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INTRODUCTION
1.

My full name is Peter Francis Callander. I have been engaged by the
Christchurch City Council (Council) to give evidence in relation to the
application for a comprehensive stormwater network discharge consent
(Application).

2.

I hold the qualifications of BSc (Geology) from the University of Auckland and
MSc (Earth Sciences) from the University of Waterloo (Canada).

I am a

member of the New Zealand Hydrological Society since 1989, Water NZ since
1995, and the USA based National Ground Water Association since 2001.
3.

I have been employed since 1991 as a Technical Director of Water Resources
with Pattle Delamore Partners Ltd, who is an engineering and environmental
consultancy.

4.

Previously I had been employed for seven years by the Canterbury Regional
Council (Environment Canterbury) and its predecessor the North Canterbury
Catchment Board. During this time, I was involved with the Regional Council’s
groundwater resource investigations and field trials. Between 1989 and 1991, I
was in charge of that Council’s groundwater section.

5.

I have been involved with the assessment of groundwater flow and aquifer
management in alluvial gravel aquifers for a large part of my career. This has
involved work for Regional Councils in their regulatory capacity and for
organisations carrying out land use activities that impact on the groundwater
resource.

6.

I have been engaged by Council to provide advice on the effects on the
groundwater resource arising from the management of stormwater within the
Christchurch City urban area.

7.

I confirm that I have read and agree to comply with the Code of Conduct for
expert witnesses contained in the Environment Court Practice Note (dated 1
December 2014).

I confirm that the issues addressed in the statement of

evidence are within my area of expertise.
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consider facts or information that might alter or detract from the opinions
expressed.

SUMMARY OF EVIDENCE

8.

The purpose of this evidence is to provide an overview of the groundwater
resource in the Christchurch area and to consider the potential effects on the
groundwater resource that could result from the proposed stormwater
management regime that is described in the consent application.

9.

This evidence covers:
9.1

An overview description of the Christchurch groundwater setting, including
information on groundwater levels and groundwater quality.

9.2

The effects of the proposed stormwater management system on groundwater
quantity.

9.3

The effects of the proposed stormwater management system on groundwater
quality.

9.4

The proposed monitoring programme for groundwater.

9.5

Response to points raised in submissions.

9.6

Response to points raised in the Environment Canterbury Officer's s42A
reports.

10.

I have read and referred to the groundwater aspects of the following documents
in preparing my evidence:
10.1 Resource Consent Application and Assessment of Effects on the Environment
for the Comprehensive Stormwater Network Discharge Consent for
Otautahi/Christchurch City and Te Pataka o Rakaihautu/Banks Peninsula,
June 2015 and subsequent items of further information that have been lodged
with Environment Canterbury.

LEX14926: CRC190445 Peter Callander

2

10.2 The letter, draft conditions, and Environmental Monitoring Programme for the
Comprehensive

Stormwater

Network

Discharge

Consent

for

Otautahi/Christchurch City and Te Pataka o Rakaihautu/Banks Peninsula,
lodged by the Council with Environment Canterbury in July 2018.

10.3 The section 42A Officer’s Report.
11.

In summary, the geologic strata beneath Christchurch comprises permeable alluvial
gravel strata which, towards the coast is inter-fingered with lower permeability
sandy/ silty deposits.

The gravel aquifers provide a productive source of good

quality water that is used for the city water supply. The groundwater also provides
the spring-fed source of the streams and rivers that pass through the city.
12.

Stormwater management should try and replicate the natural pattern of water
movement that occurred prior to urban development, where this can practicably be
achieved. This lends itself to the use of infiltration systems in the free draining
gravel strata where the water table is deeper in the west of the city and detention
basins with surface discharge where finer grained strata and/or shallower water
table occur.

13.

The development of new reticulated stormwater management systems has the
potential to impact on groundwater levels, groundwater quality and spring flows in
urban streams. I consider that the stormwater management systems that are being
proposed by the Council will help to enhance the groundwater system and avoid
contamination of water supplies by ensuring that stormwater infiltration and detention
basins are properly sited, designed, managed and monitored.

An appropriate

regime to achieve this is specified in the proposed consent conditions, amended in
the manner described in my evidence, and the Environmental Monitoring
Programme that has been prepared as part of this consent application.

In my

opinion the overall result is that the effects on the groundwater system from this
application will be of no more than a minor scale.
GROUNDWATER SETTING
Geology
14.

The geologic strata on which Christchurch City is built has been formed by glacial
and river processes originating from the Southern Alps to the west of the City, and
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marine and coastal processes originating from the ocean environment to the east.
These two very different sources of geological materials have occurred in different
parts of the City during the alternating glacial and inter-glacial periods that have
occurred over the last 500,000 years.

15.

Deposition of gravels during ice advances (glaciations) formed fans of unsorted
outwash on the inland Canterbury Plains. As they spread across the plains,
rivers eroded these outwash deposits and sorted them into more permeable
gravel layers that were deposited further down the plains, including into the
Christchurch area.

16.

During the same time period, along the coastline, rises in sea level during
interglacial periods have resulted in the deposition of finer grained (clay, silt and
sand) marine and estuarine deposits. These deposits are thickest at the coast
(and offshore) and become progressively thinner inland.

17.

This sequence of glacial and interglacial periods in the Christchurch area has
resulted in the formation of permeable, glacial and river-derived gravel layers
originating from the inland area to the west, inter-fingered with low permeability
marine and estuarine sediments which thicken in an eastwards direction. The
resulting geological sequence is shown in the schematic west-east crosssection of strata through Christchurch City, presented in Figure 1 in Appendix
A. It represents the sequence of highly productive gravel aquifers that in the
central and eastern city are confined by low permeability marine and estuarine
sediments and further west are relatively unconfined by low permeability strata.
These gravel aquifers are the productive source of the Christchurch water
supply, which is derived from around 150 bores distributed throughout the city
area.

18.

At the ground surface this pattern of deposition has produced the geology that
is mapped in Figure 2 in Appendix A. The deposits fall into two main groups,
as described below:
18.1 the Springston Formation (‘sp’ notation on Figure 2 in Appendix A) provides
the surface geology in the central and western city areas. These are alluvial
deposits formed by the Waimakariri River fan since the end of the last
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glaciation period. These surface deposits are in the order of 10-20 m thick
and have formed three different lithologic units:
(a)

historical flood channels (‘spg’ notation) are gravel dominated deposits
which represent the most recent river channel paths through the area
before the river was constrained by the construction of stop banks;

(b)

overbank alluvial silt (‘sps’ notation) represents the fine grained sand
and silt sediments that remained covering the land following flood
outbreaks from the gravel channels;

(c)

peat deposits (‘spw’ notation) in low-lying swamp areas which are
reported to be up to 3 m thick, although many have subsequently been
consolidated due to the drainage effects.

18.2 the Christchurch Formation (‘ch’ notation on Figure 2 in Appendix A)
provides the surface geology in the eastern areas of the City. These deposits
were formed in a beach and estuarine environment. These processes have
created the following lithologic units:
(a)

sand dune deposits, which have been given the symbol (‘chs’ notation)
for historical dune deposits and (‘chd’ notation) for modern dune
deposits;

(b)

sand, silt and peat from drained lagoons and estuaries has the symbol
(‘chw’, or ‘chp’ notation in the Heathcote Valley).

19.

To the south of the City, the Banks Peninsula volcanoes form a low
permeability consolidated rock mass that represents a barrier to the
groundwater flow that occurs more easily through the unconsolidated alluvial
gravel deposits.

Groundwater

20.

At a very fine scale, the pore space between the individual gravel, sand and silt
particles that make up the geology of the Canterbury Plains are filled to varying
degrees with either air or water.

The water table defines the groundwater

surface below which the strata is fully saturated with water.
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21.

The groundwater within the alluvial plains strata is primarily derived from the
natural loss of seepage from the Waimakariri River and the infiltration of
rainwater (and seepage from stockwater races) on the unconfined gravel
deposits that occur on the western side of the City (beyond the edge of the low
permeability Christchurch Formation surface strata).

22.

Groundwater moves slowly through the alluvial plains strata in a general
easterly direction and near the western edge of the surface confining strata, the
groundwater either discharges into the springs that feed the Styx, Avon,
Heathcote and Halswell Rivers or continues underground to seep into the sea
unless it is intercepted by a water abstraction bore.

This gives rise to the

groundwater flow pattern shown in plan view in Figure 3 in Appendix A. It also
creates vertical flow gradients between different depths of strata which are
shown in the schematic cross-section in Figure 1 in Appendix A. This indicates
a generally horizontal or slightly downwards hydraulic gradient to the west of
the City changing to a strong upwards gradient towards the east as the
groundwater movement through the permeable gravel aquifer layers becomes
more and more confined by the low permeability estuarine and marine
sediments, which thicken in an eastwards direction.
23.

This pattern of geology and groundwater recharge and discharge also gives
rise to differing depths to groundwater within the shallowest gravel strata, as
plotted in Figure 4 in Appendix A. To the west, the water table is several
metres below ground level, and any land use activities that affect aquifer
recharge water contribute to the quality of the groundwater in the City aquifers.
In the centre and east of the City, groundwater in the shallowest gravel aquifer,
which is capped by the low permeability silty and sandy strata, shows artesian
water pressures that are at or above ground level. In these areas, the water
table occurs within the surface fine grained sediments that confine the gravel
strata, typically within a depth of 1-3 m. The depth to the water table in these
central and eastern areas will largely be influenced by the elevation of the
ground surface with the water table being shallowest in low lying areas and
deeper beneath areas of higher elevation. These contrasting effects of ground
elevation are most clearly demonstrated in the historical sand dune deposits
that occur in the New Brighton, Bottle Lake Forest and Brooklands areas, where
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the water table is deepest beneath the higher dune crests and shallow in the
inter-dune troughs.
24.

The preceding discussion and the information in Figure 4 in Appendix A
indicates the general pattern of groundwater elevations across the City. It is
also important to note that at all locations, the depth to water varies throughout
the year, depending on the balance between groundwater recharge and
discharge at any particular time. Figure 5 in Appendix A shows some typical
groundwater level records and indicates the tendency for higher groundwater
levels during late winter and spring (following the months of increased rainfall
infiltration and lower abstraction) and lower groundwater levels in late summer
and autumn (following the months of lower rainfall infiltration and increased
abstraction from water supply and irrigation bores).

The location of the

monitoring bore records plotted in Figure 5 in Appendix A is shown in Figure 2
of the draft Environmental Monitoring Programme which is part of the consent
Application, along with other water level monitoring bores that have been
measured by the Council and Environment Canterbury.
25.

The Council application also covers Banks Peninsula, which has a groundwater
system that is quite different from the alluvial plains part of the City, due to its
volcanic origins. Groundwater is present within the volcanic strata, derived from
infiltrating rainfall, but its movement within the volcanic strata is mostly limited to
flow in fractures. Infiltrating rainfall is also the origin of stream flow within the
valleys, which has resulted in deposition of alluvial sediments derived from
erosion of the local geology. These valley floor deposits can represent local
aquifers, however bore yields are low compared to the City’s alluvial plains
strata.

Much of Banks Peninsula is mantled with loess, which is a wind

deposited silt derived from the Canterbury Plains.
Groundwater Quality

26.

The general pattern of groundwater flow within the gravel aquifers is also
reflected in the quality of the groundwater that is abstracted from water supply
bores.

Figure 6 in Appendix A shows the pattern of nitrate-nitrogen

concentrations in the shallowest aquifers across the City, which is a good
indicator of agricultural land-use impacts, with nitrate being derived from
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fertilisers, stock effluent and on-site wastewater disposal systems. The general
pattern that is shown indicates good quality groundwater (low nitrate-N
concentrations) in the northern part of the City where recharge is dominated by
seepage losses from the Waimakariri River. Towards the south, more elevated
nitrate-nitrogen concentrations occur due to the increasing influence of rainfall
infiltration through the agricultural land use activities relative to Waimakariri
River seepage. The most elevated concentrations in the city area occur at sites
associated with the former Islington freezing works site and old gravel pits that
were used as landfills in the Halswell Junction Road area. The areas with more
elevated nitrate-N values also impact on the surface water quality in the Avon,
Heathcote and Halswell Rivers.
27.

Environment Canterbury specify region-wide water quality limits in Schedule 8
of the Canterbury Land and Water Regional Plan. My understanding is that the
City water supply bores would mostly comply with those limits, as would most of
the groundwater in the aquifers beneath the urban area. The exception to this
is the shallower groundwater in the former area of freezing works and old gravel
pits that exceeds the Nitrate-N concentration limit (maximum <11.3 mg/L and
annual average <5.65 mg/L), as referred to in the preceding paragraph and
shown in Figure 6 (Appendix A). In the Banks Peninsula area groundwater
from the volcanic strata can show elevated concentrations of Manganese,
which could exceed the Schedule 8 limit of 0.2 mg/L, however any such
exceedances are derived from the naturally occurring minerals within the
volcanic strata.

EFFECTS OF STORMWATER MANAGEMENT ON GROUNDWATER QUANTITY

28.

Infiltration of rain water is an important component of the groundwater system.
It contributes to the quantity of the groundwater resource based on the amount
of infiltration that occurs. Urban development changes the natural pattern of
rainfall infiltration by creating less pervious surfaces (i.e. replacing the natural
soil cover with roof and hardstand areas), which generates more stormwater
runoff. The way in which that stormwater is managed will influence the long
term effects of urban development on the groundwater resource and the springfed headwaters of the urban streams.
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29.

As a general rule, it is considered good practice to generally manage
stormwater in a similar manner to the pattern of rainfall migration that was
occurring in the natural environment prior to urban development, where this can
be achieved in a pragmatic manner. The geological setting of Christchurch
defines two main areas with differing infiltration characteristics.
29.1 The western side of the city has more sandy/gravelly strata and a deeper
water table with characteristics that facilitate rainfall to infiltrate down through
the soil to recharge the underlying groundwater. Therefore, the western side
of the city has many areas where permeable surface strata and deeper water
tables allow stormwater to be managed by infiltration systems. This allows
rainfall to continue to recharge the groundwater system, albeit at more
concentrated infiltration points (e.g. infiltration basins) rather than the more
widely distributed rainfall infiltration that occurs in an undeveloped situation.

29.2 The eastern side of the urban area tends to have more fine grained surface
strata that overlie the deeper gravel aquifers. The surface strata confine the
aquifers and, coupled with high artesian pressures within the gravel aquifers,
limit the infiltration of rainwater. In these areas it is generally good practice to
manage large scale urban stormwater systems by discharge to surface
waterways, with detention basins used to provide treatment of the stormwater
prior to discharge.

29.3 In Banks Peninsula, any settlement reticulated stormwater networks are likely
to be in areas where the natural strata are more amenable to detention
basins, or direct discharge to the sea, rather than infiltration to groundwater.

30.

A key objective of the Application is to avoid an ad hoc approach to the
management of stormwater discharges.

Instead, the intent is to develop a

consistent catchment-based approach to stormwater management. I consider
that this catchment-based approach is consistent with best practice with regard
to groundwater effects, provided that the conditions of consent are
appropriately framed.
31.

The Council seeks to implement two main stormwater management options
depending on the contrasting surface geology in western and eastern
Christchurch:
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31.1 infiltration facilities; and
31.2 detention basins with wetland/surface water release.
32.

The main impacts on the Christchurch aquifer system arise from infiltration
facilities. These are stormwater management systems whereby the collected
stormwater is allowed to soak into the ground at a controlled rate (usually
around 20 mm/hr to 50 mm/hr).

Properly sited and designed, this disposal

method provides an opportunity to slowly dispose of a large quantity of water
without causing flooding in, or erosion to, local drains or streams.

It also

provides water quality benefits as the infiltration facility can act as a filter,
trapping contaminants in the soil or other infiltration media of the facility. It is
generally seen as desirable to manage the stormwater in a way that promotes
groundwater recharge where it is practicable to do so, provided that it does not
adversely affect the way in which groundwater can be used for abstraction
purposes.
33.

The Council stormwater design philosophy, as set out in their Infrastructure
Design Standard, is to use infiltration facilities in areas where there is
permeable strata and there is sufficient depth to groundwater, provided that the
contributing catchments do not pose an unacceptable risk of contamination.
The advantages of using an infiltration facility are that it promotes aquifer
recharge so as to maintain or enhance groundwater levels and baseflow to
streams.

34.

Where detention basins and wetlands are used, these will also interact with
groundwater, but this will tend to be in the areas of Christchurch where there is
lower permeability surface strata that confines the water bearing aquifers such
that the effects of this form of stormwater management are more related to
surface water values.

The Groundwater Balance

35.

The groundwater balance refers to the quantities of recharge and discharge
that occur to and from the groundwater system.

The use of stormwater

infiltration systems in the western side of the city (over the unconfined aquifer)
can

slightly

increase
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in

evapotranspiration losses arising from the smaller area of pastoral land cover.
This is generally seen as a positive change that offsets some of the effects of
groundwater abstraction.
36.

The use of detention basins and stormwater discharges to surface waterways
represents a reduction in rainfall infiltration into the ground; however, this type
of stormwater management tends to occur in areas where rainfall infiltration
does not reach the underlying gravel aquifers. Although in the transition area
as groundwater in the permeable western strata becomes too shallow for
infiltration facilities there will be some loss of infiltration to the aquifers. This is
one of the consequences of urban development. Any such loss of recharge
tends to occur in areas where the groundwater is discharging to urban streams,
so at a larger scale I do not consider that the change in the groundwater
resource is significant.

37.

Overall, in terms of the groundwater balance for the Christchurch aquifer
system, Council’s approach to stormwater management, as set out in section
5.2 of their Infrastructure Design Standard will help to minimise the impacts of
urban development on the underlying groundwater system. Proposed condition
26 requires that stormwater management occurs in general accordance with
this standard and other similarly intentioned documents.

Groundwater Levels

38.

The way in which changes in the groundwater balance manifest themselves is
through changes in groundwater levels. Groundwater levels are measured in
boreholes to provide records such as those shown in Figure 5 (Appendix A)
and the level at any particular point in time represents the balance between the
various components of groundwater recharge and groundwater discharge.

39.

As noted above, if the groundwater balance does not change significantly, there
should be no major widespread change in groundwater levels. However, on a
more localised scale, changes can be expected to occur in both the timing and
magnitude of groundwater level fluctuations due to changes in infiltration
patterns; i.e. less infiltration where impervious surfaces cover the ground and
more concentrated infiltration around ground soakage systems during rainfall
events.
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40.

Numerical modelling exercises in Christchurch groundwater settings indicate
that the effect is greatest directly underneath infiltration basins and most
noticeable changes do not extend further than around 100-200m from the
basins. Provided the basins are sited in areas where groundwater is sufficiently
deep then no adverse effect will arise from the localised effects of groundwater
mounding beneath an infiltration facility. The size and depth of the infiltration
basins are reviewed by Council engineers as part of the Council’s internal
design approval process, as operator of the stormwater network.

41.

Consideration also needs to be given to the interaction between groundwater
and detention basins, or any other surface discharge facilities, such as
wetlands. These stormwater systems, which are designed to hold or convey
water and discharge it into surface water networks, may experience some
passive discharge of stormwater into land through low-permeability soils which
line the base and sides of the system. The volume of water lost to passive
infiltration is very small compared to the total volume of stormwater passing
through the system and it is likely that the water that reaches the shallow
groundwater would be largely contaminant-free due to the high contaminant
removal efficiency of low-permeability underlying soils. Therefore the effects of
this very small volume of infiltrated water are considered negligible and would
not be expected to impact on the permeable water bearing strata used for water
supply bores.

42.

In addition to the small seepage discharge described above, there may also be
situations where infiltration of shallow groundwater into the basin may occur
and lessen its storage capacity. Both these issues can be resolved through
judicious siting and design of the stormwater basins which also forms part of
the review by Council engineers in their approvals process for stormwater
management systems.

Urban Infrastructure Effects

43.

Stormwater infrastructure
underground

pipework

associated
(which

also

with

urban

occurs

for

development
sewer,

includes

wastewater,

telecommunication and electrical networks) and infiltration or detention facilities.
All these excavations have the potential to intercept and divert groundwater. In
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the Christchurch environment this interception can coincide with discrete seams
of permeable gravels, some of which are linked to spring discharge points in
surface waterways. It is therefore important that construction measures are
utilised that do not intercept or divert these permeable seams away from their
natural flow path, provided that flow path does not in itself cause an adverse
effect.
44.

Council now requires any major new stormwater pipe networks to be designed
and constructed so that any diversion and discharge of shallow groundwater
that might impact baseflow in streams and springs is avoided by implementing
appropriate mitigation measures (as noted in section 5.10.8 of the Council's
Infrastructure Design Standard1). These measures involve ensuring that any
diversions of groundwater flow in permeable gravel seams are returned to
similar strata, or surface waterways, within the same catchment and by using
low permeability backfill in the trenches for underground services to provide a
plug that avoids diversion into a different catchment.

45.

For infiltration facilities, it is important to recognise that high groundwater levels
will reduce infiltration characteristics and may cause groundwater inflow to an
infiltration

basin,

thereby

causing

reduced

basin

storage

capacity.

Consequently a detailed assessment of the potential range of groundwater
level fluctuations is required to ensure the appropriate siting and design of
infiltration facilities for stormwater management.

Such an assessment is in

keeping with the design approach set out in proposed conditions 26 – 34.
Springs

46.

The groundwater system maintains the baseflow to the spring-fed streams of
Christchurch

via

general seepage

through

the

streambed and more

concentrated higher inflow rates at discrete spring vents. Historical stormwater
development patterns have tended to intercept rainfall infiltration and pipe it
directly to the surface waterways. These measures contribute to the drying up
of stream headwaters and an increase in flood peaks during storm events.
Therefore, wherever possible, the infiltration of stormwater into the ground
should be promoted to enhance the storage characteristics of the groundwater

1

https://ccc.govt.nz/consents-and-licences/construction-requirements/infrastructure-design-standards/download-the-ids/
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resource and the slow release of groundwater to the springfed streams over a
prolonged time period.

Such an approach is consistent with the design

documents specified in proposed condition 26.
47.

Provided the infiltration facilities are appropriately sited, designed and
monitored (as confirmed by the Council design guides and engineering review
process) then it is expected that the proposed stormwater management
measures described in this consent application will maintain the recharge to the
Christchurch groundwater system as far as practicable.

EFFECTS OF STORMWATER MANAGEMENT ON GROUNDWATER QUALITY

48.

Whilst the predominant source of recharge to the Christchurch aquifers is
derived from Waimakariri River seepage (estimated at around 65% of total
Christchurch aquifer recharge (Scott, 2010)), infiltration of recharge still has an
effect on groundwater quality due to the chemistry of the rainwater and how
that chemistry changes as it infiltrates through the ground surface.

The

groundwater beneath Christchurch is used to provide the city drinking water
supply and is also the source of baseflow for the urban waterways. As a result
it is important to minimise the risk of groundwater contamination that could arise
from stormwater discharges.
49.

Many of the new urban developments in Christchurch occur on land that was
predominantly agricultural in nature.

The previous activities on this land often

introduce fertilisers and pesticides onto the land, which could enter into the
shallow groundwater system. Domestic wastewater generated by farms or rural
homes is usually treated by on-site wastewater systems and disposed of
through drain fields in the ground.
50.

The

conversion

of

the

rural

areas

into

primarily

residential

or

commercial/industrial areas results in changes in the stormwater characteristics.
It is expected that nutrients and pesticides will generally decrease, while the
opportunities for the introduction of heavy metals and hydrocarbons will
increase. Increased urbanisation also has the potential to have a greater risk of
contaminants entering the groundwater as a result of accidental spills.
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51.

Table 1 below summarises the concentrations of contaminants in Christchurch
stormwater (based on Table 4 of the AEE) relative to the Drinking-water
Standards for New Zealand (MoH, 2008), given that drinking water is the main
use of groundwater in Christchurch City.

Table 1: Summary of Typical Stormwater Quality, based on Table 4 of the
consent application
Stormwater Parameter

Expected Quality
of Stormwater

Drinking Water Standards
for New Zealand 2005
(Revised 2008)
(Health or Aesthetic
Guidelines)

Suspended Solids (g/m 3)

<200

2.5 Nephelometric Turbidity
Units

<4

11.3 as Nitrate-N

Nutrients (g/m3)
Total Nitrogen
Total Phosphorus

<0.5

Total Metals (g/m3)
Zinc

<0.7

1.5

Copper

<0.05

1

Lead

<0.04

0.01

Cadmium

<0.002

0.004

8,000

<1 (E. coli)

Bacterial Pollution (MPN/100 mL)
Faecal Coliform

52.

This comparison indicates that the most significant groundwater quality issue
arising from stormwater discharges to groundwater result from bacterial
pollution, as indicated by E. coli. This is because of the very low concentrations
that can cause a harmful effect in drinking-water supplies. In contrast, E. coli in
stormwater are less of an issue when discharging to surface waterways
because those waterways already have elevated concentrations due to the
effect of waterfowl and other animals.

53.

Whilst suspended solids and lead concentrations in stormwater can be over the
drinking water standards, there is significant attenuation between the
concentrations in stormwater and the migration through groundwater to reach a
point where it is abstracted from a water supply bore such that none of the
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contaminants shown in Table 1 would pose a threat to the drinking-water
standards at a water supply bore, other than bacterial pollution.

That

attenuation is achieved by requiring a separation distance between the
infiltration basins and water supply bores, as specified in proposed condition
30.

For existing facilities that don’t meet the default criteria in proposed

condition 30 a and b, I expect they will have been assessed on a site specific
basis as discussed in section 30c and CRC would have been involved in any
consent approvals for those existing structures.
54.

In my view the separation distance between infiltration devices and water
supply wells should relate to community drinking water supply wells, because
those pose the greatest risk from a contamination incident.

Furthermore, I

would expect that the area in the vicinity of a stormwater infiltration basin and a
water supply bore would have a reticulated water supply available, which would
provide an alternative water source to any property with a private water supply
bore, thereby avoiding the contamination risk.
55.

As part of the overall stormwater management objective, the stormwater is to
be treated so that the contaminants do not adversely affect the receiving
waters. The two stormwater management options proposed for Christchurch
City (infiltration facilities and wetlands/surface water releases) both have the
potential to affect the receiving water quality. However, with wetlands/surface
water releases, the stormwater does not directly recharge the permeable water
bearing aquifer at the point of discharge.

56.

Infiltration facilities have the potential to introduce contaminants directly to the
groundwater and therefore have the potential to affect the groundwater quality
used by abstraction bores.

Infiltration facilities allow the water to be filtered

through the soil, and disposed in the shallow aquifer.

As the water soaks into

the ground, some pollutants are trapped in the soils, or other media, of the
infiltration facility and do not reach the underlying groundwater environment.
This type of treatment is effective for the removal of suspended solids and
heavy metals, but only partly effective for other contaminants such as nitrogen
(which are very soluble in water) and micro-biological contaminants (which have
large concentrations in stormwater relative to the drinking-water standards).
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57.

A review of information on contaminant removal rates through a soil infiltration
basin is presented in Table 2 below.

Table 2: Reported Removal Efficiencies (%) Through infiltration Basins
Constituent

US EPA
(1993)(1)

Stormwater
Centre(2)

Watershed Protection
Techniques(3)

Total Suspended Solids

50 – 90

75

95

-

-

Not Detected

Total Phosphorus

50 – 100

60 - 70

Total Nitrogen

50 – 100

55 - 60

Metals

50 – 100

85 - 90

Total Petroleum
Hydrocarbons

Copper – not detected
Lead – 98
Zinc – 99

Bacteria

58.

75 – 98

90

(1)

US EPA (1993);”Guidance Specifying Management Measures For Sources Of Nonpoint
Pollution In Coastal Waters”; United States Environmental Protection Agency Report
840-B-92-002

(2)

Stormwater Centre (2002);”Stormwater Management Fact Sheet: Infiltration Basin”;
download from http://www.stormwatercenter.net

(3)

Watershed Protection Techniques (1997). Technical Note #105

Any stormwater disposal system is vulnerable to contamination arising from
accidental discharges.

Traffic accidents may result in oil, petrol or other

substances being transported by overland flow entering the stormwater system.
However, the use of swales, sumps with submerged outlets and infiltration
facilities provide some buffering and treatment capability before contaminants
enter the groundwater. It is important that emergency services are aware of
clean-up procedures and the need to contain spillages to protect the receiving
environment, for both surface water and infiltration discharges.
59.

Contaminants from commercial areas may also be accidentally, or deliberately,
discharged into the stormwater system. It is difficult to characterise this type of
pollution, but its occurrence should be considered when planning stormwater
disposal systems.

Proposed consent conditions 2 and 3 (Exclusions) and

condition 41 (Industrial Site Management) are intended to eliminate some high
risk sites from the authorisation provided by this consent until 2025 and ensure
ongoing industrial audits of high risk sites that are authorised by this consent.
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The Transition Plan described in proposed changes to condition 3 has input to
the consideration of any high risk sites.
Effects on Groundwater Quality

60.

When the infiltrated water from the infiltration facilities mixes with the
groundwater, it will tend to migrate laterally in the direction of groundwater flow,
with a reduction in contaminant concentrations at increasing distances from the
point of soakage disposal into the groundwater system due to natural
attenuation processes including dilution, dispersion, filtration, adsorption,
biological decay and chemical transformation.

61.

In extremely large storm events, any excess or overflow will either be slowly
released to surface drains/stream or will be discharged to the groundwater by
direct entry through rapid soakage chambers.

Under these infrequent

conditions, the first flush volume will have already been treated through the
infiltration basin and it is expected this remaining water will be very low in
contaminant concentrations.
62.

The potential migration of the contaminants in groundwater has been assessed
through a numerical modelling study (PDP, 2006) which has been reviewed as
part of my evidence preparation to determine appropriate separation distances
between stormwater infiltration basins and water supply bores. E. coli is the
indicator of pathogenic bacterial contaminants in the Drinking-water Standards
for New Zealand 2005 (revised 2008) (DWSNZ), which are likely to be the most
significant contaminant of concern for a routine stormwater discharge into the
permeable gravel strata. Modelling indicates a potential transport distance for a
typical stormwater basin discharge of 500 metres and allowing for overflow
chamber discharges, could approach 1,000 m.

These concentrations are

modelled to occur at the water table and would be less at greater depths where
water supply intakes occur.
63.

Another factor in considering appropriate separation distances between
stormwater infiltration basins and water supply bores are the Community
Drinking Water Supply Protection Zones that Environment Canterbury specify in
Schedule 1 of their Land and Water Regional Plan.

These specify default

zones around community drinking-water supply bores which range from 100 –
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400 m in any direction around a bore and 100 – 2,000 metres in an upgradient
direction from the bore, depending on the depth and degree of confinement of
the bore.
64.

When considering this issue for protection of public water supply bores, the
findings of the Havelock North Drinking Water Inquiry are relevant and indicate
that an even greater level of conservatism should be used to protect against
contamination than has previously been the case. Whilst E. coli is the indicator
organism in the DWSNZ it is recognised that viruses can potentially migrate
further than E. coli, although their composition in stormwater is less certain and
likely to be highly variable. On that basis, proposed condition 30 of the latest
set of conditions specifies, as a result of my recommendation, that the following
conservative default separation distances should apply between bores and
infiltration basins:

65.

a.

Infiltration devices shall maintain a separation distance of 2000 m when
located up-gradient of domestic drinking water supply wells; and

b.

Infiltration devices shall maintain a separation distance of 500 m when
located down-gradient or cross-gradient of domestic drinking water supply
wells;

It is my opinion that that in many situations shorter separation distances could
apply. For that reason clause (c) has been added to condition 30 which says:
Or as an alternative to a) and b), a shorter separation distance may be
utilised based on an assessment of site specific information undertaken
by the consent holder and certified that it will not have an adverse effect
on a domestic drinking water supply well by the Canterbury Regional
Council, RMA Monitoring and Compliance Manager.

66.

This more site specific assessment would take account of the design and
operational details of a particular infiltration facility, the likely frequency and
discharge strategy for overflows beyond the capacity of the soil infiltration
facility, the location and depth of nearby water supply bores and the
hydrogeologic characteristics of the local area.

67.

In my opinion, the separation distances in condition 30 are conservative and I
would not expect any contamination from a stormwater infiltration facility to
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arise at a water supply bore outside of that separation zone. The smaller zones
indicated by modelling and the Environment Canterbury default protection
zones are realistic for typical stormwater discharges using E. coli as the
indicator organism; however, I do not think they will always achieve the level of
conservatism recommended by the Havelock North Drinking Water Inquiry
report.
68.

Once the appropriate separation distance has been defined, if any drinkingwater supply bores occur within the separation zones, they should be subject to
special monitoring and have contingency measures in place if a hazardous
substance spill was to discharge into the ground or if monitoring data were to
indicate an increased risk of contamination. These contingency measures may
involve treatment systems or an alternative water supply for a period of time.

69.

Based on the preceding comments, with the exception of E. coli, I would not
expect a stormwater infiltration discharge described in this Application to cause
any breach of the Schedule 8 Region-wide Water Quality Limits in the
Canterbury Land and Water Regional Plan for any water supply bores. Any
impact from E. coli or any other contaminants on groundwater quality is
expected to be of localised extent and would not be expected to affect any
public water supply bores.

Groundwater Level Effects on Groundwater Quality

70.

Infiltration of stormwater via infiltration facilities can create mounding of the
water table and a greater throughflow of groundwater in the localised area
around the infiltration area. If this area of increased groundwater throughflow
includes contaminated ground then there is a risk that some of the
contaminants could be mobilised and migrate further into the groundwater
system than would otherwise have occurred. Therefore it is important to locate
infiltration systems away from all landfill sites or contaminated land to minimise
the risk of such changes occurring.

Once again this separation from

contaminated land is a matter that is checked by Council engineers as part of
their approvals process for stormwater management systems, as managers of
the network, taking into account the requirements of conditions 26 - 34.
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Maintenance of Infiltration Facilities

71.

Maintenance issues for the performance of infiltration facilities are generally
related to clogging, which can occur when sediments enter the infiltration media
and seal the surface of the soil or other media, preventing infiltration of runoff.
Clogging can also occur if excess oil and grease enter the infiltration facility, or
from micro-organism growth which results when water stands too long in the
infiltration facility. The effect of clogging is that less runoff is infiltrated and
there is more frequent re-direction of stormwater into an overflow system. Basin
floor permeability can be controlled through inspection and maintenance of the
infiltration soil media.

72.

Inspections can identify if there is standing water during a period of time where
rainfall has not occurred. If there is standing water in the infiltration facility, it
must be ascertained as to whether the cause is clogging, seasonal groundwater
conditions or groundwater mounding. If clogging is the reason, maintenance
activities will need to be performed to restore desired infiltration rates.

73.

These maintenance procedures could include the removal and replacement of
soil affected by the clogging, which could include a small area or an entire basin
floor. Occasional testing of potential contaminants that could build up in the soil
should also be carried out, as described in section 2 of the Environmental
Monitoring Programme.

If unacceptably high build-ups were to occur then

some remedial works on the soils or other infiltration media may be required.
74.

Consideration should also be given to the quality of the incoming stormwater.
Best management practices within the contributing catchments help to improve
the quality of the stormwater prior to entering the infiltration facility. This is
especially relevant in construction site areas where the incoming stormwater
may contain fine or suspended materials that can cause clogging in an
infiltration facility.

75.

Effects on groundwater level issues are incorporated in the Environmental
Monitoring Programme described in proposed consent conditions 42 - 48, with
appropriate mitigation to be implemented in accordance with proposed consent
condition 51 (Responses to Monitoring).
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MONITORING REGIME
76.

An important component of this consent will be the implementation of a
monitoring programme to quantify the changes that occur within the
groundwater system.

The proposed monitoring programme involves the

following components:
(a)

monthly measurements of groundwater levels in the bores shown in
Figure 2 of the Environmental Monitoring Programme, distributed
throughout the area to indicate any general changes in groundwater
levels that occur.

In addition, three shallow Environment Canterbury

monitoring bores are fitted with automatic water level transducers to
monitor groundwater levels responses to individual rainfall events;
(b)

direct observation of drainage rates and effects in and around infiltration
facilities by Council maintenance staff;

(c)

a more detailed 12 month groundwater level monitoring programme at
three infiltration basin facilities to assess localised changes in
groundwater levels due to stormwater discharge events;

(d)

identification and monitoring of groundwater quality is undertaken by
Council in water supply bores and by Environment Canterbury in other
bores throughout the city, as shown in Figures 3 and 4 of the
Environmental Monitoring Programme. These results will be reviewed to
identify any trends in groundwater quality that could be related to
stormwater management;

(e)

as noted in (c) above, the detailed 12 month monitoring assessment at
three

infiltration

basin

facilities

will include

groundwater quality

monitoring; and
(f)

the groundwater monitoring results described above will be reviewed and
included in an annual report to identify results or patterns that are likely
to result from stormwater management.
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77.

These monitoring measures and other specific groundwater related measures
are included in section 3 of the draft Environmental Monitoring Programme.
They will provide a good indication of the effects arising from the proposed
stormwater management system.

78.

Should the monitoring demonstrate adverse effects arising from the stormwater
discharges, there will be provision to lessen the discharge of stormwater into
the groundwater by directing some of the infiltration facility discharges direct to
surface waterways, if less groundwater recharge is required. In my opinion, this
adaptive management approach is the most pragmatic and effective way to
manage any uncertainties regarding the effects of the change in recharge
patterns arising from the proposed city wide stormwater management systems.

RESPONSE TO POINTS RAISED IN SUBMISSIONS
79.

No specific groundwater related comments have been raised by submissions.
There is however a general public interest and concern about maintaining the
quality of groundwater in the aquifers that supply the city drinking water.

80.

Any groundwater quality issues arising from stormwater infiltration systems are
expected to be localised and shallow, such that they would not be expected to
cause any measurable effects on public water supply bores.

It is to be

expected that any private water supply bores that occur in the area in which the
stormwater discharges will take place will have access to the public reticulated
water supply, so that all properties have access to good quality drinking water.
The potential effects on groundwater quality will be verified by a groundwater
monitoring programme.
RESPONSE TO POINTS RAISED IN ENVIRONMENT CANTERBURY OFFICER’S
REPORTS
81.

Appendix 2 of the Section 42A presents an assessment of the groundwater
aspects of the application prepared by Mr Zeb Etheridge, a Senior Groundwater
Scientist at Environment Canterbury. His report provides a good summary of
the groundwater issues that need to be considered for the assessment of this
consent application, although in my view, some of his quantifications of
potential effects that could arise are over-stated and rely on information that is
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unlikely to be representative of the Christchurch situation.

I discuss his

consideration of actual and potential effects below, followed by his proposed
changes to the consent conditions.
82.

Mr Etheridge discusses groundwater quantity effects in paragraphs 50 – 59 of
his report.

For those catchments where information on future development

areas are available, he has provided a broad brush quantification of possible
changes in groundwater recharge due to the proposed approach to stormwater
management (i.e. his paragraph 53 for the Styx catchment, paragraph 54 for
the Halswell catchment and paragraphs 55 – 57 for the Avon catchment).
These are very approximate quantifications of the possible change that might
occur, but provide an indication that any change to the overall water balance for
the Christchurch groundwater system due to the stormwater management
approach proposed by the Council is likely to be of a very small scale, which is
consistent with my expectation.
83.

In paragraph 54 Mr Etheridge notes that based on his reading of the S42A
report for the south-west Christchurch stormwater application, he considers that
the potential effects on groundwater quantity were not clearly understood or
appropriately assessed as part of that application. Whilst I understand how Mr
Etheridge could reach that view from a reading of that S42A report I think it is
an incorrect conclusion and a bit disrespectful to those involved in the decision
making process. His view fails to take into account the discussions between
Council witnesses and the S42A staff and the questioning that occurred during
the hearing of that application. I provided evidence for the Council during that
hearing and from my perspective the decision makers were well aware of that
issue and considered it carefully with an appropriate level of information.

84.

With regard to this issue of how future stormwater management might impact
on the overall groundwater balance for Christchurch City, paragraph 42 of Mr
Etheridge’s report presents an example from New York City where a 12%
increase in recharge led to a 1.5 m rise in the water table and a 10% reduction
in recharge led to a 0.9 m decline in the water table. However, rises and falls of
that magnitude should not be expected in Christchurch, as the examples of
water level fluctuations in Christchurch shown in Figure 5 of my evidence show
a much smaller range of water table fluctuations occur over much of the urban
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area. This is an example of where Mr Etheridge has used overseas examples
to highlight the issues that need to be considered (which is fair enough) but the
exact magnitude of those examples should not be expected to occur in
Christchurch due to the particular hydrogeological characteristics that occur in
Christchurch and the different level of urban intensification that occurs
compared to many overseas examples.
85.

Other points raised in Mr Etheridge’s report are most efficiently dealt with by
considering his comments on consent conditions, which I discuss below.
However, as a general comment, I do not think there is a large difference
between the general intentions of Mr Etheridge’s comments and how the
Council intends to manage stormwater. The detail of the differences is that Mr
Etheridge would like to see the conditions being more prescriptive about what
must happen whereas the Council wants to retain some discretion to ensure
that stormwater management is implemented in a pragmatic manner and that
they do not get tied down to a management and monitoring approach that could
result in a lot of wasted time and cost.
Stormwater management plans

86.

In paragraphs 72 – 73 of his report, Mr Etheridge discusses the conditions
around Stormwater Management Plans and is concerned that some of the
wording in conditions 5 and 6 is vague and uncertain. However, it is perhaps
unhelpful to be too prescriptive about these plans without creating a risk that
they may impose impractical outcomes.

For example, in paragraph 58, Mr

Etheridge suggests that infiltration basins should be installed wherever it is
technically feasible to do so. However there will be situations where things that
are technically feasible might not be particularly practical. Proposed consent
condition 4 requires that all SMPs to be certified by Environment Canterbury,
which provides a mechanism for the concerns raised by Mr Etheridge to be
covered off. In my opinion this approach and the requirements of conditions 5
– 11 is appropriate, although I suggest an amendment (in paragraph 83 below)
to the condition 6 criteria to account for some of the points raised by Mr
Etheridge.
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87.

In paragraph 73 Mr Etheridge makes a specific reference to condition 6j and
requests that it should require an evaluation of direct local effects and
cumulative effects across the whole catchment.

The cumulative catchment

scale effects are those I discuss in paragraphs 83 – 85 of my evidence. They
are not precisely defined assessments and the ballpark evaluations undertaken
to date by myself and Mr Etheridge indicate that the cumulative catchment
scale effects are not significant. This outcome is due to the Council philosophy
towards stormwater management. Therefore the conditions should focus on
the implementation of good stormwater management rather than requiring
broad scale assessment of effects that are shown to be of little consequence.
On that basis I do not think that condition 6j needs to be changed.
88.

At the end of paragraph 73 Mr Etheridge recommends that all SMPs should
include a map of all “perennially flowing springs”. In my opinion that could be
difficult to achieve as there is a continuum between large discrete springs,
through to smaller springs and zones of general groundwater seepage through
the streambed. Furthermore, the position of springs may change over time as
channel cross-section and sedimentation patterns change. Therefore, it might
be more realistic to identify the main reaches where discrete spring emergences
occur, and I agree that would be useful to include in a SMP and should be
added as a separate criteria in condition 6.
Management of discharges from HAIL sites

89.

Concerns about discharges from HAIL sites to the Council stormwater network
are described in paragraphs 69 – 71 and 74 – 75 of Mr Etheridge’s note. I
share his concern about “discharges from high risk HAIL sites” being directed
into the groundwater (his paragraph 79) but it is my understanding is that this
would not occur.

Proposed consent conditions 2 and 3 describe how

discharges from hazardous activity sites will be assessed including the use of
information from Environment Canterbury.

The advice note at the end of

Condition 3 makes the point that the Council, as network operator, has a
separate approval process for any stormwater connection to their network,
which provides them with discretion to decline a connection if it was of
unacceptable quality.

Given the high value that the Council places on the

quality of its reticulated water supply and the spring-fed streams that flow

LEX14926: CRC190445 Peter Callander

26

through the city, I would not expect that additional consent conditions are
necessary in order to prevent the Council from allowing sites with a high risk of
hazardous discharges to discharge to ground soakage systems.
Protection of water supply wells
90.

In paragraphs 76 – 78, Mr Etheridge describes the protection of water supply
wells. The Council has proposed a conservative default separation distance of
2 km between stormwater infiltration devices and water supply bores in
condition 30, with an option for shorter separation distances if that can be
justified by a site specific assessment (condition 30c). In paragraph 76 of his
report, Mr Etheridge suggests the separation distance should be increased to
2.5 km, based on the reduction in viruses with separation distance that he
describes in paragraph 66. However there is a huge variation between different
types of viruses and their infectious limits, so this is an area of considerable
uncertainty.

He seems to have made no allowance for removal of viruses

through a soil infiltration media and neither is there an allowance for the vertical
separation that occurs between stormwater discharging at the water table
surface and the potential effect on water supply bores that are screened many
metres below the water table surface. On that basis I am comfortable that the
2km separation distance in condition 30 is suitably conservative as a default
value for a separation zone.
91.

In paragraph 77 Mr Etheridge also proposes that a separation distance should
be specified between infiltration basins and landfills or other contaminated land.
However in my view there are too many variable factors to define such as
separation distance due to the different size and infiltration pattern of the basin
discharge, the size and composition of the contaminated ground and the
hydrogeologic characteristics of the intervening ground. However it would be
useful to add this as a requirement to be included in the condition 13
requirements of the Implementation Plan. In addition to such a requirement, the
Council approval process for any infiltration basin provides a check on the site
specific nature of this issue.

92.

In paragraph 78, and earlier in paragraph 36, Mr Etheridge sees cadmium as a
potentially prominent contaminant in stormwater, however I do not think there is
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sufficient evidence to justify that at present. He quotes a report by Zhang et al
(2004) to suggest that cadmium concentrations of 0.09 mg/L could be
expected, but that reference relies on an Australian study that lists the range of
cadmium concentrations as being from 0.01 – 0,09 mg/L. Cadmium is primarily
derived from vehicles and given the high traffic volumes in Australian cities
relative to Christchurch it seems unlikely that Christchurch stormwater would
have such high concentrations. This has been confirmed to me by Dr Belinda
Margetts, the Council Ecologist who has reviewed Council monitoring data
which includes some samples analysed for chromium which generally show no
detection (<0.0002 mg/L) or where there are detections they are a low
concentrations, below the drinking-water limit of 0.004 mg/L.

Furthermore,

Zhang et al (2004) note that a major proportion of this contaminant load is
associated with the particulate fraction of the stormwater wash off that will not
migrate far in a groundwater infiltration system. Therefore the evidence is not
sufficient to justify inclusion in any regular monitoring programme and in my
view cadmium should not be added to Schedule 6 as proposed in paragraph 81
of Mr Etheridge’s report.
Monitoring
93.

Paragraphs 80 – 88 of Mr Etheridge’s report deal with monitoring of
groundwater and springs that might be affected by the stormwater management
system.

In paragraph 80 he suggests that E. coli and cadmium should be

added to the monitoring responses described in condition 51.

In my view,

monitoring of stormwater and the effects of stormwater is always problematic
due to the variability that can occur within a stormwater event and between
different stormwater events.

Therefore the focus to address contamination

concerns should focus on good management within each catchment that
contributes to a discharge. Whilst E. coli can have a variety of sources and not
necessarily related to stormwater, it would seem reasonable to me to add that
in to condition 51b, as suggested by Mr Etheridge. As noted above, I don’t
think the inclusion of cadmium is justified based on the currently available
information.
94.

In paragraph 82 Mr Etheridge points out that electrical conductivity may not be
a good indicator of low concentrations of metals, which is correct. Although in

LEX14926: CRC190445 Peter Callander

28

my opinion it can still be a useful indicator of any general change in
groundwater quality related to the change in cover of the ground surface and
stormwater management. It would be appropriate to reword the last sentence
in the bottom right hand cell of the Schedule 6 table as follows:
“Electrical conductivity is to be used as an indicator for identifying any general
changes in groundwater quality related to recharge.

metals (particularly

copper, lead,zinc).”
95.

In paragraphs 85 – 88 Mr Etheridge describes a range of more detailed
monitoring and assessments that should be undertaken. From a technical point
of view I agree that the measures he proposes could be interesting to
undertake, but I don’t think they can be justified as absolute requirements for
consent conditions. As noted above the composition of stormwater is highly
variable and the focus of any controls should be on good catchment
management, rather than monitoring. The main effects of potential concern are
localised effects around stormwater basins and a good understanding of those
should be achieved by the detailed study of three basins described in section 3
of the Environmental Monitoring Programme.

96.

My final comment on the technical groundwater issues of the S42A report
relates to a concern raised in the Appendix 1 report prepared by Mr Rowan
Freeman, dealing with land contamination. In paragraphs 51, 52 and 63 of his
report he raises the issue of contaminants accumulating in the infiltration
treatment facilities and then leaching down to the groundwater or posing a
health risk to regular users of the infiltration treatment facility during dry
conditions, which could be children or maintenance workers. I do not expect
this issue poses much risk of groundwater contamination as the contaminants
that adsorb on soils and build up will preferentially remain bound to the
sediments at the concentration levels that are expected to occur.

But

increasing accumulations of contaminants, such as metals can be expected to
occur in soil infiltration basins over a very long period of time (several years).
That is why monitoring is proposed in section 2 of the Environmental Monitoring
Programme.

My understanding is that this issue has been addressed at

stormwater infiltration basins by sampling them at five yearly intervals and using
zinc as the most significant indicator of metal accumulation from stormwater.
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Therefore the monitoring proposed in the Environmental Monitoring Programme
seems appropriate to me, as does the comparison with relevant guideline
values described in section 2.4 of that programme.

If unacceptably high

concentrations were found then it would be up to Council to manage that issue
from a public health perspective, with stripping and removal of the
contaminated soil being one option that could eliminate any risk.
97.

As a general overview I think the groundwater related points raised in the
reports of Mr Etheridge and Mr Freeman are useful to consider.

Those

described above that warrant attention can all be addressed by appropriately
worded consent conditions. In my opinion the set of conditions now proposed
by Council appropriately deal with groundwater concerns and allow pragmatic
stormwater solutions to be implemented that match the hydrogeologic
conditions that occur across Christchurch.

SUMMARY/ CONCLUSION
98.

The proposed stormwater management measures described in the Application
seeks to match stormwater management facilities with the natural strata and
groundwater conditions that occur across the city. Where permeable strata and
deeper water tables are present, infiltration facilities maintain recharge to the
productive aquifers with appropriate separation distances from water supply
bores to avoid contamination concerns.

In areas of less permeable strata

and/or shallow groundwater, detention basins and wetlands are used with
surface water discharge.
99.

The proposed consent conditions, Council’s Infrastructure Design Standard and
approval process by Council engineers creates a situation where effects on
groundwater can be expected to be of no more than a minor scale.
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Appendix A
Figures Referred to in Evidence
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Figure 1: Schematic Cross-Section from West to East Across the Christchurch Area
(From NCCB, 1986)
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Figure 2: Surface Geology of Christchurch
(From Brown And Weeber,1992)
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Figure 3: Contours of Piezometric Surface in Metres Above Mean Sea
Level and Direction of Groundwater Flow (May 1985) (From NCCB 1986)
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Figure 4: Contours of Piezometric Surface Above (+) or Below Ground Level for
Coastal First Confined Aquifer and Inland Shallowest Unconfined Aquifer (May 1985)
(From NCCB 1986)
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Figure 5: Water Level Records Showing Typical Fluctuations in Different Areas of Christchurch
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Figure 6. Median nitrate-nitrogen concentrations for samples collected from shallowest aquifer (ECan, 2002)
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