sand beige 5 Y 7/1 
  (iv) Cable trays (power and control cables) Orange 06 E 51 
(7) Instrumentation     

  (i) Instrumentation panels   
  - All panel shells Sand beige 5 Y 7/1 
  (ii) Cable trays Grey 00 A 05 
(8)  SCADA System    

  (i) Panels   
  - All panel shells Sand beige 5 Y 7/1 
  (ii) Cable trays (Signal cables) Grey 00 A 05 
(9)  Building Services    

  (i) Conduits (electrical) Orange 06 E 51 
  (ii) Telephone trunkings Green 14 C 39 
  (iii) Ventilation fan ducts Grey 00 A 05 
  (iv) Fire fighting pipework and control panels Red 04 E 53 
  (v) Security system cable trays and conduits Grey 00 A 05 
    

 

 



 

 



 

 

PART I  :   

Design Aspects of Residuals 
Treatment and Disposal 

 

 





Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    533 

DESIGN ASPECTS OF RESIDUALS TREATMENT AND DISPOSAL 

I.1 RESIDUALS TREATMENT FACILITIES 

I.1.1 General Arrangement 

The residuals treatment facilities of a WTP typically include the following process units (refer section 
D.2.4): 

 Washwater recovery tanks; 
 Residuals holding tanks; 
 Residuals thickening tanks; 
 Thickened storage tanks, and 
 Dewatering plant. 

These units should preferably be grouped together in a cluster within the treatment plant layout.  The 
layout of the residuals treatment facilities shall then be designed based on the hydraulic profile of the 
residuals flow.   

A typical schematic profile for the residuals treatment facilities is as shown on Figure I.1.  

 
Figure I.1: Typical residuals treatment system schematic profile 

The residuals treatment cluster shall be designed with the process sequence as shown in the schematic 
profile in mind, into a compact arrangement.  The main consideration should be given to shortening the 
routes of the pipelines between the residuals process units. 

In deriving a compact arrangement, it should be possible to arrange the residuals treatment components 
around a single building complex.  The complex should consist of the following process sections (or sub-
cluster): 

(i) Residuals plant section, consisting of the following: 
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(a) Washwater recovery tanks; 
(b) Residuals holding tanks, and 
(c) Pump basement/hall 1 containing the pumping plant for the above process units. 

(ii) Thickened residuals plant section, consisting of the following: 

(a) Residuals thickening tanks. 
(b) Thickened residuals storage tanks, and 
(c) Pump basement/hall 2 containing the pumping plant for the above process units. 

(iii) Dewatering plant section, and 
(iv) Dewatered residuals loading or storage section. 

A typical compact arrangement of a residuals treatment cluster is shown in Figure I.2.  In this 
arrangement, the process and dewatering plant sections are laid out in a loop arrangement to minimise 
inter-plant pipe distances. 

 
Figure I.2: Hypothetical residuals treatment cluster for 200 Mld WTP 
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In small to medium WTPs, pump basements/halls 1 and 2 should preferably be combined into a single 
basement/hall.  In a large enough WTP, the tanks may be too large so that the above sections may need 
to be separated. 

The residuals from the clarifiers and the waste washwater from the filters are normally gravitated to the 
residuals holding tanks and washwater recovery tanks respectively.  Due to the hydraulic drop, the 
residuals treatment cluster should be sited at a lower ground platform.  Depending on the capacity of the 
WTP, the platform should be about 1.5 m to 2.5 m lower than the main process unit platform. 

The size of the clarifier residuals and waste washwater conveyance system, together the residuals cluster 
platform, shall be designed to minimise, as much as possible, the depth of the residuals holding tanks and 
washwater recovery tanks. 

In a very compact area available for the WTP where the WTP components are not easily spread over a 
larger area at different ground levels, the Designer may consider a single platform level for the WTP, but 
he should be aware that gravitating the clarifier residuals and filter waste washwater will result in very 
deep residuals holding tanks and washwater recovery tanks.   

The Designer should avoid pumped systems for clarifier desludging and waste washwater discharges, 
and these are not normally provided in WTP designs.  However, the processed residuals downstream are 
normally pumped at a controlled rate allowing the tanks, e.g. the residuals thickening tanks to be sited 
higher on the ground. 

I.1.2 Residuals Plant Section 

The residuals plant section comprising the residuals holding tanks and washwater recovery tanks 
should be facing towards the process unit cluster in order to have shorter residuals and waste washwater 
pipelines.   

The residuals holding tanks and washwater recovery tanks should be normally be designed as below 
ground tanks with their top access platforms just above the ground platform level.  It is expected that the 
TWL of the washwater recovery tanks are lower than the TWLs of the clarifier residuals in the residuals 
holding tanks and the washwater recovery tanks to be of greater depth.   

In a typical compact arrangement, the residuals holding tanks and washwater recovery tanks should be 
arranged with pump basement 1 in an adjoining part of the residuals treatment complex.  Pump 
basement 1 shall be an enclosed pump house with all facilities for pumping equipment. 

It is envisaged that pump basement 1 have two levels: the lower level for the settled washwater residuals 
pumps and the main basement level for the washwater supernatant pumps and the thickener feed 
pumps.  The Designer shall note that the depth of the main basement level may be constant if the 
dimensions of the washwater recovery tanks and the residuals holding tanks are considered together  
and proportioned accordingly. 

The basement lower level may be obviated by the use of wet pit submersible-type centrifugal pumps, but 
it shall be necessary to ensure that the base of the residuals hopper is sufficiently wide to position the 
duty and standby pumps. 

The Designer where possible should design the basement such that the flowmeters for the supernatant 
and residuals pumping pipework are included within the basement. The flowmeters should be easily 
accessible by walkway platforms. 

I.1.3 Thickened Residuals Plant Section 

The residuals thickening tanks should be located adjacent to pump basement 1, near the residuals 
holding tanks and thickener feed pumps.  Since the residuals is pumped to the residuals thickening tanks, 
the residuals thickening tanks may be designed as ground tanks; the thickened residuals pumps drawing 
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the thickened residuals from the tanks may be sited adjacent to the tanks in pump basement/hall 2 
situated at ground level or in a relatively shallow basement. 

Pump basement/hall 2 shall be an enclosed pump house with all facilities for pumping equipment.  The 
dewatering plant feed pumps may be located within the enclosure on the same level. 

I.1.4 Dewatering Plant Section 

(1) General Arrangement 

The dewatering plant section shall have all the facilities necessary for the dewatering plant in a single 
building which should be part of the residuals treatment complex.  The dewatering plant will need 
supporting facilities of chemical plant, electrical equipment and conveyance plant that will need to be 
closely integrated within the same footprint.   

In view of the above, the building housing the dewatering plant section should be arranged as follows: 

Ground level : This level contains the following: 

 The dewatered residuals loading or storage area; 
 The chemical plant section, and 
 The transformer and switchgear bays. 

Intermediate level : This level will house the conveyors for the dewatering plant and all 
pipework. 

Upper level : This level will house the dewatering plant. 
 
In all cases, the Designer shall design each level for each section of plant and supporting facilities to be 
fully accessible with dedicated walkways and platforms for inspection and maintenance.  Except in 
exceptional cases of small WTPs or larger WTPs with spatial restrictions in the residual plant area, all 
plant and equipment shall not be contained in a single floor and elevated metal decked platforms of self-
supporting type should be avoided. 

The dewatering plant shall have a floor or dewatering plant hall by itself, and the dewatering plant shall 
be fully accessible at its floor level.  The residuals conveyor plant should then be located at the floor 
immediately below the dewatering plant hall. 

For delivery of chemicals, it is necessary for the chemical plant to be located on the ground floor of the 
building. 

The building shall have a common or separate drive-in or drive-through for loading and unloading of the 
dewatering plant and conveyor plant.  A separate access shall be provided for chemical deliveries.  

The dewatered residuals also need to be unloaded on the ground floor, either into bins or stacked at a 
storage yard (cf. section I.3.3) as the Designer may select. 

Normally the dewatering plant is a high power consumer and would need its own electrical transformers. 
For ease of installation and maintenance, the electrical equipment will also need to be located on the 
ground floor of the building. 

(2) Chemical Storage and Plant Area 

The chemicals that may be used for conditioning of thickened residuals are usually polymers which are 
corrosive in nature.  Hence, the chemical storage and plant area shall be fully enclosed and segregated 
from other sections of the building. 

Separate chemical plant shall be provided for residuals thickening and residuals dewatering, so that 
different chemicals may be used for each process. 
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The arrangement of the chemical storage and plant area should be in accordance with the requirements 
in section G.4.8.1. 

All control panels and distribution boards shall be located within a separately enclosed control room. 

Each piece of equipment shall be provided with handling and lifting mechanisms for installation and 
removal. 

(3) Conveyor Plant Area 

The conveyor plant shall be located immediately below the dewatering plant floor.   

Facilities for installation and removal of the conveyor to the loading area shall be provided.  For a screw-
type conveyor, mechanisms for lifting the entire spiral and casings shall be provided. 

(4) Dewatering Plant Area 

The dewatering plant area shall be located on the upper floor of the dewatering plant building. 

Where there are no spatial restrictions, the dewatering units should be positioned in a staggered 
configuration to allow for discharge into separate duty and standby conveyors. 

Facilities for installation and removal of the dewatering units to the loading area shall be provided.   
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Figure I.3: Schematic layout of residuals plant building 
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Photo I.1: Residuals plant building ground floor – chemical plant area 

 
Photo I.2: Residuals plant building ground Floor – chemical plant area  
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Photo I.3: Residuals plant building first floor – conveyor floor 

 
Photo I.4: Residuals plant building second floor – centrifuge floor 
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I.2 RESIDUALS TREATMENT PROCESS UNITS DESIGN ASPECTS 

I.2.1 General 

The various types of residuals treatment processes have been described in Part D of this Guidelines. This 
Part I describes the design aspects and key design criteria for the main types of residuals treatment 
process units that are used in Malaysia.  The following typically applies to medium and large WTPs. 

I.2.2 Washwater Recovery Plant 

Application. The washwater recovery plant will collect spent filter washwater and settle solids so that 
clear supernatant can be recycled to the head of the treatment plant whilst the settled solids are removed 
for residuals treatment.  

Design Criteria. Washwater recovery tanks shall be designed with the capacity to hold spent filter 
washwater from two filter backwashing. The tank shall be designed to allow suspended solids in the 
spent filter backwash water to be settled with facilities for collection of the settled solids and for 
decanting the clear supernatant from the tank.   

The number of units, size and design of the washwater tanks shall take into consideration the sequence 
of operations that will involve:   

(i) A complete cycle of filling, settling and removal of solids, and decanting of clear supernatant; 
(ii) The time taken to complete each cycle, which may be about 4 to 5 hours;  
(iii) The tanks shall be able to handle the washing of the numbers of filters required for the treatment 

plant consecutively, and preferably within 12 hours.  

Supernatant pumps are required to remove the clear supernatant from the washwater recovery tanks 
and recycle the supernatant to the head of the WTP. Residuals pumps are required for the removal of 
settled solids from the washwater recovery tank residuals hopper to the residuals holding tank. 

I.2.3 Residuals Holding Plant  

Application. The purpose of the residuals holding plant is to provide retention and balancing of 
residuals from the clarifiers and from the filter washwater recovery tanks. The holding tank serves to 
mix the residuals to a more uniform concentration before feeding to the subsequent thickening process.  

Design Criteria. The tank capacity shall be to suit the rate of residuals removal from the clarifiers and 
the expected quantity of settled solids from the washwater recovery tanks. The tank shall be provided 
with a submersible mixer to keep the solids in suspension. 

Residuals thickener feed pumps will be required to feed residuals from the residuals holding tank to the 
thickening tanks. The pump flow rate will be controlled to maintain the level in the residuals thickening 
tank.  

I.2.4 Residuals Thickening Plant 

Application. The purpose of the residuals thickening plant is to thicken the residuals to not less than 
4% w/w solids concentration.   

Design Criteria. The residuals thickening tank is typically designed for a maximum surface loading of 
1.5 m3/hr per m2 and for continuous operation. The tank shall be provided with a mechanism such as a 
lattice-type scraper system to promote the thickening process. The thickened residuals will be scraped 
to a hopper located at the bottom of the tank from which residuals is withdrawn using thickened 
residuals pump. Residuals conditioning using polyelectrolyte may be required at the inlet to the 
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thickeners; if used, there shall be adequate mixing provided to effectively mix the polyelectrolyte with 
the dilute residuals to be thickened.    

The clear supernatant discharged from the thickening tanks shall be channelled by gravity for discharge 
into the environment provided it meets the required discharge standards, or the water could be reused 
for watering of the grasses and plants through clearly marked standpipes or through a dedicated 
sprinkler system provided to suit the treatment plant overall landscaping design scheme.  

Thickened residuals pumps are required to remove the thickened residuals from the bottom of the 
thickening tanks and deliver to the thickened residuals holding tanks, or sometimes directly to the 
dewatering plant. Pump flow is controlled to achieve the maximum concentration of residuals. 

I.2.5 Thickened Residuals Holding Tanks  

Application. For balancing of the thickened residuals before delivery to the residuals dewatering plant 
and to provide buffer storage for downtime of the residuals dewatering plant.  

Design criteria. Thickened residuals storage tanks are designed for nominal plant flow and average 
solids loading. The tanks shall be provided with submersible mixers to keep the thickened residuals 
mixed and in suspension. Another set of pumps will be required to pump the thickened residuals from 
the holding tanks to the dewatering plant. 

 Residuals Dewatering Plant  

Application. The purpose of the dewatering plant is to dewater thickened residuals for ease of 
handling and disposal or reuse. 

Design Criteria. The design aspects and design criteria for residuals dewatering plant utilising 
centrifuge and filter press systems are described, these being the most common type of mechanical 
dewatering systems for WTPs. For smaller and rural plants, it is still common for lagoons or drying beds 
to be used, hence the design aspects for these systems are also described. 

Centrifuges  

Centrifuge systems are typically of the scroll or decanter type where residuals are dewatered to a 
minimum of 35% w/w solids concentration.  

Centrifuge loading is defined in terms of hydraulics loading and solids loading; the hydraulic capacities 
are usually dependent on the centrifuge supplier. Using a higher hydraulic loading than the capacity of 
the centrifuge can affect the dryness of the solids and also result in a decrease in the centrate quality.    

Centrifuge systems are typically designed for continuous operations, or they could be operated for 16 
hours per day over 2 eight-hour shifts. 

A residuals cake handling system is usually provided with the centrifuge system to transport the 
dewatered residuals discharged from the centrifuges to the dewatered residuals collection or storage 
area. The design aspects of the residuals conveying system are addressed in section I.3. 

Filter Press 

Filter press systems are typically of the membrane (or diaphragm) type capable of dewatering WTP 
residuals to a minimum of 50% w/w solids concentration. The filter press shall have a robust frame 
construction designed for the rigorous duty and a filtration pressure of up to 15 bar, and suitable for the 
chemical and physical characteristics of the residuals to be dewatered.  

The filter press shall be supplied as a complete functional unit with the following components:  

 residuals feed system;  



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    543 

 recessed plates and membranes;  
 plate separation system;  
 cake dislodging system;  
 filter cloths;  
 operator protection system;  
 cloth washing machine;  
 air supply system;  
 hydraulic power supply units. 

The press shall be designed as a free standing floor mounted unit allowing easy access to the filter plates 
from the working floor level for filter cake discharge and filter cloth cleaning. The press plates are 
typically mounted at upper floor level to enable filter cake to be discharged to a cake handling system 
located underneath the press on the lower floor.  

The filter press is typically of the variable volume type with appropriate numbers of chambers of suitable 
capacity adequate to handle the expected residuals volume. 

The membrane material is usually of natural or synthetic rubber, polypropylene or similar, that is 
suitable for use with the residuals to be dewatered. 

The medium for inflating the membrane void within the press in order to squeeze the filter cake is usually 
air or water. The plate separation unit shall incorporate a suitable mechanism to assist dislodging of the 
cake from the plate minimising the need for operator assistance. 

A residuals cake handling system is usually provided with the filter press system to transport the 
dewatered residuals discharged from the filter press to the dewatered residuals collection or storage 
area. The design aspects of the residuals conveying system are described in section I.3. 

Residuals Drying Beds  

Drying beds are typically rectangular, shallow beds that can provide rapid drying cycle. Removal of dried 
residuals from the beds for off-site disposal or reuse is required to maintain continuous bed operations. 

The size of the drying bed is selected with the objective of being able to evenly distribute the solids loaded 
onto the bed. The bed will have a depth about 1.0 m.  

The numbers of beds required is determined based on the residuals volume generated at the WTP. 
Additional 25% of drying beds may be provided for contingency in the case of extended bad weather 
which affects the drying time and residuals removal activities.  

The drying bed should consist of at least 300 mm depth of sand and subsoil pipes to facilitate drainage 
of the liquid residuals and drying of the solids. 

Lagoons 

There shall be at least two numbers of lagoons, to allow use in rotation; one lagoon will be filled at any 
one time. Supernatant will decant from the lagoon and discharge to the environment provided the 
effluent meets the discharge standard. Decanting will stop when supernatant suspended solids 
concentration exceeds the allowable standard, or when the settled solids is estimated to be about 1 m 
thick. The residuals will then be allowed to dry while the next lagoon is being filled. When the residuals 
are sufficiently dried for handling after a period of about 4 to 6 months, the solids are removed for off-
site disposal or reuse.  To facilitate removal of the solids, the lagoon width should be kept to the maximum 
that can be reached by the desilting machinery. 

The lagoons are typically constructed of earth embankments with a sand/granular drainage blanket 
system where required. The inside face of the embankment should be lined with suitable granular 
material. The following are also provided: 
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 A lateritic road on top of the lagoon embankment for access round the lagoon; 
 An earth ramp into each lagoon for machinery to enter the lagoon to remove the dried solids after 

the lagoon has been drained and when the solids are sufficiently dried for handling; 
 Concrete inlet and outlet structures for each lagoon. The outlet structure incorporates penstocks 

to drain the lagoon if necessary, and openings with stop-logs to facilitate the decanting of 
supernatant at various levels. 

I.3 CONVEYANCE OF DEWATERED RESIDUALS 

I.3.1 General 

From the dewatering plant at the dewatering plant section of the residuals plant building (section I.1.4), 
the dewatered residuals will usually be conveyed by conveyor (section I.3.2) for stockpiling or storage 
in an intermediate stockpile or storage (section I.3.3) facility before being transported to landfill for 
eventual disposal or reuse.   

The residuals transfer system from the storage or stockpile to the landfill may be by trucks (section 
I.3.4) or directly from the dewatering plant to the landfill by conveyor (section I.3.5). 

The factors to be considered in the planning for transportation of residuals to the landfill or for reuse 
include the following: 

(i) Dewatered residuals quantity; 
(ii) Dewatered residuals dryness; 
(iii) Type of intermediate stockpile or storage;  
(iv) Operation hours; 
(v) Distance from storage yard to the destination, and 
(vi) The type, capacity, number of trucks and number of trips required. 

I.3.2 Transfer to Intermediate Stockpile or Storage 

The transfer system from the dewatering plant will normally be by conveyor.  The design capacity of the 
conveyor shall need to match the output of the dewatering plant.   

The arrangement of the conveyor is addressed further in section I.3.3.  For centrifuges, the conveyor will 
usually be of the screw type.  For filter presses, the conveyor will usually be of the belt conveyor type. 

The conveyor system shall be fully enclosed to eliminate spillage and ensure clean operations. The 
conveyor system should be designed such that it requires low maintenance and will minimise the risk of 
objects being wrapped or caught up in the conveyor screw. The conveyors should be manufactured from 
stainless steel 304 or other suitable material to eliminate corrosion or rust problems. 

The factors to be considered in the design or selection of a suitable screw conveyor should include the 
following:  

(i) Characteristics of the residuals cake to be conveyed, such as the maximum particle size, bulk 
density, abrasiveness, corrosiveness and flowability of the material. 

(ii) Conveyor size and speed to match the capacity required. 
(iii) Torque rating and horsepower requirements.  
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I.3.3 Intermediate Stockpile or Storage 

(1) Methods 

The intermediate stockpile or storage area will have to be a shelter-type building to prevent wetting of 
the dewatered residuals by precipitation before the residuals can be transported to the landfill area. 

The method to be used for transferring the residuals from the stockpile/storage shelter to the landfill 
should be based on the preference of the Licensee and the operator of the WTP.  The preference would 
normally be based on the operator’s experience in the operation and maintenance of such plant.  

The usual method will be as follows: 

(i) Stockpiling. 

The dewatered residuals are conveyed from the dewatering plant by conveyor (or series of conveyors) 
and deposited in an open pile within a covered residuals stockpile shelter.  A simple arrangement for 
small WTPs is illustrated in Figure I.4(a) where the dewatered residuals from the dewatering plant is 
conveyed by a screw conveyor (shown as an inclined type) which will deposit the residuals into a conical 
pile at the shelter.   For a larger facility with many dewatering units, the conveyor may be extended into 
a horizontal conveyor followed by the inclined type (Figure I.4(b)).  The dewatered residuals in the pile 
will usually be reclaimed by a front-end loader which will load the residuals into a tipper lorry (dump 
truck).   

 
Figure I.4: Simple residuals stockpiling and reclamation 

The use of this system is generally where the landfill is on-site or at least nearby, where open tipper 
lorries may be used for transporting the dewatered residuals. 

The inclined screw conveyor (sometimes referred to as a stacker) is normally used to provide height for 
the piled residuals.  The stacker conveyor may be of the rigid boom type or the lifting boom type or the 
slewing boom type or even a combination of lifting and slewing type.  The rigid or lifting boom type will 
provide a conical shaped pile while the slewing type will be able to provide a partial crescent (or 
chevcon) shaped pile. 

For the slewing type stacker conveyor, the boom may be static for a certain time to create a single pile of 
a certain height before moving; alternatively, the boom may move back-and-forth to create a chevron 
stack.  The former method needs some extent of monitoring while the latter may be more easily 
automated. 

(ii) RORO bins. 

The residuals may be deposited into a roll on roll off (RORO) bin (alternatively called a dumpster 
(U.S.)) as illustrated in Figure I.5(a).   

The residuals deposited in the bin will be ready for immediate transport to the landfill site, without 
stockpiling and the need for reclamation of the stockpile.  The RORO bin arrangement will need a duty 
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and standby conveyor unit to be available; the standby RORO bin must be ready in place when the duty 
bin is filling to ensure immediate switchover and continuous operation.  To ensure uninterrupted 
operation, at least a spare system shall be in place. 

The RORO bin will need to be used where the residuals will need to be transported to an off-site landfill 
at some distance from the WTP.   Transport of residuals off-site will need permit from the environmental 
authorities, so usually the WTP operator will subcontract the work to a specialist.  In addition, the 
authorities may specify conditions for the bin transport, such as covered bins, etc. 

The RORO bin system may be acceptable for use at small to medium WTPs, but the Designer should 
always check its practicality of use for the amount of residuals generated.  The capacity of the RORO bin 
should take into consideration the estimated tonnage of dewatered residuals to be generated per day 
and the resultant number of lorry trips to be made; the system should have practical bin sizes and 
number of trips. 

RORO bins will require specialised roll-off trucks, i.e., trucks with hook loader articulated to the rear of 
their tractor units; the truck configuration (4x4, 6x4, etc.) shall be suitable for the bin sizes to be used.  
Where the WTP operator intends to operate the trucks themselves, the Designer will have to specify the 
type of truck to be used.  Where the operator intends to sub-contract the transport of the residuals to a 
specialist sub-contractor, which will usually be the case, the Designer needs to check on the bin sizes 
available from the specialist sub-contractor(s) and design his RORO bin system accordingly. 

 
Figure I.5: Residuals stockpiling in RORO bin and storage bin or hopper 

(iii) Intermediate storage bins or silos. 

The Licensee or operator may opt to have an intermediate storage in the form of a storage bin or storage 
hopper; this is used in lieu of a RORO bin for conditions where haulage of the bins may be subject to 
scheduling uncertainties.  In this method, the dewatered residuals is deposited into an intermediate 
storage bin or silo, where the residuals may be stored before off-loading into a tipper lorry, as illustrated 
in Figure I.5(b). 

This method is usually not favoured by operators due to the likelihood of lumps of the dewatered 
residuals hardening within the bin.  If storage bins or silos are preferred, the use of live bottom screw 
feeders with a knife gate at the bottom of the bin/silo is recommended. 

(iv) Stacking conveyor. 

The use of a stacking conveyor is a variation of the stockpiling method addressed in item (i); this system 
should be more suitable for large WTPs where a much larger stockpile will be necessary and where the 
slewing type conveyor is no longer advantageous.  The system is similar to that for the conventional 
stockpile system shown in Figure I.4(b) except that the feeding conveyor discharges onto a secondary 
stacking conveyor as shown in Figure I.6(a).   
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The stacking conveyor is an overhead travelling conveyor of the open trough belt type; the conveyor unit 
travels along a linear axis in a bi-directional manner as shown in Figure I.6(b).  The conveyor starts by 
depositing the dewatered residuals at one spot in the residuals shelter, then slowly travelling along while 
depositing residuals along the way, then reverses direction and repeats the process until a windrow-
shaped stockpile is formed as shown.  By arranging multiple feed conveyors, several rows of stockpiles 
may be formed. 

 
Figure I.6: Residuals stockpiling using stacking conveyor 

The advantage of this system is that, by forming long and multiple stockpiles, the stockpiles may be 
stored for several days before being reclaimed for eventual disposal at the landfill; this is advantageous 
for operators where transport services may be irregular or interrupted.  

(2) Residuals Shelter 

The residuals shelter is a shelter-type building shall be provided where dewatered residuals are stacked 
or stockpiled.  For this type of arrangement, the following should be considered: 

 The stockpile or storage shelter should have a polycarbonate skylight roof to allow the dewatered 
residuals to further dry. 

 A storage area sufficient for stockpiling of residuals of at least 3-4 days is suggested to allow for 
weekdays or time off.  The number of storage days should be decided by the Licensee. 

The storage shall be provided with a perimeter drain to allow for washing of the stockpile area; the drains 
shall discharge into the residuals overflow system. 

I.3.4 Trucking 

Trucking is the most common type of transferring the dewatered residuals from the residuals stockpile 
or from storage bins/silos or by RORO bins (as addressed in section I.3.1). 

Transfer of residuals.  The vehicles typically used are as follows: 

(i) Tipper lorry (or alternatively referred to as dump truck): 4x2 or 4x4 (4-wheeler) or 6x4 or 6x6 
(6-wheeler) with steel dump box and watertight tailgate.  The tipper lorry is usually of the off-road 
type, used to transport dewatered residuals from stockpile directly to the landfill. 

(ii) Roll-off trucks: used for transporting the RORO bins.  The type of truck (rigid or semitrailer), 
configuration (i.e., 4x2, 4x4, etc.) and kerb weight (GCW/GVW) should be specified suitable for the 
size of bin selected.  The roll-off trucks are mandatory for on-road use. 

(iii) Wheeled loader: normally engine horsepower 127 hp with a bucket capacity 1.7 m3, digging depth 
305 mm, and dump clearance at max height 2.815 m.  The loader is used to reclaim stockpiled 
residuals from ground level into the tipper lorries; it is also used to spread the piled residuals 
around the residuals stockpile area. 
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Embanking.  The vehicles used for earthfilling purposes at the landfill typically are as follows: 

(i) Backhoe: wheel base 2.175 m, engine horsepower 97 hp, max operating height 6.789 m, loader 
max bucket height 4.405 m, backhoe lift capacity at max outreach 1,049 kg, and loader max height 
lifting capacity of 3,550 kg. 

(ii) Backpusher, usually up to 110 hp.  The backpusher is normally used to spread the piled residuals 
on the landfill for roller compaction. 

(iii) Single drum vibratory rollers; capacity 10-30 tonnes.  Used for compaction of fill materials at 
the landfill. 

I.3.5 Conveyor Systems 

An alternative to trucking is to transport the dewatered residuals by conveyor, as depicted in Figure I.7.  
The conveyor, where used, should be of the trough belt conveyor type or pipe conveyor (or 
alternatively referred to as the tube conveyor) type.   

 
Figure I.7: Residuals transfer conveyor 

The conveyor should be used to transfer the dewatered residuals from the feed conveyor directly to the 
residuals landfill in a specific stockpile area. 

The use of conveyor system should be considered when: 

 A higher reliability in terms of transfer scheduling than trucking system is essential; 
 The WTP and landfill is separated by public areas, sensitive receptors and general high terrain, 

and/or 
 Trucking will require trucks to travel within public and sensitive receptor areas.  

The use of linear belt conveyors should be acceptable provided transfer towers are avoided or at least 
minimised.  The use of open belt conveyor of the all-terrain, long-distance and covered type or the pipe 
(tube) conveyor type should be considered.     

The open belt conveyor type should only be provided within an enclosed WTP area only; where provided 
outside of the WTP area the conveyor should be for very short distances only.  The conveyor shall be 
partially or fully covered to protect the transferred dewatered residuals from precipitation and wind.  
For long distances, the pipe conveyor is preferred for protection against the weather and to prevent any 
spillage.  In any case, the use of these conveyors may be subject to the approval of the environmental and 
local authorities. 

The advantage of the conveyors is the relative simplicity of operation and general reliability of the 
system.  However, these types of conveyor systems require specialised design by specialist contractors 
and will incur high capital costs; generic designs should always be avoided in this particular case.  The 
costs and practicality of use of these systems should be compared against trucking or other methods. 
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I.4 LANDFILL 

I.4.1 Scope 

Landfills will normally be the ultimate disposal site for residuals from WTP. In the preliminary and 
detailed design of a landfill for a WTP, the scope of the Designer shall be as follows: 

 Design for the infrastructure for the landfill, i.e., access roads, building facilities, leachate ponds, 
detention ponds, etc. ready for taking over by the Licensee for further development of the landfill. 

 Preparation of operation and maintenance manuals for the landfill. 

The following sections addresses the particular requirements for the Designer in the design of landfill.  

I.4.2 Basic Design Parameters 

The design of the landfill shall comply with all relevant regulating requirements. Depending on the legal 
requirements, landfilling may require a liner and leachate collection system. 

In the preliminary and detailed design of a WTP, the Designer will need to examine the extent of works 
provisionally required for the landfill, mainly for the purposes of authority approvals and land 
acquisition.  In the preliminary stages of landfill design, the basic design parameters will need to be 
established, which should be as follows: 

 The target lifespan of the landfill; 
 The design landfill capacity, and 
 Residuals amount generated. 

From the residuals amount generated, the Designer may be able to estimate the extent of land required 
for the landfill area. 

(1) Target Lifespan 

The target lifespan of a landfill shall not be less than 30 years unless expressly approved otherwise to 
any other period by the Commission. 

(2) Design Landfill Capacity 

The designed landfill capacity shall be deemed to be the ultimate designed volume of the landfill for 
the target lifespan, which shall consist the volume of dewatered residuals and covering material that is 
landfilled, compacted and consolidated. The designed landfill capacity shall be used to determine the 
physical size of the landfill and the total area required. 

The designed landfill capacity may be calculated as the sum of dewatered residuals projected to be 
landfilled each year during the target lifespan plus the estimated soil cover.  Alternatively, it may be 
calculated as the volume of dewatered residuals estimated to be produced at the WTP nominal design 
capacity multiplied by the targeted lifespan plus the estimated soil cover. 

(3) Residuals Amount Generated 

The residuals production rate for a WTP cannot be estimated precisely and accurately as there will be 
fluctuations in turbidity and suspended solids and the chemical dosages required.  However, for the 
purposes of estimating the design landfill capacity, the volume of residuals shall be calculated as: 

Volume of residuals = residuals from chemical coagulant + residuals from suspended solids + 
residuals from polyelectrolyte or other materials. 

Various empirical methods with formulae are available in references for the estimation of the residuals 
volume; since all are empirical and none are particularly authoritative or accepted, so the Designer may 
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resort to any method from reliable references, which should be acceptable for the purposes of estimation 
here.  As an example, MWH’s Water Treatment and Design (2012), the suggested formula may be 
simplified as follows: 

Ws = Q ((DcoagCcoag) + TSS + A)) 

Where: 

Ws = residuals produced, in kg/day 
Q = WTP flow, in Mld 
Dcoag = average coagulant dose, in mg/l 
Ccoag = typical value for kg residuals/kg coagulant; 
TSS = raw water suspended solids, in kg/Mld; 
A = additional chemicals or other materials added, in kg/Mld 

For Ccoag, the typical value may be taken as 0.26 for aluminium sulphate, 0.53 for ferric sulphate and 
(0.0489 x Al, %) for polyaluminium chloride, where Al, % is the percentage of aluminium content. 

The volume of wet residuals may be estimated as (after MWH, 2012): 

𝑉 =
𝑊

𝜌  𝑆  𝑃
 

Where: 

V = volume of residuals, in m3/day 
Ws = weight of total dry residuals, in kg/day 
ρs = density of water, in kg/m3 

Ss1 = specific gravity of residuals 

Ps = percent solids expressed as decimal. 

I.4.3 Landfill Design Concept 

 General 

The design, construction concept and assumptions for the proposed residuals disposal landfill will be 
based on the following considerations: 

(i) An area method or valley/depression method of landfilling will be used. 
(ii) The proposed landfill will be constructed in cells with earth embankments to retain the plant 

residuals within each cell.  
(iii) The invert levels of the cells for the landfill will be constructed to follow the existing ground levels 

as far as possible or graded to fall.  
(iv) The landfilling activities will involve heavy machinery such as bulldozers, compactors and 

excavators that will be mobilized to spread and compact the plant residuals. 
(v) Plant residuals disposal in the landfill area will be in accordance with pre-planned landfilling 

sequence such that the landfill areas will be operated in phases. As each phase is sequentially 
completed, the area will be turfed as final cover.  

(vi) Temporary surface runoff drainage will be provided for the active landfill area. Surface water 
collected from the landfill area will be diverted to a main channel.  

(vii) Silt traps or sedimentation ponds will be constructed at the outlet end of the stormwater drainage 
system such that any eroded material will be trapped and collected in the detention pond. 
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 Landfilling Methods 

The method to be used for landfilling works will depend on the morphology or terrain of the landfill area.  

The landfilling methods and their principal features will be as described below:  

Excavated Cell or Trench Method 

This method is ideally suited to areas where the water table is not near the surface. In this method, 
residuals will be placed in cells or trenches excavated in the soil. Earth embankments will be built to 
provide access and also to contain the residuals within the cells.  

Area Method 

The area method (Figure I.8) method is used where the original ground levels are relatively flat or the 
area is not suitable for excavation. This method is also suitable for areas where the ground water is high 
or near the surface. Earth for construction of embankments and final cover layer will need to be hauled 
in from adjacent land or from borrow areas.  

Valley or Depression Method 

This method (Figure I.8) is normally used if the proposed site is undulating. Control of surface drainage 
is a main factor in the development of landfill using this method. Filling for each lift starts at the head end 
of the valley and ends at the mouth to prevent the accumulation of water behind the landfill. 

 
Figure I.8: Landfill embankment methods 

 Embankment 

The embankments for the landfill areas should be designed as earthfill embankments using residual soils 
from borrow areas within the landfill site. The top of the embankment will also act as the access road for 
the residuals dump trucks. Where possible, dry residuals will be used to form the embankments to reduce 
the amount of earthworks and land required.  

The embankments will have a minimum side slope of 1 (vertical) on 2 (horizontal) for fill slopes and 1 
(vertical) on 1.5 (horizontal) for cut slopes. The embankment will be constructed in stages and built up 
progressively as the thickness of dried residuals increases. The outer faces of the slopes and areas which 
are exposed will be turfed. 
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 Leachate Detention Pond 

At the residuals disposal landfill site, a leachate detention pond will be provided to receive flows from 
the underdrain discharges and from there the flows will be channeled into the flood retention pond.  

 Flood Detention Pond 

The flood retention pond is designed to ensure that the discharges to the river or waterway/external 
drain will be restricted to not more than the natural discharge from the development area for a return 
period of 5 years. The inlet to the ponds will be provided with silt traps to reduce any possible carryover 
of silt or residuals to the river or waterway. 

An outlet chamber should be provided for the pond. The chamber will be designed such that the surface 
run-off within the cell will be able to flow into the chamber over timber stoplogs. The height of the 
stoplogs may be raised in the event that the silt collected within the pond increases and affects the 
effluent water quality. 

 Liner, Subsoil Drains and Monitoring Wells 

Liners and subsoil drains should consist of four layers as follows: 

(i) Subgrade:  On existing ground but need to be levelled for laying of geosynthetics clay liner. 
(ii) Geosynthetic clay liner: With permeability (K) of 3 x 10-11 m/s (if required). The clay liner will not 

be provided if the landfill site is founded on clayey material. 
(iii) 300mm thick aggregate together with perforated subsoil pipes: To collect leachate from the landfill 

site and channel to leachate detention pond. 
(iv) Non-woven geotextile separator between aggregate and residuals:  To avoid blockages in the 

aggregate and subsoil pipes by residuals. 

 Ancillary Works 

Drainage and Culverts  

Earth drains should be provided at the toe of the inner face of the embankments. The levels and locations 
of the drains will need to be adjusted to suit the levels of residuals as the filling of residuals continues.  
Water collected within the landfill (water contacted with residuals) together with the underdrain water 
should be directed to the leachate detention pond.  

Surface Drains 

Perimeter, cut-off and berm drains should be provided to divert stormwater from adjacent catchments 
away from the cells used for residuals landfilling. These drains should be constructed such that surface 
runoff is directed to the flood detention ponds before discharging to the river or waterway.  

Internal Access Roads 

In general, 5 m wide paved roads should be provided within the proposed landfill as maintenance access 
or for the transportation of residuals to the landfill cells (when needed). 

Landscaping 

Trees and shrubs should be provided to act as a buffer between the landfill site and surrounding areas. 
The buffer will serve as a green belt surrounding the landfill site at the fence line. Approximately 50m of 
buffer within the fence line of the landfill site should be provided along the site boundary. 

Proper landscaping also serves as a form of buffer to minimise dust and aesthetics impact to the 
surrounding environment of the proposed landfill site. Upon the completion of landfilling activities, the 
site can be re-vegetated and made good by providing proper landscaping and planning such as 
developing the site into a park or recreation area.  
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Fencing and Gate 

At a minimum, barbed wire fencing and gate should be provided along the boundary of the residuals 
disposal site.  

I.4.4 Handing Over to Licensee 

Upon handing over of the WTP (section R.4) including the landfill, the Licensee shall thereon be 
responsible for the following: 

 Operation and maintenance of the landfill; 
 Closure of the landfill, and 
 Post-closure administration of the site. 
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MECHANICAL PLANT 

J.1 INTRODUCTION 

This Part of the Guidelines covers design aspects mainly on the major mechanical equipment and system 
in intake plant, water treatment plant and pumping plant which significantly contribute to the efficient 
operation of the overall water supply system.  

The following major equipment and system will be presented further covering but not limited to their 
application, type, applicable standard/code, selection and design criteria, material selection, operation 
and control, protection and performance at site: 

(i) Intake plant – Penstock, travelling bandscreen and sand removal system;  
(ii) Water treatment plant – Chemical dosing pump, air blower, mixer, penstock, backwash pump and 

chlorine ventilation system; 
(iii) Pumping plant – Pump, valves and surge suppression system; 
(iv) Residuals treatment facilities – Decanter centrifuge, thickener, conveyor and desludging valve, and 
(v) Lifting facilities. 

Generally, the mechanical equipment and system are selected and designed taking into account the 
following criteria: 

(a) Type and size of the equipment selected is within the operating range of the equipment; 
(b) The equipment capacity is sized to cater for the maximum requirement including when one of the 

units is taken out of service; 
(c) Few units of equipment are provided with duty and standby configuration; 
(d) The equipment material of construction is resistant to the medium;  
(e) Preferably, all the equipment are of the same capacity so that the spare parts can be minimized 

and interchangeable; 
(f) The equipment is selected for ease of operation and control and also its maintenance aspect by the 

plant operators, and 
(g) All electrical components for the equipment such as motor, actuator, sensor etc. shall be installed 

above the flood level. 

All equipment shall be manufactured to the standards recognized by SPAN. The equipment shall be listed 
or registered with SPAN’s product certification.   

All pre-setting figures for the parameters stated in this Part are indicative and for information only 
subject to recommendation from the equipment suppliers and site conditions.  

It is necessary to address the protection system required for the equipment so as to avoid malfunction 
and damage to the equipment and system due to operation out of the allowable limit. This may result 
plant shut down to facilitate replacement and maintenance works of the equipment where necessary. 

Performance of the equipment and system installed are to be tested and verified at site in accordance to 
the applicable standard/code so as to conform their performance in achieving the minimum requirement 
specified. Functionality of the equipment and system will also be tested and verified to be in line with 
their intended function and operation. 
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J.2 INTAKE PLANT 

The major mechanical equipment and system that are widely used in the intake plant are as follows: 

J.2.1 Penstocks 

 Application 

Penstocks are used for stopping water flow and not for controlling the flow. Each penstock shall be 
suitable for operation in the area in which it is located. 

Penstocks are normally provided at the inlet of chamber/channel to isolate the chamber/channel for 
maintenance works. 

 Type of Penstocks 

Penstocks are generally classified in relation to its type of stem- rising stem and non-rising stem. 
Penstocks shall be preferably of the rising stem type where its stem nut is housed in the handwheel side 
and not being submerged. 

Penstock is also classified into its type of operation: 

(i) On seat – pressure forcing the door onto the frame (Figure J.1). 
(ii) Off seat – pressure forcing the door against the frame (Figure J.2). 
(iii) On/off seat – pressure acting from both sides (Figure J.3). 

A typical diagram of a penstock is shown in Figure J.4. 

             

  

Figure J.1: On-seat type penstock Figure J.2: On-seat type penstock 

 

  

On Seating Pressure 
 Pressure forcing the door onto the 

frame 

Off Seating Pressure 
 Pressure forcing the door away 

from the frame 
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Figure J.3: On/off seat type penstock 

 

 

 
Figure J.4: Typical cross section of 

penstock 

 

 

 

 Standard 

Penstocks shall be manufactured in accordance with BS 7775 or AWWA.  

 Selection and Design Criteria 

(i) Penstock size of 600 mm x 600 mm and above shall be electrically motorized. 
(ii) Penstock for frequent operation shall be electrically motorized. 
(iii) Penstock for the intake raw water application shall be of heavy duty metal seated type (cast iron 

or ductile iron construction). 
(iv) The penstock electric actuator shall be installed above the flood level. 
(v) Each channel mounted penstock shall be capable of isolating the flow under a maximum 

unbalanced on seating or off seating head equal to the height of the gate. 
(vi) Each wall mounted penstock shall be capable of isolating the flow under a maximum unbalanced 

on seating or off seating head of the maximum head over the penstock measured from the invert 
of the penstock. 

(vii) The penstock door shall be of sufficient strength to withstand the maximum unbalanced head 
without deflection or distortion that would affect the operation of the penstock or reduce the 
watertightness.  In any case, the gate shall not deflect more than 1/1000 of the span of the gate 
under maximum head. 

(viii) The stem shall be supported such that the L/R (L = length or span between supports, R = radius of 
gyration) for the unsupported part of the stem shall not exceed 200. 

(ix) The stem guides shall be spaced in accordance with the manufacturer's recommendations for each 
stem size. The L/R ratio shall not exceed 200. 

(x) Penstock pedestal shall be of such height that the horizontal axis of the handwheel, both in the case 
of handwheel operated penstocks and electric motor actuated penstocks, is approximately 900 
mm above the operating level. 

On/off seating pressure 
 Pressure acting from both sides 
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 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) Protective coating shall be applied for the metallic components (cast iron and ductile iron) with 
two coats of two pack red lead primer after fabrication. The final coating shall be completed with 
two coats of non-toxic two pack coal tar epoxy paint. 

(ii) Limit switches shall be provided to prevent over travel of the penstock door during opening or 
closing. 

(iii) Mechanical stopper to limit over travel of the penstock door during opening or closing. 

 Penstock Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) All penstocks shall be tested for water tightness (leakage test) in accordance to BS 7775 
requirements.   

(ii) Functional testing to prove smooth operation of door closing and opening.   

J.2.2 Traveling Bandscreens 

 Application 

Traveling bandscreens are used in water intake plants as continuous screening facility and removal of 
floating debris and suspended solids, rubbish and materials from affecting each process in water intake 
and from entering pump sump so as to prevent choking of the pump inlet. 

The bandscreens are normally placed upstream of the sand extraction chamber and pump sump. 

 Type of Traveling Bandscreens 

The bandscreen is classified into its inflow pattern: 

(i) Through flow type; 
(ii) Dual-flow type, and 
(iii) Central-flow type. 

The bandscreen shall be preferably dual flow of free-standing type. 

The primary advantage of the dual flow design is that debris carryover is completely eliminated. Dual 
flow screen use an outside-to-inside flow pattern to ensure that debris is always maintained on the 
upstream side. For a given channel width, dual flow screen generally offer greater surface area and thus 
present lower head loss, because both sides of the screen are filtering flow.  
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The type of bandscreen flow pattern is shown below. 

 
Figure J.5: Bandscreen flow patterns 
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Figure J.6:: Dual flow type bandscreen 

 Standard 

There is no specific manufacturing standard for the bandscreen.  

 Selection and Design Criteria 

(i) The bandscreen shall be of the dual flow type and of free standing in the screen chamber. 
(ii) Design velocity through clean screen mesh shall not exceed 0.75 m/s. 
(iii) The bandscreen capacity shall be sized to cater for the maximum inflow when one of the units is 

taken out of service. 
(iv) All components of the screen are designed to withstand differential head of 1.5 m across the screen 

panel. 
(v) Bandscreen submerged components shall be made of stainless steel material. 
(vi) Washwater system tapped off from the pumping main shall be provided for spraying and washing 

the screen. 

 Operation 

Bandscreen can be operated in automatic and manual. Under automatic mode, the bandscreen will be 
operated with predetermined differential head (upstream and downstream of bandscreen) or 
predetermined timer. The differential head and timer shall be adjustable. 

On the predetermined high differential level of 200 mm, the screens will start and operate at low speed 
until the normal (allowable) differential level across the screen is achieved. 

On the predetermined high-high differential level of 300 mm, the screen will start and operate at high 
speed until the normal (allowable) differential level across the screen is achieved. 
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 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) Over torque device to protect from overloading. 
(ii) Differential level device to protect from running at the preset differential head. 

 Bandscreen Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include to the following: 

(i) Functional testing to prove smooth operation for the bandscreen including sequential operation. 
(ii) Simulation of protection devise function. 

J.2.3 Sand Removal System  

 Application 

Sand removal system is provided to remove sand and grit settled inside the hoppers within the grit 
extraction chamber by applying jet pump/ejector principle. 

The system comprises sand ejector pumps, ejector nozzles, valves, actuators and associated motive water 
and discharge piping. Motive water will be provided by high pressure stream of water from sand ejector 
pumps directed through nozzle to produce the highest possible velocity. The resultant jet water creates 
low pressure area in the mixing chamber and causes the suction sand and water to flow in the discharge 
pipe for discharging to downstream of the river intake.  

A typical sand ejector system piping layout is shown in Figure J.7. 

A typical sand ejector nozzle is shown in Figure J.8. 

 Selection and Design Criteria 

(i) Generally sand ejector pump is sized to cater for emptying sand hoppers within 30 minutes. 
(ii) Sand ejector pumps configuration shall consist of duty and standby pumps. 
(iii) Motive water for the sand removal system is to be tapped off from the pumping main. 
(iv) Sand/grit is to be discharged to open channel downstream of the intake. 
(v) It is recommended to operate the system by each channel and to limit the number of sand/grit 

hoppers for every cycle of sand removal operation so that the sand ejector pumps facility will not 
be too large (preferably LV pump motor). 

 Operation of Sand Removal System 

The operation of the system can be automatic, semi-automatic and manual. Under automatic mode, the 
system operation shall be initiated on time basis. When selected to semi-automatic mode, the system 
shall be started manually from control panel and the sequence shall be similar to that of the automatic 
mode. All pumps and valves shall be operated manually under manual mode. 

During normal operation, one sand ejector water pump shall operate. Control shall be incorporated to 
provide cyclic duty of each pump at subsequent operation of the san ejector system. 

The durations to pump out sand/grit from the hoppers and for flushing the discharge line shall be 
adjustable subject to the volume of sand/grit accumulated inside the hoppers. 

 Sand Removal Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include to the following: 
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(i) Functional testing to prove correct operation of the sand ejector pump and absence of undue 
vibration and noise. 

(ii) Functional testing to demonstrate correct sequential operation of sand removal cycle. 

 
Figure J.7: Sand ejector system piping layout 

 
Figure J.8: Sand ejector nozzle 
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J.3 WATER TREATMENT PLANT 

The major mechanical equipment that are widely used in the WTP are as follows: 

J.3.1 Chemical Dosing Pumps 

 Application 

Chemical dosing pumps are used for precise chemical injection into the raw water for achieving its 
specific purpose in order to meet the final treated water quality requirements.  

 Type 

In general, chemical dosing pumps shall be of electrically driven variable speed and stroke reciprocating 
positive displacement type. The pumps are classified into piston, plunger and diaphragm designs.      

Chemical dosing pumps shall be preferably of the hydraulically actuated diaphragm type. The pumps 
shall be self-priming and proportioning.  

The hydraulically actuated diaphragm type is preferable due to contactless between the piston and 
diaphragm and the actuation of the diaphragm is by hydraulic power instead of mechanical power. The 
diaphragm normally does not carry load and rapture of diaphragm is minimized. 

 
Figure J.9: Typical hydraulic actuated diaphragm pump 

 Standard 

The chemical dosing pump shall be manufactured to API Standard 675.  

 Selection and Design Criteria 

(i) Dosing pump configuration shall consist of duty and standby units. 
(ii) Dosing pump facilities shall be provided to cater for average doses to be applied to maximum 

design hydraulic flow and also maximum doses to nominal flow 
(iii) Dosing pump wetted parts shall be resistant to corrosion taking into account the chemical being 

dosed 
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(iv) Means shall be provided to facilitate checking the volumetric capacity of each dosing pump at site 
with a calibrated transparent tube. 

 Operation and Control 

Dosing pumps shall be arranged for both manual and automatic control. 

Under automatic control, dosing pump output shall be varied by changing stroking speed or stroking 
length in proportion to variations in the flowrate of the liquid being dosed. 

 Protection 

 The following features are to be provided as a minimum protection to the dosing pump fault condition:  

(i) All dosing pumps shall incorporate diaphragm rupture detection mechanism 
(ii) Each dosing pump shall be provided with all necessary valves including loading valves, pressure 

relief valves at the discharge line 
(iii) Suitably sized back pressure valves shall be provided as recommended by the pump manufacturer.   
(iv) Each dosing pump shall be furnished with a suitably sized diaphragm type pulsation dampener at 

the discharge end as recommended by the pump manufacturer. 

 Chemical Dosing Pump Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following : 

(i) Functional testing to correct operation and absence of undue vibration and noise. 
(ii) Dosing pump calibration shall be demonstrated to verify its accuracy. 

J.3.2 Air Blower 

 Application 

Air blowers are widely used in filter plant for air scour supply to filter media during backwashing 
process. It is applied to supply a large volume of air across a relatively small pressure differential of bulk 
filter media for the media movement. This process is normally combined with water washing which will 
cause the filter bed to expand breaking up the compacted filter bed and forcing the accumulated particles 
into suspension. 

 Type 

Air blowers are classified into the following types: 

(i) Positive displacement rotary lobe blower 
(ii) Helical screw blower 
(iii) Centrifugal blower 
(iv) High speed blower 
(v) Regenerative blower 

Generally, the positive displacement rotary lobe blower type is widely used in filter plant due the large 
volume of air with low pressure requirements for the backwashing process. The air blower shall be of 
Roots type blower consist of two or three rotary lobes. 
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Figure J.10: Rotary lobe blower 

 Standard 

There is no specific manufacturing standard for the air blower. 

 Selection and Design Criteria 

(i) Air blower capacity shall be sized to meet the distributed air rate required for combined air and 
water washing. 

(ii) Air blower configuration shall consist of duty and standby units. 
(iii) It is preferable each unit of air blowers to be installed inside its own acoustic room with fresh air 

intake and silencer. 
(iv) A common plinth with vibration pads shall be provided for the air blower and it’s motor to be 

mounted onto. 
(v) Air piping shall be as short and as straight as possible. 
(vi) Air piping connecting air blowers to the filters shall be installed above filter top water level. 

 Operation 

The air blower can be operated manually or automatically when the filter plant is run in automatic mode. 
The air blower will be started after completion of filter drain down process and is preset to normally run 
for 30 minutes for a combined air and water washing. The duration for air blower operation is adjustable. 

 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) Pressure relief valve shall be provided and preset to release over pressure. 
(ii) Check valve shall be installed at the discharge pipe to prevent backflow of water. 
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 Air Blower Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include to the following: 

(i) Functional testing to prove correct operation and absence of undue vibration and noise. 
(ii) Relief valve operation to be demonstrated. 

J.3.3 Mixers  

 Application 

Mixers are generally used to create local turbulence in the water so as to provide satisfactory and 
uniform mixing of chemical and suspension of particles in the main flow of water or in the water 
container. In the WTP, mixers are widely used in the following locations: 

Location Function 

Chemical mixing chamber Chemical mixing 

Flocculation tank Flocculation process 

Chemical tank Chemical mixing 

Residuals holding tank Suspension of residuals 

 Types 

Mixers are classified into the following type of installations: 

(i) Top/side entry mixer – used for chemical mixing in the process tanks and flocculation process. 
(ii) Inline static mixer – normally used in the channel and pipes where dosed chemicals are mixed by 

the energy of water alone. 
(iii) Submersible mixer – used for keep suspension of particles in the tanks. 

Figure J.11 to Figure J.13 shows typical mixer types. 

 
Figure J.11: Top entry mixer 
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Figure J.12 : Static mixer  Figure J.13: Submersible mixer 

 Standard 

There is no specific manufacturing standard for the mixer. 

 Selection and Design Criteria 

(i) Allowable head loss across the channel static mixer shall not exceed 100 mm. 
(ii) Material of construction for the mixer wetted parts shall be resistant and robust to the fluid. 
(iii) Mixer to be selected taking into account the tank volume and the fluid specific gravity, viscosity 

and density for motor sizing requirement. 
(iv) Non submersible mixer shall not be provided with underwater bearings. 
(v) The coupling to the mixer is to be accessible so that gearbox can be removed and replaced without 

entry into the tank or shutdown of the mixer. 
(vi) Guide rail system shall be provided for submersible mixer to facilitate installation and removal of 

mixer from the tank. 

 Operation 

The mixer can be operated manually or automatically based on timer or level of fluid being mixed in the 
tank. 

 Protection 

The following facilities shall be provided as a minimum protection for operation. 

(i) Over torque relief device to protect from overloading. 
(ii) Leakage and thermal detection devices. 

 Mixer Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove correct operation/rotation and absence of undue vibration and noise. 
(ii) Functional testing of protection devices. 

J.3.4 Penstock 

Penstocks for WTPs shall be made of stainless steel with EPDM resilient seats for positive sealing. The 
penstock shall be the rising stem type and in accordance with the requirements described in Intake Plant 
section. 
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The stainless steel penstock gate assembly shall be of box structure construction for heavy duty 
application, fully welded and with internal reinforcement ribs adequately sized for rigidity improvement 
and minimizing deflection. 

The resilient seats shall be adjustable and replaceable.  

J.3.5 Washwater Pump 

Washwater pumps are used to deliver water from the washwater holding tank to the filters for filter 
backwashing process.  

Preferably, a minimum of three identical washwater pumps should be provided of two duty and one 
standby configuration and shall operate in parallel. One washwater pump shall be operated during 
combined air and water wash, while two pumps shall be operated in parallel for the high rate water-wash 
only for reclassification of the filter media. 

The washwater pump capacity shall be sized to cater for combined air and water washing and high rate 
water washing only in accordance with the backwashing process requirements. The washwater pump 
delivery head shall be calculated based on two pumps operating in parallel to deliver full washwater flow 
required for the filter furthest from the pumps. 

Variable frequency drive shall be provided for each of the three washwater pumps for controlling the 
washwater flowrate required for backwashing process. 

The washwater pump type and other requirements shall be in accordance with the requirements 
described in section J.4 – Pumping Plant.  

J.3.6 Chlorine Ventilation System 

 General 

Ventilation system shall be provided to extract chlorine gas leakage and to supply fresh air into the 
chlorine drum store, evaporator room and chlorinator room. The rooms housing chlorinators, 
evaporators and chlorine drums shall be made reasonably gas tight, particularly at low level. 

Each ventilation system shall comprise supply fresh air and exhaust air fans, ducting and air grilles. Air 
extraction shall be by means of low level extract grilles, ducted through PVC ductwork and exhausted to 
atmosphere. The terminal points of the exhaust system shall be at roof level to ensure effective 
atmospheric dilution of the expelled air. The supply air points shall be positioned at high level. 

The ventilation fans shall be interfaced with the chlorine gas detection system to start automatically in 
the event of detection of low level chlorine leakage of 2 ml/m³. The fans shall be shut down automatically 
in the event of detection a high level chlorine leakage of 5 ml/m³ or higher. 

Standby supply and exhaust fan units shall be provided to ensure that the required air volume can be 
achieved during routine maintenance and for duty takeover on failure of duty units.  

Facilities shall be provided to start/stop the fans from outside the room where they serve. 

 Selection and Design Criteria 

(i) The ventilation system shall provide for a minimum of 20 air changes/hour 
(ii) Where a single unit serves a room, a standby unit of the same capacity shall be provided. 
(iii) Where a number of individual units serve a single room, one or more standby units shall be 

installed to provide not less than 25% standby units. 
(iv) All the components of the ventilation fans and other related accessories shall be resistant to 

chlorine attack; 
(v) Exhaust fan motor shall be out of the air stream or bifurcated type, 
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(vi) The ventilation system shall operate at a slightly negative pressure within the rooms. 
(vii) The fan assemblies shall be provided with automatic shutter to prevent entrance of insects, wind 

and rain. 

 Ventilation Fan Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include to the following: 

(i) Functional testing to prove correct operation and absence of undue vibration and noise. 
(ii) Functional operation sequence interfacing with the chlorine gas detection system. 

J.3.7 Chemical Piping 

 General 

Pipe materials for chemicals shall be selected with due regard to chemical compatibility, location, 
environment conditions and operating regimes. When selecting material for pipes, consideration shall 
be given to the deteriorating effect of some synthetic materials due to the action of ultra-violet rays.  
Where such materials are employed, pipework shall be shielded from direct sunlight.   

Each point of application shall be served by either a rigid pipe or a reinforced flexible hose.  Hoses shall 
be used to transfer slurries and rigid pipes shall be used for all other duties.  A spare hose or pipe shall 
be installed for each chemical to each dosing point. 

All chemical pipes and hoses shall be identified.  The pipe colour code identification and method of 
application shall be in accordance with BS 1710 or subject to the requirements of the Licensee. 

 Pipe Supports 

Generally, pipework shall be supported not less than 150 mm clear of the floor. Pipework shall be 
supported in accordance with manufacturer’s recommendations and adequate allowance shall be made 
for thermal expansion and contraction.  

Pipe supports shall be close enough to prevent excessive sagging that may either overstress the pipe or 
interfere with the free drainage of the line.  Heavy point loads such as strainers and valves shall be 
provided with separate supports as close as possible to the imposed load. 

Hoses shall be laid on horizontal mounted trays on racks to prevent sagging.  The method of securing the 
hoses/pipes to the trays (or racks) shall be by clips or similar, facilitating ease of removal in such a way 
that individual runs can be changed without dismantling adjacent hoses/pipes.  

 Selection and Design Criteria 

(i) The size of each pipe and hose shall be suitable for the maximum flow of the chemical solution or 
slurry to be conveyed. 

(ii) In pipes carrying slurries, tees and crosses shall be used in place of elbows in areas where 
mechanical cleaning might be required.   

(iii) Slurry pipework shall be designed and laid to eliminate settlement of particles; a minimum velocity 
of 0.5 m/s shall be maintained at all points in the pipework. 

(iv) Pipework shall be provided with flushing connections and drains to facilitate cleaning of 
pipes/hoses and fittings. It shall be possible to isolate sections of pipework for flushing with 
minimum of interruption to dosing.  
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(v) All chemical pipes and hoses shall be fitted with valve connections or readily detachable couplings, 
for flushing with water, and facilities shall be provided for purging chemical pipework with high 
pressure water. 

 Test at Site 

All chemical pipes shall be subject to hydrostatic pressure test to 1.5 times the operating pressure for 
one hour.  During this period the pressure shall not drop. 

J.3.8 Residuals Scrapper 

 General 

The residuals scraper is used for removal of residuals settling in the tanks, i.e. clarifiers, to hoppers 
located upstream.  From the hoppers, residuals will be removed under hydrostatic pressure in the tank. 

Preferably, the scraper shall be of electric driven reciprocating type. During the forward movement, the 
residuals shall be transported toward the sludge hopper while the return movement shall allow the 
scraper to slide under the residuals blanket. 

 Selection and Design Criteria 

(i) The movement of the scraper shall not disturb the quality of the clarified water during the 
operation. 

(ii) The material of construction for the scraper system shall be stainless steel. 
(iii) Any type of oil used shall be of 100% vegetable oil, non-hazardous and contains no known 

carcinogenic substance. The oil shall be biodegradable type so that any oil spills does not constitute 
a problem in the water treatment process. 

(iv) The unit shall be designed for outdoor installation. 

 Protection 

The following facilities shall be provided as a minimum protection for operation. 

(i) Limit switch device to protect from overtravel. 
(ii) Regulating device to allow adjustment of speed of both forward and return movement of the 

scrapper. 

 Scraper Performance at Site 

The minimum of tests to be carried out at site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove correct operation/tractionn and absence of undue vibration and noise. 
(ii) Functional testing of protection devices. 
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J.4 PUMPING PLANT 

This section covers design guidelines and requirements mainly on the major pumps e.g. raw water and 
treated water pumps and briefly describes other auxiliary mechanical equipment associated with the 
pumps such as valves and surge suppression system. 

J.4.1 Pumps 

 Application 

Pumps are used in waterworks for the function of abstraction, conveyance, transmission and 
distribution of water.  

In general, raw water pump is used for abstraction of raw water from the intake and conveyed to the 
treatment plant. Treated water pump is used for transmission and distribution of potable water from the 
treatment plant (clear water tank) to the balancing and service reservoirs. 

 Type/Classification of Pumps 

Pumps that apply energy to liquid by means of an impeller rotating inside a casing are called 
rotodynamic pumps. 

Rotodynamic pumps are classified into the centrifugal (radial-flow), mixed-flow and axial-flow types. 
Majority of the pumps used in waterworks are of centrifugal type due its wide operating range and high 
efficiency. 

Characteristics of the three types of the rotodynamic pumps are shown in Table J.1. It provides a guide 
for the preliminary selection of pump type for a given service. 

Table J.1: Relative characteristics of rotodynamic pumps 

Characteristics Axial Flow Mixed Flow Centrifugal 

Usual capacity range > 50 m³/min > 25m³/min Any 

Head range 0–12 m 8–30 m Any 

Shutoff head above 

rated head  
About 200% 160% 120 – 140% 

Power characteristics Decreases with 
capacity 

Constant in overall 
discharge range 

Increases with 
capacity 

Suction lift Requires submergence Requires submergence Usually not over 4.5m 

Specific speed 1,200–2,400 400–1,400 100–600 

Service 

Used where space and 
cost are considerations 
and load service factor 

is low 

Used where load factor 
is high and where 

trash and other solid 
materials are 
encountered 

Used where load factor 
is high and for high 

efficiency and ease of 
maintenance 

 Standard 

Pumps shall be manufactured in accordance with ISO (International Standard Organisation), JIS 
(Japanese International Standard), ANSI (American National Standard Institute) or other reputable 
international standards. 
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 Pump Selection and Design Criteria 

(1) Pump Capacity  

Capacity (Q) or volume flow rate is the volume of liquid per unit time delivered by the pump and is 
expressed in litres per second (l/s), m³/s, m³/min or Mld. Since liquids are essentially incompressible, 
there is a direct relationship between the capacity of a pipe and the velocity of flow. The relationship is 
as follows: 

           Q = A x V     or V   =    Q/A 

Where:  

A = internal cross section area of the pipe 
V = velocity of flow 

The capacity of the pump units required shall generally be determined according to the following criteria: 

(i) For raw water pumps, the abstraction capacity shall be 5 –10% in excess of the maximum WTP 
capacity design. 

(ii) For treated water pumps, the capacity shall be the maximum daily delivered water flowrate from 
the WTP. 

(iii) For booster pumps, the capacity shall be determined by the number of hours of operation of the 
pump (in the case of booster pump, not more than 12 hours of operation). 

(iv) Generally, the higher the pump capacity, the higher its efficiency and the lower its operating 
costs.  Higher efficiency means smaller number of pumps and high discharge capacity makes for 
lower initial investments. 

(v) In the case of water demand which fluctuates widely such as in in-line booster distribution 
systems, it is recommended to have a combination of different sizes of pumps or variable speed 
pumps. 

(vi) As far as possible, all the pumps shall be of the same capacity, so that spare parts are minimized 
and interchangeable. 

(vii) Where there is a significant variation in the volume of water pumped, either use two types of 
pump capacity (one small capacity and one large capacity), or use pumps of large capacity with 
variable speed control. 

(2) Number of Pump Units 

The following general principles shall be applied in the selection of number of pumps required subject to 
the customer need. 

(i) In general, the number of pump units required shall be determined by the design flowrate of water, 
installation cost, conditions involved in operation and maintenance, power consumption and 
factor of safety desired. 

(ii) The duty and standby pumps configuration shall be in line with the requirements as stated in 
section E.3.6. 

(iii) For booster pumps, there shall be a minimum of one duty pump (i.e., the primary pump used for 
continuous operation at a maximum of 12 hours a day); one alternate duty pump (i.e., a duty pump 
used to take over the operation of the primary duty pump, limited to 12 hours operation); and 
standby pump. 

(iv) For multiple number of duty pumps, the number of standby units shall depend on sizes of duty 
pump, the locality of the installation and factor of safety desired.  
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(3) Pump Total Head 

The total head produced by pump operation is expressed by the following formula: 

(i) In the case of suction lift (refer Figure J.14) 

 
Figure J.14: Pump total head (suction lift) 

H = (Had + Has) + (Hld + Hls) +  
g2

²Vd  

Where: 

 H : Pump total head (expressed in metres) 

Has  : Suction static lift (Has negative) 

Suction lift exists when the source of supply is below the centreline of the 
pump. Thus the static suction lift is the vertical distance in metres from the 
centre line of the pump to the free surface level (minimum) of the water to 
be pumped.  

Has : Suction static head (Has positive) 

Suction head exists when the source of supply is above the centreline of the 
pump. The static suction head is the vertical distance in metres from the 
centreline of the pump to the free surface level of the water to be pumped.  

Had : Discharge static head 

Discharge static head is the vertical distance in metres between the pump 
centreline and the point of free discharge or the surface of the water in the 
discharge tank. 

Ha : Total static head 

It is the vertical distance in metres between the free surface level of the 
source of supply and the point of free discharge or the surface of the water 
in the discharge tank. 
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Hls : Suction pipeline head loss 

Hld : Discharge pipeline head loss 

g2

²Vd  : Velocity head at end of discharge pipe 

g : Acceleration due to gravity (9.81 m/s²) 

(ii) In the case of suction head (refer Figure J.15) 

H =  (Had  -  Has)  +  (Hld  +  Hls)  +  
g2

²Vd  

 
Figure J.15 : Pump total head (suction head) 

Friction head (Hl): Friction head is the head required to overcome the resistance to flow in the 
pipe and fittings. It is dependent upon the size and type of internal finish of the pipe, flow rate, and 
nature of the water. 

The calculation of the pipeline friction loss head is generally based on Hazen-Williams formula 
expressed as follows: 

Hl = 10.666  x  C-1.85  x   D-4.87  x   Q 1.85  x   L 

Where: 

Hl  = Friction head loss  

C = Roughness coefficient 
  For cement- lined mild steel pipe: 

C =  130 ~ 140 (new pipe) 
C =  120 (treated water pipe) 
C = 90 ~ 100 (raw water pipe) 

D = Pipe finish internal dia. (m) 
Q = Flow rate (m³/s) 
L = Pipe length (m) 
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Station losses (SL): The friction losses in all pipework, valves, pump inlet and all plant within 
the limits of the pumping station. These losses shall be added to the pump total head. 

Velocity head (Vh): It is the energy of a liquid as a result of its motion at velocity V. It is the 
equivalent head in metres through which the water would have to fall to acquire the same velocity, 
or in other words, the head necessary to accelerate the water.  

Velocity head can be calculated from the following formula: 

Vh = 
g2

²Vd  

Where: 

  g = 9.81 m/s² 
 V = liquid velocity in m/s 

 
The velocity head is usually insignificant and can be ignored in most high head systems. However, 
it can be a large factor and must be considered in low head systems. 

Pressure head:  It must be considered when a pumping system either begins or terminates in a 
tank which is under some pressure other than atmospheric. The pressure in such a tank must first 
be converted to metres of water. A vacuum in the suction tank or a positive pressure in the 
discharge tank must be added to the system head, whereas a positive pressure in the suction tank 
or vacuum in the discharge tank would be subtracted. The following is a handy formula for 
converting millimetres of mercury vacuum into meters of water. 

Vacuum (metre of liquid) = 
 (  )  .  

 
 

The above forms of head, namely static, friction, velocity and pressure are combined to make up 
the total system head at any particular rate.  

 
The pump total head or total dynamic head (H) shall be the sum of  

Ha + Hl + SL 

(4) Power and Efficiency 

Pump power input (P) or brake kilowatt (bkW) is the actual kilowatts delivered to the pump shaft. 
Pump power output (Pu) or water kilowatts (wkW) is the water power delivered by the pump. 
These two terms are defined by the following equation: 

Pu = wkW  

= g x H x Q x  

P = bkW  

= 


Pu
 

Where: 

P = Pump power input 
   Pu = Pump power output    
   g = acceleration due to gravity (9.81 m/s²) 
   H = total dynamic head in metres 
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   Q = discharge capacity in m³/s 
     =  specific gravity (1.0 kg/m³ for water) 
     =  pump efficiency 
    o =  overall efficiency 

 
The brake kilowatts or input to a pump is greater than the water kilowatts or output due to the 
mechanical and water losses incurred in the pump. Therefore the pump efficiency () is the ratio 
of these two values. 

Pump efficiency    = 
bkW

wkW

P

Pu
  

Pump efficiency shall be at least 80%. 

Driver power input (Pi) is the power absorbed by the pump driver and the overall efficiency (o) 
of the pumpset (pump with driver) is derived as follows: 

Pi

Pu
o   

(5) Net Positive Suction Head (NPSH) and Cavitation 

(i) Net Positive Suction Head (NPSH) 

Net positive suction head (NPSH) is defined as the total suction head in metres absolute, 
determined at the suction nozzle and corrected to datum, less the vapour pressure of the liquid in 
metres absolute. Simply stated, it is an analysis of energy conditions on the suction of a pump to 
determine if the liquid will vaporise at the lowest pressure point in the pump. 

The pressure which a liquid exerts on its surroundings is dependent upon its temperature. This 
pressure, called vapour pressure, is a unique characteristic of every fluid and increases with 
increasing temperature. 

Thus, NPSH is simply a measure of the amount of suction head present to prevent vaporisation at 
the lowest pressure point in the pump. 

(ii) NPSH Required (NPSHR) 

NPSH required (NPSHR) is a function of the pump design and is the NPSH required under given 
operating conditions to avoid cavitation. As the liquid passes from the pump suction to the eye of 
the impeller, the velocity increases and the pressure decreases. The NPSHR is the positive head in 
metres absolute required at the pump suction to overcome these pressure drops in the pump and 
maintain the liquid above its vapour pressure. It also varies with speed and capacity within any 
particular pump. The pump NPSHR at the specific operating point can be obtained from the pump 
manufacturer and is normally shown in the pump performance curve. 

(iii) NPSH Available (NPSHA) 

NPSH Available (NPSHA) is a function of the system in which the pump operates. It is the excess 
pressure of the liquid in metres absolute over its vapour pressure as it arrives at the pump suction.  
Figure J.16 shows a typical suction system when atmospheric pressure is operating on the suction 
surface. 

In an existing system, the NPSHA can be determined by a gauge reading on the pump suction. The 
following formula applies: 

NPSHA = Pa  +  Has  -  Pv  -  Hls - HSV 
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Where: 

Pa = atmospheric pressure 
Has = positive suction head 
Hls = friction loss at suction pipe 
Pv = vapour pressure of liquid at ambient temperature 
Hsv = Velocity head at suction pipe 

 

 
Figure J.16 : NPSH available for pumps 

(iv) Cavitation 

Cavitation is a term used to describe the phenomenon which occurs in a pump when there is 
insufficient NPSHA. The pressure of the liquid is reduced to a value equal to or below its vapour 
pressure and small vapour bubbles or pockets begin to form. As these vapour bubbles move along 
the impeller vanes to a higher pressure area, they rapidly collapse. 

The collapse or “implosion” is so rapid that it may be heard as a rumbling noise, as if you were 
pumping gravel. The forces during the collapse are generally high enough to cause minute pockets 
of fatigue failure on the impeller vane surfaces. This action may be progressive, and under severe 
conditions can cause serious pitting damage to the impeller. The accompanying noise is the easiest 
way to recognize cavitation. 

Besides impeller damage, cavitation normally results in reduced capacity due to the vapour 
present in the pump. Also, the head may be reduced and unstable, and the power consumption may 
be erratic. Vibration and mechanical damage such as bearing failure can also occur as a result of 
operating in cavitation. 

The only way to prevent the undesirable effects of cavitation is to ensure that the NPSHA in the 
system is greater than the NPSHR by the pump.   

It is recommended that the pump shall have an NPSHR at least 1 m less than the NPSHA when 
running at any water level conditions without any throttling in the pumping system. 
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(6) Pump Characteristic Curves 

The performance of a centrifugal pump can be shown graphically on a characteristic curve. A 
typical characteristic curve shows the pump total head, brake kilowatts, efficiency and NPSHR all 
plotted over the capacity range of the pump. Typical centrifugal pump characteristic curve is 
shown in Figure J.17. 

 
Figure J.17 : Typical centrifugal pump characteristic curve 

Percentage charts are used for pump characteristic comparison. These are characteristic charts showing 
capacity, total head, efficiency, and shaft power as percentages of their highest efficiency point (100%). 

The shape of characteristic curves differs with Specific Speed Ns values.  
Figure J.18 shows characteristic curves for different Ns values i.e.: 

Ns = 200, 500 (centrifugal) 
Ns = 900 (mixed flow) 
Ns = 1500 (axial flow) 

Mixed-flow, centrifugal and axial-flow or propeller pumps have considerably different characteristics. 
The curve for a mixed-flow pump is steeper than that of a radial-flow pump. The shut-off head is usually 
150% or 200% of the design head. The brake kilowatt remains fairly constant over the flow range. For a 
typical axial flow pump, the head and brake kilowatts both increase drastically near shut-off. 

For this reason, special attention is to be considered to the high starting ampere of a mixed flow or axial 
flow pump when it has to start up at a closed valve condition. It would therefore be necessary, given that 
the hydraulic surge protection is adequate, to start this type of pump in fully or partially opened valve 
condition to avoid drawing high current at start-up. 
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Figure J.18 : Characteristic curves for different specific speeds Ns 

(7) Pumping System Characteristic Curves and Pump Operating Points 

(i) General 

For a specific impeller diameter and speed, a centrifugal pump has a fixed and predictable performance 
curve. The point where the pump operates on its curve is dependent upon the characteristics of the 
system in which the pump is operating, commonly called the system head curve or pipeline resistance 
curve. By plotting the system head curve and the pump head curve together, the operating point of the 
pump will be obtained by the intersection of these two curves. 

The system characteristic curve or the pipeline resistance curve is obtained by adding the conveying pipe 
fiction loss head at the required flowrate and the difference in elevation from the suction tank water 
surface to the discharge tank water surface. 

(ii) Parallel operation 

It is sometime desirable to use two or more pumps in parallel rather than a single large pump. This is 
particularly advantageous when the system flow requirements vary greatly. One pump can be shut down 
when the flow requirement drops, allowing the remaining pump or pumps to operate closer to their peak 
efficiency. It also provides an opportunity for repairs or maintenance works to be carried out on one unit 
without shutting down the entire system. 
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In order to study both parallel and single pump operation, the head-capacity curves for both single pump 
operation, the head-capacity curves for both single and parallel operation must be plotted with the 
system head curve. Typical curve of two pumps operating in parallel is shown in Figure J.19. 

Care shall be taken to ensure that the pump selected for parallel operation has a shut off head sufficiently 
in excess of the operating head. Station losses and velocity head could be significant especially in 
situation where the system head is relatively low, in which case the system curve or the pump 
performance curve must be corrected to reflect these losses. 

Preferably each pump is capable of solo operation. 

The head-capacity pump curve for parallel operation is plotted by adding the capacities of each pump for 
several different heads and plotting the new capacity at each head. 

NPSH consideration is important such that NPSH available at the site is more than NPSH required by the 
pump when the pump is running solo and pumping at maximum capacity. At this capacity, the pump 
power input or brake kilowatt is the maximum, and the driver motor rated power shall be sized based 
on the maximum pump power input. 

 
Figure J.19 : Parallel pump operation curves 
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(iii) Various system characteristic curves and pump operating points 

Some of the common system curves are as follows: 

(a) Change in static head (Figure J.20) 

In cases such as when the total static head (discharge water level – suction water level) changes, 
or when the tank pressure changes during pumping from a closed tank, the pipeline resistance 
curve R moves parallel up or down, to R1 or R2, and the operating point becomes A1 or A2. 

 
Figure J.20  : Change in static head 

 

(b) Change in pipeline resistance (Figure J.21) 

When pipeline resistance has increased from R to R + r due to deterioration over time, operating 
point A changes from A to Ar, and discharge amount decreases. 

 
Figure J.21 : Change in pipeline resistance 
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(c) Pipelines of different resistances in series (Figure J.22) 

The intersection point A of the pump head curve and the series composite pipeline resistance curve 
R, combined at the point of equal discharge of the pipeline resistance curves of pipelines R1 and R2 
becomes the operating point, and the pipeline loss at that time is H1 + H2. 

 
Figure J.22 : Pipeline of different resistance in series 

(d) Diverging pipelines of different resistance (Figure J.23) 

The intersection point A of the pump head curve and the parallel composite pipeline resistance 
curve R, where the pipeline resistance curves of pipelines R1 and R2 are added at the point of equal 
head, becomes the operating point, and the discharge rates at that time of pipelines R1 and R2 
become Q1 and Q2. 

 
Figure J.23: Pipeline of different resistance 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    585 

(e) Diverging pipelines of different static head and resistance (Figure J.24) 

The pipeline resistance curves of pipelines R1 and R2 are drawn from the points of their static 
heads, H1 and H2. The operating point is the intersection point A of the pump head curve and the 
parallel composite pipeline resistance curve R, which is added at the point of equal head. 

 
Figure J.24: Diverging pipelines of different static head and resistance 

(8) Material Selection 

Pump impeller is a major component of the pump where its material of construction shall be robust and 
resistant to the pumped medium. 

Preferably, raw water pump impeller shall be made of stainless steel casting to BS EN 10293 Grade 425 
C11 or JIS G5121 SCS5 or equivalent. Treated water pump impeller shall be made of stainless steel casting 
to BS EN 10293 Grade 316 C16 or JIS G5121 SCS14 or equivalent.  

 Pump Operation and Control 

A motorized control valve (normally butterfly valve) shall be incorporated in the delivery pipework of 
each centrifugal pump. Closing and opening of the delivery control valve shall be carried out 
automatically when the start/stop pump signal is initiated. When the start signal is initiated, the pump 
motor shall start running. The control valve shall commence to open immediately after the pump has 
attained a reasonable speed. A time delay control shall be included to protect the pump from running 
under closed valve condition due to valve malfunctioning. 

Normal stopping of the pump shall be carried out with its delivery control valve in the fully closed 
condition. The delivery control valve shall be arranged to close automatically when the stop signal is 
initiated. The pump motor shall stop only after the closure of the valve.  If the delivery control valve does 
not close after a set time, the pump motor shall trip. 

Pump operation can be controlled by level, pressure or flow. Level controls can start and stop pumps at 
predetermined water levels.  Pressure controls can also be used to start and stop pumps at 
predetermined pressure changes in the pipeline. Further, controls of variable-speed pumps can be used 
to vary the pump discharge to maintain a predetermined level, pressure or flow. 

Flow control is used to meet the fluctuating demand by varying the speed of the pumping unit. Speed 
variation can be provided by variable frequency and voltage controllers. Speed adjustment can be manual 
or automatic.  

Pump and other associated equipment/system operation and control requirements shall be addressed 
in the Operation & Maintenance Manual as a guide for proper and safe operation.  
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 Pump Protection  

Generally, protection facilities shall be provided to trip the pumps for the following operation conditions: 

(i) Low suction water level; 
(ii) Low suction pressure; 
(iii) High delivery pressure; 
(iv) Motor bearing temperature high; 
(v) Pump bearing temperature high; 
(vi) Stator winding temperature high; 
(vii) Electrical fault; 
(viii) Excessive vibration. 

The on-line monitoring system shall be provided for the high voltage pumps (3.3 kV and above) for 
monitoring and detection of abnormal conditions for the pump and motor bearing temperature, motor 
winding temperature and vibration. 

 Pump Piping Layout and Sizing 

The individual pump suction branch pipe is to be incorporated with an isolating valve (normally butterfly 
valve, but sluice valve is also used).  The pump delivery branch pipe is to be provided with a check valve 
(non-return valve), a motorized control butterfly valve for pump start/stop operation and an isolating 
valve. 

Preferably, sluice valve is used for isolation purpose at the pump delivery branch pipe due to its water 
tight shut off and robust construction for pressurized line application and full bore flow during operation. 
By closing the isolating valves on the suction and delivery sides of the pump, pump can be isolated for 
maintenance. The check valve on the delivery branch pipe for each pump, preventing backflow through 
an idle pump. 

Figure J.25 shows a typical schematic diagram of the pumps arrangement, piping and valves in a 
pumping station.   

 
Figure J.25  : Schematic diagram of pumps arrangement 

Suction and discharge piping shall be sized so that velocities are not excessive. Velocities of 1.5 m/sec in 
suction piping and 2.4 m/sec in discharge piping are reasonable maximum. Preferably, suction piping 
velocity to be around 1.0 m/s. Piping shall have sufficient flexibility and be adequately supported so that 
no stress are transmitted to the pump.   

Tied flange adaptors shall be fitted to the suction and discharge piping valves to facilitate installation, 
removal of valves and pipes for maintenance.  
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The following criteria are to be considered when designing a suction pipe: 

(i) All pumps shall be preferably installed to operate under positive suction head. 
(ii) For negative suction, an independent suction pipe shall be independent for each pump. For positive 

suction, the suction pipe can be common for many pumps. 
(iii) Suction pipe shall be as short and with little bends as possible and shall slope upwards toward 

pump. When the diameter of a suction pipe changes, an eccentric reducer shall be used. Refer to 
Figure J.26 and Figure J.27 respectively. 

 
Figure J.26: Slope of suction pipe 

 
Figure J.27: Suction pipe reducer 

(iv) Direct connection of elbows to the suction port of the pump shall be avoided if possible. If elbows 
must inevitably be connected, a short straight pipe shall be installed. Refer to Figure J.28. 

(v) A lift-type suction pipe shall not be equipped with a sluice valve, if possible. If a sluice valve must 
inevitably be installed, it shall be in a horizontal position to prevent air pockets. When water level 
is higher than the valve, the valve may be installed vertically.  Refer to Figure J.29. 

(vi) The minimum length of straight suction pipe before the pump suction intake shall be at least 5 
times the suction pipe diameter. 

 
 

Figure J.28: Suction side elbow Figure J.29: Installation of suction side valve 

 Pumps Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 
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(i) Functional testing to prove smooth operation, rotation and absence of undue vibration and noise. 
(ii) Performance test in accordance to BS EN ISO 9906 Grade 2B to verify the guaranteed 

performances. 

J.4.2 Valves 

 Application 

Valves are installed in the pipeline to permit isolation (to stop water flow) for maintenance and control 
of flow or pressure. 

The non-return valve (check valve) is required depends on the piping system to prevent back flow and 
to control surge or water hammer.  

In general, pump suction side shall be provided with isolating valve while the delivery side shall be 
provided with non-return valve and isolating valve.   

 Valve types 

(1) Isolating Valves 

Isolating valves are of several different types, namely: 

(i) Sluice Valves 

Sluice valves are to be manufactured in accordance to BS 5163 and BS EN 1074-2. 

Figure J.30 shows a typical section through a sluice valve which consist of a gate shut down into the 
pipeline. The sluice valve shall be of non-rising stem type. 

 
Figure J.30: Typical cross section of sluice valve 

A sluice valve is normally installed at the pump delivery side for isolation purpose due to its robust 
construction for pressurized line application. It is not suitable for controlling the rate of flow of water 
through a pipe. The gate vibrates when the valve is partially open. It shall be used only in the full opened 
or fully closed condition.  
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(ii) Butterfly Valves 

Butterfly valves are to be manufactured in accordance to BS EN 592.  

Figure J.31 shows a typical section through a butterfly valve which consist of a pivoted disc in the 
pipeline. Preferably, butterfly valve to be installed with the disc shaft horizontal and suitable for bi-
directional flow.    

Butterfly valve can be metal seated or resilient seated. For the resilient seated valve, the seat is usually 
made of natural or synthetic rubber and is fixed to the disc or to the body of the valve. The seat shall be 
adjustable and replaceable. 

Resilient seated valves can be specified as ‘tight shut-off’(watertight when shut against unbalanced 
pressures up to the design head). Hence, they are usually used for isolating purpose at the pump suction 
side. 

Metal seated butterfly valves do not have tight shut-off characteristics and are mainly intended for flow 
regulating purposes where they are to be held in the partially open position.  

 
Figure J.31: Typical cross section of butterfly valve 

(2) Non-Return Valves (Check Valves) 

Check valves are to be manufactured in accordance to BS EN 1074-3.  

Figure J.32 shows a typical section through a check valve which consist of a pivoted disc (door) within 
the pipeline. 

The check valve is forced to open when the flow of water is in one direction and forced shut against a 
seating when the flow reverse. Flow velocity through the check valve shall be minimum 1.5 m/s for 
satisfactory performance of the valve to keep the door opened.  
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Figure J.32: Typical cross-section of check valves 

Check valve on the pump delivery line is required to be capable of withstanding severe slams and shall 
be mechanically and hydraulically designed to ensure rapid closure before reversal of flow under high 
velocities and surge condition. Check valves of DN 600mm and above are preferably of multi doors type. 

(3) Control Valves 

Control valves are to be manufactured to the standards recognized by SPAN. The control valves shall be 
selected and recommended by the valve manufacturer to suit the specific application to ensure complete 
control without the risk of cavitation on the valve and system. 

Two types of control valves that are widely used: 

 Flow control valve 
 Pressure control valve  

(i) Flow Control Valves 

Flow control valves regulate the flow or pressure of a fluid to maintain a preset flow rate or limit the 
maximum flow rate in respond to the signals generated by flow instrument installed downstream of the 
valve.  

For the water flow regulation in a pipeline with high differential pressures, the plunger type flow control 
valve is selected to be used. The plunger valve is generally consist of orifice and piston operated by a rod 
and crank mechanism. The valve can be operated with hand wheel and gearbox or with electric actuator.  

The hydraulically operated flow control valve type is pilot controlled and throttled to maintain a preset 
flow rate regardless of changing upstream and downstream pressures. This valve is generally consist of 
main valve and pilot valve control system. The throttled position of the main valve is controlled by an 
adjustable pilot valve which senses pressure across an orifice plate.  

(ii) Pressure Control Valves 

Two types of pressure control valves that are widely used are pressure reducing valve and pressure 
sustaining valve. These valves are hydraulically operated and pilot controlled with pressure sensing 
facility. The control valve preset pressure setting shall be adjustable.  

The pressure reducing valve regulates the flow or pressure of a fluid to reduce a higher inlet pressure to 
a steady lower downstream preset pressure in respond to the downstream pressure sensed by the pilot 
valve. The outlet pressure shall be kept constant regardless of changes in flow or inlet pressure. 
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The pressure sustaining valve regulates the flow or pressure of a fluid to maintain a constant upstream 
preset pressure in respond to the upstream pressure sensed by the pilot valve. The inlet pressure shall 
be kept constant regardless of changes in flow or outlet pressure. In general, this valve is used for 
pressure relief, pressure sustaining, back pressure, or unloading functions in a by-pass system. 

(4) Air Valves 

Air valves are to be manufactured to the standards recognized by SPAN.  

Figure J.33 shows a typical section through an air valve which consist of orifices and balls. 

Air valves are installed at the pipeline for the following functions: 

 For releasing large volume of air from the pipeline when the pipeline is being filled with water via 
a large orifice; 

 For continuous releasing of accumulated air within the pipeline via a small orifice, and 
 For allowing air entering the pipeline to cushion the impact of surge in the pipeline. 

The air valve large orifice size shall be at least same size of the valve inlet bore. The air valve shall be 
installed with a horizontally positioned isolating butterfly valve of the same size. 

 
Figure J.33 : Typical cross section of air valve 

Generally, air valves are required at the following points: 

(i) At high points where air must emerge to permit filling and at high points relative to the slope of 
the hydraulic gradient; 

(ii) Where a falling pipeline steepens its gradient; 
(iii) Where a rising pipeline flattens its gradient; 
(iv) At intervals on long lengths of pipeline where necessary to permit the release of air for filling the 

pipeline in convenient sections, generally at 2 km intervals or thereabouts. 

It is important to establish a smooth pipeline grade and not follow the terrain or an excessive number of 
air valves will be needed. The high points and grade changes that are less than 1 pipe diameter are 
typically ignored because the flow will flush accumulated air downstream. 

Sizing of air valve shall cater for two conditions: admitting air to prevent a vacuum in the pipeline and 
exhausting air during filling of the pipeline. 
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The air valve shall be capable of admitting air after power failure or line break at a rate equal to the 
potential gravity flow of water due to the slope of the pipe. The air valve shall also be sized for exhausting 
air during filling of the system with venting flow rate equivalent to the fill rate of the system. The final air 
valve size shall have a capacity greater than both the required exhausting and admitting requirements. 

The air valve orifice size is typically based on a maximum pressure differential of 2 psi to 5 psi 
subject to recommendation from the valve manufacturer. The maximum pressure differential is to 
remain safely below the limiting sonic pressure drop of 7 psi which may damage the system and 
potentially collapse larger diameter piping. Air valve manufacturers shall provide capacity curves for 
their valves which can be used to select the proper size of inlet and orifice. 

 Selection and Design Criteria 

(i) Valve pressure rating shall be selected based on the maximum working pressure of the line. 
(ii) Valves of DN 600 mm and above are to be incorporated with by-pass. 
(iii) Valves of DN 600 mm and above are to be individually supported by concrete block or equivalent.  
(iv) Isolation valves of DN 600 mm and above are to installed with electric actuators. 
(v) Valve meant for regulating flow purpose shall be of metal seated type. 
(vi) Valve internal coating shall be of non-toxic paint type. 
(vii) Valve flanges shall be double flanged type to match with the pipe flange.  
(viii) Generally, flow velocity through that the valve shall not exceed 5 m/s. 

 Electric Actuator 

Electric actuators shall be in line with the requirements as stated in section L.5.9 – Electric actuators. 

 Air Pneumatic Actuator 

The complete air pneumatic system shall consist of pneumatic actuators, compressed air generation and 
distribution system including duty/standby air compressors, compressed air storage tank, dryer, 
compressed air distribution pipe work, filters, regulators, drain valves, check valves, shut off valves, 
solenoid valves, valve terminals, air tubings, fittings, local control panels and accessories. 

All pneumatic actuators shall be designed to be maintenance free and for use with oil-free compressed 
air. The actuator shall be factory lubricated and tested to ensure proper operation. 

Pneumatic actuators for the valves and penstocks shall be sized and designed for an effective output 
torque at the drive shaft, rated at minimum 5.5 bar air supply pressure. The safety margin shall be at 
least 50% in excess of maximum closing and opening torque. The sizing of actuators shall be dependent 
on the air requirement and distribution pipe size.  

The compressed air distribution pipe work shall be laid out by the ring-main principle in order to obtain 
even distribution of pressure at different point of the system. Rigid piping shall be used for the ring-main 
air distribution system. The compressed air pipework shall be sized such that maximum pressure drop 
anywhere in the system shall not exceed 5% of the nominal system working pressure.  

Branch connections shall be taken from the top of the air main. Each branch connection shall be fitted 
with a readily accessible screw down isolating valve next to the air main. Automatic drain air filter and 
regulators shall be fitted in each branch connection and at all lower points on the system and drains shall 
be piped to the nearest suitable point of the drainage system. 

The air compressor shall be oil free type with piston or screw operation principle in order to guarantee 
an air-preparation without using oil.  

The compressor shall be at least one duty and one standby and each of them shall be rated for continuous 
operation at full duty. Both the compressors shall operate alternately and controlled by the compressor 
control system. 
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 Valve Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove smooth closing and opening of the valve door. 
(ii) Hydrostatic test to check leakage at the valve body and jointing. 

J.4.3 Surge Suppression System 

 Application 

Surge suppression system is provided as protection to the pumping plant and equipment against 
pressure surges and water hammer in pumping main resulting from changes of flow direction and 
pressure. 

Transient pressures or surges generated entails danger to pumps and pipelines. The pressure 
fluctuations associated with sudden flow stoppage can cause the following: 

 Pipeline burst due to pressure upsurge; 
 Pipeline collapse due to pressure downsurge; 
 Mechanical damage to equipment due to reverse flow. 

The most common cause of surge in pipelines is the sudden stoppage of pumps due to a power failure. 
The surge pressures following power failure are usually the most extreme that a pumping system will 
experience. 

Analysis of surge or water hammer phenomena in the pumping systems is carried out by means of a 
computer. Analysis is made by adding boundary conditions such as pumps, valves, reservoirs, etc. to the 
equations for non-steady flow motion in pipeline and for the condition of continuity. Graphical analysis 
and characteristic curve methods are available for analysis of surge or water hammer. 

The following are some of the common surge suppression devices that could be installed in the pipeline 
to provide protection against extreme pressures: 

 Flywheel at pump coupling; 
 Surge tank; 
 One-way surge tank (atmospheric tank); 
 Air surge vessel; 
 Check valve; 
 Pressure relief valve; 
 Surge relief valve; 
 Air valves, etc. 

Of these alternative types of surge suppression devices, the air surge vessel is widely used in waterworks.  
Figure J.35 shows some of the surge suppression devices. 

The surge suppression system readiness shall be interlocked with pump starting operation such that the 
pump cannot be started unless the surge suppression system is in fully functional condition. 
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(a) Flywheel type coupling (b) Universal surge tank 

  
(c) Air vessel (d) One-way discharge tank 

Figure J.34: Surge Suppression Devices 

 Surge Analysis  

This section will cover surge analysis using computer software graphical analysis to assess the maximum 
and minimum pressure line and usage of air vessel for suppression of upsurge and downsurge to be 
within the allowable limits. The analysis is to cover the original scenario without any surge protection 
device in placed and scenario with air surge vessel in placed to mitigate the pressure surges effect where 
necessary. The analysis is also to determine the requirement and location of any special anti-vacuum 
valve along the line, where necessary.  

The result analysis is to be shown in the graphical presentation. Figure J.35 shows the typical pressure 
surge graphical presentation in both of the above scenarios.  

Generally, the following data are required as minimum input for the surge analysis: 

(i) Pipeline profiles; 
(ii) Suction and discharge water levels; 
(iii) Pump rating (capacity, head, inertia etc.) and performance curve; 
(iv) Pumping output, and 
(v) Air valve locations. 

Protection to the pumping plant and equipment against pressure surges and water hammer in the 
pipeline will be provided by means of the surge suppression system, comprising the surge vessels and 
the compressed air system which shall pressurize the upper air chambers of the surge vessels. 
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Figure J.35: Pressure surge graphical presentation 

 Selection and Design Criteria 

(i) Surge analysis is to be carried out for the various pump operating modes including overload mode 
where applicable. 

(ii) The minimum pressure in the pipeline during down surge shall not be below atmospheric 
pressure. 

(iii) The maximum pressure during up surge shall not exceed the pipeline rating pressure. 
(iv) At least two surge vessels are to be provided (both in duty mode). 
(v) The surge suppression system is to be sized such that when one vessel is taken out of service the 

other surge vessels will be able to cope with the nominal pumping output under normal operating 
condition. 

(vi) Preferably, surge vessel of 3m long and more is to be horizontal type for ease of installation and 
maintenance. The vessel shall be installed with inclined position approximately 2 degrees towards 
the outlet.  

 Surge Vessel Control 

The control system shall maintain the water level in the surge vessels between two set points (high water 
level and low water level). Air is either released from the vessels or pumped into the vessels from the air 
compressors to achieve this requirement. 

Each surge vessel shall be provided with six level electrodes set to the following predetermined levels: 

(i) High-high water level; 
(ii) High water level; 
(iii) Normal water level; 
(iv) Low water level; 
(v) Low-low water level; 
(vi) Common for earth. 

The acceptable water level in the surge vessel during the pumping operation shall be between the high 
water level and the low water level. The pumps shall be prevented from starting when the water level is 
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at the "high-high" water level, or the "low-low" water level, and if more than one surge vessel is out of 
service. 
 
Figure J.36 and Figure J.37 respectively show typical horizontal and vertical surge vessels 
arrangements. 

 
Figure J.36: Horizontal surge vessel arrangement 

 

 
Figure J.37: Vertical surge vessel arrangement 

Surge suppression system and other associated equipment/system operation and control requirements 
shall be addressed in the Operation & Maintenance Manual as a guide for proper and safe operation.  
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 Air Compressor 

Air compressors are provided to supply compressed air for the surge vessels. The air compressors shall 
be of oil free reciprocating or rotary screw type depending on the capacity required. An air receiver tank 
shall be included in the compressed air system to prevent return of water vapour to the air compressor 
unit and minimize compressor starts. The air receiver tank shall be subject to JKKP testing and 
registration requirements. 

Two units of air compressors are to be provided, one duty and one standby. 

The air compressor is to be sized such that the period of air charging to all the surge vessels from high 
water level to normal water level with one compressor running shall not exceed 30 minutes. 

 Protection 

The following facilities shall be provided as a minimum protection for surge vessel operation: 

(i) Safety relief valve to be provided set to relieve at pressure in excess of the design pressure; 
(ii) Sight gauge for indicating water level inside the vessel and a continuous water level monitoring 

system, and 
(iii) Pressure gauge for indicating water pressure inside the vessel. 

 Surge Suppression System Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove correct installation and operation including sequential operation and 
simulation of protective devices for surge vessel. 

(ii) Functional testing of air compressor to prove correct installation and operation and absence of 
undue vibration and noise. 

(iii) Pressure testing for air pipework system. 
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J.5 RESIDUALS TREATMENT FACILITIES 

The major mechanical equipment that are widely used for residuals treatment facilities are as follows: 

J.5.1 Decanter Centrifuges 

 Application 

A decanter centrifuge is a device that employs a high rotational speed to separate components of 
different densities. A decanter centrifuge separates continuously solid materials from liquids in the 
residuals, and therefore plays an important role in the dewatering plant.  

The centrifugal force is used to force the liquid and solid separation. This force is created in a conical-
cylinder bowl that rotates at high speed (2000-3500 rpm). The residuals particles are pressed against 
the bowl and conveyed out of the centrifuge by a screw that rotates at a slightly higher different speed 
than the bowl (a few rpm). 

In general, centrifuge is suitable to dewater residuals of 2%-6% concentration with incorporation of 
flocculant such as polymer to thicken the residuals when feeding into the centrifuge. 

 Types 

The main types of decanter centrifuges are: 

(i) Vertical orientation - the rotating assembly is mounted vertically with its weight supported by a 
single bearing at the bottom or suspended from the top. 

(ii) Horizontal orientation - the rotating assembly is mounted horizontally with bearings on each end 
to a rigid frame, which provides a good sealing surface for high-pressure applications. This 
orientation is the most common type used in water supply works. 

 
Figure J.38: Typical horizontal decanter centrifuge  

 Standard 

There is no specific manufacturing standard for the centrifuges. 

 Selection and Design Criteria 

(i) Centrifuge configuration shall consist of duty and standby units. 
(ii) The centrifuge shall preferably work according to concurrent principle. The residuals is fed into 

the centrifuge at one end of the drum and is conveyed throughout the full length of the drum/rotor 
and the sludge cake is discharged at the other end of drum.  

(iii) The centrifuges shall produce final dewatered residuals cake at minimum dryness of 30%w/w dry 
solids.  
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(iv) Abrasion resistant material shall be applied at the points that are exposed to wear and tear. 
(v) Flushing water facility shall be provided to flush down after shutdown to ensure that the bowl is 

cleaned and no residuals remain in the centrifuge. 

 Protection 

The following facilities shall be provided as minimum protection for operation: 

(i) An electrically operated cover shall cover the whole length of the rotor. A safety switch shall be 
provided to prevent the decanter from operating if the cover is opened;  

(ii) Vibration sensor for excessive vibration detection; 
(iii) Over torque sensor; 
(iv) Speed sensor for low and over speed detection; 
(v) Temperature sensor for the main motor winding. 

 Centrifuge Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove correct operation/rotation and absence of undue vibration and noise; 
(ii) Functional testing of safety devices; 
(iii) Performance test to verify the sludge cake dryness, , flocculant aid consumption and effluent 

quality. 

J.5.2 Thickener 

 Type 

Thickening processes have been addressed in section D.2.4.2 – Residuals Thickening. 

Gravity thickeners are usually selected for the WTP for continuous flow type comprising a cylindrical 
tank of reinforced concrete construction, access bride, drive assembly, rotating sludge scraper and all 
associated equipment necessary to safely and efficiently thicken and remove sludge from the thickeners 
without re-suspending.   

A typical gravity thickening tank is as shown in Figure D.28: Typical gravity thickener plan and 
sectional view (page 226). 

The thickeners shall be central drive bridge mounted or central drive with center column support subject 
to manufacturer’s recommendation and design. In general, central drive bridge mounted is selected for 
a thickening tank less than 20 m diameter. 

 Standard 

There is no specific manufacturing standard for the thickeners.  

 Selection and Design Criteria 

(i) The thickener shall be rated for continuous operation and shall be suitable for operation in an 
outdoor environment. 

(ii) The thickener shall be constructed such that there will be no sprockets, bearings or operating 
mechanism below the liquid surface or in contact with the liquid. 

(iii) All drive components, instrument and indicators shall be provided with clear accessibility and 
easily read from the access bridge operating platform. The operating platform shall provide 1000 
mm clear access around the drive unit. 

(iv) All points where oil leakage may occur shall be suitably trapped to prevent oil contamination of 
water.   
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(v) The access bridge and walkway shall extend from the tank sidewalk to the operating platform.  The 
bridge shall be supported at the tank sidewall and the turntable base.  

(vi) The walkway shall be at least 750 mm wide inside the handrails. Handrailing with a 100 mm toe 
plate shall be attached to both sides of the bridge and extend around the drive unit.  

(vii) Deflection of the access bridge under the maximum operating load shall not exceed 1/360 of span.  
(viii) The scraper shall be equipped with lifting device to lift up the whole scraper mechanism for 

inspection and maintenance. 

 Operation 

Residuals to the thickening tank shall be fed by two thickened residuals pumps (one duty one standby). 
The thickening tank shall be equipped with differential density level sensor to detect the residuals 
blanket level for monitoring and automatic control.  

The residuals thickening tanks shall be operated on a continuous basis with supernatant overflow to the 
plant drainage system. The thickened sludge shall be automatically controlled by the PLC at the local 
control panel, either under “level mode” or “timer mode”.  

Under “level mode”, the differential density level sensor shall be used to control the thickened sludge 
pumps to achieve the maximum sludge concentrations. The duty pump shall be switched on at a pre-set 
high level and switched off at a pre-set low level. Under “timer mode”, the duty pump shall be switched 
on according to the pre-set duration and frequency. The change over from duty to standby pump, shall 
be carried out automatically. 

Facilities shall also be provided for manual control of the sludge thickening plant at the local control 
panel. 

 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) The torque overload protection device. 
(ii) Container shall be provided to allow collection of drained oil. 

 Thickener Performance at Site 

The minimum of tests to be conducted at site to demonstrate the installation correctness and to assess 
the performance shall include to the following: 

(i) Functional testing to prove correct operation of thickener and absence of undue vibration and 
noise. 

(ii) Functional testing to demonstrate correct sequel operation. 
(iii) Performance test to verify flocculant aid consumption, if provided in the thickening process. 
(iv) Simulation of protection devise function. 

J.5.3 Conveyer 

 Application 

Conveyors are a mechanical handling devices that transport material with minimal effort from one 
location to another. In the sludge treatment plant, the conveyor is normally used to transport the 
sludge cake from dewatering plant to its storage yard.  
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 Type of Conveyors 

There are many different types of conveyors which they usually consist of a frame that supports either 
rollers, wheels, belt, screw etc. to suit the different products or materials that need to be transported. 
Screw conveyor type is widely used in the residuals treatment plant due to its cost effective and ideal for 
conveying dry to semi-fluid bulk materials from free flowing to sluggish. 

Conveying efficiency is affected by 
angle of incline, characteristics of the 
specific bulk material, type of screw 
conveyor trough and screw pitch. 
Screw conveyors shall be installed at 
the lowest possible degree of incline 
for maximum efficiency subject to 
recommendation from the supplier. 

Figure J.39: Typical shaftless screw 
conveyor  

 Standard 

There is no specific manufacturing standard for the conveyor. 

 Selection and Design Criteria 

(i) The conveyor shall be of horizontal inclined shaftless screw non clogging surface type supplied as 
stand-alone unit. The screw conveyor inclination shall not exceed 25 degree. 

(ii) Each screw conveyor trough shall have supports at the drive end and the tail end of the trough plus 
intermediate supports with spanning not more that 3000 mm. The complete assembly of screw 
conveyor shall have sufficient supports as recommended by the supplier.  

(iii) Trough assembly shall be designed to ease maintenance that means parts like covers, “U” channel 
stiffeners and screw guiders are detachable to provide full clear access to shaftless screw and liner. 

(iv) The conveyor components shall be robust and corrosion resistant to the material being 
transported.  

(v) The trough liners shall be of low friction coefficient material combined with high resistance to 
abrasion. The liners shall be replaceable. 

(vi) Inspection panel of transparent material shall be provided. 
(vii) The screw conveyors shall be of trouble-free operation with minimum spills and dust in the 

building.    
(viii) The screw conveyors shall be designed with intermediate manual high pressure water flushing 

and drain points to ease the cleaning of the conveying system. 
(ix) The screw conveyor design shall have no intermediate bearings so that routine maintenance can 

be minimized.  

 Operation 

The screw conveyor shall be designed to operate under automatic mode. The screw conveyor shall be 
link to the equipment associated with dewatering conveying system which shall automatically start after 
a predetermined sequence. After the start is initiated at the starter panel, the selected dewatering 
equipment outlet and screw conveyor shall run. 

Manual mode is provided for maintenance purpose but not for dewatering process. In manual mode, all 
operations of the plant shall be started manually from the local control panel or start/stop push button 
station adjacent to the equipment.  

If the screw conveyor jammed or overloaded, an audible and visible alarm shall be triggered and the 
standby screw conveyor shall run automatically, where applicable.  
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 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) Torque switches shall be provided for detection of over torque. 

 Screw Conveyor Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following : 

(i) Functional testing to prove smooth operation for the screw conveyor system including sequential 
operation and protection devise function. 

(ii) Functional testing to prove correct operation of the screw conveyor system and absence of undue 
vibration and noise. 

J.5.4 Residuals Pumps 

Residuals pumps shall be of the progressive cavity type whereby a pumping action is created by a helical 
rotor rotating eccentrically within a resilient stator having internally the shape of a double helical 
chamber. The eccentric motion of the rotor shall maintain a constant seal across the stator as it travels 
continuously through the pump to give a uniform positive displacement.  

 
Figure J.40: Typical progressive capacity pump for residuals pumping 

The pump wetted parts shall be manufactured from corrosion and abrasion resistant material to the 
residuals medium. The pump configuration shall consist of duty and standby units. 

The pumps shall be fitted with the following protection devices: 

(i) An individual dry running protection device to initiate pump trip for prevention of possible 
damage to the stator/rotor.  

(ii) An over pressure sensing device to detect high pressure in the delivery pipework immediately 
downstream of the pump to initiate pump trip over above normal operating pressure.  

J.5.5 Residuals Valves 

Isolation valves for residuals application shall be of full bore type such as plug valve, knife gate valve and 
sluice valve. The valve shall be rated to cater for the maximum working pressure of the system and its 
wetted parts shall be resistant to the sludge medium. 
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J.6 LIFTING FACILITIES 

J.6.1 Application 

Lifting facilities shall be provided for all WTP buildings and structures including intake, pumping 
station, chemical building, generator building, store, workshop, chemical mixing chamber, etc for 
handling installation and removal of equipment for services and maintenance works. 

J.6.2 Type  

The type of lifting facilities to be provided shall be as follows: 

(i) Portal A-frame crane - intake  
(ii) Overhead gantry crane  - plant building where two degrees of movement is required 
(iii) Monorail crane  - plant building where a single degree of movement is required 
(iv) Portable crane or  

lifting davit/jib  - light load for outdoor application   

The crane shall be manufactured in accordance with FEM (Federation of the European Handling 
Equipment Manufacturers) and BS 466 standards. 

Below are typical of portable crane, overhead gantry crane and lifting davit. 

 
Figure J.41:  Portable crane 
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Figure J.42: Electric overhead gantry crane 

 

 
Figure J.43: Lifting davit 
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 Selection and Design Criteria 

(i) The crane capacity (SWL) shall be 20% greater than the individual weight of the heaviest single 
equipment to be handled. 

(ii) The monorail crane rail shall be positioned at the centre line of the equipment and to be extended 
to the entry or exit of the building.   

(iii) Electrically operated crane shall be used when the load is more than 1000 kg. 
(iv) Access ladder and permanent working platform shall be provided for accessibility to the electric 

hoist unit for maintenance works. 
(v) Crane outreach shall be extended to the loading bay for accessibility to the truck. 
(vi) Electric hoist speed shall be of 2 speeds type – rated speed and creep speed. 
(vii) Crane components for chemical buildings shall be resistant to the chemical environment where it 

serves.  

 Operation 

Electric crane shall be operated via pendant pushbutton. 

 Protection 

The following facilities shall be provided as a minimum protection for operation: 

(i) Travel limit switches shall be provided for the electric crane movement to prevent over travel. 
(ii) Overload safety device shall be provided to prevent handling of oversized loads. 
(iii) Facility to lock the outdoor portal crane frame/leg shall be provided to prevent toppling in the 

event of strong wind/storm. 

 Lifting Facilities Performance at Site 

The minimum of tests to be carried out at site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing to prove smooth operation of crane movement including limit switches. 
(ii) Overload testing to conform functionality of safety device. 
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STANDBY GENERATORS 

K.1 GENERAL 

Most WTPs run on electricity supplies generally provided by electricity service providers, namely TNB, 
SEB and SESB. However, due to the critical requirement to have the WTP to run continuously, and 
electrical service providers cannot guarantee continuous power supplies, it is necessary to provide a 
standby power supply source. The most common alternative power supply is by diesel engine driven 
generators as the standby power source. 

The standby generator shall be registered with Suruhanjaya Tenaga upon the completion of installation.  

Brief description on the extent of the standby power to be provided has been previously discussed in 
section E.3.8. 

K.2 STANDBY GENERATOR CAPACITY 

K.2.1 Standby Power Requirement  

The standby generator shall be designed and sized to meet the calculated standby load requirement. The 
standby load shall include all equipment that need to operate during power failure. 

K.2.2 Generator Sizing  

Once the standby load has been established, the generator can be sized accordingly. The following criteria 
need to be considered when sizing the generator set; 

(i) All equipment which needs to operate during normal power supply failure has to be taken into 
account when calculating the standby load.  

(ii) Ensure that starting of the largest motor in the plant is considered when sizing the generator: 

(a) Deduct the largest motor load from the standby load. The remaining load becomes base load. 
(b) Calculate this largest motor starting load based on the type of starting method it is designed 

for. 

(iii) Sum up the base load (without the largest motor load) and the largest motor starting load.   

(iv) Convert the sum from kW to kVA allowing power factor of 0.8. 

(v) Use the kVA rating to select the standby generator. The selected unit shall be the nearest higher 
standard generator capacity that is commercially available. 

An example calculation of for the generator sizing is as follows: 

(i) The available information are as follows: 

 Standby load requirement is 550 kW; 
 Biggest pump is the treated water pump rated at 100kW and using auto transformer 

starting method (250% starting current). 

(ii) The generator load is calculated as follows: 

 Plant base load (without a treated water pump) 450 kW  
 Allow starting load for the treated water pump (2.5 x 100kW) 250 kW  
 Total load for generator 700 kW  
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Calculated generator rating = 700kW/0.8 = 875 kVA 

The nearest higher standard generator rating available in market is 1000 kVA. 

Generator minimum running load shall not be less than 30% of the generator rating. 

K.3 STANDBY GENERATOR ROOM 

K.3.1 Generator Room Location 

The generator room shall be located as close as possible to the main switchboard which serves the 
standby load. 

K.3.2 Generator Room Requirement 

The generator room design shall take into consideration the operational and maintenance 
aspects: 

(i) Room size shall be sufficient to install all equipment and components. 
(ii) Equipment shall be able to be taken out of the room through the door without 

difficulties, when required. 
(iii) Sufficient space shall be provided to access to equipment and perform maintenance 

work. 
(iv) Roof shall be designed to avoid water leak as well as sufficient to contain noise from 

going out in order to meet permissible noise level requirement.  
(v) Ceiling shall be high enough for the exhaust system installation. 
(vi) Walls and doors shall be designed to cater for acoustic requirements. 
(vii) The air intake and discharge shall be sized to provide sufficient ventilation to the 

generator. Calculation for the requirement shall be performed. 
(viii) Air intake and discharge shall be provided with silencer to meet the minimum noise 

level requirement. Acoustic calculation shall be performed. 
(ix) The location of the air intake and the discharge shall be properly studied such that they 

are not obstructed by structure or other equipment. 
(x) Fuel tank located inside the generator room shall be provided with bund to contain fuel 

leak.  
(xi) Trench shall be provided for installation of cables as well as fuel piping system. 
(xii) Complete generator shall be mounted on plinth. The plinth shall be suitably sized and 

shall be able to withstand the generator dynamic load. 
(xiii) The generator set shall be provided with spring isolators between generator skid and 

plinth. 
(xiv) Spring isolators shall also be provided for the mounting of the exhaust system. 
(xv) Oil separator system shall be provided. 
(xvi) The room shall be provided with sufficient lighting and ventilation. 
(xvii) Fire safety equipment such as portable fire extinguisher shall be provided. 
(xviii) Large generator room may require crane be provided for maintenance purpose. 
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A typical generator room layout and section view is shown in Figure K.1 and Figure K.2 below: 

 
Figure K.1: Typical generator room layout 

 
Figure K.2: Typical generator room sectional elevation 

K.3.3 Generator Set 

 Generator Engine 

The engine shall be water cooled with fan and radiator, single acting, 4 stroke cycle compression ignition, 
cold starting, direct injection type and shall be naturally aspirated or pressure charged as appropriate.  

The engine shall be capable of producing continuously the service power not less than that required by 
the alternator and all other necessary equipment, ancillaries and auxiliaries for the generation of the 
required output under the specified operating conditions.  

The engine shall be so designed and constructed that all parts are easily accessible for inspection, 
cleaning and maintenance. All moving parts shall be adequately screened to prevent accidental contact. 
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The engine (see Figure K.3) shall be directly coupled to the alternator and shall be mounted on a 
sub-frame which shall be resiliently mounted (spring isolators) on a skid-frame arranged for installation 
on concrete foundations, complete with all necessary anti-vibration mountings. 

The engine shall be water cooled by radiator and cooling fan, belt driven from the engine crankshaft and 
shall be of sufficient capacity to maintain normal working temperature under continuous full load 
conditions in the prevailing climatic conditions. 

 

 
Figure K.3: Typical diesel engine driven generator 

The engine radiator discharge air shall be directed outdoors through discharge duct that connects the 
engine radiator to an opening in an external wall. The ducting shall be fabricated from galvanised mild 
steel and fully supported using hot dipped galvanized supporting frames and isolated from engine 
vibration and noise transmission. The engine radiator discharge air duct shall incorporate an efficient 
radiator air discharge silencer capable of reducing the air discharge noises of the engine to the acceptable 
noise level. 

The air intake system complete with silencers shall be sized to provide adequate air for combustion and 
ventilation of the generator room (see Figure K.4). 

A complete exhaust system shall be included together with an efficient heavy duty residential silencer 
system which shall be erected directly from the exhaust manifold within the generator room. The 
silencers shall be of the high-performance reactive type and shall be capable of reducing the engine 
exhaust noise. The exhaust shall be pointed directly out of the generator room. 

The engine shall have a forced lubricating oil system comprising a gear pump directly driven from the 
engine crankshaft, full-flow oil filter with impregnated paper elements of the replaceable type, 
lubricating oil cooler, suction strainer, bypass release valve to the filter head and all the necessary 
pipework, valves and fittings.  

 

Radiator 
Engine Alternator 

Exhaust pipe 
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Figure K.4: Typical air intake and discharge silencer 

 Alternator 

The alternators shall generate a 400V, 50Hz, 3 phase supply at a power factor of 0.8 lagging.  

The alternator shall be continuously rated. It shall be of the salient pole self-exciting, quick response 
brushless type. 

Enclosure of the alternator shall conform to IP 23 degree of mechanical protection and cooling to IC 01. 
End shields attached to the stator frame shall be provided to protect the stator end windings and to 
promote efficient ventilation. 

Machine insulation shall be in accordance with Class H with temperature rise limited to Class F which 
shall not exceed 105K.  

The alternator shall be fitted with winding heaters to prevent moisture in the winding. 

In addition temperature monitoring shall be provided at the motor windings. 

 Engine Protection and Instrumentation 

The engine shall be included with the following protection: 

(i) Low lubricating oil pressure shut-down device. 
(ii) Mechanical over-speed trip. 
(iii) Automatic shut-down device which shall operate visual and audible alarm due to the following 

fault conditions: 

(a) Engine fail to start; 
(b) Low lubricating oil pressure; 
(c) High lubricating oil temperature; 
(d) High cooling water temperature; 
(e) Low fuel oil supply; 
(f) Control circuit voltage failure, and 
(g) Over speed. 

(iv) Local “Start” and “Stop” pushbuttons with indicating lamps. 
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Engine instrumentation shall include the following: 

(i) Tachometer; 
(ii) Hour run meter; 
(iii) Battery charger state, and 
(iv) Temperature and pressure gauges for cooling water and lubricating oil system. 

K.3.4 Fuel System 

The fuel requirement for the generator shall depend on standby operating time of the generator. The fuel 
quantity shall be calculated based on the generator engine consumption at full capacity operation and 
the number of operating hours.  

In general, standby generator for WTP shall be provided with fuel storage for 12 hours operation.  The 
fuel storage capacity shall depends on the factors such as accessibility to the plant and the availability to 
source fuel during power failure.  

There are two type of fuel storage tanks namely daily service tank and bulk storage tank (Photo K.1).  

 
Photo K.1 : Daily service tank and bulk storage tank 

The daily service tank is normally of rectangular shape and located in the generator room. The bulk fuel 
tank is generally of horizontal cylinder type mounted on foundation. The bulk fuel tank is an outdoor 
type. 

In the event where bulk fuel tank is provided due to a large fuel storage requirement and fuel transfer by 
gravity feed could not meet the requirement, fuel transfer pumps shall be provided to transfer fuel from 
the bulk storage tank to the daily service tank. 

Suitable fail safe quick closing valve shall be provided to isolate the fuel system during emergency. 

The tanks shall be provided within bund sufficiently sized to cater for maximum fuel leak. 

An example of fuel storage calculation is as follows: 

Duration of fuel storage requirement – 12 hours 
Generator consumption at full capacity – 150 litre/hr  

Fuel storage requirement  =  150 litre x 12 hour  
  hour  
  = 1800 litres.  

Fuel tank size, allow for 10 to 20% spare volume; 
Say, allow for tank volume to be 2000 litres after allowance of spare volume. 
Therefore, the proposed fuel tank size is 2m (length) x 1m (width) x 1m (height) 
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K.3.5 Noise Level Requirement 

The noise level from generator room shall comply with the Department of Environment (DOE) 
requirement. The noise level at the nearest boundary from the generator room shall not exceed 60 dBA 
at day time and 55 dBA at night time. 

In order to meet this requirement, the generator room shall be designed with sufficient wall thickness. 
Ceiling and roof for the room shall also be designed with suitable construction material to reduce the 
noise level from being transmitted to outside.  

The door shall be of acoustic design which reduces the noise (Figure K.5). Glass windows if installed 
shall be of double-glazed type. 

Air intake silencers shall be provided at the air intake opening. Similarly, silencers shall be provided at 
the discharge radiator outlet.  

The exhaust system shall be installed with silencers to ensure effective control of the smoke noise from 
the generator. Two stage silencers may be necessary if single stage silencer could not meet the noise 
reduction requirement. Installation of flexible joints at the exhaust pipes and spring isolators for the 
silencer hangers can reduce the engine vibration from being transferred to the wall or ceiling. 

Generator noise also comes from vibration when the engine is running. This noise can be reduced by 
installing spring type vibration isolators at the generator base skid, which will reduce the vibration and 
noise from being transmitted to the floor. 

The noise level transmitted from the generator room can be determined by calculation, taking into 
consideration the noise level from the generator set and all the acoustic components that are installed to 
treat or reduce the noise transmission to the atmosphere. This calculation is done by specialist contractor 
or supplier during the construction stage of the generator installation. 

 

Figure K.5: Typical acoustic door 

K.3.6 Generator Starting System 

The generator engine shall be provided with an electric starter motor, a 24 volt heavy duty battery and a 
battery charger in the Auto Mains Failure (AMF) panel. 

In the event of power failure, the battery system shall have sufficient capacity to provide a minimum of 
seven consecutive abortive starts of the engine with each start having a minimum cranking period of 15 
seconds and rest period of 10 seconds between starts.  

Batteries shall be housed in a rack or crate located beside the generator set and the exposed battery 
terminals shall be protected by insulation cover to prevent accidental shorting of the terminals. The 
battery rack or crate shall be strong, adaptable and provides good alkali protection. 
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Low battery voltage protection shall be provided so that an alarm signal is given and engine starting 
system is cut off when the battery voltage falls below the required voltage for starting the engine. 

The battery charger shall operate from the 400V mains supply. The battery charger shall be complete 
with ammeters (milli-ampere meter for trickle charge and ampere meter for boost charge), voltmeters, 
mains isolator, indicating lights for ‘Mains On’, ‘Trickle Charge’, ‘Boost Charge’ and ‘A.C. Failure’. The 
battery charger shall also be fitted with surge protection devices to protect against voltage surge due to 
lightning. 

K.3.7 Appendix: IP Protection Ratings Guide 

 
Figure K.6: IP (ingress protection) ratings guide 
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ELECTRICAL PLANT 

L.1 INCOMING POWER SUPPLY  

L.1.1 Electrical Power Supply Authorities and Applicable Legislation 

Electrical services are under the jurisdiction of Ministry of Energy and Natural Resources. 

The statutory body established under the Energy Commission Act 2001, Suruhanjaya Tenaga (ST) or the 
Energy Commission which is responsible for regulating the energy sector, specifically the electricity and 
piped gas supply industries, in Peninsular Malaysia and Sabah. 

The electrical services are also governed by the following act and regulations: 

 Electricity Supply Act 1990; 
 Electricity Regulation 1994 and Rules; 
 License Supply Regulation 1990 (Amendment) 2002; 
 Electricity supply (Compounding of Offences) Regulation 2001, and 
 Efficient Management of Electricity Energy Regulation 2008. 

L.1.2 Electricity Supply Providers 

Depending on the location of the plant, power supply shall be requested from the power supply 
providers.  The power supply providers operating in Malaysia are as follows: 

 Peninsular Malaysia    -     Tenaga Nasional Berhad, TNB. 
 Sabah                          -     Sabah Electricity Sdn Bhd, SESB. 
 Sarawak                    -     Sarawak Energy Berhad , SEB. 

Power supply schemes (voltage level and connection arrangements) are generally dependent on 
consumer load (maximum demand, MD).  

The types of substations and other power supply details can be referred to the electricity supply 
handbook and guidelines provided by the respective service providers. The available handbooks or 
guidelines issued by TNB, SESB and SEB are as follows: 

 TNB Electricity Supply Application Handbook (ESAH). 
 SESB Electricity Supply Application Handbook. 
 SEB Connection Charge Guidelines. 

 
Figure L.1: Electricity supply publications for TNB, SESB and SEB 
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L.1.3 Power Supply Application 

Application for electricity power supplies should be done at the early stage of the design to make sure 
that the required power supply can be made available to the plant on time due to the lead time imposed 
by the utility providers. 

At the initial stage of the power supply application, the consumer will be informed by the service provider 
about the requirement to provide the suitable substation or the relevant infrastructure, in order for the 
service provider to provide the required power supply to the plant. Constant communication between 
the Designer and the service provider is important throughout the application process to avoid any delay 
in receiving power supply. 

Location of substation shall be identified and a sufficient land area shall be allocated. Generally, service 
provider substation will be located near the plant entrance, so as to provide access to service vehicles 
and at the same time provide proper route for the incoming power supply cables. The substation shall be 
located outside the plant fencing area and be provided with its own fence and access gate. These 
substations design shall be based on the individual local service provider requirements. 

The maximum demand declared to the service provider shall be properly calculated or estimated. Under 
declared maximum demand may result in insufficient power supply to the plant, while over declared 
maximum demand may result in penalty to be imposed to the consumer by the service provider. 
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L.2 ELECTRICAL DESIGN 

L.2.1 General 

Electrical system design shall include the complete electrical reticulation inclusive of incoming supply 
arrangement, metering, voltage transformation, switchboard arrangement, electrical distribution and 
termination to equipment. To maintain security and reliability of power supply throughout the plant, 
redundant arrangement should be adopted as much as possible.  

L.2.2 Incoming Power Supply Arrangement 

The Designer shall determine the overall plant electrical load requirement and make the declaration to 
the service provider the required maximum demand (MD) for the plant. The service provider will then 
confirm the type of power supply that will be provided to the plant. With this confirmation, the designer 
can then plan the incoming supply arrangement and the electrical supply distribution to the plant. 

L.2.3 Type of Power Supplies 

Electrical power supplies for WTPs may generally be divided into four types based on the plant 
capacity and the electrical maximum demand (MD) requirements. These types can be defined as follows, 
based on TNB power supply guidelines: 

Table L.1: Plant type and power supply arrangements 

WTP size 
Plant 
type 

WTP 
capacity        

(Mld) 

Estimated 
MD (kVA) 

Electrical supply 
voltage level 
received by 
consumer                       

(kV) 

Remarks 

Very small Type 1 Up to 5 25-100 0.400 
Consumer receives 400V 

supply from service 
provider. 

Small Type 2 6-50 101-1,000 0.400 
Consumer to provide 
11kV substation for 

service provider. 

Medium to 
large 

Type 3 51-200 1,001-5,000 11 
Consumer to provide 

11kV switching station 
for service provider. 

Large to 
very large 

Type 4 201-1000 
5,001-
25,000 

33 
Consumer to provide 
33kV SSU for service 

provider. 

Power supplies with maximum demand of more than 25 MVA, may require the consumer to take supply 
at 132 kV.  

These plant types are defined for general guideline purpose and shall not be construed as definite as the 
estimated MD may differ from plant to plant due to the electrical load requirement of the specific plant, 
especially the load from the pumping plant. The voltage level received by the consumer may also differ 
due to the voltage level available by the service provider. 
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Based on the above WTP types, the electricity supply incoming arrangements can be presented in four 
typical configurations as follows: 

                                            
 Figure L.2: Type 1, Single Incomer at 400V 

 
 Figure L.3: Type 2, Dual Incomer at 400V 

 

 
 Figure L.4: Type 3, Dual Incomer at 11kV 
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 Figure L.5: Type 4, Dual Incomer at 33kV 

The Designer will have to include in their application the request for dual incomer from the power supply 
provider where such requirement is required. 

L.2.4 Standby Power Supply 

Standby power supply to the service provider is normally provided by standby diesel generator set. 
The standby generator is described in Part K of these Guidelines.  

The requirement of standby power supply to each plant shall be based on the risk assessment described 
in section E.3.8. 

L.2.5 Electrical System Redundancy 

WTPs are dependent on electrical power supplies to run the system. Therefore it is critical to ensure that 
power supply could be maintained without any disturbance due to failure of electrical components such 
as transformer or switchboard.  

One of the ways to enable the plant to continue operating during this failure is to have a redundant 
electrical system, where failure on single equipment can be supported by the second equipment.   

Redundant power supply arrangement can be achieved by providing the following; 

(i) Dual power supply intake. 
(ii) Dual intake switchgear, with coupling section and dual feeder switchgear. 
(iii) Dual transformers. 
(iv) Dual incomer 400V switchboard with coupling section. 

Due to redundant equipment, there will be two cable connections to the switchgears, transformers and 
switchboards. Rating of each switchgear, transformer, switchboard section and cables shall be sized to 
the total section maximum demand. The load for the redundant system shall be equally divided as much 
as possible during the design.  

With the dual incoming supplies to the switchboard, the Designer may adopt automatic changeover 
system. However, this may only apply to a fully automated plant. 
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A typical redundant system arrangement is depicted in the following Figure L.6: 

 
Figure L.6: Typical redundant arrangement 

Based on the above diagram, failure and backup arrangement can be explained for the following 
scenarios: 

(i) A failure at the service provider incomer supply No.1 – Incomer Circuit Breaker No.1 at 11kV 
MSB will be opened. Bus Coupler at 11kV MSB will be closed. Both Transformer No.1 and 
Transformer No.2 will receive supply from Service Provider 11kV Supply No.2. 

(ii) A failure at Transformer No.2 – MSB Incomer Circuit Breaker No.2 at 400V MSB will be opened. 
MSB Bus Coupler will be closed. The complete 400V MSB will be served by Transformer No.1. 

(iii) A failure at feeder cable to Transformer No.1 – MSB Incomer Circuit Breaker No.1 at 400V MSB 
will be opened. 400V MSB Bus Coupler will be closed. The complete MSB will be served by 
Transformer No.2. 

L.2.6 Switchboard Dual Section Arrangement  

Dual section arrangement at main switchboard or motor control center allows the feeder 
arrangement of multiple number of equipment with the same function, such as raw water intake pumps 
and treated water pumps be separated equally to each side of the switchboard. With this arrangement, a 
failure to a section of the switchboard will not disrupt the operation of the other section.  
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This arrangement is described in the following Figure L.7: 

 
Figure L.7: Typical dual section MSB/MCC arrangement 

L.2.7 Power Supply Distribution 

The power supply distribution system for the WTP will depend mainly on the WTP capacity and site 
layout. The electrical system reticulation should be designed based on the location of load centres. 
Generally, the load centres are at the location where there are larger mechanical equipment such as 
pumps, blowers and compressors. Substation will be located based on the location of these load centres. 
In most WTPs, the major load centres are at the intake pumping plant and treated water pumping plant. 
Some other major loads are at filter and clarifier plant, chemical and chlorine buildings, and residuals 
treatment facility. 

At larger WTPs, because of the scale of the plant, low voltage (400V) distribution may not be viable. This 
is due to the long distant cable length may result in cable voltage drop limit is exceeded. As such 11kV 
system will need to be designed for the supply to the load centres. The 11kV power supply at the 
individual load centre will then be transformed to 400V for local distribution. This arrangement may 
arise with type T3 and T4 plants. The designer should study and work out the best voltage arrangement 
and the siting of the 11kV switchboards and transformers. 



 
 

PART L  :  Electrical Plant 

    626 

The following is an example of the proposed locations of the 11kV Substation based on the hypothetical 
layout of a 200 Mld WTP described in Part G. 

 
Figure L.8: Proposed location of 11kV switchroom and transformer rooms in hypothetical layout 

of a 200 Mld WTP 
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The following Figure L.9 is the typical power supply configuration based on the plant described in Figure 
L.8 previously: 

     
Figure L.9: Proposed electrical single line diagram for hypothetical 200 Mld WTP 
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L.2.8 Sizing of Transformer 

Transformers shall be sized based on the total maximum demand of the plant or section of the plant it 
connected to.  With the maximum demand value determined, allow for a transformer loading of 80% to 
90%. A higher standard transformer capacity available in market shall be selected.  

An example of transformer sizing is as follows: 

 Plant maximum demand is 720kW; 
 Allow power factor at 0.85; 
 Allow 90% transformer loading. 

The transformer capacity is calculated as follows: 

Transformer capacity  = 720 kW  
   0.85  

  = 847 kVA  

Allow 90% transformer loading = 847 kVA / 0.9 = 941 kVA 

The nearest higher standard transformer rating available in market is 1000 kVA. 

Therefore, the proposed transformer rating selected is 1000 kVA 

L.2.9 Sizing of Switchboard 

Switchboards shall be sized or rated based on the full load rating of the transformer for the case of a 
switchboard feed by a transformer. This normally happen for the case of main switchboards. Motor 
control centres and sub-switchboards shall be rated based on the maximum demand at the panel with 
allowance of a 20% spare incomer rating. 

(i) Example of sizing for switchboard feed by a transformer: 

Transformer rating is 1000kVA 

Calculate the current using the transformer rating; 

1000kVA               = 1443A 
    √3 x 0.4kV   

       The nearest standard switchboard rating selected is 1600A. 

(ii) Example of sizing for a sub-switchboard feed from main switchboard: 

Sub-switchboard maximum demand is 290kW 

Calculate the current using the maximum demand; 

   290kW               = 492A 
  √3 x 0.4kV x 0.85  

       Allow for a 20% spare incomer rating, 492A x 1.2 = 590A. 

The nearest standard switchboard rating selected is 630A. 
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L.3 SWITCHBOARDS 

L.3.1 General 

Switchboards refer to all switchboards, motor control centres and sub switchboards.  

Switchboards, associated components and all other equipment install switchboard shall comply with the 
relevant current BS (British Standard) and/or IEC (International Electrotechnical Commission) 
standards.  

Components should be standardised as much as possible. Electrically identical components should 
preferably be of one type and make. Components installed shall be type tested in accordance with 
relevant IEC standards.  

Switchboards shall be type tested in accordance with relevant IEC specification by a recognised 
switchgear testing laboratory such as ASTA (Association of Short-Circuit Authorities) or KEMA (Keuring 
Van Electrotechnische Materialen -Dutch: Verification of Electrical Engineering Materials; Netherlands) 
as evidence that the switchgear, fuses and control gear etc. have passed the test for operation at fault 
levels not less than those called for.  Type test certificates shall be provided by the testing laboratory to 
the consumer for the acceptance of the switchboards.   

All switchboards, starterboards, motor control centres should be designed based on the calculated 
maximum demand and the current ratings should be based on an average power factor of 0.85. 

L.3.2 Design and Construction 

The switchgear shall be enclosed in dust, insect and vermin proof steel cubicle of rigid construction and 
made of electro galvanised sheet steel with sufficient thickness. Where two or more cubicles are fitted 
together they should form a continuous flush front. All switchboards in the same room should be of 
uniform height. 

 
Photo L.1: Typical low voltage switchboards 

 Construction 

All cubicle doors shall be hinged and fitted with chromium plated brass captive knurled head screws, 
with head suitable for screwdriver fixing, at the top and bottom of each door. The screws shall be fitted 
with plastic washers on the outside of the panel to avoid scratch marks on the panel surface when 
tightening the screws. The screw end shall be provided with a lock to keep them attached to the screw 
hole when opening the cubicle door. Front doors shall be hinged at the left side of the cubicle. Hinges 
shall be concealed and be of non-corrosive material. Hinges shall not be spaced more than 1200 mm 
apart.  
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All doors shall be fitted with a restrainer, to prevent from swinging beyond 120°. Hinges shall be of 
sufficient number and strength to ensure no wobbling would occur when moving the swinging panel 
door due to weight of installed components.   

Access doors shall be double leaf if the width exceeds 900 mm. Doors shall be fitted with key operated 
stainless steel lever handles with brass cylinder locks. 3 point locking system shall be provided if the 
cubicle height exceeds 1200 mm. 

The clearance of active components from the switchroom floor shall be at least 300mm. The busbar 
compartment should be at least 900 mm above the switchroom floor.  

All bolts and nuts used for construction of switchboard should be nickel or cadmium or chromium plated.  
Bolts for door and cover fixing should be captive and provided with nylon washers to prevent damage to 
paintwork. All hardware such as hinges, levers, screws, etc. should be zinc plated high tensile steel. Front 
doors and all cover plates should be fitted with non-deteriorable neoprene gaskets. 

All adjoining detachable switchgear metal frames should be fastened with zinc plated high tensile steel 
bolts and nuts.  

Suitable lifting lugs together with blanking set screws should be provided to facilitate unloading. 

 Painting 

Before painting, the plates should undergo pre-treatment process of cleaning with water and chemical 
solutions. 

Metal surfaces shall be finished with polyester urethane powder coating with an electrostatic spray 
process or other reputable painting process. Alternatively, painting process adopted by switchboard 
manufacturers like cathodic electro deposition process can also be considered.  

The dry film thickness shall be at least 65 microns. Surface hardness of finished paint coat shall be to 2H 
or better.  

 Segregation and Safety 

All live parts of medium voltage switchgear should be sufficiently segregated to provide complete 
protection against approach to live parts or contact with internal moving parts. Live parts within the 
section should either be isolated automatically when the section door is opened, or be fitted with 
insulating barriers to prevent accidental contact by personnel. Live parts shall be labelled ‘Danger-Live’. 

Access from the front side of cubicle should be through a key lockable front hinged door. When rear 
access is also required, a bolted removable cover should be provided. No equipment should be mounted 
on removable covers.   

The interior of each piece of equipment should be clearly marked to show the phases. Identification by 
means of either coloured plastic discs screwed to fixed components or by coloured plastic sleeve shall be 
employed. Plastic tape should not be permitted. 

 Switchboard Installation 

It is recommended that clear floor space of at least 2500 mm in front and 1000 mm at the rear and sides 
are available for medium voltage switchboards.  Minimum clearance of 2000 mm in front and 750 mm at 
the rear and sides shall be provided for 400 volt switchboards, as illustrated in Figure L.10. 
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Figure L.10:  Recommended switchboard clearances 

L.3.3 Medium Voltage Switchgear 

Medium voltage switchgears shall be suitable for operation on a 3 phase 50 Hz system of nominal 
voltage. The highest voltage shall be 10% in excess of the nominal voltage. Medium voltage indoor 
switchboard shall in general comply with the requirements of IEC 62271 – High voltage switchgear 
and controlgear.  

All primary components of high voltage switchgear comprising circuit breakers, isolating devices, 
earthing devices, busbars, current transformers, voltage transformers and cable boxes shall be rated in 
accordance with IEC 62271 standards. 

Medium voltage indoor switchboard shall be extensible, single busbar, metalclad type, air insulated with 
hand-charged spring as well as motorised charged spring, power operated, with horizontal isolation and 
draw out type circuit-breakers suitable for indoor service. 

Switchboard cubicles plate shall be made of sheet steel of thickness not less than 2.0 mm for the side, top 
and back and not less than 2.5 mm for the front door. 

The layout of the operational front and the location of the components shall be arranged in a logical and 
systematic sequence and standardised throughout. No operational equipment or metering apparatus 
shall be located at levels below 300 mm and above 1800 mm. 

The busbars, circuit breakers, cable terminations, voltage transformers, relays and instruments panels 
shall be segregated from one another by means of separate compartments.  

The entire switchgear enclosure shall have a degree of protection IP5X. Partitions and shutters shall 
provide at least IP4X degree of protection. Pressure relief vents should be fitted with screen guards 
ensuring vermin protection. 

Low voltage compartments should be easily accessible and when opened should offer a degree of 
protection of at least IP20 towards any live part inside the compartment and IP30 towards any 
equipment terminals installed on the door which can be alive when the door is open. 

The switchboard panels should be designed such that an extension panel can be put into position, cabled 
up and made ready before making dead the existing busbars for final connection.  

Means should be provided for the earthing and testing of the circuit cables, in the form of an integral 
earthing device. It should be entirely safe in operation, incapable of incorrect connection and suitable for 
making the maximum fault current. 
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L.3.4 400 Volt Switchboards, Starter Boards and Motor Control Centers 

400 volt switchboards shall be suitable for operation on 400 volt, 3-phase, 4-wire, 50 Hz system with 
solidly earthed neutral.  

400 volt switchboards shall conform to IEC 61439-1, Low-voltage switchgear and controlgear 
assemblies - Part 1: General rules and IEC 61439-2, Low-voltage switchgear and controlgear 
assemblies - Part 2: Power switchgear and controlgear assemblies, and shall be of modular 
construction.   The switchboards shall be of extensible with front and rear access type. Each switchboard 
shall be formed by fitting together floor standing panels to form a flush mounted continuous board of 
uniform height and shape. 

 Compartmentation 

Switchboard compartmentalisation shall be provided by means of barriers or isolating sheet metal 
panel rigidly fixed in position. Form 4b switchboard is recommended as it provides the most separation 
between busbars, functional units and terminals. Form 4b provides the best protection to installer and 
operator from electrical risk, against contact with live components at the adjacent functional unit and 
terminals, and also it limits the risk of propagating an internal arc. The other form of construction based 
on IEC 61439-2 can be considered to the discretion of the designer. 

Partitions or barriers shall comply with IP4X degree of protection, as a minimum. Low voltage 
compartments shall be easily accessible and when opened shall offer a degree of protection of at least 
IP2X towards any live part inside the compartment. 

 Panel Construction 

Switchboard cubicles shall be made of electrogalvanized sheet steel of not less than 2.5 mm thickness for 
panel front plates and 2.0mm for panel side and rear plates and inter cubicle partitions.  Height of the 
cubicles shall not be greater than 2250 mm overall.  

Front of panel instruments and controls shall be mounted at the height there their centres above the 
finished floor is between 1800 mm and 900 mm for indicators, control devices and signal lamps.  

The entire switchboard/starter board/motor control centre enclosure for indoor installation shall 
provide a degree of protection not less than IP54. The switchboards should be naturally ventilated. 

Cubicles and enclosures for outdoor service shall be constructed of 2 mm thick stainless steel and shall 
provide a degree of protection to IP 65. The cubicles shall be fitted with lockable outside doors with 
housing so designed that all controls, instruments and such like are fully enclosed. The doors shall be 
fitted with stays to prevent overstraining of the hinge fixing, and allow fixing of the doors in the open 
position. 

L.3.5 Busbars and connections 

Ratings of the busbars should be shown in the design drawings. Neutral bar shall have the same cross-
sectional area as the phase busbars.  The insulation level of the neutral busbar shall be same as that of 
the phase busbars.   

The mechanical and dielectric strengths of busbars and connection supports shall be able to withstand 
the worst conditions of electric surge or short circuit fault which can occur on the installation. All busbars, 
risers and droppers shall be ASTA or KEMA certified. 

The busbars should be fabricated from hard drawn high conductivity tinned copper rigidly mounted on 
non-hygroscopic insulators with connection from the busbars to the circuit breaker or switches by means 
of copper bars or cables identified by means of coloured sleeving or painting to indicate the phase 
colours.  



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    633 

Busbars shall be used for dropper with rating above 200 Ampere and cables or busbars shall be used for 
dropper with rating of 200 Ampere and below.  

Busbars shall have a short time rating compatible with the associated switchgears. Busbars shall be 
encapsulated with heat shrinkable insulating sleeves of appropriate voltage rating throughout their 
lengths. Joints and tee off connections shall be provided with removable insulating shrouds. Busbar 
insulation material should be flame retardant. 

 
Photo L.2: Insulated Busbar 

Direct access to busbars should not be possible. Access to busbars should be made available by removal 
of bolted covers. Suitable warning on covers should be provided externally and internally on shutters. 

L.3.6 Switchboard Components 

 Current Transformers 

Current transformers (CTs) shall be of the bar primary pattern where practicable. Current 
transformers shall have a short time current rating of not less than that of the switchgear in which they 
are incorporated.  

Current transformer for protection purposes shall have a minimum accuracy class of 5P20, 5P10 or X 
and metering CTs shall have an accuracy class of 0.2, 0.5 or 1.0. All current transformers shall have 
sufficient capacity or output to operate satisfactorily the protective devices or measuring instruments 
connected. Current transformers shall be of epoxy resin moulded type and shall be air cooled. 

 Indicating instruments 

Indicating instruments on switchboards shall be flush mounted and shall generally be of the same 
pattern and appearance throughout. The enclosure shall conform to IP 54 degree of protection.  

Instruments which have live terminals such as voltmeters, power factor meters shall have individual 
terminals shrouded by red or black PVC caps readily detachable. All instruments shall have wiring 
terminals providing at least IP30 protection. 
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 Power Monitoring Devices (PMD) 

Power monitoring devices (PMD) shall be microprocessor based. The PMD shall be capable of 
measuring, calculating and directly displaying on the front panel display instantaneous measurement, 
energy, demand, minimum and maximum values, and harmonic distortion. 

The PMD shall be flushed mounted and the front panel shall have local data display and basic setup. The 
data display screen shall be programmable to show the desired parameters and can be scrolled manually 
or automatically.  

 Protection relays 

Relays shall be of static or micro-processor based numerical type using digital measuring techniques. 
Protection relays shall be flush mounted on the front of the switchgear or relay panel. Relays shall be 
fully tropicalised and suitable for continuous operation at the maximum internal panel temperature. 
Relays shall be contained in dust proof metallic enclosures fitted with transparent removable covers with 
facilities for sealing or fitted with cover security clips.  

(i) Overcurrent and earthfault relays 

The relays shall be of numerical type, complete with comprehensive protection functions for overcurrent 
and earth fault supplemented by additional facilities such as metering, fault and event recording and 
software configurable relay settings. 

Relays shall include selectable multiple characteristics such as definite time, normal inverse (IDMT), very 
inverse, extremely inverse and long-time inverse type characteristics. The characteristics for overcurrent 
and earth fault shall be individually selectable. 

(ii) Earth leakage relays 

The relay shall be complete with a separate but matching zero sequence ring CT made by the same 
manufacturer.  Relay trip sensitivity shall be adjustable from 30 mA to 5A and shall also have a built-in 
adjustable time delay from 40 milliseconds to 5 seconds.  

(iii) Other relays 

Other relays that should be specified based on design requirements are as follows: 
 
 Biased differential and restricted earth fault relays for transformer protection. 
 Trip circuit supervision relay 
 Transformer protection 
 Motor protection relays 
 Thermistor relays 
 Thermal overload relays 
 Magnetic overload relay (MOL) 
 Undervoltage relay 

L.3.7 Circuit breakers 

Circuit breakers should be capable of interrupting all faults up to their maximum rating without damage 
to equipment or danger to personnel. 

Submission of test evidence of the normal current rating and certification by an independent switchgear 
testing authority such as KEMA or ASTA of the symmetrical breaking capacity including the short time 
rating temperature rise and creepage test should be specified. 
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Circuit breakers should be capable of interrupting all faults up to their maximum rating without damage 
to equipment or danger to personnel. 

Submission of test evidence of the normal current rating and certification by an independent switchgear 
testing authority such as KEMA or ASTA of the symmetrical breaking capacity including the short time 
rating temperature rise and creepage test should be specified. 

 Medium voltage circuit-breakers 

Circuit-breakers for indoor installation medium voltage system shall be of the vacuum break type. 
Indoor vacuum circuit-breakers shall be of the horizontal withdrawable and horizontal isolation type 
pattern preferably complete with visual indicator showing the degree of wear of contacts. Vacuum bottles 
of vacuum circuit-breakers shall be of robust construction and shall withstand impacts and vibrations 
under service conditions. 

An alternative to vacuum circuit breakers, indoor sulphur hexafluoride (SF6) filled circuit-breakers can 
also be considered. Indoor SF6 circuit-breakers of the withdrawable pattern should be fitted with local 
gas pressure indicators and pressure switch contacts for initiating a remote gas pressure alarm.  

All high voltage circuit-breakers shall be of the withdrawable pattern and be mounted on circuit breaker 
carriages of steel construction. 

The following circuit breaker positions shall be available: 

 Service position 
 Test position 
 Isolated position 
 Earth position (withdrawn position) 

These positions shall be clearly identified for safety and ease of operation. 

 Low voltage circuit-breakers 

Circuit breakers rated at 1000 V or less shall be of the air break type, fully tropicalized. The air circuit 
breakers (ACB) shall be of the horizontal isolation pattern with horizontal draw out facilities. 

Switchboards with more than one incomer shall be provided with mechanical and electrical interlocks to 
prevent paralleling of incoming sources. The mechanical and electrical interlocks shall be independent 
of each other.  

Bus-section ACBs shall be of the 4-pole type, with full size neutral. Changeover ACBs shall be of 4 pole 
type with full size neutral and with electrical and mechanical interlocks. 

 Moulded case circuit-breakers 

Moulded case circuit breakers (MCCBs) case shall be of moulded insulating material of good 
mechanical strength and non-tracking properties.  

MCCBs should have quick make, quick break, trip-free operating mechanism and should incorporate 
thermal and magnetic trip units, to provide overload and short circuit protection respectively. 

The design of MCCB should be that when on it is in tripped condition, the MCCBs cannot be switched on 
again unless it has been reset by switching to OFF position first. The operating positions (i.e. ON, OFF or 
TRIP) of the MCCBs should be clearly indicated. 

Moulded case circuit breakers of Single Pole and Neutral (SPN), Double Pole (switched neutral), Triple 
Pole and Neutral (TPN) or Four Pole (switched neutral) type shall be clearly specified as required. 
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The service short circuit breaking capacity (Ics) of the MCCB should not be less than the maximum 
prospective fault levels at the point where the MCCB is installed. 

 Miniature circuit breakers 

Miniature circuit breakers (MCBs) shall be of DIN rail mounted type. The breaking capacities of the 
MCBs should be at least equal to the prospective fault level at the point of the distribution system where 
they are installed and the ultimate breaking capacity (Icu).   

L.3.8 400 Volt Isolators 

Isolators shall be of the load breaking and fault making rotary type, interlocked with the housing, and 
provided with means of operation from the front so that all unshrouded live parts can be made dead with 
the switch off. All fixed contacts should be shrouded. Isolators should comprise quick make and break 
positive action mechanism. Isolators should be mounted in the enclosure of the panel with the operating 
handles only fitted to and interlocked with the cubicle door. 

L.3.9 Motor Starters 

 General 

Starters should be mounted in starter board cubicles. Starters should be of the automatic type complete 
with "Start and Stop" pushbuttons, emergency stop pushbuttons, control circuit fuses, auxiliary contacts, 
indication lamps, local/remote and off/auto/manual selector switches as appropriate. 

Starters in general should be of the following types: 

(i) Direct-on-line type with no facility to limit the starting current. 
(ii) Closed transition auto transformer type arranged to limit the starting current to about 2.5 times 

the normal full load current. 
(iii) Stator-rotor resistance type arranged to limit the maximum starting current and subsequent 

peaks to 1.1 times the normal full load current. This type of starting is coupled with slip ring type 
motors. 

(iv) Soft starters type which gradually increase voltage to the motor terminals during start and 
reduce the inrush current. 

Suitable choice of starters for motors shall be selected to ensure that voltage sag and inrush current can 
be reduced during the start of the motors. 

Variable frequency drive (VFD) is used as an operational option to run pumps or other equipment which 
requires variable speed operation.  

The Designer shall choose suitable starters with reference to the equipment voltage level.. 

 Low Voltage Starters 

Motor starters shall comply with IEC 60947-1, Low-voltage switchgear and controlgear - Part 1: 
General rules and shall be suitable for frequent duty (40 operations per hour). Their panel construction 
shall be in accordance with IEC 61439-1, and shall be to Form 4b construction. 

As a minimum, low voltage starters should incorporate the following features: 

(i) MCCB. 
(ii) Main line power contactor, motor heater and critical interlocking circuits. 
(iii) Motor protection relay.  
(iv) Earth leakage relay. 
(v) No volt protection. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    637 

(vi) Ammeter. ammeter with selector switch connected to read the three phase currents. 
(vii) Hour run meter. 
(viii) Panel heater  
(ix) Motor heater on/off switch.  
(x) Thermistor relay. 
(xi) Indicating lamps  
(xii) Off/Auto/Manual and Local/Remote key selector switches.  
(xiii) Motor start, stop and emergency stop pushbuttons. 
(xiv) Capacitors to correct the power factor of motors.  
(xv) Alarms annunciators.  

 MV Pump Motor Starters 

Vacuum circuit breakers (VCB) should be utilised for switching the stator of the MV pump motors and 
associated power factor correction capacitors. The vacuum circuit breakers should be housed in the HV 
switchboard located in a switchroom.  

Each motor stator VCB panel should have the following control and indicating devices: 

(i) CTs for operation of motor protection relay  
(ii) Withdrawable control voltage transformer.   
(iii) Trip Circuit Supervision relay (TCS) 
(iv) Motor protection relay. 
(v) Undervoltage relay.  
(vi) Indicating lamps. 
(vii) Emergency stop pushbutton. 
(viii) Trip/Neutral/Close (TNC) control switch. 
(ix) Panel heaters. 
(x) HV surge suppressor. 

The motor VCB shall be interlocked such that it cannot be closed unless the pump motor is in ‘ready to 
start’ position. 

Each pump shall be provided with a motor power factor correction capacitor. The starting current of the 
pump motor and consequent peaks shall not exceed 110% of the motor full load current.  

L.3.10 Surge Suppressors 

Surge suppressors shall be provided when switching high voltage motors and capacitors with vacuum 
contactors. The surge suppressors shall be of either capacitor type or a combination of capacitor/non 
linear resistor type and shall comply with the requirements of the motor manufacturer's 
recommendation. 

L.3.11 Rotor Resistance Grids 

Rotor resistances should be of stainless steel air insulated and incorporated in their own ventilated 
housing mounted on the top or inside at the rear of the starter boards.  They shall be rated for 15 starts 
per hour for 400 volt system and 5 starts per hour for MV system.  Electrical cables within the enclosure 
shall be protected by means of heat resistant sheath. 

Contactor type closing shall be provided to cut out resistances in the rotor circuit step by step.  The 
closing shall be under the control timing devices enabling individual adjustment of time on each step to 
be made. 

Forced air cooling shall be provided to maintain the temperature rise within permissible values. Heat 
sensing elements shall be included to protect the resistance units. 
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L.3.12 Auto Transformers 

Auto transformers shall be of the three winding resin coated air insulated type and should incorporate 
a minimum of 3 tappings i.e. 50%, 65% and 80% taps. They should be rated for 15 starts per hour for 
400 volt system. Heat sensing elements (thermostats) shall be included to protect the auto transformer 
units. 

L.3.13 Capacitors 

Capacitors for power factor improvement shall be suitable for operation on rated voltage as appropriate, 
which will be subjected to plus 5% or minus 10% voltage variation. 

The capacitor bank formed with many units suitably connected in series/parallel. The size of the 
capacitor chosen shall not exceed 90% of the magnetising kVAr of the motor. Capacitors shall be 
protected by means of High Rapturing Capacity (HRC) fuses. High voltage capacitors shall be protected 
by HRC fuses with striker pins.  

L.3.14 Level Control Relays 

Level electrode solid state control units and auxiliary relays should be mounted within the respective 
compartment of the MCC and wired internally to each pump motor starter. 

Level control system should comprise minimum three electrodes for each pump. One electrode should 
be common for earth return, the second should stop the respective pump at pre determined water level, 
and the remaining one to ensure that the pump cannot be manually or automatically restarted until the 
water level has reached another pre-determined level. 

L.3.15 Variable Frequency Drives 

Variable frequency drives (VFDs) shall be suitable for operation on the respective supply voltages, 3 
phase supply and should provide the required phase variable frequency output suitable for driving 
standard squirrel cage induction motors.  The VFD should be capable of operating even if the supply 
voltage frequency is between ±10%.    

The VFD selected shall be capable of running the motor on a continuous basis at its speed, voltage, current 
and slip without having to utilise the service factor of the motor.   

The VFD shall be able to operate in an ambient temperature up to 40°C and relative humidity of up to 
95% non-condensing. The VFD shall be able to start into a spinning motor. The VFD shall maintain the 
line side displacement power factor not less than 0.95 regardless of speed and load. 

The total harmonics contributed by the VFDs should not exceed the local service provider limit 
requirements for voltage and current at the point of common coupling.  

The VFD programmable parameters shall be adjustable from a digital operator keypad mounted on the 
front door of the VFD panel. The VFD shall also be able to provide output signals for remote indication 
and accept input analogue signals from SCADA. 

L.3.16 Surge Protection Devices  

The surge protection devices (SPD) installed shall be suitable for use in tropical regions and/or areas 
with high lightning activity.  SPD shall provide protection of down line circuits for electronics and 
electrical equipment.   

The SPD shall ensure low voltage clamping and low let through voltages whilst exhibiting high current 
handling capability. 
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The SPD shall have visual LED status indicator to clearly show: 

 Full protection present 
 No protection (failure of protector) 

L.3.17 Pushbuttons 

Emergency stop pushbuttons, whether forming part of the switchboards and starter boards or supplied 
as separate control stations, shall be of the stay put pattern arranged to permanently open a circuit until 
deliberate reset action has been carried out.  

Emergency stop pushbuttons shall have red mushroom headed pushes of the stay put pattern, be 
connected in control circuits such that they are effective under all conditions. They should be capable of 
being locked in the ‘depressed’ position by means of an external removable key. Resetting of the 
pushbutton should not restart device.  

Pushbutton colours shall adhere to the following schedule: 

(i) green -  motor start 
  - valve open 
(ii) red     - motor stop 

- valve close 
  - emergency stop 
(iii) yellow - alarm accept 
(iv) black - reset 
(v) blue - lamp test 

L.3.18 Control and Selector Switches 

Control switches shall be of the three position type with spring return action to a central neutral position. 
They shall be labelled. Electrically operated circuit-breakers shall be fitted with control switches labelled 
Open/N/Close. The switch should be lockable in the neutral position. 

Selector switches shall make before break and remain in the position selected and be key lockable in that 
position.  They shall be rotary spring loaded type with spade shaped handles and each position should 
be labelled. 

Contacts and terminals of all switches shall be shrouded with clear perspex cover to permit inspection 
without dismantling.  

L.3.19 Indicating Lamps and Fittings 

Indicating lamps shall be of the LED cluster type. Indicating lights shall be of the dome (projecting) type 
so they can be seen from the front and side of the switchboard.  They shall be visible under bright sunlight 
conditions.  The diffuser lenses shall be coloured. 

The lamp lenses shall be in standard colours, red, green, blue, white and amber and the different coloured 
lenses shall be fully interchangeable. Lamp colour shall adhere to the following schedule:  

(i) Red -    circuit-breaker closed 
- motor running 
- valve open 

(ii) green - circuit-breaker open 
- motor stopped 
- valve closed 
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(iii) amber - urgent alarm (plant tripped) 
(iv) yellow - non-urgent alarm 
(v) white - general, e.g. heater on 
(vi) blue    -  duty 

Each light should have a descriptive label affixed above the light fitting or an engraving on the screen of 
the fitting.  

Indication lamps shall correspond in position above respective pushbuttons. 

L.3.20 Anti-Condensation Heaters  

Each individual floor mounted cubicle vertical section shall be fitted with an anti-condensation heater 
together with a suitably positioned adjustable thermostat, ON/OFF isolating switch and indicating lamp. 
Heat resistant cables shall be used for connection to heaters. An MCB in combination with earth leakage 
protective device of 30 mA sensitivity to control all panel heaters shall be provided. 

Heaters in exposed positions shall be fitted with a safety guard to prevent direct contact with the heated 
surface. Heaters shall not be placed close to cables or PVC trunkings and preferably be placed at the 
lowest compartment of the switchboard. 

L.3.21 Small Wiring and Auxiliary Control Supply 

Switchboard panel small wiring shall be carried out in copper multi stranded PVC insulated cable and 
shall have a minimum cross section of 1.5 sq.mm for voltage circuits and 2.5 sq.mm for current circuits.  
Wiring shall be carried out in a neat and systematic manner and securely fixed by insulated cleats so that 
access to any apparatus or connection point is not impeded. Where inter panel wiring passes through 
panel side sheets etc., the access hole shall be fitted with a suitable grommet. 

The wiring colour code should be as given below: 

(i) Phases : Red, Yellow, Blue 
(ii) Neutral : Black 
(iii) DC circuit : Grey 
(iv) Earth : Green 

Connections to volt free contacts intended for external connections shall be coloured white.  

Wiring shall not be mounted direct to panel steel plates. Panel wiring shall be run in neat looms and be 
installed vertically and horizontally and not diagonally across. Any framing cable looms shall be installed 
in PVC trunking with not more than 70% of the trunking be used.  

Sleeve type identification ferrules shall be fitted on all wires at both ends; the numbers and letters used 
should correspond with the appropriate wiring diagram and be read from terminals outwards. The wires 
shall be continuous between terminal points. 

Terminations of stranded conductors to terminals shall be of the crimped on blade type. Not more than 
one core of either internal or external wiring shall terminate on any outgoing terminal.  

Wiring between fixed and moving positions of the switch panel shall be run in flexible conduits. 

Small wiring used for extra low voltage and instrument signal which are likely to be affected by 
interference shall be screened and/or spaced from power cables to ensure no distortion or mal-
operation. 
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L.3.22 Switchboard Earthing Arrangements 

Panels and cubicles shall be provided with earthing facilities. An earth stud shall be provided on single 
cubicles. Multi panel switchboards or composite enclosures comprising a series of individual sections or 
cubicles shall incorporate a continuous tinned copper earth bar along inside of the entire length of the 
switchboards.  

The thermal rating of the earth bar and connections shall be not less than the short time current rating 
of the associated switchgear equipment, or the maximum through fault current of the power source, and 
based on a maximum temperature which shall not cause damage to the bar and connections.  

L.3.23 Labels and Instruction Plates 

Labels shall be provided for every panel to describe every instrument, relay or item of control equipment 
mounted internally and externally. Wording shall be clear, concise and unambiguous. Each label shall be 
permanently secured to the panel surface beneath the item to which it refers.  

Labels for selector switch shall indicate the operating function of the switch and identification of each 
selected position. 

The sizes (height) of characters should be as follows: 

(i) Board nameplate      -  25 mm minimum 
(ii) Panel and wall mounted distribution board nameplate  -  15 mm minimum 
(iii) Cubicle nameplate      - 8 mm minimum 
(iv) Selectors, pushbuttons, lamps, alarm, annunciators, legends - 4 mm minimum 

The ratio of height to width of characters should be 3:2 approximately. 

L.3.24 DC Supplies 

DC supplies shall be designed to provide DC current to electrical switchboards, motor control centres, 
starter boards and transformer on load tap changers for the operation of switchgears, circuit breakers, 
relays, annunciators and indicating lights.  

The DC voltage that is commonly used is 110V. However, there are also other voltages that can be used 
such as 48V or 24V. The designer shall confirm the voltage level in his design specification.  

Generally, the requirement of DC supply system will depend on the location of substation, where there 
are major DC load requirements. Bigger plant where there are multiple substations may have several DC 
supply systems.  

Each DC supply unit shall comprise 2 sets of battery charger units and a battery bank. One of the battery 
chargers shall be duty mode and the other on standby mode. 

Either of the chargers shall be connected to the DC distribution board through suitable changeover 
contactors.  Normally the duty charger shall feed all the DC loads and simultaneously float charge the 
battery.  In case of failure of the duty charger, the standby charger shall automatically take over. In case 
of failure of AC supply, the DC loads shall be fed from the battery bank. 

The battery shall have sufficient capacity to meet the load requirements with the chargers out of service. 
The calculation for the battery load shall consider the respective switchboard standing load, closing and 
tripping of breaker operations, operation of annunciators and other essential equipment connected to 
the DC supply system. The designer shall specify the required time of standing load and the number of 
closing and tripping breaker operations to derive at the final parentage voltage drop required.  
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L.4 TRANSFORMERS 

L.4.1 General 

Transformers are used to transform the incoming supply voltage level to WTP utilisation voltage level. 
The typical transformer voltage transformations are in Table L.2 as follows: 

Table L.2: Transformer type and voltage transformation 

No. 
Primary Voltage  

(kV) 
Secondary Voltage 

(kV) Type 

1 33  11  Power transformer 

2 33  6.6  Power transformer 

3 11  0.420 Distribution transformer 

4 6.6 0.420 Distribution transformer 

The power transformers are generally with the rating above 2500 kVA and the distribution transformers 
are with rating 2500 kVA and below.  

There are two major types of transformers, namely the oil immersed type and the dry cast resin type. 

In general, oil immersed type transformers are used as power transformers. However, cast resin can still 
be used as power transformer. Distribution transformers could be either oil immersed type or cast resin 
type. 

Oil filled transformers can be designed to be installed indoor or outdoor. However cast resin 
transformers are only suitable for indoor installation. 

L.4.2 Transformer Sizing 

Each transformer shall be sized to meet the maximum demand at maximum plant output and the kVA 
rating of the transformers shall be selected assuming a load power factor of 0.85 and the nearest higher 
standard transformer size available in the market.  

L.4.3 Oil Immersed Transformer 

 General 

               

Photo L.3: Oil immersed transformers  

Oil immersed transformers shall be of the outdoor, ground mounted, weatherproof type, manufactured 
and routine tested in all respects to the requirements IEC 60076. They should be of the double wound 
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core with fully insulated windings and of the oil immersed naturally cooled (ONAN), hermetically sealed 
type.  

Generally, distribution transformers are of the type without conservator but with the nitrogen gas 
cushion while power transformers are of the type with an air bag in the conservator. 

Transformers of same rating and same voltage ratio shall be suitable for parallel operation with each 
other. 

 Ratings 

The transformers shall have continuous maximum ratings (CMR) when operating under the specified 
site conditions and the maximum winding temperature measured by resistance and the maximum oil 
temperature measured by thermometer should not exceed the limits specified below.  

Some of the basic technical particulars for the 33kV/11kV and 11kV/0.420kV transformers are as 
follows: 

Table L.3: Transformer typical technical particulars 

Description Power Transformers 
Distribution 

Transformers 

Type 
Oil immersed, 
weatherproof 

Oil immersed, 
weatherproof 

Applied Standard IEC 60076-1 IEC 60076-1 

Rated Frequency 50 Hz 50 Hz 

Cooling Class ONAN ONAN 

Rated Voltage   

- HV side 33 kV 11 kV 

- LV side 11 kV 0.420 kV 

Highest system voltage   

- HV side 36 kV 12 kV 

Impulse Withstand Voltage   

- HV side 170 kVp 75 kVp 

- LV side 75 kVp - 

- Neutral 75 kVp - 

One Minute Power Frequency Withstand 
Voltage (RMS) 

  

- HV side 70 kV 28 kV 

- LV side 28 kV 3 kV 

Vector Group of Windings Dyn11 Dyn11 

Tap Changer   

- Type On load Off load 

- Tap range 6% to – 16.5% + 5% 

- Step 1.5% 2.5% 

- No. of steps 15 5 

Limits of Temperature Rise, over ambient 
temperature (40 degree C) at rated capacity 

 
 

- in oil 50 K 50 K 
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Description Power Transformers 
Distribution 

Transformers 

- in winding 55 K 55 K 

Impedance 6 - 10%  4 - 6% 

The transformer guaranteed values for no load loss and load loss for each type of transformer shall be 
specified by the Designer during design. The declared guarantees shall be achieved during the witness 
tests at the Manufacturer's works.  

 Transformer Construction 

Transformer cores shall be built from non ageing low loss, high grade, cold rolled grain oriented silicon 
alloy electrical steel or strip. Laminations should be produced from accurate dies so that filling or 
scrapping of slots after cutting and punching is not necessary and the whole should be annealed to relieve 
internal stress after these operations. 

Joints should have interleaved overlaps and the core be securely clamped to ensure that noise and 
vibrations is maintained in service at a minimum level consistent with current good practice. All 
structural steel associated with the core should be shot blasted to remove scale and then varnished.  

(1) Transformer Windings 

The windings shall be of the best modern design. Proper 
attention should be given to the elimination of partial 
discharges within the transformer at the test voltages. 

The windings should comprise high conductivity 
rectangular copper strip conductor insulated with Class 'A' 
material or better. The strands should be covered with 
wrapping of 100% pure Kraft paper.  

Inter turn insulation of the windings should be of high grade 
paper and insulation between the windings and to the core 
should be cylinders of synthetic bonded paper, pressed 
boards, fibreglass or equivalent and should have high 
electrical and mechanical strength. Both primary and 
secondary windings should be of uniform insulation. 

Photo L.4: Typical oil immersed transformer windings 

(2) Transformer Tank 

Each transformer shall be enclosed in a suitably stiffened welded steel tank so that it may be lifted and 
transported without permanent deformation or oil leakage. 

Transformers shall be sealed by bolting the cover on the tank. A gas charging valve should be provided 
for each transformer. The tank and bolted top cover should be designed in such a manner as to leave no 
external pockets in which water can lodge, no internal pockets in which oil can remain when draining 
the tank, or in which air can be trapped when filling the tank.  

Pockets should be provided for the bulbs of dial type temperature indicators, located in the position of 
maximum oil temperature. Captive screwed caps should be provided to prevent the ingress of water to 
the thermometer pockets when they are not in use. 

The tanks should have built on radiators connected to the sides of the main tank through machined 
flanges for cooling purposes. Radiators should be made detachable by providing isolating valves lockable 
in the open position.  Drain and air plugs should also be provided. 
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The tanks and radiators or cooling tubes shall be capable of withstanding without any oil leak or 
excessive permanent deformation. Each transformer shall also have an over pressure relief device of the 
self-resetting type designed to protect the tank from damage and to control the expulsion of oil under 
internal fault. 

Lifting lugs shall be provided, suitable for the weight of the transformer, including core, windings, fittings 
and oil. Each tank shall be provided with four jacking lugs.  

Tanks shall be provided with skid bases. It shall be possible to move the complete transformer in any 
direction without damage when using rollers, plates or rails.  

Tanks should be provided with suitable hand holes to facilitate access to connections between windings 
and the bushings.  It should be possible to remove any bushing without removing the tank cover. A drain 
plug should be provided for disconnection chamber. 

(3) Transformer Accessories 

Cat ladder should be provided to facilitate access to the top of the tanks of power transformers. 

Power transformers should be fitted with an oil conservator incorporating, fully sealed air bag type oil 
preservation system, oil flow monitoring, an air bag-monitoring device, oil level marking, venting 
through a desiccant breather, inspection covers and oil level gauge. 

The conservator should have sufficient capacity to keep the main transformer tank completely filled with 
oil and to accommodate the expansion and contraction of the oil.  

The conservator shall at least be fitted with valves for filling, drain air vent/vacuum, interconnection and 
isolation. 

Each transformer should be provided with two filter valves, one at the top and the other at the bottom of 
the main tank, mounted diagonally opposite each other, for connection to oil filtering equipment. In 
addition a drain valve should also be provided at the bottom of the tank. This valve should also be 
provided with suitable oil sampling device so that oil samples may be taken while the transformer is 
energised. 

The outlet of all filter and drain valves should be flanged. Blank flange plates should be fitted to all pipe 
and valve ends.  

 Earthing of transformers 

The magnetic circuit of the transformers shall be earthed to the clamping structure at one point only 
through a removable link placed at an accessible position and which, by disconnection will enable the 
insulation between the core and clamping structure to be tested.  

Two earthing terminals, each capable of carrying the maximum possible earth fault current of the lower 
voltage without damage for a duration equal to the short circuit period for which the windings are 
designed, shall be provided on each transformer.  They shall be located on either side of the transformer, 
near to the bottom of the tank to facilitate connection to the substation or main earthing system.  

 Neutral earthing and neutral cable box 

Each neutral shall be solidly earthed where the star point of each secondary winding shall be brought out 
through the tank and suitably terminated.  

The neutral of the distribution transformers shall be brought out to the secondary cable box for earthing 
purpose for connection to neutral multicore or single core insulated cable(s).  

For the power transformers, the neutral point of the HV windings shall be brought out and extended by 
means of a copper conductor to a disconnecting switch in a separate box.  The copper conductor shall be 
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mounted on a bushing insulator. The complete assembly shall be housed in the box located adjacent to 
the secondary cable box and shall be suitable for accommodation of one neutral current transformer for 
restricted earth fault protection purpose. The neutral terminal, neutral earth conductors and knife switch 
shall be adequately sized to withstand the highest earth fault current that will flow through this terminal. 

 Gauges and protection devices 

All gauges shall be so located as to permit easy reading by a person from standing position on the ground 
adjacent to the respective transformer plinth. The dial size of every gauge should not be less than 150mm. 

All the gauges shall be waterproof, vibration proof and be housed in weatherproof metal alloy enclosures. 
The degree of protection for the enclosures shall conform to IP 65. 

(1) Oil Temperature Measurement 

A dial type capillary thermometer shall be provided on the tank of each transformer for measurement of 
top oil temperature. Each thermometer shall be provided with a manually resettable pointer to indicate 
the maximum temperature attained and also two sets of independently adjustable micro switch contacts. 

(2) Winding Temperature Gauge 

A winding temperature gauge shall be provided for the power transformers with alarm and trip contacts. 
The winding temperature shall comprise of a heating resistance which is fed by a current proportionate 
to the current flowing through the transformer winding. The winding temperature indicates a 
temperature of hottest oil plus the winding temperature rise above hot oil level.  

(3) Oil Level Gauge 

A robust, leak proof oil level gauge of the magnetic type shall be provided on each transformer. The oil 
level gauge shall be complete with float system, magnetic coupling and a separator, which shuts off oil 
from the tank to ensure no leakage. In addition, a clear glass window with marking of maximum and 
minimum oil levels should be provided to measure the oil level directly without the aid of any calibration 
chart. 

(4) Pressure Indicators 

A pressure indicating device shall be provided for the monitoring of internal tank pressure. The pressure 
gauge shall be complete with a pressure sensing system comprising a Bourdon type manometric element 
housed in an aluminium alloy enclosure with a glass or polycarbonate clear window and with a locking 
ring. 

(5) Pressure Relief Device 

A pressure relief device of the self resetting type shall be provided for each transformer. The device shall 
be of adequate size to prevent the build-up of pressure within the tank beyond the hydraulic test pressure 
and designed to become effective at or below this figure.  A mechanical indicator pin that can only be 
reset manually shall be provided to visually indicate that the pressure relief device has operated. 

(6) Buchholz Relay 

A Buchholz type relay with a double float; gas and oil actuated relay having sufficient number of voltage 
free, normally open contacts for oil surge trip contacts, low oil trip contacts and gas collection alarm 
contact shall be provided for power transformers. 

(7) Breathers 

Power transformers shall be fitted with two desiccant breathers. One connected to the main conservator 
air bag and the other to the OLTC conservator. The breathers should be of robust design and made of 
non-corrosive material. 
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Figure L.11: Typical oil immersed transformer components 

 Junction Boxes 

The junction box should be of weatherproof construction. Wiring between gauges and the marshalling 
box should be carried out in silicon rubber or heat resistant PVC insulated 600 V grade, copper wire of 
2.5 sq. mm minimum cross section and encased in heavy duty PVC jacketed corrugated leaded steel with 
Kraft paper pliable conduit. Sleeve type identification ferrules should be fitted to both ends of every wire. 

 Off load Tap Changer 

Winding taps shall be provided on the primary windings (higher voltage windings). An externally 
operated off load tap changing switch shall be provided giving adjustable tapping of plus or minus 2.5% 
and 5% turns ratio variation with a positive locking device to enable the switch to be locked at any 
desired tapping but not in any intermediate position between adjoining taps. Tap changing shall be 
possible by a person in standing position on the ground and an indicator should be provided to show the 
position of the tapping connection at which the transformer is operating. 
 
A warning label to instruct the operator to isolate the transformer before operating the switch shall be 
fitted near the switch. 

 On-Load Tap Changer 

On-load tap changing gear should be of the high speed resistor transition type. The on-load tap changing 
gear should be complete with the motor drive mechanism with necessary mechanical and electrical parts 
for the step by step operation of the tap changer diverter switches and an automatic voltage regulator. A 
mechanically operated device shall indicate at the transformer the tap position number selected. The 
numbering of tap positions shall be such that an increase in number corresponds to an increase in voltage 
on the lower voltage side of the transformer. 

A counter should be fitted to the tap changer driving mechanism to indicate the number of operations 
executed by the equipment. 
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The tap changers shall incorporate the following: 

 Tap position indication; 
 Low oil protection with alarm and trip contacts; 
 Gas surge protection with alarm contact; 
 Pressure relief device; 
 Silica gel breather; 
 Filling/filter connection valve; 
 Drain/filter connection valve; 
 Oil sampling connection; 
 Facilities for mechanical/manual operation. 

Equipment for local manual and electrical operation of the tap changer shall be provided in a suitable 
weather and vermin proof cubicle mounted on the transformer at a suitable height to commensurate 
with that required for a man to stand on the ground to operate the equipment manually. Facilities for 
remote electrical control shall be provided. 

All electrical control switches and the manual operating gear shall be clearly labelled to indicate the 
direction of tap changing. 

Automatic Voltage Control shall be provided for automatically maintaining within adjustable limits a 
predetermined voltage at the lower voltage terminals of the transformer. Automatic voltage control shall 
be suitable for independent operation of the transformers such that it should be possible to select 
automatic remote control, non automatic (manual) remote control or local electrical (manual) control 
for each transformer.  

 Transformer Terminals 

All terminals should be brought out through oil tight porcelain bushings to their respective chambers. 
The arrangement of the internal connection and bushings should be such that the transformer tank cover, 
the core and windings may be lifted bodily from the tank without disturbing the cable boxes or bushings. 

 Cable Boxes 

Cable termination boxes should be provided for the termination of vertically ascending high voltage and 
low voltage cables and vertically descending bus ducts. 

The cable boxes should be fully air insulated and suitable for the termination of the cables. The degree of 
protection for the enclosures shall conform to IP 55. Cables should be terminated in metal enclosed boxes 
complete with all fittings necessary to terminate the cables and cores and having sufficient space for 
segregating the cores and maintaining the electrical clearances applicable.  

Ventilation by means of breathing hole to avoid condensation should be provided. The breathing hole 
shall be provided with a fine stainless steel mesh filter to protect against entry of vermin. 

 Painting 

Painting shall be carried out on the transformers after they have been tested for oil leaks and found 
satisfactory. 

Exterior surfaces of tanks, covers, radiators, etc., shall be thoroughly degreased and cleaned of all rust 
and scales by shot blasting, following which a coat of epoxy resin or zinc chromate primer should be 
applied over all metal surfaces. Two further under coats of durable good quality oil and weather resisting 
alkyd resin paint of an approved quality should be applied and the final coat of gloss alkyd resin enamel 
paint should be applied after completion of all manufacturers’ tests. The final coat should be of silver 
colour. The total paint thickness shall not be less than 100 microns measured magnetically. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    649 

The interior of transformer tanks, oil filled chambers and cable boxes shall likewise be thoroughly 
cleaned of all rust and scales and then be painted with a suitable hot oil resisting alkyd resin paint.  The 
thickness of the paint shall not be less than 30 microns. 

 Transformer Oil 

Transformer oil shall comply with IEC 60296. The oil shall not contain any PCB additive. The 
transformers shall be delivered to site filled with oil to the normal level and ready for service. 

The transformer oil test certificate shall show details of the moisture content, dielectric strength, 
dielectric loss angle and D.C resistivity of the oil in the tank at the time of test. 

 Noise 

The average noise level of each transformer when measured in accordance with IEC 60076-1 shall not 
exceed 65 dB(A). 

L.4.4 Dry Type Cast Resin Transformers 

 General 

The dry type cast resin transformers shall be insulated, tropicalised and rodent proof. The 
transformers shall be compact and suitable for easy installation in transformer rooms. 

 
Photo L.5: Typical dry type transformer 

 Operating conditions 

The transformers are meant for indoor installation for continuous operation in a tropical climate. The 
absolute maximum and mean monthly ambient shade temperature are to be taken as 40°C and 28°C 
respectively. 

The transformers shall be suitable for continuous operation at normal rating without exceeding the 
temperature rise limits specified. The transformers shall be K rated type to withstand the effects of 
harmonics generated by variable frequency drives. 
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 Ratings 

The transformers shall have continuous maximum ratings (CMR) when operating under the specified 
site conditions and the maximum winding temperature measured by resistance, shall not exceed the 
limits specified below. Some of the basic technical particulars for 33kV/11kV and 11kV/0.420kV 
transformers are given in  Table L.4 below: 

Table L.4: Transformer typical technical particulars 

Description Power transformers Distribution transformers 

Type Indoor Indoor 

Applied Standard IEC 60076 IEC 60076 

Rated Frequency 50 Hz 50 Hz 

Cooling Class ANAF ANAF 

Rated Voltage   

- HV side 33 kV 11 kV 

- LV side 11 kV 0.420 kV 

Highest system voltage   

- HV side 36 kV 12 kV 

Impulse Withstand Voltage   

- HV side 170 kVp 75 kVp 

- LV side 75 kVp - 

- Neutral 75 kVp - 

One Minute Power Frequency Withstand 
Voltage (RMS) 

  

- HV side 70 kV 28 kV 

- LV side 28 kV 3 kV 

Vector Group of Windings Dyn11 Dyn11 

Tap Changer   

- Type On load Off load 

- Tap range +10% to – 5% + 5% to -5% 

- Step 2.5% 2.5% 

- No. of steps 7 5 

Limits of Temperature Rise, over 
ambient temperature (40 degree C) at 
rated capacity 

  

- in winding 100 K 100 K 

Impedance 6 - 10%  4 – 6% 

The transformer guaranteed values for no load loss and load loss of the total losses for each type of 
transformer shall be specified by the Designer during design. The declared guarantees shall be achieved 
during the witness tests at the Manufacturer's works.  
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 Transformer Construction 

The framework, clamping arrangement and the general structure of the core of the transformers shall be 
of robust construction and be able to withstand the degree of shocks which may occur during transport, 
installation movement and service under normal conditions.  

The magnetic circuit shall be built using high quality, low loss, non-aging cold rolled, grain oriented 
silicone steel laminations, having excellent magnetic properties and especially designed for core use. The 
core laminations shall be insulated from each other with material having high-inter-lamination 
insulation resistance and also capable of withstanding pressure, mechanical vibration, thermal changes 
and temperatures which may occur under the most severe operating conditions. 

 
Figure L.12: Typical dry type transformer components 

(1) Transformer Winding 

The conductor materials used for the high voltage (HV) winding should be either round or rectangular 
enamelled copper wire. The enamel coating used, which also forms the turn-to turn insulation, must be 
suitable for an insulation system with thermal Class F. 

LV windings should be made of copper foil and of impregnated type. Interlayer insulation should be of 
impregnated polyester film which thermoset on curing. 

When the transformers are loaded at their rated current and under steady load conditions, the 
temperature rise of the windings measured by resistance shall not exceed 100 K under normal conditions 
and with natural air cooling (AN). 

All insulation materials used either individually or in combination with others should be suitable for use 
with dry type transformers, with an insulation system temperature of 155°C. The HV and LV windings 
should be reinforced with glass-fibre. 
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The 33 kV and 11 kV windings shall be designed for a short duration power frequency test voltage, and 
a lightning impulse-withstand. The 0.420 kV winding shall be designed for a short duration power 
frequency test voltage.  

(2) Transformer Accessories 

The transformer enclosure shall be readily assembled prior to leaving the factory, and should form a 
complete unit with the transformer. This unit shall be complete with lifting lugs on the enclosure roof.  

Each transformer shall be equipped with 4 rollers. These rollers shall be adjustable for either transverse 
or longitudinal movement, and equally spaced in both directions. 

 Earthing of Transformers 

All metal frameworks of the transformer, gauges, etc. shall be effectively earthed. All metal parts of 
transformer with the exception of individual core laminations, core bolts and associated individual 
clamping plates shall be maintained at earth potential. 

Two earthing terminals, each capable of carrying the maximum possible earth fault current of the lower 
voltage without damage for a duration equal to the short circuit period for which the windings are 
designed, shall be provided on each transformer. 

 Transformer Protection 

The transformer should be equipped with temperature monitoring devices. Temperature monitoring by 
PT 100 sensors should be provided in each phase of the low voltage windings and one PT 100 sensor on 
the outside of the transformer for real time temperature monitoring, fan control, alarm and trip purposes. 
The leads of the PT 100 sensors should be brought out into a terminal box located on the transformer 
enclosure. The digital thermometer should be located in the box and all cables should be heat resistant.  

Temperature indicator should be in the form of digital indicator in degree Centigrade. The indicator 
should be mounted on the transformer enclosure such that it is clearly visible from the front. 

 Air Forced Cooling (AF) 

Where air forced cooling is specified, the transformers shall be fitted with crossflow fans with low noise 
level.  The transformer output power shall increase under AF mode of operation during periods of 
overload, within the temperature limit.  

The fans shall be installed firmly to the transformer base within the transformer enclosure. The fans shall 
be automatically controlled by another set of thermistors, which should cut-in below the alarm 
temperature. 

Power supply to the fan motors of distribution transformers should be derived from the output terminals 
of the transformer through MCBs in a cubicle mounted on the transformer enclosure.  The cables should 
be heat resistant.  For power transformers, power supply to the fan motor should be obtained from an 
external source. 

 Off load Tap Changers 

Winding taps shall be provided on the primary windings (higher voltage windings). 

The HV coils shall have two tappings above and two tappings below the rated voltage. The tappings shall 
be reconnected by bolted links, in off-circuit condition. The total tapping range should be 2.5% and 5% 
above and 2.5% and 5% below the rated voltage, divided into four equal steps. 

These bolted links for changing the taps should be arranged on the same side of the transformer as the 
HV terminals are positioned. The terminal numbers corresponding to the tap position should be 
engraved on a stainless steel plate fixed to the transformer case. 
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 Transformer Terminals 

The HV and LV terminals should be located on opposite side of the upper press beams of the transformer. 
The neutral terminal should also be positioned on the upper press beam or the lower press beam 
depending on the transformer rating. The terminals should be securely positioned using suitable 
insulators fastened to the press beams. 

The HV terminals should be tinned copper bars and studs of sufficient mechanical strength, and able to 
accept cables lugs suitable for the cables specified.  The LV terminals should be tinned copper flags 
dimensioned to take the rated current, suitable for connection to either busbars or standard cable lugs.  

 Noise  

The maximum sound pressure noise level of each transformer when measured at a distance of 1 metre 
in accordance with BS EN 60076-10, Power transformers - Determination of sound levels. The noise 
level should not exceed 65 dB(A). 

L.5 MOTORS 

L.5.1 Electric Motor – General 

Electric motors shall comply with the requirements of all parts/sections of IEC 60034, Rotating 
electrical machines.  

Motors shall be of the high efficiency class IE 2 based on IE Classification as defined in IEC 60034-30-1 
or better.  

Constant speed AC motors shall be of the induction type suitable for operation on a 3 phase supply and 
shall be capable of operating continuously, at rated torque, at any voltage between +5 and -10% of the 
nominal value, and nominal frequency +2 and -2 Hertz. 

Motors should be generally of squirrel cage type or slipring wound rotor type for suitable type of starters, 
based on their ratings. 

The maximum motor speed should not exceed 1500 rpm.  

Motors shall be designed for S1 duty to IEC 60034-1. 

Motors should be capable of running continuously at a 
brake horse power not less than 10% in excess of that 
absorbed by the driven equipment under any operating 
conditions. All motors should be suitable for 15 starts per 
hour for low voltage motors up to 400 volt and 5 starts 
per hour for medium voltage motors rated up to 11,000 
volt. 

The motors shall be commercially silent in operation and 
the overall A-weighted sound pressure level at no-load 
shall not exceed 83 dBA at 1 metre. In addition, the motors 
shall run free from vibration and their rotors shall be 
perfectly balanced both statically and dynamically.  

Photo L.6: Typical squirrel cage motor 
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Figure L.13:  Typical Motor Components 

L.5.2 Enclosures and Methods of Cooling 

The enclosures of submersible pump motors shall afford a mechanical protection not less than IP 68. 

Motors operating on 11,000 volt shall have enclosures affording a protection not less than IP 55 and shall 
be designed for suitable method of cooling.  

Enclosures for other motors shall afford a 
mechanical protection not less than IP 54 for 
those installed indoor and IP 55 for those installed 
outdoor and in chemical or chlorine plant areas, if 
applicable. The method of cooling for these 
motors shall generally be to classification IC 411 
(totally enclosed fan ventilated, plain or ribbed 
frame). The flow of cooling air shall be in the 
direction of the driven equipment. 

Figure L.14:  IC 411 Cooling 

The maximum temperature of the motor casing, normally accessible by hand shall not be more than 80°C 
at an ambient temperature of 40°C. 

All fans and fan covers should be made of metal and treated with a corrosion resistant coating. Motors 
fitted with unidirectional fans should be provided with an arrow permanently indicating the direction of 
rotation.  

Totally enclosed motors should be provided with suitable means of breathing and drainage to prevent 
accumulation of condensation. 

Motors should be given corrosion resistant paint finishes and should have corrosion resistant parts. 
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L.5.3 Windings 

Windings shall be made of copper and impregnated to render them non hygroscopic and oil resistant 
and shall be braced to prevent any movement of the coils during all conditions of service. HV motor 
windings shall be insulated using mica based materials. 

All windings should be adequately supported, braced and blocked to provide sufficient rigidity and to 
limit end-winding vibration and subsequent cracking of the winding insulation at the slot exits. Windings 
should be capable of withstanding the dynamic forces which result from system fault conditions. 

Motors should be suitable for operation in an ambient temperature in the order of 40°C. Motor insulation 
shall be to Class F, with the temperature rise (by resistance method) limited to 80 K. 

L.5.4 Bearings 

Bearings should be plain or rolling type as appropriate. Vertical shafts should have guide and thrust 
bearings incorporated in the motor body to carry the weight of the motor. 

Bearings should be designed to exclude the ingress of dust and water and sealed to prevent leakage of 
lubricant along the shaft. 

High voltage motors bearings and their lubricating and cooling systems should be insulated from the 
bedplate or frame to prevent damage by the shaft currents.  Bearing insulation should be provided on all 
bearings.   

Motors up to 7.5 kW and submersible motors of all ratings should have sealed bearing housing without 
lubrication nipples.  

Each motor above 7.5 kW should have readily accessible lubricating valves which enable the correct 
amount of lubricant be inserted when greasing whilst the motor is running.  

For large motors, forced lubrication may be provided as an alternative. A flow indicator and/or pressure 
switch should be provided on forced lubricating systems to indicate failure of the system. 

HV motors should have anti friction bearings with suitable facilities for permanently monitoring the 
condition of each bearing. (Resistance Temperature Detector) RTD sensors in the bearing housings 
should be directly wired to the bearing temperature relay in the motor local control panel.   

L.5.5 Winding Temperature Detector 

Temperature detectors should be embedded in the stator windings of all motors above 7.5 kW.  

Two 100 ohm (at 0°C) platinum resistance type temperature detectors per phase should be provided in 
the HV stator windings at the hottest points.  The highest of the six temperatures should be automatically 
selected and its output current transmitted to a thermometer complete with alarm and trip contacts shall 
be provided to indicate the winding temperatures.  

400 volt motor rated above 7.5 kW should be fitted with three Positive Temperature Coefficient (PTC) 
type thermistors (one number per phase) and all the leads of these three thermistors.  

400 volt motors rated above 110 kW, six PTC type thermistors (2 numbers per phase) should be 
provided. 

Individual thermistor resistance should be approximately 1000 ohms at the tripping temperature 
appropriate to the insulation class of the motor. The control unit of the thermistors complete with alarm 
and trip contacts should be mounted in the respective starter panel. 
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L.5.6 Anti Condensation Heaters 

Anti condensation space heaters should be provided on all motors above 2.2 kW. The heaters should 
be suitable for use on a single phase A.C. supply and wired to a separate terminal box. Each heater should 
be provided with a switch in the respective starter and automatic control to disconnect it when it’s motor 
is in operation. Each heater should be sufficiently rated to maintain the temperature above dew point 
when the motor is stationary. 

L.5.7 Terminal and Cable Termination Boxes 

Separate individual cable terminal boxes with IP 55 degree of protection shall be provided for stator, 
heater, RTD and thermistor cables.  For the HV motors, the stator, heater and auxiliary cable terminal 
boxes shall be located on the plane of the motor facing the respective starter board. 

Terminal boxes should be positioned to accept adequately supported cables which rise vertically from 
below, or alternatively angled in such a way as to accept cables from a cable tray without stress being 
introduced to the cable. 

Cable terminal boxes motors should be made of steel.  

Each terminal box of motor stator should be fitted with phase separated cable termination and 
sealing/spreading box, cable glands and all fittings necessary to terminate the cables and cores. Phase 
separation should be provided by earthed metallic barriers forming completely distinct individual phase 
compartments, so as to restrict any electrical break down to an earth fault between phase to phase. 

L.5.8 Power factor of motors 

Motors larger than 7.5 kW shall be provided with power factor correction capacitors in respective 
starter boards to correct the power factor of the motors to not less than 0.95 lagging under all operating 
load conditions. 

L.5.9 Electric actuators 

Electric actuators shall comply with the requirements stipulated in SPAN Technical Specification for 
Actuator, SPAN TS 1701:2015 as minimum. Electrically operated actuators for valves and penstocks shall 
be sized to guarantee closure at the maximum possible differential pressure across the door. The safety 
margin of motor power available for unseating the door/disc should be at least 50% in excess of 
maximum closing torque at the nominal supply voltage.   

For delivery control valves in the pumping station, the closing and opening time shall be considered. For 
penstocks and valves, the operating speed for closing and opening shall be considered.    

For any valves or penstock that requires the use of external gearboxes in combination with the electric 
actuators, the external gearboxes shall be designed for motorised duty and should be of the same make 
as the electric actuator manufacturer. 

The motor should be an integral part of the actuator, designed specifically for valve actuator applications. 
Motors should be of high starting torque type to facilitate 'unseating' of the valve. Motor class of 
insulation, temperature rise and duty rating shall be considered when selecting actuators. 
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Temperature should be monitored by thermostats embedded in the motor stator windings and 
integrated into its control. Protection should be provided for the 
motor for stall, over temperature, single phasing and phase 
rotation correction. 

A space heater shall be provided in the electric actuator.  

A handwheel should be provided for emergency operation and be 
arranged such that when engaged, the motor should be 
disconnected mechanically and the drive being restored to power 
automatically by starting the motor.  

The extended spindles should be of stainless steel. Where the 
length of the extended spindle exceeds 1.5 m length, universal 
couplings should be incorporated. 

Each actuator shall be provided with an adequately sized internal 
and external connection for grounding. 

Each actuator shall be performance tested and individual test 
certificates should be supplied.  

Photo L.7: Typical Electric Actuators 

L.6 DISTRIBUTION SYSTEM 

L.6.1 Cables 

Cables and wires shall be supplied by an approved manufacturer and as far as possible the same 
manufacturer should be used for all cables and wires for a project. Each drum or coil shall be 
accompanied by a test certificate stating the manufacturer's name, rating of cable, result and date of tests.  

 Cable Delivery 

All cables should be delivered on robust cable drums with cable ends treated to form an effective seal. 
When a cable is cut from a drum the cable end and the end left on the drum shall be immediately sealed 
in an approved manner to prevent the ingress of moisture. 

 
Photo L.8: Cable in drums 

 Conductors 

All cables shall comprise high conductivity stranded copper conductors to BS EN 60228. The conductors 
of single core cables shall be circular. Multicore cables shall be generally formed to circular shape.  

 Insulant Colours 

Insulant colours shall generally be in accordance with the recommendation of the IEE Regulations. 
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Photo L.9: Multiple types of cables 

 Rating 

Each cable shall have sufficient rating for its duty under both normal and possible fault conditions. 
Current rating and rating factor for cables shall be in accordance with the cable manufacturer’s declared 
current ratings and rating factors.  

In assessing the rating and cross section required for each cable the following factors shall be taken into 
account:   

(i) Fault level and duration as governed by circuit protection relays and circuit breakers. 
(ii) Ambient air temperature. 
(iii) Soil temperature and soil thermal resistivity. 
(iv) Voltage drop 
(v) Loading under steady state and transient conditions. 
(vi) Over-current settings of circuit breakers. 
(vii) Disposition of cables, whether installed on cable trays unenclosed (in air) and enclosed (in 

trenches) or laid in the ground. 
(viii) Method of installation. 
(ix) Route length. 

 Types of Cables 

High voltage cables should be of cross-linked polyethylene (XLPE) insulated, galvanised steel wire or 
aluminium wire armoured as appropriate and MDPE sheathed.  

Low voltage cable 35 sq. mm and above should be of XLPE insulated, galvanised steel wire or aluminium 
wire armoured as appropriate and PVC sheathed. Low voltage cables of sizes less than 35 sq. mm should 
be of PVCSWAPVC type. 

(1) XLPESWAMDPE cables 

XLPESWAMDPE cables refers to high voltage grade (33,000 or 
11,000 V) cross linked polyethylene insulated, steel wire armoured 
and MDPE sheathed power cables. These cables shall be 
manufactured and tested to IEC 60502 as appropriate. 

Where a protection against termite attack is required, the outer 
sheath should contain termite repellent additive, such as Gamma 
Benzene Hepachloride (BHC) or Copper Naphthanate well dispersed 
throughout the compound.  

Photo L.10:  Typical XLPESWAMDPE cable 
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(2) XLPEAWAMDPE cables 

Where single core cables are specified to be armoured, the armouring shall consist of non magnetic 
material such as aluminium wires and glanded with suitable stainless steel or chrome plated brass glands 
and gland plates at terminations. 

(3) XLPESWAPVC cables 

XLPESWAPVC cables refers to low voltage grade (600/1000 V) cross 
linked polyethylene insulated, steel wire armoured and PVC sheathed 
power cables. These cables shall be manufactured and tested to IEC 
60502 as appropriate. 

Armour bedding should consist of a layer of extruded PVC. Armour 
should consist of galvanised steel wires. The outer sheath over the 
armour wires should be of waterproof PVC or polyethylene complying 
with IEC 60502-2 treated with termite repellent. 

Photo L.11: Typical XLPESWAPVC Cable 

 

(4) XLPEAWAPVC cables 

Where single core cables are specified to be armoured, the armouring should consist of non magnetic 
material such as aluminium wires and glanded with suitable stainless steel or chrome plated brass glands 
and gland plates at terminations.  

(5) PVCSWAPVC cables 

PVCSWAPVC cables refers to PVC insulated, galvanised steel wire armoured cable with an overall PVC 
sheath power cables. The cables shall be manufactured and tested to BS 6346. 

Control cables should be made up of the following standard numbers of cores: 2, 3, 4, 7, 12, 19, 27 and 
37. All cores should be coloured white and be identified by black numbers and letterings arranged in 
sequence.  

Conductors used for AC and DC systems shall not be mixed in the same multicore cable. 

PVCSWAPVC cables should be terminated with mechanical glands which should provide adequate 
mechanical support and at the same time should give a high level of earth continuity. The glands should 
be provided with earth tails for connection to earth continuity conductors and polychloroprene (PCP) 
shrouds. 

(6) PVCPVC cables 

A PVC cable refers to single core PVC insulated and sheathed power cable. The cables shall be 
manufactured and tested to BS 6004. Such cables should be terminated by mechanical glands similar to 
that specified for PVCSWAPVC cables. 

(7) PVC cables 

PVC cable refers to single core PVC insulated power cables. The cables shall be manufactured and tested 
to BS 6004. 

(8) Fire resistant cables 

Fire resistant cables refer to cables that are designed to maintain circuit integrity and continue to work 
for a specified period of time under defined conditions. 
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Fire resistant single core cables and multicore cables shall comply with BS 8519. 

 
Photo L.12: Typical PVC cables 

 
Photo L.13: Typical fire resistant cables 

L.6.2 Installation methods 

 General 

Cables which are to be run on walls, ceilings or other building structures should be secured on cable trays 
or enclosed in conduit as appropriate. The cables which are required to be protected against mechanical 
damage shall be protected by means of galvanised steel.  

Every cable should be neatly run vertically or parallel to adjacent walls, beams or other structural 
members. 

Cables interconnecting two switchboards or equipment shall be laid in one continuous length without 
joint.  

Where the building structure incorporates purpose built covered ducts or trench systems for cables, 
power cables and control cables should be segregated and installed on separate trays, secured to the 
walls and/or floor of the trenches.  

Cables of different voltages shall be laid in separate trays. High voltage cables shall be separated from all 
other cables by a clear space of 300 mm. Power and control cables should be laid in two separate trays.  

Cabling installation shall be properly co-ordinated at site with the routing of other services and utilities 
and wherever necessary, suitable adjustment should be made in the cable routing to avoid interference 
with any part of the building structures, equipment and other services. 

Throughout the installation, due regard shall be paid to the spacing of cables to maintain current rating, 
to prevent interference between power and signal cables, and to avoid unnecessary crossovers and 
deration.  

Telecommunication cables should be run separate from high voltage and/or low voltage power cables to 
avoid induction problems.  

HV cables should be fixed to their supports by means of non corrodible cable cleats. Single conductor 
cables should be secured by means of non-magnetic trefoil cable cleats. It should be ensured that 
adequate air is allowed to circulate around the cables at all times. 

Cables or cable supports should not be fixed directly to plant or equipment or piping which may require 
removal or replacement. The use of cable support of unistrut type is recommended. 

The spacing of clips, saddles and cleats should be such as to prevent the sagging of the cables during their 
installed life. Fixing should be made with rawlbolts, ragbolts or other patented fixing device.  
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Cable hangers, cleats, saddles, brackets and similar supporting devices should be of adequate strength 
for the cables they are supporting. They should be treated to withstand site conditions without corroding. 
Cable ties should be of electrogalvanized mild steel covered with PVC/nylon for indoor installations and 
stainless steel straps covered with PVC/nylon for outdoor installations.  Nylon straps should be of ultra 
violet stabilised type. 

Where cables pass through enclosures, walls, floors, etc., insulated multi-cable transit sealing frames 
should be provided to maintain the fire rating of the floor/wall.  

 Cable Trays 

Cable trays should be of the heavy duty, flanged and perforated type, fabricated out of electrogalvanized 
steel sheet and polyester powder coated. Cable trays should be flanged and lipped suitable for installing 
plate covers. 

The galvanised steel sheet should be pre-treated to remove oil, grease, dirt, rust, mill scale and the metal 
surface passivated before polyester powder coating is applied and cured at 200°C. The polyester powder 
coat shall not be less than 80 microns thick. 

The recommended thickness and support spacing of cables trays are as follows: 

Table L.5: Recommended cable tray requirement 

Width Sheet steel thickness Maximum support spacing 

Up to 300 mm 1.5 mm 750mm 

above 300 mm to 600 mm 2.0 mm 800 mm 

above 600 mm to 900 mm 2.5 mm 800 mm 

 
Photo L.14: Typical cable trays 

The side flange height should not be less than 50 mm and the lip length should not be less than 20 mm. 

Cable trays shall be supported such a way that maximum loading will not be exceeded and bending or 
buckling will be prevented. Loading on cable trays should not cause at mid-span a deflection greater than 
4 mm.  

The cable trays and accessories shall be sized to provide 25% additional free space available after 
installation of the cables. Where trays are tiered, clear access shall be available to all trays, with minimum 
300 mm separation between trays. 

Wherever possible, cable trays should be installed in full lengths without cutting.  Cable tray should only 
be cut along a line of plain metal i.e. not through the perforations.   
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All connections should be made using cadmium plated bolts, nuts and spring washers. Self-tapping 
screws or other sharp projection should not be used. 

Arms and supporting channels for cable trays 
should be hot dipped galvanised. Supports for 
cable trays should be provided at regular intervals 
and not more than 200 mm from bends and 
intersections.  

Cable trays, fittings and supports should be bonded 
and connected to the earthing system. Cable trays 
carrying the power cables should be earthed at two 
points for each tray run by means of copper cables.  

Photo L.15: Typical cable tray connection using 
bolts and nuts 

 Conduits  

All conduits should be hot dipped galvanised and screwed steel type.  Conduit fittings should be of 
malleable cast iron and be hot dipped galvanised.  Fittings with covers should have a machined surface 
around the perimeter, mating with a similar machined surface on the cover.   

Conduits should be neatly arranged when installed on surface or concealed. Conduit terminations at the 
distribution boards should complete with brass bushes and lock nuts. The sizes of conduit used shall be 
determined by the number of cables to be drawn in as scheduled in the Institution of Electrical Engineers, 
IEE Wiring Regulations. The conduit should not be smaller than 20 mm diameter. Conduit should be 
supported by hot dipped galvanised mild steel hangers fixed to walls/floors. 

Conduit system should be electrically and mechanically continuous and water tight after installation. 
Before wiring work is carried out, all conduits should be thoroughly swabbed out until clean.  

Conduits should be complete with draw wires and be sized to permit 
the subsequent removal and replacement of any cable without 
disturbing the other cables.  

The number of cables in conduit should not be more than that is set out 
in the IEE Wiring Regulations.  

No single conduit serving a single phase socket outlet, lighting point or 
switch can contain more than one phase.  Switch wires shall be white 
in colour. 

Photo L.16: Typical hot dipped galvanised conduit 

 Trunkings 

Trunkings should be manufactured from electrogalvanised steel of minimum thickness 1.6 mm for 
cross-section sizes upto and including 300 mm x 100 mm. The trunking should be polyester powder 
coated. The trunking should have two return flanges for rigidity and removable covers. The covers should 
overlap the trunking and be made of the same gauge. Each length should be supplied with necessary 
connection sleeves and joggled sides to allow flush fitting. 

The number of cables installed in each trunking should not exceeded the numbers as required in the IEE 
Regulations.  
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The trunking should have a smooth interior with cover plates overlapping the sides of the trunking. 
Suitable adaptors should be utilised for any change in cross-section of trunking runs. All bends, tees and 

intersections should be manufactured by the maker of the 
trunking and to a similar standard.  

Trunking shall be supported at intervals not exceeding 2 metre 
horizontally or 2.5 metre vertically. 

Cables shall be retained in the trunking when the cover is 
removed, by means of straps. Trunking covers shall be fixed 
with centre and sideways captive screws or spring-on type.  

When trunking passes through a fire wall, a floor slab, a barrier 
of adequate fire rating shall be installed to prevent the possible 
spread of fire. 

Photo L.17: Typical Cable Trunking 

 

Each trunking should be bonded at every section to ensure earth continuity. Internal connecting sleeves 
should be fitted across joints, in the trunking. 

L.6.3 Embossing 

The outer sheath of each cable should be embossed throughout the length of the cable at intervals not 
greater than one metre with the identification of the manufacturer and with the following information:  

(i) Voltage Rating e.g. “1000 V”; 
(ii) Year of Manufacture e.g. “2020”; 
(iii) Sequential number of length e.g. “10 M”; 
(iv) Manufacturer’s name, and 
(v) Height of letters shall be 10 mm. 

L.6.4 Test certificate from manufacturer 

Test certificates for all cables supplied should be submitted for approval, prior to despatch of cables from 
the place of manufacture. 

L.6.5 Record drawings 

Record drawings for cabling should include cable route drawings, block diagrams and cable schedules. 
Cable schedule should include cable type, conductor size, number of cores and voltage grade. Within 
buildings, record cable route drawings should show to scale the location of all items of electrical plant, 
the route and method of installation of all cables e.g. on tray, in trench, on hangers, in ducts, conduit etc. 
External cable route drawings should show: 

(i) The route of the buried cable. 
(ii) The depth of laying including any deviations to avoid local obstructions encountered during 

installation. 
(iii) Position of maker posts. 
(iv) Position of joints, test terminal points, drawpits etc. located from marker posts or other agreed 

key points. 
(v) Distances of cable runs from pipe runs or other buried services. 
(vi) Position of earth electrodes, earth rods disconnecting chamber and interconnecting earth tapes.
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L.6.6 Cable schedules 

The cable schedule should include the following information: 

 Cable tag number; 
 Cable type / construction; 
 Cross section of conductor(s); 
 Number of cores; 
 Start and finish point of cable; 
 Volt drop/amp/metre; 
 Route length; 
 Volt drop; 
 Current rating of cable; 
 Rated voltage; 
 Load rating in kW; 
 Load current; 
 Circuit breakers / fuse rating; 
 Derating factors for temperature, grouping and overall derating factor; 
 Derated current; 
 Installation method (in trench/duct/cable tray/buried underground). and 
 Identify the signal that a particular core is allocated including the ferrule number. 

L.6.7 Tests on cables 

All cables should be subject to routine tests in accordance with the requirements of the relevant 
standards.  Each drum of cable should be complete with a certificate which gives proof of compliance.  

The tests that should be carried out on every drum of cable shall include:  

 High voltage a.c. insulation pressure test to the specified level, between cores and from individual 
cores to earth, metallic sheath or armour as appropriate. Leakage currents measured shall be 
stated on the test certificate; 

 Insulation resistance tests; 
 Core continuity and identification, and 
 Conductor resistance tests.    
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L.7 EARTHING SYSTEM 

L.7.1 General 

Earthing systems shall comply with the requirements of BS 7430 - Earthing, IEE Wiring Regulations, 
Suruhanjaya Tenaga and service provider.  

Earthing systems should comprise of earth bars, circuit protective conductors, equipotential bonding 
conductors, main earthing networks and electrodes. 

The design of earthing systems should satisfy the following requirements: 

(i) It shall have adequate thermal capacity to withstand the full system earth fault current for the 
duration for which the protective systems are designed to clear the fault. 

(ii) The earth connections for all sections of each installation should be continuous throughout. 
(iii) The effective electrical earth loop impedance should be less than one (1) ohm. 

L.7.2 System Earthing 

Generally, system earthing should be provided for electrical plants such as incoming power station, 
switch house and transformers. Some of the locations where earthing system should be provided are as 
follows: 

 Service provider 33 kV switching station. 
 Service provider 11kV substation. 
 Consumer 33 kV switch house. 
 Consumer 11 kV substation. 
 Transformer yard. 
 Pumping station. 
 HV switchroom. 
 LV switchroom. 

Each earthing system should comprise the following:- 

(i) Main earth bars for the system. 
(ii) Separate conductors connecting the frame at two extreme ends of the equipment back to the 

system main earth bar. 
(iii) Earth conductors in the form of a ring installed along the cable trench or wall. 
(iv) Individual single core cables for transformer and generator neutral earthing. 
(v) Earth electrodes system installed with earth conductors in a ring circuit or in a mesh 

arrangement and connected the main earth bar.  The earth resistance value shall not be greater 
than 1 ohm. 

(vi) Interconnections with the other earthing systems. 

Each transformer neutral shall be connected direct to an earthing point with the earth resistance value 
not exceeding 20 ohm. 

Separate earthing system should be provided for computer systems and instrumentation system. The 
same arrangement for common earthing should be provided for the instrument and computer earths. 
Each individual instrument earthing system should achieve its required earth resistance value before 
being interconnected with other earthing systems.  

L.7.3 Equipment Earthing 

All non-current carrying metal framework associated with the electrical equipment, each item of 
electrical plant, casings and cable sheaths, etc. should be connected to the earthing network. The 
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minimum dimension of the conductor shall refer to BS 7430 - Code of Practice for Protective Earthing 
of Electrical Installations. Series earthing of one piece of equipment to another utilising the equipment 
casing should not be permitted. 

Circuit and main earthing and equipotential bonding conductors should be of high conductivity copper 
tape or PVC insulated multi-stranded cable. PVC cable insulation should be striped green/yellow. 
Conductor lengths should be continuous.  

Non-electrical metallic equipment such as tanks, vessels, etc. should be bonded by two independent 
earthing conductors. 

The earth network conductor should be securely supported and clamped in a neatly spaced manner on 
building structures, cable trench walls or on cable trays and neatly run vertically, horizontally, parallel 
to adjacent walls, ceilings, beams, etc. as appropriate. The earthing installation should be protected from 
any mechanical damage or corrosion. 

L.7.4 Main Earth Bars and Earth Continuity Conductors 

Main earth bar complete with test links should be installed in a convenient location above the finished 
floor level. The main earth bar should comprise a high conductivity tinned copper bar supported on 
porcelain barrel type insulators and wall mounted. The earth bar should be of sufficient length to 
accommodate bolted copper tape and cable connections.  

The sizes of protective conductors shall refer to BS 7671 – Requirements for Electrical Installations - 
IET Wiring Regulations.  

Particular care should be taken on cable termination to ensure that the cable sheath and armour are 
adequately bonded to the frame of the item of plant to which the cable is connected.   

All earthing connections to electrical apparatus shall be made by using a bolted connection in a visible 
and accessible position.  

L.7.5 Earthing Points  

Earthing points should be provided comprising a system of vertical earthing rods interconnected with 
earth conductors.  The electrodes should be physically arranged and spaced. The earthing points shall 
provide an earth loop impedance value of not greater than one (1) ohm. 

Each earth point should comprise an extensible type earth electrode made of hard drawn steel cored 
copper rods with internal screw and socket joint, hardened steel tip driving heads and connector clamps.    

Two earthing leads should be brought back to testing links which serve as their main connection to the 
main earth bar in the substations, control rooms, MCC rooms, etc. 
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INSTRUMENTATION 

M.1 INTRODUCTION 

M.1.1 General 

Instrumentation systems for a WTP will generally comprise of the following: 

(i) Measuring instruments located throughout the WTP and reservoirs for the measurement of 
parameters required for the process and operation of the WTP. 

(ii) Analyser panels or analyser racks complete with analysers for measurements of water 
qualities throughout the WTP.  The analysers are located outdoors in the field or at designated 
areas at the filter control building or laboratory. Remote sampling of the water is carried out by 
means of sampling pumps and pipework. 

(iii) Local control panels (LCP) located at plant or process areas complete with control facilities, 
status indications, etc. for the manual/semi-automatic/automatic operation of specific units/ 
systems of process/chemical plant. 

(iv) Supervisory panels (SP) complete with control facilities, selected status indication, recorders, 
etc. for the semi-automatic/automatic operation of process/ chemical plant. Selected 
information from individual LCPs of a particular plant is sent to the designated supervisory 
panel. 

(v) Instrument panels provided at reservoirs typically with selector switches and mimic diagrams 
to allow for manual and automatic control of the inlet and outlet valves of the reservoir. 

Principal instrumentation signals from the LCPs, SPs and instrument panels will be transmitted via the 
SCADA system to the Main Control Room at the WTP.  

Measuring instruments provide a continuous measurement of levels, pressures, flows and water quality 
throughout the WTP and reservoirs for display and control on the local control and supervisory panels. 
The continuous output signal from selected instruments will be used for the control and automation of 
the various processes and plant. Continuous measurement of parameters relieves the technician of 
routine analytical work while offering better monitoring at a shorter response time. 

It is important to ensure the instrumentation equipment supplied are designed, manufactured and 
installed to the highest standard of operational reliability and suitability for the prevailing ambient 
conditions at a WTP.  

As most instrumentation equipment requires regular servicing and maintenance, the equipment should 
therefore be obtained from established manufacturer with adequate facilities, staff and spare parts 
locally that are capable of providing the necessary service and maintenance. 

Instrumentation equipment shall be SPAN approved and generally comply with recognised Standards. 
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M.2 INSTRUMENT AND CONTROL PANELS 

M.2.1 Panel Design and Construction  

All instrument panels, supervisory panels, local control panel panels and the like shall generally be of 
free-standing floor-mounted units, all referred herein as panels. Panels shall be of the cubicle or 
desk-pattern type. The height of cubicle panels should be standardised and similar to the height of floor 
standing electrical panels located within the same room. The height of desk pattern type shall not exceed 
1400mm. 

The ingress protection of indoor panel shall be IP54 and outdoor panels shall be of weatherproof type to 
IP65. 

Recommended heights for front-of-panel mounted instruments and controls equipment from their 
centres to the floor level are tabulated below: 

Table M.1: Recommended heights for panel mounted instruments 

Mounted instruments Recommended heights 

Indicators 900 mm–1800 mm 
Recorders & process controllers 900 mm–1500 mm 
Alarm fascia/ signal lamps 1200 mm–1800 mm 
Manual control devices 750 mm–1500 mm 

Control switches and pushbuttons are practicable to be located below or adjacent to any associated 
reading instrument. 

Panel doors shall be provided with suitable locking facility either by key, padlock or combination of both. 
For panel having more than one door, preferably the same lock and key combination are used for all 
doors. Another external door with viewing window to protect the front of panel mounted instruments 
from direct sunlight shall be provided. 

Panels shall be made of prime quality, electrogalvanised steel sheet of adequate thickness and shall be 
suitably braced. The panel shall be pre-treated and finish with rust proof powder coating with an 
electrostatic spray process and oven baked before the final painting. 

The width and depth of panels shall be convenient to house the associated instruments, annunciators, 
terminal boards, etc. so as to permit easy access for the maintenance of such equipment. 

The panel sheet thickness shall be chosen with due regards to the panel size, number of cut-outs, 
instrument weight, position of centre of gravity and method of fabrication. Recommended minimum 
thickness for panel plates are provided in Table M.2. 

Table M.2: Minimum sheet thickness for panel plates 

Panel plates Minimum thickness 

Instrument bearing surfaces/ desk tops 3 mm 
Gland plates  3 mm 
Pneumatic distribution plates 3 mm 
Internal mounting plates 3 mm 
Door, covers, filler plates 2 mm 

Adequate ventilation and air circulation shall be provided for the panels without permitting the entry of 
vermin or the ingress of dust as far as practicable. Panels installed in a dusty environment shall be 
provided with suitable filters over the air circulation louvers. 
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If electrical and non-electrical instruments are mounted in the same panel, the panel shall be sub-divided 
internally to separate the electrical and non-electrical sections. All connections shall be arranged to 
ensure that no accidental damage to cabling or electrical components can occur in the event of failure of 
any non-electrical components or connection. 

Wall mounted panels where required shall in principle follow the same guideline as that for the floor 
mounted panels. 

All panel constructional details and arrangements should be approved before manufacture and should 
be subject to inspection at agreed stages of the construction. 

M.2.2 Panel Lighting & Socket Outlets 

Each floor mounted panel shall be adequately illuminated internally, as evenly and as free from dazzle as 
possible, by fixed tube lighting controlled from totally enclosed door operated switches.  

There should be one installed per three meters of panel or part thereof.  

The lighting circuit shall be independently fused and designed to allow lamps to be replaced safely. 

Panels having 230 Vac supply shall be fitted, internally, with standard twin 13A switched socket outlets. 
There shall be one socket for each two meters of panel length with a minimum two sockets. These shall 
be fitted with protective device in accordance to local regulation and shall be independent of any 
instrumentation and control circuits. 

M.2.3 Panel Heating 

Panels shall be fitted with one or more thermostatically controlled anti condensation heater. 

The heaters shall be mounted as low as possible and so situated to ensure free air flow over the heating 
element and to have no detrimental effect on temperature sensitive devices or adjacent wiring in the 
cubicle.  

Heaters shall be rated to ensure condensation does not occur under the ambient air temperature and 
relative humidity conditions prevailing at the location where the panels are to be installed. 

Heaters should be provided with a safety guard and the surface temperature of any part that may be 
contacted accidentally should not exceed 65°C. 

The heating circuit should be of independent circuit complete with protective device, ON/ OFF switch 
and thermostat. Heat resistant cables shall be used for connection to the heaters. 

Suitable warning labels shall be provided. 

M.2.4 Panel Ventilation 

Panels shall have sufficient fans to ensure adequate ventilation of the equipment. Some panel may not 
require fans in which case the contractor shall be asked to submit design calculations verifying the fact. 

Fans shall be controlled by internally mounted switch in accessible position. Fans shall be noise free. 

The air entries for the fans used for drawing fresh air shall be provided with filters which can be renewed 
to prevent entry of insects, dust or rain, etc. 
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M.2.5 Panel Protection 

Adequate facilities for isolation and protection by miniature circuit breaker or fuse for each circuit and 
sub-circuit shall be provided and shall be so arranged that any fuse failure causes minimum disruption 
of plant, operates an appropriate alarm and cannot result in any unsafe operating condition. 

M.2.6 Panel Internal Wiring 

Panel wiring may be segregated into the following voltage categories. 

Group 1 : Power, control and very high level signal wiring (above 50V) 
(eg. AC and DC power supplies, CT and VT circuits) 

Group 2 : High level signal wiring (6 to 50V dc) 
(eg. 4-20mA, digital signals, trip circuits, on/off control circuits, fieldbus 
circuits, etc) 

Group 3 : Low level signal wiring (5V DC and below) 
(eg. Signals from thermocouples, resistance thermometers, analytical 
equipment, etc) 

Group 4 : Interconnecting wiring 
 (eg. between relays - AC below 50V and DC circuits, etc) 

The maximum potential between any two points within the panel shall not exceed 250 volts. 

Separate ducts, trunking, cable looms, tray work etc. shall be provided within the panel for each category 
with at least 150 mm between parallel paths of Group 1 cables and those of any other Group. 

Internal wiring for all circuits in Group 2 except those sharing a common connection shall be multi 
stranded, twisted pair, 0.75 mm2 minimum copper conductors with HDPE or PVC insulated cable of 
adequate grade and rating. 

Wiring for circuits in other Groups or sharing a common connection shall be run in stranded, 1.5 mm2 
minimum copper conductor with 600 V grade, PVC insulated cable of adequate grade and rating.  

Circuits supplied at 240 V AC or above, between 24 V and 110 V DC, shall also be segregated from each 
other and from other circuits. Access to wiring and components of circuits having voltages exceeding 240 
V shall not be possible unless and until the circuit has been isolated. 

M.2.7 Panel Terminal Blocks  

Terminal blocks shall be provided for interface between the corresponding conductors of each internal 
and external wire and each internal and external connection except for: 

(i) Incoming power supply cable to switch disconnector/MCCB/MCB. 
(ii) Group 3 wiring when connected directly 
(iii) Intrinsically safe circuits which terminate directly to the protection barrier. 

Terminal block shall be mounted vertically where possible and the rows shall be adequately space apart 
and arranged to permit easy access to wires and terminals. 

Circuits shall be grouped on the terminal blocks according to the classification given under previous 
section. 

Not more than one core of any external cable or internal wire shall be connected to any terminal. If 
terminal blocks are used as common points for two or more circuits, individual terminals with the 
appropriate number of permanent cross-connections shall be provided. 
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Terminal blocks for input output signals shall be of type which permits the introduction of a test milli-
ammeter or continuity meter without disconnecting any wiring and shall have an integral means of 
isolating the two parts of the circuit 

Terminal blocks for power supplies for equipment external to the panel shall permit the isolation of the 
item of external equipment without affecting the operation of any other circuits within or outside the 
panel. 

All spare cores of external cables shall be terminated in terminal blocks and labelled accordingly. 

M.2.8 Panel Earthing 

Two separate earth bars shall be provided for the panels, one for the electrical earth and the other for 
the instruments earth. Both earth bars should generally be of similar size and run the full length of the 
panel. The bars shall be of continuous copper bar of not less than 25mm x 6mm. 

The earth bar for the electrical system shall be electrically bonded to the main frame.  

The instruments earth bar shall be electrically isolated from the steelwork of the panel and metal 
cladding and armouring of cables.  

Instrument earth shall be used to earth the signal earth connection of instrumentation and control 
devices and the screen(s) of each instrument cable not earth elsewhere to the station instrumentation 
earth. 

In multi section panels, each earth bar shall be electrically bonded to the corresponding bars in the 
adjacent section(s). 

M.2.9 Panel Mounted Instruments  

 Alarm Annunciating System 

Alarm annunciator units bearing appropriate legends shall be used to display selected alarm functions 
on the panel. 

The alarm annunciators can be of the internally illuminated type and arranged in groups on the panel at 
the recommended height. 

Each group of annunciators shall have at least 20% spare ways for possible future alarms and shall be as 
compact as possible without unnecessary decorative trim. 

"Alarm accept", "Reset" and "Lamp test" pushbuttons shall be provided in the middle of the panel. 

A strobe light and a baby siren shall be mounted on the panel together with muting switches mounted 
inside for use during commissioning and testing.  

The operation or acceptance of one alarm shall not inhibit the operation of the appropriate audible device 
or the flashing of the appropriate alarm indicator if a further alarm condition occurs. Alarms operated on 
two or more annunciators shall require acceptance at each annunciator. Alarms shall be accepted 
automatically and the appropriate audible device silenced after an adjustable period of 1 to 5 minutes. 

 Analogue Indicators 

Analogue indicators shall have critically damped movements.  

Each indicator should be provided with near zero adjustment, anti-parallax platform scales enclosed in 
damp and dustproof cases and suitable for the site environment. 
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There are two types of analogue indicators typically used which are the edgewise meters and the circular 
type meters. 

Edgewise Meters 

The edgewise meters can either be in a vertical (upright) or in a horizontal orientations. The meter shall 
have a linear scale length of not less than 100mm and may come with a digital display. 

They are commonly installed at the LCPs and SPs in the process and chemical plant for displaying 
parameters such as water quality (pH, turbidity, etc ) and levels of chemical and service water tanks. 

Circular Analogue Indicator  

Circular analogue indicators shall have 240°deflection scale and not less than 70 mm in diameter.  

 Digital Indicators 

Digital indicators should generally be a modular type incorporating signal input and conditioning, 
analogue to digital conversion power pack, analogue and/or BCD output modules and switch for decimal 
position. Indications shall be in engineering units to an acceptable accuracy.  

Digital indicators shall incorporate not less than 14mm bright red LED uniplanar numerals which can 
easily be seen from across a control room and at all viewing angles.  

 Integrators 

Integrators or totalising impulse counters may come with cyclometer type counters. The counter digits 
shall not be less than 4mm in height and 2mm in width.  

Each integrator should be provided with adjustable limiter and have sufficient adjustment of the pulse 
rate to avoid the use of any multiplying factor except in integer power of 10. 

 Touch Screen Displays 

Touch screen displays provide the WTP personnel with real time graphics, status, data and statistical 
information of critical data as and when required for easy trouble shooting during maintenance and 
breakdown purposes. 

Touch screens shall generally be provided for the following panels: 

(i) Supervisory Panels for clarifiers, filters and residuals treatment plant. 
(ii) Local control panels for chemical plant. 
(iii) Instrument panels for reservoirs. 

Touch screen shall be mounted at the front side of the panel.  

Touch screen shall be of high-quality, industrial grade LED display or latest technology available. Degree 
of protection for front face of display panel should be IP 65/ NEMA4 for outdoor installation. The touch 
screen hardware must be at minimum CE certified and suitable for conditions in process chemical 
buildings and plants.  

The touch screen should be suitable for the intended and future use, if necessary and capable of memory 
expansion.  

The touch screen should be provided with communication ports and connectors to allow interfacing with 
the WTP SCADA system as well as CCTV surveillance and security system if required.   
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M.3 INSTALLATION REQUIREMENT 

M.3.1 Instrument Cables 

This section describes the cabling for the instrumentation system and shall be read in conjunction with 
relevant requirements of PART L  :  Electrical Plant. 

All cables shall be delivered on robust cable drums with cable ends treated to form an effective seal. 
When cut, the cable end and the end left on the drum shall be immediately sealed in approved manner to 
avoid any moisture ingress. 

Suitable segregation between various types of cabling shall be maintained to ensure there is no risk of 
electromagnetic interference. The minimum spacing between cables shall be as follows: 

Control and high voltage      :  300mm 
Control and low voltage     :  150mm 
Instrumentation, telephone and high voltage  :  300mm 
Instrumentation, telephone and low voltage  :  150mm 
Control and control     :  nil 

Cables shall be of adequate cross sectional area for the application (subject to minimum size 
specified).Cable glands shall be provided to allow cable entry to the instrument enclosure without 
degrading the required degree of protection. 

Signal cables shall not be mixed within multi-pair or multi-core cables though inputs and outputs (of 
same level) may be combined. For intrinsically safe cables, the cable inductance should not exceed the 
limits for intrinsically safe circuits. 

All instrument cables in general shall include individual and overall screen, single galvanised wire 
armour and overall PVC sheath. The conductor shall be of multi strand with the size not less than 
7/0.5mm. 

Instrument cables shall be considered in the following duty groups:  

(i) high level analog signals (e.g. 4 to 20 mA); 
(ii) plant state and repeat alarm signal of 24 volts DC; 
(iii) emergency shut down and tripping circuits; 
(iv) control circuits; 
(v) low level analog signals. 

Each instrument cable should carry signals of only one duty group. 

The cables in groups (i), (ii), (iii) and (iv) shall be as recommended by the manufacturer of the equipment 
providing the signal, and the copper conductor shall generally not less than 1.5 mm². 

The group (v) cables should be as recommended by the manufacturer of the equipment providing the 
signal.  

The wiring colour code should be as given below: 

Single phase   : Red 
DC Circuit  : Grey 
Volt free   : White 
Earth   : Green 
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Analogue Signal Cables 

Analogue signal cables shall generally be steel wire armoured, shielded twisted pair cables with 
minimum 1.5mm2 conductors, SWA or equivalent with a minimum insulation grade of 500V. 

Where multiple analogue signals need to be conveyed between two common points, steel wire armoured 
multi-pair cables may be used.  These shall be as for single pair cables but shall have conductors of a 
nominal 1.0mm2 with element and overall screen, SWA or equivalent. Multi-pair cables shall have 
individual and overall screens with 20% or two spare pair whichever is greater. 

Control Cables 

Control cables for digital signals shall be of a minimum 2.5mm2 PVC/SWA/PVC with a minimum 
insulation grade of 600/1000V with individually numbered cores. 

Control cables shall have 20% or two spare cores whichever is greater except for the final cables to field 
devices having only one signal for which a minimum of one spare core (ie. 3 cores total) shall be 
acceptable. 

Wiring in Outdoor Ducts 

Wirings, cables and accessories laid in outdoor ducts which may be submerged by groundwater shall be 
waterproof.  

M.3.2 Lightning & Surge Protection  

The protection system shall be such that the prospective level shall not interfere with normal operation, 
but shall be lower than the instrument surge withstand level. Instruments and analysers shall be housed 
in properly earthed enclosures. Each surge protector shall be connected to good earth. 

 Surge protection devices shall be provided to protect all power and instrumentation cables whose cable 
length are external to the building from electrical surges induced directly or indirectly by lightning 
strikes. 

The surge protection device shall be of maintenance free, self-resetting type with an individual earthing 
system of less than one ohm. 

The surge protection device shall be able to divert transients on long-lines, high exposure lines and lines 
susceptible to Electromagnetic Field (EMF) induction. It shall employ 3 main protection elements, 
namely primary Gas Discharge Tube (GDT), secondary Metal Oxide Varistor (MOV) and tertiary Silicon 
Avalanche Diode (SAD) with series PTC (Thermistors). Each mode of the surge protection device shall be 
designed to withstand single shot of 20kA 8/20us in accordance to relevant ANSI/IEEE requirement 
without failure. 

The surge protection device shall be in series, in-line device.  Shunt or parallel surge protection devices 
are not acceptable. 

The surge protection device shall be tested and in compliance to relevant ANSI/IEEE Standards and shall 
be able to withstand multistroke lightning events.  

The surge protection device shall be designed and constructed with a plug & base design to ease future 
maintenance and module replacement.   

Small power surge protection device as addressed in Part L: Electrical Plant shall be used for protection 
of equipment power supply circuit. 

The surge protection devices shall be installed at both ends of the line, as close to the device being 
protected as possible and in the same enclosure. 
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In addition, all solid-state equipment should also incorporate surge induction filters to protect the 
equipment from electrical transients and surges in the system. The surge reduction filters should fully 
attenuate all transients on both differential and common mode to levels well within the tolerance of the 
equipment provided. 

M.3.3 Instrument Earth  

A separate earth system shall be provided for instrumentation equipment, known as the instrument 
earth. The instrument earth shall also be used for any other equipment requiring ‘clean’ earth. 

The effective instrument earth loop impedance shall be less than one (1) ohm. 

The instrument earth system shall be linked to the electrical earth system at the lowest practical level 
after the required earth loop impedance of both earth systems are achieved.  

The physical earthing arrangements and material shall be similar to the electrical earthing system 
described elsewhere. 

M.3.4 Power Supply  

Power supply to instrumentation panels shall be in 230V a.c. (individual items may require other voltages 
derived from this, e.g. 24V DC). Earth leakage relay (ELR) with 30 mA sensitivity shall be provided at the 
incomer supply. 

As far as possible all panels and instruments shall be provided with backup uninterruptible power supply 
(UPS).  

The requirement for UPS is as addressed in section N.6 – Uninterruptible Power Supply. 
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M.4 MEASURING INSTRUMENTS 

M.4.1 General 

Measuring devices, sensors, gauges or analysers measure the parameters of interest in the process 
and operation of a WTP such as the flows, levels, pressures and water quality. Figure M.1 shows the 
distribution of these measuring instruments installed throughout a typical medium to large WTP.   

Measuring instruments and its associated control equipment shall be fully tropicalised and suitable for 
the worst environmental operating condition. As far as possible, all measuring instruments and control 
equipment which perform similar duties shall be of uniform type and make in order to facilitate 
maintenance and the stocking of spare parts. Regular servicing and calibration shall be provided as 
recommended by the supplier.  Wherever possible the measuring equipment shall be HART ready. 

Panel mounted instruments shall be protected against damp and dust. Measuring instruments mounted 
outside of panel or outdoor shall be provided with enclosures. Outdoor instruments shall be of 
weatherproof type. The associate control equipment housing the transmitters and indicators shall be 
installed in appropriate weatherproof panels. 

Instruments not mounted in panels shall be provided with appropriate brackets, stands, supporting 
steelworks and enclosures to secure them in their working positions and affording complete protection 
at all times. 

Plant mounted indicators and gauges shall be sized to give full legibility when viewed from position with 
convenient and easy access or from the point at which any operation requiring observation of the gauge 
is performed. 

All measuring instruments shall be SPAN registered and comply with SPAN approved standards and 
testing methods. 

M.4.2 Signal Transmission 

 General 

Measuring instruments are provided with transmitters to transmit the signals to where required for 
remote monitoring. 

All signals shall generally be transmitted electrically.  

Analogue values shall be transmitted as electric signals in the range of 4 to 20 mA DC, and shall be 
linearised where necessary. 

Signal circuits operating more than one instrument or providing outputs of more than one instrument or 
item of equipment shall be designed so that a fault in their interconnecting cables shall have no effect on 
the operation of any other device in the same loop. Output signals to SCADA system shall be linear 4 to 
20 mA DC, fully isolated from their input signals and from earth. 

Transmission of digital signals such as status, alarm and pulse rate frequency signals shall be provided 
by volt-free changeover contacts.  

Signals for automatic control of dosing shall be through hard wired cables from its source instrument to 
the controller. Signal isolators shall be provided for each analogue signal forming part of the hard wired 
system. 
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Figure M.1: Typical instrumentation diagram for medium or large WTPs 
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 Signal Transmitter  

Transmitting devices should be of the two wire, live zero type. The output signal from each transmitter 
should not be affected by the output circuit load, including cable resistance, for its particular application. 

Transmitters generally incorporate an output signal indicator to monitor the output signal and also input 
and output test points for the connection of portable instruments for testing and calibration. 

 Integral Indicators 

Integral indicators are those provided at the transmitting device of a measuring instrument. Integral 
indicators able to provide a lot of information and is used to monitor the output signals of the measuring 
instruments. It is normally mounted as near to the tapping or measurement as possible subject to the 
overriding considerations of environmental compatibility and maintenance/servicing considerations. 

Transmitting devices without integral indicators should be provided with a connection for use with a 
portable test meter. 

 Data Loggers 

Remote instruments may be provided with data loggers to monitor and store data over time. Data logger 
shall be self-powered by maintenance free batteries and suitable for the instruments it is intended for. 

Data loggers may be built in to the instrument or a separate device housed in a rugged, waterproof 
enclosure. 

The selection of data logger shall be based on its compatibility with the instruments in terms of the type 
of input signals, number of inputs, speed of the sampling rates as well as the memory size. The data logger 
shall have a minimum capacity of 30 days storage. 

Data loggers shall be provided with non-volatile memory for data storage and may be provided with real 
time display if required. It shall be possible for the data loggers to be connected to the internet via suitable 
communication devices for remote monitoring and integration with a SCADA system.    

M.4.3 Principal Parameters and Measuring Instruments 

The following Table M.3 list the principal measurement parameters and their recommended 
measuring instruments typically used in a WTP. The listed functions associated with each parameter 
(control, alarm, indication, recording and summation) should be made available at the respective local 
control panels/supervisory panels.   

Other type of measuring instrument may be considered in lieu of the recommended instrument provided 
it can meet the requirement of the intended parameter measurement.   
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Table M.3: List of principal measurement parameters and measuring devices 

Item 
No 

For measurement of Measuring Device 

Control (C) 
Alarm (A) 

Indication (I) 
Recording R) 

Summation (S)  
Intake & raw water pumping station 

  

1. River level Ultrasonic Sensor C/A/I/R 

2. Bandscreen differential level Ultrasonic Sensor C/A/I 

3. Pump sump level Electrodes C/A 

4. Raw water inlet flow Magnetic flowmeter C/A/I/R/S 

5. Raw water turbidity Turbidity meter A/I 

6. Raw water pH pH meter A/I 

7. Raw water dissolved oxygen Dissolved oxygen meter A/I  
WTP 

  

8. Dosed water pH pH meter C/A/I 

9. Dosed water SCD Streaming current detector C/A/I 

10. Clarified water turbidity Turbidity meter A/I 

11. Filter water level high Electrodes A 

12. Filtered water flow Magnetic flowmeter C/A/I/R/S 

13. Filter loss of head Differential pressure C/A/I 

14. Filtered water turbidity Turbidity meter A/I 

15. Air (blower) flow Differential pressure (orifice 
plate) 

C/A/I 

16. Washwater holding tank level Pressure transducer C/A/I 

17. Washwater holding tank low level Electrodes C/A 

18. Washwater flow Magnetic flowmeter C/A/I/S  
Clear water tanks & treated water 
pumping station 

  

19. Treated water pH pH meter C/A/I 

20. Treated water turbidity Turbidity meter A/I 

21. Treated water residual chlorine Chlorine residual meter C/A/I 

22. Treated water residual flouride Fluoride residual meter C/A/I 

23. Clear water tank overflow and level high Electrodes A 

24. Clear water tank water level low Electrodes A 

25. Clear water tank level Pressure transducer/  
Ultrasonic sensor 

C/A/I 

26. Treated water delivery flow Magnetic flowmeter I/R/S 

27. Treated water delivery pressure Pressure gauge A/I  
Balancing reservoir 

  

28. Reservoir level Pressure transducer/  
Ultrasonic sensor 

C/A/I 

29. Reservoir outlet turbidity Turbidity meter A/I 

30. Reservoir outlet pH pH meter A/I 

31. Reservoir outlet residual chlorine  Chlorine residual meter A/I  
Residuals plant 

  

32. Effluent discharge flow Ultrasonic flowmeter C/A/I/R/S 

33. Sludge blanket level Residual blanket level detector C/A 

34. Sludge density level Residual density meter C/A/I     
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M.4.4 Pressure Measurements 

 Pressure Gauges/Pressure Switches 

Pressure gauges are installed to monitor the pressure of the water and chemicals in pipelines. Pressure 
gauges for main water pipelines shall not be less than 150mm diameter. 

No aluminium or plastic parts should be used in the construction of all pressure gauges.  

The internal components should be of stainless steel, bronze or approved corrosion resistant material.  

Diaphragms shall be fitted to all gauges subjected to liquid containing suspended matter and should be 
fitted with a cleaning plug. 

Special diaphragms should be used to segregate the gauge tube from fluid media where necessary. The 
diaphragms of pressure gauges used in chemical plant should be suitable for the type of chemical 
application. 

Gauges installed in locations liable to flooding or underwater applications should be to IP 68 enclosure.  

Gauges may be mounted directly on and supported independently off the main system pipework or side 
by side on a panel. 

Pressure switches should have contacts for differing ‘cut-in’ and ‘cut-out’ pressure values. The nominal 
values at which pressure switches operate should be fully adjustable over the whole range of the 
instrument and the set value clearly indicated by means of a scale and pointer.  

Pressure switch used for tripping and/or alarm application may operate in conjunction with a timer so 
that no action is taken unless the abnormal condition exists for a preset adjustable period. 

 Pressure Transmitters/Differential Pressure Transmitters 

Pressure and differential pressure transmitters should be of diecast aluminium housing for indoor 
applications and stainless steel housing for outdoor applications.  The sensor should be of robust ceramic 
diaphragm type and vacuum proof.  

Transmitters installed in locations liable to flooding or underwater applications, shall be to IP68 
enclosure.  

The transmitters should provide 4 to 20 mA D.C. output proportional to the specified measured range. 

The transmitter shall have independent, non interacting zero and span adjustment. The zero and span of 
the transmitter shall not be affected by the change of the ambient temperature and pressure. Where 
required a digital display may be provided and installed adjacent to the transmitter at a non-hazardous 
location.  

M.4.5 Flow Measurements 

Flows may be measured in a variety of ways. The common types of flow meter in WTP applications 
include the following: 

(i) Differential pressure flowmeter (obstruction type); 
(ii) Variable area flowmeter (obstruction type); 
(iii) Electromagnetic flowmeter; 
(iv) Insertion probe flowmeter; 
(v) Open channel ultrasonic flowmeter; 
(vi) Clamp-on ultrasonic flowmeter; 
(vii) Radar. 
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 Differential Pressure Flowmeters 

Differential pressure flowmeters are used to measure the rate of flow of liquid or gas using the 
differential pressure measurement principle. In a WTP it is generally use to measure the air blower flow 
for the filter backwashing. 

The main element is an orifice plate placed in a pipeline, creating a differential pressure across the plate. 
This pressure drop is linear and is in direct proportion to the flow-rate of the liquid or gas.  

Orifice plate should be of square edge concentric type with stainless steel orifice plates.  The orifice plate 
and the differential pressure instrument should be integral and of the same manufacture. 

Orifice assemblies should be provided with 
identification tags showing the direction of flow and 
orifice diameter.  

The measuring points should be tapped immediately 
before and after the orifice.  The tapping is connected 
to a valve manifold. Facilities for connection to a 
portable calibration instrument prior to the 
differential pressure transmitter should be provided. 

Figure M.2:  Principle of differential pressure 
measurement 

Orifice flow transmitter shall be of the differential pressure type.  The transmitter shall have a minimum 
IP 65 rating. 

The differential pressure flowmeter should be provided with the following minimum: 

 digital display 
 flowrate reading 
 totaliser reading 
 automatic temperature compensation 
 small flow suppression function 

The transmitter should have over-range protection up to 150% of the maximum line pressure. 

 Variable Area Flowmeters (Rotameters) 

Variable area type flowmeters or rotameters consist of a float moving vertically in a tapered tube, the 
position of the float being proportional to flow. The metering tube is provided with a scale calibrated, for 
the specific fluid, in volumetric flow units. 

Rotameter shall have glass or stainless steel tubes according to the particular application 

Metering tubes should be removable for range change or 
cleaning without disassembling the meter or removing it from 
the line. End fittings should be rotatable to any angle.  

Rotameters are generally used in the process plant. It should 
be installed in locations free from vibrations and with sufficient 
clearance for the removal of the float. If used in conjunction 
with a flow regulating valve, the valve and meter should be 
close together, with the valve downstream of the meter. 

Figure M.3: Principle of rotameter measurement 
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 Electromagnetic Flowmeters 

Electromagnetic flowmeters shall be of low power consumption induction type suitable for in-line 
installation. Electromagnetic flowmeters are generally used to measure the flow of the main water 
pipelines throughout a WTP due to its high accuracy level. The combined accuracy of the detector head 
and the flow converter or signal amplifier shall be equal to or better than ±0.2% of actual flow velocity 
±2 mm/s. 

Electromagnetic flowmeters use Faraday's Law of Electromagnetic Induction to measure the flow of 
electrically conductive liquid such as water. The flow is proportional to the electrodes voltage induced 
by the magnetic field when place at right angles to the direction of the magnetic field. A measuring 
transmitter processes the induced voltage signal to determine the flow.  

 

Figure M.4: Principle of electromagnetic flowmeter measurement 

The detector head should have a stainless steel metering tube with hard rubber lining and non-magnetic 
stainless steel electrodes. The field coils should be fully encapsulated and earthing rings are fitted and 
connected upstream and downstream of the primary element.  

Flange adaptors or mechanical couplings should be used for connection of the electromagnetic flowmeter 
to the pipework. 

Spacer pieces of pipe of the same length and size to each flowmeter size should be provided to enable the 
WTP to be operated when the flowmeters have to be removed for maintenance.  

For installation in underground chamber, the detector head shall be suitable for continuous submersion 
to a depth of 10 metres and IP 68 and their interconnecting cables and electrical connections shall all be 
suitable for submersion under fully flooded conditions. The detector head shall be rated to withstand the 
maximum possible fluid pressure, including possible surge pressure. 

Flow convertors or signal amplifiers shall not be installed in flowmeter chambers or in any other location 
below flood level. The converters shall be mounted adjacent to the flowmeter in a weatherproof IP65 
pedestal panel. 

The flowmeter signal output fed to a signal converter shall be suitably shielded against electro magnetic 
and electrostatic effects. The converter shall be HART ready and provide 4-20 mA analogue output signal 
linearly proportional to the rate of flow and digital pulsed output for flow totalising. Signal converters 
should be of the microprocessor-based type with automatic zero-point correction.  

Upon any power failure, the transmitter shall retain all set-up parameters and accumulated 
measurements internally in non-volatile memory. 

The measuring transmitter supply voltage should be 240 V 50Hz and sourced preferably from UPS unit.  
The transmitter should be provided with local digital displays of flowrate and total flow. 

Electromagnetic flowmeter shall be installed in pipeline such that a minimum straight inlet section of 5 
x D and outlet section of 3 x D, D being the diameter of the flowmeter is achieved. Installation of flowmeter 
in underground pipeline shall require a suitable depth chamber to be provided. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    685 

 
Photo M.1: Typical installation of an aboveground flowmeter 

 
Photo M.2: Typical installation of electromagnetic flowmeter in underground chamber 

Flowmeter chamber and converter panel in pedestal panel. 
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Photo M.2: Typical installation of electromagnetic flowmeter in underground chamber 
(continued from previous page) – Flowmeter in underground chamber. 

 Battery Operated Electromagnetic Flowmeters 

Where there is no power supply particularly in remote areas, battery operated flowmeters may be 
used. The combined accuracy of the detector head and the converter for this type of flowmeter shall be 
equal to or better than ±0.4% of actual flow velocity ±2 mm/s. 

The flowmeters are generally supplied with suitably sized built-in batteries such as lithium and data 
logger to log flow rate, totaliser and total flows with date and time stamps.   

The flowmeters should also be provided with communication devices to allow uploading of data from the 
logger via suitable communication network.  

The total power consumption of all devices powered up with the batteries shall be sufficient to power 
the equipment for at least 8 years lifespan guaranteed before any battery replacement is necessary.  
Battery level status shall also be monitored to enable operation personnel to schedule for any necessary 
battery replacements. 

Batteries shall be maintenance free type. 

 Insertion Probe Flowmeters 

Insertion probe flowmeters can be fitted to a pipeline without interruption to the flow, even when the 
piping is under pressure making it suitable for monitoring the water flow in existing pipeline for 
maintenance purposes. 

Compared to the electromagnetic flowmeter, an insertion probe magnetic field does not reside in the 
entire pipe cross-section. The flow velocity is only measured at a representative point of the pipe section 
and then the flow rate is calculated from this in the transmitter. 

The accuracy of the insertion probe flowmeter should not be more than 3%. The lower accuracy of the 
insertion probe flowmeter makes it unsuitable for permanent installation. 
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The Designer shall refer to the manufacturer’s installation requirements for the required straight pipe 
length at the inlet and outlet sections of the flowmeter. 

 Open Channel Ultrasonic Flowmeters  

Ultrasonic meters employ the principle of measuring distance in terms of time by the propagation of 
sound waves in air from a transmitter and measuring the time interval between transmission and 
reception of the reflected sound wave. In the case of flow, the distance will be converted to the flow 
passing through the respective open channel flume. 

The ultrasonic flowmeter sensor is positioned above an open channel. The sensor should contain an 
electro-dynamic transducer for the transmission and reception of sound waves and should be 
hermetically sealed and corrosion proof.  

The sensor should be impervious to submersion and should have a high resistance to corrosive 
atmosphere.  The sensor shall be IP 68 rated. 

Enclosure should be provided for the transmitter for each sensor. For outdoor applications, the 
transmitter should be mounted adjacent to the sensors in a weatherproof pedestal panel. 

The ultrasonic meter should operate on a 240V 50 Hz. The output signal of each meter should be 4 to 20 
mA DC which is linearly proportional to the range of the meter. Pulse output totaliser should be provided. 
Where required the ultrasonic flowmeter shall be HART ready. It shall be possible for flowmeters to add-
on digital communication modules in the future. 

The overall accuracy of the flowmeter shall be between ±0.2.5 for the required range. 

 Clamp-on Ultrasonic Flowmeter  

Clamp-on ultrasonic flowmeters are a type of flowmeter where the ultrasonic transducers are 
mounted rigidly on the outside of the pipe wall. 

The accuracy of the clamp-on flowmeter shall be better than ±2.0% of rate. 

For the ultrasonic flow measurement, the flow velocity is measured within the narrow band of the sound 
beam. To obtain good accuracy, a straight length of inlet sections between 10D to 20D and outlet sections 
of typically 5D or as recommended by the supplier shall be provided. 

 Radar  

Radar measurement methods enable non-contact velocity and flow measurements to be carried out in 
open channels. The contactless radar sensor shall be mounted above the water surface and shall measure 
the surface water velocity using pulse wave radar. A combined or detached ultrasonic level sensor shall 
measure the flow depth. The flowrate shall be calculated by applying the continuity equation: Flow = 
velocity x area. Average velocity shall be calculated within the sensor by analysing the surface velocity 
distribution using radar technology that does not require theoretical modules or site calibration. 

The sensor(s) shall be totally encapsulated with enclosure protection to IP 68. The sensor(s) shall be 
suitable for outdoor operation in a hot and humid environment and installed using appropriate non 
corrosive brackets. 

The accuracies of radar velocity sensor should be 1.0% of reading or better while that of the ultrasonic 
level sensor should be 0.3% of reading or better. 

A controller or sensor interface with LED display shall be provided and mounted near the sensor(s) in a 
weatherproof IP65 pedestal panel. The controller should be able to calculate volumetric flow based on 
the flow depth, velocity and cross-sectional area of the channel. Minimum three 4-20mA outputs for flow, 
level and velocity should be provided. Digital outputs should be provided for the totalised flow and 
internal failure alarm.  
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M.4.6 Level Measurements 

Two types of level measurements are point level measurement and continuous level measurement.  

Point level measurement is provided by electrode level detectors that detect variation in the water 
level for example the level of clear water tank. Point level measurement could incorporate sensor alarms 
to indicate low or high conditions.  

Continuous level measurement can be used for similar purposes as a point level measurement except 
that it gives a continuous measurement of the levels. Continuous level measuring instruments include 
pressure transducers and ultrasonic level meters. 

 Electrode Level Detectors 

Electrode level detectors should typically operate by conductance where possible.  

Level electrodes should be made of stainless steel rods encapsulated in heat shrinkable tubing with a 
portion at the end of the electrode left bare.  

Insulated support brackets should be installed at reasonable intervals to prevent electrodes swaying. A 
dedicated electrode should be used for earth in all cases. 

Electrode heads should be made from reinforced glass fibre or similar corrosion proof insulated material. 
The associated amplifier should be of the transistorized plug-in type and easily replaceable.  

Electrodes in pressure vessels should have robust water and air tight mounting heads fitted to the top of 
the vessels. Suitable arrangements should be made for withdrawal of electrode assemblies without 
access to the inside of the vessel.  

Where the physical dimensions do not permit the installation of single electrode holders, multiple 
holders may be used. All electrodes should be of stainless steel with plastic coated to prevent tracking 
and should be scraped from the electrode at its lower end. 

 Ultrasonic Level Measurements 

Similar to the ultrasonic flow instruments, the ultrasonic level measurements also employ the 
principle of measuring distance in terms of time by the propagation of sound waves in air from a 
transmitter and measuring the time interval between transmission and reception of the reflected sound 
wave.  

The sensor should be positioned above a sump, at a suitable location. The sensor and the transmitters 
should be similar to those used for ultrasonic flow meters. 

To avoid the effects of turbulence, high waves and ripples; shielding, stilling tubes or other measures 
should be provided to avoid effects on the measurement. 

 Pressure Transducers 

Pressure transducers for the measurement of water level should use ceramic measuring cell.  The 
sensor housing should be of suitable non corrosive material and hermetically sealed to an abrasion 
resistant cable.  

The sensor should be submersible and suspended by an integral, sealed and vented cable. Appropriately 
sized and designed stilling tube may be provided. 

The sensor should be able to withstand a continuous overpressure without sustaining permanent 
deformation or require recalibration. Automatic temperature compensation should be incorporated.   
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The pressure transducer transmitter should be provided with digital display. The transmitter and the 
sensor should be of the same manufacture. The output signal of the transmitter shall be 4 to 20 mA DC 
which is linearly proportional to the range of the sensor. 

For outdoor applications, the transmitter should be mounted in a weatherproof pedestal panel. 

 Sight Glass Level Indicators  

Sight glass level indicators shall be provided with a protective housing, glass tube and isolating valves. 

The gauge should be suitably calibrated in volumetric S.I. or as required. 

Where necessary, the gauge may be provided with flushing and drain points with valves and hose 
connections. 

M.4.7 Water Quality Measurements 

Water quality analysers and associated pipework and equipment are generally mounted on racks. 

The analysis system may be provided with control valves to throttle the sample flows and isolation valves 
for isolation purpose. A rotameter may also be provided to read the sample flow through the sensor. 
Pipework should be neatly run and rigidly retained to the rack by suitable clips.  

Basic analysers typically associated with the operation of a WTP are as follows:  

(i) Turbidity meter;  
(ii) pH meter; 
(iii) Streaming current detector; 
(iv) Chlorine residual analyser; 
(v) Fluoride residual analyser; 
(vi) Dissolved oxygen meter; 

WTP provided with residuals treatment plant will require the following additional analysers: 

(vii) Residual blanket level detector; 
(viii) Residual density meter; 

Depending on the type of water quality at intake point, the following analysers may need to be used: 

(ix) Manganese analyser; 
(x) Iron analyser; 
(xi) Aluminium analyser; 
(xii) Ammonia analyser; 
(xiii) COD analyser; 
(xiv) Biochemical oxygen demand (BOD) analyser; 
(xv) Total suspended solids (TSS) analyser; 
(xvi) Conductivity meter; 
(xvii) Colour meter. 

The list of analysers should not be limited to the above. Other water quality analysers may be used if 
required subject to SPAN approval. 

Analyser rack shall generally be located inside plant room or a laboratory. Where this is not possible, 
weatherproof cubicles should be provided to house the system locally. 

Analysers should generally operate on a 240V 50 Hz AC power supply and equipped with a 
communication port for direct connection to PLC if required. 
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The analysers are normally provided with two sets of adjustable relay contacts which should be set to 
operate anywhere in the range of the respective analyser. The output signal should utilise 4 to 20 mA DC 
and is linearly proportional to the range of the analyser. 

The analyser should be provided with non-volatile memory so that calibration data can be retained 
during power failure. 

The analyser transmitter should be provided with digital display, calibration adjustment and automatic 
or manual temperature compensation. 

The enclosure for the transmitter should generally be to IP65. For outdoor applications, the transmitter 
should be housed in a weatherproof pedestal panel. 

 Turbidity Meters 

Turbidity meters are used to measure the turbidity or cloudiness of water caused by suspended solid 
particles.  

Turbidity meters should be of the continuous flow and continuous monitoring type. The measuring 
system employs 90 degree scattered light detection methods as a measure of turbidity in which the entire 
beam of light source shall pass through the sample to produce steady scattered light when it strikes the 
turbidity particles of the freely falling stream of water. The water samples should not be in contact with 
any part of the optical system.  

Low range turbidity meters are normally used for turbidity measurements of processed or treated water 
while high range turbidity meters are used for intakes or for raw water. 

A suitable automatic cleaning system should be provided for the sensors. 

 pH Meters 

pH meters provide a value as to how acidic or alkaline the water is. The basic principle is to measure the 
concentration of hydrogen ions in the water. 

The pH meters should be continuously monitoring the pH levels from samples delivered to the pH meters 
from selected locations. 

The pH electrode assemblies should be of the same manufacture as the analyser transmitter and should 
be of the submersible (dip) or flow-through type as appropriate. Measuring electrodes is usually glass 
and the reference electrode is made of a polymer composite material. The electrodes should be in a 
chemical resistant housing. 

Calibration of the pH meter should use standard solution and a two point method. As for the automatic 
cleaning system, water should be used as the cleaning agent. 

 Streaming Current Detectors 

The streaming current detectors (SCD) should be suitable for continuous operation and should 
measure the net residual charge surrounding turbidity and colloidal particles in water.  

The SCD uses reciprocating piston method to measure the net ionic and colloidal changes of water 
samples. Water is drawn into the bore during the piston upstroke and is expelled on the downstroke. 
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Particles in the sample are temporarily immobilised on 
the piston and cylinder surfaces due to electrostatic and 
Van der Waal forces. As the water is moved back and 
forth, mobile counter-ions surrounding the particles are 
sheared from the particles and are moved down to the 
electrodes. This reciprocating movement of like charges 
caused alternating current to be generated, which is 
defined as the streaming current. 

Automatic water or air cleaning system should be 
provided for the sensor. 

 Figure M.5: Streaming current detector (schematic) 

 Chlorine Residual Analysers 

The chlorine residual analyser should be continuously monitoring the chlorine residual levels from 
samples delivered to the analyser from selected locations.  

The chlorine residual meters should employ DPD colorimetric or photometric measurement method.  

For the colorimetric method of measurement, the analysers shall use DPD indicator and a buffer solution 
and be capable of measuring free or total residual chlorine by changing the indicator and buffer solution.   

Calibration for the analysers should employ laboratory comparison methods and two-point method. 

 Fluoride Residual Analysers 

The fluoride residual analyser employ “selective ion” method to continuously and automatically 
monitor the level of fluoride in water samples.  

The analysers should be complete with a sample pre-conditioning system that can adjust the ionic 
strength and pH of the sample due to interfering metals and chelates like aluminium.  The pre-
conditioning system utilises diffusion tubing or adjustable dosing principle. 

Automatic two point calibration using standard solutions should be provided for the analysers. 

 Dissolved Oxygen Meters 

The dissolved oxygen (DO) meter should be suitable for continuously monitoring the DO levels in water 
samples.  

Dissolved oxygen meters employ fluorescence quenching optical sensor or luminescent probe sensor 
method.  The DO meters should be complete with a sensor probe together with cable and transmitter. 

The DO meters should also be complete with automatic pressure compensation. 

The sensor probe should be IP68 and of corrosion-resistant material as the sensor will be submerged in 
the water using an adjustable immersion holder at all times.  

Calibration of the sensor should be one point air reference method and the sensor should be provided 
with automatic water jet spray cleaning system. 

 Manganese Analysers 

The manganese analyser should provide continuous measurement of manganese levels in a sample 
using colorimetric technology. The chemical method used is based on the colour forming reagent 
formaldoxime or leucomalachite green. 

The measuring range for the manganese analyser should be 0 to 5 ppm. 
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Auto calibration using standard solution and automatic cleaning system should be provided for the 
sensor. 

 Iron Analysers 

The iron analyser should provide continuous measurement of iron levels in a sample using colorimetric 
technology.  The chemical method used is based on the colour forming reagent tripyridyl-triazine (TPTZ). 

The measuring range for the analyser should be 0 to 5 ppm.  

Auto calibration using standard solution and automatic cleaning system should be provided for the 
sensor. 

 Aluminium Analysers 

The aluminium analyser should provide continuous measurement of aluminium levels in a sample 
using colorimetric technology.  The chemical method used is based on the colour forming reagent 
pyrocatechol violet or eriochrome cyanine. 

The measuring range for the aluminium analyser should be 0.01 to 5 ppm. 

Auto calibration using standard solution and automatic cleaning system should be provided for the 
sensor. 

 Ammonia Analysers 

The ammonia analyser should provide continuous measurement of ammonia levels in a sample using 
colorimetric or photometric technology. 

The measuring range for the analyser should be between 0.2 to 100 ppm.  

Calibration of the analyser should use laboratory comparison method. 

Automatic cleaning system should be provided for the sensor. 

 COD Analysers 

The COD (chemical oxygen demand) analyser should provide continuous measurement of COD levels 
in a sample. 

The COD analyser should utilise the acidic potassium permanganate method or photometrical 
dichromate. 

The analyser should be complete with a sample pre-conditioning system. 

The measuring range for the COD analyser should be between 0 to 200 ppm.  

Auto calibration using standard solution and automatic cleaning system should be provided for the 
sensor. 

 BOD Analysers 

BOD (Biochemical oxygen demand) measurements provide indication on the degree of organic pollution 
of the water. 

The BOD represents the amount of dissolved oxygen needed by aerobic biological organisms to break 
down organic materials in water. The most common method is the BOD5 lab procedure. It is expressed 
in milligrams of oxygen consumed per liter of sample during 5 days (BOD5) of incubation at 20°C.   
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The BOD analyser provides a relative measurement of BOD. The analyser uses infrared or uv light 
method that measures the organics contents in multi-dimensional ways. The results of BOD shall 
generally be obtained after correlation from TOC or COD. 

Automatic calibration and cleaning system should be provided for the sensor. 

 Total Suspended Solid (TSS) Analysers   

The most common, and accurate method of measuring suspended solids is by weight. To measure TSS, a 
water sample is filtered, dried, and weighed at the laboratory. This method is the most accurate technique 
for measuring total suspended solids, although more difficult and time-consuming. 

Some of the turbidity meters or residual density meters make are able to provide the measurement for 
the total suspended solid using the infrared scattered light technique. A sample specific calibration 
method based on gravimetric TSS analysis with a correction factor is used for the TSS measurement. 

The measurement is expressed in grams or milligrams per liter of water.  

 Conductivity Meters 

The conductivity meter measures the conductive ions from dissolved salts and inorganic materials in 
the water as an indicator to the water salinity. It is recommended where there are concerns of sea water 
intrusions at the intake point. A conductivity meter may use inductive contacting sensors. The 
measurements can be in the range from µS up to mS (Siemens). 

 Colour Meters 

The colour meter or analyzer measures the concentration of colour by using colorimetric measurement 
at 465 nm that conform with standard method ASTM 2120 B. The measurements can range from zero (0) 
to 500 Pt-Co. The ranges can be narrowed by using different calibration factors.  

The analyser should be provided with automatic features such as calibration, cleaning and validation.  

M.4.8 Analysers for Residuals Plant 

 Residual Blanket Level Detectors 

A residuals blanket level detector uses ultrasonic pulse to continuously and accurately measure the 
residual blanket level. The detector is used to measure the residuals blanket level at the thickened 
residuals tank for operation control purposes. 

The ultrasonic signal sent from the detector probe is directed towards the residual blanket in the tank. 
Height and depth measurement are based on the time it takes for the ultrasonic echo to return to the 
probe and are displayed on the controller/transmitter. 

The probe will define the residuals blanket based on the user-selected residual concentration in the 
tanks.  The probe detects the deterioration of disrupted sedimentation when it sense the ultrasonic echo 
return with the information of the separation layer independent of density. The calibration is based on 
the pre-setting value of sensor immersion depth and depth of the base.  

Automatic cleaning using water spray jet or wiper should be provided for the probe. 

 Residual Density Meters 

The residual density meter is used at residuals treatment plant to continuously measure the density of 
the residuals draw-off from the WTP.   

The residual density meter uses dual infrared light beam technique design utilizing an LED light source 
in the sensor to transmit an infrared/ scattered dual beam into the sample stream at an angle of 45 
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degrees to the sensor face. A backscatter photoreceptor positioned at a certain degrees to the transmitted 
beam, shall detect light scattered for suspended solids readings. The sensor shall analyze the dual-beam 
data and provides a color independent measurement. The sensor should be of stainless steel and 
corrosion proof. 

Auto cleaning should be provided for the sensor using self-cleaning wiper or water flushing complete 
with process valve and timer. 

M.4.9 Gas Leak Detectors 

Area at risk from excessive concentration of hazardous gases shall be provided with appropriate gas 
leak detectors. Hazardous areas include the chlorine plant and ammonia plant. 

Each leak detector shall consist of a detector cell assembly (leak sensor) that suit the particular 
application and a monitoring panel.  

The leak detectors should be able to initiate high level alarms. 

The monitoring panel should be suitable for wall mounted and provided with local analogue indication 
with facilities for remote indication of the gas concentration.  

The monitoring panel shall not be mounted in gas hazard area. 

Facility should be provided to re-transmit the alarms to associate ventilation system controls and remote 
monitoring system if applicable. 

M.4.10 River Monitoring System 

The WTP may be provided with a river monitoring system to provide on-line monitoring of the raw 
water quality parameters.  

River monitoring stations can be strategically located upstream of the treatment plant raw water intake 
point at the main river or at the river tributaries where the water quality are of concern. There can be 
more than one monitoring stations to be provided. 

The data from each monitoring station should be transmitted to the WTP SCADA system using suitable 
communication system. A river quality monitoring could be programmed in the SCADA system to make 
automatic comparison with a water quality index and warn the operator if any of the concentrations of 
parameters have exceeded the index or other preset values.  

The recommended raw water quality parameters to be monitored are as follows: 

(i) pH; 
(ii) Turbidity; 
(iii) Ammoniacal nitrogen; 
(iv) Total organic carbon (TOC); 
(v) Conductivity; 
(vi) Fluoride; 
(vii) Total suspended solids (TSS); 
(viii) Biochemical Oxygen Demand (BOD); 
(ix) Chemical Oxygen Demand (COD); 
(x) Dissolved oxygen (DO); 
(xi) Oil on water; 
(xii) River level. 

Other parameters may be added if required.  
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Fixed multi-parameter water quality analysis instruments may be used to measure and continuously 
monitor multiple parameters listed above except for oil on water and river level. River level 
measurement should utilise ultrasonic level sensor.  

The multi parameter analysis instrument system shall comprised of a universal controller/process 
control terminal connected to various underwater in-situ sensors or probes used for the water quality 
analysis. The controller should be of industrial type with multiple option interface facilities for 
integration to the SCADA system.  

A fixed oil on water detector should be of autonomous and non-contact type.  The sensor employs non-
contact UV fluorescence principle. The sensor, which shall be positioned above the river, should be 
hermetically sealed, weatherproof type with IP68 protection. The output signal of the meter shall be 4 to 
20 mA DC linearly proportional to the range of the meter.   
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SUPERVISORY CONTROL AND DATA ACQUISITION SYSTEM 

N.1 GENERAL 

N.1.1 Purpose  

Supervisory Control and Data Acquisition (SCADA) system is a control and monitoring system that 
comprised of both software and hardware components. 

A SCADA system gathers and analyse real time data enabling automation of operations or processes to 
take place. It helps to maintain efficiency, process data for smarter decisions, and communicate system 
issues to help mitigate downtime. 

This document will provide basic technical requirement for implementation of integrated SCADA system 
in WTP application. 

N.1.2 General  

To assist in the operation and management of the WTP, a SCADA system shall be provided to collect, 
monitor and store the various data including the water quality, pressure, levels, and flows throughout 
the plant, and the status of switchgears, generators, pumpsets, valves, penstocks and other items of plant.  

The SCADA system shall provide the means of remotely starting and stopping major equipment, varying 
dose rates of chemical dosing pumps, opening and closing of valves and provide automatic controls for 
other items of the plant.  This system shall allow for easy operator access and employ appropriate “User 
Friendliness” to minimise operating time without loss of system security.  The system shall be arranged 
for adequate response in updating displayed information and in carrying out supervisory control actions. 

The information displayed at the Main Control Room will enable supervisory staff to quickly assess the 
treatment process and pumping plant status throughout the plant and make the necessary changes as 
and when required.  

N.1.3 SCADA System Architecture   

An overall SCADA system configuration for a medium or large WTP is shown in Figure N.1. The 
configuration shows the essential SCADA equipment to be provided throughout entire plant and the 
typical connection between the outstations (O/S) and the master station at the Main Control Room.  

The overall concept for the monitoring of the Works shall be based on a distributed control system 
whereby each individual section of the Works responds automatically to local requirements and then to 
overall work requirements.  

Local PLCs are provided at outstations to carry out full local automatic and sequence control functions 
for particular process areas at the local control panels. Loss of the host computers or outstations will not 
impair the efficiency of the system to carry out the local automatic and sequence control.  The SCADA 
system will be responsible for the overall control of automatic processes especially controls over wide 
areas in terms of geographical layout, while also monitoring process areas as well as ensuring that the 
full operational data is communicated and is available at the Main Control Room.  It shall also be possible 
to adjust all set points and timers in the local PLCs or even download a new program into these PLCs. 
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Figure N.1:  Overall SCADA configuration
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N.1.4 System Requirement 

The basic SCADA architecture shall be based on the following as a minimum: 

(i) SCADA system of Window based client/server system to operate between PLC based outstations 
and the master station as shown in SCADA system configuration (Figure N.1). 

(ii) Master Station located at the Main Control Room equipped with operator workstations and all 
the necessary software features to interrogate outstations, receive and process data for display, 
logging, reporting and archiving for routine and historical data, etc. 

(iii) Standard based workstations providing human machine interface with user friendly object 
based configuration tools.   

(iv) PLC based Outstations strategically located at various plants, chemical buildings, pumping 
stations, etc throughout the WTP. The PLCs shall perform control and data acquisition functions 
for each plant outstation. 

(v) Suitable communications equipment employing industrial communication standards to 
relevant specifications.  

(vi) Fully equipped Main Control Room shall be provided including the items listed below. 

(a) Powerful Window based servers 
(b) Control desks for incorporating workstations  
(c) Large LED display screens 
(d) Printers for alarm logging and reporting 
(e) Communication equipment 
(f) Uninterruptible power supply system (UPS)  

(vii) All cables and connections between each SCADA outstation equipment and the following: 

(a) the panels marshalling boxes/field equipment for the input/output signals 
(b) UPS 
(c) radio transmit/ receive equipment (where applicable) 
(d) all other equipment forming part of the proposed SCADA system. 

(viii) All cables and connections between the SCADA master station and the following: 

(a) HMIs, data loggers and the large screen LED displays 
(b) UPS 
(c) Communication equipment, local area network equipment, outstations, etc 
(d) All other equipment forming part of the proposed SCADA system 

(ix) Uninterruptible power supply system (UPS) units for all outstations and master station. 

Data acquisition begins at the PLC based outstations located throughout a WTP.  The PLC provides 
automated and preprogrammed control of each processes and plants. Data are then transmitted from 
these outstations to a master station located at the Main Control Room where the data are compiled and 
formatted in such a way that a supervisory staff using user friendly human machine interface (HMI) can 
monitor, access and make appropriate decisions that may be required to override the normal PLC control. 

The master station shall be of a hot dual standby configuration so designed that one master station shall 
be designated as the lead station and the other designated as back up. The switchover shall be initiated 
automatically upon failure of the lead station and shall not disrupt any system functions and no data shall 
be loss in the process. 

SCADA outstations within a WTP shall generally be linked via a local area network (LAN) to the master 
station. The network shall employs fiber optic cables utilizing a ring topology. 



 
 

PART N  :  Supervisory Control and Data Acquisition System 

    702 

The outstations for intake works, raw water pumping station and reservoirs shall be connected to the 
WTP LAN ring topology if the distance from the WTP is viable for a fiber optic installation and cost 
effective. Otherwise it may be treated as one of the remote SCADA outstations and shall be provided with 
appropriate remote terminal units (RTU) for communication back to the master station. 

Remote SCADA outstations shall be linked to the Master Station via communication system such as 
wireless point to point connection, radio links, WIFI or other suitable communication channels. The data 
from equipment is collected via on-line data acquisition or on batch mode via data logging devices.  

For groups of smaller WTPs of manual or semi automated plant, a SCADA master station may be provided 
at a regional or state level. The key instruments and operation signals shall be send to this master station 
via appropriate communication media. 

The proposed WTP SCADA System configuration drawing shall be prepared as part of the tender 
document.  Facilities for control and monitoring of WTPs at district or region or state control centres 
shall be allowed if required. 

N.2 HARDWARE REQUIREMENTS 

N.2.1 General 

The SCADA equipment supplied shall incorporate latest available solid state design using field proven 
techniques, capable of giving satisfactory performance under a specified ambient condition without the 
benefit of air-conditioning. All equipment supplied shall be tropicalised to suit the tropical climate 
conditions. 

The system shall be modular in concept leading to a system that is easily expanded, modified or 
reconfigured. Any envisaged future requirements, for example addition of outstations or HMIs shall be 
carried out without taking the system out of service and shall not jeopardise the continuous working of 
the rest of the system. 

The system shall be designed for continuous fail-safe operation with minimum amount of maintenance. 
Failure in any part of the system shall be localised to that part only and shall not cause damage to other 
parts of the system. Non-critical component failures shall not cause data corruption or loss of on-line 
functions.  

N.2.2 Outstations 

Outstation equipment will be installed in a dedicated dust proof IP54 panel for indoor and IP65 for 
outdoor. The panel shall be constructed and finished generally to the requirements stated under Part M: 
Instrumentation.  

The outstation equipment furnished shall be designed for installation in a dusty, humid and tropical 
environment and shall operate satisfactorily in temperatures between 5C and 70C and up to 95% 
relative humidity assuming no condensation will occur.  

Outstation panel will generally be provided for each of the process plants, chemical plants and pumping 
stations within the WTP and shall be located at the designated switch room or control room for each 
plant where all the respective starter panels, motor control centers, instrument panels, local control 
panels, supervisory panels are located.  

Interface between the outstation equipment and each plant will be through a marshalling section 
provided in each of the respective panels.  

Outstations will be PLC based, standalone unit capable of performing data acquisition independent of the 
master station. As a minimum the outstation will be sufficient to process the required number of inputs 
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and outputs plus 20% active spares, plus capacity to accommodate 20% future inputs and outputs by 
addition of the required input/output (I/O) modules.  

The outstation PLC and each of its I/O module should be capable of being tuned or calibrated locally using 
a laptop PC or remotely using the engineering workstation at the master station in the Main Control 
Room. 

All inputs and outputs shall be time-tagged and transmitted to the master station. 

Each outstation shall include standard software, transparent to the operator, to automatically start up 
the communication system and self-document any reconfiguration updates. The configurations stored in 
any PLC shall be uploadable and viewed on any local laptop PC or the engineering workstations. 

N.2.3 Programmable Logic Controllers (PLC) 

The SCADA employs programmable logic controller (PLC) systems, which are the front-line automated 
workers. They follow standing orders stored in local programs and communicate with a SCADA system 
to play their role in a process control environment.  

PLC localising control strategies using dedicated microprocessor system should be provided. They are 
rugged electronics, designed to operate reliably in conditions that may expose them to vibration, 
environmental challenges and electrical noise. PLC to be provided for the WTP should be from the same 
manufacturer to provide standardisation and interchangeability of equipment. 

A PLC generally comprises of CPUs, power supply, programming software, Ethernet communication 
cards and I/O interface system, etc. The PLC shall perform the control and data acquisition function for 
the automation processes of the plant.  

A very large WTP shall be provided with hot standby PLC configuration for further security. 

The PLC power supply system shall be equipped with harmonic filter. Redundant power supply system 
may be provided for PLC for larger WTP.  

 Connection to Fiber Optic Backbone / Ethernet Cables 

The PLC shall be connected to a fibre optic backbone via an integrated Ethernet TCP/IP network port or 
using 100/1000 Mbps Ethernet switches. The PLC shall be interconnected via a fibre optic backbone 
using 100/1000 Ethernet managed Ethernet services. 

 I/O Modules 

Each I/O module shall have on-board diagnostics and able to perform hot-swapping functionalities, in 
the event of I/O modules replacement is necessary, without disrupting data transfer from the subsequent 
modules after the affected I/O modules being removed. 

The digital input modules shall be capable of accepting switch contacts, solid-state switches and high 
level logic. The modules shall also provide DC power to dry-field contacts or transistor switches. Contact 
inputs shall be optically isolated to protect input circuits from transients and surges up to 200V RMS.  
Power to dry field contacts should be within 5-24V DC. 

The analogue input modules shall accept 4-20 mA DC, 1-5 volts DC, thermocouple, RTD, 0-10 volts AC 
and pulse frequency single ended and differential inputs from field mounted transmitters. Common 
mode protection of 30 volts DC minimum shall be provided and the signal input accuracy should be 0.1% 
of full-scale span. Each analogue signal shall be filtered to contain any ripple within + 0.3%. The station 
shall also be capable of providing DC power for field mounted instruments as required.   

The digital output modules shall be capable of providing dry contact or solid state switches in either 
momentary (pulsed), or latched mode to control AC or DC powered loads. All DC output circuits shall 
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incorporate current limiting diodes and AC output circuits shall incorporate fuses. Dry output contacts 
shall be rated at 3 amperes at 240 volts AC minimum. Isolation resistance shall be 1000 ohms minimum 
at 300 volts DC and isolation voltage shall be 300 volts DC minimum between any set of field terminals 
and any other set or ground. 

Analogue output modules shall convert data words into proportional, isolated 4-20 mA DC analogue 
output signal to adjust set points of local process controllers, pump speeds and dose rates, valve 
positions, etc. 

N.2.4 Master Station  

The master station equipment shall be installed in the Main Control Room and shall consist of a 
computer network complete with data servers, historian servers, printers, human-machine interface 
(HMI), input/output devices, network accessories, communication equipment, UPS network, large screen 
LED Display Units and all other peripheral devices and equipment necessary for the convenient operation 
and maintenance of an accurate and reliable supervisory control and monitoring system. 

Larger WTP may also include asset management server and web server as required. 

The master station equipment shall be of standard manufacture and obtained from a manufacturer who 
has adequate facilities, staff and spare parts locally for servicing and maintaining the equipment. 

A hot standby dual master station configuration shall be provided. In case of failure of the lead station, 
switchover shall be initiated automatically and the standby system fully operational within 5 seconds. 
Any switchover shall be blocked if the back-up station is faulty.  

A single failure anywhere in the system shall not result in the loss of regulatory control to more control 
loops than those associated with a single process input/output card. Failure of any single device shall not 
affect the ability of the system to communicate with other devices in the system. Switchover will not 
disrupt any system functions. 

The system shall support concurrent engineering practices whereby multiple engineers can work on the 
same application via a networked environment or via a “check-in /check-out” style for configuration 
locally on different PCs.  

The Main Control Room shall be provided with air conditioning 24 hours per day. 

Although the master station equipment shall be installed in an air-conditioned area, the equipment shall 
be designed to operate satisfactorily with room temperatures between 15C and 40C and up to 90% 
relative humidity assuming no condensation will occur. The system shall go through an orderly shutdown 
with no loss of memory when temperatures exceed those specified. The system, when non-operational, 
shall be able to withstand down to 5C and up to 55C without damage to hardware and software. 

The main PCs shall process the data received by the master station and the information shall be fed into 
two data servers. The information available on the data servers is then used for presentation on the HMIs 
and data loggers. 

N.2.5 Servers 

All servers shall be of industrial quality and proven reliability suitable for continuous operation 24 hours 
a day 7 days a week. 

Servers shall be furnished with a real time calendar clock with battery backup which provides the current 
time and date during system boot-up with no operator action required.  

The servers shall have a power fail-safe feature that will detect an imminent failure of primary power 
and save critical operational data for restart purposes while power is still at a sufficient level to permit 
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reliable operation. Similarly, after shutdown this feature shall sense that power has returned to its 
normal level and automatically cause the machine to come back on-line at a desired point without manual 
intervention. 

The system shall be provided with self-test diagnostic routines which are automatically executed every 
time the processor is powered up, the console emulator routine is initiated, or the bootstrap routine is 
initiated. Virus scanning system software shall be provided and shall operate each time a file is accessed 
via an external source. 

The servers shall contain sufficient memory for all requirements described in the Specification including 
all future requirements with 30% spare capacity. The calculation for the spare capacity shall take into 
account the operating system, all application program are loaded in and operating in parallel, system 
programming being carried out in the background, etc.  

The servers shall employ a system architecture based on multiple data pathways. Each data pathway 
provided must be independent and shall have direct access to the main memory and the CPU sets. 

The server processors shall be of the latest proven technology available. The requirement for the server 
hardware should be specified by Designer, which includes the minimum running frequencies, number of 
cores and the cache memory size of the processors for the intended server application. 

The memory size and storage capacity required for installation and operation of the intended server 
operation shall also be specified.  

N.2.6 Database Servers 

The master station shall be provided with a dual hot standby database server configuration.  

The data received by the master station shall be fed into the two database servers.  The information 
available on the database servers is then used for presentation on the HMIs and data loggers, etc.  The 
database servers shall also run as I/O server, alarm server, report server and trend server. 

Each server shall be suitable for the full autonomous functioning of the entire system with CPU utilisation 
not exceeding 50% at peak load. Means to monitor CPU utilisation should be included. 

N.2.7 Historian Server 

Historian server stores historical information.  

The server shall be a stand-alone server and may be of a dual hot standby configuration if required.  

Historian server should be able to efficiently collect and store huge volumes of process data and securely 
deliver information to workstations or remote devices if required. The data can then be used to display 
trends of process data on charts, create reports, or perform data analysis. 

Historian server shall be complete with suitable software for automatic archiving of the historical data 
and data compression algorithm to minimise the storage space required by the archives. Automatic 
backup of data to cloud or physical storage could be provided when necessary.  

N.2.8 Asset Management Server  

Asset management in the operation of a WTP is the practice of managing infrastructure capital assets 
(pumps, motors, pipes, etc.) by knowing when planned maintenance can be conducted and capital assets 
can be repaired, replaced, or upgraded on time and etc. The aim is to pursue and achieve long-term 
sustainability for water cycle while delivering consistent service in a cost efficient manner. Asset 
management server complete with suitable maintenance software is used to assist WTP managers to 
achieve this aim. 



 
 

PART N  :  Supervisory Control and Data Acquisition System 

    706 

The asset management server shall be a stand-alone server for large WTP and may be combined for 
smaller WTP. 

N.2.9 Web Server 

Web server allows for the SCADA system to be web accessible so that web clients on remote machine 
can monitor or even control the data over the web page. 

The web server shall be a stand-alone server for large WTP and may be combined for smaller WTP. 

N.2.10 Human-Machine Interfaces 

Human-machine interfaces (HMI) for the SCADA system are provided at several levels generally for the 
operators, engineers and the management levels. 

HMI shall be heavy duty, industrial type desktop PC workstation suitable for continuous operation 24 
hours a day 7 days a week. 

The requirement for the HMI hardware should be specified by Designer. The minimum to be specified 
for each application are as follows: 

(i) The processors – including suitable minimum running frequencies, no of cores and the cache 
memory size of the processors. 

(ii) Memory size. 
(iii) Storage capacity - storage capacity should be sufficient for installation and operation. 

N.2.11 Operator Workstation  

Operator workstations are normally integrated into the design of the control desk provided for the 
Main Control Room. This shall form the main computer / operator interface for the SCADA system for the 
entire WTP. 

The workstation shall provide the operators with real time graphics, status, data and statistical 
information as and when required. 

The monitor shall be of minimum 27 inch screen of latest technology. The monitors should be provided 
with adjustable mounting stand that can be fastened on console table to suit preferences. 

N.2.12 Engineering Workstation 

The engineering workstations will have full access to the plant graphics and controls for the engineer 
to do the system configuration.  The engineering workstation shall be used as the terminal for system 
programming.  An integrated Proportional-Integral-Differential (PID), auto-tuning facility shall be 
provided for the Engineering workstation.  The PID controller, auto-tuning facility should employ an 
easy-to-use graphical interface. 

The monitor shall be of minimum 22 inch screen of latest technology. 

N.2.13 Workstation for Management Level 

Workstations may be provided for specific WTP personnel such as works manager, laboratory technician, 
etc. particularly for large WTPs.  Similar to operator workstations, the workstations for management 
level shall also provide the personnel with real time graphics, status, data and statistical information as 
and when required.  The specifications for the workstations should be similar to the operator 
workstation except for additional software which may be required. 
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N.3 SOFTWARE 

N.3.1 SCADA Software 

The SCADA software shall read and write data to field controllers, archive and display historical data 
and provide graphics screens and reports so that operators, supervisors and maintenance personnel can 
quickly and easily maintain and operate the system. 

The SCADA software can either be a single integrated software package or suite of packages. 

The SCADA software shall be of non-proprietary type or open system offering scalability, flexibility and 
reliability to the system. The system shall be easily upgraded. Client systems shall be able to be added to 
the system simply by adding licenses, and configuring the station. No changes shall be required to 
commissioned stations, or to the project configuration, to support new ones. 

The system software shall include but not limited to multiple level of user defined security, user defined 
span of control definition, full function graphics, alarm and event management, real time trending, and 
the ability to provide real time process data to other applications or sub systems running on the same 
local area network such as Microsoft Excel, historians, simulation systems and other information system. 

Sub-systems shall run as separate threads / processes such that a failure of one sub-system does not 
negatively impact the operation of any other sub-system, and the failed sub-system can be reset and 
recover without shutting down the SCADA application or the computer. All historical data shall be 
retained in a centralized repository for ease of maintenance and backups. 

It shall be possible to perform any action in the SCADA software from any HMI workstation on the 
network including development activities without a development license on these HMI workstations. 
Each SCADA software should support development and runtime implementations. 

SCADA software package shall generally use Microsoft Windows operating systems of the latest field 
proven revision. Other compatible current operating system with open architecture may be considered. 

The system shall have capability to share data (read and write) with other systems and applications using 
standards including SQL, ODBC, DDE, Visual Basic and OLE for process control. 

The SCADA software shall be configurable as a single global database regardless of the number of stations 
in the system. It shall be possible to make configuration changes to the global database at any station on 
the system in a manner that is completely transparent to the user. 

The operating system shall provide an orderly shutdown on loss of power supply or low voltage and 
automatically restart the system including processor and peripherals upon restoration of power without 
operator intervention. The power failure protection shall protect against loss of program and/or work 
in progress at the time of occurrence. The operating software shall occupy less than 10% of the CPU time 
when running an average mix of application programs 

The SCADA system shall also support casual web browser clients so that personnel on the WAN with the 
appropriate security settings can have access to the system. The web browser clients shall support view 
and control capabilities, controlled by both login security and license types. 

N.3.2 Displays and Graphics  

Displays at the HMIs shall generally be of animated computer graphic displays built up using SCADA 
software object based configuration tools. 

All information transmitted should be made available on the displays. The displays shall be organised 
such that access to information and operation of the system can be achieved in a quick and easy manner, 
and yet without the possibility of incorrect action. 
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When called up, the displays should appear with all graphics fully built and updated within 3 seconds or 
less. 

It shall be possible to pan, zoom in and zoom out the displays. 

The selection of different types of displays shall be by dedicated function keys as well as by cursor 
selection through a directory or by clicking the ‘mouse’ on ‘pick points’ on the displays. 

The displays generally include but not limited to index displays, single point displays for analogue and 
digital inputs and calculated values, group review displays, trend displays, graphic displays, peripheral 
status displays, events lists, alarm lists, scratch pad pages, etc. These displays shall contain and 
continuously update the date and time of day and list all process values in engineering units.  

The system shall include an interactive on-screen graphic generation utility that shall allow an authorised 
user to create new displays and modify or delete existing displays. The generation utility shall include an 
interactive linkage process allowing the user to link symbolic, numeric and graphical representations to 
dynamic database variables. 

A library of commonly used symbols and pictures shall be made available for use in the displays.  

A typical display shall generally be divided into four areas: 

 Title line – top line indicating the page title, number, time and date. 
 Banner area – for posting of alarms for operator’s immediate attention. 
 Dialogue line – for operator’s entry or action, typically at the bottom side 
 Display area – remainder, largest portion of the screen for displays presentation. 

A typical display page showing the title, banner area, dialogue line and the display area is shown in Figure 
N.2 and Figure N.3.  

A master index display should be provided to act as a directory for the display options. 

 
Figure N.2: Typical 2D display page 
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Figure N.3: Typical 3D display page 

 Graphic Displays 

The graphic shall be of animated colour displays depicting basic process and sequential control, 
schematic diagrams, particular sections of the Works, major items of plant, flows and levels and etc. 
Process and sequential control loops shall depict the actual operation of the control loop. 

The displays shall be interactive allowing the operator to perform process control actions directly from 
the display. The equipment represented in the displays shall be suitably titled. It shall be possible to 
modify an existing display or generate a new display by programming in the background mode.  

Displays shall give a three dimensional (3D) pictorial representation of each section of the entire works 
showing the numerical value of each measurement within that section and status of each component 
such as: 

 Machines / equipment: running, stopped, tripped/failed, available and not available (for 
automatic or remote manual control) and summary alarm. 

 Valves: open, closed, failed and available and not available (for remote manual operation). 
 Circuit breakers: open, closed and tripped. 

Status changes shall be represented by a change in colour and in animation. Failure conditions shall also 
cause the appropriate entries in the alarm list and on occurrence, in the reserved banner on every page. 

Graphic displays shall include the following as a minimum: 

 an overall plant diagram showing the basic process groups. 
 schematic of each process generally in line with the P&ID. 
 diagram of each grouping of major equipment such as the intake works or the pumping station. 
 an animated diagram for each process control loop. 
 an animated diagram for each sequential control loop. 
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N.3.3 Alarm/Event Management 

 Alarms 

The SCADA system shall provide a complete and comprehensive means of displaying, logging and 
storing every alarm. New alarms shall appear on all alarm windows within 2 seconds of the 
corresponding change in the field. 

The alarm system shall be designed such that multiple and cascading alarms caused by events such as 
power failure and communication network failure are inhibited as appropriate to avoid unnecessary 
alarm acceptance and resetting by the operator. 

The alarm summary display shall show all alarms that have not yet been reset in chronological order. It 
shall show the date and time when each of the alarm was activated, acknowledge, cleared and the alarm 
category. If there are no alarmed points in the system, this shall also be indicated in the display. Any 
alarm that has not been acknowledged shall be indicated by flashing the entry in the list. When the alarm 
condition is cleared, the entry shall be removed from the list and the list shall close up. 

There shall be a dedicated alarm history page which shall show, for all alarms, the date and time when 
each alarm was activated, acknowledge, cleared and reset as well as when each alarm was disabled or 
enabled.  This shall be able to be sorted on any of the displayed fields.  For disabled alarm page, the 
username of the person who disabled the alarm shall also be indicated. 

The alarm history pages shall be able to be printed out on dedicated printer when requested and shall be 
stored on the server for at least 3 months. Facilities shall be provided for archiving this information 
electronically. 

The alarm system shall also allow for alarm suppression. Process parameters that are subject to 
predictable interference (e.g. turbidity spikes after backwashing) should be configured for automatic 
suppression during the known interfering event.  The configuration should only be allowed under 
supervisor access level and above. A summary listing the suppressed alarm shall be provided. 

 Event Management 

The SCADA system shall be capable of event management. Event monitoring shall capture and log all 
events or status changes in the system including operator’s action via SCADA system.  

The event summary display shall list the latest events that have occurred in the system in chronological 
order. As new events take place, the oldest entries are cleared to accommodate the new entries.  

The format of an entry in the list shall consist of the date and time the event occurred, the outstation 
mnemonic, the point identification number and name of the event, and the name of the currently logged 
in user in the case of operator actions.  

The event history information shall be able to be printed out on dedicated printer when requested and 
shall be stored on the server for at least 3 months electronically with sort and search functions. Facilities 
shall be provided for archiving this information electronically. 

N.3.4 Trending 

The SCADA system shall be capable of providing real-time trending of analogue variables accessible 
from any SCADA workstation. 

All data shall be seamlessly available on the same trend display with automatic backfilling of missing 
trend data between the redundant servers. The system shall be capable of displaying multiple traces 
using different colours simultaneously on the same screen. Users shall be able to save an unlimited 
number of trend ‘profiles’ or ‘groups’ allowing rapid access to combination of trends. The system shall be 
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able to trend all analogue values including derived and calculated values where these are useful for plant 
performance monitoring. 

Digital trend display shall also be provided. For example, display of cumulative running times of all 
machines provided with ‘running’ and ‘stopped’ status feedback shall also be possible. 

Digital and analogue trend displays can be based on current or historical data. In the case of historical 
data stored off-line, the system shall automatically prompt the user for the appropriate archive files. 

It shall be possible to use various chart types to display trend data.  

N.3.5 Management Reports 

Comprehensive reporting function shall be provided. This may be implemented in either the SCADA 
system or the historian. 

Reports shall be free form and definable at the engineering level by authorised users. Thereafter such 
reports shall be accessible by all users from any workstations.  

The system shall be provided with report generator utility that shall enable authorised users to create, 
delete or modify report definitions.  The system shall allow for retrieval of data from both on-line and 
off-line database and for formatting of the data for printing. 

It shall be possible for the user to define static and background data in the report, logo, placement of 
database values, number of significant digits of a value, the date and time of the report and calculated 
values, etc. 

The system shall also provide a report scheduling facility for the calculation and printing of the report. 
Report printing should be schedulable either on a definite periodic basis, at a specific definable time and 
date, or on demand via a user command from the workstation. 

A plant operation summary report shall generally be produced daily, monthly and annually. The annual 
plant operation summary report shall include monthly averages or totals for important plant variables 
and shall cover the following as minimum. 

(i) Water production analysis 

 Volume of raw water inputs, treated water outputs to reservoirs, water use for general 
service, filter wash water usage, filtered water outputs, etc. 

(ii) Pumping analysis of treated water pumps 

 Energy consumed, water output, running hours, etc. 

(iii) Water production quality analysis 
(iv) Energy report 
(v) Chemical and chlorine usage 
(vi) Standby generator (if available) 

N.3.6 Security Management 

The software shall include a security management system that will prevent unauthorised changes to 
the operating system and the application programs and unauthorised access to system functions. The 
security system shall also prevent unauthorised users from re-booting the system or aborting or 
suspending system related programs. 

The security management program should be able to support the following functions: 

 Define users, passwords and login names 
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 Define groups to which users may belong 
 Define security paths 
 Define user and/or group rights/privileges 
 Define security areas 

An audit trail should be generated in the system that will tag every operator with a user’s identification. 
Each individual user shall have a unique identity and password and the user shall be able to change his 
own password.  

Network access shall be based on an individual basis. Access to a computer on a network shall not 
automatically allow access to other computers on the same network or other attached networks.  

The software shall monitor the actions of the user currently logged on at each station, and may 
automatically log the user out of the SCADA software after an adjustable time period. Logging out a user 
shall not shut down the system, the system shall revert to a view only security status. 

The security system implemented shall be in accordance to the requirement sets in the Common Criteria 
ISO/IEC 15408. 

N.4 COMMUNICATIONS 

N.4.1 Communication Media  

Each outstation shall be linked to the master station via a duplicated communication system such that 
failure in a single element e.g., communications cable, communication modules, modem etc. would not 
affect the normal working of the other elements. Automatic recovery techniques shall be applied, as 
required. 

The communication network shall be via hard wire, otherwise through wireless communication using 
point to point connection, WIFI, radio link or utility provider’s GSM/GPRS network. 

The communication system shall have sufficient inherent traffic capacity to permit both the handling of 
routine data collection plus a margin for unpredictable traffic (e.g., ad hoc interrogation of outstations, 
periods of high activity especially on power-up after a power failure, etc.) and extension of the total traffic 
load due to any envisaged future extension and other unforeseen increase in the number of outstations, 
outstation data loads and data collection frequency. 

The design of the system shall be such that a repetitive transmission in either direction or a continuous 
cycling condition at either end cannot arise due to any fault, or maloperation of items of plant or 
equipment. Time out features shall be incorporated wherever necessary, so that the system will not be 
left in a “hanged” state, waiting for response from the operator or any equipment.  

Alarms shall be provided on the HMIs to alert operators of communication link failure, stalled or 
malfunctioning communication modules. 

 Local Area Network Hard Wire Links 

Hard wire links shall comprise of a primary fibre optic cable and a back-up cable to provide an alternate 
communication path for redundancy and security. Each cable shall have separate electronic interfaces 
with each communication link connected device for greater reliability. The system shall be capable of 
automatic switchover to the back-up cable of any link on detection of primary cable failure. 

Communication between the outstations and the master station shall be carried out either as a set of 
inter-connected local area networks (LAN) or as a wide area network (WAN). Both local and wide area 
networks shall support TCP/IP protocol.  
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 Local Area Network Wireless Links 

Wireless links such as point to point connection and radio links shall include but not be limited to 
communication devices, antennae, towers, communication cables and all other equipment necessary to 
provide a reliable communication system. 

Suitable directional antennas shall be provided at the building where the master station is located and at 
each remote outstation location. The communication devices at both the master station and the 
outstations should be fully duplicated and provided with automatic changeover.   

A path survey shall need to be carried out to determine the path profiles between each remote outstation 
and the master station, establishing the path clearances. If a direct path is not possible, additional surveys 
shall be carried out to identify a viable path. Repeater stations shall most probably be required in this 
case. 

 Wide Area Network Leased Line or Broadband Internet  

Communication between the master station and remote outstation may be provided through a leased 
line provided by telecommunications company (TELCO) if required.   

When leased line is not feasible, broadband internet may be provided. When the communication link 
between master outstation and outstation through public network connection, VPN shall be provided 
and hardware firewall devices shall be installed at both ends. 

N.4.2 Fiber Optic Cables 

The fiber optic cables to be provided for the ring network topology shall be of single mode, two 4-fibre 
cables. The fiber optic cables shall be outdoor gel-filled loose tube fiber optic cable with steel wire 
armoured. The cable shall be termite resistant. 

Fiber optic cables installed shall have 100% spare fibers. All fibers shall be terminated. The cable shall 
be continuous between the network switches and no joints shall be allowed in between. 

Fiber optic cables shall be terminated inside dedicated panels where patch panels are installed for 
termination of the cables. It shall be possible to terminate both fibre and copper cables in the same 
patching field. Patch panel shall use industry standard connectors such as ‘ST’ type connectors or 
equivalent. 

All patch panels shall be sized to cater for 25% more than the envisaged requirements. 

N.4.3 Copper Communication Cables 

Where copper communication cables are used, it shall be foil shielded Category 6e cable or better. All 
associated connectors and fittings shall also be Category 6e or better. Testing certificates from 
internationally recognised testing laboratories shall be made available prior to delivery to verify 
compliance with standards. 

N.4.4 Wireless PTP and PTMP Communication Devices 

Wireless communication devices shall take into consideration the transmission distance required 
between the remote outstation and the master station and the fade margin. Fade margin shall not be less 
than 10 dB. The longer the distance a higher fade margin shall be required. 

The device shall be suitable for point to point (PTP) or point to multipoint connection (PTMP), whichever 
applicable. 



 
 

PART N  :  Supervisory Control and Data Acquisition System 

    714 

The wireless device shall support MIMO modulation and provided with multiple bandwidth 
configuration channels and tunable to 5MHz increment. The device should utilize license free 5G or any 
suitable or latest working frequencies. 

The wireless devices shall have compliance certifications from recognised regulatory bodies or standards 
such as the US Federal Communications Commission (FCC), Safety standards UL/EC/EN and European 
Telecommunication Standards and compliance to Restriction of Hazardous Substances Directive (RoHS). 

The device shall be suitable for outdoor installation to IP65 ingress protection with wind survivability of 
200km/h. 

The antenna shall be of dual or multi polarized type without requiring RF cable and should support 5G 
frequency range or better. 

N.4.5 Radio Equipment  

The radio equipment shall be capable of providing VHF or UHF radio link under full duplex mode. 

The radio equipment shall be fully redundant with automatic changeover and shall be rack mounted in a 
suitable, lockable freestanding floor mounted cabinet. Each cabinet shall include sufficient built-in 
metering test panel to enable routine maintenance checks to be made of the main stages in all 
transmitters and receivers without using external test equipment.  

Suitable directional antennae shall be provided for all radio outstations depending on the result of the 
radio surveys. Gain shall be 8 dB or better. 

The antennae locations and heights shall be chosen such that to provide optimum reception and 
transmission. The link fade margin should not be less than 25 dB. 

Radio communication link (radio sets and frequency) shall be registered with the Malaysian 
Communications and Multimedia Commission (MCMC) and the installation and equipment conforms to 
MCMC guidelines and national legislation.  

N.4.6 Tower and Masts  

Towers and telescopic masts of suitable design and height may be required to mount the antennae 
using suitable mounting frames. 

Towers shall be self-supporting, of lattice type structure, manufactured from standard steel angle 
sections in accordance to relevant standards.  

Telescopic masts may be manufactured from aluminium or equally strong and lightweight material. 
Telescopic masts may be fixed to buildings. 

The tower and masts shall be designed to last at least 25 years. The design shall take into account the 
topography of the site, particularly wind effects. Towers and masts shall be able to withstand wind 
gusting to 40 m/s from any direction. 

The tower and masts may be painted if required by relevant authorities and shall be painted according 
to their recommendation. 

A lighting arrestor shall be provided on the top of the tower or mast and shall be connected to a suitable 
earthing system. The towers shall be earthed.  

Aircraft warning lights shall be supplied and fitted to the towers as and where required. Lighting shall 
conform to relevant authority recommendations. 
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N.4.7 Modem & Routers 

Modems used for wireless data communication between master and remote outstations should come 
with dual band feature and be designed for data and SMS applications. 

Modems at the master station should be able to send SMS to the selected authorised personnel and must 
be ready to receive SMS from the outstations. 

Integral modem router may be installed at the master station to accommodate broadband connection 
if required. The equipment shall come with Ethernet ports, fire wall features and routing capabilities. 

N.5 MAIN CONTROL ROOM 

N.5.1 General 

The Main Control Room with a server room adjacent to it shall generally be located at the administration 
building of a WTP.  

The Main Control Room shall house the control console, operator workstations, printers, storage cabinets 
and large display screen(s). Engineering workstation(s) may also be provided in this room. 

The adjacent server room shall be provided to house the most critical equipment of the SCADA system 
ie. servers, UPS and communication equipment such as modems, radio transmitter/ receiver and the like. 
Ideally a dedicated UPS room may be provided if possible.  

Servers and other equipment to be located in the server room shall be installed in enclosed equipment 
racks with doors. The construction of these racks in terms or panel thickness and painting shall be similar 
to the construction of the instrumentation panels at the WTP. 

The design of both the Main Control Room and the server room should allow for a raised floor system for 
ease of installation of the large number of cables running between the two rooms.  

Both rooms shall also be provided with 24 hours air conditioning. 

A typical layout of the Main Control Room and server room is shown in Figure N.4. 

N.5.2 Control Consoles 

Control consoles and work desks shall be of free standing, high quality construction and material. The 
console should be designed by professional interior designer and manufactured by reputable 
manufacturer. The console shall suit the space available and sufficient to allow the operator to work 
efficiently. 

Desk and console shall be ergonomically designed with writing areas, visual items and controls in 
convenient positions. The height of the work surfaces shall be appropriate for the correct positioning of 
the operator when doing the job. 

The operator’s chair shall be of swivel type with raised arm. The arms of the chair shall be of suitable 
height so that they can be stowed under the desk when not in use. 

The console shall integrate telephones, CCTV monitors and displays, radios and other control equipment 
if required, in a modern aesthetically pleasing manner. 

Power supply equipment including surge protection devices and socket outlets, data and telephone 
outlets shall be provided for the console. The console cabling shall be concealed and easily accessible 
without the use of special tools. 
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Figure N.4:  Typical layout of Main Control Room and Server Room 

N.5.3 Printers  

Printers shall be provided for the printing of reports and printing of event/alarm logs on demand. They 
shall be free standing, of high reliability and shall require limited maintenance.  

The area occupied by the printer stands shall have a basket or some equivalent means of catching and 
neatly containing the printed paper. Printer stands should be of an open shelf design, sized to support 
the printer provided. 

Additional multipurpose colour printer shall be provided if required. 

N.5.4 Large Display Screens  

Large LED display screens shall display the plant mimic diagram or any other graphic diagrams stored 
in the data, hence the selected screen size and quantity should be suitable for the intended use and the 
size of the Main Control Room.  

The LED screen shall be of minimum 70-inch industrial type fit for 24/7 operation and of the latest 
technology available. Multiple screens may be used if required. 

Modern aesthetically pleasing designed cabinet should be use to mount the screens that complement 
with other furniture and the interior design of the Main Control Room. 

It shall be possible for the large screen to display any screens available at the operator workstation. An 
operator workstation could be assigned for the selection of display on the large screen.  
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N.6 UNINTERRUPTIBLE POWER SUPPLY 

Uninterruptable power supply (UPS) system shall be provided for the master station to maintain a 
power supply to the computer, SCADA and telecommunications equipment for a period of 4 hours after 
the loss of the incoming power supply. 

UPS shall also be provided for each of the SCADA outstation to provide 3 hours back up on loss of mains 
power supply. These UPS shall also cater for all supervisory panels, local control panels and instrument 
panels associated with the particular outstation. 

The UPS shall be of industrial grade with high reliability to operate in a high temperature, humidity & 
corrosive environment of a WTP.  

The UPS may be provided with facilities to switch to bypass mode if the primary AC source to the system 
is within a specified normal range. 

The primary AC source can either be single phase, 2 wire or three phase, 4 wire supply depending on the 
load.  

The design of the UPS shall ensure that electromagnetic effects are minimised and harmless to the 
operation of the SCADA and instrumentation systems. 

The UPS should be provided with built-in protection against undervoltage, overcurrent and overvoltage 
including lightning surges on the primary AC source and voltage and current surges on the output 
including those caused by load transfer between itself and the external synchronised source. 

UPS shall be provided with facilities for communication /remote monitoring to allow for the UPS 
components to be monitored for any sign of future trouble.  

The data from the outstation UPS shall be inputs to the SCADA system for display on the HMI and data 
loggers in the Main Control Room. 

The UPS shall be housed in free-standing cabinets and shall have forced air cooling to ensure every 
component operates within its environmental ratings. Separate housing or compartment shall be 
provided for the batteries. 
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BUILDING AND EXTERNAL SERVICES 

O.1 LIGHTING 

O.1.1 General 

Lighting shall be provided to all area throughout WTP including buildings, roads and works perimeters 
as well as specific external areas in which operation, maintenance and repair is likely to occur. 

Generally the lighting design should take into account the following factors: 

(i) Task or activities performed. 
(ii) Mounting height/spacing ratio. 
(iii) Environmental conditions. 
(iv) Type of ceiling finishes.  
(v) Glare effect and visual comfort. 
(vi) Energy consumption. 

O.1.2 Indoor Lighting 

The indoor lighting illuminance levels will in general follow the recommendation made by MS 1525, 
Energy Efficiency and Use of Renewable Energy for Non -Residential Buildings - Code of Practice, 
Illuminating Engineering Society, IES and Panduan Teknik JKR. The recommended lighting illuminance 
levels and the type of light fitting for the various locations should be as follows: 

Table O.1: Recommended indoor lighting levels and type of light fittings 

Location 
Minimum 

illuminance level 
(lux) 

Types of light fittings 

Administration building: 
Switchroom 200 Batten light fitting 
Transformer room 200 Batten light fitting 
Gas cylinder room 150 Batten light fitting 
MDF room 300 Batten light fitting 
Meeting Room/ 
Discussion room 

400 Recessed light fitting 

Visitor lounge 200 Downlight fitting 
Office 400 Recessed light fitting 
Computer room 500 Recessed light fitting 
Main Control Room 500 Recessed light fitting 
Laboratory 400 Recessed light fitting 
O&M manual & drawing room 400 Recessed light fitting 
Chemist room 400 Recessed light fitting 
Surau 200 Recessed light fitting 
Pantry 150 Batten light fitting 
Store 150 Batten light fitting 
Riser 100 Batten light fitting 
Entrance (external) 100 Downlight fitting 
Entrance lobby/foyer 150 Downlight fitting 
Reception area 300 Downlight fitting 
Toilet/shower 150 Batten light fitting 
Pump room 200 Batten light fitting 
Tank area 150 Batten light fitting 
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Location 
Minimum 

illuminance level 
(lux) 

Types of light fittings 

Corridor (internal) 150 Downlight fitting 
Corridor (external) 100 Batten light fitting 
Staircase 150 Batten light fitting 
Filter control building: 
Loading bay 200 High bay light fitting 
Pump area 200 High bay light fitting/ 

Batten light fitting 
Switchroom 200 Batten light fitting 
Control room 500 Recessed light fitting 
Air blower room 200 Batten light fitting 
Pipe gallery 100 Anti-corrosion batten light fitting 
Filter Gallery: 
Upper  150 Batten light fitting 
Lower 150 Batten light fitting 
Treated water pumping station: 
Switchroom 200 Batten light fitting 
Transformer room 200 Batten light fitting 
Gas cylinder room 150 Batten light fitting 
Toilet 150 Batten light fitting 
Store 150 Batten light fitting 
Pump bay area 200 Batten light fitting and  

high bay light fitting  
Loading bay 200 Batten light fitting and  

high bay light fitting 
Chemical building: 
Switchroom 200 Batten light fitting 
Storage area 150 Anti-corrosion batten/  

High bay light fitting 
Tank area 150 Anti-corrosion batten/  

High bay light fitting 
Loading bay 200 Anti-corrosion batten/  

High bay light fitting 
Pump area 200 Anti-corrosion batten/  

High bay light fitting 
Chlorine building: 
Switchroom 200 Batten light fitting 
Electrolyser room 200 Explosion proof batten light fitting 
Chlorinator room 200 Anti-corrosion batten light fitting 
Evaporator room 200 Anti-corrosion batten light fitting 
Store 150 Batten light fitting 
Scrubber plant area 150 Anti-corrosion batten/  

High bay light fitting 
Chlorine drum storage area 150 Anti-corrosion batten /  

High bay light fitting 
Loading bay 200 Anti-corrosion batten /  

High bay light fitting 
Electrical plant area: 
MV switchroom 200 Batten light fitting 
Battery room 200 Batten light fitting 
LV switchroom 200 Batten light fitting 
Gas cylinder room 150 Batten light fitting 
Metering room 200 Batten light fitting 
Generator room 200 Batten light fitting and  
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Location 
Minimum 

illuminance level 
(lux) 

Types of light fittings 

high bay light fitting 
Transformer room 200 Batten light fitting 
Workshop: 
Workshop area 300 Batten light fitting and  

high bay light fitting 
Store  150 Batten light fitting 
Office 400 Recessed light fitting 
Meeting/Discussion room 400 Recessed light fitting 
Surau 200 Recessed light fitting 
Pantry 150 Batten light fitting 
Toilet 150 Batten light fitting 
Changing room 150 Batten light fitting 
Guard house    
Guard room 200 Batten light fitting 
Toilet  150 Batten light fitting 
Washwater recovery plant building: 
Plant area 200 Batten light fitting 
Pump area 200 Batten light fitting and 

floodlight 
Residuals plant building: 
Test Room 300 Batten light fitting 
Switchroom 200 Batten light fitting 
Transformer Room 200 Batten light fitting 
Gas Cylinder Room 150 Batten light fitting 
Pump Area 200 Batten light fitting and  

high bay light fitting 

The design for minimum recommended lighting illuminance level and type of light fitting for rooms or 
areas which are not listed in the table above shall be based on the function or usage of the room or area. 

Generally, all light fittings should be of LED type.   

Light fittings should be mounted on ceiling or wall where practicable. Light fitting can be suspended at 
location where the light fitting are located at high ceiling to maximise the light output utilisation.  

Each lighting circuit should be provided with a light switch and be located at suitable location. Lighting 
switch serving a room should be located near to the entrance door wherever possible.  In cases where 
there are two common entrances, two-way switches should be provided. Where there are many lighting 
circuits serving a common area, the switches should be grouped at common location. 

External mounted switches shall be weatherproof type. In areas where the environment is corrosive, 
industrial corrosion resistant type of switches should be used. 

 

Figure O.1: Typical batten light fittings 
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Figure O.2:  Typical high bay light fittings 

Emergency lighting and “Keluar” signs shall be provided at suitable locations in the building. Emergency 
lighting and “Keluar” signs shall be of the type approved by Jabatan Bomba dan Penyelamat Malaysia. 

O.1.3 Outdoor Lighting 

Outdoor lighting shall be provided for maintenance and security purpose. Street around WTP shall be 
provided with sufficient lighting to ease movement within the plant. Fencing area shall be provided with 
lighting to reduce risk of intrusion into the WTP. 

The following are the proposed outdoor lighting level and type of light fittings at the WTP. 

Table O.2: Recommended outdoor lighting illumination levels and type of light fittings 

Location 
Minimum 

illuminance level 
(lux) 

Types of light fittings 

Road 50 Street light on pole 

Carpark area 50 Street/Flood light on pole 

WTP perimeter fence 50 Flood light on pole 

Intake structure 50 Flood light on pole 

Aerator structure 50 Flood light on pole 

Clarifier 50 Flood light on pole 

Filter 50 Flood light mounted at filter gallery 

Generally, all light fittings should be LED type. 

The street light shall be mounted on pole. Pole height will depend on road width and spacing of light 
fittings. Generally, the pole height within plant is between 5m to 7m.  

Carpark lighting can be of the street lighting or flood light type. The Designer shall choose the type of 
fitting which suit best for the carpark configuration.  

The perimeter lighting is generally of floodlight type. The lighting shall provide sufficient lighting at the 
fence area throughout the plant. Generally the pole height is 10m. Street light type may also be used as 
perimeter lighting. 

At locations where lighting is required to cover a wider area, floodlight mounted on high mast may be 
considered. Generally, high mast pole is 15m high.  

The installation of mid hinged column may be considered for high mast pole and for lighting pole installed 
at location where access by maintenance vehicle is not possible. 
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Outdoor lighting for the other plant area shall be provided to provide enough lighting for maintenance 
crew to access and visualize the plant condition. Additional lighting shall be provided when required due 
to maintenance work or detail monitoring of plant, by the operator themselves using the nearest power 
point.  

Outdoor lighting shall be controlled by timer switches and photocell sensor for the respective lighting 
circuits, located in the lighting distribution board or feeder pillar. Manual override switch shall be 
provided for maintenance purpose. 

 

Photo O.1: Typical street lighting at WTP 

O.2 GENERAL POWER 

O.2.1 General 

General power refers to power points in form of switched socket outlets, other than those provided to 
or connected to specific equipment. General power outlets that are provided throughout WTP for 
dedicated usage and for maintenance work purpose. 

O.2.2 Switched Socket Outlets 

Switched socket outlets should be of the rocker operated pattern, shuttered with a quick-make 
quick-break action, complete with high impact plates of a design to match other accessories being used.  
They shall have 3 rectangular pins.  
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Figure O.3: Typical switch socket outlets 

Base steel boxes shall be provided for all switched socket outlets. The boxes shall all be zinc electroplated.  

In cases where the switched socket outlets cannot be flush mounted, switched socket outlets of the metal 
clad type shall be used. Knock outs for conduits entry shall be provided on the steel boxes.  The cover 
plate shall also be of steel. 

In damp locations, switched socket outlets shall be of weatherproof high impact resistant polycarbonate 
material having mechanical protection of IP 65 or better.  

In certain areas, the mounting heights shall be adjusted to achieve symmetry with brick courses, tiles and 
other architectural features. Switched socket outlets shall not be erected across the junction of different 
architectural surface finishes.   

Switch socket outlets are of single or twin type arrangements. Switch socket outlets can be of single, 
double or multiple circuit system. The general design of switch socket outlet circuit can be described as 
follows: 

Table O.3: Switch socket outlet circuit arrangement 

Circuit 
designation 

Circuit 
type/wiring 

method 

Maximum 
number of 

socket outlet 
Cable size (mm2) 

Breaker rating 
(Ampere) 

Single Single 1 2.5 15 

Double Radial 2 2.5 20 

Ring Ring 10 2.5 (In ring formation) 30 

The above are the common and recommended design arrangements. The Designer may refer to BS 7671 
– Requirements for Electrical Installations - IET Wiring Regulations for the detail design guide. 

O.2.3 Power Outlets 

Power outlets that are rated 15A to 60A shall be incorporated with a control switch of adequate rating 
and phase configuration. They are generally accommodated within enclosure of IP 65 made of high 
impact resistant polycarbonate material flush or surface mounted type with high impact resistant 
polycarbonate covers, complete with earthing and neutral pin in all cases. 

The power cables sizes and breaker ratings to these power outlets shall be sized to suit the current 
ratings. 
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O.3 DISTRIBUTION BOARDS 

O.3.1 Construction 

Distribution boards (DBs) shall comply with BS EN 61439-2 and shall be fabricated from minimum 2.0 
mm thick electro galvanised sheet steel and finished stoved enamel outside and inside. The cover shall 
be hinged, the free end of which shall be secured by captive knurled thumb screws. Gaskets shall be 
provided all-round the door edges and on the impressed surfaces of the board. 

Distribution boards shall as far as possible utilise frames of standard dimensions in depth, length and 
height and the front shall present a flush, clear appearance. 

Neutral bars and earth bars shall be of tinned copper bars and of rectangular cross-section. Adequate 
number of terminals, cable lugs and bolts shall be provided at each bar. 

O.3.2 Installation of Distribution Boards 

Distribution boards for lighting and power shall be installed on walls at suitable locations and height.  

The distribution boards shall be held in position on walls by means of rag-bolts or rawlbolts (including 
nuts and washers) of sufficient length and gauge to withstand the weights of the boards and cables 
connected to the boards. 

Distribution boards shall be drilled for cable entries and exits. Where conduit wiring is utilised, holes of 
sufficient diameters to suit the sizes of conduits concerned shall be drilled. 

Terminations of conduits within boards shall be by means of conduit lock-nuts and female brass bushes, 
or conduit sockets and male brass bushes, whichever is suitable to suit the particular situation.  

O.3.3 Miniature Circuit Breakers  

Miniature circuit breakers (MCBs) shall comply with the requirements of BS EN 60898 and be of the 
ratings and types as required. Units shall be suitable for the intended duty of controlling and protecting 
the types of circuits.  

MCB shall have breaking capacities adequate for the maximum prospective fault currents to which they 
may be subjected to. The switching action shall be quick-make and quick-break. 

MCBs shall be installed in the distribution boards in accordance with the manufacturer's instructions, 
standard fittings and accessories, such that a unit may be installed or replaced without disturbing 
adjacent units. 

O.3.4 Earth Leakage Circuit Breakers 

Earth leakage circuit breakers (ELCBs) shall be fitted to the distribution to detect earth leakage 
currents. Sensitivity of the ELCBs shall be 30mA for switched socket outlet DB and 100mA for lighting 
DB. All ELCBs shall provide instantaneous tripping. Each earth leakage circuit breaker shall be of the core 
balance type complying with IEC 61008. 

O.3.5 Earthing 

Distribution boards shall be equipped with effective means of bonding the armouring of cables, conduits 
and earth continuity conductors. 

The earthing arrangements shall be in accordance with the requirements of IEE Wiring Regulations, BS 
7671. 
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O.4 LIGHTNING PROTECTION 

O.4.1 General 

Lightning protection shall be designed to provide protection to building, structures and any other 
element which might be exposed to lightning at WTP. Lighting protection should be designed based on 
MS IEC 62305.  

O.4.2 Risk Assessment 

Risk assessment has to be done in order to evaluate whether lighting protection has to be provided and 
if required, the class of lightning protection to be provided to a particular building.  

The lightning protection design can be performed after the risk assessment has been calculated. 

O.4.3 Lightning Protection Components 

The lightning protection system shall comprise of air termination, down conductors, and earth 
termination. 

O.4.4 Air Termination Network 

Air termination network can be of air rod design, catenary conductor design or mesh conductor network. 
The design of the selected air termination shall be based on the method described in the MS IEC 62305.  

O.4.5 Down Conductors 

Down conductors are the direct route for the flow of lightning current from the air termination to the 
earth termination. 

The number and spacing of down conductors shall be based on the class of lightning protection. There 
should be a minimum of two down conductor distributed around a building to be protected. 

A test point shall be provided at each of the down conductor at sufficient height to allow for disconnection 
when conducting the ground test. 

O.4.6 Earth termination 

Earth termination is important to discharge the lightning current into ground.  

The earth termination consists of earth rods, earth to rod clamps and earth chamber. The required earth 
resistance for the system shall be 10 ohm or less. Sufficient number of earth rods shall be installed to 
achieve the required earth resistance value. 
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O.5 SOLAR POWER 

Solar power as an alternative electrical power source can be considered in the design of WTP. 
It may not be possible to provide full scale solar power to a complete WTP due to the reliability 
of solar energy, the amount of batteries that are required to store the energy for night use and 
the scale of area that is required to install the solar panels.  

However, solar as power source can be considered for small scale WTP which are located at 
remote areas where the source of electricity is not available or too expensive to be provided.  

Solar energy can also be considered to power smaller area of a WTP such as the Administration 
Building. The designer will need to consider the space requirement to place the solar panels in 
the design and also the solar panels loading when designing the building structure, especially if 
the solar panels are to be located on the building roof top. The designer will also need to allow 
space for the solar power equipment such as the inverter units and the batteries.   
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O.6 SECURITY AND SURVEILLANCE SYSTEM 

O.6.1 General 

The WTP is a very critical area, as such it is important to provide sufficient security system. Apart from 
the physical barriers provided at the entry, by the entrance gate and around the plant perimeter by the 
security fencing, security system can be provided by means of detection, surveillance and lighting. 

O.6.2 Detection System 

Detection system shall be provided to detect intrusion or breach at the security fencing.  

The most suitable detection system for this type of fence is the fence mount detection type. The fence 
mount detection system uses sensitive fibre optic sensor which detect intrusion by sending signal of 
disturbance pattern to the analyser and translate the signal into intrusion alert. 

The detection fibre optic sensor shall be designed in zone which covers a specific length of the fencing. 
Each zone shall be of suitable distance which matches the coverage of a CCTV camera which could 
provide a clear view of the intrusion detected. The fibre optic sensor and equipment installation shall be 
of robust type and suitable for outdoor application.  

Intrusion at a zone can be detected at the main security console which will send signal to the CCTV system 
to activate the security camera at the particular zone.  

The detection system shall be intelligent enough to differentiate false signal due to environmental 
condition. Additional equipment which could detect the environmental condition which act as reference 
to the detection threshold shall be provided where necessary. 

O.6.3 CCTV Surveillance System 

CCTV system shall be provided at specific location in WTP to enhance the security level. The CCTV shall 
be a high quality and reliable video digital network with fully integrated control function. 

The security system shall consist of CCTV monitoring console, server, cameras, communication network 
and bulk storage. 

The CCTV monitoring console shall include suitable sized monitors sufficient enough to provide visual 
monitoring for the cameras installed in the plant. Multiple large screen monitors shall be provided to 
meet the number of monitoring required. The monitors shall be of the highest quality screen available in 
market.  

The CCTV monitoring console shall be provided with a user-friendly graphical user interface for the 
control of the CCTV System. 

A video recording bulk storage facility shall be provided, sufficient capacity for 7 days continuous 
recording of all cameras. 

The camera shall be of the type suitable for the application. The cameras shall be with 2 megapixel 
resolution as minimum.  Outdoor camera shall be weatherproof type.  Where necessary, camera with 
pan, tilt and zoom facility and night mode capability shall be provided.  

Pole shall be provided to mount CCTV camera at location where building wall is not available or not 
suitable to get a good camera monitoring coverage.  

Cameras shall be provided at strategic locations in the plant to ensure a full security monitoring could be 
achieved. Cameras shall be located to monitor the following areas: 

(i) Entry and exit gate. 
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(ii) Perimeter security fencing. 
(iii) Entry and exit of Administration Building. 
(iv) Intake plant 
(v) Process building and structure. 
(vi) Inside pumping station. 
(vii) Inside store house 
(viii) Inside workshop 
(ix) Inside chemical building 
(x) Waste treatment building and structure. 

The exact location and the suitable type of camera shall be studied by the designer to ensure full security 
surveillance coverage. 

O.6.4 Lighting 

Lighting act as deterrent and provide support to the CCTV camera to detect intrusion. It also increases 
the feeling of security and could deter criminal activity. 

It is important to provide sufficient lighting at areas where there is higher chance of intrusion such as the 
perimeter fencing and at plant entry point. Lighting level shall be suitable such that the intruder could be 
visible when captured by the CCTV camera and can be clearly seen on the monitor.  

O.7 NOISE AND VIBRATION CONTROL 

O.7.1 Noise Control  

 General 

The equipment shall be selected and installed such that the noise generated to be within the allowable 
limits under all normal operational conditions in accordance to the DOSH and DOE requirements daytime 
and night time). Otherwise, noise treatment equipment shall be provided such as installing of silencers 
(sound attenuators), acoustic lining, acoustic lagging, acoustic louvers and acoustic enclosure panels so 
as to achieve the noise level criteria specified.  

 Internal Noise Criteria for Mechanical and Electrical Plant 

The following criteria shall apply and are to be met under normal operating conditions: 

Table O.4: Internal noise criteria for Plant 

Location Maximum noise level 

Offices/staff room/control rooms/surau 60 dB(A) 

M&E plant rooms – with all plant operating 85 dB(A) 

 External Noise Criteria for Mechanical and Electrical Plant 

Noise levels at the site boundary to the receiving land shall be in accordance to the latest edition of the 
Guidelines for Environmental Noise Limits and Control by the DOE. 

 Selection and Design Criteria 

(i) Selection of the noise treatment equipment shall be made by the acoustic specialist manufacturer 
with full information on the systems and plant layout to enable the specialist manufacturer to 
confirm the compatibility of the acoustic equipment performance with the design noise criteria. 
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(ii) Acoustic equipments shall be selected without detriment to the system performance and with due 
attention to the contribution from other services noise.  

(iii) The acoustic enclosure panels shall be demountable type to enable service works to be carried out. 
(iv) The acoustic enclosure panels shall be provided with a minimum of two access doors.  
(v) Facilities shall be made for the drainage of any rain water that could enter the enclosure and any 

condensate.  
(vi) All fans with silencers shall have the flexible connectors to be flange-connected to the fan and 

associated ductwork. 
(vii) The material used for acoustic duct internal lining shall be incombustible. 

 Acoustic Performance at Site  

(i) Noise measurements shall be conducted with the system operating at normal design conditions, 
and preferably with the suspended ceilings installed, where applicable. 

(ii) Compliance with the requirements for noise radiation to atmosphere from plant shall be 
demonstrated by test to a method to be agreed by the Employer. This may need to include night 
time noise measurements. 

(iii) Noise measurements shall be made using the meter complying with the international standards 
recognized by DOSH. The meter shall be calibrated using an acoustic calibrator, before and after 
all sets of measurements. 

O.7.2 Vibration Control 

 General  

All rotating equipment are subject to vibration which possibly caused by hydraulic problem such as 
pressure fluctuation and water hammer and also mechanical problem such as misalignment, resonance 
and weak foundation. 

The vibration control mechanism is required to isolate or mitigate the excessive vibration so that the 
equipment performance will not be affected, main structures are protected from damage and the 
resulting noise radiation will not exceed the noise criteria. 

Type of vibration device that are commonly used subject to recommendation from the equipment 
suppliers: 

(i) Spring vibration isolators  
(ii) Vibration hangers 
(iii) Neoprene pad 
(iv) “Inertia” blocks and counterweights  

 Selection and Design Criteria  

(i) Selection of the type of vibration isolation device shall be based on the recommendation by the 
equipment manufacturer. 

(ii) Installation and alignment of equipment such as pump and motor shall be carried out by the 
trained personnel and shall not exceed the tolerances recommended by the equipment 
manufacturer so as to minimize the vibration to the allowable limit. 

(iii) Vibration isolators shall be provided with means of level adjustment to allow for unevenness of 
the mounting surfaces. 

(iv) Vibration isolators shall be selected in accordance with the weight distribution to produce 
reasonably uniform deflection based on final equipment selection. 

(v) All services connecting to isolated equipment shall incorporate flexible elements. 
(vi) The weight of pipes, ducts, and their contents, or other services connected to the equipment shall 

be supported independent of the equipment and shall not impose any additional load on the 
equipment. 
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O.8 FIRE PROTECTION SYSTEM 

O.8.1 General 

Fire protection system shall be provided and designed for the WTP in accordance with the Uniform 
Building By-Laws and Jabatan Bomba dan Penyelamat Malaysia (JBPM) requirements.  

O.8.2 Fire Alarm System 

The fire alarm system shall consist of the following: 

(i) Fire alarm control panel (FAP) 
(ii) Fire alarm mimic panel 
(iii) Point smoke detectors  
(iv) Point heat detectors 
(v) Manual call points 
(vi) Alarm bells 
(vii) Link to the public address (PA) system, where applicable 
(viii) Link to iBOSS system (communication to JPBM)  

The fire alarm control system shall comprise a fully automatic fire alarm panel, mimic display panel, 
interfaces for the purpose of plant and equipment control.  

The fire alarm control panel (FAP) shall be provided for each building where required and the main fire 
alarm control panel (MFAP) shall be located in the Command Centre Room or Control Room where the 
plant is manned 24 hours. 

O.8.3 Hose Reel System 

Hose reel system shall be provided comprising water storage tank, pumps, pipework and the hose reels. 

Hose reels are to be located in prominent positions along the escape routes or beside exit doors or 
staircases. In general, they are to be placed such that all areas are within 30 m hose coverage for each 
hose reel. 

Pipework for hose reel system is generally 50 mm diameter and the feed to individual hose reel shall not 
be less than 25 mm diameter. 

Two pumps shall be provided with one duty and one standby configuration. The pump shall deliver water 
with minimum outlet pressure of 2 bar and at a flow rate of 120L/min as per JBPM’s requirements. 

O.8.4 Automatic Gas Suppression System 

Automatic gas suppression system of Clean Agent System shall be provided in electrical plant rooms. 
The system shall be designed in accordance with NFPA 2001 and shall be subject to JBPM’s approval. 

The system shall consist of smoke and heat detectors, piping, discharge nozzles, gas cylinders, control 
panel, alarm bell and to be interfaced with the fire alarm system.  

Each room that need to be protected shall be provided with a dedicated automatic gas suppression 
system. The system shall be activated automatically and shall also be provided with facility for manual 
activation. 

Preferably, a dedicated room located near the protected room is to be provided to store the gas cylinders. 
Gas cylinders shall be installed mounted to the wall at least 1 m away from any panel and equipment. A 
clear access shall be allowed for ease of gas cylinders inspection and removal from the room. 
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Detailed design and calculations for the Clean Agent System shall be prepared by the supplier duly 
certified and endorsed for JBPM’s approval. 

O.8.5 Portable Extinguishers 

Two types of portable extinguishers shall be provided as follows: 

(i) 2 kg CO2 extinguisher – for Class E fires i.e. electrical plant rooms; 
(ii) 4.5 kg dry powder extinguisher – for Class A, B and C fires, i.e. office, meeting rooms, store, etc. 

Generally, portable extinguishers shall be installed such that they can be easily spotted following escape 
routes and near to room exits. 

O.8.6 Fire Protection System Performance at Site 

The minimum of tests to be carried out as site to demonstrate the installation correctness and to assess 
the performance shall include the following: 

(i) Functional testing of fire alarm system including sequential operation and simulation of system 
activation. 

(ii) Functional testing to prove correct operation of the fire pump and absence of undue vibration 
and noise. 

(iii) Functional testing of hose reel system. 
(iv) Functional testing of Clean Agent System including sequential operation and simulation of system 

activation. 
(v) Clean Agent System shall be tested in accordance to the NFPA 2001 requirements. 
(vi) Hydrostatic test of piping. 
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APPROVALS 

P.1 PARTICULAR RESPONSIBILITIES 

P.1.1 The Commission 

The Commission shall be responsible for the approval of all preliminary studies, preliminary designs and 
detailed designs.   

P.1.2 Certifying Agency 

The responsibility of the Certifying Agency (CA) shall be as stipulated in writing by the Commission to 
the CA in its registration/appointment, which shall include but is not limited to the following: 

(i) Certifying on behalf of the Commission, all designs submitted by the Designer; and 
(ii) Carrying out other functions or duties that the Commission delegated in writing to the CA. 

P.1.3 Licensee 

The responsibility of the Licensee in the development of water supply systems shall be, but not limited 
to, the following: 

(i) Engage and pay for the services of the Designer for all necessary studies, preliminary design and 
detailed design. 

(ii) Attend to all matters for all acquisitions, wayleaves and right-of-way of lands, which shall be 
complete for handing over of the development site to the Developer for construction works. 

(iii) Hand over the development site to the Developer for commencement of construction work on the 
water supply system. 

(iv) Upon successful testing and commissioning of the water supply system, taking over of the facilities 
from the Developer. 

P.1.4 Developer 

The responsibility of the Developer in the development of water supply systems shall be, but not limited 
to, the following: 

(i) Construct, complete and commission the water supply system in accordance with the designs as 
approved. 

(ii) Obtain all approvals, permits and licenses for all construction and erection works, including for all 
Plant to be installed. 

(iii) Hand over the development site to the Licensee upon successful completion and commissioning of 
the water supply system. 

(iv) Rectification of all defects during the defects liability period of the development contract. 

In any case, the developer shall be a Permit Holder in the appropriate class for the water supply system, 
or the section thereof, that he is developing. 

For avoidance of doubt, the Developer shall be responsible for all matters as provided for under Act 655 
or its subsidiary legislations including all amendments thereto and new legislations. 
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P.1.5 Designer 

The responsibility of the Designer(s) in the development of water supply systems shall be, but not limited 
to, the following: 

(i) Carry out all preliminary studies where required, preparing preliminary designs and detailed 
designs of the water supply system and attend to all matters and requirements pertaining 
thereto. 

(ii) Assist (normally) the Licensee on planning permissions required for development of the water 
supply system. 

(iii) Supervise the construction of the works. 
(iv) Approve and certify, or jointly certify with the Licensee as appropriate, the testing and 

commissioning of the water supply system. 
(v) Certify the water supply system for handing over to the Licensee. 
(vi) Provide all support to the Licensee during the defects liability period. 

The above work normally involves several designers. 

For avoidance of doubt, the Designer shall be responsible for all matters as provided for under Act 655 
or its subsidiary legislations including all amendments thereto and new legislations. 

P.2 PROCEDURES 

P.2.1 Submissions to the Commission 

Preliminary Studies 

The following shall be submitted to the Commission for approval in principle: 

 Water resources report with the following sections: 
(i) Water demand studies, which should include methodology; 
(ii) Hydrological and/or hydrogeological studies; 
(iii) Environmental considerations; 
(iv) Salinity studies (where appropriate or relevant); 
(v) Other studies, i.e. hydraulic studies (where appropriate or relevant). 

Preliminary Design 

The following shall be submitted to the CA for approval in principle: 

 Preliminary design report. 

Detailed Design 

The following shall be submitted to the CA for approval in principle: 

 Detailed design report; 
 Tender documents and drawings; 
 Other pertinent information that the CA may request. 

P.2.2 Land Acquisition 

The Licensee shall attend to all matters pertaining to acquisitions of lands required for the water supply 
system.  In order to provide for proper execution of the land acquisition process, the Licensee should 
have a land management department, or at least appoint a land management consultant, to administer 
the land acquisition process. 
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The land acquisition process in Peninsular Malaysia under the Land Acquisition Act 1960 (Act No. 486) 
is summarised in Figure P.1. The process may differ for Sabah and Sarawak. 

 
Figure P.1: General land acquisition process  

The flowchart shown in Figure P.1 is merely indicative and meant to generalise the land acquisition 
sequence in simplified format as a guide for the reader; the actual process may be more intricate and 

Application by Licensee (Section 3(1)(b) of Act 486)

Approval by State Authority

Confirmation of Terms and Conditions between Licensee and State Authority

Gazette: Preliminary notice in Form A (Notice That Land Is Likely To Be Acquired)

Power of entry in Form B (Authority to Enter Survey)

Submission of plans and list of lands in Form C (Schedule of Lands Affected by 
Acquisition)

Gazette: Declaration in Form D (Declaration of Intended Acquisition)

Land Administrator consults state director for town and country planning as 
provided for under Section 9

Land Administrator to commence hearings - notice of enquiry (Form E), notice to 
occupier and interested persons (Form F)

Valuation report by Department of Valuation and Asset Management to land 
administrator to advise on compensation for lands

Inquiry by Land Administrator under Section 12

Written award by the Land Administrator prepared in Form G

Service of Notice of Award and Offer of Compensation, in Form H 

Objections in Form N (Application That An Application Be Referred to Court)

Notice That Possession Has Been Taken of Land, in Form K
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intertwining.  For example, the process may become more elaborate if complications arise, such as 
landowner objections, etc. 

The land acquisition process should be completed before award of any development contract; where the 
contract is given without complete possession of site to the developer, the Licensee runs a risk of contract 
time at large should issues develop in the acquisition process.  The Licensee should always be aware 
that incomplete possession of site are grounds for extension of time under most conditions of contract.    

Although by precedent case (2004) Forms A and B may be skipped, the Commission is of the opinion that 
the land acquisition procedures shall be completed in entirety to avoid issues. 

The Licensee shall be responsible to ensure that the land acquisition has been properly registered and 
gazetted with the relevant District or Land Office. 

P.2.3 Planning Permission and General Authority Requirements 

The Licensee shall provide for planning permission from the local authorities and relevant submissions 
to other authorities.  Planning permission will involve input from the Designer, an architect and an 
appointed professional town planner. 

Application for planning permission to the local authority usually includes the following: 

 Application by professionally certified town planner to the local authority; 
 Report on proposed development; 
 Proposed development plans – site key plan, overall site plan, floor plans, endorsed by certified town 

planner; 
 Land ownership titles, title search, caveator consent, tax assessments, etc.; 
 Company information of Licensee; 
 Certified plans and detailed survey plans; 
 Traffic impact assessment – produced by a certified transport consultant; 
 Road safety audit; 
 Slope analysis and geotechnical report; 
 Preliminary application to and assessment or letters of support from various authorities and service 

providers (power service provider, etc.) 

The following submissions and approvals from relevant authorities may be required: 

 EIA or state government approval; 
 Preliminary site assessment from the DOE; 
 Submission to MCMC and relevant approvals; 
 Submissions on storm water management, hydrological and hydrographical report to the state water 

resources authority or DID; 
 Geological terrain mapping report and geological reports to the state Department of Minerals and 

Geoscience; 
 Erosion and sediment control plans; 
 Application for sewage services and sewerage engineering report to the sewerage services authority. 

The above lists are merely indicative of authority requirements and may not be exhaustive. 
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P.3 SUBMISSION OF PLANS AND DESIGNS TO THE COMMISSION 

P.3.1 Preliminary and Detailed Designs 

For the submissions of preliminary and detailed designs of water supply systems to the Commission, the 
Designer shall engage the following persons for the following: 

(i) All preliminary and detailed design: competent person. 

P.3.2 Construction, Commissioning and Post-Commissioning 

Designer.  The Designer shall engage the following persons for the following: 

(ii) All supervision work: competent person. 
(iii) Testing and commissioning works: competent person. 
(iv) Certification by Designer for handing over of the water supply system: competent person 

registered with SPAN. 

Developer.  The Developer shall engage the following persons for the following: 

(i) All construction, erection, testing and commissioning works: Competent person and Permit 
Holder. 

(ii) Handing over of the water supply system from developer to the Licensee: competent person 
registered with SPAN. 
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TESTING AND COMMISSIONING 

Q.1 GENERAL 

The testing process for items of Plant of water supply systems shall consist of the following: 

 Inspections (section Q.2.1); 
 Tests at the manufacturer’s works i.e., manufacturer’s own tests (section Q.2.2); 
 Factory acceptance tests (section Q.2.3). 

The commissioning process for Plant of water supply systems shall comprise the following: 

 Pre-commissioning (section Q.4); 
 Setting to work (section Q.5); 
 Performance tests for guarantees (section Q.6); 
 Commissioning (section Q.7). 

Items of Plant, where applicable, shall be designed, fabricated and tested to the requirements of the 
Department of Occupational Safety and Health. 

Q.2 INSPECTIONS AND TESTS 

Q.2.1 Inspections 

Inspections should be performed at the factory (the manufacturer’s works) for major items of Plant that 
are specially fabricated (i.e., non-standard or not off-the-shelf equipment), which shall include, but not 
limited to, the following: 

 Major pump castings – after machining before assembly; 
 Pump impellers; 
 Pump shafts and sleeves; 
 Large valves bodies, discs and spindle; 
 Surge vessels; 
 Chemical storage tanks; 
 Major package plant; 
 Electrical equipment:  Switchboards, starter boards, supervisory panels, distribution boards, 

instrument panels, SCADA panels, busducts, DC supplies, steel lighting columns and others as 
necessary. 

Where major equipment, particularly large pumps for medium to large water supply systems are 
manufactured overseas, the Licensee may appoint independent inspectors at the country of the factory 
or manufacturer’s works to perform the required quality inspections. 

Q.2.2 Tests at the Manufacturer’s Works 

All components of Plant shall generally be quality tested by the manufacturer at the factory or 
manufacturer’s works.  Relevant manufacturer’s test certificates shall be forwarded by the Developer to 
the Licensee. 

Q.2.3 Factory Acceptance Tests 

Factory acceptance tests are normally performed on particular Plant before the equipment is 
despatched and installed on the water supply system; these are done in addition to the tests in section 
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Q.2.2.  The factory acceptance tests are usually carried out jointly witnessed by the Designer and Licensee 
on major equipment only, which normally will be, but not necessarily limited to, the following: 

(i) Mechanical plant: 

 Large diameter valves: 
- Isolating valves; 
- Altitude valves; 
- Pressure and flow control valves, etc. 

 Large penstocks; 
 Surge vessels (pressure tests); 
 Pumps which should be tested with its own prime movers:  to be tested particularly for 

guaranteed performance, efficiency and parameters to be specified by the Designer. 

(ii) Electrical plant: 

 Pump motors; 
 HV switchboards; 
 LV switchboards; 
 Motor control centre panels; 
 Transformers; 
 DC supply units. 

(iii) Standby generating equipment. 
(iv) Instrumentation: major flowmeters. 

Q.2.4 Testing for Civil Works 

Prior to the commencement of the commissioning period, all water mains and water retaining structures 
shall have been sterilised and water tightness tested. 

(i) Sterilisation of water retaining structures and pipework: 

(a) All water retaining structures and associated pipework shall be cleaned and free from 
deleterious material; 

(b) Sterilisation of the above shall be carried out to in accordance with Chlorination Method 3 
of AWWA Standard C652-92 – Disinfection of Water Storage Facilities or to other standard 
as may be specified or required by the Designer or Licensee; 

(c) All personnel involved in sterilisation work shall be medically certified as healthy. 

(ii) Water tightness testing of water retaining structures: 

(a) All water retaining structures of process units shall be tested for watertightness.  Testing 
may be carried out soon after completion of the structure, but shall be after the structure 
has achieved full design concrete strength;  

(b) The standard for watertightness shall be standard as may be specified or required by the 
Designer or Licensee.  Alternatively, allowing for evaporation or water ingress, a drop in 
water level of not exceeding 0.002% of the maximum operating water depth after seven days 
may be adopted for acceptance; 

(c) It is recommended that filling of compartments be carried out at a steady rate not exceeding 
one meter increase of water depth per 12 hours; 

(d) Each section or compartment of a water retaining structure should be tested individually 
with adjacent sections or compartments not tested concurrently. 



Suruhanjaya Perkhidmatan Air Negara 
Uniform Technical Guidelines for the Design of Water Treatment Plants  

and Related Water Supply System Components 

    747 

Q.3 ERECTION OF PLANT 

Erection of major Plant shall be supervised by competent representatives of the relevant 
manufacturers, particularly the following: 

 Raw and treated water pumpsets; 
 Treatment process equipment; 
 Filter washwater pumps and equipment; 
 Diesel engines and alternators; 
 HV switchgear and transformers; 
 Instrumentation and SCADA system; 
 Cranes; 
 Surge vessels. 

Q.4 PRE-COMMISSIONING 

Pre-commissioning shall be the stage where the developer tests each individual component of Plant for 
correct installation and operation. This stage may be divided into two periods: 

 Initial pre-commissioning tests by the Developer, and 
 Pre-commissioning tests prior to setting to work. 

The initial pre-commissioning tests are carried out by the Developer to ascertain and satisfy himself that 
all components of Plant are correctly installed and ready for setting to work (section Q.5).   

The pre-commissioning tests prior to setting to work will be carried out witnessed by the Designer and 
the Licensee. 

Prerequisite.  Pre-commissioning should commence only when:  

 Relevant Plant have been inspected and factory-tested (section Q.2) and all components of Plant 
have been installed (section Q.3). 

 All draft operation and maintenance manuals have been completed (see section R.1). 

Pre-commissioning plan.  The pre-commissioning plan should be prepared by the Developer and 
approved by the Designer and Licensee. 

General procedures.  Prior to the commencement of setting to work, components of Plant shall be 
brought on-line and tested collectively as a system to confirm that the system can operate as required.  
The on-site testing required during pre-commissioning shall include: 

 Leakage testing of pipework and process units as required; 
 Checks and site tests on Plant and building services (refer below); 
 General equipment tests; 
 Control equipment tests; 
 Calibration tests for equipment and instrumentation. 

The required on-site tests during the pre-commissioning of Plant for a WTP shall include, but not limited 
to, the following: 

(i) Hydrostatic tests for penstocks. 
(ii) Tests on clarifier plant: 

(a) Test on mixers and flocculators; 
(b) Test on scrapers. 

(iii) Tests on filters: 
(a) Test on filter media; 
(b) Tests on filter floor; 
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(c) Tests on filtration equipment. 
(iv) Residuals treatment plant. 
(v) Tests on mechanical plant: 

(a) Chemical plant. 
(vi) Tests on standby generators and equipment: 

(a) Tests on alternator; 
(b) Tests on diesel engine; 
(c) Tests on bulk fuel storage tanks. 

(vii) Tests on electrical plant. 
(viii) Tests on switchgear and starter panels: 

(a) Tests on transformers; 
(b) Tests on cables; 
(c) Tests on electrical apparatus; 
(d) Tests on earthing system; 
(e) Tests on distribution boards, lighting and small power systems. 

(ix) Tests on building services: 
(a) Testing and balancing of air-conditioning and ventilation systems; 
(b) Tests on fire protection system. 

Q.5 SETTING TO WORK 

Setting to work (alternatively referred to as preliminary tests, equipment process commissioning 
tests or wet commissioning) shall be the stage where the Developer operates sections of Plant as trial 
runs. 

Purpose.  The objective of setting to work is to demonstrate and certify to the Licensee that the Plant 
will operate as required, and ready to undergo the Performance Site Tests for Guarantees (section Q.6).  

Prerequisite.  Setting to work should commence only when the various components of Plant have 
successfully completed pre-commissioning (section Q.4). 

Setting to work plan.  The setting to work plan should be prepared by the developer and approved by 
the Designer and Licensee. 

General procedures.  Prior to the commencement of setting to work, components of Plant shall be 
brought on-line and tested collectively as a system to confirm that the system can operate as required. 

The principal tasks before the setting to work process shall include, but not limited to, the following: 

 Operation of Plant and control systems under conditions representing the expected actual 
conditions; 

 Operation of duty and standby systems, including switchover; 
 Adjustment of equipment settings; 
 Plant start-up and shut-down testing; 
 Modifications and re-calibrations as required; 
 Operation under all control modes; 
 Site acceptance tests of instrumentation and SCADA system. 

Upon successful completion of the above, the developer shall bring all Plant into operation under both 
manual and automatic control to continuously produce treated water at the nominal treated water 
output.  

Before the commencement of the setting to work, the developer shall prove for 24 hours continuously 
that the quality of the treated water shall be at least within specified MOH limits, or to higher standards 
as the Designer or Licensee may specify. 
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During the setting to work period, the Plant should operate for at least 48 hours. 

Completion.  Setting to work shall be completed after all components of Plant have been shown to 
operate properly and after the WTP has been satisfactorily and successfully run under both manual and 
automatic mode by the developer and certified by the Designer for the duration of the setting to work 
period.  

Q.6 PERFORMANCE SITE TESTS FOR GUARANTEES 

Performance site tests for guarantees shall be the stage where the developer proves that major items 
of Plant in particular meets the requirements of design or performance guarantees provided by the 
manufacturer of the Plant or to guarantees as required under the development contract. 

Purpose.  The objective of the performance site tests is to demonstrate and certify to the Licensee major 
items of Plant can meet specified contractual guarantees. 

Prerequisite.  Performance site tests for guarantees should commence only when the various 
components of Plant have successfully completed setting to work (section Q.5). 

Before proceeding with the performance tests period, the developer should carry out a stabilisation 
period to establish chemical dosage rates to produce acceptable effluent within the specified qualities. 

Performance site test plan.  The site tests plan should be prepared by the developer and approved by 
the Designer and Licensee.  The test plan shall include, but not limited to, the following: 

 Test programme; 
 Test standards; 
 Instrumentation used; 
 Data recording method. 

General procedures.  For performance site test for guarantees, the tests to be carried out shall be, but 
not limited to, the following: 

(i) Process performance tests to determine that the WTP produces the clarified, filtered and treated 
water qualities as specified; 

(ii) Performance tests to determine chemical consumption; 
(iii) Performance tests on main pumping plant; 
(iv) Site tests on instrumentation and SCADA system to demonstrate to the S.O. that the systems are 

operating as specified, and 
(v) All other site tests as may be required by the Designer. 

Test report.  The performance test report shall include, but not limited to, the following: 

 Data summary; 
 SCADA printouts; 
 Comparison of results with guaranteed performance parameters of particular Plant; 
 Summary on particular Plant performance. 

Completion.  Performance site tests shall be completed after all required Plant have been shown to 
perform within the required guarantees to the satisfaction of the Designer and Licensee.  

Q.7 COMMISSIONING 

Commissioning of the water supply system shall be the stage where the developer operates the whole 
as-built system under manual and automatic modes for a certain duration referred to as the 
commissioning period. 
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Purpose.  The objective of commissioning of the water supply system is to demonstrate to the Licensee, 
before handing over of the system, that:  

 When the water supply system is in full operation, the system will be able to meet the performance 
criteria for the process units; 

 The water supply system will be able to meet the specified output; 
 All Plant, in particular the instrument and SCADA system, will be able to operate normally during 

full operation. 

Prerequisite.  Commissioning should commence only when the water supply system has successfully 
completed setting to work (section Q.5) and site performance tests for guarantees (section Q.6) 
where applicable. 

Commissioning plan.  The commissioning plan should be prepared by the developer and approved by 
the Designer and Licensee. 

Duration.  The duration of commissioning period should be based on the judgement of the Designer and 
the Licensee; the period should be proportional to the scale of the water supply system and should be of 
a time frame that, based on his experience, would satisfy the Licensee that the water supply system will 
be working properly.  For example, a pumping system should have a commissioning period of 1-3 days 
while a medium to large WTP should have a period of 7-14 days. 

Monitoring.  During commissioning of a WTP, the following should be monitored: 

(i) Final treated water quality shall meet MOH treated water quality standards 100% of the time.  
Certain water quality parameters (to be specified by the Licensee) should meet higher standards 
at least for a certain percentage of time.   

(ii) It is recommended that clarified water quality to meet specified clarified (settled) water quality 
parameters at least for a certain percentage of time. 

(iii) Pump performance:  The raw water and treated water pumps should be operating for agreed 
periods of time within the commissioning period to demonstrate that the pumps are able to deliver 
the specified output at the specified head. 

(iv) Standby generator performance:   The standby generators should be operating for agreed 
periods of time within the commissioning period to demonstrate that the generators are able to 
operate as specified at partial to full loads.  The Designer shall specify the duration of load runs, 
which shall include a continuous 24 hours 100% full load run. 

(v) Tests on instruments and SCADA system.  During this period, the instrumentation and SCADA 
system shall operate without any re-setting or re-calibration, otherwise the tests shall be repeated.  
The system should operate continuously without failure for a period not less than 99.95% of the 
total duration of the test before this test will be considered successful. 

The developer normally provides a checklist for all monitoring tests; these shall be compiled into a 
overall testing and commissioning report. 

Discharge of water.  During the commissioning, water should not be introduced into the water 
distribution system but should be discharged to overflow or waste.  Usually the water is allowed to 
overflow at the clear water tank For commissioning of the pumps, the overflow drainage system at the 
balancing reservoir shall be designed for at least the maximum flow of water expected during 
commissioning. 

Completion.  Commissioning shall be completed after the WTP has been shown to operate properly 
continuously for the stipulated commissioning period under both manual and automatic mode by the 
developer and certified by the Designer and witnessed by and to the satisfaction of the Licensee.  

Upon completion and acceptance of the commissioning by the Designer and Licensee and provided other 
contractual obligations have been met, the developer may apply for practical completion (section R.4.1) 
and handing over to the Licensee (section R.4.2). 
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OPERATION & MAINTENANCE, TRAINING AND HANDING 
OVER 

R.1 OPERATION & MAINTENANCE INSTRUCTION MANUALS 

R.1.1 Overall Contents 

This section of the Guidelines provides a guide on the scope of the Operation & Maintenance Instruction 
Manual (“O&M Manual”) for the WTP; the Designer at his discretion may upscale or reduce the scope as 
appropriate.  The O&M Manual should be divided into the following parts, as may be relevant: 

(1) Master Index 
(2) General 
(3) Intake Plant 
(4) Raw Water Pumping Plant 
(5) Treated Water Pumping Plant 
(6) Raw Water Inlet/Aeration/Pre-Oxidation Plant 
(7) Mixing and Clarification Plant 
(8) Filtration Plant 
(9) Chemical Plant 
(10) Residuals Handling, Treatment and Dewatering Plant 
(11) Electrical Plant 
(12) Standby Generators 
(13) Instrumentation 
(14) SCADA 
(15) Asset Management System 
(16) Utilities 
(17) HVAC 
(18) Security Systems 
(19) Civil Works 
(20) Factory Test Records and Test Procedures 
(21) Site Test Records and Test Procedures 
(22) Calculations 
(23) Surge Analysis Report 
(24) Electrical System Study 
(25) Certificates from Authorities 
(26) Training Manual  
(27) Safety and Health Procedures 
(28) Emergency Response Plan (ERP) 

R.1.2 Master Index and General Contents 

The contents of parts (1) and (2) of the O&M Manual should contain the following: 

Part 1: Master Index 

The Master Index shall contain a comprehensive index for all Parts and volumes comprising the 
Instruction Manual and As-built Drawings. 

Part 2:  General 

This part shall describe the overall operating philosophy of the project and briefly describe the 
headworks, WTP and Plant, as follows: 
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 Overall plant control philosophy of the headworks, intake and WTP; 
 Overall operating principles and procedures for the scheme as a whole and for the various parts of 

the headworks, intake and WTP; 
 Overview of main operations of the Plant; 
 Selected key routine operating procedures and a summary of standard maintenance tasks for (a) the 

treatment plant operators and (b) residual plant operators. 

Parts (3) to (18) related to the operation and maintenance of Plant is the primary focus of the O&M 
Manual and will be elaborated in section R.1.3.  Parts (20) to (27) are self-explanatory by their titles and 
will be left to the Designer to specify in the development contract for the developer to provide.  The 
suggested contents of part (28) is provided in section R.1.4. 

R.1.3 Contents Related to Plant 

The parts related to Plant, i.e., parts (3) to (18), shall contain the following sections as relevant (the 
Designer to assess the relevancy and additional items where necessary): 

Section 1: Preface 

This section shall contain the following basic information: 

 The developer’s (as contractor) name, address, website address, telephone number and email 
address. 

 Schedule of plant and equipment provided, indexed to the table of contents. 
 The name, address, website address, telephone number and email address of the responsible main 

subcontractor, supplier, manufacturer, installation subcontractor and maintenance subcontractor, 
as appropriate.  The area of responsibility of each party shall be identified. 

 Data shall be provided for each major equipment/component of each section of Plant, i.e.: 
- Equipment make and manufacturer. 
- Model/catalogue number. 
- Equipment tag number (as per process and instrumentation drawings). 
- Description of component/unit. 
- All other basic or pertinent information. 

Section 2: Operation  

This section should contain the following information, as relevant: 

 General description of the scope, purpose and manner of working of each system or apparatus 
forming part of the Plant in the form of functional design specifications. 

 Plant layout diagrams showing the “as erected” installation. 
 Operating control functions. 
 Performance data of plant or equipment. 
 All preparatory procedures before start of operation. 
 Power requirements. 
 Operating procedures for automatic/semiautomatic/manual/remote mode including normal start-

up, running, standby, normal shutdown, emergency shutdown, and start-up after emergency 
shutdown. Each procedure shall be listed step-by-step, with different headings or subheadings for 
each procedure. The format should be standardised throughout the O&M Manual. 

 All necessary diagrams and photographs to illustrate the procedures. 
 List of settings for all adjustable or programmable devices (timers, etc.). 
 Operating parameters, including general setting of controls associated with controlling design 

conditions, monitoring equipment and switchgear, together with details of initial settings of all 
adjustable items. 

 List of electrical relay settings, and instrumentation and SCADA settings. 
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 List of operational limitations of the Plant and equipment as per manufacturer’s requirements and 
Contractor’s recommendations. 

 List of “Do’s” and “Don’ts” in plant operation, including precautions for all operations that may cause 
damage to plant and equipment.  

 List of circumstances in operation of equipment that may affect the validity of manufacturer’s 
warranty. 

 Health and safety instructions and precautions, with particular attention to hazardous operations. 
 Sectional arrangement drawings of major items of plant with dismantling instructions.  
 Security of plant or equipment. 
 Typical log sheets for recording plant-operating information for each pumping plant with 

instructions for identifying departures for normal behaviour. 
 Typical log sheets on which operating staff can record their service/maintenance checks on essential 

equipment and at periods recommended by the Contractor. 
 Description of the plant control philosophy (a layman’s guide) including plant trips and interlocks. 
 Sample plant startup/shutdown checklist. 

Section 3: Fault Identification and Correction 

This section should contain the following information, as relevant: 

 All protection settings and fault/“trip” settings. 
 Schedule of alarms, cause and action to be taken. 
 Fault identification procedures. Each procedure shall be listed step-by-step, with different headings 

or subheadings for each procedure. The format shall be standardised throughout the O&M Manual. 
 Fault identification checklist. 
 Fault cause-and-effect flowchart. 
 Fault correction procedures. 
 Fault correction checklist. 

Section 4: Maintenance 

This section should contain the following information, as relevant: 

 Maintenance schedules, indicating recommended minimum/maximum periods for routine tests and 
preventive maintenance, as per manufacturer’s requirements and Contractor’s recommendations. 

 Schedule of equipment supplied giving manufacturer’s name and appropriate make, 
model/catalogue number, description of unit and components parts identified on drawings. 

 Troubleshooting lists. 
 Routine test and preventive maintenance procedures, covering all levels of maintenance required 

(from site inspections to workshop maintenance). Each procedure shall be listed step-by-step, with 
different headings or subheadings for each procedure. The format shall be standardised throughout 
the O&M Manual. 

 Corrective maintenance procedures, including removal, dismantling, overhaul, replacement, repair, 
reassembly, tests, calibration and re-commissioning.  Diagrams and photographs shall be included 
as appropriate. 

 Recommended planned corrective or major overhaul/turnaround procedures and schedules. 
 Required clearances and tolerances (baseline and maximum). 
 Lubrication instructions including frequency of application and schedule of recommended lubricants 

and their equivalents, which must be readily obtainable 
 Procedures for flushing of tanks, pumps, etc. 
 Procedures for cleaning, methods and materials. 
 Recommended long-term painting and protective coatings. 
 Access and lifting requirements. 
 Spare parts lists. 
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 Schedule of tools required for all maintenance, and application. 
 Test instruments lists. 
 Health and safety instructions and precautions for maintenance procedures, with particular 

attention to hazardous operations. 
 Contact information for recommended and alternative maintenance subcontractors. 
 Sample equipment maintenance record sheet, and sample maintenance checklist form; normally this 

will be based on the asset management system adopted. 

Section 5: Commissioning 

This section should contain the following information, as relevant: 

 Procedures to test and set the various functions and protection settings of complicated equipment 
such as variable speed drives, flowmeters, UPS, protection relays, etc. 

 Procedures to install, test and calibrate new component or equipment, including 
indication/measuring/monitoring/control/protection devices. 

 Each procedure shall be listed step-by-step, with different headings or subheadings for each 
procedure. The format shall be standardised throughout the Instruction Manual. 

 Copies of site test reports, certificates, etc. during the pre-commissioning and commissioning stages 
of the Plant. 

Section 6: Plant and Equipment Data 

This section should contain the following information, as relevant: 

 Data sheet/diagram for plant and equipment, giving dimensions, weight, power rating, etc. as 
appropriate. 

 Pump performance and calibration characteristic curves and report. 
 Manufacturer’s literature (prints). 
 Manufacturer’s operating and maintenance instructions (prints). 
 Copies of certificate of manufacturer’s guarantees/warranties (colour copies).  
 Schedule of spare parts with ordering reference numbers and parts identified on equipment 

drawings, and contact information for ordering. 
 Schedule of changeover frequencies for duty/standby equipment. 
 Environmental considerations. 
 Appendix 1: Copies of test certificates for factory and/or site tests (colour copies). 
 Appendix 2: Copies of performance test reports, results sheets, performance curves and similar data 

carried out at manufacturer’s works and/or site. 

Section 7: Drawings 

This section may be optional if already shown in the As-built Drawings, but highly recommended to be 
included for ease of reference to the operator, particularly for large volumes.  The section should contain 
the following information, as relevant: 

 Drawing numbering standard. 
 Index of diagrams and drawings. 
 Equipment numbering (tag) system and list of abbreviations. 
 List of symbols. 
 Process and instrumentation diagrams “as installed”. 
 General arrangement drawings of plant or equipment “as installed”. 
 Schedule of instrumentation “as installed”. 
 Electrical system single line diagram. 
 Electrical system protection grading characteristics and setting data. 
 General arrangement and circuit diagrams for switchboards and control panels “as installed”. 
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 Diagrams of “as installed” connections between electrical plant and instrumentation. 
 Control circuits and connection diagrams of each and every electrical/electronic equipment 

including every terminal block connection diagram. 
 Ladder diagrams for each PLC. 
 Cables schedules. 

Drawings shall be in A3 size (colour) for ease of reference. 

R.1.4 Particular Precautions on Safety in the O&M Manual 

In addition to the procedures outlined in section R.1.3, particular emphasis shall be included in the O&M 
Manual for the following procedures: 

(i) General safety around electrical equipment, particular high voltage equipment;   
(ii) Handling of chlorine cylinders, drums, draw-off equipment, evaporators and scrubbing plant; 
(iii) Handling of chlorine leaks in chlorine cylinder/drum stores and evaporator rooms; 
(iv) Any circumstances that may lead to water hammer (surge) conditions particularly in high lift 

pumping mains; 
(v) Proper replacement of valves and pumps at pumping stations, in particular to avoid water hammer 

events. 

Reminder notices shall be provided at appropriate locations on the above. 

R.1.5 Emergency Response Plans 

As a guide, the Emergency Response Plan should address the following: 

(1) Objectives 

The main objectives of the Emergency Response Plan shall be: 

 To provide a management system in response to emergencies associated with the water supply 
system; 

 To control or limit the adverse effects of such emergencies and to preserve the well-being of the 
personnel, property and surrounding environment; 

 To communicate vital information to all relevant authorities and to members of the public, is 
necessary. 

(2) List of likely major emergencies 

The major emergencies that could occur at the Works may include the following: 

 Fire or explosion; 
 Landslides; 
 Flooding; 
 Major leakage/spillage of fuels or chemicals; 
 Breach of silt traps/sedimentation ponds during construction; 
 Structural collapse resulting in personal injury or fatality during construction; 
 Other emergencies that the Designer or Licensee deem may occur. 

The emergency responses to the above shall be provided under (7) General Emergency Procedures. 

(3) Reporting requirements 

In the event of an emergency occurring, a standard procedure shall be outlined; the authorities to be 
notified will depend on the nature of emergency encountered.  
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The relevant departments and authorities that will be involved against the respective emergency event 
encountered and their contact numbers listed.  Some of these departments and authorities are as follows: 

 Police station; 
 Tenaga Nasional Berhad (TNB); 
 Hospital; 
 Fire & Rescue Department (Bomba); 
 Department of Occupational Safety & Health (DOSH); 
 Department of Environment (DOE). 

(4) Emergency Responsibilities 

The responsibilities of personnel in the events of emergencies shall be clearly outlined in the plant 
operator’s organisation structure to enable immediate and appropriate response to be carried out in the 
event of occurrence of the emergency.   

(5) Risk and Emergency Communication 

The Emergency Response Plan shall include all potential hazards and their associated risks to all workers 
and staff.   

(6) Training 

The ERP shall be supplemented with training, simulated exercise and refresher courses for the personnel 
involved. 

(7) General Emergency Procedures 

Typical emergency response procedures shall be provided for the following: 

 Fire or explosion; 
 Landslides; 
 Flooding; 
 Major leakage/spillage of fuels or chemicals; 
 Breach of silt traps/sedimentation ponds during construction; 
 Structural collapse resulting in personal injury or fatality during construction. 

(8) Accident Investigation and Reporting Procedures 

An accident investigation and reporting procedure shall be established for the following purposes: 

 Compliance to statutory and group insurance requirements. 
 To identify causes of accidents on site in order to prescribe and implement suitable actions to 

eliminate or avoid further occurrence of similar incidents. 

R.1.6 Submissions 

The draft O&M Manual shall be completed before pre-commissioning during the testing and 
commissioning period (section Q.4), with a draft final version (updated from the draft) provided for 
handing over of the works (sub-section R.4.1(2)(iii)). 

The final O&M Manual shall be completed within the developer’s initial operation and maintenance 
period (sub-section R.4.4(i)). 
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R.2 AS-BUILT DRAWINGS  

R.2.1 General Contents 

As-Built Drawings should be divided into the following parts, as relevant: 

(1) Master Index; 
(2) Civil Engineering Drawings; 
(3) Civil Outline (where provided); 
(4) Intake Plant; 
(5) Treatment Plant; 
(6) Pumping Plant; 
(7) Electrical Plant; 
(8) Generating Plant; 
(9) Residuals Treatment Plant; 
(10) Instrumentation; 
(11) SCADA; 
(12) Building Services; 
(13) Pipelines; 
(14) Structural Drawings; 
(15) Miscellaneous. 

R.2.2 Civil Drawings 

Civil drawings shall be as-built civil, structural and pipeline drawings constituting section R.2.1, parts 
(2), (13) and (14). 

R.2.3 Plant Drawings 

Plant drawings for section R.2.1, parts (4) to (11) shall include the following, as relevant: 

 Process and instrumentation drawings for all sections of Plant; 
 Hydraulic diagram; 
 Plant general arrangement drawings showing all sections of the Plant with layout and elevations of 

Plant completely dimensioned; 
 Isometric drawings of plant pipework; 
 Detailed general arrangement drawings for each item of Plant, including valves and penstocks, 

drawn to scale, fully dimensioned and showing relevant plant data, weights, materials, finishes, 
foundation details, required clearances for installation, equipment removal routes by means of 
arrows on floor layout plans for operation and maintenance; 

 All civil outline drawings as provided by the developer (section R.2.1, part (3)); 
 Layout/routing drawings for installation of pipework for high pressure and service water supply, 

chemical dosing, sampling, drain, waste, etc; 
 Installation drawings for chemicals, waste, plant residuals disposal,  
 Installation drawings for water supply and sewerage and waste water systems; 
 All necessary fabrication drawings (shop drawings) for metalwork including platforms, floor plates 

and frames, handrailings, etc. and installation detailed drawings; 
 Electrical and mechanical installation details in service trenches; 
 General arrangement, schematic and control circuit drawings for all motor control centres (MCCs), 

switchboards and all panels; 
 Layout drawings of all supervisory and control panels, etc showing indications, mimic diagrams, 

alarms, pushbuttons, selector switches, etc.; 
 General arrangement drawings for transformers; 
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 Complete single line drawings of all electrical systems; 
 Complete electrical circuit and wiring drawings of all electrical systems including ferrule numbers, 

wire colours, terminal colours, etc.; 
 All supplementary block, circuit and wiring drawings necessary; 
 Complete cable routing drawings including cable support systems; 
 Layout, cable routing, etc drawings for consumer switch houses; 
 Cable schedules showing the cable number, type, voltage, conductor size, number of cores and route 

length; 
 Lightning protection system layout and general arrangement drawings; 
 Earthing installation layout and earth terminal general arrangement; 
 External coordinated utilities drawings showing all the electrical cabling, instrumentation cabling, 

telecommunications cabling, SCADA cabling, piping systems, etc.; 
 Instrument configuration loop drawings; 
 PLC ladder diagrams and logic flowcharts; 
 SCADA mimic diagrams; 
 Building services drawings, showing layout of all lighting and small power systems, fire fighting 

systems, ventilation and air-conditioning, plumbing and all ancillary equipment; 
 List of safety signs and drawings; 
 Complete and detailed schedules listing all items of plant, instruments and ancillary equipment 

supplied by the developer (i.e., contractor). 

R.3 TRAINING 

R.3.1 General 

A complete training programme should be provided by the Licensee for operation and maintenance of 
WTPs as well as distribution and reticulation systems, but will not be within the scope of training within 
these Guidelines.  The scope of training described herein will be for training to be carried out by the 
developer to the Licensee’s personnel, and shall be included as part of the construction contract between 
the Licensee and the operator. 

Training of the Licensee’s personnel by the developer should be conducted in two parts: 

 Testing and commissioning stage; 
 Post-commissioning or during the defects liability period stage. 
Training for the above shall be within the WTP premises. 

The start of the training programme shall be the commencement of the testing and commissioning period 
and shall end during the defects liability period as the development contract may stipulate. 

Licensee’s obligations.  (1) The Licensee should develop a WTP operator’s qualification course, or at 
least training programme, for WTP personnel.  The operator’s training programme should be composed 
insofar as possible to complement the Licensee’s course syllabus. 

(2)   Before commencement of the training programme, the Licensee’s obligations shall be to provide the 
necessary number of operating personnel who will be operating the WTP full-time after completion of 
the WTP, which shall include, but not limited to, the following: 

 Management staff; 
 Operational personnel including Main Control Room operators, chemist and laboratory personnel; 
 Maintenance personnel each for electrical, mechanical, instrumentation and SCADA; 
 Chargemen; 
 Asset management staff. 
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All recruiting for the above personnel shall be complete before completion of the WTP. 

(3)  For the training, the Licensee should provide for the full-time participation of an experienced 
training officer and an experienced chemist.  The purpose of the Licensee’s training officer will be to 
assess the effectiveness of the training conducted. 

(4) The Licensee shall ascertain that the staff quarters or staffing accommodations will be complete 
before the commencement of the testing and commissioning period and the training period.   

Developer’s obligations.  The developer shall provide for the syllabus of the training programme at 
least six months before commencement of the training period.  The developer’s syllabus shall be 
approved by the Licensee and the Designer. 

R.3.2 Testing and Commissioning Period 

It is the view of the Commission that full-time operating personnel should be present at the 
commencement at the testing and commissioning stage, especially so for medium to large WTPs.  This is 
so that at least some of the operators will be familiar with the history of the WTP from the beginning. 

The role of the Licensee’s personnel should be to observe or to witness the testing and commissioning 
procedures as a form of initial experience on the operation and management of the Plant. 

R.3.3 Post-Commissioning 

Training of the Licensee’s personnel shall commence directly after handing over of the WTP, i.e., during 
the defects liability period, from the developer to the Licensee.   

The Licensee’s personnel shall be trained in all aspects involved including: 

 Design and operational philosophy of the WTP and Plant; 
 Management of the WTP; 
 Operation of Plant;  
 Asset management; 
 Spare parts and store inventories; 
 Water quality tests; 
 Laboratory procedures;  
 Control of chemicals;  
 Routine and periodic maintenance of every item of Plant; 
 Required maintenance for particular civil or building works; 
 Troubleshooting and repair works for main items of Plant; 
 Emergency response plans; 
 Health and safety;  
 Security; 
 All other subjects as may be required for satisfactory operation of the WTP. 

Training of the Licensee’s personnel should aim at achieving optimum operation of the WTP, particularly 
including maximum efficiency of plant, optimum use of chemicals, minimum loss of water and minimum 
number of operating staff.  

The training period should cover a period of up to 12 months, or for a period as the development 
contract may stipulate.  During this period: 

(i) The developer should normally operate the WTP during an initial training period, which would 
usually be for a period of three months (or as the development contract may stipulate); during this 
initial training period, the developer should conduct formal classrooms and practical training in 
groups for the Licensee’s personnel. 
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(ii) Upon completion of the initial training period, training of the Licensee’s personnel shall be “hands-
on” training; the Licensee’s personnel should operate the WTP and perform routine maintenance 
jointly with the developer under the direction and supervision of the latter for the remainder of 
the training period; this is usually for a period of nine months(or as the development contract may 
stipulate). 

R.3.4 Training Materials 

Training materials for trainees should include, but not limited to, the following: 

(i) Course notes. 
(ii) Training information from the overall training manual appropriate to their particular skill areas 

(e.g., management, chemist, operator, electrical and mechanical maintenance, etc.). 
(iii) Training task book for recording training and for individual assessment. Each section of the task 

book shall relate to a session undertaken during the training and will be signed off by the 
Contractor and the Employer on completion of the training session. 

(iv) Functional task book, to be issued to each trainee shall include a comprehensive schedule of 
daily tasks to be carried out by the trainee staff member in their allotted position in maintaining 
satisfactory operation of the plant. 

R.3.5 General Training Content 

The general syllabus for the post-commissioning training should comprise of, but not limited to, the 
following: 

(i) Health and safety procedures, with particular emphasis on hazardous chemicals and toxic gas 
areas, chemical handling, entry/working in confined spaces and similar. 

(ii) General description of Plant: 
(a) General process description and treatment objectives; 
(b) Process design; 
(c) General descriptions of electrical & mechanical equipment, instrumentation and SCADA 

system. 
(iii) Review of relevant drawings, process and instrumentation diagrams and draft operation and 

maintenance procedures. 
(iv) Detailed description and demonstration on operation of individual process units, including 

process chemistry, sampling and laboratory procedures specific to the treatment processes 
adopted for the process plant. 

(v) Detailed description, including operation principles/mechanism and demonstration on 
operation and control of all electrical, mechanical, instrumentation and SCADA system. 

(vi) Operating instructions, including normal operation, actions necessary under varying conditions 
and abnormal conditions, start-up and shutdown procedures for individual process units. 

(vii) Monitoring control and operation of Plant using the SCADA system, including adjustment of set 
points, stopping and starting plant, selection of duty and standby plant alarm management, 
report printing and other operation functions. 

(viii) Process optimisation. 
(ix) Outline inspection and maintenance instructions. 
(x) Fault finding and correction. 
(xi) Dismantling and re-assembly of plant, and replacement of consumable parts. 
(xii) Emergency procedures, including process aspects such as start up after power failure, gas leaks, 

and chemical spillage. 
(xiii) Setting up and calibration of each control, protection, measuring and process 

equipment/system. 
(xiv) Spares – strategic and consumables. 
(xv) Use of all tools and test equipment. 
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(xvi) Trouble shooting and programme modifications to the SCADA systems, instrumentation, PLC 
and computer software and use of management systems provided. 

R.3.6 Assessment 

The training should be performed by the developer and continuously monitored by the Licensee’s 
training officer.  

Each trainee should be assessed by demonstration of his understanding of the instruction received. In 
order to achieve an acceptable standard of competence, a two-step assessment monitoring programme 
is recommended to be included: 

(i) Each session shall include small groups of trainees being given a task/scenario which will 
require them to use the knowledge learnt during the session to feedback and demonstrate 
understanding in such a manner as to promote trainee participation without putting individuals 
under pressure. This type of assessment shall be adopted for both theoretical and practical 
sessions and time shall be built into the course programme for this purpose. 

(ii) Each trainee shall be issued with a training task book which will include sections for recording 
attendance at individual classrooms, practical and “hands-on” training sessions. Each section of 
the task book shall relate to a session undertaken during the training and will be signed off by 
the developer and Licensee’s training officer on completion of the training session. 

R.3.7 Particular General Awareness during Training 

The Commission emphasises on the safety of personnel at the WTP.   In addition to the training content 
outlined in section R.3.5 for specialised personnel, the developer shall be responsible for training all 
general WTP personnel and workers on the following: 

(i) General safety procedures around electrical equipment, particular high voltage equipment.  All 
personnel shall be trained to be aware of all parts of equipment that are electrically charged;     

(ii) General awareness on the properties of chemicals used at the WTP, in particular hazardous 
chemicals; 

(iii) General awareness on handling of chlorine cylinders, drums, draw-off equipment, evaporators and 
scrubbing plant; 

(iv) Responsible persons and procedures in the handling of chlorine leaks in chlorine cylinder/drum 
stores and evaporator rooms; 

(v) General awareness on water hammer and awareness on circumstances that may lead to surge 
conditions particularly in high lift pumping mains; 

(vi) Proper replacement of valves and pumps at pumping stations, in particular to avoid water hammer 
events; 

(vii) General awareness on preventive maintenance. 

The Licensee shall be responsible for continuous training on the above upon completion and handing 
over of the water supply system by the developer. 
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R.4 HANDING OVER 

R.4.1 General Guidelines on Acceptance of Practical Completion 

This section contains the general guidelines for a Licensee for acceptance of water supply system for 
practical completion. 

(1) General Conditions   

The terms for acceptance of a WTP or water supply system for practical completion will usually be 
defined in the Licensee-developer development contract, which will usually consist of the following 
general conditions: 

 All works have been completed in accordance with the requirements of the contract; 
 The water supply system is practically functional with only minor defects (see section R.4.2); 
 All testing and commissioning have been successfully completed, approved by the Designer and 

witnessed by the Licensee; 
 The works are made available to the Licensee in a condition fit for occupation or complete with 

Certificate of Completion and Compliance (CCC) or at least in substantial compliance for obtaining 
the CCC (cf. item (2)(iv), page 765); 

 All essential services, i.e., roads, drainage, water supplies, electrical services, HVAC, sanitary 
services, etc., have been completed and functional. 

The Designer, in consultation with the Licensee, should devise a set of specifications or checklists for 
compliance of the above in specific form; this set of specifications or checklists should form part of the 
development contract. 

(2) Additional conditions   

In addition to the above, the following conditions as relevant should also be included in the contract: 

(i) Completion of joint inspection for acceptance of practical completion.  The developer, along 
with the Designer and Licensee, shall have made a joint inspection to certify that all works, 
particularly the civil works, are completed are in good order and functional.   

The joint inspection is usually non-detailed and cursory, provided a more detailed joint inspection 
is performed as in item (ii) below. 

(ii) Completion of joint inspection for initial defects.  This inspection should be carried out in 
further detail than (i) above.   

Subject to the requirements of the development contract, the water supply system may be 
regarded as practically complete if the system is functional but minor defects (see section R.4.2) 
remain.  The developer, along with the Designer and Licensee, shall have made a joint inspection 
to identify all patent defects into a Schedule of Defects (normally called the initial defects list), 
which shall be submitted as a report.   

The acceptance of practical completion shall be conditional upon the developer rectifying the 
identified defects within a certain time, which shall be specified in the development contract.   

(iii) Completion and submission of draft final O&M Manual.  The draft O&M manual shall be 
completed before the pre-commissioning stage of the testing and commissioning period, but for 
practical completion of a WTP or water supply system, the O&M Manual should be in a draft final 
form (i.e., revised from the draft form) with the contents essentially completed.  The contents of 
the O&M Manual should be in accordance with section R.1.1.  

It may be actually preferable to have the O&M Manual to be finalised during the operation & 
maintenance period so that the developer may take into account any experiences encountered 
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during that period; however, it shall be necessary to specify a time limit in the development 
contract for the developer to finalise the O&M Manual.   

(iv) Substantial compliance for obtaining Certificate of Completion and Compliance.  All 
inspections and letters of no-objection/clearance/confirmation should preferably have been 
obtained from the relevant authorities to enable submissions to obtain the Certificate of 
Completion and Compliance (CCC) from the local authorities.  However, for large WTPs, it may be 
difficult to comply with this condition, so the Licensee may have to use his discretion in judging 
compliance.   

(v) Draft testing and commissioning records have been completed with the final version 
submitted within one month of completion. 

(vi) All reinstatement works required by the local authorities have been completed to their 
satisfaction. 

(vii) Environmental audit has been completed and closed. 

(viii) All quality control/quality assurance non-conformance reports and corrective action requests 
have been resolved and closed. 

(ix) The developer shall submit a completion report, with all supporting documents, to prove that he 
has complied with the above requirements in order to support his application for practical 
completion of the works. 

R.4.2 Guidelines on Minor Defects 

Defects are usually defined within the development contract, particularly in the conditions of contract, 
as occurring after acceptance of the works.  However, for water supply systems, it may not be entirely 
pragmatic or feasible for the whole system to be entirely free of defects, in particular minor ones, so some 
minor defects may be allowed to be rectified during the defects liability period.   

As a guide, minor defects which may be allowed for acceptance of the works shall mean any defects 
that does not affect the final performance, reliability, maintenance, operation, safety of any section or 
sub-section of the water supply system or that which do not prevent the system from being reasonably 
capable of being used for their stated purpose.  Notwithstanding the foregoing, minor defects may include 
non-structural defects of structures and building works, such as non-structural cracks or shrinkages, that 
does not affect the integrity of the structure or building or any defects or repairs that generally may be 
completed within a short duration of time or may be performed according to schedule, e.g., air-
conditioning repair, painting, finishings, etc. 

For avoidance of doubt, defects not allowed for acceptance of the works shall include: 

 Non-functioning, non-testing or non-commissioning of any section of Plant or automation or major 
sub-system for the overall water supply system (this shall not be disregarded); 

 Structural defects of structures and buildings; 
 Major leakages (i.e., leakages with significant loss of fluid) in Plant or pipework; 
 Any patent or latent defects that cannot be rectified within a known or reasonable time frame; 
 Any defects in equipment that affects the working environment (e.g., ventilation) and safety of 

personnel. 

R.4.3 Guidelines on Handing Over to Licensee 

This section contains the general guidelines in handing over of the WTP and water supply system from 
the developer to the Licensee. 
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Following the acceptance of practical completion as addressed in section R.4.1, the water supply system 
shall be handed over to the Licensee.   

As a guide, the following items should be received by the Licensee from the developer for completion of 
handing over: 

(i) Formal letter of handing over from developer to Licensee, which shall include, but not limited to, 
the items below. 

(ii) Initial defects joint inspection report; 
(iii) O&M Manual (draft); 
(iv) As-built drawings (draft); 
(v) Testing and commissioning report (draft or interim); 
(vi) List of spare parts and tools; 
(vii) All door locks and keys; 
(viii) All security system pass cards; 
(ix) Chemical inventories at time of handing over; 
(x) Electrical power consumption record; 
(xi) Flowmeter records; 
(xii) Vehicles, registration and keys; 
(xiii) Asset tagging and registration; 
(xiv) Other items as the Licensee may require. 

For the above, the following joint inspections attended by the developer, Designer and Licensee need to 
be performed to verify the following: 

 Spare parts and tools; 
 All door locks and keys; 
 Chemical and other inventories; 
 Vehicle handing over; 
 Asset tagging. 

The Designer, in consultation with the Licensee, should devise a set of checklists for the above 
inspections. 

R.4.4 Guidelines on Responsibilities during the Defects Liability Period 

This section contains the general guidelines for the responsibilities of the developer and the Licensee 
during the developer’s operation and maintenance period i.e., during the defects liability period. 

During the defects liability period of the development contract, the developer (i.e., the contractor) will 
normally operate the WTP during an initial operation and maintenance period, which shall be 
stipulated in the developer-Licensee development contract, but which will normally be at least three 
months.  This shall be followed by an intermediate operation period (usually for nine months) and 
final phase operation period (usually until the end of the defects liability and contract period), during 
which the Licensee’s personnel will be operating the water supply system. 

The obligations of the developer and the Licensee during the above periods will be as follows. 

Developer’s Obligations 

The developer’s obligations during these periods should be as follows: 

(i) Initial phase operation and maintenance period 

(a) Replacement of all chemicals, consumables, spares and parts used during testing and 
commissioning; 

(b) Operation and maintenance of the water supply system; 
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(c) Training of the Licensee’s personnel (section R.3); 
(d) Attending routine plant and water quality tests, assessing the use of chemicals, measuring 

water production and water losses for assessing the performance of the process units; 
(e) Conducting studies as specified on water treatment processes and to optimise operations; 
(f) Preventive and breakdown maintenance of the works; 
(g) Making good any defects; 
(h) Replacement of any parts of Plant that breaks down or wears out prematurely; 
(i) Regular maintenance of the works. 

(ii) Intermediate operation and maintenance period 

(a) Monitoring the Licensee’s personnel in the operation of the water supply system.  The 
developer’s staff will usually be provided on a day shift basis during weekdays and “on call” 
during other times. The developer should monitor the quality and quantity of water 
produced from the WTP, and provide for any corrective action necessary; 

(b) Provide any further training of the Licensee’s personnel as and when necessary; 
(c) Monitoring routine plant and water quality tests carried out by the Licensee’s personnel, 

assessing the use of chemicals, measuring water production and water losses for assessing 
the performance of the process units; 

(d) Preventive and breakdown maintenance of the water supply system including making good 
any defects; 

(e) Replacement of any part of the water supply system that breaks down or wears out 
prematurely; 

(f) Conducting studies as specified on water treatment processes and to optimise operations, 
(g) Revise the O&M Manuals based on experience gained in operating and maintaining the WTP, 

in particular for the chemical dosing regime. 

(iii) Final phase operation and maintenance period 

(a) Similar to items (ii)(d) to (g). 

Licensee’s Obligations 

The Licensee’s obligations during these periods should be as follows: 

(i) Initial phase operation and maintenance period 

(a) Provide the necessary operational and maintenance personnel for training; 
(b) Take over operation of the water supply system at the end of the three-month period. 

(ii) Intermediate and final phase operation and maintenance period 

(a) Provide the necessary operational and maintenance personnel for training; 
(b) Provide all chemicals, fuel, lubrications, electric power, raw water, etc. 
(c) Provide all skilled staff, any semi-skilled or unskilled staff as necessary to operate and 

maintain the water supply system. 

 



 

 




