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4.1.

INTRODUCTION



Executive Summary

This study addresses the issue of end-of-life quarries, where once sand and aggregate
extraction activity ceases, a large pit is left in the ground. Current rehabilitation options

of light pasture and industrial zones fail to utilise the unique opportunities these sites
POSSESS.

Sustainability and innovation are key drivers in



bore is the recommended water source to fill the water body with minimal contamination
risk to the aquifers.

Recreation, aquaculture and floating solar are proposed as economically viable options
for waterbody uses.

McLeans Island Quarries is within the bird strike zone of the Christchurch International
Airport. Therefore, it is not recommended for rehabilitation as a waterbody. It has a
relatively shallow depth (1-6 m) which would increase the visual impact of vertical farm
development. This location requires further rehabilitation investigations due to its
location limitations and shallow depth.

The analysis












1)

2)
3)

4)

Innovation: Establishing Christchurch’s economic contributions by challenging
established industries.

Sustainability: Ensuring land is utilised to its full potential without further degradation.
Economic viability: Provides an incentive for quarry owners to rehabilitate and ensures
rehabilitation is feasible and successful. This is required as our quarry sites have existing
use rights and do not need to adhere to sections 17.2.2.13 & 17.8.3.14 of the Christchurch
District Plan (2021), which requires new quarries to rehabilitate.

Community: Rehabilitation options must benefit the community. The Miners Road
Quarries produce loud constriction noise, are viewed as eyesores, and have negative
health implications for the local community, including suspended particulate matter in
the air which results in respiratory illnesses (Olusegun et al., 2009; Stuff, 2020). In 2020,
the community opposed quarry expansions; and while consent was given, scepticism of
any quarry rehabilitation plans may be expected because of the community’s experience
during quarry operations (Stuff, 2020).

1.4. Social and Cultural Context of Rehabilitation



the Matapopore design guide (Wixon, 2015) and consultation from mana whenua. Cultural and
social sustainability is highly feasible, with core principles treating the land like a living entity.

1.5. Selected rehabilitation options - Waterbodies and vertical farms

ChristchurchNZ has previously developed a document outlining quarrying rehabilitation options
(City Planning, Strategy and Transformation Group, 2018). Dal Sasso et al. (2012), highlight how
each quarry site has specific restrictions, aims, and voices involved.

Considering previous investigations and discussions with ChristchurchNzZ, two rehabilitation
options were identified and investigated within this study (1) vertical farming, and (2)
waterbodies (Copland et al., 2017; City Planning, Strategy and Transformation Group, 2018;
Pearson, 2021). Vertical farming was chosen for its innovation, economic incentive, climate
resilience, and use of the quarry pits depths. Waterbodies



2.1.2.  Social and cultural context of quarry rehabilitation
Effective rehabilitation requires implementing rehabilitation strategies with consistent

partnership, participation, and protection of cultural perspectives. Sustainability transgresses
cultural perspectives, with the underlying discourse emphasising the need to maintain
biodiversity and the natural environment for future generations.

2.1.3.  Key limitations of the aquifer system in quarry development and
rehabilitation
Christchurch has a shallow water table, allowing for unique opportunities for interaction with

aquifer systems. It was found that waterbodies have direct interaction with aquifers through
aquifer intersection, whilst vertical farming does not require interaction. It identified the
potential contamination risks to both waterbodies and groundwater.

2.1.4.  What are vertical farms and the requirement for their development
This literature review outlines how feasible vertical farming is as a rehabilitative



2.4. Primary Analysis

2.4.1.  Interviews
Two separate interviews were conducted with Fulton Hogan and Environment Canterbury

representatives. These were carried out following the literature review findings, providing us as
interviewers with a solid base understanding of our research project. It ensured relevant
questions that provided further information than was sourced or identified within the literature.

2.4.2.  Fulton Hogan
ChristchurchNZ recommended engaging directly with Fulton Hogan. Contact was via email

correspondence and an in person interview was carried out on the 23" of September 2022 at
Miners Road Quarry for 1 hour 15 minutes. The purpose of the interview was to find out what
Fulton Hogan currently does for rehabilitation and why, whether they are open to other
rehabilitation options, and what their plan is once quarry operations finish. A semi-structured
interview approach was used, following several predetermined questions, allowing for flexible
and open-ended conversation (Galletta & Cross, 2013). The interview began with introducing
ourselves and ensuring a voice recording and notes could be taken. Once we communicated our
intentions, Fulton Hogan were more comfortable in engaging with our interview questions
(Galletta & Cross, 2013).

Only interviewing one quarry operator was a limiting factor of our methodology and the research
we have produced as a result may not reflect the greater perspectives of quarry operators.

2.4.3.  Site visit
On September 23, 2022, a site visit was conducted at Fulton Hogan quarry on Miners Road

following the interview. The purpose of the site visit was to get a realistic understanding of the
scale and size of the project and how waterbody and vertical farms may fit into the area. The
interviewees gave us a tour around the outskirts of the quarry.

2.4.4.  Environment Canterbury
Email correspondence with Environment Canterbury (ECan) enabled questioning regarding the

viability of the proposed rehabilitation options. Through email we received useful links to
documents that helped answer questions surrounding consent and feasibility of building a
waterbody, involving birdstrike risk to aeroplanes and aquifer contamination. An interview of an
ECan staff member via a phone call on the 3 of October 2022 for 20 minutes was also
undertaken. This interview was focused on how to locate more documents associated with how
quarry rehabilitation activity affects Christchurch groundwater. A structured interview format
was used, with predetermined questions aligned in both topic and order.



2.4.5.  Conceptual Models



3.3. Vertical farming benefits

3.3.1. Enclosed, controlled environment
Being isolated from the exterior environment is a benefit in and of itself. Environmental isolation

makes the crop immune to seasonal variation, extreme weather events, crop disease, weeds, and
pests (Al-Kodmany, 2018; Banerjee & Adenaeuer, 2014; Van Gerrewey et al., 2021). This leads to
reliable high crop productivity all year round whilst potentially eliminating the need for pesticides
and herbicides (Al-Kodmany, 2018).

The enclosed system allows for reuse of vertical farm greywater through recycling technologies.
As a result, hydroponic and aeroponic systems consume 70% and 98% less water respectively,



Figure 21. Visual representation of 300 m? vertical farm arrangement on the northern portion of the Fulton Hogan
Quarry on Miners Road. The rightmost farms show an example of the solar array on the rooftops.

3.3.4.  Food Security
Vertical farms help to improve food security by increasing resilience to climate change and
providing a reliable, continuous supply of produce. New Zealand relies upon its agriculture
industry to feed the population, with 80 % of vegetables consumed originating from New Zealand
(Aitken & Warrington, 2019). It is a highly profitable industry, accounting for $6.2 billion in export



vertical farms are much higher. These costs arise from high electricity usage, salaries of a highly
educated workforce, and maintenance costs (Al-kodmany, 2018; Van Gerrewey et al., 2021).
Despite much lower water, fertilizer, and nonexistent pesticide and herbicide usage, the cost of
Romaine lettuce from vertical farms is approximately 2 and 5 times that of high-tech greenhouse
and conventional farming respectively (Butturini & Marcelis, 2019; Tasgal, 2021).

3.4.2.  Crop species
The economic viability of a vertical farm is limited by the diversity of appropriate crop species.

Appropriate crops are characterized by a large ratio of salable plant parts, ease of harvesting,
rapid growth, and reliability (Gerreway et al., 2021). The most common crops used in vertical
farming are leafy greens, herbs, strawberries, tomatoes, soy, and cannabis (Al-Kodmany, 2018;
Garber, 2022; Gerreway et al., 2021).

3.4.3. Electricity usage
Areliable supply of electricity is an essential component of vertical farms (Graamans et al., 2017).

In the event of a power outage, illumination required for photosynthesis, temperature control,
climate control, water pumps, and air pumps will cease. A grace period of up to 8 hours in
hydroponics and aeroponics systems will occur before oxygen deprivation leads to plant root
death due to the air pumps deactivating (K. et al., 2016; Shah et al., 2019). Extended power
outages lasting longer than 8 hours may lead to costly mass crop failures throughout the entire
facility. This issue necessitated the need for backup generators which would further increase the
initial cost of the vertical farm.

3.4.4. Solar
Vertical farming is a highly efficient farming method in all aspects besides electricity use. Vertical

farms commonly utilise solar panels on the roofs and sun-facing sides of buildings (Rehman,
2021). Solar energy can offset electricity costs for vertical farms by approximately 38% per annum
(Rehman, 2021). The rapid developments in solar panel technology in the past decades have led
to increased efficiency, durability, and lowered purchasing costs (Duran et al., 2021).

3.4.4.1. Solar Case Study
In this case study, we present the solar production for a 300 m? vertical farm. Using Rehman’s

(2021) model with 1 x 2m SunPower solar panels, a 9*12 or 108-panel roof can be installed. This
panel arrangement with optimum tilt angles of 43.3° (-15° in summer, +15° in winter) can supply
electricity for an average of 3.77 floors of a vertical farm within the quarry pit throughout the
year (University of Oregon, 2022).

Using state-of-the-art SunPower Maxon 5 AC solar panels as the basis of the economic findings;
an RRP of $519.80, plus additional costs from inverters, tilting mounts, and labour costs requires
approximately 8 years and 138 days of continuous operation to break even, assuming an average
electricity cost of 29.6¢/kWh (Ministry of Business, Innovation and Employment, 2022; Hoare,






Figure 32. Schematic of a vertical farm in the Miners Road Quarry pit.

Table 2. Site Review suitability for vertical farms

Site




McLeans Island site, this option is better suited for the Miners and Pound Road Quarries due to
their depths. Their depth allows for multi-storey farms without encroachment into the visual
amenities of the Canterbury Plains, allowing for higher land use efficiency than at the McLeans
Island site.

Solar offers a progressive development solution that compliments the remaining 15-year lifespan
of the quarry and the consistent need for electricity. A solar farm offsets electricity cost and can
make a return on investment before the quarry operation ends. Finally, these solar panels can be
integrated into vertical farms at minimal added cost.

4. Waterbody Rehabilitation

4.1. Introduction
Waterbodies are a commonly used practice in the rehabilitation of quarries (Mt Cook Alpine

Salmon Ltd, n.d.; Otchere et al., 2004;






4.3.2.2.  Aquifer Intersection
Aquifer intersection involves digging into or below a section of the water table, so

groundwater rises and floods the pit through seepage (Seelen et al., 2021). Seepage is the
percolation of groundwater and varies depending on the subsurface permeability and water
levels in the springs (Ellis et al., 2007). Aquifer intersection is the simplest method, but it
requires resource consent. Current resource consent requirements limit the extraction of
gravels to 1 m above the aquifer, as the sites are located in the Christchurch Drinking Water
Protection Zone (Fig. 6).

McLeans Island site is within a semi-confined aquifer zone, and aquifer sourcing of water into pits
has occurred in this area following quarrying, i.e. present-day site of Isaac Salmon Farm, and Lake
Roto Kohatu during the 1980s (Fig. 5). This site has the potential for creating a water body via
aquifer intersection. Further analysis is required to determine the suitability of the quarry pits of
Miners and Pound Road Q



Figure 5. Roto Kohatu Reserve 1980-1984 when it was partially rehabilitated into a waterbody while in quarry
operation (Environment Canterbury Regional Council, n.d.).

4.4. Constraints

4.4.1.  Christchurch Drinking Water Protection Zone
All three quarries lie within the Christchurch Drinking Water Protection Zone (CDWPZ) (Fig. 6).
The CDWPZ’s purpose is to regulate activities interacting with the aquifer, because of the high
groundwater table, and the permeable sand and gravel subsurface (Golder Associates, 2013).
Activities above the CDWPZ must comply with the Canterbury Land & Water Regional Plan to
reduce contamination risk, including quarry operation and rehabilitation (Environment






make it unsuitable to drink (Scott, 2019). These results conclude it is viable to rehabilitate a
quarry from a contamination perspective, but public perception poses a limitation.

4.4.4. Waterbody contamination
To ensure the waterbody is viable and useable, the main water sources, groundwater and surface

runoff, need to have minimal contamination (Land Air Water Aotearoa, 2022). Most natural lakes
have an inflow and outflow of surface waters leading to the cycling of water. However, quarry
lakes often have little interaction with surface waters compared to






Figure 8. Modified map of the birdstrike area around the Christchurch International Airport, with locations of the
quarries identified (Christchurch District Plan, 2021).

5. Waterbody Rehabilitation Uses

The structure of the waterbody is determined by quarry extraction and pit dimensions. Case
study quarry sites have large areas and are up to 15 m deep. Pit depth allows the water to stratify
into stable layers (Seelen et al., 2021). Deep quarry lakes also have higher water quality as shown
by their lower nutrient and chlorophyll-a concentration in comparison with shallow waterbodies



5.1. Ecological Waterbody in Quarry Pits
An ecological waterbody focuses on conserving native terrestrial and aquatic biota. An example

is the Shorncote Quarry in the United Kingdom, where the quarry flooded and provided a habitat
for native birds and fish (Hills, n.d.). A study of 51 quarry lakes in the Meuse and Rhine catchment
areas found that quarry lakes have a significant contribution to macrophyte diversity by
supporting distinctly different macrophyte communities (Seelen et al., 2021). Quarry lakes often
have much steeper banks than natural lakes, creating a shorter littoral zone and no marsh zone,
developing a unique lake ecosystem (Seelen et al., 2021)



5.2. Recreational Waterbody in Quarry Pits
A recreational waterbody is very similar to an ecological waterbody with increased human

interaction. Lakes provide many recreational opportunities such as boating, fishing, swimming,
kayaking, and are a source of



system is also more expensive because fish food needs to be brought, unlike in capture fisheries,
and the cage may become damaged by extreme weather events (Otchere et al., 2004).

The closed aquaculture system uses the entire lake (Fig. 11). Water is filtered and circulated with
expensive pumping equipment. This system can deliver more fish and produces high-quality,
consistent products. However, a closed system has a higher risk of rapid spread of diseases and
the use of antibiotics may lead to the development of antibiotic-resistant bacteria in sediment
under fish farms (Otchere et al., 2004).

Figure 10. Open aquaculture system. (1) The cage is Figure 11. Closed aquaculture system. (1) The pond
moored to the lake floor. (2) Fishmeal feeds are added ~ exists in a closed system. (2) Species including
to the cages. (3) Buoyant tubes keep the cages afloat. barramundi are grown using this system. (3) Feed is

(4) Fish feces and waste fall through the cages (Otchere  added to the system (Otchere et al., 2004).
et al., 2004).

There are many examples both worldwide and within New Zealand including the Cobble Hill
limestone quarry pit in Canada which is used to breed trout (Otchere et al., 2004). The Issacs
Conservation Area is a more local example. This is an old quarry site in Christchurch which is also
used as a salmon hatchery before they are moved to the Makenzie Country to be grown and then
sold (Mt Cook Alpine Salmon Ltd, n.d.).

5.4. Floating solar arrays
Another economic option for waterbodies is floating solar arrays. These are photovoltaic systems

that float on the water surface (Fig 12.). Solar modules sit on a pontoon structure which is
moored in place, and outdoor cabling is used to transfer the electricity generated (Ingole et al.,
2020; Patil Desai Sujay et al., 2017).

Floating solar generates more electricity and has a longer lifespan than ground or rooftop-
mounted solar due to the water’s cooling effect. The pontoons shade the water reducing
evaporation by up to 70%, improving water quality, and limiting algae growth. It is cost-
competitive with other solar systems and is land-use efficient (Ingole et al., 2020; Patil Desai Sujay






Table 3. Suitability of each quarry site for all waterbody options.

Ecological
Recreation

Miners Road Pound Road McLeans Island

Aquaculture

Floating
Solar




sustainable, and economic drivers, these proposed options will utilise the post-quarrying
landscape. We have concluded that Miners and Pound Road Quarries are suitable sites to

rehabilitate into vertical farms and waterbodies (Table 3). McLeans Island site has more
limitations affecting the suitability of
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