IN THE MATTER OF the Resource Management Act 1991

and a Notice of Requirement to Selwyn
District Council and Applications to

Canterbury Regional Council for resource

consents.
BY Central Plains Water Trust
AND Central Plains Water Ltd

STATEMENT OF EVIDENCE OF PETER FRANCIS CALLANDER
ON BEHALF OF THE CHRISTCHURCH CITY COUNCIL

1.1.

1.2.

INTRODUCTION

My name is Peter Francis Callander. | hold the qualifications of BSc (Geology) from
the University of Auckland and MSc (Earth Sciences) from the University of Waterloo
(Canada). Since 1991 | have been employed as a Senior Hydrogeologist with Pattle
Delamore Partners Limited, an environmental consulting firm specialising in ground,
water and air resources. | am a Director of that firm. Previously | had been employed
for 8 years by the Canterbury Regional Council and its predecessor the North
Canterbury Catchment Board. During this time | was involved with the Regional
Council's groundwater resource investigations and field trials. Between 1989 and 1991

| was in charge of that Council's groundwater section.

| have been involved with Assessment of Environmental Effects evaluations for a
number of large scale irrigation developments including the existing Waimakariri
Irrigation Scheme, Southern Valleys Irrigation Scheme (Marlborough), Glenroy
Community Irrigation Scheme and proposed schemes in the Wairau Valley and the
Ngai Tahu Property Irrigation proposal on the north bank of the Waimakariri River. |
have undertaken studies for individual farms that utilise irrigation. These projects have
involved assessments of environmental effects on surface water ways and

groundwater arising from water abstraction and from a variety of land use activities.
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1.3. | have also been involved with providing advice to a variety of groundwater users,
including Christchurch City Council, related to evaluation of the groundwater resources

in Canterbury, and contamination risks to water supply wells.

1.4. | confirm that | have read the Environment Court's Code of Conduct for expert
witnesses and this evidence is prepared in accordance with that code. | agree to
comply with the code’s terms. In that regard, | confirm that the statements made in this
evidence are within my area of expertise and | confirm that | have not omitted to

consider material facts which might alter the opinions stated in this evidence.

1.5. This brief of evidence has been prepared to support the submission from Christchurch
City Council (CCC) regarding the Central Plains Water (CPW) consent applications. It
describes the CCC interest in groundwater and how this might be affected by the

proposed CPW activities.

2. CHRISTCHURCH CITY AND CPW

2.1. Figure 1 shows the location of the CPW scheme relative to the Christchurch City
boundary. Christchurch City now includes Banks Peninsula and the eastern margin of

Lake Ellesmere, including Kaitorete Spit.

2.2. The potential effects of the CPW scheme that are primarily of concern to CCC are the
effects on the Waimakariri River, which forms the northern boundary of the City, and
the effects of the change in land use within the CPW supply area and how they might

impact on the groundwater resource.

2.3. The key concern of CCC is preserving the quantity and quality of the groundwater
resource that is utilised for the City water supply and also provides the baseflow for the
spring-fed streams with the City: the Otukaikino, Styx, Avon, Heathcote and Halswell

rivers.

2.4. The reticulated water supply for urban Christchurch is sourced entirely from
groundwater that is abstracted from five gravel aquifers that are stacked one above the
other beneath the City. In the centre and east of the City area, the aquifers are
separated from each other by low permeability aquitards comprising fine grained
marine and estuarine deposits that have been formed by marine inundation of the City

area during inter-glacial periods over recent geological time.

AJP-426969-10-16-V1

J)\C01800-C01849\C01842_Central_Plains\500_CCC\H_Evidence\AJP-426969-10-16-1 Evidence - Peter Callander.doc



2.5.

2.6.

2.7.

2.8.

Further to the west, beyond the coastal extent of marine incursions, the differences
between the gravel aquifers are less distinct, although differing zones of strata with

higher and lower permeabilities still exist.

The urban water supply is provided from 55 pumping stations that source their water
from 164 wells ranging in depth from 16-222 m. The location of the pumping stations,

which supply seven different pressure zones, are shown in Figure 2.

Figure 3 is a plan map showing the direction of groundwater flow in the shallowest
aguifers towards the Christchurch City aquifers. Much of this flow is derived from
seepage from the Waimakariri River that occurs to the north-west of the urban area

between Intake Road and Harewood Crossbank.

The pink line in Figure 2 and the dashed line in Figure 3 indicate the western edge of
layers of low permeability sediments that cover much of the City area and separate the
different aquifers. These low permeability sediment layers are called “aquitards” which
provide an overlying confinement of the gravel aquifers. Further to the west the less
permeable aquitards are not so distinct and it is in this western area that the City
aguifers receive most of their recharge — both from seepage out of the Waimakariri
River and from rainfall that infiltrates through the more permeable soils in western

Christchurch and beyond.
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2.9. An estimate of the inflows and outflows of water to and from the Christchurch aquifer

system are given in the table below.

Table 1: Approximate Water Balance for the Christchurch Groundwater System

(based on ECan report U05/12)

Inflows to the Christchurch Groundwater System

Source Percentage of Total Average Flow Rate
Waimakariri River 59% 7.5 m3/s

Rainfall Recharge 36% 4.6 m3/s (variable)
Stockwater Race System 5% 0.7 m3/s

Outflows from the Christchurch Groundwater System

Spring Discharges 55% 7 md/s

Coastal Discharge 20% 2.5 md/s

Public Supply Wells 15% 2 m3/s

Irrigation Wells 10% 1.3 m3/s

2.10. Figure 4 is a schematic cross-section of a vertical slice through the City aquifers to

indicate the vertical patterns of movement from these western areas into the City

aquifers. This diagram also shows the emergence of springs at the western edge of

the surface low permeability confining layer (aquitards). These are the source areas

where shallow groundwater emerges in the headwaters of the Avon, Heathcote, Styx

and Otukaikino River systems.

2.11. Within the Christchurch aquifer system the age of the water becomes progressively

older from west to east and with increasing depth. Assessments of the number of

years since the water first entered the groundwater system either by rainfall infiltration

or seepage from the Waimakariri River are indicated below:

Aquifer 1: 1-20 years (western side); 10s to 100s of years (eastern side)
Aquifer 2: 20 years-100s of years

Aquifer 3: 20 years-100s of years

Aquifer 4: Several 10s of years-1,000s of years

Aquifer 5: 100s of years-1,000s of years
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There is a relatively rapid shallow movement of groundwater on the western side of the
City through to the spring discharge zone. In contrast groundwater movement in the

deeper aquifers is considerably slower.

2.12. One of the implications of these water ages is that any impacts from agricultural
developments on the inland plains will take many years before the effects become

apparent.

2.13. To the west of the City urban area, groundwater is used for a number of separate
community water supplies and an even larger number of private water supplies.
Figure 5 shows the locations of these different categories of wells within both the CCC
territorial area and the surrounding area south of the Waimakariri River.

2.14. Christchurch City is predicting significant population growth in the south and south-
western margins of the current urban area. Consideration has been given to the
prospect of siting future water supply wells to meet the water supply requirements for
this expected growth. Potential groundwater supply source areas have been identified
as the 3rd and 4th aquifers (90-110 m and 125-140 m deep) in the areas to the south

of the City, extending as far south as Greenpark.

2.15. The Waimakariri River itself (or shallow galleries adjacent to the river) has also been
identified as a potential future source for the City water supply, should the demand
from the population ever exceed the capacity of the aquifers beneath the City area.
Figure 5a shows the location of these possible future sources of CCC water supply.

2.16. Therefore, Figure 5a defines the area of groundwater supply that is of most direct
interest to Christchurch City Council. In summary it has the following key components:
(@) the Christchurch City urban supply wells
(b) separate community water supplies outside of the urban supply area
(c) private water supply wells outside of the urban supply area

(d) possible future urban water supply sources:
- deep aquifers to the south of the City

- shallow groundwater or surface water from the Waimakariri River
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2.17. In addition to the specific interest in the groundwater that is used for water supply
within the City boundaries, CCC also has a more general interest in water management
issues and is of the view that schemes such as CPW should only proceed if they utilise
water in a manner that creates a positive benefit for the City and the region and
provided that they operate in a way that minimises the potential for any adverse

environmental effects.

2.18. The key aspects of the CPW scheme that could impact on the issues of concern to
Christchurch City Council are:

the reduced flow in the Waimakariri River caused by the CPW abstraction;

the increased area of irrigated land on the inland plains and its impact on:
e groundwater levels and

e groundwater quality.

2.19. The remainder of my evidence focuses on these three key issues.
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3. ABSTRACTION FROM THE WAIMAKARIRI RIVER

3.1. My understanding is that CPWT are seeking consent to take 40 m?3/s from the
Waimakariri River to provide irrigation supply to 60,000 ha of irrigated land and to fill a

storage reservoir with a capacity of up to 280 million m3.

3.2. Mr Tipler's evidence for CPW points out that the reliability of supply that is sought by
the scheme can be achieved either by a larger abstraction from the Waimakariri River
(40 m3/s) and a smaller storage volume (220 million m3) or a smaller abstraction from
the Waimakariri River (20 m3/s) and a larger storage volume (280 million m3), as noted

in paragraph 118 of his first brief of evidence.

3.3. To guantify these effects of the scheme, he presents the effects of two scenarios based

on the following peak abstraction regimes:
Scenario 1: 20 m3/s from the Rakaia River
40 m3/s from the Waimakariri River

220 million m3 storage reservoir

Scenario 2: 20 m3/s from the Rakaia River
25 m3/s from the Waimakariri River

240 million m3 storage reservoir

3.4. The allocation of water is set out in the Waimakariri River Regional Plan (WRRP), with
a Class A block of water available for abstraction between an “unmodified” river flow of

41 and 63 m3/s and a Class B block available at “unmodified” flows above 63 m3/s.

3.5. My understanding is that CPW are seeking an allocation from the Waimakariri River

water based on the following principles:

CPW will meet their irrigation demands by abstracting water on a run-of-river

basis as much as possible and utilise their stored water as a secondary source of

supply;

Most of the run-of-river water will come from the Waimakariri River because the
allocation that CPW are seeking has considerably greater reliability than the

water that is available from the Rakaia River;

AJP-426969-10-16-V1

J)\C01800-C01849\C01842_Central_Plains\500_CCC\H_Evidence\AJP-426969-10-16-1 Evidence - Peter Callander.doc



CPW will utilise whatever Class A water is available from the Waimakariri River,
including water allocated to other consent holders when these consent holders

are not abstracting it;

CPW will take their Class B water as a continuous allocation above an
“unmodified” flow of 63 m3/s. The CPW proposal makes no allowance for leaving
a share of the water in the river from the 40 m3/s abstraction block that they are

seeking;

CPW base their abstraction on the “unmodified’” flow determined from
measurements made at the Old Highway Bridge. That is the flow that would be
present if there was no abstraction occurring. The use of this “unmodified’
measurement regime is specified in the WRRP and my understanding is that it
was developed because the Old Highway Bridge was a convenient measurement
point and the correction to an “unmodified” flow was to replicate the data as

though it was a monitoring point upstream of any abstraction effects.

3.6. | have prepared Table 2 to demonstrate the allocation regime that could occur from the

river under the CPW proposal, based on a simulation of their abstraction quantities that

they have provided to ECan.

Table 2: Water
spreadsheets provided by CPW)

Availability Sought by CPW (based on water

availability

Waimakariri River Flow Water Available to CPWT
Waimakariri River Measured Flow at Old
. P Highway Bridge

Allocation Block Un”;?(w'ed Summer Winter

0 Prior to

CPWT Post CPWT

41 37 37 0 0
Class A 63 59 47.5-58 1 11.5*
Class B 92 88 48-59 29 40

103 99 59 40 40

* This extra allocation of Class A water in winter has been based on CPWT's

assumption they will have access to water that is currently allocated to Waimakariri

Irrigation Ltd, however at the present time there is no agreement between WIL and

CPWT to allow that to happen.
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3.7. Figure 6 presents a graphical representation of the water that CPWT has assumed it
will gain access to. Both Table 2 and Figure 6 demonstrate the significant size of this
abstraction. For example, CPW seek to be able to abstract their peak rate of 40 m3/s
at times when this represents around 43-45% of the total “unmodified” river flow. That

is a very large abstraction.

3.8. CPW have based their allocation regime on the rules of the WRRP, however
information from Environment Canterbury indicates that when the plan was prepared, it
was assumed the Class B allocation block would not exceed more than 8 m?3/s.
Therefore, the process that was used to prepare the WRRP does not provide a sound

basis for granting such an allocation.

3.9. The effects of this abstraction on the Waimakariri River flow have been described in the

CPW evidence and results in longer periods of lower river flows.

3.10. Christchurch City Council has raised a general concern in the submission about the
health of the river but recognise that evidence on that topic will be provided by other
submitters regarding the river flow requirements to protect the ecological and

recreational values of the river.

3.11. The particular interest of concern to CCC is the possible loss of river seepage into the
City aquifers. As noted in Table 1 (paragraph 2.9 of this evidence), Waimakariri River
seepage is the dominant source of recharge into the City aquifers. Furthermore, Figure
7 shows the pattern of groundwater quality within the shallowest of the City aquifers. It
indicates how the Waimakariri River seepage creates the very best zone of
groundwater quality in the north-western area compared to the poorer quality
groundwater to the south, where the river seepage is less dominant and the effects of

aguifer recharge via drainage through the land surface show a greater effect.

3.12. Therefore, any loss of Waimakariri River seepage recharge is a concern because it
reduces the quantity of water available within the Christchurch City aquifers, which
creates an effect on both groundwater yields from wells and the baseflow in spring-fed
streams. Furthermore, a loss of river seepage means that poorer quality recharge from
infiltration of water through the land surface creates a more dominant effect on the

water quality beneath the City area.
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3.13.

3.14.

3.15.

3.16.

10

Our quantification of the seepage losses from the Waimakariri River is not precise.
Figure 8 shows the seepage losses estimated from river gaugings under a range of low
flow conditions. The blue diamonds show the estimated flow loss and the vertical bar
shows the error range associated with that flow loss measurement. Based on the data
that is presented, | have assumed there is a steady seepage loss of around 7.5 m3/s
(as indicated by the red line in Figure 8) and no evidence of declining recharge at times
of lower river flow. However, it is important to recognise that the size of the error bars

is large, demonstrating that the measurements are very approximate.

Figure 9 has been prepared as a schematic diagram to represent the river recharge
process. The top part of the diagram, (a), represents a typical scenario where the rate
of seepage loss (and aquifer recharge) is proportional to the hydraulic gradient away
from the river and the area of wetted river bed across which the seepage can occur. In
the typical setting in Figure 9, the aquifer recharge will be quite sensitive to river flow
and as the river flow declines, the river level becomes lower, resulting in a lower
gradient away from the river and a smaller wetted surface of river bed through which
seepage can occur. Both these factors will cause less seepage into the underlying

groundwater at times of lower river flow.

However, in larger braided rivers, such as the Waimakariri, it seems likely that a
modified recharge mechanism will be at work whereby the braided river channels occur
within a zone of permeable gravels which are regularly mobilised during times of high
flow. Outside of that mobile permeable zone, more silty gravels occur which would
form the limiting surface across which the aquifer recharge occurs. This situation is
shown schematically in the lower half of Figure 9(b). In that situation, the critical
recharge parameters of the area of seepage surface and the hydraulic gradient across
that surface are somewhat removed from the changes in river flow in the braided
channels. The river flow and river level still has an effect on aquifer recharge, but the
effect is buffered across the river bed gravels so that no obvious trend may be

observed, as is apparent in Figure 8.

Whilst the measured flow loss show no obvious trend (Figure 8), it is to be expected
that longer periods of lower river levels will cause reduced recharge into the
Christchurch aquifers, although the change might not be immediately obvious from

direct observation, due to the mechanism shown in Figure 9(b).
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3.17.

3.18.

3.19.

3.20.

11

This loss of recharge due to prolonged periods of lower flow caused by the CPW
abstraction from the Waimakariri River is consistent with the CPW assessment of
effects. In paragraph 177 of Mr Weir's evidence, he reports that his numerical model of
the scheme’s impacts indicate a reduction in the groundwater recharge rate of
approximately 5% from the Waimakariri River is expected to occur. In the same
paragraph, Mr Weir goes on to say that this reduction in river recharge to groundwater
is off-set by the additional land surface drainage that would enter the groundwater
system under the proposed CPW irrigation area. However, such a change represents
an adverse effect on the Christchurch City groundwater system. As noted in paragraph
3.12 and Figure 7 of my evidence, the Waimakariri River seepage is a very good
quality source of recharge and to lessen its contribution and replace it with poorer

quality land drainage recharge is not desirable.

Furthermore, in paragraph 195 of Mr Weir's evidence, he describes how his
simulations of land drainage effects take between 3 and 5 years for their groundwater
effects to fully develop. However, the effects of abstraction from the Waimakariri River
flow would be expected to occur over a much shorter timeframe. Therefore based on
CPW'’s own assessment there is a 3-5 year period during which the loss of Waimakariri
River recharge would occur without the compensating benefit of extra land surface

recharge that Mr Weir relies on to mitigate the effect.

Whilst | am not convinced that the numerical output from Mr Weir's modelling exercise
is particularly precise, | think the type of effect he describes is correct, namely there will
be a small loss of recharge from the Waimakariri River and an increase in land surface
drainage that will build up from beneath the irrigation scheme area. That change is
clearly an adverse effect for the Christchurch City aquifers. However, it is difficult to
judge whether it is an effect that is more than minor. Based on our current
quantification of river recharge (Figure 8), | am of the opinion that the change in aquifer
recharge from the Waimakariri River into the City aquifers is most likely to be of a minor
nature and therefore does not provide a basis for declining the CPW applications. But |

also recognise that there is a large degree of uncertainty in reaching such a judgement.

The concern and uncertainty about losses of Waimakariri River recharge to the City
aquifers can be alleviated by leaving more water in the Waimakariri River and reducing
the quantity that CPW can abstract at certain times. The accuracy with which the

recharge is measured (Figure 8) does not provide any basis for deciding how much
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12

water should be left in the river to protect Christchurch aquifer recharge. However, the
preservation of that recharge should be considered as a factor in support of other
submitters who seek a more generous allocation in the river for ecological and

recreational reasons, and to protect existing abstractors.

3.21. | am not qualified to make any judgements on the ecological and recreational
requirements of the river. However, for comparative purposes | have prepared Figure
10, which shows the average allocation regimes for the Rakaia and Rangitata Rivers,
both of which have been determined by Water Conservation Orders. Figure 10 also
shows the current state of allocation from the Waimakariri River and how that would
change if CPW were granted the consents they are seeking. These three rivers have
been chosen for comparison because they are all fed from alpine glaciers and have

similar patterns of seasonal flow variability.

3.22. Figure 10 shows both the river flow and the allocated quantity as a percentage of the
median river flow. This has been done for comparative purposes. To provide a

reference point for the measurements the median flows of the rivers are listed below.

Table 3: River Flow Summary (from ECan records)

River Median Flow" Mean Flow?
(m3/s) (m?/s)
Waimakariri (at Old Highway Bridge) 87 120
Rakaia (at Fighting Hill) 161 216
Rangitata (at Klondyke) 77 99

Notes: 1 The median flow is the middle value in the range of flows within the river. The
river flow is greater than the median for 50% of the time and less than the
median for the other 50% of the time.

2 The mean flow is the average of all the flow values that have been measured.

3.23. Figure 10 indicates that what CPW are asking for is an unusually generous allocation,
and as noted in paragraph 3.9, it is for a considerably larger abstraction than what was
contemplated when the Waimakariri River Regional Plan was prepared. Therefore it
would seem likely that an allocation that leaves more water in the river could be more
appropriate and it would lessen the risk of loss of seepage recharge to the Christchurch

aquifers.
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3.24. The point | am making with regard to Christchurch aquifer recharge from the

Waimakariri River can simply be summarised as follows:

the seepage losses from the Waimakariri River are an important component of

recharge for the Christchurch City aquifers;

the seepage recharge into the City aquifers will decrease when river flows are

held lower, a fact that is agreed with the CPW experts;

the effect on the City aquifers is likely to be minor based on our judgement from

current information, but there is a large degree of uncertainty in that judgement;

the risk that is associated with that uncertainty can be minimised if any allocation
of Waimakariri River water granted to CPW leaves more water in the river than
what CPW are asking for;

allocation rules for the Rakaia and Rangitata Rivers provide an indication that the
allocation that CPW are seeking is excessive and provides an indication of what

a more reasonable allocation regime might be.

3.25. Furthermore, because of the uncertainty about this river seepage effect on the
Christchurch aquifers, this is an issue that needs to be monitored and should trigger a
review of the CPW allocation conditions if any adverse decline in Christchurch aquifer

recharge is observed to occur.

3.26. CCC'’s interest in preserving the river recharge to the Christchurch City aquifers, is
therefore likely to be consistent with the interests of some other submitters who seek
an allocation regime for CPW that is more favourable to more flow remaining in the
river, however, as noted earlier, | do not consider that Christchurch aquifer recharge
should be used as a basis for declining the CPW application to abstract water from the

Waimakariri River.

3.27. From my review of the CPW application and their supporting evidence, there are two
other aspects of their proposal that could be used to support the flow in the Waimakariri

River that drives the Christchurch aquifer recharge. These are:

the storage reservoir is an integral part of the CPW scheme, in fact in paragraph
30 of Mr Donker's second brief of evidence, he concludes that the need for
storage is essential (last sentence of Mr Donker’s second brief of evidence). If
the use of that storage reservoir could be maximised, it would allow abstractions

AJP-426969-10-16-V1

J)\C01800-C01849\C01842_Central_Plains\500_CCC\H_Evidence\AJP-426969-10-16-1 Evidence - Peter Callander.doc



14

from the Waimakariri River to occur under a regime that allows more water to
remain in the river. As a result, granting a consent for the largest storage
reservoir size of 280 million m3 is a measure that can help Christchurch aquifer
recharge, provided that storage is utilised to enable more flow to be left in the

Waimakariri River;

as noted earlier, paragraph 118 of Mr Tipler's first statement evidence presents
the range of scenarios that CPW could operate under. In terms of preserving
Christchurch aquifer recharge, an abstraction at the smaller end of the range, i.e.

20 m3/s would be preferable.

4. LAND USE IMPACTS ON GROUNDWATER LEVELS

4.1. CPWT propose to irrigate 60,000 ha of land within a command area of 101,800 ha. In
the process of distributing and using this water, there is an increase in the amount of
water that drains to the underlying groundwater. The magnitude of these extra
contributions to groundwater are quantified in the water balance of the groundwater
model that CPW have used to assess their scheme impacts, as summarised below

(from Appendix P of Mr Weir's evidence).

Table 4: CPW’s Water Balance Estimate (from Julian Weir's evidence Appendix P)

Prior to CPW Scheme Following Implementation
(m?3/s) of CPW Scheme (m3/s)
Groundwater Inflow
Surface Water 44.4 47.3
Land Surface Recharge 29 33.1
Stockwater 3.7 3.7
Irrigation Distribution Channels 0.2 4.0
Total Inflow 77.3 88.1
Groundwater Outflow
Surface Water 29.5 37
Offshore Flow 9.5 9.9
Lake Ellesmere 11.2 12.4
Irrigation Abstraction 13.7 10.8
Non-Irrigation Abstraction 5.9 5.9
Total Outflow 69.8 76

4.2. In my view, this regional scale groundwater flow model is not a particularly precise

instrument for assessing groundwater level changes at a local level and the overall
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4.3.

4.4,

4.5,

4.6.

15

quantification of the water balance may also have errors in some components.
However the point of reproducing the water balance in the preceding table is to present
CPW's estimates of the extra input to the groundwater that will arise from their scheme,

namely:
an extra 3.8 m3/s from leaking water races and by-wash into soakholes;

an extra 4.1 m3/s from land drainage through the irrigated soils.

This extra drainage into groundwater will help improve the groundwater allocation
availability beneath and downgradient of the scheme area, which ECan staff currently
consider to be over-allocated. However the extra drainage can create problems due to

raised groundwater levels.

CPW'’s prediction of the groundwater level changes is carried out via their regional
groundwater flow model. An example of the accuracy of this model is demonstrated by
its ability to reproduce historical groundwater level measurements. As shown in
Figure 11, the results are quite variable. These examples from around the

Christchurch area show that:

in well M35/1878 at Hornby, the model provides a relatively good representation

of groundwater levels;

in well M35/5560 at Ilam the model estimates groundwater levels that are around

4 m too low;

in well M35/1079 at Yaldhurst the model estimates groundwater levels that are

around 4 m too high;

in well M36/0250 north of Lincoln, the model estimates groundwater levels that
are around 5 — 10 metres higher with considerably more seasonal fluctuation

than what occurs in the groundwater levels that have been measured.

The purpose of highlighting these errors is not to say it is a bad model, rather to
emphasise that it is a regional scale model and cannot be expected to give a precise

representation of what might happen in any particular area.

Figure 12 shows the predicted rise in groundwater levels at times of high water table
conditions presented in Mr Weir's evidence. | would view this as being indicative of the
general type of water level change that might occur, but no more than that. It is not a

precise estimate of the magnitude or extent of the rise due to the variability in the
AJP-426969-10-16-V1
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natural strata and the uncertainties and simplifications that occur in the modelling

simulation.

However, the general location of the rise shown in Figure 12 is reasonable, and | would
not expect big groundwater level rises to occur in the Christchurch urban area due to
the large separation distance from the irrigation scheme area and due to the controlling

influences of the spring-fed streams and the Waimakariri River.

Based on the applicant’s prediction of rises in the highest water level elevations, the
concern for CCC is the potential this might have on land drainage in the rural area
affecting land use, buried stormwater and sewer lines, cemeteries and gravel pits and
also on groundwater quality due to inundation of sewage disposal systems, offal pits,

landfills, cemeteries and contaminated sites.

These are likely to cause localised problems in the rural area. Where the groundwater
comes close to the ground surface, the problems can be mitigated by the installation of
drainage works or by altering the structures that are affected by the high water table,

such as on-site sewage disposal systems.

A commitment by the Applicant to the implementation of appropriate mitigation
measures is considered to be a necessary requirement if this scheme is to go ahead. |
understand that CPW has recognised this and such mitigation measures are described
in paragraph 23 of Mr Lewthwaite’'s second brief of evidence. However, his offer is
only to “consider” mitigation, and only “if it can be demonstrated that there are adverse
effects as a direct consequence of CPWES”. In my opinion, that is an unreasonable
proviso on the mitigation offer because of the wide range of variables that impact on
the groundwater system which may make it impossible to conclusively prove that a
drainage problem has arisen, or an existing situation is prolonged, as a direct
consequence of the CPW scheme. Recognising this uncertainty and taking on board
CPW’s acknowledgement that they will cause some drainage problems and generally
increase the groundwater beneath the Central Plain’'s area, it would seem more
appropriate to word consent conditions such that CPW must implement mitigation
measures unless they can demonstrate that the problem existed prior to their scheme
operation and that the problem has not been worsened by the CPW scheme, or that
the problem has some explicit clause that is not related to CPW activities. Such an

approach places the burden of proof on CPW and encourages them to do adequate
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pre-development monitoring of groundwater conditions and manage their scheme in a

way that minimises these effects.

Whilst most land drainage problems can be addressed by mitigation measures, there is
an area of quarries to the west of the Christchurch urban area near Yaldhurst and at
McLeans Island (within the CCC territorial boundary) that is of particular concern to
CCC. This is an important aggregate source for Christchurch City and the quarries are
operated in pits, some of which are 8 or 9 m deep and some that are backfilled with

solid waste materials.

The quarry activities are carried out above the water table, in accordance with CCC
and ECan rules. However, a rise in the highest water table as predicted by CPW would
interrupt the current operation of these activities and could limit the future availability of
this resource. It could also cause the water table to inundate some of the solid waste

backfill deposits, creating localised groundwater contamination problems.

Because these pits are several metres deep, there is no easy drainage route to
mitigate this effect and CCC are concerned about the possible limitations to this
aggregate resource that arise. More information on these effects will be provided in the
submission by the major quarry owners and CCC support their concern. It will be
important to see that CPW has a reliable mitigation strategy for this potential adverse
effect before consent can be granted. From my review of the application information,

this issue has not been addressed and currently is unresolved.

It would seem to me that CPW will need to demonstrate they have an effective and
reliable mitigation strategy that can be implemented to address all these potential

concerns at times of high water table conditions before consent can be granted.

Even with the mitigation strategies in place, the land drainage effect on groundwater
levels will still require detailed monitoring and the ability to review the conditions of

consent depending on the results from that monitoring.

One final concern about the mounding of the water table caused by the scheme is the
creation of a more northerly component of groundwater into urban Christchurch. As
seen in Figure 7, the groundwater quality to the south and south-west of the City is
relatively poor. If as a result of the extra recharge created by the irrigation scheme
areas this poorer quality recharge made a greater contribution to the City groundwater,
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with less recharge coming from Waimakariri River seepage, that would constitute an

adverse effect, as | have mentioned before.

The significance of this effect is difficult to judge and, given all the variable factors that
impact on groundwater quality, it would be difficult to monitor and clearly demonstrate a
cause and effect due to the CPW scheme. At a conceptual level, it appears
reasonable to expect that the effect will occur (i.e. a slightly more north-west
component and greater contribution of land based recharge entering Christchurch
City). However, given the large separation distance between the CPW irrigation area
and the City, along with the controlling effect on groundwater flow that is provided by
the spring-fed streams, the change in groundwater flow directions is likely to be of a
minor nature and unlikely to be discernable relative to other more localised impacts on

groundwater quality.

Therefore, the effect of groundwater level change on the quality of the groundwater
recharge entering the aquifers is likely to be adverse, but less than minor. Of more
concern is the potential for raised water tables in the rural area to impact on land use
activities and to cause localised areas of groundwater contamination. This could cause
more than minor adverse effects and requires an effective monitoring and mitigation

strategy to be in place before consent can be granted.

LAND USE IMPACTS ON GROUNDWATER QUALITY

The extra drainage of water to groundwater beneath the new irrigation areas will
contain contaminants derived from the land use activities. CPW are proposing to
implement a high standard of land management practices and require the development
of audited farm management plans. Provided that this strategy is implemented in an
effective manner, then the main contaminant of concern that will affect the underlying

groundwater is nitrate derived from animal effluent and fertiliser applicants.

Nitrate is already a problem that is affecting groundwater on the Central Canterbury
Plains due to current agricultural land use practices as well as on-site sewage
discharges. Figure 13 shows the maximum nitrate-nitrogen concentrations relative to
the Maximum Acceptable Value specified in the Drinking Water Standards for New
Zealand 2005. Some wells, shown as red dots, already have periods of time when

they exceed that Maximum Acceptable Value.
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5.3. The elevated nitrate concentrations from CPW could impact on groundwater in aquifers
downgradient from the scheme, which includes deep aquifers to the south of
Christchurch which are a potential source of future water supply (Figure 5a) as well as
the shallower aquifers, which provide springflow into Lake Ellesmere, part of which falls
within the CCC boundary (Figure 1).

5.4. Evidence from the groundwater modelling exercise undertaken by CPW also indicates
some flow paths from beneath the northern part of the scheme area contributing flow
into the deep aquifers in Christchurch City, as shown in Figure 14(a) and 14(b). In
reality, there is little data to be certain of the direction of these deep flow paths,
although based on the Applicant’s information, we need to consider that drainage from

beneath the CPW irrigation area could contribute to Christchurch groundwater.

5.5. When considering the potential impacts of CPW nitrate on the underlying groundwater,
it is helpful to refer to Figure 15, which indicates the relative contributions of river
seepage and rainfall derived seepage that make up the groundwater. These plots of
the relative composition of the groundwater are derived from oxygen isotope sampling.
The blue dots indicate a significant contribution of river seepage, which will dilute and

lessen the concentration of contaminants from land drainage.

5.6. Therefore, Figure 15 indicates that the main area of groundwater quality concern from
irrigation drainage water is in the central zone of the plains. There is still a concern for
groundwater further to the north, including Christchurch City, although the effect from

the irrigation water is moderated to some extent by recharge from river seepage.

5.7. Figure 15 also shows the age of the groundwater. That is the number of years that the
water has been moving through the groundwater flow system. This information
indicates that most of the groundwater downgradient from the CPW scheme areas is
several 10s of years old. The implication of that is that the current groundwater quality
does not yet fully represent the effects of current agricultural land use practices.
Furthermore, if the CPW proposal goes ahead, it will be a few 10s of years before its

full impact on groundwater quality is observed.

5.8. CPW have indicated they will manage their land-use impacts using an adaptive
management approach i.e. revising farm management practices based on monitoring
data from the effects that arise from those practices (paragraphs 27, 60-63 of Claire

Mulcock's evidence). However, in my view, adaptive management for groundwater
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quality effects in this setting does not appear to be a practical option when it takes a

few 10s of years before the effect that you are managing becomes apparent.

5.9. Therefore, because the effects take a long time to show up and because they have the
potential to impact on a wide area of groundwater, including Christchurch City aquifers
and Lake Ellesmere, it is important that the potential generation of nitrate and it's

migration into groundwater is managed conservatively.

5.10. The CPW assessment of nitrate impacts on groundwater is presented in the evidence
of Mr Tipler. It is based on annual average inputs of nitrogen and drainage water for a
range of different soil types and farming practices. The assessment acknowledges that
the mass of nitrogen entering groundwater will increase significantly as a result of the
scheme, but because of the extra drainage water (both from irrigated land and from
water race leakage), there may be little change in nitrate concentrations. An example

of my understanding of the possible effect, as assessed by CPW, is set out in Table 5.
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(sourced from CPW

Pre-CPW Post CPW Percentage
Change Created
by CPW
Unirrigated Irrigated Total Irrigated
Land Land Land
Area (ha) 36,000 24,000 60,000 60,000
(C Tipler Tables 3 & 4)
Soil Drainage (mm) 220 543 543
(J Bright para 27)
Total soil drainage 79.2 130.3 209.5 325.8 +56%
entering groundwater
(million cubic metres)
Mass of nitrogen draining 15 ~50 ~50
into groundwater
(kg/halyear)
(G Francis paras 22- 25
and C Tipler para 40 - 49)
Total mass of nitrogen 540 1200 1740 3000 +72%
entering groundwater
(tonnes)
Concentration of Nitrogen 6.8 9.2 8.3 9.2 +11%
in soil drainage (mg/L)
Extra dilution from water 62.8 158.5
race leakage (million
cubic metres)
(C Tipler Table 1 & 2)
Nitrogen concentration 6.4 6.2 -3%

after full mixing (mg/L)

5.11. As an aside, there is an obvious tension between the extra scheme drainage water

helping to reduce nitrate concentrations in the underlying groundwater but contributing

to the high water table problems discussed in Section 4 of my evidence.

5.12. Mr Tipler concludes that there will be a small increase in the lower and mid-range

nitrogen concentrations, but the highest concentrations will not increase. Therefore, in

terms of the Maximum Acceptable Value in the Drinking Water Standards for New

Zealand 2005, he concludes there is no adverse effect.
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5.13. | am not so certain that the conclusion he reaches is valid. Firstly the elevated
concentrations in the lower and mid-range numbers will contribute flow to the springfed
streams further down the plains which may contain eco-systems with a lower tolerance
of nitrate than the Drinking Water Standards. So there is more to consider than just the
drinking water standards. Secondly, Mr Tipler's assessment of this effect does not
consider spatial variation (as noted in para 53 of his first brief on this topic) or seasonal
variations (para 39 of his first brief) in the occurrences of nitrate in the groundwater.
However the reality is that the occurrence of nitrate in groundwater across the central
plains is strongly influenced by spatial distribution (Figure 13) and seasonal variation.
Therefore whilst Mr Tipler claims that his modelling provides a reasonable match to the
distribution of nitrate concentrations that occur across the plains, this has been
achieved using a model that does not incorporate some of the significant factors that
cause the variability of nitrates in the real world. In that situation a good match of the
distribution of the dataset does not demonstrate that a good reliable modelling

approach has been used.

5.14. In particular, Figure 16 shows there can be significant seasonal variations in nitrate
concentrations which can exceed the Maximum Acceptable Value in the Drinking
Water Standards of 11.3mg/l (e.g. well M35/1003), as well as long-term trends, which
may be increasing (M35/1003, M36/0456 and M36/3683) or decreasing (M35/5918).
Therefore the increase in low to mid-range nitrate concentrations that Mr Tipler predicts
happens against a background trend of seasonal variations and longer term trends in

existing nitrate concentrations.

5.15. Based on all the information presented in the CPW evidence, | think it is reasonable to
conclude that the CPW proposal has the potential to cause an increased number of
individual wells having intermittent times when they might approach or breach the MAV
in the Drinking Water Standards and that in some areas there might be a small
increase in average background nitrate concentrations. Most of these situations would
occur within and just downgradient of the scheme area with the highest concentrations
occurring in shallower wells. With increasing distance down gradient from the CPW
scheme area, | would expect that the annual mixing model presented by Mr Tipler

becomes more realistic.

5.16. Because of the potential for localised adverse effects and because of the overall

increase in the nitrogen content of recharge water to a large area of downgradient
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aquifers and spring-fed surface waterways, it is important that a high standard of land

management occurs within the scheme area.

5.17. CPW appear to have recognised this requirement for a high standard of land use

management as embodied in their scheme and farm management plans which cover:
properly designed and efficiently operated irrigation systems;
water budgeting;
fertiliser and effluent management;
nutrient budgeting;

riparian zone management.

These measures are implemented via training and support for scheme water users, the
development of environmental farm management plans, monitoring of groundwater
levels and quality, surface water flows and quality, and the development of an

environmental fund to implement mitigation measures.

5.18. All of these measures have the potential to lessen nitrate impacts on groundwater and
one of the benefits that can result from the implementation of irrigation via a community
scheme is an ability to implement and control good land management in a way that is

more readily achieved than with a larger number of private irrigation developments.

5.19. Whilst CPW'’s approach to farm management can be described as good practice, a

number of uncertainties still remain with regard to its implementation in particular:

the farm management systems incorporate an adaptive management approach
(i.,e. a feedback loop to adjust the farm management in response to the
environmental effects that are observed). However, if groundwater effects only
become apparent after 10— 50 years of irrigation activities, any adjustment in
management will take a similarly long time to show a change. Therefore, several
decades of adverse effects could occur if the judgement of the best farm
management strategy is incorrect;

there is a difficulty in ensuring that the farm audit records are actually correct;

existing information on farm management strategies does not conclusively show

that it eliminates environmental problems (lan Brown paragraph 39);
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CPW recognise the uncertainty by developing an environmental enhancement
fund to implement mitigation measures, “as the impacts of the scheme cannot all

be determined in advance” (Claire Mulcock, paragraph 92-94).

5.20. Therefore, a potential adverse effect on some water supply wells is possible. CPW
have recognised this and have offered to provide replacement water supplies to
affected parties. That is an appropriate mitigation measure, however, as with the land
drainage issue, CPW’s mitigation offer comes with the proviso that the replacement
well is only provided if the wells fail to meet the drinking water standards “as a direct
consequence of this (the CPW) consent”. In my opinion, placing the burden of proof on
the affected party is unreasonable given the variability that occurs in the assessment of
groundwater effects. Given that the potential for this adverse effect has been identified
by the Applicant, | am of the view that the mitigation should be provided unless CPW
can demonstrate that the adverse effect was in existence before the commencement of

their scheme, or has an explicit cause that is not related to CPW activities.

5.21. In addition to the potential effects on water supply wells, increased nitrate
concentrations in the groundwater can also be expected to impact on groundwater fed
streams, particularly in the centre of the plains. My understanding is that CPW
suggests that the Environmental Management Fund which they propose to set up could
aid with local improvement works around such waterways. | suggest that the
development of such localised improvements could be a means of off-setting some of
the potential wider scale of effects on these streams and should be encouraged.
However that comment is qualified by acknowledging that | do not have particular

expertise on stream ecology.

6. COMMENTS ON CONSENT CONDITIONS

6.1. The issues of concern that | have raised are best addressed by having appropriately
worded conditions on any consent that is granted. CPW’s proposed consent conditions
are presented in the appendix to CIiff Tipler's evidence. Comments on these are
presented as an Appendix to Mr Prebble’s legal submissions. In general | support the
approach that CPW have proposed for monitoring, mitigation and farm management,
although the wording of many of their conditions is a bit too general and non-specific to

be certain that they will achieve their intended purpose.
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6.2. Whilst it is possible to specify a detailed description of all monitoring and mitigation
measures in consent conditions | consider that to be unhelpful as it is desirable to have
some flexibility and judgement as to how the conditions can best be implemented.
Therefore | favour conditions which describe the environmental outcomes that must be
achieved but allow the details as to how they will be achieved to be defined in

management plans to be provided to the satisfaction of the consent authority.

6.3. Given the scale of potential adverse effects that have been described by the Applicant
it is also necessary to have an independent expert panel to oversee the environmental
monitoring and mitigation measures that are put in place. The Applicant has proposed
such an approach in relation to drainage problems, however | think it would be
appropriate for such a panel to have a wider brief to deal with all environmental issues

that are of concern to the CCC.

6.4. With regard to the proposed CPW conditions, | have a concern that the proposed
mitigation measures for drainage and groundwater contamination only apply when the
problems arise “as a direct consequence of the exercise of this consent” (e.g. Condition
18 of consent CRC061972 and Condition 6 of consent CRC061973). It would be
preferable to replace such phrases with the words “unless it is demonstrated that the
exercise of this consent has not contributed to ...”. Furthermore, the two conditions
listed above specifically apply to contamination of drinking water supplies. However,
similar reference needs to be made to all potential adverse effects related to raised
groundwater levels, groundwater contamination and loss of Waimakariri River

seepage.

6.5. In addition to the concerns about conditions discussed above, there are other more
fundamental decisions on the scope of these applications which may lessen the risk of

adverse environmental effects.

6.6. One of the ways of lessening the potential adverse effects is to lessen the area of new
irrigation area that is authorised by the CPW scheme. As part of their assessment of
effects, the CPW experts have made a range of assumptions as to how much new
irrigation area will be developed. These various and different assumptions are

summarised in paragraph 31 of Mr Tipler's second brief of evidence as follows:

a 2006 estimate of groundwater quality impacts from the scheme assumed that

CPW would incorporate either 18,408 ha or 24,000 ha of existing irrigation;
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