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Seeking feedback on plumbing and drainage proposals

Preface

The Building Code forms a key part of our building regulatory system in New Zealand. It sets the minimum
performance for the design of buildings. The Ministry of Business, Innovation and Employment (MBIE) is
responsible for updating the Building Code and its documents so we can keep pace with innovation, current
construction methods and the needs of contemporary New Zealand.

At MBIE, we aim for a balance between setting minimum performance requirements where necessary to
ensure buildings are safe, healthy and durable, and encouraging higher standards of performance where this
will impact positively on outcomes for the country. The changes we are proposing aim to ensure new buildings
better protect the safety of the people who use them.

This consultation document includes the details of the plumbing and drainage proposals which aim to improve
the safety and reliability of new plumbing systems. This includes changes to the Building Code compliance
pathways for water supply, foul water and surface water systems. These proposals are the latest in a series of
continuous improvements intended to support plumbing and drainage work and ensure these Building Code
compliance pathways are fit for purpose and up to date.

Altogether, the changes aim to give New Zealanders greater confidence that water from a tap is healthy and
safe.

Our counterparts at the Australian Building Code Board have been instrumental in supporting the development
of these proposals, leading the way on their ambitious work programme to introduce new plumbing
requirements across the Tasman. We have drawn on their research and collaborated with our colleagues at the
Ministry of Health and Taumata Arowai, New Zealand’s new dedicated water regulator, to inform this
document.

Please take the time to let us know your thoughts. MBIE will carefully consider and weigh all submissions
before making any decisions. You can provide feedback by following the instructions on MBIE’s Have Your Say
webpage.

Final decisions on the changes will be made and communicated later this year.
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Seeking feedback on plumbing and drainage proposals

Seeking feedback on plumbing and
drainage proposals

In this consultation, we seek your feedback on the following proposals:

Proposal 1. Lead in plumbing products

Proposal 2. Water temperatures

Proposal 3. Protection of potable water

Proposal 4. AS/NZS 3500 Plumbing and drainage standards
Proposal 5. Water system supply components

Proposal 6. Plumbing and drainage system material standards
Proposal 7. Resolving conflicts and editorial changes

How to provide feedback

We invite you to submit feedback on the Building Code update by 5:00pm on Friday, 1 July 2022.
» You can provide your feedback by completing a survey online via MBIE’s Have Your Say webpage, or
> You can download a form at www.mbie.govt.nz and send it to us by email or post.
- Email to: buildingfeedback@mbie.govt.nz, with subject line Building Code consultation 2022
- Postto:

Building System Performance

Ministry of Business, Innovation and Employment
PO Box 1473

Wellington 6140

Your feedback will contribute to further development of the Building Code.

Release of information

MBIE may publish copies or excerpts of submission to MBIE’s website at www.mbie.govt.nz. MBIE will consider
you to have consented to publishing by making a submission, unless you clearly specify otherwise in your
submission.

If your submission contains any information that is confidential or you otherwise wish us not to publish it,
please:

» indicate this at the start of your submission, with any confidential information clearly marked within the
text
» provide a separate version excluding the relevant information for publication on our website.

Submissions will also become official information, which means it may be requested under the Official
Information Act 1982 (OIA). The OIA specifies that information is to be made available upon request unless
there are sufficient grounds for withholding it. If we receive a request, we cannot guarantee that feedback you
provide us will not be made public. Any decision to withhold information requested under the OIA is
reviewable by the Ombudsman. If you have any objection to the release of any information in the submission,
and in particular, which parts you consider should be withheld, please set this out in your submission together
with the reasons for withholding the information. MBIE will take such objections into account and will consult
with submitters when responding to requests under the Official Information Act 1982.
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Seeking feedback on plumbing and drainage proposals

Private information

The Privacy Act 2020 establishes certain principles with respect to the collection, use and disclosure of
information about individuals by various agencies, including MBIE. Any personal information you supply to
MBIE in the course of making a submission will only be used for the purpose of assisting in the development of
advice in relation to this consultation or for contacting you about your submission. We may also use personal
information you supply in the course of making a submission for other reasons permitted under the Privacy Act
2020 (e.g. with your consent, for a directly related purpose, or where the law permits or requires it). Please
clearly indicate in your submission if you do not wish your name, or any other personal information, to be
included in any summary of submissions that MBIE may publish.

We will only retain personal information as long as it is required for the purposes for which the information
may lawfully be used. Where any information provided (which may include personal information) constitutes
public records, it will be retained to the extent required by the Public Records Act 2005. We may also be
required to disclose information under the Official Information Act 1982, to a Parliamentary Select Committee
or Parliament in response to a Parliamentary Question. You have rights of access to and correction of your
personal information which can be found on the MBIE website at www.mbie.govt.nz.
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Plumbing and drainage — Long term strategy

Plumbing and drainage — Long term
strategy

This year we are proposing changes to the New Zealand Building Code (Building Code) compliance pathways for
water supplies, foul water and surface water that support plumbing and drainage work in New Zealand.

These proposals are the latest in a series of continuous improvements to ensure the Building Code compliance
pathways for the plumbing sector are fit for purpose and up to date to help New Zealanders have safe and
reliable plumbing systems.

This update will help support the provision of plumbing and drainage services that comply with the Building
Code and meet the safety and wellbeing objectives in the Building Act 2004.

The 2022 Plumbing and drainage update is focused on improving the means of complying with the following
three Building Code clauses:

» E1 Surface Water — Disposal of rainwater and confirmation surface water cannot enter the building.

» G12 Water Supplies — Requires the safe supply, storage, reticulation and delivery of hot and cold water.

» G13 Foul Water — Requires the safe disposal of foul water to prevent iliness and the loss of amenity due to
odour and accumulated matter.

Go& MINISTRY OF BUSINESS,
EEYH INNOVATION & EMPLOYMENT
HIKIN

K

Acceptable Solutions and
Verification Methods

Acceptable Solutions and Kcceptable Solutions and
Verification Methods Verification Methods

For New Zealand Building Code Clause
E1 Surface Water

For New Zealand Building Code Clause For New Zealand Building Code Clause
G12 Water Supplies G13 Foul Water

This update supports MBIE’s commitment to the ongoing development of technical Building Code solutions
within the plumbing technical focus area, and is a key step towards:
» Modernising the compliance pathways for the plumbing sector to incorporate technical innovation and
research which support current hydraulic theory and installation practices.
» Promoting consistent outputs by improving alignment between Building Code compliance pathways for
the plumbing sector.
» Addressing targeted technical issues and gaps within existing compliance pathways.
At the same time, other government legislative programmes are informing the work required in the plumbing
and drainage space. These include:
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Plumbing and drainage — Long term strategy

> New Zealand Government’s response to climate change and the Climate Change Response (Zero Carbon)
Amendment Act 2019 which drives our climate change policy towards low greenhouse gas emissions
(emissions) and climate resilience in New Zealand.

> Three Waters Reform Programme including the introduction of the Water Services Act 2021 which will
help ensure all New Zealanders have safe, reliable drinking water, wastewater and stormwater services.

» Building Products Information Law changes which will ensure that basic information about building
products and how to use them is available to users in New Zealand.

One of the challenges is that plumbing and drainage requirements in the Building Code are fragmented
between various Building Code clauses, acceptable solutions and verification methods. This makes it
challenging to ensure designs and installations comply with all relevant aspects of the Building Code. There are
opportunities to improve consistency, clarity and certainty in these requirements and create a more user
centric approach to address the issues.

Along with that, we have recognised the importance of the standards cited for plumbing and drainage systems
and have looked to adopt the most recent version of these standards. Building Code compliance relies heavily
on cited standards for the compliance of pipe materials and plumbing and drainage system installations. This is
reflected in the priorities and focus of past updates which have focused on maintaining current citation of a
number of standards.

The timeline on the next page illustrates how we propose to continuously improve compliance pathways for
the plumbing sector and embed operational efficiency and carbon reduction approaches into the building
system’s regulatory framework over time. At this stage, this timeline is indicative and subject to amendment
based on government decisions and sector feedback. It will be built on and finalised to provide the sector with
early and clear signals about future changes.

BUILDING CODE UPDATE 2022 — PLUMBING AND DRAINAGE 8


https://www.legislation.govt.nz/act/public/2019/0061/latest/LMS183736.html
https://www.legislation.govt.nz/act/public/2021/0036/latest/LMS374564.html

Plumbing and drainage — Long term strategy

Plumbing and drainage update timeline

Strengthening
Current Hot water cylinder safe tray provisions AS/NS 3500: 2018 Part 3 cited as a means Ongoing development of AS/NZS 3500
Building Code updated to prevent water damage in of complying with E1 Surface Water PIu.n'.1bing system water and energy
Compliance G12/Ast Rainfall intensity data updated in E1/AS1 efficiency updates
Pathways Updated product manufacturing and
installation standards cited as means of
complying with G13 Foul Water
Kitchen and laundry sink integral overflow
provisions introduced in E3/AS1
2017 2020 2025
2019 2022
AS/NZS 3500: 2018 Parts 1, 2 and 4 Lead in plumbing products proposed to be
cited as means of complying with G12 reduced to maintain public health under
Water Supplies and G13 Foul Water G12 Water Supplies
Hot water delivery temperatures proposed
to be lowered to reduce the risk of scalding
under G12 Water Supplies
AS/NZS 3500: 2021 Parts 1,2, 3 and 4
proposed to be cited as means of
complying with E1 Surface Water, G12
Water Supplies and G13 Foul Water
Backflow prevention provisions proposed
to be improved to protect drinking water
Key: Completed change from backflow contamination in G12/AS1
Current focus area Water sup.ply system component updates
proposed in G12/AS1
Future focus area Updated plumbing and drainage system
materials standards proposed to be cited
under E1 Surface Water, G12 Water
Supplies and G13 Foul Water
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Proposal 1. Lead in plumbing products

1. Lead in plumbing products

We are proposing to limit the allowable lead content in plumbing products which contain copper alloys
and are intended for use in contact with drinking water to not more than 0.25%. These new
requirements are proposed for inclusion in the acceptable solutions for Building Code clause G12 Water
Supplies. The transition period is proposed to end on 1 September 2025 to provide plumbing product
manufacturers and suppliers time to make the necessary changes.

1.1. Reasons for the change

The use of lead in the manufacture of plumbing products has been common practice for many centuries. It is
most commonly found in copper alloys, such as brass and bronze, where a small amount of lead is added to
provide malleability. These alloys are frequently used as components of plumbing products in contact with
drinking water.

In New Zealand, small amounts of lead are currently allowed in the raw materials used to manufacture some
plumbing products, provided it does not contaminate the water. Products that contaminate drinking water are
not code compliant.

Lead has long been recognised as a cumulative toxin and people can be exposed to lead from ingestion of
airborne dust, water, food and soil. While existing products that comply with the Building Code are safe, health
officials recommend that where possible, exposure to lead should be reduced. The World Health Organisation
(WHO) also recommends all practical measures to reduce exposure to lead should be implemented, including
the use of low lead alloy fittings in new plumbing installations or repairs?.

Australia has recently announced changes to limit the allowable level of lead in plumbing products?. This step
aligns closely with existing lead-free plumbing products requirements in North America. As such, this is a timely
opportunity for New Zealand to adopt similar requirements. In this consultation, we are seeking feedback on
whether New Zealanders would support this move to continue to reduce the amount of lead in our built
environment.

1.2. Proposed change
The proposed change includes:

» Limiting the maximum lead content to 0.25% for any product that contains copper alloy and is intended
for use in contact with potable water for human consumption. This would include products such as pipe
fittings, valves, taps, mixers, water heaters and water meters. See example images of these products in
Figure 1.1.

» Requiring the lead content for these products be verified through a test report from an accredited
laboratory in accordance with the standard NSF/ANSI/CAN 372.

» Providing a transition period to 1 September 2025 which aligns with the time when equivalent
requirements will come into force in Australia.

» Clarifying that copper alloy plumbing products must be suitably resistant to premature corrosion from
dezincification.

The proposed requirements will involve an amendment to Building Code Acceptable Solution G12/AS1 Water

Supplies. This proposed change will not affect existing plumbing systems unless they are being altered or
replaced. However, it would apply to all new plumbing work even if it does not need a building consent.

! WHO Guidelines for drinking-water quality, 4th edition, incorporating the 1st addendum
2 ABCB Lead in plumbing products - Final Decision RIS
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Proposal 1. Lead in plumbing products

For more details on the specifics of the proposed change, please refer to Appendix B.

FIGURE 1.1: Examples of plumbing products such as taps and brass fittings affected by this proposal

1.3.  Options considered
For this proposal, MBIE has considered the following two options against the status quo:

Option 1. Propose changes to the current plumbing product testing standard (AS/NZS 4020)

This option considered proposing changes to the maximum allowable concentration of lead within the joint
Australian/New Zealand standard AS/NZS 4020 for the testing of products for use in contact with drinking
water.

Option 2. Require all products in contact with drinking water to contain 0.25% or less lead content

This option considered amending the Acceptable Solution G12/AS1 to restrict the maximum allowable lead
content within plumbing products that contain copper alloy and are intended for use in contact with potable
water for human consumption to 0.25% or less when calculated using a weighted average against the wetted
surface area and evaluated against NSF/ANSI/CAN 372: 2020 Drinking Water System Components - Lead
Content. This option would closely align requirements under the Building Code with changes being introduced
in Australia and existing requirements for lead free plumbing products in North America.

1.4. Analysis of the proposed change
1.4.1. Objectives of the proposal

The primary objective of this proposal is to further reduce the potential for exposure to lead from plumbing
products that are in contact with potable water. While existing products that comply with the Building Code
are safe, health officials recommend that exposure to lead should be reduced, where possible.

This contributes to achieving Objective G12.1 (a) of the Building Code, Functional requirement G12.2 and
Performance criteria G12.3.2 (c). These clauses of the Building Code state:

Objective

G12.1 The objective of this provision is to—
(a) safeguard people from illness caused by contaminated water.

BUILDING CODE UPDATE 2022 — PLUMBING AND DRAINAGE 11



Proposal 1. Lead in plumbing products

Functional requirement

G12.2 Buildings provided with water outlets, sanitary fixtures or sanitary appliances must have safe and
adequate water supplies.

Performance
G12.3.2 A potable water supply system shall be—
(c) installed using components that will not contaminate the water.

1.4.2. Methodology to determine the allowable levels of lead

The current allowable amount of lead varies depending on the plumbing product and is regulated under the
Building Code through both manufacturing standards and via the adoption of the Australian and New Zealand
standard AS/NZS 4020 Testing of Products for Use in Contact with Drinking Water. Lead water levels must not
exceed 10 micrograms (ug) per litre (L) of water when tested in accordance with this standard. Products that
comply with this standard have been tested to ensure the maximum level of lead leaching from the product
does not exceed the maximum acceptable level set by the Drinking Water Standards for New Zealand3.

As part of the analysis, we considered changing the maximum acceptable value for lead leaching from a
product within the AS/NZS 4020 standard. However, following consultation with regulators in Australia,
industry groups and accredited testing laboratories, several challenges with implementing this option were
revealed. This option was discontinued from further analysis on the basis that limiting the allowable proportion
of lead in the source material (Option 2) was considered to address the issue more effectively when compared
to reducing the allowable level of lead leaching from a product into drinking water.

We determined that amending Acceptable Solution G12/AS1 as outlined in Option 2 was the most effective
way in which to further limit lead in new plumbing installations. The proposed approach to reducing the
maximum lead content in plumbing products was discussed with various parties including health officials,
Australian regulators, industry groups, product suppliers and accredited product testing laboratories. This
option was identified as the most reasonable option for reducing the potential for exposure to lead from
plumbing products in contact with potable water.

This approach includes:

» Limiting the maximum lead content to 0.25% for any product that contains copper alloy and is intended
for use in contact with potable water for human consumption.

» Using the standard NSF/ANSI/CAN 372: 2020 Drinking Water System Components - Lead Content to
calculate the allowable lead content based on a weighted average against the wetted surface area.

The limit is proposed to be set at 0.25% weighted average in recognition that it is not always possible to source
100% lead-free raw material. This also ensures parity with the international market for lead free copper alloy
plumbing products.

1.4.3. Impacts of the proposed change

There are a number of product categories impacted by this option and these categories include subsets of
many product types ranging in size and value.

Costs and benefits of the changes were assessed qualitatively. MBIE expects the following from this change:

» Limiting the allowable lead levels will further reduce the risk of exposure to lead from plumbing system
components.

» Introducing this change in alignment with Australia is expected to result in limited cost increases for
plumbing product manufacturers and suppliers in New Zealand, as most of the affected products are also
supplied into the Australian market.

» This proposed change will continue to support the wider government Three Waters Reform objective of
ensuring safe, reliable drinking water supplies.

As part of the options, we also considered what the transition period for this change should be. For the
different transition periods, MBIE expects the following impacts from this change:

3 Drinking-water Standards for New Zealand
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> With a Shorter transition period — Manufacturers and suppliers would not have sufficient time to make
the necessary changes to support the availability of products. This could lead to further supply chain
constraints which have been heightened due to the Covid-19 pandemic.

» With a Longer transition period — This would mean that new buildings could still be constructed with
higher levels of lead in the plumbing products. Products unable to be used in Australia could be used in
New Zealand.

Aligning the implementation with the timeframe proposed in Australia of 1 September 2025 provides a balance
of these factors.

1.5. Transitions
Effective date for G12/AS1 Paragraph 2.1.3: 1 September 2025
Transitional arrangements: 34 months (3 November 2022 to 1 September 2025)

The transition period for this change is proposed to end on 1 September 2025 at the same time as the
equivalent requirements G12/AS1 come into force in Australia. This transition period will only apply to the
proposed requirement in G12/AS1 Paragraph 2.1.3.

This transition period is proposed to provide manufactures and suppliers time to make the necessary changes
support the availability of products in New Zealand.

It is proposed that the existing Acceptable Solution G12/AS1 water quality provisions will remain in force, as if
not amended, for a period of 12 months until 2 November 2023 (the proposed transition period cessation date)
as described in TABLE 1.1.

The proposed transition period of 12 months is intended to align with those for other proposals. This is
intended to minimise confusion on the dates that the documents and requirements come into effect. On 2
November 2023, the proposed new G12/AS1 can be used with Paragraph 2.1.3 effective date for a transition
period of 34 months. The draft text for this arrangement is provided in Appendix B.

TABLE 1.1: Proposed transitional arrangements for the new requirements for lead in plumbing products

From 3 November From 2 November

2022 2023
Document Before 3 November (effective date) On 1 September

2022 2025

To 2 November2023 To 1 September 2025
(cessation date)

Existing Acceptable If used, will be If used, will be Does not apply to Does not apply to

Solution G12/AS1 treated as complying treated as complying Building Consents Building Consents
with the Building with the Building issued after this date issued after this date
Code Code

Amended Acceptable Does not apply to If used, will be If used, will be Does not apply to

Solution G12/AS1 Building Consents treated as complying treated as complying Building Consents
issued before this with the Building with the Building issued after this date
date Code Code

Amended Acceptable Does not apply to If used, will be If used, will be If used, will be

Solution G12/AS1 Building Consents treated as complying treated as complying treated as complying

Paragraph 2.1.3 issued before this with the Building with the Building with the Building
date Code Code Code
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Proposal 1. Lead in plumbing products

1.6. Questions for the consultation

1-1. Do you support amending Acceptable Solution G12/AS1 as proposed to limit the allowable lead content in
plumbing products?

1-2. What impacts would you expect on you or your business from the proposed change?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.

1-3. What support would you or your business would need to implement the proposed change if introduced?

1-4. Do you agree with the proposed transition time of 34 months for these proposed new requirements to
take effect on 1 September 2025?

[] Yes, it is about right

] No, it should be longer (4 years or more)

] No, it should be shorter (less than 34 months)
[ Not sure/no preference

BUILDING CODE UPDATE 2022 — PLUMBING AND DRAINAGE 14



Proposal 2. Water temperatures

2. Water temperatures

We are proposing to reduce the maximum temperature of hot water at the tap to reduce the risk of
scalding injuries to New Zealanders. The maximum allowable temperature for most buildings is
proposed to be reduced from 55°C to 50°C. For early childhood centres, the maximum allowable
temperature is proposed to be reduced from 45°C to 40°C to align with Ministry of Education
requirements. The proposed changes would only apply to new plumbing fixtures used for personal
hygiene, such as hand basins, baths and showers.

These changes are proposed to be introduced into Building Code Acceptable Solution G12/AS1, along
with additional temperature control devices and pressure requirements which will improve alignment
with the AS/NZS 3500 plumbing and drainage standards.

2.1. Reasons for the change

Hot water supply must be adequate to meet New Zealanders’ needs while also keeping them safe. Currently,
the Building Code requires hot water systems to be controlled to prevent the growth of legionella bacteria,
which is usually achieved by storing heated water at a temperature of 60°C or higher. However, the Building
Code also requires hot water to be provided at a temperature that avoids the likelihood of scalding. We must
be cautious about the temperature of water delivered to taps in our homes, to ensure they are safe for
everyone to use.

According to the World Health Organisation (WHO), burns are a global public health problem and are
particularly common in early childhood*. Scalds are the most commonly treated burn injury in young children.
Scald injuries may result from exposure to very hot liquids for only a short duration, ie “spill/splash,” and also
as a result of “immersion” in more moderate temperature liquids for relatively longer durations eg “a bath”.

Those most vulnerable from tap water scalds are infants, young children, elderly people and disabled people.
The Burns Registry of Australia and New Zealand led a study into people with tap water scalds admitted to
Australian or New Zealand burn centres between 2010 and 2019°. The study found that 130 people with tap
water scalds were admitted to NZ burn centres during the specified period, with 65 per cent of severe tap
water scalds occurring in young infants and children under four years old, and over 90 per cent of burns
occurring in the bathroom while bathing.

Additionally, the significant difference in maximum allowable hot water temperature in New Zealand (55°C)
compared to Australia (50°C) poses an increased risk of deeper immersion scalds. Lowering the maximum
delivery temperatures is expected to reduce the number of scald injuries across the country.

2.2. Proposed changes

MBIE is proposing to reduce the maximum temperature of hot water at the tap to reduce the risk of scalding
injuries to New Zealanders. This proposed change includes:

» Reducing the maximum allowable temperature of hot water delivered to plumbing fixtures used for
personal hygiene in most buildings from 55°C to 50°C.

» Reducing the maximum allowable temperature for early childhood centres from 45°C to 40°C to align with
Ministry of Education requirements.

> Maintaining the current maximum allowable temperature of 45°C for institutions such as schools,
hospitals and care homes.

4 Burns (who.int)

> The home, the bathroom, the taps, and hot water": The contextual characteristics of tap water scalds in
Australia and New Zealand
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Proposal 2. Water temperatures

The proposed maximum temperature changes would only apply to new plumbing fixtures used for personal
hygiene, such as hand basins, baths and showers. These changes are proposed to be introduced into Building
Code Acceptable Solution G12/AS1, along with additional temperature control devices which will provide more
ways to control the delivery temperature of hot water. For more details, please refer to Appendix B for
proposed water temperature changes within Acceptable Solution G12/AS1.

FIGURE 2.1: 50°C — Proposed max temperature of hot water delivered to new bathroom fixtures in homes.

2.3.  Options considered

To determine options for maximum hot water temperatures, MBIE conducted a review of the maximum
delivery temperatures in other countries. These temperatures are shown in the graph in FIGURE 2.2.
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FIGURE 2.2: Maximum hot water delivery temperatures for bathing
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Additionally, it was identified that the Ministry of Education Licensing Criteria for Early Childhood Education
and Care Services® requires that all early childhood centres are required to deliver a warm water temperature
no higher than 40°C.

Based on this review, MBIE considered the following options maximum hot water temperatures against the
status quo:

Option 1. 50°C for most buildings; 45°C for schools, hospitals and care homes; and 40°C for early childhood
education centres (Recommended)

This option would align the maximum hot water delivery temperatures in G12/AS1 with equivalent
temperatures permitted in Australia, temperatures in the standard AS/NZS 3500.4: 2018, and Ministry of
Education requirements for early childhood education centres.

Option 2. Reduce the maximum hot water delivery temperature requirements even lower

This option considers whether all buildings should be at 49°C, 48°C, or even lower. These lower temperatures
would reflect the requirements found in other parts of the world.

2.4.  Analysis of the options

2.4.1. Objectives of the proposal

The objective of this proposal is to reduce the risk of tap water scald injuries to New Zealanders, while still
maintaining adequate hot water temperatures for personal hygiene and preventing the growth of legionella
bacteria in heated water. This contributes to achieving Objective G12.1 (b) and G12.1 (c)(i) of the Building
Code, Functional requirement G12.2 and Performance criteria G12.3.5, G12.3.6 and G12.3.9. These clauses of
the Building Code state:

6 Refer to the Ministry of Education Licensing Criteria for Early Childhood Education and Care Services available
online at www.education.govt.nz.
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Objective
G12.1 The objective of this provision is to—
(b) safeguard people from injury caused by hot water system explosion, or from contact with
excessively hot water:
(c) safeguard people from loss of amenity arising from—
(i) a lack of hot water for personal hygiene
Functional requirement
G12.2 Buildings provided with water outlets, sanitary fixtures or sanitary appliances must have safe and
adequate water supplies.
Performance

G12.3.5 Sanitary fixtures and sanitary appliances must be provided with hot water when intended to be used
for—
(a) utensil washing; and
(b) personal washing, showering or bathing.

G12.3.6 Where hot water is provided to sanitary fixtures and sanitary appliances, used for personal hygiene, it
must be delivered at a temperature that avoids the likelihood of scalding.
G12.3.9 A hot water system must be capable of being controlled to prevent the growth of legionella bacteria.

Clause G12.3.5 (b) only applies to housing, retirement homes and early childhood centres as defined in clauses
Al and A2 of the Building Code.

The recommended option is the one that provides the best outcome for these different requirements.

2.4.2. Methodology for determining the maximum hot water delivery temperature

To determine the proposed maximum hot water delivery temperatures, MBIE considered the temperature of
water required for personal hygiene purposes as well as the risk of scalding posed by different water
temperatures.

Most individuals shower or bathe in water close to their internal body temperature at 36-38°C. Thermal hot
pools are generally in this range but may be as hot as 42-44°C. Washing in the kitchen and laundry may require
hotter temperatures. Similarly, to prevent the growth of legionella bacteria in storage water heating systems,
higher water storage temperatures are required (minimum 60°C). As part of this proposal, the proposed
maximum delivery temperatures for hot water would only apply to the temperature of water delivered to
sanitary fixtures used for personal hygiene, including hand basins, baths and showers. The proposed maximum
delivery temperatures would not apply to water delivered to kitchen sinks or laundries as these are not
considered sanitary fixtures used for personal hygiene. The minimum temperature for storage water heating
systems of 60°C would remain unchanged as this is controlled separately from the maximum delivery
temperature.

The risk from scalding depends on both the water temperature and how long the skin has been exposed to that
temperature. The higher the temperature, the shorter the time until a burn occurs. This relationship is not
direct and minor decreases in temperature can significantly prolong the time for exposure. This is illustrated in
FIGURE 2.3.

At a water temperature of 55°C, a full skin thickness burn would take 10 seconds for children and 30 seconds
for adults. At 50°C, this extends to one minute for children and up to five minutes for adults. Below this
temperature, the likelihood of scalding continues to decrease. Additional consideration is required for the skin
of very young and older people which are more susceptible to harm.

The current requirements in Acceptable Solution G12/AS1 limit the maximum hot water delivery temperature
to 45°C for early childhood centres, schools, rest homes, institutions for people with psychiatric or physical
disabilities, and hospitals. This temperature provides a reasonable level of protection to avoid the likelihood of
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scalding in these facilities. The Ministry of Education sets its own maximum temperature for water delivered
from taps that are accessible to children in early childhood education centres” at 40°C.

In consideration of these factors,

» A maximum delivery temperature of 50°C is considered to effectively reduce the risk of scalding in most
situations, while also being sufficiently hot for personal hygiene purposes.

» A maximum delivery temperature of 45°C is the current requirement for schools, old people’s homes,
institutions for people with psychiatric or physical disabilities, and hospitals. This remains appropriate.

> A maximum delivery temperature of 40°C for early childhood education centres will align with the
Ministry of Education’s licensing requirements for the operation of these facilities.

FIGURE 2.3: Time of exposure and water temperature at which full thickness skin scalds can occur
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© Copyright BRANZ Ltd, 2004. We would like to thank BRANZ for their permission to use this image from the Plumbing
and Drainage Guide 2nd edition in this consultation document.

2.4.3. Temperature control devices

As part of this proposal, MBIE also considered the means for limiting the hot water delivery temperatures.
Acceptable Solution G12/AS1 currently provides one means for this through the use of tempering valves and
references two standards for the manufacture of tempering valves. Additional options for the control of
delivery temperatures were previously found in AS/NZS 3500.4: 2018. However, these options have been
removed from the 2021 edition of this standard to avoid a conflict between the Plumbing Code of Australia and
the New Zealand Building Code requirements. As a result, additional temperature control devices are proposed
for inclusion in G12/AS1 through:

» thermostatic mixing valves
» thermostatically controlled taps

7 Refer to the Ministry of Education Licensing Criteria for Early Childhood Education and Care Services available
online at www.education.govt.nz.
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» temperature limited water heaters.

2.4.4. Impacts of the proposed change
MBIE expects that impacts of this change include:
> A reduction in the number of tap water scald injuries across the country.
» Providing heated water system designers and plumbers greater flexibility to select the most appropriate
temperature control device for the particular situation.
» Have minimal cost implications since it involves pre-setting or commissioning temperature control devices
to a lower temperature.
» Have negligible impact on the amenity in a building due to lack of hot water for personal hygiene.
» Have no impact on the storage water temperature to prevent the growth of legionella bacteria as the
storage temperature is controlled separately from the delivery temperature.

2.5. Transitions

Effective date: 4 November 2022
Transitional arrangements: 12 months

It is proposed that the existing Acceptable Solution G12/AS1 will remain in force, as if not amended, for a
period of 12 months until 2 November 2023 (the proposed cessation date) as described in TABLE 2.1.

TABLE 2.1: Proposed transitional arrangements for the updated Acceptable Solution G12/AS1 water
temperature requirements
From 3 November 2022
(effective date)

Document Before 3 November 2022 To 2 November 2023

(cessation date)

Existing Acceptable Solutions If used, will be treated as complying If used, will be treated as complying
with the Building Code with the Building Code

Amended Acceptable Does not apply to Building Consents If used, will be treated as complying

Solutions issued before this date with the Building Code

2.6. Questions for the consultation

2-1 Do you support amending Acceptable Solution G12/AS1 to help reduce the number of hot water scalding
injuries in New Zealand, by reducing maximum hot water delivery temperatures for some buildings?
The proposed hot water delivery temperatures are:
» 50°C for most buildings
» 45°C for institutions such as schools, hospitals and care homes (no change)
» 40°C for early childhood education centres to align with Ministry of Education requirements.

[] Yes, these temperatures are about right
] No, these temperatures should be even lower

[J No, the temperatures should remain as is
(status quo at 55°C for most buildings and 45°C for institutions and early childhood education centres)

] Not sure/no preference
2-2 What impacts would you expect on you or your business from the proposed options?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.
2-3 Do you agree with the proposed transition time of 12 months for the proposed changes to take effect?
[ Yes, it is about right
[ No, it should be longer (24 months or more)
[J No, it should be shorter (less than 12 months)

] Not sure/no preference
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3. Protection of potable water

We are proposing to update Acceptable Solution G12/AS1 to improve the requirements to protect
potable water from backflow contamination. Backflow occurs when the flow of water within a pipe is
reversed, which can draw contaminants into a potable water supply. It can create a health risk to
occupants in buildings and to entire public water supply networks. The proposed changes will improve
clarity around when backflow prevention is required, what type of backflow prevention devices are
suitable and how these devices should be installed and tested.

3.1. Reasons for the change

Backflow occurs when the flow of water within a pipe is reversed, which can draw contaminants into a potable
water supply system. It can create a health risk to occupants in buildings and to entire public water supply
networks. The Building Code requires that water supply systems are installed in a manner that safeguard
people from iliness caused by contaminated water and Acceptable Solution G12/AS1 sets out key provisions for
protecting potable water from the risk of contamination from backflow.

We have heard from stakeholders in the plumbing industry that there are issues with current backflow
prevention measures. Some requirements are unclear, which has led to inconsistencies in application and
compliance across the country. At the same time, the government Three Waters Reform Programme is also
looking to ensure safe, reliable drinking water is provided to consumers.

We believe that improving the provisions for protecting drinking water supplies from the potential risk of
contamination from backflow will give New Zealanders more confidence that water from the tap is safe to
drink. We want to hear whether submitters agree that now is the time to make these improvements to the
backflow prevention provisions within Acceptable Solution G12/AS1.

3.2.  Proposed changes

The proposed changes will improve clarity around when backflow prevention is required, what type of
backflow prevention devices are suitable and how these devices should be installed and tested. This includes:

» including additional cross-connection hazard rating examples to provide greater clarity

» introducing containment® backflow protection provisions to better align requirements to protect water
supplies from contamination from buildings

» strengthening backflow prevention device installation provisions; and

» referencing the latest backflow prevention device testing and manufacturing standards.

Additionally, we are proposing to amend the definition for potable water within G12/AS1 to align with the
definition introduced into the Building Act 2004 and Building Code regulations as part of the Water Services Act
2021 coming into force.

The proposed changes are described in Section 3.4. For more details of the proposed wording in Acceptable
Solution G12/AS1, please refer to Appendix B.

3.3.  Options considered

For this proposal, MBIE considered the following two options against the status quo:

& Containment backflow protection is proposed to be defined in G12/AS1 as “Backflow protection installed
adjacent to the point of supply to protect a water main from any potential contamination risk posed by
backflow from a premises.”
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Option 1. Provide guidance regarding appropriate practices for the provision installation of backflow
prevention devices

This option considered providing informative guidance around when backflow prevention is required, what
type of backflow prevention devices are suitable and how these devices should be installed and tested.

Option 2. Update G12/AS1 Section 3.0 Protection of potable water

This option considered updating G12/AS1 Section 3.0 Protection of potable water to include additional cross-
connection hazard rating examples, introduce containment backflow protection provisions, improve backflow
prevention device installation requirements and reference the latest testing and manufacturing standards was
considered.

3.4. Analysis of the changes

3.4.1. Objectives of the proposal

Following an analysis of the identified issues and consultation with industry parties, option 2 was identified as
the most effective option to further reduce the risk of backflow contamination to potable water supplies. This
option helps to ensure that requirements under the Building Code continue to support the wider government
Three Waters Reform Programme objective of ensuring safe, reliable drinking water supplies.

The objective of these proposed changes is to improve the protection of drinking water from backflow
contamination. This contributes to achieving Objective G12.1 (a) and G12.1 (c) (ii) of the Building Code,
Functional requirement G12.2 and Performance criteria G12.3.1 and G12.3.2. These clauses of the Building
Code state:

Objective

G12.1 The objective of this provision is to—
(a) safeguard people from illness caused by contaminated water.
(c) safeguard people from loss of amenity arising from—
(ii) water for human consumption, which is offensive in appearance, odour or taste.
Functional requirement
G12.2 Buildings provided with water outlets, sanitary fixtures or sanitary appliances must have safe and
adequate water supplies.
Performance
G12.3.1 Water intended for human consumption, food preparation, utensil washing or oral hygiene must be
potable.
G12.3.2 A potable water supply system shall be—
(a) protected from contamination; and
(b) installed in a manner which avoids the likelihood of contamination within the system and the
water main; and
(c) installed using components that will not contaminate the water.

3.4.2. Additional cross-connection hazard rating examples

G12/AS1 Paragraph 3.3 describes three cross connection hazard rating categories (High, Medium and Low) and
provides examples of various building systems which fall into each category. The current example lists have not
been updated for 20 years and additional examples are to provide clarity regarding the cross-connection
hazard ratings that should be applied to potable water supplies to these contemporary building systems. MBIE
reviewed the existing requirements and identified additional examples of cross connections hazards. The
additional examples proposed to include in G12/AS1 include:

High Hazard

» Bidets and douche seats

» Handheld bidet hoses and WC trigger sprays
» Connections for portable and mobile tankers
» Healthcare waste disposal equipment
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Medium Hazard
» Treated grey water
» Note 1: For carbonated drink dispensers, the pipework material installed downstream of the backflow
prevention device shall not be made of copper and not be affected by carbon dioxide gas.
Low Hazard
» Drinking fountains and bottle fillers
» Rainwater tanks and supply systems (see Note 2)
» External hose taps, with no hazards within 18 metres
» Emergency eye wash and shower stations
> Note 2: Air gap separation is the recommended type of backflow prevention for a rainwater tank with a
potable water supply connection.

3.4.3. Backflow protection for public water supplies

The current backflow protection requirements within G12/AS1 focus on the provision of appropriate backflow
prevention devices as near as practicable to any potential source of contamination within buildings.

Additional containment backflow protection® provisions are proposed to be introduced into Acceptable
Solution G12/AS1. This proposed change includes the introduction of requirements for containment backflow
prevention to be provided for new buildings that pose a heightened risk of water supply contamination if a
cross connection was to occur. This will provide additional protection to public water supplies from premises
such as those which process or manufacture toxic chemicals and those which process human or animal
biological or faecal matter.

Existing containment backflow prevention requirements are being applied inconsistently across New Zealand
and in 2021, were transferred from Health Act 1956 into the Water Services Act 2021. These existing
requirements place responsibility on drinking water suppliers to protect drinking water supplies against the risk
of backflow.

This proposed change will ensure those constructing new buildings that pose a heightened risk of water supply
contamination provide containment backflow protection to comply with the Building Code. This will not impact
the ability for water suppliers to install containment backflow prevention devices upstream of the point of
supply to a premises where they have determined there is a risk of backflow into the drinking water supply.

Containment backflow prevention devices installed to comply with the Building Code need to be installed by an
authorised plumber. They also need to be included on a buildings compliance schedule and tested annually by
an independently qualified person as part of the process for issuing an annual building warrant of fitness.

9 Containment backflow protection is proposed to be defined in G12/AS1 as “Backflow protection installed
adjacent to the point of supply to protect a water main from any potential contamination risk posed by
backflow from a premises.”
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FIGURE 3.1: Example of containment backflow protection
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3.4.4. Backflow prevention device installation

These proposed changes relate to the provisions for the installation of backflow prevention devices within
G12/AS1 that are not in line with industry practice.

The proposed backflow prevention device installation changes are intended to clarify that:

» Integral backflow prevention devices appropriate for the relevant cross-connection hazard are acceptable.

» Backflow prevention devices must be fitted with mechanical unions on the inlet and outlet of the valve to
allow for the removal of the valve for replacement.

» Backflow prevention devices need to be installed with isolation valves in order allow independently
qualified persons to test these devices annually.
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» Backflow prevention devices installed within buildings need to have adequate drainage provisions to
accommodate both intermittent and full flow rate discharge to prevent water damage to building
elements in the event a relief valve fully opens.

» Backflow prevention devices need to be adequately supported to prevent damage to the connecting
pipework.

» Providing guidance around what constitutes an accessible position for backflow prevention devices to be
installed. This clarification is proposed to reduce the likelihood of devices being installed in locations that
may compromise the health and safety of the independently qualified persons who are required to test
these devices annually.

3.4.5. Backflow prevention device testing and manufacturing standards

Standards and documents for backflow prevention device testing and manufacturing cited within G12/AS1 are
out of date. We are proposing to cite the updated versions of:

» AS/NZS 2845.3:2020 Water supply — Backflow prevention devices — Field testing and maintenance of
testable devices
» Water New Zealand and Master Plumbers, Gasfitters and Drainlayers NZ Inc, NZ Backflow testing standard
2019, Field testing of backflow prevention devices and verification of air gaps.
This standard and document has been reviewed against the criteria outlined in the MBIE Operating Protocol -
Referencing standards in the Building Code system?°. No significant issues were identified that would prohibit
them from being cited in the acceptable solutions and verification methods.

3.4.6. Identification of water supply pipework

Water supply pipework systems need to be clearly identifiable to reduce the risk of plumbers misidentifying
pipework. The misidentification of pipework can lead to potential cross-connections between a potable and
non-potable water services, which can result in water supply contamination and subsequent health risks.

G12/AS1 Paragraph 4.3.1 currently references the standard NZS 5807:1980 as the means of identifying potable
and non-potable pipelines within buildings. NZS 5807 is no longer considered to provide sufficient clarity
regarding identification requirements for non-potable water supply pipework within buildings to reduce the
risk of cross connections occurring. It is proposed to amend G12/AS1 to clarify that potable and non-potable
water supply pipework within buildings should be identified in accordance with AS/NZS 3500 Part 1 to reduce
the risk of cross connection and subsequent water supply contamination.

3.4.7. AS/NZS 3500 Part 1 Section 4 Cross-connection control and backflow prevention

The backflow prevention provisions within AS/NZS 3500.1: 2021 Section 4 are proposed to be cited as an
Acceptable Solution within G12/AS3. For further information on the proposed changes to the citation of the
2021 AS/NZS 3500 Plumbing and drainage standards, please refer to proposal 4.

3.4.8. Definition of potable water

The definition of ‘potable water’ is proposed to be amended and a definition for ‘drinking water standards’
added within the Definitions for G12/VM1 & AS1/AS2/AS3 in order to align with the definitions inserted by the
Water Services Act 2021 into the Building Act 2004 s7 Interpretation, and Building Regulations 1992 Schedule 1
Building Code Clause A2 Interpretation.

3.4.9. Impacts of the changes

The costs and benefits of the changes were assessed qualitatively. MBIE expects the proposed changes will
help ensure the backflow prevention provisions within the acceptable solutions for Building Code clause G12
continue to ensure that plumbing systems are installed in a manner which avoid the likelihood of
contamination within building water supply systems and public water mains to ensure public health is
protected.

10 Referencing standards in the Building Code system
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The proposed changes will provide more consistent and standardised approaches for the provision of backflow
prevention. This will help create a more efficient design review process for building consent applications.

Information and education will be required to ensure plumbers, independently qualified persons who test
backflow prevention devices, and building consent officers are aware of any changes to the backflow
prevention provisions within the acceptable solutions for Building Code clause G12, and to help them
understand what this means for them.

In consideration of these impacts, the benefits of the change exceed the costs.
It is expected that these proposed changes will:

» Make it easier to determine appropriate cross-connection hazard ratings

» Improve clarity around when containment backflow prevention is required for a premises and what type
of backflow prevention device is suitable

» Complement previous requirements under the Health Act and support proposed new requirements for
protecting water supplies being introduced by Taumata Arowai

» Strengthening backflow prevention device installation requirements

» Ensure the use of the latest backflow prevention device testing and manufacturing standards are deemed
to comply with the Building Code.

3.5. Transitions
Effective date: 4 November 2022
Transitional arrangements: 12 months

It is proposed that the existing Acceptable Solutions and Verification Methods will remain in force, as if not
amended, for a period of 12 months until 2 November 2023 (the proposed cessation date) as described in
TABLE 3.1.

TABLE 3.1: Proposed transitional arrangements for the protection of potable water
From 3 November 2022
(effective date)

Document Before 3 November 2022 To 2 November 2023

(cessation date)

Existing Acceptable Solution If used, will be treated as complying If used, will be treated as complying
G12/AS1 Amendment 12 with the Building Code with the Building Code
Amended Acceptable Does not apply to Building Consents If used, will be treated as complying
Solution G12/AS1 issued before this date with the Building Code
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3.6. Questions for the consultation

3-1 Do you support the proposed amendments to Acceptable Solution G12/AS1 for the protection of potable
water?

3-2 What impacts would you expect on you or your business from the proposed options?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.

3-3 Do you agree with the proposed transition time of 12 months for the proposed changes to take effect?
[ Yes, it is about right
[ No, it should be longer (24 months or more)
] No, it should be shorter (less than 12 months)
[ Not sure/no preference
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4. AS/NZS 3500 Plumbing and
drainage standards

We are proposing to cite the 2021 editions of the AS/NZS 3500 Plumbing and drainage standards as
acceptable solutions for complying with Building Code clauses E1 Surface Water, G12 Water Supplies
and G13 Foul Water. This follows a three-year revision project to improve these standards. These
standards play an integral part in setting out design and installation requirements for plumbing and
drainage systems in New Zealand. We are also proposing to cite AS/NZS 3500:2021 Part 1 and Part 4
under a new Acceptable Solution G12/AS3, which will provide consistency between the status of these
standards under the Building Code.

4.1. Reasons for the change

The AS/NZS 3500 Plumbing and Drainage standards have been cited within the Building Code system since its
inception in 1992. These standards contribute significantly to supporting the Building Code system?! and are
currently cited as Acceptable Solutions and Verification Methods for multiple Building Code clauses.

The publication of the 2021 editions of the AS/NZS 3500 series follows a three-year revision project to improve
these standards. These standards play an integral part in setting out design and installation requirements for
plumbing and drainage systems in New Zealand. They also support the Trans-Tasman Mutual Recognition
Arrangement which allows plumbers and drainlayers who are registered in New Zealand to practise in
Australia, and vice versa.

MBIE have invested considerable time and resource into the development of the AS/NZS 3500 series of
plumbing and drainage standards as part of the technical committee. As such, it is now possible to remove a
number of the citation modifications made to AS/NZS 3500 that were previously required for compliance with
the Building Code.

4.2. Proposed changes

We are proposing to cite the 2021 editions of the AS/NZS 3500 Plumbing and drainage standards as Acceptable
Solutions for complying with Building Code clauses E1 Surface Water, G12 Water Supplies and G13 Foul Water.
This includes proposed changes to:
» Acceptable Solutions E1/AS2
- Cite the new AS/NZS 3500.3: 2021 Plumbing and drainage — Stormwater drainage and remove a
number of modifications previously found in E1/AS2.
» Acceptable Solution G12/AS3
—Issue the new Acceptable Solution G12/AS3 to cite AS/NZS 3500.1: 2021 Plumbing and drainage —
Water Services and AS/NZS 3500.4: 2021 Plumbing and drainage — Heated water services.
» Acceptable Solutions G13/AS3
- Cite the new AS/NZS 3500.2: 2021 Plumbing and drainage — Sanitary plumbing and drainage
Amendment 1 and remove a number of modifications previously found in G13/AS3.

As part of this year’s update, we are also proposing to introduce a method for calculating design flow rates for
use in sizing water services for multiple types of buildings into Verification Method G12/VM1, which currently
cites AS/NZS 3500.1 and .4. Details of this proposed change are provided in Proposal 5.

11 please refer to the MBIE Operating Protocol “Tier framework to support standards in the Building Code
system” for the assessment of importance of standards. This framework was consulted on publicly in 2021 and
is available online at building.govt.nz.
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For more details of the proposed changes to the documents, please refer to:
» Appendix A for the proposed citation of AS/NZS 3500.3:2021 in Acceptable Solution E1/AS2 for
stormwater drainage systems
» Appendix B for the proposed citation of AS/NZS 3500.1:2021 and AS/NZS 3500.4:2021 in a new
Acceptable Solution G12/AS3 for cold and heated water services
» Appendix C for the proposed citation of AS/NZS 3500.2:2021 in Acceptable Solution G13/AS3 for sanitary
plumbing and drainage systems

FIGURE 4.1: AS/NZS 3500: 2021 Plumbing and drainage standards
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4.3.  Options considered
For this proposal, MBIE considered the following three options against the status quo:

Option 1: Insert the applicable requirements directly into the acceptable solutions and verification methods
This option was not considered to be reasonable as the material is too large and impractical for direct
publication in the acceptable solutions and verification methods.

Option 2: Identify alternative standards and reference those documents instead
This option was not considered to be reasonable as no alternative standards were identified that were specific
to the New Zealand context.

Option 3: Revise the references and citations to reflect the newest versions of the published version
(recommended) — This option is recommended in order to maintain up-to-date information and to reduce
confusion and disconnect between industry practice and compliance with the Building Code. This also aligns
with our strategic direction to support the development of these standards for compliance with the Building
Code.
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4.4.  Analysis of the proposed changes

4.4.1. Objectives of the proposal

The objective of this change is to reference up-to-date standards for designing and installing plumbing and
drainage systems within the Building Code compliance pathways and remove New Zealand specific
modifications within the existing acceptable solutions. This contributes to achieving the Building Code
objectives for E1 Surface Water, G12 Water Supplies, and G13 Foul Water and their associated function
requirements and performance criteria. The objectives of these clauses state:

Objective
E1.1 The objective of this provision is to—
(a) safeguard people from injury oriliness, and other property from damage, caused by surface
water, and
(b) Protect the outfalls of drainage systems.

G12.1 The objective of this provision is to—
(a) safeguard people from illness caused by contaminated water
(b) safeguard people from injury caused by hot water system explosion, or from contact with
excessively hot water:
(c) safeguard people from loss of amenity arising from—
(i) a lack of hot water for personal hygiene; or
(ii) water for human consumption, which is offensive in appearance, odour or taste
(d) ensure that people with disabilities are able to carry out normal activities and functions within
buildings.
G13.1 The objective of this provision is to:
(a) Safeguard people from illness due to infection or contamination resulting from personal hygiene
activities; and
(b) Safeguard people from loss of amenity due to the presence of unpleasant odours or the
accumulation of offensive matter resulting from foul water disposal.

4.4.2. Significant changes to the AS/NZS 3500 standards
Significant changes within the AS/NZS 3500:2021 Plumbing and drainage series include:

» The removal of specific product standard conformance requirements to avoid inconsistencies with the
WaterMark scheme and the NZ Building Code.

Relocation of definitions into AS/NZS 3500: 2021 Part 0 Glossary of terms for consistency across the
series.

Removal of cross-connection hazards and corresponding hazard ratings to avoid conflict between the
Plumbing Code of Australia and New Zealand Building Code Acceptable Solution G12/AS1.

Jointing requirements for plastics pipes have been clarified and expanded to allow different methods.
Changes to the requirements for the marking of pipes in commercial buildings to assist in better
identification of pipework and avoid cross connections.

Changes to the requirements for the installation of water services located in metal-framed walls.
Changes to the connection requirements for sanitary drains at grade.

The range of materials that can be used for wet wells has been expanded to encompass prefabricated
wells.

Design rainfall intensities for stormwater drainage systems are now expressed in terms of the Annual
Exceedance Probability (AEP)*? values to reflect the practice of the Australian Bureau of Meteorology
(BOM) and align with the performance requirements of Building Code clause E1 Surface water.

Design rainfall intensities for stormwater drainage systems have been updated to show the latest values
from the Australian Bureau of Meteorology (BOM) and New Zealand’s National Institute of Water and
Atmospheric Research (NIWA).

~

~

~ o~

~

~

~

~

~

12 The Annual Exceedance Probability (AEP) is the probability that a given total quantity of rainfall, accumulated
over a given duration, will be exceeded in any one year, and is expressed as a percentage.
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> New Zealand rainfall maps have been replaced by Table E.1 showing 10 % AEP (10 years ARI) and 2 % AEP
(50 years ARI) rainfall intensities for selected locations.

» The minimum separation distance between above-ground heated water services and electrical services
has been reduced to align with the AS/NZS 3000 Wiring rules and AS/NZS 3500.1.

» Changes have been made to requirements for circulated heated water systems including water meters
and entry points for heated water, thermal insulation for non-circulatory heated water piping, and
maximum capacities of any dead leg from the branch offtake to its termination - to improve the amenity
for users and reduce wastage of water and energy.

» Heated water temperature control provisions relating to maximum sanitary fixture delivery temperatures
and solutions for control of delivery temperatures have been deleted to avoid conflict between the
Plumbing Code of Australia and New Zealand Building Code Acceptable Solution G12/AS1.

The proposed AS/NZS 3500: 2021 standards have been reviewed against the criteria outlined in the MBIE
Operating Protocol - Referencing standards in the Building Code system?3. No significant issues were identified
that would prohibit them from being cited in the acceptable solutions and verification methods.

Additionally, a number of modifications to the standards previously found in the acceptable solutions are
proposed to be removed. These modifications are no longer necessary for the proposed citation of AS/NZS
3500: 2021 as these have been incorporated into the standard through MBIEs involvement in the standards
committee. The appendices for this consultation document detail the modifications to be removed from the
acceptable solutions

4.4.3. Impacts of the changes

Costs and benefits of the changes were assessed qualitatively. Along with issuing the new Acceptable Solution
G12/AS3, MBIE expects the following from citing these new standards:

» The changes to the standards builds upon knowledge from both sides of the Tasman and reflects the most
up-to-date information for designing and installing plumbing and drainage systems. This will assist with
achieving the objectives for Building Code clauses E1, G12 and G13.

Incorporating New Zealand specific modifications directly into the standards will make demonstrating
compliance with the Building Code easier and less confusing for users and building consent authorities.
Issuing the new Acceptable Solution G12/AS3 will provide a more consistent approach for what material is
suitable for publishing as a verification method versus an acceptable solution.

» The technical changes within the 2021 editions of the AS/NZS 3500 standards are not anticipated to result
in material increases to the cost of constructing plumbing and drainage systems.

Users will be required to access the updated standards and incorporate these into existing practices.
However, the cost in access is minimal as most users of these standards have access to AS/NZS 3500
series through existing subscriptions, such as those provided by the Plumbers, Gasfitters and Drainlayers
Boards, Master Plumbers or employers.

~

~

~

In this case, MBIE considers the benefits of the change exceed the minimal costs.

13 Referencing standards in the Building Code system
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4.5. Transitions
Effective date: 4 November 2022
Transitional arrangements: 12 months

It is proposed that the existing Acceptable Solutions and Verification Method will remain in force, as if not
amended, for a period of 12 months until 3 November 2023 (the proposed cessation date) as described in
TABLE 4.1.

TABLE 4.1: Proposed transitional arrangements for the protection of potable water
From 3 November 2022
(effective date)

Document Before 3 November 2022 To 2 November 2023

(cessation date)

Existing Acceptable Solutions and  If used, will be treated as complying If used, will be treated as complying

Verification Method with the Building Code with the Building Code
Amended Acceptable Does not apply to Building Consents If used, will be treated as complying
Solutions and Verification Method issued before this date with the Building Code

4.6. Questions for the consultation

4-1. Do you support amending the Acceptable Solutions for E1, G12, and G13 to cite the following AS/NZS
3500: 2021 Plumbing and drainage standards as proposed?

> AS/NZS 3500.1: 2021 — Water Services

» AS/NZS 3500.2: 2021 — Sanitary plumbing and drainage
» AS/NZS 3500.3: 2021 — Stormwater drainage

> AS/NZS 3500.4: 2021 — Heated Water Systems.

4-2. Do you support issuing the new Acceptable Solution G12/AS3 as proposed to cite AS/NZS 3500.1: 2021 —
Water services and AS/NZS 3500.4: 2021 — Heated water services?

4-3. Are there any additional modifications to the referencing of the AS/NZS 3500: 2021 Plumbing and drainage
standards that we should consider?
If there are modifications that you think should be included, please tell us.

4-4. What impacts would you expect on you or your business from the proposed options?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.

4-5. Do you agree with the proposed transition time of 12 months for the proposed changes to take effect?
[ Yes, it is about right
[ No, it should be longer (24 months or more)
[ No, it should be shorter (less than 12 months)
I Not sure/no preference
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5. Water supply system components

We are proposing 12 improvements within Acceptable Solution G12/AS1 to fill in gaps in this
compliance pathway, address issues raised by building consent authorities and industry bodies, and to
provide more ways for building water supply systems to comply with the Building Code.

We are also proposing to introduce a ‘deemed to comply’ pathway for use by plumbing system
designers to calculate the design flow rates for sizing water supply pipework in multiple types of
buildings within Verification Method G12/VM1.

5.1. Proposed changes

As part of ongoing maintenance of the Building Code compliance pathways, we are proposing 12
improvements to Acceptable Solution G12/AS1 to fill in gaps in this compliance pathway for plumbing system
components. The changes proposed include amendments to the provisions in Acceptable Solution G12/AS1 for:

» Expansion vessels

» Seismic restraint of water heaters

» Accessible taps

» Wet-back water heaters

» UV resistant pipework insulation material

» Cleaning and disinfection of water storage tanks
» Water supply pipework installation standards

» Minimum and maximum water pressures

» Relief valve drain discharge locations and tundish drain sizing
» Minimum pipework cover below ground

» Flushing of water supply systems

» Unintentional heating of cold water.

We are also proposing to introduce a compliance pathway for use by plumbing system designers to calculate
the design flow rates for sizing water supply pipework in multiple types of buildings within Verification Method
G12/VML1.

The issues with these components have previously been raised by plumbing and drainage industry bodies and
as items that needed clarification to align with existing design practices. The sections below outline each
reason for change, options considered and analysis of the changes. These proposed changes all contribute to
achieving Objective G12.1 of the Building Code and Functional requirement G12.2 of the Building Code. The
specific performance criteria for each change are provided in the analysis section.

For more specific details on the proposed wording for each change and portions of G12/AS1 and G12/VM1
affected by the proposal, please refer to Appendix B.

5.2.  Analysis of the changes

5.2.1. Expansion vessels as an option for managing thermal expansion within storage
water heating systems

Cold water expands when it is heated. Because storage water heating systems are fitted with a non-return

valve on the cold-water supply to prevent this expansion forcing water back into the supply, there needs to be

some other mechanism in the system to prevent water heaters or other components from rupturing. This is

required to achieve the Building Code Performance Criteria G12.3.8 which states:
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Performance
G12.3.8 Vessels used for producing or storing hot water must be provided with safety devices that—

(a) relieve excessive pressure during both normal and abnormal conditions; and
(b) limit temperatures to avoid the likelihood of flash steam production in the event of rupture.

Currently, the Acceptable Solution G12/AS1 provides only one solution for this through the provision of an
expansion control valve. These valves regularly discharge treated drinking water during the course of normal
operations, which is not always the desired design solution.

To provide additional means for compliance, MBIE considered additional options for managing thermal
expansion during the normal operation of storage water heating systems. It was identified that expansion
vessels were commonly used in other countries to safely manage thermal expansion within storage water
heating systems and MBIE commissioned research to determine their suitability for use in New Zealand.

The proposed change would permit the use of expansion vessels as an alternative option to expansion control
valves for mains pressure storage water heating systems complying with G12/AS1. Low pressure valve vented
storage water heating systems are proposed to be excluded, as these would typically require an excessively
large and impractical expansion vessel to accommodate pressure increases in the system.

The costs and benefits of the change were assessed qualitatively. MBIE expects the following from this change:

» Expansion vessels will provide a low-cost, simple-to-install alternative to expansion control valves and
meet the applicable Building Code performance criteria for mains pressure systems.

» Expansion vessels are able to manage the effects of thermal expansion within a storage water heating
system without discharging treated drinking water down the drain. This will reduce the amount of water
used by the system.

» Expansion vessels also help stabilise pressures within hot water systems. This can potentially help to
improve the durability and lifespan of storage water heating system components.

No significant impact or costs have been identified for the use of expansion vessels as an alternative to
expansion control valves. In this case, the benefits of the change exceed the costs.

FIGURE 5.1: Example of expansion vessel operation
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5.2.2. Seismic restraint of water heaters

Storage water heaters need to be restrained to prevent movement in the event of an earthquake. The current
detail for seismically restraining storage water heaters in G12/AS1 (Figure 14) requires straps to be provided no
further than 100mm from the top and bottom of a storage water heater. This can result in the straps clashing
with the pipework connections and cylinder controls. We have heard from the plumbing industry that more
flexibility is required in this detail so that straps can be located in positions where they do not clash with other
critical cylinder features.

G12/AS1 Figure 14 is proposed to be updated to provide alternative options for seismic restraint straps to be
located in positions where they do not clash with other critical cylinder features. This will assist in achieving the
Building Code Performance Criteria G12.3.7 (c) and B1.3.3 (f) which state:

Performance
G12.3.7 Water supply systems must be installed in a manner that—

(c) allows reasonable access to components likely to need maintenance.

B1.3.3 Account shall be taken of all physical conditions likely to affect the stability of buildings, building
elements and sitework, including:
(f) earthquake.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.3. Accessible taps

Currently only lever or capstan handle taps are permitted to be installed where they are likely to be used by
people with disabilities when complying with Acceptable Solution G12/AS1. There are now more modern
tapware options available which incorporate sensor plates that activate taps automatically when hands are
placed under them. Sensor taps are particularly suitable for use by people with disabilities, particularly where a
person may have limited hand function. Capstan handle taps are also no longer installed in facilities for use by
people with disabilities and have subsequently been removed as an acceptable option from recent accessible
design standard revisions.

It is proposed to amend G12/AS1 to clarify requirements for taps with single lever handles and to allow the
provision of sensor activated taps. This will assist in achieving the Building Code Performance Criteria
G12.3.10 which states:

Performance

G12.3.10 Water supply taps must be accessible and usable for people with disabilities.

No significant impact or costs have been identified for this change as this provides more options and the
benefits of the change exceed the costs.

5.2.4. Wetback water heaters

Wetback water heating systems utilise heat generated from a solid fuel heater to heat water for domestic use.
G12/AS1 currently provides a limited amount of information regarding wetback water heating systems and
additional detail is required to ensure these systems are installed safely. G12/AS1 is proposed to be amended
to cite Part 4 of NZS 4603 Installation of low-pressure thermal storage electric water heaters with copper
cylinders (open-vented systems). This standard provides more comprehensive provisions for designing and
installing wetback water heating systems utilising natural circulation. Access to view and print NZS 4603 is
currently sponsored by MBIE.

It is proposed to amend G12/AS1 to cite the design and installation provisions for wetback water heaters within
NZS 4603 Part 4. This will assist in achieving the Building Code Performance Criteria G12.3.8 which states:

Performance
G12.3.8 Vessels used for producing or storing hot water must be provided with safety devices that—
(a) relieve excessive pressure during both normal and abnormal conditions; and
(b) limit temperatures to avoid the likelihood of flash steam production in the event of rupture.

BUILDING CODE UPDATE 2022 — PLUMBING AND DRAINAGE 35



Proposal 5. Water supply system components

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.5. UV resistant pipework insulation material

Water supply pipework installed external to the building envelope needs to be insulated to reduce the risk of
freezing in frost prone areas. Hot water pipework is also commonly insulated where installed external to the
building envelope to comply with the Building Codes energy efficiency requirements.

When pipework insulation is installed external to the building envelope and exposed to direct sunlight, it needs
to be resistant to, or suitably protected from UV exposure. This ensures that pipework insulation installed
external to the building envelope will meet minimum durability requirements and continue to satisfy the other
objectives of the Building Code. This also supports maximising the insulation’s life expectancy and reducing the
costs for building owners.

It is proposed to amend G12/AS1 to specify that pipework insulation material exposed to direct sunlight shall
be UV resistant or suitably protected to withstand the degradation that can be caused by exposure to
ultraviolet light.

Performance

B2.3.1 Building elements must, with only normal maintenance, continue to satisfy the performance
requirements of this code for the lesser of the specified intended life of the building:
(c) 5yearsif stated, or:
(i) The building elements (including services, linings, renewable protective coatings, and fixtures)
are easy to access and replace, and
(i) Failure of those building elements to comply with the building code would be easily detected
during normal use of the building.
B2.3.2 Individual building elements which are components of a building system and are difficult to access or
replace must either:
(a) All have the same durability, or

(b) Be installed in a manner that permits the replacement of building elements of lesser durability
without removing building elements that have greater durability and are not specifically designed for
removal and replacement.

G12.3.7 Water supply systems must be installed in a manner that:
(a) pipes water to sanitary fixtures and sanitary appliances flow rates that are adequate for the correct
functioning of those fixtures and appliances under normal conditions; and
(b) avoids the likelihood of leakage; and
(c) allows reasonable access to components likely to need maintenance.

H1.3.4 Systems for the heating, storage, or distribution of hot water to and from sanitary fixtures or sanitary
appliances must, having regard to the energy source used:
(a) limit the energy lost in the heating process; and
(b) be constructed to limit heat losses from storage vessels and from distribution systems; and
(c) be constructed to facilitate the efficient use of hot water.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.6. Cleaning and disinfection of water storage tanks

Potable water storage tanks may become contaminated during installation or repair from the feet or boots of
workers, or from sedimented materials. It is proposed to amend G12/AS1 to cross-reference the requirements
for the cleaning and disinfection of potable water storage tanks within AS/NZS 3500.1:2021 Appendix G.
Additionally, an informative comment is proposed for inclusion to cross-reference acceptable water storage
tank overflow pipe discharge locations within AS/NZS 3500.1:2021 clause 8.4.4.2. This will help ensure water
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supplied from tanks is safe to drink and will assist in achieving the Building Code Performance Criteria G12.3.1
and G12.3.2 which states:

Performance

G12.3.1 Water intended for human consumption, food preparation, utensil washing or oral hygiene must be
potable.

G12.3.2 A potable water supply system shall be—
(a) protected from contamination; and
(b) installed in a manner which avoids the likelihood of contamination within the system and the
water main; and
(c) installed using components that will not contaminate the water.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.7. Minimum and maximum water pressures at sanitary fixtures and appliances

Inadequate water pressure can lead to plumbing fixtures and appliances not functioning adequately and
excessive water pressure can shorten the life of appliances and damage plumbing fixtures, leading to leaks and
pipe bursts. Additionally, excessive water pressure can result in excessive water use.

To assist with ensuring that building water supplies are not installed with inadequate or excessive water
pressures, minimum and maximum water pressure requirements are proposed to be introduced within
G12/AS1. This contributes to achieving compliance with Performance Criteria G12.3.7 (a) which states:

Performance
G12.3.7 Water supply systems must be installed in a manner that:

(a) pipes water to sanitary fixtures and sanitary appliances flow rates that are adequate for the correct
functioning of those fixtures and appliances under normal conditions; and

(b) avoids the likelihood of leakage

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.8. Water supply pipework installation standards

Building water supply systems can be constructed from various types of materials, and each pipework system
material has its own unique installation requirements.

To assist plumbers with ensuring that water systems are installed correctly, it is proposed to amend G12/AS1 to
cite suitable installation standards for U-PVC, copper and polyethylene pipework. This contributes to achieving
compliance with Performance Criteria G12.3.7 which states:

Performance
G12.3.7 Water supply systems must be installed in a manner that:

(a) pipes water to sanitary fixtures and sanitary appliances flow rates that are adequate for the correct
functioning of those fixtures and appliances under normal conditions; and

(b) avoids the likelihood of leakage; and
(c) allows reasonable access to components likely to need maintenance.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.9. Unintentional heating of cold water

Cold water within plumbing systems can become unintentionally heated if, for example, cold water supply
pipework is run directly under a metal roof. There are potential health risks involved if cold water becomes
unintentionally heated, including the risk of legionella bacteria growth or scalding.
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G12/AS1 is proposed to be amended to require water supply systems to be installed in a manner that avoids
the unintentional heating of cold water. This contributes to achieving the Building Code Performance Criteria
G12.3.2 and G12.3.3 which state:

Performance
G12.3.2 A potable water supply system shall be—
(a) protected from contamination; and
(b) installed in a manner which avoids the likelihood of contamination within the system and the
water main; and
(c) installed using components that will not contaminate the water.

G12.3.3 A non-potable water supply system used for personal hygiene shall be installed in a manner that
avoids the likelihood of illness or injury being caused by the system.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.10. Relief valve drain discharge locations and tundish drain sizing

Storage water heater relief valves require drains to convey water to an appropriate location when valves open.
G12/AS1 is proposed to be amended to provide examples of acceptable relief valve drain discharge locations
and provide additional information regarding the sizing of relief valve tundish drains. This contributes to
achieving the Building Code Performance Criteria G12.3.8 which states:

Performance
G12.3.8 Vessels used for producing or storing hot water must be provided with safety devices that—
(a) relieve excessive pressure during both normal and abnormal conditions; and
(b) limit temperatures to avoid the likelihood of flash steam production in the event of rupture.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.11. Minimum pipework cover below ground level for non-trafficable areas

Water supply pipework installed below ground needs to be deep enough to ensure it is adequately protected
from accidental damage. G12/AS1 is proposed to be amended to reduce the minimum cover of water supply
pipes below gardens, lawns, paths paving for pedestrian use or other areas not subjected to vehicular traffic
from 450 mm to 300 mm. This will align the minimum pipework cover requirements for non-trafficable areas in
G12/AS1 with equivalent provisions for water supply pipework in AS/NZS 3500.1 and with minimum cover
requirements for consumer gas piping in AS/NZS 5601.1. This contributes to achieving the Building Code
Performance Criteria G12.3.7 which states:

Performance
G12.3.7 Water supply systems must be installed in a manner that—

(b) avoids the likelihood of leakage, and
(c) allows reasonable access to components likely to need maintenance.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs.

5.2.12. Flushing of water supply systems on completion of construction

Flushing water supply pipework after installation or alteration is needed to clear the system of any dirt, swarf
or other debris which may interfere with system components or contaminate the water. G12/AS1 is proposed
to be amended to require newly installed and altered water supply systems to be flushed at each discharge
point to remove any dirty water or debris on completion of construction. This contributes to achieving the
Building Code Performance Criteria G12.3.1 and G12.3.2 which states:
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Performance

G12.3.1 Water intended for human consumption, food preparation, utensil washing or oral hygiene must be
potable.

G12.3.2 A potable water supply system shall be—
(a) protected from contamination; and
(b) installed in a manner which avoids the likelihood of contamination within the system and the
water main; and
(c) installed using components that will not contaminate the water.

No significant impact or costs have been identified for this change and the benefits of the change exceed the
costs

5.2.13. Water pipe sizing calculation method

Verification Method G12/VM1 currently contains a design method for water supply systems that cites the
AS/NZS 3500.1 and AS/NZS 3500.4 standards. The method for sizing of water supply pipework within these
standards is limited in its scope of application, being restricted to residential buildings only. It is also based on
historical data when flow rates were higher and usage patterns were very different. Research® has found that
these methods can result in an over-estimation of the design flow when used to design the domestic water
systems for various types of buildings.

To assist with demonstrating compliance for other types of buildings, it is desired to provide a more
comprehensive verification method to support the sizing of water supply pipework for buildings within
G12/VML1. This contributes to achieving compliance with Performance Criteria G12.3.7 (a) which states:

Performance
G12.3.7 Water supply systems must be installed in a manner that—

(a) pipes water to sanitary fixtures and sanitary appliances with flow rates that are adequate for the
correct functioning of those fixtures and appliances under normal conditions

To establish the methodology for the new verification method, MBIE initiated a review of international
methods used to determine design flow rates for the sizing of water services piping. The review included:

» Identifying other international water supply pipe sizing standards; and
» Conducting a comparison of the water supply size methodologies to the existing requirements in
G12/VM1 (AS/NZS 3500.1 and AS/NZS 3500.4) for different building types.

The outcome of this review identified the Plumbing Engineering Services Design Guide 2002 loading unit
method as suitable for determining maximum simultaneous flow rates for use in sizing hot and cold-water
services for adoption in New Zealand as a verification method. This loading unit method utilises a weighted
factor applied to a fixture or appliance and is used for the estimation of simultaneous water flow rates. This
estimation method takes account of the flow rate, length of time in use and frequency of use characteristics for
each fixture or appliance.

This document is proposed to be cited within Verification Method G12/VM1. As discussed for Proposal 4, the
existing compliance pathway is proposed to be moved from G12/VM1 to G12/AS3 to maintain the AS/NZS
3500.1 and AS/NZS 3500.4 standards as a means of compliance with Building Code clause G12.

The new verification method will be suitable for multiple building typologies and is built upon established
hydraulic design theory. The costs and benefits of this change were assessed qualitatively. MBIE expects the
following from this change:
» The proposed G12/VM1 will provide plumbing systems designers with a deemed to comply method for
calculating design flow rates for multiple types of buildings.
» The loading unit method of the Plumbing Engineering Services Design Guide is already widely used by
designers in New Zealand to size building water supply pipework systems as an alternative solution. Thus,
a considerable portion the industry will already be familiar with its use.

14 HCAA Water Demand Investigation Results
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FIGURE 5.2: Plumbing engineering services design guide

5.3.  Transitions
Effective date: 4 November 2022
Transitional arrangements: 12 months

It is proposed that the existing Acceptable Solution G12/AS1 and Verification Method G12/VM1 will remain in
force, as if not amended, for a period of 12 months until 2 November 2023 (the proposed cessation date) as
described in TABLE 5.1.

TABLE 5.1: Proposed transitional arrangements for the new Acceptable Solution G12/AS1 and Verification
Method G12/VM1

From 3 November 2022

(effective date)

Document Before 3 November 2022 To 2 November 2023

(cessation date)

Existing Acceptable Solutions If used, will be treated as complying If used, will be treated as complying
with the Building Code with the Building Code

Amended Acceptable Does not apply to Building Consents If used, will be treated as complying

Solutions issued before this date with the Building Code
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5.4. Questions for the consultation

5-1. Do you support the amendments to Acceptable Solution G12/AS1 for the following topics?

» Expansion vessels

» Seismic restraint of water heaters

» Accessible taps

» Wet-back water heaters

» UV resistant pipework insulation material

» Cleaning and disinfection of water storage tanks
» Water supply pipework installation standards

» Minimum and maximum water pressures

» Relief valve drain discharge locations and tundish drain sizing
» Minimum pipework cover below ground

» Flushing of water supply systems

» Unintentional heating of cold water.

5-2. Do you support the proposed amendment to Verification Method G12/VM1 to cite the Plumbing
engineering services design guides loading unit method for determining maximum simultaneous flow rates
for sizing water supply pipework?

5-3. What impacts would you expect on you or your business from the proposed options?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.

5-4. Do you agree with the proposed transition time of 12 months for the proposed changes to take effect?
[ Yes, it is about right
[ No, it should be longer (24 months or more)
[ No, it should be shorter (less than 12 months)
[ Not sure/no preference.
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6. Plumbing and drainage system
material standards

We are proposing to cite the latest manufacturing standards for plumbing and drainage system
components. These proposed changes form part of regular maintenance updates to address outdated
product manufacturing standard citations. In total, there are 12 new or amended standards proposed
for citation in Acceptable Solution E1/AS1, 22 for G12/AS1 and G12/AS2, and 12 for G13/AS1 and
G13/AS2.

6.1. Reasons for the change

Referenced standards form an important part of the building regulatory system. Standards are consensus-
based technical documents that set a benchmark for how to do something. Standards are developed by
technical committees and have been used in New Zealand and internationally for decades to inform a number
of aspects of building design. They contain necessary details on a repeatable way of doing something which can
be used to demonstrate full or partial compliance with the performance requirements of the Building Code.

As building technologies and methods of construction continue to evolve over time, revising the references and
citations to technical standards is part of routine maintenance of the acceptable solutions and verification
methods. This maintenance ensures that users are provided with the most up-to-date information and
removes uncertainty in the consent process as new information becomes available for use.

6.2. Proposed changes

The proposed changes for this proposal are to cite new, or amended versions of product manufacturing
standards covering:

» Cross-linked polyethylene (PE-X) pipe and fittings

» Stainless steel pipe and fittings

» Copper pipe and fittings

» Polybutylene pipe and fittings

» Polypropylene pipe and fittings

» Buried flexible pipes

» Polyethylene pipe and fittings

» PVC pipes and fittings

» Stainless steel pipe and fittings

» Vitrified clay pipes

» Ductile iron pipe and fittings

» Copper sheet

» Aluminium pipes

» Stainless steel sheet

» Zinc aluminium sheet.

We are also proposing to:
» Remove galvanised steel as an acceptable material for hot and cold water pipework systems from
G12/AS1 Table 1 as it is no longer considered fit for purpose.
» Cite the latest 2018 version of the plumbing product testing standard AS/NZS 4020 in G12/AS1 Paragraph
2.1.2 to make it easier for accredited test laboratories to verify that plumbing products in contact with
drinking water are safe to use.
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» Include an informative comment indicating that WaterMarked'® products may be verified as satisfying the
relevant performance requirements of Building Code Clause G12 Water supplies and G13 Foul water
within G12/AS1, G13/AS1 and G13/AS2.

> Amend G13/AS1 Table 1 and G13/AS2 Table 1 to include additional acceptable materials for sanitary
plumbing and drainage systems and cite the relevant standards for their manufacturing and installation.

There are 12 new or amended standards proposed for Acceptable Solution E1/AS1, 22 for G12/AS1 and
G12/AS2, and 12 for G13/AS1 and G13/AS2. The proposed standards to be cited are listed in the appendices
along with draft text for their citation in the documents. This also includes minor revisions to tables and text
within the documents to cite the new standards. For more details, please refer to:
» Appendix A for proposed changes to Acceptable Solution E1/AS1 for surface water drainage system
materials.
» Appendix B for proposed changes to Acceptable Solutions G12/AS1 and G12/AS2 for water supply system
materials.
» Appendix C for proposed changes to Acceptable Solutions G13/AS1 and G13/AS2 for foul water system
materials.

6.3. Options considered

For this proposal, MBIE considered the following three options against the status quo:

Option 1: Insert the applicable requirements directly into the acceptable solutions and verification methods
This option was not considered to be reasonable as the material is too large and impractical for direct
publication in the acceptable solutions and verification methods.

Option 2: Identify alternative standards and reference those documents instead

This option is recommended where the current standards have been revoked and no other suitable standards
specific to the context in New Zealand were identified. Where a new version of a standard exists, it was not
considered to be reasonable to seek alternatives to those that are currently cited in the acceptable solutions
and verification methods.

Option 3: Revise the references and citations to reflect the newest versions of the published version
Option 3 is recommended where a new version of the standard exists. This option allows the standard to
maintain up-to-date information for the requirements and to reduce confusion and disconnect between
industry practice and compliance with the Building Code.

The recommended options (either Option 2 or 3) are detailed in the proposed changes. A majority of the
standards proposed to be cited in this proposal fall within Option 3 and have been published as New Zealand,
Australian, or joint New Zealand-Australian standards.

6.4. Analysis

The citation of these standards contributes to achieving the Building Code objectives for E1 Surface Water, G12
Water Supplies, and G13 Foul Water and their associated function requirements and performance criteria. The
objectives of these clauses state:

Objective
E1l.1 The objective of this provision is to—
(a) safeguard people from injury orillness, and other property from damage, caused by surface
water, and
(b) Protect the outfalls of drainage systems.
G12.1 The objective of this provision is to—
(a) safeguard people from illness caused by contaminated water

15 ABCB What is WaterMark?
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(b) safeguard people from injury caused by hot water system explosion, or from contact with
excessively hot water:

(c) safeguard people from loss of amenity arising from—
(i) a lack of hot water for personal hygiene; or
(ii) water for human consumption, which is offensive in appearance, odour or taste

(d) ensure that people with disabilities are able to carry out normal activities and functions within
buildings.

G13.1 The objective of this provision is to:

(a) Safeguard people from illness due to infection or contamination resulting from personal hygiene
activities; and

(b) Safeguard people from loss of amenity due to the presence of unpleasant odours or the
accumulation of offensive matter resulting from foul water disposal.

The proposed standards to be cited have been reviewed against the criteria outlined in the MBIE Operating
Protocol - Referencing standards in the Building Code system?6,

No significant issues were identified that would prohibit them from being cited in the acceptable solutions and
verification methods. Additionally, no modifications to the standards are proposed for their citation.

No significant impact or costs have been identified for amending these standards. MBIE understands that most
manufacturers already complying with the newer versions of the standards. Thus, the primary benefit of this
proposal are:
» More efficient consenting as Building Consent Authorities would be able to accept products manufactured
in accordance with the proposed standards as ‘deemed to comply’ with the Building Code, and
» Increased confidence in building products used to achieve the objectives for E1, G12, and G13 by using
the latest version of the standards.
Additionally, citing the newest versions of these standards may support manufacturers to comply with new
building product information lawsZ in the future. These new laws were consulted on in 2021 and the final
regulations are currently being developed.

For more information on the requirements in the standards, please review the standards and document in full.

6.5. Transitions

Effective date: 3 November 2022
Transitional arrangements: 12 months
It is proposed that the existing Acceptable Solutions E1/AS1, E1/AS2, G12/AS1, G12/AS2, G13/AS1, and

G13/AS2 will remain in force, as if not amended, for a period of 12 months until 2 November 2023 (the
proposed cessation date) as described in TABLE 6.1.

TABLE 6.1: Proposed transitional arrangements for the new Acceptable Solutions E1/AS1, E1/AS2, G12/AS1,
G12/AS2, G13/AS1, and G13/AS2

From 3 November 2022

(effective date)

Document Before 3 November 2022 To 2 November 2023

(cessation date)

Existing Acceptable Solutions If used, will be treated as complying If used, will be treated as complying
with the Building Code with the Building Code

Amended Acceptable Does not apply to Building Consents If used, will be treated as complying

Solutions issued before this date with the Building Code

16 Referencing standards in the Building Code system
17 Building Law Reforms - Building product information requirements
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6.6. Questions for the consultation

6-1 Do you support the amendments to the following to include the proposed referenced standards and
documents for manufacturing plumbing and drainage system components?

» Acceptable Solution E1/AS1 for surface water drainage system materials

» Acceptable Solutions G12/AS1 and G12/AS2 for water supply system materials

» Acceptable Solutions G13/AS1 and G13/AS2 for sanitary plumbing and foul water drainage system

materials.

The list of standards is provided in the appendices to the consultation document. If there are standards
you don’t support, please tell us which standards those are and any reason(s) for your choice.

6-2 What impacts would you expect on you or your business from the referencing of these standards?
These impacts may be economic/financial, environmental, health and wellbeing, or other areas.

6-3 Do you agree with the proposed transition time of 12 months for the proposed changes to take effect?
[ Yes, it is about right

[ No, it should be longer (24 months or more)
[ No, it should be shorter (less than 12 months)
[ Not sure/no preference.
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7. Resolving conflicts and editorial
changes

We are proposing to amend Acceptable Solutions E1/AS1, G12/AS1, G12/AS2, G13/AS1 and G13/AS2 to
make editorial changes and align requirements between compliance pathways for plumbing and
drainage systems. Editorial changes may include obvious errors in the text, typos, spelling mistakes,
incorrect cross-references, changes in the formatting, minor clarifications of text with minor to no
impact, or other items related to current document drafting practices.

7.1.  Proposed changes

This proposal contains editorial items and amendments to clarify the existing requirements and resolve existing
conflicts in the acceptable solutions used to comply with the Building Code. For these items, the only
practicable option identified is to amend the text as this will provide consistency and clarity in the
understanding and interpretation of the acceptable solutions. No substantial costs or impacts were identified
for these proposed changes.

The proposed changes are described below.

~

E1/AS1 Providing example surface water sump catchment area calculations — This proposed change
involves the addition of a sample calculation example in a comment to Acceptable Solution E1/AS1
Paragraph 3.6.2. This is intended to aid in the interpretation of the calculations for determining the
maximum catchment area for type 1 and 2 surface water sumps. This comment box is provided for
information only and not intended to affect the level of performance expected in design.

G12/AS1 Storage water heater vent pipe standing water level — This proposed change involves updating a
dimension in G12/AS1 Figure 7 to align the standing water level dimension with the requirements of
G12/AS1 Paragraph 6.8.2 e). The water level in the vent pipe in the figure is proposed to be shown with a
minimum height of 3.0 metres above the highest outlet.

G12/AS1 Free outlet (push through) storage water heating system relief valve — This proposed change
involves the inclusion of a relief valve on the free outlet (push through) water heater shown in G12/AS1
Figure 11 to align with the requirement for this valve in G12/AS1 Paragraph 6.4.2.

G12/AS1 Legionella control within circulatory heated water systems — This proposed change involves
shifting G12/AS1 Paragraph 6.14.4 to an informative comment and providing clarification that the design
and installation of hot or warm water circulating systems and alternative methods of controlling
Legionella within these systems is outside the scope of this Acceptable Solution.

G12/AS1 Water pipe size table references — This proposed change involves amending the water pipe size
table references in G12/AS1 Paragraph 5.3.1 comment, Table 3 and Table 4.

G12/AS1 PVC-U pipework testing method paragraph structure — This proposed change involves amending
the structure of G12/AS1 Paragraph 7.5.2 PVC-U for consistency.

G12/AS2 Flashing of pipe penetrations through profiled metal roofs — This proposed change includes
updating the flashing requirements for pipework penetrations through profiled metal roofs within
Acceptable Solution G12/AS2 Paragraph 5.2.5 a). This amendment is required for consistency with
equivalent requirements found in Acceptable Solution E2/AS1 Paragraph 8.4.17 a).

G13/AS1 and G13/AS2 Installation provisions for junctions in graded pipes and drains — The proposed
change includes updating the installation requirements for junctions in graded pipes and drains within
Acceptable Solutions G13/AS1 Sanitary plumbing and G13/AS2 Foul water drainage. These are required in
order to be consistent with equivalent requirements under G13/AS3 Sanitary plumbing and drainage
(AS/NZS 3500.2: 2021). Junctions in graded discharge pipes and drains are proposed to have an upstream
angle of no greater than 45° and be positioned at an incline of not less than 15° above the horizontal to
reduce the risk of blockage.

~

~

~

~

~

~

~
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» G13/AS2 Gully trap height above unpaved ground level — The proposed change includes reducing the
minimum overflow level for a gully dish above unpaved surfaces within G13/AS2 Paragraph 3.3.1 a) ii)
from 100 mm to 75 mm. This is to be made consistent with equivalent requirements under G13/AS3
Sanitary plumbing and drainage (AS/NZS 3500.2: 2021).

For more details on the proposed changes, please refer to:

» Appendix A for proposed editorial changes to Acceptable Solutions E1/AS1
» Appendix B for proposed editorial changes to Acceptable Solutions G12/AS1 and G12/AS2
» Appendix C for proposed editorial changes to Acceptable Solutions G13/AS1 and G13/AS2.

7.2. Transitions

Effective date: 3 November 2022

Transitional arrangements: 12 months

It is proposed that the existing Acceptable Solutions E1/AS1, G12/AS1, G12/AS2, G13/AS1 and G13/AS2 will
remain in force, as if not amended, for a period of 12 months until 2 November 2023 (the proposed cessation
date) as described in TABLE 7.1. The proposed transition period of 12 months is intended to align with those for
other proposals. This is intended to minimise confusion on which documents and what requirements are in
effect on what date.

TABLE 7.1: Proposed transitional arrangements for the new Acceptable Solutions E1/AS1, G12/AS1,
G12/AS2, G13/AS1, and G13/AS2
Document Before 3 November 2022 From 3 November 2022
(effective date)
To 2 November 2023

(cessation date)

Existing Acceptable Solutions If used, will be treated as complying If used, will be treated as complying
with the Building Code with the Building Code

Amended Acceptable Does not apply to Building Consents If used, will be treated as complying

Solutions issued before this date with the Building Code

7.3.  Questions for the consultation

7-1 Do you support the following amendments to the acceptable solutions to address the editorial changes
and align plumbing and drainage requirements as proposed?

E1/AS1: [ Yes, | support it [J No, | don’t support it [J Not sure/no preference
G12/AS1: [ Yes, | support it [J No, | don’t support it [J Not sure/no preference
G12/AS2: [ Yes, | support it [J No, | don’t support it [J Not sure/no preference
G13/AS1: [ Yes, | support it [J No, | don’t support it ] Not sure/no preference
G13/AS2: [ Yes, | support it [J No, | don’t support it [J Not sure/no preference
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Appendix A. Proposed changes to the
acceptable solutions and verification
methods for clause E1 Surface Water

As part of Proposals 4, 6 and 7, here are proposed changes to the acceptable solutions and verification
methods for clause E1 Surface Water. The list below identifies the portions of the documents that are proposed
to be amended as part of each proposal. The proposed changes are also presented as part of the full document
with the new or amended text shown in blue.

Proposal 4. AS/NZS 3500 Plumbing and drainage standards
» Acceptable Solution E1/AS3

- Cite the new AS/NZS 3500.3: 2021 Plumbing and drainage — Stormwater drainage

- Remove the modifications to AS/NZS 3500.3 previously found in E1/AS2 for Clauses 1.2.2, 3.3.5.2,
3.4.5,3.7.3,3.7.7.1,3.8,5.2.3,5.3.1.1, 5.4.8 (b) (ii), 5.4.11.1 (b), 5.4.12, 5.5, 6.2.8 (d) (ii), 6.3.3 (b); and
Table 6.2.5.1; and Appendices F, |, and K. These modifications are no longer necessary for the
proposed citation of AS/NZS 3500.3: 2021

- Update the modification to AS/NZS 3500.3 for Clause 5.4.5 (b) for rainfall intensity data sources

Proposal 6. Plumbing and drainage system material standards
» Cite the following surface water drainage material standards in Acceptable Solution E1/AS1

—AS/NZS 1254: 2010 PVC-U pipes and fittings for stormwater and surface water applications
Amendment 3: 2018

- AS/NZS 2280: 2020 Ductile iron pipes and fittings Amendment 1

- AS/NZS 2566.1: 1998 Buried Flexible pipelines — Structural Design Amendment 1: 2017

—NZS 3501: 1976 Specification for copper tubes for water, gas, and sanitation Amendments: 1, 2, 3

— AS/NZS 4130: 2018 Polyethylene (PE) pipes for pressure applications Amendment: 1: 2021

—-BS EN 1172: 2011 Copper and copper alloys — sheet and strip for building purposes

—AS 1397: 2021 Continuous hot-dip metallic coated steel sheet and strip — Coatings of zinc and zinc
alloyed with aluminium and magnesium

—AS 1432: 2004 Copper tubes for plumbing, gasfitting and drainage applications

—AS 1528.1: 2019 Stainless steel tubes and tube fittings for food processing and hygienic applications —
Tubes

- AS 1566: 1997 Copper and copper alloys — Rolled flat products

- AS 1866: 1997 Aluminium and aluminium alloys - Extruded rod, bar, solid and hollow shapes

- ASTM A240/A240M: 2020 Standard Specification for Chromium and Chromium-Nickel Stainless Steel
Plate, Sheet, and Strip for Pressure Vessels and for General Applications

» Other changes as part of this proposal in Acceptable Solution E1/AS1

- Remove the citation for NZS/BS 970.1: 1991 Specification for wrought steels for mechanical and allied
engineering purposes — General inspection and testing procedures and specific requirements for
carbon, carbon manganese, alloy and stainless steels Amendment 1. This standard has been revoked
and the applicable references in the acceptable solution are proposed to cite ASTM A240 instead

- Revise the acceptable material standards for rainwater downpipes and gutters listed in Tables 4 and 6
to include NZS 3501, AS/NZS 4130, AS 1432, AS 1528, AS 1566, AS 1866, and ASTM A240M

Proposal 7. Resolving conflicts and editorial changes
» Provide a sump calculation example in a comment to E1/AS1 Paragraph 3.6.2
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Current E1 Surface Water - No changes proposed to this page Proposed E1 Surface Water - No changes proposed to this page
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Current E1 Surface Water acceptable solutions and verification methods
(Text to be amended shown in red)
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Proposed amendments to E1 Surface Water acceptable solutions and
verification methods (Proposed text in blue)

Status of Verification Methods and Acceptable Solutions

Verification Methods and Acceptable Solutions are prepared by the Ministry of Business, Innovation and Employment in
accordance with section 22 of the Building Act 2004. Verification Methods and Acceptable Solutions are for use in
establishing compliance with the New Zealand Building Code.

A person who complies with a Verification Method or Acceptable Solution will be treated as having complied with the
provisions of the Building Code to which the Verification Method or Acceptable Solution relates. However, using a
Verification Method or Acceptable Solution is only one method of complying with the Building Code. There may be
alternative ways to comply.

Users should make themselves familiar with the preface to the New Zealand Building Code Handbook, which describes
the status of Verification Methods and Acceptable Solutions and explains alternative methods of achieving compliance.

Defined words (italicised in the text) and classified uses are explained in Clauses A1 and A2 of the Building Code and in
the Definitions at the start of this document.

Enquiries about the content of this document should be directed to:

MINISTRY OF BUSINESS,
INNOVATION & EMPLOYMENT
HIKINA WHAKATUTUKI

Ministry of Business, Innovation and Employment
PO Box 1473, Wellington 6140

Telephone 0800 242 243

Email: info@building.govt.nz

Verification Methods and A bl I

are available from www.building.govt.nz

New Zealand Government

© Ministry of Business, Innovation and Employment 2020

This document is protected by Crown copyright, unless indicated otherwise. The
Ministry of Business, Innovation and Employment administers the copyright in this
document. You may use and reproduce this document for your personal use or for the
purposes of your business provided you reproduce the document accurately and not in
an inappropriate or misleading context. You may not distribute this document to others
or reproduce it for sale or profit.

The Ministry of Business, Innovation and Employment owns or has licences to use all
images and trademarks in this document. You must not use or reproduce images and
trademarks featured in this document for any purpose (except as part of an accurate
reproduction of this document) unless you first obtain the written permission of the
Ministry of Business, Innovation and Employment.

Status of Verification Methods and Acceptable Solutions

Verification Methods and Acceptable Solutions are prepared by the Ministry of Business, Innovation and Employment in
accordance with section 22 of the Building Act 2004. Verification Methods and Acceptable Solutions are for use in
establishing compliance with the New Zealand Building Code.

A person who complies with a Verification Method or Acceptable Solution will be treated as having complied with the
provisions of the Building Code to which the Verification Method or Acceptable Solution relates. However, using a
Verification Method or Acceptable Solution is only one method of complying with the Building Code. There may be
alternative ways to comply.

Users should make themselves familiar with the preface to the New Zealand Building Code Handbook, which describes
the status of Verification Methods and Acceptable Solutions and explains alternative methods of achieving compliance.

Defined words (italicised in the text) and classified uses are explained in Clauses A1 and A2 of the Building Code and in
the Definitions at the start of this document.

Enquiries about the content of this document should be directed to:

MINISTRY OF BUSINESS,
INNOVATION & EMPLOYMENT
HIKINA WHAKATUTUKI

Ministry of Business, Innovation and Employment
PO Box 1473, Wellington 6140

Telephone 0800 242 243

Email: info@building.govt.nz

Verification Methods and Acceptable Solutions
are available from www.building.govt.nz
New Zealand Government

© Ministry of Business, Innovation and Employment 2022

This document is protected by Crown copyright, unless indicated otherwise. The
Ministry of Business, Innovation and Employment administers the copyright in this
document. You may use and reproduce this document for your personal use or for the
purposes of your business provided you reproduce the document accurately and not in
an inappropriate or misleading context. You may not distribute this document to others
or reproduce it for sale or profit

The Ministry of Business, Innovation and Employment owns or has licences to use all
images and trademarks in this document. You must not use or reproduce images and
trademarks featured in this document for any purpose (except as part of an accurate
reproduction of this document) unless you first obtain the written permission of the
Ministry of Business, Innovation and Employment.
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Current E1 Surface Water acceptable solutions and verification methods
(Text to be amended shown in red)

Proposed amendments to E1 Surface Water acceptable solutions and
verification methods (Proposed text in blue)

Document Status Document Status
The most recent version of this document (Amendment 11), as detailed in the Document History, is approved by the Chief The most recent version of this document (Amendment12), as detailed in the Document History, is approved by the Chief

Executive of the Ministry of Business, Innovation and Employment. It is effective from 5 November 2020 and supersedes all Executive of the Ministry of Business, Innovation and Employment. It is effective from X November 20XX and supersedes all

previous versions of this document. previous versions of this document.
The previous version of this document (Amendment 10) will cease to have effect on 3 November 2021 . The previous version of this document (Amendment 11) will cease to have effect on X November 20XX .

People using this document should check for amendments on a regular basis. The Ministry of Business, Innovation and
Employment may amend any part of any Verification Method or Acceptable Solution at any time. Up-to-date versions of
Verification Methods and Acceptable Solutions are available from www.building.govt.nz

People using this document should check for amendments on a regular basis. The Ministry of Business, Innovation and
Employment may amend any part of any Verification Method or Acceptable Solution at any time. Up-to-date versions of
Verification Methods and Acceptable Solutions are available from www.building.govt.nz

Date Alterations Date Alterations

First published July 1992 First published July 1992

Amendment 1 September 1993 pp. vi and vii, References p. 21, Figure 14 Amendment 1 September 1993 pp. vi and vii, References p. 21, Figure 14
p. 14,3.2.1, Figure 3 p. 22, Table 4, Table 5, 5.1, 5.1.1, 5.1.2 p. 14, 3.2.1, Figure 3 p. 22, Table 4, Table 5, 5.1, 5.1.1, 5.1.2
p. 16, Table 2 p. 23, Figure 15, Figure 16 p. 16, Table 2 p. 23, Figure 15, Figure 16
p.18,3.7.4 p.24,5.1.3,56.1.4 p.18,3.7.4 p. 24,513,514
p. 20, Figure 13 p. 20, Figure 13

Amendment 2 19 August 1994 pp. i and i, Document History p.21,3.9.8 Amendment 2 19 August 1994 pp. i and i, Document History p.21,3.9.8
p. vi, NZS 3441 replaced NZS 3403 p. 22, Table 4, Table 5 p. vi, NZS 3441 replaced NZS 3403  p. 22, Table 4, Table 5

p. 24,5.1.3, Table 6 p. 24,5.1.3, Table 6

Reprinted incorporating Amendments 1 and 2 — October 1994 Reprinted incorporating Amendments 1 and 2 — October 1994

p. v, Contents
pp. viand vii, References

pp. 1 - 12K, Revised VM1
pp. 27 and 28, Index

Amendment 3 1 December 1995 p. i, Document History p. iii, E1.3.1 Amendment 3 1 December 1995 p. i, Document History p. iii, E1.3.1
Reprinted incorporating Amendments 1, 2 and 3 — July 1996 Reprinted incorporating Amendments 1, 2 and 3 - July 1996
Amendment 4 1 December 2000 p. ii, Document History p. viii, Definitions Amendment 4 1 December 2000 p. ii, Document History p. viii, Definitions

p. v, Contents
pp. vi and vii, References

pp. 1 - 12K, Revised VM1
pp. 27 and 28, Index

Amendment 5 p. 2, Document History, Status p.39,3.8.1
p. 7, References p.42,4.3.2
p.31,9.0.5
Amendment 6 6 January 2002 p. 3 Code Clause E1
Reprinted incorporating Amendments 4, 5 and 6 — September 2003
Amendment 7 Published 30 June 2010 Effective p. 2, Document History, Status p. 41, E1/AS13.9.8
from 30 September 2010 pp. 7 and 8, References p. 42, E1/AS1 Table 4
pp. 9 and 10, Definitions p. 44, E1/AS1 Table 6
p. 34, E1/AS1 Table 1 p. 47, Index
p. 37, E1/AS1 Table 3
Reprinted incorporating Amendment 7 — 30 September 2010
Erratum 1 30 September 2010 p. 43, Figure 16
Amendment 8 Effective from 10 October 2011 p. 2, Document History, Status p. 34, E1/AS1 Table 1
until 14 August 2014 pp. 7 and 8, References p. 37, E1/AS1 Table 3
p. 9, Definitions p. 42, E1/AS1 Table 4
Amendment 9 14 February 2014 p. 2A Document History, Status p. 41, E1/AS13.9.7
until 30 May 2017 p. 7 References p. 44, E1/AS15.5.2

p. 9 Definitions

Amendment 5 p. 2, Document History, Status p. 39,3.8.1
p. 7, References p.42,4.3.2
p.31,9.0.5
Amendment 6 6 January 2002 p. 3 Code Clause E1
Reprinted incorporating Amendments 4, 5 and 6 — September 2003
Amendment 7 Published 30 June 2010 Effective p. 2, Document History, Status p. 41, E1/AS13.9.8
from 30 September 2010 pp. 7 and 8, References p. 42, E1/AS1 Table 4
pp. 9 and 10, Definitions p. 44, E1/AS1 Table 6
p. 34, E1/AS1 Table 1 p. 47, Index
p. 37, E1/AS1 Table 3
Reprinted incorporating Amendment 7 — 30 September 2010
Erratum 1 30 September 2010 p. 43, Figure 16
Amendment 8 Effective from 10 October 2011 p. 2, Document History, Status p. 34, E1/AS1 Table 1
until 14 August 2014 pp. 7 and 8, References p. 37, E1/AS1 Table 3
p. 9, Definitions p. 42, E1/AS1 Table 4
Amendment 9 14 February 2014 p. 2A Document History, Status p. 41, E1/AS13.9.7
until 30 May 2017 p. 7 References p. 44, E1/AS15.5.2

p. 9 Definitions
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Current E1 Surface Water acceptable solutions and verification methods Proposed amendments to E1 Surface Water acceptable solutions and
(Text to be amended shown in red) verification methods (Proposed text in blue)

Date Alterations Date Alterations
Amendment 10 Effective 1 January 2017 pp. 7, 8 Relerences p. 31 E1/VM19.0.6 Amendment 10 Effective 1 January 2017 pp. 7, 8 Relerences p. 31 E1/VM19.0.6
until 3 November 2021 p. 12 E1/VM1 Table 1 until 3 November 2021 p. 12 E1/VM1 Table 1
Amendment 11 Effective 5 November 2020 p. 5 Contents p. 40 E1/AS1 Figure 13 Amendment 11 Effective 5 November 2020 p. 5 Contents p. 40 E1/AS1 Figure 13
pp. 7-8 References p. 44 E1/AS15.1.5, Table 6 pp. 7-8 References p. 44 E1/AS15.1.5, Table 6
p. 9 Definitions pp. 45- 51 E1/AS1 Appendix A p. 9 Definitions pp. 45— 51 E1/AS1 Appendix A
p. 13 E1/VM1 2.2.1 pp. 52-55 New Acceptable Solution p. 13 E1/VM1 2.2.1 pp. 52-55 New Acceptable Solution
p. 34 E1/AS13.2.2, Table 1 E1/AS2 included p. 34 E1/AS1 3.2.2, Table 1 E1/AS2 included
p. 37 E1/AS13.6.1 p. 57 Index p. 37 E1/AS13.6.1 p. 57 Index
Note: Page numbers relate to the document at the time of Amendment and may not match page numbers in current document. Amendment 12 Effective xx November 2022
Note: Page numbers relate to the document at the time of Amendment and may not match page numbers in current document.
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Current E1 Surface Water - No changes proposed to this page

Clause E1 SURFACE WATER

New Zealand Building Code
Clause E1 Surface Water

The mandatory provisions for building work are contained in the New Zealand Building Code
e s (NZBC), which comprises the First Schedule to the Building Regulations 1992. The relevant
\men
Jan2002 | NZBC Clause for Surface Water is E1.

FIRST SCHEDULE-continued
Clause E1-SURFACE WATER

Provisions Limits on application

OBJECTIVE
E1.1 The objective of this provision
is to:

(a) Safeguard people from injury
or illness, and other property
from damage, caused by
surface water, and

(b) Protect the outfalls of drainage
systems.

FUNCTIONAL REQUIREMENT
E1.2 Buildings and sitework shall
be constructed in a way that
protects people and other property
from the adverse effects of surface
water.
PERFORMANCE
E1.3.1 Except as otherwise required
under the Resource Management
Act 1991 for the protection of other
property, surface water, resulting from
AN an event having a 10% probability
of occurring annually and which is
collected or concentrated by buildings
or sitework, shall be disposed of in
a way that avoids the likelihood of
damage or nuisance to other property.

Amond 6 E1.3.2 Surface water, resulting Performance E1.3.2 shall apply
Jan 2002 from an event having a 2% only to Housing, Communal
probability of occurring annually, Residential and Communal
shall not enter buildings. Non-residential buildings.

E1.3.3 Drainage systems for the
disposal of surface water shall be
constructed to:

(a) Convey surface water to an
appropriate outfall using
gravity flow where possible,

(b) Avoid the likelihood of
blockages,

Avoid the likelihood of
leakage, penetration by roots,
or the entry of ground water
where pipes or lined channels
are used,

(c

<

DEPARTMENT OF BUILDING AND HOUSING 6 January 2002

Proposed E1 Surface Water - No changes proposed to this page

Amend 6
Jan 2002

Amend 6
Jan 2002

Amend 6
Jan 2002

Clause E1

New Zealand Building Code
Clause E1 Surface Water

SURFACE WATER

The mandatory provisions for building work are contained in the New Zealand Building Code
(NZBC), which comprises the First Schedule to the Building Regulations 1992. The relevant

NZBC Clause for Surface Water is E1.

FIRST SCHEDULE-continued
Clause E1-SURFACE WATER

Provisions Limits on application
OBJECTIVE

E1.1 The objective of this provision
is to:

(a) Safeguard people from injury
or illness, and other property
from damage, caused by
surface water, and

(b) Protect the outfalls of drainage
systems.

FUNCTIONAL REQUIREMENT
E1.2 Buildings and sitework shall
be constructed in a way that
protects people and other property
from the adverse effects of surface
water.

PERFORMANCE

E1.3.1 Except as otherwise required
under the Resource Management
Act 1991 for the protection of other
property, surface water, resulting from
an event having a 10% probability
of occurring annually and which is
collected or concentrated by buildings
or sitework, shall be disposed of in
a way that avoids the likelihood of
damage or nuisance to other property.

E1.3.2 Surface water, resulting Performance E1.3.2 shall apply
from an event having a 2% only to Housing, Communal
probability of occurring annually, Residential and Communal

shall not enter buildings. Non-residential buildings.

E1.3.3 Drainage systems for the
disposal of surface water shall be
constructed to:

(a) Convey surface water to an
appropriate outfall using
gravity flow where possible,

(b) Avoid the likelihood of
blockages,

(¢) Avoid the likelihood of
leakage, penetration by roots,
or the entry of ground water
where pipes or lined channels
are used,

DEPARTMENT OF BUILDING AND HOUSING

6 January 2002
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SURFACE WATER

Provisions

(d) Provide reasonable access for
maintenance and clearing
blockages,

(e) Avoid the likelihood of
damage to any outfall, in a
manner acceptable to the
network utility operator, and

(f) Avoid the likelihood of
damage from superimposed
loads or normal ground
movements.

1992/150 Building Regulations 1992

FIRST SCHEDULE-continued

Limits on application

37

Clause E1

July 1992

DEPARTMENT OF BUILDING AND HOUSING

Proposed E1 Surface Water - No changes proposed to this page

SURFACE WATER

Clause E1

Provisions

(d) Provide reasonable access for
maintenance and clearing
blockages,

(e) Avoid the likelihood of
damage to any outfall, in a
manner acceptable to the
network utility operator, and

() Avoid the likelihood of
damage from superimposed
loads or normal ground
movements.

1992/150 Building Regulations 1992 37

FIRST SCHEDULE-continued

Limits on application

July 1992

DEPARTMENT OF BUILDING AND HOUSING
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Current E1 Surface Water - No changes proposed to this page Proposed E1 Surface Water - No changes proposed to this page
Contents E1/VM1 & AS1/AS2 SURFACE WATER Contents E1/VM1 & AS1/AS2 SURFACE WATER
Page Page Page Page
References 7 Acceptable Solution E1/AS1 33 References 7 Acceptable Solution E1/AS1 33
Definitions 9 1.0 Limitations of the Solution 33 Definitions 9 1.0 Limitations of the Solution 33
2.0 Minimum Acceptable Floor Level 33 2.0 Minimum Acceptable Floor Level 33
Verification Method E1/VM1 Verification Method E1/VM1
erffication letho ! n 3.0 Drainage System Materials and erttication etho ! n 3.0 Drainage System Materials and
1.0 Scope 11 Construction 34 1.0  Scope 11 Construction 34
2.0 Estimation of Surface Water 31  Materials 34 2.0  Estimation of Surface Water 3.1  Materials 34
Run-off Run-off . :
un-o n 3.2 Sizing of drains 34 un-o n 3.2 Sizing of drains 34
2.1 Run-off coeffici : ) : 2.1 Run-off coefficient 12 ) ) .
un-off coefficient 12 3.3 Alignment and gradient of drains 34 un-ott coeticien 3.3 Alignment and gradient of drains 34
. i i i 2.2 Rainfalli i - )
Amend 4 2.2 Rainfall intensity 12 3.4 Minimum gradients 34 Amend 4 ainfall intensity 12 3.4 Minimum gradients 34
pec2000 | 2.3 Time of concentration 13 35  Jointing of drains 36 pec2000 | 2.3 Time of concentration 13 35  Jointing of drains 36
30  sSizi 30 Sizing of §
izing of Surface Water System 16 3.6 Surface water inlets to drains 36 izing of Surface Water System 16 3.6 Surface water inlets to drains 36
3.1 Minimum size of drains 16 ) 3.1 Minimum size of drains 16 .
3.7  Access for maintenance 37 3.7  Access for maintenance 37
2 H li i 3.2 Hydraulic desi : )
3 ydraulic design 16 38  Testing of drains 39 ydraulic design 16 38  Testing of drains 39
. Pi ial 3.3 Pi ial 1 . -
33 Pipe materials 7' 39 Bedding and backfilling 39 pe materials 739 Bedding and backiiling 39
. 4. Fl
4.0 Secondary Flow 17 40 Downpipes 42 0 Secondary Flow 7 4.0 Downpipes 42
. i 4.1 fl f i
4.1 Secondary flow from a piped surface 21 Materials 2 Secondary ow from a piped surface 41 Materials 1
water drainage system upstream of water drainage system upstream of
the site 18 4.2 Sizing of downpipes 42 the site 18 4.2 Sizing of downpipes 42
4.2 Secondary flow from an open water 4.3 Installation of downpipes 42 4.2 Secondary flow from an open water 43 Installation of downpipes 42
course upstream of the site 24 5.0 Roof Gutters 42 course upstream of the site 24 5.0 Roof Gutters 42
4.3  Secondary flow from site to 5.1 Size of roof gutter 42 4.3  Secondary flow from site to 5.1 Size of roof gutter 42
downstream drainage system 27 5o Vaterials " downstream drainage system 27 5.2 Materials 44
5.0 Energy Losses Through Structures 27 53  Gradients 2 5.0 Energy Losses Through Structures 27 53  Gradients a4
6.0  Minimum Velocity 27 54  Thermal movement 44 6.0  Minimum Velocity 27 54  Thermal movement 44
7.0  Outfall Protection 29 55  Overflow outlets i 7.0 Outfall Protection 29 55  Overflow outlets 44
8.0 Drain Leakage Tests 29 E1/AS1 Appendix A 8.0 Drain Leakage Tests 29 E1/AS1 Appendix A
8.1  Water test 29 Rainfall intensities 45 8.1  Water test 29 Rainfall intensities 45
8.2 Low pressure air test 29 B 8.2 Low pressure air test 29 )
Acceptable Solution E1/AS2 52 Acceptable Solution E1/AS2 52
8.3  High pressure air test 30 8.3  High pressure air test 30
. one 10 AS/NZS 3500.3 Stormwater — e 10 AS/NZS 3500.3 Stormwater
pec2o0 | 9.0  Disposal to soak pit 30 drainage 52 vec2000 | 9.0 Disposal to soak pit 30 drainage 52
Index 56 | Novzoo Index 56 | Nowoo
MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 5 November 2020 MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 5 November 2020
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Current E1 Surface Water acceptable solutions and verification methods Proposed amendments to E1 Surface Water acceptable solutions and
(Text to be amended shown in red) verification methods (Proposed text in blue)
References E1/VM1 & AS1/AS2 SURFACE WATER References E1/VM1 & AS1/AS2 SURFACE WATER
romans For the purposes of New Zealand Building Code (NZBC) compliance, the Standards and é:be;gg N For the purposes of New Zealand Building Code (NZBC) compliance, the Standards and ‘é:;;&i
mend 1 men men: . . e . . . \men:
Sep 1993 documents referenced in this Verification Method and Acceptable Solutions (primary reference Now 2020 Sep 1993 documents referenced in this Verification Method and Acceptable Solutions (primary reference Nov 2020
documents) must be the editions, along with their specific amendments, listed below. Where documents) must be the editions, along with their specific amendments, listed below. Where
these primary reference documents refer to other Standards or documents (secondary ;‘Z;;Sg these primary reference documents refer to other Standards or documents (secondary ég“;z”gé
reference documents), which in turn may also refer to other Standards or documents, and so on reference documents), which in turn may also refer to other Standards or documents, and so on
N (lower-order reference documents), then the version in effect at the date of publication of this Amends o~ (lower-order reference documents), then the version in effect at the date of publication of this Amends
oatzon | Verification Method and Acceptable Solutions must be used. gand 11 oaz011 | Verification Method and Acceptable Solutions must be used. 9and 1l
Where quoted Where quoted
Standards New Zealand Standards New Zealand
Specification for wrought steels for mechanical and
ineering purposes
Part 1: 1991 General inspection ting procedures and AS1 Table 4, ?2;?”59%
specific requirements for carbon;, Table 6 Amend 9 AS/NZS 1254: 2010 PVC-U pipes and fittings for stormwater and surface AS1 Table 1,
manganese, alloy and stainless steels Fepzone water applications Table 3
Amend 1 Amend: 1 AE:nZdO:g Amend: 1, 2, 3
Sep 1993 men
AS/NZS 1260: 2017 PVC-U Pipes and fittings for drain, waste and AS1 Table 1, N 2020
fmerd® || AS/NZS 1254: 2010 [PVClpipes and fittings for stormwater and surface AS1 Table 1, vent application Table 4
Amend 10 water applications Table 3 é*";g"fj
Jan 2017 ‘ Amend: 1, 2|:|
Amend 11
AS/NZS 1260: 2017 PVC-U Pipes and fittings for drain, waste and AS1 Table 1, Nov 2020 AS/NZS 1734: 1997 Aluminium and aluminium alloys — Flat sheets, AS1 Table 4,
vent application Table 4 coiled sheet and plate Table 6
oo ameras | | AS/NZS 2032: 2006 Installation of PVC Pipe Systems AS1 Table 3, 3.9.8
Amend: 1
AS/NZS 1734: 1997 Aluminium and aluminium alloys — Flat sheets, AS1 Table 4, AS/NZS 2033: 2008 Installation of polyethylene pipe systems AS1 Table 3
coiled sheet and plate Table 6 A Amend: 1, 2
oazon | | ASINZS 2032: 2006 Installation of PVC Pipe Systems AS1 Table 3, 3.9.8 AS/NZS 2280: 2020 Ductile iron pipes and fittings AS1 Table 1,
Amend: 1 Amends Amend: 1 Table 3
rmand s AS/NZS 2033: 2008 Installation of polyethylene pipe systems AS1 Table 3
Oct 2011 Amend: 1, 2
AS/NZS 2280:|2014] Ductile iron pipes and fittings AS1 Table 1, pnengs | ASINZS 2566:- Buried Flexible pipelines
Jmends Amend: 7 Table 3 sep20t0 | Part 1: 1998 Structural Design AS13.98
Amend: 1
Amend 7 ) Amend 8
Sep 2010 Part 2: 2002 Installation AS1 3.9.8, Table 3 Oct 2011
Amends .
AS/NZS 2566 Buried Flexible pipelines 10and 1 Amend- 1, 2, 3
Part 1: 1998 Structural Design AS13.9.8 i AS/NZS 3500:- Plumbing and drainage
Sgezn&g Part 2: 2002 m AS13.9.8, Table 3 Oct 2011 e Part 3: 2021 Stormwater drainage AS2 1.0, 1.0.1, |
o Amend: 1, 2, 3 1.0.4
AS/NZS 3500:- Plumbing and drainage NZS 3501: 1976  Specifications for copper tubes for water, gas, and AS1 Table 4
AN";j”;O;; Part 3:12018 Stormwater drainage AS2 1.0, 1.0.1, sanitation
1.04 Amends: 1, 2, 3
L 1
amends | NZS 3604: 2011 Timber framed buildings AS13.9.7 romenge | 25 3604: 2011 Timber framed buildings AS13.97 amend s
1.4.7.89 JAJ:/E;S; 1,4,7,8 July 2001
AS/NZS 4058: 2007 Precast concrete pipes (pressure and non-pressure) AS1 Table 1 AS/NZS 4058: 2007 Precast concrete pipes (pressure and non-pressure) AS1 Table 1
Amend . . .
Sep7010 | | AS/NZS 4130: 2018 Polyethylene (PE) pipes for pressure applications AS1 Table 1 {resio || AS/NZS 4130: 2018 Polyethylene (PE) pipes for pressure applications AS1 Table 1,
0 0T 1 1 , Lmonss Amend: 1 Teble 4 |
MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 5 November 2020 MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT xx November 2022
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Current E1 Surface Water acceptable solutions and verification methods Proposed amendments to E1 Surface Water acceptable solutions and
(Text to be amended shown in red) verification methods (Proposed text in blue)
SURFACE WATER References E1/VM1 & AS1/AS2 SURFACE WATER References E1/VM1 & AS1/AS2
Where quoted Where quoted
NZS 4229: 2013  Concrete masonry buildings not requiring AS13.9.7 NZS 4229: 2013  Concrete masonry buildings not requiring AS13.9.7
specific design specific design
Amends Amends
1,4,10 1,4,10
NZS 4442: 1988  Welded steel pipes and fittings for water, sewage AS1 Table 1, NZS 4442: 1988  Welded steel pipes and fittings for water, sewage AS1 Table 1,
and medium pressure gas Table 3 and medium pressure gas Table 3
Amend 7 Amend 7
Sep 2010 Sep 2010
amends | AS/NZS 5065: 2005 Polyethylene and polypropylene pipe and fittings for AS1 Table 1 amends | AS/NZS 5065: 2005 Polyethylene and polypropylene pipe and fittings for AS1 Table 1
Qct 20m drainage and sewerage applications Qct 2011 drainage and sewerage applications
ANrgsnzdo;é Amend: 1, 2 ANngsnzdo;gJ Amend: 1, 2
British Standards Institution British Standards Institution
Amend 7 ‘ Amend 7 ’
Sep 2010 Sep 2010
‘ BS EN 1172:{1997| Copper and copper alloys — sheet and strip AS1 Table 4, ’ BS EN 1172: 2011 Copper and copper alloys — sheet and strip AS1 Table 4,
Amend 8 Amend 8 o
Oct 2011 for building: Table 6 Oct 2011 for building purposes Table 6
BS EN 1759 Flanges and their joints. BS EN 1759 Flanges and their joints.
Part 1: 2004 Circular flanges for pipes, valves, fittings and AS1 Table 3 Part 1: 2004 Circular flanges for pipes, valves, fittings and AS1 Table 3
rmend 7 accessories, class-designated. Steel flanges, Armend 7 accessories, class-designated. Steel flanges,
Sep 2010 NPS 1/2 to 24. Sep 2010 NPS 1/2 to 24.
Amend 8 ‘ Amend 8 ’
Oct 2011 Oct 2011
Amend 7 ‘ Amend 7 |
Sep 2010 Sep 2010 . )
Standards Association of Australia Standards Association of Australia
Amend 7 ‘ Amend 7 ’
Sep 2010 Sep 2010
AS 1273: 1991 Unplasticised PVC (UPVC) downpipes and fittings AS1 Table 4, AS 1273: 1991 Unplasticised PVC (UPVC) downpipes and fittings AS1 Table 4,
for rainwater Table 6 for rainwater Table 6
AS 1397:|2011 Continuous hot-dip metallic coated steel sheet and AS1 Table 4, AS 1397: 2021 Continuous hot-dip metallic coated steel sheet and AS1 Table 4,
strip — Coatings of zinz and zinc alloyed with Table 6 strip — Coatings of zinc and zinc alloyed with Table 6

Amend 11 aluminium and magnesium Amends aluminium and magnesium

Nov 2020 ﬁ;a 1 7 and 11

IAS 1579: 2001 Arc welded steel pipes and fittings for water AS1 Table 1 I AS 1432: 2004 Copper tubes for plumbing, gasfitting and drainage AS1 Table 4
and waste water applications
é\em;;eznéj1é AS 1646: 2007 Elastomeric seals for waterworks purposes AS1 Table 3 AS 1528: Stainless steel tubes and tube fittings for food
AS 1741:1991  Vitrified clay pipes and fittings with flexible joints - AS1 Table 1 processing and hygienic applications
sewerage quality Part 1: 2019 Tubes AS1 Table 4
SAempe;(% ‘ [ | AS 1566: 1997 Copper and copper alloys — Rolled flat products AS1 Table 4,
; Table 6
— AS 3706:- Geotextiles — Methods of test
Tend il | Part 1: 2012 General requirements, sampling, conditioning, basic VM19.0.4 . o
Dec 2000 physical properties and statistical analysis AS 1579: 2001 Arc welded steel pipes and fittings for water AS1 Table 1
| | and waste water
New Zealand Legislation g;)ez"gwé AS 1646: 2007 Elastomeric seals for waterworks purposes AS1 Table 3
Resource Management Act 1991 VM12.1.2 AS 1741: 1991 Vitrified clay pipes and fittings with flexible joints — AS1 Table 1
Amend 7 sewerage quality
Sep 2010

8

5 November 2020 MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

xx November 2022 MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT
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Current E1 Surface Water acceptable solutions and verification methods Proposed amendments to E1 Surface Water acceptable solutions and

(Text to be amended shown in red) verification methods (Proposed text in blue)

References E1/VM1 & AS1/AS2

AS 1866: 1997 Aluminium and alumunium alloys — Extruded rod,
bar, solid and hollow shapes

Amends AS 3706:- Geotextiles — Methods of test
SR Part 1: 2012 General requirements, sampling, conditioning, basic
Dec 2000 physical properties and statistical analysis

American Society for Testing and Materials

ASTM A240/A240M:2020 Standard Specification for Chromium and
Chromium-Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels and for General Applications

New Zealand Legislation

Resource Management Act 1991

SURFACE WATER

Where quoted
AS1 Table 4

VM19.0.4

AS1 Table 4,
Table 6

VM12.1.2

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

xx November 2022
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Current E1 Surface Water acceptable solutions and verification methods Proposed amendments to E1 Surface Water acceptable solutions and
verification methods

SURFACE WATER
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Current E1 Surface Water - No changes proposed to this page

Amend 7

Amend 11
Nov 2020

Amend 7
Sep 2010

Amend 8
Oct 2011

Amend 7
Sep 2010

Definitions E1/VM1 & AS1/AS2

Definitions

SURFACE WATER

Sep 2010 | This is an abbreviated list of definitions for words or terms particularly relevant to this Verification

Method and Acceptable Solutions. The definitions for any other italicised words may be found in

the New Zealand Building Code Handbook.

Access chamber A chamber with working
space at drain level through which the drain
passes either as an open channel or as a
pipe incorporating an inspection point.

Annual Exceedance Probability (AEP) The
probability that a given rainfall intensity will
be exceeded in any one year, expressed as
a percentage.

Building has the meaning given to it by
sections 8 and 9 of the Building Act 2004.

Construct in relation to a building, includes to
build, erect, prefabricate, and relocate; and
construction has a corresponding meaning.

Drain A pipe normally laid below ground level
including fittings and equipment and
intended to convey foul water or surface
water to an outfall.

Inspection chamber A chamber with working
space at ground level through which the
drain passes either as an open channel or
as a pipe incorporating an inspection point.

Inspection point A removable cap at drain
level through which access may be made
for cleaning and inspecting the drainage
system.

Network utility operator means a person who:

(a) undertakes or proposes to undertake
the distribution or transmission by
pipeline of natural or manufactured gas,
petroleum, biofuel, or geothermal energy; or

(b) operates or proposes to operate a
network for the purpose of

(i) telecommunication as defined in
section 5 of the Telecommunications
Act 2001; or

(i) radiocommunications as
defined in section 2(1) of the
Radiocommunications Act 1989; or

(c) is an electricity operator or electricity
distributor as defined in section 2 of the
Electricity Act 1992 for the purpose of

line function services as defined in that
section; or

(d) undertakes or proposes to undertake the
distribution of water for supply (including
irrigation); or

(e) undertakes or proposes to undertake a
drainage or sewerage system.

Other property means any land or buildings
or part thereof which are:

a) Not held under the same allotment; or

b) Not held under the same ownership — and
includes any road.

Outfall That part of the disposal system
receiving surface water or foul water from
the drainage system. For foul water, the
outfall may include a foul water sewer or
a septic tank. For surface water, the outfall
may include a natural water course, kerb
and channel, or a soakage system.

Rodding point A removable cap at ground
level through which access may be made
for cleaning and inspecting the drainage
system.

Secondary flow path The path over which
surface water will follow if the drainage
system becomes overloaded or inoperative.

Sewer A drain that is under the control of, or
maintained by, a network utility operator.

Sitework means work on a building site,
including earthworks, preparatory to or
associated with the construction, alteration,
demolition or removal of a building.

Sump A chamber which is installed in the
drain and incorporates features to intercept
and retain silt, gravel and other debris.

Surface water All naturally occurring water,
other than sub-surface water, which results
from rainfall on the site or water flowing
onto the site, including that flowing from a
drain, stream, river, lake or sea.

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

5 November 2020
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9and 11

Amend 7
Sep 2010
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Amend 7
Sep 2010

Amend 11
Nov 2020

Amend 7
Sep 2010

Amend 8
Oct 2011

Amend 7
Sep 2010

Definitions E1/VM1 & AS1/AS2

Definitions

SURFACE WATER

This is an abbreviated list of definitions for words or terms particularly relevant to this Verification
Method and Acceptable Solutions. The definitions for any other italicised words may be found in

the New Zealand Building Code Handbook.

Access chamber A chamber with working
space at drain level through which the drain
passes either as an open channel or as a
pipe incorporating an inspection point.

Annual Exceedance Probability (AEP) The
probability that a given rainfall intensity will
be exceeded in any one year, expressed as
a percentage.

Building has the meaning given to it by
sections 8 and 9 of the Building Act 2004.

Construct in relation to a building, includes to
build, erect, prefabricate, and relocate; and
construction has a corresponding meaning.

Drain A pipe normally laid below ground level
including fittings and equipment and
intended to convey foul water or surface
water to an outfall.

Inspection chamber A chamber with working
space at ground level through which the
drain passes either as an open channel or
as a pipe incorporating an inspection point.

Inspection point A removable cap at drain
level through which access may be made
for cleaning and inspecting the drainage
system.

Network utility operator means a person who:

(a) undertakes or proposes to undertake
the distribution or transmission by
pipeline of natural or manufactured gas,
petroleum, biofuel, or geothermal energy; or

(b) operates or proposes to operate a
network for the purpose of

(i) telecommunication as defined in
section 5 of the Telecommunications
Act 2001; or

(i) radiocommunications as
defined in section 2(1) of the
Radiocommunications Act 1989; or

(c) is an electricity operator or electricity
distributor as defined in section 2 of the
Electricity Act 1992 for the purpose of

line function services as defined in that
section; or

(d) undertakes or proposes to undertake the
distribution of water for supply (including
irrigation); or

(e) undertakes or proposes to undertake a
drainage or sewerage system.

Other property means any land or buildings
or part thereof which are:

a) Not held under the same allotment; or

b) Not held under the same ownership — and
includes any road.

Outfall That part of the disposal system
receiving surface water or foul water from
the drainage system. For foul water, the
outfall may include a foul water sewer or
a septic tank. For surface water, the outfall
may include a natural water course, kerb
and channel, or a soakage system.

Rodding point A removable cap at ground
level through which access may be made
for cleaning and inspecting the drainage
system.

Secondary flow path The path over which
surface water will follow if the drainage
system becomes overloaded or inoperative.

Sewer A drain that is under the control of, or
maintained by, a network utility operator.

Sitework means work on a building site,
including earthworks, preparatory to or
associated with the construction, alteration,
demolition or removal of a building.

Sump A chamber which is installed in the
drain and incorporates features to intercept
and retain silt, gravel and other debris.

Surface water All naturally occurring water,
other than sub-surface water, which results
from rainfall on the site or water flowing
onto the site, including that flowing from a
drain, stream, river, lake or sea.
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SURFACE WATER

Territorial authority (TA) means a city council

or district council named in Part 2

of Schedule 2 of the Local Government

Act 2002; and—

a) in relation to land within the district
of a territorial authority, or a building
on or proposed to be built on any such
land, means that territorial authority, and

b

in relation to any part of a coastal marine
area (within the meaning of the
Resource Management Act 1991) that
is not within the district of a territorial
authority, or a building on or proposed
to be built on any such part, means the
territorial authority whose district is
adjacent to that part.

Trap A chamber which is installed in the drain
and incorporates features to intercept and
retain floatable debris.

Proposed E1 Surface Water - No changes proposed to this page
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DEPARTMENT OF BUILDING AND HOUSING

SURFACE WATER Definitions E1/VM1 & AS1

Territorial authority (TA) means a city council

or district council named in Part 2

of Schedule 2 of the Local Government

Act 2002; and—

a) in relation to land within the district
of a territorial authority, or a building
on or proposed to be built on any such
land, means that territorial authority; and

b

in relation to any part of a coastal marine
area (within the meaning of the
Resource Management Act 1991) that
is not within the district of a territorial
authority, or a building on or proposed
to be built on any such part, means the
territorial authority whose district is
adjacent to that part.

Trap A chamber which is installed in the drain
and incorporates features to intercept and
retain floatable debris.
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Verification Method E1/VM1

(Revised by Amendment 4)

1.0 Scope

1.0.1 This Verification Method shall be used
only if the territorial authority does not have
more accurate data available from
sophisticated hydrological modelling of the
catchment undertaken as part of its flood
management plans.

1.0.2 The following approach provides a
method for verifying that a proposed building
will meet the requirements of NZBC E1.3.1
and E1.3.2 in the following circumstances:

a) The catchment area does not exceed
100 ha (but see Paragraph 1.0.6 for soak
pits), and

b) The surface water results only from rainfall
on the catchment and does not include
water from other sources such as
inundation from rivers, lakes or the sea.

1.0.3 The method describes how to
determine:

a) The volume of surface water arriving at the
building site from upper areas of the
catchment (see Paragraph 2.0),

b) The size of drains necessary to remove
surface water from the building site (see
Paragraph 3.0), and

¢) The nature and volume of secondary flows
likely to reach the building 1 from
overloaded culverts, drains or open
channels in the upper catchment (see
Paragraph 4.0).

1.0.4 The procedure described for sizing drains
only applies where free flow occurs at the
outlet. The outlet must not be restricted by
hydraulic impediments such as control gates,
a pump station, or submerged outlets in a
river, a lake or the sea.

COMMENT:

The capacity of drains which do not have a free flowing
outlet shall be calculated by specific design in a manner
which incorporates the effect of the restriction.

1.0.5 A method is provided for determining
appropriate outfall protection.

1.0.6 A procedure is provided for determining
soak pit requirements for surface water
disposal. Such disposal is subject to suitable
ground conditions, as confirmed by site tests.

COMMENT:

1. Where soak pits are used the overall ground stability
may need to be verified but this is outside of the
scope of this Verification Method.

2. Soak pit surface water disposal may require a
resource management consent.

1.0.7 The design procedures in this document
must be performed by a person who, on the
basis of experience or qualifications, is
competent to apply them.

1.0.8 This document makes no allowance for
blockages to the intakes of drains or culverts.
The procedures of this document shall only be
used where the designer demonstrates that
this approach is justified for the particular
building work under consideration.

COMMENT:

The likelihood of blockage and the resulting risks will
vary from project to project and need to be considered
by the designer before applying this document.

1.0.9 The "Comments” in this document
provide comment, background or general
information but do not form part of this
Verification Method.

2.0 Estimation of Surface Water Run-Off

2.0.1 Surface water run-off for the catchment
shall be calculated using the Rational Method.
The formula to be used is:

Q. = CIA./360

where

Q. = catchment run-off (m%s).

C = run-off coefficient (see Table 1).

I = rainfall intensity (mm/hr).

A, = area (hectares) of catchment above
the point being considered.

DEPARTMENT OF BUILDING AND HOUSING

1 December 2000

Verification Method E1/VM1

(Revised by Amendment 4)

1.0 Scope
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on the catchment and does not include
water from other sources such as
inundation from rivers, lakes or the sea.

1.0.3 The method describes how to
determine:

a) The volume of surface water arriving at the
building site from upper areas of the
catchment (see Paragraph 2.0),

b) The size of drains necessary to remove
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¢) The nature and volume of secondary flows
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only applies where free flow occurs at the
outlet. The outlet must not be restricted by
hydraulic impediments such as control gates,
a pump station, or submerged outlets in a
river, a lake or the sea.

COMMENT:

The capacity of drains which do not have a free flowing
outlet shall be calculated by specific design in a manner
which incorporates the effect of the restriction.

1.0.5 A method is provided for determining
appropriate outfall protection.

1.0.6 A procedure is provided for determining
soak pit requirements for surface water
disposal. Such disposal is subject to suitable
ground conditions, as confirmed by site tests.

COMMENT:

1. Where soak pits are used the overall ground stability
may need to be verified but this is outside of the
scope of this Verification Method.

2. Soak pit surface water disposal may require a
resource management consent.

1.0.7 The design procedures in this document
must be performed by a person who, on the
basis of experience or qualifications, is
competent to apply them.

1.0.8 This document makes no allowance for
blockages to the intakes of drains or culverts.
The procedures of this document shall only be
used where the designer demonstrates that
this approach is justified for the particular
building work under consideration.

COMMENT:

The likelihood of blockage and the resulting risks will
vary from project to project and need to be considered
by the designer before applying this document.

1.0.9 The “"Comments” in this document
provide comment, background or general
information but do not form part of this
Verification Method.

2.0 Estimation of Surface Water Run-Off

2.0.1 Surface water run-off for the catchment
shall be calculated using the Rational Method.
The formula to be used is:

Q, = CIA./360

where

Q. = catchment run-off (m?/s).

C = run-off coefficient (see Table 1).

| = rainfall intensity (mm/hr).

A, = area (hectares) of catchment above
the point being considered.
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SURFACE WATER

Table 1: ~ Run-off Coefficients

Paragraphs 2.0.1, 2.1.1, 2.1.3

Description of surface Cc

Natural surface types
Bare impermeable clay with no interception
channels or run-off control 0.70

Bare uncultivated soil of medium soakage  0.60
Heavy clay soil types:

— pasture and grass cover 0.40

— bush and scrub cover 0.35

— cultivated 0.30
Medium soakage soil types:

— pasture and grass cover 0.30

— bush and scrub cover 0.25

— cultivated 0.20

High soakage gravel, sandy and volcanic
soil types:

— pasture and grass cover 0.20

— bush and scrub cover 0.156

— cultivated 0.10
Parks, playgrounds and reserves:

— mainly grassed 0.30

— predominantly bush 0.25
Gardens, lawns, etc. 0.25

Developed surface types
Fully roofed and/or sealed developments 0.90

Steel and non-absorbent roof surfaces 0.90
Asphalt and concrete paved surfaces 0.85
Near flat and slightly absorbent

roof surfaces 0.80
Stone, brick and precast concrete

paving panels

— with sealed joints 0.80
— with open joints 0.60
Unsealed roads 0.50
Railway and unsealed yards and
similar surfaces 0.35

Land use types
Industrial, commercial, shopping areas

and town house developments 0.65
Residential areas in which the impervious

area is less than 36% of gross area 0.45
Residential areas in which impervious

area is 36% to 50% of gross area 0.55
Note:

Where the impervious area exceeds 50% of gross
area, use method of Paragraph 2.1.2.

2.1 Run-off Coefficient

2.1.1 Table 1 lists run-off coefficients
appropriate to a variety of land uses and soil

Verification Method E1/VM1

characteristics. For catchments having

a mixture of different types, the run-off
coefficient shall be determined by averaging
the value for individual parts of the catchment
by using the formula:

oo ECA

C = the run-off coefficient for the catchment.

C, = the run-off coefficient for a particular
land use.

A = the area of land to which C; applies.

A, = the catchment area.

COMMENT:

. The run-off coefficient C is the variable in the rational
formula least able to be precisely determined, and
represents the integrated effects of such things as
infiltration, storage, evaporation, natural retention and
interception, all of which affect the time distribution
and peak rate of run-off.

N

. The run-off coefficients given in Table 1 assume
saturated ground conditions from previous rain, and
shall be used in the calculation of surface water
run-off.

2.1.2 The chosen run-off coefficient shall be
based on the conditions likely to exist after
the full catchment development allowable by
the operative plan under the Resource
Management Act 1991.

2.1.3 Slope correction

The values of run-off coefficient given in
Table 1 shall be adjusted for slope in
accordance with Table 2.

COMMENT:

The values in Table 1 assume an average sloping terrain
of 5-10% (i.e. gently rolling). However, if the terrain is
flatter or steeper this will have the effect of slowing
down or speeding up overland flow. The above
adjustment allows for this.

2.2 Rainfall intensity

2.2.1 The rainfall intensity shall be that for a
storm having a duration equal to the time of
concentration as determined by Paragraph
2.3.1, and a probability of occurrence as given
by NZBC E1.3.1 or E1.3.2 as appropriate.
Either local rainfall intensity curves produced
by the territorial authority or rainfall frequency

1 January 2017
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SURFACE WATER

Table 1:  Run-off Coefficients

Paragraphs 2.0.1, 2.1.1, 2.1.3

Description of surface Cc

Natural surface types
Bare impermeable clay with no interception
channels or run-off control 0.70

Bare uncultivated soil of medium soakage 0.60
Heavy clay soil types:

— pasture and grass cover 0.40
— bush and scrub cover (85;
— cultivated 0.30
Medium soakage soil types:
— pasture and grass cover 0.30
— bush and scrub cover 0.25
— cultivated 0.20
High soakage gravel, sandy and volcanic
soil types:
— pasture and grass cover 0.20
— bush and scrub cover 0.156
— cultivated 0.10
Parks, playgrounds and reserves:
— mainly grassed 0.30
— predominantly bush 0.25
Gardens, lawns, etc. 0.25

Developed surface types
Fully roofed and/or sealed developments 0.90

Steel and non-absorbent roof surfaces 0.90
Asphalt and concrete paved surfaces 0.85
Near flat and slightly absorbent

roof surfaces 0.80
Stone, brick and precast concrete

paving panels

— with sealed joints 0.80
— with open joints 0.60
Unsealed roads 0.50
Railway and unsealed yards and
similar surfaces 0.35

Land use types
Industrial, commercial, shopping areas

and town house developments 0.65
Residential areas in which the impervious

area is less than 36% of gross area 0.45
Residential areas in which impervious

area is 36% to 50% of gross area 0.55
Note:

Where the impervious area exceeds 50% of gross
area, use method of Paragraph 2.1.2.

2.1 Run-off Coefficient

2.1.1 Table 1 lists run-off coefficients
appropriate to a variety of land uses and soil

Verification Method E1/VM1

characteristics. For catchments having

a mixture of different types, the run-off
coefficient shall be determined by averaging
the value for individual parts of the catchment
by using the formula:

c - 3
Ac

where

C = the run-off coefficient for the catchment.

C, = the run-off coefficient for a particular

land use.

A, = the area of land to which C, applies.

A. = the catchment area.

COMMENT:

. The run-off coefficient C is the variable in the rational
formula least able to be precisely determined, and
represents the integrated effects of such things as
infiltration, storage, evaporation, natural retention and
interception, all of which affect the time distribution
and peak rate of run-off.

N

. The run-off coefficients given in Table 1 assume
saturated ground conditions from previous rain, and
shall be used in the calculation of surface water
run-off.

2.1.2 The chosen run-off coefficient shall be
based on the conditions likely to exist after
the full catchment development allowable by
the operative plan under the Resource
Management Act 1991.

2.1.3 Slope correction

The values of run-off coefficient given in
Table 1 shall be adjusted for slope in
accordance with Table 2.

COMMENT:

The values in Table 1 assume an average sloping terrain
of 5-10% (i.e. gently rolling). However, if the terrain is
flatter or steeper this will have the effect of slowing
down or speeding up overland flow. The above
adjustment allows for this.

2.2 Rainfall intensity

2.2.1 The rainfall intensity shall be that for a
storm having a duration equal to the time of
concentration as determined by Paragraph
2.3.1, and a probability of occurrence as given
by NZBC E1.3.1 or E1.3.2 as appropriate.
Either local rainfall intensity curves produced
by the territorial authority or rainfall frequency

1 January 2017
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duration information produced by NIWA shall
be used to determine the rainfall intensity.

COMMENT:

Rainfall intensity curves are available for most areas.
These have been developed from meteorological data.
Rainfall frequency-duration tables for each official rain
gauge throughout New Zealand are also available.

Rainfall intensity data is also available online in
digital form from the National Institute for Water and
Atmospheric Research (NIWA) High Intensity Rainfall
Design System (HIRDS).

HIRDS provides rainfall intensity estimates for any
location in New Zealand based on historical rain gauge
data and also projections of future rainfall intensities for
various climate change scenarios.

Where differing design rainfall intensities are provided
for a particular location, the most conservative rainfall
intensity should be used for design calculations.

Table 2:  Slope Correction for Run-off Coefficients

Paragraph 2.1.3

Ground slope

Adjust C by:

0-5% subtracting 0.05
5-10% no adjustment
10-20% adding 0.05
20% or steeper adding 0.10

2.3 Time of concentration

2.3.1 The time of concentration used to
determine rainfall intensity is the time taken
for surface water run-off from the furthest
point (in time) of the catchment to reach the
design point. Flow time calculations shall take
account of catchment run-off coefficients and
slopes.

Time of concentration for the catchment t,
(minutes) shall be calculated from the formula:
=1+t

but shall be no less than 10 minutes.

Where

t, = time of entry (minutes) which is the
run-off time for overland travel (i.e. via
ground, roofs, downpipes, carriageways
or road channels) to the point of entry to
a drain or open channel.

SURFACE WATER

t; = time (minutes) of network flow,
(comprising flow in pipes and open
channels), to the design point.

COMMENT:

In some catchments due to shape, surface water
network and varying permeabilities within the
catchment, part of the catchment under consideration
may produce a higher peak flow than the whole of the
catchment. Although the area for the part catchment is
smaller, this may be more than offset by the higher
intensity storm associated with a shorter time of
concentration and storm duration. This situation will
generally arise where the lower reaches of a catchment
are densely developed.

2.3.2 Time of entry t,
The time of entry tg:

a) Where the catchment area has a well
defined and regularly repeated pattern for
directing the surface water to the drain or
open channel, the time of entry may be
taken as:

te =5 minutes for commercial or
industrial areas where greater than
50% of the surface of the catchment
area feeding the drain or open channel
consists of roofed, asphalt, concrete,
paved or metalled surfaces.

t, = 7 minutes for residential areas
where the impervious area exceeds
50% of gross area.

t, = 10 minutes for low density residential
areas where the impervious area is
36% to 50% of gross area.

b) Where the catchment does not have a well
defined and regularly repeated pattern or
where the catchment is longer than 1.0 km,
the time of entry t, shall be the sum of the
time of overland flow and, if applicable, the
time of road channel flow as given in i) and
ii) below:

i) the time of overland flow shall be
determined by the formula:

t =100 nL°%/s"?
where
t = time (minutes).

L length of overland flow (m).
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Verification Method E1/VM1

duration information produced by NIWA shall
be used to determine the rainfall intensity.

COMMENT:

Rainfall intensity curves are available for most areas.
These have been developed from meteorological data.
Rainfall frequency-duration tables for each official rain
gauge throughout New Zealand are also available.

Rainfall intensity data is also available online in
digital form from the National Institute for Water and
Atmospheric Research (NIWA) High Intensity Rainfall
Design System (HIRDS).

HIRDS provides rainfall intensity estimates for any
location in New Zealand based on historical rain gauge
data and also projections of future rainfall intensities for
various climate change scenarios.

Where differing design rainfall intensities are provided
for a particular location, the most conservative rainfall

intensity should be used for design calculations.

Table 2:  Slope Correction for Run-off Coefficients

Paragraph 2.1.3

Ground slope

Adjust C by:

0-5% subtracting 0.05
5-10% no adjustment
10-20% adding 0.05
20% or steeper adding 0.10

2.3 Time of concentration

2.3.1 The time of concentration used to
determine rainfall intensity is the time taken
for surface water run-off from the furthest
point (in time) of the catchment to reach the
design point. Flow time calculations shall take
account of catchment run-off coefficients and
slopes.

Time of concentration for the catchment t,

(minutes) shall be calculated from the formula:

o=t + 1

but shall be no less than 10 minutes.

Where

t, = time of entry (minutes) which is the
run-off time for overland travel (i.e. via
ground, roofs, downpipes, carriageways

or road channels) to the point of entry to
a drain or open channel.

SURFACE WATER

t, = time (minutes) of network flow,
(comprising flow in pipes and open
channels), to the design point.

COMMENT:

In some catchments due to shape, surface water
network and varying permeabilities within the
catchment, part of the catchment under consideration
may produce a higher peak flow than the whole of the
catchment. Although the area for the part catchment is
smaller, this may be more than offset by the higher
intensity storm associated with a shorter time of
concentration and storm duration. This situation will
generally arise where the lower reaches of a catchment
are densely developed.

2.3.2 Time of entry t,
The time of entry tg:

a) Where the catchment area has a well
defined and regularly repeated pattern for
directing the surface water to the drain or
open channel, the time of entry may be
taken as:

te =5 minutes for commercial or
industrial areas where greater than
50% of the surface of the catchment
area feeding the drain or open channel
consists of roofed, asphalt, concrete,
paved or metalled surfaces.

t, = 7 minutes for residential areas
where the impervious area exceeds
50% of gross area.

t, = 10 minutes for low density residential
areas where the impervious area is
36% to 50% of gross area.

b) Where the catchment does not have a well
defined and regularly repeated pattern or
where the catchment is longer than 1.0 km,
the time of entry t, shall be the sum of the
time of overland flow and, if applicable, the
time of road channel flow as given in i) and
ii) below:

i) the time of overland flow shall be
determined by the formula:

t =100 nL**¥/s*?
where
t = time (minutes).

L length of overland flow (m).
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SURFACE WATER Verification Method E1/VM1

Figure 2: Road channel flow line
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The time of pipe flow shall be calculated from

the velocity as determined from Figure 3.
Where the pipe changes in material, diameter
or gradient the time taken in each section of
the pipe shall be calculated and the component
times summed. For pipes with Manning's 'n’
other than 0.013 the velocity determined from
Figure 3 shall be multiplied by the ratio of
0.013/n. Other values of Manning's ‘'n" for
different pipe materials are given in Table 3.

Example: For a slope of 1.4% and a road
channel length of 70 metres the time
of road channel flow is 1.7 minutes

Figure 1: | Times for Overland Flow
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Example:For surface water flowing 50 m over a paved surface at a slope of 5 % the time of
travel is 4.1 minutes
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Verification Method E1/VM1 SURFACE WATER

Figure 3:  Pipe Flow Relationships for Different Combinations of Internal Diameter, Velocity and Gradient

(Based on Manning’s formula using n = 0.013 with an allowance for air entrainment)
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Figure 3:  Pipe Flow Relationships for Different Combinations of Internal Diameter, Velocity and Gradient

(Based on Manning's formula using n = 0.013 with an allowance for air entrainment)
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SURFACE WATER

Table 3: | Mannings ‘n”

Paragraphs 2.3.4, 3.2.1, 4.1.6,
4.1.8,4.1.11 and 4.2.1

Description Value of ‘n’
Circular pipes

HDPE and uPVC 0.011
Ceramic and concrete 0.013
Culverts

Cast-in-situ concrete 0.015
Corrugated metal 0.025

Open stream
Straight uniform channel in earth and
gravel in good condition 0.0225

Unlined channel in earth and gravel
with some bends and in fair condition 0.025

Channel with rough stoney bed or with
weeds on earth bank and natural streams
with clean straight banks 0.03

Winding natural streams with generally
clean bed but with some poolsand shoals  0.035

Winding natural stream with irregular
cross-section and some obstruction with
vegetation and debris 0.045

Irregular natural stream with obstruction
from vegetation and debris 0.06

Very weedy irregular winding stream
obstructed with significant overgrown
vegetation and debris 0.1

2.3.5 Time of open channel flow

The time of flow in open channels (either
watercourses or lined channels), shall be
calculated by means of Manning’s formula
as given by Paragraph 3.0.

2.3.6 Alternative method to determine
time of concentration

Where there are significant changes in
gradient along the channel slope or where the
open channel is in a rural area, the time of
concentration t, may be determined from:

t. = 0.0195 (L°/H)*®

where

t, = time of concentration (minutes).

L = length of catchment (m) measured

along the flow path.

H = rise from bottom to top of catchment (m).

Verification Method E1/VM1

2.3.7 If the actual catchment slope varies
significantly from the value H/L (e.g. with a
sudden steepening in the upper reaches) the
average slope and height h shall be
determined from the equal areas method
shown in Figure 4. Height h shall be
substituted for H in the formula.

3.0 Sizing of Surface Water System

3.1 Minimum size of drains

3.1.1 To avoid blockages, surface water drains
shall have an internal diameter of no less than
85 mm.

3.1.2 Except as allowed by Paragraph 5.0.2,
the internal diameter of a drain shall not
decrease in size in the direction of flow.

3.2 Hydraulic design

3.2.1 The cross-sectional area of the drain
conveying surface water run-off Q; to the
outfall shall be determined by:

A, = QN

where

A, = cross-sectional area of drain (m?).
Q. = surface water run-off (m?/s).

v = flow velocity (m/s).

The flow velocity v shall be determined from
Manning's formula:

v - R* SW n

where

R = hydraulic radius (m) = A,/P.

P = wetted perimeter of the cross-section

of the flow (m).

S = slope = vertical rise/horizontal
distance.

n = Manning’s 'n’ (roughness coefficient).
See Table 3.

Where the drain is to be constructed using

a piped section, Figure 3 may be used to
determine pipe size instead of the above
calculation procedure. Where the pipe material
has a Manning's ‘'n" of 0.013, Figure 3 can be
used directly. For other values of Manning’s
‘'n’, the flow in the pipe Q, shall be modified
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2.3.7 If the actual catchment slope varies
significantly from the value H/L (e.g. with a
sudden steepening in the upper reaches) the
average slope and height h shall be
determined from the equal areas method
shown in Figure 4. Height h shall be
substituted for H in the formula.

3.0 Sizing of Surface Water System

3.1 Minimum size of drains

3.1.1 To avoid blockages, surface water drains
shall have an internal diameter of no less than
85 mm.

3.1.2 Except as allowed by Paragraph 5.0.2,
the internal diameter of a drain shall not
decrease in size in the direction of flow.

3.2 Hydraulic design

3.2.1 The cross-sectional area of the drain
conveying surface water run-off Q, to the
outfall shall be determined by:

A, = QN

where

A, = cross-sectional area of drain (m?’).
Q, = surface water run-off (m?/s).

v = flow velocity (m/s).

The flow velocity v shall be determined from
Manning's formula:

v = R”S"n"

where

R = hydraulic radius (m) = A,/P.

P = wetted perimeter of the cross-section

of the flow (m).

S = slope = vertical rise/horizontal
distance.

n = Manning's 'n" (roughness coefficient).
See Table 3.

Where the drain is to be constructed using

a piped section, Figure 3 may be used to
determine pipe size instead of the above
calculation procedure. Where the pipe material
has a Manning’s 'n" of 0.013, Figure 3 can be
used directly. For other values of Manning's
‘n’, the flow in the pipe Q, shall be modified
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Figure 4: = Equal Areas Method
Paragraph 2.3.7

average slope of

catchment\

SURFACE WATER

catchment profHe\

by multiplying it by the ratio of n/0.013 before
entering the Figure.

3.2.2 The designer shall estimate the
headwater depth H,, (height of water level
above inlet invert, refer to Figure 5 (a)) for

the size of drain (determined from Paragraph
3.2.1), and confirm that there is sufficient
ground depth available at the inlet to the drain
to contain H,, without causing flooding to the
building site or secondary flow from the inlet.
If there is insufficient depth to contain the
headwater the drain size shall be increased
until H,, is less than the ground depth available
at the drain inlet.

3.2.3 The headwater depth H,, (m) for the
drain shall be determined from:

a) Figure 6 for a circular piped system, or

b) Figure 7 for a box culvert system.

3.2.4 \Where a drain gradient exceeds 1in 10
an allowance for the bulking of the flow due to

air entrainment shall be made by multiplying
the area of the pipe by:

(1 + kv’/gR)
where
k = coefficient of entrainment
= 0.004 for smooth concrete pipes, or
= 0.008 for cast-in-situ concrete culverts.
= flow velocity (m/s).

hydraulic radius (m).

« o <
1}

= acceleration due to gravity = 9.8 m/s’.
3.3 Pipe materials
Pipe materials shall comply with Table 1 of

Acceptable Solution E1/AS1.

4.0 Secondary Flow

4.0.1 Secondary flow occurs where surface
water arrives at the site from an overflowing
drainage system upstream in the catchment.
Where there is a drainage system, being a
pipe, culvert or open water course, upstream
of the building site, the potential for a

DEPARTMENT OF BUILDING AND HOUSING

1 December 2000

Verification Method E1/VM1

Figure 4: | Equal Areas Method
Paragraph 2.3.7

SURFACE WATER

catchment profile\
| I
I
average slope of
catohment\
L

by multiplying it by the ratio of n/0.013 before (1 + kv’/gR)

entering the Figure. where

3.2.2 The designer shall estimate the k = coefficient of entrainment

headwater depth H,, (height of water level
above inlet invert, refer to Figure 5 (a)) for

the size of drain (determined from Paragraph
3.2.1), and confirm that there is sufficient
ground depth available at the inlet to the drain
to contain H,, without causing flooding to the
building site or secondary flow from the inlet.
If there is insufficient depth to contain the
headwater the drain size shall be increased
until H,, is less than the ground depth available
at the drain inlet.

3.2.3 The headwater depth H,, (m) for the
drain shall be determined from:

a) Figure 6 for a circular piped system, or

b) Figure 7 for a box culvert system.

3.2.4 Where a drain gradient exceeds 1in 10
an allowance for the bulking of the flow due to

air entrainment shall be made by multiplying
the area of the pipe by:

= 0.004 for smooth concrete pipes, or
= 0.008 for cast-in-situ concrete culverts.
= flow velocity (m/s).

hydraulic radius (m).
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Acceptable Solution E1/AS1.

4.0 Secondary Flow
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drainage system upstream in the catchment.
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pipe, culvert or open water course, upstream
of the building site, the potential for a
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SURFACE WATER

secondary flow path between the drainage
system and the site shall be assessed. This
shall involve determination of the capacity of
the drainage system in conjunction with
assessment of the ground levels in the
general area.

COMMENT:

Secondary flow is not likely to cause flooding at the
building site if the surface water run-off from the
catchment above the site is less than 0.3 m3/S unless
the site is in a depression capable of ponding water.

4.1 Secondary flow from a piped
surface water drainage system
upstream of the site

4.1.1 This method applies to the assessment

of secondary flow upstream of inlet controlled,

and some outlet controlled, pipes and culverts
(see Figure 5), provided that free flow occurs
at the outlet (i.e. the outlet is not restricted by
hydraulic obstructions such as control gates, a
pump station or submerged outlets in a river
or lake).

4.1.2 The method does not apply to outlet
controlled pipes or culverts where the
tailwater depth T,, (m) is less than the height
D (m) of the pipe or culvert (see Figure 5 (f)
i.e. outlet not flowing full), and where the
estimated headwater depth H,, (m) is no
greater than 0.75 D. Such situations shall be
subject to specific design.

4.1.3 The headwater depth H,, shall be
determined for both the inlet and outlet
controlled flow conditions and the maximum
value shall be used to assess secondary flow.

4.1.4 Assessment of H,, for inlet controlled
pipe or culverts, see Figures 5 (a) and (b)

The headwater depth H,, for a system with
inlet control shall be determined from:

a) Figure 6 for a circular piped system, or

b) Figure 7 for a box culvert system.

Verification Method E1/VM1

4.1.5 Assessment of H,, for outlet
controlled pipes or culverts,
see Figures 5 (c), (d) and (e)

The tailwater depth T,, shall be determined
from Paragraphs 4.1.6 and 4.1.7, and the
headwater depth H,, from Paragraph 4.1.8.

4.1.6 Tailwater depth T,, (m) shall be calculated
by an iterative process from the formula:

Oc — AfS”ZRZB/n
where

Q, = -catchment surface water run-off or
that portion arriving at the pipe or
culvert (m%s).

A; = cross-sectional area of the flow
immediately downstream of the pipe
or culvert outlet (m?).

S = slope of the stream (vertical
fall/horizontal distance) immediately
downstream of the outlet.

= hydraulic radius of the stream (m) = A/P.

= wetted perimeter (m) of the stream
flow.

n = Manning’s ‘'n’ (roughness coefficient).
See Table 3.

4.1.7 Firstly a tailwater depth T,, (m) is
assumed and, from knowledge of the stream
cross-section, the corresponding values of A;,
P and R are determined. These values are
then used in the above formula to calculate Q,
which is compared to the actual value of Q,
known to arrive at the pipe. If the calculated
value of Q. is less than the actual value then
the assumed tailwater depth shall be
increased and the value of Q, recalculated.
The procedure shall be repeated until such
time as the tailwater depth T,, used gives two
values of Q. that agree.

If T,, < D then T,, shall be this value or
(d, + D)/2 whichever is the greater, where:

d, = critical depth (m) and is determined by
Figures 8 and 9.

= internal pipe diameter (m) for Figure 8.

culvert width (m) for Figure 9.
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4.1.5 Assessment of H,, for outlet
controlled pipes or culverts,
see Figures 5 (c), (d) and (e)

The tailwater depth T,, shall be determined
from Paragraphs 4.1.6 and 4.1.7, and the
headwater depth H,, from Paragraph 4.1.8.

4.1.6 Tailwater depth T,, (m) shall be calculated
by an iterative process from the formula:

Q. = AS”R*n
where

Q, = -catchment surface water run-off or
that portion arriving at the pipe or
culvert (m%s).

A; = cross-sectional area of the flow
immediately downstream of the pipe
or culvert outlet (m?).

S = slope of the stream (vertical
fall/horizontal distance) immediately
downstream of the outlet.

R = hydraulic radius of the stream (m) = A/P.

= wetted perimeter (m) of the stream
flow.

n = Manning's 'n’ (roughness coefficient).
See Table 3.

4.1.7 Firstly a tailwater depth T,, (m) is
assumed and, from knowledge of the stream
cross-section, the corresponding values of A;,
P and R are determined. These values are
then used in the above formula to calculate Q.
which is compared to the actual value of Q.
known to arrive at the pipe. If the calculated
value of Q. is less than the actual value then
the assumed tailwater depth shall be
increased and the value of Q, recalculated.
The procedure shall be repeated until such
time as the tailwater depth T,, used gives two
values of Q. that agree.

If T,, < D then T,, shall be this value or
(d. + D)/2 whichever is the greater, where:

d. = critical depth (m) and is determined by
Figures 8 and 9.

D = internal pipe diameter (m) for Figure 8.

B = culvert width (m) for Figure 9.
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Figure 5:  Pipe Flow Conditions for Inlet and Outlet Control
Paragraphs 3.2.2,4.1.1,4.1.2, 41.4and 4.1.5

Figure 5:  Pipe Flow Conditions for Inlet and Outlet Control
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4.1.8 The headwater depth H,, (m) shall be
calculated by:

H, = H+T,-LS, and
H = VAT +kJ/2g + (Q/R™A L

where

T, = tailwater depth (m).

H = downstream head (m).

L = length of the pipe or culvert (m).

S = slope of the pipe or culvert (vertical

fall/horizontal distance) with the
vertical fall being measured between
the intake and outlet invert levels. If
gravels or sand are present in the pipe
or culvert then the surface of the
gravel or sand shall be taken as the

invert level.
v = flow velocity in the pipe or culvert (m/s).
ke = entrance loss coefficient as given by
Table 4.

Q, = -catchment surface water run-off or
that portion arriving at the pipe (m?/s).

o ot

n = Manning's 'n’ (roughness coefficient)
as given in Table 3.

R = hydraulic radius (m).
A, = cross-sectional area of the pipe or
culvert (m?).

4.1.9 As an alternative to the formula given in
Paragraph 4.1.8, Figures 10 and 11 may be
used directly to determine downstream H
applying the values of Manning'’s ‘'n" and k,
given in those Figures.

4.1.10 Determination of secondary flow
quantity

The estimated water surface level, determined
from H,, (m), is the actual water surface if all
the surface water run-off Q, (m?/s) flows
through the pipe or culvert. This level shall be
compared to the ground levels upstream of
the pipe intake to determine if a possible
secondary flow path exists. If the ground level
upstream of the intake is higher than the
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v = flow velocity in the pipe or culvert (m/s).
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Q, = -catchment surface water run-off or
that portion arriving at the pipe (m?/s).

n = Manning's 'n’ (roughness coefficient)
as given in Table 3.

R = hydraulic radius (m).
A, = cross-sectional area of the pipe or
culvert (m?).

4.1.9 As an alternative to the formula given in
Paragraph 4.1.8, Figures 10 and 11 may be
used directly to determine downstream H
applying the values of Manning's ‘'n" and k,
given in those Figures.

4.1.10 Determination of secondary flow
quantity

The estimated water surface level, determined
from H,, (m), is the actual water surface if all
the surface water run-off Q. (m?/s) flows
through the pipe or culvert. This level shall be
compared to the ground levels upstream of
the pipe intake to determine if a possible
secondary flow path exists. If the ground level
upstream of the intake is higher than the
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Figure 9:  Critical Depth for Box Culverts
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water surface level (H,,) no secondary flow will
occur. If the water surface is higher than the
ground level upstream of the intake and the
ground contours provide a secondary flow
path between the possible overflow point and
the building site, an estimate of the secondary
flow volume likely to arrive at the site shall be
made using the formula:

Q,=0Q,+Qy

where Q, and Qg (m*/s) are determined from
an iterative process where:

Q, = flow in the pipe or culvert determined
from Paragraphs 4.1.4 and 4.1.5 using
an assumed headwater surface level
H,, which allows for secondary flow,
and

Q. = the secondary flow down the
secondary flow path corresponding to
the assumed headwater surface level
H,,. Qg shall be determined from
Paragraph 4.1.11 provided there is no
restriction downstream of the
secondary flow overflow point which
could cause a backwater effect on
either Q, or Q capable of ponding
water to a height sufficient to reach
the level of H,,. Specific design is
required where such restrictions occur.

If the summation of Q, and Qg is less than Q.
then a higher H,, shall be used to recalculate
Q, and Q. If it is greater than Q_ then a lower
H,, shall be used to recalculate Q, and Q. The
designer shall refine the water surface level
H,, until Q.= Q, + Q.

DEPARTMENT OF BUILDING AND HOUSING
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water surface level (H,,) no secondary flow will
occur. If the water surface is higher than the
ground level upstream of the intake and the
ground contours provide a secondary flow
path between the possible overflow point and
the building site, an estimate of the secondary
flow volume likely to arrive at the site shall be
made using the formula:

Q. =Q, + Qy

where Q, and Qg (m?/s) are determined from
an iterative process where:

Q, = flow in the pipe or culvert determined
from Paragraphs 4.1.4 and 4.1.5 using
an assumed headwater surface level
H,, which allows for secondary flow,
and

Q, = the secondary flow down the
secondary flow path corresponding to
the assumed headwater surface level
H,.- Qq shall be determined from
Paragraph 4.1.11 provided there is no
restriction downstream of the
secondary flow overflow point which
could cause a backwater effect on
either Q, or Q capable of ponding
water to a height sufficient to reach
the level of H,,. Specific design is
required where such restrictions occur.

If the summation of Q, and Qy is less than Q.
then a higher H,, shall be used to recalculate
Q, and Q. If it is greater than Q, then a lower
H,, shall be used to recalculate Q, and Q. The
designer shall refine the water surface level
H,, until Q.= Q, + Q.
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SURFACE WATER

Table 4:  Entrance Loss Coefficients

Paragraph 4.1.8

Design of entrance Entrance loss
coefficients k.

Pipe culverts

Pipe projecting from fill:
square cut end 0.5
socket end 0.2

Headwall with or without wing walls
square end 0.5
socket end 0.2

Pipe mitred to conform with fill slope

precast end 0.5
field cut end 0.7
Box culverts

No wing walls, headwall parallel
to embankment

square edge on three edges 0.5
three edges rounded to 1/12 of
barrel dimensions 0.2

Wing walls at 30° to 75° to barrel
square edge at crown 0.4
crown rounded to 1/12 of culvert height 0.2

Wing walls at 10° to 30° to barrel

square edge to crown 0.5
Wing walls parallel (extension of sides)
square edge at crown 0.7

4.1.11 The secondary flow Qg shall be
determined from a) or b) as appropriate.

a) Where the flow over the secondary flow
point operates as a weir (such as a flow
over a culvert headwall, kerb, footpath,
crown in the road, driveway entrance, etc.)
then Qg shall be determined by:

Qsf = 1.6 B H,™

where
Qy = secondary flow (m?/s).
B = width (metres) of the secondary

flow path at the point of overflow
over the weir, from the channel to
the secondary flow path.

Hy = secondary flow water depth (metres),
being the difference between the
assumed headwater surface level

Verification Method E1/VM1

H,, and the average ground level
over width B, at the point of overflow
into the secondary flow path.

b) Where the flow over the secondary flow
point operates as a pipe or channel flow
(such as directly down a side channel or
pipe) then Qg shall be determined by:

st = Aszsfz/S szl/z Nt
where
Qg = secondary flow (m?/s).

Ay = cross-sectional area (m’) of the flow
down the secondary flow channel
or pipe.

Ry = hydraulic radius (m) = Ay / Py

P = wetted perimeter (m) of the cross-
section of the secondary flow in the
channel or pipe.

S = slope of the ground (vertical fall/
horizontal distance) along the
secondary flow path at the
overflow point.

ng = Manning's 'n’ (roughness coefficient).
See Table 3.

4.2 Secondary flow from an open water
course upstream of the site

4.2.1 Where the surface run-off from a
catchment at a possible overflow point Q, is
flowing at subcritical flow, i.e. where:

Ve < (gH o5
where

v, = velocity (m/s) in the stream at the
possible overflow point.

H. = depth of flow (m) in the stream at the
possible overflow.

then an assessment of secondary flow Qg
shall be made by the procedure set out below.
If the surface run-off from the catchment,

at the possible overflow point Q, is flowing

at super critical flow (i.e. v, > (gH.)°5) then
specific design shall be used to assess Q;.

Continued on page 27
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H,, and the average ground level
over width B, at the point of overflow
into the secondary flow path.

b) Where the flow over the secondary flow
point operates as a pipe or channel flow
(such as directly down a side channel or
pipe) then Qg shall be determined by:

Osf = AsiRsiZB 85'1/2 Ngs!
where
Q4 = secondary flow (m?/s).

A, = cross-sectional area (m’) of the flow
down the secondary flow channel
or pipe.

Ry = hydraulic radius (m) = Ay / P

P = wetted perimeter (m) of the cross-
section of the secondary flow in the
channel or pipe.

S = slope of the ground (vertical fall/
horizontal distance) along the
secondary flow path at the
overflow point.

ng = Manning's ‘'n’ (roughness coefficient).
See Table 3.

4.2 Secondary flow from an open water
course upstream of the site

4.2.1 Where the surface run-off from a

catchment at a possible overflow point Q, is

flowing at subcritical flow, i.e. where:

Ve < (gH o5

where

v, = velocity (m/s) in the stream at the
possible overflow point.

H. = depth of flow (m) in the stream at the
possible overflow.

then an assessment of secondary flow Q

shall be made by the procedure set out below.

If the surface run-off from the catchment,

at the possible overflow point Q, is flowing

at super critical flow (i.e. v, > (gH,)°5) then

specific design shall be used to assess Q.

Continued on page 27
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Secondary flow from an open water course
upstream of the site shall be determined by
an iterative process similar to that described
in Paragraph 4.1.10 for pipes and culverts but
using the formula:

Qc = Ostrm + Osf
where

Q, = surface run-off from catchment
upstream of possible overflow point
(m®/s),

Qgym= that portion of surface water run-off
(m?s) flow down the stream channel
downstream of the possible overflow
point, and

Quum= Retm?®Sstm " Nsrm ™ Astrm

where R, and A, are determined
from an assumed water surface and

Rswm= hydraulic radius of stream (m)
downstream of the possible overflow

point.

Sam= slope of stream (vertical fall/horizontal
distance) downstream of the possible
overflow point.

Nem= Manning's 'n" (roughness coefficient).
See Table 3.

Aqm= cross-sectional area of the stream
(m?), and

Qs = RS2 1Ay

where R and A are determined from the
secondary flow depth being the difference
between the assumed water surface and the
ground level at the point of overflow into the
secondary flow path.

The designer shall refine the level of water
surface until Q, = Qg + Qs

4.3 Secondary flow from site to
downstream drainage system

4.3.1 The secondary flow estimated to arrive
on the site shall be directed into the surface
water drainage system designed for the site.
The height of the secondary flow shall be
used as a basis for determining the building
floor level necessary to comply with the
requirements of NZBC E1.3.2.

SURFACE WATER

The level of the floor shall be set at the height
of the secondary flow plus an allowance for
freeboard. The freeboard shall be:

— 500 mm where surface water has a depth
of 700 mm or more and extends from the
building directly to a road or car park, other
than a car park for a single dwelling.

— 150 mm for all other cases.

COMMENT:

The 500 mm freeboard allows for waves generated by
vehicles. Such waves will not be sustained unless there
is at least 100 mm depth of water and an unobstructed
path from the point where the wave is generated to the
building.

5.0 Energy Losses Through Structures

5.0.1 Hydraulic design shall make allowance
for energy losses at access chamber
structures where a change in direction of the
flow occurs. An additional fall shall be
provided through the access chamber to allow
for these losses. This fall H_ (m) is in addition
to the fall produced by the gradient of the pipe
line, and shall be calculated using the formula:

H = Kv¥/2g
where

K = energy loss coefficient for change in
direction determined from Figure 12.

v = flow velocity (m/s).
g = gravitational acceleration = 9.8 m/s’.

5.0.2 In cases where a reduction in drain
size is justified by a large increase in gradient,
an additional head loss of 0.5 v,*/2g shall

be allowed for (v, = exit velocity). Such
reductions in size are only permissible

where the exit pipe has an internal diameter
of 300 mm or greater.

6.0 Minimum Velocity

6.0.1 A drain, shall have a minimum flow
velocity of 0.6 m/s when sumps are
incorporated and 0.9 m/s when no sumps
are used.
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Secondary flow from an open water course
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secondary flow depth being the difference
between the assumed water surface and the
ground level at the point of overflow into the
secondary flow path.

The designer shall refine the level of water
surface until Q, = Qg + Q.

4.3 Secondary flow from site to
downstream drainage system

4.3.1 The secondary flow estimated to arrive
on the site shall be directed into the surface
water drainage system designed for the site.
The height of the secondary flow shall be
used as a basis for determining the building
floor level necessary to comply with the
requirements of NZBC E1.3.2.

SURFACE WATER

The level of the floor shall be set at the height
of the secondary flow plus an allowance for
freeboard. The freeboard shall be:

— 500 mm where surface water has a depth
of 700 mm or more and extends from the
building directly to a road or car park, other
than a car park for a single dwelling.

— 150 mm for all other cases.

COMMENT:

The 500 mm freeboard allows for waves generated by
vehicles. Such waves will not be sustained unless there
is at least 100 mm depth of water and an unobstructed
path from the point where the wave is generated to the
building.

5.0 Energy Losses Through Structures

5.0.1 Hydraulic design shall make allowance
for energy losses at access chamber
structures where a change in direction of the
flow occurs. An additional fall shall be
provided through the access chamber to allow
for these losses. This fall H,_ (m) is in addition
to the fall produced by the gradient of the pipe
line, and shall be calculated using the formula:

H = Kv¥/2g
where
K = energy loss coefficient for change in

direction determined from Figure 12.
v = flow velocity (m/s).
g = gravitational acceleration = 9.8 m/s?.

5.0.2 In cases where a reduction in drain
size is justified by a large increase in gradient,
an additional head loss of 0.5 v,”/2g shall

be allowed for (v, = exit velocity). Such
reductions in size are only permissible

where the exit pipe has an internal diameter
of 300 mm or greater.

6.0 Minimum Velocity

6.0.1 A drain, shall have a minimum flow
velocity of 0.6 m/s when sumps are
incorporated and 0.9 m/s when no sumps
are used.
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Verification Method E1/VM1

7.0 Outfall Protection

SURFACE WATER

8.0 Drain Leakage Tests

7.0.1 Unless more stringent requirements are
imposed by the network utility operator the
following shall apply to the flow discharging
from the site into the outfall:

a) The exiting velocity shall not exceed the
values given in Table 5, and

b) Where the outfall is a pipe, culvert or
stream the volume discharged shall not
exceed 20% of the flow in the outfall
immediately upstream of the discharge
point.

COMMENT:

1. The outfall, be it a pipe, culvert, stream, lake or the
sea, needs to be protected from erosion or scour to
meet the requirements of Clause E1.3.3 (e).

2. If exit velocities exceed those given in Table 5
protective structures to dissipate the energy and
reduce the velocities are required. These require
specific design which is outside the scope of this
document.

3. Discharge to some outfalls will require a resource
management consent.

Table 5:  Maximum Exit Velocities of Flow from

Pipes and Culverts Discharging to Outfalls
Paragraph 7.0.1

Outfall material Velocity m/s
Precast concrete pipes to NZS 3107 8.0
Precast concrete culverts 8.0
In-situ concrete and hard packed rock

(300 mm minimum) 6.0
Beaching or boulders

(250 mm minimum) 5.0
Stones (100-1560 mm) 25-3.0
Grass covered surfaces 1.8
Stiff, sandy clay 13-15
Coarse gravel 13-1.8
Coarse sand 05-0.7
Fine sand 02-05

8.0.1 The materials and workmanship used in
surface water drains shall pass one of the
following tests:

a) Water test.
b) Low pressure air test.
c¢) High pressure air test.

8.0.2 Regardless of test method the pipeline
to be tested shall be sealed with suitably
restrained plugs (at both ends and at all branch
connections) and, where the pipe material is
porous (such as ceramic or concrete), it shall
be soaked for 24 hours prior to testing.

COMMENT:

Soaking is necessary as porous pipes can absorb water
or transmit air through their walls.

8.1 Water test

a) Fill pipe with water, ensuring all air is
expelled.

b) Top up water to test head level. The
minimum head shall be 1.5 m above the
top of the pipe or ground water level
whichever is the higher. The maximum
head at the lower end of the pipeline shall
not exceed 6.0 m.

c) Leave for 30 minutes then measure water
loss.

d) The pipeline is acceptable if water loss
does not exceed 2 ml per hour, per mm of
internal diameter, per m of pipeline length.

8.2 Low pressure air test

a) Introduce air to the pipeline till a pressure
of 300 mm water gauge is reached. (This
may be measured by a manometer such as
a 'U’ tube, connected to the system.)

b) Wait until the air temperature is uniform.
(Indicated by the pressure remaining
steady.)

c) Disconnect the air supply.
d) Measure pressure drop after 5 minutes.

e) The pipeline is acceptable if the pressure
drop does not exceed 50 mm.

DEPARTMENT OF BUILDING AND HOUSING
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Verification Method E1/VM1

7.0 Outfall Protection

SURFACE WATER

8.0 Drain Leakage Tests

7.0.1 Unless more stringent requirements are
imposed by the network utility operator the
following shall apply to the flow discharging
from the site into the outfall:

a) The exiting velocity shall not exceed the
values given in Table 5, and

b) Where the outfall is a pipe, culvert or
stream the volume discharged shall not
exceed 20% of the flow in the outfall
immediately upstream of the discharge
point.

COMMENT:

1. The outfall, be it a pipe, culvert, stream, lake or the
sea, needs to be protected from erosion or scour to
meet the requirements of Clause E1.3.3 (e).

2. If exit velocities exceed those given in Table 5
protective structures to dissipate the energy and
reduce the velocities are required. These require
specific design which is outside the scope of this
document.

3. Discharge to some outfalls will require a resource
management consent.

Maximum Exit Velocities of Flow from
Pipes and Culverts Discharging to Outfalls

Paragraph 7.0.1

Outfall material Velocity m/s
Precast concrete pipes to NZS 3107 8.0
Precast concrete culverts 8.0
In-situ concrete and hard packed rock

(300 mm minimum) 6.0
Beaching or boulders

(250 mm minimum) 5.0
Stones (100-150 mm) 25-3.0
Grass covered surfaces 1.8
Stiff, sandy clay 13-15
Coarse gravel 13-18
Coarse sand 05-0.7
Fine sand 0.2-0.5

8.0.1 The materials and workmanship used in
surface water drains shall pass one of the
following tests:

a) Water test.
b) Low pressure air test.
¢) High pressure air test.

8.0.2 Regardless of test method the pipeline
to be tested shall be sealed with suitably
restrained plugs (at both ends and at all branch
connections) and, where the pipe material is
porous (such as ceramic or concrete), it shall
be soaked for 24 hours prior to testing.

COMMENT:

Soaking is necessary as porous pipes can absorb water
or transmit air through their walls.

8.1 Water test

a) Fill pipe with water, ensuring all air is
expelled.

b) Top up water to test head level. The
minimum head shall be 1.5 m above the
top of the pipe or ground water level
whichever is the higher. The maximum
head at the lower end of the pipeline shall
not exceed 6.0 m.

c) Leave for 30 minutes then measure water
loss.

d) The pipeline is acceptable if water loss
does not exceed 2 ml per hour, per mm of
internal diameter, per m of pipeline length.

8.2 Low pressure air test

a) Introduce air to the pipeline till a pressure
of 300 mm water gauge is reached. (This
may be measured by a manometer such as
a ‘U’ tube, connected to the system.)

b) Wait until the air temperature is uniform.
(Indicated by the pressure remaining
steady.)

c) Disconnect the air supply.
d) Measure pressure drop after 5 minutes.

e) The pipeline is acceptable if the pressure
drop does not exceed 50 mm.
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SURFACE WATER

COMMENT:

. The low pressure air test is highly susceptible to
temperature fluctuations during the test period. A 1°C
change during the 5 minute test period will cause a
pressure change of 30 mm water gauge or 60% of
the permitted change.

N

. Failure to soak ceramic and concrete pipes can cause
highly variable results.

8.3 High pressure air test
a) Pressurise pipeline to 25 kPa.

b) Wait at least 2 minutes to ensure
temperature stabilisation.

c) Disconnect air supply.

d) Measure the time taken (minutes) for the
pressure to drop to 17 kPa.

e) The pipeline is acceptable if the time taken
exceeds that given for the appropriate pipe
size in Table 6.

Table 6: Time For Pressure Drop Versus Internal

Pipe Diameter
Paragraph 8.3 e)

Internal Time for permissable
pipe diameter pressure drop
(mm) (minutes)
90 3
100 8]
150 4
225 6

9.0 Disposal to Soak Pit

9.0.1 Where the collected surface water is to
be discharged to a soak pit, the suitability of
the natural ground to receive and dispose of
the water without causing damage or
nuisance to neighbouring property, shall be
demonstrated to the satisfaction of the
territorial authority.

COMMENT:

Means of demonstrating the suitability of the ground are
outside of the scope of this Verification Method. Disposal
of surface water to a soak pit may also require a resource
management consent.

Verification Method E1/VM1

9.0.2 Field testing of soakage shall be carried
out as follows:

a) Bore test holes of 100 mm to 150 mm
diameter to the depth of the proposed soak
pit. If groundwater is encountered in the
bore test hole then this depth shall be
taken as the depth of the soak pit.

b) Fill the hole with water and maintain full for
at least 4 hours, (unless the soakage is so
great that the hole completely drains in a
short time).

Fill the hole with water to within 7560 mm
of ground level, and record the drop in
water level against time, at intervals of no
greater than 30 minutes, until the hole is
almost empty, or over 4 hours, whichever
is the shortest.

C

d) Plot the drop in water level against time on
a graph, and the soakage rate in mm/hr is
determined from the minimum slope of the
curve. If there is a marked decrease in
soakage rate as the hole becomes nearly
empty, the lower rates may be discarded
and the value closer to the average can be
adopted.

9.0.3 The soak pit shall be designed utilising
soakage and storage in accordance with 9.0.5
and 9.0.6 to ensure that surface water is
discharged without overflowing. The rainfall
intensity used in the design of the soak pit
shall be that of an event having a duration of
1 hour and a 10% probability of occurring
annually. Either local rainfall intensity curves
produced by the territorial authority or rainfall
frequency duration information produced by
NIWA shall be used to determine the rainfall
intensity.

COMMENT:

This Verification Method does not cover the design

of soak pits with overflows discharging to outfalls.
Such soak pits are often provided to retain water until
peak flows in the outfall have passed and it is normally
considered sufficient to design them for an event
having a 10 minute duration and a 10% probability of
occurring annually.

9.0.4 The soak pit shall comprise either a rock
filled hole (see Figure 13 (a)) or a lined
chamber (see Figure 13 (b)). Both of these
options shall be enclosed in filter cloth

1 December 2000
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SURFACE WATER

COMMENT:

. The low pressure air test is highly susceptible to
temperature fluctuations during the test period. A 1°C
change during the 5 minute test period will cause a
pressure change of 30 mm water gauge or 60% of
the permitted change.

N

. Failure to soak ceramic and concrete pipes can cause
highly variable results.

8.3 High pressure air test
a) Pressurise pipeline to 25 kPa.

b) Wait at least 2 minutes to ensure
temperature stabilisation.

c) Disconnect air supply.

d) Measure the time taken (minutes) for the
pressure to drop to 17 kPa.

e) The pipeline is acceptable if the time taken
exceeds that given for the appropriate pipe
size in Table 6.

Table 6: Time For Pressure Drop Versus Internal
Pipe Diameter

Paragraph 8.3 e)

Internal Time for permissable
pipe diameter pressure drop
(mm) (minutes)
90 3
100 3
150 4
225 6

9.0 Disposal to Soak Pit

9.0.1 Where the collected surface water is to
be discharged to a soak pit, the suitability of
the natural ground to receive and dispose of
the water without causing damage or
nuisance to neighbouring property, shall be
demonstrated to the satisfaction of the
territorial authority.

COMMENT:

Means of demonstrating the suitability of the ground are
outside of the scope of this Verification Method. Disposal
of surface water to a soak pit may also require a resource
management consent.

Verification Method E1/VM1

9.0.2 Field testing of soakage shall be carried
out as follows:

a) Bore test holes of 100 mm to 150 mm
diameter to the depth of the proposed soak
pit. If groundwater is encountered in the
bore test hole then this depth shall be
taken as the depth of the soak pit.

b) Fill the hole with water and maintain full for
at least 4 hours, (unless the soakage is so
great that the hole completely drains in a
short time).

Fill the hole with water to within 750 mm
of ground level, and record the drop in
water level against time, at intervals of no
greater than 30 minutes, until the hole is
almost empty, or over 4 hours, whichever
is the shortest.

C,

d) Plot the drop in water level against time on
a graph, and the soakage rate in mm/hr is
determined from the minimum slope of the
curve. If there is a marked decrease in
soakage rate as the hole becomes nearly
empty, the lower rates may be discarded
and the value closer to the average can be
adopted.

9.0.3 The soak pit shall be designed utilising
soakage and storage in accordance with 9.0.5
and 9.0.6 to ensure that surface water is
discharged without overflowing. The rainfall
intensity used in the design of the soak pit
shall be that of an event having a duration of
1 hour and a 10% probability of occurring
annually. Either local rainfall intensity curves
produced by the territorial authority or rainfall
frequency duration information produced by
NIWA shall be used to determine the rainfall
intensity.

COMMENT:

This Verification Method does not cover the design

of soak pits with overflows discharging to outfalls.
Such soak pits are often provided to retain water until
peak flows in the outfall have passed and it is normally
considered sufficient to design them for an event
having a 10 minute duration and a 10% probability of
occurring annually.

9.0.4 The soak pit shall comprise either a rock
filled hole (see Figure 13 (a)) or a lined
chamber (see Figure 13 (b)). Both of these
options shall be enclosed in filter cloth
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Verification Method E1/VM1 SURFACE WATER Verification Method E1/VM1 SURFACE WATER
complying with AS 3706.1. The filter complying with AS 3706.1. The filter
cloth shall have a mass per unit area of cloth shall have a mass per unit area of
140 grams/m* and a minimum thickness of 140 grams/m’ and a minimum thickness of
0.45 mm. 0.45 mm.

9.0.5 The volume of storage required in the 9.0.5 The volume of storage required in the
soak pit, Vg, (M?), shall be calculated by: soak pit, Vg, (M°), shall be calculated by:
Vstor = Rc - Vsoak Vstor = Rc - vsoak
where where
R. = run-off discharged from catchment to R. = run-off discharged from catchment to
soak pit in 1 hour (m®). soak pitin 1 hour (m°).
V.= Volume disposed of by soakage in Vea= Volume disposed of by soakage in
1 hour (m°). 1 hour (m?).
and and
R. = 10CIA R. = 10CIA
where where
C = run-off coefficient (see Table 1). C = run-off coefficient (see Table 1).
I = rainfall intensity (mm/hr) based on I = rainfall intensity (mm/hr) based on
romans 1 hour duration of an event having a R 1 hour duration of an event having a
mend 5 men . .
Jul 2001 10% probability of occurring Jul 2001 10% probability of occurring
annually. annually.
A = area (hectares) of the catchment A = area (hectares) of the catchment
discharging to the soak pit. discharging to the soak pit.
and and
Vaoak = AgpS/1000 Veoar = AypS,/1000
where where
A,, = area of the base of the soak pit (m?). A,, = area of the base of the soak pit (m?).
S, = soakage rate (mm/hr) determined from S, = soakage rate (mm/hr) determined from
9.0.2. 9.0.2.
COMMENT: COMMENT:
Generally where the test results show a soakage rate Generally where the test results show a soakage rate
of greater than 500 mm/hour, soakage rather than of greater than 500 mm/hour, soakage rather than
storage will be the main mechanism to remove the storage will be the main mechanism to remove the
water. Where the soakage rate is significantly less than water. Where the soakage rate is significantly less than
500 mm/hour, storage will become the dominant factor. 500 mm/hour, storage will become the dominant factor.
Intermediate soakage rates will require a design utilising Intermediate soakage rates will require a design utilising
both in the proportions necessary to ensure the water both in the proportions necessary to ensure the water
will dissipate before it overflows from the pit. will dissipate before it overflows from the pit.
9.0.6 \Where the soak pit comprises a rock 9.0.6 Where the soak pit comprises a rock
filled hole (see Figure 13 (a)) then the volume filled hole (see Figure 13 (a)) then the volume
of the hole shall be calculated as V,, divided of the hole shall be calculated as V,, divided
Amend 10 Amend 10
Jan2017 | by 0.38. Jan2017 | by 0.38.
MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 1 January 2017 MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 1 January 2017
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SURFACE WATER

Figure 13: Soak Pit for Surface Water Disposal
Paragraph 9.0.4

Verification Method E1/VM1
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SURFACE WATER

Paragraph 9.0.4

Figure 13: Soak Pit for Surface Water Disposal

Verification Method E1/VM1
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Acceptable Solution E1/AS1 SURFACE WATER Acceptable Solution E1/AS1 SURFACE WATER

Acceptable Solution E1/AST

Acceptable Solution E1/AST

1.0 Limitations of the Solution

2.0 Minimum Acceptable Floor Level

1.0.1 This Acceptable Solution is limited to
buildings and sitework having a catchment
area of no more than 0.25 hectares and
which are:

a) Free from a history of flooding,
b) Not adjacent to a watercourse,
c) Not located in low lying area, and

d) Not located in a secondary flow path.

COMMENT:

Boundary fences and other site development must
not significantly hamper the flow of surface water from
the site.

Figure 1:  Minimum Floor Level for Site Above Road

Paragraph 2.0.1 a)

SECTION

2.0.1 Suspended floors and slabs on ground
shall be at least 150 mm above the finished
level of the surrounding ground immediately
adjacent to the building, and:

a) For sites level with or above the road, no
less than 150 mm above the road crown
on at least one cross-section through the
building and roadway (see Figure 1).

b) For sites below the road, no less than
150 mm above the lowest point on the
site boundary (see Figure 2).

Boundary line

Road crown

150mm
minimum

Figure 22 Minimum Floor Level for Site Below Road

Paragraph 2.0.1 b)
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DEPARTMENT OF BUILDING AND HOUSING

July 1992

1.0 Limitations of the Solution

2.0 Minimum Acceptable Floor Level

1.0.1 This Acceptable Solution is limited to
buildings and sitework having a catchment
area of no more than 0.25 hectares and
which are:

a) Free from a history of flooding,

b) Not adjacent to a watercourse,

c) Not located in low lying area, and

d) Not located in a secondary flow path.

COMMENT:

Boundary fences and other site development must
not significantly hamper the flow of surface water from

the site.

Figure 1:  Minimum Floor Level for Site Above Road

Paragraph 2.0.1 a)

Floor level

SECTION

2.0.1 Suspended floors and slabs on ground
shall be at least 150 mm above the finished
level of the surrounding ground immediately
adjacent to the building, and:

a) For sites level with or above the road, no
less than 150 mm above the road crown
on at least one cross-section through the
building and roadway (see Figure 1).

b) For sites below the road, no less than
150 mm above the lowest point on the
site boundary (see Figure 2).
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Road crown

150mm
minimum

Figure 22 Minimum Floor Level for Site Below Road

Paragraph 2.0.1 b)
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SURFACE WATER

3.0 Drainage System Materials and
Construction

3.1 Materials

3.1.1 Pipe materials shall comply with the
standards given in Table 1.

Table 1: ~ Acceptable Pipe Materials

Paragraphs 3.1.1 and 3.9.2

Amend 7 Concrete AS/NZS 4058
Sep 2010

Vitrified clay AS 1741

Steel NZS 4442 or AS 1579

Ductile iron AS/NZS 2280

PVC-U AS/NZS 1260 or AS/NZS 1254
Amends Polyethylene AS/NZS 4130 or AS/NZS 5065
8and 11 Polypropylene AS/NZS 5065

3.2 Sizing of drains

3.2.1 Drains shall be of sufficient size and

gradient to transport surface water from the

site, and be capable of handling the rainfall

calculated to fall on roof and paved areas of

the site during a storm with a 10% probability

of occurring annually. No drain shall have an
?e”;i”gfg; internal diameter of less than 85 mm.

3.2.2 Figure 3 provides a method for selecting
the correct pipe size for a calculated modified
catchment area, given as:

Modified catchment area = 0.01 Al

where

A = area being drained comprising plan

roof area (m’) plus paved area (m°).
Paved area includes paving blocks,

concrete, asphalt or metalled surfaces.

= rainfall intensity for a storm with a
10% probability of occurring annually
and a 10 minute duration (mm/hr).

The rainfall intensity (I) shall be obtained from
the territorial authority or from the Table in
Appendix A.

COMMENT:

Where there are differences between the design

rainfall intensities obtained from the above sources
Amend 11 for a particular location, the most conservative rainfall
Nov 2020 intensity should be used for design calculations.

Acceptable Solution E1/AS1

Territorial Authorities may refer to any available
Regional Council rainfall data to establish design Amand 11
rainfall intensities for their city or district. Ng”fgozo

3.2.3 The modified catchment area method is
only suitable for the combination of pipe sizes,
gradients and areas indicated in Figure 3. For

other combinations specific design is required.

3.3 Alignment and gradient of drains

3.3.1 Drains shall be laid on a uniform line and
gradient between points of access (see
Paragraph 3.7). The change in direction of a
drain shall not exceed 90° at any point, and
where practical should be kept to less than 45°
as illustrated in Figure 4.

3.3.2 Where two drains intersect, the
directions of flow as shown in Figure 5 shall
be at an angle of 60° or less.

3.4 Minimum gradients

3.4.1 Minimum acceptable gradients for
surface water drains are given in Table 2.

Table 2:  Minimum Gradients

Paragraph 3.4.1

Drain internal Minimum
diameter gradient
Amend 1
85 mm 1in 90 | sep 1993
100 mm 1in 120
150 mm 1in 200
225 mm 1 in 350

3.4.2 Restricted fall to outlet

Where the surface water sewer, road channel
or other outfall is at too high a level to allow
the gradient required by Table 2, the bubble-up
chamber system shown in Figures 6 and 7
may be used provided that:

a) The ground level adjacent to any downpipe
discharging to the bubble-up chamber is at
least 150 mm higher than the level of the
top of the chamber outlet.

b) The connections between the drain and
downpipes are sealed.

Continued on page 36
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SURFACE WATER

3.0 Drainage System Materials and
Construction

3.1 Materials

3.1.1 Pipe materials shall comply with the
standards given in Table 1.

Table 1:  Acceptable Pipe Materials

Paragraphs 3.1.1 and 3.9.2

Amend 7 Concrete AS/NZS 4058
Sep 2010

Vitrified clay AS 1741

Steel NZS 4442 or AS 1579

Ductile iron AS/NZS 2280

PVC-U AS/NZS 1260 or AS/NZS 1254
Amends Polyethylene AS/NZS 4130 or AS/NZS 5065
8and 11 Polypropylene AS/NZS 5065

3.2 Sizing of drains

3.2.1 Drains shall be of sufficient size and

gradient to transport surface water from the

site, and be capable of handling the rainfall

calculated to fall on roof and paved areas of

the site during a storm with a 10% probability

of occurring annually. No drain shall have an
é:;i”éjg; internal diameter of less than 85 mm.

3.2.2 Figure 3 provides a method for selecting
the correct pipe size for a calculated modified
catchment area, given as:

Modified catchment area = 0.01 Al,

where

A = area being drained comprising plan

roof area (m’) plus paved area (m°).
Paved area includes paving blocks,

concrete, asphalt or metalled surfaces.

= rainfall intensity for a storm with a
10% probability of occurring annually
and a 10 minute duration (mm/hr).

The rainfall intensity (I) shall be obtained from
the territorial authority or from the Table in
Appendix A.

COMMENT:

Where there are differences between the design

rainfall intensities obtained from the above sources
Armend 11 for a particular location, the most conservative rainfall
Nov 2020 intensity should be used for design calculations.

Acceptable Solution E1/AS1

Territorial Authorities may refer to any available
Regional Council rainfall data to establish design Amend

. . - . . . . n
rainfall intensities for their city or district. Nov 2020

3.2.3 The modified catchment area method is
only suitable for the combination of pipe sizes,
gradients and areas indicated in Figure 3. For

other combinations specific design is required.

3.3 Alignment and gradient of drains

3.3.1 Drains shall be laid on a uniform line and
gradient between points of access (see
Paragraph 3.7). The change in direction of a
drain shall not exceed 90° at any point, and
where practical should be kept to less than 45°
as illustrated in Figure 4.

3.3.2 Where two drains intersect, the
directions of flow as shown in Figure 5 shall
be at an angle of 60° or less.

3.4 Minimum gradients

3.4.1 Minimum acceptable gradients for
surface water drains are given in Table 2.

Table 22 Minimum Gradients

Paragraph 3.4.1

Drain internal Minimum
diameter gradient
Amend 1
85 mm 1in 90 Sep 1993
100 mm 1in 120
150 mm 1in 200
225 mm 1in 350

3.4.2 Restricted fall to outlet

Where the surface water sewer, road channel
or other outfall is at too high a level to allow
the gradient required by Table 2, the bubble-up
chamber system shown in Figures 6 and 7
may be used provided that:

a) The ground level adjacent to any downpipe
discharging to the bubble-up chamber is at
least 150 mm higher than the level of the
top of the chamber outlet.

b) The connections between the drain and
downpipes are sealed.

Continued on page 36
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Acceptable Solution E1/AS1

Figure 3:  Sizing of Surface Water Drains
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Figure 3: | Sizing of Surface Water D
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SURFACE WATER

Figure 5: | Junction of Drains
Paragraph 3.3.2

Not permitted Acceptable Recommended

PLAN

Acceptable Solution E1/AS1

Figure 6: | Bubble-up Chamber
Paragraph 3.4.2

300 x 300mm
opening with
hinged or
removable cover

Concrete
seal to
base of
ohambew

el
£
o
15}

c¢) The total chamber depth does not exceed
1.0m.

COMMENT:

The bubble-up chamber allows the water to be
discharged through pipes laid at the allowable
minimum gradients, and for the convenient collection
and removal of any silts or debris which might enter
the system.

3.5 Jointing of drains

3.5.1 All joints in drains shall be watertight and
prevent the infiltration of groundwater and the
intrusion of tree roots.

3.5.2 Acceptable jointing methods and the
relevant standards are given in Table 3.
Jointing of drains shall be subject to the tests
called for in Paragraph 3.8.

3.5.3 Where a drain consists of concrete,
ceramic, vitrified clay or rubber ring jointed
steel or uPVC, a flexible joint shall be installed
within 225 mm of the outside wall of any
access chamber or inspection chamber, but
outside the line of the base (see Figures 11
and 12).

COMMENT:

This allows for differential settlement between the
access chamber, or the inspection chamber, and the
pipeline while minimizing damage to the pipeline.

3.6 Surface water inlets to drains

3.6.1 All surface water, except that collected
directly from a roof, shall enter the drain via a
sump which has:

a) A grating, hinged or removable for
maintenance access. The grating shall
comprise at least 35% openings. The
smaller dimension of any individual opening
shall not exceed 35 mm,

b) Capacity at the bottom for settlement of silt
and debris, and

c) A submerged (or trapped) outlet which
prevents floatable solids entering the drain.

July 1992
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SURFACE WATER

Figure 5: | Junction of Drains
Paragraph 3.3.2

Not permitted Acceptable

PLAN

Acceptable Solution E1/AS1

Recommended

Figure 6: | Bubble-up Chamber
Paragraph 3.4.2

300 x 300mm
opening with
hinged or
removable cover

R RS S S

&
\4
S

s
- g
Concrete E
seal to S
o
base of 3
chambew -
£l
£
o
0

c) The total chamber depth does not exceed
1.0m.

COMMENT:

The bubble-up chamber allows the water to be
discharged through pipes laid at the allowable
minimum gradients, and for the convenient collection
and removal of any silts or debris which might enter
the system.

3.5 Jointing of drains

3.5.1 All joints in drains shall be watertight and
prevent the infiltration of groundwater and the
intrusion of tree roots.

3.5.2 Acceptable jointing methods and the
relevant standards are given in Table 3.
Jointing of drains shall be subject to the tests
called for in Paragraph 3.8.

3.5.3 Where a drain consists of concrete,
ceramic, vitrified clay or rubber ring jointed
steel or uPVC, a flexible joint shall be installed
within 225 mm of the outside wall of any
access chamber or inspection chamber, but
outside the line of the base (see Figures 11
and 12).

COMMENT:

This allows for differential settlement between the
access chamber, or the inspection chamber, and the
pipeline while minimizing damage to the pipeline.

3.6 Surface water inlets to drains

3.6.1 All surface water, except that collected
directly from a roof, shall enter the drain via a
sump which has:

a) A grating, hinged or removable for
maintenance access. The grating shall
comprise at least 35% openings. The
smaller dimension of any individual opening
shall not exceed 35 mm,

b) Capacity at the bottom for settlement of silt
and debris, and

c) A submerged (or trapped) outlet which
prevents floatable solids entering the drain.

July 1992
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Current E1 Surface Water acceptable solutions and verification methods

(Text to be amended shown in red)

Amend 7
Sep 2010

Amend 8
Oct 2011

Amend 11
Nov 2020

Acceptable Solution E1/AS1

SURFACE WATER

Figure 7:  Longitudinal Section of Bubble-up Chamber System

Paragraph 3.4.2

Discharge to surface
water sewer, road channel
or other outfall

SECTION

Bubble-up Downpipe Downpipe
chamber

150mm min 5%%

[see 3.4.2a)

A

Table 3: Acceptable Jointing Methods

Paragraph 3.5.2

Pipe material Jointing method Standard
Concrete Elastomeric ring AS 1646
Steel Elastomeric ring, welded or flanged NZS 4442, BS EN 1759.1
Ductile iron Elastometric ring or flanged AS/NZS 2280
PVC-U Electromeric ring or solvent welded AS 1646, AS/NZS 2032, AS/NZS 1254
Polyethylene Heat welded or flanged AS/NZS 2033
Polypropylene AS/NZS 2566.2
COMMENT: COMMENT:

For compliance with this Acceptable Solution, surface
water collected directly from a roof should discharge
directly to a drain, and should not enter the drain via a
sump.

3.6.2 Two different sumps are shown in
Figures 8 and 9. The sump shown in Figure 8
is suitable for an area of up to 4500/I m* and
the sump illustrated by Figure 9 is suitable for
an area up to 40,000/I m*, where | is the
rainfall intensity for a storm with a 10%
probability of occurring annually. (See
Paragraph 3.2.2.)

3.7 Access for maintenance

3.7.1 Access for maintenance shall be provided
on all drains. Access is to be achieved via an
inspection point, rodding point, inspection
chamber or access chamber, complying as
appropriate with Figures 10, 11 or 12.

Rodding points rather than inspection points are
preferred in landscaped or sealed areas.

3.7.2 Points of access shall be spaced at no
further than:

a) 50 m where rodding points are used.

b) 100 m where inspection points, inspection
chambers or access chambers are used.

3.7.3 Points of access are required at:
a) Changes in direction of greater than 45°,
b) Changes in gradient of greater than 45°, and

¢) Junctions of drains other than a drain,
serving a single downpipe, that is less than
2.0 m long.

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

5 November 2020

Proposed amendments to E1 Surface Water acceptable solutions and

verification methods (Proposed text in blue)

Amend 7
Sep 2010

Amend 8
Oct 2011

Amend 11
Nov 2020

Acceptable Solution E1/AS1

SURFACE WATER

Figure 7:  Longitudinal Section of Bubble-up Chamber System

Paragraph 3.4.2

Discharge to surface
water sewer, road channel
or other outfall

{

SECTION

Bubble-up Downpipe Downpipe

chamber /\

150mm min H

see 3.4.23)) i

Table 3: Acceptable Jointing Methods

Paragraph 3.5.2

Pipe material Jointing method Standard
Concrete Elastomeric ring AS 1646
Steel Elastomeric ring, welded or flanged NZS 4442, BS EN 1759.1
Ductile iron Elastometric ring or flanged AS/NZS 2280
PVC-U Electromeric ring or solvent welded AS 1646, AS/NZS 2032, AS/NZS 1254
Polyethylene Heat welded or flanged AS/NZS 2033
Polypropylene AS/NZS 2566.2
COMMENT: 3.7 Access for maintenance

For compliance with this Acceptable Solution, surface
water collected directly from a roof should discharge
directly to a drain, and should not enter the drain via a
sump.

3.6.2 Two different sumps are shown in
Figures 8 and 9. The sump shown in Figure 8
is suitable for an area of up to 4500/l m® and
the sump illustrated by Figure 9 is suitable for
an area up to 40,000/l m’, where | is the
rainfall intensity for a storm with a 10%
probability of occurring annually. (See
Paragraph 3.2.2.)

COMMENT:

Example sump selection calculation for a site in
Manukau, Auckland.

| = 93 mm/hr (obtained from Appendix A)
Maximum catchment area for a Type 1 sump in
Manukau, Auckland: 4,500 / 93 = = 48.4 m”.
Maximum catchment area for a Type 2 sump in
Manukau, Auckland: 40,000 / 93 = 430.1 m’.

3.7.1 Access for maintenance shall be provided
on all drains. Access is to be achieved via an
inspection point, rodding point, inspection
chamber or access chamber, complying as
appropriate with Figures 10, 11 or 12.

COMMENT:
Rodding points rather than inspection points are
preferred in landscaped or sealed areas.

3.7.2 Points of access shall be spaced at no
further than:

a) 50 m where rodding points are used.

b) 100 m where inspection points, inspection
chambers or access chambers are used.

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

xx November 2022
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SURFACE WATER

Figure 8:  Type-one Surface Water Sump
Paragraph 3.6.2

300 x 300mm opening 25mm
with hinged or Crossfall
removable cover
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SECTION

Figure 9:  Type-two Surface Water Sump
Paragraph 3.6.2
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25mm crossfall
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380mm
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SECTION

Acceptable Solution E1/AS1

3.7.4 Inspection chambers or access
chambers (see Figures 11 and 12) shall be
provided where changes in both gradient and
direction occur and where either is greater N
mend 1
than 22.5°. Sep 1993

3.7.5 Where the depth to the invert of the
drain exceeds 1.0 m, an inspection chamber is
not acceptable and an access chamber shall
be used.

3.7.6 Drain under buildings

Any drain laid under a building shall be run in a
straight line from one side to the other.

3.7.7 Access to a drain laid under a building
shall be provided immediately outside the
building. These points of access shall be
located within 2.0 m of an exterior wall.

3.7.8 Under a building the only acceptable
inlets to a drain are from sealed roof-water
downpipes. Access shall be provided to the
drain via a sealed access point in the downpipe
immediately above ground floor level.

Figure 10: | Typical Rodding Point

Paragraph 3.7.1

Remavable
cover and lid

prevent
ingress of
ground water

—~—Riser pipe to

have |LD. at
— least as large
as drain

| f L
Y junction Drain

SECTION

38 September 1993
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SURFACE WATER

Figure 8: = Type-one Surface Water Sump
Paragraph 3.6.2

300 x 300mm opening

with hinged or
removable cover

25mm
7 / Crossfall

1

NVZAN

90mm

Removable
access cap

min

1000mm max

300mm
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SECTION

Concrete seal
to base of
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3.7.3 Points of access are required at:

a) Changes in direction of greater than 45°,

b) Changes in gradient of greater than 45°,

and

¢) Junctions of drains other than a drain,
serving a single downpipe, that is less than

2.0 m long.

Figure 9:  Type-two Surface Water Sump
Paragraph 3.6.2

25mm crossfall

650 x 460mm
hinged or
removable
grating

Removable
access cap

Concrete
seal to
base of
sump

SECTION

650 x 460mm
or 600mm dia

Acceptable Solution E1/AS1

3.7.4 Inspection chambers or access
chambers (see Figures 11 and 12) shall be
provided where changes in both gradient
and direction occur and where either is
Amend 1
greater than 22.5°. Sep 1993

3.7.5 Where the depth to the invert of the
drain exceeds 1.0 m, an inspection chamber is
not acceptable and an access chamber shall
be used.

3.7.6 Drain under buildings

Any drain laid under a building shall be run in a
straight line from one side to the other.

3.7.7 Access to a drain laid under a building
shall be provided immediately outside the
building. These points of access shall be
located within 2.0 m of an exterior wall.

3.7.8 Under a building the only acceptable
inlets to a drain are from sealed roof-water
downpipes. Access shall be provided to the
drain via a sealed access point in the downpipe
immediately above ground floor level.

Figure 10: Typical Rodding Point
Paragraph 3.7.1

Removable
cover and lid

gle
A
v
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September 1993
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Acceptable Solution E1/ AS1 SURFACE WATER

Figure 11: Typical Inspection Chamber 3.8 Testing of drains

Paragraphs 3.5.3, 3.7.1 and 3.7.4 3.8.1 Surface water drains shall be capable of
passing one of the tests described in E1/VM1 F—
\men
450mm dia. Diameter Paragraph 8.0. Jul 2001
removable
see note
3.9 Bedding and backfilling
3.9.1 General
Open drain s . .
P ‘ \ £ NZBC B1 requires all drains be constructed to
CO”‘C;e‘e 50 g withstand the combination and frequency of
seal to mm S . X
base of - ‘« S loads likely to be placed upon them without
chamber T 5 B collapse, undue damage, undue deflection or
=[] 1 - X- 3 undue vibration. In addition, adequate support
Haunching Flexible needs to be provided to prevent gradients
sloped at 13 Joint each side becoming less than those required by
horizontal t
10553\2; © Where this pipe Paragraph 3.4.1 as a result of:
stub has a downstream . .
facing sockst it shall be a) Differential settlement, or
encased as shown opposite b) Defl i £ d
SECTION ) Deflection of an unsupported span.
NOTE 3.9.2 Bedding and backfilling
Inspection chamber diameter to be ) X .
-450 mm for drains 100 mm dia or less Figure 13 gives acceptable solutions for the
7600 mm for drains greater than 100 mm dia bedding and backfilling of the drainage pipes
listed in Table 1 except where:

a) The trench is located within or above peat,
or

Figure 12: | Typical Access Chamber b) Scouring of the trench is likely due to
Paragraphs 3.5.3, 3.7.1 and 3.7.4 unstable soils. or

500mm dia.
removable
cover

¢) The horizontal separation between any
building foundation and the underside of
the pipe trench is less than that required by
Paragraph 3.9.7, or

Seal joints

with mortar if : d) The cover H to the pipe is more than 2.5 m.
precast 1000mm min

pipes/sections dia

3.9.3 Trench slope

are used to
construct the
access chamber—

Where the slope of the trench is 1in 8 or

Haunching AN greater, anti-scour blocks shall be provided.
sloped at 1 i These anti-scour blocks shall be:

horizontal to ! .

1 vertical 150mm a) Constructed from 150 mm thick concrete
Concrete seal to ™ ~ (17 MPa),

b) Keyed into the sides and floor of the trench
by 150 mm,

base of access
chamber

Flexible /

joint each side

¢) Extended to 300 mm above the drain or to
ground level where the drain cover is less
Where this pipe than 300 mm, and
stub has a downstream
facing socket it shall be
encased as shown opposite

Open drain .
Continued on page 41

SECTION
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Figure 11: | Typical Inspection Chamber

Paragraphs 3.5.3, 3.7.1 and 3.7.4

450mm dia.
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removable see note
cover
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encased as shown opposite
SECTION
NOTE:

Inspection chamber diameter to be:
-450 mm for drains 100 mm dia or less.
-600 mm for drains greater than 100 mm dia.

Figure 12: | Typical Access Chamber

Paragraphs 3.5.3, 3.7.1 and 3.7.4

500mm dia-
removable
cover

Seal joints
with mortar if
precast 1000mm min.
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are used to
construct the
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horizontal to
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Concrete seal to

base of access
chamber
Flexible/

joint each side

Where this pipe
stub has a downstream
facing socket it shall be
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Open drain

SECTION

SURFACE WATER

3.8 Testing of drains

3.8.1 Surface water drains shall be capable of
passing one of the tests described in E1/VM1 Amend
Paragraph 8.0. Jul 2001

3.9 Bedding and backfilling
3.9.1 General

NZBC B1 requires all drains be constructed to
withstand the combination and frequency of
loads likely to be placed upon them without
collapse, undue damage, undue deflection or
undue vibration. In addition, adequate support
needs to be provided to prevent gradients
becoming less than those required by
Paragraph 3.4.1 as a result of:

a) Differential settlement, or
b) Deflection of an unsupported span.
3.9.2 Bedding and backfilling

Figure 13 gives acceptable solutions for the
bedding and backfilling of the drainage pipes
listed in Table 1 except where:

a) The trench is located within or above peat,
or

b) Scouring of the trench is likely due to
unstable soils, or

¢) The horizontal separation between any
building foundation and the underside of
the pipe trench is less than that required by
Paragraph 3.9.7, or

d) The cover H to the pipe is more than 2.5 m.

3.9.3 Trench slope

Where the slope of the trench is 1in 8 or
greater, anti-scour blocks shall be provided.
These anti-scour blocks shall be:

a) Constructed from 150 mm thick concrete
(17 MPa),

b) Keyed into the sides and floor of the trench
by 150 mm,

c) Extended to 300 mm above the drain or to
ground level where the drain cover is less
than 300 mm, and

Continued on page 41
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SURFACE WATER Acceptable Solution E1/AS1 SURFACE WATER Acceptable Solution E1/AS1
Figure 13: Bedding and backfilling Figure 13: | Bedding and backfilling
Paragraphs 3.9.2, 3.9.4 and 3.9.5 Paragraphs 3.9.2, 3.9.4 and 3.9.5
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Sep 1993 ‘ -Ordinary fill where drains are located below gardens and open country Sep 1993 -Ordinary fill where drains are located below gardens and open country
-Compacted selected fill where the drains are located below residential driveways and similar areas subjected to light traffic -Compacted selected fill where the drains are located below residential driveways and similar areas subjected to light traffic.
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Acceptable Solution E1/AS1

d) Spaced at:

i) 7.5 m centres for trench slopes
between 1in8and 1in b, or

i) 5.0 m centres for trench slopes greater
than 1in 5.

COMMENT:

The anti-scour blocks partition off the trench and prevent
ground or surface water running along the trench and
causing scouring.

3.9.4 Trench width

The width B of the trench shall be no less
than the pipe diameter D plus 200 mm.
Trench width at the top of the pipe shall be
no more than 600 mm unless the pipe(s)
in the trench are covered with concrete, as
shown in Figure 13 (c).

3.9.5 Acceptable materials

Acceptable fill materials shown in Figure 13
are:

a) Bedding material of clean granular
non-cohesive material with a maximum
particle size of 20 mm, or

b) Selected compacted fill of any fine-grained
soil or granular material which is free from
topsoil and rubbish and has a maximum
particle size of 20 mm, or

¢) Ordinary fill which may comprise any fill or
excavated material.

3.9.6 Placing and compacting

a) Granular bedding and selected fill shall be
placed in layers of no greater than 100 mm
loose thickness and compacted.

b) Up to 300 mm above the pipe, compaction
shall be by tamping by hand using a rod
with a pad foot (having an area of 75 =
25 mm by 75 + 25 mm) over the entire
surface of each layer to produce a compact
layer without obvious voids.

¢) More than 300 mm above the pipe,
compaction shall be by at least four passes
of a mechanical tamping foot compactor
(whacker type) with a minimum weight
of 75 kg.

SURFACE WATER

3.9.7 Proximity of trench to building

For light timber frame and concrete masonry

buildings constructed to NZS 3604 or

NZS 4229 in accordance with B1/AS1, pipe pmerds
trenches which are open for no longer than

48 hours shall be located no closer than

distance 'V’ (see Figure 14) to the underside

of any building foundation. Where the trench

is to remain open for periods longer than 48

hours, the minimum horizontal separation shall

increase to 3V in all ground except rock.

3.9.8 AS/NZS 2032, AS/NZS 2566.1 and
AS/NZS 2566.2 provide other acceptable

. Amend 7
solutions. Sep 2010
COMMENT:

These provisions may exceed New Zealand Building
Code minimum requirements.
Figure 14: Relationship of Pipe Trench to
Building Foundation
Paragraph 3.9.7
Pipe Building
trench foundation
Amend 1
Sep 1993
Minimum horizontal
seperation V or 3V
(See paragraph 3.9.7)

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT 14 February 2014

Acceptable Solution E1/AS1

d) Spaced at:

i) 7.5 m centres for trench slopes
between 1in8and 1in 5, or

i) 5.0 m centres for trench slopes greater
than 1in 5.

COMMENT:

The anti-scour blocks partition off the trench and prevent
ground or surface water running along the trench and
causing scouring.

3.9.4 Trench width

The width B of the trench shall be no less
than the pipe diameter D plus 200 mm.
Trench width at the top of the pipe shall be
no more than 600 mm unless the pipe(s)
in the trench are covered with concrete, as
shown in Figure 13 (c).

3.9.5 Acceptable materials

Acceptable fill materials shown in Figure 13
are:

a) Bedding material of clean granular
non-cohesive material with a maximum
particle size of 20 mm, or

b) Selected compacted fill of any fine-grained
soil or granular material which is free from
topsoil and rubbish and has a maximum
particle size of 20 mm, or

¢) Ordinary fill which may comprise any fill or
excavated material.

3.9.6 Placing and compacting

a) Granular bedding and selected fill shall be
placed in layers of no greater than 100 mm
loose thickness and compacted.

b) Up to 300 mm above the pipe, compaction
shall be by tamping by hand using a rod
with a pad foot (having an area of 75 +
25 mm by 75 + 25 mm) over the entire
surface of each layer to produce a compact
layer without obvious voids.

C,

More than 300 mm above the pipe,
compaction shall be by at least four passes
of a mechanical tamping foot compactor
(whacker type) with a minimum weight

of 75 kg.

SURFACE WATER

3.9.7 Proximity of trench to building

For light timber frame and concrete masonry

buildings constructed to NZS 3604 or

NZS 4229 in accordance with B1/AS1, pipe AU
trenches which are open for no longer than

48 hours shall be located no closer than

distance 'V’ (see Figure 14) to the underside

of any building foundation. Where the trench

is to remain open for periods longer than 48

hours, the minimum horizontal separation shall
increase to 3V in all ground except rock.

3.9.8 AS/NZS 2032, AS/NZS 2566.1 and
AS/NZS 2566.2 provide other acceptable Amend 7
solutions. Sep 2010

COMMENT:
These provisions may exceed New Zealand Building
Code minimum requirements.

Figure 14: Relationship of Pipe Trench to

Building Foundation
Paragraph 3.9.7

Pipe Building
trench foundation

Amend 1
Sep 1993

Minimum horizontal
seperation V or 3V
(See paragraph 3.9.7)
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Current E1 Surface Water acceptable solutions and verification methods
(Text to be amended shown in red)

Amend 1
Sep 1993
Amend 2
Aug 1994
Amend 8
Oct 2011

Amend 7
Sep 2010

Amend 1
Sep 1993 ‘
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SURFACE WATER

4.0 Downpipes

4.1 Materials

4.1.1 Materials for downpipes shall comply
with Table 4.

Table 4:  Acceptable Material Standards

Acceptable Solution E1/AS1

4.3 Installation of downpipes

4.3.1 Where thermal movement of downpipes
cannot be accommodated by movement of
the guttering, expansion joints shall be
incorporated.

4.3.2 All internal downpipes shall withstand
without leakage, a water test with an applied
head of 1.5 m of water, or a high pressure air

for Downpipes test as described in E1/VM1 Paragraph 8.3. hroeat
Paragraph 4.1.1
PVC-U AS/NZS 1260 or AS/NZS 1254 5.0 Roof Gutters
Galvanised steel ~ AS 1397
Copper BS EN 1172 5.1 Size of roof gutters
é{:::;g;‘;n;tee‘ ﬁg/sl\/lég ;ZSA 5.1.1 Roof gutters shall discharge to downpipes
Zinc aluminium AS 1397 that are sized as given in Paragraph 4.2.
5.1.2 Any gutter under consideration shall
be divided into sections and each section
4.1.2 Downpipes, gutters, roofing, fastenings shall be sized. A section shall comprise the
and all adjoining components shall be of the length of gutter between a downpipe and
same or a compatible material to eliminate the the adjacent high point on one side only of
risk of galvanic corrosion. that downpipe. Each section of gutter shall
have a cross-sectional area of no less than
4.2 Sizing of downpipes that detgrmmed from Figure 15 or_F|gure 16
) ) } (depending on whether the gutter is external
4.2.1 Downpipes sized usmg Table 5 are or internal), and increased where required in
acce‘ptable. cher downplpes are aF:ceptabIe accordance with Paragraph 5.1.3.
provided their cross-sectional area is no less ) ) Amend 2
than that required by Table 5, and they permit 5.1.3 Figures 15 and 16 are based on a rainfall | | aug 199
passage of a 50 mm diameter sphere. intensity 1" of 100 mm/hr. Where ! )
exceeds 100 mm/hr the required gutter size
shall be increased by taking the value read
. . . . . A
from the figures and multiplying it by the ratio || Aumge?SQZA
of “1”/100. Paragraph 3.2.2 describes how to
determine the value of “I". é;“pewngsaé
Table 5:  Downpipe Sizes for Given Roof Pitch and Area
Paragraph 4.2.1
Downpipe size (mm) Roof pitch
(minimum internal sizes) 0-25° 25-35° 35-45° 45-55°
Plan area of roof served by the downpipe (m?)
63 mm diameter 60 50 40 35
74 mm diameter 85 70 60 50
100 mm diameter 155 130 110 90 Amend 2
150 mm diameter 350 290 250 200 Aug 1994
65 x 50 rectangular 60 50 40 &
100 x 50 rectangular 100 80 70 60
75 x 75 rectangular 110 90 80 65
100 x 75 rectangular 150 120 105 90

10 October 2011

DEPARTMENT OF BUILDING AND HOUSING

Proposed amendments to E1 Surface Water acceptable solutions and
verification methods (Proposed text in blue)

Amends
1&2

Amend 8
Oct 2011 |

Amend 7
Sep 2010

Amend 7
Sep 2010 |

Amend 7
Sep 2010 |

Amend 1
Sep 1993 |
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SURFACE WATER

4.0 Downpipes

4.1 Materials

4.1.1 Materials for downpipes shall comply
with Table 4.

Acceptable Material Standards

Acceptable Solution E1/AS1

4.3 Installation of downpipes

4.3.1 Where thermal movement of downpipes
cannot be accommodated by movement of
the guttering, expansion joints shall be
incorporated.

4.3.2 All internal downpipes shall withstand
without leakage, a water test with an applied
head of 1.5 m of water, or a high pressure air

for Downpipes . . Amend 5
Paragraph 4.1.1 test as described in E1/VM1 Paragraph 8.3. Jul 2001
PVC-U pipe AS/NZS 1260 or 50 Roof Gutters
AS/NZS 1254 )
Galvanised steel sheet  AS 1397 5.1 Size of roof gutters
Copper sheet BS EN 1172 or AS 1566 . .
Coppor pipe NZS 3501 or AS 1432 5.1.1 Roof gutters shall discharge to downpipes
Aluminium sheet AS/NZS 1734 that are sized as given in Paragraph 4.2.
Aluminium pipe AS 1866 . X
Sfilbss seal dhes: ASTM A240M 5.1.2 Any gutter under consideration shall
Stainless steel pipe AS 1528 be divided into sections and each section
Zinc aluminium sheet AS 1397 : . N
Polyethylene pipe AS/NZS 4130 shall be sized. A section shall compnse the
length of gutter between a downpipe and
the adjacent high point on one side only of
4.1.2 Downpipes, gutters, roofing, fastenings that downpipe. Each section of gutter shall
and all adjoining components shall be of the have a cross-sectional area of no less than
same or a compatible material to eliminate the that determined from Figure 15 or Figure 16
risk of galvanic corrosion. (depending on whether the gutter is external
or internal), and increased where required in
4.2 Sizing of downpipes accordance with Paragraph 5.1.3.
Amend 2
4.2.1 Downpipes sized using Table 5 are 5.1.3 Figures 15 and 16 are based on a rainfall | | Aug 1904
acceptable. Other downpipes are acceptable intensity “I” of 100 mm/hr. Where “1"
provided their cross-sectional area is no less exceeds 100 mm/hr the required gutter size
than that required by Table 5, and they permit shall be increased by taking the value read .
H . . . . . d 2
passage of a 50 mm diameter sphere. from the figures and multiplying it by the ratio || Aug 1994
of “1"/100. Paragraph 3.2.2 describes how to
H wyn Al d 1
determine the value of “I". Sempewness
Table 5:  Downpipe Sizes for Given Roof Pitch and Area
Paragraph 4.2.1
Downpipe size (mm) Roof pitch
(minimum internal sizes) 0-25° 25-35° 35-45° 45-55°
Plan area of roof served by the downpipe (m?)
63 mm diameter 60 50 40 5]
74 mm diameter 85 70 60 50
100 mm diameter 155 130 110 90 Amend 2
150 mm diameter 350 290 250 200 Aug 1994
65 x 50 rectangular 60 50 40 85|
100 x 50 rectangular 100 80 70 60
75 x 75 rectangular 110 90 80 65
100 x 75 rectangular 150 120 105 90
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Current E1 Surface Water - No changes proposed to this page Proposed E1 Surface Water - No changes proposed to this page
Acceptable Solution E1/AS1 SURFACE WATER Acceptable Solution E1/AS1 SURFACE WATER
Figure 15: Cross-sectional Area of External Gutter Figure 15: Cross-sectional Area of External Gutter
Paragraphs 5.1.2 and 5.1.3 Paragraphs 5.1.2 and 5.1.3
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(BASED ON A RAINFALL INTENSITY OF 100mm/hr) Sep 1983 [BASED ON A RAINFALL INTENSITY OF 100mm/hr) Sep 1993
Figure 16: Cross-sectional Area of Internal Gutter Figure 16:  Cross-sectional Area of Internal Gutter
Paragraphs 5.1.2 and 5.1.3 Paragraphs 5.1.2 and 5.1.3
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(BASED ON A RAINFALL INTENSITY OF 100mm/hr) Sep 1993 (BASED ON A RAINFALL INTENSITY OF 100mm/hr) Sep 1983
DEPARTMENT OF BUILDING AND HOUSING 30 September 2010 DEPARTMENT OF BUILDING AND HOUSING 30 September 2010
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Current E1 Surface Water acceptable solutions and verification methods
(Text to be amended shown in red)

Amend 1
Sep 1993

Amend 11
Nov 2020

Amends
2and 11

Amend 7
Sep 2010

Amend 7
Sep 2010 |
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SURFACE WATER

5.1.4 In no case shall the cross-sectional area
of any gutter be less than 4000 mm’.

5.1.5 Internal gutters shall be constructed
with:

a) A minimum width of 300 mm, and

b) Freeboard allowance of at least 30 mm
greater depth than that determined from
Figure 16 in situations where overtopping
could enter a building.

COMMENT:
Refer to Acceptable Solution E2/AS1 for the design of
valley gutters.

5.2 Materials

5.2.1 Roof gutter materials shall comply with
the standards stated in Table 6.

COMMENT:
Proprietary membrane systems using bitumen, rubber
or epoxy resins may also be acceptable.

Table 6:  Acceptable Material Standards for

Roof Gutters
Paragraph 5.2.1

PVC-U AS 1273

Galvanised steel AS 1397

Copper BSEN 1172 1
Aluminium AS/NZS 1734

Stainless steel NZS/BS 970

Zinc aluminium AS 1397

5.3 Gradients
5.3.1 Roof gutters shall fall to an outlet.

5.4 Thermal movement

5.4.1 Allowance shall be made for the thermal

expansion and contraction of gutters. Table 7
shows for different materials the change in
length of 5.0 m of guttering when subjected
to a 50°C change in temperature.

COMMENT:

The provision of expansion joints is particularly important

where both ends of a gutter are restrained against

movement, and on PVC-U guttering due to its relatively

high rate of thermal expansion.

Acceptable Solution E1/AS1

Table 7:  Thermal Expansion of 5 m length

over 50°C
Paragraph 5.4.1

Material Expansion (mm)

Amend 7
PVC-U 175 Sep 2010

Zinc 5.0
Galvanised steel 2.5
Copper 4.5
Aluminium 5.8
Stainless steel 3.8

5.5 Overflow outlets

5.5.1 All internal gutters shall be fitted with
overflow outlets which drain to the exterior of
the building. The top of the outlet shall be set
at least 50 mm below the top of the gutter.
The cross-sectional area of the outlet shall be
no less than the cross-sectional area of the
downpipes (determined by Paragraph 4.2.1)
serving the gutter.

COMMENT:

An internal gutter overflow outlet should be located
to give an early, conspicuous warning to the building
occupier that maintenance is required.

5.5.2 External gutters do not require overflow
outlets but shall be installed to ensure any
overflow from the gutter spills to the outside
of the building.

COMMENT:

Although specific overflow provision is not necessary
it is nevertheless important to ensure any overflowing
water cannot track back inside the building where it

could cause problems. e

5 November 2020

MINISTRY OF BUSINESS, INNOVATION AND EMPLOYMENT

Proposed amendments to E1 Surface Water acceptable solutions and
verification methods (Proposed text in blue)

Amend 1
Sep 1993

Amend 11
Nov 2020

Amends
2and 11

Amend 7
Sep 2010

Amend 7
Sep 2010 |
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SURFACE WATER

5.1.4 In no case shall the cross-sectional area
of any gutter be less than 4000 mm”.

5.1.5 Internal gutters shall be constructed
with:

a) A minimum width of 300 mm, and

b) Freeboard allowance of at least 30 mm
greater depth than that determined from
Figure 16 in situations where overtopping
could enter a building.

COMMENT:
Refer to Acceptable Solution E2/AS1 for the design of
valley gutters.

5.2 Materials

5.2.1 Roof gutter materials shall comply with
the standards stated in Table 6.

COMMENT:
Proprietary membrane systems using bitumen, rubber
or epoxy resins may also be acceptable.

Table 6:  Acceptable Material Standards for
Roof Gutters

Paragraph 5.2.1

PVC-U AS 1273

Galvanised steel AS 1397

Copper BS EN 1172 or AS 1566
Aluminium AS/NZS 1734

Stainless steel ASTM A240M

Zinc aluminium AS 1397

5.3 Gradients
5.3.1 Roof gutters shall fall to an outlet.

5.4 Thermal movement

5.4.1 Allowance shall be made for the thermal
expansion and contraction of gutters. Table 7
shows for different materials the change in
length of 5.0 m of guttering when subjected
to a 50°C change in temperature.

COMMENT:

The provision of expansion joints is particularly important
where both ends of a gutter are restrained against
movement, and on PVC-U guttering due to its relatively
high rate of thermal expansion.

Acceptable Solution E1/AS1

Table 7:  Thermal Expansion of 5 m length
0
over 50 C

Paragraph 5.4.1

Material Expansion (mm)

Amend 7
PVC-U 17.5 Sep 2010

Zinc 5.0
Galvanised steel 2.5
Copper 45
Aluminium 5.8
Stainless steel 3.8

5.5 Overflow outlets

5.5.1 All internal gutters shall be fitted with
overflow outlets which drain to the exterior of
the building. The top of the outlet shall be set
at least 50 mm below the top of the gutter.
The cross-sectional area of the outlet shall be
no less than the cross-sectional area of the
downpipes (determined by Paragraph 4.2.1)
serving the gutter.

COMMENT:

An internal gutter overflow outlet should be located
to give an early, conspicuous warning to the building
occupier that maintenance is required.

5.5.2 External gutters do not require overflow
outlets but shall be installed to ensure any
overflow from the gutter spills to the outside
of the building.

COMMENT:
Although specific overflow provision is not necessary
it is nevertheless important to ensure any overflowing
water cannot track back inside the building where it

Amend 9
could cause problems. Feb 2014
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Current E1 Surface Water - No changes proposed to this page

Amend 11
Nov 2020

E1/AS1 Appendix A

E1/AS1 Appendix A Rainfall Intensities

Table A: | Rainfall Intensities
10 minute duration rainfall intensities for various locations in New Zealand

Location

NORTHLAND
Taipa Bay-Mangonui
Awanui

Kaeo

Kaitaia
Ahipara
Kerikeri
Russell

Paihia

Okaihau
Ohaeawai
Moerewa
Kawakawa
Rawene
Kaikohe
Omapere and Opononi
Whangarei
Maungatapere
Dargaville

Te Kopuru
Mangawhai Heads
Kaiwaka
Maungaturoto
Ruawai
AUCKLAND
Leigh

Snells Beach
Algies Bay-Mahurangi
Wellsford
Parakai
Warkworth
Muriwai Beach
Helensville
North Shore
Waiheke Island
Auckland
Waitakere
Manukau
Bombay
Pukekohe
Waiuku

Latitude
degrees

-35
-35.05
-35.1
-35.11
-35.17
-35.23
-35.27
-35.29
-35.32
-35.35
-35.38
-35.38
-35.4
-35.41
-35.51
-35.72
-35.75
-35.95
-36.03
-36.05
-36.1
-36.12
-36.13

-36.19
-36.21
-36.26
-36.3
-36.38
-36.4
-36.52
-36.68
-36.81
-36.81
-36.87
-36.91
-36.97
-37.05
-37.2
-37.25

Longitude degrees

173.5
178.25
173.78
173.26
17317
173.95
17412
174.09
173.77
173.88
174.02
174.07

173.5
173.81

173.4

1743

1742
173.87
173.92
174.59
174.39
174.35
174.03

174.63
174.69
174.76
174.52
174.45
174.66
174.69
174.45
17479
17512
17477
174.69
174.82
174.95
174.9
17473

10% AEP intensity
mm/hr

86
85
91
86
86
101
109
110
97
99
108
110
85
94
85
103
101
82
83
94
90
89
83

95
93
92
100
95
99
98
95
98
102
97
97
93
97
97
92

SURFACE WATER

2% AEP intensity
mm/hr

117
116
123
117
116
135
147
148
130
132
144
147
114
125
114
140
137
110
112
130
123
121
112

130
127
124
135
128
134
129
125
129
137
127
128
121
129
131
122

MINISTRY OF BUSINESS,

INNOVATION AND EMPLOYMENT

5 November 2020

Proposed E1 Surface Water - No changes proposed to this page

Amend 11
Nov 2020

E1/AS1 Appendix A

SURFACE WATER

E1/AS1 Appendix A Rainfall Intensities

Table A: | Rainfall Intensities

10 minute duration rainfall intensities for various locations in New Zealand

Location

NORTHLAND
Taipa Bay-Mangonui
Awanui

Kaeo

Kaitaia
Ahipara
Kerikeri
Russell

Paihia

Okaihau
Ohaeawali
Moerewa
Kawakawa
Rawene
Kaikohe
Omapere and Opononi
Whangarei
Maungatapere
Dargaville

Te Kopuru
Mangawhai Heads
Kaiwaka
Maungaturoto
Ruawai
AUCKLAND
Leigh

Snells Beach
Algies Bay-Mahurangi
Wellsford
Parakai
Warkworth
Muriwai Beach
Helensville
North Shore
Waiheke Island
Auckland
Waitakere
Manukau
Bombay
Pukekohe
Waiuku

Latitude
degrees

535
-35.05
-35.1
-35.11
-35.17
-35.23
-35.27
-35.29
-35.32
-35.35
-35.38
-35.38
-35.4
-35.41
-35.51
-35.72
-35.75
-35.95
-36.03
-36.05
-36.1
-36.12
-36.13

-36.19
-36.21
-36.26
-36.3
-36.38
-36.4
-36.52
-36.68
-36.81
-36.81
-36.87
-36.91
-36.97
-37.05
-37.2
-37.25

Longitude degrees

173.5
173.25
173.78
173.26
173.17
173.95
17412
174.09
173.77
173.88
174.02
174.07
173.5
173.81
1734
1743
1742
173.87
173.92
174.59
174.39
174.35
174.03

174.63
174.69
174.76
174.52
174.45
174.66
174.69
174.45
174.79
175.12
174.77
174.69
174.82
174.95
174.9
174.73

10% AEP intensity
mm/hr

86
85
91
86
86
101
109
110
97
99
108
110
85
94
85
103
101
82
83
94
90
89
83

95
93
92
100
95
99
98
95
98
102
97
97
93
97
97
92

2% AEP intensity
mm/hr

117
116
123
117
116
135
147
148
130
132
144
147
114
125
114
140
137
110
112
130
123
121
112

130
127
124
135
128
134
129
125
129
137
127
128
121
129
131
122

MINISTRY OF BUSINESS,

INNOVATION AND EMPLOYMENT
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BUILDING CODE UPDATE 2022 — PLUMBING AND DRAINAGE
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Current E1 Surface Water - No changes proposed to this page

SURFACE WATER E1/AS1 Appendix A
AN"gi"Z“O;g Table A:  Rainfall Intensities continued
10 minute duration rainfall intensities for various locations in New Zealand
Location I&aetgi::: Longitude degrees o A:I:j:trensity 2 AiPn‘i';l':(:nsity
WAIKATO
Coromandel -36.74 175.5 96 132
Pauanui -37.02 175.86 97 137
Te Puru-Thornton Bay -37.04 175.52 91 127
Thames -37.14 175.53 88 124
Whangamata -37.21 175.86 97 137
Ngatea -37.27 175.5 88 123
Kerepehi 7.3 175.53 87 121
Meremere L7 175.07 96 132
Paeroa -37.38 175.67 88 125
Te Kauwhata -37.4 175.15 92 127
Waihi -37.4 175.83 107 152
Te Aroha -37.53 1757 94 135
Huntly -37.56 175.16 91 125
Waitoa -37.6 175.63 90 129
Morrinsville -37.65 17563 91 130
Waharoa -87.75 17575 89 129
Hamilton -37.78 175.27 92 129
Raglan -37.8 174.86 89 121
Matamata -37.82 175.77 89 129
Cambridge -37.89 175.45 91 129
Te Awamutu -38.02 175.32 92 129
Putaruru -38.05 175.78 85 121
Mamaku -38.06 176.05 102 143
Otorohanga -38.18 175.19 94 132
Tokoroa -38.23 175.84 85 121
Te Kuiti -38.33 17517 96 136
Mangakino -38.38 175.74 75 107
Piopio -38.47 175.02 95 134
Reporoa -38.5 176.36 84 121
Taupd -38.7 176.07 73 107
Tdrangi -38.99 175.79 71 103
BAY OF PLENTY
Waihi Beach -37.4 175.93 99 141
Island View - Pios Beach -37.46 175.99 95 136
Katikati -37.56 175.9 93 133
Tauranga -37.68 176.17 101 145
Maketu -37.77 176.45 109 156
Te Puke -37.78 176.33 103 148
Paengaroa -37.82 176.42 106 152
Te Kaha -37.82 177.67 96 136
Matata -37.89 176.75 116 163
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SURFACE WATER E1/AS1 Appendix A

Table A: | Rainfall Intensities continued
10 minute duration rainfall intensities for various locations in New Zealand

Location Id.:tgi:z:: Longitude degrees 2 A"E‘:‘i/r;ltrensity zx A'E“P"i?'t:nsity
WAIKATO
Coromandel -36.74 {17515 96 132
Pauanui -37.02 175.86 97 137
Te Puru-Thornton Bay -37.04 175.52 91 127
Thames -37.14 175.53 88 124
Whangamata -37.21 175.86 97 137
Ngatea -37.27 175.5 88 123
Kerepehi -37.3 175.53 87 121
Meremere -37.32 175.07 96 132
Paeroa -37.38 175.67 88 125
Te Kauwhata -37.4 175.15 92 127
Waihi -37.4 175.83 107 152
Te Aroha -37.53 175.7 94 135
Huntly -37.56 175.16 91 125
Waitoa -37.6 175.63 90 129
Morrinsville -37.65 1175163 91 130
Waharoa -37.75 175.75 89 129
Hamilton -37.78 176.27 92 129
Raglan -37.8 174.86 89 121
Matamata -37.82 175.77 89 129
Cambridge -37.89 175.45 91 129
Te Awamutu -38.02 175.32 92 129
Putaruru -38.05 175.78 85 121
Mamaku -38.06 176.05 102 143
Otorohanga -38.18 175.19 94 132
Tokoroa -38.23 175.84 85 121
Te Kuiti -38.33 1757 96 136
Mangakino -38.38 175.74 75 107
Piopio -38.47 175.02 95 134
Reporoa -38.5 176.36 84 121
Taupo -38.7 176.07 73 107
Tarangi -38.99 175.79 71 103
BAY OF PLENTY
Waihi Beach -37.4 175.93 99 141
Island View - Pios Beach -37.46 175.99 95 136
Katikati -37.56 175.9 93 133
Tauranga -37.68 176.17 101 145
Maketu -37.77 176.45 109 156
Te Puke -37.78 176.33 103 148
Paengaroa -37.82 176.42 106 152
Te Kaha -37.82 177.67 96 136
Matata -37.89 176.75 116 163
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E1/AS1 Appendix A SURFACE WATER E1/AS1 Appendix A SURFACE WATER
Table A: = Rainfall Intensities continued Table A: | Rainfall Intensities continued
10 minute duration rainfall intensities for various locations in New Zealand 10 minute duration rainfall intensities for various locations in New Zealand
Location Lattude e degress 10 AEP nensiy 2% AEP ety Location Latiude L ongitude degrees 0% AEP Imensity 2% AEP ntenity
Edgecumbe -37.97 176.83 112 160 Edgecumbe -37.97 176.83 112 160
Whakatane -37.97 176.99 100 142 Whakatane -37.97 176.99 100 142
Opotiki -38.01 177.28 102 146 Opatiki -38.01 177.28 102 146
Te Teko -38.03 176.8 98 139 Te Teko -38.03 176.8 98 139
Taneatua -38.07 176.98 95 135 Taneatua -38.07 176.98 95 185
Kawerau -38.1 176.7 95 136 Kawerau -38.1 176.7 95 136
Rotorua -38.14 176.26 96 136 Rotorua -38.14 176.26 96 136
Kaingaroa Forest -38.36 176.68 91 128 Kaingaroa Forest -38.36 176.68 91 128
Murupara -38.45 176.7 84 119 Murupara -38.45 176.7 84 119
GISBORNE GISBORNE
Ruatoria -37.9 178.32 80 119 Ruatoria 879 178.32 80 119
Tokomaru Bay -38.12 178.3 68 103 Tokomaru Bay -38.12 178.3 68 103
Patutahi -38.38 177.53 59 83 Patutahi -38.38 177.53 59 83
Tolaga Bay -38.37 178.3 61 93 Tolaga Bay -38.37 1783 61 93
Manutuke -38.41 177.55 52 74 Manutuke -38.41 177.55 52 74
Te Karaka -38.47 177.87 47 73 Te Karaka -38.47 177.87 47 73
Gisborne -38.66 178.02 67 102 Gisborne -38.66 178.02 67 102
MANAWATU-WHANGANUI MANAWATU-WHANGANUI
Ohura -38.85 174.98 86 124 Ohura -38.85 174.98 86 124
Taumarunui -38.88 175.26 84 123 Taumarunui -38.88 175.26 84 123
Ohakune -39.41 175.41 77 111 Ohakune -39.41 175.41 77 111
Raetihi -39.42 175.27 90 130 Raetihi -39.42 175.27 90 130
Waiouru -39.47 175.67 62 91 Waiouru -39.47 175.67 62 91
Taihape -39.68 175.78 65 97 Taihape -39.68 175.78 65 97
Whanganui -39.93 175.03 68 100 Whanganui -39.93 175.03 68 100
Hunterville -39.93 175.57 70 103 Hunterville -39.93 175.57 70 103
Ratana -40.03 17517 66 96 Ratana -40.03 17517 66 96
Marton -40.08 175.38 69 101 Marton -40.08 175.38 69 101
Halcombe -40.13 175.48 73 107 Halcombe -40.13 175.48 73 107
Bulls -40.17 175.38 71 102 Bulls -40.17 175.38 71 102
Sanson -40.22 175.42 70 102 Sanson -40.22 175.42 70 102
Feilding -40.22 175.57 69 101 Feilding -40.22 175.57 69 101
Dannevirke -40.21 176.09 77 119 Dannevirke -40.21 176.09 77 119
Rongotea -40.3 175.42 67 97 Rongotea -40.3 175.42 67 97
Himatangi Beach -40.32 175.24 66 93 Himatangi Beach -40.32 175.24 66 93
Woodville -40.33 175.87 66 99 Woodville -40.33 175.87 66 99
Palmerston North -40.36 175.62 65 94 Palmerston North -40.36 175.62 65 94
Pahiatua -40.45 175.83 61 91 Pahiatua -40.45 175.83 61 91
Foxton -40.47 175.28 71 100 Foxton -40.47 175.28 71 100
Tokomaru -40.47 175.5 68 98 Tokomaru -40.47 117455 68 98
Shannon -40.55 175.4 70 100 Shannon -40.55 175.4 70 100
ey | Levin -40.61 175.27 74 104 e oy | Levin -40.61 175.27 74 104
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SURFACE WATER E1/AS1 Appendix A SURFACE WATER E1/AS1 Appendix A
AN"gi”SOQZ, Table A:  Rainfall Intensities continued AN";T;O;& Table A: | Rainfall Intensities continued
10 minute duration rainfall intensities for various locations in New Zealand 10 minute duration rainfall intensities for various locations in New Zealand
Location I&Zg:::: Longitude degrees Los Anliijlll]trensity 2 A:EnP"i;lrt:nsity Location I&:tgi:g:: Longitude degrees 2 Ai;i/;:ensity Zx AiPrI:;\':fnsity
Te Horo -40.63 175.19 76 107 Te Horo -40.63 175.19 76 107
Eketahuna -40.65 175.7 78 105 Eketahuna -40.65 175.7 73 105
HAWKES BAY HAWKES BAY
Tuai -38.82 177.15 69 98 Tuai -38.82 177.15 69 98
Frasertown -38.97 177.4 70 103 Frasertown -38.97 177.4 70 103
Wairoa -39.04 177.42 82 121 Wairoa -39.04 177.42 82 121
Nahaka -39.03 177.75 84 126 Ndhaka -39.03 177.75 84 126
Napier -39.5 176.89 69 105 Napier -39.5 176.89 69 105
Hastings -39.64 176.83 62 95 Hastings -39.64 176.83 62 95
Otéane =209 176.62 69 106 Otane -39.9 176.62 69 106
Waipawa ga2kEs 176.57 67 104 Waipawa -39.95 176.57 67 104
Waipukurau -40 176.56 65 100 Waipukurau -40 176.56 65 100
Takapau -40.03 176.35 72 113 Takapau -40.03 176.35 72 113
TARANAKI TARANAKI
Waitara =9 174.23 98 136 Waitara -39 174.23 98 136
Urenui -39 174.38 95 133 Urenui -39 174.38 95 133
New Plymouth -39.05 174.07 100 138 New Plymouth -39.05 174.07 100 138
Egmont Village -39.14 17412 114 158 Egmont Village -39.14 17412 114 158
Inglewood -39.15 174.2 117 163 Inglewood -39.15 174.2 117 163
Okato =39.2 173.88 111 158 Okato -39.2 173.88 111 153
Rahotu -39.28 173.78 99 137 Rahotu -39.28 173.78 99 137
Stratford L35 174.27 99 138 Stratford -39.35 174.27 99 138
Kaponga -39.43 17415 % 132 Kaponga -39.43 17415 94 132
Eltham -39.43 174.3 97 137 Eltham -39.43 174.3 97 137
Opunake -39.46 173.84 87 121 Opunake -39.46 173.84 87 121
Manaia -39.55 17412 83 117 Manaia -39.55 17412 83 117
Hawera -39.59 174.28 84 119 Hawera -39.59 174.28 84 119
Patea -39.75 174.47 79 112 Patea -39.75 174.47 79 112
Waverley -39.77 174.63 80 115 Waverley -39.77 174.63 80 115
TASMAN TASMAN
Takaka -40.85 172.8 78 108 Takaka -40.85 172.8 78 108
Riwaka -41.05 173 77 108 Riwaka -41.05 173 77 108
Motueka 4101 173.02 68 94 Motueka -41.11 173.02 68 94
Brightwater -41.38 17381 80 115 Brightwater -41.38 1731 80 115
Wakefield -41.4 173.05 81 117 Wakefield -41.4 173.05 81 117
Murchison -418 172.33 56 85 Murchison -41.8 172.33 56 85
WELLINGTON WELLINGTON
Otaki -40.75 175.18 82 114 Otaki -40.75 175518 82 114
Kapiti -40.94 174.99 75 103 Kapiti -40.94 174.99 75 103
Masterton -40.95 175.67 54 80 Masterton -40.95 175.67 54 80
Carterton -41.02 175.52 57 83 Carterton -41.02 175.52 57 83
Greytown -41.08 175.45 57 82 Greytown -4