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FOREWORD

The intent of Design Standards is to specify requirements that assure effective design and delivery of fit for purpose
Water Corporation infrastructure assets for best whole-of-life value with least risk to Corporation service standards
and safety. Design standards are also intended to promote uniformity of approach by asset designers, drafters and
constructors to the design, construction, commissioning and delivery of water infrastructure and to the compatibility
of new infrastructure with existing like infrastructure.

Design Standards draw on the asset design, management and field operational experience gained and documented by
the Corporation and by the water industry generally over time. They are intended for application by Corporation
staff, designers, constructors and land developers to the planning, design, construction and commissioning of
Corporation infrastructure including water services provided by land developers for takeover by the Corporation.

Nothing in this Design Standard diminishes the responsibility of designers and constructors for applying the
requirements of the Western Australia's Work Health and Safety (General) Regulations 2022 to the delivery
of Corporation assets. Information on these statutory requirements may be viewed at the following web site location: 

Regulations 2022 (dmirs.wa.gov.au)

Enquiries relating to the technical content of a Design Standard should be directed to the Senior Principal Engineer,
Mechanical Section, Engineering. Future Design Standard changes, if any, will be issued to registered Design
Standard users as and when published.

Head of Engineering

This document is prepared without the assumption of a duty of care by the Water Corporation.  The document is not intended to
be nor should it be relied on as a substitute for professional engineering design expertise or any other professional advice.

Users should use and reference the current version of this document.

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the Copyright
Act 1968, no part may be reproduced without the written permission of the Water Corporation.

 

https://www.dmirs.wa.gov.au/sites/default/files/atoms/files/overview_general_regulations.pdf
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DISCLAIMER

Water Corporation accepts no liability for any loss or damage that arises from anything in the
Standards/Specifications including any loss or damage that may arise due to the errors and omissions of any person.
Any person or entity which relies upon the Standards/Specifications from the Water Corporation website does so that
their own risk and without any right of recourse to the Water Corporation, including, but not limited to, using the
Standards/Specification for works other than for or on behalf of the Water Corporation.

The Water Corporation shall not be responsible, nor liable, to any person or entity for any loss or damage suffered
as a consequence of the unlawful use of, or reference to, the Standards/Specifications, including but not limited to
the use of any part of the Standards/Specification without first obtaining prior express written permission from the
CEO of the Water Corporation.

Any interpretation of anything in the Standards/Specifications that deviates from specific Water Corporation Project

project manager and/or designer for that particular Project.
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1 SCOPE AND GENERAL

1.1 Scope
Design Standard DS 32 is the first part of a three part standard which provides design requirements for
various pump station types. The other parts of the Standard comprise

 DS 32-01 Pump Stations – Borehole – Mechanical,

 DS 32-02 Pump Stations – High Level Area Booster Pump Stations – Mechanical.

Design Standard DS 32 
engineering practices for design of conventional water supply and sewage pump stations and associated
plant.

1.2 Purpose
re documented in its DS 30 Standards series. Designers

shall comply with these standards for the design and specification of mechanical components of assets
being acquired for the Corporation.

The purpose of the DS 30 Standards series is to provide:

(a) Standards and guidelines applicable in the design of Corporation assets,

(b) Explanatory or specific design information,

(c) Information relating to Corporation preferences and practices which have evolved from over a
century of experience in the water industry.

1.3 Design Process
The Designer shall comply with the requirements of the relevant mechanical design process contained
in DS 30.

1.4 Standards
All materials and workmanship shall comply with latest revisions of the relevant codes and standards.

Water Corporation Strategic Product Specifications (SPS), or in their absence the latest editions of
Australian Standards, or Water Services Association of Australia (WSAA) Codes, shall be referenced
for design and specification. In the absence of relevant Australian Standards or WSAA Codes, relevant
international or industry standards shall be referenced.

1.5 Referenced Documents
Corporation Standards and Specifications, and Australian Standards and International Standards referred
to throughout this document are listed in full in Appendices A and B of DS 30-01.

1.6 Notation

t not
mandatory and are provided for information and guidance. Notes in the Standard text are informative.
Notes forming part of Standard Tables are normative.
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1.7 Nomenclature

1.7.1 Engineering Definitions and Relationships

Definitions relating to terminology used in the DS 30 Standard series are contained in section 2
-01.

1.7.2 Preferred Terminology

For preferred mechanical terms to be used in Corporation designs, the reader is referred to the Preferred
Terminology section of DS 30-01.

1.7.3 Acronyms and Symbols

For abbreviations referred to in this Standard the reader is referred to the Abbreviation section of DS
30-01.

1.7.4 Standard Units and Relationships

The units and relationships used for mechanical designs shall be in accordance with those specified in
the SI Units, Relationships and Prefixes section of DS 30-01.

1.7.5 Drawing Symbols

A comprehensive list of mechanical drawing symbols for pipework and valves is referenced in DS 81.
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2 GENERAL DESIGN CRITERIA  

2.1 General
This section details the design criteria that should be applied (where relevant) during the design of pump
stations and is arranged in alphabetic order for referencing convenience. It also includes explanatory
notes and information both for record purposes and assistance to the reader. In addition to the following
design criteria, the Designer shall also refer to relevant parts of DS 30, DS 30-01, DS 30-02, DS 31-01,
DS 31-02, DS 32-01, DS 32-02, DS 35, DS 38-01 and DS 38-02.

2.2 Ambient Conditions
The ambient operating conditions shall be determined in accordance with the Site Conditions section of
DS 30-02.

2.3 Backflow Prevention
All designs shall comply with the Backflow Prevention Devices section contained in DS 31-02.

2.4 Baseplates
For information relating to the design and construction of baseplates refer to the Baseplates section of
DS 30-02.

2.5 Buildings
For information relating to the mechanical aspects relating to the design of buildings refer to the
Buildings section of DS 30-02.

2.6 Coatings
For general information relating to coatings refer to the Coatings section of DS 30-02. For specific
pumpset coatings refer to the relevant pump strategic product specification referred in DS 36.

For more information on coatings refer to DS 95.

2.7 Condition Monitoring and Protection
Condition monitoring and protection is detailed in the Electrical and Instrumentation section of this
Standard.

2.8 Confined Space
For information relating to confined space refer to the DS 30-02 Confined Space section.

2.9 Driving Machines

2.9.1 General

In most instances pumps will be driven by electric motors subject to suitable power supplies being
available. Alternative drivers would normally be internal combustion diesel engines where electric
power supplies are not available or where standby equipment is to be used for pumping during power
supply interruptions.
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2.9.2 Electric Motors

Instrumentation section of this Standard.

2.9.3 Diesel Engines

Diesel engine pump drivers shall be selected in accordance with the following:

2.9.3.1 Torque Speed Curves

A torque speed curve shall be developed by the Designer taking into account the specific speed of the
pump, the system resistance curve and any relevant valve operation during the starting run-up.

2.9.3.2 Engine Rating

Engines shall be selected in accordance with the power requirements specified in AS 4594 using the
relevant derating requirements for altitude, temperature and humidity.

After derating and application of any service factors for the transmission e.g. belt or gearbox the
maximum available reserve power available should not exceed 10%. Excessive reserve power can lead
to light loading of the engine and for diesel engines this can cause glazing of the cylinders, causing
piston blow by and loss of power.

Engine selection shall comply with the requirements detailed in the Diesel Engines section of DS 35.

2.10 Financial Impact Statement (FIS)
For information relating to FIS reference should be made to the Financial Impact Statement section of
DS 30-02.

2.11 Flanges, Bolting and Gaskets
Flanges, bolting and gaskets shall be in accordance with DS 38-02 respectively. 

2.12 Foundation Blocks
Foundation block and grouting information is contained in the Foundation Blocks section of DS 30-02.
Grouting shall comply with DS 38-01.

2.13 Guards
For general information relating to machinery safety guards refer to the Guards section of DS 30-02.

2.14 Major and Minor Pump Stations
Classification of major and minor pump stations is detailed in DS 30-01 and DS 30-02.

2.15 Materials
For general information regarding materials e.g. elastomers and metals, and materials for sea water refer
to the relevant Materials sections contained in DS 30-02. Materials for specific pump components shall
be compatible in terms of durability and corrosion and abrasion resistance with the medium to be
pumped. Materials in contact with potable water shall comply with AS/NZS 4020. Refer to the Water
Quality clause contained in this Standard for the water quality data required.
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2.16 Noise

2.16.1 General

Designers should refer to the Noise section contained in DS 30-02 for general information regarding
noise e.g. OSH regulations, environmental protection regulations, daily noise dose, neighbourhood noise
levels etc.

Noise related compliance requirements for installed pumpsets are addressed below.

2.16.2 Noise Levels for Production Pumps

(a) For 4 pole speed pumps each pump and motor set shall have a combined sound power level not
greater than 98dB(A) referred to 10-12 W and based on a nominal sound power level for the motor
only of 100dB(A);  

(b) For 2 pole speed pumps each pump and motor set shall have a combined sound power level not
greater than 103dB(A) referred to 10-12 W and based on a nominal sound power level for the motor
only of 100dB(A);

(c) In the event that the motor sound power level, as tested, varies from 100dB(A), the client will
adjust the combined pump and motor sound level accordingly and the revised value shall be
supplied to the contractor for the Works prior to pump testing.

2.16.3 Noise Levels for Engineered Pumps

Each pump and motor set shall have a combined sound power level not greater than 103dB(A) referred
to 10-12 W and based on a nominal sound power level for the motor only of 100dB(A).  In the event that

the combined pump and motor sound level accordingly and the revised value shall be supplied to the
contractor for the Works prior to pump testing.

2.16.4 Noise Reduction Strategies

The following noise reduction strategies shall be considered:

(a) Where practicable locate the pump station to an area where there is less sensitivity to
 environmental noise;

(b)  Endeavour to minimise the pumpset and machinery noise and vibration levels during  selection

(c) Provide sound attenuation of the pump station;

(d) Where diesel standby is proposed in the event of power failure, consider use of additional storage
as an alternative, if practicable;

(e) A diesel standby shall be installed in a sound attenuated enclosure (outside installation);

(f) Use of submersible borehole or submersible sewage type pumps depending on the application;

(g) A below ground or partially buried pump station may be appropriate e.g. Claisebrook SPS.

Sound enclosures shall not be fitted over large pumpsets as a sound attenuation strategy.

2.17 Pipework
For information on valves refer to the Pump Station Pipework section of this Standard and DS 31-01.  

2.18 Signage and Labels
For general information relating to signage and labels refer to the Signage and Labels section of DS 30-
02.
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2.19 Stairways, Landings, Walkways and Ladders
For general information relating to stairways, landings, walkways and ladders refer to this section
contained in DS 30-02.

2.20 Transmission
Guidelines and requirements for transmissions and couplings are detailed in the Transmission section
of DS 30-02.

2.21 Valves
For information on valves refer to the Pump Station Valves section of this Standard and DS 31-02.

2.22 Variable Speed Drives (VSD)

2.22.1 Constant Speed versus Variable Speed

Constant speed pumping should always be the primary strategy with variable speed pumping only
considered where necessary and as further mentioned below;

(a) Pumping sewage for major pump stations generally lends itself more readily to two speed or
variable speed in order to cater for variations in peak daily flows and summer and winter flows;

(b) Follow-the-flow pumping requires variable speed operation in order to pace sewage inflow
requirements for the pump station;

(c) Variable speed is necessary to provide coverage of operating envelopes with large head and flow
variations in the system that otherwise could not be covered by constant speed pumps;

(d) Variable speed may be used for surge mitigation on startup and shut down for long pipeline
applications providing a water hammer analysis identifies that this would be an appropriate
strategy. However use of a variable speed drive (VSD) is not a panacea for all water hammer
situations.

(e) For variable speed sewage pumping the pump manufacturer shall confirm the suitability of the
pumps for non-clog continuous operation over the full speed range or operating envelope.

2.22.2 Variable Speed and Pump Efficiency

Designers shall ensure that:

(a) Pumps are not selected to operate down to Zero Q Speed (refer DS 30-01 Glossary). As a rule
pumps should not be operated at less than 30% of best efficiency capacity (BEC) and a speed
reduction below 50% of BEC should not be undertaken without obtaining the pump

(b) Variable speed pumps are selected so that the maximum duty point is to the right of the best
efficiency point (BEP) in order that the pump will operate through the range of best efficiencies,
at the  various duty speeds less than the maximum.

2.22.3 Operational Limits

The Designer shall specify the operating limits of the variable speed pump as follows.  

(a) In determining the minimum allowable speed of the pump, consideration shall be given to the
head generated by any other pumps operating in parallel with the pump in question.

(b) 
curves wit

(c) Pumps shall not be operated at their critical speed.
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2.22.4 VSD versus Control Valve

An alternative to variable speed for smaller pump stations may be the use of control valves but invariably
capital and operating costs in terms of wasted power disadvantages them in favour of  VSDs.
Accordingly this aspect should be evaluated by the Designer in determining suitability of a control valve
compared with variable speed operation.

2.23 Vibration 

2.23.1 Vibration Limits

Mechanical equipment vibration values shall be designed to a minimum. The acceptable limits for
particular equipment are detailed in the Vibration section of DS 30-02. 

2.23.2 Monitoring and Protection

Refer to the Electrical and Instrumentation section of this Standard relating to Condition Monitoring
and Protection, for vibration monitoring and protection clauses.

2.24 Water Hammer
The Designer shall comply with the relevant parts of Section 6 - Water Hammer contained in DS 60 and
the following:

2.24.1 System Analysis

The system shall be analysed using a recognised water hammer computer modeling program to
determine the extent to which pressure surges are likely to develop during:

(a) Pump shut down or start up;

(b) Operation of other pump stations in the system;

(c) Power failure conditions;

(d) Changes in demand;

(e) Changes in system valves.

2.24.2 Surge Prone Conditions

The Designer shall address the following conditions (which are likely to produce undesirable pressure
surges in the system) where they are present:

(a) Where column separation is likely;

(b) Where high points exist in the pressure main hydraulic profile;

(c) Pressure mains that require automatic air valves;

(d) Long mains with a steep gradient followed by a long shallow gradient;

(e) Mains flow velocity in excess of 1.2 m/s;

(f) Valve closure time less than tc (refer to Slow Closure in DS 30-01 Definitions and
 Relationships e.g. tc > 2L/Cp);

(g) Valve closure time less than 10 seconds;

(h) Long pressure mains with high static heads where rapid pump shut down can occur either
 during normal operation or power failure induced.
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2.24.3 Surge Vessels

Surge vessels shall be designed and manufactured in accordance with DS 35-01.

2.25 Water Quality 
The Designer shall provide full water quality data for the medium to be pumped including abrasives
(sand content) and water temperature to enable the manufacturers to select appropriate product materials
with respect to corrosion and abrasion resistance. Typical information required would be:

(a) Physical parameters:

 Water type e.g. source, drinking, effluent seawater etc,

 Maximum water temperature - ºC,

 Sand content - mg/L (refer Note).

NOTE: Analysis of sand content in the water is not routinely performed but should be provided where there is
evidence that sand could be an issue particularly relating to boreholes.

(b) Chemical constituents

 pH,

 Alkalinity (as CaCO3) – mg/L, 

 Calcium - mg/L,

 Chloride - mg/L,

 Hardness,

 Iron - mg/L,

 Magnesium - mg/L,

 Nitrogen - mg/L,

 Potassium - mg/L,

 Silica - mg/L,

 Sodium - mg/L,

 Sulphate - mg/L,

 Total filterable solids (TFSS) by summation.

2.26 Welding
For information relating to welding and brazing refer to the Welding section of DS 30-02.
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3 WATER PUMP STATIONS

3.1 General
Water pump stations (as distinct from sewage pump stations) are used for pumping clear water or clear
effluent in water supply, wastewater and drainage applications.

Centrifugal pump types utilised for a particular application can be determined from the pump specific
speed (as defined in DS 30-01 Glossary), which will classify it in terms of the impeller characteristic
e.g. radial, mixed flow or propeller. Radial or mixed flow centrifugal pumps are generally used for
Corporation water pump stations as further detailed in this section. 

For requirements related to buildings refer to the General Design Criteria section of this Standard. For
pipework and valves, miscellaneous pump types and electrical and instrumentation refer to relevant
sections of this Standard.

For installation of centrifugal pumps refer to the Pumps section of DS 38-01.

The Corporation uses various water pump station types and associated pump types depending on the
particular application as detailed in the following. 

3.2 Pump Station Layout

3.2.1 Horizontal Water Pump Stations

Use of horizontal pumpsets for water pump stations would comprise the majority of conventional water
pump station applications. The exceptions would be vertical multistage centrifugal pumps used in high
level area booster pump stations (HLAB) covered exclusively in DS 32-02 (Draft) and borehole pump
stations covered exclusively in DS 32-01.

Designers shall consider the following requirements for horizontal water pump stations:

(a) Provision of a pump station building and overhead traveling crane unless otherwise specified by
the client; 

 NOTE: A building and crane would generally be required, particularly for large pump stations.

(b) A brick, concrete or metal-clad building depending upon the location, environment, aesthetics and
noise constraints;

(c) An open style pump station (no building) if it is appropriate (e.g. remote locations) for minor and
small major pump stations;

(d) Equipment to be housed in pump station buildings:

(i) pumpsets and switchboards;

(ii) suction and discharge offtake pipework;

(iii) discharge manifold where the switch room is located on the pump discharge side of the
building;

(v) bridge crane;

(vi) ancillary equipment e.g. compressors.

(e) End suction or horizontal axial-split casing centrifugal pumps unless otherwise specified by the
client;

(f) Suction manifold located outside the building;

(g) Pumps and pipework set at a lower level than the switchboards to minimise the chance of flooding
of electrical components;
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(h) A pump station of sufficient size to accommodate the ultimate size of pumps and number of
pumps, or be able to be extended to facilitate accommodation of additional units;

(i) Suction and delivery manifolds sized for the ultimate pump station duty if appropriate;

(j) Provision of personnel facilities such as toilets, washbasin and an equipped workspace in
consultation with the client.

3.2.2 Vertical Water Pump Stations

Use of vertical pumpsets for water pump stations would comprise the minority of water pump station
applications (except for HLAB and borehole PSs) and would be mainly confined to dam pump station
applications.

A similar layout and other requirements apply for vertical water pump stations to those specified in the
Horizontal Water Pump Station section above, with the following exceptions:

(a) A smaller pump station footprint than for vertical water pump stations;

(b) Provision of a drywell or drywells with a building spanning it at ground level;

(c) Vertical radial or vertical axial-split casing style pumps;

(d) Separate dry wells if the pumps are required to be protected against flooding;

(e) Special consideration for lifting of the large pump components for maintenance.

3.3 Pumpset Orientation

3.3.1 Horizontal Pumpsets

The pumpset orientation shall be horizontal for conventional water pump stations providing there are no
restrictions with respect to:

(a) Accommodating the pump station footprint at site and;

(b) Satisfying the NPSHA at the pump suction.

3.3.2 Vertical Pumpsets

The pumpset orientation may be vertical for major water pump stations where NPSHA requirements
and/or a requirement to minimise the pump station footprint to reduce construction cost dictates. These
requirements would normally be associated with dam pump stations.

3.4 Pump Station Duty
The pump station duty or the operating envelope (for more complex applications) shall be determined
and shall be based on but not restricted to:

(a) An appropriate period into the future for the pump station design life;

(b) An appropriate period into the future for the life of initially selected pumpsets;

(c) Projected average and peak flows, preferably based on field testing data to verify the flow
projections;

(d) Provision in the pump station design to accommodate periodic upgrades in flow capacity via:

(i) increased pump impeller sizes; or

(ii) larger capacity pumps, or

(iii) additional (future) pumpsets;

(iv) a combination of the above
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(e) Complete coverage of the pump station duty or operating envelope may require fixed or variable
speed pumping incorporating:

(i) single or multiple pumps;

(ii) multistage pumps;

(iii) parallel pumping,

(iv) series pumping;

(v) a combination of the above.

(f) The NPSHA shall be calculated for the individual pump capacity determined for the initial and
final pump size to ensure that initial and ultimate duties can be accommodated by the pump station
and associated pipework. Manifold head losses shall be adjusted for multiple pump operation.

3.5 Pumpset Selection

3.5.1 System Resistance Curves

The Designer shall develop system resistance curves by:

(a) Determining static head and variation e.g. for maximum and minimum system resistance curves;

(b) Determining system resistance;

(c) Adjusting the curve for external influences such as control valves etc.

3.5.2 Number of Pumps

The Designer shall determine the number and type of pumpsets to meet the pump station duty or the
operating envelope (for more complex applications) based on but not restricted to:

(a) Endeavoring to cover normal demand with a single duty pumpset;

(b) Limiting the number of pumps required to 2 to 3 duty pumps to meet peak demand however this
may be difficult for a large operating envelope. 

3.5.3 Pump Selection

The Designer shall consider the following factors in selecting the pumps:

(a) Pumps shall be appropriate both in terms of the hydraulic design and pump type. Incorrect
selection in either category will cause less than optimal O & M performance;

(b) Pumps shall be optimally sized to meet the pump station duty requirements;

(c) The pump selected shall be as close as possible to the best efficiency point (BEP) for the calculated
pump duty;

(d) Use of pumps that are overly undersized or oversized shall be avoided however pumps may
operate outside their pump operating range as follows:

(i) generally the pump operating range (POR) for conventional centrifugal pumps should be
restricted to between 70% to 115% of the BEC for continuous operation, and between 50%
to 120% of BEC for intermittent operation, however the range may be influenced by the
specific speed for a particular pump and accordingly specific applications should be subject
to approval by the pump manufacturer;

(ii) generally the POR for submersible electric centrifugal pumps (and vertical turbine) should
be restricted to between 90% to 110% of the BEC for continuous operation, and between
80% to 115% of BEC for intermittent operation, and for the reasons mentioned above,
specific applications should be subject to approval by the pump manufacturer
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pumps operating too far to the right of their BEP will experience relatively low efficiency and
may suffer from cavitation as they stretch to meet the system curve. This results in poor
flow performance, casing and impeller damage, excessive vibration and premature bearing
failure;

(iv) pumps operating too far to the left of their BEP will experience relatively low efficiency
and may suffer from excessive recirculation (refer DS 30-01 Glossary). This could result
in cavitation damage of the casing and impeller, high radial loads on the shaft, excessive
noise and vibration, high bearing temperature and premature bearing failure;

(e) In the event that a pump duty falls between pump sizes the larger pump should be selected in
favour of the smaller one e.g. pump selection marginally to the left of the BEP is normally
preferred to one marginally to the right of the BEP;

(f) Pumps should be supplied with impellers that can be trimmed in order to allow operation as close
as possible to the BEP (not applicable to some submersible sewage pump impellers as used in
Type 40 and Type 90 pump stations, which are not designed for trimming).

(g) Water temperature.

(h)  The pump configuration and pump design specific speed shall be taken into consideration to
optimise pumping efficiency. Refer to Appendix A for guidance on maximum attainable pump
efficiency as presented by the Hydraulic Institute (converted to metric units).

3.5.4 Pump Performance (H-Q) Curves

The Designer shall comply with the following requirements:

(a) The pump H-Q characteristic curve shall fully cross both the minimum and maximum system
resistance curves;

(b) The pump H-Q characteristic curve shall be stable or in the event that this is not feasible the
system curves shall fall within the stable part of the pump characteristic curve;

(c) The system resistance curves shall only intersect the pump H-Q characteristic at one point for
each curve. 

(d) The pump NPSHR for the worst operating case scenario shall comply with the NPSHR clause
below. The worst case scenario would normally occur at the minimum system curve for single
pump operation at maximum operating speed;

(e) Large engineered centrifugal pumps should have pump efficiencies at the specified duty of
between 80% to 90% and in most applications should be closer to 90%;

(f) The pump required operating speed or speed range shall be determined and shall not exceed 4
pole speed for engineered pumps;

(g) The type of pump determined shall be a function of pump specific speed and orientation required. 

3.5.5 Pump Direction of Rotation

Pump direction of rotation shall be referenced by looking at the coupling end of the pump. Pump driver
direction of rotation shall be compatible with the pump direction of rotation.

3.5.6 NPSH Requirements

The pumps shall be selected to have an NPSHR less than the system NPSHA under all operating
conditions. (Note that the NPSHR includ
satisfactory operation). 

The NPSHR shall be the numerical sum of NPSH3 value at BEC provided by the Manufacturer and the
NPSH margin. The NPSH margin shall be the greater of the values determined as follows:

1. One (1) metre head (Refer Note 1).
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2. As recommended by the Manufacturer.

3. 
3.1).

If stated in the Purchasing Schedule, the Corporation will, under special circumstances, accept a NPSH
margin determined by means of acceptable erosion rate using Figure 3 2.

NOTES:

1. For minor pump stations this method of calculation would be all that is required.

2. For flow rates less than BEC, the minimum NPSHR shall be that calculated for BEC (refer Figure 3.3).

3. For flow rates greater than BEC, the minimum NPSHR shall be the NPSH3 for that flow, plus the NPSH margin
determined for BEC (refer Figure 3.3).

Figure 3 1 - Minimum NPSH margins (Gulich method)
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Notes:
1. NPSH margin applies to flow rates between 0.8 an 1.1 of BEC.
2. Flow rates <0.8BEC or >1.1BEC multiply the margin by 1.2
3. For seawater and other corrosive waters, multiply by 1.15
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Figure 3 2 – Minimum NPSH margins (erosion limits method)

Figure 3.3 - Relationship of flow rate to NPSH over range of operation
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3.6 Clearwater Pump Types

3.6.1 General

Horizontal and vertical mixed flow centrifugal pumps as detailed in the following are generally used for
Corporation clearwater pump stations.
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3.6.2 End Suction Centrifugal Pumps

3.6.2.1 Applications

End suction centrifugal pumps in bare shaft or motor-pump configuration are used for minor pump
station applications for clearwater pumping and for motor sizes generally not exceeding 75 kW. 

NOTE: Adequacy of shaft stiffness for large impeller overhang should be considered particularly for motor- pumps
used in the larger sizes and higher head applications. Lack of shaft stiffness could cause excessive shaft
deflection and consequently produce high impeller and casing seal ring wear, and mechanical seal problems.

3.6.2.2 Summary of Features

The Designer should note the features of ISO end suction bare shaft pumps and end suction motor-
pumps which are:

Table 3.1 – ISO End Suction Centrifugal Pump Features

Item Feature

Application Minor pump stations

Type

Orientation Horizontal

Style ISO end suction centrifugal

Ports Offline, flanged 

Volute/casing Centrally aligned self venting discharge nozzle

Radially-split

Single stage

Single volute

Impeller Single entry; closed type

Housing Back pullout (refer Note)

Seal Mechanical - Single inside-mounted or single balanced cartridge type

Lubrication Oil (bare shaft only) or grease

Electric motor or engine 
driven

Close coupled (motor-pump) or long coupled

2 pole, 4 pole and multi-speed

NOTE: The back pullout feature allows volute to remain in-situ during bearing housing/impeller removal providing a
spacer type flexible coupling is fitted between pump and motor.

3.6.2.3 Technical Specifications

Horizontal ISO end suction centrifugal pumps shall comply with SPS 500 and end suction centrifugal
motor pumps shall comply with SPS 501.

3.6.3 Vertical Multi-Stage Centrifugal Pumps

3.6.3.1 Applications

This type of pump is used for general pumping of clearwater for minor pump station and high level area
booster pump station (refer Note) applications where relatively low flow and high heads are required.
Continuously immersed pump materials shall be corrosion resistant e.g. cast iron components are not
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acceptable as they are susceptible to graphitic corrosion and formation of iron tubercles which clog
waterways.

NOTE: Separately covered in DS 32-02.

3.6.3.2 Summary of Features

The Designer should note the following list of features relating to the vertical multi-stage centrifugal
pump type:

Centrifugal Pump Features

Item Feature

Application Minor pump stations

Type

Orientation Vertical

Style End suction centrifugal

Ports Inline flanged suction and discharge ports

Stage casing Radial flow, non self venting

Radially-split

Single or multi-stage

Impeller Single entry; closed type

Overhung or fully supported impellers available (refer Note 1)

Housing Top pullout (refer Note 2)

Seal Balanced cartridge type mechanical seal

Lubrication Grease 

Electric motor Close coupled above pump shaft end

2 pole and multi-speed via VSD

NOTES: 

1. Single (overhung) or two bearing (fully supported).

2. Allowing volute to remain in-situ during bearing housing/impeller removal.

3.6.3.3 Technical Specification

Vertical multi-stage centrifugal pumps shall comply with SPS 506.

3.6.4 Tangential Discharge Centrifugal Pumps

3.6.4.1 Applications

The tangential discharge style of end suction centrifugal pump should be used for general pumping of
clearwater for major pump station in high flow, low head pumping applications such as large transfer
and filter backwash service in water treatment plants.
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3.6.4.2 Features

The Designer should note the following list of features which relate to the tangential discharge end
suction centrifugal pump type:

Table 3.3 – Tangential Discharge Centrifugal Pump Features

Item Feature

Application Major pump stations and water treatment plants

Type Engineered 

Orientation Horizontal

Style End suction centrifugal

Ports Offline, flanged 

Volute Tangential discharge (refer Note), 

Non self venting 

Radially-split 

Single -stage

Single volute

Impeller Single entry; closed type

Overhung e.g. single bearing

Housing Non back pullout

Seal Mechanical - Single inside-mounted or single balanced cartridge type

Lubrication Oil or grease

Electric motor or engine 
driven

Long coupled

4 pole motor 

NOTE: Nozzle oriented either vertically or horizontally overshot.

3.6.5 Axially-Split Casing Pumps

3.6.5.1 Applications

This type of pump should be used for general pumping of clearwater for major pump stations for both
horizontal and vertical orientation.
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3.6.5.2 Features

The Designer should note the following list of features which relate to axial-split casing centrifugal
pumps:

Table 3.4 – Axially-Split Centrifugal Pump Features

Item Feature

Application Minor and major pump stations

Type Engineered, medium flow-medium head, medium flow-high head 

Orientation Horizontal or vertical (dams)

Style Axially split casing centrifugal

Ports Online (single stage), offline (multi-stage), flanged

Volute Axial-split casing (refer Note),

Non self venting

Single or multi-stage

Single or double (balanced) volute

Impeller Double entry (single stage); closed type

Fully supported e.g. two journal or anti-friction bearings

Casing Non back pullout

Seal Balanced cartridge type mechanical seals

Lubrication Grease 

Electric motor or engine 
driven

Long coupled

4 pole (or less) and multi-stage

NOTE: Allows removal of the top casing in order to replace the rotating element without disturbing the remainder of
the pump

3.6.5.3 Technical Standards

Horizontal axial-split casing centrifugal pumps shall comply with SPS 515.

3.6.6 Centrifugal Pump Materials 

3.6.6.1 Component Materials

The basic material requirements for centrifugal pumps are contained in the relevant strategic product
specifications contained in DS 36.

3.6.6.2 Glands and Mechanical Seals

For information relating to packed glands and mechanical seals refer to the relevant pump strategic
product specification or in lieu the Seals – Mechanical section of DS 30-02.

3.6.6.3 Chlorine Upstream Injection

Chlorine should not be injected upstream of centrifugal pumps at a rate in excess of 2 mg/L otherwise
accelerated corrosion of susceptible components and premature failure of the pump will occur. AS 1565
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C93500 leaded tin bronze is susceptible to chlorine attack if chlorine is being injected immediately
upstream of the pump and should be substituted by AS 1565 C90250 as a minimum requirement.

3.6.7 Sump Pumps

For information regarding sump pumps refer to 
section of this Standard.

3.6.8 Pump Pressure Ratings

The pump casing and flange rating should comply with the pressure class as shown in the following
table.

Table 3.5 – Pump Pressure Ratings

Pressure Pressure Class Rating 

PN 14  PN 16 PN 21 PN 35

Maximum allowable operating 
pressure - kPa

1400  1600 2100 3500 

Hydrostatic test pressure - kPa 2100  2400 3150 5250 

3.7 Pump Testing
Factory testing shall be conducted for all pumps supplied for Corporation assets. Except as may be
otherwise stated in relevant pump strategic product specifications, the tests shall be carried out in

e 17.3.1(b) of AS 4037. The Test curves generated shall be in
metric units with head in metres and flow in litres per second.

NOTE: Generally production pumps (e.g. less than 100 kW) would be subject to less stringent testing requirements (Grade 2)
than for engineered pumps (Grade 1).

3.7.1 Production Pumps

Production pumps shall be tested in accordance with ISO 9906 Grade 2B pump test acceptance grade.
Tests shall be conducted at the rated speed and test curves generated to confirm the guaranteed point
acceptance grade for: 

 Rate of flow;

 Total head;

 Power input.

 Efficiency.

Tests shall be carried out from the lower head limit of the pump guaranteed performance curve
progressively moving towards the shut off head. At least six points along the characteristic curve
including the shut-off head shall be taken. The pump test requirements detailed in Clause 3.7.3 shall
apply as applicable.

3.7.2 Engineered Pumps

Engineered pumps shall be tested in accordance with ISO 9906 for Grade 1E pump test acceptance
grade. Tests shall be conducted at the rated speed and test curves generated to confirm the guaranteed
point acceptance grade for: 

 Rate of flow;

 Total head;




