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INTRODUCTION
Qualification and Role
1.

My full name is Gregory Albert Birdling. I have been requested by the
Christchurch City Council to give evidence regarding Proposed Plan
Change 7 (PC7) to the Land and Water Regional Plan.

2.

I hold a Bachelor’s Degree in Natural Resources Engineering; am a
Chartered Professional Engineer; and a Chartered Member of
Engineering New Zealand. I have 25 years of professional working
experience, primarily in the drinking-water sector. This experience
includes the investigation, design and operation of water treatment
facilities to provide drinking-water. I am presently employed as a
Principal Environmental Engineer by WSP (NZ) Ltd.

3.

Whilst this is not an Environment Court hearing, I have read the Code
of Conduct for Expert Witnesses contained in the Environment Court
Practice Note 2014. I have complied with it in preparing this evidence
and I agree to comply with it in presenting evidence at this hearing. The
evidence I give is within my area of expertise except where I state that
my evidence is given in reliance on another person’s evidence. I have
considered all material facts that are known to me that might alter or
detract from the opinions that I express in this evidence.

4.

My employer, WSP (NZ) Ltd, is engaged in undertaking work for the
Christchurch City Council on a wide range of projects. This could
potentially include undertaking work that may be required directly or
indirectly as a result of the implementation of PC7.

Evidence Preparation
5.

In preparing my evidence I have reviewed:
5.1.

Relevant sections of the Section 32 and 42A reports for Plan
Change 7.

5.2.

Evidence of Mike Thorley.

5.3.

Evidence of Bridget O’Brien.
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5.4.

Evidence of Geoff Butcher

5.5.

Submissions1 relating to the costs of nitrate removal.

5.6.

Cost data from overseas relating to the capital and operating
costs of large-scale nitrate removal plants (noting that there are
few if any of these in New Zealand, although the same
technologies are commonly used here for other water treatment
purposes).

5.7.

Technical data relating to the established performance
parameters of nitrate removal plants to estimate chemical
usage, energy consumption, and waste production.

5.8.

Local cost data based on my experience with water sector
construction projects for Christchurch City Council in the
Christchurch metropolitan area.

SCOPE OF EVIDENCE
6.

This evidence is on:
6.1.

The estimated capital cost to provide nitrate removal at the
existing water supply stations in Christchurch.

6.2.

Estimated costs to operate and maintain the additional
equipment and facilities.

6.3.

Other considerations relevant to the removal of nitrate from
drinking-water.

SUMMARY OF EVIDENCE
7.

I describe three scenarios regarding nitrate removal from the
Christchurch water supply, based on a modelled average concentration
of 7.9 mg/L in the groundwater used to supply Christchurch City. If the
levels are higher than this, then a 2-stage treatment process may be
required which will increase the costs.

8.

The scenarios relate to how much nitrate needs to be removed from the
source water to meet three different target levels – 5.65, 3.8, and 1 mg/L
– in the water supplied for potable use into the Christchurch water
supply.

1
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9.

I consider various options to remove nitrates from drinking-water, and
base my evidence on the use of an ion-exchange (ion-exchange)
treatment process which is presently the most cost-effective and
practicable method.

10.

For each of the three scenarios, I estimate the costs of installing ionexchange treatment plants at all 48 of Christchurch’s water supply
stations.

11.

My estimated net present value costs for nitrate removal at the existing
stations range from $829M to $1,507M for the three scenarios
considered. I note that this is a preliminary estimate based on a
collective assessment rather than a site-specific assessment.

12.

There are a number of indirect effects that could arise from adding ionexchange treatment as described, and these have not been accounted
for in the above cost estimates.

13.

I have not considered options to cluster existing water sources into
fewer, larger water treatment plants as this will incur additional costs to
reconfigure the network which may exceed the savings made.

14.

I have considered the costs of an alternative water source from the
Waimakariri River, which would require treatment. I note that this would
require a fundamental change to the City’s water supply network which
has evolved as a distributed system and is not currently amenable to a
single point of supply.

15.

My estimated net present value cost for an alternative water supply from
the Waimakariri river is $2,149M.

EVIDENCE
16.

My evidence relates to the potential issues and costs that Christchurch
City Council may face should their current water source be
contaminated with nitrate-nitrogen (‘nitrate’) to an extent that requires
additional treatment to make it safe to drink. Note that all concentrations
given in my evidence relate to nitrate-nitrogen (NO3-N) only, i.e. not as
Nitrate (NO3).

17.

There are three primary scenarios that I have considered in respect of
the standard of drinking-water required. I have considered these
scenarios as Christchurch City Council may decide to treat to varying
levels depending on their assessment of the risk, and in order to obtain
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approval for their Water Safety Plan. Refer also to the evidence of
Bridget O’Brien on this issue. Whilst there would be no need to treat at
5.65 or 3.8 mg/L if PC7 is implemented, I have provided those costings
so that the Commissioners can see the implications of PC7 not being
implemented.
18.

The three scenarios considered are:
18.1. Removal of nitrate to a level not exceeding 5.65 mg/L: This value
is 50% of the current maximum acceptable value (MAV) in the
Drinking-water Standards for New Zealand 2005 (revised 2018).
Presently, if nitrate levels in drinking-water exceed 50% of the
MAV, this triggers a requirement for additional monitoring, but
no treatment is required unless the level exceeds 11.3 mg/L.
18.2. Removal of nitrate to a level not exceeding 3.8 mg/L: This value
is the one that the proposed provisions in PC7 are designed to
achieve.
18.3. Removal of nitrate to a level not exceeding 1 mg/L: This is the
maximum limit requested by the Christchurch City Council in
their submission.

19.

For all of these scenarios, a source water nitrate level of 7.9 mg/L has
been assumed. This is the upper range of concentrations estimated to
occur by Kreleger et. al2.

20.

I am not able to state when treatment to remove nitrates would be
required. This depends on two factors which may change over time –
the level of nitrate in the source water, and the maximum acceptable
value stated in Christchurch’s Water Safety Plan (which is in turn
derived from Drinking-water Standards and Christchurch City Council’s
own risk assessment). The further in the future that nitrate removal is
required, the lower the costs of this are in present-day terms. Refer to
the evidence of Mike Thorley regarding the rate of increase of the nitrate
in the source water, and to Bridget O’Brien’s evidence in regard to the
Water Safety Plan and associated risk assessment processes.

21.

Christchurch’s drinking water is provided by a large number (48) of
water supply stations distributed across the city which draw their supply
from groundwater wells. These stations vary considerably in size and
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design. In order to provide a more robust estimate of costs, I have split
these into small, medium and large size categories of which there are
25,17 and 6, respectively. Based on the capacities of the existing
stations, I have assigned peak capacities of 5,500, 15,400, and
43,000 m³/day (also respectively) to estimate the costs.
22.

I have prepared cost estimates for each station size category, and then
combined for each of the three treatment scenarios.

23.

In addition to the cost estimates, I have also provided some comment
on other aspects of nitrate removal that should be considered as part of
a thorough assessment.

Christchurch’s Water Supply Arrangement
24.

Christchurch’s drinking water is provided by 48 stations distributed
across the city. This arrangement is somewhat unusual for a large city,
as most do not have high-quality groundwater available across their
metropolitan area. The easy access to high-quality water has resulted
in water supply stations that are distributed across the city, largely
eliminating the need for large pipelines to transfer bulk water from one
part to another. This means that any additional treatment needs to be
added at many locations.

25.

An alternative to this situation is to construct fewer, but larger, treatment
facilities with large trunk reticulation pipes and pumps to convey bulk
amounts of water across the city (which is how most municipalities’
water supplies are arranged).

26.

For the purposes of this evidence, I have assumed that treatment would
be applied at each existing station. This has the effect of increasing the
cost of treatment compared to that for a system with centralised
treatment, which many indexed cost estimates are based on.

27.

Modifying Christchurch’s water supply network to suit a centralised
treatment model would incur substantial costs that would largely or
wholly offset this. I have not considered this option further in my
evidence, except when considering an alternative supply from the
Waimakariri River.

Nitrate Treatment Technologies
28.

Nitrate is a relatively difficult contaminant to remove from water. Since
it is in ionic form, it cannot be filtered out using conventional filters, and
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it is not very reactive so it cannot be precipitated out using a simple
chemical reaction that is compatible with drinking-water production.
29.

There are several technologies which can remove nitrate from water:
29.1. Ion-exchange: This swaps the nitrate ion with a different ion
(usually sodium). Water is passed through a vessel which is
packed with resin media beads that have been soaked in a brine
(salt) solution which provides a source of sodium. The sodium
ion is more reactive than the nitrate ion, and it swaps places with
the nitrate which is attracted to the resin beads. When the media
is spent, it is regenerated by soaking it in brine again and reused.
The residual brine and nitrate are then discharged as a waste
stream. This is (by far) the most common and cost-effective
method to remove nitrate from drinking-water, particularly at the
large scales required for municipal applications.
29.2. Reverse osmosis (RO), electrodialysis (ED) and nanofiltration
(NF): These are all variations on a similar theme where a
permeable membrane is used to separate nitrate (and other)
ions from water at the molecular level using electrical or
pressure forces. Their most common usage in drinking-water
applications is for desalination plants, but they can be used to
remove a wide range of contaminants. They are all
characterised by high capital costs and energy consumption,
which are several times higher than ion-exchange for nitrate
removal.
29.3. Biological removal: This is a maturing technology in drinkingwater

applications

which

utilises

naturally

occurring

microbiology in the water to convert nitrate into nitrogen gas. A
primary advantage is that it creates a lower-strength waste
stream than ion-exchange treatment which is a significant
benefit in some cases that can make it an attractive solution. It
does require additional chemical dosing to provide suitable
conditions for biological activity; and its use of microbiology is of
some concern in a drinking-water context (which usually seeks
to eliminate or kill microbiology in the water), so additional
disinfection measures may be required to satisfy regulators.
29.4. UV treatment: Although ultraviolet light is commonly used to
disinfect drinking-water worldwide (including Christchurch),
6

there is an emerging technique which uses UV light at a different
wavelength and a higher dose to break apart the nitrate
molecule in to its component nitrogen and oxygen forms (which
are then discharged to air). At present, these is little reliable
information available on this technology, but it may prove to be
a viable option in the medium to long term.
Selected Treatment Option
30.

For the purposes of this evidence, I have assumed the use of an ionexchange treatment process to estimate costs, as in my opinion, the
Council would be likely to select that option as this will be the most costeffective means of nitrate removal for the Christchurch water supply.

31.

If a different, established, nitrate removal technology was chosen, I
believe that the costs would be several times higher if applied in the
same manner, i.e. at existing stations. If the stations were combined to
provide economies of scale, then there would be significant additional
costs and disruption to reconfigure the water supply network which
would offset any savings.

32.

The characteristics of an ion-exchange treatment process are as
follows:
32.1. It can remove 85-90% of the nitrate present in water with a single
treatment stage when operating correctly.
32.2. It is relatively simple to operate compared to other water
treatment processes, and it has a fairly low energy requirement.
32.3. The

process

requires

substantial amounts of

salt

for

regenerating the media, and it produces a strong waste stream
which is high in residual salt as well as the nitrate that has been
removed from the water. The waste stream volume is typically
0.4-0.5% of the treated water volume, and it cannot be
discharged directly to the environment without adverse effects.
This means that it needs to be discharged to a sewer, or treated
further on-site before discharge elsewhere.
32.4. The resin media has a finite life and must be replaced from time
to time when it is unable to be effectively regenerated.
32.5. Certain other contaminants in the water (most commonly
sulphate) can reduce the effectiveness of ion-exchange and/or
the run volume which increases operating costs and waste
7

volumes. This can be mitigated by using a different type of resin,
but at additional cost.
32.6. It is typical to only remove the minimum amount of nitrate that is
necessary in order to minimise operating costs and waste
volumes. In an ion-exchange process, this is done by treating
only a proportion of the total flow, and then blending the treated
and untreated streams downstream prior to use. This requires
water storage at each plant (i.e. a reservoir) to allow effective
mixing and blending to occur.
32.7. An ion-exchange treatment process can only treat a certain
amount of water before the media must be regenerated. If this
does not occur, a breakthrough event will occur and the
concentration of nitrate in the output stream will exceed that of
the influent stream for a period of time. Obviously, this is highly
undesirable in a drinking-water system.
32.8. If higher than 85-90% removal levels are required (e.g. if the
source water level was over 10 mg/L and needed reduction to
below 1 mg/L), then an additional treatment stage and/or
alternative technology would be required.
Point-of-Use Treatment
33.

An alternative to treating all water used in a water supply is to only treat
the water used for human consumption. This is called point-of-use
treatment, and it only treats water drawn from a single tap or faucet at
each property (typically located in the kitchen, under the sink bench).

34.

The Section 32 report identifies point-of-use treatment in s15.2.3 as a
possible solution for private wells which currently exceed the MAV
stated in the Drinking-Water Standards (i.e. 11.3 mg/L). The number of
private wells presently affected is estimated in the Section 32 report to
be between 90-165, with this number increasing to 250-270, depending
on the option selected3.

35.

Small point-of-use ion-exchange devices are sometimes used for water
treatment (e.g. by households in rural areas), predominantly for

3
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Orari-Temuka-Opihi-Pareora and Waimakariri) to the Canterbury Land and
Water Regional Plan and Plan Change 2 to the Waimakariri River Regional Plan
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hardness reduction, but they can also be used for nitrate removal. Pointof-use treatment is usually an unattractive option for large-scale
treatment for the following reasons:
35.1. It is difficult to optimise the performance of each device as it is
not practical or cost-effective to monitor a large number of
individual devices. To ensure health protection of a large
population, a precautionary approach is required whereby the
media is replaced earlier than necessary (either on a volumetric
or time basis) to prevent nitrate breakthrough. This increases the
operating costs and waste.
35.2. Treatment devices must, by necessity, be installed in private
dwellings and businesses, which introduces complexities about
ongoing

servicing,

access,

and

responsibility

for

their

performance and maintenance.
35.3. They do not treat other water outlets which people may drink
from. This may be of concern to health authorities.
35.4. Properties with high numbers of drinking water outlets (e.g.
schools, offices, hospitals) would need either many separate
devices or a larger, centralised treatment system.
36.

I have not considered point-of-use treatment further in this evidence as
I consider that a responsible Council would not select it as an
appropriate solution for Christchurch’s urban water supply.

Other Considerations
37.

Operating ion-exchange treatment plants to treat Christchurch’s water
would have some indirect effects that are worth considering. These
include:
37.1. The salt usage by the plants requires regular truck deliveries to
each site, as well as safe unloading areas and facilities. Many of
the water supply sites are located in residential areas which are
not well suited for the passage of large trucks, and increased
road wear and/or complaints are likely. Road and intersection
upgrades may be required.
37.2. If the waste stream is discharged to the sewer, which is most
likely in this urban setting, it may affect the wastewater treatment
process at the Christchurch Wastewater Treatment Plant at
Bromley. This could require additional investment either at that
9

site, or to add pre-treatment at some or all of the water treatment
sites.
37.3. The use of ion-exchange increases the sodium levels in the
treated water by a small amount. Although I estimate that this
would amount to less than 0.5% of the recommended dietary
intake for sodium, this may be opposed by public health
authorities.
Land and Neighbour Issues
38.

A primary consideration for adding nitrate removal treatment in
Christchurch at the existing water stations is the availability of sufficient
land. Additional land near to the existing stations would be needed to
construct the nitrate removal plants a reservoir and associated
infrastructure.

39.

Most of the existing stations have little or no spare land available, and
some are located in desirable residential areas where property
commands a premium price; others are adjacent to parks or reserves
which would be adversely affected if they lost land for the construction
of treatment plants.

40.

It can be reasonably expected that there would be resistance to the
acquisition of land for the construction of treatment works, and
extensive consultation and/or use of legal mechanisms for compulsory
acquisition of private property (such as the Public Works Act) may need
to be considered. Should this occur, it is my experience that this would
delay implementation (potentially by years), and substantially increase
its cost.

41.

Aside from the acquisition of land, there is also likely to be resistance
from nearby property owners who may object to the construction,
appearance, and ongoing operation of water treatment facilities. This
would also have the effect of delaying the project and increasing its cost
which is reflected in the high contingency values allowed for in my
estimates.

Cost Estimates
42.

I have estimated the costs to remove nitrate using an ion-exchange
plant at the existing water supply station sites. These are not based on
site-specific assessments for each station, and costs have been
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prepared for three station sizes (small, medium, and large) for each of
the three treatment scenarios considered, and then applied across the
network.
43.

As a comparison, I have made an initial estimate of the cost to provide
an alternative water supply using surface water from the Waimakariri
River. This would require a large abstraction from the river
(approximately 3.8 m³/s), a new water treatment plant, and significant
investment in distribution infrastructure.

44.

The cost estimates include a 30% contingency to reflect their
preliminary basis.

45.

The costs of the three scenarios of levels of nitrogen removal by ionexchange are not directly proportional to the treatment capacity
required. This is because the costs for many items is not very dependent
on scale – e.g. additional land will usually be purchased as a complete
lot, even if it is larger than needed. Similarly, the costs for other items
such as access, landscaping and controls are only weakly related to the
size of the plant.

46.

In my experience, the cost of construction for Christchurch City Council
water supply infrastructure is relatively high due to:
46.1. Constrained sites in residential areas with little room for
construction, especially on or near existing critical facilities which
need to remain in service or on standby during construction.
46.2. Variable ground conditions that require ground improvements or
additional foundation works at some sites to meet Importance
Level 3 (IL3), or higher, performance.
46.3. Incorporation

of

architectural

and

landscape

features,

particularly in residential areas.
46.4. Stringent District Plan requirements in respect of noise from
plant and equipment that may operate continuously, requiring
additional design measures and materials.
46.5. Rigorous

Council

design

standards,

documentation

requirements, and approval processes.
46.6. Predominantly older buildings that do not meet modern
structural standards, and which often contain hazardous
materials such as asbestos. Any structural modifications are
likely to trigger strengthening requirements which expose or
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disturb hazardous materials. These aspects can greatly
increase the cost and time required to undertake the works.
47.

My calculation of the estimated costs for adding nitrate removal at the
existing Christchurch water supply stations for the three scenarios are
presented in the table below. The net present value costs are based on
commencing the treatment of water immediately, a 3% discount rate,
and a 100-year assessment period to align with Geoff Butcher’s
evidence. If treatment to remove nitrate were delayed, then this would
have the effect of reducing the net present value of the costs. Refer also
to Geoff Butcher’s evidence regarding this aspect.
CCC
50% MAV

ZIPA

Submission

(5.65 mg/L)

(3.8 mg/L)

(1 mg/L)

Capital Cost

$347M

$461M

$610M

Annual Operating Cost

$13M

$18M

$24M

Net Present Value

$829M

$1,117M

$1,507M

Scenario

48.

The estimated costs for an alternative water supply from the
Waimakariri river are:
48.1. Capital Cost: $983M
48.2. Annual Operating Cost: $33M
48.3. Net Present Value: $2,149M.

Dated at Christchurch this 17th day of July 2020

[signed]

…………………………………………
Name
Greg Birdling
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APPENDIX 1
Cost Estimates
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