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Abstract. Waiwera in New Zealand is a small coastal vil-
lage with a 50 °C warm reservoir of 400 m thickness directly
underneath. Hydrogeological models support water manage-
ment by providing insights into sustainable extraction from
the system. It is artesian and the geothermal water is of
meteoric origin percolating down to sufficient depth getting
heated. It rises through a fault zone into the shallow and leaky
aquifer. Therein the geothermal water mixes with cold fresh
groundwater and sea water. The aim of the presented study
is to summarise the scientific work over the past decades and
the knowledge and progress in process understanding. New
radiocarbon dating shows the geothermal water entering the
reservoir to be > 20000 years old and underlines the to-
pography driven recharge model. Water management plans
helped curbing overproduction. Most recently the springs
have restarted discharging geothermal water on the beach.

1 Introduction to the Waiwera site

Waiwera is a small east coastal township, north of Auckland,
New Zealand, which has developed mainly as a resort area
(Fig. 1). A low temperature geothermal reservoir is located
underneath the township, which was first recognised from
the presence of hot springs emanating on the local beach
front. The proximity to the sea is an important feature of the
geothermal aquifer. Water of approximately 50 °C is feeding
into the reservoir, which is a unique and important balneo-
logical asset to the people of the region.
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Figure 1. Waiwera study area north of Auckland (New Zealand).
Insert: Topographic information supplied by Land Information New
Zealand (2024).
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The investigated geothermal reservoir in Waiwera with its
natural hot springs has been known for centuries (ARWB,
1980). Due to overproduction during the 1960s and 1970s
the reservoir has suffered significant pressure losses, which
resulted in the aquifer no longer being artesian and led to
the desiccation of the hot springs between 1975 and 1976
(ARWB, 1987). For a sustainable geothermal reservoir man-
agement, the extensive knowledge of structural geology, rock
properties, heat transfer mechanisms, and resulting physical
and chemical interactions is crucial. This knowledge enables
the creation of geological models which describe the pro-
cesses within the reservoir. It is the basis for numerical sim-
ulations and in that way an important prerequisite for all pro-
duction and management plans that aim to preserve the natu-
ral resource.

As a consequence of the adopted “Waiwera Thermal
Groundwater Allocation and Management Plan” (ARWB,
1987), the geothermal system slowly recovered. However,
the reduced production rates did not allow the return to arte-
sian conditions or the reactivation of the hot springs in the
first place (Kithn and Stofen, 2005). But, shortly after the
primary user (Waiwera Thermal Resort & Spa) shut down its
operation in 2018, locals reported overflowing boreholes to
the Auckland Council. This indicates a progressing recov-
ery of the geothermal system including the return to artesian
conditions, which has been confirmed in council monitoring
boreholes and the springs have restarted discharging geother-
mal water (Viskovic et al., 2025).

Major previous works on the geothermal reservoir in
Waiwera includes the “Geothermal Groundwater Resource
Statement and Allocation Plan” (ARC, 1991), the “Waiw-
era Geothermal Water Resource Assessment Report” (ARC,
1999), the “Hydrogeological Evaluation of the Waiwera
Geothermal Aquifer” (Zemansky, 2005), the “Geothermal
reservoir characterisation of faulted and folded turbidite se-
quences, Waiwera, New Zealand” (Prig, 2020), “Numerical
simulation of spatial temperature and salinity distribution in
the Waiwera geothermal reservoir, New Zealand” (Kempka
and Kiihn, 2023), and “New data for a model update of the
Waiwera geothermal reservoir in New Zealand” (Kiihn et
al., 2024). From the wealth of publications and reports and
results therein, the understanding of the geothermal system
evolved along the line, and we discuss and present here the
current and most recent conceptual geoscientific view.

2 Reported works over time and development of the
water management plan

The springs, and the Maoris’ use of them, were described
as early as 1841: “At the mouth of a creek about five miles
south of Mahurangi the main spring gushes out from a high
cliff [...]. When any person wishes to bathe, he digs him-
self a pool in the sand, sufficiently deep to allow of his
lying down[...]. He may then enjoy a comfortable bath”.
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[...]1“The attempt to create spas, either for New Zealan-
ders or for overseas visitors, began in the first half of the
nineteenth century, with Robert Graham’s purchase of Wai-
weral...]” (Rockel, 1986). Similar artesian springs at Hot
Water Beach in the Coromandel attract ~ 700000 tourists a
year (490000 being domestic visitors and 210000 interna-
tional; Barns and Luketina, 2011).

Concern over declining geothermal water levels prompted
the Auckland Regional Water Board (ARWB) in 1977 to ini-
tiate an exhaustive study of the geothermal resource. In 1980,
the ARWB published the findings under the title “Waiw-
era Water Resource Survey and Preliminary Water Alloca-
tion and Management Plan” (ARWB, 1980). The aim of this
study was to comprise all data available on the system and to
improve the understanding to adequately protect the reservoir
from over-production. Besides others, mainly water level and
temperature data were collected, and a network of monitor-
ing boreholes was established to measure water level trends.
Part of that was a newly constructed 400 m deep monitoring
borehole near the beach front and close to the centre of the
geothermal area. Based on this first comprehensive survey
and the resulting data set, preliminary water permits were
granted.

Involved in the reservoir characterisation work at Waiwera
was the Geothermal Institute from the University of Auck-
land. In 1986 two student reports became available. Gon-
zalez (1986) did a thermal field survey and interpreted the
resulting downhole temperature profiles from fourteen bore-
holes. The locations included the township, as well as areas
north and south of it and outside the centre. Alvarez (1986)
tested the concept based on a two-dimensional numerical
model parametrised with the collected data to simulate the
effects of water production on the pressure and temperature
distribution in the Waiwera geothermal field. The overall aim
was to assess the feasibility of predicting the reservoir be-
haviour in the future and quantifying a suitable production
rate for water production.

A new “Waiwera Thermal Groundwater Allocation and
Management Plan” (ARWB, 1987) was adopted in 1987 and
water permits were granted accordingly. This report sum-
marises the monitoring programme on production, water
levels, temperatures, and chemical compositions to revise
and update the previous allocations. Conditions that allow
cold seawater or non-thermal groundwater with higher hy-
draulic head to flow into the thermal aquifer must be avoided
(Fig. 2). The variations are caused by changes in the to-
tal abstraction rates, which increase or decrease depending
on the main user, the hot pools facilities. Therefore, part of
the report (ARWB, 1987) was the evaluation of future de-
mands for geothermal water and challenges associated with
the utilisation of this resource. The main issues at that time
related to the use of the Waiwera reservoir were challenges
in regard to heat wastage, high abstraction rates, methods of
increased borehole production temperatures, and improving
thermal conservation.
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Figure 2. Geological map of the study area at Waiwera. Insert: Topographic information supplied by Land Information New Zealand (2024)

and geological information by Edbrooke (2001).

The next step followed the introduction of the Resource
Management Act to promote sustainable use of natural and
physical resources. The “Waiwera Geothermal Groundwa-
ter Resource Statement and Allocation Plan” (ARC, 1991)
provided a mechanism by which the intent of the Act
was implemented through a system of permits for geother-
mal water usage. As part of the Auckland Regional Coun-
cil (ARC) restructuring in 1989, the Auckland Regional Wa-
ter Board (ARWB) became the Environmental Management
Department of the ARC, although the responsibilities re-
mained very much the same. Information on the nature of
the geothermal field and its response to use was updated.
The geothermal water is used for recreational purposes, i.e.,
swimming pools. The previous management plan and water
rights granted in 1987 were reviewed and applications for re-
placement water permits approved.

An “Investigation of the dynamics of the Waiwera geother-
mal groundwater system” was done by the University of
Waikato (Chapman, 1998) to estimate the yield from the
aquifer to support a sustainable reservoir management. The
primary objective of the study was to develop a model capa-
ble of explaining borehole water level fluctuations, and one
that could be developed as a tool in a predictive sense. This
work builds on the first attempt of a linear univariate regres-
sion model (ARC, 1991). Chapman (1998) fitted a standard
multi-well Theis regression model and evaluated its useful-
ness as a predictor of monitoring borehole water levels. More
specifically, the study intended to identify the parameters
with the greatest effect on geothermal groundwater levels,
including an evaluation of recharge mechanisms, and the ef-
fects of hot water abstraction on the system. Here, the aim
was to estimate the required water level in the ARC monitor-
ing borehole to maintain the reservoir pressure.
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The last of four larger reports by the water board, respec-
tively Auckland Council, was issued in 1999 (ARC, 1999).
A significant amount of information on the Waiwera geother-
mal system has been presented in the previous three (ARWB,
1980, 1987; ARC, 1991) with a comprehensive description
on the geothermal aquifer based on hydrogeological, water
chemistry, and temperature data. Therefore, the new report
focused especially on the newly drilled deep borehole of the
largest user, the “Waiwera Thermal Resort & Spa”. Since the
commissioning of the new production well, water levels in
the ARC monitoring borehole rose significantly. Regardless
of the mechanisms for change, recovering water levels are
contrary to what has been predicted by the models of Chap-
man (1998). In other wells, it was observed that the propor-
tion of seawater decreased, which is ascribed to increased
geothermal water levels. A summary of previous findings,
highlights, and understanding of the system is given (ARC,
1999).

All readily available information about the Waiwera
geothermal aquifer was manually compiled and reviewed by
GNS Science. Zemansky (2005) concluded that the potential
of the resource and the usage at that time was at its max-
imum, while still meeting ARC’s management objective of
an annual average water level above the mean sea level in the
reservoir. Additionally, recommendations for further ground-
water sampling and especially age dating were provided. It
has been suggested to update the available information on
aquifer water quality, so that changes since 1980 could be
considered and provide new information and insights. A cou-
ple of years later, GNS Science re-evaluated the system to
conclude that a newly drilled well for minor usage would in-
fluence the water level within the ARC monitoring borehole
only to a small extent (Rose and Zemansky, 2013). However,
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Table 1. Comparison of the models created and used for Waiwera. The geometry (G) of the system under consideration, the processes
taken into account (F =flow, H =heat, T = transport, C = chemistry) and the resulting outcomes (WL = water level, TD = emperature
distribution, SD = salinity distribution) are indicated (adapted from Kiihn et al., 2016).

Model G

H T C WL TD

SD  Reference

Pumping test

F

+
Deconvolution + +
Univariate regression + +
Multivariate regression + +
SHAFT 79 2D+  +
Fracture network 2D + +
SHEMAT 3D + + + + +
TOUGH 3D + +
TRANSPORTSE 3D + + + +

+++++

ARWB (1980)
Kiihn and Grabow (2021)
ARC (1991), Kiihn and Altmannsberger (2016)
Chapman (1998), Kiihn and Schone (2017)
Alvarez (1986)
Somogyviri et al. (2019)
4+  Kiihn and Stofen (2005), Kiihn et al. (2016)
Bréthaut (2009)
+  Kempka and Kiihn (2023), Kiihn et al. (2022, 2024)

they state that greater certainty would be gained with a newly
performed aquifer test.

Sustainable water management of a geothermal system
makes it is necessary to develop a hydrogeological model
that is capable to describe the actual hydraulic and thermal
states. Models of varying complexity have been created since
the 1980s (e.g. Alvarez, 1986; Chapman, 1998). These and
others are summarised and presented in Kiihn et al. (2016).
Hydrogeological models of a water catchment area can, but
do not have to be computer-based. In general, the main aim
is to compare water abstraction with natural groundwater
recharge in view of the groundwater mass balance. For the
Waiwera reservoir, the focus is on the question of how much
geothermal water is continuously available. Table 1 shows a
comparison of the complexity of the various models.

Nine larger and more comprehensive models of differ-
ent types have been applied to characterise the reservoir.
Four of the models are not directly related to the geome-
try of the area (ARWB, 1980; ARC, 1991; Chapman, 1998;
Kiihn and Altmannsberger, 2016; Kiihn and Schone, 2017,
Kiihn and Grabow, 2021). Two models depict the reservoir in
a two-dimensional one-layer fashion horizontally (Alvarez,
1986) and vertically (Somogyviri et al., 2019) and three are
three-dimensional representations (Kiihn and Stofen, 2005;
Bréthaut, 2009; Kempka and Kiihn, 2023). Four models de-
pict only the flow process (ARWB, 1980; ARC, 1991; Chap-
man, 1998; Kiihn and Schone, 2017; Kiihn and Grabow,
2021), three combine flow and heat transport (Alvarez, 1986;
Bréthaut, 2009; Somogyviri et al., 2019), one covers flow, as
well as heat and species transport (Kempka and Kiihn, 2023)
and one coupled flow, heat and species transport, and chem-
ical reactions (Kiihn and Stofen, 2005). The coupled models
provide detailed information about the processes taking place
in the reservoir and are able to produce spatial temperature
distributions on the one hand and salinity distributions on the
other (Table 1). Five of the models provide changes in wa-
ter level that are decisive for water management and can be
compared with field measurements (ARC, 1991; Chapman,
1998; Kiihn and Altmannsberger, 2016; Kiithn and Schone,
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2017; Kiithn and Grabow, 2021) or can be derived from them
(Kiihn and Stéfen, 2005; Kempka and Kiihn, 2023; Kiihn et
al., 2022, 2024). Overall, it should be noted that all various
modelling approaches (Table 1) provide answers only to spe-
cific aspects for the resource management of the geothermal
reservoir.

3 Geological setting of the Waiwera geothermal system

In Waiwera, almost 100 boreholes have been drilled in the
past to provide hot water. They are mainly private and tap the
reservoir down to a maximum depth of 400 m b.m.s.1. (below
mean sea level). The area of the town consists of flat land im-
mediately adjacent to the Waiwera River mouth (Fig. 2). It is
composed of unconsolidated alluvial and marine sands, silts,
and clays of Holocene age that are around 10 m thick (Ze-
mansky, 2005). These are underlain by the early Miocene age
Waitemata Group hosting the geothermal reservoir within
compacted and cemented sandstones and siltstones (ARWB,
1987). The shallow geothermal system is sealed at the bot-
tom by Mesozoic Waipapa (composite) Terrane greywacke
rocks (Edbrooke, 2001).

Deposition within the Waitemata Basin took place in
an active tectonic setting and mainly consists of bathyal
turbiditic sediments (Ricketts et al., 1989). The reservoir
within the Pakiri Formation is part of the Waitemata Group
(Schofield, 1989), which is the dominant rock type around
Waiwera (Fig. 2). The Waitemata Basin was formed during
a major marine transgression and as response to the south-
ward’s propagation of the New Caledonia subduction zone
(Ricketts et al., 1989; Schellart et al., 2006). It represents
a short phase of marine depression (ca. 23—17 Ma) with a
length of ca. 130 km, a lateral extent of ca. 60 km and a max-
imum sediment thickness of around 1km (Ballance, 1974;
Hayward, 2004). An unconformity separates the Waitemata
Group from the three major underlying bedrock formations,
which are Oligocene platform carbonates and sands in the
south, the Northland Allochthon in the west and centre, and

https://doi.org/10.5194/adgeo-67-91-2025
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a Permian-Jurassic metagreywacke of the Waipapa Group in
the east (Raza et al., 1999; Ricketts et al., 1989). The deposits
of the Waitemata Group are in general poorly consolidated
and mostly slightly dipping or horizontal. However, there are
local zones of intense folding and faulting, which indicate
syn-depositional and post-depositional deformation (Raza et
al., 1999).

The shallow low-enthalpy geothermal system at Waiwera
is driven by the meteoric water cycle. The origin of the wa-
ter is deduced by its chemical composition and the enclosed
gases (mainly nitrogen, carbon dioxide is only present in
traces, no hydrogen sulphide), which precludes a volcanic
source (ARWB, 1980). It is further assumed that the thermal
water is sourced by rainwater from farther inland (Fig. 2),
which percolates to a depth between 1200 and 2200 m (indi-
cated by the silica content of the thermal water) and flows
seawards, while being heated by a fairly average temper-
ature gradient of about 30 °C km~! (ARWB, 1987; ARC,
1999). Vertical migration of the maximum 50 °C warm wa-
ter is inferred to be facilitated by faults. Hochstein (1988)
proposed that warm spring systems often develop at the in-
tersection of two deep fracture zones driven by thermal up-
welling. A major feature of the horst-graben structure is
the W-E striking Waiwera fault (Alldred, 1980) comple-
mented by a N-S trending fracture within the greywacke
basement rock of the Waipapa Group (Fig. 3). The exis-
tence of this fracture has been further supported to be highly
likely (Préag, 2020). Bréthaut (2009), succeeded in simulating
a topography-driven deep convection cell between the sur-
rounding hills and the rising up-flow along the faults under
the Waiwera township in a deeper model.

In addition to the geothermal water that recharges the
aquifer from below, two more types of water enter the reser-
voir (Fig. 3) altering its hydraulic, thermal, and chemical
conditions. An influx of cold (ambient temperatures), fresh,
near-surface groundwater comes from the west, while sea-
water intrudes from the foreshore in the east (ARWB, 1980;
Kiihn and Stofen, 2005). The intruding cold groundwater and
seawater have the potential to alter the hydraulic conditions
of the geothermal reservoir by suppressing the rising thermal
water. Therefore, the abstraction rates from the reservoir have
been managed with allocation plans to maintain a minimum
water level in the observation well of the Auckland Council
(ARWB, 1987; ARC, 1991, 1999).

The long-standing conceptual model for the Waiwera
geothermal system shows hot water migrating up the fault
zone (Fig. 3). The indicated downthrow of the fault to the east
was determined to be 180 m (Viskovic et al., 2023). Based on
that finding, most recent simulations are able to better explain
the slightly colder part of the reservoir to the west, along
the major N-S trending structure (Fig. 3). Simulated and ob-
served temperature profiles show a very good and improved
agreement in the near field due to the newly characterised
reservoir base (Kiihn et al., 2024). However, the extent of the
fault beyond the Waiwera township is not well constrained,
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yet, and future field campaigns should help to delineate the
system further.

The chemical constituents provide information about the
origin of thermal, cold non-thermal, and seawater within the
studied area. Geothermal groundwater from Waiwera dis-
plays a considerable variation in chemical composition, par-
ticularly in chloride concentrations. Recent water sampling
undertaken by Viskovic et al. (2023) confirmed previous
findings. Total dissolved solids, chloride, and sodium all de-
crease significantly from the main beach to the west (Fig. 2).
An increasing percentage of seawater is intruding into the
geothermal system closer to the beach. Boron and potassium
in the Waiwera geothermal waters are of higher concentra-
tions than in seawater. The concentrations decrease in both
directions away from the fault, away from the geothermal
source, in support of earlier conclusions (ARC, 1999; Kiihn
and Stofen, 2005).

Geochemical simulations of the fresh, the geothermal, and
the estuary water underline thermodynamic equilibrium with
calcite as mineral. Due to mixing of the different water types
as well as temporal and spatial changes in temperature, cal-
cite precipitation occurs. It has been found that the Waitem-
ata sandstone is partly cemented by calcite (ARWB, 1980;
ARC, 1999). Calcite precipitations on fault planes and in
the form of veins are relatively common within the Wait-
emata Group rocks and on the outcrops at the beachfront
(Prig, 2020). Calcite precipitation is an indicator for hot wa-
ter up-flow regions. Overall, water level, temperature, and
chemistry characterise the conditions and processes within
the geothermal reservoir.

4 Discussion of the current understanding of the
hydrogeothermal system

Most researchers believe that the geothermal waters at Wai-
wera are not of volcanic origin but rather rainfall percolates
downward until heating by the background geothermal gra-
dient causes temperature driven upwelling (ARWB, 1987;
ARC, 1999). At Waiwera vertical migration of the hot water
is inferred to be facilitated by a fault zone (Kiihn et al., 2024).
Fault bounded low temperature meteoric geothermal sys-
tems are common throughout New Zealand such as: Parakei,
Whitford, Miranda and Ohinewai (Reyes et al., 2010; Reyes,
2015) and internationally (Hurter and Schellschmidt, 2003;
Reed et al., 1983). Waiwera is however unique in that it is
one of the better documented geothermal systems in New
Zealand. Auckland Council has high-quality long-term bore-
hole monitoring and the major user abruptly stopped produc-
tion providing the almost unique context to understand how
fast and how effectively degraded surface geothermal fea-
tures can be recovered. This is particularly relevant as inter-
nationally many exploited geothermal systems have had nat-
ural surface features degrade after development such as Long
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Figure 3. Conceptual cross-section of the geothermal area at Waiwera.

The reservoir is fed by three different waters. The fault zone at the

base of the reservoir is thought to be the thermal source (from Kiihn et al., 2024).

Valley caldera, Coso Hot Springs and Amadee Hot Springs
in California and Steamboat Springs Nevada (Sorey, 2000).

The question if the Waiwera system is hydraulically con-
fined or unconfined has been debated (Fig. 4). ARWB (1980)
assumed that a cap layer must exist because of the artesian
flow from the reservoir. Further, the water level is not influ-
enced by rainfall recharge (Chapman, 1998). In the contrary,
it is affected by tidal and barometric pressure changes (Al-
varez, 1986) indicating unconfined conditions. Nevertheless,
quaternary clays and silts overlie the Waitemata Group rocks
and together with the weathered part of the Waitemata sand-
stones, have been considered to form confining layers on top
of the aquifer. However, weathered sandstones are usually
permeable as the cement surrounding the grains is often dis-
solved. The alluvium deposits are certainly of a lower per-
meability, yet they are relatively thin and restricted to a small
area, unlikely to confine the whole reservoir. Beyond that, the
artesian behaviour was explained by topographically-driven
convective movement (Bréthaut, 2009; Fig. 4). A deconvo-
lution well test analysis applied to the decades long data set
of Waiwera gave indication for a leaky flow boundary of the
system which was a priori presumed as confined (Kithn and
Grabow, 2021). Finally, there is evidence on the one hand
that the system is confined, but shows unconfined compo-
nents on the other.

Faults and fractures were identified as main hydraulic fea-
tures and important as fluid pathways for the geothermal
system at Waiwera (Prig et al., 2020). The stratified reser-
voir rock has been tilted, folded, faulted, and fractured by
tectonic movement (ARC, 1991, 1999). The measured high
transmissivity of the reservoir (Table 1; ARWB, 1980) is
only possible through the presence of open faults and frac-
tures in combination with individual lithologies conductive
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for fluid flow (Prig, 2020). The water level of the reservoir
is mainly governed by production operations due to a com-
monly strong pumping signal. However, in the hours and
days after the Kaikoura earthquake on 14 November 2016,
it increased, indicating that seismic events can have an in-
fluence as well. Despite this observation made, Kiihn and
Schone (2018) could not find a clear connection between wa-
ter level, respectively geothermal source capacity, and seis-
micity because most of the recorded earthquakes at the Wai-
wera area probably had a too low energy density compared
to the strong Kaikoura event. Somogyviri et al. (2019) tested
discrete fracture network models (DFN) to identify the inher-
ent geological structures of the system in more detail. A ma-
jor limitation of this approach is that the results are strongly
dependent on the model parametrisation. Finally, it needs to
be recognised, that DFN inversion cannot compete yet with
complex three-dimensional continuum models. At least, they
indicate areas of the aquifer where fracturing plays a strong
role (Somogyvdri et al., 2019). A step forward in that re-
gard was the new geological model provided by Prig (2020).
The outcrops around Waiwera (Fig. 2), as part of a horst
and graben structure, serve as analogues for the reservoir be-
low the town. Petrophysical and petrographic analysis deter-
mined reservoir quality. Priag (2020) outlined that the tectonic
setting at Waiwera represents a local zone of intense defor-
mation within the Waitemata Group. Unmanned aerial vehi-
cles (UAVs) were used to carry out structural and litholog-
ical mapping, allowing photogrammetric analyses that were
compared to manual measurements.

Repeated aerial thermal infrared (TIR) surveys at Waiw-
era finally monitored recovery of artesian flow in the low-
enthalpy system (Prég et al., 2020; Viskovic et al., 2025).
There is now evidence of the geothermal system rapidly
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and topographically driven into the reservoir from below via a fault system. Radiocarbon dating outline an age of 20000 years. This would
allow the water to cycle 20 km under the assumption of a Darcy flow regime with intermediate hydraulic conductivity between the intact

Waitemata rock and the highly fractured reservoir.

recovering pressure and causing boreholes to overflow af-
ter the shutdown of its primary user (Waiwera Thermal
Resort & Spa) in 2018. TIR surveying has confirmed that
springs have restarted discharging geothermal water. The
springs have increased in temperature between October 2019
(Prig et al., 2020) and May 2022 (Viskovic et al., 2025).
Controlling overflowing boreholes may allow the coastal
artesian springs to return to their historic recreational use.
Age dating of the geothermal water supports the
topography-driven flow model (Fig. 4). Water samples were
taken and treated with the radiocarbon method as part of
a recent field survey (Viskovic et al., 2023). The measure-
ments showed that the geothermal fluids have effectively no
so-called modern component (fraction modern ~ 5 %) with
an age of > 20000 years. The system seems to be recharged
from below by meteoric water at a very low rate. The entire
length of the potential flow path can be summed up to around
20km considering the approximate distance of 16 km to the
watershed to the West from Waiwera (Fig. 1) and 2 km depth
of the convection model inferred from the temperature in-
duced water composition (Bréthaut, 2009). Based on Darcy’s
law, an overall hydraulic conductivity of around 10~ ms~!
can be estimated for the water to pass through the system.
This is intermediate to values determined by the pumping
test (ARWB, 1980) and petrophysical investigations (Prig,
2020). The pumping test was conducted in April 1979 and
revealed a fairly homogeneous composition of the aquifer
with a transmissivity of 320 m? d~!. Taking into account the
reservoir thickness of 400 m this relates to a hydraulic con-
ductivity on the order of 107> ms~!. This is a comparably
high value for the Waitemata Group attributed to groundwa-
ter flow given by fractures rather than pores (ARWB, 1980).
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In contrast, petrophysical measurements of intact Waitem-
ata sandstone from the Waiwera Hill Scenic Reserve cliff
showed porosities of around 20 % with permeabilties in the
range of 0.1 to 10mD, equivalent to 1077 to 109 ms~!
(Prag, 2020). Flow path length and average hydraulic con-
ductivity of the system support the meteoric water cycle as-
sumption (Fig. 4).

Management tools are required to regulate water abstrac-
tion and ensure sustainable reservoir utilisation. It was shown
by Kiihn et al. (2016) that data driven models (Table 1),
which are based on experience (monitoring), can provide bet-
ter prognoses than process-based simulations, because their
calibration with water production rates from and resulting
water levels in the reservoir can be done with higher accu-
racy. This was proven by a quantitative quality assessment
based on the deviation between monitoring data and mod-
elling results (Kithn and Altmannsberger, 2016). The multi-
variate regression model (Chapman, 1998; Kiihn and Schone,
2017) provides significantly better results than the univariate
version (ARC, 1991; Kiihn and Altmannsberger, 2016). Ad-
vantages of data-based models are their accuracy and robust-
ness. In that way they are suitable to implement conservation
programs. However, one disadvantage is that they are “black
box” models and do not inform us about system-inherent
processes. In case significant changes occur, like newly in-
stalled major production wells, as was the case at Waiwera,
they have to be deduced anew. In contrast, three-dimensional
fully coupled process simulations (Kiihn and Stofen, 2005;
Bréthaut, 2009; Kempka and Kiihn, 2023) are more flexible
and the only tool to study processes within the geothermal
system, e.g., analysis regarding the base flux of geothermal
brine into the reservoir or chemical water-rock-interactions
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(Table 1). The quality of a three-dimensional model requires
a substantial amount of spatially resolved information, which
sometimes may not be available. However, there is still no
mathematical model that can be used for an overall manage-
ment, i.e. for forecasting that integrates all available observa-
tion data and quantifies the resulting temperature and salinity
distributions for various utilisation scenarios based on the ex-
act geometry and location of the boreholes.

5 Conclusions and outlook

The aim of the presented study is to summarise the scientific
work over the past decades and the knowledge and progress
in process understanding. The most recent view on the Wai-
wera system in New Zealand confirms that the geothermal
water is of meteoric origin and that the rainwater percolates
down and gets heated. With its increased temperature it rises
from depth through fault zones into the shallow and leaky
reservoir. Our new hypothesis is that the hydraulic system
might as well be just topographically driven. So far thermal
upwelling is assumed to be the major factor. This concept
is derived from a wealth of studies and publications since
the 1980s (ARWB, 1980, 1987; ARC, 1991, 1999; Zeman-
sky, 2005; Kiihn et al., 2016, 2024; Viskovic et al., 2025)
and provides the basis for understanding the geothermal re-
source. New radiocarbon dating shows the geothermal water
entering the reservoir to be > 20000 years old and under-
lines the topography driven recharge model. Decades of de-
velopment of water management plans helped curbing over-
production. Main objective is an annual average water level
above the mean sea level in the reservoir. Most recently, the
springs have restarted discharging geothermal water on the
beach after the major user abruptly stopped production, pro-
viding the almost unique context to understand how fast and
how effectively degraded surface geothermal features can be
recovered.

A couple of open questions remain. The extent of the fault
beyond the Waiwera township is not well constrained. A
more detailed geological model of the structure has to be
implemented to account for the complex flow paths in the
fractured reservoir and the faulted basement. Therefore, fur-
ther field investigations are recommended. New combined
pressure, temperature, and salinity logs are required and, if
possible, tomographic and geophysical investigations of the
reservoir as well as a new pumping test.
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