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1. INTRODUCTION 

 

1.1 My full name is Richard Spencer English.  I hold the position of Principal at 

Twelfth Knight Consulting. I have been in this position since January 2000. 

 
1.2 I hold a BSc(Hons) from Birmingham University, England. I am also a 

member of the Institution of Professional Engineers New Zealand and the 

Institution of Civil Engineers (London). 

   

1.3 I have over 45 years of general civil engineering experience in both the 

United Kingdom and New Zealand. I have worked for central and local 

government, consultants and contractors and more latterly as a sole 

practitioner consultant. Over the last twenty years I have been involved in 

the quarrying, cleanfilling and roading industries, mainly in the Canterbury 

area.  

 

1.4 Over the last ten years I have been responsible for the compilation of reports 

on local aggregate resources encompassing demand forecasting and a 

variety of resource management related issues for a number of clients 

including Environment Canterbury, the Christchurch City and Selwyn District 

Councils, the Urban Development Strategy Implementation Strategy Group 

(UDSIMG) and the Canterbury Aggregate Producers Group (CAPG). 

 
 

1.5 I have been engaged by the Christchurch City Council (Council) to primarily 

provide evidence in relation to the demand for aggregates, and the 

resources available to fulfil that demand, and issues with respect to quarry 

rehabilitation.  The purpose of this is to inform the Council's approach to 

managing access to aggregate resources in the Christchurch Replacement 

District Plan (pRDP), in light of the anticipated demand for aggregates over 

the life of the pRDP, and beyond. 

 

1.6 I have been providing the Council with my expertise in relation to aggregate 

demand and resources since approximately 2007.  I have been directly 

involved in providing reports and advice to the Council  in relation to the 

pRDP since July 2014.  I have also been involved on behalf of CAPG in 

providing evidence relating to not dissimilar matters to both Environment 
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Canterbury’s Canterbury Regional Policy Statement and Land and Water 

Strategy Plan hearings.  

 

1.7 I have previously provided evidence to the proposed Replacement District Plan 

Hearings Panel on Chapter 3 – Strategic Directions (Stage 1) on behalf of the 

CAPG. 

 

1.8 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.   

 

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

preparing this brief of evidence are: 

 

(a) “Aggregates – Demands and Resources” – Background report for 

Christchurch City Council – Twelfth Knight Consulting, October 

2014 – Report No. CC040714. 

 

(b) “Quarry Rehabilitation” – Background report for Christchurch City 

Council – Twelfth Knight Consulting, July 2014 – Report No. 

CC020714. 

 

(c) “Demands and Resources” - Twelfth Knight Consulting for 

UDSIMG,  November 2009 – Report No. UDS011209. 

 

2. SCOPE 

 

2.1 My evidence covers the following matters: 

 

(a) the impact of the earthquakes on demand; 

 

(b) forecasting demand; 
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(c) updated resource data and the balance between demand and 

resources balance data; 

 

(d) the area’s river resources; 

 

(e) the transportation of aggregates;  

 

(f) quarry rehabilitation; and 

 

(g) the underlying need to enable quarrying. 

 

3. EXECUTIVE SUMMARY  

 

3.1 The key conclusions of my evidence with respect to demand for aggregate and 

the available supply under the proposed zoning are: 

 

(a) The remaining Christchurch re-build will require approximately 5 

million tonnes of aggregate. 

 

(b) Annual demand for aggregate in Christchurch in 2010 (i.e. before the 

earthquakes) was 2.8 million tonnes per annum.  However, on-going, 

annual growth in demand means that this figure is likely to have 

reached approximately 5.5 million tonnes per annum by 2041. 

 

(c) It is forecast that approximately 130 million tonnes of aggregates will 

be required to fulfil Christchurch area demand, including that 

generated by the earthquakes, between now and 2041. 

 

(d) In the Christchurch area there is a total of 75 million tonnes of 

aggregates held in the Rural Quarry zones and consented quarries 

outside the Rural Quarry zones, and in the Waimakariri River.  (The 

Rural Quarry zoned areas contain approximately 40 million tonnes of 

aggregates). 

 

(e) Once the annual aggregate replenishment rate of the Waimakariri 

River is taken into account, there is a shortfall between forecast 

demand to 2041 and currently available aggregates of approximately 

45 million tonnes. 
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(f) Given the levels of forecast demand and the current level of 

resources this shortfall may eventuate in the period 2030 to 2035. 

 

(g) Accordingly, not only will all the resources held within the current 

Rural Quarry zones be required, in addition to this there will be an on-

going need for additional quarries to be established in rural areas 

outside the Rural Quarry Zone if Christchurch’s future demands for 

aggregates are to be efficiently met.  Therefore, in my opinion, it is 

important that the provisions of the pRDP recognise and adequately 

address this issue. 

 

3.2 With respect to rehabilitation of quarry land: 

 

(a) Rehabilitation for excavated sites should be a key element of ongoing 

quarry operations to avoid land being sterilised in perpetuity (and 

therefore unavailable for other uses). 

 

(b) Cleanfill is an important part of rehabilitating quarries.  The quantities 

of cleanfill materials entering quarries locally pre-earthquakes, was 

equivalent to approximately 25% of annual, local land based 

production.  Whilst the earthquakes temporarily distorted this pattern 

(increasing the supply of cleanfill) it is anticipated that the ratio of 

cleanfill to production will revert in the short term to its previous levels 

and will remain so in the long term.  Consequently it is likely that 

there will only be sufficient cleanfill material available to carry out 

limited amounts of filling.  This will act as a limitation on the way in 

which quarries can be rehabilitated. 

 

(c) It is important that rehabilitation should be undertaken as a planned, 

continuous process throughout the life of the quarry. This not only 

minimises the extent of the open, sterile areas but also reduces the 

risk that a quarry would be left in a completely un-rehabilitated state 

should the operator be in a situation where they do not have the 

financial resources to undertake and complete the rehabilitation.  

 

(d) Given their large size, the quarries operating in the Rural Quarry 

zones in particular run the risk of not being rehabilitated. 
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(e) I understand the Council and industry agreed during mediation to a 

timescale of two years from the date of the pRDP becoming operative 

for operators of all existing quarries within the Rural Quarry zone to 

prepare individual Rural Quarry zone quarry rehabilitation plans.  I 

support this proposal and the other controls in the plan relating to 

rehabilitation, discussed in the evidence of Ms Radburnd. 

 

4. BACKGROUND 

 

4.1 My evidence dated 25 November 2015 for the Strategic Directions hearing 

provided a description of the uses of aggregates, the resources required to 

satisfy these demands and commented on the more major constraints that 

impact on access to those resources.  

 

4.2 This evidence provides information with respect to those broader matters raised 

by some submitters for Chapter 3 – Rural (Stage 2) that fall within my area of 

expertise with respect to the quarry industry. 

 

5. THE IMPACTS OF THE EARTHQUAKES ON DEMAND 

 

5.1 The earthquakes created the following unplanned / unforeseen impacts on the 

demand for aggregates which were not accounted for in pre-

earthquake forecasts for the area.  

 

(a) Infrastructure: 

(i) Additional roading infrastructure repairs and maintenance. 

 

(ii) Additional water, stormwater and sewerage piping trenching 

and associated infrastructural repair, maintenance and 

renewal. 

 

(iii) Additional power and telecommunication trenching and 

associated infrastructural repair, maintenance and renewal. 

 

(iv) Additional surface water infrastructural repairs. 

 

(b) Commercial and Industrial, etc Buildings (including anchor projects): 
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(i) Reconstruction of commercial, industrial and local authority 

buildings. 

 

(ii) Repairs or replacement of associated hard standings, car 

parks, driveways and footpaths. 

 

(c) Residential: 

(i) Increased sub-division activity to replace a proportion of the 

housing stock lost in the ‘red zones’, including infrastructure 

and house foundations. 

 

(ii) Total and partial house re-builds including foundation 

repairs of houses in situ. 

 

(iii) Associated car park, driveway and footpath etc, 

replacements and repairs on private property. 

 

(d) Miscellaneous. 

 

(i) Repairs to other public facilities (e.g. parks, cemeteries, 

miscellaneous small retaining walls, etc.  

 

5.2 Remaining directly related earthquake demand is estimated to be 5 million 

tonnes. 

 

5.3 However a portion of the demand postulated in the pre-earthquake forecast may 

be delayed depending generally on both the short and medium term impacts on 

the earlier assumed population growth rates for the area and on local authority 

budgets for previously planned infrastructure works. It is anticipated that these 

effects may to an extent counter and / or impact on the timing of the additional, 

originally un-forecasted demands from the earthquakes (i.e. some of the 

business as usual demand (BAU) has and / or is forecast to be delayed, to an 

extent countering the increases in demand resultant on the earthquakes). 

Accordingly the underlying broad brush assumptions in terms of generation of 

demand for aggregates for the period to 2024 are as follows (Data sources in 

parenthesis): 

 

(a) Earthquake related: 
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(i) Infrastructure - completed by end 2016 (SCIRT). 

 

 Comprising the replacement or repair of roading, piping 

and cabling infrastructure. These activities are 

aggregate use intensive and as such have been one of 

the main drivers of earthquake related demand to date. 

Accordingly, once completed a significant source of 

demand will disappear. 

 

(ii) Commercial, Industrial and Anchor Project Rebuilds – 

completed by 2024 (CERA – unpublished). 

 

 Although total expenditure for this activity is high the 

demand for aggregates is relatively low and will be 

spread out over a relatively lengthy period of time. (i.e. 

the impact on annual demand is commensurately 

relatively low in comparison to the infrastructural and 

residential sector earthquake related demands). 

 

(iii) Residential – Sub-division activity nearing completion and 

majority of house re-builds complete by end 2017.
1
 

 

 Sub-division construction is also aggregate use 

intensive. Hence once completed another source of 

significant demand will cease to exist.  

 

 In the context of the earthquake rebuilds, house builds 

and rebuilds consume relatively moderate amounts of 

aggregates - primarily in the construction of concrete 

floor slabs and areas of paving. Accordingly the 

completion of the re-build phase will impact on demand 

but to a lesser extent than from the anticipated 

significant slow down in sub-divisional construction 

activity. 

 

                                                   
1
 Quarterly Job Matching Report – June 2015”: MBIE. 
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(b) Business as usual: 

 

(i) NZTA major projects are on programme and on-going 

through to 2021 (NZTA) (i.e. demand will be as per forecast 

under pre-earthquake BAU scenarios). 

 

(ii) Christchurch City Council’s pre-earthquake forward 

programme for infrastructural additions, renewals and 

maintenance has been severely disrupted by the 

earthquakes. This disruption is likely to continue in at least 

the short term leading to a lesser demand than would 

normally occur under BAU circumstances. 

 

(iii) Post earthquakes sub-division activity has been such that 

the number of new sections constructed, or nearing 

completion, are not only sufficient to meet earthquake 

related demand but also for short term BAU demand beyond 

the re-build phase.  It is anticipated that there may be a 

hiatus in sub-divisional activity in the short term and hence a 

reduction in demand from that sector.
2
  

 

(iv) Once the construction of replacement housing and re-builds 

are complete, it is forecast that the demand for housing will 

return to levels slightly below those predicted pre-

earthquakes. (UDS population projections prepared by 

Christchurch City Council – May 2014) This will lead to a 

commensurately, but small, drop in the level of on-going 

demand than forecast pre-earthquakes as BAU. 

 

                                                   
2
 Quarterly Job Matching Report – June 2015”: MBIE. 
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(v) It should be noted that a proportion of the work undertaken 

ostensibly as a result of the earthquakes would have 

occurred even had the earthquakes not intervened. (e.g. a 

number of commercial buildings would have been replaced 

under BAU over this period,) It is important therefore that 

“double counting” does not occur when developing 

forecasts. 

 

5.4 As noted above the vertical re-build (i.e. buildings) is far less aggregate use 

intensive than the horizontal re-build (i.e. roads, piping, etc), particularly under 

present local circumstances where of the order of three quarters of the new 

buildings are using structural steel framing rather than concrete as in the past. 

Hence, despite there still being large amounts of forecast expenditure on the 

“rebuild”, commonly (mis) understood as the construction of commercial 

buildings in the CBD, the remaining aggregate consumption from the vertical re-

build over BAU will be comparatively minor.  

 

5.5 It is accordingly anticipated that through a combination of increased earthquake 

related demands, off-set to an extent by generally reduced BAU demands, 

overall demand will mathematically return to pre-earthquake forecast levels by 

approximately 2018. 

 

5.6 It should be emphasised that whilst the forecast including the earthquakes 

meets the previously forecast BAU scenario (i.e. without earthquakes) at 2018, 

this does not mean that BAU will be reached at 2018. Rather, because the 

increased demand due to the effect of the earthquakes are countered to an 

extent by reductions or delays in BAU demand,   the overall demand will have 

mathematically returned to BAU at 2018. 

 

5.7 In summary, the impacts of the earthquakes on the demand for aggregates, 

whilst being large in numeric terms, are only small in comparison to the 

forecasted demand total over the next twenty five years to 2041 (i.e. 5 million 

tonnes remaining earthquake demand compared to 130 million tonnes of 

Christchurch area total demand to 2041 (I describe the derivation of this figure 

later in my evidence). 
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6. FORECASTING DEMAND 
3
   

 

6.1  The demand for aggregates is a function of a number of factors which, under 

normal circumstances (i.e. excluding the impacts of the earthquakes) include: 

 

(a) Population density – sparsely populated rural areas tend to have high 

demand on a per head basis whereas urban areas per head 

demands are significantly lower. 

 

(b) Overall population size and its rate of change. 

 

(c) Household size – a determinant of the numbers of dwellings required. 

 

(d) Types of housing developments – greenfield, brownfield or infill; 

single units or multi-unit complexes, etc. 

 

(e) National and local levels of economic activity. 

 

(f) National and local government infrastructural policies. 

 

(g) “One-off” local major projects. 

 

(h) Construction material preferences – particularly with respect to 

vertical construction. 

 

(i) Technological advances in construction techniques. 

 

(j) Overall aggregate pricing – including excavation, processing and 

transportation costs to site of use. 

 

(k) Public, central and local government awareness of long term 

sustainability issues. 

 

                                                   

3 For the purposes of this evidence, unless otherwise noted: 

 the definition of “resource‟ includes only those materials that lie either within the pRDP Rural Quarry Zones and 
/ or hold a resource consent, both alluvial or fluvial, for their extraction. 

 “Quarrying” includes extraction activities from rock, alluvial and / or river sources. 
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6.2 Whilst this lengthy list of demand determining factors could, in theory, lead to an 

almost infinite range of demand scenarios, long term trends are apparent. The 

following chart illustrates the demand for aggregates in the mid-Canterbury 

study area
4
 for the period 1992, when more accurate local records of demand 

began, through to 2010. (The study area is effectively self-sufficient from an 

aggregate standpoint, there being little or no export from or import of aggregates 

into the area. Consequently demand effectively equates to production). 

 

 

Graph 1: Annual CCC/SDC/WDC area Land based, River Sourced and Total 

Aggregate Production (tonnes per annum) 

 

                                                   
4
 The study area is bounded by the Rakaia and Ashley Rivers, the Southern Alps foothills and the Pacific Ocean. 
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Graph 2: Annual CCC area Land based, River Sourced and Total Aggregate 

Production (tonnes per annum) 

 

6.3 It should be noted that given the relatively good transport links between the 

various areas of demand (i.e. generally the major urban areas under the 

jurisdiction of the Christchurch City, Selwyn and Waimakariri District Councils) 

and the quarries and the quarrying sites on the rivers in the locale, the area 

effectively acts as a single market. 

 

6.4 For example, demand for aggregates from within the Waimakariri district 

currently outstrips local supply. This shortfall is presently generally sourced from 

quarries within the Christchurch City Council area.  Whilst demand from within 

Selwyn district is increasingly being satisfied from sources within the district it is 

likely that the current transfers between (i.e. both to and from) the Selwyn 

District and Christchurch City Council areas will continue for the foreseeable 

future. 

 

6.5 In 1992 the study area production was approximately 1.8 million tonnes per 

annum. Production rose to a then peak in 2007 of 4.2 million tonnes per annum 

before falling back to a low point in 2010 of approximately 3.2 million tonnes per 

annum. (The equivalent figures for Christchurch are 1.5, 3.6 and 2.8 million 

tonnes per annum respectively.) The trend increase in production over the 

eighteen year period is equivalent to a compounding increase of approximately 

4.5 per cent per annum. (Effectively, approximately 4 per cent per annum for the 

Christchurch area). Immediately prior to the earthquakes, production had begun 
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to rise again in main due the start of construction of Stage 1 of the Southern 

Motorway Extension. 

 

6.6  Graph 1 was used as a base point from which to plot a range of future 

scenarios. These were bounded, at the lower range, by a compounding 

annualised average increase of 1 per cent per annum (i.e. approximately 

equivalent to the projected annual population increase in the study area through 

to 2041) to an upper bound of 8 per cent per annum which represented the then 

maximum, local, annual increase in demand during the period 1992 to 2010 (i.e. 

immediately prior to the distortions in demand created by the earthquakes). 

 

6.7 A number of more detailed forecasts were undertaken, independent of the two 

bounding scenarios, using forecast increases in population, population density, 

household size and housing types based on data provided by the Urban 

Development Strategy Group; estimates of economic data based on Reserve 

Bank of New Zealand forecasts; data from Christchurch City, Selwyn and 

Waimakariri District Councils for their forecast infrastructural expenditure; “one-

off” projects where known and NZTA forecasted project expenditure. This 

resulted in an approximate average annual increase in demand of 4 per cent. 

 

6.8 This is slightly below the study area average increase during the period 1992 – 

2010 (i.e. approximately 4.5 per cent per annum). For comparison the average 

annual New Zealand wide increase in aggregate production over the sixty year 

period from 1950 to 2010 was approximately 3.5 per cent per annum.   

 

6.9 However using a single, simple compounding model over extended periods of 

time leads mathematically to demand per head figures which clearly do not 

reflect the on the ground reality. If a simple compounding process was used for 

forecasting, the average annual consumption per head in the study area would 

be approximately 23 tonnes per head by 2041, based on a compounding 4 per 

cent annual increase in overall demand.  In comparison the average annual 

consumption in the study area between 1992 and 2010 varied between 5.0 and 

9.5 tonnes per head, whilst for New Zealand as a whole, over the same 

timescale, the equivalent figures were approximately 5 and 10 tonnes per head, 

per annum respectively.
5
 

                                                   

5  In 2008 consumption averaged approximately 4.5 tonnes per head in the UK, approximately 6.5 tonnes per head 

in the USA, 13 tonnes per head in Scandinavia and  6 tonnes per head average across Europe. ”Empirical 

evidence shows that advanced [European] economies can demand up to12 tonnes/capita, though this growth 
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6.10 A number of factors will however come into play which will reduce the possibility 

of such high consumption figures occurring including: 

 

(a) Decreasing rate of population increase throughout the study period. 

 

 Christchurch’s rate of population increase is forecast to fall 

from approximately 0.6 per cent per annum in the period 2014 

to 2028 to 0.5 per cent per annum for the period 2028 to 

2041. (UDS population projections prepared by Christchurch 

City Council – May 2014). 

 

(b) Flattening of demand with increasing GDP per capita. 

 

 Evidence from Europe
6
 indicates that as advanced 

economies grow, increases in the size of the service sector 

generally cause a gradual decoupling between economic 

growth and the consumption of some raw materials. This in 

turn can lead to a decrease in material use intensiveness. 

However, this does not hold true for aggregates. Rather than 

decline demand instead tends to stabilises as there is still an 

ongoing need for infrastructural maintenance and renewal 

(i.e. as economic growth continues the previous rates of 

increase in demand will tend to flatten out). 

 

(c) Decreases in demand due to increasing urbanisation. 

 

 Demand per head in urban areas is less than in rural areas. 

Hence increasing urbanisation of rural areas leads to 

decreasing per head demands in those areas. 

 

(d) The current NZTA programme of major roading expenditure is 

unlikely to be repeated within the forecast time horizon (i.e. before 

2041). 

                                                                                                                                                              
may suffer shorter-term positive or negative influences from economic boom or recession respectively”. 

(“Planning Policies and Permitting Procedures to Ensure the Sustainable Supply of Aggregates in Europe” - 

University of Leoben, Austria, July 2010 for UEPG). 

 
6
  See note 3 above. 
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(e) Increased transport costs leading to increased efficiency of use. 

 

 A component of current demand is driven by the relative 

cheapness of local aggregates. However as resources close 

to demand are exhausted replacement resources will 

inevitably move further from demand. This will increase 

transportation costs and hence the delivered price of 

aggregates. Although it is not known with certainty as to the 

tolerance of the market for price increases it is likely that 

these demands will drive increases in efficiency of aggregate 

usage. 

 

(f) Changes in design philosophies and increased competitiveness of 

alternative technologies. 

 

  Design philosophies, particularly with respect to roading, 

which is the dominant source of demand for aggregates, are 

continually evolving. For example the move to chip seal roads 

in the 1930’s reduced the need for maintenance metal on 

gravel roads; the post war introduction of greater levels of 

testing of materials and pavements helped to optimize 

aggregate usage, as did the introduction of more mechanistic 

methods of design in the 1990’s. 

 

  Alternative technologies such as foamed bitumen and the 

use of synthetic geomats, both of which reduce the need for 

virgin aggregates, are continuously improving and becoming 

more competitive with traditional construction and 

maintenance methods over time. 

 

(g) Increased central government, local authority and public awareness 

of sustainability issues. 

 

 Whilst difficult to quantify as to its absolute impact, as public 

awareness of matters of long term sustainability in the use of 

resources increases so does pressure on central and local 

government and, in this case, the construction industry to 
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demonstrate that they are equally committed to reducing the 

use of finite resources (e.g. increased use of recycled 

materials). This will, in the medium to long term, consequently 

result in lower rates of increase in demand. 

 

6.11 As a consequence of these factors, the rates of increase in demand have been 

assumed to reduce with time. That is from effectively 4.5 per cent per annum 

initially, tapering towards the end of the study period such that the overall 

equivalent increase rate in demand between 2015 and 2041 is approximately 3 

per cent per annum. The equivalent figures for the Christchurch City Council 

area are 4 per cent and 2.5 per cent per annum respectively. The outcome of 

these forecasts, including the impacts of the earthquakes is illustrated by the 

following chart. 

     

Graph 3: Annual Demand (tonnes per annum) for Study area, CCC, SDC and 

WDC areas. 

 

6.12 Based on this scenario, the projected total demand for the period 2015 to 2041 

is 180 million tonnes for the study area (130 million tonnes for the Christchurch 

area).  The study area annual demand in 2041 will be approaching double that 

which existed in 2010 immediately prior to the earthquakes (i.e. approximately 

7.7 million tonnes per annum in 2041 compared with approximately 3.2 million 

tonnes in 2010 and 5.5 and 2.8 million tonnes per annum respectively for the 

Christchurch area). The annual per head consumption, derived from the 
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forecast demand divided by the forecast population, at 2041 in the study area is 

forecast to be approximately 13.5 tonnes and approximately 12.5 tonnes in 

Christchurch. 

 

6.13 It should be noted that these forecasts do not purport to provide data on a year 

by year basis, as inevitably demand will fluctuate annually throughout the 

period. Rather the forecasts describe demand trends over time. It is the latter 

which is important in forecasting overall demand and hence the quantum of 

resources required to satisfy these demands. 

 

6.14 Forecasting beyond a horizon of say 10 years is therefore, to an extent, a matter 

of judgement tempered by experience rather than being an exact science. The 

potential variance in the forecasts, particularly at the end of the forecast period 

in 2041 is consequently potentially significant.   

 

6.15 However through an analysis of various scenarios, I estimate that the variance 

in the overall total demand forecast to 2041 is +10 per cent and -25 per cent 

(i.e. the study area overall total demand for the period 2015 to 2041 may vary 

between 135 and 200 million tonnes and for Christchurch between 95 and 145 

million tonnes). 

 

7. INCREASES IN RESOURCES, UPDATED PRODUCTION DATA AND DEMAND 

RESOURCE BALANCE 

 

7.1 The data included in my evidence of 25 November 2014 was current at July 

2014. Subsequent to that date, and as foreshadowed in my earlier evidence, a 

number of new quarries have been consented outside the Rural Quarry Zones 

but all within the Christchurch City Council area. The total additional resource 

consented is approximately 10 million tonnes.  

 

7.2 Production in the study area for the twelve month period July 2014 to June 2015 

was 7.9 million tonnes. 

 

7.3 The updated summary of resources, forecast demands, which include the 

impact of the earthquakes on demand, and the demand / resource balances are 

presented in the following tables.  (The projected demands remain as per my 

earlier evidence). 
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7.4 In summary, the current situation with respect to land based resources is that 

there are approximately 75 million tonnes of resource within the combined 

Ru(Q) zoned areas, the consented quarries in the area covered by Christchurch 

City Council’s jurisdiction and the Waimakariri River.  Of these resources 

approximately 40 million tonnes remain within the Ru(Q) zones. 

 

 

AREA 
RESOURCE 
(TONNES) 

NOTES 

Christchurch City 
75 million                  

 + 0.45 million 
annually ex river 

Includes Waimakariri River resource.                                
Land based resource approx 68 million 
tonnes 

Selwyn District 
45 million 

 + 0.05 million 
annually ex rivers 

Includes Selwyn and (part) Rakaia Rivers 
resource.  Land based resource 42 million 
tonnes 

Waimakariri District < 10 million  
Includes Ashley and Eyre Rivers resource.                                
Land based resource approximately  3 million 
tonnes 

TOTAL 
+/- 130 million                     

+ 0.5 million annually 
ex rivers 

Potentially an additional 6 million tonnes of 
land based resource may become available in 
next twelve months. 

Total river based resource approx. 16 million 
tonnes 

 Table 1: Study Area Zoned and Consented Resources Summary 
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AREA 
TOTAL DEMAND ( TONNES ) 

2015 - 2028 2015 - 2041 

 
Christchurch City 
Council 
 

70,000,000 130,000,000 

 
Selwyn District Council 
 

10,000,000 25,000,000 

 
Waimakariri District 
Council 
 

10,000,000 25,000,000 

 
STUDY AREA 
 

90,000,000 180,000,000 

 Table 2: Study Area Demand Summary 

AREA 
EXISTING 

RESOURCE  

DEMAND 
ADDITIONAL RESERVES 

REQUIRED  

2014 - 2028 2014 - 2041 2014 - 2028 2014 - 2041 

 
Christchurch 
 

75 million                         
+ 0.45 million 
annually ex 

river 

70,000,000 130,000,000 0 45,000,000 

 
Selwyn 
 

45 million 
 + 0.05 million 

annually ex 
rivers 

10,000,000 25,000,000 0 
( 20,000,000 )  

( surplus ) 

 
Waimakariri 
 

< 10 million 10,000,000 25,000,000 +/- 0 +/- 15,000,000 

Rivers 

 
Included 
above 

 

N/A N/A N / A N / A 

TOTAL 

+/- 130 
million                         

+ 0.5 million 
annually ex 

rivers 

90,000,000 180,000,000 +/- 0 40,000,000 

 Table 3: Study Area Demand - Resource Balance Summary. 
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8. BACKGROUND ON THE AREA’S RIVER  RESOURCES 

 

8.1 The rivers within the study area boundaries have long been a source of 

aggregates for the area. The total resource available for extraction from these 

rivers is currently approximately 17 million tonnes. (These resources are 

included in Tables 1 and 3 above). 

 

8.2 The Waimakariri River currently contains approximately 6.5 million tonnes of 

material above design minimum river bed levels in the Christchurch area.  (The 

quantities of materials consented for extraction  are in fact greater than the 

quantity physically available.  The figure quoted above, which I have used in my 

analyses, is the actual quantity available – i.e. not the consented quantity.  This 

material has accumulated during periods when extractions have been less than 

annual replenishment rates.  (For scale, the current underlying overall demand 

in Christchurch is approximately 4 to 5 million tonnes per annum of which 

approximately 0.8 million tonnes per annum is drawn from the Waimakariri River 

to satisfy this demand). 

 

8.3 On average approximately half a million tonnes of material is also carried 

downstream annually by the river – the exact amount depending mainly on the 

numbers and sizes of flood events during the year. 

 

8.4 Currently extraction rates from the Waimakariri River exceed replenishment 

rates by approximately one third of a million tonnes per annum. Consequently, 

should current extraction rates continue, the aggraded resource will have been 

exhausted by approximately 2033. 

 

 

9. TRANSPORTATION OF AGGREGATES 

 

9.1 Maintaining and where possible increasing processing and transportation 

efficiencies are key to the provision of cost effective products with the latter 

often being the dominant element in the economics of aggregate supply. For 

example it is not uncommon for trucking costs to exceed the ‘gate price’ of the 

product. Consequently whilst the mid Canterbury area has a plethora of 

geologically suitable raw materials for aggregate production the reality is that 
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most are, in at least the short to medium term, if ever, beyond economic 

transportation distance from Christchurch. 

 

9.2 Fortuitously Christchurch has historically had ready access to high quality raw 

materials proximate to demand. This has provided an economic advantage to 

the district over those generally elsewhere in New Zealand. In order to maintain 

this advantage it is important therefore that quarries are located as close as is 

possible to demand (i.e. transportation costs need to be seen as a critical 

element of the planning decision matrix).  

 

9.3 Transportation costs depend on:  

 

(a) The capacity of the truck (and sometimes trailer) transporting the 

material  - generally the larger the maximum capacity of the mover 

the lower the hourly charge out rate per tonne. 

 

(b) The size of the load in relation to the truck's (and trailer’s) maximum 

capacity (i.e. the closer the size of the load to the maximum capacity 

of the mover the lower the unit cost). 

 

(c) The time required to load at the quarry and unload at the delivery 

site. 

 

(d) The distance to be travelled between the quarry and the delivery 

point. 

 

(e) The average speed over the journey (Average speeds in rural areas 

may be higher than in an inner city area for example). 

 

9.4 The average size of load delivered from local quarries, as determined by a 

survey of the quarries, is 16.5 tonnes with a theoretical charge out rate of 

approximately $130 per hour for an equivalent sized truck. 

 

9.5 To place this in perspective, if the theoretical shortfall in resources through to 

2041 were to be sourced from sites an additional 15km from the sources of 

demand (i.e. above current cartage distances) the additional cost would be 

approaching  $200 million even without allowance for the additional, associated 
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infrastructural and environmental costs that would be incurred. These costs will 

ultimately be passed on to the end consumer (i.e. society at large). 

 

9.6 .It is important therefore that travel distances should be minimised where 

possible. To this end I note that it is important that the provisions in the pRDP 

are such that: 

 

(a) The Ru(Q) zones remain in place until the resources are exhausted. 

 

(b) Decisions made with respect to the yet to be consented quarries, 

required to fulfil forecast future demand, are mindful of the advantage 

that both currently and will accrue to Christchurch as a whole by 

maintaining access to potential sources of aggregates close to the 

city.  This means that the ability to seek consent in the general rural 

zone, particularly parts that are closer to the City (as enabled under 

the Council's proposed provisions), is important. 

 

10. QUARRY REHABILITATION   

 

Background 

 

10.1 Locally, finished contours of former quarry sites generally differ markedly from 

both their pre-quarrying state and those of the surrounding un-quarried land. 

Significantly the depth of the protective material between the floors of the 

alluvial quarries and the underlying unconfined groundwater, which is the source 

of Christchurch city’s water supply, is much reduced. 

 

10.2 It is important therefore that in planning for the future use of exhausted quarry 

sites that: 

 

(a) Land is not sterilised from a range of appropriate future uses. 

 

(b) The city’s groundwater resource is protected. 

 

(c) The visual amenity and landscape character of the area is maintained 

as far as is practicably feasible. 
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10.3 A key issue with respect to quarrying activity consequently relates to the 

rehabilitation and potential end use of excavated sites.  

 

Current approach to rehabilitation 

 

10.4 The current approach to local rehabilitation was formulated on the basis that 

land should be progressively reinstated to at least pastoral farming standard.
7
  

Partial or full back filling with cleanfill to achieve contours at or near pre-

quarrying levels is however generally not considered to be a viable option due to 

a lack of appropriate cleanfill material. 

 

10.5 Fill material originates from a range of construction, maintenance, demolition 

and site clearance activities.  It comprises top soil and other natural materials 

such as clays and silts, and inert manufactured materials, for example bricks, 

pavers and concrete.  The quantities of cleanfill materials entering quarries 

annually, pre-earthquakes, was equivalent to approximately 25 per cent
8
 of 

annual, local land based production. 

 

10.6 Accordingly there will theoretically be only enough material to totally refill 

approximately one quarter of the excavated areas.  This will inevitably result in 

the majority of sites either being filled over long timescales, or more likely only 

partially refilled, if at all, apart from the need to satisfy pRDP side slopes 

requirements.  

 

10.7 The earthquakes disrupted the previous local pattern of cleanfill material 

production and deposition in respect to not only the location of deposition but 

also the types and quantities of materials being generated.  Significant 

quantities of materials have been deposited at the Burwood Resource Recovery 

Park, the Lyttelton Port Company’s port reclamation site, Portlink Industrial Park 

and at smaller sites scattered across the city. 

 

10.8 Whilst it is not possible to be definitive, an analysis of the data collected under 

the auspices of the Christchurch City Cleanfill Bylaw indicates that of the order 

                                                   
7
 City Plan Volume 3 – statement of Rules – Part 4 Rural Zones – 1.10 Rural Q (Quarry Zone) – Environmental 

results anticipated (d) “Progressive restoration of quarried land to a state where visual amenities are enhanced 
and the land is capable of sustaining at least pastoral farming.” 
 
8
 “Review of the Operation of the Christchurch Cleanfill Bylaw 05 / 06” - Twelfth Knight Consulting and Cleanfill Bylaw data 

provided by CCC - July 2014. 
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of an ‘additional’ 1 to 1.5 million tonnes of earthquake related materials have 

been received at the licensed cleanfill sites post September 2010 to date.(i.e. 

over and above those quantities that may have occurred under a business as 

usual scenario).  

 

10.9 The quantum of earthquake related materials brought into cleanfills for 

deposition appears to have recently peaked in line with similar, but anecdotal 

information, relating to aggregate production volumes.  It is anticipated however 

that the pre-earthquake cleanfill to production ratio relationship will re-emerge in 

the near future (i.e. an equivalent of only one quarter of land based production 

will return to the quarries as cleanfill). 

 

10.10 Of the fully excavated areas in recently or currently active quarries within the 

Council’s territorial boundaries, less than 20 per cent
9
 have, to date, been fully 

rehabilitated.  This has resulted in large, open areas devoid of topsoil and 

vegetation within the quarries.  

 

10.11 It should be noted that not all open areas are currently available for 

rehabilitation since a portion of those areas are used for the location of 

processing plant and associated siltation ponds, storage of product, 

transportation accessways and cleanfilling operations.  

 

10.12 In general completed rehabilitation has consisted of either battering side slopes 

with no filling, or generally in the areas of shallower excavations, backfilling to or 

near previous land contours, followed by topsoiling and sowing with pasture 

grasses.  

 

Quarry rehabilitation in the future 

 

10.13 The post-closure use of a quarry needs to be carefully assessed in both the 

early stages of project planning and during the development of subsequent 

quarry management and rehabilitation plans. The rehabilitation plan should be 

based on a clear set of objectives which must be both technically and financially 

sustainable.  

 

10.14 In the case of the local alluvial gravel quarries the time taken to rehabilitate a 

quarry is a function of: 

                                                   
9
 Quarry Rehabilitation’ - Background report for Christchurch City Council – Twelfth Knight Consulting, July, 2014 - Report No: 

CCC020714 (Issues with respect to quarry rehabilitation are discussed in depth in this report.) 
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(a) The ultimate value and planned form of the rehabilitated land. 

 

(b) The sequencing of quarrying, itself a function of the shape, and 

ultimate depth of the quarry. 

 

(c) The market for aggregates and the share of the market held by the 

quarry over its lifetime. 

 

(d) The availability and cost of suitable cleanfill both during the quarries 

life and in some cases post closure. 

 

10.15 The interplay of these factors will vary from quarry to quarry. 

 

10.16 With the exception of the current distortion in cleanfill material quantities and 

types consequent on the earthquakes, it is likely that the types of materials 

being received at the quarries for disposal and the ratio of returning fill to 

production will remain similar to that in the past. (I.e. the equivalent of 25 per 

cent of land based production.) Rehabilitation plans need to acknowledge this, 

unless specific effort is directed otherwise. (E.g. providing monetary incentives 

to those carting cleanfill material to divert to a specific rehabilitation site different 

from that to which they would otherwise go). 

 

10.17 The ultimate plan form and depth of a quarry will have a marked impact on 

rehabilitation options. In some cases areas where excavations are shallow, 

relatively little, if any, fill will be required – simple low angled batters would 

readily meld the excavated areas into the surrounding land. A layer of suitable 

top soil is only then required to return the area to pastoral use. In some cases 

locally this process has resulted in restored pasture with a greater agricultural 

value than those that existed pre-quarrying. 

 

10.18 In the case of small, irregular shaped, relatively deep, isolated excavations 

however significant amounts of fill will be required to return the area to its 

original form. In the alternative, rehabilitation in the form of reconstructed side 

slopes only will result in an effectively unusable, narrow area at the base of the 

excavation which may well pond. The latter could present a contamination risk 

to the underlying aquifer from sources such asavian faecal matter and / or the 

illegal dumping of non-inert materials. 
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10.19 Although the larger sites are unlikely to be fully backfilled they are potentially 

less problematic in that once the side slopes have been constructed the area at 

the base of the quarry (or partially filled site) will be of a sufficient size to be 

usable for at least their pre-quarried pastoral purposes. 

 

10.20 It should be noted that those depositing materials prefer, for reasons of travel 

time, to unload fill material and reload with new product at one contiguous site.  

Accordingly once production at a quarry ceases cleanfilling will also cease 

unless an adequate incentive can be offered to those carting cleanfill materials 

to divert their routes (e.g. free dumping or the co-location of product stockpiles 

available for sale). 

 

10.21 Local rehabilitation plans need to acknowledge the relatively limited amounts of 

suitable fill material available which will inevitably lead to many sites being 

effectively unfilled or, in some cases, only partially filled. However, rehabilitation 

should be undertaken as a planned, continuous process throughout the life of 

the quarry. 

 

10.22 This not only minimises the extent of the open, sterile areas but also reduces 

the risk that a quarry would be left in a completely un-rehabilitated state should 

the operator be in a situation where they do not have the financial resources to 

undertake and complete the rehabilitation. Should the latter case eventuate the 

land may effectively be sterilised in perpetuity. 

 

10.23 There are increasingly large, open areas being utilised for quarrying operations 

in the current Rural Quarry zones. These sites in particular run the risk of not 

being rehabilitated because of their size and consequent, potentially large, 

rehabilitation costs.  In my opinion it is important therefore that suitable 

rehabilitation plans, containing specific deadlines for each phase of the requisite 

work to be undertaken, are drawn up and committed to by the quarries in a 

timely fashion 

 

10.24 I understand that there was a suggestion during mediation between the various 

parties that a two year timescale from the date of the pRDP becoming operative 

would be acceptable to both the Council and the industry for the submission and 

approval for rehabilitation plans for those quarries within the Rural Quarry zone. 

In light of my preceding comments I support this proposal. 
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11. CONCLUSION 

 

11.1 In light of my analysis of supply and projected demand for aggregates, I support 

the Council's underlying philosophical approach of enabling quarrying to ensure 

that not only the demands for aggregates are cost effectively met in the short 

term to satisfy the remaining re-build requirements, but also importantly in the 

medium to longer term to support ongoing growth in the area.  

 

11.2 I support the proposed requirements (as amended by the mediated agreement 

with respect to rehabilitation plans in the Rural Quarry zone) in the pRDP, 

relating to quarry rehabilitation. 

 

 

Richard Spencer English 

16 October 2015 



 

 

 


