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Introduction
1

My full name is Eric Roland van Nieuwkerk. I hold the position of Senior
Hydrogeologist at Golder Associates (NZ) Limited (Golder), a ground
engineering and environmental consultancy firm. I have been employed by
Golder since January 2016.

I am responsible for providing groundwater,

environmental science and project management services to clients throughout
New Zealand and Australia.
2

I have been asked by Fulton Hogan Limited (Fulton Hogan) to provide
evidence in respect of its application for resource consents to establish,
operate, maintain and close the proposed Roydon Quarry (Proposal).

3

My areas of expertise are groundwater, water quality and the effects of water
use.

Qualifications and Experience
4

Before moving to New Zealand in 2010, I worked for Deltares, a research
institute dedicated to surface water, groundwater and geotechnical research in
The Netherlands. Between 2010 and 2013, I worked for CPG New Zealand
Ltd (currently Calibre Consulting Ltd). From 2013 to 2016, I worked for Beca
Ltd.

5

I have a Master of Science degree in Hydrogeology from the Free University
of Amsterdam, The Netherlands, which I obtained in 1998.

6

I have 20 years’ experience as a Hydrogeologist working in local government
and consultancy in The Netherlands, New Zealand and Australia. I have been
involved as technical specialist and project manager in various environmental
risk assessments, water resource investigations and civil engineering projects
in both urban and rural areas.

7

Relevant areas of my expertise and recent work experience include:
7.1

Groundwater expert witness services for the RM4 expansion hearing
for the Road Metals quarry at Yaldhurst Road, Christchurch;

7.2

Stormwater quality expert witness services for the Comprehensive
Stormwater Network Discharge Consent hearing for Christchurch City
Council;

7.3

Analysis and modelling of water quality and water ponding effects for
stormwater discharge to ground effects assessment for the proposed

2

Kartsport Canterbury relocation to a former quarry site at Conservators
Rd, Christchurch;
7.4

Providing technical input into environmental effects assessments for
backfilling of a quarry at Leggett Rd, Canterbury.

7.5

Review of well interference effects assessment and provide expert
witness services of the Gartys Rd (Balcairn, North Canterbury) quarry
resource consent application by Ready Mix, on behalf of Canterbury
Regional Council (CRC);

7.6

Aquifer testing, water quality and quantity effects assessment and
expert witness services for Christchurch City Council’s (CCC) Little
River water supply well resource consent application;

7.7

Project management and analysis for a Monitored Natural Attenuation
research project in the Port of Rotterdam, The Netherlands;

8

I provided technical input into the groundwater, stormwater and water supply
aspects of this proposal and Assessment of Environmental Effects (AEE). I
have visited the site on 17 September 2019 and am familiar with the
surrounding area and the groundwater system. I have also visited various
existing quarry operations in Canterbury.

9

While this is a Council Hearing, I acknowledge that I have read and am familiar
with the Code of Conduct for Expert Witnesses contained in the Environment
Court Practice Note 2014, and agree to comply with it. I confirm that this
evidence is within my area of expertise, except where I state that this evidence
is given in reliance on another person’s evidence.

I have considered all

material facts that are known to me that might alter or detract from the opinions
I express in this evidence.
Scope of Evidence
10

In my evidence I will:
10.1

10.2

Describe the key features of the Proposal relevant to:
(a)

Take and use of groundwater; and

(b)

Groundwater quality.

Describe the environment relevant to the take and use of groundwater
and groundwater quality;

3

10.3

Assess the potential effects on the groundwater resource that may
arise from the proposed activity;

10.4

Identify the main, groundwater take and use, and groundwater quality
issues raised in submissions on the Proposal or the S42a reports; and

10.5

To the extent that potential for adverse effects exists, discuss how any
effects might be best avoided, remedied or mitigated, including by way
of consent conditions.

11

In my evidence I have considered the following documents:
11.1

Bligh, K., 2019, Evidence from Kevin Bligh in relation to applications
CRC192408, CRC192409, CRC192410, CRC192411, CRC192412,
CRC192413 and CRC192414 by Fulton Hogan Limited for a suite of
resource consents to establish a quarry operation.

11.2

Canterbury Regional Council (CRC), 2002, Age and source of
Canterbury plains groundwater. CRC report U02/30.

11.3

Canterbury Regional Council (CRC), 2009. Steady-state groundwater
models of the area between the Rakaia and Waimakariri rivers. CRC
report R09/20. ISBN 978-1-86937-940-7.

11.4

Canterbury Regional Council (CRC), 2019, Annual Groundwater
Quality Survey, 2018, CRC Report no.: R19/20.

11.5

Cudmore, R., 2019, Evidence from Roger Cudmore in relation to
applications CRC192408, CRC192409, CRC192410, CRC192411,
CRC192412, CRC192413 and CRC192414 by Fulton Hogan Limited
for a suite of resource consents to establish a quarry operation.

11.6

Davey, G., 2006, Definition of the Canterbury Plains Aquifers, CRC
Report No. U06/10.

11.7

GNS, 2008, Geology of the Christchurch Area, Geological Map 16,
ISBN 978-0-478-19649-8.

11.8

Golder, 2018, Resource Consent Application to Establish 'Roydon
Quarry', Templeton, 1781870-R-001-Rev0, November 2018.

11.9

Golder, 2019, Roydon Quarry Proposal (Reference CRC192408192414, RC185627) - Response to Request for Further Information,
1781870-010-R-Rev0, March 2019.
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11.10

Golder, 2019, Roydon Quarry Proposal (Reference CRC192408192414, RC185627) - Response to additional Requests for Further
Information, 1781870-011-R-Rev0, August 2019.

11.11

Irrigation New Zealand, 2015, New Zealand Irrigation Technical
Glossary, ISBN 978-0-473-33125-2.

11.12

Kyle, J., 2019, Evidence from John Kyle in relation to applications
CRC192408, CRC192409, CRC192410, CRC192411, CRC192412,
CRC192413 and CRC192414 by Fulton Hogan Limited for a suite of
resource consents to establish a quarry operation.

11.13

NZWERF (2004). On-site stormwater management guideline. New
Zealand Water Environment Research Foundation. Wellington, New
Zealand, ISBN 978-0-9941243-1-9.

11.14

Ministry for the Environment (MfE), 2018, Climate Change Projections
for New Zealand: Atmosphere Projections Based on Simulations from
the IPCC Fifth Assessment, 2nd Edition. Wellington: Ministry for the
Environment, ISBN: 978-1-98-852587-7, Publication number: ME
1385.

11.15

Ministry of Health (MoH), 2018, Drinking-water Standards for New
Zealand 2005 (revised 2018). Wellington: Ministry of Health.

11.16

Mthamo, V., 2019, Evidence from Victor Mthamo in relation to
applications CRC192408, CRC192409, CRC192410, CRC192411,
CRC192412, CRC192413 and CRC192414 by Fulton Hogan Limited
for a suite of resource consents to establish a quarry operation.

11.17

S42a officer’s report and appendices for applications CRC192408,
CRC192409, CRC192410, CRC192411, CRC192412, CRC192413
and CRC192414 by Fulton Hogan Limited for a suite of resource
consents to establish a quarry operation.

11.18

USEPA, 1999, Use of Monitored Natural Attenuation at Superfund,
RCRA Corrective Action, and Underground Storage Tank Sites,
DIRECTIVE NUMBER: 9200.4-17P.

11.19

Weir, JJ, 2009, Supplementary Evidence of Julian James Weir,
Hearing evidence for applications by Central Plains Water Trust to
Canterbury Regional Council for resource consents to take and use
water from the Waimakariri and Rakaia Rivers.
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Essential features of the Proposal relevant to groundwater quality and
groundwater take and use
General
12

Fulton Hogan Limited (the applicant) proposes to establish a gravel quarry
(Roydon Quarry) at a site within a block of land bound by Curraghs Road,
Dawsons Road, Maddisons Road, and Jones Road, Templeton. The site is
located approximately 700 metres (m) to the west of the township of Templeton
and is shown on Error! Reference source not found..

13

The proposed quarry will involve extraction of aggregate material to a depth of
less than 10 m below ground level (bgl) and rehabilitation of excavated parts
of the site with cleanfill, overburden and topsoil material. Aggregate material
will be transferred from extraction areas by field conveyors and dump trucks to
an on-site processing plant. Aggregate processing which will involve screening
and stockpiling. The site will have various other facilities such as workshops,
staff amenity blocks and offices. Access roads, bunding and screen planting
will also be established. Dust suppression will be applied to control dust.

14

Excavation will be staged with the total active open area of the quarry limited
to a maximum of 26 ha at any one time. Areas requiring dust suppression are
no more than 9 ha at any time.

15

Rehabilitation of excavated areas will progressively follow the completion of
each excavation stage. Topsoil and subsoil materials which have been stored
following site preparation may be used in the site rehabilitation by providing a
final topsoil layer or may be retained along with established plantings to assist
in biodiversity outcomes. The applicant will also bring in clean top soil from off
site for the purpose of rehabilitation.

16

Contaminated soil will be removed from the site prior to undertaking any works
in these areas which will reduce the risk for any ongoing contamination from
this land.

Validation of areas that have been remediated will also be

undertaken to determine compliance with a rural-residential land use. This
reflects that the end use of the site is unlikely to be of a commercial/industrial
nature.
17

Further details of the proposed activities are included in Mr Victor Mthamo’s
evidence and Mr Kevin Bligh’s evidence. See Figure 1.

6

Groundwater take (water supply)
18

The applicant intends to use the on-site water supply well M36/0257 (well card
presented in Appendix A) for water supply needed for quarry operations. The
applicant holds current resource consent CRC182422 (resource consent
conditions presented in Appendix B) which permits the take and use of
groundwater for pasture irrigation (although this is not stated on the consent)
from this well as long as the following conditions are met:
18.1

The rate at which water is taken, shall not exceed 9.5 litres per second
(L/s), with a volume not exceeding 6,772 cubic metres (m3) in any
period of nine consecutive days.

18.2

Whenever the standing water level in well M36/0217, located 2.6 km
m southwest of well M36/0257, is lower than the levels listed in the
table below, the volume of take in any period of nine consecutive days
is reduced in accordance with the table below.

Standing Water Level in

Permitted maximum volume of

M36/0217 (m above sea level)

take in any 9 consecutive days
(m3)

18.3

At or above 33.08

6,779

Below 33.08, but at or above 31.28

4,515

Below 31.28, but at or above 29.58

2,257

Below 29.58

0

No time period within a calendar year is listed within which
groundwater can be abstracted on consent CRC182422.

18.4

No time period for the maximum rate of take of 9.5 L/s is specified on
the consent CRC182422. However, the S42a report of the precursor
of consent CRC182422 (i.e. CC010516) notes the maximum rate of
take of 9.5 L/s can be taken for no more than 22 hours of any day.
This would mean the maximum daily rate is 752.4 m3/day.
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19

The site is located within the Selwyn-Waihora zone of the Canterbury Water
Management Strategy and in the Selwyn-Waimakariri Groundwater Allocation
Zone (GAZ). Groundwater abstraction for irrigation is significant in this GAZ
and the zone is deemed to be ‘over-allocated’. This means that the total annual
volume of all consented and permitted groundwater takes exceeds the
allocation limits set for this GAZ. Under rule 5.130 of the Land and Water
Regional Plan (LWRP) it is prohibited to apply for an increase in annual volume
of groundwater take in this GAZ.

20

The applicant has applied to seek a new water use permit to allow the currently
consented abstraction to be used for industrial uses (i.e. quarry activities). No
application is being made to change the take itself.

21

The current groundwater take consent conditions are sufficient to meet the
proposed quarry’s water demand most of the time, with some provision of onsite water storage envisioned to meet peak demand. An assessment of the
water demand for quarry activities and onsite storage requirements is
described in paragraphs 27 to 36 below.

22

No maximum annual volume is included as a condition on current consent
CRC182422, which is the case with many older groundwater take consents.

23

CRC has asked the applicant to assess what the annual volume would have
been for the current use of pasture irrigation for livestock grazing, based on a
‘reasonable use test’ specified in In Schedule 10 of the LWRP. Further to this
CRC has suggested its own annual volume in a memorandum from Mr David
Just, dated 26 August 2019, which was appended to the S42a officer’s report.
In paragraph 86 to 93 I have provided my comments to Mr Just’s assessments.

24

Mr Kyle sets out in his evidence why this is not considered appropriate from a
planning perspective. In any case, the applicant does not seek an increase in
groundwater take and therefore any environmental effects associated with the
take should be unchanged and part of the existing environment.

25

If I were asked to apply Schedule 10 of the LWRP to set a limit for the existing
take permit, I would apply the following approach. Schedule 10 of LWRP lists
three methods to assess a reasonable use for pasture irrigation for livestock
grazing (listed in Appendix C):
25.1

Records of past use, moderated to ensure the annual volume is
sufficient to meet demand conditions that occur in nine out of ten
years for a system with an irrigation application efficiency of 80%; or
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25.2

Use of a model that has been field validated and shown to reliably
predict annual irrigation volume within an accuracy of 15%. The
annual volume calculated using the model shall be compliant with the
following criteria:
(a)

an irrigation application efficiency of 80%;

(b)

a system capacity to meet peak demand;

(c)

a nominal irrigation season from 1 September to 30 April;
and

(d)
25.3

demand conditions that occur in nine out of ten years.

Using the method developed from IrriCalc (developed by Aqualinc)
which determines the irrigation requirements using rainfall Figures
s10.1 and s10.2 and the PAW (Profile Available Water) ranges and
total seasonal demand from Table S10.1, as listed in Schedule 10 of
LWRP.

26

I would use the third method (as outlined in paragraph 25.3 above), to assess
the reasonable annual volume for CRC182422:
26.1

Consent condition 3 on CRC182422 refers to map CRC010506
(Appendix B). An area of 66 ha is indicated on this map as the area
that can be irrigated.

Based on soil characteristics shown on

Canterbury Maps (i.e. a web-based Geographic Information System
from CRC) for the site, and on the third Schedule 10 methodology, I
assessed a reasonable annual use would have been 351,622 m3 as
set out in the table below. The result of this assessment was listed in
the S92 request for information response letter from August 2019.

PAW
(mm/yr)

Area
(m2)

83.2

93,800

Total
Seasonal
Demand
(mm/yr)
910

300

Seasonal
Irrigation
Demand
(mm/yr)
610

119.5

5,000

878.8

300

578.8

2,894

156.6

561,200

819.44

300

519.44

291,510

Total

26.2

Effective
Rainfall
(mm/yr)

Annual
Volume
(m3)
57,218

351,622

However, I understand that the precursor to CRC182422 (i.e.
CRC010516 which has expired) only permitted the irrigation of an

9

area of 32 ha, although this is not stated on current consent
CRC182422. Assuming only 32 ha of the 66 ha shown on the map
associated with previous consent CRC010516 (i.e. roughly 48% of
that area), a Schedule 10 method 3 reasonable use test would result
in 170,483 m3.
Groundwater use (water demand)
27

I have assessed the applicant’s water demand for the proposed activities,
based on assumptions for dust suppression presented by Mr Roger Cudmore’s
evidence and on information on irrigation for rehabilitation provided to me by
Mr Victor Mthamo.

28

I understand water demand for the following uses is envisioned:
28.1

Dust suppression across active dust generating areas including:
(a)

excavation areas;

(b)

loader access roads;

(c)

clean fill areas including access/haul roads;

(d)

other unsealed roads including conveyor service roads; and

(e)

unsealed areas in and around the central processing plant
including load out and loader operational areas.

28.2

Process plant and stockpile foggers, truck washing and amenities
around the central processing plant.

28.3

Irrigation of bund vegetation, and irrigation to maintain the
rehabilitation areas in a vegetated state (1 ha requiring irrigation at any
time during irrigation season in any year).

29

Low intensity dry land farming will continue to be undertaken on non-quarried
areas. The existing stockwater race will be used for stockwater supply and
some low intensity irrigation. I understand this take is authorised by SDC who
owns and operates the water races.

30

The water demand at the proposed quarry site is expected to vary throughout
the year, with the highest demand for dust suppression and irrigation typically
occurring in the warmer summer season between December and the following

10

March.

The total annual water demand will also vary from year to year,

depending on meteorological conditions.
31

The main drivers for changes in water demand throughout the year are the
evapotranspiration and the rainfall rate. The evapotranspiration rate is itself
driven by temperature and higher evapotranspiration rates occur at higher
temperatures.

Rainfall generally reduces the water demand for dust

suppression and irrigation on any given day, however, this may at times not be
enough to balance an increase in evapotranspiration during warmer weather.
A water balance deficit arises under those circumstances and water needs to
be sourced by the applicant to ensure sufficient availability for dust suppression
and irrigation of rehabilitation areas, in addition to processing plant
requirements. Therefore, the water demand changes from day to day, from
season to season and from year to year.
32

In collaboration with water management experts from Golder Associates (NZ)
LTD, I have developed a GoldSim water balance model in order to assess
whether the existing groundwater take consent (CRC182422) can meet the
water demand at any given time, or if onsite water storage is required during
periods of peak demand.

33

GoldSim is a Monte Carlo simulation software solution that forms a platform for
visualizing and dynamically simulating complex systems in engineering,
science and business. GoldSim allows the user to graphically create and
manipulate data and equations. One of the common applications is for the
development of dynamic (i.e. time-dependent) water balance models.

34

The GoldSim water balance model assessed what would have been the
quarry’s daily water demand for the past 30 years, based on daily ‘open water’
evaporation (to assess dust suppression), evapotranspiration (to assess
irrigation demand) and rainfall, as recorded at the weather station at
Christchurch International Airport. The effects of climate change have also
been assessed by scenarios in which these meteorological records from the
past 30 years have been modified to incorporate expected future climate
change effects, as described in MfE (2018).

The evapotranspiration is

expected to increase by 15 to 30% at the site in the future. A full description
of the water balance model developed to assess the daily water demand for
the prosed quarry is included in Appendix D.
35

Based on Mr Cudmore’s evidence and advice from Mr Mthamo, an estimated
annual volume of 112,375 m3 would be reasonable to meet the water needs of
the quarry, although in most years the annual water demand would be

11

approximately half that volume.
112,375

m3

I recommend this annual volume of

is included in the groundwater use resource consent for Roydon

Quarry. Water demand for the various uses is listed in the table below.

Type

Dust suppression
Processing plant area
(equipment and stock piles;
truck washing and;
amenities)
Irrigation areas (bund
vegetation and rehabilitation
areas)
Total
36

Peak daily
demand
(m³/day)
1,334
17

Highest
expected annual
demand
(m³/year)
99,173
6,205

135

6,997

1,4821

112,375

Peak demand can be met under the water take limit conditions of consent
CRC182422, with provision for storage of at least 2,500 m3 required to ensure
daily water demand is met most of the time, even at times when groundwater
take restrictions apply.

Description of the environment in relation to groundwater quality and
groundwater take and use
37

I refer to the application and AEE for a detailed description of groundwater and
surface water at the site and in the surrounding area.

In the following

paragraphs I describe the results from ongoing monitoring at the site. This
forms an update and clarification on that presented in the AEE.
Location
38

The proposed quarry site as shown in Error! Reference source not found. is
located near Templeton on relatively flat land, which is typical of the Canterbury
Plains formed by alluvial deposits. The current land use is mainly dry land
farming (i.e. low intensity livestock grazing). According to the CRC’s ground
elevation dataset (determined by LiDAR2), the site has an elevation of between
approximately 42.7 and 52.8 m above mean sea level (amsl).

1

2

The maximum individual water demands will not necessarily occur during the same year and day
of record therefore, the total does not equal the sum of the three individual water demands.
LiDAR is a surveying method that measures distance to a target by illuminating the target with
laser light and measuring the reflected light with a sensor.
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Groundwater recharge
39

Land-based groundwater recharge in this area is estimated to be 300
millimetres (mm) per year (CRC, 2009). However, CRC (2002) suggests most
of the groundwater in Aquifer 1 will have infiltrated into the aquifer system from
the Waimakariri River to the north of the site.

Hydrogeology
40

Davey (2006) has identified several geological and hydrogeological units below
the general area3 around the as listed in the table below:

Aquifer

Indicative
Depth Range
(m bgl)
0 to 10

Geological
Formation

Lithology

Springston Formation

10 to 35

Riccarton Gravel

Gravels with some
peat and clay
Gravels

Confining layer

35 to 45

Bromley Formation

Aquifer 2

45 to 75

Linwood Gravel

Gravels with peat and
clay
Gravels

Confining layer
Aquifer 3

75 to 85
85 to 125

Heathcote Formation
Burwood Gravel

Peat and clay
Gravel with some clay

Unconfined top
aquifer
Aquifer 1

The aquifers and confining layers listed in the table above may not be laterally
continuous and I consider the groundwater system in the general area around the site
to be an interconnected multi-aquifer system. Groundwater levels
41

Four new monitoring wells (DRBH1 to 4, location shown in Error! Reference
source not found.) have been installed by the applicant on 23 April 2018 at
the site to provide groundwater level and groundwater quality information
specific to the site. The bore logs for these indicated that clean gravels extend
to beyond 21 m depth and groundwater levels were recorded between 14 and
15 m depth at installation. These new wells (DRBH1 to 4) have been fitted with
continuous water level recording instrumentation to allow the seasonal levels
to be correlated with the CRC regional monitoring information. CRC’s wells
database identifies these wells as BX23/0833, BX23/0836, BX23/0834 and
BX23/0835 respectively.

42

Both automatic and manual groundwater level measurements have been
regularly recorded from each of the site wells over the period of 7 May 2018 to
24 September 2019, as shown in the graph in Figure 1. The recorded

3

Area 11 as listed in Davey (2006).
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groundwater level response shows a typical seasonal rise and fall in response
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M36/0142

Figure 1: Groundwater level records at the site between January 2018 and September 2019

43

The highest groundwater levels recorded in these four wells in the May 2018 –
September 2019 period was in July 2018 and are listed in the table below.

Onsite
monitoring well
DRBH2
DRBH1
DRBH3
DRBH4
44

Maximum recorded
groundwater level (m RL)
38.59
37.29
32.93
31.08

Date and time of maximum
recorded groundwater level
09-07-18 07:30
09-07-18 14:15
21-07-18 20:45
09-07-18 14:15

The CRC regional groundwater monitoring network includes three wells
(M36/0142, M36/0202 and M26/0271) downgradient of the site screen at
similar depths and in the same aquifer (the unconfined Aquifer 1). These can
be used to correlate the seasonal rise in groundwater with long-term regional
records to enable extrapolation of the maximum groundwater level at the site.
This is the Seasonal High Water Table4 as defined in the LWRP. All available
groundwater level data from those monitoring wells spanning the historical

4

This means the highest elevation that the water table has reached between the months of June
and August inclusive, at the time the activity is established.
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period from 1984 to 2019, as shown in the graph in Figure 2, were considered
in the extrapolation.
200

32
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30

Maximum 26.86 mRL 05/10/92

28

Monthly Rainfall (mm)

140

120

26

100
24

80
60

22

40

Groundwater Levels (m RL)

160

20

20

Rainfall

M36/0202

M36/0142

Jan-18

Jan-16

Jan-14

Jan-12

Jan-10

Jan-08

Jan-06

Jan-04

Jan-02

Jan-00

Jan-98

Jan-96

Jan-94

Jan-92

Jan-90

Jan-88

Jan-86

18

Jan-84

0

M36/0271

Figure 2: Groundwater level records from CRC's monitoring wells near the site between January
1984 and September 2019

45

The closest and CRC monitoring well is M36/0202. The highest groundwater
level in M36/0202 was recorded on 30 September 1992, which was 30.46 m
RL (this is a correction from that reported in the AEE). Although this is
strictly-speaking beyond the Seasonal High Water Table timeframe, I consider
it appropriate to use this date as the highest annual groundwater level can
occur beyond the June to August period.

46

The recorded maximum groundwater levels in July 2018 from CRC’s
monitoring wells M36/0202 (27.89 m RL on 25 July 2019) was subtracted from
the historical maximum recorded on 30 September 1992 (30.46 m RL). This
offset (2.57 m) was added to the maximum groundwater levels recorded from
the site monitoring wells in July 2018 to determine an upgradient and
downgradient anticipated maximum seasonal high-water level:

47

46.1

For upgradient monitoring well DRBH02 this is 41.16 m RL

46.2

For downgradient monitoring well DRBH04 this is 33.65 m RL

Average shallow groundwater level contours for the period between 1983 to
2003, as available on CRC’s web-based GIS system (Canterbury Maps), are
shown in Error! Reference source not found., and suggest an east-southeastern groundwater flow direction. The groundwater hydraulic gradient at the
time of the maximum recorded groundwater level on 30 September 1992 would

15

have been the difference between the maximum groundwater levels of
DBRH02 and DBRH04 (i.e. 7.51 m), divided by the distance between these
wells along the groundwater flow direction (i.e. 1,316 m), which equates to
0.00571 m/m.
48

Based on this groundwater hydraulic gradient, the following maximum
groundwater levels at the northwest and southeast corner of the site can be
established. The quarry pit floor is required to be 1 m above the seasonal high
water table as per the LWRP:
48.1

The far northwest corner of the site is located 145 m in the upgradient
direction from well DRBH2, thus the maximum groundwater level
would be 0.83 m higher at 41.99 m RL. The maximum quarry pit depth
is 42.99 m RL at the northwest corner.

48.2

The far southeast corner of the site is located 200 m in the
downgradient direction from well DRBH4, thus the maximum
groundwater level would be 1.43 m lower at 32.22 m RL.

The

maximum quarry pit depth is 33.22 m RL at the northwest corner.
49

The derived maximum quarry pit floor is slightly higher than presented in the
AEE.

However, I consider this analysis more accurate as sufficient

groundwater level data from the onsite monitoring wells is now available and
incorporated into this analysis. An indicative cross section is included in Figure
3.

The cross-section line and the 1 m above seasonal high water table

contours across the site are shown in the map in Error! Reference source not
found..
50

I acknowledge there is a certain degree of inaccuracy in establishing this 1 m
above the seasonal high water table contour map. The gradient during the 30
September 1992 maximum groundwater level event is unknown.

The

correlation between groundwater levels recorded in various monitoring wells is
not confirmed at this stage.

Furthermore, there is uncertainty as to how

groundwater levels will change in the lifetime of the quarry, with effects of
climate change possibly resulting in lowering of groundwater levels, countered
by the effect of the Central Plains Water scheme that causes a rise in
groundwater levels according to Weir (2009).

I therefore consider it

appropriate to review the maximum quarry depth level every 5 years.
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Figure 3: Indicative cross section of quarry pit floor at Roydon Quarry

See also Figure 5 attached - Maximum quarry floor surface at 1 m above the Seasonal High
Water Table

Groundwater quality
51

Groundwater quality at the site has been established from the four monitoring
wells DRBH1, DRBH2, DRBH3 and DRBH4 installed at the site by the
applicant. The location of these wells is indicated in Error! Reference source
not found.. Groundwater quality sampling of the four site monitoring wells has
been undertaken on a quarterly basis over the monitoring period of May 2018
to August 2019 for the purposes of establishing baseline groundwater quality
conditions. Average values of the 2018 – 2019 water quality records are listed
in the table below. Concentrations of salinity, alkalinity, pH, total suspended
solids, metals, nitrate nitrogen, have been monitored, which I understand are
the same parameters monitored at other quarries in Canterbury as part of
resource consent conditions.

Analyte
pH
Alkalinity
Electrical
Conductivity
Total
Suspended
Solids
Aluminium

DWSNZ
MAV*

Minimum
analytical
result

Median
analytical
result

Maximum
analytical
result

-

5.8

7.0

7.2

-

46

52.5

56

mS/cm

-

20.5

23.9

27.3

g/m3

-

4

14.5

85

g/m3

(0.1)

0.03

0.055

0.166

Units
pH
units
g/m3

1.8

17

Below
detection
(<0.001)
0.025
Below
detection
(<0.00005)
22.5

Below
detection
(<0.001)
0.03
Below
detection
(<0.00005)
25

0.0007

0.001

(200)

Below
detection
(<0.001)
0.022
Below
detection
(<0.00005)
18.7
Below
detection
(<0.0005)
Below
detection
(<0.0005)
Below
detection
(<0.0001)
0.0006
Below
detection
(<0.0005)
12.4

Below
detection
(<0.0005)
Below
detection
(<0.0001)
0.0008
Below
detection
(<0.00005)
14.7

0.0162
Below
detection
(<0.00005)
18.6

g/m3

11.3

5.1

7.1

8.4

g/m3

250

10.1

11.2

16.4

Arsenic

g/m3

0.01

Boron

g/m3

1.4

Cadmium

g/m3

0.004

Calcium

g/m3

-

Chromium

g/m3

0.05

Copper

g/m3

2

Lead

g/m3

0.01

Manganese

g/m3

(0.4)

Nickel

g/m3

0.08

Sodium

g/m3

Nitrate-N
Sulphate

0.0016

0.00011

*Aesthetic values in brackets
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All measured analytes are within the Drinking Water Standards for New
Zealand 2005 (revised 2018) guideline values except for aluminium. Dissolved
aluminium is marginally elevated above the guideline value for aesthetic
determinands of 0.1 g/m3 at two of the wells on separate occasions. Natural
silts containing aluminium-rich minerals may be influencing the elevated
Dissolved Aluminium concentrations. have been present in the samples and
these samples may not be representative.

53

The table below shows the range in water quality for typical Canterbury Plains
groundwater (derived from CRC, 2019) compared to site monitoring results.
All corresponding values are within range of typical Canterbury Plains
groundwater.

54

The dominant recharge source to the unconfined groundwater beneath the site
is the Waimakariri River. This alpine-fed river has a low ionic content resulting
from little mineral weathering, low nutrient inputs and minimal influence from
coastal sea spray. Rainfall-derived recharge is influenced by agricultural
activities and contains higher concentrations of the major ions. The elevated
nitrate-nitrogen levels show the rainfall-derived recharge also affects the
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unconfined groundwater quality at the site, which is common across the
Canterbury Plains.

Analyte

Units

Canterbury Groundwater

Site

Median

Range

Median

2.9

<0.05 to 19.2

7.1

Calcium

g/m3
g/m3

17.1

0.88 to 79

23.9

Magnesium

g/m3

4.4

0.28 to 30

NM

Sodium

g/m3

10.2

1.37 to 133

14.7

Potassium

g/m3

1.2

0.25 to 6.7

NM

Iron

g/m3

<0.02

<0.02 to 11.6

NM

Manganese

g/m3

0.0014

<0.0005 to 2.7

0.0008

Chloride

g/m3

7.4

0.5 to 210

NM

Sulphate

g/m3

7.9

<0.5 to 93

11.2

Conductivity

mS/cm

19.2

2.2 to 109.4

23.9

pH

pH units

6.7

6.2 to 8.6

7.0

Nitrate Nitrogen

Note: ‘NM’ is not measured

Assessment of effects on groundwater quality
55

The proposed activities can potentially have adverse effects on the
groundwater quality beneath and downgradient from the site.

56

Mr Victor Mthamo has assessed the effects of the soils arising from the
activities above the site. Mr Mthamo has generally concluded that the effects
will be less than minor.

57

In my evidence I will focus on the effects on groundwater and groundwater
users downstream of the site in the unlikely event that the activities result in
contaminants reaching the groundwater beyond the site boundary.

58

I have assessed the groundwater quality effects of the following activities:
58.1

Extraction of gravels.

58.2

Hazardous substances storage and use.

58.3

Backfilling with cleanfill.

58.4

Stormwater discharge to ground.

58.5

Future land use post-rehabilitation.
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Potential effects of extraction
59

The applicant is proposing to excavate down to a depth that is 1 m above the
Seasonal High Water Table as defined under the LWRP anywhere on the site.
This is described in paragraph 41 to 50 of my evidence.

Therefore, a

separation between groundwater and the quarry pit floor is likely to be at least
1 m during the lifetime of the quarry and groundwater will not be intercepted.
I note this is consistent with the thresholds set in Rule 5.175 of the LWRP for
permitted activity extraction.
60

Mr Victor Mthamo describes potential risks of contaminants entering
groundwater beneath the site from the proposed quarry activities.

Mr

Mthamo’s conclusion is that the actual and potential effects will be less than
minor. Based on this I anticipate no adverse effects on groundwater quality
from the extraction activities themselves would occur, although groundwater
turbidity beneath the site could increase slightly because of fines infiltrating into
the gravels during extraction activities. However, I consider it unlikely that
these will migrate beyond the boundaries of the site.
Potential effects of hazardous substance storage and use
61

Mr Mthamo describes potential risks of the use and storage of hazardous
substances on site to groundwater quality beneath the site. Based on Mr
Mthamo’s evidence I consider the proposed management of hazardous
substances will minimise the risk that a large volume of contamination will
reach the groundwater. In the unlikely event that contamination of groundwater
beneath the site would occur, I consider that natural attenuation 5 processes in
the aquifer will reduce the risks that the groundwater quality beyond the site is
adversely affected. I therefore consider that groundwater quality will not be
adversely affected as a result of the storage and use of hazardous substances.

Potential effects of backfilling
62

Mr Mthamo describes the potential risks of contaminants leaching from
materials used for backfilling. A separation of at least 1 m will be maintained
between quarry floor and the groundwater, and confirmed by groundwater
monitoring, which will provide for some natural attenuation of potential
contaminants leaching from cleanfill material. Natural attenuation processes
will continue in the aquifer to the extent that the groundwater quality beyond
the site will not be adversely affected. More importantly, I understand the

5

Natural attenuation is a variety of physical, chemical, or biological processes that, under favourable
conditions, act without human intervention to reduce the mass, toxicity, mobility, volume, or
concentration of contaminants in soil and ground water (USEPA, 1999).

20

cleanfill material will comply with the LWRP definition of cleanfill and is
therefore unlikely to contain contaminant loadings that could adversely affect
the groundwater quality.

From Kevin Bligh’s evidence I understand the

measures proposed are consistent with the controlled activity rule for 5.177
(land use component) in the LWRP for cleanfilling.
Potential groundwater quality effects from site stormwater and wastewater
management
63

Mr Mthamo describes potential risks of stormwater and wastewater to
groundwater quality beneath the site. The proposed approach to managing
stormwater and wastewater will minimise the risk to groundwater quality. In
the unlikely event that contamination of groundwater beneath the site would
occur, I consider that natural attenuation processes in the aquifer will reduce
the risks that the groundwater quality beyond the site is adversely affected. I
consider groundwater quality will not be adversely affected.

Assessment of effects on nearby water supply wells
64

I have assessed the following effects of the proposed activities on nearby water
supply wells:
64.1

Well interference and groundwater quality effects on nearby wells.

64.2

Groundwater quality effects on a downgradient public water supply.

Potential well interference and groundwater quality effects on nearby wells
65

CRC’s wells database contains records of 61 wells within 500 m of the site
boundary, of which 36 are listed as active wells, and the remainder being
disused, decommissioned or installed as piezometers.

66

Groundwater will be sourced from the existing water supply well M36/0257 on
site for quarry processes and will be subject to the same conditions as current
groundwater take resource consent CRC182422. No change in rate of take is
sought. The proposed annual volume (112,375 m3) will be less than what
would have been permitted under the current consent (170,483 m3). As such
well interference effects from groundwater drawdown on nearby water supply
wells are no more than already permitted by the existing consent CRC182422.

67

Water supply wells located upgradient or cross gradient from the site will not
receive groundwater that has originated from the site and there will be no water
quality effects to these wells. Downgradient wells could receive groundwater
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that originates from the site and may therefore be exposed to any
contamination that this groundwater may have.
68

As described in paragraph 55 to 63 of my evidence, it is unlikely that
groundwater quality beneath the site is adversely affected by the quarry
activities. In addition, should a source of contamination form a groundwater
contaminant plume beneath the site, I anticipate that natural attenuation
processes reduce the risk to downgradient groundwater quality. As such, I
consider the potential risk to water quality in downgradient water supply wells
from the quarry activities as low.

69

Nonetheless, in addition to the management measures described in Mr
Mthamo’s evidence, I recommend that groundwater monitoring is implemented
throughout the lifetime of the quarry and appropriate mitigation measures taken
if a groundwater contamination plume develops from the site.

I also

recommend two additional monitoring wells are installed on the site at the
boundary.

These should be installed downgradient in respect to the

groundwater flow and assist in identifying groundwater quality changes caused
by quarry activities.
70

Aesthetic effects could occur in groundwater beneath the site because of an
increase in turbidity. These effects would be attributable to the natural silts
occurring in the gravels. Most of the time there is a large distance between the
site operations and the nearest well and this would provide for sufficient natural
filtration within the aquifer such that turbidity in downgradient well waters are
unlikely to be attributable to site operations. If quarry activities cause an
increase in turbidity in downgradient groundwater, it is unlikely this causes any
Maximum Acceptable Values (MAV) of the Drinking Water Standards for New
Zealand 2005 (revised 2018) in downgradient water supply wells to be
exceeded.

Potential groundwater quality effects on a downgradient public water supply
71

Community drinking water supply well M36/7575 owned by SDC is located 600
m downgradient from the site to the southeast. I note that the quarry activities,
including excavation, processing and stormwater discharge will take place
outside the Community Drinking Water Supply Protection Zone for well
M36/7575.

72

The well is 108 m deep and abstracts from the Burwood Gravels (Aquifer 3).
This aquifer formation is separated from the surface aquifer (Springston and
Riccarton Formations) by two confining clay layers (Bromley and Heathcote
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Formations) and is effectively hydraulically isolated from the surface. No
groundwater flow pathway from the site to the deeper aquifers are likely to exist
and no discharges to groundwater from the site will be transported to this
community drinking supply well.
73

I do not anticipate any adverse groundwater quality effects on this well from
the quarry activities.

Potential surface water effects
74

Due to the absence of natural surface water bodies on or in close proximity to
the site and given that there will be no adverse effects on groundwater, no
adverse effects on surface water are considered to result from the proposed
quarry operation.

75

The two SDC water races that currently terminate on site through soakage may
require diversion during the lifetime of the quarry. If these were to terminate in
excavated areas in future, the reduced separation depth resulting from
soakage to the quarry floor as opposed to soakage at the current ground level
is unlikely to be of any relevance. Nutrients do not attenuate in the Canterbury
gravels, so the depth to groundwater has no influence on nutrient inputs into
the groundwater resource (i.e. they remain the same). Although pathogens
could possibly reach the groundwater in higher levels than would otherwise
occur, I anticipate that the residence time of infiltrating water in the aquifer is
sufficient to provide for full die-off of all pathogens.

76

The water quality in the water races has not been assessed. The water races
are owned and managed by SDC who are responsible for ensuring adequate
(fit for purpose for stockwater and irrigation) water quality of the water in the
races. As the water races enter the site from an upstream source, the applicant
has no control on how the water quality is affected by upstream activities. None
of the quarry activities will alter the water quality of the water races and the
water will be allowed to infiltrate back into the groundwater system.

Submitter concerns regarding effects on groundwater quality and the take and
use of groundwater
77

From the submissions filed I have discerned the following matters of concern:
77.1

Adverse effects on groundwater quality from contamination in general,
and in particular, how this may affect the water quality of nearby
domestic water supply wells and SDC public water supply well
M36/7575.
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77.2

Well interference effects and how this may affect the ability to take
water from nearby wells.

78

Only water supply wells downgradient from the site could potentially be
affected by groundwater contamination from the site.

As outlined in my

evidence above, any risks of contaminants entering the groundwater from
quarry operations can be minimised through appropriate management.

I

consider the risk of contamination of downgradient wells to be small.
Monitoring throughout the lifetime of the quarry is proposed to identify any
groundwater quality issues that may arise and provide direction to implemented
mitigation measures, if needed.
79

No groundwater flow pathways from the site to the deeper aquifers are likely
to exist and no discharges to groundwater from the site will be transported to
community drinking supply well M36/7575.

80

The quarry water requirements will be met from existing water supply well
M36/0257 under the “take” conditions of existing consent CRC182422. An
annual volume of 112,375 m3 is proposed on the new “use” consent.

I

acknowledge that the take of groundwater from well M36/0257 will cause
groundwater levels to be drawn down and this may be noticeable in some
nearby wells. This could affect the ability to draw groundwater from these
nearby wells at times of low groundwater levels, reducing the overall reliability
of the well. In some cases, lowering the well pump or deepening the well could
remedy these effects. However, as stated, the site well M36/0257 is lawfully
established and the consent holder is already permitted to abstract the required
rate and volumes under the existing consent CRC182422. With no change in
rate and volume sought, I consider that any well interference effects from the
proposed abstraction of M36/0257 is part of the existing environment. There
are no additional well interference effects on nearby wells.
Residual issues raised by the s42A Reports
S42a Report of Hannah Goslin
81

Hannah Goslin, the CRC investigation officer, notes that given the sensitivity
of the groundwater resource at the site, as described by Dr Scott and Mr
Freeman’s advice, she considers the applicant should ensure cleanfill meets
background concentrations for the receiving site and not the site of origin.

82

I consider that if cleanfill material to be used on site complies with appropriate
environmental standards (i.e. LWRP’s definition of cleanfill) then the risk of
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groundwater contamination should be low. Requiring that cleanfill material to
meet background concentrations for the receiving site may not further reduce
the already low risks of groundwater contamination. I am not aware of such an
approach having been taken elsewhere in Canterbury to the deposition of
cleanfill.
S42a Report of Dr Lisa Scott
83

Dr Lisa Scott, Senior Groundwater Scientist at CRC, raises two matters that
warrant my response:
83.1

Some wells close to the downgradient side of the site (along Jones
Road/Main South Road) might be able to notice a small change in the
quality of water from the proposed activities.

83.2

There is uncertainty about how the groundwater levels may behave in
the future. Climate-driven declines in recharge and increased
abstraction over the past few decades have contributed to general
decreasing trends in groundwater levels across the Central Canterbury
Plains. But the Central Plains Water Scheme is also anticipated to
cause some small future increase in groundwater levels that may
reach this area. This effect will result from irrigation recharge and
farmers switching from groundwater abstraction to scheme surface
water.

84

I consider it unlikely that any downgradient well would be affected by an
increase in turbidity caused by the quarry activities. However, I cannot dismiss
it either. I note that any excavation and filling activity other than quarrying,
could cause an increase in turbidity in groundwater. If wells are affected by an
increase in turbidity, it would be when quarry excavations have progressed into
the vicinity of Jones Road, estimated to be in 10 years’ time. If turbidity effects
do occur beyond the site, I recommend the applicant commissions the
sampling and testing of the affected well’s water quality. If test results show
non-compliance with New Zealand drinking standards, and this can clearly be
attributed to the quarry operations, the applicant could potentially provide for
an alternative water supply, or install a deeper well for affected parties.

85

I acknowledge that predictions by Weir (2009) suggest a possible increase in
the shallow groundwater table at the site caused by the Central Plains Water
scheme. However, it is not clear when, and to what extent, this will occur. I
agree that continuous groundwater level monitoring throughout the lifetime of
the quarry, and a review of the maximum quarry depth after 5 years of
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quarrying, would be an appropriate measure to identify and accommodate any
rise in seasonal high water table.
S42a Report of David Just
86

Appendix 6 of the S42a officer’s report includes a memorandum from David
Just, Team Leader Consents Planning at CRC, which describes what
according to Mr Just would have been the annual volume for consent
CRC182422. Mr Just considers I have made two key errors in my annual
volume assessment. These assumed errors are:
86.1

The area authorised to be irrigated is limited by the original application,
which is 32 ha.

86.2

In determining the total seasonal demand, provision is made for the
following in Schedule 10:
(a)

An irrigation application efficiency of 80%

(b)

A system capacity to meet peak demand

(c)

A nominal irrigation season from 1 September to 30 April

(d)

Demand conditions that occur nine out of ten years;

(e)

A land use of intensive pasture production

Provisions (b) and (c) above have not been considered to establish the
annual volume.
87

Mr Just argues that in my application of Schedule 10 Method 3, I have to factor
in the calculation points (b) and (c) in paragraph 86.2. I have sought advice
from Victor Mthamo, a soil and irrigation expert, as to how Schedule 10 Method
3 should be applied.

88

I have consulted Mr Mthamo, it is my understanding Schedule 10 Method 3
was derived from a methodology called IrriCalc developed by Aqualinc. IrriCalc
produced various maps and tables for estimating the rainfall and total demand
in an area. Figures s10.1, s10.2 and Table s10.1 in Schedule 10 of LWRP was
derived from IrriCalc. The rainfall and total demand in Table s10.1 and Figures
s10.1 and s10.2 are already factored in points (b) to (e) in paragraph 86.2.
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89

Schedule 10 Method 3 explains the following:
“Total seasonal demand is the total amount of water required to satisfy plant
water needs during the main growing period. This demand can be satisfied by
rainfall and irrigation. In determining the irrigation component, provision has
been made for [points (b) to (e) in paragraph 86.2 above]”.

90

Therefore, any calculation that further factors in the points (b) to (e) in
paragraph 86.2 above is erroneous and is based on a misunderstanding of how
Method 3 was derived and should be applied.

91

In attempting to incorporate point (a) into the annual volume calculation, Mr
Just has adopted a system capacity of 4.32 mm/day. Mr Just argues that a
peak demand for the current use associated with CRC182422 would have
been 4.32 mm/day/m2 and given that only 6,772 m3 in any 9 consecutive days
is permitted to be taken from well M36/0257 under consent CRC182422, only
an area of 17.42 ha could ever be irrigated during peak demand. Mr Just
therefore considers that the would-be annual volume needs to be assessed on
the basis of 17.42 ha and concludes this would have been 96,489 m³. He
states that this volume can be taken within a 242-day irrigation season (which
is Mr Just’s way to incorporate point (c) in paragraph 86.2 above) allowed under
the current consent, according to Mr Just.

92

I disagree with Mr Just’s assessment for the following reasons:
92.1

Schedule 10 method 3 does not state that a peak demand has to be
met by the consented groundwater take. It states that provisions have
been made for peak demand in determining the irrigation component
with method 3 of Schedule 10. Mr Just introduces an extra step in the
assessment not specified by Schedule 10 method 3.

92.2

Typically, the peak demand only occurs for a period of 1 to 3 weeks in
the irrigation season depending on the climatic conditions.

It is

common knowledge that irrigation consents granted by CRC are based
on a peak system capacity of 4.32 mm/day for 80 to 90% of the time.
For most years the actual demand could be up to 6 to 8 mm/day.
92.3

Therefore, the typical system consented rate of 4.32 mm/day will not
necessarily always meet the peak irrigation requirements at least 10 to
20% of the time. Similarly, an irrigator can choose to accept a lower
application rate during the peak period.
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92.4

Mr Just’s calculation of 17.42 ha assumes that an irrigator will want to
apply the peak rate all the time throughout the season. This is not the
case. The irrigation requirements are changing throughout the year
and the peak demand will only be for a short period which an irrigator
can choose to achieve or not. This is an economic decision by the
irrigator.

92.5

I also consider the incorporation of system flows into Method 3 an
incorrect approach, as the tables and maps on which Method 3 is
based already include the factors in points (b) to (e) in paragraph 86.2
above.

93

I consider Mr Just’s assessment to be inconsistent with Schedule 10
reasonable use test of the LWRP. I also consider Mr Just’s assessment
inconsistent with CRC’s earlier decision to grant consent to irrigate 32 ha under
consent CRC010516, and CRC’s own estimation of the annual volume for
consent CRC182422 listed on Canterbury Maps. I consider the reasonable
annual volume to irrigate up to 32 ha of land indicated by map CRC010516
would have been 170,483 m3.

Mitigation and Monitoring
Effects mitigation
94

I consider that any groundwater quality risks can be minimised through
appropriate management any groundwater quality risks can be minimised:
94.1

The risk of contaminants leaching from cleanfill material and affecting
the groundwater quality could be minimised by only using cleanfill
material for rehabilitation that complies with the appropriate standards.
Where the conditions and propose sampling and testing of materials
before deposition to be included in the Cleanfill Management Plan, I
support these provisions.

94.2

Stormwater runoff from roofs and hardstand areas could potentially be
contaminated. Therefore, capturing all stormwater runoff from these
surfaces in a stormwater infiltration pond lined with soil material to filter
the infiltrating water as described in my evidence, would minimise the
risk of groundwater contamination from infiltrating stormwater.

94.3

Hazardous substances should be stored and handled in designated
areas from which contaminants cannot leach to groundwater.
Appropriate spill management procedures should be incorporated in
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an environmental management plan and adhered to by onsite staff.
This would minimise the risk of any hazardous substances spilling and
affecting the groundwater quality.
Groundwater monitoring
95

I recommend including resource consent conditions for groundwater quality
and groundwater level monitoring over the lifetime of the quarry.

These

conditions would aim to identify groundwater quality issues in a timely manner,
and permit appropriate mitigation measures to be taken before the
downgradient groundwater quality is adversely affected.
96

I also recommend two additional monitoring wells are installed on the site at
the boundary, bringing the total to six monitoring wells. These should be
installed downgradient in respect to the groundwater flow and assist in
identifying groundwater quality changes caused by quarry activities.

97

Groundwater monitoring should include the following:
97.1

Groundwater quality monitoring in the four established monitoring
wells and two new monitoring wells should continue throughout the
lifetime of the quarry and results reported to CRC. If groundwater
quality issues are detected, then further monitoring should be
instigated and, if needed, mitigation measures will be developed and
implemented.

97.2

Groundwater levels in the four established monitoring wells should
continue throughout the lifetime of the quarry. These levels will be
reviewed every 5 years to assess whether the maximum quarry pit
floor depth requires readjustment. The continued objective is to keep
the pit floor depths is above the Seasonal High Water table, as defined
under the LWRP.

97.3

If turbidity effects or other water quality do occur in downgradient water
supply wells, I recommend the applicant commissions the sampling
and testing of the affected well’s water quality. If test results show noncompliance with New Zealand drinking standards, and this can clearly
be attributed to the quarry operations, the applicant could potentially
provide for a water treatment option, an alternative water supply, or
install a deeper well for affected parties.
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Review of amended conditions proposed by Hannah Goslin
98

I reviewed the amended conditions proposed by Hannah Goslin.

My

recommendations are outlined below.
Extraction depth and cleanfilling
99

Condition 5: I agree that no reference should be made to a ‘depth’. Given the
local variability of the current land surface, I consider it inappropriate to refer to
a depth. A contour map of the maximum quarry depth (i.e. 1 m above the
inferred seasonal high water table) provides a better point of reference.

100

Condition 7:
100.1

I agree the definition of the seasonal high water table is rather
meaningless as the highest annual groundwater levels often occur in
September.

Referring to the ‘highest recorded groundwater level’

would be more appropriate. Although I note that site specific data
would also be a more reliable data source to determine this level, as
proposed by the applicant.
100.2

The second part of Ms Goslin’s amendments are unnecessary and I
recommend dismissing this. I recommend no references to depths are
made.

101

I disagree with Ms Goslin’s amendments to conditions 8, 9 and 16. I consider
cleanfill that complies with the appropriate rules and standards can be used on
site.

102

I disagree with Ms Goslin’s amendments to condition 10. Specifying a
frequency of daily groundwater level recordings is unnecessary. Groundwater
levels in CRC’s nearby monitoring wells M36/0202 and M36/0142 are recorded
monthly.

Responses to monitoring
103

Ms Goslin’s amendments to conditions 23, 24 and 25, may require onerous
monitoring activities that do not provide for better safeguards that downgradient
issues are detected. The applicant may be held accountable for pre-existing
issues with downgradient wells unrelated to the quarry activities. Because of
the above, I would recommend the following amendments to conditions 23, 24
and 25:
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103.1

Condition 22: this should include the trigger level table included in Dr
Scott’s S42a Report.

103.2

Condition 23: the first sentence should be amended as follows:
If there is an exceedance in a downgradient bore as determined by
Condition 22), the consent holder shall within one month of
receiving the results:

103.3

Condition 25: this should include the following sub-condition:
c) Sample all domestic wells within 500 metres downgradient of the
affected monitoring wells in which 50% of MAV trigger level has been
exceeded.

Water use
104

I disagree with Ms Goslin’s proposed annual volume. The quarry’s annual
water demand is expected to be 112,375 m3 as described in my evidence
(paragraph 27 to 36).

Conclusion
105

I consider potential risks of adverse effects on groundwater quality and quantity
from the proposed quarry activities are sufficiently small if the proposed
management plans are implemented and proposed conditions are adhered to.
Conditions are proposed to identify and remedy those issues, should they
occur.

Dated 23 September 2019

Eric van Nieuwkerk
Senior Hydrogeologist at Golder Associates (NZ) Limited
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Appendix A: Well Card for Onsite Water Supply Well M36/0257

3/26/2019

M36/0257 details | Environment Canterbury

Bore or Well No

Well Name

Owner

M36/0257

JONES RD

Roydon Lodge Stud Limited

Well Number

M36/0257

File Number

CO6C/01712

Owner

Roydon Lodge Stud Limited

Well Status

Active (exist, present)

Street/Road

JONES RD

NZTM Grid Reference

BX23:55089-76711

Locality

TEMPLETON

NZTM X and Y

1555089 - 5176711

Location Description

In grass under heavy lid

Location Accuracy

2 - 15m

CWMS Zone

Selwyn - Waihora

Use

Irrigation,

Groundwater Allocation Zone

Selwyn-Waimakariri

Water Level Monitoring

--

Depth

63.40m

Water Level Count

28

Diameter

200mm

Initial Water Level

9.06m below MP

Measuring Point Description

ToC

Highest Water Level

8.95m below MP

Measuring Point Elevation

46.50m above MSL (Lyttelton 1937)

Lowest Water Level

14.54m below MP

Elevation Accuracy

< 2.5 m

First reading

23 Sep 1974

Ground Level

1.00m below MP

Last reading

12 Sep 2017

Strata Layers

13

Calc Min 95%

14.52m below MP

Aquifer Name

Linwood Gravel

Aquifer Tests

0

Aquifer Type

Unknown

Yield Drawdown Tests

0

Drill Date

01 Jul 1970

Max Tested Yield

0 l/s

Driller

Job Osborne (& Co/Ltd)

Drawdown at Max Tested Yield

0m

Drilling Method

Cable Tool

Specific Capacity

Casing Material

STEEL

Last Updated

21 Aug 2017

Pump Type

Submersible

Last Field Check

12 Sep 2017

Water Use Data

No

https://www.ecan.govt.nz/data/well-search/printwellcard/TTM2LzAyNTc=

1/5

3/26/2019

M36/0257 details | Environment Canterbury

No screen data for this well
No step tests for this well

https://www.ecan.govt.nz/data/well-search/printwellcard/TTM2LzAyNTc=

2/5

3/26/2019

M36/0257 details | Environment Canterbury

Comments
Comment Date

Comment
WELL DEPTH & SCREEN POSITON UNCERTATN. NCCB 215/S83A 20.

23 Jan 2008

Gridref changed from: M36:65061-38292

15 Dec 2010

Gridref changed from: M36:65081-38319 to M36:65084-38323, water monitoring site visit

10 May 2011

First WL reading set as ISWL

https://www.ecan.govt.nz/data/well-search/printwellcard/TTM2LzAyNTc=

3/5

3/26/2019

M36/0257 details | Environment Canterbury

Bore Log

https://www.ecan.govt.nz/data/well-search/printwellcard/TTM2LzAyNTc=

4/5

3/26/2019

M36/0257 details | Environment Canterbury

https://www.ecan.govt.nz/data/well-search/printwellcard/TTM2LzAyNTc=
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Appendix C: Schedule 10 Reasonable Use Test

Canterbury Land and Water Regional Plan

Schedule 10 Reasonable Use Test
This Schedule only applies to the activity of using water for irrigation purposes, and does not
apply to wastes that are discharged to land under an authorised discharge permit. Such
discharges will be subject to the relevant policy provisions and rules set out in Section 5.
This schedule provides three methods for determining the seasonal irrigation demand.
1. Records of past use, moderated to ensure the annual volume is sufficient to meet demand
conditions that occur in nine out of ten years for a system with an irrigation application
efficiency of 80%; or
2. Use of a model that has been field validated and shown to reliably predict annual irrigation
volume within an accuracy of 15%. The annual volume calculated using the model shall be
compliant with the following criteria:
(a) an irrigation application efficiency of 80%;
(b) a system capacity to meet peak demand;
(c) a nominal irrigation season from 1 September to 30 April; and
(d) demand conditions that occur in nine out of ten years.
3. Using the methodology set out below and the figures set out in Table S10.1.
To determine the applicable seasonal irrigation demand standard and derive an annual volume:
1.

2.
3.
4.
5.

find the total seasonal demand from Table S10.1 for the particular soil PAW class. Where the
soil PAW class is between 100 - 200 mm, insert the appropriate PAW for the soil to be
irrigated into the formula to determine the total seasonal demand;
determine effective irrigation season rainfall for the location using Figures S10.1 and S10.2:
Map of effective irrigation season rainfall;
deduct this rainfall amount from the total seasonal demand amount to give the irrigation
requirement in millimetres – this provides the seasonal irrigation demand standard;
adjust this seasonal irrigation demand standard by multiplying by 10 to find the volume of
water (cubic metres) per hectare per season; and
multiply this amount by the area that is to be irrigated to give the annual volume.

Example
Consent details:
110 L/s
Maximum instantaneous pump rate
110 L/s
Volume per DRP:
9,108 m3
Design Return Period (DRP):
1 day
Area to be irrigated:
200 ha
Profile Available Water (PAW) at location:
69 mm
Total Seasonal Demand:
910 mm (taken from Table 10.1)
Effective rainfall (exceeded 60% of time)
230 mm (determined from Figure 10.1)
Annual irrigation allocation (910 mm – 230 mm) X 10 X 200 ha = 1,360,000 m3

Page | 275

Canterbury Land and Water Regional Plan

Table S10.1: Total seasonal demand to meet plant water requirements
Soil PAW Class
<100 mm
100-200 mm
>200 mm

Total Seasonal Demand
910 mm
910 – 1.6 (PAW – 100) mm
750 mm

Soil PAW Class represents the upper and lower limits of the soils that are generally irrigated in
Canterbury in terms of the profile available water (PAW) of the soils. Between the upper and
lower limits set out in Table 10.1, a sliding scale is used to determine the relevant total seasonal
demand.
Total seasonal demand is the total amount of water required to satisfy plant water needs during
the main growing period. This demand can be satisfied by rainfall and irrigation. In determining
the irrigation component, provision has been made for:
1.
2.
3.
4.
5.

an irrigation application efficiency of 80%;
a system capacity to meet peak demand;
a nominal irrigation season from 1 September to 30 April;
demand conditions that occur in nine out of ten years; and
a land use of intensive pasture production.

Effective irrigation season rainfall is the amount of rain that will contribute to crop growth over
the nominal irrigation season. In determining this amount, provision has been made for:
1.

2.

rainfall that occurs on average in six out of ten years (which, together with a complementary
seasonal irrigation allowance, is estimated to meet total water demand with a reliability of
nine out of ten years based on analysis of long-term climate data); and
excluding daily rainfall amounts of less than 5 mm, or cumulative rainfall amounts in
consecutive days in excess of 50 mm.

Seasonal irrigation demand standard for a given soil PAW the depth of water (measured in
millimetres) per hectare per year required to be supplied by irrigation to satisfy plant water
demand after allowing for effective irrigation season rainfall
.
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INTRODUCTION
Background

Fulton Hogan Limited (Fulton Hogan) is proposing to establish a gravel quarry (Roydon Quarry) at a site
within a block of land bound by Curraghs Road, Dawsons Road, Maddisons Road, and Jones Road,
Templeton in Christchurch. The site is located approximately 700 metres (m) to the west of the township of
Templeton and is shown on Figure 1.
Fulton Hogan has engaged Golder Associates (NZ) Limited (Golder) to prepare consent applications for the
regional and district consents required to operate Roydon Quarry. The water balance model and this report
are provided to support the ongoing resource consent application.
The proposed quarry will extract aggregate material and then rehabilitate these areas by backfilling and
stabilising with grass planting. The site operations will consist of field conveyors, dump trucks, an on-site
iliti such as workshops, staff amenity
processing plant and stockpiles. The site will have various other facilities
als be
b established.
blocks and offices. Access roads, bunding and screen planting will also

1.2

D
ra
ft

sup
uppression,
pression, proces
pr
There are various water demands on site including for dust suppression,
process plant operation, truck
ance model has been
b
washing and irrigation for rehabilitation areas. The waterr balance
developed to estimate
me of site
te operation
operatio
opera n (estimated
estimated to be at least 30
water demands and storage requirements for the lifetime
en assessed
sed for historical
istoric precipitation
precipit
ecipit
years). The water demand requirements have been
and evaporation
e change
e scenarios (Section 4.0).
4 ) The climate change
4.0
measurements and under two predicted climate
ty of the climate
imate change predictio
scenarios were used to assess the sensitivity
predictions and address potential
essmentt of the climate change
hange p
uncertainty in these predictions. The assessment
predictions has been carried out to
ater abstraction
raction volume limit to be included in the proposed quarry
support the application for a groundwater
torage volume is planned for the life of the quarry.
consent and ensure that sufficient storage

Report Purpose
pose and Struct
Structure

This report provides a factual record
cord of the model logic,
lo
model inputs and data selection along with
elopment of the
th model and processing of the input data. Two scenarios
assumptions made during the development
intended to assess the sensitivity of the
e climate
clima change predictions and address potential uncertainty in
these predictions were assessed as part of this study. Scenario 1 incorporates short term climate change
predictions (2031-2050), Scenario 2 incorporates long term climate change predictions (2101-2120). The
modelling approach, a summary of the inputs and the results are presented in the following sections:



Section 2.0 summarises the modelling approach and logic and presents the model flow diagram.



Section 3.0, describes the model input parameters and variables that were used and summarises the
assumptions that were incorporated into the model.



Section 5.0, presents the two scenarios that were assessed and the estimated water demand and
storage requirements for each option.
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MODELING APPROACH AND MODEL LOGIC
Model Approach

The Roydon Quarry Water balance model (the model) was constructed using GoldSim Version 12.1 (GoldSim
Technology Group (2018)). GoldSim is a graphical object-oriented modelling environment with a capacity to
address dynamic probabilistic simulations. GoldSim models are composed of containers and functional
elements – such as inputs, expressions, stocks, events, delays and results. Each functional element forms
part of the overall model structure, which is developed specifically for a particular modelled system. The
calculations within and the relationships between functional elements are defined by the modeller.
The model simulates operational water use once the quarry operation is established. It is assumed that the
establishment phase of the quarry will have a reduced water usage and therefore, one model has been
created with built in variables to estimate different water use scenarios.

2.2

D
ra
ft

el variables
v
A dashboard has been included, providing quick access to the model
and guidance on running
th form
fo of graphs and tables are also
either historical analysis or Monte Carlo analysis. Typical results in the
accessible in the dashboard.

Model Logic

The primary function of the water balance model
el is to estimate
stimate the water sup
supply requirements for the site
ios. The main site water demand is dust suppression, which is
under two predicted climate change scenarios.
tion) is 0 millimetres (mm
((mm)
mm or greater. During dry periods
achieved when the net rainfall (rainfall - evaporation)
et rainfalll at 0 mm. When rainfall
rainf exceeds evaporation (i.e., net rainfall
rainfa
water supply is required to maintain net
trates
rates at a specified rate. If rainfall
rainfa exceeds daily evaporation and the daily
is positive) the excess rainfall infiltrates
includ in the net rainfall calculation for the
infiltration rate, excess rainfall iss assumed to pond and is included
following day. As well as dust
ust suppression, additional
additional water
wat demands exist on site that are described in
Section 3.0.
n on-site
on-site borehole that
onth has consented abstraction limits (GW Consent 2017).
Water supply is provided from an
nto the model
mode (refer Section 3.3). The inter-relationship between the
These limits are variable and built into
and the
th on-site water demands is applied in the modelling of the onvariable water supply abstraction limitss and
t demand and storage estimates are based on the two scenarios
site water storage requirements. The water
that have been developed by applying climate change predictions to historical climate data for the area,
along with the unmodified historical borehole level record. This assessment was based on the latest publicly
available climate change predictions for New Zealand (Ministry for the Environment (MfE) 2018).
A detailed description of the model inputs, variables and assumptions is provided in Section 3.0, the flow
diagram showing model logic is presented in Figure 2.

3
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Figure 2: Roydon quarry water balance model logic flow diagram.
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MODEL INPUT PARAMETERS AND ASSUMPTIONS

The following sections describe the development and selection of the model input parameters.

3.1

Climate and Hydrology

Climate data was retrieved from the National Climate Database (Cliflo) at the Christchurch Aero metrological
station (Agent No. 4843). A summary of the data used is presented in Table 1.

Table 1: Summary of climate data.

Agent
number

Unit

Period
available

Period used(1)

No. years
used

Rainfall (daily totals)

4843

mm/day

02/08/1943
08/1943
8/1
08/03/2019

01/09/1988 31/08/2018

30

Pan Evaporation (open water)

4843

mm/day
day

02/01/1960 08/03/2
08/03/2019

01/
01/09/1988
31/08/2018
31/08/

30

02/01/1960 08/03/2019

01/0
01/09/1988
31/08/2018
3

30

D
ra
ft

Data

Evapotranspiration (Penman ET)

4843

mm/day
day

Note: (1) A 58-year period of climate data was prepared from
m 01/01/1960
01/01/196 to 31/12/2
31/
31/12/2018 but only data coinciding with the
borehole groundwater level record was used
d in the analysis.
nalysis This data could be used for climate analysis if required.

All the data series were quality
lity
ity controlled
con
for
or erroneous data
da and gaps. Provided there were no more than
five missing days in any given
(continuous
the missing data were filled with daily
ven month
m
ous or separate),
separ
sepa
averages calculated from the
gaps of five days or more existed in a month, that
e entire data set. Where
Whe data
d
a set. For the period
peri used (Table 1), no years were omitted from data set.
year was removed from the data
st the climate
clim
It was not deemed necessary to adjust
data to account for the spatial relationship between the
rainfall station and the site, this was due to the limited variability in rainfall patterns and topography across this
area of Christchurch and the distance from the site to the weather station of 10 kilometres (km).
Pan evaporation was used to describe the evaporation of surface water from the open quarry areas and all
other hard surfaces within the site requiring dust suppression.
Crop-adjusted evapotranspiration (ETcrop) was used to estimate the irrigation water requirements for
establishing grass stabilisation on the rehabilitated areas of the quarry and watering of perimeter bunds.
ETcrop is calculated using the following equation:
ܶܧ ൌ ܲ ܶܧൈ  ܭ
Potential evapotranspiration (PET) is multiplied by cropping factor (K c) of 0.9 for pasture grass to calculate the
ETcrop value (INZ 2015).

5
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Water Demands

The water demands for the site are divided into two categories, fixed and variable. A summary of these water
demands is presented in Table 2.

Table 2: Summary of water demands.

Name

Daily water demand

Area

Dust suppression

Variable

6ha

Irrigation

Variable

1ha

Processing plant

5 m3/day

N/A

Truck wash

12 m3/day

N/A

Note: m3/day – cubic metres per day.

D
ra
ft

The dust suppression water demand is the greatest water
er demand
mand of the site and
a is a factor of the area and
ere determined in consultation
cons
the net rainfall. The areas requiring dust suppression water were
with Fulton
e presented
ed in Table
able 3.
3. The table presents the actual
Hogan and Golder’s Air Quality Specialists and are
ectares (ha))
(ha)
ha))) followed by the porti
p
footprint of the quarry feature (nominal area (hectares
portion of this footprint that would
require dust suppression by water.

Table 3: Active quarry areas and their
ir dust suppression
pression requirements

Description of area within quarr
quarry site

Nominal area
(ha)
(h

Area requiring dust
suppression (ha)

Infiltration
rate

Central processing area, itss fixed plant, stockpiles,
stockpil es
portable plant etc.

7

2

10 mm/day

Excavation in process (active quarry
ry areas)

5

1

100 mm/day

Fill and rehabilitation in process

5

2

10 mm/day

Site roads – sealed

5

0

Field conveyor, service lanes

4

1

Total open area (max.)

26

6

10 mm/day

Note: mm/day – millimetres per day.

It is estimated that a maximum of 6 ha will require dust suppression at any one-time during operations. Of this
6 ha, 1 ha will be active quarry area which is calculated on the basis that that the quarry will progressively
rehabilitate the site once resource extraction is complete. Additionally, inactive areas will be stabilised with
large gravel and not require water for dust suppression. Irrigation water for the progressively rehabilitated
quarry areas is calculated separately. The remaining 5 ha will be relatively fixed operational areas that require
continuous dust suppression.

6
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Within the model the areas are split into two subcategories, active quarry areas and all other areas to account
for the difference in estimated infiltration rates. The active quarry area has a very high infiltration rate and has
been conservatively estimated at 100 mm/day. The remaining areas are as described in Table 3 and use an
infiltration rate of 10 mm/day. Excess rainfall i.e., daily rainfall greater than the daily losses (evaporation and
infiltration) is assumed to pond on the surface and is therefore included in the net rainfall calculation the
following day. A simplified example of the net rainfall calculation logic is presented in Table 4.

Table 4: Example of the net rainfall and rainfall excess calculation.

Excess rainfall
from previous day

Rainfall

Evaporation Infiltration Net rainfall

Water required for
dust suppression

Day 1

0 mm

20 mm

5 mm

10 mm

5 mm

0 mm

Day 2

5 mm

10 mm

5 mm

10 mm

0 mm

0 mm

Day 3

0 mm

0 mm

10 mm

N/A
/A
A

--10
1 mm
10
m

10 mm

D
ra
ft

Day

The irrigation water is used to maintain the site perimeter
meter bunds
s as well as establish
establishing the grass on the
progressively rehabilitated quarry areas. Supplyy is estimated
mated using
usin the
he same
sam logic
logi used for dust suppression.
An assumption that a 0 mm soil moisture content
grass during the irrigation season
tent is required
requir
quired
e to
o establish the g
ation season
ason in Canterbury starts
sta 1 September and ends
i.e., net rainfall must equal zero. The irrigation
de of this season, irrigation
riga
wate is not applied in the model.
approximately five months later. Outside
water

3.3

Water Supply
ly
y

Water supply is provided from
rom an
an on-site
on-site consented
ente groundwater
grou
take (GW Consent 2017). The limits in the
aximum extraction of 752.4
752 m3/day at maximum rate of 9.5 litres per second (l/s)
consent consists of a daily maximum
borehol water levels, as presented in Table 5.
and a nine-day cumulative total based on borehole

Table 5: Nine day cumulative borehole consent limits.

Stage

Borehole level below ground
(m)

Nine day cumulative
abstraction limit (m3)

Stage 1

< 20.0

6,772

Stage 2

Between 20 and 21.8

4,515

Stage 3

Between 21.8 and 23.5

2,257

Stage 4

>23.5

0

Historical data of groundwater levels in the borehole were available from 1974-2019. Prior to 1988 levels
were taken annually and have therefore been excluded from the data set. After 1988 borehole levels were
recorded monthly. This data set has been used in combination with the climate data sets described in Section
3.1. A summary of the groundwater level dataset is presented in Table 6.
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Table 6: Summary borehole groundwater level data.

Data

Well number

Unit

Period
available

Period used

No. years
used

Groundwater levels in
borehole

M36/0217

Metres below
ground level

24/09/1974 29/01/2019

01/09/1988 31/08/2018

30

The site water demands described in Section 3.2 are prioritised should there be a deficit in available water
supply. The priority of the water demands is presented in Table 7. If there is insufficient water to supply water
for dust suppression no water will be supplied to the other demands and the total available water will be
supplied to dust suppression.

Table 7: Water demand priority.

Priority
ty

Dust suppression

1

Processing plant

2

Truck wash

3

Irrigation

3.4

D
ra
ft

Water demand

4

Storage Volume

It is assumed that water is supplied
pplied
plied from the borehole to the storage
sto
tank continuously, on a daily basis at the
rates required on site up to
the maximum extraction rate is insufficient
o the maximum extraction rate. When
W
the model allows for a specified
the supply to meet the demand.
cified storage volume to supplement
suppl
The storage is modelled as purpose-built
enclosed
ose--built
ose
b
osed tanks, supplied by the borehole and pumped to site as
required. The storage volume sizess have been calculated
so that there are zero days with a water supply
c
deficit in any given year from the historical
The results of the storage volume calculations for each
rical record.
rec
re
climate change scenario assessed are presented in Table 11.

3.5

Climate Change

The effects of climate change on the historical climate data series was assessed using data presented in MfE
2018. The MfE 2018 report presents quantifiable estimates of changes to climate variables based on the
currently accepted climate change prediction models and scenarios. As part of this model, the climate change
predictions for evapotranspiration and precipitation are assessed.
Climate change projections for precipitation are presented as percentages for three future periods (2040, 2090
and 2110). All three periods are made available in the model and use values from the representative
concentration pathway (RCP) 8.5. The Christchurch region is predicted to have an average annual increase
in precipitation of 0-1 %. The seasonal increases adopted in the model are presented in Table 8.
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Table 8: Precipitation climate change increases per season.

Period

Summer (DJF)

Autumn (MAM)

Winter (JJA)

Spring (SON)

RCP8.5: 2031-2050 (2040)

1%

3%

-4 %

1%

RCP8.5: 2081-2100 (2090)

8%

8%

-12 %

1%

RCP8.5: 2101-2120 (2110)

7%

8%

-8 %

-1 %

Climate change predictions on evapotranspiration are made in MfE 2018, based on Potential
Evapotranspiration Deficit (PED). PED is the cumulative sum of the difference between Potential
Evapotranspiration (PET) and precipitation during one hydro year. Contour maps presented in MfE 2018
indicate the predicted increase in PED across the whole country for the different time periods.

D
ra
ft

The PED calculated for the site is 337 mm and the increase in PED interpreted from the MfE contour maps
del allo
has been converted into an annual percentage increase. The model
allows the input of any percentage
the open water pan evaporation
increase for this variable. The increase in PED has also been applied to th
vapo
apotranspiration
transpiratio and
an evaporation modelled as
historical time series. The percentage increase in annual evapotranspiration
part of this study is presented in Table 9.

Table 9: Annual increases in evaporation and evapotranspiration
apotranspiration
piration based on MfE 201
2018 climate change predictions.

Increase in PED

Perce
Percentage
increase in evaporation
and evapotranspiration
an

RCP8.5: 2031-2050 (2040)

50 mm

15 %

RCP8.5: 2101-2120 (2110)

100 mm

30 %

Period

4.0

CLIMATE CHANGE
GE SCENARIOS
SCENA

To assess the sensitivity of the climate
e change
chang predictions and address potential uncertainty in these
predictions, two climate scenarios have been developed. These climate scenarios consist of modified
historical climate records (rainfall, evapotranspiration, evaporation) based on climate change predictions from
MfE 2018. Both scenarios used the historical climate and borehole record from 1 September 1988 to
31 August 2018 and the climate series were modified using the RCP8.5 predictions presented in Section 3.5.
The daily rainfall depths from the historical data set were multiplied by the percentages for the corresponding
months specified in Table 8, to create a synthetic climate change rainfall data set. The daily evaporation and
evapotranspiration depths were increased by the percentages presented in Table 9 to create synthetic climate
data sets. The climate change scenarios are described below:



Climate Change Scenario 1: The climate series (rainfall, evaporation and evapotranspiration) were
modified using the 2031-2050 (2040) predictions.



Climate Change Scenario 2: The climate series were modified using the 2101-2120 (2110) predictions.

A summary of the climate change scenarios is presented in Table 10.
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Table 10: Climate change scenarios.

Climate change scenario

Rainfall prediction

PED prediction

Scenario 1

2040

2040

Scenario 2

2110

2110

5.0

ASSESMENT OF WATER DEMAND REQUIREMENTS

D
ra
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An assessment of the water demand and storage requirements has been carried out for both scenarios
presented in Table 10. The scenarios used a synthetic climate series and the original borehole record from
1 September 1988 to 31 August 2018 and in both cases the RCP8.5 climate change predictions were used.
The start day was chosen to coincide with the start of the irrigation season in Canterbury. The start year was
chosen to coincide with the start of the useable groundwater level monito
monitoring record. A record of groundwater
ss the water demand
d
levels that coincides with the climate series is required to assess
against the nine day
erefore,
efore, the storage
stor
maximum abstraction limits described in Section 3.3 and therefore,
requirements. A summary of
1 with
th a breakdown of the
th result presented in Table
the results from the two scenarios is presented in Table 11
12 and Table 13.

Table 11: Summary of modelling results.

Scenario

Scenario 1
Scenario 2

Evaporation
increase

RCP8.5 rainfall
period

Maximum
annual wa
water
demand (m3)

Max
Maximum
daily
water demand
(m3/day)

Storage required
for zero days with
a water deficit (m3)

15 %

204
2040

99,641 m3
99,64

1,313 m3/day

1,450 m3

30 %

2
2110

112,375
112,37
37 m3

1,482 m3/day

2,500 m3

Table 12: Scenario 1, modelling results
ults – 2040
40 climate
clim
change scenario.

Scenario 1: 15 % Evaporation increase,
ease, 2040 RCP8.5 rainfall period
Water demand

Maximum annual
water demand (m3)

Maximum daily
water demand
(m3/day)

Storage required
for zero days with
a water deficit (m3)

Dust suppression

87,278 m3

1,179 m3/day

-

Processing plant area (equipment and
stockpiles; truck washing and; amenities)

6,205 m3

17 m3/day

-

Irrigation areas (bund vegetation and
rehabilitation areas)

6,158 m3

119 m3/day

-

Total (1)

99,641 m3

1,313 m3/day

1,450 m3

Note:

(1)

The maximum individual water demands will not necessarily occur during the same year/day of record therefore,

the total will not always equal the sum of the three induvial water demands.
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Table 13: Scenario 2, modelling results – 2090 climate change scenario.

Scenario 2: 30 % Evaporation increase, 2110 RCP8.5 rainfall period
Water demand

Maximum annual
water demand (m3)

Maximum daily
water demand
(m3/day)

Storage required
for zero days with
a water deficit (m3)

Dust suppression

99,173 m3

1,334 m3/day

-

Processing plant area (equipment and
stockpiles; truck washing and; amenities)

6,205 m3

17 m3/day

-

Irrigation areas (bund vegetation and
rehabilitation areas)

6,997 m3

135 m3/day

-

Total(1)

112,375 m3

1,482 m3/day

2,500 m3

Note:

(1)

The maximum individual water demands will not necessarily occur
ur dur
during the same year/day of record therefore,

6.0
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nds..
the total will not always equal the sum of the three induvial water demands.

MODEL LIMITATIONS AND ASSUMPTIONS
UMPTIONS



A simplified representation of moisture movementt in the vadose zone was
w adopted as opposed to a
wa
o the high
h infiltration rates of the ssite, the continuously changing
detailed rainfall runoff model. Due to
h was deemed to be appropriate.
app
a
footprint and site topography this approach



No runoff or run-on from surrounding
rrounding
rounding catchments
catchment has been assessed.
a



Soil infiltration rates were
ere
re conservatively assumed.



The increase in PED has been
be used to proportionally
prop
oportiona
o
increase evaporation as well as evapotranspiration.



The effect of climate change
e on groundwater
ground
g
water levels
wate
l
has not been assessed for this study.



The results are subject to the limitations
mitations of
o the GoldSim model presented in Appendix A.

7.0

GOLDER REPORT LIMITATIONS

Your attention is drawn to the document, “Report Limitations”, as attached in Appendix B. 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 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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The quarry water demand model for the proposed Roydon Quarry has been developed using GoldSim
(Version 12.1) software (GoldSim Technology Group 2018). GoldSim is a graphical object-oriented modelling
environment with the capacity to carry out dynamic probabilistic simulations. Originally developed by Golder
in the early 1990s, GoldSim is now commercially supported by a separate entity to Golder (GoldSim
Technology group). GoldSim is used internationally in a decision-support role for a wide range of water
balance, water quality and water resource fields.
A GoldSim water balance model is a computer-based representation of the essential features of a natural
hydrological system. The model represents the environmental system simulated to a level of detail suitable to
achieve the intended objectives. In this case, the model provides a predictive scientific tool to quantify the
water demand and storage requirements for the quarry operation.
GoldSim models are composed of containers and functional elements – such as inputs, expressions,
allocators, stocks, events, delays and results. Each functional element forms part of the model structure
which is developed specifically for a particular modelled system.

D
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Model simulations are run on daily time steps over a pre-defined
d period,
period with
wi
wit one or multiple realisations. A
realisation is defined as a single model run within a simulation.
n. The benefit
benefi of running multiple realisations of
the model is to provide results based on probability. The model
deterministic mode for all
del will operate in a d
input parameters other than rainfall, which is simulated
d on a probabilistic
obabilistic basis.
A GoldSim water balance and water quality model
representation
of the essential
el is a computer-based
computer
mputer-based
sed representa
rep
features of a natural hydrological and biogeochemical
of science, engineering and
hemical system that uses the laws
law
la
mathematics. The basis of model development
ment includes
es two key components:
componen a conceptual model and a
numerical model.
The conceptual model is an idealised
ed representation (i.e., a picture) of our understanding of the key processes
of the system. The numerical model
which,
mod
odel
el is a set of equations,
equatio
which subject to certain assumptions, quantifies
the physical processes active
While the model itself lacks the detailed reality
e in the system(s) being modelled.
mode
modelled
of the environmental system,
m, the behaviour of a valid model
mod approximates that of the environmental system.
The model provides a scientificc means to draw together
the currently available data into a numerical
togeth
tog
characterisation of the environmental
ntal system. The
Th model represents the environmental system to an
adequate level of detail and provides a predictive
predicti scientific tool to quantify the impacts of the proposed activity
predict
on the receiving system and enables the
water demand and storage requirements.
e assessment
as
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Golder
older Report
R
Limitations

GAIMS Document No.: 19a, Version 2.1

Issue Date: January 2018

Report Limitations
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the
following limitations:
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
n cond
cconditions may occur between
investigatory locations, and there may be special conditions
itions pertaining
pertaini to the site which have not
pertain
been revealed by the investigation and which have not
ot therefore be
been ttaken into account in the
Report/Document. Accordingly, if information in addition
on to that contained
contain in this report is sought,
additional studies and actions may be required.
ed.

iv)

The passage of time affects the information
tion and assessment provided
provid in this Report/Document.
Golder’s opinions are based upon information
formation 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
he site was visited and cannot be used to assess the effect of
any subsequent changes in
or any laws or regulations.
n the quality
ty of the site, or its surroundings,
surro
surr

v)

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

vi)

Where data supplied by the
e client or other
othe
oth external sources, including previous site investigation data,
have been used, it has been assumed
assum e that the information is correct unless otherwise stated. No
responsibility is accepted by Golder
de 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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