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Abstract

A range of constructed groundwater systems are evaluated for augmenting the potable
water supply of Auckland City, New Zealand. The term ‘constructed groundwater systems*
encompasses any constructed means of recharging or extracting water from an aquifer.
This may for example include infiltration wells and basins, injection wells, aquifer storage
and recovery wells, and horizontal wells. The study motivation is to increase the
sustainable yield from Auckland’s existing groundwater resources to help meet Auckland’s
increasing water demand. Presently, 97% of the water supply comes from 10 storage
reservoirs in the Hunua and Waitakere Ranges, and up to three percent from the Onehunga
— Mt Wellington aquifer.

The Onehunga — Mt Wellington aquifer is a highly fractured basalt aquifer and has the
potential to store water in its unsaturated zone. Various methods of artificially increasing the
recharge of the Onehunga — Mt Wellington aquifer to increase its sustainable summer yield
were investigated using a FEMWATER numerical model. Three sources of recharge water
were identified in the Auckland Region: winter spillage from Watercare’'s 10 reservoirs,
groundwater from the dewatering of the Three Kings quarry, and wastewater from the
Mangere Wastewater Treatment Plant. Artificial storage and recovery (ASR) wells, and
soakage wells were simulated as a means of increasing the aquifer’s yield. The greatest
simulated increase in yield was from winter injection of reservoir water via ASR wells, in
conjunction with the summer extraction of the stored reservoir water. This simulation
resulted in the average summer aquifer yield increasing from 9,100 to 44,100 cubic metres

per day.

A hydrogeological review of the both the Hunua and Waitakere Ranges showed that there is
little opportunity for utilising constructed groundwater systems below the regolith zone in
those two locations. However, the storage capacity of the unconfined aquifers in the
regolith layer of the Waitakere and Hunua Ranges could potentially be used to increase the

efficiency of the existing water supply reservoirs presently losing water to seasonal spillage.

To increase the efficiency of the existing water supply reservoirs it is proposed that
horizontal wells can be used to control the water table elevation in the reservoir catchments,
permitting a degree of control over the discharge of the streams flowing to the reservoirs.
The use of horizontal wells provides a range of control options, including increasing stream

discharge during summer and reducing and delaying peak discharges from rainfall events



during winter. The use of horizontal wells in this manner is most suited to catchments
where the magnitude of stream quickflow discharge is dependent on the depth of the
surrounding water table. That is, for similar-sized rainfall events, a water table near the
ground surface results in more quickflow stream discharge compared to a deeper water
table.

The Upper Nihotupu water supply reservoir catchment in the Waitakere Ranges was
selected as a study site to gather hydrological data to simulate use of horizontal wells. In
the Upper Nihotupu catchment, there is a fourfold increase in quickflow discharge for similar
sized rainfall events for a water table 0.5 m below the ground surface, compared to a water
table 2.7 m below the surface. Based on this, a MODFLOW numerical groundwater model
was utilised to simulate the operation of hypothetical horizontal wells within the Upper
Nihotupu catchment, and to evaluate if the manipulation of stream discharge will increase
the reservoir's storage capacity. Simulation results suggest there is potential for a
significant increase in summer stream flow by draining the surrounding aquifer with the
horizontal wells. During the 30 day period that the wells are draining the aquifer, the
corresponding average reservoir delivery increased from 10,000 to 25,000 cubic metres per
day. During the winter, the draining of the aquifer using horizontal wells results in reduced
and delayed quickflow stream discharge. This in turn resulted in less spillage from the
Upper Nihotupu reservoir. The increased control of the stream hydrograph by the simulated
horizontal wells increased the average annual delivery of water from the Upper Nihotupu

reservoir by seven percent.
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Chapter 1

Introduction

This chapter introduces the objectives of this thesis, Auckland City’s water supply system,
constructed groundwater systems for recharging and extracting groundwater, and how
these methods could be utilised in the Auckland Region to meet the objectives of the thesis.

1.1 Objectives

This thesis presents a number of methods for augmenting the potable water supply of
Auckland City using groundwater from local aquifers using constructed groundwater
systems. An increase in yield will help meet the rising demand on the present water supply
system, and improve security of supply. The three objectives of this thesis are:

e to evaluate the possible increase in groundwater yield from the Onehunga — Mt

Wellington aquifer using constructed groundwater systems,

e to provide an overview of the hydrogeology of the Hunua and Waitakere Ranges to

identify areas where constructed groundwater systems might be utilised,

e to evaluate if constructed groundwater systems can increase the storage capacity of
Watercare’s  existing catchment reservoirs through improved stream-aquifer

management.

1.2 Auckland City Water Supply System

The Water Business Unit of Watercare Services Limited is responsible for the collection,
treatment and supply of high quality drinking water to six local network operators in the
Auckland region. These operators are Manukau, North Shore and Waitakere City Councils,
the Rodney District Council, MetroWater Ltd (owned by the Auckland City Council) and
United Water Ltd (the water franchisee of the Papakura District Council). From these six
operators the water is supplied to about one million people residing between Orewa in the

north and Papakura in the south (Figure 1.1).
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Watercare’s only groundwater extraction is from the Onehunga — Mt Wellington aquifer,
which contributes 3% of Watercare’s total water supply (Figure 1.1). The Onehunga
groundwater source is from the fractured basalt lava flows on the southern side of Auckland
City and is Auckland’'s oldest existing supply, first developed circa 1880. Watercare's
surface water sources are from five reservoirs in the Waitakere Ranges to the west of
Auckland, providing 33% of Watercare’s total supply, and five reservoirs in the Hunua
Ranges to the south of Auckland providing 64% of the water (Figure 1.2). The five
reservoirs in the Waitakere Ranges are the Upper and Lower Nihotupu reservoirs, which are
in series in the Nihotupu catchment, the Upper and Lower Huia reservoirs which are in
series in the Huia catchment, and the Waitakere reservoir in the Waitakere catchment
(Figure 1.2). The development of these reservoirs took place between 1901 and 1971. The
five reservoirs in the Hunua Ranges are the Wairoa and Cosseys reservoirs in the Wairoa
catchment, and the Hays Creek, Upper Mangatawhiri and Mangatangi reservoirs are each
at the head waters of their respective catchments (Figure 1.2). Development of the
reservoirs in the Hunua Ranges was between 1951 and 1977. All of the reservoirs except
the Lower Huia and Lower Nihotupu supply water to the filter stations by gravity flow. The
available yield from the Onehunga — Mt Wellington aquifer and the 10 storage reservoirs is
327,000 m*d™.

During 2000, Auckland’s water demand exceeded 320,000 m°d" and was very close to the
available yield of 327,000 m’d’. Watercare predicts that by the end of 2002 the water
demand will exceed the capacity of the current system, and by 2050 there will be
approximately two million water users. To meet the expected water demand Watercare
needs to increase the yield from their existing water sources and develop new water
sources. In recent years, water conservation methods, including leak management and
public education have resulted in Aucklanders on average using only 0.195 m’d” of water,
compared to 0.23 m’d’ per person in both Sydney and Melbourne, Australia (Watercare
Services Limited, 2001).

Due to the relatively small size of the reservoirs, spillage often occurs during winter due to
high inflows. Conversely, during the following summer, the reservoirs’ storage only just
meets the present demand. During the winter and spring months (July to December)
between 1997 to 2000 the average daily spillage from Watercare's 10 reservoirs was
157,884 m’d’ (Calculation of the reservoir spillage is in Appendix A). Nearly all of the

catchments in the Auckland region suitable for reservoir development have already been
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utilised. Two remaining catchments identified for their potential to be dammed are; the
Lower Mangatawhiri catchment in the Hunua Ranges, and a catchment near Riverhead,
15 km west of Orewa. However, these two reservoir options are not viable due to public
concern over the destruction of productive and environmentally important land. Also the
new reservoirs are dependent on Auckland’s rainfall and will therefore be adversely affected
along with the rest of Auckland’s reservoirs during future drought conditions. One viable
water source is from the importation of water from outside the Auckland Region. In mid
2002, a NZ$155 million pipeline and filter station will be completed to deliver high quality,
treated water from the Waikato River 38 km south of Auckland in the Waikato region (Figure
1.1). The Waikato pipeline will initially provide on average 50,000 m*d”". The pipeline and
filter station can be upgraded to provide 150,000 m°d”.

The Waikato pipeline is not a guaranteed solution to continually meet Auckland’s water
demand. There is the potential for contamination of the Waikato River from 33 point
discharge sites upstream of the intake site. These include wastewater from Hamilton City
and four other smaller communities, discharges from Kinleith timber mill, Wairakei
geothermal power station, and an abattoir. There is also a 30 million cubic metre landfill
proposed at a site 500 m from the Waikato River bank 18 km upstream from the intake.

The Auckland region is also seismically and volcanically active, which poses a potential risk
to the infrastructure of the supply network. The Wairoa North Fault has been identified as
having the greatest potential of any fault in the Auckland Region to generate a large
earthquake in the future (Figure 1.2) (Woodward-Clyde, 2000). This has major implications
for the Hunua Ranges storage reservoirs with the fault being approximately 1 km from the
dam structures of the Cosseys and Wairoa reservoirs. Also, the raw water supply pipes
from all the reservoirs in the Hunua Ranges, except Hays Creek, cross the Wairoa North
Fault (Figure 1.2).

It is important to have a variety of water sources to provide security of supply. This was not
the case in the Calleguas Municipal Water District (CMWD) in Southern California, where
half a million people were left with little water after the main water supply pipeline was
damaged by the 1994 Northridge earthquake. To prevent the reoccurrence of this water
shortage, the CMWD setup an aquifer storage and recovery scheme using gravity driven

injection and pumped extraction wells (Wolcott, 1999).
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Figure 1.1. Auckland Region. Red boxes outline areas shown in detail in Figure 1.2.
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1.3 Constructed Groundwater Systems

‘Constructed groundwater systems’ in this thesis are defined to be any infrastructure that
enables the artificial recharge of water into an aquifer, and/or discharge of water from an
aquifer for potable water supply. This may include; vertical and horizontal wells, aquifer
storage and recovery wells, and infiltration basins and trenches. The following sections
provide an overview of some of the water sources and constructed groundwater systems
that can be used for artificial aquifer recharge, and may possibly be used to augment
Auckland City’s water supply.

1.3.1 Artificial Recharge

Indirect artificial recharge has been used in Europe since the early 1800’s where infiltration
galleries were constructed along riverbanks. The water level of these galleries was lowered,
inducing the river water to enter the aquifer and be naturally filtered as it flowed through the
ground. Examples of these were; the River Clyde in Glasgow, Scotland, and the Garonne
in Toulouse, France (Huisman and Olsthoom, 1983). The first direct-method of artificial
recharge was built in 1897 for the water supply of Gothenburg, Sweden. River water was
pumped to infiltration basins to recharge the aquifer for water supply (Huisman and
Olsthoom, 1983)

The objectives for artificial recharge broadly fall into two categories, either utilising the
aquifer for water storage, or remediation of the aquifer due to unsustainable use or
contamination. Aquifer storage is either short term to meet the difference between supply
and demand either daily or seasonally, or for long-term storage as a buffer against droughts
or other emergencies (Huisman and Olsthoom, 1983; Ma and Spalding, 1997; Mahesha,
2001). The reasons for aquifer remediation include; recharge to aid the recovery of water
levels in exploited aquifers, development of a hydraulic buffer between a contaminant and
the remainder of the aquifer, and to either flush or dilute the native groundwater to improve
its quality. The benefits of storing water in aquifers compared to surface reservoirs include;
no loss of land due to flooding, relatively inexpensive, reduced evaporation loss and
possible improved water quality due to filtration through the aquifer (Pyne, 1994; Getchell
and Wiley, 1995; Bouwer, 1996b). Disadvantages include: possible contamination due to
activities at the ground surface above the aquifer; and clogging of the aquifer by the

recharged water reducing the efficiency of the aquifer for the recharge and recovery cycle;
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and in an unconfined aquifer the rate and duration of recharge may be limited by the
occurrence of water table recharge mounds intersecting the ground surface (Pyne, 1994;
Getchell and Wiley, 1995; Bouwer, 1996b).

The choice of whether to use artificial recharge, and the type of artificial recharge method,
must be balanced between the following considerations identified by Pyne (1994):

e the required use and demand of the recharge water,

o availability of recharge water, for example daily, or seasonally,
e quality of the recharge water,

e size of available land at a proposed recharge site,

e aquifer geology,

¢ infiltration capacity,

¢ and economic considerations.

1.3.1.1 Water Source and Quality

There are three main water sources available for aquifer recharge in most urban
environments. These are wastewater, stormwater, and surface water from streams and
reservoirs. The quality of most water used for recharge needs to be improved to limit
aquifer clogging and contamination. Organic and metallic toxicants, nitrogen compounds,
and pathogens have the greatest adverse effects when the reuse of the water is for potable
use (National Research Council, 1994). Most treatment processes of wastewater and
potable water include chlorination. This has been considered a concern due to the potential
formation of disinfection by-products (DBPs) like trihalomethanes (THMs) and halo-acetic
acids (HAAs) which are thought to be carcinogenic (Asano, 1985; Driscoll, 1986; National
Research Council, 1994). However, more recent studies have shown that THMs and HAAs
are removed from the chlorinated water during aquifer storage over a period of several
weeks so that the pretreatment may not be such a concern (Singer, et al, 1993; Pyne,
1998).

a) Wastewater

Wastewater may contain contributions from domestic and industrial sources. Combined

sewer systems will also contain urban stormwater runoff. Wastewater is usually the most
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readily available and plentiful water source. However, the use of wastewater to augment
potable groundwater supplies is generally viewed as being unacceptable by the public, and
does not meet the cultural requirements of New Zealand’s indigenous Maori population.

Although some impacts of artificial recharge of groundwater with wastewater are not fully
understood, experience with recharge projects have shown (within the limitations of
toxicological testing) that water recovered from the aquifer poses no greater health risks
than currently acceptable potable water supplies (National Research Council, 1994;
Bouwer, 1996b). However, epidemiological studies are weakened by the recognition that
the minimum observed period for human cancers that have been linked to chemical agents
found in wastewater is about 15 years. Because of the relatively short period that
groundwater containing wastewater had been consumed, it is unlikely that examination of
cancer mortality rates would have detected an effect, if present (National Research Council,
1994). The viability of artificial recharge for potable use, and the risks associated with using
impaired water for recharge will vary from site to site, and thus the appropriateness of all
recharge is site-specific (Bouwer, 1996b). Due to the possible health risks associated with
wastewater, extracted groundwater which is mixed with recharge wastewater is often used
for non potable purposes, such as industry and irrigation of vegetables for raw consumption
and livestock watering (Idelovitch and Michail, 1984; Kanarek, Aharoni and Michail, 1993;
Kanarek and Michail, 1996). Utilising the groundwater mixed with wastewater for non-

potable purposes in turn reduces the demand on the existing potable supply.

b) Stormwater

Urbanisation has resulted in many aquifers receiving less recharge via natural infiltration,
this is especially the situation if the stormwater is diverted out of the catchment. Diverting
this runoff from paved surfaces into an aquifer can represent a significant source of
recharge, as well as being an inexpensive disposal option. Recharge of stormwater is
usually via soakage wells. Atrtificial recharge with stormwater at Mount Gambia, Australia
has occurred since the late 1800’s. However, the recharging of the aquifer was an

incidental side effect of stormwater disposal to reduce surface flooding (Dillon, et al, 1999).

The quality of recharged stormwater is the main concern as stormwater can contain fuels
and oils from vehicles, pesticides from roadside spraying, and heavy metals such as lead,
zinc, copper, cadmium and nickel (Price, 1994; Pitt, et al, 1996). However, there does not

seem to be any evidence in the United Kingdom that any groundwater supply in contact with
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stormwater recharge has been seriously affected (Price, 1994). The risk of contamination
can be reduced if the soakage wells are equipped with sediment traps. The sediment traps
need to be cleaned regularly to remove the accumulation of polluted water before the
development of bacteria and high concentrations of pollutants accumulate. If not
maintained the contents of the sediment traps can be flushed into the aquifer (Price, 1994).

c) Surface Water (Reservoirs and Rivers)

Diverted surface water is generally the highest quality recharge water available. However,
even river or reservoir water may contain sediments that can block aquifer pore spaces.
The settling of turbid water can be increased using coagulating or flocculating chemicals
(Huisman and Olsthoom, 1983). Chlorination may be necessary to stop algae or bacteria
contamination and clogging of the aquifer (Digney and Gillies, 1995).

1.3.1.2 Injection Wells

Injection wells can be used to artificially recharge water into both unconfined and confined
aquifers. Injection wells have been used in Kentucky, USA since the 1940’s for the sole
purpose of recharging exploited aquifers (Todd, 1980). A more recent example is in El
Paso, Texas, where the injection of wastewater via wells has been used to recharge the
Hueco Bolson aquifer to slow down the rate of the declining water levels. The Hueco
Bolson aquifer provides 90% of the potable water supply for the city of El Paso (National
Research Council, 1994). The wastewater recharge each year is equivalent to 10% of the
total extracted volume of groundwater, this means that every 10 years the aquifer’s resource
lifetime is extended by 1 year. The tertiary treated wastewater is recharged via 10 injection
wells, and then travels 1.2 km through the aquifer to the production wells for the municipal
supply. The minimum residence time for the wastewater in the aquifer is 7 years. The
reclaimed water is chlorinated before potable reuse, with no other treatment. No significant
operating problems have been encountered in the 7 years since 1986 (National Research
Council, 1994).

There are some physical aspects of injection well construction that separate them from
normal extraction wells. If the injection wells are used intermittently or seasonally they tend
to have increased rusting of the casing due to frequent dry and wet cycles. This rust can

reduce water quality and be another cause of the well clogging. To stop rusting PVC casing
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can be used for wells less than 150 m deep and 900 mm in diameter (Pyne, 1994).
Cementing around the casing must be of high quality to stop the injected water flowing up
the outside of the casing to the surface (Pyne, 1994).

The main limitation of injection wells is from clogging. Clogging of the well is typically
caused by suspended solids, entrained air, and biological growth (Huisman and Olsthoom,
1983; Pyne, 1994). Figure 1.3 shows the generalised relationship between time and
resistance to flow for the three typical clogging processes.

a) Suspended Sediments

In unconsolidated formations, the aquifer behaves as a filter removing suspended
sediments from the recharged water. This can result in particles physically blocking the
pore spaces (Bowen, 1986). However, no treatment at all may be required for water
entering a fractured rock aquifer with openings varying from a few centimetres to some
metres wide. In this situation, the natural purification accompanying underground flow is
also small, so pre-treatment may be necessary to prevent contamination of the aquifer by

the recharged water (Huisman and Olsthoom, 1983; Bowen, 1986).
b) Air Entrapment

Air entrapment can be prevented through; proper well design and operation, maintaining
positive pressures, keeping the well screen below the water level in the well, and using
recharge water with a similar temperature to the groundwater. A number of injection well
experiments during the 1960’s failed due to wells not being kept primed and under positive
pressure (Pyne, 1994; Wolcott, 1999).

c) Biological Growth

Biological growth is directly related to the amount of carbon and nutrients present. These
may be low in the recharge water but may increase in concentration due to their
accumulation in the vicinity of the well. A residual chlorine level of 1 to 5 mg/L in the
recharge water will control most biological growth (Crook, Asano and Nellor, 1990;

Tompson, et al, 1999).
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Figure 1.3. Time variation of typical injection well clogging processes. Adapted from (Pyne, 1994).

1.3.1.3 Aquifer Storage and Recovery Wells

Aquifer storage and recovery (ASR) wells are relatively new and are increasingly used for
artificially recharging aquifers (Bouwer, 1996b). Compared to injection wells, ASR wells
inject water into an aquifer and are then reversed to extract water out of the aquifer. This
method has enabled the increased use of aquifers for temporary storage of water and also
the use of aquifers with low water quality for storing high quality water (Bowen, 1986). In an
ideal situation, the injected high quality water remains in a plume surrounding the well
displacing the low quality groundwater. During extraction the well extracts this plume of
high quality water leaving the low quality groundwater in the aquifer (Bowen, 1986). The
recharge enables the storage of water during times of excess ready for extraction during
times of high demand and shortfall, essentially utilising the aquifer as a storage reservoir. If
the aquifer is recharged with potable water, the water extracted often needs minimal
treatment before reuse for potable purposes. The use of ASR schemes can also be
inexpensive compared to surface reservoirs. The cost of an ASR scheme in California was
equivalent to one tenth of the cost of a new dam constructed at the same time east of Los

Angeles for storing the same volume of water (Wolcott, 1999).

ASR in an unconfined aquifer is feasible, but there may be reduced efficiency in extracting
all the injected water. The groundwater velocity is usually higher for unconfined aquifers,
and as a result the recharged plume can often flow away from the well (Pyne, 1994). The

greater the storage period before recovery of the recharged water, the greater the mixing
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with the native groundwater. Therefore it may be impossible to recover nearly all the
recharged water. This is of particular importance where the native groundwater is of lower
quality than the recharged water (Pyne, 1994).

1.3.1.4 Soakage Wells (Vadose-Zone Wells)

Soakage wells are simply holes drilled or dug into permeable geology allowing the infiltration
of water into an aquifer. They are typically used for the disposal of stormwater from roads
and properties, and are much cheaper than recharge wells. Clogging can be minimised by
using treated water and constructing a sediment trap. It is also important not to drill through

clay layers, as this can produce muddy water when the well is filled with recharge water.

Soakage wells are used in Auckland City where the underlying geology is fractured basalt,
providing a cost-effective means of stormwater disposal from roadways and residential
properties. The wells are generally 100 to 150 mm in diameter, with an average depth of
13 m. Soakage wells intersecting fractured basalt or cavities have infiltration rates between
780 and 2,160 m’d”, with an average rate of 1,500 m’d". Soakage wells intercepting solid
basalt have infiltration rates up to 260 m’d™.

In the confined cavernous limestone aquifers of Orlando Florida, stormwater soakage wells
can dispose of between 8 and 52,000 m’d”" per well. The wells are typically 300 mm in
diameter, 120 m deep and have been in use since 1904 (National Research Council, 1994).
The potentiometric surface of the receiving aquifer is well below the ground surface,
enabling the wells to recharge the confined aquifer with large volumes of water under gravity
feed. Widespread contamination of the aquifer has not occurred (National Research
Council, 1994).

1.3.1.5 Infiltration Basins (Soil-Aquifer Treatment Systems)

Infiltration basins are large basins which are regularly flooded with water, allowing the
infiltration of water through the permeable soils to recharge an aquifer. The recharged
water can be extracted from the aquifer using wells or drains. Infiltration basins do not
always require large-scale construction, as there may be existing river channels or gravel

pits which can be flooded. Infiltration basins are generally flooded with high quality water

12
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when the final required use is potable and at least primary treated wastewater if the final
use is non potable, such as irrigation and agriculture. The volume of recharge via infiltration
basins can be quite substantial. In Orange County California, using infiltration basins the
water authority artificially recharges an average of 693,000 m°d" of river water, wastewater,
and water imported from outside the region. This is equivalent to 76% of the total water
extracted from the aquifer system (Tompson, et al, 1999).

In unconsolidated and unfractured aquifers, the recharging of impaired waters via infiltration
basins has the ability to greatly increase the quality of the recharged water as it filters
through the underlying aquifer. The improved quality of the wastewater recharged through
infiltration basins can be better than from conventional treatment methods (Rice and
Bouwer, 1984). In Los Angeles, the first wide scale recharge of secondary wastewater via
infiltration basins began in 1962, and there is no distinguishable difference in aquifer water
quality due to the recharge (Crook, Asano and Nellor, 1990). A similar recharge-recovery
system has been operating since 1977 in the Dan Region, Israel. This consists of
intermittent flooding of infiltration basins with 40,000 m’d" of secondary treated wastewater.
This process resulted in a relatively high removal of suspended solids (mainly organic),
biological oxygen demand, and a lowering in the total and dissolved oxygen demand. The
total bacteria count was considerably reduced; coliform bacteria, fecal coliforms and
enteroviruses were not detected in the reclaimed water. The extracted water was suitable
for non-potable uses such as industry and irrigation of vegetables for raw consumption and
livestock watering (ldelovitch and Michail, 1984; Kanarek, Aharoni and Michail, 1993;
Kanarek and Michail, 1996). Similar removal of wastewater constituents have occurred at
many sites throughout the world when using wastewater for aquifer recharge and reuse
(Lance, Rice and Bouwer, 1978; Carlson, et al, 1982; Bouwer, 1991; Gerba, et al, 1991;
Wilson, et al, 1995; Kopchynski, et al, 1996; Ouazzani, Bousselhaj and Abbas, 1996;
Quanrud, et al, 1996).

To minimise clogging, infiltration basins are best operated in wet/dry cycles. This simply
involves flooding the basin and then allowing it to drain and dry out. Once the basin is dry it
is refilled with water. The drying out process helps to control the nutrient and sediment load
and reduce the development of clogging layers in the basins. Also, a shallower water depth
in the basin can result in less clogging due to the reduced compaction of the sediments at
the bottom of the basin (Lee, Williams and Wang, 1992; Mushtaqg, Mays and Lansey, 1994;
Ma and Spalding, 1997).

13
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1.3.2 Groundwater Extraction

The following sections overview constructed groundwater systems as used for groundwater
extraction, some of which could be of relevance for augmenting Auckland City’s water
supply.

1.3.2.1 Vertical Wells

Vertical wells in this thesis are defined as vertical holes excavated to allow groundwater
extraction. The simplest and oldest wells were hand-dug, and tend to be shallower than
15 m. Excavating larger diameter wells helps to increase the volume of stored water in the
well. Deeper drilled wells are able to extract water from depths of several hundred meters.
Pumps are required to lift the water to the surface if the static groundwater level is a
substantial distance below the ground surface. Pumps which can extract water from a
substantial depth, and fit down small-diameter wells have only been available since the
1880’s (Todd, 1980).

1.3.2.2 Horizontal Wells

Qanats are the oldest form of horizontal wells, having provided groundwater from
unconfined aquifers for domestic supply and irrigation in the Middle East and central Asia
since 550 B.C. (Beaumont, 1971; Abu-Rizaiza and Mohorjy, 1994; Kahlown and Hamilton,
1994; Lightfoot, 1995). Qanats are a form of subterranean aqueduct (Lightfoot, 1995),
designed to collect and transport groundwater under natural gravity flow through gently
sloping tunnels to surface canals for distribution (Figure 1.4). The tunnels were hand dug
by skilled workers and are typically 1 to 5 km long, but have been as much 50 km in length
(Kahlown and Hamilton, 1994). A tunnel cross section is typically elliptical with a height of
around 1.2 m and a width of 0.8 m (Beaumont, 1971). A vast number of ganats still remain
in operation. In Iran about 22,000 ganats supply three quarters of all water used. The
discharge of individual ganats varies with seasonal water table fluctuations, but rarely
exceeds 1,400 m’d" (Beaumont, 1971). The discharge of qanats cannot be regulated, there
may be leakage loss through the base of the tunnel, and during winter water can often go to

waste when there is more supply than demand.
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Figure 1.4. Schematic of a gqanat system, adapted from Kahlown and Hamilton (1994).

Similar to the Middle Eastern and central Asian qanats are the horizontal tunnels used in
Hawaii, called ‘Maui tunnels’. These tunnels are either horizontal or have an incline from
the ground surface to the water table, and are then horizontal at a level just above sea level
(Figure 1.5). The latter of the wells are termed ‘skimming wells’ and are necessary for
extracting groundwater from shallow fresh water bodies on top of saline water. The
horizontal tunnels are used to collect groundwater that has been held behind impermeable
rocks. One Maui tunnel is 300 m long and produces 50,000 m’d”’ (Peterson, 1973).
However, due to economic considerations and the ability to extract water from greater
depths with vertical wells no new Maui tunnels have been constructed since the 1950’s.

Island

Inclined ‘skimming’ tunnel

Sea level

Horizontal well

Figure 1.5. Schematic of Maui tunnels used on Hawaiian islands for collecting groundwater from just
above sea level and from behind impermeable dikes. Adapted from Peterson (1973).
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The use of horizontal wells for groundwater extraction is becoming popular again due to
recent developments in horizontal well drilling technology. Horizontal well technology has
been developed and used by the oil industry for many years, but it has only been in recent
years that drilled horizontal wells have been utilised for groundwater extraction (Sawyer and
Lieuallen-Dulam, 1998). Most applications are for drainage to aid slope stability (Craig and
Gray, 1985), or groundwater remediation (Cleveland, 1994; Sawyer and Lieuallen-Dulam,
1998; Zhan, 1999). To date, there does not appear to be any utilisation of horizontal wells

for potable water supply applications.

Comparisons between horizontal and vertical wells have been based on the horizontal wells’
efficiency at remediating contaminated aquifers (Cleveland, 1994; Sawyer and Lieuallen-
Dulam, 1998; O'Neil, et al, 1999; Steward, 1999; Steward and Jin, 2001). Sawyer and
Lieuallen-Dulam (1998) concluded that a horizontal well aligned parallel to the direction of
uniform flow is the most effective type of well for aquifer remediation. Horizontal wells are
typically more expensive on a per-metre drilled basis than vertical wells. Horizontal wells
installed in depths shallower than 10 metres depth are typically up to US$700 per metre,
compared to US$125 - $300 per metre for vertical wells (O'Neil, et al, 1999). However,
lower operation and managing costs can often make horizontal wells the better option in the
long term (O'Neil, et al, 1999). Horizontal wells can be drilled with little damage to the
ground surface, compared to the excavation of drainage trenches or access roads for
numerous vertical wells. With a large portable rig, the current maximum possible length of a
horizontal well is 2,100 m for the installation of pipe up to 150 mm in diameter (Swanson,
1997). Care is required when installing long horizontal wells so that the complete length of
the well screen is below the water table level. Screened sections of the well above the

water table will lose water back to the aquifer (Steward and Jin, 2001).

Horizontal wells can provide one of the most effective methods to control the water table
where the excavation of drains is not possible (Treadway, 1997; Steward and Jin, 2001).
This in turn offers a means to control runoff. It has been well documented that groundwater
levels exert a major control on infiltration, evaporation, and runoff (Neal, et al, 1992; Durand,
Neal and Neal, 1993; Salvucci and Entekhabi, 1995b; Salvucci and Entekhabi, 1995a;
Ribolzi, et al, 2000; Scanlon, Raffensperger and Hornberger, 2000; Beldring, 2002). A
water table close to the ground surface tends to produce more runoff and evaporation than
a deeper water table. Controlled drainage can significantly reduce the extent of runoff-

generating partial areas, in turn reducing the peak outflow from storm events and allowing
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the extra water to be retained within the catchment (Amatya, Gregory and Skaggs, 2000;
Querner, 2000; Querner and van Lanen, 2001).

1.4 Augmenting the Auckland City Water Supply with Constructed
Groundwater Systems

In this thesis, two applications of constructed groundwater systems are investigated for their
ability to improve Watercare’s existing water supply system. The first application is to
increase the sustainable yield from the Onehunga - Mt Wellington aquifer. The second
application is to utilise the aquifers in the Hunua and Waitakere Ranges to reduce winter
spillage from the 10 reservoirs and to increase the effective summer reservoir storage
without increasing the physical size of the reservoirs.

1.4.1 Existing Onehunga — Mt Wellington Groundwater Source

The Onehunga — Mt Wellington unconfined aquifer is located in the fractured basalt flows on
the southern side of the Auckland isthmus (Figure 1.1). Watercare Services Limited are the
main extractor of groundwater and presently utilise four production wells in the Onehunga
area near the Manukau Harbour. However, there is often an imbalance between the public
water demand and the available water supply from the Watercare wells. During winter the
available aquifer supply exceeds demand, but during summer the converse occurs, where
the demand exceeds the available aquifer supply. To reduce this seasonal imbalance
between supply and demand, five constructed groundwater systems are evaluated in this
thesis for their potential to increase Watercare’s summer yield. The five constructed
groundwater options presented in this thesis are; (1) aquifer storage and recovery (ASR)
using the existing Watercare wells and also lowering of Watercare wells’ intake screens, (2)
seasonal aquifer recharge with reservoir water via ASR wells, (3) seasonal aquifer recharge
with reservoir water via soakage wells, (4) recharging groundwater from the Three Kings
quarry via soakage wells; and (5) recharging tertiary treated wastewater via soakage wells.
In the Auckland Region there are three sources of readily available water for this recharge;
(1) treated water from Watercare’s 10 storage reservoirs during winter; (2) groundwater from
the Three Kings quarry dewatering operation; and (3) highly treated wastewater from

Watercare's Mangere treatment plant.
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1.4.2 Groundwater and Surface Water Interaction in the Storage Reservoir
Catchments of the Hunua and Waitakere Ranges

Groundwater in the Hunua and Waitakere Ranges is not currently utilised except as a
source of recharge for the 10 reservoirs. Below the regolith zone in both ranges there is
little groundwater, other than in the weathered crush zones of fault lines. Thus, future

groundwater utilisation is mainly limited to the regolith layer, and possibly the fault zones..

Watercare’s reservoir catchments are vegetated in protected forests, which limits the
accessibility for developing some constructed groundwater systems. An alternative
approach may be to utilise horizontal wells to give an element of control of sub-forest water
table elevations in the reservoir catchments. The horizontal wells could be constructed with
minimal disturbance of the ground surface and would not require pumping because the
water drains under gravity flow. One option is to use horizontal wells to drain the regolith
zone aquifers in Watercare’s reservoir catchments. During winter this may reduce the
partial-areas of the catchments contributing to runoff during winter storm events, which
result in reservoir spillage. During summer the draining of the aquifers may augment the

discharge of the streams flowing into the reservoirs.

The operation of horizontal wells for controlled water supply is envisaged as shown in
Figure 1.6. The wells are drilled on a slight incline into a hillside, with the screened length
below the water table. Water entering the well flows under gravity to the lower end, where
an outlet valve controls the release of water. After opening the valve, the water table lowers
as the groundwater drains away. Conversely, closure of the valve allows the water table
elevations to recover as recharge percolates down to the water table. This in turn, allows
some control over the discharge of the streams supplying the reservoirs. In a sense, the
storage capacity of the unconfined aquifers becomes an extension of the operational
storage of the reservoirs. This concept is most applicable for catchments where high water
tables enlarge the partial-areas contributing to increased quickflow discharges and reservoir

spillage.
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Figure 1.6. Envisaged operation of horizontal well manipulating the water table elevation within the
regolith. (A) Initial conditions with drains closed and water table at its normal level, (B) drains opened
and water table lowering with discharge from the lowest end of the well. When the well is closed the
water table will recover to the level in (A).

1.5 Thesis Structure

This first chapter has introduced Watercare’s water supply system for Auckland City and
provided a brief overview of the constructed groundwater systems which could be used to
increase Auckland’s potable water supply from existing and currently underutilised

groundwater sources in the region.

Chapter 2 covers the hydrogeological information collected on the Onehunga - Mt
Wellington aquifer which is then used in Chapter 3 for the model-based evaluation of five
scenarios for increasing the aquifer’s recharge and yield. The evaluation of the five

scenarios also incorporates economic considerations.

Chapter 4 provides an overview of the hydrogeology of the Hunua and Waitakere Ranges to
evaluate the potential use of constructed groundwater systems for reducing reservoir
spillage and augmenting Watercare’s water supply. Chapter 5 discusses the collection of
hydrogeological information on the regolith zone in the Upper Nihotupu catchment in the
Waitakere Ranges. This catchment has been selected as a trial site to evaluate the use of
horizontal wells for reducing the spillage from the Upper Nihotupu reservoir during winter,
and increasing the reservoir yield during summer through using the surrounding unconfined

aquifer as a storage extension of the surface reservoir. The hydrogeological information

19



_— Chapter 1: Introduction

discussed in Chapter 5 is used in Chapter 6 for a model-based evaluation of horizontal wells

for augmenting Watercare’s supply. The evaluation also incorporates economic
considerations.

Conclusions for the thesis are presented in Chapter 7.
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Chapter 2

Evaluation of Constructed Groundwater Systems in the
Onehunga — Mt Wellington Aquifer: Site Investigations

2.1 Introduction

The Onehunga — Mt Wellington unconfined aquifer is located in the fractured basalt flows on
the southern side of the Auckland isthmus (Figure 2.1). The aquifer' covers an area of
40 km® and is one of Auckland’s oldest water sources dating back over 100 years.
Watercare Services Limited is the main user of groundwater in the Onehunga — Mt
Wellington aquifer, and presently operate four production wells in the Onehunga area near
the Manukau Harbour. There is often an imbalance between water demand and available
water supply from the Watercare wells. During winter the available aquifer supply exceeds
demand, but during summer the converse occurs where the demand exceeds the available
aquifer supply. To reduce this imbalance between supply and demand, five constructed
groundwater systems are evaluated for their potential to increase Watercare’s summer
yield. These include development of the existing Watercare production wells, and both
seasonal and annual artificial storage and recovery schemes using a variety of different
constructed groundwater systems and recharge water sources. The Onehunga — Mt
Wellington aquifer has the potential to be recharged with more water than is available from
natural recharge. Over much of the aquifer there are large thicknesses of unsaturated

highly permeable rock suitable for storing large volumes of water.

This chapter collates the available information relating to the Onehunga — Mt Wellington
aquifer, giving an overview of the geology and dynamic behaviour of the aquifer system and
its suitability for the constructed groundwater systems. This information is used to develop
a conceptual and numerical groundwater model of the aquifer to enable model-based
evaluation of the various constructed groundwater systems for increasing the recharge and

sustainable yield (Chapter 3).

' References in Chapters 2 and 3 to the ‘aquifer’ refer to the unconfined volcanic Onehunga — Mt

Wellington aquifer, unless otherwise stated.
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Figure 2.1. Location and management zones of the Onehunga — Mt Wellington aquifer on the southern side of the Auckland isthmus. Also included is the
head of the adjacent Western Springs aquifer.
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2.2 Previous Investigations

A brief overview of the available publications on the Onehunga — Mt Wellington aquifer is
given below. There are numerous other private consultancy reports and accompanying
resource consents that contain information on pumping tests, geology, and water use.
These have not been summarised in this section but are referred to in appropriate places in
the thesis.

a) Geology

Kermode (1992a) and Searle (1981) both provide detailed explanations of Auckland’s
geological history.

Five geological studies of the Onehunga — Mt Wellington aquifer have been completed
using geophysical methods. The first two studies were by Lawton and Hochstein (1974)
and Hochstein and Lawton, (1975). Both utilised gravity and magnetic surveys, and both
were measured along four parallel transects across basalt flows in the Onehunga area.
Cassidy (1985), used gravity and resistivity measurements recorded on a grid in the
Onehunga area to find the depth of the volcanic aquifer. Roberts (1980) used airborne
magnetics, gravity surveys and DC resistivity soundings to measure the aquifer thickness in
the Mt Wellington area. The most recent geophysical survey was by Affleck (1999),
covering an area northwest of One Tree Hill. This survey utilised both ground-penetrating

radar and gravity surveys to measure the extent of the tuff and lava flows.
b) Aquifer Use and Management

Pattle Delamore Partners Limited (1991) reviewed all of Auckland’s aquifers, noting their
resource availability, quality, security of supply, and potential users. Smaill (1993a; 1993b)
produced two management plans for the Onehunga — Mt Wellington aquifer, dividing the
aquifer into the One Tree Hill - Onehunga Management Zone and the Mt Smart — Mt
Wellington Management Zone (Figure 2.1). Both plans discussed water allocation, aquifer
recharge, storm water disposal, and the monitoring of groundwater levels and quality. The
management plans were developed to ensure the long-term sustainable use of the

groundwater resource, and to protect and improve the groundwater quality. Riley
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Consultants Limited (1995) reviewed Mt Wellington aquifer's hydrological parameters,
groundwater availability, the effects of extraction, and the potential pollution of the aquifer.

Recent interest in the possible dewatering of the Three Kings quarry from its present
approximate level of 55 m down to sea level has prompted three studies by Carryer &
Associates Limited (1994), Groundsearch EES Limited (1994; 1996). These studies provide
a hydrogeological overview of the quarry area including geophysical methods and
groundwater flow modelling using the MODFLOW numerical modelling software.

c) Groundwater Theses

Roberts (1980) researched the groundwater surface flooding in the Mt Wellington area.
Roberts’ investigation extensively used geophysical methods (airborne magnetics, gravity
surveys and DC resistivity soundings) to determine the thickness and extent of the volcanic
aquifer. The average thickness of the aquifer in the area of the Mt Wellington quarry was
estimated by Roberts to be 40 m.

Watson (1995) developed a three-dimensional finite difference steady state model using
MODFLOW for the Onehunga area of the aquifer. Due to the inability of Watson’s model to
converge on a solution, the model domain was reduced to the vicinity of the Watercare
supply wells. The model was then used to evaluate effects of possible hazardous spills in

the aquifer.

Namjou (1996) evaluated the use of the Mt Wellington Quarry as a landfill. This study
investigated both the basalt and Waitemata aquifers to determine the preferential pathways
which contaminants might follow. Namjou attempted to utilise ground penetrating radar but
found its depth of penetration to be too shallow. A three-dimensional finite difference
numerical model was developed using MODFLOW. The model domain covered an area
north-east of the Mt Wellington groundwater divide (Figure 2.1), presently caused by the

quarry dewatering operation.

Viljevac (1998) researched the hydrogeology of the Western Springs aquifer, and developed
a numerical groundwater model using MODFLOW. Difficulties were encountered using
MODFLOW due to the complex nature of the geology. These were overcome at the

expense of simplifying the geology and using a single-layer model.
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2.3 Geology

2.3.1 Regional Setting

The geological development that resulted in the Auckland isthmus and the Onehunga — Mt
Wellington aquifer began 25 — 30 million years ago during the Miocene period. The
greywacke formation that underlies most of New Zealand was in a state of submergence.
During this period the Waitemata Group was laid down in a 2 km thick sequence, consisting
of alternating sandstone and mudstone (Kermode, 1992a). In the late Miocene - early
Pliocene deep tectonics produced block faulting, resulting in the Manukau Harbour and
Waitakere Ranges dropping in relation to the Auckland block. Rivers and coastal processes
eroded the faulted outlines of these blocks. During the subsequent Pleistocene period there
were four ice ages resulting in extreme fluctuations of sea level. When the sea level was
reduced the existing rivers eroded deeper and wider into the Waitemata sediments. When
sea level rose there was a development of terraces and deposition of marine sediments
(Searle, 1981; Kermode, 1992a).

After this period of sea level fluctuation, the Waitemata and Manukau Rivers dominated the
Waitemata Group. The Manukau River is the smaller of the two and its tributaries underlie
the area of the Onehunga — Mt Wellington aquifer (Figure 2.2). Between 10,000 and 7,000
years ago, sea levels rose by approximately 30 m to the present level. During the sea level
fluctuations between 60,000 and 600 years ago, more than 50 volcanoes erupted in the
Auckland region over a 500 km’ area (Searle, 1981). Mt Smart, Mt Wellington, One Tree
Hill and Three Kings volcanoes produced lava flows which infilled the valleys and tributaries
of the Manukau River, producing the fractured basalt aquifers on the southern side of the
Auckland isthmus. Table 2.1 summarises the geological events that formed the Auckland

landscape, relating particularly to the Onehunga — Mt Wellington aquifer.
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Table 2.1. Time chart of the geological events that produced the present Onehunga — Mt Wellington
Aquifer. Adapted from Searle (1962, p106).

Era Period Years since Dominant conditions Events of local importance
period
began
Quaternary Recent Rise in sea level to Modern harbour formed silts and muds
maximum and fall to deposited.
10,000 present level Eruptions continue spasmodically.
Pleistocene Fluctuations in sea level Auckland's volcanoes begin erupting.
during four ice ages Deep gullying of Waitemata and Manukau Rivers
and their tributaries.
Waitemata terrain excavated into flights of
terraces.
Silts and peats deposited in valleys during times
1 million of high sea level in the Manukau lowlands.
Tertiary Pliocene Faulting creates major Auckland city a land area. Waitemata terrain
earth blocks eroded leaving Waitakere Ranges as high hills.
Erosion Manukau lowlands a basin of sedimentation,
12 million Orogeny uplifts area silts, sands, and shell beds deposited.
Miocene Waitemata sedimentation Eruption of Manukau Breccia.
Sandstones, mudstones, volcanic grit beds and
26 million conglomerates of Waitemata Group deposited.
Oligocene Fluctuating conditions Erosion occurs.
38 million Auckland probably a land area.
Mesozoic Jurassic Uplift brings New Zealand | ‘Greywacke’ terrain uplifted and exposed to
150 million geosyncline to an end erosion.
Triassic New Zealand geosyncline | New Zealand area a deep trough in which
sediments now constituting the foundation of the
180 million North Island are deposited. These include
Palaeozoic Permian compact greywacke, sandstone, argillite,
200 million conglomerates.
Carboniferous
250 million
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Figure 2.2. Possible drainage pattern of the Auckland urban area during the ice ages. The outlined
area in the middle is the Onehunga — Mt Wellington catchment, adapted from Searle (1981, p. 40).

2.3.2 Onehunga - Mt Wellington Area

The Onehunga — Mt Wellington aquifer is made up of volcanic material erupted by the One
Tree Hill, Mt Wellington, Mt Smart and Three Kings volcanoes (Figure 2.3). The volcanic
centre of Three Kings is just outside the aquifer boundary but is included in this study
because the tuff ejected during its eruptive phase covers a substantial section of the aquifer.
Also groundwater dewatering at the volcanic centre of Three Kings may have an important
impact of the neighbouring Onehunga — Mt Wellington aquifer. Of the four volcanoes, only
Mt Wellington has been radiometrically dated with any confidence to 9160 + 320 years
before present (Kermode, 1992a). It is generally thought that Mt Smart erupted first, then
One Tree Hill (~20,000 years ago), closely followed by Three Kings, and most recently Mt
Wellington (Searle, 1981; Cox, 1989; Homer, Moore and Kermode, 2000).

The volcanic basalt field of the aquifer includes scoria cones at the volcanic centres,
massive lava flows along the ancestral valleys of the Waitemata Group, and scoriaceous tuff
and ash air-fall deposits that blanket the topography (Figure 2.3). The lava flows were often
multiple events flowing beside or on top of previous flows. In some cases, ash, tuff or peat
deposits were layered between successive lava flows. The outer edges of the lava flows

are often scoriaceous, rubbly and locally cavernous, compared to the centre of the flows
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where there are few vesicles, and the basalt is dominated by vertical to sub-vertical cooling
joints (Searle, 1981).

Mt Smart erupted at the seaward end of the Mt Wellington valley (Figure 2.3). A 50 m high
scoria cone and associated lava blocked the Mt Wellington drainage valley, resulting in the
formation of peat areas. The extreme heat produced by subsequent lava flowing over the
peat produced an impermeable, porcelain-like material up to 10 m thick. This is evident in
drill-hole logs ARC456 and ARC463 (Appendix B) as an impermeable layer between the
Waitemata sediments and the volcanic lava flows in the Mt Wellington Valley. During the
mid 1900’s, Mt Smart was extensively quarried and is now only 20 m above sea level
(Searle, 1981).

The lava flows derived from One Tree Hill cover the greatest portion of the Onehunga — Mt
Wellington aquifer, extending over approximately 18 km? (Figure 2.3). There is evidence
that the volcanic activity at One Tree Hill extended over a long period of time. This is shown
in drill-hole logs ARC745 and ARC405 near the Manukau Harbour where peat and tuff
deposits are found between successive lava sheets (Carryer & Associates Limited, 1992).
These drill-hole logs can be found in Appendix B. The basalt aquifer under the peat and tuff
deposits is semi-confined. The One Tree Hill eruptive sequence resulted in lava flows in all
directions, but the dominant direction was south due to the existing alignment of the
Waitemata valleys (Figure 2.4). It is from these valley-confined lava flows that most of the

groundwater users extract their water.

The Mt Wellington lava flowed down the Mt Wellington drainage valley towards the
Manukau Harbour (Figure 2.4). Before reaching the harbour, the flow was blocked by the
Mt Smart and One Tree Hill lava fields. The Mount Wellington lava dammed up behind
these until it escaped down a narrow gap to the west of the Mt Smart field to the Manukau
harbour (Figure 2.3).

Lava from Three Kings volcanic centre did not enter the Manukau valleys, but flowed in a
westerly direction down the Waitemata valley towards Western Springs. Three Kings was a
very explosive eruption and produced a large amount of tuff which mantles the western side
of the One Tree Hill lava flows (Figure 2.3). Between the Three Kings quarry and One Tree
Hill, the tuff is up to 30 m in thickness and can extend from the present land surface down to

the pre-volcanic Waitemata surface (Figure 2.5).
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Since the 1960’s, the Manukau Harbour foreshore has been reclaimed, forcing the shoreline
seawards by 700 m. This has also produced some semi confining of the aquifer and
restricts groundwater flow from the Onehunga — Mt Wellington aquifer to the harbour.

- Scoria cone
I ove

Aquifer
boundary

Figure 2.3. Map of the Auckland Isthmus volcanic field and Onehunga — Mt Wellington aquifer
boundary. Adapted from Homer, Moore and Kermode (2000).

One Tree

Hill Crater Mt Wellington

Crater

Crater

Waitem ata Ridge
and catchment divide

Figure 2.4. Inferred Waitemata topographic form and the aquifer boundary, based on geological
information summarised in Table 2.2. Blue lines show tributaries of the Manukau River prior to the
volcanic eruptions.
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2.3.2.1 Aquifer Geometry

The basalt aquifer lies within the paleo Waitemata valleys. These valleys have a major role
in controlling the direction of groundwater flow and define the aquifer’'s boundaries. To
ascertain the geometry of the basalt aquifer, information on the thickness and extent of the
geology was gathered in this study from geophysical surveys, and drill-hole logs from
observation, production, and stormwater soakage wells. The geophysical surveys were
checked and compared with any new drill-hole logs since the original survey.

Table 2.2 lists the sources of the collected geological data for this study. Figure 2.4 shows
a three-dimensional diagram of the paleo valleys of the Waitemata surface, and Figure 2.6
shows the elevations of the Waitemata surface and locations of the wells and geophysical
surveys listed in Table 2.2.

The underlying Waitemata Group rocks extend from the maximum elevation of 74 m amsl
where they form a ridge north and west of One Tree Hill. The ridge was the paleo
catchment boundary between the Waitemata and Manukau Rivers (Figure 2.2), and now
divides the present Onehunga — Mt Wellington aquifer from the Western Springs aquifer.
The manner in which the Waitemata valleys are infilled by the basalt lava flows is shown in
Figure 2.5. The basalt in the vicinity of One Tree Hill is approximately 85 m thick, and in the
Onehunga area 20 to 30 m thick. At the north end of Mt Wellington valley near the quarry
the basalt is up to 40 m in thickness (Figure 2.7).

Tabtle 2.2. Number of drill-hole logs and geophysical surveys providing geological information on the
Onehunga — Mt Wellington aquifer. Parenthesised values are wells that intercepted the underlying
Waitemata Formation.

Number of drill-hole logs Source
11 (11) Tonkin & Taylor Mercury Energy CBD power
cable tunnel
156 (41) Auckland Regional Council drill-hole logs
52 (12) Metrowater soak hole data
19 (0) Niederer private drilling company

4 geophysical surveys M.P. Hochstein & D.C Lawton, J Cassidy, G.W.
Roberts, and D. Affleck
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Figure 2.5. Three-dimensional view, and two cross-sections through the Onehunga — Mt Wellington
aquifer showing the main geological groups.
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Figure 2.6. Contours of the Waitemata upper surface, and the location of the drill-hole logs and geophysical surveys used to define the contours (m).



Figure 2.7. Volcanic aquifer thickness (10 meter contour interval).
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2.4 Hydrogeology of the Onehunga — Mt Wellington Basalt Aquifer

2.4.1 Historical Municipal Groundwater Supply

Ground water was first extracted for potable reticulated supply from the Onehunga aquifer
circa 1880, by the then Onehunga Borough Council. The supply was not connected to the
Auckland City water supply as reservoirs in the Waitakere Ranges were the preferred
choice. In the early 1900’s arrangements were made for the adjoining borough councils to
use the Onehunga supply. At one stage the Onehunga Borough supplied water to
Mangere, Mount Roskill, Hillsborough, and Ellerslie (Auckland Regional Council, 1990).
During the Second World War the Onehunga and Auckland City supplies were
interconnected. In 1948 the Upper Municipal and Pearce Street wells were constructed,
both are still in use today by Watercare Services Limited (Figure 2.8).

In 1950 the old Rowe Street well became polluted from seawater intrusion and all the
boroughs, except Onehunga and Mangere were transferred to the Auckland supply. To
overcome the salinity problem a new well was dug which is the present Rowe Street well.
The old well is now operated by the industry Bumper Replacements (Figure 2.8). The risk
posed by saline intrusion for the wells has been greatly reduced by the reclamation of the
Manukau Harbour foreshore during the 1970’s. This reclamation work produced a localised
semi-confinement of the aquifer, in effect damming the aquifer exit and pushing the sea
700 m further away from the wells (Figure 2.8). Also, all Watercare’s wells except the Lower
Municipal well (drilled in 1975), have their extraction intakes above mean sea level
(Auckland Regional Council, 1990; Smaill, 1993b).

The Rowe Street pumping station equipment was upgraded in 1975 after extensive fire
damage. In 1981 a new filtration plant was opened with a maximum design output of
18,000 m’d". In the early 1990’s the Rowe Street site was again upgraded with a theoretical
maximum output of 43,000 m’d’, and a consented maximum output of 30,000 m’d’
(Auckland Regional Council, 1990; Smaill, 1993b).
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Figure 2.8. Production wells in the Onehunga area included in this study, and the foreshore area
reclaimed during the 1970’s (shaded area).

2.4.2 Present Groundwater Allocation and Use

The current aquifer management plan operated by the regulatory authority (Auckland
Regional Council) divides the Onehunga — Mt Wellington aquifer into the eastern and
western management zones, shown in Figure 2.1. The eastern zone is the Mt Smart — Mt
Wellington management zone, with an estimated recharge of 20,300 m°d" and sustainable
extraction of 17,255 m°d” (Smaill, 1993a). The area to the west is the Onehunga — One
Tree Hill management zone, with an estimated recharge of 27,300 m’d" and sustainable
extraction of 23,200 m’d” (Smaill, 1993b). Fifteen percent of the estimated recharge is not
allocated as a protective measure to prevent saline intrusion of the lower aquifer area from
the Manukau Harbour. The Auckland Regional Council uses these estimates of aquifer

recharge when allocating groundwater to the various aquifer users.

a) Onehunga — One Tree Hill Management Zone

There are at least nine major groundwater users in the Onehunga — One Tree Hill
management zone (Table 2.3). The single main user is Watercare Services Limited with

consented use of 70% of the average annual recharge to the Onehunga — One Tree Hill

management zone. This water is extracted from four wells in the Onehunga area supplying
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2.5% of Auckland City’'s water supply. The main well is the Rowe Street well, which
penetrates a cavernous zone of the aquifer and has consented extraction of 20,000 m*d".
The combined consented extraction of the other three wells (Upper and Lower Municipal
and Pearce Street) must not exceed 16,700 m’d". Combined usage of all four wells must
not exceed 30,000 m’d”’, and for 12 consecutive months the usage must not exceed
19,041 m’d’. Pumping records for the Onehunga Borough water supply have been
recorded since 1927. However, until 1993 the records were for the total extraction from all
the wells, and not the individual well use. From mid 1993 to the end of the year 2000 the
average pumping rate of the Rowe Street well was 6,600 m®d”’ and the Pearce Street well
2,250 m’d’. The Upper and Lower Municipal wells were used intermittently and had an
average combined discharge of 750 m*d™.

Combined usage of the four wells only equates to 35% of the aquifer’s recharge in the One
Tree Hill - Onehunga management zone, or half of the consented allocation. This is due to
a combination of low water levels during the summer and autumn months (January — June)
limiting the pumping rate, and reduced water demand during winter and spring (July —
December). The seasonal use of the wells is shown in Figure 2.9, where the Pearce Street
well was only used during the summer months, and the Rowe Street well yield was more
constant. However the Rowe Street well still had a slight decline in extraction during the

winter months.

Many springs have been destroyed by urban development over the last 100 years. There
are now only two springs remaining in the Onehunga area (Figure 2.10). Groundwater is
extracted from the Captain Springs by Lichensteins for industrial use, and spring flow at the
Rowe Street well provides water for the Bycroft wetland. The industries Southern Cross
Leathers and Sutherlands also used groundwater from the Rowe Street spring until 2001 for
industrial use. When Watercare’s Rowe Street well's extraction rate exceeds 9,000 m’d’
the natural spring flow to the Bycroft wetland can be reduced. When the natural spring flow
is reduced Watercare is required to divert groundwater from the Rowe Street well to the

wetland to maintain a minimum residual flow of 0.35 L/s.
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Figure 2.9. 7-day average discharges from Watercare’s Pearce Street and Rowe Street wells.

b) Mt Smart — Mt Wellington Management Zone

The main groundwater user in the Mt Smart — Mt Wellington management zone is the Mt
Wellington quarry, located near the head of the aquifer. This is one of New Zealand’s
largest quarries and the aquifer has been dewatered since 1946 to enable quarrying below
the normal water table depth. The dewatering has resulted in the localised reversal of
groundwater flow and produced a zone of groundwater divergence across the aquifer
(Figure 2.10). South of the zone of divergence there are 12 users of the aquifer with

consented extraction of 7,882 m’d”, 70% of the total recharge.

Spring discharge near the Mt Wellington quarry flows into the Panmure Basin groundwater
system (Figure 2.10). The flow from this spring is channeled through underground drains.
Spring discharge also occurs along the boundary of the basalt flows of the Mt Wellington
valley and the low conductivity Waitemata Group rocks near the Remuera Golf Club (Figure
2.10).
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Table 2.3. Average daily groundwater allocation by the ARC.

Name Sub catchment Consent Grid reference’ Status®
usage md"
Watercare Lower Onehunga 43,000 2669800 6473700 issued
Horizon Yarns Lower Onehunga 160 2671100 6473500 issued
Bumper Replacements Lower Onehunga 50 2670000 6473800 issued
Auckland Anodisers® Lower Onehunga 210 2670900 6473900 issued
Screencraft Lower Onehunga 400 2669600 6473400 issued
Lichensteins Lower Onehunga 1,120 2670400 6473500 expired
Southern Cross Leathers Lower Onehunga 450 2669800 6473550 expired
Sutherland & Co. Lower Onehunga 550 2669800 6473550 expired
Greenlane Hospital One Tree Hill 600 2669100 6476900  issued
Sanitarium One Tree Hill 100 2668200 6475000 issued
Mt Smart Stadium Mt Smart 90 2671900 6474500 issued
Winstone Wallboards Mt Smart 400 2671100 6474600 issued
Tasman Insulation Mt Smart 120 2672700 6475000  issued
Auckland Abattoir Mt Smart 1,450 2674100 6472700  issued
Carter Holt Harvey Mt Smart 1,650 2672400 6473700  issued
South Park Mt Smart 1,652 2673100 6473600 issued
Fletcher Wood Panels Mt Smart 1440 2671900 6474700  issued
ACI Glass Mt Wellington 500 2672210 6475540  issued
Marist Brothers Football Club Mt Wellington 70 2672400 6477600  issued
Wilson & Horton Mt Wellington 100 2672200 6476200  issued
Alexandra Park Mt Wellington 210 2669100 6477300 issued
Fulton Hogan Mt Wellington 200 2672900 6476000  issued
Winstone Aggregates Limited Mt Wellington 4,200 2673900 6477600  issued
N/E of divide

" Grid reference for the NZMS 260 map series sheet R11.
? Status of consent for groundwater extraction. Issued status allows user to extract groundwater up

to the consent amount. Expired users no longer extract groundwater.
® Auckland Anodisers also known as Yuassa Batteries
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2.4.3 Groundwater Flow Pathways

The dominant groundwater flow direction is from north to south along the paleo drainage
valleys of the Waitemata group (Figure 2.10). However, there are two exceptions to this:
firstly, near the Manukau Harbour where the aquifer base is below sea level, the preferential
flow path is through zones of higher conductivity in the basalt aquifer. This is apparent in
the vicinity of Mt Smart where the preferred groundwater flow path is around, rather than
through, the lower hydraulic conductivity lava from the Mt Smart eruptions (Figure 2.10).
Secondly, a reversal of groundwater flow occurs near the Mt Wellington quarry due to
aquifer dewatering operations (Figure 2.10).

2.4.4 Groundwater Levels

Groundwater levels in the Onehunga area of the basalt aquifer have been recorded
spasmodically since 1972. A detailed monitoring program by the Onehunga Borough
Council occurred from 1972 to 1975. After this there was no monitoring in the Onehunga
area until the late 1980’s. The most complete set of data is from 1993 to 2000. Monitoring

in the Mt Wellington area has occurred intermittently since 1977.

There are 30 water level monitoring sites operated by the Auckland Regional Council in the
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