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1. INTRODUCTION 

 

1.1 My full name is Helen Katherine Rutter.  I hold the position of Senior 

Groundwater Hydrologist at Aqualinc Research Limited (Aqualinc). I have 

been in this position since August 2007. 

 

1.2 My qualifications include BSc (Combined Honours: Geology and Water 

Resources) and PhD (both from Aston University, Birmingham). I am a 

Chartered Geologist and Fellow of the Geological Society of London. I am a 

member of the Hydrological Society of New Zealand. 

 

1.3 I was engaged by the Christchurch City Council (Council) in September 2015 

to provide evidence in relation to the hydrogeology of the Canterbury aquifer 

system and potential impacts of land use activities on the aquifer.  

 

1.4 I have also been involved in an Environment Court hearing to assess the 

impacts of quarrying at Rolleston on the aquifer system. Other hearings I have 

provided evidence at include the groundwater impacts of the Feilding Waste 

Water Treatment Plant effluent disposal and groundwater impacts of the Kapiti 

Expressway. 

 

1.5 I confirm that I have read the Code of Conduct for Expert Witnesses contained 

in the Environment Court Practice Note 2014 and that I agree to comply with it. 

I confirm that I have considered all the material facts that I am aware of that 

might alter or detract from the opinions that I express, and that this evidence is 

within my area of expertise, except where I state that I am relying on the 

evidence of another person.   

 

1.6 The key documents I have used, or referred to, in forming my view while 

preparing this brief of evidence are: 

 

(a) Contamination Risk Zones for the Christchurch Artesian System – a 

hydrogeological perspective (ECan Rpt U02/13); 

 

(b) Drinking Water Standards NZ 2008 (DWSNZ 2008); 

 

(c) Christchurch Water Supply Public Health Risk Management Plan 

(PHRMP 2014); 
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(d) Dann, R.L., Close, M.E., Pang, L., Flintoft, M.J. and Hector, R.P. 

2008. Complementary use of tracer and pumping tests to 

characterize a heterogeneous channelised aquifer system in New 

Zealand. Hydrogeology Journal, 16 (6), 1177-1191; and 

 

(e) PDP 2003: Preliminary ranking of CCC water supply wells to access 

likelihood of achieving a secure source classification; Report 

submitted to Christchurch City Council 2003. 

 

2. SCOPE 

 

2.1 The specific parts of the Proposal that my evidence relate to are the 

groundwater protection provisions for quarrying.  The provisions are Rules 

17.3.2.5 (NC4), 17.4.2.5 (NC5) and 17.6.2.5 (NC3) and related Activity 

Standard 17.6.4.6.   

 

2.2 The effect of the Rules 17.3.2.5 (NC4) and 17.4.2.5 (NC5) is to make 

quarrying a non-complying activity if excavation is deeper than one metre from 

the maximum recorded groundwater level in the Rural Urban Fringe Zone and 

the Rural Waimakariri Zone.   

 

2.3 Rule 17.6.2.5 (NC3) and Activity Standard 17.6.4.6, as notified, made 

excavation deeper than one metre from the seasonal high water table a non-

complying activity in the Rural Quarry Zone.  I understand this rule was 

deleted in the revised proposal dated 17 September 2015.  However, I also 

understand that the elected members of the Council would like this rule 

reinstated.   

 

2.4 My evidence: 

 

(a) describes the aquifers under Christchurch, including why protecting 

them is a crucial issue for Christchurch's population; and 

 

(b) the risks that quarrying too close to the aquifers poses to the water 

quality of the aquifers.  
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3. EXECUTIVE SUMMARY  

 

3.1 The Christchurch city water supply relies on high quality groundwater from the 

aquifers under the city. The water is pumped into supply with no treatment, a 

highly prized asset for both the Council and the residents of Christchurch. 

 

3.2 Responsibility for protecting the groundwater resources that the water supply 

is abstracted from has historically been with ECan, but with the passing of the 

Health (Drinking Water) Amendment Act in 2007 there appears to now be a 

mandatory requirement on the Council to take more responsibility for 

protecting the groundwater resources, and ensure that it complies with 

DWSNZ 2008. The PHRMP 2014 report stated that: “The Council is not 

presently required to monitor the activities of other parties in the recharge zone 

that pose a risk to the groundwater quality and hence the quality of drinking water 

supplied to Christchurch residents” and added that the Council were continuing 

to liaise with ECan over drinking water and source protection issues. 

 

3.3 Quarrying and clean filling the resulting excavation do pose threats to 

groundwater quality, from spills, disposal of stormwater and washwater, 

leaching from fill, potential for groundwater to inundate the quarry floor, and 

from post-quarrying land use. Whilst the risk from any individual quarry may be 

considered to be relatively low, any risk needs to be balanced against the 

potential hazard to the city water supply, and the combined risks from many 

quarries increases the hazard. 

 

3.4 Maintaining a 1 metre separation between the base of the excavation and 

groundwater provides additional time to clean up any spills, provides additional 

capacity of the soils and unsaturated zone to attenuate some contaminants, 

and reduces the possibility that any fill used post-quarrying may be inundated, 

with the increased risk of leaching on contaminants that this would entail. 

 

3.5 Flow within the aquifers is predominantly through high permeability open 

framework gravel lenses. The transport of potential contaminants may be rapid 

because of the high velocities within these gravel lenses. Tracer testing by 

Dann et al (2008) suggested that transport of contaminants could be as high 

as over 40-90 m/day.  
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3.6 Determining the highest groundwater level with confidence at a site is difficult, 

and the interpreted highest groundwater may not be accurate to within several 

metres, because almost invariably, there is not a shallow well with a long term 

record of water levels at the site. Because of this, a degree of conservatism is 

often required when using interpreted highest groundwater levels. 

 

3.7 In addition, I note that the Central Plains Water scheme is modelled to have 

the effect of raising groundwater levels by a metre or more in some areas, and 

this should be taken into account. 

 

3.8 Future land uses, after site closure, will be limited by the available unsaturated 

zone thickness. I believe this is covered in more detail by Mr Potts. 

 

4. OUTCOMES OF MEDIATION / CAUCUSING  

 

4.1 I have been involved in caucusing on 13 October 2015 that has resulted in a 

signed agreement with Mr Rob Potts and Mr Stephen Douglass.  There was 

agreement about a number of factors which are recorded in the joint statement 

dated 15 October 2015.   

 

5. DESCRIPTION OF THE AQUIFER SYSTEM 

 

5.1 The Christchurch City public water supply system is sourced entirely from 

groundwater that is abstracted from the five confined aquifers that occur 

beneath the City, and the semi-confined aquifers to the west of the city.   

 

5.2 Inland of Christchurch, the aquifers under the Canterbury plains comprise a 

thickness of hundreds of metres of poorly sorted, heterogeneous gravel, sand, 

silt and clay deposits.  

 

5.3 From a line through western Christchurch area and to the east, there are 

layers of permeable gravels, inter-fingered with low permeability marine and 

estuarine, fine-grained sediments, which thicken in an eastwards direction.  

Figure 1 illustrates an idealised cross section through the city. The fine-grained 

sediments do not allow water to flow through them freely and act to ‘confine’ 

the water within the gravel aquifers. The water in the gravels is therefore often 

held under pressure, at depth, by the confining layers. If a well was drilled into 

the confined gravels, water could rise up and flow at the surface. This is 
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described as an artesian aquifer well. The pressure increases with depth 

below the surface. Therefore if there was any connection between aquifers, 

flow would be upwards (i.e. there is an upward hydraulic gradient).  

 

5.4 Recharge to the aquifer system is from seepage from the Waimakariri River to 

the north west of the city, and by infiltrating recharge on the plains to the west 

of the city (and the west of the limit of the confined aquifer system).  

 

5.5 Given the leaky nature of the aquifer system inland of the confining layers, and 

the downward hydraulic gradient, there is potential for water to move from 

shallow layers to deeper layers in this area. The relatively good quality of the 

Waimakariri water helps to maintain low levels of nitrate and other ions in the 

groundwater recharged from this source. However higher nitrate 

concentrations in some wells, especially shallower ones, show that some of 

the groundwater has been recharged on the Plains and is affected by landuse 

on the plains. This shows that anthropogenic effects can have some impact on 

Christchurch water.  

 

5.6 Over 50% of the groundwater abstracted in the Christchurch-West Melton 

zone is for public supply. Of this, as of 2009/10, 24% was from the shallowest 

aquifer (Aquifer 1), 20% from A2 and 41% from A4. There is an ongoing 

project to repair/renew wells, both as a part of earthquake repairs, and also to 

decrease the water taken from A1, which is most likely to be affected by 

anthropogenic effects, and replace it with takes from deeper, unaffected wells. 

 

5.7 Flow is predominantly through high permeability open framework gravel 

lenses, which have been estimated to be responsible for 98% of the flow 

through the whole thickness of sediment (Dann et al, 2008). Transport of 

potential contaminants may be rapid because of the high velocities within 

these gravel lenses. Tracer testing by Dann et al suggested that transport 

velocities could be as high as 40 – 90 m/day.  

 

5.8 The degree of risk to individual pumping stations of contamination from 

activities in the source protection zone area, depends on the thickness of the 

confining layer (that is the fine-grained, low permeability sediments), the 

presence, or not, of an upwards hydraulic gradient (whether or not water is 

under pressure and would move from deep to shallow depths if there was a 

permeable pathway) and the length of flow paths from a potentially 
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contaminating activity  to any water supply well (PDP 2003). Where they exist, 

the presence of confining layers, together with the upward gradient across 

much of the city, provides protection to the aquifers. In reality, the aquifer 

system is more complex than illustrated in Figure 1. In particular, the ‘layers’ 

are not as clearly defined as is illustrated, and the hydrogeological conditions 

become increasingly complex towards the west. 

 

 
Figure 1 Idealised cross section through the city and coast, illustrating the alternating fine-grained 
aquitards and coarser aquifers 

 
Figure 2 Extent of confining layers and upwards hydraulic gradient across the city 
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5.9 As a result these protection mechanisms do not extend across the whole of 

the city, and west of the lines there is increased aquifer vulnerability. This is 

the basis for the development of the Christchurch groundwater protection 

zones (defined in the National Resources Regional Plan (NRRP)), with Zone 1 

being the area with a downward hydraulic gradient and no fine-grained 

confining layer, Zone 2 having either a confining layer, or an upward gradient, 

but not both, and Zone 3 having an upward gradient and evidence of a surface 

confining layer. 

 

5.10 It should be noted that there is an inherent uncertainty in the lines defined in 

Figure 2. The reasons are outlined in Weeber (2002), and include issues with 

well locations, well distributions, well log descriptions, and geological 

variability. Weeber (2002) originally also published ‘uncertainty’ bands on the 

3m confining layer, to indicate the degree of certainty about its position, but 

these are not generally used. This is important, as the aquifer in Zone 2 may, 

or may not, be as 'protective' as it appears from the zoning map. 

 

5.11 It is of great importance to note that Christchurch groundwater is pumped 

straight into supply without treatment in most cases. This is highly prized both 

by Christchurch residents, and by the Council. Protection of the water quality 

was a key consideration of the NRRP and now the Land and Water Regional 

Plan (LWRP). 

 

5.12 Responsibility for protecting the groundwater resources that the water supply 

is abstracted from has historically been with ECan, but with the passing of the 

Health (Drinking Water) Amendment Act in 2007 it appears there is now a 

mandatory requirement on the Council to take more responsibility for 

protecting the groundwater resources, and ensure that it complies with 

DWSNZ 2008. The PHRMP 2014 report stated that: “The Council is not 

presently required to monitor the activities of other parties in the recharge zone 

that pose a risk to the groundwater quality and hence the quality of drinking water 

supplied to Christchurch residents” and added that the Council were continuing 

to liaise with ECan over drinking water and source protection issues.  
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6. Potential risks from quarrying and clean fill 

 

6.1 There are various risks to groundwater associated with excavation and clean 

filling. These include: 

 

(a) Disposal of truck washwater and stormwater, possibly containing 

small amounts of detergents, metals and hydrocarbons from the 

vehicles and machinery used on site, and elevated pH in any waste 

water from cement processing, if there is a concrete plant. 

 

(b) Diesel spills associated with refuelling of vehicles, filling of above 

storage tanks or leaks from the storage tanks. Also spills from 

disrupted hydraulic hoses. Quarrying and excavation result in 

reduction of the available response time to deal with a localised 

hydrocarbon (or other) spill issue. 

 

(c) The placement of fill material in quarried areas which could produce 

leachate containing a variety of inorganic salts, metals and organic 

contaminants. Filling introduces material (cleanfill or otherwise) that 

may contain leachable contaminants, the nature of which might 

contaminate the groundwater.  The types of material that are 

deposited at  cleanfill sites may include a small proportion of material 

that could be ‘not-ideal’. The inundation of lower sections of the fill by 

groundwater would provide opportunity for solution and transport of 

potential contaminants.  

 

(d) These processes potentially pose significant threats to groundwater 

quality unless strict control is maintained over the fill material that is 

to be placed in areas which might come into contact with water in the 

aquifers.   

 

(e) Hayward (2002) reports incidences of increased iron, manganese, 

hardness and ammonia associated with old landfills or cleanfills in the 

Christchurch area. The details are unknown, but it does illustrate the 

potential impacts of such sites if fill materials are not inert. 
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(f) If water is ponded, it would encourage increased bird/waterfowl 

populations which might result in increased bird-strike risk, especially 

close to the airport. 

 

(g) Post-restoration, due to the decreased depth to groundwater and 

more limited ability of the ground to attenuate contaminants, it is 

appropriate to impose restrictions on land use. Although nitrate and 

bacteria, as might result from intensive agriculture, are not 

contaminants of concern for the quarry and cleanfill operation, these 

may pose a risk to groundwater quality for downgradient users if the 

post-rehabilitation land use causes discharges of these contaminants 

(including diffuse discharges). 

 

6.2 Through quarrying the exposure pathway for any contaminants has been 

modified. This means that there may be rapid access to the groundwater 

system for any contaminants, including pathogens. 

 

6.3 Stripping of topsoil and vegetation cover for the quarry will affect the infiltration 

properties and contaminant attenuation characteristics of the site. The 

underlying alluvial gravels have larger pore spaces and greater permeability 

than the soils, and allow more rapid infiltration of water and possible 

contaminants after the soil is removed.  

 

6.4 The gravels also have a lower content of fine-grained materials and organic 

matter than the soils. These are important for the filtration and adsorption of 

contaminants before they reach the groundwater. The stripping of soil will 

therefore increase the vulnerability of the groundwater to contamination from 

sources at the surface. Good management of the activities that occur over the 

exposed gravels is essential for the protection of groundwater quality. 

 

6.5 When soil is first reinstated, its ability to attenuate contaminants will be lower 

than for a well-established soil. In a well-developed soil, the top soil grades 

into the underlying gravels, allowing for further attenuation of nutrients and 

pathogens. The soil condition would improve with time, but depends on soil 

management practices. 
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7. Definition of the Highest Recorded Water Level 

 

7.1 The definition of Highest Seasonal Groundwater in the LWRP: “means, at the 

time the activity is established, the highest elevation that the water table has 

reached between the months of June and August inclusive.” 

 

7.2 Both Mr Potts and Mr Douglass believed that the ECan definition resulted in 

the same level of protection as the “Highest Recorded Groundwater” 

previously used by the Council and setting a time of the assessment gave 

some certainty to all parties. I disagree, as highest groundwater levels are 

often recorded in September or October. 

 

7.3 Also, in the vicinity of major rivers, groundwater levels may rise and fall rapidly 

with stage/flow in the river, and highest groundwater levels might not occur in 

the winter months. Available monitoring data (if carried out on an infrequent 

basis) may not have captured the influence of river flow on groundwater levels. 

This may mean that the ECan and CCC definitions of highest groundwater 

level may not be the same in the areas close to the Waimakariri River. 

 

7.4 My further comments relate to the difficulties in actually obtaining the ‘highest 

groundwater level’. Groundwater level is a 4-dimensional problem. It varies 

spatially, with depth, and with time. Therefore attempting to define an historical 

highest groundwater level cannot usually be done with any degree of 

confidence. In most cases, there is not a shallow well in the locality that has a 

reasonable length of groundwater level record, and the definition of the highest 

groundwater level at the site is a subjective interpretation of limited available 

data. In my experience, this is often an ‘optimistic’ interpretation. For example, 

in the consent application for one site, the highest recorded depth to 

groundwater was interpreted as 8m, whereas my interpretation was 

approximately 4m. This illustrates the difficulty in actually defining the depth to 

groundwater. The allowance for a metre ‘freeboard’ above highest 

groundwater level may provide a safety margin to allow for this uncertainty. 

 

7.5 In addition, across a large site, the effects of the slope of the water table 

(approximately 10m per kilometre) may cause variations across the site. 
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7.6 A final point is that the Central Plains irrigation was modelled to result in 

elevated shallow groundwater levels of a metre or more in some areas. The 

future impact of this should be taken into account. 

 

8. Limitations on future land use 

 

8.1 This has already been discussed by Mr Potts and above, but I reiterate that a 

reduced vadose (unsaturated) zone thickness will result in limitations on future 

land use, both from the point of the requirements of that land use for a certain 

unsaturated zone thickness, and from the point of view of a reduced ability to 

attenuate contaminants. 

 

 

 

Helen Katherine Rutter 

16 October 2015 


