
 

 

 

HUNTER WATER CORPORATION 
 

WATER AND SEWER 
DESIGN MANUAL 

 

 

 

SECTION 4 
WASTEWATER PUMP 

STATIONS AND RISING 
MAINS 

 

 

 

 

 

 

 

 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  1 of 105 

AMENDMENT HISTORY 

Date Clause Amendment 
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GRP added to list of rising main materials. 

September 
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May 2005 4.2.11 

4.8.1 / 4.8.2 

4.8.4 

4.8.5 

New clause - revised emergency storage requirements. 

Amendments to ventilation requirements for pump stations. 

Amended requirements for vent height and location. 

New clause - requirements for vent colour. 

December 
2005 

4.2.11 
 

4.3.3 
Appendix 4F 

4.3.7 

 

4.3.12 
 
4.9.1 / 4.9.5 

Appendix 4E 

Rewording of emergency storage requirement. Deletion of separate 
phase relays requirement. 

Requirements for alignment of rising mains through intersections including 
new appendix. 

DICL K9 superseded by PN35. Table of allowable working heads for K9 
and K12 deleted. 

Additional requirements for rising main connections to receiving discharge 
Maintenance Holes. 

Requirement for fall restraint anchor points added. 

Changes to derating factors for PVC-O. 

May 2006 4.2.3 

4.2.11 

Correction of section reference 

Minor rewording – “shall” 

September 
2006 

4.4.3, 4.4.4, 
4.5.2, 4.5.3, 
4.10.7 

Replacement of references to Xylem and KSB with reference to Hunter 
Water’s Approved Products and Manufacturers list. Design to be suitable 
for installation of each of the approved pumps. 

March 2007 4.6.2 Update of electrical requirements, including standard switchboard 
designs, acceptable method of pump starting and relevant electrical 
standards. 

September 
2007 

4.3.2 ISG coordinates replaced by MGA. 

September 
2007 

Appendix 4E Minor revisions to de-rating methodology including amendments to de-
rating factor for PVC-O. 

February 2008 4.3.7 
 

4.9.7 

Requirements for thrust blocks added regarding factor of safety and rising 
mains >=DN300. 

Revision of requirements for access roads and turning areas. 

July 2008 Appendix 4B Added reference to Appendix 1A for electricity cost. 

March2026 Entire 
Document 

Complete document review and update.  
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4.1 Introduction 

4.1.1 General 

This manual has been developed as a technical guide for the design of and the selection of 
components for small to medium submersible pumping stations (DN 1800 to DN 4600 wet wells) and 
rising mains for the Hunter Water sewerage system. It is applicable to: 

• The design of new schemes; and  

• Extensions to or augmentations of existing schemes. 

This manual is based on Hunter Water requirements and a review of the following: 

• Manual of Practice Sewage Pumping Station Design, NSW Public Works, 1986  

• Water Services Association of Australia (WSAA) Sewage Pumping Station Code (WSA 04-
2005 Version 2.1 or latest edition). 

Pumping stations in a sewerage system have a substantial effect on the successful operation of other 
reticulation components and treatment elements in the network; therefore, the design needs to 
integrate with the network. 

4.1.2 Safety 

4.1.2.1 General 

It is the responsibility of the designer to acquaint themselves with the hazards associated with 
pumping station operation and to implement control measures early in the design process to eliminate, 
or if this not reasonably practicable, minimise and mitigate risks to health and safety through the life of 
the asset. 

The design package must include a “Safety in Design” risk assessment. This risk assessment must 
include risks associated with the design, construction, operation, maintenance, future upgrade works 
and closure/removal of the facility. Refer to Work Health and Safety Act 2011, regulation 2025 and any 
latest update versions as relevant. 

Pumping station wells are a confined space. Only personnel who have undertaken approved training 
for entry and working in confined spaces are allowed to enter pumping station wells. The design and 
risk assessment must align with Hunter Water "Procedures for the Safe Entry and Working in Confined 
Spaces". 

4.1.2.2 Safety In Design 

Designs must meet the requirements of: 

• Work Health and Safety Act, NSW, 2011 (WHS Act) 

• Work Health and Safety Regulation, NSW, 20125 (WHS Regulation) 

The design process and outputs must follow the CHAIR Safety in Design process. Outputs from the 
CHAIR sessions must be addressed and incorporated into the design. Copies of the minutes of 
CHAIR meetings are to be made available to Hunter Water if requested. 

4.1.2.3 Hazards 

At a minimum the designer must consider the following hazards in the risk workshop: 
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• Moving (rotating) equipment 

• Bacteria and faecal matter  

• Oxygen deficiency 

• Toxic gases or vapours  

• Potentially explosive or flammable gases  

• Wet or damp conditions 

• Electrical 

• Pressurised pipes and valves 

• Working at heights 

• Confined Spaces 

• Use of portable lifting equipment 

• Delivery, storage, handling, use and disposal of hazardous substances 

4.1.3 Documentation and Drawings 

Hunter Water has specific requirements for reporting, drawings and contract documentation. Refer to 
Appendix 1. This includes the requirement for both the Designer and the Constructor to provide 
information for the Operation and Maintenance manuals in compliance with STS 906 Operations and 
Maintenance Manual Requirements Template. 

https://www.hunterwater.com.au/documents/assets/src/uploads/documents/Drawings_Plans_Specs/Standard-Technical-Specifications/Information/Template-STS-906-OM-Manual.docx
https://www.hunterwater.com.au/documents/assets/src/uploads/documents/Drawings_Plans_Specs/Standard-Technical-Specifications/Information/Template-STS-906-OM-Manual.docx
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4.2 Site Selection 

4.2.1 Location  

For further detail on layout refer to Sewerage Pumping Stations Standard Construction Practice (SCP) 
drawings as well as Figure 1 in section 3.2 of this document. 

The location of a pumping station is strongly influenced by hydraulic considerations so that the pumps 
and pipeline operate satisfactorily under the design demand conditions.  

Proximity to rising main discharge point must be as close as possible to minimise the rising main 
length. 

Depth of incoming gravity sewer will influence the pumping station depth. Maximum internal depth of 
wastewater pump stations is not to exceed 8000mm. Deeper installations may be accepted subject to 
Hunter Water approval. 

Sites must be as unobtrusive as possible and away from houses and built-up areas if possible. The 
site must be sufficiently sized to accommodate appropriate landscaping to blend the site to suit the 
surrounding environment, within the constraints of site security, site maintenance and access.  

Site location must consider odour emissions from the site and be an approved distance from sensitive 
receivers such as environmentally sensitive areas (including vegetated areas). Approval on distance 
must be obtained from Hunter Water and is dependent of site location. Refer to STS 680 for vent stack 
minimum distance requirements.  

Sites must have suitable access for operations, construction and maintenance. All pumping stations 
require adequate access and turning area for maintenance vehicles and mobile cranes. Refer to 
Section 12.4. 

The location, where possible, must allow for a suitable layout for the incoming gravity sewer and the 
rising main. The collecting maintenance hole (final maintenance hole prior to the wet well) for the 
gravity system must always be positioned approximately 5 m to 7 m clear of the wet well. 

There must also be sufficient clearance from surface and subsurface obstructions to allow for 
construction. The clearance necessary will vary with the depth and diameter of the wet well and is also 
dependent on ground conditions.  

The site must not be located under power lines or within power line exclusion zones. 

To ensure that the proposed pumping station location and layout are acceptable, the proposed site 
must be approved by Hunter Water.  The overall configuration and discharge location shall be in 
accordance with the approved sewer servicing strategy.  

The average size of a small to medium pumping station site without superstructure is 12m x 12m with 
an increase in site size requirements for larger installations. Space allowance must also consider 
accommodation of any emergency storage structures. Additional space is also needed to 
accommodate odour and/or corrosion control assets, such as chemical dosing units or gas-phase 
treatment units, including requirements for bunded truck delivery bays as per STS 670 and STS 680, 
and generator hard stand areas. 

If the pumping station must be located within a road reserve, laneway etc., the position must be 
determined in conjunction with the local council, authorities and other relevant stakeholders.  

If the pumping station is located within private land, crown land, etc, it must be so located that the site 
and any easements will have the least detrimental effect on the property with regard to existing, 

https://www.hunterwater.com.au/documents/assets/src/uploads/documents/Standard-Drawings/Sewerage-Pumping-Stations-SCP/Sewerage-Pumping-Stations-SCP-Combined.pdf
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proposed or potential development including possible subdivision etc. The site must not be isolated in 
the middle of a block to prevent complicated and long access and pipeline easements. 

Where possible, orient the site layout to avoid a 180° deflection of the rising main immediately 
downstream of the valve pit. This is intended to reduce unnecessary fittings and as a result, reducing 
hydraulic losses and construction costs. 

Consultation with the various stakeholders is required prior to and during the design process. This 
should be commenced early in the project as consultation can become prolonged. Consideration must 
be given to key issues associated with the project and relevant stakeholders associated with these 
issues.  

Copies of relevant approvals from authorities and private landowners must be included in the 
designer’s report as required in Section 1 of Hunter Water’s Water and Sewer Design Manual.  

4.2.2 Flooding 

Pits and buildings are to be located above high level alarm, with the finished surface of the top of the 
wet well roof slab being a minimum of 0.3m above the 1% AEP level. The base of the electrical 
switchboard must be mounted a minimum of 0.6m above the 1% AEP level.  

The proposed site of the wastewater pump station must consider projected sea level rise over the life 
of the asset. Hunter Water must be consulted to determine appropriate sea level rise risk level and 
projections.  

4.2.3 Land Selection  

The order of preference for land choice for a pumping station site is dependent on a range of factors, 
however as a general rule must be:  

1. Land provided within the development by the person or business that is developing the land or 
their agent. (Hunter Water is to be given freehold title or easement rights)  

2. Hunter Water owned land   

3. Council land (Community land/Operational land)  

5. Vacant private property  

6. Road reserve  

7. Crown land (compulsory acquisition processes apply)  

8. Established private property  

The consultant on behalf of the Developer must negotiate with the owner(s) and obtain easement 
rights and/or freehold title (vested in Hunter Water) for any pumping station sites, access and services 
and rising mains. The wastewater pumping station must be contained within an easement if wholly 
within a public reserve or a designated lot if not within a public reserve. The easement or lot must 
include batters, embankments, retaining walls and flow relief structures. Access, services and rising 
mains must be contained within an easement. The Developer must pay all costs associated with land 
or easement transfers. 

Acquisition of land interests must be approved by Hunter Water, which will be in accordance with 
Hunter Water’s Property Acquisition & Disposal Policy. 

Consideration must also be given to the potential likelihood of future development.  

http://cmweb/trimct2/getdoc.aspx?uri=4680833
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4.2.4 Location Factors  

The following factors must be considered during the site selection process:  

Table 1 - Location Factors  

Factors  Requirements  

      

Site selection     Located on a lot, ownership of which is dedicated to Hunter Water or an 
easement dedicated to Hunter Water  

  Provide all weather access to and parking for the pumping station for routine 
and emergency operation and maintenance activities  

  Sufficient space for possible pad mounted power substation, generator, 
flowmeter and strainer  

  Power facilities must be available or able to be economically provided to the 
site  

  Adequate radio communication access (radio path survey required)  

  Site must have available safe access and consideration must also be given to 
construction and maintenance requirements. A deceleration lane may be 
applicable in some cases  

  Wet wells should be located in areas of land away from significant pedestrian 
access such as footways (for example, located in a dedicated reserve).  

Amenity and 
environment  

  Provision of sufficient buffer from houses, built-up areas and future 
development  

  The pumping station must be unobtrusive, comply with NSW EPA noise control 
requirements, comply with Review of Environmental Factors (REF) 
requirements, and any amenity provisions as necessary.  

  Account for landscaping requirements at the design stage to meet REF, relevant 
authorities requirements and site specific needs. 

  Consideration of noise impacts and frequency / duration of pump runs  

  Provision of suitable water discharge path for draining pipework  

Design    Proximity to pipeline  

  Accessibility  
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  Site slope and soil conditions  

  Accessibility depth of incoming and outgoing pipelines  

Easements    Easements for the site and services may be necessary. Hunter Water’s property 
management team will advise the relevant easement terms  

Flooding    Ensure that adequate stormwater management drainage from the pumping 
station and site, including access roads, is designed so that flooding of the 
facility is avoided  

  The site and access road must not be impacted by flooding up to a 1% AEP 
event.  

 
 The site of the wastewater pump station must consider projected sea level rise 

over the life of the asset.  

Supporting 
Systems  

  In conjunction with determining the requirements for the site infrastructure, the 
designer must consider the requirements for supporting systems to enable 
efficient and safe operation of the pumping station, as follows:  

• Potable water supply   

• Power and general lighting   

• Security  

• Fire fighting facilities  

• Telemetry (radio path survey required)  

 

4.2.5 Development Approval  

All pump stations and rising mains can be assessed under Part 5 of EP&A Act in accordance with T&I 
SEPP. A review of Environmental Factors must be completed for all new infrastructure and some 
maintenance and upgrade works. 

4.2.6 Easements  

As part of the planning phase, property requirements need to be taken into consideration.  

Easements are to be obtained for the access road, rising main, and entire pump station site area. Site 
layout must be arranged to minimise the number of easements. If possible, underground power supply 
must not cross other services.  

Approval of all relevant statutory authorities and bodies must be obtained in relation to the proposed 
locations of access road, rising main, power supply, water service and stormwater drainage.  

Minimum clear easement width for the access road must be 4 metres. Minimum clear easement width 
for the rising main is 4 metres. Where it is intended to lay stormwater pipes as well as sewer main, 
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rising main, water service and power supply within the access road easement, the easement width 
must be increased to accommodate the services. 

If the proposed works are to construct a wastewater pumping station on private land, then the 
developer should seek to obtain from the affected landowner a construction licence over the land 
required for the pumping station and for the storage of materials. The aim of taking out such a licence 
agreement is to recognise the inconvenience that may be caused during the construction stage. A 
Construction Licence is also required where access to private land is needed during construction even 
if the wastewater pump station will not be located on that private land. 

Negotiations are to take place with the affected landowner for the granting of the construction licence 
for an agreed fee.  

The construction contractor will be required to prepare a plan of survey at or near completion of 
construction, suitable for lodgement at the Land Registry Services NSW. The purpose of this plan is to 
delineate the land (and/or easements) that is required for the pumping station site and associated 
services and access. If any part of the pipeline is contained within private or public land, then the 
construction contractor will be required to supply Hunter Water a plan of survey showing the proposed 
4 metre wide easements within the affected properties.  

Following the registration of the plan of survey at the Land Registry Services NSW, negotiations are to 
be held with the affected landowners for the transfer of land and/or the granting of the easements.  
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4.3 Design Principles 

4.3.1 General 

Hunter Water has developed various standard design aids, technical specifications, procedures and 
standard construction practice drawings. These standards are to be used where possible. Where 
these documents are referenced throughout the document, they will be referred only by the document 
number. 

Some of these standards are: 

• Hunter Water Standard Construction Practice (SCP) Drawings - Sewerage Pump Stations 

• WSA 02 - Sewerage Code of Australia – Hunter Water Version 

• WSA 03 - Water Reticulation Code of Australia – Hunter Water Version 

• WSA 04 – Sewage Pumping Code of Australia 

• Hunter Water Standard Technical Specifications: 

o STS 402 - Construction of Submersible Sewage Pumping Stations and Rising 
Mains 

o STS 404 – Concrete Supply and Construction for General Purpose and Water 
Retaining Structures 

o STS 500 - General Electrical Requirements 

o STS 510 – General Requirements for Switchrooms 

o STS 550 – General Requirements for SCADA and Automation Systems 

o STS 600 - General Mechanical Requirements 

o STS 904 - Preparation of Electrical Drawings 

o STS 906 - Operations and Maintenance Manuals 

o STS 911 - Preparation of Civil and Structural Engineering Drawings 

o STS 670 – Chemical Storage & Delivery Systems 

o STS 680 – Odour Control Units  

o Standard Construction Practice SCP Drawing Set 
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4.3.2 Wastewater Pump Station Discharge Pipework Standard Layout 

Figure 1: Wastewater Pump Station Discharge Pipework Standard Layout 

For further detail on hatch sizing refer to Hunter Water standard construction drawings. 
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4.3.3 Cost Effective Design & Selection Between Alternatives 

Designs that meet the engineering design requirements must be evaluated against the whole life costs 
of the asset and the system. 

Various combinations of pumping stations, rising mains and sewers can be evaluated with an 
opportunity to provide the most economical design based on construction, operating and maintenance 
costs. Final designs must be optimised to avoid unnecessarily oversizing all infrastructure. Staging for 
future upgrades should be considered within the Net Present Value (NPV) analysis. Cost unit rates 
must be established for all the main variable items with costed alternatives to determine the most cost-
effective final design.  

Where project specific details allow a choice in the type of pumping station arrangement or type of 
pumping equipment, then a comparative NPV analysis must be undertaken to determine the preferred 
choice. Factors to be considered when assessing alternatives include: 

• The capital cost of different pumping station options. 

• Impacts of staging the upgrade if there are multiple growth areas on different development 
timelines 

• The energy cost over the planning horizon (nominal 25 years) also considering carbon 
footprint. 

• Any difference in maintenance requirements between the options. 

• Life and replacement cost of pumping  equipment, including ancillary items such as 
switchgear, lifting gear and ventilation equipment. 

• Rising main costs and life. 

• Odour control costs (including operational and maintenance costs) – refer to STS 680 

• Environmental impacts 

• Community and customer impacts 

The NPV analysis must allow for how the station is expected to operate, including consideration of the 
anticipated distribution of flow rates arriving at the station and the subsequent effect on the pump 
speeds and pumping combinations that will run as a result. Appendix 3 contains an example of a 
typical design cycle for the WWPS and rising main.    

4.3.4 Design Life 

The typical asset design life for Hunter Water sewer assets are shown below in Table 2. 

Buried civil structures must be designed for a nominal asset life of at least 100 years without 
rehabilitation. As such, the design capacity of civil structures must allow for future development within 
what is practical.  
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Table 2 - Typical Asset Design Life 

ITEM Minimum design life (years) 

Sewers, pressure mains, civil structures (wet well, emergency storage 
and ancillary structures) 

100 

Valves 30 

Electrical equipment and control devices1 15 

Pumps2 25 

Pipework (exposed within wet well and pits) 50 

Wet well appurtenances 20 

Instrumentation and SCADA equipment 15 

Odour Control Refer to STS 670 & STS 680 

  Note 1 Refer to STS 500 for electrical equipment design life. 

  Note 2 Refer to STS 600 for further detail on pump design life. 

4.3.5 Pumping station types 

4.3.5.1 Single Well Station/Submersible Pumps 

A submersible pump is a centrifugal pump close coupled to a submersible electric motor. The pump 
and motor form an integrated unit which is fully submerged into the sewage collection well. The units 
automatically connect to and disconnect from the discharge pipework as they are raised or lowered 
from their supporting stands.  

Typically, duplicate pumps are installed in the wet well with flow control achieved through valves 
located in a separate shallow valve pit accessed from ground level. The well and valve pit are finished 
close to ground level. The only above ground features are the electrical switchboard and connection 
cubicle, handrails, and a vent pipe, mounted on the wet well roof slab. 

Submersible pumps are considered to be suitable for flow rates ranging from 5 L/s up to 600 L/s. 
Pumps of greater capacity are available and have been used selectively by Hunter Water. 

Where the total hydraulic head exceeds the capability of a single submersible pump, two pumps can 
be operated in series. The first pump is installed in the wet well. The second pump is installed with the 
discharge valves in a shallow combined valve and pump pit. In this configuration, heads of 
approximately 80 to 100 m may be achieved.  Series pumping is not a preferred configuration and is 
only to be considered following written approval from Hunter Water.  

As power costs and maintenance costs increase, greater importance must be placed on the 
conceptual design of schemes to ensure minimal running costs. 

4.3.5.2 Dry Well Stations 

Design of wet well/dry well pumping stations and augmentation and/or conversion of existing wet 
well/dry well pumping stations is outside the scope of this manual.  

Dry well stations are no longer allowed for construction at Hunter Water. 
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4.3.6 Pipeline clearances 

Minimum horizontal clearances, where pipelines are laid parallel, between outside of pipe sockets, 
flanges or collars and offsets to property boundaries are found in WSA 02 and WSA 03.  

4.3.7 Design Capacity 

The initial design capacity of the pumping equipment must be adequate to accept a minimum of 15 
years of projected flows due to future development. Subsequent staging must involve equipment 
upgrade only. 

The design flow to be pumped is the peak wet weather flow (PWWF) contributed by the catchment 
and is usually equivalent to 6 to 8 times the average dry weather flow (ADWF). Design flow must be 
established as part of the strategy or project brief. Where design flow calculations are required refer to 
WSA 02. 

Where pumping stations are delivering to a treatment works, the design capacity and staging must be 
compatible with the treatment works staging strategy. 

4.3.8 Emergency Storage 

Pump station failure may occur for a number of reasons including: 

• Loss of power supply 

• Switchboard failure 

• Pump failure 

• Pump station pipework issues 

• Rising main issues 

• Level control failures  

Emergency storage must be provided to allow Hunter Water sufficient time to respond to failures and 
to mitigate the potential for overflow to occur. Sites may require additional storage to account for 
geographical location, depths of wet well, increased tanker movements, special equipment and 
personnel requirement travel times. Emergency storage is considered to include both wet well storage 
above the alarm level and storage in upstream gravity sewers.  

4.3.8.1 New Pump Stations 

For new pump stations: 

• A minimum of 4 hours storage of ADWF from the gravity catchment and 3 minutes of 
pumped duty flow from upstream stations must be provided between high level alarm and 
overflow level alarm. To ensure operational resilience and compliance with Hunter Water’s 
fault response protocols, emergency storage capacity must be confirmed with Hunter 
Water. 

• Systems draining to waters deemed sensitive by Hunter Water (e.g.: Hunter Water Special 
Catchment Areas, waters near oyster leases, waters frequently used by the public for 
primary and secondary contact which may pose an unacceptable public health risk if 
contaminated) require 8 hours storage of ADWF from the gravity catchment and 3 minutes 
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of pumped flow from upstream stations must be provided between high level alarm and 
overflow level alarm.  

As per section 3 of Hunter Water’s Guideline EG0041 Review of Environmental Factors Guidance 
notes, consult with Hunter Water to confirm emergency storage requirements prior to commencing 
concept design.  

4.3.8.2 Existing Pump Stations 

Where an existing pump station is upgraded (including the construction of a new pump station wet well 
to replace part or all of an existing pump station), the amount of storage required is the same as for 
new stations. If there are constraints that make provision of the required storage difficult this must be 
discussed with Hunter Water.  

4.3.8.3 Provision of Emergency Storage 

The designer’s report must include a review of the recommended mitigation measures and 
calculations of available storage time between high level alarm and overflow level alarm at ADWF for 
initial and ultimate flows. 

Options to be considered for emergency storage in order of preference include: 

• Inline storage  

o Use of larger diameter collecting manholes. 

o Online storage in larger diameter gravity sewers; 

• Use of larger diameter wet wells (provided the reliability of the pump station’s performance 
is not reduced); 

• Offline storage 

Where it is not proposed to include all the emergency storage in the wet well, justification must be 
provided in the design report.  

Offline storage structures must not be used for new pump stations. They can be considered for the 
upgrade of existing pump stations. 

Due to the potential for corrosion and odour generation, offline sewers or storages must contain 
allowance for washing down of the emergency storage after each use or other odour control measures 
must be implemented as part of the proposed storage option.  Appropriate sizing of entry points must 
be considered for personnel and equipment. 

Emergency storage tanks must be resistant to H2S gas attack and will ideally be PVC or GRP. 
Concrete tanks must be coated / lined with a product on the WSAA Appraised Products List. 
Alternative coating solutions will be considered at the discretion of Hunter Water and must be 
approved for use. 

4.3.9 Emergency relief structures 

4.3.9.1 Assessing the need for an emergency relief structure 

In most cases new pumping stations require the design and construction of an emergency relief 
structure (ERS). To facilitate approval, the pumping station concept design report must include 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  22 of 105 

sufficient information for Hunter Water to complete an assessment of whether an emergency relief 
structure is essential for the proper and efficient operation of the wastewater system.  

As a minimum, the assessment must consider: 

• The location of overflows (with, and without an ERS). 

• The risk of overflows causing harm to public health, the receiving environment, and 
property (with, and without an ERS). 

• The systems to be used to monitor overflows, power failures, mechanical failures of 
pumping, or electrical equipment relating to (or affecting) the ERS assessment (consult 
with Hunter Water). 

• Details of the proposed methodology for responding to overflows (consult with Hunter 
Water). 

The assessment must be considered in the project Review of Environmental Factors (REF) or any 
other process used to obtain planning approval for the works. The assessment may also be used by 
Hunter Water as part of the licensing application process undertaken with the NSW Environment 
Protection Authority (EPA). 

4.3.9.2 Emergency Relief Structure Design 

An ERS must be designed in accordance with WSA 02. The design must incorporate an overflow pipe 
with a scum baffle arrangement at the inlet, a defined pipe overflow weir level with a flap valve located 
within a maintenance hole on the overflow pipe, and a screen at the overflow outlet. Preferred valve 
types are flap valves or inline check valves (Tideflex Checkmate or similar). Duckbills must not be 
used. Access for maintenance of the ERS’s valve(s) and cleaning of the screens are to be considered 
in the design. 

The emergency relief weir should be located as high as practicable, at a level to provide the maximum 
storage time prior to overflow, whilst also ensuring that the emergency relief operates before 
surcharge occurs elsewhere in the system.  

- If the level of the discharge location is higher than the connection of the overflow pipe to the 
sewer, the level of overflow to the environment is the relief level.  

A typical arrangement of an ERS design is shown by Standard Drawing SEW–1412 within the Hunter 
Water WSA 02 code. An alternative arrangement is shown by Sydney Water drawings DTC 6017, 
DTC 6027, available from the Sydney Water website in the “Deemed to Comply” drawing set for 
WWPSs. 

Hunter Water approval is required for the final design of ERS. 

Overflow Pipe Discharge Location 

The overflow pipe must discharge to a point that has been agreed to by Hunter Water, such as: 

• An adjacent sewer catchment. 

• A formed stormwater drain e.g. pipe, channel etc. 

• An unformed drain, creek or watercourse. 

• A harbour or river.  



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  23 of 105 

• Tidal waters. 

Approval from the relevant owner or authority of the nominated discharge environment is required. 

Discharge into a natural waterway, an unformed drain, creek, river, harbour, or estuary must be 
considered within the planning approval process (normally the REF) and all relevant government 
agencies with a responsibility for the waterway consulted. 

The arrangement for the discharge must satisfy the following: 

• The outlet of an overflow pipe must be made at an angle of between 30° and 45° to the 
direction of flow in the channel or watercourse to which it discharges. For further detail on 
overflow to stormwater connection refer to standard construction drawing DCP-200, DCP-
201, DCP-202. 

• Where discharge is a formed channel, the invert of the overflow pipe outlet must not be 
lower than 0.15 m above the toe of the channel wall. 

• Where discharge is to a pipe drain, the overflow pipe outlet must, if practicable, be 
designed centre to centre with the stormwater pipe. Where this is not practicable, the 
design must ensure the structural integrity of the stormwater pipe will be preserved. For 
further detail on overflow to stormwater connection refer to standard construction practice 
drawing set. 

• Be not lower than 0.5d above the soffit level of the outlet sewer (where d is the diameter of 
the outlet sewer). 

• Not have an overflow level that is lower than maximum tidal level (if practical). 

Overflow Pipe Size 

For sewers up to and including DN300, the overflow pipes must be one size larger than the sewer with 
a minimum size of DN225.  

For sewers DN375, where the length of the overflow pipes does not exceed 30 m, an overflow pipe 
DN375 may be used.  

For all other cases a special design is required. 

Other design elements 

The overflow pipe must also satisfy the following conditions: 

• The ERS must overflow from the inlet maintenance hole wherever practicable. 
Alternatively, the ERS may flow from a dedicated emergency storage vessel. 

• The minimum grade of the overflow pipe is 1.0%. 

• Access chambers must be used at changes in direction of overflow lines. 

• The overflow pipe must be designed with cover requirements as specified for sewers 
(Refer to WSA 02) 

• The end of the overflow pipe must have a non-return valve. Preferred valve is a flap valve. 
This valve must have two functions; (1) it must prevent storm water ingress from the 
receiving environment, and (2) it must prevent foul gases from leaving the sewer system 
through the overflow pipe and creating an odour nuisance. 
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4.3.10 Measures to Minimise Dry Weather Overflows  

In addition to the provision of emergency storage, the following additional measures must be provided 
for both new and existing pump stations to minimise potential wastewater overflows: 

• A bypass pumping connection point on the rising main. 

• A generator connection point including dedicated concrete hardstand area to allow the 
connection of a portable generator. For pump stations with multiple duty pumps, the 
generator connection point only needs to be sized to run sufficient pumps to discharge the 
peak dry weather flow. 

• For large or critical, pump stations it may also be necessary to provide onsite permanent 
backup power supply and/or standby generators. The requirement for these additional 
items must be discussed with Hunter Water prior to commencing concept design. 

• Access and suitability for tankering. The design must confirm that the tanker pumps have 
sufficient suction head to draw from below the high well level (e.g. in the wet well or 
collecting maintenance hole). If sufficient suction is not available, a 3-phase power outlet is 
required to enable the use of a drop-in submersible pump (note that mains power will not 
be available in the event of a power failure). 

4.3.11 Screening and Grit Removal 

Screening or removal of grit from raw sewage is not required at pumping stations. Some pump 
protection may be necessary in severe operating conditions.  

Pump station and pumps to be designed to minimise grit and solid materials build up in the wet well. 

 

 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  25 of 105 

4.4 Rising Main Design and Selection 

4.4.1 Survey and Alignment of Rising Mains 

4.4.1.1 Location of Sewer Rising Mains 

Rising mains must be located, consistent with other requirements, to keep gross head to a minimum, 
which will minimise pump size and operating costs. 

Where practicable, rising mains must be located in public thoroughfares to ensure ease of access for 
maintenance and to avoid easements. The preferred location for the rising main is in the footpath but 
not within the water main allocation. Hunter Water prefers dual rising mains for all pump stations that 
may require a pipe greater than DN375 (ID). This is to deal with a number of issues, from septicity and 
detention time, through to inability to manage a break and flows through a single large pipe. Explicit 
Hunter Water approval is required for any rising main with diameter larger than DN375. 

Where this is not possible, the location in private property should be adjacent to and parallel to 
boundaries and easements obtained to satisfy future operational requirements. Care must be taken to 
avoid areas likely to be developed. 

Rising mains must be kept as short as possible to reduce the residence time of sewage in the main. 
This will aid in reducing septicity. 

The survey for a sewer rising main must commence at the valve pit at the pumping station and 
terminate at the Maintenance Hole on the receiving sewer. 

Changes in direction or grade must be made by the use of angle bends. Standard bends must be 
used where practicable (e.g., 45°, 22.5° and 11.25°). The use of 90° bends should be minimised. 

Bends must be indicated on design plans either by line bearings or angles of deflection. Horizontal 
and vertical bends must be indicated on longitudinal sections as deflections. 

Rising mains must be designed to provide at least the minimum cover for protection of the pipe in 
accordance with WSA 02 – SEW1201V. 

The longitudinal section profile must be generally rising. The profile may include some downhill length 
but must not be overly undulating. Simple manual air release valves must be provided at all high 
points, unless the need for an automatic air valve has been identified, with at least one metre of 
backpressure available during static conditions to facilitate manual bleeding.  Sags should be avoided 
in the grading. Where sag is unavoidable, a scour must be provided, preferably use a gravity scour. 
Where the scour pipe cannot be drained to a suitable sewer maintenance hole, a pump out pit must be 
provided. Refer to Section 4.8 - Air Valves on Rising Mains for further details on air valve 
requirements. 

The highest point of the overall rising main profile must be located at the discharge maintenance hole, 
within the provision of Hunter Water drawing SCP-1002. Intermediate high points must be designed 
out where possible and trenchless construction methods may be necessary to achieve the deeper 
installation depths required. The use of barometric loops to artificially raise the discharge level is not 
preferred and requires specific approval. Alternative arrangements, such as Variable Grade Sewers 
(VGS) are outside the scope of this document; however, must be considered if all other options are 
not feasible. The pipe material for all partially draining sections must be corrosion resistant. 

Where a continual rising asset is not possible and a barometric loop or Variable Grade Sewer (VGS) 
are potentially required, Hunter Water’s approval is required at the strategy stage and specifications 
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are to be sought prior to proceeding beyond preliminary design. Please note that these assets types 
are associated with corrosion and odour problems and are not preferred. Any such asset must contain 
a vent and Odour Control Unit (OCU) from one of the above. The impact on people in close proximity 
shall be covered in the REF, along with clear community discussion on the fact this asset will be 
placed in their vicinity. Corrosion protection of downstream assets must be conducted, the extent of 
which will be advised by Hunter Water 

For more detailed information on survey requirements, refer to Section 3.3. 

4.4.1.2 Basic Marking and Recording of Rising Main Location 

Benchmarks are to be established in accordance with Hunter Water procedure. 

Pegs or other suitable marks (spikes, etc.) are to be placed at all proposed structures, start and ends 
of mains, all changes of direction and at 50 m intervals. These marks must be tied into property 
boundaries. Marks more than 2 m2 off a boundary must be tied in by 2 ties to the ends of a measured 
base. 

The rising main must be traversed and connected to local ties by bearing and distance. Datum line of 
traverses to be MGA (Map Grid of Australia) where appropriate. 

4.4.1.3 Origin of Levels 

Origin of levels must be a state survey mark, permanent mark or Hunter Water benchmark. Designs 
must include the details, including level of receiving sewers. All levels must refer to AHD. 

4.4.2 Crossings 

Pipeline crossings of roads, railway lines, creeks and underground services must, as far as 
practicable, be at right angles. Pipelines must be located and designed to minimise crossing 
restoration and maintenance of the main in the crossing. 

The design of pipeline crossings of controlled access roads (such as freeways) must include 
mechanical protection of the main and location of surface fittings outside the road reserve boundary. 

Where a pressure main is to be constructed through an intersection or a single lane roundabout, the 
main must be laid through the intersection in a straight line along the same alignment that would be 
used if the intersection was not present. In the case of two or more lane roundabouts the main must 
deviate around the roundabout on an alignment selected to minimise the extent of construction within 
the road pavement. Where possible, valves must be constructed in the footpath to reduce the potential 
for damage by traffic. For valve requirements refer to Section 4.10 Emergency Isolating Valves on 
Rising Mains. 

Local roads, subject to Council approval, may be crossed using conventional trenching methods. 
Road authorities may require road opening permits or the use of trenchless technology for road 
crossings. The Designer must liaise with all relevant authorities and utility owners to ensure that any 
special conditions or requirements are well understood and accounted for in the design. 

Crossings must be made as close as practicable to 90° to the creek, drainage reserve, road or railway 
reserve. The pressure main may require mechanical protection (Refer to Hunter Water WSA 03 
Standard Drawing WAT–1214 and Standard Drawings WAT–1211-V, WAT–1212-V and WAT–1213-V 
as appropriate). 
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4.4.2.1 Railway Crossings 

The crossing of a railway must be as close as practicable to right angles to the track. The normal 
method of construction under a railway is as per WSA 03 drawing WAT-1213V by “thrust boring” an 
encasing pipe. The crossing must be to Transport for NSW requirements and whose prior approval for 
the crossing and the design must be obtained through an application using the RCMG application 
form, 2012, Transport for NSW. An application to RailCorp (Sydney Trains) must also be made to 
determine special requirements for crossing the operational rail corridor. 

4.4.2.2 Road Crossings 

The crossing of a roadway must be as close as practicable to right angles to the road alignment. Local 
roads, subject to council approval may be crossed using conventional trenching methods. 
Infrastructure installed in a roadway requires approval under S138 of the Roads Act. Major roads (e.g. 
Transport for NSW (TfNSW) classified, council arterial, sub-arterial, and collector roads) require 
encased thrust bore pipe crossings as per WSA 03 drawing WAT-1212V and as agreed with the 
relevant Authority. 

Where a rising main is to be constructed through an intersection or a single lane roundabout, the main 
must be laid through the intersection in a straight line along the same alignment that would be used if 
the intersection was not present. In the case of two or more lane roundabouts the main must deviate 
around the roundabout on an alignment selected to minimise the extent of construction within the road 
pavement. Where possible, valves must be constructed in the footpath to reduce the potential for 
damage by traffic. 

4.4.2.3 Drainage and Creek Crossings 

Watercourses and stormwater pipes must be crossed at right angles, if possible. 

Rising mains should be installed beneath stormwater pipes, where practicable. 

The type of creek crossing causing the least impact to the environment is below bed level. Where 
crossing a sensitive environment or a waterway draining to a sensitive environment, the rising main 
must be grouted within an encasing pipe.  

Designs for crossings above bed level, may adversely affect the aquatic environment by blocking fish 
passage, altering hydrology and flow, cause bank incision, bed down cutting, erosion or other 
consequential impacts. Hence such designs may fail to obtain relevant environmental approvals. 

The use of aqueducts to cross waterways must be avoided as they could adversely affect the 
hydraulics of the drainage system and are aesthetically undesirable. Consideration must be given to 
using existing or proposed bridges. 

Where below creek bed, the depth of the pipe below bed level is dictated by: 

• Grading requirements 

• Creek bed material (rock or OTR) 

• The likelihood of scouring of the bed 

• Future drainage works 

Where the rising main is located within a drainage reserve, it must ideally be located parallel and 
adjacent to the reserve boundary. 
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Rising mains must be located clear of unlined waterways to minimise the effect of trenches on 
groundwater levels.  

All sewerage infrastructure to be located adjacent to or crossing waterways requires consultation with 
or approval from the following government agencies:  

• Infrastructure in or crossing the Hunter Estuary - approval of the Port of Newcastle.  
• Infrastructure in or over any navigable waters, including the Hunter River - consultation 

with TfNSW. 
• Infrastructure on flood prone land where the installation could change flood patterns - 

consultation with Council.  
• Infrastructure that could impact oyster leases, fish passage and aquatic vegetation or 

permissive occupancies - consultation or approval from NSW Fisheries and NSW 
Department of Lands.  

All of these matters must be considered within the REF commissioned for the concept design. 

Refer to WSA 03 Standard Drawings WAT-1211V and WAT-1212V. 

4.4.3 Velocities in Rising Main 

A minimum velocity of 0.6 m/s is necessary for satisfactory transport of solids through a rising main. If 
velocity is maintained constant throughout the range of pipe sizes as pipe size increases the shear 
stress exerted on the wall decreases. At lower shear stress levels, slime growth on the wall may 
increase causing high head losses in the system and excess H2S generation. In order to achieve 
reasonable control of slime growths, a velocity calculated from the formula below is preferred under 
normal dry weather pumping rates: 

𝑉𝑉 = −0.3 log �
0.1
𝐷𝐷
� 

Where 

 𝑉𝑉  = Velocity (m/s) 

 𝐷𝐷  = Pipe Internal Diameter (mm) 

Providing this order of velocity is attained, the boundary roughness (k) may be taken as 0.3 mm. Such 
velocity (0.9 m/s in DN100. to 1.13 m/s in DN600) achieves a shear stress of 0.3 kg/m2 on the pipe 
wall irrespective of pipe size. 

Where such velocity leads to excessive head losses or discharge rates, the velocity may be reduced, 
subject to written approval by Hunter Water, but the slime growth may be expected to increase the 
effective boundary roughness. It is expected that the effective boundary roughness may increase to 
1.5 mm or more if the shear stress is reduced to 0.15 kg/m2. The shear stress is achieved at a velocity 
found by: 

𝑉𝑉 = −0.215 log �
0.4
𝐷𝐷
� 

Velocity here varies from 0.52 m/s in DN100 to 0.68 m/s in DN600. Solids transportation would be 
considered barely adequate. For lesser velocities, settled material may not be picked up on the 
resumption of pumping thus allowing anaerobic fermentation and the production of odorous gases. To 
mitigate these problems, a regular pump maintenance mode cycle may be necessary, refer Section 
13.2.  
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For boundary roughness factors (k) for velocities in excess of the above, reference is made to “Tables 
for the Hydraulic Design of Pipes and Sewers” published by Hydraulics Research Station Ltd., 
Wallingford, where the following values for sewer rising mains in normal condition, regardless of pipe 
material, are recommended: 

 Mean velocity  1.0 m/s  k = 0.3 mm 

 Mean velocity 1.5 m/s  k = 0.15 mm 

 Mean velocity  2.0 m/s  k = 0.06 mm 

Maximum velocities in rising mains are generally limited to approximately 3 m/s due to the high head 
losses occurring at higher velocities. At velocities above 4 m/s, scour of the pipe material from 
entrained grit in the sewage may be a problem. 

Hunter Water’s standard control scheme allows for a pumping level where the pump is operated at 
reduced speed to save energy and/or to limit dry weather flow rates to downstream stations and 
treatment plants. This reduces the concern with regards to the increasing specific energy consumption 
associated with increasing velocity associated with the station running at peak flow rate. This is 
because the great majority of the sewage will be pumped at the lower flow rate that is either achieving 
the minimum specific energy consumption for the pump pipe combination or the minimum desirable 
velocity described above. As such, higher pipe velocities when meeting the peak flow rate for the 
station become more acceptable than when the station design excludes multiple flow rates. Multiple 
flow rates must be considered in the economic analysis for both the pump selection and the rising 
main pipe selection. 

4.4.4 Detention Time 

Where the transfer of oxygen to sewage is prevented by the exclusion of air, sewage becomes more 
difficult to treat due to anaerobic fermentation which produces odorous and hazardous gases, with 
Hydrogen Sulphide (H2S) being of primary concern.  

The retention of fresh sewage in the rising main for a period of up to four (4) hours should be 
acceptable; however, for stale sewage (sewage with low oxygen content or at elevated temperatures), 
issues may result from retentions of less than one (1) hour. 

Detention time is generally determined based on average dry weather flow (ADWF), the volume of the 
rising main and the volume of sewage contained in the wet well using the following calculation: 

 

T =
0.025 𝑄𝑄𝑝𝑝 + 0.218𝐿𝐿𝐷𝐷2

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
 

Where    

  T   = Detention Time (hours) 

  𝑄𝑄𝑝𝑝  = Pump Capacity (L/s) 

  𝐿𝐿   = Rising Main Length (m) 

  𝐿𝐿   = Internal Diameter of Pipe (m) 

  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  = Average Dry Weather Flow (L/s) 
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Careful selection of the rising main diameter is necessary to minimise detention times as it is the 
largest factor in the system volume. If the volume of the rising main cannot be reduced sufficiently to 
overcome a detention time problem, the following solutions may be considered: 

• Liquid phase H2S treatment using Chemical Dosing Units (CDUs), refer Section 4.5 below.  

• Gas phase H2S treatment using Odour Control Units (OCUs) 

• Protection of existing downstream assets through the provision of protective liners, or 
replacement of these assets with non-corrodible items. 

• Where Inflow to the station is expected to increase due to rapid development, flow 
supplementation may be provided during initial development stages. This needs to be 
incorporated in the NPV analysis. This involves a temporary connection to the pumping 
station water service to provide a continuous flow of water into the wet well to compensate 
for the lack of sewage inflow until sufficient development occurs. Where top up water is 
required the flow rate must be set to allow 1 pump as a minimum to operate per day. This 
is required for maintenance purposes not to address septicity issues.  

• Installation of a rising main to serve stage 1 development only. The rising main would then 
be increased in capacity by duplication at the time of stage 2 augmentation. This 
alternative incurs the following penalties: 

o When rising mains are to be staged they must be approved by Hunter Water in 
consideration of the approved servicing strategy or Upgrade Management Plan 
(UMP). 

o If the friction head with two mains is to remain the same as that with one main the 
volume in the two rising mains will only be increased by approximately 20% over 
one. 

o If the volume contained in two mains is to remain the same as that in one main the 
friction head in the two mains will be increased by approximately 60% over one. 

o Irrespective of whether detention remains constant, or friction head remains 
constant, there will be an increase in wall area when two pipes are used in lieu of 
one. The increase will be more than 50% in the case of the former and greater 
than 40% in the latter. As the major contributor to sulphide generation is the slimes 
on the wall of the pipe the amount of sulphide generated will be increased 
accordingly unless the design providing dual pipelines has overcome the problem. 
This may involve the provision of an actuated valve to control the flow spit, 
however written approval from Hunter Water is required prior to such a design 
being pursued. 

4.4.5 Septicity Control 

4.4.5.1 General 

Sewage which has become septic will contain high levels of H2S. H2S will not damage a rising main 
which remains full, except perhaps at high points if gas accumulation is not regularly cleared. Outside 
these locations, the H2S remains in solution and is diluted by the sewage to such an extent that no 
corrosion of the carrying pipe will result. There may be issues due to septicity at the receiving 
Maintenance Hole and in the sewer lines immediately downstream. 
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H2S will come out of solution and enter the air space in the gravity main due to reduced pressure at 
the top end of a rising main. If present, drops of moisture on the sewer crown will dissolve the H2S. 
Bacteria can then oxidise the H2S to form sulphuric acid. Sulphuric acid is very corrosive particularly to 
cast iron, concrete and cement lining. 

4.4.5.2 Hydrogen Sulphide controls – liquid phase 

To control the formation of H2S, the following methods may be used: 

4.4.5.2.1 Iron Salts 

After sewage has become septic, iron salts can prevent the formation of H2S gas. Iron salts bind with 
dissolved sulphides on contact forming a permanent precipitate thus removing dissolved sulphides 
from the sewage. Potential for adverse effects at the sewage treatment plant, particularly with regard 
to sludge, must first be investigated. 

4.4.5.2.2 Magnesium Hydroxide 

Magnesium hydroxide does not react with dissolved sulphides present in the sewage. It works by 
keeping the sulphides in solution so they cannot be released as H2S gas, chiefly by elevating the pH of 
the bulk wastewater to be between 8-9. The main benefits of MHL is low toxicity (it is not classified as 
a Dangerous Good), it is self-buffering, and it is a source of alkalinity which is generally beneficial to 
WWTW treatment processes. Drawbacks include a limited shelf life, and limited solubility leading to 
the need for tank stirrers and potential clogging of dosing lines. 

4.4.5.2.3 Biological Reagents 

There are many biological reagent products now available. Hunter Water has limited experience with 
biological reagents with mixed results with the use of these products. Claimed product benefits 
include: 

• They promote the dominance of non-hydrogen sulphide producing bacteria.  

• They strip pipe slimes and break down fats and grease.  

4.4.5.2.4 Superseded methods 

The following methods of H2S control are no longer considered acceptable by Hunter Water and have 
been included below for information purposes only. 

• Lime dosing  

• Air injection 

• Oxygen injection 

• Hydrogen Peroxide (H2O2) 

• Chlorine 

• Nitrate 
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4.4.6 Water Hammer and Pipe Material Selection 

4.4.6.1 General 

Water hammer occurs due to a rapid change in pressure in the rising main caused by a sudden 
variation in flow velocity. In a pumping system, this occurs upon pump start and shut down, the latter 
usually causing the most severe water hammer. When a pumping station starts, there is a rapid 
increase in pressure in the rising main; this increase in pressure propagates along the rising main 
accelerating the flow until a steady state hydraulic grade line (or pressure head line) is established. In 
normal operation, increasing pressures are not an issue at pump start-up.  

Issues occur most frequently when a pump or pumps fail or shut down rapidly, for example, during a 
power failure. A rapid cessation of flow through the pump(s) will create a rapid decrease in the 
pressure in the rising main. In some cases, upon shut down the pressure in the main may fall below 
the vapour pressure of water and actual separation of the water column in the main occurs. Upon re-
joining, significant positive pressure surges much greater than normal operating pressure will occur.  

Water hammer analysis is required to ensure that the material and strength of pipes is adequately 
designed for the surge pressures, both positive and negative. Thrust restraints must also be designed 
for water hammer. 

As different material types (even of the same nominal size and class) may cause differing surge 
pressures to develop, it is recommended that water hammer analyses be carried out during 
preliminary design. Computer modelling for water hammer analysis must be undertaken. Graphical 
methods and the Joukowsky Method are not permitted for use. 

4.4.6.2 Computer modelling 

Computer modelling allows the rapid analysis of water hammer in pipelines and is the preferred 
method of analysis.  

Several commercial software packages for water hammer analysis are available to the designer, 
including “WATHAM” (HCP software), “HAMMER” (Bentley Systems) and “INFOSURGE” (Innovyze). 
These programs typically provide graphical plotting of the HGL (Hydraulic Grade Line) pressure 
envelope. A typical example of what is expected by Hunter Water is included in Appendix 44. 

Computer results must not be accepted without critical evaluation. Historically, there have been 
difficulties achieving a realistic simulation of the sequence of events following column separation. 
Programs may over-estimate the effect of the separation. If not recognised, this can lead to 
overdesign and installation of unnecessary surge controls.  In particular, attention must be paid to the 
check valve closure delay parameter as swing type check valves typically used in wastewater 
applications will not close instantaneously on water column reversal.  All input parameters adopted in 
the model must be clearly stated in the design report.  

4.4.6.3 Water Hammer Control 

The preferred method of control is to select an appropriate pipe size and type to ensure that surge 
pressures are within the safe working pressure. This may limit choice of pipe material and/or require 
adjustment of the pipe diameter to reduce the normal velocity. 

Pipeline rerouting to avoid intermediate high points, or trenchless construction to eliminate such 
points, can be considered.  
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Surge tanks are sometimes used but require fresh water, often in high volumes. Alternative pump 
selections to adopt pumps of higher inertia is occasionally an option.   

VSD’s are now used on all new pump stations at HWC so that under normal operating conditions 
(power available), may be used to control the deceleration of the pump to satisfactorily control the 
effects of water hammer. 

A bypass (e.g. a reflux valve with shaved flap) can be used to lower the rate of approach of separated 
columns and can also be useful in reducing the maximum pressure developed. 

Pressure relief and other mechanical devices are not considered suitable for control because of the 
content of sewage.  The reliance on kinetic air valves to mitigate transient pressures is not preferred 
as these items are often not well maintained and will be unreliable when needed.  Further discussion 
is provided in Section 4.8.  

4.4.6.4 Pipe Materials Selection  

The pipe material must be selected to withstand the maximum water hammer surge. In addition, it is 
necessary to assess whether adequate trench support is provided to protect against failure of the pipe 
as a result of water hammer. In ground, the pipeline is tested after installation with a pressure at least 
equal to the design maximum pressure and maintained for four to twelve hours. 

WSA PS Product Specifications identified to in the following sections refer to the Hunter Water WSA 
PS versions. 

Materials to be used for sewer mains can be found in WSA 04 - 2005 

4.4.6.4.1 Pipe Strength Design Considerations 

The following must be noted in consideration of pipe strength and fatigue de-rating for rising mains: 

• Plastic Pipe 

o Where plastic pipe (including PVC, PE or GRP) is to be used for sewer rising 
mains, the selection of the pipe material and class must take into account the 
potential for fatigue resulting from dynamic pressure loading from pump starts.  

o The de-rated fatigue capacity of the pipe is based on the number of pump cycles 
and must be calculated and applied in accordance WSA 03 and all relevant PIPA 
guidelines  

o The number of cycles must be determined as follows: 

 Operating life of 100 years.  

 The number of cycles is determined by calculating the number of pump starts 
over the design life and multiplying this figure by two as well as determining 
and secondary surges (as per WSA 03 methodology).  

 A minimum of n = 5,000,000 cycles must be used for the purposes of 
calculating the de-rating factor.  

 In addition to the above requirements, where GRP pipe is to be used, the 
operating pressure range must not exceed half the pressure class of the pipe.  

 Note that the selection of a single pipe type and class for the entire rising 
main is not mandatory. Different pipe types and classes may be used, provide 
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fatigue requirements are met. Typically, higher classes are required closer to 
the WWPS, with the operating pressure range being informed by the transient 
analysis during normal pump start and stop scenarios.  

• DICL 

o DICL pipes are particularly strong in ring tension and sustain very high positive pressures 
resulting from water hammer.  

o Maximum pressure must not exceed the allowable pressure for the pipe class as 
defined in AS 2280 – Ductile iron pipes and fittings. 

The allowable pressures are limited to the pressure rating of the flanges used (Refer to AS 4087 
Metallic flanges for waterworks purposes). 

Table 3 - Methods for Design of Plastic Pipes and Fittings for Dynamic Stresses - Table 3 of 
WSA 03-2010, Section 3.1 81 

Pipe Line System PIPA Guidelines 

PVC pressure pipes POP101 Issue 1.3 - PVC pressure pipes design for dynamic stresses 

PE pressure pipes  POP010A Issue 5.1 – Part 1: Polyethylene pressure pipes design for 
dynamic stresses 

PE fusion fittings POP010B issue 5.1 - Part 2: Fusion fittings for use with polyethylene 
pressure pipes design for dynamic stresses 

GRP pipes and 
fittings  

There is limited data to detail the design of GRP pipes and fittings.  
The performance of GRP pressure pipes and fittings subjected to systemic 
fatigue is dependent on the integrity of the manufacturing process, 
particularly for fittings. Fatigue design of GRP pipes and fittings requires 
Hunter Water authorisation with appropriate specialist input. The design 
must be objectively certified with reference to testing and validation of 
criteria documented by the manufacturer. Specification of ductile iron 
fittings in lieu of GRP fittings must be considered for applications subjected 
to significant fatigue loadings.  

 

NOTES:  1 PIPA Guidelines are available from www.pipa.com.au.  

2 Where fittings are required for PVC pipelines, they must be ductile iron.  

 

  

http://www.pipa.com.au/images/pdf/POP010B.pdf
http://www.pipa.com.au/images/pdf/POP010B.pdf
http://www.pipa.com.au/
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4.4.6.5 Fittings and Thrust Restraints 

Rising main fittings, anchorages (including straps and puddle flanges) and thrust blocks must be 
designed to be able to sustain the maximum water hammer surge pressures.  

Field testing is often carried out with the rising main at least partially uncovered. Anchorages required 
to resist uplift must be designed without the soil load being taken into account or with additional 
temporary anchorage.  

Design of thrust restraints must be as per WSA 03 Clause 7.9.2. 

Restrained joints such as “Tyton-lok” gasket restrained joints must only be specified where the use of 
concrete anchor blocks are not practical, such as: 

• In congested services areas where future interference with other services can be 
anticipated. 

• Urgent pipeline commissioning. 

• Logistics of providing concrete blocks are difficult, for example in poor soil conditions. 

The details of the proposed restraint, the design test pressure, and ground conditions, must be clearly 
shown on the plan.  

The thrust restraint design must take account of the Acceptance Testing requirements in the 
specification. Sizing and design of all thrust blocks must account for future planned capacity upgrades 
of the pump station based on available information in the approved servicing strategy or utilities 
master plan. Consult with Hunter Water to determine whether there are planned future upgrades. 

Rising main fittings and thrust restraints must be designed to meet the capacity requirements of future 
upgrades identified at the design stage.  

For all rising mains DN300 and greater, consultation with Hunter Water is required to confirm the 
likelihood of further upgrades or increases in pressure, as this may result in the requirement of a 
higher design pressure. 

4.4.7 Pipe Size Selection and Hydraulic Head 

The following factors are to be considered when selecting the size of the rising main: 

• Pipe flow velocity during dry weather and achieving: 

o minimum self-cleansing velocities  

o minimum slime control velocities. 

• Pipe flow velocity and impact on pump head considering: 

o Pump flowrate in dry conditions (minimum flow velocities) 

o Pump flowrate in wet-weather conditions (maximum flow velocities) 

• Detention times of wastewater. 

• Capital and operating cost of the pumping system. 

• Water hammer severity (typically a function of pipe velocity) 
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The use of a single rising main may not meet all criteria and in such cases the following may be 
considered: 

• Variable or two speed pumping with two (or more) rising mains with dry weather flow 
through one rising main and wet weather flow through all mains simultaneously. With more 
than one main, normal practice is for each to be used in turn in dry weather. 

• Staging of rising mains and pumps particularly when inflows to the pumping station in the 
early years of operation are low compared with completed development. In such cases, the 
rising mains for each stage must be designed to comply with the selection criteria. 

Where the friction head of a selected rising main increases the total dynamic head beyond the normal 
range of centrifugal pumping units (approximately 40m), it may be necessary to increase the size of 
the rising main. 

Series connected pumps may be considered if: 

• It is not preferred to increase the size of the rising main; and  
• The total head is greater than the value suitable for single stage pumping 

Series pumping, however, may incur higher cost and greater complexity and must not be adopted 
without thorough investigation including a present value analysis. 

Discharge fittings in sewage pumping stations are preferred to be selected to be one size smaller than 
the rising main to create higher velocities. This acts to clear all solids from the vertical risers, to 
prevent silting in reflux and stop valves and minimises fitting costs. Special consideration is required 
where the rising main is short and the static head is small with the head loss in fittings forms a high 
proportion of the total head loss.  

Friction loss in pipelines must be calculated using the Colebrook - White formula: 

 

𝑉𝑉 = −�32𝑔𝑔𝑔𝑔𝑔𝑔 log �
𝑘𝑘

14.8𝑅𝑅
+

1.225𝜈𝜈
𝑅𝑅�32𝑔𝑔𝑔𝑔𝑔𝑔

� 

Where  

  V = flow velocity (m / s) 

  R = hydraulic radius (m), 𝑅𝑅 = 𝐴𝐴
𝑃𝑃

 

  A = area of flow 

  P  = wetted perimeter 

  S = slope (m / m) - ie. friction loss 

  g = gravitational acceleration (m / s2) 

  𝜈𝜈  = kinematic viscosity of water (m2 / s) 

   = 1.1425 x 10-6 m2/s at 15°C 

  𝑘𝑘   = Colebrook-White roughness coefficient, linear measure of roughness, the 
Nikuradse equivalent sand roughness (m) 

  Q = A v 
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4.4.8 Air Valves on Rising Mains 

For further detail refer to standard construction drawings: SCP-1004 & SCP-1005 

The need for air valves must be minimised during design.  This can be challenging when the pipeline 
crosses undulating terrain.  The designer must balance the costs of deeper excavations to grade out 
high points versus maintaining a consistent depth and the associated requirement for additional air 
valves.  As air valves are associated with higher corrosion risk and maintenance requirements, Hunter 
Water may direct the designer to regrade the pipeline profile if the number of high points is considered 
excessive.  

Bacterial fermentation in the sewage will produce entrained air or gases. The pressures in the pipeline 
will cause the gases to either dissolve to a greater extent than at atmospheric pressure, or in the case 
of insoluble gases be compressed to small size bubbles. 

Gases will tend to come out of solution (boil off) as the pressure reduces along the length of the main, 
or, if un-dissolved, the bubbles will enlarge and coalesce. At high peaks in the line, these gases can 
collect and tend to reduce the carrying capacity by acting as an air lock and reducing the available 
waterway. This will increase velocity head at that point and with it the friction head. Any increase in 
head will reduce the pumped flowrate. 

Air release valves must be provided in the peak areas to enable accumulating gases to be purged 
from the pipeline, but without an escape of the sewage being pumped. Air Valves are classified into 
two broad categories – simple manual air valves, and Automatic Air Valves (AAVs), of which there are 
several sub types.   

In similar water supply schemes, which have the same problem, perhaps to a lesser degree, the 
familiar double-air-valve, which is automatic in operation, is typically specified. Such a valve, without 
modification, is totally unsuitable for use with sewage since it would quickly choke with rags and 
paper. Water air valves are unsuitable for use on sewerage systems and must not be used. 

Preference is to avoid AAVs on sewage rising mains and maintain grade, however if flow velocity is 
inadequate to move an air bubble downstream from a high point and a manual air valve will not be 
appropriate in the required situation, then an AAV must be considered. If a sufficient duration to move 
the gas along a section of downward sloping pipe gradient cannot be reliability achieved on a daily 
basis, then an AAV must be used. Exhaust only air valves are preferred unless there is a water 
hammer or anti surge requirement requiring a different type of air valve. 

The use of double or triple acting AAVs to address water hammer issues shall only be considered as a 
last resort, refer Section 4.6.3.  Allowing air into a rising main often creates more problems than it 
solves, particularly if an AAV is oversized an air is allowed to escape too quickly, exacerbating water 
hammer.  More typical problems include corrosion risk for cement linings, and odour complaints due to 
the large air volumes that need to be subsequently purged.   

The potential for gas collection must be estimated for a system using the Walski et al equation given 
below (or alternate method if prior project-specific approval is given by Hunter Water).  

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 =  �
1𝑔𝑔𝑔𝑔𝑆𝑆0.32

0.88
�

1
2
 

Where  

  𝑉𝑉  = velocity (m / s) 
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  𝑔𝑔 = gravitational acceleration (m / s2) 

  𝐷𝐷 = diameter (m) 

  𝑆𝑆  = slope (m / m) 

Gas movement does not need to be assessed for pipes which run uphill with respect to the direction of 
flow – as air will naturally move to the higher end of the pipe. Two key aspects to consider in applying 
the above equation are the duration and reliability of achieving the minimum pipe flow velocity to move 
gas bubbles along the pipe. For a gas pocket to be successfully transported downstream to the next 
air valve or system outlet, the minimum velocity needs to be achieved for a duration sufficient to move 
the air bubble / pocket to the next low point or outlet. This duration will be a function of control volume 
and pump duty.  

 

4.4.9 Scours On Rising Mains 

For further detail refer to standard construction drawings: SCP-1006 & SCP-1007 

With the design of self-cleansing velocities in rising mains, choked mains will be unlikely. A break in 
the line may occur due to water hammer, cracked pipes, physical damage, etc. When this occurs, it is 
necessary to partially drain the line to enable repair work to be undertaken. 

On short mains, without “peaks” in the line, it is possible to run the sewage back into the station wet 
well and even back into the supplying gravity sewers providing it does not come out through 
Maintenance Holes or house gullies. 

Where peaks exist in the line it will not usually be possible to siphon the pipe contents back as the 
vacuum effect will be broken by the release of dissolved and entrained gases. 

Typically, a break will cause a leak. The water level must be lowered. If this is not possible by relief at 
the station, a scour must be used. 

If it is a major break, the sewage will empty through the break.  

Scours must connect to, in order of preference: 

• A separate sewer (gravity scour) or wet well 

• A pump out chamber (discharge to be removed by sullage tanker) 

• Emergency storage (not usually provided) 

Provided slime control velocities are achieved, periodical scouring of sewage rising mains is usually 
not required. 

4.4.10 Emergency Isolating Valves on Rising Mains 

Emergency isolating valves are not normally required on short sewage rising mains where the volume  
contained within the rising main is less than the control level volume of the wet well. When bursts 
occur, pumping can be stopped and the only back flow is from the main itself downstream of the burst, 
unless the main discharges below the surface of a tank which is not fitted with a siphon breaking 
device.  

Isolating valves are necessary at the junction with another rising main where use is made of a length 
of rising main common to more than one station.  
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Isolating valves are required at either side of railway crossings and crossings of features such as 
rivers with major pipelines. This includes horizontal directional drilling (HDD) sections. Consult Hunter 
Water if the alignment crosses these locations or is underbored to determine if isolation valves are 
required. 

The designer shall include the provision of isolation valves at strategic locations on rising mains. 
Rising mains greater than 1km in length require isolation valves. Valve spacing not to exceed 1km. 
The designer shall provide a clear explanation and justification for the proposed valve locations and 
spacing within the design report, taking into account pipeline length, accessibility, hydraulic 
performance, operational risk and maintenance risk. 

 

4.4.11 Connection of Rising Mains To Maintenance Holes 

For further detail refer to standard construction drawings: SCP-1002 

The rising main discharge maintenance hole and others within 100m downstream, must be coated / 
lined and have a formed channel in the base to maintain laminar flow and limit release of gases. The 
use of maintenance shafts/chamber is not accepted for use at Hunter Water. 

The design for entry of pumped sewage into a maintenance mole must eliminate splashing and reduce 
turbulence to a minimum. This helps to reduce corrosion and odour problems.  

• The inlet for the rising main in the receiving maintenance hole must be in line with the 
direction of flow in the outlet from the Maintenance Hole.  

o Where this is not possible the rising main inlet must be made at an angle of 30° or 
less to the direction of flow in the outlet.  

• A rising main must not terminate in a free fall from a height above the maintenance hole 
invert.  

• The soffit of the rising main inlet must be at the same level as the soffit of the outgoing 
sewer gravity main, provided this gives a small drop in invert across the maintenance hole.  

Arrangements for entry into the discharge maintenance hole are shown in Standard Drawing 
SCP1002. If the design does not adopt the preferred method where the rising main discharge point is 
the highest point on the rising main then, the design must include the following: 

• An explanation of the alternate design within the design report. 

• Determination of the impact on pump head and flow rate during pump startup. Hunter 
Water will not accept a design in which the pumps ‘hunt’ for a pump duty at startup. 

• Confirmation that the distance from the high point to the upstream side of the discharge 
manhole must not exceed 20m if the arrangements in Standard Drawing SCP-1002 are to 
be used.  

o Where it is proposed to place the rising main highpoint further than 20m from the 
connection point, a new receiving maintenance hole is required with connection 
arrangements in accordance with Standard Drawing SCP-1002.  

o Gravity sewer main design must be adopted for the inter-connecting pipework 
between the “new” receiving maintenance hole and the original connection point. 
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Maintenance structures at discharge points must be protected using a coating on the WSAA Approved 
Products List and WSA 201 – 2020 latest edition. Alternate coatings require approval by Hunter Water 
during design phase. 

Pipes which drain out on pump stop are likely to be subject to corrosion issues and must be of a non-
corrodible type.  

Note that discharge arrangements using Barometric Loop structures are not preferred, refer Section 
4.1.1.  

Object to assess 
suitability of pipe

Data
Duty point
Flow Rate Ultimate (L/s)
Total Head (m)

Rising Main
Nominal Diameter (mm)
Area (mm²)
Profile
Max. Static Head (m)
Discharge Level (RL)
BWL at Station (RL)

Pump and Motor
Speed (rpm)
Moment of Inertia (kg· m²)
Rated Power (kW)
Pump Efficiency at Duty 
Point (%)
Max Overall Efficiency (%)
Flow at Max Efficiency (L/s)

Assess flow 
condition in relation 

to velocity etc

Computational 
analysis

Maximum head

Options

Analyse pump system
Modify profile
Increase pipe strength
Select other pipe material
Provide surge control

Proceed to 
specification

Is pipe suitable?No

Yes
Reassessed

Data

Fatigue Analysis

Is pipe suitable?No

Yes

 

Figure 2: Data Analysis Flowchart 
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4.5 Pump selection 

4.5.1 General 

The pumping station in a reticulation system will typically have one of two functions: 

• To convey sewage to the treatment works  

• To convey sewage to another part of the reticulation system 

4.5.1.1 Pumping to a Wastewater Treatment Works (WWTW) 

Where it is proposed to pump from a WWPS directly to a WWTW, Hunter Water will clarify the 
performance requirements of the WWPS to ensure Hunter Water compliance and legislative 
requirements are met. 

4.5.1.2 Pumping to another Part of the Reticulation System 

Where the pumping station is to pass flow to another part of the reticulation system, the pumping 
station may be required to pass flow at a rate that will provide self-cleansing of the gravitational 
sewers downstream. Passing flow into the downstream section at a higher rate (i.e. PWWF) will result 
in improved self-cleansing and the ability to design the sewer at flatter gradients. The improved self-
cleansing is only effective for relatively short distances into the gravity main due to attenuation of the 
wave created by the pumping station. 

In rising mains where friction losses are significant, operating at lower flow rates during normal dry 
weather conditions can result in substantial energy savings. These savings may be sufficient to justify 
the additional capital investment required for a larger or more efficient pumping station. However, this 
approach must be carefully balanced against hydraulic design constraints — particularly the need to 
maintain adequate gradients in downstream gravity sewers. Flattening of downstream sewers can 
lead to reduced self-cleansing velocities, increasing the risk of sedimentation and odour generation. 
Therefore, both operational efficiency and long-term maintenance implications must be considered 
during the design phase. 

In systems where multiple pumping stations are hydraulically linked, it is essential to consider the 
cumulative impact of upstream flows on downstream infrastructure. When a pumping station receives 
inflow from one or more stations, particular attention must be given to the rate and timing of those 
incoming flows—especially where variable-speed or duty/assist/standby pumping configurations are 
proposed. Each station must be assessed not only in isolation but also in terms of its interaction with 
the broader network. Failure to account for these interactions can result in hydraulic overload, 
increased wear on downstream assets, or operational inefficiencies. .  

An example of the impacts of pumping stations in sewerage systems is included in Appendix 2. 

4.5.1.3 Single and Multi-Speed Pumping  

The peak wet weather flow rate (PWWF) at a pumping station may be up to eight times the average 
dry weather flow rate (ADWF). Energy costs may be minimised by utilising multi-speed control of the 
variable speed drives which are controlling the pumps. The major proportion of flow through a 
pumping station occurs at dry weather flow rates. Pumping at a rate lower than PWWF may 
significantly reduce the resistance due to friction in the rising main thus reducing the power used by 
the pump. 
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In the case of multi-speed pumping, the pumps must be selected to suit maximum output 
requirements on high speed and pump a reduced flow on low speed. The reduced flow output would 
generally be in excess of any dry weather flow allowing the majority of flow to be pumped at the lower 
rate. Pump specific energy consumption at the reduced flow output must be as low as other 
constraints allow to maximise energy cost savings. Efficiency at the ultimate duty of the station must 
also be considered as it influences pump and electrical capital costs. 

For sites where multiple station flows are possible, care must be taken in selecting the low speed flow 
rate to ensure that it satisfies the solids transportation requirements of the rising main (refer to section 
4.3), and any minimum velocity requirements of the station pipework. If the minimum station pumped 
flow rate selected does not achieve slimes control velocity in all sections of the rising main, then the 
designer must require that the station control system incorporate a daily operation of the station at a 
pumped flow rate that exceeds the minimum slimes control velocity by at least twenty percent. This 
Maintenance Mode of operation must be selected so as to minimise the consequences downstream 
(see Section 11.3), especially if the station pumps directly to the inlet works of a wastewater treatment 
plant. Mitigating measures can include selecting the time of day when Maintenance Mode is triggered 
so as to not coincide with maintenance runs of other stations delivering to the same destination. 

Control schemes that incorporate continuously varied pump speed must be avoided. Hunter Water’s 
standard Waste Water Pump Station Control Scheme is designed to select one of a number of 
Pumping Levels to best meet prevailing conditions. These pumping levels are an integral part of the 
station’s design and are characterised by the number of pumps called to run and the speed requested 
from the pump drive, where that speed is a fixed speed for that Pumping Level. 

4.5.1.4 Single and Multiple Pump Installations 

As an alternative to the use of one pump sized to handle PWWF, multiple smaller pumps can be 
installed to meet the low and peak flow conditions. With increasing flow rates extra pumps are brought 
online until, with the maximum number of pumps operating in parallel, an output equal to the PWWF 
rate is achieved. 

This alternative provides cost savings as follows: 

• Energy cost savings.  

• Civil cost savings due to the design of the civil work using appropriate control procedures 
as described in Section 6.3.  

• This method can be used to sequence the capital installation of pumps to meet current and 
future demand and may minimise downtime and refurbishment cost. 

Irrespective of the above, pump operating points under each pumping scenario must be fully 
considered by the designer. At no time is a pump to be operated near, or off, the end of its curve. 
Pump selection and sizing to comply with STS 600 General Mechanical Requirements. 

Note that in almost every case, the use of a single pump to meet the maximum duty, operated at 
multiple speeds via a variable speed drive will provide the lowest energy cost solution to the pumping 
requirements of a station, the exception being when pumping to a low head. This means that the 
primary driver for adopting multiple pumps to meet the station duty will be to better accommodate the 
operation and maintenance of the station or to accommodate future augmentation of the rising main. 
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4.5.2 Selection Criteria 

Selection of a type and size of pump is a critical factor in the final arrangement of the mechanical 
equipment within the pumping station, and the final dimensions of the pumping station. 

A design must include, where possible, a commercially available pump which satisfies the duty at, or 
close to, reasonable efficiency. Refer to the Hunter Water Approved Products and Manufacturers List 
for details of pumps accepted by Hunter Water. A pump must not be selected if the duty head is within 
10% of the shut-off head. This is due to poor efficiencies and internal mechanical issues which may 
reduce pump life. It should be noted that any increase in system head for a pump operating within 
20% of its shutoff head is likely to cause a drastic fall off in pump output due to the usual flat 
characteristic curve of commercially available pumps. Especially in the case of some of the low flow 
applications, it will be found that the intended duty point is close to the shut-off head of the pump. This 
is undesirable because efficiencies will generally be poor and more importantly because this allows 
excessive internal turbulence in the pump causing the mechanical seal faces to chatter leading to 
premature seal failure, and most importantly, because the stations performance will be drastically 
compromised. 

Ideally, a pump should be operated at or near its Best Efficiency Point (BEP), however in real world 
applications this is usually not always achievable. Beyond the BEP, there are limitations on the 
maximum and minimum flowrates that a pump should be operated at. The Preferred Operating Region 
(POR) it typically 90-110% of the pump BEP flowrate, outside of which efficiency drops off. The 
Allowable Operating Region (AOR) is specified by pump manufacturer and is the range of flow rates 
where service life is not seriously compromised. Pump reliability generally peaks at 90% of the BEP 
flowrate, then drops off very quickly, as shown in Figure 4.  

For triplex pump stations and above, the single pump operating points must also be assessed and 
considered with respect to the above and Figure 4. The sinlge pump duty point must not sit within 10% 
of the shut-off head. 

 
Figure 3: Factors affecting pump reliability. 
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The designer should target the BEP for the condition that the pump will usually be operated at – for 
triplex and above pump stations, this means single pump operation. For duty / assist operation, each 
pump must still be within the allowable operating region. Note that selecting a reduced speed for the 
single pump operation can allow the shift in BEP required such that both the single pump operation 
and the multiple pump operation has each pump operating sufficiently near to the BEP under all 
pumping scenarios. The low speed single pump operation would need to satisfy the normal 
requirements, including velocity requirements in the rising main and station pipework. 

Variable Speed Drives play an important role in the design of stations where the peak station flow rate 
is achieved with more than one pump operating in parallel. In the absence of VSDs the pump selection 
is usually a poor compromise between suiting the flow from the pump when operating singly and the 
flow from the pump when operating with various numbers of the other pumps. VSDs generally avert 
the compromise by allowing the designer to nominate a pump speed for each combination of pumps 
expected to run (i.e. each Pumping Level) such that the pumps at all times are in a suitable if not 
desirable range of flow. 

The designer must ensure that there is sufficient Net Positive Suction Head available (NPSHa) to 
meet that required (NPSHr) by the pumps under consideration, under all flow conditions.  This is 
critical when upgrading dry well type sites, however these sites are outside the scope of this document 
and Hunter Water will provide additional guidance for upgrading these assets.  Similarly, NPSH needs 
to be considered for submersible sites so that cavitation damage to pump impellers can be avoided.  
The minimum NPSH margin will usually occur at BWL.  As pump suppliers typically define the NPSHr 
as a 3% loss of head, a 1.5m factor of safety shall be adopted.  Note that NPSH is assessed in terms 
of absolute pressure, not gauge.    

In order to assess the design duty of the pump, three pipeline resistance curves are calculated to give: 

• Maximum Head - based on normal maximum static head (ie. BWL) and friction 
head based on old pipe. The following values for the boundary roughness coefficient must 
be used (refer Section 4.3):  

o k = 1.5 mm for v = 0.6 m/s 

o k = 0.6 mm for v = 1.0 m/s 

o k = 0.3 mm for v = 1.5 m/s 

o k = 0.15 mm for v = 2.0 m/s or greater 

• Minimum Head  - based on normal minimum static head (ie. cutin level, normally 
TWL) and friction head based on new pipe. The following values for the boundary 
roughness coefficient must be used (refer Section 4.3):  

o k = 0.6 mm for v = 0.6 m/s 

o k = 0.3 mm for v = 1.0 m/s 

o k = 0.15 mm for v = 1.5 m/s 

o k = 0.06 mm for v = 2.0 m/s or greater 

• Flood Head - based on static head under flood conditions and friction head based 
on new pipe. The following values for the boundary roughness coefficient must be used 
(refer Section 4.3):  
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o k = 0.3 mm for v = 0.6 m/s 

o k = 0.15 mm for v = 1.0 m/s 

o k = 0.06 mm for v = 1.5 m/s or greater 

When determining flood head for the pumps, it must be assumed that the incoming flow may exceed 
the pump capacity even with the reduced head on the pumps. Therefore, the controlling level for 
determination of flood head will be the higher of 1% AEP Level or the level at station overflow 
condition. 

The pump duty point is actually specified on the minimum head curve as established above. This 
ensures that excess flow from the pump is minimised under normal operating conditions. If inflow is 
above the pump output at lower operating levels in the wet well, the sewage level should simply rise 
back towards the normal top water level. 

The pump motor is required to operate in air continuously over the full working range (maximum head 
down to flood head), and be capable of 12 starts per hour, with 2 starts in quick succession. This 
enables the wet well to be sized on the basis of 10 starts per hour, with switchgear rated at 12 starts 
per hour. 

The number of starts per hour may also be limited by the power supply authority depending on the 
authority’s power reticulation system and motor start current. This must also be considered in the 
design. 

Where pumping in parallel is required, the above criteria must be satisfied for each combination of 
operating pumps. 

In general, pump operating speed of 1,500 rpm is normally adopted for sewage pumps – i.e. 4 pole 
pump motors. For larger units, a lower speed will often be offered. For lower flow / higher head 
applications, it may be necessary to accept up to 2,900 rpm, in order to ensure the pump remains in 
its preferred operating range. When considering a pump speed with regards to what is an acceptable 
selection, use the most frequent operating speed. For example, if a 2 pole pump is being considered 
that will normally be operating at 65% speed, then consider the pump speed to be around 1920 rpm, 
making it more acceptable as a pump selection than if it were intended to generally run at full speed. 
For further detail on pump requirements refer to standard technical specification STS 600 

4.5.2.1 Hunter Water Acceptance of Initial Pump Selection 

The following must be submitted within a design report to enable an assessment of the pump selection 
and to review pump test results: 

• Details of the pump duty required 

• A mechanical design report (refer Appendix 1.2), including: 

• Water hammer analysis, 

• Pipeline characteristic curves 

• Pipe material selection 

• Net present value analysis 

• An Initial pump selection report, which includes: 
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o A comparison between suitable pumps from all approved manufacturers with an 
NPV analysis (based on actual overall pump / motor efficiencies and expected 
operating points and durations)  

o Pump operation regions (in terms of % of BEP) 

o Net Positive Suction Head margin (NPSHa – NPSHr) at duty and BWL 

o All relevant manufacturer’s pump parameters, such as: 

 Model 

 Impeller 

 Duty 

 Discharge outlet diameter 

 Minimum pump spacing 

 Minimum pump submergence, Pump / motor efficiency 

 Motor power 

 Minimum throughlet 

4.5.3 Performance Testing And Commissioning 

4.5.3.1 Inspections and Tests 

Pumps are performance tested to AS 2417 Rotodynamic pumps – Hydraulic performance acceptance 
tests, Grades 1 and 2 Part 2 Class C with tolerances for non-mass produced pumps. 

Pumps are not likely to be accepted if the maximum delivery is substantially above the specified limits. 
Such excess flows can have adverse hydraulic effects at the treatment works or at other downstream 
elements in the system. 

4.5.3.2 Commissioning and Site Tests 

Upon completion of installation, the equipment is adjusted where necessary and placed into operation 
as near as possible in the manner, and under the conditions it will operate in practice. Tests are made 
to ensure all protective devices, and controls are fully operational. 

Performance tests must also be made to verify the designed performance under operational 
conditions. Refer to STS 402 for full details of commissioning and site tests. 

4.5.3.3 Grinder Pumps 

Grinder pumps may be used in certain low flow designs where net present value analysis identifies 
grinder pumps as the lowest cost option, including consideration that grinder pumps require higher 
maintenance and have a shorter life. Flushing and scouring points need to be included if grinder are 
selected for use. 

The design and analysis must assess grinder pumps with the following criteria (based on operating 
experience) 

• Design life maximum      5 years  

• Replacement of cutting components maximum   2 years  
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• Grinder pumps enable the use of small bore rising mains down to a minimum of DN50. 

Grinder pumps and/or rising mains under DN100 must not be used for stations with design flows 
(PWWF) of 5L/s and above. Where flows are below 5L/s, written approval of Hunter Water must be 
obtained before designing stations with grinder pumps and/or rising mains under DN 100. 
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4.6 Wet Well Layout 

4.6.1 General 

The number of pumps installed, and their outputs, will generally depend on the pumping strategy 
adopted. In all cases, standby must be provided such that should any one pump in the station be 
inoperable, 100% of output is still available, for example: In a station where a single pump provides 
the duty output, a second pump of equal capacity is mounted. Where three pumps of equal capacity 
are required to meet maximum flow conditions, a fourth pump of similar capacity is provided. In special 
cases, where power loss could result in serious pollution of receiving waters, the following methods of 
improving the reliability of the power supply to the pumping station may be considered: 

• Standby power generation 
• Dual power feed - two separate electricity supplies from two separate sources. This could be 

from two different zone substations or from each half of one substation. 

4.6.2 Hatch Openings And Pump Spacings 

Hatch openings must be suitably sized and located to allow the pumps clear passage to be removed 
vertically in a direct lift along the guiderail axis. For further detail on pump spacing (dimension D) refer 
to Figure 1: Wastewater Pump Station Discharge Pipework Standard Layout in Section 3.2.  

These dimensions fix the hatch opening size and location relative to the wet well.  

For further detail on hatch sizing refer to standard construction practice SCP drawing set. 

The most suitable pump locations are to be developed in the design. Extended guide brackets may be 
required to optimise pump locations. Pumps are to be positioned, and guide rail brackets designed 
such that fouling does not occur when the pumps are raised and lowered through the hatch. 

From Figure 1 in Section 3.2 pump spacing (dimension D) may be modified to suit pumps provided 
that the dimensions are suitable for the equivalent pumps from each of the approved manufacturers 
sized for ultimate duty. 

4.6.3 Wet Well Design 

For typical layouts refer to standard construction practice SCP drawing set. 

4.6.3.1 General 

Wet wells must be arranged to have the minimum ‘dead space’ where solids can accumulate in order 
to provide smooth, even flow to the pump entrances and to adequately accommodate all pipework and 
pumping equipment. Flow must not travel past one pump inlet to reach another inlet. 

Inlet design must ensure no swirling in the wet well.  

Incoming flow must not impinge directly on submersible pump units. Excessive aeration of the 
incoming sewage must be avoided for the following reasons: 

• Entrained air may cause the pumps to lose prime or may compromise the performance of 
the pump  

• It may lead to air build up in the rising main. 

• It is likely to release H2S, leading to corrosion and odour problems 
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In small stations, with incoming design flows of 5 L/s or less, a plain inlet will generally be sufficient, 
refer Figure 5. 

In small stations with incoming design flows less than 60 L/s, swirling and excessive aeration may be 
overcome by the use of a drop tube attached to the incoming sewer, refer Figure 6. Drop tubes are to 
be fabricated from Grade 316 stainless steel and are designed as Tee sections with an open end at 
the top to facilitate cleaning out large debris which may lodge in the tube. The drop tube must be a 
minimum of 900mm horizontal offset from the centre axis of the pump. 

In larger stations with incoming flows of 60 L/s and greater, a baffle system is required, refer to Figures 
7 and 8. For further information on baffle systems and design criteria refer to Flygt Systems 
Engineering brochure entitled “Design Recommendations Pumping Stations with Large Submersible 
Pumps” and the Bibliography contained in this Flygt brochure. 

The storage required in a wet well is a function of the sewage inflow and the chosen pump capacity. 
However, the following must also be considered: 

• Any storage area will act as a sedimentation tank and allow settling of sewage solids 
which, if not directed to the pump suction, may cause odour problems, etc. due to 
fermentation 

• It is recommended that the wet well is benched in order to direct flow to the pump suction. 
For typical benching arrangements refer to SCP drawings. 

• The plan area of the well must be reduced to a minimum while maintaining satisfactory 
storage volume and adequate clearances to all pipework and pump equipment. 

• It is preferred to ensure there is sufficient storage between switching levels to limit the 
number of pump starts, refer Section 5.2, for the following reason: 

o Pump life and efficiency is improved if the frequency of pump start and stop are 
reduced. However, to limit excessive detention times, sewage pumping stations 
are subject to relatively high numbers of switching cycles. The rating of switchgear 
is related to the number of pump starts per hour.  

• As the wet well is also the equipment well, the area must be sufficient to allow equipment 
to be installed with clearances for the equipment installation, operation, and maintenance. 
Sufficient clearance is also required for level instrumentation equipment. 

• To minimise ‘dead storage volume’ the depth from the bottom water level to the floor level 
should be kept to a minimum. The depth will be dictated by pump manufacturer 
specifications on submergence for pump cooling and avoidance of air entrainment, NPSH 
and priming requirements. 

4.6.3.2 Clearances for Pump Suction 

There is no suction pipe with submersible pumps. Sewage enters the pump directly through the pump 
inlet which is on the underside of the pump. There are minimum dimensional requirements for the 
distance from the floor to the underside of the pump, the distance from the pump to front wall and side 
walls and the distance between pumps. These minimum distances are functions of pump inlet 
diameter, pump overall size, pump capacity and pump design. The design must comply with the 
minimum clearances provided in manufacturer pump specifications. 
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4.6.3.3 Determination of Wet Well Control Levels 

This section describes the requirements of a station with two pumps in a duty assist arrangement with 
no low speed requirement. For stations with more than two pumps or stations with more than one 
speed setting (i.e. more than two Pumping Levels) Section 6.3.3 is applied to determine the cut in of 
the highest Pumping Level, being set at the MTWL (or TWL as appropriate),and the cut out of the 
lowest Pumping Level (Level 1) at the BWL. 

Intermediate cut in and cut out levels are then selected such that all cut-in and cut-out levels are 
separated by 150mm and such that changes in Pumping Level are no more frequent than 10 times an 
hour. The control volumes and expected Pumping Level flowrates are such that there is no steady 
state inflow rate that can cause the Pumping Level to change more than 10 times an hour. 

The well size and control levels must comply with the following: 

4.6.3.3.1 Bottom Water Level (BWL)  

Bottom Water Level (BWL) is set as low as possible (to minimise “dead” storage) but ensuring 
sufficient pump submergence to prevent vortexing and to provide sufficient suction head at the pump 
inlet. Level 1 pumping is cancelled at this level. Both these criteria are achieved with small 
submersible pumps by setting the BWL approximately 1/4 of the length up the motor housing. This will 
also ensure adequate motor cooling. For larger submersible pumps the BWL will be determined to be 
the greater submergence of: 

• The recommended minimum BWL in relation to the pump as per manufacturer 
specifications; or 

• 200 mm above the top of the pump volute casing  

Minimum pump submergence must allow for pumps from each of the approved manufacturers sized 
for ultimate duty.  NPSH must be adequate, refer Section 5.2.   

4.6.3.3.2 Top Water Level (TWL)  

Top Water Level (TWL) is set such that there is sufficient volume between this level and bottom water 
level to limit the number of pump starts per hour to an acceptable number (target 10 per hour). The 
expression to determine this volume is – 

𝑉𝑉 =
900 𝑄𝑄𝑄𝑄

𝑆𝑆
 

 

Where 

  V =  Control Volume (L) 

  𝑄𝑄𝑄𝑄  = Station Design Capacity (L/s) 

  S = Allowable number of starts per hour 

The duty pump is switched on at this level.  

In the case of upgrading an existing station, if the well cross section is too small to accommodate the 
control level design requirements then either a second well with pumps must be built and cross 
connected to the existing well, or the existing well must be decommissioned and a new larger 
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diameter well built. Hunter Water will not accept the option to build a second cross connected well 
unless it is fitted with pumps and all the pumps are in the same cycle of duty. 

Figure 9: Operating Control Levels shows the manner of determining wet well volumes for simple 
switching arrangements. 

The top water level for ultimate flow condition is set 150 mm below the invert of the incoming sewer to 
avoid the possibility of surcharging the sewer. 

Control Depth 

Control depth (ie depth between TWL and BWL) is limited to 1,000 mm in order to avoid excessive air 
entrainment and odorous gas release due to the drop from the well inlet to the well level at any time. 
Minimum control depth is 300 mm. 

Hunter Water specifies radar level controls for primary level monitoring and control. 

4.6.3.3.3 Maximum Top Water Level (MTWL)  

Maximum Top Water Level (MTWL) is set at the invert of the incoming sewer and this level is usually 
only reached when the duty pump is unable to cope with incoming flow.  

The standby pump is switched on at this level if standby pumping has been enabled.  

4.6.3.3.4 High Level Alarm 

High Level Alarm (flood level alarm) is 150 mm above MTWL. 

4.6.3.3.5 Switching Arrangement 

Figure 10 shows a simple pump switching arrangement which is satisfactory for smaller pumping 
stations. 

Figure 11 shows a typical staged switching arrangement for larger pumping stations. In this 
arrangement, the distance between each individual “pump on” and “pump off” would provide a control 
depth which limits the number of pump starts to the maximum allowable, for the rated pump capacity 
for each pump. A minimum difference in levels of 150 mm will usually ensure switching is unaffected 
by turbulence. 

When considering larger stations, the pumping arrangement can affect downstream sewers and/or 
treatment works.  

• By staging the ‘pump-on’ switching, the flow downstream will gradually build up.  

• By staging ‘pump-off’ switching, the flow downstream will gradually decrease, thus avoiding 
the “all on” “all off” situation of smaller stations. A similar approach may be adopted where 
VSDs are in use. 

4.6.3.4 Clearances for pumps and pipework 

Wet wells must be designed to ensure clearances for fitting pumps, pipework and proper dismantling 
provisions, as well as for maintenance. Refer STS 600 for specific minimum clearances.  
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4.6.4 Dry Mounted Submersible Wet Well Design 

4.6.4.1 General 

Dry mounted wastewater pumps stations are not permitted where a wet well submersible station can 
be installed. This type of installation may be used when series pumping is approved for construction 
by Hunter Water. 

The immersible wet well (or pit) must be of sufficient size to allow personnel to move around the 
equipment for installation, operations and maintenance as well as dismantle and assemble the 
equipment. The design must also consider the future replacement of equipment and the installation of 
larger equipment if future flows are expected to increase. This includes consideration at the design 
stage of the location of pipework and the supply of services to current and future equipment. Provision 
of make-up pieces and dismantling joints in appropriate locations may simplify later augmentations. 

Access for maintenance includes consideration for the following: 

• The space required to remove pump covers, suction bends, etc., must suit the largest 
equipment likely to be installed 

• Maintenance access for valves and other equipment 

• Location of electrical connection boxes 

In order to optimise the plan area required for an immersible pump pit, the pump delivery may be 
turned such that the delivery pipework is on the same side as the suction pipework.  

The delivery manifold connecting delivery pipework from each pump must not be vertically above the 
delivery pipework. This would allow solids to settle on and build up within the pipework from the 
standby pumps. 
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Figure 4: Wet Well Inlet Design - Plain Inlet 
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Figure 5: Wet Well Inlet Design - Drop Tube Inlet 
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Figure 6: Wet Well Design - Baffle Wall with Drop Tube 
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Figure 7: Wet Well Design - Baffle Wall Without Drop Tube 
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Figure 8: Operating Control Levels 
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Figure 9: Simple Switching Arrangement 

 

 

Figure 10: Staged Switching Arrangement 
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4.6.5 Draining Valve and Series Pumping Pits 

Valve pits and series pumping pits are designed to remain in a dry condition. Moisture will enter the 
pits from various sources, including: 

• Ground water seeping through the concrete seals around the base and around pipes and 
conduits passing through the walls. 

• Surface water, however a good design should preclude entry of surface water. 

• Sewage from pumps and reflux valves during maintenance. 

• Wash down water used during maintenance and cleaning. 

This water must be removed from the valve / pump pit. The pit floor must be graded to an outlet 
pipeline (minimum DN 100) which drains back into the wet well. The inlet to the wet well must be as 
high as possible, at minimum above the overflow level alarm, 1% AEP level and high level alarm. A 
non PVC flap or reflux valve must be installed on the outlet.  

In cases where it may not be possible to drain to the wet well, a sump and a sump pump must be 
installed. The pit floor must be graded (minimum 1%) to drain to the sump to prevent pooling of water. 
This will enable a moderate amount of raw sewage to be pumped without blocking. The installation 
can be quite small and controlled using float switches.  

The discharge from the sump pump must be directed to the station wet well. The design must ensure 
that sewage cannot siphon back from the wet well to the pit at any time. A reflux valve is not preferred. 
The sump pump delivery discharge must be installed above pumping station overflow level alarm and 
above the 1% AEP Level. 
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4.7 Valves and Pumping Station Pipework 

For further detail refer to HW standard construction practice drawings. 

4.7.1 Isolation of Pumping Stations from Incoming Flow 

Pumping stations must be able to be isolated for wet well maintenance or other works.  

4.7.2 Isolating Pumping Stations with Submersible Pumps 

The preferred isolation method is to use a stainless steel knife gate valve and extension spindle as per 
STS 600. This arrangement has small face-to-face dimensions, does not significantly ingress into the 
pumping station wet well and is suitable for use with raw sewage.  

4.7.3 Isolation of Pumps From The Rising Main And Wet Well 

Each pump is fitted with a reflux valve and a stop valve on the delivery side of the pump.  

• The reflux valve ensures that backflow does not occur from the rising main through the 
pump when the pump is not operating.  

• The stop valve is positioned downstream the reflux valve so that the rising main can be 
isolated when it is necessary to carry out maintenance on either the pump or the reflux 
valve. The stop valve is in the fully open position when the pumps are operating.  

Submersible pumps do not usually require separate hydraulic isolation as they may be withdrawn from 
the well for inspection, removal of chokes and maintenance. 

In the case of single well pumping stations with submersible pumps, valves on the discharge pipework 
are to be mounted in a separate pit from the wet well. This minimises the size of the wet well and 
provides access to the valves and pressure gauges for operation and maintenance. 

4.7.4 Bypass Connection Point 

Pumping stations must be able to be bypassed for operation and maintenance. Refer to SCP drawing 
set for bypass connection point layout. 

4.7.5 Types of Valves Used 

For further detail refer to standard construction drawings. 

All valves must comply with STS 600. 

4.7.5.1 Isolating Valves 

Gate valves are preferred for isolating duties. Gate valves are considered to offer unobstructed full-
way flow and are capable of shearing fibrous matter upon closure.  

• Delivery side - Use conventional gate valves  

• Wet Well Inlet side – Use stainless steel knife gate valves  

4.7.5.2 Non-Return Valves 

Non-return valves (also known as reflux valves) are installed between the pump and its discharge 
isolating valve to enable maintenance of the non-return valve while operating other pumps in the 
pumping station. 
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Double hinged long body swing check valves are preferred as non-return valves.  

• These valves offer unobstructed full-way flow when open and they have the ability to shear 
fibrous matter upon closure.  

• Single hinged valves are considered to be more likely to stay partially open when solids 
rest on the sealing face.  

• non-return valves are to be installed a minimum of 5 pipe diameters downstream from 
pump discharges and pipe fittings that cause flow disturbance and at least 2 pipe 
diameters upstream from pipe fittings that cause flow disturbance. 

 

Non return valves to have visual indication of valve position (open vs closed).  

Addition of a counterweight enables control of the closing characteristics for water hammer control 
purposes, however this will add additional fitting head loss to the pumps.  

Swing check non-return valves installed in the vertical ‘up’ position are not accepted as deposition of 
sediment on the closed disc can prevent the valve from opening.  

If it is necessary to install a non-return valve in the vertical up position Hunter Water approval is 
required. In this case, a sinking ball valve must be used as this type of valve is able to shed sediment.   

Electromagnetic proximity switches are available with ball type valves for no-flow sensing.  

Care must be taken with the ordering of ball type non-return valves as they may be used in the 
vertical, horizontal or in between orientation.  

The design of the ball is, however, specific to each case (ie. the specific gravity is varied depending 
upon orientation) and will not operate satisfactorily unless the correct ball is selected. 

Materials used are described in Hunter Water WSA-PS Product Specifications available on the Hunter 
Water Website.  

4.7.6 Valve Pits 

For further detail refer to standard construction drawings. 

Valve pits are to be sized to ensure, that sufficient room has been provided for: 

• Valve fitment, maintenance and dismantling  

• Pressure gauges  

• Refer to section 12.1.1 for access requirements. 

Figure 12 shows minimum clearances and dimensions required for typical valve pits. Refer to STS 600 
for additional clearance requirements.  

4.7.7 Pipework 

For further detail refer to SCPs drawing set. 

Inlet pipework from the collecting maintenance hole to station wet well as a minimum must be DICL. 
Cement lined pipe can be problematic, particularly if there are other WWPS upstream as the lining will 
be affected by gas attack. In such a case, DI with Polyurethane Lining (DI PUR) is required. 
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Nominal fall must be 100 mm. The connecting pipework must be sized for ultimate flow but must not 
be less than the diameter of the largest sewer discharging into the collecting Maintenance Hole. 

Discharge pipework from the pump discharge bend through the valve pit to rising main chainage 0.0 
must be DICL, in accordance with STS 402. Discharge elbow flanges must be offset from the wall by a 
minimum 3 x the flange bolt thickness to provide sufficient clearance from the wet well wall for fastener 
removal.  

 Discharge pipework must rise vertically without any bends or changes in alignment prior to exiting 
through the wet well wall. 

DICL pipes in ground must be protected from external corrosion with a loose polyethylene sleeving 

Two flexible joints (rocker pipes) must be provided for all pipes connected to structures to protect 
against differential settlement. The first joint must be at the edge of the structure or as close as 
possible to the structure. The second joint must be approximately 1,500 mm from the first joint. 

4.7.8 Velocities in Discharge Valves And Pipework 

The discharge pipework is normally selected with a smaller diameter than the rising main with an 
increase in velocity of approximately 2 m/s being preferable to ensure satisfactory operation of reflux 
valves and avoid sedimentation in the valves and vertical pipework. A minimum velocity of 1.5 m/s 
must be achieved at the lowest flow output of the pumps (Pumping level 1, see section 11.). 

For example, in the case of a DN 150 rising main with velocity of 1.2 m/s, DN 100 valves and 
discharge pipework with a velocity of 3 m/s would be selected.  

Maximum velocity is limited to 4 m/s to avoid scouring of the pipework lining or material. 
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Figure 11: Circular Valve Pit 
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4.8 Ventilation of Wastewater Pump Stations 

4.8.1 General 

Sewer gases may be found in confined spaces such as pumping stations. These gases can be toxic to 
personnel entering the installation. The gases may arise due to the septicity of sewage or from 
chemical wastes that find their way into sewers. 

Ventilation of the pumping station by natural air circulation is insufficient to remove the hazard of toxic 
gases. Some gases, being lighter than air, disperse with a minimum of ventilation whereas other 
gases which are denser than air do not readily disperse from confined spaces. 

For this reason, forced ventilation of pumping stations must be carried out if personnel are to enter the 
installation. This must conform to the requirements of: 

• WHS Act NSW 

• WHS Regulation 

• AS 2865 – Confined Spaces 

• Code of practice – Confined Spaces, NSW, 2011 

The following practice must be implemented for submersible pumping stations; 

• All pump station wet wells must be provided with natural ventilation only (refer Section 8.2). 

• Appropriate portable appliances as carried by Hunter Water’s maintenance personnel are used 
to provide forced ventilation to wet wells should access be required (refer Section 8.2). 

Where existing pumping stations are being augmented, ventilation must be in accordance with these 
requirements. 

4.8.2 Ventilation of Wells 

For further detail refer to standard construction drawings. 

4.8.2.1 Natural Ventilation of the Sewer Atmosphere 

As the sewage is directed to the pumping station through the sewer there is drag on the air space 
above the sewage such that the air travels to the pumping station. 

Natural ventilation must be appropriately sized in order to allow the unrestricted passage of this air. 
Wet wells must be naturally ventilated using an induct and an educt vent combination. The provision of 
an educt vent stack approximately ½ of the diameter of the incoming sewer with a minimum diameter 
of 150 mm will likely meet the performance requirements.  

Hunter Water prefers Studor induct vents, or equivalent, with DN 100 pipe. Stations with wet well 
diameters greater than 3,000 mm must have a minimum of two induct vents and associated DN 100 
pipes. Induct vents must be suitably sized in relation to the pump duty to allow sufficient ventilation. 

The outlet of the induct vent pipe must be adjacent to the wet well inlet at a distance sufficient to not 
be impacted by turbulence at the wastewater surface. The induct vent pipe must terminate 150 mm 
above MTWL.  
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The distance between the outlet of the induct vent and the inlet of the educt vent must be maximised 
with the educt vent inlet located as close as possible to the roof of the wet well. Refer to SCP drawings 
for typical induct and educt locations. 

Vent Pipe Stack 

A galvanised and powder coated mild steel educt vent pipe stack is preferred. It must be bolted onto 
the roof of the wet well or located as near as possible to the pumping station to suit the particular site.  

The vent stack must be at least 11.85 m tall and taller than the existing or expected surrounding 
buildings. In low lying areas vent locations may require taller stacks.  

Emissions of odour must comply with the requirements of the NSW Environment Protection Authority 
(EPA). Vent pipe stacks must be designed to comply with the Technical Framework – Assessment and 
Management of Odour from Stationery Sources NSW (November 2006; or latest edition) unless 
otherwise dealt with satisfactorily within the projects REF.  

Vent stacks must be earthed in accordance with STS 500. 

When the educt vent stack is sited away from the roof slab, consideration must be given to the 
guidelines in Section 8.4 below. 

4.8.2.2 Mechanical Ventilation Systems 

Mechanical ventilation (i.e. whirly bird) is required on all educt vent stacks at wastewater pump 
stations. Refer to SCP drawing set. 

4.8.2.3 Odour Control Equipment 

Where natural venting is not appropriate due to visual aesthetics or the likelihood of high levels of 
offensive odours, consideration must be given to the installation of odour control units (OCUs) such as 
Biofilters with activated carbon polishing and forced air removal. Such units reduce or remove 
offensive odours and the remaining air may be vented to the atmosphere. This control is 
recommended wherever the size of incoming sewer exceeds 600 mm and may be justified in many 
smaller situations. The OCU must be of sufficient size to deal with the expected air quantities and 
replacement of the soil bed media may be required depending on the actual concentrations of 
hydrogen sulphide passed through the soil bed. 

OCUs may be either a bypass to the wet well extraction system or a separate system. Refer to STS 
680 for further design requirements. 

4.8.3 Ventilation of Pumping Station Superstructures 

Ventilation of pumping station superstructures is not covered in this manual. 

Where a superstructure (eg. switchroom) is required it must not be placed above a wet well. 

4.8.4 Ventilation at Rising Mains Discharge Points 

Educt vent stacks are required at all Maintenance Holes receiving pumped discharges. It is not always 
possible to prevent anaerobic and even septic conditions developing in rising mains. Gasses which 
are produced under these conditions will be released under the reduced pressure near the outlet and 
further purged from the solution if turbulence or splashing occurs in the Maintenance Hole. Since 
these gases are poisonous and aggressive, quick removal and safe dispersion is essential. 
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Vent stacks must have a diameter equal to the diameter of the rising main being ventilated, up to the 
maximum vent stack size, normally DN 412 as noted in the SCP drawings. Vent stacks discharge 
must have a stainless steel wire cage grill. 

Location of vent stacks may vary depending on many variables, including weather, terrain and 
localised issues affect natural ventilation. The following guidelines must apply: 

• Where possible, vent stacks must be located on high ground above the level of adjacent 
inhabited areas. 

• When high ground is not available, vent stacks must be located at the most exposed site, or in 
places where full advantage can be taken of wind dispersion, eg narrow valleys, gullies, etc. 

• Vent stacks must be located as far as practicable from houses, residential (and proposed 
residential) areas and other habitable areas. 

• Vents must be positioned to minimise their visual impact and be painted an appropriate colour 
(refer Section 8.5). 

• The vent stack must be tall enough to discharge and disperse any foul air above the roofs of 
surrounding buildings, and must be at least 11.85m tall. Taller vent stacks are available if 
required. 

• The vent stack must be connected to the maintenance hole by a line of the same diameter as 
the stack having a minimum grade of 1 % draining toward the maintenance mole. 

•  The final location of all vent stacks must be decided after consultation with Hunter Water. 

4.8.5 Vent Stack Colour 

Vent Stacks are painted to: 

• Minimise aesthetic impact 

• Provide additional protection. 

Following galvanising, the stack should be painted. This colour should be selected depending on the 
surrounding environment, and requires Hunter Water approval. 

Hunter Water accepts alternate colours where appropriate. The colour must be clearly specified on the 
design documentation. The design report must include a mock-up photo showing the proposed 
appearance of the vent and surrounding areas. Colour alternatives include: 
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Colour Location 

Brunswick Green / Cottage Green / 
Hawthorn Green /  Woodland Grey 

Nature or Bush environments 

Pale Grey Exposed open environments with a sky background 

No paint. Galvanised only.  Remote areas where the Vent Stack is not clearly visible. 
Note that galvanised surfaces are highly reflective and vent 
stacks must not impact on surrounding areas. 

 

Types and Heights 

For details of standard educt vents refer to SCP drawings. 
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4.9 Civil Design 

4.9.1 General 

Sewage pumping stations are typically located in low-lying areas to maximise service coverage via 
gravity-fed sewer systems. Where soil conditions are favourable and open excavation is feasible, 
construction proceeds similarly to standard underground water-retaining structures. In such cases, the 
shape and design of the station are primarily influenced by equipment layout requirements and 
construction cost efficiency. A rectangular plan shape may often be the most practical solution. 
 
In many instances, subsurface conditions consist of water-charged sands, silts, or clays extending to 
the full depth of the station. Under these conditions, the open well caisson method is frequently 
adopted. This involves forming a reinforced concrete shell—sometimes incorporating a cutting edge at 
its lower perimeter—above the groundwater level. The caisson is then progressively sunk by 
excavating material from within the shell. Typically, the caisson descends under its own weight; 
however, if resistance is encountered, kentledge (temporary superimposed dead weight) may be 
applied to assist sinking. Alternatively, the use of lubricants such as Bentonite may be considered to 
reduce friction and facilitate descent. 
 
During caisson sinking, maintaining acceptable verticality is critical. The allowable tolerance for vertical 
deviation is generally dictated by the internal fixtures to be installed. Deep caissons with significant 
deviation from verticality pose greater challenges than shallow ones. Key controlling factors to be 
considered include:  

• Alignment monitoring during excavation 

• Uniform excavation to prevent tilting 

• Structural symmetry and weight distribution 

• Groundwater pressure and soil variability  

• Pump guide rails must be vertical 

• Internal walls must to be vertical. 

The following tolerances must apply to the wet well:- 

• In the final position, the centreline of the wet well must not vary from plumb by more than 1 
(horizontal) to 100 (vertical). 

• In the final position, the trace of the centreline of the wet well at the surface must be 
contained within a circle centred in the design position and of radius 150 mm. 

Whilst this is a relatively tight tolerance, it is difficult, due to the variable size of pumps and wells, to 
cover all situations. Any instance of greater misalignment can be assessed on an individual basis as to 
the effect and the need for any corrective measures. 

The depth to which the caisson is sunk is generally governed by the level of the incoming sewer 
except where the geotechnical investigation suggests a very weak founding stratum. The latter would 
be rare as the bearing pressure imposed on the founding stratum by sewage pumping stations is 
generally small. 
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4.9.2 Soil Investigation 

At least one borehole must be drilled at the proposed pumping station site.  

The boreholes must be taken to at least 2m beyond the foundation level except where solid rock is 
encountered which would indicate that open excavation will be necessary. The foundation level may 
often be deeper than first envisaged. Points to be considered are: 

• Depth to Invert of the incoming gravity sewer 

• Sewage depth for control of pump (BWL to TWL). 

• Minimum pump submergence (Pump Floor to BWL) 

• Plug depth to avoid flotation due to buoyant forces (see Figure 16 for plug location) 

A preliminary borehole depth may be found from the following approximation: 

 BD = 1.5(DS+0.1T0.5 ) 

where  

 BD = Borehole Depth (metres) 

 DS = Depth of incoming Sewer (metres) 

 T = Approximate number of Tenements for which the station is to be designed 

A typical soil and groundwater analysis required from the boreholes is as follows: 

• Classification properties 

• Permeability 

• Dispersion 

• Shear Strength 

• Lateral Pressure 

• Settlement 

• Groundwater lowering 

• Elastic Modules Profile 

• Chemical testing of soil and groundwater 

Where excavations at the site will result in excess spoil being produced, and this spoil will require 
disposal off site, the chemical testing undertaken must include that necessary to classify in advance, 
the spoil in accordance with the NSW EPA Waste Classification Guidelines (EPA, November 2014; or 
latest edition) 
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4.9.3 Design Criteria 

4.9.3.1 General 

The reinforced concrete walls internally and externally are designed as components of a water 
retaining structure in accordance with: 

• STS 404 Concrete Supply and Construction (For General Purpose and Water Retaining 
Structures) 

• AS 3735 Concrete structures retaining liquids 

• AS 3600 Concrete structures.  

• AS 4678 Earth retaining structures 

The following design requirements must be noted: 

• The limit state design procedure is adopted for economical design of members. The stress 
in the reinforcement is not arbitrarily restricted as in the “alternative method” and therefore 
should result in thinner sections with less reinforcement. 

• For concrete water retaining structures, it is essential for durability to restrict the width of 
cracks in the concrete consistent with the design exposure condition.  

• The crack control requirement for liquid retaining structures under serviceability conditions 
for flexure and tension shall be in accordance with AS 3735 based on the assumption that 
all areas shall be subjected to intermittent wetting and drying. No reduction in the minimum 
shrinkage reinforcement ratio shall be permitted irrespective of joint spacing.  

• The maximum crack width that shall be permitted on surfaces that are designated as liquid 
retaining structures is 0.1mm 

• Other concrete self-healing compounds used as an additive to the concrete proposed by 
the contractor will need to reviewed by a nominated material expert and approved by 
Hunter Water. Never-the-less, the self-heal compound shall only be used as as an added 
measure to increase durability and reduce cracks widths smaller than 0.1mm. 

• The minimum reinforcement provided must satisfy: 

o  the crack criteria for stresses due to flexural tension 

o direct tension in the mature concrete 

o direct tension due to restrained shrinkage 

o heat of hydration movement in the immature concrete.  

• Small diameter reinforcing bars at close spacing are generally preferred to large diameter 
bars at wide spacing. 

Analysis of precast sections for shrinkage reinforcement is not generally required as these units can 
be examined before installation, the governing criterion being that there be no crack into which a “test 
crack measuring gauge” of 0.08 mm thickness can be inserted to a depth of 2 mm . 

The gauge must conform to the shape shown in Figure C1 of AS/NZS 4058 – Precast concrete pipes. 
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4.9.3.2 Cover to Reinforcement 

Chemical testing of soil and groundwater is essential to allow proper assessment of the required 
external cover to the reinforcement.  

For concrete cast in-situ, internal and external minimum cover requirements on all concrete faces in 
contact with ground, sewage or sewerage gases are specified in STS 404. For concrete not in contact 
with water/sewer/gases, refer to AS 3600 for exposure classifications and cover requirements. 

Where the soil investigation reveals a corrosive environment, the cover externally may need to be 
increased. The extra thickness cannot be used to decrease the amount of reinforcement required in 
the member. Increased reinforcement may be required to overcome shrinkage during curing. 

For smaller pumping stations, reinforced precast concrete rings are often used for the walls as an 
economic alternative to cast-in-situ walls.  

Concrete units precast under controlled factory conditions can be expected to offer more durable 
concrete and as such lesser covers to reinforcement may be permitted providing excessively corrosive 
conditions will not be encountered. Covers to reinforcement generally adopted for precast units are: 

• As specified in STS 404 and AS 3600 

• For highly aggressive ground conditions a greater cover to reinforcement will be 
necessary. Alternatively, the units may be coated with epoxy in which case they may only 
be placed in open excavation, because sinking as a caisson would damage the coating. 

4.9.3.3 Concrete Mix 

Generally, the cement to be used must be either: 

• Fly Ash Blended Cement conforming to the requirements of Type SR to latest revision of 
AS 3972 General purpose and blended cements and containing fly ash to AS 3582.1 
Supplementary cementitious materials for use with Portland and blended cement – Fly 
Ash, “fine grade” only, or 

• Blended Cement, other than fly ash, conforming to the requirements of Type SR to 
AS 3972 (citation above). 

The concrete must be placed and cured in accordance with: 

• STS 404 – Concrete Supply and Construction for General Purpose and Water Retaining 
Structures 

• WSA PS – 357 Concrete, Pre Mixed, Normal Class 

• WSA PS  - 358- Concrete, Pre mixed, Special Class 

• AS 3600 – Concrete structures 

• The Water Services Specification latest revision NSW DPWS - Section TR10 Concrete 
Placement 
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4.9.3.4 Protection of Concrete Structures  

Provide a protective coating system for the following concrete structures:  

• All cast in situ wet well concrete.  

• Pre-cast wet well structures or components exposed to septic conditions at any stage of the 
stations design life.  

• Concrete emergency storage structures.  

• Discharge maintenance holes and all concrete structures 100m downstream of discharge 
points.  

• Collecting maintenance holes exposed or likely to be exposed to septic sewage.  

• Maintenance holes that receive other pumped wastewater flows, such as from pressure 
sewer systems, common effluent pumping systems or pump to sewer systems. 

Extend protective coating to the benching of wet wells and the low flow level for in-line wastewater 
structures. Coat all surfaces for off-line wastewater structures.  

Protective surface coatings must comply with WSA 201 Manual for Selection and Application of 
Protective Coatings and Sydney Water’s Supplement to WSA 201 (latest editions). 

The protective coating system selected must be suitable for an extreme exposure classification 
defined within WSA 201 (latest edition) and the specific requirements of the project. 

 

4.9.4 Design Of Pumping Station Walls 

4.9.4.1 Shape 

Walls are designed to resist stresses induced by external active earth pressure and hydrostatic 
pressure (both internal and external).  

4.9.4.1.1 Rectangular tanked walls 

For both wet and dry well stations, assume that water (or sewage) may rise to the top of the wall on 
the wet well side. Walls shall be designed as straight earth retaining element (no hoop-stress induced 
in this case). 

4.9.4.1.2 Circular tanked walls 

The wall is analysed as a cylindrical shell (in plan with induced hoop-stresses), with end conditions 
determined by the degree of fixity achieved during various construction phases. These conditions 
influence the load distribution and structural behaviour under operational and temporary states. 

4.9.4.2 Wall Loads 

If the wall is proposed to be constructed in open cut excavation, h the design must consider lateral 
earth pressure, overburden construction loads pressure and hydrostatic water pressures as specified 
in the geotechnical reports and structural advice based on AS 4678 acting in on the wall from the earth 
face of the wall. The structural design shall consider both the temporary construction stage and in 
service stage with full dry and wet conditions.  
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The following two end conditions must be considered: 

The wall is positively fixed to the base slab with reinforcement,  

o The structure is analysed as having a fixed base and free top. 

The wall is rested on the base slab and sealed with cement mortar 

o The structure is analysed as having a hinged base and free top. 

Additionally, the wall must be checked for an internal triangular load increasing linearly at 10 kN/m2 
per metre depth imposed by the maximum liquid level. In this case, it is assumed that the external soil 
pressure is not effective. This condition can be alleviated by specifying progressive backfilling of the 
structure and designing accordingly.  

If the wall is to be constructed in caisson form, the following conditions must be considered:  

During sinking, the wall is analysed as a cylindrical shell with free top hinged base subject to a linearly 
increasing external triangular load imposed by soil pressure and, where present, groundwater as per 
geotechnical investigation reports and advise.  

With the caisson plugged at the base and dewatered, the wall is analysed as a cylindrical shell with a 
free top and fixed base, subject to linearly increasing external triangular load imposed by soil pressure 
(Ka = 0.5 for long term suggested, but to be confirmed by project geotechnical engineer if higher 
values need to be adopted) and, where present groundwater to be included as well. Refer to AS 4678 
for more guidelines. 

With the caisson plugged and no groundwater present, the wall is analysed as a cylindrical shell with a 
free top and fixed base subject to linearly increasing internal triangular load imposed by the minimum 
liquid level (10 kN/m2 per metre depth) and the external load imposed by the soil, neglecting the top 2-
3m of the disturbed soil depth. See Figure 13. 

With (1) or (2), the caisson wall must withstand any surcharge loads imposed during and after 
construction. Stockpiling of excavated material near the caisson combined with heavy machinery can 
result in severe asymmetrical loads. This aspect can be minimised by specifying adequate 
construction procedures 

4.9.4.3 Precast Components 

The standard precast cylinder units as supplied by Humes and Rocla and precast components 
supplied by Q-Max Pumping systems are suitable up to the following depths from the top of the roof 
slab to the top of the floor slab: 

 

Table 4 - Precast Cylinder Installation Depths 

 DN  Maximum Depth (mm) 

 1800 to 2100 6,000 

 2400 to 3200 8,000 
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Specifically designed units with additional reinforcement suitable for depths up to 9,000 mm may be 
accepted subject to Hunter Water approval.  

4.9.4.4 Toe of Caisson Walls 

The base of the caisson wall is often provided with a cutting edge sloped between 30 and 45°to the 
vertical, with the steeper slope being preferred for clay soils and the flatter slope for sandy soils. The 
underside of the cutting edge is projected beyond the face of the wall to act as a reamer reducing the 
skin friction resistance. The reduction may be significant in clay soils but is generally much less 
effective in soft sandy soils which are quickly reconstituted against the face of the wall. 

4.9.5 Hydrostatic Uplift (Buoyancy) 

Buoyancy factors must be included into design and placed in a table in the design drawings. Buoyancy 
design must be included for all pump station wet/dry wells, to withstand hydrostatic uplift pressures 
due to high water table, flooding conditions when the well is empty and/or full (caused due to wet 
weather, proximity of creek, or pumpstation/sewer main failure) without considering the pump weights, 
and  concrete roof slab weight to counteract loads. Refer to AS 3735 and AS 4678 for more design 
guidelines. 

4.9.5.1.1 Open Excavation 

For open excavation construction, the excavation must be kept dry until backfill is placed.  

The base slab is usually designed to extend outside the walls such that backfill placed on top of the 
slab protruding beyond the external face of the wall is utilised to counteract the pressures acting to 
float the structure. Until backfill is placed, the structure may float. The excavation must, therefore, be 
kept dry. If water floods the excavation, a similar head of water inside the structure must ensure that 
flotation does not occur.  

4.9.5.1.2 Caisson 

For caisson construction, upon reaching the desired depth, a concrete plug is placed to form a seal. 
The concrete plug must add sufficient mass to the walls to counteract the hydrostatic uplift pressure 
when the caisson is dewatered. The remainder of the internal work can then be carried out in the dry.  

The depth of plug required is determined from the balance of forces. If skin friction is neglected the 
required depth is found simply by the equation: Upon reaching the required depth, a concrete plug is 
placed to create a watertight seal. This plug provides sufficient mass to counteract hydrostatic uplift 
pressure when the caisson is dewatered, ensuring stability. Once sealed, the remaining internal works 
can be carried out in dry conditions. 

The required depth of the concrete plug is determined by balancing forces. If skin friction is neglected, 
the depth can be calculated using the following equation: 

 

𝑑𝑑 =
2.4𝐷𝐷2𝐻𝐻

1.4(𝐷𝐷 + 2𝑡𝑡)2
− 𝐻𝐻 −

𝑊𝑊
1.4

 

 

where 𝑑𝑑 = depth of plug (metres) 
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 𝐷𝐷 = internal diameter (metres) 

 𝐻𝐻  = depth of caisson from top of wall to top of plug (metres) 

 𝑡𝑡 = wall thickness (metres) 

 𝑊𝑊 = depth of water table from top of wall (metres) 

Skin friction may be considered if sufficient soil information is available. The top 2 to 3 m are neglected 
as the soil may not be reconstituted following sinking of the caisson. See Figure 13.  

If skin friction is to be taken into account the required depth of plug will be found by:  

𝑑𝑑 =
1

𝑓𝑓𝑓𝑓(𝐷𝐷 + 2𝑡𝑡) + 14𝐴𝐴𝐴𝐴
[10𝐴𝐴𝐴𝐴(𝐻𝐻 −𝑊𝑊) − 24𝐴𝐴𝐴𝐴𝐴𝐴 − 𝑓𝑓𝑓𝑓(𝐷𝐷 + 2𝑡𝑡)(𝐻𝐻 − 𝑌𝑌)] 

where 𝑓𝑓 = skin friction assessed from soil tests (kPa) 

 𝑌𝑌 = depth of caisson from top of wall not considered to be 
contributing to skin friction (metres) (minimum 2 metres) 

 𝐴𝐴𝐴𝐴 = Plan view area of Caisson = 𝜋𝜋
4(𝐷𝐷+2𝑡𝑡)2

 

 𝐴𝐴𝐴𝐴 = Cross sectional area of wall = 𝜋𝜋
4[(𝐷𝐷+2𝑡𝑡)2−𝐷𝐷2]

 

Note: Skin friction will depend on whether open excavation or caisson construction is used. In open 
excavation construction, material used for backfill must be considered. In caisson construction, 
consideration must be given to soil type and whether a clearance ring is used in which case friction 
forces may be considerably reduced. 

Since the plug itself will be under load, the minimum plug depth required is based on the flexural 
strength of the concrete such as to limit tensile stress to 0.13√𝐹𝐹′𝑐𝑐 MPa. Minimum plug depth, 
therefore, is found by the equation: 

𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑆𝑆�
3𝑃𝑃𝐷𝐷2

8𝐹𝐹𝐹𝐹
 

where 𝑆𝑆 = Safety Factor to allow for the non-uniform depth of plug and likely 
poor quality of concrete on the underside of the plug. Normally a 
factor of 1.5 should be adequate. (Minimum 1.1) 

 𝑃𝑃 = Contact soil pressure or hydrostatic pressure (MPa) 

 𝐷𝐷 = Internal diameter (metres) 

 𝐹𝐹𝐹𝐹 = Allowable tensile stress for concrete ( 0.13√F’c) 
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 𝐹𝐹′𝑐𝑐 = Compressive strength of concrete at 28 days. 

 

 
Figure 12: Caisson (plug)  
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4.9.6 Base Slab 

A base slab is placed on top of the plug-in caissons to be watertight to provide a solid base on which 
to mount equipment.  

The slab is designed to sustain the full hydrostatic pressure on the underside if leakage past the plug 
occurs.  

For larger pumping stations, the design span may be reduced by anchoring the slab to the plug. The 
slab again is designed to limit cracking to a maximum width of 0.1 mm. 

4.9.7 Roof Slab 

4.9.7.1.1 General 

For further detail refer to HW standard construction drawings. 

The roof slab is designed to limit cracking to a maximum of 0.1 mm width.  

The location of the pumping station will determine whether vehicle loading should be considered.  

Roof openings require particular attention especially where removable beam recesses are to be 
provided.  

Concrete protection required underside of roof slab. 

4.9.7.1.2 Hatch Openings and Pump Spacing 

See section 6.2 Hatch Openings And Pump Spacings. 

 

 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  78 of 105 

4.10 Electrical 

4.10.1 General 

Overhead electricity mains must not enter a public reserve by more than 1 m. Locate power poles to 
reduce their number and environmental impact. 

Where a “lead-in pole” is required, design to: 

• STS 402 Construction of Submersible Sewage Pumping Stations, and  

• Supply Authority requirements. 

Where crossing or running parallel to other services, underground cabling must be spaced as 
approved by the agency responsible for the adjoining service. These mains must not at any point be 
located within 300 mm of any water service. This separation is a requirement of WSA 02 

Where a cable passes under a road or path, a marking plate is required at each side of the road or 
path to the concrete kerb or to a concrete block approximately 150 mm x 150 mm x 300 mm deep. 

4.10.2 Design Standard Precedence 

Electrical design must be in accordance with the requirements of Hunter Water Standard Technical 
Specification STS 402 and STS 500 and STS 550. 

4.10.3 Standards 

Except where STS 500 or STS 402 requires a higher standard, design in accordance with the current 
edition of AS/NZS 3000 – Electrical installations (known as the Australian/New Zealand Wiring Rules), 
the NSW Service Rules & the Supply Authority Regulations, the local requirements of Telstra and the 
requirements of all relevant Statutory Authorities.  

References to particular clauses of any standard throughout this manual and in STS 402 does not 
relieve the Designer of responsibility to comply with all clauses, where applicable. 

Refer to STS 500 for connection box, cabinet and meter design information. 

4.10.4 Pump Operation 

The electrical equipment must be sized to enable the total installed number of pumps to all be operate 
simultaneously. For example both pumps running simultaneously for a duplex station or all 3 pumps 
running simultaneously for a triplex station. 

For vacuum pumping stations, the electrical equipment must enable all vacuum producing pumps to 
operate together.  

• Where only two discharge pumps are to be installed ultimately, size the equipment for both 
discharge pumps to operate together when all vacuum pumps are operating.  

• Where more than two discharge pumps are to be installed ultimately, size the equipment 
for one less than the maximum number of final discharge pumps to operate together when 
all vacuum pumps are operating. 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  79 of 105 

4.10.5 Housing Switchgear 

Hunter Water Standard outdoor electrical switchboard must be mounted on a 300 mm high concrete 
upstand suitable for the particular standard switchboard cabinet dimensions and located adjacent to 
the hatch opening.  

The outdoor switchboard must be sited adjacent to the wet well, as shown on Hunter Water’s standard 
roof slab drawings, with the switchboard doors opening away from the wet well opening to enable the 
hatch opening to be visible to an operator when operating pump starters.  

Switchboard dimensions must be determined once pump motor power, method of starting and number 
of pumps are known, and it has been confirmed that the civil design includes provision of the 
switchboard. 

Switchgear is often larger than the civil designer may anticipate. It is essential that early discussions 
are held with electrical designers such that ample room is made available to house switchgear and 
control gear assemblies.  

A switchroom for larger or more complex installations may be required 

Design of switchrooms for larger stations is outside the scope of this manual.  

All electrical installations must be protected from inundation by flood and rainwater. 

4.10.6 Electrical Conduits and Cable Trench 

Electrical cables from the connection box’s  to wet well must be laid in a cable trench formed in the top 
of the roof slab.  The cable trench in the roof slab must be placed adjacent to cable holders (ie. 
immediately adjacent to fillets in roof slab opening) and must have a composite cover that is non-
conductive which can be removed only when either the hatch covers or connection box’s are opened. 
Folded aluminium covers may be acceptable provided they are fitted with a robust earthing 
arrangement. Refer to standard construction drawings listed below for cable trench detail in typical 
sewage pumping stations. Consideration must be given to sealing the cable to wet well penetration to 
prevent odours escaping.  

Electrical conduits are required for  any remote equipment and incoming power supply. Early 
coordination of the position and entry of cables and conduits to the civil structures must be made. 

For further detail refer to standard construction drawings. 

4.10.7 Switchgear and Control gear Assemblies 

All pumping station assemblies are to be compliant with STS 500 and the standard electrical drawings. 
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4.11 Pump Control 

4.11.1 Pumping Level Control  

The station must have N+1 pumps (sometimes referred to as N-1 redundancy) which is to say that the 
station must be capable of achieving the full design flow rate with one less than the installed pumps 
running. In the case of stations featuring series pumping then this implies that the full design flow rate 
can be achieved with a single pumping pair not running. Note that this assumes all pumps are 
designed as identical which is the expectation for pump station designs. If a designer proposes non 
identical pumps then the case would need to be specifically made that it is the best option for the 
station and that case accepted by Hunter Water. In the case of non-identical pumps, N-1 redundancy 
would need to be achieved for all operating conditions such that full range of flows designed for can be 
achieved with the loss of any one pump. 

Each flow rate designed to be produced by the station is known as a pumping level. The pumping 
levels are numbered from 0 to the highest Pumping Level in order of flow rate with Pumping Level 0 
corresponding to no pumps running. A pumping level is selected based on the combination of the 
current pumping level and the sewage level in the well, being above or below a nominated level. 
Those well levels are labelled cut in levels or cut out levels depending on whether the level is calling 
for a Pumping Level to be called into operation or cancelled. To give a simple example, a duplex pump 
station with variable drives fitted may have three pumping levels including Pumping Level 0 which 
calls for no pumps to run. Pumping level 1 calls for a single pump to run at 83% speed because 83% 
speed has been determined using the pump curve, system curve and affinity laws to have the lowest 
specific energy consumption while still achieving the requisite velocities in the station pipework and all 
sections of the rising main. Pumping level 2 calls for a single pump running at 100% speed which by 
design achieves the full design flow rate for the station.  

The control schemes of all new duplex stations are to only call for a maximum of one pump running at 
a time. If upgrading an existing duplex station then the default position must adopt the same control 
philosophy as above but the designer must consult with Hunter Water as there may be a preference to 
include a pumping level that calls for both pumps to run for that station. The electrical design must 
allow for all pumps to run simultaneously, see section 10.4 for further detail. The water hammer 
analysis must be modelled for single and dual pump operation. This is to allow for future operational 
flexibility. See section 4.6 for further detail on water hammer analysis. 

Pumping levels are to be documented on the sectional elevation drawing, in the electrical drawing set, 
and in the station data sheet as prepared by the designer for the integration contractor which forms 
part of the design report. In each case the pumping level description will nominate the number of 
pumps called and the pump speed at that Pumping Level. 

4.11.2 Water Level Monitoring 

Hunter Water uses 3 types of level monitoring devices. Level monitoring devices and associated 
equipment must be free of impedance or entanglement within the well throughout the levels of 
operation. 

4.11.2.1 Float Switch 

Float level switches are used as a contingency device because of their simplicity, and ability to 
operate correctly after being inactive for long periods. There is one float implemented in every well 
where the float is suspended above the normal dry weather range of operation, where it is known as 
the high well float. Their primary role is to detect abnormal operation of the station. The primary failure 
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mechanism for this float is where the rafting in the well has been allowed to progress to a point where 
a rising well level fails to tip the float because the rafting has mechanically prevented the float from 
tipping. Given that this is defeating the backup control of the station it is a rare but important failure 
with almost always serious consequences. As such it is recommended that all stations have an 
automatic scour function implemented to help ensure that there is not sufficient build up of rafting as to 
interfere with the high well float.  

4.11.2.2 Radar Level Sensor  

Hunter Water has standardised on radar level measurement in the wet well in order to avoid problems 
associated with hydrostatic level probes. However, when upgrading an existing pump station check 
with Hunter Water if it requires an existing hydrostatic sensor to be retained as it may be that a radar 
unit has been found to be unsuitable for that station (e.g. excess foaming).  

4.11.2.3 Hydrostatic Pressure Probe 

Hydrostatic pressure probes use a submersible pressure transducer with a stainless steel cylindrical 
device supported by an electrical cable. They are a reliable class of level sensor however because of 
their physical location in the well they are susceptible to physical damage and their operation can be 
impaired by physical interference like ragging, and turbulence in the well. When upgrading an existing 
pump station check with Hunter Water if it requires an existing hydrostatic sensor to be retained or 
replaced with radar level sensor. The location of the probe must avoid turbulence within the wet well, 
and not be located in close proximity to the pumps.  

4.11.3 Auto-scour and maintenance modes 

The wastewater pump station standard control scheme includes the ability to enable Autoscour at the 
station. Autoscour if enabled must for a specified time interval each day, cause the operation of one of 
the pumps (potentially a different pump each day) to draw down the well below the normal level 1 cut 
out, such that it operates the pump to a lowest safe level. This has a tendency to limit any long term 
build-up of solids on the surface of the sewage (rafting) by causing the floating solids to be drawn into 
the pump. Autoscour needs to be configured through observation of the actual operation of the station. 
There are no design considerations except that Autoscour is generally conducted with the pump at full 
speed and so the downstream implications of this must be considered. 

In order to avoid issues associated with excessive slime growth and / or sediment transport, low or 
marginal rising main velocities may be partially addressed through the implementation of a daily 
maintenance mode pump run. For duplex WWPS, this will typically involve running both pumps 
simultaneously, adopting the control levels for that pumping level (MTWL), so that an increase in flow 
velocity in the rising main is achieved. This may be particularly useful where a staged increase in 
pump duty is planned, or staging of the rising main has not been adopted. Refer to Section 5.1.3 for a 
more detailed description of this Maintenance Mode.  
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4.12 Site Infrastructure 

For further detail refer to standard construction drawings. 

4.12.1 Access 

Requirements for entry to pumping stations vary depending on whether they are wet well, dry well or 
single well with submersible pumps.  

4.12.1.1 Valve Pit 

The single well pumping station will normally have a valve pit. Pits greater than 600 mm deep must 
incorporate safe internal access in accordance with AS 1657.  

• Vertical ladders may be used to access pits up to 1.5 m depth. 

• For depths greater than 1.5 m metres an inclined ladder is required. 

• Hand posts must be installed. The designer must confirm with Hunter Water if retractable or 
permanently fixed hand posts are to be used. 

• Step irons must not be used. 

The designer may adopt Hunter Water’s standard access arrangement for pits that is detailed on SCP 
drawings. 

4.12.1.2 Wet Well 

Ladders must not be provided in submersible pumping station wet wells. 

4.12.1.3 Hand Rails 

Handrails are used for protection from falls whilst the wet well hatch is open. Wet wells may be opened 
for the following regular operational and maintenance activities: 

• Cleaning (ie. hosing down). 

• Removal of obstructions (eg. length of timber). 

• Attention to level regulators 

• Inspections 

• Maintenance 

The handrail and stanchions must comply with STS 600. 

Where it is impractical to provide a handrail, alternate fall restraint systems may be permitted, subject 
to Hunter Water approval. 

4.12.1.4 Anchor Points 

Where required, fall restraint systems must comply with STS 600. 
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4.12.1.5 Maintenance 

Access must be designed with consideration of the equipment to be installed after civil construction, 
including: 

• Sufficient access opening for equipment to be lowered into the pit 

• Installation access for work crews 

• Mobile cranes  

• Maintenance access for work crews 

Pumps and mechanical equipment are typically installed after the completion of the civil construction. 
Pumps and motors are frequently supplied as factory assembled units. 

Pumping equipment has a frequent maintenance requirement to install and remove these units from 
the wet well. Designers to ensure sufficient dimensions and adequate clearances to allow installation 
and removal of all equipment.  

A common oversight is designs that have not included sufficient clearances, which resulted in costly 
dismantling and re-assembly of equipment or structural modifications to enable proper installation.  

4.12.2 Covers 

Hunter Water recommends the use of standard designs for aluminium covers and safety screens for 
the wet well and valve pit.  

• Hinged “Gas-Tight” covers must be used for pumping station wet well roof openings.  

• Gatic covers must not be used for the wet wells.  

• Recessed aluminium covers must be used for valve pits. 

• Refer to SCP drawings for typical details. 

The type of covers fitted to the valve pit may depend on the location of the pumping station. Where the 
valve pit is subject to vehicular traffic and cannot be relocated, Gatic cast iron covers may be 
considered subject to written approval by Hunter Water. A minimum ‘Class D’ cover is required with 
the correct strength of cover selected to withstand the likely loading application. 

4.12.3 Wet Well Cleaning - Water Supply 

Wet wells are cleaned regularly (typically monthly). 

• This must be designed to be carried out from ground level by directing a water jet at the walls of 
the well without the requirement for entry. 

• Contamination of the water reticulation system due to back siphonage must be prevented.  

• The water service must be designed with an air break or a vacuum breaker assembly such as 
the Reduced Pressure Zone Device (RPZD) found in Standard Drawing SCP911.  
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Pumping stations must be provided with “make-up” water to lessen the effects of detention and 
septicity via a tap in the valve pit as per SCP drawings.  

All water taps on site must have appropriate signage “Not for drinking”. 

Water supply to the pumping station must comply with: 

• The Plumbing Code of Australia (PCA), 

• AS/NZS 3500 – Plumbing and Drainage Set 

• STS 402 

4.12.3.1 Service Main 

The size of the service main to be provided will depend on distance from the water main and the 
available pressure. A minimum available pressure of 20 m head at a flow rate of 0.70 L/s is required at 
the pumping station.  

Where the service crosses a road, the service pipe must be laid in accordance with Standard Drawing 
WAT-106-V – Property Services – Single Service Main to Meter. 

Where a CDU is required refer to STS 670 for requirements of water supply. i.e. safety shower and 
emergency eye wash requires separate RPZDs and has flow requirements. Designers to ensure 
sufficient water pressure is available to safety showers. 

A pressure monitoring device is required to be installed on the mains side (upstream) of the meter to 
monitor mains pressure. 

4.12.3.2 Service Meter 

• An approved testable Reduced Pressure Zone Device (RPZD) must be installed at the meter 
stand in accordance with AS 3500. 

• The meter stand location is site specific. Hunter Water must provide written approval for each 
location provided in the design.  

• Where possible, the meter stand must be located 1m inside the property boundary of the 
pumping station site.  

• The service pipe from the main tap to the meter stand must be laid at right angles to the water 
main. 

• Where the meter stand, including the RPZD, is at risk of damage by maintenance vehicles a 
DN50 galvanised pipe frame must be installed, to be indicated on the project drawings (Refer to 
Standard Drawing SCP911 - Sewer Pumping Stations Water Service Details). Meter and RPZD 
assemblies to have sufficient support. 

• Vandal proof lockable or removable handles are required on all outlet taps.  
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The service must be sized in accordance with the following table: 

Table 5 - Water Supply Service Requirements 

 Service Main 
Length 

Service Main 

Diameter 

Meter Pipe 

Diameter 

RPZD Pipe 

Diameter 

Standpipe 

Diameter 

Hose Tap 

Diameter 

 (m) (mm) (mm) (mm) (mm) (mm) 

 < = 30 25 20 20 25 20 

 30 to 130  32* 25 25 25 20 

 > 130 See note ** As required As required 25 20 

* Hunter Water may permit use of DN 25 water service where the available pressure in the water main is sufficient. 

** Designed to provide a minimum pressure of 20 m head at the pumping station hose tap at a flow rate of 0.70 L/s 

A cast iron path box is required to be installed over the main tap in the water main in accordance with 
Standard Drawing SCP-911 if either of the following occurs: 

• The meter stand is located more than 30 m from the main tap. 

• The service pipe from the main tap to the meter stand is not laid at right angles to the water 
main. 

The path box, if required, must be shown on the drawings. 

Refer to Figure 14 for a typical water service layout. 
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Figure 13: Water Service Layouts 

 

4.12.4 Access Roads and Hardstand Area 

4.12.4.1 General 

Access roads to the pumping station and the standing area at the site must be designed for all vehicle 
types required for the site during construction, operation and maintenance, including: 

• Mobile lifting equipment,  

• Maintenance vehicles  

• Generator delivery truck (Tilt truck or side loader) 
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• Generator laydown area adjacent to generator connection point, and  

• Tankers  

Suitable hardstands must to be provided for mobile cranes (crane trucks) of sufficient capacity to 
maintain pumps and associated equipment.. 

4.12.4.2 Design of Access Roads 

Design access roads in accordance with the Austroads Design Reference Documents. 
Notwithstanding the requirements of the Road Design Reference Documents, minimum requirements 
include: 

• Access roads and hardstand / turning areas and must be designed to accommodate a 19m 
semi-trailer. 

• Road base for access roads must be a minimum thickness of 200 mm. 

• Access roads with grades steeper than 10 % and all hardstand areas must be sealed with one 
of the following: 

o 2 coat bitumen seal,  

o 40 mm asphalt, or 

o Reinforced concrete 

• All vehicle turning areas must be reinforced concrete.  

• Roads must be all weather and suitable for heavy vehicles.  

4.12.4.3 Access and Turning Areas 

Vehicle turning areas must be provided to minimise any traffic hazard caused by vehicles entering and 
leaving the site. In general terms, vehicle turning areas are required where either: 

• The pump station does not front an adjacent roadway, or, 

• The adjacent roadway is a main road. 

Hunter Water and the relevant local council must be consulted in determining requirements for access.  

The design must include one plan view showing vehicular access and turning circles of all vehicle 
types expected to be required at the facility. 

4.12.4.4 Minimum Access Road and Hardstand Requirements  

• Minimum pavement width    4 m 

• Road maximum grade    12% 

• Road preferred and minimum cross fall  3% 

• Road maximum cross fall    5% 

• Hardstand maximum grade   2% 

• Hardstand maximum cross fall    2%     



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  88 of 105 

All proposals for access road grade steeper than 12% must be submitted to Hunter Water for written 
approval before proceeding with the design.  

4.12.5 Fencing 

Fencing requirements are to be established during the concept design. Small pumping stations having 
minor above ground features do not normally require fencing. However, a site-specific assessment is 
required, and must include consideration of the following: 

• Areas at risk to person or property or vandalism may require security fencing. 

• Sites adjacent to developed residential property may require fencing.  

• Fencing is required where Chemical Dosing Units (CDUs) or biofilter type Odour Control 
Units (OCUs) are installed. 

• Fencing is required if the site is considered at potential risk of emitting H2S gas at ground 
level at a concentration which may impact on human health (discuss with Hunter Water). 

• Consider if provision of fencing will block an informal thoroughfare used by the public. If so, 
a designated access route through the site may need to be provided. 

Fencing and gates of pumping stations must be to Hunter Water requirements.   

Where fencing is required, the type of fencing to be used at the particular site must be confirmed with 
Hunter Water and may be welded mesh type, timber paling type with galvanised posts, tubular steel 
type or Colorbond steel  style fencing. Additional information and design requirements can be 
requested from Hunter Water. 

As fencing can have an adverse visual effect on the local amenity, the fencing must be obscured from 
general view, either through planting screening vegetation, or locating the fence further back on the 
property out of visual view. Fences to have as low visual impact as possible and meet the aesthetic of 
the surrounding areas. 

4.12.6 Landscaping 

The remainder of site, including all cut and fill batters and any surface table drains, must be topsoiled 
and turfed.  

If requested by Hunter Water, the design must include a landscape plan which identifies landscaping 
of the site to improve visual amenity. The landscape plan is required to be submitted for assessment 
under the planning approval process.  

The landscaping plans must consider issues such as the conservation of visual amenity, screening, 
noise reduction, access improvement and constraints, stabilisation of site, elimination of soil erosion 
risk, contribution to bushfire risk if applicable, and appropriate vegetation. 

Approved landscaping plans must be incorporated into the construction environment management 
plan (CEMP) prepared for construction works. 

Where possible, cut and fill must be designed to minimise removal of material from the site. For 
additional information refer to STS 413 Landscape Restoration and Revegetation.  
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4.13 Maintenance  

4.13.1 General 

Wastewater pumping stations require an ongoing program of systematic inspection, testing, 
preventative maintenance and equipment overhaul to optimise operations and maintain a safe working 
environment. 

4.13.2 Maintenance 

Regular inspection of equipment is recommended to detect and correct problems before they develop 
into costly major repairs or replacements. The way in which the equipment is operated will increase or 
decrease the amount of maintenance required. The nature and age of the equipment and the number 
of hours operation are factors that will affect the maintenance requirements. 

Hunter Water develops maintenance programs for its facilities. 

Wastewater pumping stations are monitored using a telemetry system. This telemetry system provides 
a record of the operating history. 

The wet well of any pumping station may accumulate a build-up of grit and solids in the bottom of the 
well and grease and slime on the walls. If unchecked, this build-up may cause odour problems and 
generally impair operation. 

The walls of wet wells, especially at sewage levels must be hosed down at least monthly. Particular 
attention must be paid to the cleaning (and untangling if necessary) of level regulators. 

The wastewater pump station standard control scheme includes the ability to enable Auto-scour at the 
station. Auto-scour if enabled must for a specified time interval each day, cause the operation of one 
of the pumps (potentially a different pump each day) to draw down the well below the normal level 1 
cut out, such that it operates the pump to a lowest safe level. This has a tendency to limit any long 
term build-up of solids on the surface of the sewage (rafting) by causing the floating solids to be drawn 
into the pump. Auto-scour needs to be configured through observation of the actual operation of the 
station.  

In order to avoid issues associated with excessive slime growth and / or sediment transport, low or 
marginal rising main velocities may be partially addressed through the implementation of a daily 
maintenance mode pump run. For duplex WWPS, this will typically involve running both pumps 
simultaneously, adopting the control levels for that pumping level (MTWL), so that an increase in flow 
velocity in the rising main is achieved. This may be particularly useful where a staged increase in 
pump duty is planned, or staging of the rising main has not been adopted. Refer to Section 5.1.3 for a 
more detailed description of this Maintenance Mode.  

4.13.3 Operation And Maintenance Manuals 

Appendix A1.4  refers to the operation and maintenance manuals requirements for the designer and 
constructor. 
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4.14 Definitions 

Term Definition 

ADWF The average flow in sewers during a period of dry weather. Refer WSA 02 Sewerage 
Code of Australia. 

High level alarm High level alarm (flood level). The sewage level in a wet well at which a warning will be 
transmitted to Hunter Water’s service centre to alert attention. (Refer Section 6.3.3.4 ) 

AOR Allowable Operating Region. The range of flowrates where the service life of a pump is 
not seriously compromised.  

BEP Best Efficiency Point. The flowrate at which the pump is performing most efficiently 

BWL Bottom Water Level. The minimum automatic operational sewage level in a pumping 
station wet well. Pumps are switched off at this level. (Refer Section 6.3) 

CDU Chemical Dosing Unit 

Equivalent Tenement 
(ET) 

The basic unit of measure adopted by Hunter Water to describe flow from contributing 
sources as a ratio to that flow expected from a single average residential sewer. 

EPA NSW Environmental Protection Authority 

HGL Hydraulic Grade Line 

HRT Hydraulic Retention Time 

Hunter Water Hunter Water Corporation 

Invert  The lowest point of the internal surface of a pipeline or channel at any cross-section 
along its longitudinal section. 

IL  Invert Level 

k Colebrook-White roughness coefficient, linear measure of roughness, the Nikuradse 
equivalent sand roughness. 

MTWL Maximum Top Water Level. The maximum automatic operational sewage level in a wet 
well. Standby pumps are switched on at this level. (Refer Section 6.3). 

NPSH Net Positive Suction Head. The NPSH is the difference between the inlet total head 
(absolute) and the head corresponding to the vapour pressure (absolute) of the liquid. 

OCU Odour Control Unit 

PDWF The expected peak flow in sewers during a period of dry weather. (Refer WSA 02 
Sewerage Code of Australia 

POR Preferred Operating Region. The narrow range of flowrates within the AOR where the 
pump exhibits the best efficiency and reliability.  

PWD NSW Public Works Department 

PWWF The expected peak flow in sewers during a period of wet weather. (Refer WSA 02 
Sewerage Code of Australia). 

Qp The rated capacity of a pump or group of pumps, expressed in litres per second. 

Rafting Rafting describes an accumulation of floating solids, grease, rags and debris on the 
wastewater surface of a wet well, forming a thick layer or ‘raft’. 

REF Review of Environmental Factors 
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Reticulation The network of sewers and rising main(s) in a sewerage system 

SCA Switchgear and Controlgear Assemblies for pumping stations. (Refer Section 10.7). 

SCP drawings Hunter Water’s Standard Construction Practice drawings 

Sewage The waste (mainly water) produced by the community from residential, commercial and 
industrial services 

Sewerage System The complete system of sewers, Maintenance Holes , pumping stations, treatment 
facilities and associated disposal facilities, required to receive, transport and treat sewage 
to a certain standard and to dispose of the resultant effluent in an approved manner 

Superstructure Superstructures, with regards to wastewater pumping stations, refers to the above-ground 
portion of the facility that houses and supports the mechanical, electrical, and control 
components necessary for pump operation.  

TWL Top Water Level. The sewage level in a wet well at which pumps for normal automatic 
operation are switched on. (Refer Section 6.3). 

V Wet well Control Volume. The volume between TWL and BWL. (Refer Section 6.3). 

v The velocity of flow in a given size pipe, expressed in metres per second. 

VSD Variable Speed Drive, which is also known as Variable Frequency Drives or VFD 

WSAA Water Services Association of Australia 

WSA PS WSAA Product Specifications  
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Appendix 1. Drawing and Documentation Requirements 

A1.1. Drawings 

Refer to: 

• STS 904 Preparation of Electrical Engineering Drawings  

• STS 911 Preparation of Mechanical, Civil & Structural Engineering Drawings. 

A1.2. Design Reports 

One hard copy, one electronic copy and one pdf copy of each document and drawings as relevant.  
Electronic copy of drawings must be in CAD format. 

The Design Report, including any special assumptions or design details, includes the following: 

• A Mechanical and Civil Design Report which includes: 

o Wet well diameters and structure levels (e.g., floor level, roof level, overflow level, 
1:100 year flood level). 

o Operating levels (TWL, BWL, etc) including any staged TWL's. 

o Discharge pipework and valves (diameters, materials). 

o Velocities in discharge pipework and rising mains. 

o Pump spacings and pump offsets in wet wells. 

o Detention times of system and any necessary septicity controls. 

o Overflow storage time at ADWF and PWWF. 

o Incoming sewer invert levels and diameters. 

o Methodologies of installation. 

o Duty points. 

o Initial pump selection report (refer Section 5.2.1). 

o Electrical requirements (eg motor rating). 

o Present worth analysis of pumps and rising mains. 

o Rising main selection (diameters, materials). 

o Ventilation requirements. 

o Water hammer analysis details. 

o General comments (eg future upgrading by impeller change; triplex versus duplex 
station, special requirements). 

o Pump out and / or gravity scours and air release valves if necessary. 

o Rising main characteristic curves. 

• An Electrical Design Report in accordance with the requirements of STS 500. 

• A Geotechnical report for the pumping station and rising main. 
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• Dilapidation and Demolition Report 

• Proposed Shutdown Management Plan  

• Copy of the submission to the EPA for overflow approval. 

• Copy of the EPA approval for overflow. 

• Copy of NSW Mine Subsidence Board approval. 

• Copy of all other relevant stakeholders (eg Council and Electrical) approvals  

• Required amendments to technical specification. 

• 1x set of fully detailed drawings (including civil, mechanical and electrical). 

• Provide all updated Work as Constructed documents on completion of all works 

• A Safety in Design Report .  

The designer’s Safety in Design report identifies, as far as the designer is reasonably 
aware, hazards relating to the design which could create a risk to the health or safety of 
persons who are to carry out construction Works or operation and maintenance as per 
WHS Act, NSW and WHS Regulations, NSW. 

A1.3. Contract Documentation 

The designer must ensure that all drawings required including relevant standard drawings are included 
in the contract documents. 

Hunter Water’s Standard Construction Practice Drawings are subject to review. Before including any 
of these drawings in contract documents, the designer must ensure that drawing has not been revised. 
Current drawings may be obtained from Hunter Water. 

The designer must provide a completed technical specification for the pumping station. This 
specification must be based on the Hunter Water’s Standard Technical Specification (STS) for 
construction of wastewater  pumping stations (STS 402) and must incorporate all amendments and / 
or additions as required for each particular pumping station. These amendments must include: 

• Nominating the required pumps, suitable alternative pumps, and pumping station title  

• Specifying the required pump duty point, estimated annual pumped volume, minimum 
motor cable length, the pumping station title and pumping station equipment number on the 
Schedule of Technical Data –Submersible Pump Sets 

• Specifying the required switchboard components, the pumping station title, and relevant 
drawing numbers on the Schedule of Technical Data - Switchgear and Control Gear 
Assemblies 

• Incorporating the following Appendices: 

o Asset and Equipment Number Labels List 

o Numbers to be obtained from Hunter Water and list completed 

o Drawing List (Complete list of contract drawings) 

o Pipeline Characteristic Graphs 

o Bore Logs  



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  94 of 105 

o Equipment data sheets 

• Incorporating any other approved amendments and additions to the standard technical 
specification clauses as required for the particular pumping station and associated 
equipment. 

A1.4. Operation and Maintenance Information Package 

The Operation and Maintenance manual (O&M manual) is compiled in two stages. The first stage is 
produced by the design consultant as part of the detailed design and the second/final stage by the 
Contractor as part of WAC requirements.  

The designer must prepare an operation and maintenance information package to enable the 
construction contractor to complete stage 2 of the O&M manuals development. 

The operation and maintenance information package (STS 906) contains: 

1. Operations and Maintenance Manual Requirements Template  

2. The Asset Data Collection Sheet Template (QT120)  

3. The form “HW2009-2368/1/4.012 WWPS Site Configuration and Operational Information” with 
designer sections completed. Please request this form from Hunter Water. 

The operation and maintenance information package must be prepared in accordance with STS 906 
Operation and Maintenance manual and template requirements. 

If the asset is not a standard pump station (e.g. Dora Creek vacuum stations), the designer must 
revise the generic requirements for an O&M manual (tables of the information required, the template 
and the instructions), so that they accurately represent the operation and maintenance requirements 
for the pump station being designed. The determination if the asset is not a standard pump station and 
the revision of the requirements are to be done in consultation with the Hunter Water. 

Where the proposed works do not involve the construction or upgrade of pump stations but will include 
the installation of electrical or mechanical components then the requirements for the information 
package must be discussed with Hunter Water. 

A1.5. WORK-AS-CONSTRUCTED (WAC) INFORMATION 

Prepare WAC Information in accordance with the Hunter Water Standard Technical Specifications: 

• STS 903 Work-As-Constructed (WAC) Information. 
• STS 911 Preparation of Civil and Structural Engineering Drawings. and 
• STS 904 Preparation of Electrical Engineering Drawings. 
• STS 913 Preparation of Piping and Instrumentation Drawings (P&ID) 
• STS 906 Operation and Maintenance manual and template requirements 

Make amendments if necessary and submit the following WAC information compliant with the design 
and completion of the construction: 

a) one electronic copy in native file format and 
b) one ‘pdf’ format  
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Appendix 2. Influence of Sewerage Reticulation Networks on 
Pump Station Design 

Consider a town of 4,000 ET. If the reticulation system allowed total gravity flow to the treatment 
works, it would be expected that the average daily flow to the works would be approximately 3.8 ML 
(ie. ADWF = 4,000 x 0.011 = 44 L/s) and the peak dry weather flow of the order of 85 L/s. The 
treatment process employed would be expected to be capable of attaining the degree of treatment 
desired under these flow conditions. The works, however, must be hydraulically capable of accepting 
a peak wet weather flow rate of 317 L/s under storm conditions. 

Consider now a town of 4,000 ET in which it has been necessary to employ pumping stations to 
convey flow to the treatment works. Figure A1-1 shows a diagrammatic layout of the system in which 
the pumping stations have the following loadings: 

Pumping Connected Flow (L/s) 

Station ET ADWF PDWF PWWF 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2,500 

900 

500 

700 

1,500 

1,200 

500 

300 

400 

27.5 

9.9 

5.5 

7.7 

16.5 

13.2 

5.5 

3.3 

4.4 

56.3 

23.1 

13.9 

18.6 

35.9 

29.6 

13.9 

9.0 

11.5 

201.3 

75.3 

42.9 

59.2 

122.9 

99.2 

42.9 

26.4 

034.7 

 

Allowing that the pumps installed may deliver excess flow to the design requirements called for, the 
treatment works may be subjected to flow rates of up to say 230 L/s from pumping station 1 and 140 
L/s from pumping station 5. When both discharge concurrently the slug rate may total 370 L/s even 
through the flow rate entering the system from the connected tenements may be at PDWF (85 L/s) or 
even much lower. 

The sewage treatment works must not only be capable of passing this flow rate, but would be 
expected to provide effective treatment while normal dry weather conditions prevailed. Hunter Water 
normally achieves this by utilising balance tanks at the treatment works. With larger pumping stations, 
the best method of ensuring this very often is to set up the pumping stations with multiple output. 

Combinations of submersible pumps are commonly considered as an alternative to the multiple flow 
output wet and dry well stations. If pumping station No.1 was set up with four submersible pumps of 
equal capacity - 3 duty and 1 standby - outputs might be expected to be 80, 150, 200 L/s for 1, 2 and 3 
pumps running respectively depending again on the actual system characteristics. Similarly, if 
pumping station No.5 was set up with three submersible pumps - 2 duty and 1 standby - outputs may 
be say 75 L/s and 120 L/s for 1 and 2 pumps running respectively. 

It is normally less expensive to install single rate pumping. However, if the rest of the pumping stations 
in the example were to be set up with single rate pumping, examine what effect this may have on 
Pumping Stations 1 and 5. 
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Pumping stations 3 and 4 contribute flow to pumping station 1. However, the delivery from these 
stations is to a gravity main of considerable length. Under dry weather flow conditions when these 
stations are pumping intermittently, the flow from them will be attenuated to a greater extent as it 
travels down the gravity main and not more than 15 and 20 L/s respectively will be the effective input 
to pumping station 1. 

On the other hand pumping station 2 delivers flow almost directly to pumping station No.1 which would 
feel the full effect of the pump rate from pumping station 2. Every time pumping station 2 operated 
(assuming single rate pumping) it would cause overload of the low rate pumping stage in pumping 
station No.1 and thus cause higher rate output even though flow contribution to the system is at 
PDWF or below. Pumping station 2, therefore, should also be set up with a reduced dry weather pump 
rate either through two speed pumping or by adopting a three pump design at the station - 2 duty and 
1 standby - output being say 40 and 75 L/s for 1 and 2 pumps running respectively. 

Similarly, pumping station 6 would tend to overload the low rate output of pumping station 5 and a 
reduced dry weather pump rate should be implemented giving say 60 and 100 L/s delivered to No.6. 
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FIGURE A1-1: 
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Appendix 3. Example Design Cycle 

A station is proposed where PWWF is 35 L/s with a requirement that the rising main be around 2.5 km 
long. Two pipe selections satisfy the minimum and maximum velocity requirements of the rising main 
at 35 L/s, DICL 200 and DICL150, and result in practical pumped heads of 32m and 74m respectively 
at 35 L/s. Deciding on the best option in this example is complex, as neither pipe diameter option is 
entirely favoured  when considered against the decision criteria. The criteria includes: 

Water hammer – the selected option must meet water hammer requirements. As water hammer 
compliance is essential, it is sensible to establish that a pipe selection passes water hammer 
requirements before considering it against any other criteria. 

Septicity – an option with an ultimate hydraulic retention time (HRT) less than 4 hours is favoured over 
an option with a HRT over four hours. An option over 4 hours should factor in septicity control 
measures such as Ferrous chloride or magnesium hydroxide dosing. If the mix of pipe selections 
include any sub 4 hour HRT options, then consideration of odour control costs for the must be part of 
the whole of life calculation for the other options being considered. 

Whole of life cost – In considering a favoured pipe selection it is reasonable to restrict the comparison 
to consider the capital cost associated with the pipe diameter (i.e. only rising main costs) and the 
operational costs associated with operating the pumps only. This is usually a simple trade where a 
larger diameter results in higher capital costs but reduces operating costs. To properly consider the 
operating costs a pump selection and pump operating scheme needs to be developed for each pipe 
selection. The operating scheme needs to determine a low speed operation that meets the velocity 
requirements of the pipe. 

Pump Selection – each pipe option being considered will tend to throw up an associated favoured 
pump, and the compliance of that favoured pump becomes part of the consideration when choosing a 
pipe option.  Note that the following examples assume compliance with BEP targets, refer Section 5.2, 
and will therefore have similar maintenance requirements.  

Considering waterhammer, in the above example, we will assume that the water Hammer analysis 
shows that either option is acceptable, noting that in reality, this may not be the case as the  velocity in 
the DN150 pipe is quite high when carrying 35 L/s (1.83 m/s). If the DN150 option were to fail to 
satisfy water hammer requirements, then it need not be considered further. 

Considering HRT, the DN200 option has a HRT of over 5 hours whereas the DN150 rising main has 
an associated HRT under 3 hours. This makes the DN200 option undesirable, but given that both 
options satisfy water hammer requirements in this case, financial analysis should be carried out to 
determine if the energy savings associated with the lower pumped head of the DN200 option outweigh 
the extra costs of the larger pipes and odour control measures when comparing options. Note that the 
station’s pumps will be fitted with VSDs and so the comparison requires a suitable pump option for 
each pipe size option, complete with a determination of the pump speed that has the lowest specific 
energy consumption while satisfying the minimum velocity requirements of the pipework. Generally, 
the DN200 option would only be considered if the whole of life costs, including costs allowed for odour 
management, were lower than the whole of life cost of the DN150 option. 

Given the above, the designer needs to consider the operational design of both the DN150 option, and 
the DN200 option. For DICL DN150 (internal diameter 156 mm) the minimum slimes control velocity 
requirement is satisfied by a flow of 18.3 L/s and minimum solids transportation velocity is satisfied by 
a flow of 11.5 L/s. For the DN200 (internal diameter 212mm) the minimum slimes control velocity 
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requirement is satisfied by a flow of 35.2 L/s and minimum solids transportation velocity is satisfied by 
a flow of 21.2 L/s. 

In exploring options around the DN150 RM a 2-pole pump is found to be suitable where the lowest 
specific energy consumption is achieved at around 17 L/s with the pump running at 30 Hz. In this 
arrangement the low speed of the pump control would be selected at 62% (31 Hz) to achieve 19 L/s 
with an associated specific energy consumption of 180 kWh/ML in order to meet slime control 
requirements. The full speed specific energy consumption is 370 kWh/ML. As the great majority of this 
pumps operation would be at 31 Hz where the speed of the pump is 1827 rpm, this pump should be 
considered as largely equivalent to a four pole pump. As the low speed flow rate has been selected to 
just meet the flow rate thought to control slimes growth, the design should include a special note for 
commissioning to verify the flow rate achieved at low speed is around 18.3 L/s with an instruction to 
adjust the low speed setting if necessary to reliably achieve that flow rate. 

In exploring options around the DN150 RM a 4-pole pump is suitable where the lowest specific 
energy consumption is achieved around 15.4 L/s with the pump running at 30 Hz. In this arrangement 
the low speed of the pump control would be selected at 66% (33 Hz) to achieve 19 L/s, with an 
associated specific energy consumption of 270 kWh/ML. That speed is expected to achieve 18.3 L/s 
established to achieve slimes control. The full speed specific energy consumption is 480 kWh/ML. As 
the 2 pole selection would be deemed acceptable for this application, the four pole option, being 
universally less energy effective, need no longer be considered. Note that in these considerations the 
purchase price of the pump is unlikely to be a deciding factor in the economic analysis. 

In exploring options around the DN200 RM a 4-pole pump is suitable where the lowest specific 
energy consumption is achieved at around 20 L/s with the pump running at 42 Hz. However, slimes 
control is only just met by the full speed flow rate and so no real consideration should be given to 
reduced speed operation in this case. This option then can be assumed to consume 146 kWh/ML, the 
full speed specific energy consumption, at all times. As this pump was found to have the lowest 
specific energy consumption and is compliant in all regards it is the only pump considered for this 
option for this analysis. 

From the above we can proceed to evaluate the NPV of the DN150 option with the 2-pole pump 
running at 31 Hz most of the time, and the NPV of the DN200 option with the most suitable pump 4 
pole pump running at 50 Hz all of the time. In broad strokes, the smaller rising main is expected to 
save around $180 000 off the capital cost. The annual energy saving associated with adopting the 
DN200 RM over the 150 RM is around 8200 kWh which is evaluated at $5195 which when considered 
over the economic life of the rising main (100 years), has a PV of $127 000 (discount rate =5%). 
Assuming that other costs differences, both capital and operational, are minimal, the NPV of the 
DN150 option will be around $53 000 lower than the DN200 option. 

Considered in isolation the DN150 option has been found to both be the most compatible with the 
design guidelines and the lowest lifecycle cost option and so is preferred. The design would proceed 
based on a DN150 rising main and the selected pump and control scheme combination that produces 
the lowest lifecycle cost - the 2-pole option with a low speed at 62% (31 Hz) and high speed at 100% 
(50 Hz). If the basic elements of the design like the length of the rising main or the static head were to 
change subsequently in the design cycle, then a similar process to the above would need to be 
repeated to determine if the preferred option had changed as a result. 

Selecting the smaller diameter rising main has been shown to be correct for a station that is not 
specifically anticipated to be amplified at a later date due to growth. The DN200 option may be 
favoured if there were a specific plan to amplify the station in the future. If that were the case then an 



Design Manual - Wastewater Pump Stations and Rising Mains  TRIM HW2009-2368/1/3.005 

Warning – This document is current at the time of printing or downloading. It may be reviewed and amended prior to 
the noted review date at the discretion of Hunter Water Corporation 

Version: 13 

Date Approved: 09 April 2026 
 
  100 of 105 

NPV based on the incremental cost of replacing or augmenting the DN150 at the forecast time 
compared to already having a suitable rising main in the ground should be performed, incorporating 
the estimated capital cost and operating cost associated with provisions made for treating the sewage 
in the rising main in the interim.  
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Appendix 4. Example of Water Hammer Analysis Output 
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