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Work to develop a technical code for drinking, waste and stormwater infrastructure has been known as the Code of Practice. This name is now changing to the National Engineering Design Standards. This name is more reflective of The Water Services Entities Amendment Bill, which requires Water Services Entities to have a development code. A subset of the development code requires entities to ensure they specify applicable engineering design standards to water infrastructure.
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	Table 0-1 – Glossary

	Glossary

	Annual exceedance probability (AEP)
	The probability of exceedance of a given occurrence, generally a storm, in a period of 1 year (1% AEP is equal to 1 in 100 year storm).

	Average Dry Weather Flow (ADWF)
	The average sanitary flow in the wastewater sewer over a 24-hour period during Dry Weather.

	Assets
	Wastewater infrastructure owned and operated by the WSE

	Brownfield
	A land area that has existing or legacy infrastructure, and/or land that has been contaminated

	Combined system
	A drainage network that collects wastewater and stormwater in a single pipe system or network.

	Critical Infrastructure
	Critical infrastructure is the collection of systems, networks and public works that a government considers essential to its functioning and safety of its citizens. Also considered as high risk infrastructure.

	Developer
	An individual or organisation having the financial responsibility for the development project. Developer includes the owner.

	Designer
	The developer’s professional advisor, appointed by the developer to complete the investigation, design, contract administration, construction supervision, and certification of the works on completion.

	Drain lines
	Wastewater lateral connections, or sub-soil groundwater drains, wastewater mains, or stormwater run-off pipes that are less than DN 300 mm in diameter.

	Dry weather
	A consecutive period of seven days or longer with total rainfall less than or equal to 1mm.

	Dwelling
	Any building or group of buildings, or part thereof used, or intended to be used principally for residential purposes and occupied, or intended to be occupied by not more than one household.

	Greenfield
	A land area that has no prior infrastructure development and is not contaminated.

	Infill
	Development within a previously developed area.

	Lateral
	The domestic wastewater drain connecting to the wastewater main. A short sewer, owned and operated by the WSE, which connects the main sewer and the customer sanitary drain; it includes a junction on the main sewer, a property connection fitting, in some cases a vertical riser, and sufficient straight pipes to ensure the property connection fitting is within the lot to be serviced

	Maintenance Structure
	Any structure with a removable cover constructed on a conduit that provides access for personnel, equipment and inspection (person-entry) or only for equipment and inspection (non-person-entry). The term maintenance structure includes maintenance holes, maintenance chambers, maintenance shafts, terminal maintenance shafts, inspection shafts, inspection openings and any other structure providing access. Also known as access structure.

	Manhole
	Structure with a channelled base with multiple inlets at base and above (drop inlets), a shaft of nominal shaft size DN 1050 – DN 1500 with a removable cover ≥ 600 mm clear opening constructed on a conduit that allows limited change of grade and/or direction and provides person and equipment access to a (typically buried) conduit.

	Wastewater
	Domestic wastewater with or without trade-waste Water polluted by use and discharged to a wastewater systemM

	Trade waste
	As defined by the WSE trade waste Bylaw or other legislative instrument: means any liquid, with or without matter in suspension or solution, that is, or may be discharged, from trade premises to a wastewater system in the course of any business, industrial or trade process or operation, or in the course of any activity or operation of a like nature.

	
	

	
	

	
	

	Pipe-reach
	A pipe-reach will typically be regarded as the section from the furthest terminal point upstream in the catchment area to the connection point to the main collecting sewer crossing over to the next catchment

	Structure
	A piece of infrastructure (excluding pipework), that may be constructed from various types of materials that includes something built or arranged such as underground chambers or pits, a building or building components such as foundations, piles or retaining walls.

	Suitably Qualified Engineering Professional
	A person who is registered as a Chartered Professional Engineer (CPEng) with the Registration Authority for Chartered Professional Engineers.

	System (wastewater/network reticulation)
	The interconnected hydrological engineered layout and hydraulic components of a wastewater reticulation system such as pipes, manholes, valves and sumps.

	Uncontrolled overflow
	Condition where sewage overflows from a sewerage system due to blockage, choke or hydraulic overloading and either discharges to the environment or enters buildings

	Wastewater local network
	The wastewater collection system used to convey wastewater from a drain line to the wastewater main. The peak dry weather flow is generally less than 78 litres per second and pipe sizes are typically less than DN 300 mm nominal diameter.

	Wastewater main
	The wastewater conveyance from a wastewater local network to the treatment plant. The peak dry weather flow is generally greater than 78 litres per second.
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	Table 0-2 - Abbreviations

	

	

	Abbreviations
	

	AC
	Asbestos Cement

	ADWF
	Average Dry Weather Flow

	AEP
	Annual exceedance probability

	AS
	Australian Standard

	AS/NZS
	Australian New Zealand Standard

	BPO
	Best practicable option

	BS
	British Standard

	CBD
	Central business district

	CCO
	Council Controlled Organisation

	CCTV
	Closed Circuit Television

	CIPP
	Cured in Place Pipe

	CoP
	Code of Practice

	CLS
	Concrete lined steel (pipe)

	DI
	Ductile iron

	DN
	Nominal diameter in millimetres

	DWF
	Dry Weather Flow

	EOP
	Engineered Overflow Point

	ESF
	Engineering standards framework

	GRP
	Glass (fiber) Reinforced Plastic

	ha
	hectare

	HGL
	Hydraulic grade line

	H2S
	Hydrogen Sulphide

	SQP
	Suitably qualified person

	L/d
	Litres per day

	L/p/d
	Litres per person per day

	L/m²/d
	Litres per square metre area per day

	L/s
	Litres per second

	
	

	
	

	m
	metre

	m2
	square metre (area)

	mm
	millimetres

	MH
	Manhole or Maintenance Hole

	MPa
	megapascal

	m/s
	metres per second

	NEDS
	National Engineering Design Standards

	NB
	Nominal bore. The inside diameter of a pipe

	NZTA
	New Zealand Transport Agency

	PE
	Polyethylene

	PF
	Peaking factor

	PN
	Pressure nominal. Maximum rated operating pressure

	PP
	Polypropylene

	PSS
	Pressure Sewer System

	PVC
	Polyvinyl Chloride

	PVC-M
	Modified Polyvinyl Chloride

	PVC-O
	Molecularly Orientated Polyvinyl Chloride

	PVC-U
	Unplasticized Polyvinyl Chloride

	PDF
	Peak design flow

	PDWF
	Peak dry weather flow

	PWWF
	Peak wet weather flow

	RC
	Reinforced Concrete

	RCRRJ
	Reinforced Concrete Rubber Ring Joint

	SDR
	Standard Dimension Ratio

	SQEP
	Suitably Qualified Engineering Professional

	SQP
	Suitably qualified person

	VC
	Vitrified clay

	WHS
	Work Health and Safety

	WSE
	Water Services Entity

	WW
	Wastewater

	WWPS
	Wastewater Pumping Station
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Concrete
AS/NZS 1554 part 3 Welding of reinforcing steel
NZS 3104 Specification for concrete production
NZS 3109 Concrete construction
NZS 3111 Methods of test for water and aggregate for concrete
NZS 3112 Methods of test for concrete
Part 1 Tests relating to fresh concrete
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AS/NZS 2312 part 1 Guidelines for the protection of iron and steel against exterior atmospheric corrosion
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NZS 4210 Masonry construction: materials and workmanship
AS 1316 Masonry cement
AS/NZS 2699 part 1 and 2 Built-in components for masonry construction
AS/NZS 2904 Damp-proof courses and flashings
New Zealand Building Code (NZBC)
Plumbing
AS/NZS 2845 Water Supply – Backflow prevention devices – Materials, design and performance requirements
NZS 7643 Installation of uPVC pipe systems
AS/NZS 1477 PVC pipes for pressure applications
AS/NZS 3500.2:2021 Plumbing and drainage, Part 2: Sanitary plumbing and drainage
AS/NZS 3879 Solvent cements and priming fluids for PVC (PVC-U and PVC-M) and ABS pipes and fittings
BS 143 and 1256 Threaded pipe fittings in malleable cast iron and cast copper alloy
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NZS/BS 1387 Steel tubes for threading to BS21 pipe threads
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[bookmark: _Toc136441499][bookmark: _Toc154126039]Scope
[bookmark: _Hlk143093062]This volume sets out requirements for the design and construction of wastewater gravity systems. It also guides the assessment, design and upgrade of existing wastewater systems to service brownfield and infill development and asset renewals.
The WSEs preference is for gravity wastewater systems. Pumped systems will only be accepted when there is not a viable gravity wastewater solution. Refer to Section 5.2.1 for catchment design considerations and 2.3.3 for assisting in system-type decision making.
The scope of wastewater networks under this National Engineering Design Standards (NEDS) is limited to pipe sizes of up to 300mm. For pumping stations and risings mains refer to the Wastewater Pumping Station NEDS. This NEDS excludes design requirements for treatment facilities.
This NEDS sets out a set of minimum requirements for any public wastewater reticulation system.  It forms part of the Entity Development Code, which must be followed in conjunction with appropriate standards and project specifications.
This NEDS is a document that sits outside any Unitary, Regional or District Plans. If, when considering development applications, conflict occurs between standards outlined in the Unitary or District Plans and this NEDS then the Unitary or District Plan takes precedence. See Figure 1‑1 - Hierarchy of controls. 
[image: ]
[bookmark: _Ref154063696][bookmark: _Ref154063707]Figure 1‑1 - Hierarchy of controls
[bookmark: _Toc136441500][bookmark: _Toc154126040]Planning And Design
All wastewater gravity reticulation systems shall be designed to last for at least 100 years with appropriate maintenance. Systems shall be designed accordingly, to minimise life cycle costs for the whole period. Maintenance in design and future serviceability must be considered to ensure future feasibility of repair, maintenance methodology and costs.
The Peak Design Flows detailed in this NEDS for pipe networks are to ensure that the system has sufficient capacity over its 100-year design life to convey peak wet weather flow over the life of the asset due to deterioration with age.
[bookmark: _Toc136441501][bookmark: _Toc154126041]OBJECTIVES
The objectives of the design are to ensure that the wastewater system is functional and complies with the requirements of the WSEs wastewater systems.
In principle the wastewater system shall provide:
1. A single gravity connection for each property
A level of service to the WSE’s customers in accordance with its customer contract
Compliance with Te Mana o Te Wai principles including minimum practicable adverse environmental and community effects
Compliance with all relevant resource consent and other environmental requirements
Compliance with statutory Health and Safety requirements
Adequate hydraulic capacity to service the full catchment including future infill development
Zero level of infiltration into pipelines, ancillary structures, and manholes (MHs) on commissioning of pipes
Low level of infiltration/exfiltration into pipelines, ancillary structures, and manholes over the life of the system
Resistance to entry of tree roots and avoidance of build-up of fats, oils, and grease
Resistance to internal and external corrosion and chemical degradation
Structural strength to resist applied loads
Easements as required
Minimisation of life cycle costs
Consideration of low carbon solutions
Whole of life costs that are acceptable to the WSE
 Compatibility with the WSE’s site-specific requirements for service delivery and maintenance; and
[bookmark: _Hlk143094000]Consider any environmental and climate changes through the life of the asset in terms of sustainability, asset renewal, future access, and levels of service.
[bookmark: _Toc136441503][bookmark: _Toc154126042]Servicing strategies
Councils may live-zone land or facilitate a structure plan setting out certain information to be used in design, such as the population to be served, flows, sizing, upstream controls, recommended pipe layout, or the WSE’s particular requirements. Where a structure plan is not provided or available from the WSE, the designer shall use this NEDS and engineering principles to determine this information in consultation with the WSE.
Areas not currently serviced by public wastewater systems:
Unitary or District Plans identify future urban zoned land. The future service areas are located within the Rural-Urban Boundary. Future urban land zoning does not imply that there is available capacity from existing assets to service this area. For servicing of areas not currently serviced by a public wastewater system, planning studies are required to investigate servicing options, feasibility, and cost effectiveness. These will be dependent on the location, nature, scale, and funding agreement of the development.
Areas outside of the Rural-Urban Boundary currently not serviced by a public wastewater system shall comply with the Unitary / District Plans Refer to the Building Act section G13, Natural Resources Regional Plan (NRRP), Council district plans, Council guidelines and Water NZ Choosing an On-Site Wastewater Management System for on-site wastewater system requirements and areas https://www.waternz.org.nz/OWMSchoosing. The WSE may accept new connections outside of the Rural-Urban Boundary at its discretion.
Future development
The WSE requires wastewater infrastructure to be designed and constructed to the upper limits of the proposed development site in order to provide for the needs of future development as provided for under the Unitary / District Plans or existing upstream development.
Peak flows and cleansing velocities should be taken into account when designing for additional future capacity.
All infrastructure proposed to service future development requires the approval of the WSE.
[bookmark: _Toc136441504][bookmark: _Toc154126043]Functional design requirements 
New Networks
New wastewater systems shall achieve the following minimum standards:
1. Pipelines shall not surcharge at the Peak Design Flow. Storage shall not be used for buffering purposes unless approved by the WSE for the purpose of protecting the existing network
The system shall be self-cleansing at the Self-Cleansing Design Flow
Manholes, access structures and other facilities shall not be placed in floodplains, secondary overland flow areas, within roading kerb and channel areas or any other areas subject to inundation
New Engineered Overflow Points (EOPs) may be allowed  as a last resort at new pumping stations subject to regulations under the Resource Management Act and are outside this NEDS. They may or may not be allowed under Unitary / District / Regional plans
The impact of climate change such as storm intensity and sea-level rise shall be allowed for. Impacts on the downstream network will be evaluated as for existing networks described below.
[bookmark: _Ref141265853]Existing Networks
Development applications to connect to the existing wastewater network will be assessed based upon the performance of the network in the vicinity of the development and the effect that the development will have on the network’s performance, the environment, and any public health risks. Upgrades to existing infrastructure may be required to support the development. Below are the key technical criteria against which the impact of development on existing networks is assessed:
1. Dry weather overflows are not permitted
Existing uncontrolled (e.g., from a manhole lid) wet-weather overflows shall not be made worse
No new predicted uncontrolled wet-weather overflow locations shall be created
Any increase to the wet-weather overflow (volume or frequency) which is predicted to occur due to additional loading from the proposed development must be managed so that the increased overflow volume/frequency only occurs at existing designed EOPs located within the existing network infrastructure. The exception is new EOPs, which may be allowed at new pumping stations. This may require BPO process for a new discharge location. 
Storage, if approved by the WSE, shall clear within 24 hours.
[bookmark: _Toc154126044]Scope and requirements
Provide the following information to support the Design Report:
1. all options considered and the reason for choosing the submitted design Hydraulic calculations, preferably presented in an electronic form
All assumptions used as a basis for calculations, including pipe friction factors
A validated wastewater capacity assessment
Design checklists or process records
Design flow rates
System review documentation as detailed in clause 2.2– System review
Thrust block design calculations, including soil bearing capacity
Trenchless technology details, where appropriate
Options considered, reasons for selecting and design calculations for odour control, where appropriate

[bookmark: _Toc136441505][bookmark: _Toc154126045]Concept plan format
A concept plan shall be developed for each project. Depending on the WSE’s requirements and/or scope of the project, the plan formats may vary, ranging from a basic layout sketch to a complete system specification. The concept plan will generally provide notification of the point of connection for a development and any constraints and special requirements applicable.
The concept plan shall:
1. Satisfy requirements of relevant Work Health and Safety (WHS), environmental, cultural, heritage and security legislation/ act and/or regulations
Address route and/or layout of the sewer system
Address operational and maintenance needs
Minimise the likelihood of pipe, fitting, and structure failures especially in the case of critical sewers
Identify special WSE requirements including, but not limited to:
1. provision for future expansion of the system and/or required augmentation of the existing system; and
critical infrastructure protection (Refer to section 1.2.5 Critical infrastructure protection).
[bookmark: _Toc136441506][bookmark: _Ref154060848][bookmark: _Toc154126046]Critical infrastructure protection
The concept plan shall also consider and address as necessary:
1. Heritage, cultural and archaeological aspects
Land ownership and planning requirements
Impacts on the community
Impacts on the environment
[bookmark: _Toc136441507]General
This shall incorporate appropriate safeguards designed to minimise the potential risk and impact of loss of service. Such measures shall be addressed during planning and in the concept and detail design phases.
[bookmark: _Toc136441509][bookmark: _Toc154126047]All hazards - Infrastructure protection
During the planning, concept, and design phases of new, extended, upgraded and rehabilitated sewer systems, a practical and appropriately documented "all hazards" risk assessment may need to be undertaken and produced by a WSE-approved risk assessor or responsible person(s) with the appropriate skills, experience and competence.
AS ISO 31000 provides principles and generic guidelines on risk management while AS ISO 22301 is a guide to business continuity management.
The scope of the "all hazards" risk assessment shall address, but not be limited to:
1. Environmental hazards
Fire hazards
Security and safety hazards
Public safety hazards
Operational, essential and emergency services and security response capabilities
Contingency bypass /replacement /recovery capability
[bookmark: _Toc130972813][bookmark: _Toc143508826][bookmark: _Toc154126048]Carbon Reduction
The Climate Change Response (Zero Carbon) Amendment Act 2019 sets a domestic greenhouse gas emission target for Aotearoa New Zealand to reduce net emissions.  To help achieve this target the WSEs will specifically encourage innovative solutions that reduce operational and embedded carbon emissions while maintaining secure, safe, resilient, and enduring wastewater reticulation assets.
[bookmark: _Toc136441510][bookmark: _Toc154126049]DETAILED DESIGN
[bookmark: _Toc136441511][bookmark: _Toc154126050]Designer's needs and responsibilities
The Designer shall be a chartered professional engineer or a suitably qualified engineering professional (SQEP) within the applicable practice area who has their work reviewed by a Chartered Professional Engineer.
Where investigations and reports are required by a suitably qualified person, this person or persons will have nationally recognised qualifications and accreditation, such as Chartered Professional Engineer (CPEng), Certified Professional Land Development Engineer or Certified Professional Engineering Surveyor.
The person or persons will normally be expected to be professionally recognised in the area of competence claimed and to carry professional indemnity insurance to a level suitable for the purpose.
The WSE reserves the right to have any work peer reviewed regardless of any prior approval as to the acceptability of the suitably qualified person. The cost of all peer review work will be borne by the developer.
Without limiting the WSEs rights to require the use of suitably qualified persons the following are examples of areas of expertise, together with the expected minimum qualifications where such people may be required:
1. Geotechnical engineering (CPEng with recognised discipline competence);
Traffic and transportation engineering (CPEng with recognised discipline competence); 
Wastewater engineering (CPEng with recognised discipline competence); 
Landscape design and practice (Registered Landscape Architect); 
[bookmark: _Hlk143418990]Land surveyor (subdivision plans and Land legalisation) (Certified Professional Land Development Engineer (CPLDEng) or a Certified Professional Engineering Surveyor (CPESurv))
[bookmark: _Toc136441512][bookmark: _Toc154126051]Requirements to be addressed
The Designer must consider the design under the full operational requirements and apply good engineering judgement and practice that reflects: 
1. Compliance with New Zealand legislation, the most recent national standards, regulations, and local conditions
WSE policies and standards
Historical information that may impact on the design
Community and customer expectations
Principles of Te Mana o te Wai 
Whole of life cost which considers operation, maintenance and rehabilitation costs that may be incurred over the design life
Health and Safety requirements
A Safety in Design review and register shall be produced
Consideration for climate change impacts
Consideration of low carbon solutions
Other information or specific conditions as provided by the WSE
[bookmark: _Toc154126052][bookmark: _Toc136441513]Design outputs
Depending on the complexity of the works, the following comprehensive documents shall be provided to the WSE for evaluation of the design:
1.  Geotechnical report supporting the suitability of the design options and selection of design
Basis of design report describing options and selection of design
Final design report that includes:
1. Site information such as location, layout, contours, soil contamination test results
Impact assessment on adjacent properties and services
Value engineering that includes material selection, constructability analysis, simplification, innovation and life-cycle costing 
Assumptions
Non-compliance - identifying alternative options to meet performance requirements.
Detailed calculations
Drawings showing location, detailed long sections, pipe grades, materials and sectional details
Site-specific specification for construction
Nominated minimum levels of construction supervision
Risk analysis
New assets register
Project execution plan that includes the engineering construction plan/approach and the WSE’s connection requirements
Design compliance statement – See the WSE’s compliance statement policy
Evidence of compliance with to each TLAs/UAs planning rules
[bookmark: _Toc136441514][bookmark: _Ref141264345][bookmark: _Toc154126053]Safety in design
The design process and outputs shall satisfy requirements of the relevant WHS legislation/act and/or regulations.
The requirements of the Health and Safety at Work Act 2015 and the Health and Safety at Work Regulations shall be observed at all times. Designers shall follow a Safety in Design Process approved by the WSE. All designers so far as reasonably practicable must design all plant, substances, or structures without risk to the health and safety of persons who use, handle, store, construct, or carry out any foreseeable activity for inspection, cleaning, maintenance, or repair for the plant, substance or structure as designed, in accordance with the Health and Safety at Work Act 2015. Infrastructure shall be designed so that:
1. No harm shall occur to design staff
No harm shall occur to workers during its construction
No harm shall occur to public during its construction
No harm shall occur to workers and the public during its operation
No harm shall occur to workers during or following its de-commissioning and removal
[bookmark: _Toc136441515][bookmark: _Toc154126054]Seismic Design
All infrastructure shall be designed with adequate flexibility and special provisions to minimise the risk of damage during an earthquake, and with consideration for the cost and time to repair any potential damage. Specially designed flexible joints shall be provided at all junctions between rigid structures (e.g., manholes) and natural or made ground.
General
Seismic resilience shall be considered for all new and upgraded infrastructure.  This includes pipelines, structures and any associated fixtures and fittings.  
Seismic resilience and design shall consider direct damage to assets from shaking as well as damage caused by settlement, liquefaction, landslides or lateral spread of the ground supporting or surrounding the asset.  Seismic design shall consider:
1. The magnitude and depth of the design earthquake
Ground condition and soil type
Proximity to faults
Required level of resilience
Design of seismically resilient solutions shall follow either the Waka Kotahi NZ Transport Agency Bridge Manual or AS/NZS 1170:2004 – Structural Design Actions, whichever is most appropriate for the asset type and situation.  For some asset types the following are also relevant:
Supporting NZS 3106:2009 – Design of Concrete Structures for the Storage of Liquids
NZ Building Code
NZS 4219:2009 – Seismic Performance of Engineering Systems in Buildings
Following the NZ Building Code November 2019 updates, local and regional authorities must prepare liquefaction hazard and hazard management maps.  These maps classify liquefaction by the likelihood and severity of damage and the uncertainty/precision of the classification.
The following documents provide additional information and guidance for pipe seismic design method and philosophy.  Where conflicts exist between this NEDS and these supporting documents this NEDS shall take precedence.
Underground Utilities – Seismic assessment and design guidelines
Seismic Guidelines for Water Pipelines
IITK-GSDMA Guidelines for Seismic Design of Buried Pipelines
Buried Linear Assets 
Buried linear assets are underground pipelines and associated fixtures including, but not limited to, valves, manholes, and sumps.
Seismic resilience of buried linear assets focusses on the ability to resist liquefaction, lateral spreading, or settlement.  Seismic resilient designs shall aim to:
1. For gravity pipelines, remain in partial operation and be resilient to significant infiltration
Seismic resilient design shall be completed for buried linear assets constructed in areas where: 
Liquefaction category is undetermined
Liquefaction damage is possible
High liquefaction vulnerability
Medium liquefaction vulnerability if the pipe serves 500 or more people, a facility for vulnerable people (e.g., a rest home) or a facility of significance to the community (e.g., a hospital).
Above Ground and Non-Linear Structures 
Above ground and point structures may be linear (e.g., an above ground pipeline or a pipeline attached to a bridge. Seismically resilient design of these structures shall consider both the effects of the shaking/ground acceleration and damage arising from liquefaction, lateral spread, or settlement.
Importance levels of structures shall comply with AS/NZS 1170.0 tables 3.1 and 3.2.  Apart from minor ancillary buildings at larger three waters facilities, above-ground and non-linear structures will be IL3 or IL4.
Seismic resilient design for resilience against ground acceleration shall be completed for all above-ground and non-linear structures.
Seismic resilient design for resilience against liquefaction, lateral spread or settlement shall be completed for above-ground and non-linear structures constructed in areas where: 
1. Liquefaction category is undetermined
Liquefaction damage is possible
High liquefaction vulnerability
Medium liquefaction vulnerability
Seismically resilient designs shall aim to ensure:
No damage limiting impacting the ability of a structure to provide the intended use and service life following an earthquake with a return period set by the serviceability limit state level 1 (SLS1).
Minor damage requiring repairs for the structure to provide the intended service life but no impact on use of the structure following an earthquake with a return period set by the serviceability limit state level 2 (SLS2).
The structure can be expected to lose structural integrity, become unstable or lose equilibrium while retaining a small residual load-bearing capacity that prevents local or global collapse following an earthquake with a return period set by the ultimate limit state (ULS).  For a reservoir ULS shall be defined as the reservoir (inclusive of the roof) suffering limited cracking and leakage with no collapse or serious impact on the structure’s stability following a ULS return period event.
SLS1, SLS2 and ULS return periods shall depend on network and importance level as per Table 1‑1 below. For gravity wastewater under DN 300 networks, IL is generally no more than IL2. 
	[bookmark: _Ref154062003][bookmark: _Ref141266595]Table 1‑1 SLS1, SLS2 and ULS return periods 

	Network
	Importance Level of Structure
	SLS1
	SLS2
	ULS

	Wastewater
	IL4
	1/25
	1/500
	1/2500

	
	IL3
	1/25
	
	1/2500

	
	IL2
	1/25
	
	1/500


[bookmark: _Toc154126055]SYSTEM PLANNING
[bookmark: _Toc136441520][bookmark: _Toc154126056]GENERAL
Where a reticulated system is required, and a gravity system is selected this NEDS shall apply.
In  areas not currently served by reticulated wastewater systems designers shall refer to Unitary, Regional and District plans. Plans will typically state if an area is to be developed with a reticulated system or if on-site systems are acceptable. Where not stated in plans the developer shall discuss with the local authority and water entity. Where a reticulated system is required, and a gravity system is selected this NEDS shall apply.
If compliance with the Plan rules is not achieved, a resource consent is required from Regional Council. Contact the Regional Council for information on their requirements.
In all instances, obtain a Building Consent from the responsible Building Consent Authority (BCA) to install, modify or renew an on-site wastewater treatment  system or connect to the distribution system which will require WSE approval.
[bookmark: _Ref141265402][bookmark: _Toc154126057]SEWER SYSTEM PHILOSOPHY
[bookmark: _Toc136441527][bookmark: _Toc154126058]Wastewater Pumping Stations (WWPSs)
Wherever practicable, the wastewater system should be designed to use gravity to convey the wastewater away from where it is generated. However, steep terrain, high groundwater tables and other variations in the local landscape may preclude or limit the viability of a gravity system. When this happens, one option is to pump wastewater by Wastewater Pumping Stations (WWPS) through pressure mains (rising mains) into the most suitable nearby sewer, where it drains by gravity to another pumping station or a wastewater treatment plant.
The planning and design of alternative sewer systems are outside the scope of this NEDS.
Refer to the Wastewater Pumping NEDS and WSE Design Specification for all details relating to public pumping stations. 
[bookmark: _Toc136441528][bookmark: _Toc154126059]Storage
The WSE will advise whether storage is required when the concept plans are approved as part of the Stage 1 approval process for any proposed development.
[bookmark: _Toc136441529][bookmark: _Toc154126060]PLANNING PRINCIPLES
[bookmark: _Toc136441530][bookmark: _Toc154126061]Planning horizon
 Unless otherwise advised by the WSE, population estimates are generally based on 30 years, life cycle generally based on 100 years and climate change horizon generally based on 100 years.
[bookmark: _Toc136441531][bookmark: _Toc154126062]Concept plan
This shall be submitted for Stage 1 approval to the Consenting authority and the Entity.
[bookmark: _Toc136441532][bookmark: _Ref152232624][bookmark: _Toc154126063]Catchment analysis
Hydraulic modelling
Notwithstanding the following assessment options, the WSE requires that a static assessment be provided in the first instance.
The WSE regards hydraulic modelling as the most accurate way to assess the capacity of a sewer and will at its discretion, require hydraulic modelling to be used in the assessment in conjunction with this NEDS.  The modelling shall be carried out in accordance with the WSEs requirements and the  ‘Wastewater Modelling Guidelines: Water New Zealand’ (waternz.org.nz) can be referenced for further guidance.
Where detailed catchment models are not available and/or not required by the WSE, the assessment will be based on a static assessment of flow versus network capacity as per this NEDS, the available catchment information and the WSEs knowledge of the catchment performance.
[bookmark: _Toc136441533][bookmark: _Toc154126064]Provision for future gauging needs
Not used.
[bookmark: _Toc136441534][bookmark: _Toc154126065]PLANNING PARAMETERS
[bookmark: _Toc136441537][bookmark: _Toc154126066]Estimating existing system loads
Where existing system loads are likely to limit the spare hydraulic capacity available for new development, the existing system loads shall be determined by gauging. Where not practicable, the area or number of lots per land-use serviced shall be determined by one or more of the following:
1. Zoning maps and planning instruments
Maximum possible development allowed under current district plan zoning.

A house count
Interrogation of census data
Interrogation of GIS system data
Existing loads on ungauged areas shall be estimated as the sum of the products of unit numbers multiplied by population equivalent/unit rates
If catchment development is likely to be spread over a long timeframe, planning and design of the pipe network, pumping and treatment facilities shall be suitably phased / staged.
[bookmark: _Toc140826524][bookmark: _Toc140827697][bookmark: _Toc140834215][bookmark: _Toc140834989][bookmark: _Toc140852608][bookmark: _Toc136441538][bookmark: _Toc154126067]Climate change impacts
To address the impact of climate change on new infrastructure, the design shall demonstrate the measures taken to address the impact by:
1. The considerations of various scenarios to determine the key financial, operational, and environmental performance indicators
Compare adaptation measures and allow prioritization
The location of infrastructure and the impact of flooding on infiltration and overflows, including tidal impacts on infrastructure,
Increasing dry weather and drought and hydrogen sulphide risks.
Addressing groundwater level rise and possible need for asset relocation, floatation of assets, saltwater intrusion
Mitigating energy costs for increased pumping    
[bookmark: _Toc136441540]Geotechnical investigations
The Designer shall take into account any geotechnical requirements determined as part of the investigations for the development. The WSE shall be advised of site geotechnical limitations as part of the design documentation, with statements provided as to how the proposed design avoids or mitigates those issues.
[bookmark: _Toc136441541][bookmark: _Toc154126068]Contaminated sites
Contaminated sites should be avoided. Where a contaminated site has been confirmed, written approval to proceed shall be obtained from the relevant Council and compliance with district, regional or unitary regulations is required. The following issues shall be addressed in the request for approval:
1. The nature of the contamination
Compliance with statutory requirements
Options to de-contaminate the area
Selection of pipeline materials to achieve the required life expectancy of the wastewater system; and
Safety of construction and maintenance personnel
Any contaminants in the soil, including topsoil on the site, shall be at the lesser levels of the health-based or environmental related protection values as described below
Health-based protection values:
NES Soil contaminant standards (SCS) for residential land use (no produce, if applicable) as derived in accordance with Ministry for the Environment Methodology for Deriving Standards for Contaminants in Soil to Protect Human Health (Chapter 7). In the absence of a derived NES Soil SCS, then a standard following the hierarchy outlined in the Ministry for the Environment, Contaminated Land Management Guidelines No 2 shall be adopted.
Relevant WSE Air Land and Water (ALW) Plan criteria for discharges shall be considered.
No asbestos-containing material or volatile organic compounds in site soils.
 No free (or separate) phase liquid contaminants and groundwater contaminant concentrations, with the exception of volatile organic compounds, which must be below the Australian and New Zealand Guidelines for Fresh and Marine Water Quality at the level of protection for 80% of freshwater species. Concentrations of volatile organic compounds shall be below typical laboratory screening detection limits (0.5 mg/L or lower).
A site investigation including soil sampling and testing must be undertaken and a report submitted to the WSE in accordance with the requirements of the Ministry for the Environment, 2011, Contaminated Land Management Guidelines No. 1 - Reporting on Contaminated Sites in New Zealand. Testing shall be conducted by a NATA/IANZ accredited laboratory.
Soil testing data is required at the position for the proposed wastewater infrastructure. The WSE reserves the right to request additional soil testing at the cost of the developer where the data supplied is considered inadequate or not representative of the site.
[bookmark: _Toc136441542][bookmark: _Toc154126069]Operations and maintenance considerations
No content.  Opportunity for improvement in future Revisions.
In the interim, contact the relevant WSE for operation and maintenance considerations.
[bookmark: _Toc136441544][bookmark: _Toc154126070]WASTEWATER QUALITY
[bookmark: _Toc136441545][bookmark: _Ref152232543][bookmark: _Toc154126071]Septicity
Where corrosive conditions are anticipated due to septicity, appropriate corrosion protection or sacrificial lining shall be considered on the interior of manholes and pipelines.
Septicity is caused by the prolonged retention of wastewater under anaerobic conditions, particularly during low flow periods. It can be avoided by limiting the retention time in pumping stations, pressure mains and syphons and by designing for self-cleansing velocities in all wastewater pipes. Septicity of wastewater leads to offensive odours and damage to wastewater pipes and is difficult to treat.
Septic wastewater may produce gases such as methane and hydrogen sulphide. When mixed with air in certain proportions, methane is highly explosive. Hydrogen sulphide is lethal in high concentrations and in part-full pipes may be converted into sulphuric acid by micro-organisms on the damp soffit of the pipe. This acid may cause serious corrosion of works constructed with normal Portland cement and some metallic components e.g., galvanised steel.
Hydrogen sulphide is formed under anaerobic conditions at low flow velocities and warm temperatures. The rate of release is increased at points of high turbulence and at the outlets of inverted syphons and pressure mains. Corrosion of susceptible materials may occur at these points and downstream of them.
Inflows to a wastewater pipe from WWPSs may significantly contribute to septicity, particularly if detention times are "high" (Refer to Wastewater Pumping NEDS). Attention to the design of receiving maintenance holes is necessary to control release of hydrogen sulphide gas.
To avoid excessive septicity, the Designer shall:
1. Use adequate grades for self-cleansing (Refer to 5.5.3 Minimum grades for self-cleansing)
Minimise detention periods by avoiding use of WWPSs and long pressure mains wherever practicable
Avoid any unnecessary turbulence at junctions and changes in grades, particularly where pressure mains enter the gravity system, at drop junctions and at vortex drops
Ensure adequate natural and/or forced ventilation; and
Investigate and report on the use of chemical dosing, as appropriate.
Where a WWPS is unavoidable, the Designer shall address septicity and its minimisation. This may require staging of storage and pumping capacity (Refer to Wastewater Pumping NEDS).
The WSE specific design guidelines provide more detailed information on the impact and control of H2S in the wastewater pipe system. More recent research is also available from the SCORe project.
Notes
Hydrogen Sulphide Control Manual—Septicity, Corrosion and Odour Control in Sewerage Systems, Technological
Standing Committee on Hydrogen Sulphide Corrosion in Sewerage Works, Volumes 1 and 2, Melbourne Metropolitan
Board of Works, Dec 1989. Reprints available from WSAA.
A web-based knowledge management system to make the findings of the research into corrosion and odour in wastewater pipe systems that have come from the ARC Sewer Corrosion and Odour Research (SCORe) Linkage Project is readily available to the water industry. Sewer Corrosion and Odour Research (SCORe) Project - Water360
The knowledge management system consists of:
Fact sheets for each 8 individual research projects
Direct outputs from the SCORe Project including final reports, literature reviews, publications, case studies, etc.
[bookmark: _Toc136441546][bookmark: _Toc154126072]Wastewater quality management guidelines
The WSE specific Wastewater Quality Management Guidelines are a framework for effectively managing wastewater to a sewer system from its source, through its collection, transfer and treatment, to its disposal or reuse. By following the guidelines, Entities can better manage loads and concentrations of inputs to the sewer system and achieve other benefits as well. The guidelines assist WSEs in developing strategies that:
1. Promote the safety of workers and the public
Manage wastewater system assets
Protect the wastewater network from damage by ensuring that Trade Waste guidelines are followed
Treat wastewater effectively
Deliver Te Mana o te Wai 
Minimise whole of life carbon emissions
Meet environmental, cultural and heritage requirements; and
Recycle treated effluent and biosolids.
[bookmark: _Toc154126073]WASTEWATER FLOW ESTIMATION
[bookmark: _Toc136441549][bookmark: _Toc154126074]GENERAL
Wastewater pipe flows vary with the time of day, the weather and the extent and type of development within the catchment. Design systems to carry maximum flows without surcharging.
Design pipelines with sufficient capacity to cater for all existing and predicted development within the area to be served. Make allowance for all areas of subdivided or  land capable of future development.
[bookmark: _Ref143506205][bookmark: _Ref143506227][bookmark: _Toc154126075][bookmark: _Toc136441550][bookmark: _Ref141202082][bookmark: _Ref141273524]DESIGN FLOW 
Wastewater design flow comprises domestic wastewater, industrial wastewater, commercial wastewater, infiltration, and direct ingress of stormwater. The latter two inflows shall be considered as design factors only and minimised by proper material selection and construction techniques.
Wastewater pipelines shall be designed such that:
1. There is sufficient capacity to convey the Peak Design Flow from the area they service without surcharge. The Peak Design Flow provides an allowance in the pipe network sizing calculations to ensure that the network has capacity for less-frequent, but particularly large spikes, in dry weather flow that can occur from time-to-time.
The minimum velocity for solids re-suspension (i.e., Self-Cleansing Velocity, refer Section 5.5.3.1) is achieved at least once per day, when in use, at the Self-Cleansing Design Flow. The Self-Cleansing Design Flow is lower than the Peak Design Flow to estimate every-day increases in the diurnal flow. The Self-Cleansing Design Flow shall be determined as follows:
1. Where measured flow data is unavailable: Self-Cleansing Design Flow = (design Average Dry Weather Flow) x (Self-Cleansing Peaking Factor) as outlined in the applicable design-flow tables in Section 3.2.
Where measured flow data is available: Self-Cleansing Design Flow = the 1-hour Peak Dry Weather Flow, for the day of the week with the lowest peak diurnal dry-weather flow.
When assessing the Self-Cleansing Design Flow, measured Dry Weather Flow data (provided it has been determined accurate) is preferred to standard design values and should be used where available.
The dry weather flow period needs to meet the definition of ‘Dry Weather’ as defined in the equation of Average Dry Weather Flow below.
[bookmark: _Toc136441551][bookmark: _Ref141201971][bookmark: _Ref141271586][bookmark: _Ref141271702][bookmark: _Ref141271779][bookmark: _Toc154126076]New infrastructure design flow calculation
The wastewater design flow for new wastewater infrastructure shall be calculated by using network-specific methodologies, wastewater design flow allowances and peaking factors dictated by the WSE. Where the WSE does not have network specific requirements use the method and design criteria below.
Residential (domestic) design flows:
1. Design wastewater flow allowance and wastewater peaking factors for residential dwellings as per Table 3‑1; and
Design wastewater occupancy allowances as per Table 3‑2
Design ADWF (L/s) = Design Population x (L/p/d) ÷ 86400 (seconds/day)
Self-Cleansing Design Flow (L/s) = ADWF x PF (Self-Cleansing)
Peak Design Flow (L/s) = ADWF x PF (Peak Design Flow)


	[bookmark: _Ref141190447]Table 3‑1– Residential (domestic) design flows and peaking factors

	Residential property type
	Design wastewater flow allowance
	Design wastewater peaking factors

	
	Litres per person per day (L/p/d)
	Peaking factor: Self-Cleansing Design Flow (Normal PDWF)
	Peaking factor: Peak Design Flow (PWWF or Exceptional PDWF)

	Up to three storey residential development
	220
	3.0
	8.0

	High-rise residential (or mixed-use) buildings four storeys and above
	220
	3.0
	5.0



	[bookmark: _Ref141190553]Table 3‑2 –Design residential occupancy allowances 

	Number of bedrooms per dwelling unit (Notes 1 and 2)
	Occupancy for design purposes (i.e. people)

	1
	2

	2-4
	3

	More than 5
	Specific agreement with the WSE

	Unknown
	For high rise apartments (four floors or more) and other residential assume a design occupancy rate of 5 per dwelling unit.

	Notes:
1) Where large dwellings are proposed, which have additional rooms beyond those allocated as dining, lounge and bedroom e.g., family, office, study or sleepouts which have the potential to be used as bedrooms, an additional occupancy allowance should be made on the basis of 1 extra person times the ratio of the total floor area of the additional room(s) to that of the smallest designated bedroom.
2) For residential retirement villages without a hospital facility and that have single bedroom units then a design occupancy rate of 1.5 may be considered.



Residential example 1
For a new land-subdivision of 50 new dwellings with three bedrooms per dwelling use:
Design Population = 50 dwellings x 3 people = 150 people
Design ADWF (L/s) = 150 people x 220 (L/p/d) ÷ 86400 (seconds/day) = 0.3819 L/s
Self-Cleansing Design Flow (L/s) = ADWF x PF(Self-Cleansing) = 0.3819 L/sec x 3.0 = 1.146 L/s
Peak Design Flow (L/s) = ADWF x PF(Peak Design Flow) = 0.3819 L/s x 8.0 = 3.055 L/s
Residential example 2
For six storey apartment building with 10 x 1 bedroom units and 55 x 2 bedroom units use:
Design Population = (10 units x 2 people) + (55 units x 3 people) = 185 people
Design ADWF (L/s) = 185 people x 220 (L/p/d) ÷ 86400(seconds/day) = 0.471 L/s
Self-Cleansing Design Flow (L/s) = ADWF x PF(Self-Cleansing) = 0.47 L/s x 3.0 = 1.41 L/s
Peak Design Flow (L/s) = ADWF x PF(Peak Design Flow) = 0.47 L/s x 5.0 = 2.36 L/s
[bookmark: _Ref141271917]Commercial design flows (non-domestic):
1. Where flows (both average and peak) from a particular commercial activity are known, they shall be used as the basis of design.
If average flows are available for the commercial activity, but peak discharge factors for the activity are unavailable, the average flow data shall be used in conjunction with the Peaking Factors documented in Table 3‑3 to estimate the Self-Cleansing and Peak Design Flows.
Where there is no specific flow information available, Table 3‑3 shall be used to estimate the Design Flows.
	[bookmark: _Ref141190636]Table 3‑3– Commercial - dry retail, office and wet retail design wastewater flow allowance and peaking factors

	Commercial activity type
	Design wastewater flow
allowance
	Design wastewater 
peaking factors

	
	
	Peaking factor:
Self-Cleansing
Design Flow
(Normal PDWF)
	Peaking factor:
Peak Design
Flow(PWWF or
Exceptional PDWF)

	Dry retail (Note 1)
(where kitchen/toilets are not normally made available to
customers)
	1 person per 50 m2 net
floor area at 65 litres per
person per day.
	2.0
	5.0

	Office buildings and dry retail where toilet facilities, etc. are provided to customers.
	1 person per 15 m2 net
floor area at 65 litres per
person per day.
	2.0
	5.0

	Wet retail (Note 2):
Food and or beverage retail/preparation e.g., coffee shop, restaurant, bar, butcher, fresh fruit and vegetable retail.
	15 litres per day per net m2
of floor area (including
kitchen and dining areas).
	2.0
	6.7

	Unknown and site area >10ha,
<100ha
	1 L/s/ha (complete land
area)
	2.0
	6.7

	Site area >100ha
	Refer to transmission
design standards
	-
	-

	Notes:
1) Dry retail is where water is normally only used by staff for their own personal food preparation / toileting needs. Examples include clothes shop, hardware retail.
2) Wet retail is where water is used to prepare food product for customers. Examples include café, lunch bar, restaurant, butchery, fresh fruit and vegetable, food court-bar and supermarkets.
Important:
Net floor area is the total floor area of the building (exclude any open land areas), less non-productive areas, such as: lobbies; lifts; machine rooms; electrical services; stairwells; fire escapes; corridors and other passages used in common with other occupiers; car parking areas; etc. If net area is unknown, and the type of buildings
are unknown, it can be assumed that the Net floor area is = 80% of the gross floor area of the building. As a guide to how activities will be assessed, commercial washing activities such as car / boat washing activities, etc. would be regarded as a “wet-industry” and not as a commercial - wet retail, as the water is being used as a part of a process (washing). Large-scale food-processing (i.e. for supply to commercial customers, as opposed to on-site retail customers) would be regarded as an industrial type activity. Preparation / manufacture of non-food based products, is also regarded as an industrial activity. Industry design flows are detailed in the section below.



Commercial example:
For multi-tenancy commercial building with 110 m2 café (i.e. wet retail); 50 m2 shoe shop (i.e. dry retail); and three levels of 160 m2 of office space (i.e. office building) per floor (with a total office floor area of 480 m2) use:
Design ADWF (L/s) = (café: 15 L/d/m2 x 110m2 ) + (shoe shop: 65 L/p/d x (50/50m2) + …
…(office: 65 L/p/d x 3 floors x (160 / 15m2 )
= (café: 1,650 L/d) + (shoe shop: 65 L/d) + (office: 2,080 L/d) 
= 3,795 L/d
= 3,795 L/d ÷ 86400 (seconds/day) = 0.044 L/s
Self-Cleansing Design Flow (L/s) = ADWF x PFSelf-Cleansing = 0.044 L/sec x 2.0 = 0.088 L/s
Peak Design Flow (L/s) = Sum of ADWF x PFPeak Design Flow for each component of the flow
= (café: 1,650 L/d x 6.7) + (dry retail 65 x 5) + (office: 2,080 x 5)
= (11,055 L/d + 325 L/d + 10,400 L/day) ÷ 86400 (seconds/day) = 0.252 L/s

Dry industry design flows (non-domestic): 
Dry industrial flows are those arising from commercial activities that involve a nature similar to, but not limited to:
1. Manufacture / assembly / processing of goods e.g., tool and die, machining.
Preparation / packaging / storing / moving products e.g., timber yard.
Service centre for machinery / vehicles depot e.g., car mechanic; delivery vehicle depot.
Industrial wastewater flows may vary significantly depending on the industry type, size, and operational techniques. Also, peak flows may be significant because of the method of operation and work shifts. Where actual discharge rates are known, these values should be used. For design purposes, where specific land uses are known, wastewater generation rates can be derived from literature values; references must be included with design assumptions. In the absence of more accurate information, Table 3‑4 shall be used.
	[bookmark: _Ref141190785]Table 3‑4 - Dry industry design wastewater flow allowance and peaking factors

	Dry industry activity type
	Routine Peak Daily
Discharge
Litres per square metre per
day
(L/m2/d)
(See Note 5)
	Design wastewater peaking factors
	Design wastewater peaking factors

	
	
	Peaking factor:
Self-Cleansing
Design Flow
(Normal PDWF)
	Peaking factor:
Peak Design Flow
(PWWF or
Exceptional PDWF)
(See Note 6)

	Light water users, or up to 2 storeys
(Note 1)
	4.5
	5.0 x (Routine
Instantaneous Peak
Discharge)
	6.7 x (Routine
Peak Daily
Discharge)

	Medium water users, or 2 to 5 storeys
(Note 2)
	6.0
	5.0 x (Routine
Instantaneous Peak
Discharge)
	6.7 x (Routine
Peak Daily
Discharge)

	Heavy water users, or 5 to 10 storeys
(Note 3)
	11.0
	5.0 x (Routine
Instantaneous Peak
Discharge)
	6.7 x (Routine
Peak Daily
Discharge)

	Very heavy water users
(Note 4)
	> 11.0
Specific design required
	Specific design
required
	Specific design
required

	Unknown and site area >10ha, <100ha
	1 L/s/ha (complete land
area)
	2.0
	6.7

	Site area >100ha
	Refer to transmission
design standards
	-
	-

	Notes:
1) A light water usage industry is a relatively dry and clean trade where industrial practices do not include process water usage. Showers provided for personnel’s ad-hoc use would still fall into the ‘light water usage’
category.
2) A medium water usage industry in a dirty trade where good industrial practice requires regular water usage
and showers are in daily use because of commercial activities that require staff to have washing facilities, but there is no process water usage.
3) A heavy water usage industry in a trade that uses water as a part of commercial activities in moderate quantities, but is not a Wet Industry, as defined below. Wherever possible, the design wastewater flow for a
heavy water usage industry should be checked against known water consumption and peak discharge rates. The Design Engineer shall submit evidence of these checks as a part of the application.
4) A very heavy water usage industry in a trade that may discharge in excess of 11 L/m^{2} /d on a routine basis.
5) The Peak Design Flow is larger than the Routine Instantaneous Peak Flow to ensure that there is sufficient capacity in the network to convey spikes in discharge that may occur on occasion over the design life of the wastewater system. The Peak Design flow also provides an allowance for wet-weather inflow and infiltration.
6) A ‘Routine’ discharge event is defined as having a frequency of once or more per year.
General principle to be applied:
For greenfield development of dry (and wet) industrial land the minimum pipe size shall be a DN 225. See Table 5.3 for further details. This allowance is to provide flexibility for future activity changes within an industrial complex.



Dry industry example: An industrial zoned land at a greenfield site is being developed and will accommodate a kitchen-cabinetry business. The floor area is 3,000 m2 . The kitchen cabinetry activity is classified as an industrial light water user.
Design Routine Peak Flow (L/s) = 3000 (m2 ) x 4.5 (L/m2 /d) ÷ 86400 (seconds/day) = 0.156 L/s 
Self-Cleansing Design Flow (L/s) = ADWF x PF(Self-Cleansing) = 0.156 L/s x 5.0 = 0.78 L/s 
Peak Design Flow (L/s) = ADWF x PF(Peak Design Flow) = 0.156 L/sec x 6.7 = 1.05 L/s

Wet industry and major industrial users design flows:
A wet industry is defined as an activity which meets any of the following criteria:
1. Discharges water into the public wastewater network as a part of an industrial process or commercial washing activity / service e.g., laundromat, car-wash.
Where the Routine Peak Daily Discharge from the activity will routinely exceed 11 L/m2/d.
In addition to the information required under the trade-waste consent application, the Water Entity requires users in the Wet-Industry and Very Heavy Industrial user categories to provide detailed information that clearly and accurately document the minimum, average, and instantaneous-peak discharge flow rate, as well as the volumes from the activity / process under routine, abnormal (i.e., maintenance), and (if applicable) emergency scenarios.
Mixed-use design flows:
For mixed-use developments, the design flow for each of the basic uses of the proposed development shall be calculated separately, and then summed to establish the total design flow for the site.
Mixed-use example:
A high-rise residential development (a total of six levels) with a building footprint of 500m2 ; two Levels of car-parking and a ground-floor with dry-retail commercial space and three floors of residential apartments comprising three 2-bedroom apartments per floor use:
1. Net Commercial Area = 80% x 500m2 = 400m2
ADWF from car parking area = 0 L/m2 /d
Design occupancy for a 2-bedroom apartment = 3 people per apartment
Residential Design Population = Three floors x three 2 bedroom apartments per floor = Nine 2-bedroom units = 9 units x 3 people per unit = 27 people Design AWDF (L/s)
Dry-retail ADWF = 65 L/p/d x (400m2 net floor area ÷ 50m2 per staff member) = 520 L/d = 520 L/d ÷ 86400 (seconds/day) = 0.006 L/s
Self -Cleansing Design Flow (L/s) =
= Dry-retail Design Cleansing Flow + Residential Design Cleansing Flow
= {ADWFDry-Retail x PFDry-Retail – Self Cleansing} + {ADWFResidential x PFResidential – Self Cleansing}
= {0.006 x 2} + {0.056 x 3}
= 0.180 L/s 
Peak Design Flow (L/s) =
= Dry-retail Peak Design Flow + Residential Peak Design Flow
= {ADWFDry-Retail x PFDry-Retail – Peak Design} {ADWFResidential x PFHigh-Rise Residential – Peak Design}
= {0.006 x 5} + {0.056 x 5} = 0.310 L/s

Other facility design wastewater flows and peaking factors:
	Table 3‑5 - Other facility design wastewater flows and peaking factors

	Other facility types
	Design wastewater flow allowance
	Design wastewater 
peaking factors

	
	
	Peaking factor:
Self-Cleansing
Design Flow
(Normal PDWF)
	Peaking factor:
Peak Design Flow
(PWWF or Exceptional
PDWF)

	Hospitals
	Day facility (treatment
facilities, wards)
	280 Litres per bed per
day
	2.0
	5.0

	
	Night and day facility
(24-hour operation)
	570 Litres per bed per
day
	1.5
	5.0

	
	Staff
	45 litres per employee
per day
	2.0
	5.0

	Child
day-care
	Children
	42 Litres per child per day
	2.0
	6.7

	
	Staff
	45 litres per employee
per day
	2.0
	6.7

	School (day
students)
	Primary school
	15 Litres per student per
day
	2.0
	6.7

	
	Secondary school
	20 Litres per student per
day
	2.0
	6.7

	
	Staff
	45 litres per employee
per day
	2.0
	6.7

	School
(boarding)
	Secondary school
	140 Litres per student per
day
	3.0
	6.7

	
	Student accommodation
	140 Litres per person per
day
	3.0
	6.7

	Hotels and
motels
	Guests
	180 Litres per room per
day
	3.0
	6.7

	
	Staff
	45 litres per employee
per day
	3.0
	6.7

	
	Community halls and churches and/or
facilities with intermittent use
	10 Litres per seat per day
	2.0
	Peak discharge to be based
upon the fixture-unit rating
for the facility as defined in
NZS 3500.2 (2021).

	Retirement Villages
	Residents
	220 litres per resident per day
	2.0
	6.7

	General principles to be applied:
1) For activities that operate 24 hours a day (or close to a 24 hour day) the Self-Cleaning Design Flow Peaking Factor = 1.5 because wastewater is discharged over a 24-hour period.
2) For activities where water is consumed and discharged into the wastewater pipe at a relatively even rate throughout a typical working day, e.g., over an 8-12 hour period, the Self-Cleaning Design Flow Peaking Factor = 2.0.
3) For activities where water is consumed at higher rates at certain periods of day e.g., hotel/motel with morning and evening peaks in usage, the Self-Cleaning Design Flow Peaking Factor = 3.0.
4) For facilities with intermittent use, the Self-Cleaning Design Flow Peaking Factor = 2.0.
5) For activities where a large number of people can be expected to use multiple water fixtures simultaneously e.g., community halls and conference halls, the Peak Design Flow shall be based on the number of water fixtures / appliances, as per NZS 3500.2 Plumbing and Drainage: Part 2: Sanitary plumbing and drainage.



[bookmark: _Toc136441552][bookmark: _Ref141194065][bookmark: _Toc154126077]Existing network infrastructure capacity assessment for gravity systems
Wastewater capacity checks shall utilise the same design methodology requirements for new wastewater developments, except as noted in this section, or as otherwise provided by written instruction from the Water Entity. The designer shall complete the WSEs capacity assessment form provided by the WSE as part of the engineering approval application. The wastewater capacity assessment shall be valid for one year from the date of assessment. Applications received with an expired capacity assessment shall have the capacity re-assessed.
With significant time lapse the network may have extended significantly requiring the capacity check to be confirmed to make sure that sizing assumptions are still valid.
Calculation of net difference of post versus pre- development peak design flow
The impact of the proposed development on the existing network will be assessed based upon the net change in Peak Design Flow from the proposed development. The designer shall assess the net change in flow using the following formula:
Net Change in Peak Design Flow = (Post Development Site Peak Design Flow) – (Pre Development Site Peak Design Flow)
[bookmark: _Ref141191662]Thresholds
Where there are other consented developments in the same hydraulic catchment (to the nearest wastewater main) of the proposed development then additional checks will be required by the WSE regardless of meeting any or all of the threshold criteria. Threshold criteria for eliminating the need for checks must meet all of the following criteria:
1. The site is outside the WSE’s defined combined network area; The net change in Peak Design Flow from the site is less than 1.0 L/s, or is for less than 20 new dwellings, or the proposed development reduces the current number of residential dwellings (for commercial/industrial/other users, reducing the current discharge); There is no future upstream greenfield land that is required to gravitate through the site in order to connect into the existing wastewater network;
Any proposed buildings are thee storeys high or less
The development or area of connection will connect up to a wastewater main which  can be up to DN 300 or larger.
Failing to meet any of the threshold criteria, then a capacity check must be undertaken as prescribed in the sections below. 
The above development threshold criteria are indicative. A wastewater capacity check may still be required at the WSE’s discretion, depending on the nature and location of the development proposal within the receiving network, or if there is a wastewater capacity constraint in the system.
Capacity assessment levels
Level 1: Check pipe-full capacity against Peak Design Flow:
The WSE may issue written instruction to be exempt from the Level 1 check, and to undertake a Level 2 or Level 3 assessment when there are known overflows that require assessment.
The purpose of the Level 1 assessment is to provide a relatively quick and simple assessment of the existing network capacity to identify if a more detailed analysis or improved asset data capture is required.
Where the proposed development exceeds the thresholds described in Section 3.2.2.2), the Level 1 capacity check shall be carried out in the first instance.
The assessment methodology is detailed below.
A spreadsheet analysis comparing the pipe-full capacity versus the design flow shall be carried out based on the inputs as described in Section 3.2.1. Any pipes that are identified to have an existing wastewater capacity assessment flow greater than the pipe full capacity shall be highlighted within the tabular outputs included in the submission, and clearly marked on a drawing of the pipe network assessment extents.
If a design flow is in excess of the pipe full capacity at an assumed minimum gradient (due to a missing asset data, or unknown pipe diameter); then these pipes shall be identified separately within the tabular outputs and distinguished on a drawing of the pipe network assessment extents.
The results of the Level 1 assessment shall be submitted to the Water Entity for consideration. Depending on the results of the Level 1 assessment, the Water Entity may:
1. Determine that the existing network has sufficient capacity to accept flows from the proposed development; or
Request the developer to arrange a field-survey / CCTV investigation to measure missing pipe network data, such that the Level 1 calculations can be re-performed using with measured pipe gradients / diameters, rather than assumed gradients / diameters. Field survey / CCTV (if required) will be at the developer’s expense. And/or
Request that a more detailed analysis of network capacity is carried out as per the Level 2 (static HGL analysis) or Level 3 (hydraulic model analysis) as described above.
Level 2: Static hydraulic grade line (i.e., static HGL) analysis:
1. The Level 2 check will only be required of the developer if a Level 1 assessment highlights potential capacity problems within the existing network, or where the WSE identifies that an uncontrolled wastewater overflow that already exists or could result from the development under consideration.
The Level 2 assessment requires the calculation of a hydraulic grade line based on a static flow analysis. The WSE will provide site-specific details where they are known.
The static flow assessment shall be based on the Peak Design Flow for the catchment, calculated as described in this NEDS, except where:
1. The WSE provides further written guidance on the existing flow values that are to be used for the assessment. In this instance the Entity will base the design flows on catchment-wide information held by the WSE, its knowledge of the catchment performance, the unique mix of customers in the catchment, and/or typical performance factors encountered elsewhere in similar catchments.
Depending on the results of the Level 2 assessment, the WSE may:
Determine that the existing network has sufficient capacity to accept flows from the proposed development; or
Require existing infrastructure to be upsized/upgraded/installed/modified in a manner which addresses the lack of capacity; or
Request the designer to arrange additional field-survey / CCTV assessments to measure missing pipe network data, such that the Level 2 calculations can be re-performed using with measured pipe gradients / diameters, rather than assumed gradients / diameters. Field survey / CCTV (if required) will be at the developer’s expense.
And/or
Request that a more detailed analysis of network capacity is carried out as per the Level 3 (hydraulic model analysis) as described above.
With regards to infrastructure upgrades, if the WSE deems that the Level 2 Static HGL analysis has reliably identified asset(s) which have insufficient capacity; the Entity will work with the developer to find solutions to address the lack of capacity.
The WSE may at its discretion undertake the Level 2 assessment.
Level 3: Hydraulic model analysis:
It is not expected that designers will have to undertake a Level 3 analysis, except on specific instruction from the WSE. The Entity may at its discretion elect to carry out a Level 3 analysis.
The Level 3 check will only be required if:
1. A Level 1 or Level 2 assessment highlights potential capacity problems in the existing network; or:
The WSE is aware of an uncontrolled wastewater overflow that already exists or could result from the development under consideration. And:
The WSE considers that the behaviour of flows within the network assessment extents is complex, and cannot be adequately represented by a static flow hydraulic grade line analysis; or:
Where a hydraulic model of the network assessment extents already exists and where the WSE considers that the availability of the hydraulic model will offer additional speed or accuracy (or both) to the assessment.
The WSE will provide instruction when it is necessary for a designer to undertake a Level 3 analysis. If a hydraulic model analysis is required, the Entity will make the applicable section of network from an existing hydraulic model available to the Designer to aid in the assessment. However, if the WSE does not hold a hydraulic model for the section of network, it may request the Designer to develop a model at the Developers’ expense to model the section of existing network affected by the proposed development. The WSE will provide site-specific details on any hydraulic model analysis that is undertaken by the designer where available.
Depending on the results of the Level 3 assessment, the WSE may:
Determine that the existing network has sufficient capacity to accept flows from the proposed development; or
Require existing infrastructure to be upsized/upgrade/installed/modified in a manner which addresses the lack of capacity; or
Request the designer to arrange additional field-survey / CCTV / network flow gauging to measure missing pipe network data, such that the Level 3 calculations can be re-performed using with measured pipe gradients / diameters / network flows, rather than assumed gradients / diameters. Flow gauging / Field survey / CCTV (if required) will be at the developer’s expense. (Note: all CCTV surveys shall be carried out in accordance with Section 21.7)
and/or
Request that the hydraulic model analysis is further refined to improve the accuracy of outputs.
With regards to Infrastructure Upgrades. If the Water Entity deems that the Level 3 Static HGL analysis has reliably identified asset(s) which have insufficient capacity; the Water Entity will work with the developer to find solutions to address the lack of capacity.
The WSE may at its discretion undertake a Level 3 analysis by itself.
Network assessment extents
The designer shall identify the extents for the network capacity assessment. Uless a connection point to the existing network is prescribed by the WSE, the assessment extents shall include the length of network between the development’s proposed connection point(s) to the existing network up to the nearest pump station or wastewater main which is usually DN 300 or larger.
Catchment Boundaries for the Network Assessment
Wastewater flows within the WSE network both upstream and downstream of development’s connection point shall be included in the existing network capacity assessment, in addition to the Peak Design Flow from the proposed development. In order to determine the flows from existing customers, the network boundaries have to be determined. 
A pipe-reach will typically be regarded as the section from the furthest terminal point upstream in the catchment area to the connection point to the main collecting sewer crossing over to the next catchment.
To aid the developer, catchment boundaries (where available) will be provided in the WSEs GIS viewer. As a guideline a catchment should be derived for every significant tributary entering the network extent between the development site and the receiving DN 300 wastewater main or pumping station.
Pipe gradient, diameter, and manhole data assessment
The Designer shall download pipe and manhole ground-level and invert information from the WSE’s GIS Viewer to determine the gradient and diameter of the existing pipes as necessary to calculate the hydraulic capacity of the existing network. The Designer needs to be aware of the dataset reliability when using information supplied through GIS .
If the diameter of a pipe is unavailable , the designer shall survey the existing pipeline using CCTV or physically measure the pipe to confirm its diameter. The cost will need to be borne by the Developer. 
Calculation of wastewater flows from existing customers
The existing wastewater capacity assessment flow shall be calculated using the following formula:
Existing WW Capacity Assessment Flow = (Peak Design Flow from Proposed Development) + (Peak Design Flow from Existing Customers)
Peak Flow Design from existing residential customers:
Unless advised otherwise, the Peak Design Flow from Existing Residential Customers shall be based on 0.061 L/s per connection point (i.e., 220 L/p/d x PF 8 at an occupancy rate of 3). The developer can use the WSE’s GIS Viewer for polygon selection to count the number of connection points upstream of the applicable pipe-reach or, if available, select the connection points from within catchment boundaries.
There are some instances throughout residential areas where multiple residential dwellings will be supplied via a single connection point. The developer shall use aerial photos to identify any instances where this might occur within the assessment area. Where identified, the developer must contact the WSE to request water consumption data for the affected pipe-reach.
Non-residential existing customers:
Unless advised otherwise, consumption data for all non-residential customers within the assessment area shall be estimated using the design flow values documented in this NEDS under Section 3.2.1.
Infrastructure assessment deliverables
Level 1 and 2 assessment deliverables:
1. An overview drawing showing:
1. Location and boundary of proposed development
Nearest Dbulk / transmission sewer or Wastewater pumping station
The determined Network Assessment Extent
The determined catchment boundaries
A Level 1 Assessment results drawing showing:
1. The determined Network Assessment Extent
Pipes with gradients
Pipes with diameters
Pipes where the Existing WW Capacity Assessment Flow is greater than the pipe full capacity
A spreadsheet / tables (pdf and electronic) detailing:
1. The asset data (invert levels, gradients, diameters, depth and ground level, etc.)
Assets with Assumed data are to be highlighted in the tabular outputs.
The pipe friction parameter used in the calculation;
The calculated Existing WW Capacity Assessment Flow for each pipe-reach. The key variables underlying the Existing WW Capacity Assessment Flow are to be outlined in the table:
Number of residential (domestic) customer connection data points;
Estimated commercial floor area upstream of the applicable pipe-reach; and the unit-rate flow of the commercial users as above in Section 3.2.1.2 e.g. 1000 m2 dry retail @ XX L/d/m2. 
The calculated Pipe Full Capacity for each pipe-reach of the network. The calculation methodology (e.g., Manning’s equation / Colebrook-White) shall be identified in the submission.
The Residual Pipe Capacity shall be calculated for each pipe within the Network assessment extent, where:
Residual Pipe Capacity = (Pipe Full Capacity) – (Existing WW Capacity Assessment Flow)
Pipes with a negative Residual Pipe Capacity (those where the Existing WW Capacity Assessment Flow exceeds the pipe full capacity) shall be highlighted in the tabular deliverables.
Level 3 assessment - required deliverables:
The deliverables required for a Level 3 assessment will be agreed on a case-by-case basis.
Pipe and fittings materials are suitable for the particular application and environment
Pipe and fittings materials are approved materials
Pipe class is suitable for the pipeline application (including operating temperature, surge and fatigue where applicable)
Seismic design - all infrastructure is designed with adequate flexibility and special provisions to minimise the risk of damage during an earthquake, and with consideration for the cost and time to repair any potential damage. Provide specially designed flexible joints at all junctions between rigid structures (e.g., manholes) and natural or made ground;
Layout and alignment meet the WSE’s requirements
Capacity is provided for future adjacent development.
[bookmark: _Toc136441553][bookmark: _Toc154126078]PRODUCTS AND MATERIALS
[bookmark: _Toc136441554][bookmark: _Toc154126079]GENERAL
[bookmark: _Toc130973162][bookmark: _Toc143003203][bookmark: _Toc154126080]General
Use only products and materials specified in the project drawings or specifications.  Products and materials may be specified by name, type, class etc if they are included in the WSE or Council Approved Products Registers.
Material standards
Materials shall include all equipment, machinery, components, or products used to complete the works.
All materials necessary for the work shall be supplied in accordance with the WSE’s material standards. Materials shall be new and suitable for their intended purpose and performance requirements.
A list of approved products and materials can be sourced from the WSE. 
If no list of approved materials is made available, the designer and/ or contractor shall demonstrate specifically to the WSE’s nominated officer that the materials specified meets industry manufacturing standards.
Machinery and equipment shall be in a well maintained condition and safe during the works.
Recycled and reused materials
Recycled material and material reuse is not accepted unless specifically approved by the WSE.
[bookmark: _Toc136441557][bookmark: _Toc154126081]PROTECTION AGAINST CORROSION
Corrosion can be caused by hydrogen sulphide, aggressive groundwater, saltwater attack, carbon dioxide or oxygen rich environments.
Design to minimise corrosion through:
1. Selecting materials which will resist corrosion
Designing in an allowance for corrosion over the 100-year life-cycle of the asset
Providing protective coatings
Using the measures suggested in Section 9.4.
PVC, PE, accepted CLS (H2S resistant mortar lining) and PE lined concrete pipes are suitable for use in gravity wastewater pipelines susceptible to corrosion. In some ground conditions and aggressive trade waste situations earthenware pipes may be accepted if they can be approved for use in the WSE approved products register (APR). 
The Entity will not accept concrete pipes where  in the future, a rising main will discharge to the top end of a gravity system because of the risk of attack from hydrogen sulphide.
Refer to Section 2.5.1 for the Hydrogen Sulphide Control Manual. 
Where a new rising main or pressure sewer system (PSS) will discharge to an existing gravity system, mitigate against H2S corrosion and odorous gases by:
1. Detailing corrosion protection treatment or plastic structures for the receiving manhole and all additional manholes or structures 400 m downstream of the receiving manhole
Designing for velocities below 1.5 m/s at the discharge point
Reducing turbulence through detailing a minimum four metres length of gravity flow between the discharge chamber and the existing gravity wastewater system and ensuring the flow enters the existing system at its invert
Provide odour control at the receiving manhole and where the fully developed system’s maximum retention time exceeds 4 hours. Additional odour control may be required downstream of the receiving manhole at the discretion of the WSE.
[bookmark: _Toc136441608][bookmark: _Toc154126082]DETAIL DESIGN
[bookmark: _Toc136441609][bookmark: _Toc154126083]DETAIL DESIGN PROCESS
Following the definition of the servicing strategy for a catchment and its functional design requirements, detail design of the major infrastructure for the area and the individual reticulation and property connection wastewater pipes shall be carried out.
Detail design shall ensure that the following principal requirements are met:
1. The design reflects the WSE's servicing strategy, concept plan and/or other brief for the subject catchment
The WSE has been consulted regarding downstream impacts of flows from the proposed development
The design incorporates the most appropriate location, size, depth and grade of wastewater pipes
The design takes account of any physical features (buildings, planned or existing underground utilities/services, freshwater bodies etc) previously identified in the field
Projected life cycle costs are minimised
Each lot has a point of connection; and
Each lot has the required extent of drainage; and
Lot connection directly onto pressurised rising mains, transmission mains and truck mains are prohibited
Outputs of the detail design process shall include but not be limited to:
1. Specification
Design Drawings that incorporate a plan and elevation of all wastewater pipes and all necessary construction drawings
Safety in Design register
A WHS risk assessment; and
An environmental, cultural and heritage risk assessment
[bookmark: _Toc154126084]A typical procedure for designing a wastewater pipe is:
1. Initial pre-design, which utilises a services search, as-built records search, contour plan and cadastral information to define the route of the proposed wastewater pipe and the available capacity in the existing network. The condition of available wastewater pipe needs to be considered; review existing condition assessment records (CCTV and/or maintenance history) and consideration of age profile from as-built data. This is appropriate for all sizes of wastewater pipes and may be done to different degrees of accuracy depending on the detail available to the Designer, e.g., full subdivision layout versus zoning layout.
 A field survey being carried out along the route of the proposed wastewater pipeline to map the topography ( ground levels) and confirm the location of existing structures and services. This is required when designing the final alignment to avoid clashes and demonstrate that the minimum clearances between services and structures are met.
Office-based design including plotting of plan and elevation from field records. Proposed services should be addressed at this stage.
Preparation of detailed construction drawings and specifications covering products and materials and other technical and safety matters relevant to design and construction.
Where a proposed wastewater pipe system will incorporate something other than conventional gravity reticulation wastewater pipes, e.g., pumping stations, syphons, pressure wastewater pipes and branch and trunk wastewater pipes, a pre-design meeting between the Designer and the WSE is recommended to ensure any special operational and maintenance requirements are identified and understood by all parties.
A summary of the planning and design approach adopted in this NEDS is shown in Table 5‑1.

	[bookmark: _Ref141193623]Table 5‑1 - Planning and Design Approach

	PLANNING
	Develop servicing strategy
	Development plan for the area (established in liaison with the planning authority) Identification of geographical constraints

	
	
	Catchment analysis / flow modelling to determine hydraulic loads
(Refer Section 3.2.2.10 Level 1 and 2 assessment)

	
	
	Network analysis using theoretical design techniques and/or hydraulic models Preliminary sizing of wastewater pipes Summary of existing infrastructure capacity and condition and need for augmentation / replacement
(Refer Section 3.2.2.10 Level 3 assessment)

	
	
	Servicing options, considerations:
(1) Alternatives (gravity, pump stations, vacuum sewers) 
(2) 
(System configuration
(3) (Climate change impacts
(4) Environmental, cultural and heritage constraints
(5) Overflows / EOPs
(6) Wastewater septicity / detention time / ventilation
(7) Odour control
(8) Impact of grades / depth / hydraulic flow
(9) Downstream trunk and branch main sizes or rising main size (dependent on point of connection)
(10) Reticulation network connectivity
(11) Future system expansion

	
	
	Preferred strategy using least community cost for whole life cycle

	
	Develop Concept Plans
	As development planning becomes more detailed, e.g., local structure plans are developed, refine the servicing strategy to develop a plan for staging creation of the assets

	
	Develop preliminary designs. As development proceeds and works need to be constructed, develop major infrastructure. 
	Trunk and branch wastewater pipe size and location and staging. Pumping station location and duty points Overflow / Engineered Overflow Points (EOP) locations (licensed) / detention storage, Odour, septicity controls, Preliminary reticulation layout

	DESIGN
	Wastewater pipe layout
	Determine layout of trunk and branch wastewater pipes, addressing:
(1) Connection details to existing wastewater pipe
(2) Geotechnical conditions
(3) Access for construction, repairs, and maintenance
(4) Road reserves
(5) Clearances from obstructions
(6) Easements
(7) Environmental, cultural and heritage impacts
(8) Horizontal alignment / deflections via MHs
(9) Vertical alignments / drops
(10) Special requirements for steep grades
(11) Crossings of other major infrastructure assets

	
	Pipe sizing
	Calculate the design flow including:
(1) Inflow and infiltration
(2) Peak dry (sanitary) flow
(3) Determine grade subject to constraints on min / max velocity at design flow

	
	Structural design
	For flexible pipe structural design
(1) Determine whether the pipe stiffness combined with the pipe side support (embedment material and trench wall) can prevent excessive pipe vertical deflection, wall strain and buckling. For rigid pipe structural design
(2) Determine whether the pipe ring strength enhanced by the pipe embedment material (to a degree dependent on the height and density of embedment) is sufficient to resist crushing or cracking by the external load.

	
	Other measures and structures
	Ventilation Corrosion protection
Overflows / EOPs
Detention / storage

	
	Property connections
	Location and type of property connections
Connection depths—full lot servicing, soffit requirements, etc.
Junctions
Risers
Location and grade of property connection wastewater pipes Location of TMS / rodding points / Inspection Point
Identification of boundary trap areas
Location of boundary traps and water-sealed MHs


[bookmark: _Toc136441610][bookmark: _Toc154126085]DETAIL DESIGN CONSIDERATIONS
[bookmark: _Toc136441611][bookmark: _Ref141186289][bookmark: _Ref141186306][bookmark: _Toc154126086]Catchment design
Designers shall consider the hydraulic capacity of the network including the network design criteria (see section 3.2), the ultimate service area of the system and impact on the existing network.
Pipes within any project area shall be designed to be consistent with the optimum design for the entire catchment area and any future extension of the system shall be accommodated. The design of the system shall provide a gravity wastewater connection as per section 6.5 or each lot within the development under consideration; unless a specific exemption has been granted by the WSE. This may affect the pipe location, diameter, depth, and maintenance structure location and layout. Designers shall adopt best practice to ensure a system with lowest life-cycle cost.
Pipes shall be designed with sufficient depth and capacity to cater for all existing and possible development of the catchment. Where future extension of the pipe is possible, it may be necessary to carry out preliminary designs for large areas of subdivided and un-subdivided land. This design shall use safety factors defined by the WSE for hypothetical subdivision and service for layouts to determine the necessary depth and diameter for an extension.
The need for wastewater pumped systems shall be minimized as far as practicable, for both the development under consideration, and any further subdivision, upstream or downstream.
[bookmark: _Toc136441612][bookmark: _Toc154126087]Design accuracy
The location and final design elevations of the wastewater pipe(s) shall be determined to the following levels of design accuracy and specified in the Design Drawings:
1. In plan, to 0.01 m
In level where grade is < 0.5% (1:200) to the nearest 0.005 m
In level where grade is > 0.5% (1:200) to the nearest 0.01 m
Horizontal alignment shall be referenced to the WSEs preferred coordinate system, and where possible, to local property boundaries. Levels shall be referenced to NZVD2016 or other as required by the WSE.
[bookmark: _Toc136441613][bookmark: _Toc154126088]Wastewater pipe layout
The layout/location of pipes within road reserves, public reserves, and private property shall be to the requirements of the WSE and where applicable, as agreed with the Road Corridor Manager, designation authority, or property owner.   The location of wastewater pipes should comply with the NZUAG National Code of Practice for Utility Operators Access to Transport Corridors.
Pipes shall be positioned as follows:
1. Within the street according to the locally applicable utilities allocation code and 2m clear from the kerb
Within public land with the permission of the controlling authority
Within reserves, but away from watercourses
Within private property parallel to front, rear, or side boundaries
Outside of the 1% Annual Exceedance Probability (AEP) event flood plain, including both fluvial and pluvial areas. This includes manholes.
At a lower level than the water supply
Not within the root zones of trees
A typical cross section layout for public roads is provided below:
[image: A diagram of a tree
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[bookmark: _Ref141345581]Figure 5-1: Typical cross section layout for public roads

[bookmark: _Toc136441614][bookmark: _Toc154126089]Location of wastewater pipes
[bookmark: _Toc136441615]General
[bookmark: _Toc136441616][bookmark: _Ref141277010]Public reticulation located in private property is generally not accepted and will only be considered by exception. Where this is considered an easement in favour of the WSE must be guaranteed with uninterrupted access. Wastewater pipes located along side and rear boundaries
The pipeline shall be parallel to the boundary and no more than 1.5 m from the boundary – unless the minimum clearance in accordance with Section 5.4.4  is considered greater, with the assumption that the property boundary is walled. . 
[bookmark: _Toc136441619]Wastewater pipes servicing industrial /commercial lots
For commercial/industrial development of individual lots, specific assessment shall be carried out by a SQEP for the wastewater flows generated by the proposed industry. Where these flows are exceeded or differ from any parameters referenced in the development consent, specific approval to connect is required from the WSE.
[bookmark: _Toc136441621][bookmark: _Toc154126090]Trenchless techniques for pipe installation
Trenchless technologies should be considered to minimise disruption to the community and environment when working in high volume roads, public areas, adjacent to trees or through private property.
Thorough surveys and site investigations, which minimise the risk of encountering unforeseen problems during the work, are essential for the success of trenchless construction. Ensure that the method used complies with the pipe manufacturer’s specifications.
Options available include the following:
1. Pipe bursting
Pipe or manhole lining
Horizontal directional drilling (HDD)
Auger boring/Guided boring
Pipe ramming
Slip lining
Microtunnelling
On-line replacement (pipe reaming or pipe eating)
The WSE may approve other technologies on a case-by-case basis as they are considered or developed. When proposing a new trenchless technology, submit a full specification to the WSE that covers the design and installation process. The designer shall also identify the need and propose a feasible configuration for any required flow control or bypass pumping depending on the preferred technology 
Refer to Australasian Society for Trenchless Technology (ASTT) for relevant guidelines and specifications: https://www.astt.com.au/guidelines/
A visual inspection shall be carried out in accordance with Section 21.7 to confirm that all works have been completed with the acceptable tolerance of the design. 
[bookmark: _Toc136441622]Pipe bursting
Pipe bursting is suitable for replacing wastewater pipes that are constructed of brittle pipe material, such as unreinforced concrete and vitrified clay. Pipe bursting is not permitted for replacement of asbestos cement (AC) pipes.
Pipe bursting should not be used unless the wastewater pipe being replaced has sufficient grade to comply with section 5.5.6– Minimum gradients, with an allowance for grade variations as the burst line will maintain the existing grade. Where the existing pipe contains dips, the practicality of pipe bursting should be considered as these may need to be remediated locally before carrying out pipe bursting Provide CCTV records of both the existing pipeline before bursting and the new pipeline after bursting, to confirm the adequacy of the final grades.
Obtain accurate information about the original construction material and the condition of the existing pipeline, including whether there have been any localised repairs, and whether sections of the pipeline have been surrounded or haunched in concrete. Take special care when the existing pipe has been concrete haunched, as this will tend to raise the invert level of the new pipeline and may cause operational problems. Shallow pipes or firm foundations can also disturb the ground above the burst pipe.
Replace the entire pipe from manhole to manhole. The number and frequency of lateral connections may influence the economic viability of this technique.
Grouting of the annulus, especially on the steep grades, is an essential part of this technique. Where special techniques are required, ensure these are approved before the work commences.
[bookmark: _Toc136441623]Cured in Place Pipe (CIPP) Lining
Lining systems can be considered for renovating gravity wastewater mains when standard trenching installation is deemed unfeasible. Before undertaking lining, check the structural integrity of the host pipe and repair any infiltration points. Collapsed pipes, pipes containing displaced joints and pipes containing infiltration defects shall not be lined. Ensure that the hydraulic capacity, after lining, is sufficient for projected future peak flows. CIPP lining of DN 100 wastewater mains or laterals will be considered on a case-by-case basis by the WSE.
The liner must produce a durable, close fit with a smooth internal surface. The liners must have a minimum operational service life of 50 years and be resistant to all chemicals normally found in wastewater pipes in the catchment area. The manufacturer must submit guarantees to this effect to the WSE.
The design of the liner, including the required wall thickness under different loading conditions, must be completed in accordance the ASTT liner design specification based on AS/NZS 2566.  Submit a specification to the WSE that details liner system design and installation methodology for WSE acceptance.
As the host pipe is blocked during the lining installation process and any curing requirements, adequate flow diversion procedures and detailed methodology is required. Repair any structural, lateral junction or grade issues by open dig prior to liner installation.
The opening of connections must be carried out remotely from within the lined wastewater pipe. Prepare accurate location records by detailed surveys prior to liner installation. Additional grouting of junctions may be required after opening. In addition to CCTV inspection post installation, CIPP samples shall be collected during installation and tested to confirm installation and curing has been completed successfully. 
[bookmark: _Toc136441624]Horizontal directional drilling and auger or guided boring
Wastewater pipe installation using boring or directional drilling will be limited to the the  construction tolerances. Installing gravity reticulation using directional drilling is not generally appropriate as the pipework is reliant on accurate grading along the long of the pipeline and thus requires the approval of the WSE. Consider possible ground heave over shallow pipes.
Take into account the space requirements for the following:
1. Drill pits, including working space
Drill rigs, including access paths for drill rigs
Drill angle (the drill rig may need to be placed some distance away from the wastewater pipe starting point, depending on the angle)
Placement of an appropriate length of the joined wastewater pipe on the ground for pulling through the preformed hole
Erosion and sediment control.
Surface-launched drilling machines require larger construction and manoeuvring spaces compared to pit-launched drilling machines. Consult specialist contractors before selecting this technique.
[bookmark: _Toc136441625]Slip lining
It is essential to carefully consider the effect that the work will have on the system operation before using a slip-lining technique, especially in relation to finished invert levels and capacity.
The most common material used to slip-line the existing (host) pipe is high-density polyethylene (HDPE), but fiberglass-reinforced pipe (FRP) and PVC are also common materials used in construction.
Carefully inspect and prepare the host pipe prior to the installation of the new pipe. Use a sizing pig at the investigation stage, to confirm clearances.
[bookmark: _Hlk141196469]Replace the entire pipe from manhole to manhole. Reconnect lateral connections to the new wastewater pipe as set out in Section 16.15.4 – Thermoplastic Jointing of Polyethylene Pipe by Electrofusion Welding. The number and frequency of lateral connections may influence the economic viability of this technique.
Carry out grouting of any annulus after installing the new pipeline and gain approval for the technique to be used before the pipe is installed. Ensure that grouting doesn’t cause buckling or flotation of the internal pipe. Alternatively, pipe spacers can be used to seat slip-lined pipe within the host pipe. 
Slip lining of DN 150 diameter wastewater pipes are generally not permitted unless the designer can prove capacity for current and future flows is not compromised.
[bookmark: _Toc136441630][bookmark: _Toc154126091]Environmental, cultural and heritage considerations
[bookmark: _Toc136441631]General
Managing the actual or potential effects, on receiving environments, must consider the hydro-ecology (ecological and hydrological processes) and the design must assess the environmental, cultural, and social impact as well as potential hazards associated with planned works..
The Developer shall obtain and review information from the WSE’s GIS, Regional Council’s GIS, NZGD and other available sources, regarding hazards and development limitations that may affect the proposed development, as part of the desktop study for the Geotechnical Assessment Report including:
1. Coastal and waterway erosion and instability,
Earth movements (including but not limited to slips, rockfall, landslide and soil creep)
Mine zones
Flood zones
Contaminated sites
Subsidence and settlement, and
Acid sulphate soils
[bookmark: _Toc136441632]Urban salinity
No content.  This is an opportunity to add to this document in future revisions.
[bookmark: _Toc136441633]Acid sulphate soils
For all sites containing waterlogged soils or with the potential to contain aggressive ground conditions (e.g., acid sulphate soils), the Developer shall engage a Geo-Professional to carry out investigations of the site and assess and report on the following:
1. The potential for saturated or aggressive soil conditions on the site under consideration,
The risk of saturated or aggressive soil conditions impacting on proposed(future) built structures, and
Specific conclusions, recommendations, and proposed mitigation to address the assessed risk.
[bookmark: _Toc136441634]Unstable land
An opinion stated by a geotechnical specialist as to the stability/suitability of the land would be required and should include the effects from excavation, filling, removal of vegetation, disposal of stormwater etc. This should be provided to the WSE for consideration and acceptance where pipelines are to be installed in identified hazard instability zones or within the zone of influence.
[bookmark: _Toc136441635]Coastal zones
Specific investigation and design shall be carried out for all coastal sites and particularly where potential development lies within an area liable to coastal erosion and coastal flooding.
[bookmark: _Toc136441636][bookmark: _Toc154126092]Easements
The preferred solution for wastewater reticulation is within the public reserve and easements over private property should be avoided. Where this is not possible an easement should be provided on private property with unrestricted 24-hour access to the WSE without issuing notice to the property owner. The easement agreement should also restrict the property owner from developing over the area in future. 
Where wastewater reticulation passes through parks or council-owned recreational areas, the Designer shall consult with the property owner and obtain the necessary landowner approval and easement.
The easement width is the greater of:
>  2x (depth to invert) + OD
<  3.0m
Where OD = outside diameter of pipe laid in easement

Where an easement is provided the pipe shall be installed centrally along the alignment of the easement area.
The easement registration must provide the WSE with rights of occupation and access and ensure suitable conditions for operation and maintenance.
[bookmark: _Toc136441637][bookmark: _Ref141278427][bookmark: _Ref143510098][bookmark: _Ref143510195][bookmark: _Toc154126093]Decommissioned / Abandoned Infrastructure
Where work will produce abandoned in-ground piping, treat the potential void by either removing or by filling the pipe as detailed below:
1. Where practical, abandoned pipework shall be removed to accommodate future services
Where this is not possible, treat abandoned pipes below new pipes with flowable fill where the new pipe is within the zone of influence of the abandoned pipe, as illustrated in Figure 5-2.

Treat all pipes with flowable fill on a hillside.
Treat all pipes 150mm diameter and greater within the road reserve and  passing under buildings or structures with flowable fill.
Where treating abandoned AC pipes, fill them and leave them in the ground to avoid contamination issues. Ownership of the in-ground abandoned pipe located on private property shall be transferred into private ownership in terms of a mutual agreement or alternatively abandoned AC pipes shall be removed and disposed as hazardous waste.
For all other pipes that are outside the zone of influence illustrated in Figure 5-2, only detail sealing of the ends of the abandoned pipes with concrete or grout, including the lateral junctions.
Flowable fill with a minimum strength of 1.5 MPa is the suggested material for filling abandoned pipes. Require confirmation through the Contractor’s Quality Plan that the void has been filled. This may be through the provision of a methodology or other means.
Refer to section 12.5 DISUSED WASTEWATER PIPES.
[image: ]
[bookmark: _Ref141196697]Figure 5-2: Pipe zone of influence
The zone of influence extends to the ground surface for obsolete earthenware pipes but is limited to 700mm above the soffit of the obsolete pipe otherwise.
A pipe is within the zone of influence if the centreline separation distance (dx) is less than the minimum given by:
dxmin = 0.5ddz + diaold + 0.8 dianew
Where dz is the difference in invert level between the new and obsolete pipes.

Where the design manhole invert is being adjusted to a higher pipe level, detail that the manhole invert be filled and re-benched to the requirements of section 7.4.
[bookmark: _Toc154126094]Works over and diversions of public pipes
Building over wastewater pipelines is not a recommended practice and will only be considered by the WSE in exceptional circumstances where no suitable alternative exists. Build-over guidelines also apply to cantilevered buildings. Approval from the WSE is required before undertaking any physical works activity over or within the zone of influence of the public wastewater network which may cause damage to the network.
[bookmark: _Toc136441639][bookmark: _Toc154126095]HORIZONTAL ALIGNMENT OF WASTEWATER PIPES
[bookmark: _Toc136441640][bookmark: _Toc154126096]General
Lay gravity pipelines in straight lines and at a constant gradient between access points such as manholes and inspection chambers. Discuss major reticulation and its potential for significant traffic disruption at an early stage with the WSE.
In curved roads, straight lengths of wastewater pipelines must clear kerbs by 2.0m. Manhole lids should be centered along a single traffic lane. Where this is not practically possible, Manholes must at the very least be kept out of the wheel path.
Where a wastewater pipeline changes location within a street, or crosses roads, railway lines, and underground services, it shall as far as practicable be at an angle of 45 degrees or greater. Pipes shall be located and designed to minimise maintenance and crossing restoration.
[bookmark: _Toc136441644][bookmark: _Toc154126097]Maintenance structures and vent shafts
Maintenance structures shall be located:
1. On WSE property or transport corridors whenever practicable. If located within the carriageway, where practical pipelines shall be located 2 m out from the kerb, and outside the designated wheel path
Out of hollows, dips or any area that may be subjected to inundation or areas identified as overland flow paths. 
Clear of all boundary lines by at least 1 m from the outer edge of the manhole chamber plus the height of any nearby retaining walls if they exist.
In areas that are foreseeably safe to access for the long term
Flush with the adjacent ground level, subject to specific requirements (below) in flood areas
If maintenance structures are located within overland flow paths, the cover shall be watertight and bolted down, and if the location is subject to floodingthe cover shall be set at least 300 mm above the 1% AEP flood level.
[bookmark: _Toc136441650][bookmark: _Ref141373581][bookmark: _Toc154126098]OBSTRUCTIONS AND CLEARANCES
[bookmark: _Toc136441653][bookmark: _Toc154126099]Clearance from transmission towers and power lines
The minimum separation distances between overhead power lines and buildings, structures and earthworks outlined in the NZECP 34:2001.
[bookmark: _Toc136441654][bookmark: _Ref141277403][bookmark: _Toc154126100]Clearance from structures
Pipes adjacent to buildings and structures shall be located clear of the ‘zone of influence’ of the building foundations. The design shall take into account the:
1. Protection of the pipeline
Long term maintenance access for the pipeline
Protection of the existing structure or building and
Sufficient clearance for future maintenance and upgrades
Refer to Table 5‑2 for minimum clearances from structures as illustrated in Figure 5-3.
	[bookmark: _Ref141197338]Table 5‑2 - Minimum Clearance from Structures

	Pipe diameter DN
	Minimum clearance to wall, building or structure (mm)

	100
	600

	100 – 150
	1000

	200 – 300
	1500

	Note:
1) All clearances are measured from the outer pipe wall closest to the structure. These clearances should be increased for mains in private property (even with easements) as access is often more difficult and the risk of damage greater; consultation is required with the WSE under these circumstances
2) Structures include all underground chambers, pits and manholes (refer to Glossary)



No structures or trees shall be placed within or over the Maintenance Access Corridor of wastewater assets. Structures include permanent, temporary or relocatable buildings (such as sheds), shipping containers, storage tanks, decks, hard landscaping, etc. Tree pits and root barriers are required for all trees at the clearances specified below where the drip line will overhang the Maintenance Access Corridor, in these cases the clearances are the distances to the root barrier and not the tree itself.
For pipes, the Maintenance Access Corridor width will be the greater of:
1. Twice the buried depth of pipe (surface to trench base), plus the outside diameter of the pipe; or
1.5 metres from either side of the centre of the pipe.
Where the infrastructure or asset is not a pipe (example a manhole), the Maintenance Access Corridor is one metre off the asset’s border in all directions.
[image: A diagram of a wall structure
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Figure 5-3: Minimum Clearance from Structures

[bookmark: _Toc136441655][bookmark: _Toc154126101]Underground obstructions and services
[bookmark: _Toc136441656]General
The location of underground services affecting the proposed pipe alignment shall be determined. Where pipes will cross other services, the depth of those services shall be investigated, and exposed where necessary. Services upstream of the project area may affect the design. A future extension of the pipe that will cross existing and proposed upstream services may determine the level for the current project infrastructure.
[bookmark: _Toc136441657][bookmark: _Ref141195521][bookmark: _Ref141202926]Clearance requirements
For all trenching and trenchless technology installation, clearance from other service utility assets shall not be less than the minimum vertical and horizontal clearances shown in Table 5‑3. For crossing larger diameter pipes than those listed in the table, refer to the WSEs General Civil Construction Standard.
	[bookmark: _Ref141197398]Table 5‑3 – Service Clearance Requirements 

	Clearances between wastewater pipes and other underground services Utility (Existing service)
	Minimum horizontal (‘X’ Fig. x) clearance for new pipe size ≤ DN 300 (mm)
	Minimum vertical clearance(1) (mm) (‘Y’ Fig. x)

	Gas mains
	300(2)
	150

	Telecommunication conduits and cables
	300(2)
	150

	Electricity conduits and cables
	500
	225

	Drain lines < DN 300
	300(2)
	150

	Water mains < DN 300
	1000(3)
	500

	Water mains and Storm water > DN 300 and ≤ DN 800
	1000(3)/600
	500

	NOTE:
All clearances are measured as the inside open spacing between the external walls of services.
For larger wastewater pipe sizes refer to the WSE’s general civil construction standards. The Entity may consider specific clearances for larger mains due to operational reasons.
1) Vertical clearances apply when wastewater pipes and other underground services cross one another, except in the case of water mains when a vertical separation shall always be maintained, even when the wastewater pipe and water main are parallel. The wastewater pipe shall always be located below the water main to minimise the possibility of backflow contamination in the event of a main break.
2) Clearances can be further reduced to 150 mm for distances up to 2 m when passing installations such as poles, pits, and small structures, providing the structure is not destabilised in the process.
3) When the wastewater pipe is at the minimum vertical clearance below the water main or storm water (500 mm) maintain a minimum horizontal clearance of 1000 mm. This minimum horizontal clearance can be progressively reduced to 600 mm as the vertical clearance increases to 750 mm.
4) Horizontal clearances still apply where the other service is at a different depth.




[image: ]
Figure 5-4: Service Clearance Measurements
Where it is demonstrated that no alternative options are feasible and the required clearance between services cannot be achieved, expanded polystyrene may be considered to achieve and maintain clearances. This installation shall not compromise the pipe support which would otherwise have been provided by appropriate bedding material. Figure 5-5 illustrates an example of such an installation.

[image: Diagram
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[bookmark: _Ref141197562]Figure 5-5: Expanded Polystyrene Illustration
[bookmark: _Toc136441658][bookmark: _Ref154062539][bookmark: _Toc154126102]Marker posts
Marker posts painted red shall be located within private property boundary to indicate the location of the Terminal Inspection point in accordance with standard drawings. This is generally removed once the property has been fully developed and ready for occupancy. 
[bookmark: _Toc136441659][bookmark: _Ref143508946][bookmark: _Ref152340895][bookmark: _Toc154126103]PIPE SIZING AND GRADING
[bookmark: _Toc143250742][bookmark: _Toc143251161][bookmark: _Toc143285554][bookmark: _Toc143430500][bookmark: _Toc136441663][bookmark: _Toc154126104]Minimum pipe sizes for maintenance purposes
For maintenance purposes the minimum pipe sizes permitted are:
	[bookmark: _Ref152252913]Table 5‑4- Minimum pipe sizes for maintenance purposes 

	Pipe
	Minimum pipe size DN (mm)

	Residential connection servicing 1 dwelling unit
	100

	Residential connection servicing more than 1 dwelling unit
	150

	Main in residential area
	150

	Connection servicing commercial lots
	150

	Main in commercial area
	225

	Connection servicing industrial lots
	225

	Main in industrial area
	300

	Note:
1. In practical terms, in a residential development not exceeding 20 dwelling units, and where no pumping station is involved, DN 150 pipes laid within the limits of Table 5‑5 and Table 5‑6 will be adequate without specific hydraulic design of the pipe network.
2. Where the pipe size of the public main for the maximum expected development is smaller than that listed in Table 5-4, the connection pipe can be sized to the same size as the public main - this should be demonstrated through a verified capacity calculation.



[bookmark: _Toc154126105][bookmark: _Toc136441667]Limitation on wastewater pipe size reduction
The pipe size shall not be reduced on downstream sections.
[bookmark: _Toc136441668][bookmark: _Ref141189108][bookmark: _Ref141189541][bookmark: _Ref141189732][bookmark: _Ref141195625][bookmark: _Ref141286966][bookmark: _Ref141286973][bookmark: _Ref143505748][bookmark: _Toc154126106]Minimum grades for self-cleansing
[bookmark: _Toc136441669][bookmark: _Ref141198101][bookmark: _Ref143505967]General
Pipes shall be designed to be no more than half (50%) full at the peak dry weather flow (PDWF). This condition shall be used to confirm the self-cleansing velocity. The self-cleansing velocity shall be minimum 0.75 m/s for gravity systems. 
The depth of flow at peak wet weather flow (PWWF) shall not exceed 75% of the depth of the pipe. Irrespective of other requirements, the minimum sizes of property connections and reticulation pipes shall be not less than those shown in Table 5‑4
Self-cleaning of grit and debris shall be achieved by providing the minimum grades specified in Table 5‑5 and Table 5‑6 under the flow conditions as specified in section 3.2. The minimum grades shall be achieved irrespective of the minimum self-cleansing velocity.
	[bookmark: _Ref141192689]Table 5‑5 - Minimum grades for gravity wastewater reticulation pipes
	

	Pipe Size (DN)
	Absolute minimum grade (%)
	Absolute minimum grade (1 in ... )

	150
	0.75 where less than 200 dwellings at this minimum gradient and 1.0 where less than 20 dwellings at this minimum gradient
	1 in 133

	225
	0.45
	1 in 222

	300
	0.3
	1 in 333



	[bookmark: _Ref141197850]Table 5‑6 - Minimum grades for property connections and permanent ends
	

	Situation
	Minimum grade (%)
	Minimum grade (1 in ... )

	DN 100 property connections
	1.7 (subject to accurate construction)
	1 in 58

	DN 150 property connections
	1.2 (subject to accurate construction)
	1 in 83

	Permanent upstream ends of DN 150, 225, and 300 pipes in residential areas with population of ≤ 30 persons
	1.00
	1 in 100



[bookmark: _Toc136441670]Reticulation wastewater pipes
The pipe shall be designed to:
1. Have adequate capacity, grades, and diameters
Have adequate grade for self-cleaning
Be deep enough to provide gravity service to all lots
Comply with minimum depth requirements to ensure mechanical protection and safety from excavation
Avoid all underground services, while maintaining all the necessary clearances
Allow for various drops and losses through manholes, and
Be easily accessible for future operation and maintenance
[bookmark: _Toc136441671]Property connection wastewater pipes and end-of-line wastewater pipes
Design collector wastewater mains where the wastewater main is deeper than 2.5 m and laterals would discharge to the wastewater main. Detail the collector wastewater main to collect from individual property laterals and discharge into the wastewater main at manholes. The wastewater main then effectively acts as a trunk wastewater main.
Design collector wastewater mains parallel to the wastewater main and preferably directly over and falling in the same direction as the wastewater main. Design grades as detailed in section 5.5, but ensure depths provide service to all properties. Where levels will constrain constructing a single grade, it is acceptable to fall the collector wastewater main against the wastewater main grade as shown in Figure 5-6
[image: ]
[bookmark: _Ref141198185]Figure 5-6: Collector wastewater main
Detail drop manholes on the collector wastewater main outlet are required when the invert is 1.0 m or more above the wastewater main soffit. The collector wastewater main must have flexible joints.
[bookmark: _Toc136441673][bookmark: _Toc154126107]Maximum Velocity
The maximum velocity for peak wet weather flow is 3.0 m/s. Where a steep grade that will cause a velocity greater than 3.0 m/s is encountered, specific design measures must be considered to prevent:
1. Hydraulic jump if a steep graded wastewater changes to a flatter grade, similarly where a pressure main discharges into a gravity wastewater
Turbulence that may block air flow and release gases
Increased manhole water levels; and
Resulting vacuum impacting on boundary traps and seals posing a public health risk and odour issues
Possible solutions may include:
1. Reducing pipe grade
Drop structure
Energy dissipation chamber

[bookmark: _Toc136441676][bookmark: _Ref154066632][bookmark: _Toc154126108]VERTICAL ALIGNMENT OF WASTEWATER PIPES
[bookmark: _Toc136441677][bookmark: _Toc154126109]General
Vertical alignment is primarily determined by the topography and minimum pipe size and grades required to transport the design flows. Other critical factors that influence the final wastewater pipe size, level and grade include:
1. Adequate depth to service the entire individual lot—soffit requirement
Adequate depth to service all lots within the catchment by gravity
Adequate grade for self-cleansing
Adequate grade for slime stripping when required
Minimum depth requirements to ensure mechanical protection of the wastewater pipe and to avoid interference from underground services and future excavation work
Achieving clearances between the wastewater pipe, utility services and obstructions; and
Allowance for various drops and losses through maintenance structures
[bookmark: _Toc154126110][bookmark: _Toc136441678]Long section design plan
The vertical alignment of wastewater pipes shall be shown as longitudinal sections in the Design Drawings. The longitudinal sections shall be in the direction of flow as read from left to right.
The longitudinal section (or level schedule) shall nominate all relevant levels along the length of the proposed wastewater pipe at prescribed intervals specified by the WSE.
In addition, levels shall also be provided for the following locations:
1. At each side of any road and waterway crossing
At crossings of existing and proposed drains, cables and other pipes and services
At changes in grade including at maintenance structures and vertical bends
At regular intervals on vertical curves so that the wastewater pipe depth is within minimum and maximum limits below final surface level (FSL).
[bookmark: _Toc136441679][bookmark: _Toc154126111]Minimum cover over wastewater pipes
Minimum covers are specified to:
1. Ensure any vehicular loading that is in excess of the loading capability of the wastewater pipe is transferred to the soil strata beyond the wastewater pipe
Prevent interference with other utility pipes and cables
Minimise the impact of applied loading to the pipe, e.g,. from construction plant and vehicles; and
Meet any special WSE requirements
Wastewater pipes shall have minimum covers measured from the top of the pipe to finished surface in accordance with Table 5‑7.
Minimum specified covers shall also provide for construction activities, areas of proposed fill and areas of proposed cut where construction of road foundations may expose the wastewater pipe to high loadings due to the reduced cover. Situations where additional protection is required shall be assessed separately and additional protective measures detailed in the Design Drawings.
Where minimum cover is not achievable, Design Drawings shall detail special protective measures required and approved by the WSE.
In order to reduce installation costs, the WSE may approve lesser covers provided structural assessment demonstrates that loading of the wastewater pipe will be within the structural limit of the pipe (Refer AS/NZS 2566.1 or appropriate installation standard for the pipe material).
	[bookmark: _Ref141198480]Table 5‑7- Minimum Cover Over Wastewater Pipes

	Location
	Minimum cover to top of wastewater pipe (mm)

	Public and private lots not subject to vehicular loading
	600 


	Private lots zoned residential subject to vehicular loading
	750

	Footways, nature strips, industrial and commercial lots, sealed road pavements other than major roads subject to vehicular loading
	900

	Unsealed road carriageways
	1200

	Major road carriageways
	1200

	Future road, rail, and tram pavements
	1200

	Note:
WSE minimum cover requirements shall take precedence.

	Liquefaction risk
	Maximum depth (to invert)

	High Liquefaction Vulnerability
	3.5m

	Very Low, Low or Medium Liquefaction Vulnerability
	The shallower of 5.0m to invert or 3.0m below the water table

	Note:
Pipelines with cover exceeding 4.0m in depth require structural design


[bookmark: _Toc136441680]
Wastewater pipes shall be protected with 6mm thickness of anti-corrosion and sealing tape or 250 microns polyethylene film (or equivalent) where adjacent to concrete.
Where cover over flexible pipes is less than the minimum stated in Table 5‑7, including temporarily under construction traffic, a concrete protection slab shall be designed as protection against all expected loads.  
When reinstating a concrete protection slab, the slab shall extend onto undisturbed ground each side of the trench.
[bookmark: _Toc154126112]Bulkheads and Anchor Blocks
Pipe trench bulkheads for wastewater pipes shall be designed for:
1. At grades ≥ 10% the pipe bedding shall be minimum 7 MPa scoria concrete or similar approved, and
Grades ≥ 20% anchor blocks located at every pipe joint and minimum 6m spacing.
Bulkheads shall extend minimum 150mm into the trench walls.
Reference Standard Drawing WWG-07
[bookmark: _Toc136441687][bookmark: _Toc154126113]Minimum depth of wastewater pipe connection point
Connection depths shall be set to drain the whole serviced area recognising the following factors:
1. Surface level at plumbing fixtures of buildings (existing or proposed)
Depth to invert of pipe at plumbing fixture or intermediate points
Minimum depth of cover over connection for mechanical protection; 
Invert of public main at junction point
Allowance for crossing other services (for clearances see Table 5‑3)
Allowance for head loss in traps and fittings. Traps need to be above ground level to prevent inflow and infiltration
Allowance for 1200mm minimum between building floor level and soffit of the WSEs pipe.
The designed invert level at the end of the connection shall be not higher than the lowest calculated level consistent with these factors.
[bookmark: _Toc136441692][bookmark: _Toc154126114]Grading through Manholes
[bookmark: _Toc136441693]General
The minimum fall in the invert of angled wastewater manholes is set out in Table 5‑8.
	[bookmark: _Ref141199166]Table 5‑8- Minimum fall in manhole

	Deflection angle at MH Degrees (ᵒ)
	Minimum internal fall (mm)

	0 to 30
	30

	> 30 to 60
	50

	> 60 to 90
	80


[bookmark: _Toc136441698]Avoiding hydraulic jumps due to steep grades
Site-specific engineering design specifying wear-resistant pipe is required:
1. Where gradients are steeper than 1 in 3 over lengths greater than 3.0 m
Where velocities are higher than 4.0 m/s
When flows are continuous or frequent
 . This requirement may extend past the termination of the steep grade. Sacrificial layers can be used in special concrete pipes, or in in-situ structures.
Avoid lateral junctions on these sections of pipeline. Take care to provide adequate anchorage for the pipes, through designing thrust or anchor blocks or by utilising restrained pipe systems.
[bookmark: _Toc154126115]Branch and Trunk Wastewater Pipes
Connections to wastewater trunk pipelines shall be at manholes. A reticulated pipe connection to a wastewater interceptor shall only be designed in conjunction with the WSE. No individual lot connections are permitted into an interceptor.
[bookmark: _Toc136441702][bookmark: _Toc154126116]PROPERTY CONNECTION
[bookmark: _Toc136441703][bookmark: _Toc154126117]GENERAL
This section describes the requirements for providing a new property connection point to the existing public sewer reticulation.
This applies to: 
1. All new connections and disconnections from private property. 
All new connections of new wastewater mains to be ‘teed’ into the existing public wastewater system. 
All connections where trade waste will be discharged, require compliance with the individual WSEs Trade Waste Bylaw or other legislative instrument. 
The lateral connection should be designed to suit the existing situation and any future development and allow for connection of any future upstream catchments. The lateral will be positioned so that the private section of the connection with each lot can be constructed in accordance with the Building Act.  This is generally at the lowest location in the lot. 
Refer to Standard Drawing: WWG-09. 
Where the WSE’s wastewater Bylaw or other legislative instrument differs from this NEDS, the WSE’s Bylaw or other legislative instrument will take precedence over the point of discharge as shown in the drawing. 
All existing private drainage to be re-used for infill development, including laterals serving existing dwellings, must have a CCTV survey undertaken to confirm that they are free from defects.  Where any defects are detected they shall be rectified.
[bookmark: _Toc136441704][bookmark: _Toc154126118]LIMITATIONS OF CONNECTION TO WASTEWATER PIPES
[bookmark: _Toc154126119]Combined network connections
No stormwater entry, except in areas defined by the local WSE Entity as served by combined systems, and the request of stormwater connection should go through a review process' set by the local WSE Entity
[bookmark: _Toc136441705][bookmark: _Toc154126120]METHODS OF THE PROPERTY CONNECTION
[bookmark: _Toc136441706][bookmark: _Toc154126121]General
The following design requirements must be met. 
1. Irrespective of other requirements, the minimum sizes of lateral connection and reticulation pipes must be not less than those shown in Table 6‑1: Minimum pipe sizes for lateral connections.
Each connection must be capable of serving the building platform by gravity. This requirement must allow adequately graded drains within the lot, together with the depth required for gully traps.  Private wastewater pumps will not be accepted where gravity discharge is feasible. 
Where practicable and where the connection to be installed is to be within 5.0 m of a manhole the connection must be to the manhole. 
All connections, which are to be made directly to the line, must be designed using a factory manufactured ‘wye’ or ‘London Junction’ and must be watertight. Ensure flow enters the main at 45o, to reduce deposition of solids.
Service connections must generally enter each lot from the road frontage. Where a property has no road frontage, pipes must be located within that property's legal access (private way or access strip). 
Private pipes must not cross property boundaries but where this is not feasible, the developer must provide an appropriate drainage easement. 
Each front lot must be provided with a separate lateral connection. 
Lay laterals at least 0.6 m clear from property side boundaries, to terminate 0.3 m to 1.0 m inside the net site area of the lot with an access point.  End caps for Wastewater laterals will be coloured red.
Wherever possible, position each junction opposite the centre of each lot frontage, unless the position of the sanitary fittings is known and indicated otherwise.

	[bookmark: _Ref141199300]Table 6‑1 - Minimum pipe sizes for lateral connections

	Pipe
	Minimum Size DN (mm)

	Connection servicing one dwelling units
	100

	Connection servicing more than one dwelling units
	150

	Connection servicing commercial and industrial lots
	150



Sections which slope away from the drainage direction may require a service connection which is deeper than 1.5 m at the boundary in order to comply with the requirement to drain the whole of the lot.  In such cases the service pipe must be extended into the property on grade and to the extent that its end cap is no deeper than 1.5 m.

[bookmark: _Toc136441709][bookmark: _Toc154126122]Typical layouts of wastewater pipes and general arrangements for property connection wastewater pipes
Property connection layouts for various public/private scenarios as follows which also align to Standard Drawing WWG-09.  Figure 6-1 provides a sketch of possible connection scenarios and their ownership.
[image: ]
Figure 6-1: Possible connection ownership scenarios relate to examples below
Example 1:
Public Sewer Main within private land, lateral crosses over boundary into another section of private land. Lateral is public until the point it crosses the boundary.
Example 2:
Public Sewer Main within private land, lateral does not cross any boundaries. Lateral is entirely private.
Example 3: 
Public Sewer Main within public land, lateral crosses a boundary into private land. Lateral is public until it crosses the boundary.
Example 4:
Public Sewer Main within public or private land, lateral crosses multiple boundaries into private land. Lateral is public until it crosses the final boundary.
Example 5:
Public Sewer Main within public land, lateral does not cross any boundaries. Lateral is entirely public.
[bookmark: _Toc136441710][bookmark: _Toc154126123]Maximum depth of property connection point
Where an existing or proposed wastewater pipe is more than 5.0 m deep (to the top of the pipe), or where required by the ground conditions, a manhole will need to be constructed on the shallow line.  This should be 5m from the deep line and ramped down to it.
In some areas with poor ground conditions, high water tables, and liquefaction vulnerability, the WSE may decide to construct a manhole at property connection depths of 2.5 m and deeper.
[bookmark: _Toc136441711][bookmark: _Ref154067531][bookmark: _Toc154126124]NUMBER OF PROPERTY CONNECTION POINTS
[bookmark: _Ref141373303][bookmark: _Toc154126125]Services in private ways (access ways, access lots, rights of ways or joint access lots)
The following should be considered when preparing design. 
1. Where a private way is to be provided, wastewater services for all newly created lots should drain to the private way where possible. 
Where the existing building does not have direct access to the public wastewater after subdivision, the connection which runs through the newly created lot must be designed and constructed as per this specification and vested in the WSE, including an easement in gross in favour of the WSE, to allow for normal operations, maintenance, renewals and prevent building over.  See Standard Drawing: WWG-09.
Where multiple units are connected and serviced by a 150 mm main, the main shall terminate in a 1050 mm MH unless the depth of the manhole is less than or equal to 900 mm, then a 675 mm manhole should be used. Refer to Standard Drawing: WWG-09 and WWG-10.
[bookmark: _Toc136441713][bookmark: _Toc154126126]Multiple unit properties
For multiple occupancies (unit title, crosslease or company lease), service of the whole development must be achieved by providing a single point of connection to the wastewater system.  Connection of the individual units is by joint service pipes owned and maintained by the body corporate, tenants in common or the company as the case may require.  Private drainage is to be accepted and constructed as per the Building Act and Building Code.
[bookmark: _Toc136441718][bookmark: _Ref141272281][bookmark: _Ref141276435][bookmark: _Toc154126127]PROPERTY CONNECTION WASTEWATER PIPES
[bookmark: _Toc136441719][bookmark: _Toc154126128]General
Unless required otherwise by a WSE, a ramped riser must be constructed to bring the connection to within 0.9 m - 1.5 m of ground level, or to such depth that will permit a gravity connection to service the whole lot. Ramped risers must be constructed as shown in Standard Drawing: WWG-05.
Limit the use of manholes on the public wastewater main by installing direct connections.Where a manhole is not installed, specify an inspection point at the road boundary. On laterals over 50 m in length, provide a trafficable inspection chamber over the junction of the last two laterals.
[bookmark: _Toc136441720][bookmark: _Toc154126129]Wyeproperty wastewater pipe connections
Form all junctions with a wye or riser junction so that the side flow enters the main at 30-60 deg, to reduce deposition of solids.
Avoid lateral connections to manholes at the top of a line where minimum gradients are involved.
All existing private drainage to be re-used for infill development, including laterals serving existing dwellings, must be CCTV’d to confirm that they are free from defects. All CCTV footage to be supplied to the WSE for review and approval.
In developments serviced by wastewater pipe mains located at the rear of the lots (typically hill developments) extend the wastewater pipe main to the boundary of the last lot.
Haunch and backfill laterals laid at the time of development, including those in rights of way, in accordance with standard drawing WWG-04.
Provide Wye junctions and laterals extending clear of the right of way for all lots. All laterals must finish 0.3m – 1m inside the net site area of the lot.

[bookmark: _Toc136441721]Common drains
Read the following notes in addition to the BIA regulations.

Common drains are wastewater pipe mains shared between multiple dwellings and are in private ownership. Most common drains are historical. Common drains are actively discouraged, and developments should be serviced in accordance with Section 6.4 and WWG-09
Size the private common main using discharge units as specified in Acceptable Solutions and Verification for New Zealand Building Code Clause G13 Foul Water.
[bookmark: _Toc136441723][bookmark: _Toc154126130]MAINTENANCE STRUCTURES
[bookmark: _Toc136441724][bookmark: _Ref152335314][bookmark: _Toc154126131]TYPES OF MAINTENANCE STRUCTURES
Types include both termination / inspection manholes of a minimum diameter of DN 675 up to a maximum depth of 900mm and traditional manholes of DN 1050mm for depths exceeding 900mm, reference drawing WWG-01.  Where there are 2 or more internal drops the minimum diameter manhole ring shall increase to DN 1200. 
[bookmark: _Toc136441725][bookmark: _Ref141199681][bookmark: _Toc154126132]LOCATIONS OF MAINTENANCE STRUCTURES
The selection of a suitable location for maintenance structures may influence the pipe alignment. A minimum clearance of 1.0 m shall be provided around maintenance structures and the opening clear to facilitate the WSE activities. Maintenance structures shall not be located in state highway carriageways and preferably 1.0 m back from the  back of the kerb or the edge of the seal in the road reserve. The WSE may determine other specific requirements subject to the individual site characteristics.
The design shall include maintenance structures at the following locations:
1. Intersection of pipes except for junctions between mains and property connections
Changes of pipe size
Changes of pipe direction, except where approved horizontal curves are used
Changes of pipe grade, except where approved vertical curves are used
Combined changes of pipe direction and grade, except where compound curves are used (note – to be submitted for approval by the WSE)
Changes of pipe invert level
Changes of pipe material, except for repair/maintenance locations
Permanent or temporary ends of a pipe when:
1. 
Terminating MH of 675mm diameter if the depth to invert is ≤900mm, or
Installed with a full-size manhole of 1050mm or greater if the depth to invert is >900mm.
Discharge of a pressure main into a gravity pipe.
Table 7‑1 summarises maintenance structure options for wastewater reticulation.

	[bookmark: _Ref141199969]Table 7‑1 - Acceptable MH options for wastewater reticulation

	Application
	Acceptable MH option (1)

	Intersection of pipe (2)
	Yes
MH is the only option

	Change of pipe grade at same level
	Yes
MH is the only option

	Change of grade at different level
	Yes
MH with internal drops

	Change in pipe size
	Yes
MH is the only option

	Change in horizontal direction
	Yes
Within permissible deflection at MH

	Change in pipe material
	Yes
MH is the only option

	Permanent end of a pipe
	Yes, where the pipe end is in excess of 55m from the connecting manhole on the mains and 900mm deep.

	Pressure main discharge point
	Yes
MH is the only option and shall include a vent.

	Note:
(1) Where person entry is required down to the level of pipe, a MH is the only option.
(2) This table refers to local network mains.



[bookmark: _Toc136441726][bookmark: _Toc154126133]SPACING OF MAINTENANCE STRUCTURES
[bookmark: _Toc136441727][bookmark: _Toc154126134]General
For reticulation pipes, the maximum distance between any two consecutive maintenance structures shall be 100m. The WSE may increase this distance at its discretion where maintainability and function are not compromised.
Refer to Table 7‑5.
[bookmark: _Toc136441732][bookmark: _Ref141272823][bookmark: _Ref141372170][bookmark: _Ref152240691][bookmark: _Toc154126135]MANHOLES (MHs)
[bookmark: _Toc136441733][bookmark: _Toc154126136]General
Check the effects of turbulence or hydraulic grade on pressure within manholes. Where pressures may expel manhole covers, assess options to maintain public safety e.g., by installing safety grates or fixing down the manhole cover.
Unlined concrete manholes and pipes should only be used where the average airflow concentration of H2S is less than < 0.1 ppm and the peak airflow concentration is less than 1 ppm.
	Table 7‑2 Product operational life expectancy 

	Product / Material Type
	Operational Life Expectancy

	Pipes and fittings
	100 years

	Couplings and connections
	50 years

	Flanges
	100 years

	Bolts, nuts, and washers
	100 years

	Gaskets
	100 years

	Manholes and storage tanks
	100 years

	Lids on manholes and valve boxes
	50 years

	Corrosion protection
	50 years

	Rehabilitation products
	50 years


[bookmark: _Toc136441734][bookmark: _Toc154126137]Types of Manhole construction
MH materials selected shall be suitable for the level of aggressiveness of the wastewater and surrounding groundwater.
The design shall consider the site-specific geotechnical conditions and future environmental changes to prevent hydraulic uplift (see Section 9.5 Geotechnical Considerations), ensure vertical stability and prevent infiltration. The number of vertical joints in manholes shall be minimised.
Manholes deeper than 2 metres shall be minimum 1200 mm in internal diameter.
Manholes with more than 3 inlets and 1 outlet shall be minimum 1200mm internal diameter. 
Consider plastic manholes where concrete manhole corrosion due to the presence of H2S is likely, e.g., immediately downstream from pressure wastewater outfalls. Similarly, consider plastic inspection chambers where corrosion is an issue and provide equivalent details of the structural design.
Constraints on depth within section 7.1 will also apply.
Manholes to comply with the WSE’s approved materials list.
Vented manholes (refer to Table 7‑3) are designed to serve as intakes for fresh air, which passes through the wastewater pipes and laterals to the main vents on individual houses, disposing of corrosive and foul air in a way that causes minimal offence. However, occasional temperature inversions cause the air to flow in reverse and inlet vents should also be located so that any foul air coming from them causes minimal offence.
Use vented covers on each alternate manhole cover if required and place them where there is minimal turbulence, to avoid undue odours. Avoid features such as angles, junctions, and summit manholes, and rising main outlets.
To avoid surface water entry and the associated gorging of pipelines, site vented manholes away from areas where ponding of stormwater is likely to occur. If this is not possible, install vent stacks on the road boundary. Show on the wastewater engineering drawings the extent of flooding at which secondary flow paths are activated, to verify that vented manholes will not be affected. Likewise, avoid road intersections because gravel and grit entry is greater at these locations.
Special consideration must be given to large trunk wastewater pipes (larger than DN 450) as these may be inadequately vented by house connections. To ensure that air movement adequately serves all parts of a wastewater pipe, it may be necessary to use special air inlets, special vent stacks and/or a forced draught with designed circulation, possibly in conjunction with odour control.  Note that syphons cut off all airflow unless special air ducting is incorporated.
Design structures to withstand all loads, including hydrostatic and soil pressure and traffic, in accordance with the Waka Kotahi NZ Transport Agency Bridge Manual. Design structures exposed to traffic to HN-HO-72 loading.
Manholes must comply with this NEDS, or with other Water Entity approved designs. Yield joints shall be provided between manholes and pipes in accordance with section 16.1.4.1. Where the structure is likely to experience differing movement from the pipeline under seismic loading, replace the yield joints with flexible joints e.g. 16.1.4.4 These may mitigate against the potential for damage by allowing some longitudinal movement at the structure.
A specific design is required for larger pipes, especially where changes of direction are involved. The design must incorporate a standard manhole opening and be able to withstand a heavy traffic loading HN-HO-72.
Check all chambers for flotation, including under seismic conditions. The factor of safety against floating should be at least 1.25 excluding skin friction in the completed condition, with an empty chamber and saturated ground. Counter increased forces resulting from greater depths and spans by thicker walls, counterweighting or reinforcing.
Unreinforced vertical concrete panels, provided for future connections in manholes or other underground structures, which are subject to soil and traffic loading should be specifically designed. Alternatively, in the case of a square panel, ensure that the length of the side does not exceed seven times the panel thickness.
Corbels on the manhole inlets/outlets shall be created utilising drilled cut holes to ensure good sealing properties. Holes created by sledgehammers or other similar methods are not acceptable.
	[bookmark: _Ref152335259]Table 7‑3 – Manholes: Vented vs unsealed vs sealed (Airtight)

	Scenario
	Definition

	Vented
	Vented manholes are designed to serve as intakes for fresh air, which passes through the wastewater pipes and laterals to the main vents on individual houses, disposing of corrosive and foul air in a way that causes minimal offence. However, occasional temperature inversions cause the air to flow in reverse and inlet vents should also be located so that any foul air coming from them causes minimal offence

	Unsealed
	This is the default scenario if there are no I&I, H2S, surcharging and odour issues

	Sealed (Airtight) / Bolt Down
	In systems where the possibility of surcharge exists; and
Along creeks subject to flooding above the level of the cover, in tidal areas, or in any location where surface waters could inundate the top of a MH.
Sealed entry holes with restricted access shall be used in geothermal conditions and for deep manholes.
MHs should be located on ground that is at least 300 mm above the 1 in 100-year flood level. Where this is not practicable, bolt-down access covers are required. MH components located in 1 in 100-year flood levels must be tied together as a complete unit.



Manhole covers shall comply with approved material standards. All manhole lids shall be HN-HO-72 with a minimum 600 mm clear opening.
[bookmark: _Toc136441735]Design parameters for Manholes
Manholes should, preferably, be positioned where there is vehicle access. The flow deviation angle between the inlet and outlet pipes must be less than 90 degrees (excluding MHs with drop structures), as shown in Figure 7-1. Ensure the distance between manholes complies with Table 7‑4.
[image: ]
[bookmark: _Ref141201176]Figure 7-1: Flow deviation
The prescribed minimum radius of benching within the manhole shall be 300 mm when the deflection angle is > 60 degrees, i.e., where the angle is less than 60 degrees, the radius need not be demonstrated as a radius > 300 mm will be achieved in any case (refer to Figures 7-2 and 7-3).
[image: ]
Figure 7-2: Benching minimum radii where deflection angle > 60 degrees
15[image: ]
Figure 7-3: Benching minimum radii where deflection angle < 60 degrees

	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	



Table 7‑4 specifies the maximum spacing between Manholes for different pipe diameters.
	[bookmark: _Ref154067630][bookmark: _Ref141201570]Table 7‑4 – Maxmimum spacing between manholes

	Pipe Diameter (mm)
	Maximum spacing (m)

	150 – 280
	100

	300 – 900
	120


[bookmark: _Toc136441736][bookmark: _Toc154126138]Design requirements for connection of wastewater pipes to Manholes
[bookmark: _Toc136441738]Cast in-situ concrete MH base units
Consider the foundation conditions as part of the design. If there is a possibility of soft ground, carry out ground investigations and a full foundation design.
[bookmark: _Toc136441739]Rocker pipes
A flexible joint at the interface of the MH connection with a second flexible joint in close proximity, achieved through the use of a rocker pipe, is generally sufficient to alleviate differential settlement induced pipeline failure. 
Rocker pipes shall be provided at entry to, and exits from, a MH when PVC-U, VC, and RC pipes are used. Their length shall be as shown in Table 7‑6 Rocker Pipe Dimensions. 
PE and PP pipes may only be connected to rigid structures without the use of short rocker pipes or MH couplings with approval from the WSE. PE and PP pipes have sufficient flexibility and strain tolerance to accommodate differential settlement at the interface.
Major pipeline infrastructure shall be designed with the assistance of comprehensive ground investigations and methods of analysing settlement.
	[bookmark: _Ref154067577][bookmark: _Ref141201584]Table 7‑5 - Rocker Pipe Dimensions

	Sewer Size - DN
	PVC - Length
	VC / RC - Length

	
	
	

	150
	300
	450

	225
	450
	650

	300
	600
	900



Flexible joint design depends on liquefaction vulnerability and criticality. Acceptable connection solutions are provided in the table below.
	Table 7‑6 - Acceptable connection solutions

	Criticality
	Undetermined Liquefaction Category Areas, 
Liquefaction Damage Possible Areas, 
Medium or High Liquefaction Vulnerability Areas
	Very Low or Low Liquefaction Vulnerability Areas

	Failure will affect 500 or more people, vulnerable facilities (e.g., a rest home) or significant facilities (e.g., a hospital)
	Specialist design or flanged flexible joints designed for seismic resilience.
Cost-benefit analysis and WSE approval required.
	Rocker pipe1 with self-restrained articulated joint

	Failure affects less than 500 people and no vulnerable or significant facilities
	Rocker pipe assemblies with addition of a fuse joint (an easily repairable weak spot in the system, designed to be the point of failure).
WSE approval required.
	Rocker pipe1

	(1) Rocker pipe not typically required for PE pipes designed to accommodate the expected movement



[bookmark: _Toc136441741][bookmark: _Toc154126139]Manhole drops
Drop manholes are a potential source of blockages. Lay pipelines as steeply as possible (grades to be in accordance with Section 5.6) to avoid any need for a drop.
When a wastewater pipe must enter a manhole with its invert level more than 2 x pipe diameter or 300mm  higher than the soffit of the outlet pipe, provide a drop manhole as detailed in standard drawing WWG-02.
When there is an increase in the pipe size at a wastewater manhole, the soffit of an inlet pipe must not be lower than the soffit of the outlet pipe.
[bookmark: _Toc136441742][bookmark: _Ref141200677][bookmark: _Ref141201335][bookmark: _Toc154126140]Diameters of Manholes
The standard internal diameter for MHs is 1050 mm for piped networks up to 300mm.
When selecting the appropriate MH diameter, the Designer shall give consideration to the base layout of the MH, i.e., the diameter, number, and orientation of incoming wastewater pipes and outgoing wastewater pipe to ensure adequate working space within the MH.
Internal drops may reduce the effective working space and thus a larger diameter MH may be required. Where there are several inlets in unusual configurations, the Designer may need to seek guidance from the Water Entity to establish the best base layout.
Reference Table 7‑7, manhole diameters are only applicable to MHs up to 2m deep.
	[bookmark: _Ref141201700]Table 7‑7 - Manhole Diameters

	Max Pipe Diameter
	No of Incoming Pipes**

	
	1
	2*
	3***

	≤250
	1050
	1050
	1050

	<300
	1500
	1500
	1500

	≥300
	Refer to WSE Transmission design guides and standards

	Notes:
* Based on max. 90 degree deflection through manhole.
** To be determined with due regard for future potential connections.
*** Based on min. 60 degree between pipes & ≤ 180 degree between pipe 1 & pipe 3.
(Outside of this criteria requires specific design)



[bookmark: _Toc136441744][bookmark: _Toc154126141]Ladders, step irons and landings
Manhole step rungs and ladders are prohibited due to H&S requirements, such as to impose appropriate confined space entry procedures.
[bookmark: _Toc136441771][bookmark: _Toc154126142]ANCILLIARY STRUCTURES

[bookmark: _Toc136441787][bookmark: _Ref141274910][bookmark: _Ref141274941][bookmark: _Toc154126143]VENTILATION
[bookmark: _Toc136441788][bookmark: _Toc154126144]General
In urban developments, pipes shall be adequately ventilated within private property.
However, there are some situations where vent shafts may be required such as:
1. At pumping stations
At manholes where pumping stations discharge to a gravity pipe: and
At entrances and exits to inverted syphons.
Where a vent shaft is required, the designer shall assess the potential for odours, and the effects of odours on adjacent dwellings. All ventilation and odour control assessment and design shall be undertaken by a SQEP. The assessment shall include calculations to quantify odour-generating potential and demonstrate how odour generation will be mitigated. The SQEP shall liaise closely with Water Entity on proposed ventilation and odour control measures.
Either forced ventilation or passive odour control is acceptable provided it is demonstrated that the proposed odour mitigation system will prevent offensive or objectionable odours from causing an adverse effect to adjacent property.
[bookmark: _Toc154126145]Design details for ventilation lines, vent shafts and cowls
Not used as these may be architectural and subject to WSE approval.
[bookmark: _Toc136441789][bookmark: _Toc154126146]PIPE DUCTS
When considering pipe ducts and crossings the Designer and Contractor shall comply with the NEDS for Utility Operators’ Access to Transport Corridors (National Code) and any other relevant standards such as the Kiwirail Installation of Utility Structures on Railway Land.  
Pipe ducts are required for any pipes crossing the alignment of an Waka Kotahi NZTA expressway or motorway. 
Pipe ducts shall be considered when a pipeline crosses an NZTA designated road, railway crossing, stream crossings or other instances where above-ground features obstruct or impede the ability to access a pipe for maintenance or renewal. Install duplicate or oversize ducts where growth modelling indicates a capacity increase with a 50-year timeframe.
Pipe ducts crossing a railway shall comply with Kiwi Rail ducting requirements. In all other instances, pipe ducts shall be constructed out of PE100, RCRRJ, DI or steel. Pipe ducts shall meet maximum anticipated loading and asset life of the greater of 100 years or the theoretical lifespan of the pipeline to be placed within the duct. Minimum class strengths allowed shall be SDR 11 for PE100, Class 4 (Z) for RCRRJ and PN35 for DI and steel. Steel ducting requires corrosion protection.
Duct design shall provide for removal and replacement of the pipeline within the duct with the duct remaining in place. Minimum duct design requirements include:
1. Minimum duct diameter shall be the diameter of largest diameter flange, coupler, or other fitting on the pipeline plus the greater of 50mm or 20% of diameter.
Assume minimum duct internal diameter and maximum external diameter of pipe, flange, coupler, or other fitting within the tolerances in the relevant manufacturing standards.
Gravity pipelines through ducts shall maintain grade, either by duct installation on a matching grade or increasing the duct diameter to allow for the grade.
Pipelines within ducts shall not have high points.
High points at either end of a duct shall allow for air valves.
At least one end of the duct shall provide a staging area sufficiently sized for removal of the entire flange-to-flange or coupler-to-coupler pipeline length.
Duct end designs shall minimise forces on the pipeline from bending, shear, and differential settlement. Mitigation measures shall include over excavation and compaction under duct ends and installation of compressible rubber at the duct ends as per AS/NZS 2566.2:2002 figure 5.6.
Centraliser and casing separation systems shall support the pipe within the duct and be removable. Design drawings shall detail any and all such systems.
Seals at duct ends shall prevent ground or surface water ingress and be removable. Design drawings shall detail any and all such seals.
Pipelines in ducts shall be SDR11 PE100 pipe material to allow for pipe de-rating and mitigate risk of scratching or gouging the pipe during installation. Detail flange connection and fitting details at each end.
[bookmark: _Hlk141693087]Grouting or installation of flowable fill within the annulus shall be considered but generally avoided so that any leaks can be easily detected and the pipe replaced easily.
[bookmark: _Toc136441791][bookmark: _Toc154126147]INVERTED SYPHONS
[bookmark: _Toc136441792][bookmark: _Toc154126148]General
Inverted syphons are sometimes necessary when passing major obstacles such as rivers and large drains. However, inverted syphons are actively discouraged and should be avoided where possible and will require approval from the WSEProblems associated with inverted syphons derive primarily from an accumulation of solids when velocities are reduced during low flow. Accumulated solids can give rise to odour problems, make the wastewater more septic, and restrict peak flows. Remember that the water seal blocks airflows and can affect the ventilation pattern.
[bookmark: _Toc136441793][bookmark: _Toc154126149]Design parameters for inverted syphons
Size the pipes to give peak daily velocities as per Section 5.5 Pipe sizing and grading. If flows are expected to increase significantly with time or there are significant differences in dry and wet weather flow scenarios, install two different sized pipes, giving three possible modes of operation. These modes of operation may be used progressively in steps, as flows build up over time, by the removal of plugs or via weirs. Design the plugs to be easily removable and provide details in the Design Report. Also, consider network redundancy, maintenance in design and future serviceability. This may trigger the requirement for duplicate pipelines.
Provide an operation and maintenance (O&M) manual for all syphons.
To improve the transmission of solids, the maximum pipeline slopes must be 45° and 22.5° on the downward and upward legs respectively, with manholes placed to make cleaning easier. Because bedding conditions are often difficult, concrete-lined steel pipes and bends of ductile iron are commonly used. Differential settlements are likely to occur between the manhole and the syphon piping so give special attention to the joints in these areas.
It may be necessary to surround piping with concrete under waterways that are dredged from time to time. It may also be necessary to provide isolation valves to help flush syphons.
Do not install syphons on any lateral.
[bookmark: _Toc136441808][bookmark: _Ref141273697][bookmark: _Toc154126150]STRUCTURAL DESIGN
[bookmark: _Toc136441809][bookmark: _Toc154126151]GENERAL
For installation conditions beyond those shown on the drawings, the pipeline installation, including non-pipeline elements such as pumping station chambers, shall be specifically designed to resist structural failure. The design shall be in accordance with AS/NZS 2566.1 including the structural design commentary AS/NZS 2566.1 Supplement 1 and NZS 1170.5 including Supplement 1. Details of the final design requirements shall be shown on the drawings.
Pipe bridge design shall be subject to specific structural design of the pipe and supports for empty and full static loads, any dynamic loads, and full seismic provisions.
[bookmark: _Toc136441811][bookmark: _Ref141372004][bookmark: _Toc154126152]STRUCTURAL CONSIDERATIONS
[bookmark: _Toc136441812][bookmark: _Toc154126153]Pipes
Design pipes to withstand all loads, including hydrostatic and earth pressure and traffic, in accordance with B AS\NZS 2566.1:1998 Buried flexible pipelines - Structural design and AS/NZS 3725:2007 Design for installation of buried concrete pipes. Design pipes exposed to traffic to HN-HO-72 axle loading only, as described in clause 3.2.2 of the Waka Kotahi NZ Transport Agency Bridge Manual.
[bookmark: _Toc136441815][bookmark: _Toc154126154]LOADINGS
[bookmark: _Toc136441816][bookmark: _Toc154126155]External forces
The external forces to be taken into account shall include:
1. Trench fill loadings (vertical and horizontal forces due to earth loadings);
Seismic
Surcharge;
Groundwater, including the potential for floatation;
Dead weight of the pipe and the contained water;
Other forces arising during installation;
Traffic loads;
Temperature (expansion/contraction).
The consequences of external forces on local supports of pipelines shall also be considered
[bookmark: _Toc136441818][bookmark: _Toc154126156]Embedment zone dimensions
The designed trench width shall be the minimum width to allow pipes to be safely laid and all embedment material properly and sufficiently compacted. Refer to Part 2- Construction and WWG-04 for further detail.
[bookmark: _Toc136441821][bookmark: _Toc154126157]Flotation
Manholes shall be designed to prevent floatation in areas of high water table.
Manholes shall be designed to prevent floatation using a factor of safety of 1.25. The design must include consideration of groundwater table and liquefaction potential.
The weight of the manhole risers, lid, slab, and base shall be used for calculating the resistance against floatation, and the manhole shall be assumed to be empty.
[bookmark: _Toc136441822][bookmark: _Ref141271990][bookmark: _Ref143507076][bookmark: _Toc154126158]FOUNDATION DESIGN AND GROUNDWATER CONTROL
Some WSE’s may have Aggressive Groundwater mapping showing the areas that the Water Entity have found to be subject to aggressive groundwater. Before specifying concrete pipes or manholes within 1km of these known areas, test the groundwater to check whether concrete piping is appropriate.  If mapping is not available then testing of the groundwater is required before pipe material can be chosen.
Regard groundwater as aggressive to ordinary Portland cement if any of the following criteria are met:
1. Over 35ppm calcium carbonate (CaCO3) alkalinity and over 90ppm aggressive carbon dioxide (CO2)
Under 35ppm calcium carbonate (CaCO3) alkalinity and over 40ppm aggressive carbon dioxide (CO2)
pH less than six
Sulphate greater than 1,000mg/l.
Measures to counter aggressive groundwater include:
Laying concrete pipes in concrete haunching
Wrapping pipes with polyethylene film
Providing a sacrificial layer of concrete
Increasing cover to reinforcing
Using special cements
Coating pipes with bitumen, epoxy, or similar, before installation
Use of alternative highly resistant pipe materials
[bookmark: _Toc136441824][bookmark: _Ref141372075][bookmark: _Ref143509138][bookmark: _Toc154126159]GEOTECHNICAL CONSIDERATIONS
[bookmark: _Toc136441825][bookmark: _Toc154126160]General
The Designer shall take into account any geotechnical requirements determined during the investigations for the development. All geotechnical log reports shall be uploaded to the New Zealand Geotechnical Database; https://www.nzgd.org.nz
Where required, standard special foundation conditions shall be referenced on the drawings.
Special design requirements may apply in any area susceptible to land instability or soil liquefaction. For indicative information refer to http://data.gns.cri.nz/geology .
Geo-professionals are to satisfy themselves of the correctness of the information and apply current knowledge when meeting any such special requirements.
Where poor ground conditions are present, concrete bedding could be considered and will require WSE approval. However, the preference would be to undercut the poor soil and replace with engineered fill to achieve the required bedding conditions. Alternatively, concrete bedding could also be considered to prevent slumping at joints (i.e. have concrete bedding localised at joint locations to mitigate slumps/dips in the pipeline).
[bookmark: _Toc136441826][bookmark: _Toc154126161]Pipelines in engineered or controlled fill
The designer shall take into account any geotechnical requirements determined during the investigations.
[bookmark: _Toc136441827][bookmark: _Toc154126162]Pipelines in non-engineered fill
Wastewater mains shall not be placed in non-engineered fill. If unavoidable, then the designer shall take into account any geotechnical requirements determined during the investigations and design and provide a design for the WSEs specific approval.
Where the route of a main requires ground improvement (e.g., to achieve required lines, grades and cross-sections), a geotechnical specialist shall investigate the site and design and supervise construction of the proposed works, the trench and bedding for the pipeline. Relevant construction requirements shall be included in the Specification and/or Design Drawings.
[bookmark: _Toc136441828][bookmark: _Toc154126163]Filling along route of pipeline
The designer shall take into account any geotechnical requirements determined during the investigations.
Where the route of a main requires filling or construction of an embankment (e.g., to achieve required lines, grades, and cross-sections), a geotechnical specialist shall investigate the site and design and supervise construction of the embankment, the trench and bedding for the pipeline. Relevant construction requirements shall be included in the Specification and/or Design Drawings.
[bookmark: _Toc136441830][bookmark: _Toc154126164]Slip areas
Wherever practicable, wastewater mains shall be located outside the influence of a potentially unstable area. If it is not possible to do so, the Designer, jointly with the geotechnical specialist, shall take every action possible to remove, or at least minimise the potential for damage to a wastewater main caused by movement of unstable ground.
In areas which may be potentially unstable, consideration may be given to construction of the sewer line in PE which may reduce the occurrence of any spills should a slip occur.
[bookmark: _Toc136441839][bookmark: _Toc154126165]DESIGN REVIEW AND DRAWINGS

This section will be populated with the outcomes of the NTU’s LD Growth Team when available. 
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NOTES
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NOTES

1. Refer to standard drawing WWG-04 for pipe bedding specifications.

2. For lines exceeding agrade of 20% anchor blocks shall be located at
pipe joints, and not exceed Sm spacing.

3. Large diameter pipes >450mm diameter are subject to specific design
to counter downward weight of pipe and water

Natural Ground Level.

Trench
Trench backfill as per standard ———————{—®
specfication. Refer to Standard

draving WWG-04

17.5Mpa concrete anchor
blocks shall be located at
pipe joints not exceeding
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Protective/compressible
| membrane around ipe,

refer note 5

D12 Reinforcing rod.
Min. 5omm cover
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NOTES:

1. In-line connections shall take precedence over saddle connections.

2. Refer to the Entities point of supply policy.

Factory singl pece Wye junction
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NOTE!

1. In-line connections shall take precedence over
saddle connections.

2. Ensure outside edge of main pipe cut-in hole s
greater than 300m from collar or end of host pipe.

3. Masimum diameter of cut-in hole shallbe less than
o thirds of the internal diameter of main pipe as
per table belov.

Standard slip coupling

Hole Lo be cut in main with smooth saw
cut edge. Cut piece to be retrieved - DO
NOT et it fall into sewer.

saddle connection bonded
over hole with epoxy mortar
and perimeter dish saddle

V-Junction saddle direct connections

Winimu nominal Hew pipe

Minimum Pipe iamet
inimum PIpe DIameter | sidelne biameter

ACor concrete

150 100
pipe main

2 150 -

30 [

= s Flow Flow

4 Cutin hole must be shaped to match incoming
Y-branch (egg shaped) to within _+2mm, -omm
tolerance. Smooth junction interface with approved iness steel hose.

epory mortar. clamps around pipe, strap
5. Clean and degrease surfaces to be bonded. Abrade width to be confirmed

the surfaces in two directians with 40 grit

sandpaper. Solvent wipe to remove dust. ‘SARDLE CONNECTION
6. Apply PYC compatible epoxy mortar to both surfaces. Wt 3cale
strictly according to the manufacturer's
recommendations. Allow to fuly cure before the
lateral s laic
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NOTES
1. Only to be used as terminating manhole on level residential sites with more
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Grass Concrete Footpaths Concrete Hotmix

Sow with grass seed mix 15% Tomm of Tmpa 150mm 17.5mpa concrete 25mm of mixi0 ACon
Chewings Fescue 7% concrete on 50mm of TNZ 1[4 AP20 25mm of APLD
Brown Top75% on 25mm of AP20 metal. Minimum width of basecourse
Crested Dogstail 0% metal surface reinstatement Tm.
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weight) Clean topsoil
compacted depth 100mm

T

Selected backill material, F— — L —e——1— compacted hardfil
free of lumps > 150mm gape5 compated in

200mm layers to
95% MDD

Refer to drawing WWG-04
for bedtding det

for bedding details
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