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Executive Summary
Concern has been raised regarding the sustainability of the groundwater system which not only underpins
the generally untreated municipal water supply for Christchurch City but also maintains the flows in springfed streams within the city. There is significant economic value in the water supply and the aesthetic and
ecological values of the streams that flow through the city.
These concerns are exacerbated in the light of expected increasing demand for the aquifer’s high quality
water, both for drinking and for commercial and industrial use. Furthermore, the prospect of increased
urbanisation on the western side of the city, especially after the 2010-11 Canterbury earthquakes, has raised
concerns that the city is potentially prejudicing the quality of the groundwater supply by developing over it
and increasing the risk of its contamination by land use.
This report presents the results of literature searches, information and insight gained during interviews with
various experts, including differences of opinion, and conclusions drawn from a workshop to identify data
gaps and how to fill them. Where the term ‘difference of opinion’ is used, it mainly results from different use
of data or even lack of data leading to the necessity to make different and conflicting assumptions. One of
the aims of the study was to identify how to resolve some of the differences of opinion through the collection
of more or different data.
A review of pertinent local, national and international literature indicated what is known about the
groundwater system and the means by way it is recharged. The review also indicated what similarities there
are between the Christchurch system and others in New Zealand, and elsewhere.
Interviews with eight experts were designed to elicit responses on a number of themes related to the
recharge of the Christchurch aquifer. The experts talked about their current understanding, suggested
avenues for further data acquisition, and proposed new techniques that could be used. While no new
conceptual model or scientific issues of concern arose during the process, there were many innovative
suggestions on where additional data acquisition and research could lead to an improved understanding and
quantification of the aquifer system.
Information gathered during the literature review and interviews resulted in a state-of-the-science summary
that was provided to the expert panel and formed the basis for a workshop.
The aquifer workshop was attended by most of the interviewed experts and resulted in a robust discussion of
issues relating to how the Christchurch groundwater system receives recharge from both the Waimakariri
River and land surface recharge, how it is potentially influenced by land use activities, and how the recharge
might be affected by changes to flow in the Waimakariri River and use of groundwater to the west of the city.
A review of all the discussions and suggestions of data gaps and proposals for further work also forms a part
of this report.
There was general agreement on a number of major components that make up the conceptual model of the
aquifer system. These components provide a strong basis on which to continue to refine the specific areas
where information is limited or highly variable and which generate some uncertainty in interpretation among
the experts.
These areas of uncertainty and difference of opinion include the rates, magnitude and transient nature of the
recharge derived from the Waimakariri River, the influence of both city and upper catchment land use
activities on water quality and how groundwater from deeper aquifers may interact with the quality and
quantity of Christchurch water supplies. Other areas of uncertainty relate to the aquifer-spring interactions,
the geologic stratigraphy, and how much the aquifer may interact with the marine environment.
This report presents a detailed examination of the information currently available along with contributions of
expertise from scientists and engineers who have analysed this system. The report summarises the
information needed to reduce scientific uncertainties and provides a list of potential solutions to assist the
management and protection of the groundwater beneath Christchurch.
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1.0
1.1

PROJECT BACKGROUND AND OBJECTIVES
Background

A combination of unconfined and confined aquifers in the Christchurch City and Waimakariri District area
supply water for domestic, industrial and commercial uses. Base flows in spring-fed streams such as the
Otukaikino Stream, and the Avon, Styx, Halswell, and Heathcote rivers are also sourced from these aquifers.
Protection of groundwater is the responsibility of Canterbury Regional Council (CRC), while both territorial
local authorities (Christchurch City Council (CCC) and Waimakariri District Council (WDC)) are instrumental
in active management of this resource for water supply, recreation and environmental values.
Water quality and quantity issues managed by CRC include the impact of land practices on water quality,
discharge of contaminants, irrigation, environmental limits, and the health of freshwater ecosystems and the
natural character of Canterbury’s water. The Canterbury Natural Resources Regional Plan (NRRP) and the
Proposed Land and Water Regional Plan (PLWRP) contain policies and rules with regard to the protection of
Christchurch’s groundwater. The plans also include areas designated for this protection, the Christchurch
Groundwater Protection Zone.
Historically there has been pressure to develop green-field lands northwest of Christchurch City on both
sides of the Waimakariri River, some of which are within the Christchurch Groundwater Protection zone.
This pressure has increased as a result of the 2010 - 2011 Canterbury earthquakes, which have led to the
eastern suburbs of Christchurch being less attractive for development.
This pressure creates a tension between the need to protect both the quantity and quality of the city’s
groundwater supplies while encouraging the sustainable subdivision and development of new and relocated
commercial and residential properties. This conflict between aquifer recharge zone protection and
sustainable development, while more acute lately, has been on-going for a number of years and has had
parallels elsewhere in New Zealand and internationally.
There is also a scientific debate regarding the main mechanism for aquifer recharge in the area. The
replenishment of CCC’s and WDC’s groundwater is potentially affected by two primary sources of recharge:
land surface recharge, largely dominated by rainfall and irrigation race losses and channel seepage from the
Waimakariri River.

1.2

Project Objectives

The objectives of this project relate to documenting the current scientific understanding of the interactions
between surface water and groundwater in and around the Waimakariri River near Christchurch City. This
understanding is a necessity, as it helps identify the risks associated with current and future land use
planning. Ultimately, the understanding needed by CCC, WDC and CRC includes:
1)

Clear definition of the sources and quantity of water recharging the aquifers underlying Christchurch,
and the aquifers to the north of the Waimakariri River.

2)

The impacts changes to the sources of recharge to the system will have on the security of the potable
water supplied by the aquifer system.

3)

The impacts, if any, on the hydrology of springs, streams and rivers relating to potential changes to the
recharge sources.

4)

The long-term sustainable yield of the aquifers underlying Christchurch City and in the Waimakariri
District.
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2.0
2.1

SCOPE OF PROJECT AND REPORT
Project Aims

Golder Associates (NZ) Limited (Golder) was commissioned by CCC to undertake a review of the available
scientific information regarding the recharge of the aquifers underlying Christchurch City and the Waimakariri
District. The project brief provided four ‘aims’ as project objectives. These aims are interpreted below.
1)

Summarise the current state of knowledge of the catchment boundaries, recharge mechanisms and
contributions resulting from seepage from the Waimakariri River into aquifers both north and south of
the river, rainfall, and recharge relating to stormwater and irrigation of land.

2)

Identify key areas of agreement and differences in the technical understanding and opinions (in both
legal and technical environments) of groundwater specialists and researchers.

3)

Establish a ‘preferred’ explanation of the relative contributions to the total recharge of the aquifer
system.

4)

Identify gaps in the technical understanding of the river flow seepage and land surface recharge as they
pertain to total recharge quantity and the type of investigations that could be carried out to address the
gaps in understanding.

2.2

Project Area

The project area is depicted in Figure 1 and considers primarily the area encompassed by the CRC
groundwater protection zones (also called the Christchurch/West Melton zone area). Areas outside of this
zone have also been considered, because part of the project brief is to investigate information available
regarding the surrounding area, and potential influences on the aquifers beneath Christchurch City.
It should be acknowledged that the study area is only a small part of a much larger hydrogeological entity
comprising the entire Waimakariri River fan. There have been concerns raised about the sources of water
beyond the project area that may be feeding into the ‘deep’ aquifers beneath Christchurch. In this regard,
while isotope analysis of groundwater can distinguish land surface recharge from that derived by seepage
from the Waimakariri River, it cannot distinguish where that recharge occurs. This issue is dealt with later in
the report.

2.3

Project Methodology

The intention of this project is to collate and analyse as much literature within the time available, but also to
consider and document the opinions of a number of people with considerable experience and interest in the
recharge of the aquifers near the Waimakariri River. Figure 2 provides an overview of the approach taken.
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Literature Review
Expert Interviews
State‐of‐the‐Science Summary
Collaborative Workshop
Synthesis and Final Report
Figure 2: Project approach.

For the purposes of data analysis and comparison of a number of sources, we have identified five key
themes which have guided questioning and analysis of literature. The themes are as follows:
a)

Conceptual Understanding – provide general descriptions that present, both as a narrative, and also
graphically, the various surface-groundwater interactions and recharge processes inside the known
geological framework of this and internationally similar areas. (e.g., fluvial coastal aquifer near urban
area).

b)

Spatial Context – identify similarities and differences in a spatial context and physical settings
including such things as aquifer depths and geographical locations (e.g., near-river, ocean) in the
scientific information.

c)

Data Uncertainties – Identify where field and analysis related statistical errors are, or are not
documented and accounted for in the research. Utilise international literature to highlight the reliability
of various data sets and analysis (e.g., data has unreported ± 8 % error in collection associated).

d)

Scientific Data and Tools - Identify the analysis tools and data sources and provide a literature-based
opinion as to any uncertainties in the application for the scientific question being addressed.
(e.g., model based on field-truthed data versus analytical based approach).

e)

Temporal Elements – Identify how surface water and groundwater level response times correlate.
Identify how the rate of change for flows, water levels, contaminant concentrations and other variables
are accounted for or predicted in the information. This may result from issues such as climate change,
and further land use intensification, irrigation development, urban and commercial development.
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2.4

Report Outline

This final report contains the following sections:
1

2

•Introduction

•Provides scope of this project including catchment area and the review methodologies applied.

3

•Summary of the local, national and international literature and identifying the most relevant publications with respect to the
objectives of this study.

4

•Summarises interviews held with scientific experts regarding the various physical system components of Christchurch's
groundwater system.

5

6

7

8

9

•Summary of details and outcomes of a collaborative aquifer workshop.

•Identifies areas of scientific uncertainity reqarding the Christchurch aquifer system.

•Data gaps and scientific tools.

•Recommendations

•Conclusions

Contractual limitations to this report are attached as Appendix A. With respect to this project, it is
acknowledged that the information presented has been primarily sourced from a selection of published
material and expert opinions.
There is a high level of confidence that the project area literature review is comprehensive, and covers most
material published since the 1970s. The choice of experts for interviews and the workshop was based on
the authorship of recent relevant publications. It is accepted that not all opinions have been canvassed;
however it is considered that the combination of literature review, interviews and workshops has been
sufficient to meet the objectives of the current project.
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3.0
3.1

LITERATURE REVIEW
Project Area Literature Review

For this report, the project area and regional references are located in Appendix B; national references are
located in Appendix C and international references are located in Appendix D. There is no other reference
section in this report. Appendix B contains a copy of the entire literature list in a spreadsheet format. As
indicated in the spreadsheet list, literature was reviewed and categorised according to the key themes
explored in this study. Outcomes of this review are discussed in the following sections.

3.1.1

Sources

The literature review analysed 84 relevant national reports. The primary sources of literature were CRC and
GNS reports, with some publications including those from the NZ Journal of Hydrology. A small number of
hearing evidence documents and academic theses were also included in this review.

3.1.2

Project study area

Literature has been grouped based on the area of investigation; three main ‘areas’ have been identified
where studies have been completed. These areas loosely follow the river boundaries, but do not extend as
far west as the Southern Alps, as follows:
1)

Area 1 - The Christchurch / West Melton area to the south of the Waimakariri River (including the
Christchurch/West Melton Groundwater Allocation Zone as defined in the Natural Resources Regional
Plan);

2)

Area 2 - The area between the Waimakariri River and the Rakaia River; and

3)

Area 3 - The Ashley - Waimakariri plains area to the north of the Waimakariri River.

Figure 3 provides a schematic of the study areas. Thirty-nine of the studies reviewed focus on Area 1 (the
main study area), thirty-eight on Area 2, with only three studies looking at the groundwater system to the
north of the river in Area 3.

3.1.3

Study types

Water quantity and quality are the dominant areas of study, with water quantity studies looking at water
budgets, monitored well levels and groundwater flow modelling; water quality studies focus on general water
quality, contaminant transport, isotope measurement and determination of water age. Figure 4 provides a
summary of the study types, with water quantity studies being predominant.
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Figure 4: Distribution of reports relative to quality and quantity information for the Christchurch aquifer system.

3.1.4

Publication dates

Many of the studies build on work done historically, and it is useful to look at the dates of publication, along
with the amount of data analysed within a particular study. The earliest publication reviewed was published
in 1973; however the majority of the literature reviewed was published between 2007 and 2012.
Figure 5 and Figure 6 provide graphs of the release dates of literature. The numbers in these plots refer to
the identification numbers of each piece of literature, as indicated in Appendix C.
Of the studies reviewed, references 2 (Scott, 2009) and 10 (Stewart, 2012) consider data from the 1970s
through to the time of publication (quantity and quality respectively). Other studies considered data collected
over shorter time scales, representing snapshots that are considered typical of the short-term behaviour of
the system. The importance of long-term studies is that they can be used to indicate the long-term dynamics
and susceptibility of the system to stress factors such as climate change and water abstraction.

Figure 5: Publication dates – water quantity studies.
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Figure 6: Publication dates – water quality studies.

3.1.5

Analysis methods and uncertainty

The studies use a variety of methods for analysis, with analysis of raw monitoring information being the
dominant method. The following categories have been identified, corresponding to the column ‘Tools’ in the
spreadsheet of the literature review:



Monitoring – the use of flow gauging, water quality data, groundwater level and pressure data



Modelling – development of 3D models and flow modelling, isotope and tracer geochemistry



Review – collation or re-analysis of existing data and models



Geology / hydrogeology – use of mapping or bore logs to analyse physically based data

The literature review included a qualitative assessment of likely uncertainty relating to each publication – this
assessment was based on the type of data or analysis undertaken, with the use of a large amount of raw
monitoring data and robust statistical methods having more certainty than, for example, a study using very
limited data or an un-calibrated model.
In the general absence of specific descriptions regarding uncertainty in most of the literature reviewed, it is a
challenge to assess individual uncertainties for individual papers and reports. This issue was addressed in
the workshop and is described further in Section 5 of this report. However, in general, higher uncertainties
were associated with studies using modelling as a primary tool for analysis, with the modelling sometimes
difficult to calibrate and verify. Publications were considered to have low uncertainty where they relied on
comprehensive well log data, monitored water levels, or chemical analysis, all items that have either
repeatability (water levels and analyses), or similarity with other samples nearby (well logs).
Uncertainty has been associated with the measurement of flow in the Waimakariri River, because the crosssection shapes at measurement sites are uncertain, as is the overall precision of flow measurement (White
et al. 2012; Scott & Palmer 2013). The compounding of these uncertainties associated with flow
measurement makes any assessment of seepage to groundwater using this data intrinsically uncertain
(Scott & Palmer 2013). The magnitude of seepage from the Waimakariri River to groundwater is commonly
less than the uncertainty in the measurement of flows used to calculate it. .
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3.1.6

Key literature

From the 84 studies reviewed, 16 have been identified as critical to the issues and objectives developed for
this project. These sixteen documents are labelled ‘T’ in Appendix B, and include the following:



Original conceptual model



Recent reports on water quality



Recent reports on geological modelling



Work underpinning the development of the groundwater protection zone



Assessments of the seepage to groundwater from the Waimakariri River

3.2

Project area literature - Discussion

The following summary of literature relating specifically or regionally to the Christchurch area has, where
possible, focussed on the five key themes outlined in the project proposal: Conceptual Understanding,
Spatial Context, Data Uncertainties, Scientific Data and Tools, and Temporal Elements. This links also with
the documentation of interview outcomes in Section 4 of this report.

3.2.1

Conceptual understanding

Geological and hydrogeological model
The conceptual model of the Christchurch aquifer system, depicted as a cross-section in Figure 7, is largely
based on work undertaken by Wilson (1973, 1976) in association with staff of the Canterbury Catchment
Board and Canterbury Regional Council, culminating in a report on the Christchurch groundwater system
(Talbot et al. 1986). This work was reviewed by Brown (2001). The hypothesis that water derived from the
Waimakariri River is a significant portion of the recharge to the aquifer system dates back to a public works
report by Doyne (1865, cited in Talbot et al. 1986). Although there are revisions required to the numbers
presented in Figure 7, the conceptual understanding of the surface water – groundwater system has not
changed substantially.
In brief, the conceptual model is that seepage from the Waimakariri River provides a continuous source of
river water to the groundwater system, adding to land surface recharge both within the Christchurch area,
and up-gradient, between West Melton and the Waimakariri Gorge. Both of these sources of recharge flow
generally eastwards towards Christchurch into a Quaternary succession of gravels, sands, silts and clays.
These sediments are generally non-marine (fluvio-glacial and alluvial in the west), grading to transitional and
marine near to the coast in eastern Christchurch, and offshore (Brown & Weeber 1992).
The model contends on the basis of age determination (Stewart 2012) and a water budget (Talbot et al.
1986), that the easterly flow of groundwater beneath the city is accompanied by a general upward movement
of groundwater, especially under the central and eastern parts of the city. Only limited flow goes offshore
within the aquifer system (Aquifer 1 in Figure 7); most of the discharged groundwater issues as natural
springs to form a series of streams (Otukaikino, Avon, Halswell), or is abstracted for a combination of
municipal, commercial and industrial supplies. Shallow gravel and sand layers overlying the confining layer
of fine-grained marine sediments have been referred to as Aquifer 0 (Springston Formation) but are not
shown on the model because it is rarely used as a drinking water supply. Springs in the western and central
part of the city emerge from the young gravels.
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Figure 7: Conceptual cross-section of Christchurch groundwater system (after Talbot et al. 1986).

Recharge from the Waimakariri River
Seepage flow uncertainty has been acknowledged since the Talbot et al. (1986) report which determined
seepage from the river in its middle and lower reaches to be in the order of 7 to 8 m3/s. Recent resource
consent hearings (White 2008; English 2010) have renewed interest in the uncertainty in the seepage flow
from the Waimakariri River, whether there is seasonality in the flow and whether seasonal or longer
abstractions from the river will impact on the seepage. Total mean seepage southwards from the river is
considered to be in the order of 12 m3/s (White et al. 2012) but it is acknowledged that a significant part of
that seepage returns to the river by means of the Otukaikino, sometimes known as the Old South Branch.
Talbot et al. (1986) determined that the seepage towards the area south of the river is much greater than
that to the north, although, according to the literature reviewed for this report, this has never been measured.
One line of evidence supporting the greater flow to the south than to the north is based on water quality, both
in the form of isotopes, trace chemistry and mean groundwater ages (van der Raaij 2012) and also general
composition (Dodson et al. 2012). Talbot et al. (1986) assess the northward seepage to groundwater as less
than 1 m3/s and this has not been challenged.
A Christchurch area groundwater model such as that produced by Scott (2010) used an assessment of
seepage from the Waimakariri River within the model area of 7 m3/s, with no allowance for any variability.
Variability in seepage is assessed by Scott & Palmer (2013), who consider its variability to be not significant
over long time periods, and within the range of 7 m3/s to 8 m3/s (Durney & Scott 2008, cited in Scott &
Palmer 2013).
Analysis by White et al. (2012) estimates a slight, possibly statistically significant increase in seepage flow
with increased flow in the river, with flow to immediately underlying and adjacent strata connected with the
Christchurch aquifer system. Uncertainty in this relationship and in the data that underpin the modelling
indicate that further work is required to make this relationship robust; analyses of all monitoring undertaken
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by CRC (Scott & Palmer 2013) indicate that while short-lived changes in seepage to groundwater occur with
freshes and floods, these changes do not add up to significant volumes over the long term. The analysis
also indicated that there was little evidence of seasonal change in wetted area1, the flow being largely
channelized.
A Canterbury Regional Council resource consent (CRC061972) held by Central Plains Water Limited allows
abstraction from the Waimakariri River up to a rate of 24 m3/s when the river is flowing at more than 66 m3/s
and, if the river is flowing at more than 41 m3/s, then unused but allocated. A permit water may also be
taken. Therefore, there is potential for a decrease in the Waimakariri River flow, especially in the irrigation
season, when flows are greater than 41 m3/s.
How this long-term river flow reduction might be manifested as a change in the seepage to groundwater has
not been tested by actual data, and has not been modelled specific to the Christchurch groundwater system.
Some have argued from a complex analysis of groundwater level and river flow data (e.g., English 2008,
2010) that changes in river flow appear to correspond with changes in groundwater level, but with a time
delay. Whilst there has been no reported direct monitoring evidence of such a change, the river flow record
does not contain long-term significant changes in flow, so the hypothesis has not been able to be tested.
From first principles derived from Darcy's Law, any changes in seepage are more likely to be related to flow
stage, not flow per se (Weir 2007; Scott 2009, 2010; Scott & Palmer 2013).

Land surface recharge
Land surface recharge to the Christchurch aquifer system occurs not only within the groundwater protection
zone area (currently called the Christchurch / West Melton Groundwater Allocation Zone), but potentially
flows also from further west from within the Selwyn-Waihora catchment. Much of this recharge is caused by
rainfall. Although monthly average rainfall exhibits only slight seasonality (Talbot et al. 1986), a
corresponding seasonal change in monthly mean evapotranspiration means that effective rainfall, and
therefore, recharge to groundwater is distinctly seasonal. The difference between rainfall and effective
rainfall is made up of evaporation from the land surface, and transpiration and water required for plant
growth. The land surface recharge2 caused by rainfall is estimated to be in the order of 3.4 m3/s (Scott
2004), revised to 3.2 m3/s in Scott (2010). The former value was determined from soil moisture balance
modelling and the latter by three-dimensional numerical groundwater modelling that includes additional land
surface recharge as a result of irrigation.
Long-term changes in rainfall are considerable, related to climatic cycles such as the Southern Oscillation
(El Niño and La Niña) as documented for the Canterbury Regional Planning Statement (O’Donnell 2007).
The monitoring record indicates that periods of higher rainfall such as in the mid-1970s and 1990s, resulted
in elevated groundwater levels and surface flows (Williams & Gabites 2010). Global climate models, when
scaled for New Zealand regions, indicate that there may be changes in rainfall, snow pack and
evapotranspiration for the region during the period up until near the end of the current century (2090). These
potential changes in seasonal rainfall, reduced snow pack in the Southern Alps, and elevated
evapotranspiration caused by a longer growing season and higher temperatures (NIWA report)3, will
increase water demand in the face of reduced supply.
Additional land surface recharge can be attributed to irrigation, whereby irrigated land allows more of the
rainfall during the irrigation season to be recharged to groundwater. The soils to the west of Christchurch
vary from light to medium in terms of their water holding capacity, lightest over the open gravels close to the
Waimakariri River, heavier away from the river. Soil moisture balance calculations indicate that recharge to
groundwater is higher in recent gravel formation areas overlain by light soils as typified by those west of
Christchurch (CRC GIS soils layer). Scott (2010) estimates the stock water race contribution to recharge,
derived from the Waimakariri River, to be in the order of 0.7 m3/s.

1

Wetted area: defined as area or river bed or bank continually or temporarily covered by surface water.

2

Rates of recharge and discharge are quoted as flow rates rather than volumes in order to facilitate comparison.

3

http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/scenarios
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Further recharge occurs as a result of stormwater disposal, a process currently developed in limited areas of
southwest Christchurch whereby the total discharge to groundwater is maintained. Stormwater disposal is
managed to reduce or remove contaminants derived from the land and housing. Compliance monitoring has
yet to indicate any adverse effects on groundwater levels or contaminants potentially derived from this
disposal. The current magnitude of stormwater disposal to the groundwater system from a handful of
subdivisions in southwest Christchurch as indicated in the reports under-pinning the Southwest Christchurch
resource consent application4 is thought to be in the same magnitude (10%) as the uncertainties in other
components of the water budget.
It should be acknowledged that the study area is only a small part of a much larger hydrogeological entity
comprising the entire Waimakariri River fan. Concerns have been raised about the sources of water beyond
the project area that may be feeding into aquifers occurring at depths greater than 50 m beneath
Christchurch. These concerns have been investigated but the modelling results are not persuasive.
Furthermore, while isotope analysis of groundwater can distinguish land surface recharge from that derived
by seepage from the Waimakariri River, it cannot distinguish where that recharge occurs.

3.2.2

Spatial context

Flowing groundwater is discharged from the Christchurch aquifer system by several mechanisms, including
spring flow, pumped and flowing artesian abstraction, and off-shore discharge.

Spring fed streams
Spring flow discharge, in the form of flow in the streams that traverse Christchurch or flow both to the north
and south, is also monitored. Discharge to spring-fed streams from north of the Waimakariri River,
southwards to the Halswell River is considered by White (2012) to be in the order of 10.9 m3/s. The
corresponding long-term calibrated modelling of the discharge to streams, not including the Halswell River,
estimates discharge totals to be 6.6 m3/s (Scott 2010).

Maintenance of the marine / freshwater interface
The off-shore groundwater flow beneath the coastline has never been measured. It may currently only be
assessed by difference, as part of the uncertain water budget. The literature is unanimous in estimating that
the amount of groundwater flowing offshore within the upper aquifer is small in relation to other contributors
to the budget, perhaps less than 1 m3/s (Scott 2010).
The groundwater pressures in the western and central part of the project area maintain flow eastwards
towards the coast. The relatively low hydraulic gradient as the coast is approached indicates that flow
seaward in the uppermost aquifer is not large. This flow, though, is highly significant to the maintenance of
the offshore salt\freshwater interface. Talbot et al. (1986) considered that his interface was several tens of
kilometres offshore, a view not held by Hertel (1998), but its location and slope has never been verified, one
way or the other. Golder has not sighted any work on the location and orientation of the interface other than
the localised work undertaken by Hertel (1988).
A thesis by Hertel (1998) provides information on the occurrence of the freshwater / saltwater interface in the
south-eastern part of Christchurch (Woolston), where issues of saline intrusion developed in the 1990s. No
clear cut decision has been made whether the intrusion was due to abandoned bores in the bay, or due to
seepage of sea water through confining strata. Notwithstanding this uncertainty, management of localised
groundwater abstraction has remediated water quality in the aquifer system in that area as documented in a
review of saline intrusion by Scott & Wilson (2012). In this review, Christchurch and Belfast sectors of the
coast scored the highest risk in comparison with all other sectors along the entire Canterbury coastline (refer
to Table 4-5 and Figure 4-3 in Scott & Wilson 2012). Risk, in this context represents the product of likelihood
and consequence, both of which were scored high. Eight monitoring bores act as groundwater quality and
pressure sampling points dedicated to address this risk by indicating if, and when salinity increases.

4

http://ecan.govt.nz/publications/Consent%20Notifications/application-smp-sw-chc-aee-and-appendix-a-report-limitations.pdf
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Southern boundary
The southern boundary of the Christchurch groundwater protection zone as indicated on the CRC GIS maps5
is effectively the boundary of the project area. For many years this boundary has been considered to be a
no flow boundary developed parallel with regional groundwater flow, at right angles to modelled piezometric
contours. Originally, contours were drawn from water levels measured in May 1985 (Talbot et al. (1986)),
but considerably more wells have been drilled since then and measurements made subsequently have
allowed a renewed contour map to be produced5. The direction of groundwater flow, and, therefore, the locus
of the boundary has been determined from the regional pattern of mean piezometric data collected from
shallow and deep screened wells such as those shown on and downloadable from the Canterbury GIS5.
Issues relating to these contours depend on whether mean values are valid, given changes in climate and
groundwater abstraction; and, perhaps more significantly, the mixing of groundwater table pressures with
some deeper pressures, thereby distorting the signature of groundwater levels (Lough & Williams 2010).
Despite these uncertainties, the groundwater flow direction and locus of the groundwater divide is
considered by some to be a zone that moves either towards or away from Christchurch, depending upon the
relative seasonal and longer-term strength of the recharge processes that maintain the hydrological balance
(Weir 2007).
Whilst the divide may be no-flow in character at the elevation of the water table, anisotropy in the aquifer
structure and pressure variation with depth might allow groundwater to move across the boundary. Even if
this deep groundwater flow across the boundary were to occur, the work of Hanson & Abraham (2009) and
Bidwell et al. (2009) indicates that such deep groundwater does not currently contain a nitrate signature and
bears the signature of alpine water as originally described by Talbot et al. (1986). Therefore, flow of deep
groundwater into the Christchurch area from the Central Plains area is unlikely, as yet, to cause
contamination of correspondingly deep groundwater beneath the city, a view also held by Stewart (2012).
The fate of nitrate-contaminated groundwater recharged from beneath areas of intensive land use as
described in Talbot et al. (1986) will be determined by a variety of flow paths (Hanson & Abraham 2009a).
Some nitrate, in the upper parts of the Central Plains catchment, will by virtue of the depth to groundwater
move to deep strata and remain at depth, rising eventually as the coast is approached (White 2008; Bidwell
et al. 2009; Hanson & Abraham 2009; van der Raaij 2012). In the middle and lower parts of the Central
Plains catchment, recharge to groundwater will maintain a shallow depth and issue in spring-fed streams in
the lowland area close to Te Waihora / Lake Ellesmere (Hanson & Abraham 2009). In the corresponding
Christchurch catchment, most literature agrees that shallow groundwater likely discharges into the spring-fed
streams rather than flowing into deeper aquifers (Talbot et al. 1986; Scott 2010; Stewart 2012). In contrast,
there is modelling (Weir 2007) that indicates potential for deep groundwater to move across the southern
boundary.

Northern boundary issues
The northern boundary of the groundwater protection zone is the Waimakariri River, marking a territorial as
well as a hydrogeological boundary. It is worth remarking that in New Zealand, and elsewhere, it is unusual
for groundwater catchments to be delineated along rivers. More often, catchments are delineated by the by
the topographic highs that surround a river basin. The current approach makes management of water
quantity and quality issues more of a challenge because the sources of recharge and discharge are currently
shared between adjacent catchments.
The area lying north of the Waimakariri River was originally described in Talbot et al. (1986). A small part of
this area may be hydraulically connected with the Christchurch groundwater system as has recently been
described by Dodson et al. (2012), and van der Raaij (2011).
Sanders (1997), Hayward (2002), Stewart (2002), and Scott et al. (2012) have indicated on maps and in
reports that there is evidence of groundwater flow passing obliquely south-eastwards underneath the
Waimakariri River. The magnitude of this flow is not known and has been assessed with no great certainty
on the occurrence of high nitrate concentrations in the Brooklands area.
5

http://canterburymaps.co.nz/Portal/FlexViewer/Index.html
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3.2.3

Temporal elements

Abstractions
Abstraction has been monitored by metering to varying degrees of precision over the last few decades,
mainly by the Christchurch City Council, who accounts for most of the abstraction, amounting to about 2 m3/s
(Scott 2010).

Groundwater quality
There is a clear influence on groundwater quality caused by seepage of Waimakariri River water into the
groundwater system that is otherwise recharged via the land surface (Talbot et al. 1986; Hayward 2002;
Main 2008). Unequivocal gradients in the concentration of common ions such as sodium, chloride, nitratenitrogen, and magnesium indicate that closest to the river (to the north of the river, and especially to the
south), the influence of the Waimakariri River water character is most strong. Traced southward, this
character become less strong, and gives way to water qualities more typical of the groundwater fed by land
surface recharge typical of the Central Plains (Talbot et al. 1986; Hayward 2002). This gradient in water
quality is also seen in the monitored water quality of the spring-fed streams in the Christchurch area. In the
northern part of the groundwater protection zone these streams contain low concentrations of nitratenitrogen; in the south (Halswell & Heathcote rivers), the concentration of nitrate-nitrogen is high, up to half
the maximum acceptable value (MAV) of 11.3 mg/L (Main 2008).
The potential for contamination in the Waimakariri River itself to impact on the Christchurch groundwater
system was described in Williams and Callander (2002).

Effects of reduced flow in the Waimakariri River
Concerns have been raised over the years about what effects would develop, and how quickly, were the
seepage to the groundwater system from the Waimakariri River to decline. Correlations by White et al.
(2012) between Waimakariri River flow and modelled discharge to groundwater are consistent with an
expected positive correlation between seepage and river flow. However, data uncertainties and the lack of a
reliable flow loss record do not allow a more detailed analysis or reliable predictions of effects were the river
to maintain lower flows for longer periods than it does naturally.
Similarly, Weir (2007) modelled changes in the river-groundwater balance as part of a study to understand
potential changes resulting from the use of Waimakariri River water for irrigation in the Central Plains. His
model results indicated that the seepage from the river might decrease, and this effect would be
strengthened by a corresponding rise in groundwater levels to the south of the river caused by irrigation.
Uncertainties associated with the modelling allow only that this effect is consistent with conceptual models,
and was not sufficiently reliable to predict changes in seepage in the project area.
One potential effect of decreased flow in the river would be a change in the land surface recharge - seepage
water balance, which would be expected to lead to water quality changes, especially in the northern part of
the project area. The literature review did not reveal any monitoring or analysis of water quality that might
indicate such as seasonal change in the balance of the two recharge sources.
Another potential effect of a reduction in Waimakariri River flow could be a reduction in spring flow within the
streams that discharge in the Christchurch area. Although there has been an attempt at drawing a
relationship between flow in the Waimakariri River and that in the Avon River (English 2010), the evidence is
not compelling for reason of the uncertainties in the correlations drawn (Waimakariri Plan Hearing
Commissioners 2011).

Land use change
For several decades, since the publication of Talbot et al. (1986), there has been growing concern over the
potential effects of land use on the groundwater flowing towards Christchurch (Lowe et al. 2001; Barber et al.
2005; Weeber 2002; 2008).
Protection of the groundwater is deemed necessary by CRC, as described in Weeber (2002; 2008) because
the groundwater table is shallow to the west of the city, has little protection from the gravel-based soils, and
there is a downwards gradient in groundwater flow over at least part of the area known as the “Christchurch
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Groundwater Protection Zone”. In contrast, in the central and eastern part of the project area, groundwater
flow directions are directed upwards, and there are fine-grained deposits at surface. The combination of
these two features means that land use activities there are unlikely to cause contamination of the
groundwater (Williams & Callander 2002; Weeber 2002).
Monitoring of groundwater quality has not indicated more than chronic effects associated with point-source
discharges (Hayward 2002; CRC 2012, Scott 2013). There does not appear to be a long-term or wide
spatial effect on groundwater quality associated with the creeping urbanisation of the land peripheral to
Christchurch on the west. Notwithstanding the monitoring record, there may have been insufficient time for
the implementation of the groundwater protection zone regulations to be deemed effective.
There have been a number of instances of contamination of groundwater from land use, including irrigation
of wastewater, leaching from municipal landfills and spills (Scott 2013). The most clear indication of nitrate
contamination is evident from the Hornby area, where nitrogenous wastewater was treated by means of
irrigation, forming a plume of nitrogen down-gradient (Hayward 2002).
Stormwater is currently discharged to ground in the south-western part of the project area, but there is no
monitoring evidence to show any deterioration of groundwater quality arising from the activity. There has
been modelling of potential change to the groundwater quality as a result of stormwater disposal to land6,
and the conclusions from the modelling were that with appropriate infiltration pond management, the
potential effects on groundwater are less than minor.
A risk analysis of potential for groundwater contamination from a variety of land uses within the groundwater
protection zone was undertaken by Williams & Callander (2002). In that report, the main source of
contamination risk was identified to be from septic tanks and agricultural land use to the west of the city.
Although old landfills in the area provide a small input of contamination to groundwater, the effects are not
significant and appear to be declining (Williams & Callander 2002).
Intensive (irrigated pasture and vegetables) land use to the west of the city is not as common as it is
elsewhere in the Central Plains. Intensive land use generally creates a nitrogen signature beneath and
down-gradient of the site. Monitoring within the groundwater protection zone indicates that nitrogen levels in
groundwater, both at shallow and great depth is increasing (Hayward 2002; Scott et al. 2012). The increase
is most marked in shallow groundwater, less so in deep groundwater (Talbot et al. 1986; Hayward 2002).

‘Deep’ groundwater issues
Groundwater age cannot be used to distinguish shallow and deep groundwater especially as groundwater
age is likely to vary within a single aquifer.
The geology/stratigraphy below Aquifer 4 (Wainoni Gravel) has not been described because of the paucity of
bore log data. Only about 50 wells have been drilled deeper than Aquifer 4 in the Christchurch area and a
number of gravel layers/aquifers separated by fine sediment layers have been recorded to a depth of
~250 m. The historical paucity of data all the aquifers below Aquifer 4 is why they are currently lumped into
a unit called “Aquifer 5”. There may now be enough geological data now to attempt to match up layers
between bores drilled below Aquifer 4 (Weeber, Personal Communication, June 2013).

3.2.4

Scientific data, uncertainties and tools

The scientific monitoring data and modelling tools used to analyse the data, as reported in the literature may
be divided into groups, as follows.

Surface flow and groundwater level monitoring data
Frequency of monitoring can be sporadic to several times a minute; measurement uncertainties can be
assessed during the monitoring process. The part played by surface water flow and seepage in acting as a

6

http://ecan.govt.nz/publications/Consent%20Notifications/application-smp-sw-chc-aee-and-appendix-a-report-limitations.pdf
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recharge to, or a discharge from, a groundwater model is itself model-dependent. There is argument about
whether seepage from a river is a function of flow, or more likely, a function of stage and wetted area of river.
These issues were discussed in White et al. (2012) and by Weir (2007). This uncertainty issue is a
compound of uncertainties associated with measurement of flow, stage and wetted area in the river, and the
difficulty of measuring groundwater flow. Even with well documented groundwater tracer tests at Burnham,
groundwater velocities have been shown to be highly variable, not only in magnitude, but also in direction,
resulting from the three-dimensional variability in hydraulic conductivity in the materials through which the
groundwater is flowing.
Monitoring of surface flows has been patchy in the project area. Some rivers have been monitored for
several decades, with daily data; other rivers have only had spot gaugings related to floods or low flows.
Regardless of the amount of data, there is still uncertainty in the measurement of flow, up to 10% in some
waterways, especially the braided Waimakariri River. Spring-fed streams such as the Halswell, Heathcote
and Avon are less problematic to gauge in that there is only one channel and the cross-sections can be
controlled at bridges.
Monitoring of groundwater levels has in the case of the Canterbury Museum, been occurring over a century,
since 1893, though not continuously (Talbot et al. 1986). Whilst there was an initial decline in groundwater
level between 1893 and 1950, no decline has occurred since then, although the seasonal variation has
increased dramatically, thought to be as a result of abstraction within the city. Many wells have been
measured since the 1970s with the result that they contain within their record a signature of long-term
climatic changes associated with El Niño cycles. Uncertainties associated with the measurement of
groundwater levels and pressures are usually less than one centimetre and are not considered a significant
source of error.

Water quality data
Frequency of monitoring usually monthly, quarterly or annually, depending on location and use of data (Scott
2013); analytical uncertainties are determined in a robust and internationally-accepted manner.
Water quality analysis has been undertaken on an irregular basis for many surface water bodies in the
project area since the 1970s, and more regularly in recent times. Similarly for groundwater quality,
especially for those wells identified by Canterbury Regional Council as members of their monthly, quarterly,
or annual monitoring round. A strategic approach to groundwater quality monitoring has been used to
ensure adequate sampling of groundwater where it is likely to change seasonally, and lesser frequencies
where it is less likely to change (Scott 2013).
Surface water or groundwater quality is generally sampled as a single sample, and analysis is usually
reported to several places of decimals, so uncertainties relate to the grab sample being a ‘snapshot’, and
whether a sample is characteristic of the larger-scale flow or aquifer quality at the time of sampling.
Inconsistency in sampling methods can also lead to uncertainties. Groundwater quality may change over
periods of weeks and months and years, not so much over days, unless there is local contamination. In
contrast, surface flow may change in quality over shorter time scales, depending upon the relative
contributions of groundwater to the flow, and the nature and duration of storm events.

Geological logs
Logs are determined for most wells and geotechnical bores, but the quality of log data is highly dependent
on the type of drilling. Good quality data comes from cable tool or cored auger; lesser, to poor quality for airrotary and percussion. Many, especially older bores in the Christchurch area have cable tool logs that are
considered of high quality (Brown and Weeber 1992).

Modelling
Three-dimensional numerical groundwater modelling is inherently uncertain because of the assumptions
made to make the data handling tractable. Recall the aphorism of George Box: “All models are wrong, but
some models may be useful”. Groundwater models reviewed include those specifically designed for the
project area and those for which the project area is only a small part of the model; both are prone to
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uncertainty. However, in general, these models have provided outputs that are generally consistent with the
conceptual model and have indicated where additional monitoring might be useful to tighten the predictions.

Measurement of isotopes and tracers
Sampling of groundwater and surface water to determine the concentration of isotopes and time-dependent
chemical tracers is used to determine mean groundwater ages at the point of sampling. While the
concentrations of both isotopes and tracers can be determined by GNS Science and University of
Canterbury laboratories to unprecedented precision and accuracy, the results of the modelling of these
determinants are dependent upon assumptions regarding the type of flow in the aquifer system, gas
exchange between shallow percolating groundwater and the atmosphere, and the historical record of isotope
concentrations (see Stewart (2012) for a description of issues and their resolution). Notwithstanding these
uncertainties that are in the order of 10 to 20%, and unlike many hydrogeological modelling, mean age
determinations commonly are reported with an uncertainty range (e.g., Stewart 2012).

3.2.5

Project area literature review - conclusions

While at the workshop it became clear that minor revisions of the conceptual model of Talbot et al. (1986)
were needed, especially the figure used to present the model in a graphical way, the main messages
contained in the report on the Christchurch groundwater system by Talbot et al. in 1986 have largely stood
the test of time. None of the publications reviewed for this project questioned the model directly although
new information found in the publications could be used to update the figure and the numbers used within it.
Whilst there is more detail on a number of aspects, especially water quality, the general thrust of the Talbot
et al. (1986) report is unchanged.

3.3

National Literature Review

Examples of alluvial aquifer systems bordering and receiving seepage from rivers elsewhere in New Zealand
include: Wairau at Blenheim; Hutt Valley; Heretaunga Plains in Hawke's Bay; Waimea Plains; Poverty Bay
Flats (Gisborne) and Edendale (Southland). The first four examples are briefly described, highlighting
similarities and differences to Christchurch system and indicating how river seepage into the adjacent
groundwater system is assessed and managed.
In general, there are geological and hydrogeological similarities between these four and with the
Christchurch system. The major difference is that the Hutt, Waimea, Hawke's Bay and Wairau systems are
smaller in scale, largely because they are laterally restricted by relatively impermeable basement rock valley
sides (basement highs) whereas the Christchurch system is part of a much larger aquifer system making up
the Canterbury Plains.
In all four of these examples, urban development has occurred within the area contributing land surface
recharge into unconfined aquifers. Similarly, all four systems have management plans in place to restrict the
taking of groundwater when seepage from the rivers is such that the flows fall below their statutory minima.
All four examples have had, or continue to have deteriorating groundwater quality as a result of agricultural
land use in the area of unconfined aquifers up-gradient of the main municipal groundwater abstraction.

River Wairau - Marlborough
In the coastal portion of the Wairau River valley, a sequence of Pleistocene fluvio-glacial gravel-dominated
units is capped by marine and intermediate sediments that in turn are partially covered by Holocene alluvial
and beach gravels (Davidson 2001; Davidson and Wilson 2011). The western portion of the aquifer system
is largely composed of unconfined alluvial gravel; the eastern (seaward) part is confined gravel (Deep
Wairau). Overlying these gravels in the eastern area is fine-grained marine sediment related to a marine
incursion. Overlying this confining layer is a narrow channel of reworked unconfined gravel (Shallow Wairau)
associated with the modern course of the Wairau River and beach gravels at Rarangi.

August 2013
Report No. 1278110899-012-R-Rev1

18

STATE OF THE SCIENCE, GAPS AND FUTURE WORK

Recharge to the aquifer system of gravels is dominated by a consistent seepage flow from the Wairau River
of 7 m3/s, and a seasonally-variable contribution from land surface recharge. The Wairau River loses much
of its flow to this seepage. A further 1.85 m3/s seepage from surface flow is sourced from tributaries to the
Wairau River. Groundwater also discharges into spring-fed streams at a rate of about 6.75 m3/s, accounting
for most of the natural discharge from the system (Davidson & Wilson 2011). Additional discharge from the
aquifer as groundwater through the coastline accounts for 0.5 m3/s, and groundwater abstraction 0.54 m3/s.
Therefore, additional abstraction of groundwater would be expected to reduce spring flow in almost direct
proportion.
The geological and hydrogeological similarities with the Christchurch system are strong; the differences are
simply in scale, and the fact that the Wairau system is bounded by rocky valley sides. For example, the
sedimentary materials in both systems are almost identical. There is similarity also in the increasing need for
groundwater allocation in the area as a result of intense viticultural, other agricultural and municipal uses.
Furthermore, the potential for groundwater contamination up-gradient, by land use to the west of the city of
Blenheim, has been recognised (Davidson & Wilson 2011).
Allocation of groundwater has been managed by maintaining actual abstraction below the calculated through
flow within the Wairau system. This has meant that recent additional water use has had to be sourced by
surface water augmentation (Southern Valleys irrigation Scheme).

Hutt Valley – Greater Wellington
The Hutt Valley aquifer has been extensively described and modelled by Donaldson and Campbell (1977),
reviewed by Morgan & Hughes (2001), remodelled by Gyopari (2001) and again by Gyopari (2013). The
Lower Valley aquifer system lies within a valley gravel-dominated sequence of Pleistocene age, with
intervening marine and transitional sediment layers near the coast, deposited during relatively high sea
levels, partly a result of tectonic movements on the Wellington Fault. The unconfined and confined aquifer
system is less than 20 km wide and 30 km long, and is restricted by basement highs represented by hard
rock valley sides that transmit insignificant amounts of groundwater.
Groundwater discharges from the aquifer by means of submarine springs that well up just off the Hutt coast
in Wellington Harbour, and by lateral flow within aquifer strata, ultimately discharging into the marine
environment.
Recharge to the system is largely by seepage from the Hutt River, especially when groundwater levels in the
adjacent aquifer are low during the summer season (Gyopari (2013) when the hydraulic head difference is at
a maximum. There is locally-derived land surface recharge, but this is limited by the ability or rainfall to
percolate through a largely built up, urban area. Much of the urban stormwater is discharged to the Hutt
River rather than to ground.
Continuing interest in the Hutt Valley aquifer is due to increasing demand for municipal and industrial water
in the Wellington Region (Wellington City and Hutt City). Demand for water is largely restricted by the
quantum of natural recharge, predominantly from the Hutt River, coupled with artificial storage in ponds in
the Upper Valley.
One similarity between the Hutt system and Christchurch is the need to determine the abstraction that may
be taken without risk of saline intrusion by lowering natural discharge to the marine environment. The
potential for saline intrusion if abstraction exceeds a sustainable limit is a real risk recognised over 35 years
ago by Donaldson and Campbell (1977) and re-assessed by Gyopari (2001, 2013). To counter this risk,
pumping from the system has been moved away from the coast, carefully metered, and abstraction
managed using trigger levels and water take restrictions, as recommended by Donaldson and Campbell
(1977).
What distinguishes the Hutt system from the Christchurch system is its small scale, boundary conditions and
the occurrence of springs just offshore that could act as open conduits for saline water into the aquifer
system if the flow and groundwater pressure at the coast is not maintained above a critical level.
Loss of hydrocarbons to the groundwater as it flows within the unconfined aquifer system has been recorded
(Thorpe 2012). Whilst the 76 ML petroleum hydrocarbon contamination event at a rate of 1 mL/s over
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100 days is widely acknowledged, there has been no recording of its adverse effects on the water quality,
perhaps due to dilution in groundwater velocities that have been modelled as up to 4 m/s. This event
highlights the difficulties of recognising and monitoring contamination events relating to groundwater passing
under an urbanised area in an unconfined aquifer.

Heretaunga Plains - Hawke's Bay
The Heretaunga Plains is a 20 km wide expanse of Pleistocene fluvio-glacial and alluvial gravels interleaved,
especially near the coast, with Holocene and older marine and transitional sediments that increase in
thickness eastwards (Thorpe et al. 1982; Luba 2001). These finer-grained sediments form aquitards that
separate the gravel-dominated aquifer layers. Discharge from the aquifer system is largely offshore, as
springs, because the coastal confining layer maintains groundwater pressures up to 9 m above sea level at
the coast.
There are geological and hydrogeological similarities between the Hawke's Bay and Christchurch aquifer
systems. While smaller in scale than the Christchurch system, and constrained laterally by basement highs,
there is similarity in issues of the potential for urban contamination, especially around and west of Hastings,
coupled with the evident effects of agricultural contamination. One of the similarities also was the tension
between the Hastings City Council and the catchment board, now Hawke’s Bay Regional Council. The city
wanted to expand the city boundary westward over the unconfined aquifer, while the catchment board felt
that this urbanisation ran the risk of polluting the water supply, on which a large number of people depended.
Groundwater quality is generally good, though at depth, quality becomes more iron-rich and hard (Luba
2001). Shallow groundwater has been locally affected by domestic wastewater disposal systems and from
agricultural use and was the topic of an extensive study (Thorpe et al. 1982). The study found that dispersed
pollution sources from urban and rural sources do not pose a risk to what is generally a good quality
groundwater. While a reticulated sewer rupture within the unconfined aquifer could contaminate the
municipal water supply, urbanisation of the unconfined area would be unlikely to pose a serious threat to the
potability of the confined groundwater system on which the City of Hastings depended. It is unclear whether
shallow groundwater monitoring has confirmed this conclusion. According to the Hawke’s Bay Regional
Council monitoring of groundwater quality7, deep groundwater does not appear to exhibit contamination from
urban sources.

Waimea Plains - Tasman
The geology and hydrogeology of the Waimea Plains has recently been reviewed by Stewart et al. (2010),
building on a review by Thomas (2001). Two rivers, the Wairoa (Lee) and Wai-Iti, that combine to form the
Waimea River, have fed gravel formed by erosion of the Eastern Hills into a trough now occupied by the
Waimea Plains, having a maximum width of 8 km and a length of 20 km. The basin has largely been the
result of tectonic movement on the Waimea Fault (Thomas 2001).
The aquifer system is composed of semi-confined Pleistocene (glacial and inter-glacial) gravel channelhosted units within a matrix of clay-bound gravels, overlain by unconfined Holocene (post-glacial) gravels.
The aquifer system differs from the Christchurch system in scale, having a basement high forming the
southern boundary, and an older, relatively impermeable (Moutere) gravel sequence to the north. Much of
the aquifer material is clay-rich gravel perhaps because there has been little reworking of this material to
form more open framework gravel, except in defined buried lenses elongated parallel with the rivers. It is
these lenses that form the main groundwater abstraction targets.
Although on a much smaller scale than Christchurch, where the rivers leave the Eastern Hills south of the
plains they lose surface water into the groundwater system, which is also fed by land surface recharge. The
scale of the system means that total usable storage is low, with the result that groundwater levels decline
significantly after recharge events and during periods of high groundwater demand. Lowered groundwater
levels allow continued seepage of water from the rivers as they traverse the plains, leading to flow-based
restrictions on groundwater use. These restrictions apply most years during summer seasons when river

7

http://www.hbrc.govt.nz/Services/Environment/Water/Pages/Ground-Water-Quality.aspx
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flows fall below statutory minimum values. Storage and release of surface water is currently undertaken on
the Wai-Iti River, and is being considered for the Lee River.

3.4

National Literature - Conclusions

The review of other examples of similar river-fed groundwater systems in New Zealand indicates similar
issues of water quantity and quality related to increasing demand, and up-gradient urbanisation and
intensification of agriculture. In the majority of these examples, intensification has been allowed above semior unconfined aquifers; however there is no substantial published monitoring of any contamination effects
resulting from this development. Also of note is the way that changes in river flow have been used to drive
abstraction allowances; indicating a direct and measurable link between river flow to that of groundwater
levels and availability.
In a climate of increased resource use and a growing awareness of the fragility of the environment, the
increased concern over the sustainability of the resource is to be expected.
Increasing demands made of land and water requires closer management of the resources, and a better
understanding of the likely effects of particular actions. The monitoring data used may require updating
and/or extension in order to increase confidence in likely outcomes. Proposals for additional data and
analysis are outlined in a subsequent section of this report and it is to be hoped that they will in part reduce
uncertainties and improve understanding. No additional analytical tools or approaches that could be used in
the Christchurch system have been evident in these national examples, other than tracer tests.

3.5
3.5.1

International Literature - Overview
Objectives

Following the national literature review and the expert interviews, an international literature review was
carried out with a focus on two key goals; the first was to a search of notable international journals for
scientific tools (methods) that could potentially be applied to further our understanding of the Christchurch
aquifer system. The second goal was to look internationally for ‘sister cities’ type situations where the
conceptual model of the Christchurch aquifer system may be similar in physical parameters (geology,
riverine recharge, water quality) and other pertinent management and planning factors were similar. Ideally
a ‘sister city’ example or set of examples would help provide some alternative approaches to managing,
modelling or monitoring. These searches were intended to be ‘preliminary assessments’ prior to the
collaborative workshop where the literature would be reassessed with respect to agreed data gaps and
potential further work identified by the expert. The search focused on the five key themes as per the project
proposal: Conceptual Understanding, Spatial Context, Data Uncertainties, Scientific Data and Tools, and
Temporal Elements. Many of these international papers transcended any one particular theme as they
tended to be focused on resolving scientific estimates or groundwater management issues that are similar
those challenges faced in an understanding of the Christchurch artesian aquifer system.

3.5.2

Sources

A search of the published research spanned a wide range of internationally recognised journals including;
Groundwater, Water Resource Research, Journal of Hydrology, Nature, Hydrogeology and Biogeochemistry.
A total of over 60 papers were considered. Journal articles were prioritised toward the more recent
publications (2000 to present) although the workshop may provide additional references to older publications
and reports.
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3.6
3.6.1

International Literature - Discussion
Conceptual understanding

When looking internationally for information regarding the conceptual understanding it is important to note
that the subcategories used in the Local Literature chapter (e.g., Southern boundary, etc.) were not
applicable to a review of journal articles as these were site-specific issues relevant to the Christchurch
aquifer system.
These types of conceptual understanding topics may be best understood through finding a ‘sister city’ type
example. A number of potential candidates for ‘sister city’ comparisons have been reviewed. These
examples were planned to be presented as part of the collaborative workshop but time did not allow this to
eventuate. With respect to conceptual understanding, the journal articles that were reviewed generally
focused on a review of the scientific tools and methods that could be utilised to better understand the various
components of the Christchurch groundwater system.

3.6.2

Spatial context

Marine Interface
The subcategories to this theme included papers that focused primarily on quantifying groundwater
discharge in a freshwater-saline coastal environment. Of the articles reviewed, Wang (2012) provided a
pertinent example of assessment strategies for utilising coastal bores and tidal head fluctuation patterns to
better quantify groundwater sea interactions (Figure 8).

Figure 8: Unconfined and confined aquifer interface and tidal head fluctuations diagram (Wang 2012).

The presence and/or absence of tidal head changes in Canterbury coastal bores may provide some insights
for the Christchurch aquifer system. Other papers in this subcategory included a review of multiple methods
for determining groundwater discharge (Burnett 2006) and a large number of works focused on the use of
geochemical and biochemical techniques. Singh (2011) utilised deep resistivity sounding information to map
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deep fresh water aquifers off the coast of India. This type of technique may provide useful information when
coupled with any NIWA geophysical information collected on Pegasus Bay following the 2010/2011
Canterbury earthquakes, as indicated during interview discussions with Paul White of GNS.

River and Land Surface Recharge
Sixteen publications were found to focus on estimating recharge from rivers and varied from specific new
techniques to quantify riverine recharge to comparative critiques of numerous recharge estimation methods.
Kalbus (2006) looked at more than 20 various methods to quantify recharge from rivers ranging from direct
field measurements of flux, to mass balance approaches using environment tracers. The report concluded
that a multi-scale approach and method to estimate groundwater flux would help to refine the approximations
Table 1. While some of these techniques have been robustly applied to assessments of the Waimakariri
River, other techniques listed here may provide some new insights and complementary information. Kalbus
(2006) also evaluated these techniques relevant to the spatial scale at which they were typically applicable
(Figure 9). Other articles included quantifying area rainfall recharge (Yin 2010) using stable isotopes.
Table 1: Potential methods to assess aquifer recharge from rivers (from Kalbus 2006).
Recharge Estimation
Method Category
Direct field measurements

Darcy’s Law Methods

Mass balance approaches
Contaminant
concentrations

Sub-category

Specific Method

Hydrologic/hydraulic
Thermal
Hydraulic Gradient

Seepage meters, concurrent gaugings.
Heat tracers and channel bed thermal flux.
Groundwater level (pressure) survey.
Grain-size, permeameters, pumping, slug-and-bail
tests.
Pump testing
Pump testing, core testing
Incremental stream flow, hydrograph separation
Environmental tracers (chloride), solutes
Monitoring wells, samplers (passive/grab),
integrated pumping tests, seepage metres

Hydraulic Conductivity
Groundwater velocities
Porosity
Hydrologic
Chemical
Hydrogeologic/chemistry

Figure 9: Review of recharge estimation methods relevant to spatial scale at which results are applicable.
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3.6.3

Temporal elements

The temporal element theme focused information relative to abstractions, groundwater quality and land use
changes. In framing this search we decided that search should focus on information that helped define the
effects of these issues over time. Golder found that this type of information is primarily founding in journal
articles and governmental reports that helped to define methods for establishing groundwater recharge areas
and groundwater management protection plans. One notable report (EPA 2004) outlined methods to not
only define groundwater recharge protection zones, but also to establish plans for clean up in the eventuality
of a contaminant spill that would threaten public water supplies. Other guides (BCP 2011) provided methods
to map the intrinsic aquifer vulnerability of recharge areas to the threat of contamination to water supplies.
This type of information could be helpful in further refining the current management strategies for the
Christchurch aquifer system.

3.6.4

Scientific data, uncertainties and tools

Relevant to the ‘scientific data and tools’ theme we looked primarily at modelling tools where river recharge
was a critical component. The modelling information was focused on new methods to utilise integrated
surface-groundwater models to provide improved estimates of the relationships between river-aquifer flux
(gains/losses). Other models were compared with quantitative methods to help provide estimates of
submarine groundwater discharge in coastal aquifer systems.
The theme of ‘uncertainties’ focused on statistical and geostatistical tools that helped to both reduce
uncertainty in predictions and help create geological data to refine groundwater modelling efforts. Starn
(2010) combined statistical methods with atmospheric geochemical tracers to help refine the understanding
of groundwater recharge areas for an unconfined aquifer system. Fleckenstein (2006) utilised recent
powerful 3-D geostatistical modelling methods to quantify river-aquifer interactions. Simulations of riveraquifer interactions were generated using six geostatistical models. These models simulate the effects of
hydrofacies in a geologically heterogeneous aquifer system.
The 3-D modelling was utilised to simulate longitudinal profiles showing river-aquifer interactions, from which
it was concluded that larger total seepage volumes occurred during moderate flows. This effect contrasted
with seepage during higher flows which raised the underlying water table sufficiently to reduce the seepage
rates (Figure 10). While the hydrogeologic conditions may vary from those found in the Christchurch aquifer,
these new modelling and statistical tools and are similar to those used by Thorley & Scott (2010) and likely
warrant further exploration.
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Figure 10: Simulated water table elevations for understanding changes in recharge volumes at varied flow conditions.

3.7

International Literature - Conclusions

A preliminary article list was developed prior to the collaborative workshop phase of this project and has now
been revised to include: international papers, scientific methods and groundwater management tools. These
results are incorporated into the recommendations section of this report and linked to the final ‘data gaps’
identified, and to underpin the recommendations concerning how to move forward.
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4.0
4.1

INTERVIEWS WITH TECHNICAL EXPERTS
Interviews – Approach

A key part of the project was to undertake interviews with a broad range of experts working in the area.
Eight interviews were held during March and April 2013. Table 2 below provides a summary of the
interviews undertaken for this study. In addition to the formal interviews, informal discussions were held with
John Bright of Aqualinc. Interview summaries are presented in Appendix E.
Table 2: Interview summary.
Contributor
Dr. Hugh Thorpe (HT) - Senior
Hydrogeologist, Independent Consultant,
Christchurch.
Paul White (PW) - Senior Hydrogeologist,
GNS, Wairakei.
Peter Callander (PC) - Senior
hydrogeologist/Director,
Pattle Delamore Partners.
Richard English (RE), Senior engineer,
Independent Consultant.
David Scott (DS), Senior groundwater
hydrologist, Canterbury Regional Council.
Julian Weir (JWe), Senior groundwater
scientist, Aqualinc Research Limited,
Christchurch.
John Weeber (JW), Geologist, McMillan
Drilling.
Carl Hanson, Senior groundwater scientist,
Canterbury Regional Council.

Other Attendees
Bob Bower, Howard Williams (Golder)

Date
13 March 2013

Bob Bower, Howard Williams (Golder)

14 March 2013

Helen Shaw, Bob Bower, Howard
Williams (Golder)

26 March 2013

Helen Shaw, Howard Williams (Golder)

26 March 2013

Helen Shaw, Bob Bower, Howard
Williams (Golder)
Helen Shaw, Bob Bower, Howard
Williams (Golder). Helen Rutter
(Aqualinc)
Helen Shaw, Bob Bower, Howard
Williams (by phone) (Golder)
Bob Bower, Howard Williams (Golder).

27 March 2013
27 March 2013

5 April 2013
11 April 2013

Each of the interviews was conducted in a similar manner, with a common set of questions on themes
(Table 3) followed by questions specific to each expert’s area of expertise. Common questions were as
follows:
1)

Can we ask you to summarise your current understanding of the conceptual model for the Christchurch
Artesian Aquifer?

2)

Can you give us your ‘preferred’ explanation of contributions of total recharge to the aquifer system?

3)

Can you share with us your understanding of the key areas of agreement and differences in the
technical understanding and opinions of groundwater specialists? Note – both legal and technical
issues).

4)

Any of the particular previous work (by yourself or others) that you consider to be particularly robust

5)

Any major gaps in the technical understanding of this Christchurch Artesian system?

Interview notes were taken, and summarised into key areas of discussion, broadly following the key themes
identified to be of interest to this project. While the interview framework is similar for each interview, the
expertise of each interviewee dictated which topics were covered in detail. The combined set of interviews
provided a holistic summary of knowledge about the system. These are tabulated as follows (Table 3).

August 2013
Report No. 1278110899-012-R-Rev1

26

STATE OF THE SCIENCE, GAPS AND FUTURE WORK

Table 3: Themes and discussion topics.
Themes
Discussion Topics


Conceptual Understanding





Spatial Context

Temporal Elements
Data Uncertainties / Scientific data
and Tools

4.2









Conceptual understanding of the Christchurch artesian aquifer
system
Recharge from the Waimakariri River into the Christchurch
Aquifers
Rainfall recharge of the Christchurch Aquifers
Southern Boundary of the Christchurch Groundwater Protection
Zone
Groundwater / marine interface
Spring fed streams
Deep groundwater
Groundwater quality
Abstractions
Data Gaps
Potential Future work

Interviews - Discussion

Outlined below are the discussion topics, with a brief summary of the areas of agreement and disagreement
relating to each topic. Where useful, discussion points have been outlined. Full interview notes are
attached as Appendix E.

4.2.1

Conceptual understanding

Conceptual understanding of the Christchurch artesian aquifer system
The general schematic presented by Talbot et al. (Figure 7) is considered by all of the experts to fairly well
represent the groundwater / surface water interactions in the area between the Waimakariri River and the
coast (area 1 as depicted in Figure 3). There is some disagreement with the diagram relating to recharge
rates from the Waimakariri River, the role of the fine-grained sediments acting as aquitards towards the
coast, and the location of the seawater / freshwater interface (discussed below).

Recharge from the Waimakariri River into the Christchurch Aquifers
All experts interviewed consider that the influence of recharge from the river on the shallow aquifer is
predominant close to the river, and diminishes southwards as rainfall or land surface recharge become a
more significant component. The extent to which the recharge rates and volumes vary relative to changes
like flood flows and over time is a point of discussion, and somewhat influenced by the methods or data used
to calculate or assess recharge.
David Scott considers that Waimakariri River concurrent flow gaugings show consistent recharge, but
uncertainties remain because the analysis is undertaken over a limited range of flows - the recharge is
however likely to increase temporarily with infrequent floods and freshes. Paul White’s work assesses rates
of recharge for three flow ranges and considers that recharge increases with flow (wetted area) however
recharge could be considered constant beyond 1 or 2 km from the river. Similarly Julian Weir’s modelling
relies on wetted area and stage information, with assumptions about rate of recharge through gravels.
From the discussions, achieving understanding of river recharge appears to be one of the most challenging
and contested parameters of this Christchurch aquifer system. It is apparent that a combination of data
gaps and uncertainty combined with disagreements in the techniques used make this a priority area for
further discussion.

August 2013
Report No. 1278110899-012-R-Rev1

27

STATE OF THE SCIENCE, GAPS AND FUTURE WORK

Land Surface recharge of the Christchurch Aquifers
All expert opinions are in agreement that the influence of rainfall recharge influence on the study area aquifer
system is variable, and likely to change markedly with season. It was agreed also that other likely influences
on land surface recharge are abstraction, and percentage of impervious surfaces. Rainfall recharge is likely
to strongly influence flow in the spring-fed streams. Rainfall recharge predominantly influences the shallower
aquifers, particularly in the western area of the Christchurch/West Melton aquifer zone.
However, Richard English disagreed with the extent to which impervious surfaces are influencing land
surface recharge and on the quantum of influence of land surface recharge on the aquifer system and
springs compared with river recharge. Several experts disagreed on the area of land that may be
considered to have an influence on recharge to the aquifers.
Discussions related to a number of topics. David Scott thinks that significant rainfall recharge from north of
the river is unlikely, but Hugh Thorpe notes isotope information in the Belfast area indicates water may be
from north side (Stewart 2012). Julian Weir and Peter Callander think rainfall is most likely to end up in
spring-fed streams. Peter Callander identifies the difference between quantification of river recharge by
David Scott and Vince Bidwell. Richard English is concerned with river influence, however believes that the
quantification of rainfall versus river influence is currently not robust. Julian Weir notes that rainfall and river
influences are difficult to distinguish in the flow patterns of rivers.

4.2.2

Spatial context

Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone
It was agreed that the boundary between these two zones is an area that is the locus of a groundwater
divide. However, the boundary becomes more unclear for the movement and direction of deeper
groundwater. The boundary is also considered likely to move, potentially with seasonal changes. However,
there was disagreement over the exact location of the boundary and the magnitude and reasons for its
potential movement.
In discussion, Carl Hanson thinks that the boundary is actually further north than currently shown on maps,
however indicated that the Protection Zone is likely therefore more conservative. John Weeber and Paul
Whiter were also interested in more data collected to confirm the boundary current position.

Groundwater / marine interface
There was general agreement that there is little data available on the location or exact rates of discharge to
the marine environment from the aquifers. However, it was agreed that marine discharges are likely to be
small in comparison to spring fed stream discharges.
Discussions indicate that there is some agreement with the conceptual diagram of Talbot et al. (1986),
specifically the presence of aquitards closing the off the Aquifers 2 to 5 at the distal end of the aquifer system
but not Aquifer 1, close to where is abuts the continental shelf. All consider that deep aquifers are blind and
do not discharge laterally, unlike Aquifer 1. The mechanism by which Aquifer 1 discharges to the ocean is
not known.

Spring fed streams
There was general agreement that the spring-fed streams (e.g., Avon, Heathcote) are fed by groundwater,
sourced via recharge from the Waimakariri River, and from land surface recharge. There was also
agreement that water quality in spring fed streams is likely to be adversely affected by land use in the
catchment.
There was some disagreement as to the degree to which spring-fed streams respond to flows in the
Waimakariri River. Richard English considered that changes in imperviousness in the city had no impact on
spring fed stream flows. In contrast, Peter Callander and David Scott consider that flows in spring-fed
streams may be affected by imperviousness changes in the city. Paul White believes that spring-fed stream
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flow is linked to seasonal variation in groundwater pressure; however seasonal change in groundwater will
also be due to changes in the quantum of rainfall recharge.

Deep groundwater
There is general agreement that more information is needed regarding deep groundwater flow and quality.
There is, however, some disagreement regarding the extent to which deep groundwater might move
eastwards across the southern boundary of the project area. While modelling by Julian Weir indicated the
potential for deep groundwater to flow eastwards towards the City, Carl Hanson and others consider it
unlikely that deep groundwater will flow in significant quantities across the boundary from Central Plains.
One reason for this is due to the anisotropy caused by permeable channels are more likely to flow southeasterly than easterly, and Hanson & Abraham (2009) show how Waimakariri-sourced water occurs at depth
beneath the Central Plains, not land surface recharge-derived water.

4.2.3

Temporal elements

Groundwater quality
There is general agreement that groundwater quality changes from north to south across the project area,
reflecting the change in dominance of river recharge in the north, to land surface recharge in the south. It is
acknowledged that there have been contamination issues in the south of the city, and this area is more at
risk because it is fed from land surface recharge, and the potential for contamination of deeper groundwater
is unclear. It is agreed that land use based contaminants threaten water quality in spring fed streams.
There is disagreement regarding the boundaries of the groundwater protection zone: Paul White believes it
should be extended further, including the main stem of the Waimakariri River, while David Scott and Peter
Callander believe the zone to be sufficiently conservative.
Discussion indicated that it is difficult to calibrate models of groundwater quality. Hugh Thorpe and Carl
Hanson are concerned that current land uses / non-point source contaminants may be more of an issue than
industrial point sources. Historically, poor land use has not resulted in poor groundwater quality near the
river (noted by a number of experts). John Weeber is concerned that land uses to the north of the river may
be influencing deep aquifers.

Abstractions
There is agreement that springs are the main natural discharge from the groundwater system, followed by
pumping and artesian abstractions.
There is disagreement concerning the relative influence of abstractions and natural discharge on the water
budget. Richard English is concerned that abstractions directly from the Waimakariri River are having a
significant effect on the magnitude of baseflow in the spring-fed streams.
Discussions indicate that there is some evidence indicating that groundwater abstractions are lowering
groundwater levels in the city.

4.2.4

Data gaps and further work

During the course of this project Golder has made an effort to help distinguish between aquifer parameters
based on analysis of data and those based more on expert professional judgement in the absence of specific
information. For example the understanding of how the Christchurch aquifer system interacts with the ocean
is based on very limited stratigraphic data or saline-freshwater interface analysis. While there is general
agreement in how this system works some targeted data collection and analysis could help further refine it
as a component part of the system. Many of the disagreements that became evident during the interviews
and workshop are issues that can be further resolved by these kinds of targeted data collection and analysis
projects. Golder has highlighted these items in the following section.
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Data Gaps
The following was compiled from discussions during the interview process. This list has been discussed,
amplified and refined during the collaborative workshop, presented in Section 7.



Surface flow measurements in the Waimakariri River need to be more robust so that seepage
magnitude from the river is more certain at a larger range of flows



Improved techniques to measure seepage losses from the Waimakariri River as a result of existing flow
measurements from braided rivers having significant uncertainties



Extension of the Waimakariri base flow measurements to increase frequency, and include additional
reaches



A new groundwater bore array (bores arranged in a grid pattern) near the river if and when the
Crossbank array is dis-established



Groundwater flow velocities especially in the vicinity of the Waimakariri River so that travel times and
dispersion values for potential contaminants can be determined



Magnitude and pathways of sub-coastal groundwater discharge



Degree to which the southern, 'no-flow' boundary allows groundwater to flow across it



More data on flow in the Avon catchment followed by correlation of flows in Waimakariri River with
groundwater levels and flows in the Avon River.



More detailed piezometric contour maps (using bores with screens at similar depths), consideration of
additional data to understand deep groundwater hydrogeology, determination of the vertical
groundwater gradient leading to more data on flow between aquifers



More monitoring west of the city (quality and quantity), including sentinel wells to determine water
quality trends and pressure variation in deep strata to the west of the city, production of vertical profiles
of water quality



Increased groundwater quality monitoring along the western edge of the city in order to assess the
potential effects of urbanisation on contamination of the unconfined aquifers



Water age determination data at different depths



Geophysical methods to determine changes in water quality in the upper plains west of the city



Compilation of existing deep drilling information (e.g., from oil exploration), improved logging of cores to
update geological information, incorporation of geology into 3D modelling



LIDAR8 coverage data from other sources (e.g., post – 2010/2011 Canterbury earthquake flyovers) to
assist with geomorphological understanding, and estimation of wetted areas

The scope of discussion topics presented in (Table 3) was unchanged after the interviews and discussions.
The topics presented in Section 4.2.4 were discussed and refined during the collaborative workshop
(Section 0).

8

LIDAR: Laser Imaging Detection And Ranging
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5.0
5.1

WORKSHOP ON TECHNICAL UNDERSTANDING AND DATA GAPS
Format

A collaborative workshop was held on 23 May 2013. Workshop notes are attached as APPENDIX F. The
aim of the workshop was to confirm issues of uncertainty and disagreement, refine and amplify knowledge
gaps, and to plan a way forward with proposals for future work to resolve any remaining uncertainties.
Specifically, workshop objectives were as follows:



prioritisation of ‘issues’



clarity on agree / disagreement



identification of true data gaps



Improvements expected from filling in data

The agenda for the workshop is also included in APPENDIX F, and had the following topics for discussions:
1)

Agreement on key discussion points (issues)

2)

Understanding the key discussion points

3)

How to resolve differences

4)

Potential further work

5)

Links to current work streams

5.2

Key Discussion Points

The themes used throughout the literature review and interviews were addressed in some detail during the
workshop. This section indicates the importance of each topic and whether there was general agreement as
to the issues relating to each.
Conceptual understanding: this was considered to be of importance; however most of the other key points
form a subset of this model. It was considered by workshop participants that the Talbot et al. (1986) diagram
(Figure 7) needs to be revised, based on more recent data and science. The following issues were
considered as being significant if the recommendation that the conceptual diagram of Talbot et al. (1986) be
reviewed is accepted:



The offshore discharge of groundwater as a part of the overall water budget is exaggerated.



The location and orientation of the saltwater / freshwater interface is questionable as is the location and
magnitude of the discharge direct to the marine environment.



The diagram suggests there is recharge to the groundwater system from the inland plains and this
needs to be explained and quantified.



Should the sedimentary strata lying above the marine and transitional confining layers be called
‘Aquifer 0’ or is such terminology not as useful as the formation names?



The downward flow of groundwater in the western part of the figure needs further investigation.



The potential for upwards groundwater flow from deep aquifers towards or issuing from springs needs
to be represented.
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The quantity of spring discharges has been underestimated and can be revised in light of more recent
monitoring data.



Recharge from the river northwards towards Kaiapoi should be acknowledged in the figure.



While the arrows indicate pressure gradient, they do not represent flow magnitudes.



The relative thicknesses of the aquifer units and intervening aquitards of finer-grained material are
incorrect and the lateral continuity, or not, of the aquitards needs to be recognised. Much new bore log
information is now available.



Basement to the groundwater system, whether older gravels or hard rock should be indicated,
especially in view of the recent NIWA report.

Understanding river recharge: this issue was considered of high importance due to the differences in
opinion on its quantum and its variability. A long discussion occurred on difficulties of measurement, of
uncertainties, variability of seepage with respect to flow, and/or to river stage, and the spatial effects of
changes in flow.
Rainfall recharge: this issue was considered to be of medium importance. There is a reasonably good
understanding and agreement on this, however rainfall recharge is significant because it affects the overall
water budget, and is important in determining water quality effects and stream flows. There is concern that
decommissioning of lysimeter sites may result in a data gap with respect to original reference sites. An
alternative view held that the lysimeters had been matched against a long enough period of climatic and
model data for the relationship between rainfall and recharge to be fully understood. While the quantity of
rainfall recharge is not as much as river recharge, the ratio of the two sources changes across the project
area, with the result that rainfall recharge is more significant in the southern part.
Southern boundary: this was considered an issue of low to medium importance. There is a lack of
understanding of ‘deeper’ groundwater, indeed, the terms ‘deep’ and ‘shallow’ to describe groundwater are
ill-defined, and some consider that geological terms should be used instead. Regardless of terminology,
there is a lack of information regarding groundwater quality and pressure at depths greater than 200 m in all
parts of the project area though it is not yet clear whether such deep water plays an active part in the water
budget. It was agreed that the southern boundary is potentially a movable zone, rather than being an
‘impermeable’ and static boundary line.
Groundwater / marine interface: This issue was considered as low priority. There is a considerable data
gap regarding the location of the saline interface, its orientation within the aquifer system, and the
stratigraphy offshore. There is a perceived risk by the public that if recharge were to decline, then saltwater
intrusion would occur. There was agreement within the workshop that the main concern is to ensure that
seawards groundwater flow is occurring, keeping saltwater ingress at bay. CRC monitor coastal bores at
various depths to check for this, although some wells were destroyed in the 2010 / 2011 Canterbury
earthquakes, and it was considered that these should be reinstated.
The aquitards in the Talbot et al. (1986) conceptual model are now thought to be thinner than portrayed in
the model. There is a view that in the confined zone, groundwater most likely flows up through the overlying
strata on-shore and very little groundwater flows out to sea, being a diffuse residual flow representing only a
small part of the natural discharge from the system.
Spring fed streams: This is considered an issue of high importance for both hydrological, aquifer
management and aesthetic reasons. There is a view that these spring-fed stream flows can be used as a
proxy for the whole water budget; that changes in flows in the Waimakariri River due to abstraction could
reduce the volume of water seeping into the aquifer system, hence affecting flows in the streams.
Compounding this issue is that local use of groundwater can significantly impact on spring flows. There is a
view that any assessment of the relationship between spring flows and Waimakariri River flows and the
general state of the groundwater resource should involve data derived from multiple sources.
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Spring flows could be used to measure / monitor the sustainable limits on the basis that there is consensus
that the flows from springs are a considerable part of the water budget, being the major contribution to
discharge.
Deep groundwater – at risk from contamination: A consensus developed that there is insufficient
information regarding deep groundwater, both in terms of quantity and quality. As identified above, there
needs to be a better definition of ‘deep’ and ‘shallow’: some view ‘deep’ to be below Aquifer 4, however, the
depth at which Aquifer 4 occurs varies spatially. Whilst another way to distinguish between ‘deep’ and
‘shallow’ could be age of water, this too is spatially variable. While the formation name of the host would be
a more precise nomenclature, this is limited to areas where formations can be recognised, which to the west
of the city becomes problematic.
There is a view that there is the potential for land surface-derived contamination of groundwater to the west
of the city and that this groundwater may then flow to deeper strata from which it may be abstracted as
drinking water in the Christchurch area. Monitoring evidence of such contamination of deep groundwater is
sparse. There was consensus that land surface recharge with incorporated contamination will affect shallow
aquifers, and that the direction of flow is generally horizontal rather than vertical. This poses more of a
contamination risk to streams than to deeper groundwater. As the separation distance southwards from the
Waimakariri River increases, however, the velocity of horizontal groundwater flow diminishes, and the effects
of land surface recharge are seen in both shallow and deeper groundwater, hence more risk from
contamination.
The continued search for high quality water, in deeper strata, in order to avoid Ministry of Health monitoring
and treatment requirements is not always the answer because some of the deeper aquifers may not provide
the amount of water needed. Drilling of hundreds of bores in the city has indicated that medium depth
aquifers (60 to 100 m) are the most valuable to the city because they commonly exhibit the best yield, and
are somewhat protected from contamination generated at the land surface.
Additional geological and groundwater pressure variation data are needed on the plains to the west of the
city; monitoring of more and deeper bores may provide this.
Land use north of the river and its effects on aquifers: This issue was considered low priority. While it is
plausible that water may flow from north to south, under the river, there is also a view that the current data
do not support this hypothesis. Currently the issue is not a concern, however, potential development of
Eyrewell Forest area to dairying may cause the issue to become more important in the future and make
monitoring of potential underflow necessary.
Is land use change in southern area more likely to cause groundwater contamination than area near
river?: While currently there are very strict management conditions and compliance requirements on
stormwater discharge consents on the western and southern sides of the city, there is a view that there
should be more monitoring and management of diffuse contaminant sources (e.g., agriculture, lifestyle
blocks).
Monitoring indicates that historically, land uses in the southern part of the groundwater protection zone have
had more of an effect on groundwater and surface water quality than land use nearer the river. In this regard
there is a view that spring catchments could be defined as contaminant management subzones, based on
acknowledgement that groundwater is focussed within gravel tongues that end in spring zones.
Is large-scale land use change to the west of the city likely to cause groundwater contamination?:
This has been a topic aired during hearings for Central Plains Water consents and is still an unresolved
issue. There is concern about intensification of agriculture or urban development on areas in and to the west
of the Christchurch Groundwater Protection Zone.
As an example of an on-going contaminated event, the Waimari landfill, located within the unconfined aquifer
area, is a historic contaminated site that might be expected to be creating contamination down-gradient,
however it is not, apparently due to the velocity of shallow groundwater flows beneath it, causing extensive
dilution.
It is generally recognised that the level (spatial extent and concentrations) of groundwater contamination
depends on the velocities of the groundwater beneath the contamination, as well as other factors such as the
type of contaminant. Work elsewhere (Heretaunga Plains) simulated the failure of wastewater networks, and
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point source discharges, showing that urban development was unlikely to cause significant contamination, in
large part because of the dilution. Monitoring since urban development in Hastings has not indicated the
presence or absence of contamination of shallow groundwater.
Contamination of groundwater resulting from land use in the central and eastern part of Christchurch city is
unlikely, due to the upwards pressure gradient, in association with the presence of confining layers at or near
surface.
There is a view that, given the value of the groundwater resource, it continues to need protection, and this
should be recognised if further development is granted over the unconfined groundwater resource.

5.3

How to resolve the data gaps

It was generally agreed that many of the differences in scientific opinion could be resolved by the collection
and interpretation of additional data. In the workshop there was considerable discussion on how to fill in the
data gaps. The results of that discussion are summarised below (Table 4) based on prioritised issues
(H=high, M=medium, L=low). The knowledge gaps will be re-visited in Section 7.0.
Table 4: Data or work required to resolve differences of opinion.
Issues

Data gaps

Scale /
Priority level of
effort
Groundwater level monitoring sites adjacent to H
river
Groundwater level and flow monitoring near
H
headwaters of spring-fed streams
Rainfall on river bed
L
Large
Determination of underflow
L
Update of CRC river cross-section surveys,
potential to include bed material / morphology M
/ vegetation
Remote sensing of river
M

Data or work needed to be undertaken reduce
uncertainty or differences of opinion



Quantum







Location
River Recharge

Variability

Controlling
factors
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 Piezometric data in riparian areas
 River gauging at specific sites, possible new
sites
 Additional geological mapping of gravel lobes
representing disused channels

H

 Spring flow monitoring near headwaters of
spring-fed streams
 Update shallow piezometric contours near
river
 Determine groundwater velocities away from
river by tracer injection
 Continue monitoring and analysis of hydraulic
gradient across bore network array to
determine time variation of groundwater
gradients

H

H
L

H
H

Large to
medium

H

 Place piezometers in river and in riparian zone L
to determine shell formation

34

Large to
medium

Medium
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Issues

Data gaps

Data or work needed to be undertaken reduce
uncertainty or differences of opinion
 Monitor flow, wetted area, stage, adjacent
groundwater levels, bed conductivity, and
adjacent aquifer properties
 Determine presence or not of unsaturated
zone below river
 Monitor temperature changes in river and
adjacent groundwater
 Determine adjacent aquifer transmissivity and
storage coefficient by means of pumping
test(s)
 Determine shape and variation of groundwater
levels in transect away from river


Water quality

Land surface
recharge

Variability in
rainfall and
land surface
recharge

Quantum
relative to
river
recharge

General
groundwater
and surface
water quantity
and quality

Surface
water flow
and quality
(including
springs)

Groundwater
levels and
quality
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Maintain water quality monitoring and
compare with land use change using
additional deep wells if required

Scale /
Priority level of
effort
L

L
M
H
H

H

 Relationship between rainfall and land surface H
recharge to groundwater, continued
calibration of lysimeter data, re-commissioning
and continued maintenance of sites
maintained, including adjacent shallow
groundwater level responses and water
quality
 Update of model inputs, including soil
H
properties, rainfall data, evapotranspiration
data, remote sensing followed by sub-regional
up-scaling of lysimeter data
Map, using existing water quality, the relative
contribution of river to land surface recharge
within the project area

H

 Map of groundwater abstractions, including
depth and degree of hydraulic connection
 Determination of the degree of urban
imperviousness and land surface recharge
potential
 Monitor water quality and quantity in streams
and relate to upstream land use, including
urbanisation

H



M



Update relationship between land surface
recharge and underlying shallow groundwater
and spring water quality and quantity
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Ongoing,
long
term

Ongoing,
long
term

Small

L
Medium
H

Medium
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5.4

Potential Further work

At the workshop, discussions centred on removing the uncertainties and data gaps, these provide the
potential for further work as presented in Table 4. Suggestions for further work are made in Section 8.0.

5.5

Links to current non-CCC work streams

The following projects or personnel relating to one or more data gaps listed in Table 4, indicate what work is,
or is planned to be undertaken:



Helen Rutter (Aqualinc Research) is working on liquefaction maps with Tonkin & Taylor. This work
should provide comprehensive geotechnical information within the city and especially around the Avon
River that can be used to update the geological model and provide more data on shallow groundwater
pressures. The initial project is funded by EQC9. Further work is being undertaken, funded under the
Natural Hazards Program (Ministry of Business Innovation and Employment). This work will assist in
filling in the data gap on shallow groundwater movement within the City.



NIWA has funded work looking at the dynamic response of the sea floor to the 2010/2011 Canterbury
earthquakes and has recently published a report. This on-going work, funded as a three-year project by
the Natural Hazards Research Management Platform and EQC, and led by Dr Phil Barnes may be
useful in establishing salt water / marine interface information. This work will provide information on the
offshore geology that may help to determine the potential for saline water intrusion.



Stewart Cameron (GNS) is undertaking national-scale SMART aquifer research. While in the early
stages, this project may have some applications in the future, or be extended to the Waimakariri River
area. Though not pointed out at the workshop, several of the techniques used in SMART aquifer
characterisation have already been trialled or used in the Christchurch area (e.g., thermal response in
rivers, age tracers, response to seismicity). This project is in early stages, however is publically funded.
Information will be available at stages during the multi-year project duration. This work will provide
additional information on the structure of the aquifer system close to the Waimakariri River.



Mike Butts (DHI Water & Environment) is using thermal imaging data to provide temperature change
information of rivers and streams. This work on temperature variation within surface waters is being
undertaken in association with GNS Science. This work will assist in providing an indication of the
contribution of groundwater within the streams that discharge through the City.



Paul White (GNS Science) is continuing to work on seepage models and the Waimakariri River, using
the two arrays, (Crossbank and Halkett). He is particularly interested in recharge from the river,
especially in relation to flood events. This work would be directly applicable to reducing data gaps
relating to river recharge, but is currently un-funded, therefore information availability is uncertain.



Murray Hicks (NIWA) is undertaking a hydrological study of the Waimakariri River at the Crossbank site.
This work will assist in providing detailed information on river morphology required for any updating of
recharge modelling. This work would be directly applicable to data gaps relating to river recharge, but it
is not known what priority or funding has been assigned, therefore information availability is uncertain.



David Scott (CRC) and Paul White will be collaborating on the analysis of groundwater level variation in
association with variation in river flow in an effort to reduce uncertainties associated with the modelling
process. This work would be directly applicable to data gaps relating to river recharge, but it is not
known what priority or funding has been assigned, therefore information availability is uncertain.

9

Median water table elevation in Christchurch and surrounding area after the 4 September 2010 Darfield Earthquake Version 1 DRAFT; GNS report

(2013/01),published March 2013.
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5.6

Mike Stewart (Independent) and Rob Van Raaij (GNS Science) have recently completed work on
isotope concentrations and variability with a view to better understanding groundwater age
determination and its relationship to recharge sources. This work is significant to improving
understanding of the effects of groundwater abstraction on the dynamics of the groundwater system.
This work would be directly applicable to data gaps relating to the water budget, but it is not known what
priority or funding has been assigned, therefore information availability is uncertain.

Workshop – conclusions

The workshop was a most useful vehicle for bringing together sometimes divergent opinions that were aired
in a relaxed atmosphere that was conducive to progressing the science toward a common understanding.
While there was still disagreement on some issues, there was general agreement on what data needed to be
acquired and what work ought to be undertaken to help resolve these disagreements and better understand
the aquifer system.
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6.0
6.1

KEY AREAS OF AGREEMENT AND DIFFERENCES IN TECHNICAL
UNDERSTANDING
Introduction

This section of the report combines the outcomes of both the interview discussions and the workshop in
order to provide an overview of the discussions, having gauged the experts’ opinions regarding key areas of
discussion and contention.
To the question “Has there been a shift in opinions held by individual experts noted between the interviews
and the workshops?” the answer is no; although at the workshop there was much discussion on what to do
about differences of opinion. All participants were interested in obtaining further data to reduce uncertainties
and the use of assumptions, leading to differences in opinion. The workshop provided a useful forum for
promoting a greater acceptance of the published work undertaken, including that by the experts.

6.2

Key points

Agreement:
1)

The groundwater system receives a dominant part of its recharge from the Waimakariri River, with a
subordinate amount from land surface recharge, this is consistent with the original conceptual model
and remains the preferred explanation

2)

The seepage to groundwater from the Waimakariri River is far greater to the south of the river, than it is
to the north

3)

The quality of recharge received from the river is generally higher than that received via land surface
recharge and this is reflected in both the quality of groundwater and spring-fed stream surface water

4)

Spring-fed stream discharge forms the major discharge from the aquifer system

5)

Discharge of groundwater to the ocean is small in comparison to the discharge to the spring-fed
streams

6)

The combination of upwards hydraulic gradient and confining layers of fine-grained sediment together
provide protection against groundwater contamination derived from land surface activities in central and
east Christchurch

Differences:
1)

Quantum and time-varying changes in recharge to the groundwater from the Waimakariri River

2)

Nature of relationship between changes in recharge derived from the Waimakariri River and its effects
on the total water budget

3)

Acceptability of the risk of potential effects due to land use change within the western part, and to the
west of the city

4)

The potential for land surface-based groundwater contamination crossing southwards beneath the
Waimakariri River into the Christchurch area

5)

The potential for deep groundwater inflow eastwards to the Christchurch area from the Central Plains
Water irrigation scheme footprint

6)

The magnitude of the long-term sustainable yield of the aquifers underlying Christchurch City and in the
adjacent Waimakariri District to the north of the Waimakariri River

Where the term ‘difference’ is being used, it mainly results from different use of data or even lack of data
leading to the necessity to make different and conflicting assumptions. While there is general agreement on
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data acquisition and modelling methods and the specific data likely to resolve most, if not all disagreements,
there may still be disagreement over how much data needs to be collected, how, by whom, and by when.
The fundamental cause of disagreement is still the quantum and time-varying changes in recharge to the
groundwater from the Waimakariri River.
A second disagreement topic is the nature of the relationship between changes in that recharge from the
river and its general effects on the total water budget, the current sustainability of the groundwater resource,
and the specific effects of change in the recharge on flow in the spring-fed streams.
A third strand of disagreement is the potential effects of land use to the west of the city and its effects, if any,
on both shallow and deep groundwater quality.
Finally, there is disagreement on the future long-term sustainability of the groundwater resource in the face
of growing abstraction and reduced land surface recharge as a result of urban development.
In reviewing these differences it is apparent that most would be further resolved with the collection of
targeted data, analysis and modelling. The data gaps and further work sections provide key areas where
these disagreements could be moved forward.
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7.0

GAPS IN TECHNICAL UNDERSTANDING - INFORMATION
REQUIREMENTS

This narrative section compiles the data gaps and potential for further work identified during the interviews
and the workshop and has been derived from the data in Table 4 and Section 6.2. These gaps have been
prioritised in Section 8.0.

Waimakariri River geomorphology
While there is agreement on the general river geomorphology that is based largely on existing CRC cross
section surveys on the Waimakariri, these surveys, when re-surveyed, could be expanded to include bed
material composition, incorporating LIDAR coverage data from other sources (e.g., post – 2010 / 2011
Canterbury earthquake flyovers) to assist with geomorphological understanding, and estimation of wetted
areas.

Methods to measure river flow accurately and precisely
Flow measurements from braided rivers generally have significant uncertainties. There is a perceived need
for more concurrent gaugings of the river at different points, using better tools to measure flow and crosssection. These would be useful in reducing uncertainty although there are still concerns about margin of
error related to gauging at high flows which is where the major data gaps are (>100 m3/s). More gauging
sites would be beneficial in increasing our knowledge of where losses occur, rather than assuming that
losses are constant throughout a specific reach. This proposal needs to be seen against difficulties
associated with more closely-spaced gauging sites in that the losses over short reaches become less than
the measurement uncertainty. There should be an extension of the Waimakariri base flow measurements to
increase measurement frequency, but not necessarily to include additional reaches.

Waimakariri River seepage uncertainty
There is an urgent need for improved or new techniques to measure seepage losses from the Waimakariri
River such as reviewed in the international literature. There were a number of options found in the
international information that could be explored for this system. There needs to be sensitivity testing on
models to help identify controlling physical factors with respect to the recharge mechanisms. This could then
be used to focus further study / field data collection.

Groundwater velocities, dispersion and dilution of contaminants
Measurement of groundwater flow velocities especially in the vicinity of the Waimakariri River would allow
travel times and dispersion values for potential contaminants to be determined in much the same way as
shown by Thorpe and co-workers in Hawke’s Bay. Such experiments would indicate the time lag between a
potential contamination incident and arrival at a municipal abstraction bore, and show the degree to which a
tracer is dispersed and diluted.

Rainfall recharge
Continued collection of lysimeter data needs to be maintained to illustrate the conversion of rainfall to
groundwater recharge. Some, but not all have argued that the data are necessary in order to quantify
recharge estimates spatially under different soil types and rainfall regimes and relate them to actual
groundwater responses.

Re-assessment of the total water balance for the Christchurch system and its sustainability
When recharge, discharge and abstraction data are updated, an updated steady-state water budget can be
developed, with a view to determining the current factor of safety in the water balance. Incorporation of
geology and improved river seepage and land surface recharge variation into an updated 3D numerical
model might allow for an improved assessment of seasonal effects on the sustainability of the water
resource.

Crossbank array
Continued monitoring of groundwater levels at Crossbank would be beneficial combine when combined with
flow gaugings. Collection of both local rainfall and lysimeter data is key to a reliable calibration of any
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Waimakariri River seepage model. There is likely to be a need to provide a new groundwater bore array
near the river with Crossbank being disestablished as quarrying nearby continues.

Flow and water quality in streams
Precise monitoring of time variation in flow in the spring-fed streams needs to be related to flows in the
Waimakariri River. Correlation of flows in Waimakariri River with groundwater levels and flows in the Avon
River have been a justification for this project, requiring more detailed data on flow and corresponding
groundwater levels in the Avon catchment.
Additional analysis of water quality monitoring results can form the basis for an assessment of how water
quality in the spring-fed streams has changed with time, both in the long term and seasonally, and whether
there is spatial variation relating to the dominance of river, or land surface recharge.
A comprehensive study of urban stormwater consent compliance data could be used to assess any effects
on groundwater quality caused by stormwater discharge from urban development.
There has been argument over the imperviousness of the urban environment and whether this has had an
effect on spring-fed stream flows. It may be useful to determine realistic land surface recharge from urban
environments and assess any actual effects on spring-fed stream flow.

Marine / Freshwater interface
The mechanism for discharge of groundwater to the marine environment, as springs, or diffuse seeps, and to
what distance the discharge occurs on the continental shelf, is effectively unknown. A study into the
determination of the magnitude and pathways of sub-coastal groundwater discharge is necessary to pin
down the extent of the offshore discharge and determine the likelihood of saline intrusion if the coastal
discharge is reduced by additional abstraction, or loss of recharge.

‘Deep’ groundwater issues
There are several strands of issues associated with deep or ‘deeper’ groundwater. The definition of ‘deep’
groundwater is subjective and originally developed for areas of the system where little to no data existed, this
has now changed. Groundwater quality, pressure variation and flow patterns need to be more robustly
assessed through more intensive monitoring of deep groundwater hydrogeology. The issue of the role of
deep groundwater in the aquifer system can be assisted by compilation of existing deep drilling and
geophysical information such as from hydrocarbon exploration. There is a need to produce updated vertical
profiles of water quality beneath the city similar to that undertaken by Hanson & Abraham (2009).
Measurement of the vertical groundwater gradient could lead to an improved understanding of vertical
groundwater movement between aquifers though knowledge of the gradient alone does not allow inference
of actual flow magnitude. Geophysical methods may be able to be used to determine changes in water
quality in the upper plains west of the city.

Sustainable yield – limits of available water
The Scott (2010) model is a steady-state model. There is room for an update of that model, making it a
transient one, or create a new numerical surface water – groundwater model to assess the limits to
sustainable groundwater abstraction.

Southern boundary issues
There is a need for additional hydrogeological and geological data north and west of the city, including
increased groundwater quality monitoring along the western edge of the city in order to determine whether
groundwater moves across the southern boundary. Assess the degree to which the southern, 'no-flow'
boundary allows groundwater to flow across it. This could be achieved by the production of a new series of
detailed piezometric contour maps using bores with screens at similar depths and concurrent water levels,
with corresponding water quality variation with depth.
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Groundwater and surface water quality
Provision of more sentinel wells for deep groundwater monitoring would provide more assurance that the
water quality entering the Christchurch Groundwater Protection Zone is currently potable and is likely to
remain so for the foreseeable future.
Additional groundwater monitoring west of the city (quality and quantity) in part to assess potential effects of
urbanisation on contamination of the unconfined aquifers. Continue to provide age determination data at
different depths to assess the changes in the water balance.
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8.0

SCIENCE BASED RECOMMENDATIONS FOR FURTHER WORK

Recommendations for further work are presented in Table 5, representing the outcome of discussions during
this project. There has been an alignment of issues with either current or planned work. These
recommendations are prioritised, reflecting the magnitude and urgency of the issue discussed, from a
scientific perspective. Priorities are: H=high; M=medium; L=low.
The projects listed in Table 5 indicate a general alignment between proposed studies and current projects.
Only one proposed project (tracer test work to assess groundwater flow direction) has yet to be initiated. All
other proposals are considered to be part of on-going projects, requiring only a slight change of focus to
ensure that specific recharge-related queries are answered.
All but one of these work recommendations are, in part, already being undertaken, though the level of effort
may need to be increased to cover the need for additional data or respond to planning and development
pressures. One of the recommendations is for new work (tracer tests), the need for which has materialised
from the workshop part of this project.
Table 5: Work recommendations.
Issue

Priority Proposed Study

Redraft conceptual model
H
figure
Methods to measure
braided river flow more
H
accurately and precisely
River recharge to the
project area

H

Assess groundwater
velocities and dispersion
H
characteristics adjacent to
Waimakariri River
Rainfall recharge to the
project area
Re-assessment of steadystate and transient water
balance, assess
sustainability
Waimakariri
geomorphology and
small-scale hydrology to
assist in recharge model
Quantification of flow and
water quality in spring-fed
streams, relate to state of
Waimakariri River
Surface water and
groundwater quality,
trends
Saltwater / freshwater
interface

H

H

M

M

M

L
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Status / links to current
projects (Lead researcher

Use updated numbers where possible Could be part of future report
and use ‘?’ where not.
on this area.
Assess methods cited in review of
international literature

NIWA (M. Hicks) / CRC ( T.
Davie) monitoring effort

Improve on quantification and
uncertainty of river-based recharge
into the groundwater system
(Crossbank array)

GNS (P. White) / CRC (T.
Davie) modelling

Tracer test experiments to determine
dispersion and dilution characteristics
and time variation
NIWA (A. Tait) / CRC (K.
Improve on quantification of rainfall
Crisley) monitoring and
recharge into the groundwater system
modelling
Currently there is a steadyCreation of a transient model capable
state CRC model (K. Crisley)
of determining sustainable allocation
and a transient Aqualinc
and factor of safety
model (J. Weir)
Expansion of CRC river
Update of topographic survey of river
cross-section survey
and relate to wetted area and
required (M. Hicks & T.
substrate character
Davie).
Real-time flow monitoring, more
frequent groundwater level and spring- Expansion of current CRC
fed stream flow and water quality
monitoring (T. Davie)
monitoring
Assess ability of current monitoring
Expansion of current CRC
bores to determine long-term water
modelling (A. Meredith & C.
quality trends at various depths
Hanson)
Off-shore geophysical (resistivity)
Build on recent NIWA seastudy and water temperature survey,
borne work (P. Barnes)
sonar study of sea floor to look for
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Issue

Priority Proposed Study

Deep groundwater issues L

Southern boundary issues L
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spring vents
Increase monitoring of deep
groundwater levels (pressures) and
water quality to determine flow paths
and quantum of flow
Update monitoring, spatial and depthrelated piezometric data to determine
location of boundary and its character
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monitoring (K. Crisley)
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9.0

CONCLUSIONS

Outcomes from the project include the following:

Current state of knowledge: There are currently a number of methods and data sets used to estimate
the effect of river- and rainfall-based recharge to the Christchurch aquifer system.
Key Areas of agreement, and differences in technical understanding and opinions: There are
a number of different methods used to quantify the water budget, however the mechanisms of recharge
(river, land surface), and discharges (springs, abstraction, marine discharge) are agreed, as are broad
estimates of quantities. Depending on assumptions made, the predicted outcomes from planning decisions
(such as land use change and abstractions) may differ.
Preferred Explanation: Within the groundwater protection zone, there are areas which are dominated by
river recharge (nearer the Waimakariri River) where near-surface groundwater derived from the river moves
horizontally at considerable speed, recharging the groundwater system and also issuing as surface water
discharge to spring-fed streams. In areas within the southern part of the protection zone, land surface
recharge dominates, as determined from the marked contrast in water quality to areas to the north. In the
north of the project area, the risk of contamination from land use sources is partially mitigated by high
groundwater flow velocities, whereas to the south, the magnitude of groundwater flow is lower and the
potential for groundwater contamination from land use is higher.
Gaps in understanding: The collaborative workshop and interviews process undertaken has, to some
extent, brought experts together and started conversations suggesting collaborative work in the future. Key
issues / areas of disagreement have been identified, and predominantly relate to the quantification of the
water balance. Further data and robust, defensible analysis is required to narrow the gap between opinions.
A number of programmes currently underway could be extended to fill the data gaps; however analysis
would be required to answer specific questions relating to planning decisions. Key gaps are considered to
be as follows:



The quantification of recharge derived from the Waimakariri River –poor understanding of this factor
could lead to unsatisfactory effects on ground and surface water due to other decisions regarding land
use and abstraction.



The relationship between the Waimakariri River and the groundwater resource in Christchurch, and its
groundwater-dependent springs.



The potential contamination risk to groundwater quality flowing within the unconfined zone on the west
side of the city.

These data gaps are considered to be significant to CCC, due to the potential implications on planning
decisions and management of the groundwater (water supply) resource. More certainty around the
groundwater / surface water interaction is essential where new development or different land uses are to be
considered, to ensure that good decisions are made and adverse effects do not occur in the future.

Suggestions for further work to achieve these outcomes include:
From the perspective of the need to make planning decisions within the aquifer recharge area, it is
recommended that the funding and timeframes for the following programmes currently underway be
reviewed and potentially supplemented:
1)

GNS / CRC collaboration to analyse data and improve seepage models using the crossbank and
Halkett arrays in order to quantify the recharge from the river.

7)

Analysis of piezometric levels in bores in Christchurch City, being undertaken by Aqualinc, in order to
better understand the groundwater / surface water interactions and groundwater pressures.

8)

Thermal imaging investigations being undertaken by DHI, in order to investigate alternative gauging
methods.
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9)

Lysimeter data capture and analysis to quantify rainfall recharge parameters.

10) Extension of the CRC cross section surveys to collect substrate data for seepage modelling.
11) CRC gauging of the Waimakariri River, to provide recharge data over a wider range of flows.
Further, it is recommended that the following new studies be initiated:
1)

Mapping of the areas within the recharge zone dominated by river recharge and land surface recharge,
respectively.

2)

A robust statistical analysis of flow data in the Waimakariri compared with flow data in the lowland
rivers. This may require more flow gaugings in the Waimakariri River (supplementary to CRC’s current
program).

3)

Investigation and documentation of methods available to identify and monitor sustainable yield.
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10.0 LIMITATIONS
Your attention is drawn to the document, “Report Limitations” in Appendix A. The statements presented in
that document are intended to advise you of what your realistic expectations of this report should be, and to
present you with recommendations on how to minimise the risks to which this report relates which are
associated with this project. The document (Appendix A) is not intended to exclude or otherwise limit the
obligations necessarily imposed by law on Golder Associates (NZ) Limited, but rather to ensure that all
parties who may rely on this report are aware of the responsibilities each assumes in so doing.
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Report Limitations
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the
following limitations:
i)

This Report/Document has been prepared for the particular purpose outlined in Golder’s proposal and
no responsibility is accepted for the use of this Report/Document, in whole or in part, in other contexts
or for any other purpose.

ii)

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Report/Document. If a service is not
expressly indicated, do not assume it has been provided. If a matter is not addressed, do not assume
that any determination has been made by Golder in regards to it.

iii)

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Report/Document.
Accordingly, if information in addition to that contained in this report is sought, additional studies and
actions may be required.

iv)

The passage of time affects the information and assessment provided in this Report/Document.
Golder’s opinions are based upon information that existed at the time of the production of the
Report/Document. The Services provided allowed Golder to form no more than an opinion of the actual
conditions of the site at the time the site was visited and cannot be used to assess the effect of any
subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.

v)

Any assessments, designs and advice made in this Report/Document are based on the conditions
indicated from published sources and the investigation described. No warranty is included, either
express or implied, that the actual conditions will conform exactly to the assessments contained in this
Report/Document.

vi)

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to provide
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and
work done by all of its subconsultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it
will not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action,
against Golder’s affiliated companies, and their employees, officers and directors.
viii) This Report/Document is provided for sole use by the Client and is confidential to it. No responsibility
whatsoever for the contents of this Report/Document will be accepted to any person other than the
Client. Any use which a third party makes of this Report/Document, or any reliance on or decisions to
be made based on it, is the responsibility of such third parties. Golder accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this
Report/Document.
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Ref #

Use
16 papers

Area covered

Appendix B: Literature reviewed

1

1

2

2

Scott, D.

Waimakariri River Allocation options ‐ Implications for groundwater
recharge

2009 ECan memorandum to Anna Veltman, 18.6.2009, PL5C/00202.

1

3

3

Dodson, M., Aitchison‐Earl, P., Scott, L.

Ashley‐Waimakariri groundwater resources investigation

2012 ECan Technical report R12/69

3

4

4

Taylor, CB, Wilson, DD, Brown, LJ, Stewart,
MK, Burden, RJ and GW Brailsford

Sources and flow of north Canterbury plains groundwater, New Zealand 1989 Journal of Hydrology, 106, 311‐340.

2

5

1

T

Hanson, C., Abraham, P.

Depth and spatial variation in groundwater chemistry ‐ Central
Canterbury Plains

2009 ECan Technical report R09/39

2

6

1

T

Stewart,M., Trompetter, V., and R van der
Raaij

Age and source of Canterbury Plains groundwater

2002 ECan Technical report U02/30

2

7

4

GNS Science (unattributed)

Geology and vertical groundwater flow, Central Plains, Canterbury

2009 ECan Technical report R09/5

2

8

3

Brown,L.

Canterbury

2001

Groundwaters of New Zealand, edited by M. Rosen and P. White, New
Zealand Hydrological Society.

2

9

2

Brown, L, Weeber, J

Geology of the Christchurch urban area,

1992

Institute of Geological and Nuclear Sciences map 1 (1 sheet) and book
(104 p.). Institute of Geological and Nuclear Sciences, Lower Hutt.

1

Stewart,M.

A 40‐year record of carbon‐14 and tritium in the Christchurch
groundwater system, New Zealand: Dating of young samples with carbon‐ 2012 Journal of Hydrology, 430‐431, 50‐68.
14

1

11 3

Brown, L.J., and Wilson, D.D.

Stratigraphy of the Late Quaternary Deposits of the Northern Canterbury
1988 New Zealand Journal of Geology and Geophysics 31, 305‐355.
Plains, New Zealand

2

12 3

Wilson, D.D.

The Significance of Geology in Some Current Water Resource Problems,
Canterbury Plains, New Zealand.

2

13 3

Wilson, D.D.

Erosional and depositional trends in rivers of the Canterbury Plains, New
1985 Journal of Hydrology (NZ) 24, 32‐44
Zealand.

2

14 3

Little, R.

Christchurch‐West Melton groundwater. Issues and management
options. Volumes 1 and 2.

1997 Canterbury Regional Council. Technical report U97/28/1 and 2.

1

15 3

Little, R.

Christchurch‐West Melton groundwater. Issues and management
options. Volume 3.

1997 Canterbury Regional Council. Technical report U97/28/3.

1

16 3

Sanders, R.A.

Groundwater of the Waimakariri‐Ashley Plains.

1997 Canterbury Regional Council, Technical Report U/97(43). 101p.

3

17 4

Blackstock, J.

A thesis submitted in partial fulfilment of the requirements for the
Isotope study of moisture sources, recharge areas, and groundwater flow
2011 degree of Master of Science in Geology at the University of Canterbury,
paths within the Christchurch Groundwater System
106 p.

18 3

Thorley, M., Callander, P., Williams, H.,
Lough, H., Kininmonth, M., Henderson, B.

Christchurch City groundwater model

2005

Unpublished report and short paper developed with Christchurch City
Council, prepared by Pattle Delamore Partners.

1

Talbot, et al. (NCCB)

Christchurch artesian aquifers

1986

Report published by North Canterbury Catchment and Regional Water
Board, Christchurch, 159 p.

1

20 4

O'Donnell, L.

Climate change: an analysis of the policy considerations for climate
change for the review of the Canterbury Regional Policy Statement

2007 ECan report R07/4

2

21 2

White, P.

Central Plains Water ‐ Technical assessment for TRONT

2008 GNS client report 520W2161, 287p.

2

22 3

Abraham, P. and Hanson, C.

Annual groundwater quality survey, spring 2009

2010 ECan report R10/50

2

23 4

Leckie, D. A.

Modern environments of the Canterbury Plains and adjacent offshore
areas, New Zealand — an analog for ancient conglomeratic depositional
systems in nonmarine and coastal zone settings

2003 Bulletin of Canadian Petroleum geology 51, 389‐425.

2

24 3

ECan

Annual groundwater quality survey ‐ Spring 2010

2010 Un‐numbered report from ECan

2

25 4

Tonkin & Taylor

Background concentrations of polycyclic aromatic hydrocarbons in
Christchurch urban soils

2007 ECan report R07/19

1

26 4

Glubb, R., Earl‐Goulet, J. and Ettema, M.

Canterbury Region water use report for the 2011/12 year

2012 ECan report R12/105

2

27 4

Davey, G.

Definition of the Canterbury Plains aquifers

2006 ECan report R06/10

2

2007 ECan report R07/24

1

10 1

19 1

28 1
29 1

T

T

T

T

Author(s)

Title

Hayward, S.

Christchurch‐West Melton Groundwater quality: A review of monitoring
2002 ECan Technical Report R02/47
data from January 1986 to March 2002

1

White, P.
White, P., Weeber, J., Pamer, R., Minni, G.,
Cave, S.

Date Reference

Geological model of the Christchurch Formation and Springston
formation.
Identification of Springston Formation gravel lobes in the Christchurch
Formation

30 2

White, P.

Riccarton gravel, Burnham Formation and Windwhistle Formation
lithologies in the vicinity of Christchurch City

31 2

White, P. Della Pasqua, F.

Riccarton gravel, Burnham Formation and Windwhistle Formation
lithologies west and northwest of Christchurch City

1

1973

Journal of Hydrology (NZ) 12, 103 – 118

1

2007 GNS report 2007/195

1

2008 ECan report R08/69

1

2008 ECan report R08/68

1
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32 4

White, P., Goodrich, K., Cave, S., Minni, G.

Waterways, swamps and vegetation of Chjristchurch in 1856 and
baseflow discharge in Christchurch City streams.

2007 GNS report 2007/103

1

33 3

Thorley, M. and Scott, M.

A methodology to model groundwater flow in sub‐areas of the
Canterbury Plains

2010 ECan report R10/43

2

34 3

Scott, D., Thorley, M.

Steady‐state groundwater models of the area between the Rakaia and
Waimakariri rivers

2009 ECan report R09/20

2

35 4

Taylor, C. and V. Fox

An isotopic study of dissolved inorganic carbon in the catchment of the
Waimakariri River and deep ground water of the North Canterbury
Plains, New Zealand

1996 GNS report 1996/???

2

36 4

CRC

Canterbury Regional Environment Report 2008

2008 CRC report un‐numbered

2

37 4

Lough, H. & Williams, H.

Vertical flow in Canterbury groundwater systems and its significance for
groundwater management.

2009 ECan report R09/45

2

38 2

Hanson, Talbot and others

Officer reports to Variation 6 NRRP hearings (contamination risk zones)

CRC s42a report un‐numbered
2009 http://ecan.govt.nz/publications/Plans/nrrp‐variation‐6‐officer‐report‐
volume‐b‐part‐6‐no‐maps‐080310.pdf

1

39 2

Scott, D.

Officer s42a report to CPW hearing

2009 CRC s42a report un‐numbered

2

40 3

Callander, P.

Submitter's evidence to CPW hearing

2009 CRC s42a report un‐numbered

2

English, R.

Submitter's evidence to CPW hearing

2009 CRC s42a report un‐numbered

1

42 3

Callander, P.

Submitter's evidence to CPW hearing

2009 CRC s42a report un‐numbered

2

43 3

Hanson, C., Abraham, P.

Central Plains Water ‐ Groundwater quality

2009 CRC s42a presentation un‐numbered

2

44 4

Bal, A.

Valley fills and coastal cliffs buried beneath an alluvial plain: evidence
from variation of permeabilities in gravel aquifers, Canterbury Plains,
New Zealand

1996 Journal of Hydrology (NZ) 35, 1‐27.

2

45 4

Weir, J.

Submitter's evidence to CPW hearing

2009 CRC s42a report un‐numbered

2

46 4

Browne, G.H. and Naish, T.R.

Facies development and sequence architecture of a late Quaternary
fluvial‐marine transition, Canterbury Plains and shelf, New Zealand:
implications for forced regressive deposits

2003 Sedimentary Geology 158, 57‐86.

2

47 4

Browne, G.H. and Thrasher, G.P.

41 1

T

Stratal patterns and sedimentology of lowstand deposits of mid‐
Canterbury, New Zealand.
Canterbury Plains, New Zealand – Implications for Sequence
Stratigraphic Models.

Stratigraphic Models. American Association of Petroleum Geologists
1994
Bulletin, 78, 1240‐1256.

2

Institute of Geological and Nuclear Sciences Science Report 96/13.

2

48 4

Leckie, D.A.

49 1

Wilson, D.D.

Hydrogeology of Metropolitan Christchurch

1976 Journal of Hydrology (New Zealand), 15, 101‐120.

1

50 2

Barber, C., Bidwell, V., Ford, R, Glennie, J.,
Hanson, C., Krom, T., Loe, B., McCallum, L.,
Sharp, B., Smith, V., & Weeber, J.

Christchurch ‐ West Melton Aquifer System: Contamination of
Groundwater from Land Use,

2005 Environment Canterbury technical report U05/12, April 2005.

1

Weeber, J.

Christchurch groundwater protection: A hydrogeological basis for zone
boundaries, Variation 6 to the PNRRP

2008 ECan report R08/21

1

2002 ECan report R02/13, 28 p.

1

2002 ECan report R02/49, 90 p. plus appendices and maps

1

51 1

T

52 1

T

Weeber, J.

Contamination risk zones for the Christchurch Artesian System ‐ a
hydrogeological perspective

53 1

T

Williams, H., Callander, P.

An assessment of the potential risk of groundwater contamination from
land use activities in the Christchurch West Melton Recharge Zone

54 3

Broadbent, M. Callander, P.F.

A resistivity survey near Waimakariri River, Canterbury Plains, to improve
understanding of local groundwater flow and tof the capabilities of the 1991 New Zealand Journal of Geology and Geophysics 34, 441‐453.
survey method.

2

55 3

Williams, H. and Servais, A.

Preliminary analysis of the geochemistry of groundwater and surface
water within an area bordered by the Rakaia and Waimakariri rivers

2007 Internal ECan memorandum: IN6C 41‐4, dated 1/03/2007

2

Environment Canterbury

Christchurch – West Melton groundwater system variations in water
balance

1998 ECan Report U98/05, 9 p.

1

2

56 2

T

57 4
58 1

T

59 2
60 2
61 1

Earthquake geology

English, R.

Evidence to Waimakariri River Plan

2010 Ecan evidence file

1

Scott, D

Evidence to Waimakariri River Plan

2010 Ecan evidence file

1

Hearing commissioners

Decision on Waimakariri River Plan

2011 Ecan evidence file

1

2010 ECan Report R10/135, 114 p.

1

T

Scott, D

T

Scott, L. et al.

62 3
63 1

Geotechnical extreme events
reconnaissance association

http://www.geerassociation.org/GEER_Post%20EQ%20Reports/C
2011 hristchurch_2011/03%20-%20Geological%20Aspects%20rev2.pdf

Krom, T

Christchurch ‐ West Melton groundwater model post audit and
recalibration.
Professional opinion on coastal discharges from the Canterbury Plains
Aquifer System

2007 Memorandum from Touch Water to David Scott, 11th April 2007

2

Groundwater quality trends in Christchurch

2012 Ecan presentation

1

64 2

Hanson, C,

Groundwater quality, Christchurch ‐ West Melton zone

2012 Ecan presentation to chch‐wm ZIP

1

65 2

ECAN GW section

Earthquake impacts on groundwater ‐ update #2

2012 Un‐numbered report from ECan

1

Scott, D. and Palmer, K.

An analysis of contributions to groundwater from the Waimakariri River
(v2)

2013 Draft report from ECan

1

van der Raaij, R.

Age determination hydrogeochemistry of groundwater from Ashley ‐
Waimakariri Plains, Canterbury, New Zealand

2011 GNS Client report 2011/02, 75 p.

3

66 1

67 2

T

2
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68 3

van der Raaij, R.

Groundwater age determination along a transect across the Central
Plains, Canterbury, New Zealand

2012 GNS Client report 2011/16, 62 p.

2

69 2

T

White, P., Kovacova, E., Jebbour, N.,
Tschritter, C.

Groundwater‐surface water interaction in the Waimakariri river, New
Zealand, and groundwater outflow from the river bed

2012 GNS report 2009/41

1

70 2

T

White, P., Kovacova, E., Zemansky, G.,
Jebbour, N., Moreau‐Fourner, M.

Groundwater ‐ surface water interaction in the Waimakariri River, New
Zealand, and groundwater outflow from the river bed

2012 Journal of Hydrology (NZ) 51, 1‐24.

1

71 4

Burden, RJ

Chemical zonation in groundwater of the Central Plains, Canterbury

1984 Journal of Hydrology (NZ) 23, 100‐119.

2

72 3

Cameron, S

A Hydrogeological Study of the Interaction between Avon River Baseflow
1993 M.Sc. thesis , University of Canterbury, 191 p.
and Shallow Groundwater, Christchurch, New Zealand

1

73 2

Main, M.

An analysis of water quality data for Christchurch City waterways and
the standards in the Proposed Natural Resources Regional Plan.

2008 AEL Report 58, 152 p.

1

74 2

Wilson, D.D.

"Where does all the water go?" Factors in off‐shore groundwater flow,
North Canterbury, New Zealand.

1987 IPENZ Transactions 14, 163‐168

1

75 2

Lowe, H., Rekker, J., Bright, J., Close, M.

Strategic approach to protection of groundwater quality in Canterbury

2001 Environment Canterbury Technical Report U01/12, 1‐89.

2

76 3

Thorpe, HR., Burden, R.J., Scott, D.M.

Potential for Contamination of the Heretaunga Plains Aquifers

1982 National Water and Soil Conservation Organisation

NI

77 2

White, P.

Technical assessment of Central Plains

2008 Ecan hearing evidence

2

78 2

Durney P and D Scott

Waimakariri River surface water/ groundwater interaction study – data
review.

2010 Environment Canterbury Report No. U10/2.

1

79 4

Scott, D.

Groundwater allocation limits: land‐based recharge estimates

2004 Environment Canterbury Report No. U04/97, 41 p.

2

80 4

van't Woudt, B & K. Nicolle

Flow processes beneath a gravely river bed.

1978 Journal of Hydrology (NZ) 17, 103‐120.

1

81 4

Hertel, I

Groundwater Contamination in the Heathcote/Woolston Area,
Christchurch, New Zealand

1998 Ph.D. thesis, University of Canterbury, New Zealand, 522 p.

1

82 3

Scott, L.

Christchurch‐West Melton groundwater quality monitoring reivew

2013 Environment Canterbury Technical Report R13/3, 60 p.

1

83 2

Bidwell, V J

Groundwater recharge interface and nitrate discharge: Central
Canterbury, New Zealand

2005 Lincoln Ventures Research Archive Report

2

84 2

Bidwell, V., Lilburne, L., Thorley, M., & D.
Scott

Nitrate discharge to groundwater from agricultural land use: an initial
assessment for the Canterbury Plains

2009 Report to Environment Canterbury

2

85 1

Scott, M & Wilson, N

Seawater intrusion network review

2012 Environment Canterbury Technical Report R12/35, 95 p.

3

Column: 'Use'
1 Very useful, primary source of data or
modelling for project area (T = Top 16
articles)
2 Useful, modelling less certain, sometimes
larger than project area
3 Regional report with some project area
significance
4 Regional report with limited project area
significance

Area covered and spatial context:
1 Project area

2 Project area within larger area of Canterbury, specified in spatial
context column
3 Area north of project area (Ashley‐Waimakariri zone)

3
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NATIONAL LITERATURE REVIEW SOURCES
Davidson, P. 2001: Marlborough; in Groundwaters of New Zealand, pp. 427-440, edited by White, P. and
Rosen, M., New Zealand Hydrological Society, 498 p.
Davidson, P. and Wilson, S. 2011: Groundwaters of Marlborough; Marlborough District Council, 302 p.
Donaldson, I., and Campbell, D. 1977: Groundwaters of the Hutt Valley-Port Nicholson Basin; DSIR
Information Series 124, 78 p.
Gyopari, M. 2001: Waiwhetu artesian aquifer saltwater intrusion risk management review; Report prepared
for Greater Wellington Council by Phreatos Limited (now Earthinmind), Publication # RINV-T-01/26, 46 p.
Gyopari, M. 2013: HAM3 numerical groundwater model of the Waiwhetu artesian aquifer; Report prepared
for Greater Wellington Council by Earthinmind Limited, Publication, in preparation.
Luba, L. 2001: Hawke's Bay; in Groundwaters of New Zealand, pp. 367-380, edited by White, P. and Rosen,
M., New Zealand Hydrological Society, 498 p.
Morgan, M. and Hughes, B. 2001 Wellington; in Groundwaters of New Zealand, pp. 397-410, edited by
White, P. and Rosen, M., New Zealand Hydrological Society, 498 p.
Stewart, M., Thomas, J., van der Raaij, R.; Trompetter, V. 2010: Nitrate sources and residence times of
groundwater in the Waimea Plains, Nelson; Journal of Hydrology (NZ), 50, 313-338.
Thomas, J. 2001: Tasman; in Groundwaters of New Zealand, pp. 411-425, edited by White, P. and Rosen,
M., New Zealand Hydrological Society, 498 p.
Thorpe, H. 2013: A historic hydrocarbon leakage in the Hutt Valley unconfined aquifer; Abstracts of New
Zealand Hydrological Society Conference, Nelson 2013, p. 197-198.
Thorpe, H., Burden, R. and Scott, D. 1982: Potential for contamination of the Heretaunga Plains Aquifers;
Water & Soil Technical Publication 24, Ministry of Works & Development, Wellington, 149 p.
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THEME SUBCATEGORY
Abstraction effects

# AUTHOR(S)

YEAR JOURNAL

Anthropogenic evolution and its effects over the depletion of the Techniques or estimating changes
unconfined aquifer in the Vomano river plain (Central Italy)
in groundwater storage over time.

2 Li et al.

1999

Water Resources
Research

3 Li et al.

2003 Journal of Hydrology

Submarine groundwater discharge and associated chemcial
input to a coastal sea
Tide-induced seawater-groundwater circulation in a multilayered coastal leaky aquifer system.
Seasonal water exchange between aquifers and the coastal
ocean
Large groundwater inputs to coastal waters revealed by226Ra
enrichments.
Intercomparison of submarine groudnwater discharges from a
sandy unconfined aquifer

Conceptual Understanding

5 Moore et al.

1996 Nature

6 Mulligan et al. 2006 Journal of Hydrology
7

Taniguchi, et
2002 Hydrological Processes
al.

Taniguchi, et
8
2001 Groundwater Hydrology
al.
9 Wang et al.
10 Burnett et al.

Water Resources
Research
Science of the Total
2006
Environment

2012

11 Oberdorfer

2003 Biogeochemistry

12 Hwang et al.

2005 Marine chemistry

13

Taniguchi et
al.

2002 Hydrological processes
Water Resources
Research

Investigation of submarine groundwater discharge
Measurements of submarine groundwater discharge rartes by
continous heat-type automated seepage meter in Osaka Bay,
Japan.
Loading effect of water table variation and density effect on tidal Standout paper on sea-water/fresh
head fluctuations in a coastal aquifer system.
water exchange.
Quantifying submarine groundwater discharge in the coastal
Paper in folder
zone via multiple methods.
Hydrogeologic modeling of submarine groundwater
Paper in folder
discharge:comparison to other quantitative methods.
Estimating submarine inputs of groundwater and nutrients to a
Paper in folder
coastal bay using isotopes.
Investigation of submarine groundwater discharge.

Paper in folder

The discharge of nitrate contaminted groundwater from a
developed shoreline to marsh fringed estuary

15
Statistical methods for 16 Starn et al.
calculating recharge.
Starn &
17
Bagtzoglou

Groundwater
Protection Zones

Data
uncertainties

14 Portnoy et al. 1998

2010 Ground Water
2012 Ground Water

Using Atmospheric Tracers to Reduce Uncertainty in
Groundwater Recharge Areas.
Programs for Calibration-Based Monte Carlo Simulation of
Recharge Areas.

Statistical methods with geochem.
Statistical methods

18 Carey et al.

2009 Environment Agency

Groundwater Source Protection Zones - Review of Methods

Marginal-protection of bore head.

19 Harter

2002 UCAES & CDHS.
British Columbia
2011
Publication

Delineating Groundwater Sources and Protection Zones.

bore head protection.

A Guide to the Use of Intrinsic Aquifer Vulnerability Mapping

Marginal-Big scale gis

20 Liggett et al.

GW modelling

21 USEPA

2004 USEPA

22 Zhu & Balke

2008

Journal of Zhejiang Univ.
Sci B

23 Chung et al

2010 Hydrogeology
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MEMORANDUM

TO Carl Hanson (ECan)

DATE 3 May 2013

CC
FROM Robert Bower

PROJECT No. 1278110899

CARL HANSON INTERVIEW SUMMARY - 11TH APRIL 2013
Present: Carl Hanson (CH), Bob Bower (BB), Howard Williams (HW - by phone)

Summary of discussion for report:
Topic: Conceptual understanding of the Christchurch artesian aquifer system
•

In general agreement with conceptual diagram presented (Talbot) with caveats as described in the
following sections.

Topic: Recharge from Waimakariri and other sources to Christchurch Aquifers
•

•

•

•

•

Water quality indicates that seepage from the Waimakariri River dominates groundwater (GW)
quality near the river, becoming less dominant to the south, at least in shallow bores of aquifer 1 and
possibly parts of aquifer 2.
The concept that the seepage from the river is effectively constant is a robust one. This conclusion is
based on conversations with VJB and DS, cannot supply conclusive water quality data to back this
up.
Based on Hayward's work, and Hanson and Abraham in the central plains, it can be considered that
there is a wedge of land surface recharge (LSR) above the alpine river water in the southern part of
the city.
Oxygen isotope data supports concept that some LSR from north of the Waimakariri River has
moved into the northern part of the Christchurch area (Hayward report), but this may be a relict of
flow patterns that existied when the river flowed farther to the south.
There is no supportive information to determine how much recharge moves northwards from the
Waimakariri River. It is likely that most of this moves south toward Christchurch artesian aquifer.

Topic: Rainfall recharge of the Christchurch Aquifers
•

Rainfall recharges not likely a major driver for CHCH aertisan aquifer because area of potential
influence is of minimal size.

Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone
•

•

Southern boundary of Christchurch-West Melton (CHCH-wm) zone: The Southern boundary is a noflow zone, the location of which is based on the topographic divide (subtle) and GW contours. The
divide is actually further north than as presented on maps; this opinion based on the discrepancy in
location of the boundary and the divide between the Heathcote and Halswell rivers. Therefore, the
boundary is conservative, incorporating land that actually may supply recharge and groundwater to
the south.
From a logical perspective, deep GW is unlikely to flow across the Southern boundary (to the east
from the Central Plains). Permeable channels within deep strata are more likely to be flowing southeast than east in the area around the boundary.
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•

•

The CHCH-WM ZIP committee have been swayed by Julian Weir's groundwater model for Central
Plains Water scheme (CPW) that indicated deep flow eastwards from the CPW footprint towards the
city. This model is too uncertain to be used for this purpose.
The current groundwater protection zones are a reasonable approach and the zone boundaries, in
general, are correctly presented.

Topic: Groundwater / marine interface
•
•

•

•

It is doubtful that the fresh/saltwater interface is as far out to sea as is suggested by the conceptual
model.
The Christchurch aquitards are discontinuous, patchy and commonly sand/silt, and thus do not
necessarily hold water back. The aquifers underlying Christchurch are not necessarily discrete units.
It is unlikely that deep groundwater is trapped in confined aquifers that carry it far out to sea. Instead,
it probably flows upward through the aquifer system, across what have traditionally been thought of
as the boundaries aquifers and aquitards, and discharges either to the spring-fed streams or
possibly off shore.
The old tritium ages presented in the Taylor et al 1989 paper indicate that flow offshore, especially
from deep layers, must be small. This is in agreement with the recent Stewart paper and with the R.
van der Raaij paper on the Central Plains.
With the recharge and seepage rates in the original model, and with spring discharge and
abstraction, there is not much left over for offshore discharge.

Topic: Spring fed streams
•
•

Generally, the flow in spring fed streams in the Christchurch area are balanced by the losses from
the Waimakariri River and rainfall recharge.
Water quality data indicates that LSR moves to the springheads rather than to deep GW.

Topic: Deep groundwater
•

Considers there is a wedge of LSR above alpine water in the southern part of the city, based on
Hayward's work, and Hanson and Abraham in the central Plains.

Topic: Groundwater quality
•
•

•
•

•

There has been hydrocarbon and other contamination from landfills, but the effects in the north-west
part of the city are small, perhaps because of the amount of dilution.
The Yaldhurst-Masham residential subdivision proposal does not pose a great threat to groundwater
quality. A greater risk would result from allied commercial or industrial activity (petrol stations, small
industries) associated with residential development. However, even these risks could be managed
with high standards of construction, storing and storm-water discharge.
Even point-source spills are not a central issue, they can mostly be cleared up; it is the hidden,
chronic events that are more of an issue in Christchurch.
In the southern part of the city, there is more risk of contaminants reaching higher concentrations
because flow velocities seem to be lower, as evidenced by the Islington nitrate plume, which has
since cleared up.
The hydrological gradient is probably more important than the geology in protecting GW from surface
contamination in the main part of the city.

Topic: Abstractions
•

Not specifically discussed.
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Topic: Data Gaps/Future Work
•
•
•
•

•

More monitoring of shallow and deep GW quality and quantity west of the city is needed.
Possible geophysical methods to determine changes in water quality in the upper plains west of the
city should be investigated.
Consideration of GW modelling without the layered aquifer structure.
Investigate the 'wedge' structure of LSR on top of alpine water in the southern part of the city.
Produce some vertical profiles of water quality, especially time series plots, to determine whether or
not there is seasonality to the nitrate.
Investigate the northern part of the city to determine actual flow from the river, potentially tracer
testing.

Topic: Points of disagreement
•

Not specifically discussed
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TO David Scott

DATE 3 May 2013

CC
FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899

DAVID SCOTT INTERVIEW 27 MARCH 2013
Present: David Scott (CRC), Howard Williams (Golder), Bob Bower (Golder), Helen Shaw (Golder)
Summary of discussion for report:
Topic: Conceptual understanding of the CHCH artesian aquifer system
•
•

In general agreement with the Talbot diagram, with some stipulations described in more detail
below.
The Christchurch aquifers aren’t necessarily discrete/individual; better to look at them as one
entity.

Topic: Recharge from the Waimakariri River into the Christchurch Aquifers
•

•

•

•

•

Recharge north of the river (opinion) is likely a smaller component (<10%). Based on limited extent
of river water found in groundwater (GW) to the north of the river, and the gradient across the
cross section of the river, which slopes south. The river braids have moved south historically, but
the River is currently at its northernmost point.
Recharge from the river is likely relatively steady, but is certainly not constant. It is impossible to
measure loss/gain precisely , so it is difficult to make an accurate estimate of the recharge
variability.
Best scientific tool for estimating the variability of flow-influenced recharge is the GW level array at
Crossbank. Impression of gradient fluctuation is that it confirms the view that the loss is relatively
steady, with very little variation with flooding.
The CRC modelling of recharge (river losses) was completed using both non-variable and variable
rate of loss. This was CRC’s 1998-ish Modflow model of Christchurch- West Melton area with a
monthly time step simulation. Developed one model with a steady loss of 7.5 m³/s and one where
loss was a function of the wetted perimeter in the Waimakariri River. The results of this exercise
indicated that the steady state representation of Waimakariri River loss showed a better calibration
than the variable one. The results of this can be found in some CRC reports and this model was
recalibrated 2-3 years ago.
Modelling shows that the variability in base-flow in the Avon River can be explained by rainfall
recharge with constant recharge from the Waimakariri River.

Topic: Rainfall recharge of the Christchurch Aquifers
•

The diagram (Talbot) of the conceptual Chch aquifer system creates the impression that rainfall
recharge is ’ beyond’ the Waimakariri area, however the rainfall recharge component is probably
entirely within the protection zone and, on average, is less than the river’s contribution. Rainfall is
also seasonal and unreliable and provides a dynamic recharge contribution. Rainfall recharge north
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of the river may be happening, but is not likely to significantly contribute to groundwater flow
south of the river.
Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone
•

•

•

The groundwater protection zones were a conservative view of the likely area of influence of the
Chch aquifer system. If intensive land use was in the protected area, there would be a steady
decline in water quality.
There is no modelling evidence of change in the divide between groundwater in the
Christchurch/West Melton zone and the Selwyn/Te Waihora zone to the south, however current
models are not likely to be accurate enough to predict a change. However there is quite a bit of
uncertainty around the position of that line at any given moment. It likely moves 1-2 Kms in either
direction based on seasonal or recharge variations.
Climate change or land use change may /may not change the position of this boundary line. Work
done for Central Plains Water (CPW) illustrated how it might result in recharge reaching the river
from beyond the zone, however the summary of that work is that it is more about the uncertainty
in the modelling, than about the actual recharge moving outside the zone.

Topic: Groundwater / marine interface
•

The Talbot conceptual schematic indicating that there is significant loss from aquifer 1 into the sea
is not accurate, likely to be very small portion of overall aquifer water budget (<10% balance).

Topic: Spring fed streams
•
•

•
•

Lower flows in the Avon River have likely been influenced by land drainage issues in the Chch
catchment area. Particularly the increase in imperviousness areas.
In looking at the overall water budget and estimating the boundary conditions for modelling, the
off-shore ‘active discharge’ is looked at as a potential ‘waste’ of water that could be allocated for
use. This is a misleading concept as springs are the main discharge mechanism for the system.
There is a large gap in Avon flow record; the period pre- 1992 is not high quality data. This makes it
difficult to use to compare with the Waimakariri River models and records.
There is some evidence that tributaries of the Avon no longer flow, however this has not been
quantified in terms of the effect of loss of tributaries on Avon flows.

Topic: Deep groundwater
•

Not specifically discussed

Topic: Groundwater quality
•

•

Good potential to use Mike Stewart’s age data to test how the deep aquifers are affected by
development. DS has used groundwater quality data qualitatively rather than quantitatively to
help build conceptual understanding of Chch aquifer system.
Modelling undertaken to date has only showed capability of using particle tracking. CRC’s model
and Aqualinc’s model (as would others) provide only large scale estimates of groundwater changes.
It is fine for models to be used as a form of information for catchment-scale water budgeting and to
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•

explore ways in which generic, large-scale conditions might change, but models developed to date
have not been set up to be used for particle tracking.
Key limitations on modelling this groundwater system lie in having sufficient data to allow model
calibration and validation. An example of this is in J. Weirs model that redefined conductivity in
zones, and resulted in particles going another way. J. Weir did sensitivity analysis on flows and
quantities, but not on quality parameters. Sensitivity analysis of quality predictions to other
parameters has not been done.

Topic: Abstractions
•

In looking at the overall water budget and estimating the boundary conditions for modelling, the
off-shore ‘active discharge’ is looked at (by some) as a potential ‘waste’ of water that could be
allocated for use. This is a misleading concept as springs are the main discharge mechanism for the
system, and abstraction (pumping) is potentially affecting flows into surface water systems fed by
the springs. Also that off-shore discharge is not likely a significant portion of the aquifer water
balance.

Topic: Data gaps
•
•
•
•

•
•
•
•
•

•
•

Avon River tributaries flow data collection to help understand connections between recharge
sources.
Review new techniques to accurately measure the losses from the Waimakariri River (Braided
Rivers). Use these measurements in concert with the data from wells nearer the river.
Simultaneous gauging programme could be enhanced, it currently occurs on average only about
once per year.
The array at Crossbank is being disestablished due to gravel extraction and the array at Intake Road
is a bit more complicated as some of the wells may be in confined aquifers. Losing this site is
problematic for helping to build understanding of aquifer recharge from the river and water quality
issues.
Water quality monitoring could be improved with the use of sentinel wells (on western edge of CCC
city aquifer area) for tracking the influence of contamination moving toward the city system.
Transient water quality would potentially be more useful than GW level monitoring.
Improving on knowledge of how much water is abstracted from the aquifer system in the
Christchurch / West Melton area.
Need to understand what (if any) geophysics techniques might be used to help measure the river
losses and/or off-shore groundwater flows.
The use of in-well velocity meters and tracer tests for hydrogeologic aquifer properties (K,
transmissivity) could potentially be used, but would need to cross check with other sources of
information to support conclusions.
Prefer that each model that we develop have a specific and well defined purpose – i.e. some to
understand movement close to the river, others for contaminants
Before workshop, will do some modelling to test what flow variability could be occurring with
relatively steady GW gradients.
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Topic: Potential Further work
•
•

•
•
•

Potentially look to using aging data to help calibrate groundwater models for the system.
There is a contradiction between PW’s conclusion that the gradients are relatively steady, and
the calculations from the episodic nature of rainfall recharge. It would be good to have a
better description of how this analysis was done.
Flow measurements (by both ECan and PW) potentially have significant uncertainties due to
the difficulty in measuring flow.
There is disagreement between experts regarding data analysis methods and appreciation of
uncertainties.
The heterogenous nature of the aquifer system should be taken into account when reviewing
data from individual locations (with respect to likely uncertainties and consequential
conclusions).
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TO John Weeber

DATE 13 May 2013

CC
FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899
TH

JOHN WEEBER INTERVIEW SUMMARY - 5

APRIL 2013

Present: Howard Williams (Golder) (via computer), Bob Bower (Golder), Helen Shaw (Golder)
Summary of discussion for report:
Topic: Conceptual understanding of the Christchurch artesian aquifer system

•

Generally in agreement with the conceptual model with some stipulations discussed in following
sections.

Topic: Recharge from the Waimakariri River into the Christchurch Aquifers
•
•

•
•

•

Quantities of recharge from the Waimakariri River are a point of debate. Considers Dave Scott to be
the expert on this area.
Question relative to how to apportion recharge between surface sources (river/rainfall) to the
different aquifers (David Scott modelling). Concerned about source of clean water for deeper
aquifers. Can this be sustained if abstraction continues to increase?
Mixture of both Waimakariri River water and rain recharge to system. Changes with distance from
the river with rainfall playing larger role towards the south.
Suspects some deeper recharge to the ChCh aquifer system coming from the northern side of the
Waimakariri system (i.e. Waimakariri River is a surface feature only at the northern edge of its post
glacial fan and there is no reason that it would prevent deep groundwater from independently flowing
obliquely beneath it). Isotope information from a deep well in Belfast showed indicators typical of
rainfall recharge, which would be coming from north side (ref: Stewart 2012 and Stewart 2002).
Noted seasonality in groundwater pressures though this is not documented.
Baseline river recharge seems to be relatively constant, but the rainfall component is also significant
(as can be observed by the fluctuations on groundwater hydrographs relating to seasonal rainfall
events on the plains).

Topic: Rainfall recharge of the Christchurch Aquifers
•
•
•

Isotope information from a deep well in Belfast showed indicators typical of rainfall recharge (o18),
which would be coming from north side of Waimakariri (ref Stewart).
Rainfall recharge is likely to end up in ChCh springs.
Base river recharge seems to be relatively constant, but the rainfall component is also significant
particularly as you move away from river (increasing magnitude of groundwater level fluctuationswinter/summer).
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Topic: Boundary between the Christchurch/West Melton zone and the Selwyn/Te Waihora zone and
Groundwater Protection Zones for CHCH
•

•

•

•
•

•

•

Southern boundary area may not apply to deeper groundwater flow directions. Considered that
groundwater flow direction likely to follow more permeable pathways within the gravel fabric
deposited by the parent river. Post glacial, and probably interglacial fans by analogy, deposited
obliquely over glacial fans. Glacial fans begin at/near foothills cf interglacial fans which began
spreading laterally much further downstream after becoming entrenched inland.
Two parts to the establishing these important boundaries:
o Geology: The first to look at the level of protection provided by the sediment/impermeable
layers. (see JW ECan report R08/21) The zones reflect the gravel channels laid down by
historic river flows and their interface with the marine sediments. The confined zone at the
coast comprises marine deposits interbedded with alluvial sediments with river channels
intersecting these through the centre. There are current studies trying to better document
this geology (Paul White has plotted progression of those channels across the post glacial
fan from south to north - GNS Report for ECan).
o Hydraulic Gradient: (see JW ECan report R08/21) The second is to use maps of the
groundwater pressures to see where downward versus upward pressures can help to
understand the relative risk. Using this method we end up with three zones; one to the west
where shallow soils and downwards hydraulic gradient (most susceptible to contamination)
can be found. 2) A coastal zone where >3m thickness fine sediments with upwards gradient
(best protection ) and (3) a central complex zone where mixture of the previous 2 zones. A
further zone to the east, with an upwards hydraulic gradient. There are some accuracy
issues associated with doing these either using computers (connect the dots) versus
manually drawing them (referring to geology not piezometric contouring) (Paul White?).
Isopach maps of surficial deposits drawn manually to reflect the mapped/observed surface
geomorphology/geology – don’t know how you would get a computer to do this from random
data points!
The location of the Southern Boundary is based on the piezometric contour map, using widely
spread water level information and geomorphological features (i.e. former Waimakariri R. channels).
With regard to the current piezometric maps it would be improvement to add additional shallow bore
water level data to help refine this line’s position and its accuracy.
With regard to the current isopach map it would be improvement to add additional shallow foundation
test bore geological data to help refine the protection zone boundaries.
Southern boundary - some water goes around banks peninsula. Surficial geology including old
terraces are important features of this boundary definition. (Divide between Halswell & Heathcote R.
catchments)
The north side of the river may also need protecting if does recharge to the Chch aquifer system. No
protection zones similar to CHCH have been established for the coastal strip north of the
Waimakariri R.
Stockwater/irrigation race/irrigation losses are significant part of recharge for LSR areas of aquifer
recharge areas. These recharge activities would act to increase the distortion (chemistry/level
responses) of determine where water is resourced from, river or rainfall.
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Topic: Groundwater / marine interface
•

•
•
•

•

•

•

There is no geological borehole evidence that the gravel aquifers end up blinded at the seaward side
of system; the interface with the sea is somewhat unknown. Riccarton Gravel appears to be the only
aquifer directly open to the sea, but still best model to explain groundwater flow and age
determination data in my opinion. The model is an extrapolation of onshore geological data.
There are calculations available on the saltwater / freshwater interface in South East Christchurch,
which have not necessarily been part of the general discussion on this parameter.
Agree with concept that aquifer 1 is open to sea and other aquifers may be more confined. But no
geological borehole data to support this opinion.
A drill hole not far from coast (Bexley) shows no gravel aquifers below 240 m indicating limited water
resources below that depth at this location. (Brown LJ 1998: Bexley Groundwater Test bore Results
CRC report U98/26). Drilled to 430 m but only 120 m - 150 m was significantly water bearing.
Aquifers below primary upper aquifers don’t’ appear to have much water (low transmissivity)
(especially Kowai Formation). Sediments become deeper closer to the coast (dip east) reflecting
increasing thickness of the prograded Springston & CHCH Formations to the east. “Aquifer 5” is
deepest aquifer that shows any signs of significant water yields, but no basement to this has been
defined. The use of the term “Aquifer 5” may be misleading in that it applies to all the aquifers below
Aquifer 4. These aquifers were lumped together for convenience because of the paucity of deeper
borelogs with and even spatial spread across CHCH to subdivide and identify matching aquifers
from one well to another.
It may now be possible to come up with a tentative stratigraphy below Aquifer 4 using the Bexley log
an anchor for this. For example there is an extensive grey silty layer (sometimes with organic
material) beneath CHCH up to ~12m thick that occurs at a depth somewhere between ~195 & 220m
bgl. CCC well at Belfast may have been only well until earthquake damage to have been abstracting
water immediately below this layer. Status of well 223m deep at Islington unknown.
Lower permeability sediments separate the gravel units but these as are not aquitards and display
lateral variability in both porosity and ability to allow water to move vertically between aquifers
(permeable units) esp. to the west where the low permeability layers are thinnest. These are
depositional features from the old Waimakariri gravel channels that move out through the interglacial
fan system, creating permeable parts within lesser permeability layers. As marine sediments
aggrade they stop the gravel channels reaching the coast.

Topic: Spring fed streams
•

Rainfall likely to end up specifically in springs.

•

There is seasonality in groundwater pressures though this is not well documented. Base river
recharge seems to be relatively constant, but the rainfall component is also significant but nonconstant influence on groundwater responses.

Topic: Deep groundwater
•

•
•
•

Oil wells have been drilled toward the basement of groundwater in parts of Canterbury (Talbot
figures 350 m – 500 m will be from the oil wells). Recent oil well at Rangitata gravels went to 600 m.
However this data is spatially limited.
Opinion that deeper recharge could be coming into the Chch aquifer system from north side of
Waimakariri River.
Southern boundary (line) may not apply for deeper groundwater movement. Little information to
refute or confirm this concept (check with Carl Hanson re age/chemistry data).
ChCh aquifers reasonably well understood down to aquifer 4 (roughly 120 m – 150 m) with sound
th
geological data – much fewer wells below the 4 aquifer with geological info.
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Topic: Groundwater quality
• CCC is actively drilling into deeper territory with two sites in west at Burnside park and Farrington
Avenue (Bishopdale) going to 200 m + depths. This being done primarily to find better water quality
than is being drawn in shallower CCC bores. Data presented by PDP (to CCC) is the basis on the
deeper drilling programme.
• Concern of land activities (north of the River) could play role in groundwater quality of deeper Chch
aquifers particularly north CHCH. River should not be viewed as a no-flow boundary when
managing groundwater contamination from land activities risk to deep aquifers.

Topic: Abstractions
•

Aquifers below 200 metres appear to have limited availability with regards to additional abstraction.
Current drilling at Burnside and Bishopdale may/may not confirm this. Kowai Formation likely to be
effective groundwater basement – would likely need several wells in this formation to obtain the
same flow obtainable from a younger aquifer. Also cost drilling to these depths and increased risk of
casing failure etc.

Topic: Data Gaps
•
•

•
•
•
•
•
•
•
•

Geology and hydrology for deeper parts of Chch Aquifer and up catchment groundwater zones.
Need to map / use bores with similar screen depths when doing piezometric contour maps (hydraulic
gradient issue). There remains issues between doing contour maps by hand versus using computer
simulated piezometric contours. More of a problem with geological contouring because of the much
greater variability.
Better logging of cores would help future refine our understanding of geologic layers.
LIDAR coverage from various projects (CCC earthquake, other) brought together into a catchment
dataset for use in assessment and modelling of Chch aquifer system.
Need to apportion the recharge to different parts of the aquifer system (David Scott modelling).
Groundwater velocities and dispersion information from projects like tracer studies would be helpful
for modelling and conceptual understand of water movement.
ID of groundwater basement through a combination of bringing together all deep (oil exploratory and
other) drilling information to help better define the overall system.
Geochemistry of deeper groundwater aquifer is needed.
More sentinel (especially deep) monitoring bores (level/quality) on western part of the city. Also more
bores in Southern and eastern sides of the city aquifer area. i.e. better spatial coverage
Groundwater level monitoring network (currently being reviewed by David Scott), - issues include:
spatial and vertical coverage, security of monitoring sites (have lost an important deep well for age
determination on western edge of CHCH due to re-development of site – in my opinion a purpose
built monitoring bore should be drilled to replace it), frequency of sampling.

Topic: Points of disagreement

•

Not specifically discussed.
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FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899

JULIAN WEIR INTERVIEW SUMMARY – 27TH MARCH 2013
Present: Julian Weir, Helen Rutter (Aqualinc), Bob Bower, Howard Williams, Helen Shaw (Golder)
Summary of discussion for report:
Topic: Conceptual understanding of the Christchurch artesian aquifer system
•

Agrees generally with conceptual model (Talbot).

Topic: Recharge from the Waimakariri River into the Christchurch Aquifers
•
•
•
•
•

•
•

Recharge comes from both the Waimakariri River and Land Surface Recharge.
Seepage from the Waimakariri is variable and is related to river width (wetted perimeter, head
difference and bed conductivity).
Losses from the river move both horizontally and vertically, with the horizontal being the dominant
movement of water.
Responses from recharge, as measured in bores, are dampened.
Model helped to estimate seepage from the river based on wetted width, flow losses, stage and
bed conductivity. Models can be used to determine the variability of seepage from the river
relative to the size of the flows.
Modelling used area discretisation of aquifer properties, and time-varying inputs such as rainfall,
river flows, land use and resulting abstraction.
Models can be used to estimate physical parameters such as channel bed losses based on
numerical analysis.

Topic: Rainfall recharge of the Christchurch Aquifers
•
•
•

•

Rainfall recharge is component of the recharge contribution to the ChCh aquifer. When defining
“rainfall recharge” must include recharge from irrigation activities.
Rainfall and river recharge are difficult to distinguish when looking at related changes to flows in
the Avon and Styx.
Rainfall recharge within the immediate recharge area is not likely to take a deep flow path in the
Christchurch aquifer system. Rainfall falling further inland or upgradient may be contributing to
deeper groundwater.
Selwyn river flow is rainfall driven so it will respond more closely to precipitation events.
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Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone
•

•
•
•
•

Potential that deeper groundwater part of the system could have a different groundwater dividing
line due to the changes in the recharge rates and volumes from Selwyn, Rakaia and Waimakariri
Rivers, as well as rainfall recharge. This could also vary based on differences in conductivity zones,
the effects of groundwater pumping, and other factors.
Modelling is not as robust/confident in the deeper aquifer layers due to lack of information.
It is difficult to scientifically justify ‘lines’ in deeper groundwater area with the (lack of) scientific
information currently available.
The boundary likely moves depending on the variability of recharge sources including seasonal
variations.
In the area between the Waimakariri River and the southern boundary of the Christchurch / West
Melton zone, the further you move away from Waimakariri River, the greater the influence of
rainfall recharge.

Topic: Groundwater / marine interface
•
•

•

Aquifer 1 could be open to the sea on the continental shelf but unsure of the quantity of losses off
shore.
Not confident the extent inland of the aquitards that are shown in the Figure presented
(conceptual understanding) and if these are or are not continuous layers. May be some evidence
that there is more confinement in deeper layers (claybound gravels).
Some bores on the coast oscillate between having upward and downward pressure. Could be
related to changes in recharge and pumping?

Topic: Spring fed streams
•

•
•

The more direct relationship between flow levels in the Waimak River and responses in the ChCh
springs and Avon is plausible. Femwater model shows recharge response in Avon and Styx,
although quite delayed and damped. This response may be difficult to definitively separate from
the rainfall recharge responses.
There is information from EQC bores at 4m and 8m depth and situated next to each other that
show a 1m difference, indicating upwards pressure.
Groundwater flow into Styx and Avon rivers from springs may be ‘compression springs’ from A1
aquifer or artesian upwelling/springs from deeper aquifers.

Topic: Deep groundwater
•
•

•

Aquifers are generally more permeable horizontally than vertically. However inland land surface
recharge may move vertically to deeper layers.
Recharge predominantly moves vertically through the vadose zone, but predominantly horizontally
in the saturated zone. Leakage, due to head differences, could cause shallower groundwater to
move to deeper layers.
More information is needed on the hydrogeological and water quality conditions of the deeper
aquifers, particularly the vertical movement of water into deeper systems.
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Topic: Groundwater quality
•
•

Not spent much time on the water quality component of the ChCh aquifer system.
Ageing data appears uncertain, should be used as a ‘backstop’ to other forms of hydrogeologic
information. The ageing data is an output from an ‘ageing model’, suggest that it is possible to use
the actual measured data (not model output) to help calibrate GW model velocities, etc.

Topic: Abstractions
•

Not specifically discussed.

Topic: Data Gaps
• Age determinations of water at different depths – would like to see more data in order to
determine the spatial variability of the isotopic data.
• Calibration of groundwater models relative to groundwater velocities.
• Deeper piezometers to help understand deeper groundwater hydrogeology.
• More time-series data from piezometers would help refine our understanding of groundwater
system.
• Use time-series data to create better and seasonal piezometric surfaces.
• More monitoring on western edge of ChCh aquifer area. Supports ‘sentinel water quality
monitoring programme’ to help understand issues.
• Doing more work to extend time series data makes better use of short term data by quantifying
relationship between different aquifers. Reassessment of piezometric data to re-contour it.
• Collection of more data on vertical movement between aquifers.
Topic: Potential future work
•

Andrew Dark doing PhD to develop a single equation that simulates both groundwater and surface
flow under ‘Water Scape’ programme.

Topic: Points of disagreement
•
•
•

Land Surface Recharge estimates vary amongst studies. Ecan, Regional infrastructure model.
The amount of vertical leakage between aquifers is a point of some discussion.
There are both legal and technical issues where options vary.
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TO Paul White

DATE 2 May 2013

CC
FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899

PAUL WHITE INTERVIEW SUMMARY -14 MARCH 2013
Present: Paul White (GNS), Howard Williams (Golder), Bob Bower (Golder)
Summary of discussion for report:
Topic: Recharge from the Waimakariri River into the Christchurch Aquifers

•

•

•

•

•

•
•

Canterbury Plains geology consists of gravel fans that move out from the Waimakariri River gorge
(have used DTM data and some ECan LIDAR imagery for surficial elevations) to help distinguish and
clarify the extent of these Waimakariri alluvial fans). These fans are likely to control the movement
of groundwater out across the Canterbury Plains. The gravel tongues under Christchurch City may
provide the preferred conduit for feeding springs in the City.
Drainage systems (i.e. natural at the time of Christchurch development, and artificial) maps have
been digitised and put into the ‘1856’ report, useful to compare these drainage systems with the
flood ways identified in both McPherson and PW studies
Sea level changes have inundated the alluvial fan, largely in the current off-shore portion of the fan.
Groundwater is presumed to flow outward from the Waimakariri River to areas in this fan. This
includes groundwater flow to the Lake Ellesmere area. The Waimakariri River flow provides
groundwater base flow to Christchurch City streams including the Halswell River which is backed by
the geochemistry information.
Waimakariri River reach-by-reach river bed budgets (White et al., 2012) include a number of
processes such as recharge to surrounding groundwater, groundwater flow in the river bed, rainfall
recharge and surface flow.
Seepage losses starting near Waimakariri Gorge through to the lower river at the coast (White et
al., 2012) primarily contribute to the Chch aquifer and ultimately feed the springs in Christchurch
City (Avon, Heathcote, Halswell, Old South Branch, Styx) and Waimakariri District (e.g., Kaiapoi
River, Silver Stream). Some other previous work (Stu Cameron thesis) supports theory that that
links spring flow in the Avon to seasonal variation in groundwater pressures.
Crossbank bore field data can be used to calculate recharge volumes relative to recharge events.
High flow as well as average flow events were measured by White (2008; et al., 2012).
Waimakariri River provides most of the recharge to Christchurch City groundwater. Beyond about 2
km (possibly 1 km) from the river, groundwater recharge from the river may be considered as
constant.

Topic: Rainfall recharge of the Christchurch Aquifers

•

Rainfall provides some recharge to Christchurch City groundwater. Importantly, the rainfall
recharge provides variability of recharge over time. For example, rainfall recharge is most often
zero in summer and occurs in the winter months, as measured by the Airport rainfall recharge site.
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Times of high rainfall recharge (e.g. recharge from snow on the Waimakariri gravel fan) has
corresponded with high flow in the spring-fed streams.
Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone

•

•

•

Does not necessarily agree with this boundary being a ‘no flow’ boundary. The boundary to the
southwest of Christchurch may move seasonally, and deep groundwater may act differently from
shallow groundwater.
Boundary issues – the Christchurch groundwater protection zone perimeter should follow the part
of the Holocene gravels and Pleistocene gravels that are in the Christchurch groundwater
catchment.
Unconfined protection zone should be extended up further along the river. Waimakariri River and
groundwater zone up-gradient of the City should be included in any protected zone, as the river is
the primary source of recharge to the system. Waimakariri River and groundwater zone upgradient of the City should be included in any protected zone. A larger protection zone (including
Holocene and part Pleistocene on the Waimakariri gravel fan) would then in part overlap with the
Central Plains Water (CPW) footprint.

Topic: Groundwater / marine interface

•

Water budgets and geochemistry studies (isotopes) seem to confirm little groundwater is going
offshore. Relative to this water quality issue, the Christchurch protection zone should go higher on
the plains (along river). PW has done a lot of work on this, e.g. in evidence for Ngai Tahu in the
CPW consent hearing process.

Topic: Spring-fed streams

•
•
•

Shallow groundwater west of the City is more likely to go to the springs, rather than go deeper, or
offshore, especially as once within the city boundary, the pressure gradient is neutral or upwards.
Using the Crossbank bore array (with other data), we can estimate volumes of seepage includes
water that ultimately feeds Chch springs, and the Halswell River.
Springs probably take groundwater from the Holocene and Pleistocene (shallow at least) aquifer
(e.g., relevant work on geological modelling and groundwater flows in the Wairau Plains, Blenheim;
White in prep.)

Topic: Deep groundwater

•

•

There was some modelling by Julian Weir during CPW hearings that showed groundwater (and
nitrates) from CPW could move from surface into deeper aquifers beneath Christchurch City and
Lake Ellesmere/Te Waihora and go offshore (50 km). PW does not agree with this, considers deep
aquifers are blind.
Deeper groundwater from the CPW area has been shown by modelling to move toward the CHCH
artesian aquifer, cannot rule this out. If Julian Weir is correct, then this groundwater will flow
under Christchurch City and go offshore. If he is not correct, then this groundwater will flow to
Christchurch City spring-fed streams.
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Topic: Groundwater quality

•

•

•
•

•

Water quality issues in groundwater include the Halswell portion of Christchurch City. High
nitrogen concentrations in groundwater occur immediately to the west of the Halswell River
channel. Groundwater from this area is probably finding its way to Halswell River. Water quality in
Halswell River can’t be protected if upstream areas in its catchment can affect the quality of water
recharged to groundwater in its capture zone.
There are contamination issues associated with land use in the upper Heathcote/Halswell rivers
(e.g. current and historical industrial, etc.) and also the area where groundwater contours are
relatively ‘flat’ between these rivers making it difficult to determine groundwater flow directions.
Nitrate from Templeton area could migrate eastwards into the city, across the southern boundary
of the project area.
Relatively deep wells (‘sentinel wells’) on NW side of the city are starting to see higher, seasonal
changes in nitrate concentrations. Nutrients from upper plains (rainfall recharge) are not supposed
to influence these bores with the Christchurch City groundwater boundary as defined. ECan does
not see it as a major issue, albeit levels are currently quite low still.
As city bores are located in the deeper parts of Christchurch system (only approx. 30% are screened
in Riccarton gravels, more are in deeper gravels), if upper plains nitrate signature is showing up in
sentinel bores then it could be an issue.

Topic: Abstractions

•
•
•

Increased seasonality in groundwater levels as indicated by the Museum bore is symptomatic of
increased use in the city, but levels continue to recover in winter.
Christchurch City groundwater system should receive a conservation order like the one afforded to
the Rakaia River.
Abstractions are one of the controls on spring flow, the others being recharge from rainfall and
from the Waimakariri River.

Topic: Data Gaps

•
•

•
•

LIDAR information for all areas would be useful for determining topography, leading to better
understanding of geomorphological features.
Need more information on hydraulic connection through the groundwater system, of flow from
Waimakariri River and its relationship to discharge into spring-fed rivers and streams in
Christchurch City and Waimakariri District and aquifer properties.
Need geology incorporated into 3D groundwater models of system (this was done by Thorley and
Scott in their Central Plains modelling report).
Waimakariri River base flow measurements by CRC need to continue on a regular basis. In PW’s
opinion, the programme could be extended to target boundaries between reaches (e.g. reaches
defined by White et al. 2012, with the aim of linking the river to the catchments of spring-fed
streams), with concurrent gaugings. This will help to further develop the understanding of
gains/losses.
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Topic: Potential Further work

•

•
•

Focused research work on the Holocene and Pleistocene gravel aquifers below CHCH. Working
slowly downward to characterise the lithology of these Aquifers 1, 2, etc. Aquifer 1 (Springston
Gravels) and Aquifer 2 (Riccarton Gravels). It is important to build a model of these aquifers.
Model based on lithological logs provided by John Weeber and model made in conjunction with
him.
General discussion around Holocene sediments – 3D boundary models representing sands and silts
would be useful (have been worked on by PW as indicated from his reports to ECan).
PW has several on-going research projects related to the Waimakariri River groundwater recharge,
rainfall recharge and geology (no funding).
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TO Richard English

DATE 13 May 2013

CC Error! Unknown document property name.
FROM Rober Bower, Helen Shaw

DOCUMENT No. 1278110899

RICHARD ENGLISH INTERVIEW SUMMARY - 26TH MARCH 2013
Present: Howard Williams (Golder), Helen Shaw (Golder), Bob Bower (Half of interview)
Summary of discussion for report:
Topic: Conceptual understanding of the Christchurch artesian aquifer system
•

In general agreement with geological context presented. However disagrees with the recharge
quantities as believes they are more closely tied to flows in the Waimakariri River. Further detail
described in following topic sections.

Topic: Recharge from the Waimakariri River into the Christchurch Aquifers
•

Rate of seepage (infiltration rates) are sensitive to changes in Waimakariri River flows.

•

River seepage, both in and out, likely happens further up the Waimakariri River than Talbot
conceptual diagram represents.

•

Near river bores show groundwater responses to river flow in areas near the airport, at the corner of
Russley and Yaldhurst roads, and towards Macleans Island, but with time differences.

•

The common view is that flow records (mid-1980s) indicate that there is a consistent loss of water
from the Waimakariri River between the gorge and State Highway 1. This is disputed.

•

Believes more work needs to be done to quantify the relationship between river flow and
groundwater levels - has conducted some analysis of river-recharge relationship using baseflows
and groundwater levels that indicates a relationship.

•

Has conducted analysis showing relationship between baseflows and groundwater level responses,
believes that analysis shows a three month time lag delay between flow recharge change and spring
flow and groundwater level responses in Avon headwater springs.

•

Analysis looks at pressure response of groundwater system not geochemistry (groundwater
velocities/ages).

•

Believes that relationship between Waimakariri flows and groundwater recharge is sensitive (more
so than other work has concluded) enough to reflect changes to Waimakariri flows (e.g. upstream
diversions).

Topic: Rainfall recharge of the Christchurch Aquifers
•

Isotope tests of Christchurch aquifer chemistry are only snapshots – where the water is at that time.
If samples are taken at a different time, then might get a different result (e.g. after rainfall you might
have different results nearer the Waimakariri).
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•

Influence of rainfall recharge contamination is current issue. Example cited was: Department of
health found water near city that was young (12 months old) therefore worried that E. Coli
contamination might reach the supply more quickly (PDP study). CCC bores being deepened to
avoid using this younger water but this is problematic.

Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone
•

The dividing line between West Melton and Central Plains Water (CPW) area is OK.

•

Believes that this line likely varies depending on pressure either side of the boundary.

Topic: Groundwater / marine interface
•

Opinion - Discharge of groundwater direct to ocean concept seems logical but little information to
support/refute.

•

Recharge from the rivers is undefined enough to make a proper groundwater balance calculation
(that would include off shore discharge) - difficult to do accurately.

Topic: Spring fed streams

•

Spring discharges are likely to be a significant component of the outflow balance with respect to the
conceptual model.

Topic: Deep groundwater
•

Not specifically discussed.

Topic: Groundwater quality
•

Risk of contamination spills affecting Christchurch groundwater quality is possibly low due to the high
amount of dilution in the system.

•

There are examples in part of city where this contamination risk is greater (e.g. particularly in Johns /
Russley Roads area) and there have been issues in the past (e.g. landfills).

Topic: Abstractions
•

Abstractions (not increased impervious areas from urbanisation) have caused declines in recharge
from the Waimakariri River, and thus declines in baseflow of Avon River flows.

Topic: Data Gaps
•

More time series and longer data sets for Waimakariri flows need to be collected.

•

Flow loss analysis with better statistical methods is required.

•

More analysis looking at flow to recharge relationship between Waimakariri and Christchurch
groundwater levels.
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TO Peter Callander

DATE 3 May 2013

CC
FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899

PETER CALLANDER INTERVIEW SUMMARY - 26 MARCH 2013
Present: Peter Callander (PDP), Howard Williams (Golder), Bob Bower (Golder), Helen Shaw (Golder)

Summary of discussion for report:
Topic: Conceptual understanding of the CHCH artesian aquifer system

•

Opinion consistent with Regional Council’s. Fairly well documented – schematic presented fairly
well represented.

Topic: Recharge from the Waimakariri River into the Christchurch Aquifers

•

•

•

The rate of recharge from the Waimakariri River into the Christchurch aquifers appears to be
relatively constant, with only a small influence from variations in river flow. This is supported by
lack of fluctuation in groundwater levels, hydraulic gradient and consistency in chemistry data.
Effects of abstraction of flows from the Waimakariri River are unlikely to significantly affect the rate
of seepage recharge from the river. Due to small stage difference during higher flows (and hence
small difference in driving head).
Recharge from the river is also likely to go north (1-2 m³/s), evidenced by springs around Kaiapoi.

Topic: Rainfall recharge of the Christchurch Aquifers

•
•
•

•

Rainfall recharge important, particularly in the Chch / West Melton zone area.
Rainfall recharge in unconfined area is reasonably well understood (estimates by D Scott and V
Bidwell differ; PC agrees more with D Scott).
Rainfall recharge predominantly stays in the shallower aquifers (faster lateral movement of water),
with deeper groundwater being river recharge. Rainfall therefore most likely to leave aquifer
system via springs.
Upwards pressure from deeper aquifers in city area forces rainfall recharge water to flow laterally
rather than percolate downwards.

Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone

•

Current planning boundary to the south, located as a line of groundwater divergence between the
aquifer flow direction to north and south is ok. There is only a poor understanding of flow
directions in deep groundwater close to this line.
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Topic: Groundwater / marine interface

•

Aquifer 1 is open to the sea, however upwards leakage discharge should be expected closer to
shore (4-5 km). Sea bed studies have been done that show evidence of where the aquifer
outcrops, which is further out to sea and therefore unlikely to have a freshwater outflow.

Topic: Spring fed streams

•

•

A major cause of the drying up of headwaters of spring fed streams is due to impervious surface
cover as a result of land development intercepting rainfall infiltration and piping it directly to the
streams.
Much of the rainfall-dominated recharge into the shallow aquifers moves laterally and discharges
into the springs/streams system.

Topic: Deep groundwater

•
•

Deep groundwater is not well understood, particularly with respect to interactions with areas to
the north of the Waimakariri River.
Across the plains the deep groundwater is predominately river recharge; rainfall recharge effect is
mostly limited to shallower groundwater, apart from some deep inland areas.

Topic: Groundwater quality

•
•
•
•
•

•
•
•

•

Activities to the west of Christchurch City have a small influence on groundwater quality in the city.
Influence of landuse on groundwater quality increases as distance from river increases; significant
dilution effect nearer the Waimakariri River due to higher velocities of groundwater.
Historically, poor land use has not resulted in poor groundwater quality near the river; this is
evidenced by the airport and Waimairi landfills not having significant impact on groundwater.
Landfills and freezing works in Islington / Halswell areas have evident contaminant plumes,
indicating smaller dilution effect by river recharge near land surface.
ECan zone rules are based on the Barber report, which has a perspective that rainfall recharge is
highly influential with respect to groundwater quality, however Barber’s background is Perth,
where all groundwater is from rainfall recharge. This may lead to an overly conservative
assumption with respect to rainfall influence on groundwater quality.
Suggest splitting zone 1 up to recognise less risk to groundwater resource closer to the river (i.e.
area of greatest groundwater influence from river)
CPW is not likely to be a threat to the Christchurch aquifers (isotope data doesn’t indicate). Perhaps
localised effects only.
Current land uses in the rainfall recharge area (farming, lifestyle blocks) may be worse with respect
to potential for contamination than modern land uses (e.g. managed industrial commercial) would
be.
E. coli could cause localised effects on groundwater with the increased use of infiltration basins
(direct access to the aquifers)

Topic: Abstractions
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•

With respect to an overall water budget: spring discharges are largest, followed by abstractions
(irrigation, water supply), then natural outflow beneath coastline.

Topic: Potential Further work

•
•
•

More ongoing monitoring.
Use of sentinel wells to detect issues would be valuable.
Base future management decisions on actual data and try to limit emotional driven policy
decisions.
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TO Hugh Thorpe

DATE 3 May 2013
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FROM Robert Bower, Helen Shaw

PROJECT No. 1278110899

HUGH THORPE INTERVIEW SUMMARY - 13 MARCH 2013
Present: Hugh Thorpe, Howard Williams (Golder), Bob Bower (Golder)
Summary of discussion for report:
Topic: Conceptual understanding of the CHCH artesian aquifer system
In general agreement with the conceptual diagram presented. The river loss numbers are likely to be slightly
different but generally I am in agreement with the conceptual description.
Topic: Recharge from the Waimakariri River into the Christchurch Aquifers

•

•

•

•

•

•

•

Recharge from the Waimakariri River is the primary source for the Christchurch artesian aquifer
system. The recharge rates at which this recharge enters the aquifer vary but are generally in
agreement.
These recharge rates likely vary somewhat depending on flow in the river. The total volume of
recharge from peak flow events is likely much smaller as they only occupy a minor portion of the
overall annual hydrograph.
The rates of river leakage are likely controlled by some form of resistance along the riparian areas
of the Waimakariri losing river reaches. There is a hypothesis about a geological layer that controls
the river loss rates. This resistance issue could be influenced by a range of potential influences, but
there is no clear information on this topic.
While there may be influences on ‘resistance’, the likely driving force of the rate of leakage from
the river is wetted width of the braided river channel. If flows are sufficiently high water has the
opportunity to move outward (recharge) through the banks which is another area of potential loss.
The reach and/or location at which the Waimakariri River goes from gaining to losing is still unclear.
Geologically the point where the river begins to incise is a likely indicator of where the transition
from gaining to losing would occur. Also using the groundwater levels (elevations) in concert with
the river measurements can help refine this understanding.
River gravel distribution moving down the Waimakariri River is fairly consistent. This would support
the concept that gains/losses along river (recharge) are not a matter of changes in channel
gradient. However this does not hold true above the tidal area (mouth) where the gradient flattens
and gravel gets dumped in large quantities.
Spatially – very little attention paid to north of the river. Fairly sure that some recharge is going
north, but unsure how much. We generally optimistically assume that all the loss from the river is
coming toward CHCH.

Topic: Rainfall recharge of the Christchurch Aquifers

•

Rainfall recharge is part of the Christchurch groundwater water budget, but groundwater recharge
to the Christchurch aquifers is dominated by river recharge.
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Topic: Groundwater / marine interface

•

•

Outflow to the ocean is likely a small component of the overall Christchurch groundwater budget.
Any offshore flow would likely be out through the upper part of the system (Aquifer 1). This
opinion is supported by the water balance of the system which shows that recharge inflows
(Waimakariri/Rainfall) are nearly balanced with outflows in the Christchurch springs. There is very
limited information about offshore springs.
There is information (Ecan) looking at salt water intrusion along the Christchurch eastern
(shoreline) bores. It is unclear what form this information is in, but could provide more insights
into the groundwater/marine interface and off-shore flows.

Topic: Spring fed streams

•

Spring flows are influenced by seasonally varying rainfall recharge and leakage from the
Waimakariri. Runoff from the Christchurch urban stormwater system adds to stream flows mostly
downstream of the springs.

Topic: Boundary between the Christchurch/West Melton zone, and the Selwyn/Te Waihora zone

•

The boundaries presented in the NRRP are consistent with opinion on the sources of recharge and
the issue of groundwater protection.

Topic: Groundwater protection zones

•
•
•

•

•

Current groundwater protection zones should be extended out to the river and this recharge zone
should be monitored closely to limit risk of pollution issues.
Agricultural pollution is likely a bigger pollution risk than other sources.
The current protection zones appear to be working as a management zone with no major changes
in groundwater quality. There is no evidence of major decline in groundwater quality but there
remains a risk of accidental contaminant release.
These zones are likely conservative, but there is insufficient information to confirm or refute this
assumption. Management of recharge zone should tend toward conservative as it is a critical issue
for water supply protection.
Significant challenge for Canterbury is the enforcement of existing rules that help protect against
groundwater pollution from residential/industrial properties. There are examples of sites (e.g.
landfills, etc.) where decades of data have been collected but never reviewed or assessed.

Topic: Groundwater quality

•

•

Groundwater quality in Christchurch aquifers is dominated by recharge from high quality (riverdominated) sources in the north west. Recharge quality degrades significantly as we move
southeast into the city because proportion of recharge changes from river-dominated to a mix with
rainfall recharge and soakage from urban stormwater basins.
Unconfined aquifer area: The south part of city has historic contamination issues-Ravensdown.
There are some old dump sites that are likely a legacy of groundwater contamination issues- e.g.
Waimari dump.
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•

•
•
•

Currently the biggest risks to groundwater quality are that dumping rules are focused on industrial
land uses. There are other dispersed sources including agriculture that are likely having low level
but consistent effects on groundwater pollution. There is some evidence that this is happening due
to the current light land use (e.g. Lifestyle blocks are probably under-represented as contamination
risks.) Non-professional users of nutrients, fertilisers, pesticides have a tendency to over apply and
pose a larger contamination risk.
Even with the river dominating the recharge of the system, protection and monitoring of
contaminating activities need to be continued.
An estimate of recharge sources in the unconfined area is 80% river and 20% rainfall recharge.
There are some point sources of groundwater contamination that also needs to be considered. This
includes older septic tanks in the Yaldhurst area, which an older (30 years ago) study examined.
Newer subdivisions use modern reticulated systems.

Topic: Deep groundwater

•

Groundwater in upper plains has the opportunity to move deeper as it moves down gradient. This
is untrue closer to the coast where confining layers and upward pressures limit the movement of
recharge downward. Surface water near the coast is trapped by confining layers, but is distributed
via a combination of deep and horizontal down-gradient flow. Generally deeper groundwater for
CHCH is likely to come from the upper catchment.

Topic: Abstractions

•

Some evidence of abstraction effects on groundwater levels (e.g. historical bore at the Canterbury
Museum). This shows as increasing summer drawdown but with full winter recovery. Over the last
few years there is evidence of slight long term recovery, perhaps as a result of CCC leak reduction.

Topic: Points of disagreement

•
•

There are some clarification issues around recharge from the Waimakariri River, particularly rates
and reaches that are influential on Christchurch aquifer.
Mounding calculations depend on the value of drainable porosity and there is no agreement as to
a reasonable value for gravel alluvium.

Topic: Data Gaps

•
•

•
•

Critical to collect more information on the effects of urbanisation contamination risks over the
unconfined area and the effects on groundwater quality.
A 3-dimensitional broad scale understanding of the unconfined and confined aquifer systems. This
could be carried out using 3D modelling that would include understanding the flow paths of
groundwater in the system.
Measurements of the vertical groundwater gradient are needed including an understanding of the
spatial variability.
More information collected on groundwater flow velocities is needed as this is the mechanism
through which contamination will be dispersed. The use of geophysics – e.g. injection of large
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•
•

•
•
•

quantities of salt water to measure earth resistivity - only works where groundwater table is very
shallow.
More information about the hydrology/hydrogeology of the West Melton area.
More information is needed on hydrology and hydrogeology of the area north of the Waimakariri
River - a particular understanding of the recharge would be helpful for the water balance and
modelling calculations.
Piezometric measurements (long term) near the coast will help us better understand the offshore
groundwater discharge.
Provide funding (low costs) to graduate students/university to help develop some of these gaps and
issues.
Groundwater is not well taught in Canterbury, how do we improve this?
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STATE OF THE SCIENCE, GAPS AND FUTURE WORK

APPENDIX F
Workshop Notes

August 2013
Report No. 1278110899-012-R-Rev1

Minutes of Collaborative Workshop
Christchurch Aquifer Recharge
Date / Time

23 May 2013 / 9 a.m to 4 p.m.

ATTENDANCE
Name

Organisation

Paul White (PW)
GNS
Hugh Thorpe (HT)
John Weeber (JHW)
McMillan Drilling
Peter Callander (PC)
Pattle Delamore Partners
Julian Weir (JJW)
Aqualinc Research
Clive Appleton (1 – 3pm)
Christchurch City Council
Minutes – Helen Shaw/ Bob Bower
Agenda - attached

Name

Organisation

David Scott (DS)
Richard English (RE)
Howard Williams (HW)
Helen Shaw (HS)
Bob Bower (BB)

Environment Canterbury
Golder Associates
Golder Associates
Golder Associates

General changes to report & interview notes
John Weeber now at McMillan Drilling (to be amended in interview notes). Julian Weir’s official title is senior
engineer.
Table 5 in the draft report is too coarse / black and white – to be amended based on workshop discussions, or
removed from report completely.
DS is concerned with the uncertainties discussion in the report – not sure if the categorisation is right. Particularly,
the assumption that a model has high uncertainty – models (if calibrated) may actually have lower uncertainty.
Predictive models may be less certain. HW reviewed report and made changes.
National literature review does not include some key work elsewhere in NZ. Additionally, the ‘sister city’ search
internationally may be applicable in NZ, where there may be a number of similar geological situations or have
developed scientific methods or modelling tools that could be used to refine our understanding of this system.
Discussion on the same idea where other NZ national examples could be applicable to provide information (i.e.
simpler systems in NZ that have been well studied could inform science / conclusions on the Waimakariri system).
HT - Other examples needed, particularly such as Lower Hutt, Wairau Plains, and Heretaunga. HT considers that
braided rivers are almost unique to New Zealand (Mackenzie River would be a Canadian example). Hutt valley
system work may be quite comprehensive. PW is currently working in the Wairau Plains (a simpler system). HT –
mentioned that the Heretaunga plains have long been studied and since then have undergone significant
development above the aquifer – may be worthwhile investigating the effects (if measured). DS noted that there is
international literature.

Agreement on key discussion points / understanding of key discussion points / categorisation in terms of
high-medium-low importance
Conceptual understanding – high importance, however most of the other key discussion points form a subset of
this model. There is a possibility that the Talbot et al. (1986) diagram needs to be revised, based on more recent
data and science. There was general agreement that the schematic cross-section might give the impression that
off-shore flow is a significant component of flow. Groundwater abstraction should be included to correct that
impression.
River recharge – constant or variable – high importance, due to differences in opinion, however the title could be
changed to ‘understanding river recharge’.
Rainfall recharge – medium importance – there is a reasonably good understanding and agreement on this,
however rainfall recharge is significant because it affects the overall budget, and is important with respect to quality
effects and stream flows. HT considers there to be a data gap with respect to reference sites being
decommissioned (e.g. airport lysimeters). RE considers that rainfall recharge is not nearly as significant as river
recharge. There was some disagreement about the wisdom of disestablishing lysimeter sites. DS stated that the
airport lysimeter is to be re-instrumented and operated as part of the on-going lysimeter network.
Southern boundary – medium / low issue, however there is a lack of understanding of ‘deeper’ groundwater. PW

very concerned about using ‘deep’ and ‘shallow’ to describe groundwater, and considers that geological terms
should be used instead. There is a lack of information regarding groundwater at depths greater than 200 m. The
southern boundary is potentially a movable zone, rather than an ‘impermeable’ and static boundary line.
Groundwater / marine interface – Low priority, however there is a considerable data gap. There is a perceived
risk by the public - the main concern is to ensure that flow outwards is occurring (i.e. no saltwater intrusion). –
ECan have monitoring wells near the coast to check for this. Some wells have been destroyed, and need to be
reinstated. One well in the saltwater intrusion survey network has been decommissioned as a result of earthquake
damage. An existing neighbouring will be used as a substitute.
NB: A review of the seawater intrusion network has recommended no additional seawater intrusion network wells
but has recommended specified frequency of water level measurements and determination of trigger levels.
The thickness and continuity of the aquitards in the Talbot et al. (1986) conceptual model are not correct. PW
thinks that the aquifer layers are thicker. DS and PC think the water most likely flows up through the overlying
strata on-shore and very little flow out to sea by means of diffuse residual flow.
Spring fed streams – RE concerns stem from using stream flows as a proxy for the whole water budget (i.e. that
changes in flows in the Waimakariri due to abstraction reduce the volume of water ‘available’ in the aquifer system,
hence there are lower flows in streams).
HT considers that local use of groundwater significantly impacts spring flows (e.g. Jeffreys Road CCC bore
abstractions affecting the headwaters of the Avon) HT also questions the use of single well data (e.g. Museum
well) to infer Christchurch-wide trends.
Spring flows could be used to measure the sustainable limits – all agree that the flows from springs are a
considerable part of the water budget (i.e. largest ‘discharge’).
Deep groundwater – at risk from contamination / data gaps? – There needs to be a better definition of ‘deep’
and ‘shallow’. JHW considers ‘deep’ to be below aquifer 4. The depth at which aquifer 4 is varies according to
geology, however. Another way to distinguish between ‘deep’ and ‘shallow’ could be age of water; PW suggested
geological host.
HT considers that there is the potential for contamination of deeper groundwater, but it hasn’t occurred yet.
General consensus that rainfall / land recharge with incorporated land surface contamination will affect shallow
aquifers, and that the direction of flow is generally horizontal rather than vertical. This poses more of a
contamination risk to streams than to deeper groundwater. As the separation distance southwards from the
Waimakariri River increases, however, the velocity of horizontal flow diminishes, and the effects of land surface
recharge are seen in both shallow and deeper groundwater, hence more risk from contamination.
‘Going deeper’ for better water quality is not always the answer because as JHW pointed out, some of the ‘deeper’
aquifers have poor yields; deeper bores may not provide the amount of water needed. ‘Medium’ depth aquifers are
the most important to the city because they have the best yield, and are somewhat protected from land surface
generated water quality issues. HT indicated that Grant Davey’s (ex-ECan) work could be relevant in terms of
defining zones of high or low yield.
PC considers that more geological and groundwater pressure variation data are needed on the plains, more and
deeper bores may provide this.
HT considers that analysis of screen depths in existing bores could also be used to define aquifers. (in fact this was
undertaken for the area of Christchurch and up-gradient by Davey in 2006).
Land use north of the river and its effects on aquifers – low priority. It is plausible that water may flow from
north to south, under the river, however HT does not think current data support this. Currently not too much of a
concern, however potential development of Eyrewell Forest area into dairying may need to be monitored with
respect to effects on the Christchurch aquifer system. This could be an important future issue.
Is land use change in southern area more likely to cause groundwater contamination than areas near
river? - Monitoring indicates that historically, land uses in the southern part of the groundwater protection zone
have had more of an effect on groundwater quality than land use nearer the river.
HT is more concerned about areas in and to the west of the protection having more intense land use. Currently
there are very strict conditions on stormwater discharge consents – for example the airport has a high level of
stormwater management which captures spills and point source contaminants. There should be more concern
around diffuse sources (e.g. agriculture, lifestyle blocks). The Waimairi landfill is an example of a historic
contaminated site that might be expected to be creating contamination down-gradient, however it is not due to
velocity of shallow groundwater flows beneath it, causing extensive dilution. The level of contamination depends
on the velocities of the groundwater beneath.
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PW suggests that spring catchments could be defined as subzones, based on his work that groundwater is
focussed within gravel tongues that end in spring zones.
HT and DS did work in Heretaunga Plains simulating the failure of wastewater networks, and point source
discharges, etc. – Hastings has largely increased in development based on the assumption that the groundwater
would be protected by shallow aquitards. HT indicates that he is unaware of monitoring to show this is the case,
and this is an area that should be checked to indicate whether assumptions were correct and monitoring shows no
effect.

PW is of the view that, given its value, the aquifer resource needs protecting, rather than allowing development
over and up-gradient of it.
Short discussion on whether it is possible to define sustainable yield using water quality as the criterion? No
conclusion reached.

Differences regarding conceptual model
The Talbot et al. (1986) model / drawing needs to be re-drawn. Key comments from participants on the
drawing are as follows:
 Offshore discharge is exaggerated (DS, HW)
 Seawater interface questionable (DS, JJW, HW)
 Suggestion of recharge from beyond the river (inland plains) needs to be explained (DS, PW, HW)
 Is there an ‘aquifer 0’? (RE)
 Downward flow of groundwater needs further investigation (JJW, HW)
 Upwards flow from deep aquifers towards springs needs to be represented (DS, RE, PW, HW)
 Spring discharges are underestimated and can be revised using modern data (PW)
 Recharge to the north from the Waimakariri River should be considered within the figure (PW)
 While the arrows indicate pressure gradient, they do not represent flow magnitudes (PW)
 Aquifer / aquitard thicknesses should be adjusted to better reflect the bore log information that is now
available (JHW, PW, HW)
 Groundwater basement should be investigated / adjusted, especially in view of the recent NIWA report
(JHW)
Data gaps and potential for further work
A. Waimakariri River geomorphology
While there is agreement on the general river geomorphology that is based largely on ECan cross section surveys
on the Waimakariri, this could be expanded to include bed material composition. Arguments against this include
that it would be difficult to apply these small-scale data to large scale models (DS, JJW)
B. Concurrent gauging data
Concurrent gaugings of the river at different points using better tools to measure flow and cross-section could still
be useful in reducing uncertainty (PW). DS countered this with his concern about uncertainties related to gauging
at high flows which is where the major gaps are (>100 cumecs). PW considers that more gauging sites are needed
but did not say how this would improve the modelling.
C. Waimakariri River seepage uncertainty
There needs to be sensitivity testing on models to help identify controlling factors with respect to the recharge
mechanisms – this could then be used to focus further study / field data collection.
D. Rainfall recharge
Collection of lysimeter data needs to be maintained to illustrate the conversion of rainfall to groundwater recharge.
There was much discussion as to whether lysimeters were still necessary, as long as the relationship between
modelled groundwater recharge and lysimeter recharge had been established. Smaller measurements on a spatial
scale, enough to show consistency but move around more to obtain different recharge responses in different soils.
PC considered it was necessary to quantify recharge estimates and relate them to actual groundwater responses.
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E. Crossbank array
Continued monitoring of groundwater levels at Crossbank would be beneficial combine with flow gaugings.
Collecting the data is the key to a reliable calibration of any seepage model.
F. Flow and water quality in streams
Flow in the streams needs to be related, if possible to flows in the Waimakariri River in much the way Richard
English has attempted.
Furthermore, has the water quality in the streams changed with time, or is the variation simply spatial, relating to
the dominance of river, or land surface recharge? Would be ideal to have some seasonal effects monitored, if any.
Does the seasonal variability in rainfall recharge induce a corresponding variability in water quality in the streams?
Needs a study to determine any effects on groundwater quality caused by stormwater discharge from urban
development. There needs to be a study to determine realistic land surface recharge from urban environments.

Links to current work streams
The following projects or personnel indicate what work is, or is planned to be undertaken:
 Helen Rutter (Aqualinc Research) is working on liquefaction maps with Tonkin & Taylor. This work would
provide comprehensive geotechnical information around the Avon River and in the city that can be used to
update the geological model and provide shallow groundwater pressures.
 NIWA has funded work looking at the dynamic response of the sea floor to the earthquakes and has recently
published a report.
 GNS SMART aquifer research (Stewart Cameron), while in the early stages, may have some applications in
the future, or be extended to the Waimakariri River area (funding dependent). Though not pointed out at
the meeting, several of the techniques used in SMART aquifer characterisation have already been trialled
or used in the Christchurch area (e.g. thermal response in rivers, age tracers, response to seismicity).
 Thermal imaging data could be used to provide temperature change information of rivers and streams. Mike
Butts (DHI Water & Environment), in association with GNS Science is undertaking some work on
temperature within surface waters.
 Paul White is continuing to work on seepage models and the Waimakariri River, using the two arrays,
(Crossbank and Halkett). He is particularly interested in recharge from the river, especially in relation to
flood events.
 NIWA (Murray Hicks) is undertaking a hydrological study of the Waimakariri River at the Crossbank site.
 Both David Scott and Paul White will be analysing groundwater level variation in association with
hydrographs of river flow.
 Mike Stewart (Independent) and Rob Van Raaij (GNS Science) have recently completed work on isotope
concentrations and variability with a view to better understanding groundwater age determination and
recharge sources.
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Agenda

Timeslot

Facilitator

Topic for discussion

9 – 9:30am
9:30 – 10:15am

None
Helen Shaw

Setup and Coffee
Introduction





10:15 – 10:30

10:30 – 11:30

11:30 – 12:30

Helen Shaw

Helen Shaw

Howard Williams

Introductions
Timekeeping /
Housekeeping
Background
Objectives of Workshop

Agreement on Key Discussion points
(‘issues’)

Understanding the key discussion
points

How to resolve differences

Notes
Background = quick summary of project
objectives, and report outline (overview of
main findings).
Objectives of workshop





prioritisation of ‘issues’,
clarity on agree / disagreement,
identification of true data gaps,
Improvements expected from
filling in data.

‘scoring’ of items in table 5 by workshop
participants: high med, low importance
ranking
Identification of any other burning issues
(what have we missed from the list?)
Refining why there are differences in opinion
– based on assumptions, or different data
analysis, etc.
Outcome of session = list of reasons for
differences.
Can differences be resolved via collection of
more data or other methods?
Outcome of session = ways to resolve
differences.

12:30 - 1
1-2

Lunch
Howard Williams

Potential Further Work

2 – 3pm

Helen Shaw

Links to current workstreams

3pm

Helen Shaw

Conclusions

5

Extend outcome of previous session into
what is required to fill the gaps.
How does the list above link to current
research or work being done – i.e. is it new
work, or an extension of current work?
Action items (if required)
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